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FOREWORD /I/ 

This is the first volume of the Proceedings of the United Nations Scientific Conference on the Con
servation and Utilization of Resources, which brought together over 700 scientists from fifty countries 
to consider more than 500 scientific papers. With the publication of these Proceedings, the ideas and 
the knowledge presented at lake Success, in August and September 1949, will be made available 
throughout the world. 

The conservation of resources has pressed its claim for attention with increasing vigour in recent 
years. It has become evident that in a number of countries high levels of production have too often 
involved the wasteful and improvident use of resources. Nor have the less-developed countries of the 
world been spared. Poverty has frequently hastened the depletion of the very resources upon which 
such countries must rely to attain higher living standards. The sense of this Conference was that resources 
could be conserved and production increased to the necessary levels if ways were found to apply the 
knowledge and methods which man now has at his command. 

Such an end could not be achieved if conservation were to be regarded as an end in 4tself. To 
achieve higher living standards natural resources must be drawn upon far more wisely, if not more 
heavily, than heretofore. The knowledge of the best methods to use and conserve resources is in itself 
a great resource; one, moreover, which grows with use and is enlarged by sharing. These Proceedings 
should constitute a contribution to the mobilization and organization of that knowledge. 

But these Proceedings are more than this. They can also serve as the opening of a notable chapter 
in the history of the United Nations. This Conference was the first occasion on which the United Nations 
invited the scientists of the world from many disciplines to meet together at its Headquarters to present 
their views. For three weeks the conference chambers at the United Nations Headquarters, normally 
occupied by the meetings of diplomatic representatives, were devoted to the discussions of scientists. 
For many of the participating scientists, this opportunity to discuss common problems with colleagues 
from many other fields and from other countries was a major value of the Conference. The presence at 
the Conference of the President of the Economic and Social Council of the United Nations, the Chair
man of the Economic Committee of the General Assembly and the Heads or senior members of several 
Delegations to the United Nations provided a link between the Conference and the Council which will 
be valuable to both. From the standpoint of the United Nations, this chance to meet and know these 
scientists will, I am sure, prove invaluable particularly in the development of the new and growing 
programme of technical assistance to the economically less-developed countries, on which the United 
Nations is now embarking. 

This has been one of the important immediate benefits of the Conference. Yet its principal value 
may well be as a starting point. Man's scientific knowledge of the world is growing and changing. 
Equally, the needs of the United Nations will grow and change as it meets the challenge of its tasks 
of preserving the peace and creating the basis for better standards of life. The need for co-operation, 
however, between the United Nations and the world of science, to realize the ends of both, will remain 
unchanging. Having begun this co-operation, we must make sure that it continues. The chief impor
tance of these Proceedings for the future may well be that of the pioneer effort toward this co-operation. 

lake Success, New York 
8 February 1950 

Secretary-General 
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UNITED NATIONS SCIENTIFIC CONFERENCE 
ON THE CONSERVATION AND UTILIZATION OF RESOURCES 

BACKGROUND AND OBJECTIVES OF THE CONFERENCE 

The development of modern advances in technique 
and administration is the work of many experts of many 
kinds throughout the world. No country has a monopoly 
of the best methods; every part of the world has con
Hbutions to make and significant experience from 
v·hich those responsible for the use of natural resources 
have much to learn. This store of scientific and practi
cal knowledge is itself one of the world's great resources. 
It is a resource that grows with use and is enlarged by 
sharing. The fullest possible mobilization of this knowl
edge is essential to equip the nations of the world for 
the task of raising and maintaining the living standards 
cf their people. The United Nations Scientific Confer
ence on the Conservation and Utilization of Resources 
\'<as intended as a step in that mobilization. 

PROPOSAL FOR A SciENTIFic CoNFERENCE 

In a letter dated 4 September 1946 (E/139) 1 ad
dressed to the United States representative on the Eco
nomic and Social Council, President Harry S. Truman 
(lf the United States suggested that the United States 
representative to the Council "propose to that organiza
tion at its meeting in September that it sponsor an inter
national scientific conference on the conservation and 
ntilization of natural resources, and express my hope 
1 hat it will be held in this country in the autumn of 
1947". 

In his letter the President of the United States stated: 
"It is my belief that the need for such an exchange 

of thought and experience was never greater. Warfare 
has taken a heavy toll of many natural resources; the 
rehuilding of the nations and the industrialization of 
under-developed areas will require an additional large 
•lepletion of them. Waste, destruction and uneconomic 
·.tse of resources anywhere damage mankind's common 
estate. The real or exaggerated fear of resource short
ages and declining standards of living has in the past 
involved nations in warfare. Every Member of the 
United Nations is deeply interested in preventing a re
currence of that fear and of those consequences. Con
servation can become a major basis of peace. Modern 
science has itself become a major international resource 
which facilitates the use of other resources. Their ad
equate utilization can become a major basis of world 
prosperity. 

"It is my hope that such a scientific conference would 
bring together all the new techniques of resource con
servation and utilization, particularly for the benefit of 
under-developed areas, since the problems of these areas 
represent the hopes of millions of people for freedom 
from starvation and for opportunity in life. The con
ference could properly and usefully evaluate the out
standing developments in the resource field as aids to 

1 This and similar references which follow refer to United 
N' ations document symbols. 

'Official Records of the Economic and Social Council, Second 
Year, Fourth Session, page 262. 

"Official Records of the Economic and Social Council, First 
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under-developed regions, to areas suffering from re
source depletion, and also to areas subject to rapid post
war change in their patterns of resource use. I believe 
that the possible peaceful uses of atomic energy within 
the next few decades might well be examined in this 
connexion. It is also my hope that such a scientific 
conference would examine the world's expected resource 
needs. 

"It is my belief that a conference composed of engi
neers, resource technicians, economists and other ex
perts in the fields of physical and social science would 
offer the most desirable method of presenting and con
sidering the definite problems now involved in the 
resource field. It is my thought that these experts 
would not necessarily represent the views of the govern
ments of their nations, but would be selected to cover 
topics within their competence on the basis of their indi
vidual experience and studies. I am sure that such a 
scientific conference can be helpful to the basic organ
izations of the United Kations without impinging upon 
the valuable work which they are undertaking. Its suc
cess will, of course, depend upon the active co-operation 
of all the participating nations, and of the staff of already 
established organizations of the United Nations, includ
ing particularly the Food and Agriculture Organization, 
which should be considered in the development of 
part I of the programme. 

"I am attaching for your use and reference a pre
liminary and condensed programme outline prepared by 
the resource agencies of this Government." 

In a letter dated 13 September 1946 (E/139) ad
dressed to the Acting President of the Economic and 
Social Council, the representative of the United States 
to the Council proposed that such a scientific conference 
be held by the United Nations. The letter was accom
panied by: a draft resolution, the text of Presid~nt Tru
man's letter of 4 September 1946 and a tentative pro
gramme prepared by the departments of the United 
States Government concerned with resources.2 

The United States proposal was introduced at the 
third session of the Economic and Social Council on 21 
September 1946. The Council decided to retain the item 
on the agenda but to postpone decision on the proposal 
until its fourth session, so that the interim period could 
be used for consultations among the Member Govern
ments, the specialized agencies concerned and the Secre
tariat.3 

CoNSULTATION WITH MEMBER GoVERNMENTS AND 

SPECIALIZED AGENCIES 

On 5 December 1946 the Secretary-General wrote to 
the Member Governments of the United Nations, and to 
the specialized agencies concerned,4 a letter calling their 

Year, Third Session, Fifth and sixth meetings, 21 September 1946. 
'International Labour Organisation (ILO), Food and Agri

culture Organization (FAO), United Nations Educational, 
Scientific and Cultural Organization (UNESCO) and the Inter
national Bank for Reconstruction and Development (BANK). 
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attention to the proposed scientific conference on re
source conservation and utilization and offering his 
services to assemble any comments they cared to make. 
Replies were received from nineteen governments and 
from the F AO and the BANK. Some replies expressed 
support of the proposal. Others expressed certain reser
vations. For example, it was suggested that it would 
not be possible to hold the conference in 1947 in view 
of the already heavy programme of international con
ferences, that preparatory work should be undertaken 
either by an expert committee or by preparatory meet
ings on specific subjects, and that the conference should 
not be intended to lead to any explicit programme of 
government action. The United States representative, 
in a letter to the Secretary-General (E/279/ Add.l), 
requested that, since the consideration of peacetime as 
well as military applications of atomic energy had been 
assigned to the Atomic Energy Commission, the item 
"Major economic uses of atomic energy, by areas, based 
on varying assumption of production cost" should be 
deleted from the items proposed for the agenda. Certain 
items relating to irrigation problems, it was suggested, 
should be added in its place. 

Cou::-<ciL DECISION To CoNvENE CoNFERENCE 

The Economic and Social Council considered the 
matter again at its fourth session in February to March 
1947. General agreement with the idea of holding the 
conference, provided it was not held before 1948, was 
expressed. 

On 28 March 1947 the Council adopted the following 
resolution ( 32 (IV) ) : 

The Economic and Social Council, 
Recognizing the importance of the world's natur

al resources, particularly due to the drain of the war 
on such resources, and their importance to the re
construction of devastated areas, and recognizing 
further the need for continuous development and 
widespread application of the techniques of resource 
conservation and utilization, 

Decides to call a United Nations Scientific Con
ference on the Conservation and Utilization of 
Resources for the purpose of exchanging informa
tion on techniques in this field, their economic costs 
and benefits, and their inter-relations; such confer
ence to be held not earlier than 1948; 

Decides that the Conference be devoted solely to 
the exchange of ideas and experience on these 
matters among engineers, resource technicians, 
economists and other experts in related fields; 

Requests the Secretary-General 
(a) To undertake the necessary preparatory 

work related to the scope and organization of the 
Conference programme and to the consideration of 
the place and date of the Conference; 

(b) In carrying out the task entrusted to him 
under paragraph (a), to consult with the repre-

sentatives of the specialized agencies having im
portant responsibilities in the fields related to the 
Conference programme, and to consider sugges
tions which may be submitted to him by Members 
of the United Nations; 

Authorizes the Secretary-General, if he deems it 
appropriate, to convene a preparatory committee of 
experts who in his judgment will assist him in 
carrying out the work described in paragraph (a) ; 

Requests the Secretary-General to keep the 
Council informed of his activities under this reso
lution. 

In pursuance of the above resolution, the Secretary
General prepared a report (E/605) which he submitted 
to the sixth session of the Council. The report stated, 
inter alia, that in the preparatory work undertaken, the 
Secretary-General had been assisted by an advisory 
committee which consisted of representatives of special
ized agencies having important responsibilities in the 
fields related to the Conference programme and other 
experts. 

In his report, the Secretary-General recommended 
that the Conference be convened in May 1949 at Lake 
Success or possibly some other convenient location in 
the United States. ' 

The Secretary-General contemplated four main class
es of participants in the Conference, as follows : 

( i) Representatives for governmental services, 
members of non-governmental organizations 
and individuals to be selected by Member Gov
ernments; 

(ii) Individual specialists selected with the advice 
of the Preparatory Committee to prepare pa
pers or to lead discussion for the Conference to 
be invited by the Secretary-General, in consul
tation with the governments concerned. 

(iii) Representatives of the United Nations and its 
specialized agencies ; 

( iv) Representatives of interested international or
ganizations and learned societies, and distin
guished members of the professions to be ad
mitted at the discretion of the Secretary-Gen
eral. 

The Secretary-General proposed to expand the exist
ing advisory committee on the Conference as a standing 
Preparatory Committee to include representatives of 
the specialized agencies and other exper.ts serving in 
their individual capacities. 

The Secretary-General's report (E/605) was con
sidered by the Economic and Social Council, during its 
sixth session. The Council adopted on 11 February 
1948 a resolution (109(VI)) which took note of the 
Secretary-General's report and which requested him to 
proceed with plans for the Conference, "keeping in mind 
that the task of the Conference is to be limited to an 
exchange of experience in the the techniques of the 
conservation and utilization of resources ... " 

viii 



INTRODUCTION 

PREPARATORY WORK 

The first step in Conference preparations had been 
tl e formulation of a provisional Conference programme 
(E/Con£.7 /1) by the Secretary-General with the 
a:;sistance of an advisory committee (E/792, Ej792j 
Add.l, E/792/Add.2), which was sent to the Member 
Governments of the United Nations on 19 March 1948 
fc,r their comments and suggestions. 

Pursuant to the resolution of the Council, the Secre
t<,ry-General appointed the Preparatory Committee of 
the C" nited Nations Scientific Conference on the Con
servation and C"tilization of Resources, consisting of 
experts nominated by F AO, ILO, U~ESCO and the 
Interim Commission of \VHO, and experts appointed by 
the Secretary-General from nine countries, to serve in 
their individual capacities. 

The Preparatory Committee, from its inception, 
worked in dose co-operation with the specialized sec
retariat within the United Nations Department of 
Economic Affairs, which, under the direction of the 
5·ecretary-General, was responsible for the Secretariat 
f.mctions connected with the preparation and admin
i:,tration of the Conference.5 

The members of the Preparatory Committee, in ad
dtion to their more formal functions as a group making 
recommendations to the Secretary-C..eneral, also pro
Yided advice and assistance as individuals or through 
i:lformal sub-groups throughout the preparations for 
the Conference. During the Conference the members of 
the Committee assisted in its administration and pro
·dded the Programme Director and Programme Officers 
for the majority of the meetings. The Preparatory 
Committee also served to co-ordinate the activities on 
behalf of the Conference of the specialized agencies most 
directly concerned, FAO, UNESCO, WHO and ILO, 
which had nominated Committee members. A very large 
portion of the Conference programme was concerned 
with subjects in the field of special competence of the 
Food and Agriculture Organization and that organiza-
1 ion was therefore called upon to--and did in fact--co
operate more extensively in Conference preparations 
than other specialized agencies. 

The Preparatory Committee held meetings at Lake 
Success, New York, in June and July 1948 and con
sidered the provisional programme of the proposed Con
terence (E/Conf.7 /1), together with comments and 
suggestions from 21 governments received in response 
to a letter sent out by the Secretary-General on 12 
March 1948. It also received suggestions from FAO, 
U~ESCO, ILO and the World Power Conference. In 
accordance with these suggestions, the Committee re
duced considerably the size and complexity of the pro
gramme, eliminating a number of the proposed section 
meetings and adjusting the content of others (E/869). 

The Secretary-General submitted a report to the 
seventh session of the Economic and Social Council 
(E/827 jRev.1) stating that Members of the United 
Nations and other governments participating in the 
regional economic commissions of the United Nations 
would be invited to select individuals to attend the Con-

'See page xxv for membership of the Preparatory Committee, 
and principal officers of the Conference Secretariat. 

6Due to the widespread interest in the Conference and the 
facility with which representatives of learned societies in the 
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ference, in addition to which he might invite representa
tives of non-governmental organizations, other interested 
international organizations and learned societies, and 
distinguished individual experts. 

The Secretary-General's report (E/827 /Rev.1) and 
the report of the Preparatory Committee (E/869) were 
considered by the Economic and Social Council at its 
seventh session in July and August 1948. The Council 
approved (resolution 141 (VII)) the Secretary
General's recommendation that the Conference should 
be held for fifteen working days during May-June 1949 
and requested that the required preparatory work should 
proceed. The Interim Committee on Programme of 
Meetings of the Economic and Social Council, at a 
meeting held on 24 February 1949, decided, for reasons 
of programming, that the Conference should convene 
during the latter half of August 1949 at Lake Success. 

On 6 October 1948 a revised programme (E/Con£.7 /2) 
was prepared and this was used as the basis for the 
issuance of invitations to individual authors, selected 
w~th the advice and assistance of the Preparatory Com
mittee, to prepare papers for the Conference. In addi
tion, Member Governments were invited to nominate 
authors for papers on specified subjects. The Prepara
tory Committee met at intervals for further considera
tion of the programme in the light of acceptances and 
refusals of invitations to prepare papers; further minor 
:nodifications were made in the programme accompany
mg the announcement of the Conference in March 1949 
(E/Conf.7 /4). Finally, the number of section meetings 
was reduced still further in the final programme issued 
at the time of the Conference (E/Con£.7 /6). 

In March 1949, pursuant to resolution 141 (VII) of 
~he. Economic and Social Council, the Secretary-General 
tnV1ted all Member Governments of the C"nited Nations 
and other governments participating in the regional eco
nomic commissions of the United Nations to arrange for 
the attendance at the Conference of groups of partici
pants selected by them. In addition, the Secretary
General invited learned societies concerned with the 
subject matter of the Conference to send experts to 
participate in the Conference.6 The non-governmental 
organizations having consultative status with the Eco
nomic and Social Council were invited to send observers 
to the Conference. The Secretary-General issued indi
vidual invitations to each author and each participant 
selected by a government or organization, making it 
clear ~hat each expert was participating in an individual 
capacity. 

In extending invitations to participate in the Confer
ence, the Secretary-General informed governments, or
ganizations and individuals that he was not authorized 
to bear the travel or attendance expense of participants. 

RESPONSE TO INVITATIONS 
In response to the Secretary-General's invitations to 

authors to prepare papers, 550 contributions were re
ceived from individuals in the following 48 countries : 
Argentina, Australia, Austria, Belgium, Bolivia, Bra
zil, Burma, Canada, Chile, China, Colombia, Costa Rica, 
Cuba, Czechoslovakia, Denmark, Egypt, El Salvador, 

United States could attend, a group of learned societies in 
the United States were invited to send observers, in addition to 
those societies originally invited to send participants. See list 
on page liii. 
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Finland, France, Greece, Guatemala, Haiti, India, Indo
nesia, Iran, Iraq, Israel, Italy, Japan, Liberia, Mexico, 
Netherlands, New Zealand, Nicaragua, Norway, Pa
kistan, Peru, Philippines, Poland, Sweden, Switzer
land, Thailand, Union of South Africa, United King
dom, United States, Uruguay, Venezuela, Yugoslavia. 7 

In response to the Secretary-General's invitations to 
attend the Conference, there were 706 participants (in
cluding attending authors) from the following 52 coun
tries : Argentina, Australia, Belgium, Bolivia, Brazil, 
Burma, Canada, Chile, China, Colombia, Costa Rica, 
Cuba, Denmark, Ecuador, Egypt, El Salvador, Finland, 
France (including Kingdom of Laos, Kingdom of Cam
bodia), Greece, Guatemala, Haiti, India, Indonesia, 
Iran, Iraq, Israel, Italy, Korea, Lebanon, Liberia, 
Mexico, Netherlands, New Zealand, Nicaragua, Nor-

'See list of authors of Conference papers and other partici
pants, page xxix. 

way, Pakistan, Panama, Peru, Philippines, Portugal, 
Sweden, Switzerland, Thailand, Turkey, Union of 
South Africa, United Kingdom, United States, Uru
guay, Venezuela, Yugoslavia.8 

The following governments arranged for the attend
ance of groups of participants selected by them : Argen
tina, Australia, Belgium, Bolivia, Canada, Chile, China, 
Denmark, Dominican Republic, Egypt, France, Greece, 
Haiti, India, Iran, Iraq, Israel, Italy, Lebanon, Liberia, 
Mexico, Netherlands, New Zealand, Nicaragua, Nor
way, Pakistan, Panama, Peru, Philippines, Sweden, 
Switzerland, Turkey, United Kingdom, United States, 
Venezuela, Yugoslavia. 

In addition, 22 non-governmental organizations were 
represented by observers and 152 learned scientific so
cieties and institutions participated by sending represent
atives to the Conference.9 

"Ibid. 
•see lists of these organizations, pages li and !iii. 

INFORMATION SERVICES 

Prior to the Conference, the technical press, daily 
press and radio services were furnished with many of 
the pre-Conference prints of papers which were being 
distributed to the participants, and, at the time of the 
Conference itself, the daily press and radio coverage 

was extensive in many countries and supplemented the 
substantial space devoted to the Conference in important 
technical and scientific publications. Radio programmes 
dealing with the Conference were broadcast in sixteen 
languages. 

PROGRAMME OF MEETINGS 

The Programme of the Conference was subdivided 
into six major sections corresponding to the following 
principal resource fields : minerals, forests, fuels and 
energy, water, land, and fish and ·wildlife resources. In 
addition there was a series of plenary meetings which 
considered broader problems of resource development 
such as the interdependence of resources, resource tech
niques for less-developed countries, and education for 
conservation, and which also served to give a common 
spirit and purpose to the entire Conference. 

The Conference was in session at Lake Success for 
15 working days during the period 17 August to 6 Sep
tember 1949, and met in 72 plenary and section meet
ings. The first two days and the last two days were 
devoted to morning and afternoon plenary meetings. In 
the intervening period five section meetings were cus
tomarily held during the morning while in the afternoon 
the participants assembled in plenary meeting. 

Simultaneous interpretation facilities in English and 
French were provided for all meetings. Spanish was 
provided for all plenary meetings and a number of the 
section meetings. 

In the following pages, the 18 plenary and 54 section 
meetings are listed and identified by subject and date of 
meeting. The plenary meetings are listed separately as 
are the meetings for each of the six sections of the Con
ference. The order used in each list of section meetings 
is that which is being followed in the printing of the 
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Conference proceedings rather than a strictly chrono
logical one. 

During the middle two weeks of the Conference films 
dealing with resource subjects were shown for a period 
of approximately 45 minutes immediately prior to each 
afternoon plenary meeting. The list of films shown fol
lows immediately after the list of meetings.10 

The International Technical Conference on the Pro
tection of Nature, sponsored jointly by the International 
Union for the Protection of Nature and the United Na
tions Educational, Scientific and Cultural Organization 
(UNESCO), met at Lake Success during the period 
22 August-1 September 1949. 

During the preparatory work for both the Conference 
on the Protection of Nature and UNSCCUR, because of 
common subject matters and interest in certain phases 
of their programmes, the schedules of meetings were so 
drafted as to afford participants the opportunity of at
tending both. All participants in the Conference on the 
Protection of Nature were especially invited to attend 
the UNSCCUR plenary meeting which was held on 30 
August and dealt with "Education for Conservation". 
This latter meeting had been arranged with the co
operation of UNESCO, which had nominated the au
thors of the background papers contributed to this 
meeting and in many cases secured their contributions. 

10 An international catalogue of films dealing with resource 
subjects, prepared in conne_<::tion with the Conference, has been 
issued (E/Conf.7/3). 



Plenary Meetings 

Introductory and ·welcoming Addresses-17 August 
The \V orld Resources Situation-17 August 
A World Review of Critical Shortages-18 August 
The Interdependence of Resources-18 August 
Soils and F orests-19 August 
Fuels and Energy-22 August 
Metals and Minerals-23 August 
C reatable Resources : The Development of New Re-

sources by Applied Technology-24 August 
Methods of Resource Appraisal-25 August 
The Adaptation of Resource Programmes-26 August 
Assessing Resources in Relation to Industrialization 

Plans-29 August 
Education for Conservation-30 August 
Resource Techniques for Less-Developed Countries: 

A Symposium-1 September 
Labour and Public Health Techniques-2 September 
The Integrated Development of River Basins : The 

Experience of the Tennessee Valley Authority-5 
September 

The Integrated Development of River Basins: A Sym
posium on Public Policy-5 September 

Review of the Conference: A Symposium on Future 
Lines of Study and Directions for Progress-6 Sep
tember 

Concluding Addresses-6 September 

Meetings of the Mineral Resources Section 

Mineral Supplies and Their Measurement-23 August 
The Outlook for Future Discovery-31 August 
Increasing Mineral Resources by Discovery-24 August 
Conservation in Mining and Milling-30 August 
Conservation in Manufacture--25 August 
Conservation by Corrosion Control-1 September 
Conservation by Substitution-2 September 
Inorganic Fertilizers in Conservation-26 August 

Meetings of the Fuel and Energy Resources Section 

Techniques of Oil and Gas Discovery and Production-
25 August 

X ew Techniques for Increasing Production of Oil and 
Gas-26 August 

Oil Chemistry-29 August 
Coal Mining-19 August 
Coal Preparation-24 August 
Underground Gasification of Coal-22 August 
Coal Carbonization-23 August 
Conservation in Utilization of Fuel for Space Heating-

1 September 
The Integrated Power System-30 August 
New Developments in Production and Utilization of 

Energy-31 August 
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Meetings of the Water Resources Section 

The Appraisal of Water Resources-19 August 
Water Supply and Pollution Problems-22 August 
Comprehensive River Basin Development: A Sympo-

sium---23 August 
Drainage Basin Management-24 August 
Water Control Structures-26 August 
Flood Control and N avigation-29 August 
Irrigation and Drainage--30 August 
Hydro Power and Other Water Uses-1 September 

Meetings of the Forest Resources Section 

Forest Inventories-19 August 
Protection of Forests-22 August 
Forest Management-23 August 
Protective Functions of the Forests-25 August 
Administration of Forests-26 August 
Logging and Sawmill Techniques-29 August 
Preservation and Chemical Utilization of Wood-31 

August 

Meetings of the Land Resources Section 

Yiethods of Soil Conservation-19 August 
Organization and Evaluation of Soil Conservation Pro

grammes-22 August 
Soil Surveys and Research in Relation to Soil Conser-

vation-23 August 
Aids to Farming-24 August 
Improving Soil Productivity-25 August 
Plant Breeding-2 September 
Protection of Crops and Grasslands-30 August 
Storage and Preservation of Agricultural Products-19 

August 
Livestock Breeding-30 August 
Crop Policy and the Feeding of Livestock-31 August 
Livestock Diseases and Pests-1 September 
Condition of Grazing Lands-2 September 
Seeding and Restoration of Natural Grazing Lands-29 

August 
Opportunities for the More Effective Use of New Agri

cultural Lands-31 August 

Meetings of the Wildlife and Fish Resources Section 

Changes in Abundance of Fish Populations-22 August 
Developing Fishery Resources-25 August 
Fisheries Statistics and Technological Development-2 

September 
:J:fanagement and Cultivation of Fresh Water Fish-24 

August 
Research in the Conservation and Utilization of Marine 

Resources-! September 
Game and Fur Conservation-26 August 
Management of Wildlife Resources-29 August 
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Films on Resource Subjects Shown at the Conference 

These films were selected from a larger group assem
bled from various sources by the Films and Visual 
Information Division of the United Nations Department 
of Public Information. The country of origin is indi
cated, but official submission by the government is not 
implied. Further information about most of these films is 
available in An International Index of Films on the Con
servation and Utilization of Resources (E/Con£.7 /3). 

Monday, 22 August-Conservation and Utilization of 
Resources-United Kingdom (Extracts from sev
eral documentary films, assembled and edited by 
United Kingdom officials for this showing) 

Tuesday, 23 August-The House in the Desert-Israel 
The Wizard of Svalof-Sweden 

Wednesday, 24 August-Pond Culture of Fish in India 
...--India 

Thursday, 25 August-Birth of the Soil-U.S.A. 
Soil Conservation on Wither Hills-New Zealand 
Then It Happened-U.S.A. 

Friday, 26 August-In the Woods of the North 
-U.S.S.R. 
Rising Tide-Canada 

Monday, 29 August-Tube Wells-India 
Operation Tenstripes-Netherlands 
Artificial Insemination of Cattle-United Kingdom 

Tuesday, 30 August-Science at Your Service-Canada 

Thursday, 2 September-The New Earth-Netherlands 
lands 
Mineurs de France-France 

Friday, 3 September-Gasoline Refinery Process
United Kingdom 
Save Our Land-Colombia 

CONFERENCE METHOD 

In accordance with the Council resolution authorizing 
the Conference, in arranging for papers and discussions, 
the primary concern was with the practical application 
of science to resource management and use rather than 
with refinements in research and scientific methodology. 
The authors and other participants were invited to dis
cuss the economic possibilities and practical opportu
nities for the further application of their special tech
niques, and the factors limiting such application as well. 

It was recognized that many of the techniques de
veloped thus far had been applied only in certain cli
mates and under certain levels of economic and technical 
(development and the experts were asked to consider 
lhow these techniques could be brought into wider use 
particularly for the benefit of less-developed areas. In 
this way, while the papers and discussions of the Con
ference constituted for the most part a body of author
itative technical data produced by specialists, they were 
oriented in a direction significantly different from those 
of the customary specialized scientific gatherings. 

The detailed planning and procedures for the conduct 
of each of the meetings were determined by its Presid
ing Officers, assisted by the Programme Officer and the 
authors of papers to be presented at the particular 
meeting.11 

11Presiding Officers were selected by the Secretary-General 
and are listed on page xxvi. 

Under the Conference method, papers for plenary 
meetings were generally presented in full, and were 
not circulated in advance.12 For most of the plenary 
meetings, the Presiding Officer, Programme Director 
and Programme Officer met with the authors of con
tributed papers in advance of the meeting, and some of 
the discussions, the complete texts of which are printed 
in the proceedings, reflect the many viewpoints which 
appeared first in these informal meetings. 

In contrast to the plenary meetings, papers for sec
tion meetings were never read verbatim, and a maximum 
of the meeting-time was thus made available for full 
discussion by the participants. This procedure in the 
section meetings was made possible by the advance 
reproduction and distribution of papers. The papers to 
be mailed to each participant were selected in accord
ance with information supplied by him as to which of the 
section meetings he expected to attend. Papers received 
too late for pre-Conference mailing were furnished to 
participants at the time of their registration. 

As in all conferences, a great deal of the exchange of 
information and experience took place in informal dis
cussions between participants, notably at Lake Success. 
These extensive, informal discussions represented an 
invaluable feature of the Conference itself and the pro
ceedings at the meetings were enriched by them. 

"Except background papers for Meeting 12 which were cir
culated several days in advance of the meeting. 

HOSPITALITY AND FIELD TRIPS 

The resolution authorizing the Conference did not 
provide any funds for defraying the expenses of par
ticipants and these were borne for the most part by 
governments and organizations and, to some extent, by 
the participants themselves. Every effort, however, 
was made by the Secretariat to facilitate travel and living 
arrangements. A housing questionnaire was mailed to 
all participants and reservations in Manhattan hotels 
were made in advance by the Secretariat for those who 
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requested them. Passenger buses provided by the United 
Nations offered free transportation daily for the Con
ferees between several convenient points in Manhattan 
and the Interim Headquarters at Lake Success. The 
Conference registration room at Lake Success served as 
a center for general information on travel and living 
arrangements. 

Immediately adjacent to the Conference registration 
room space was provided for officials of the United 



Scates Government and the American Citizens' Com
mittee for UNSCCUR who offered a number of has
p tality and field trip services to the Conference partic
ii•ants. Two exhibits on conservation subjects provided 
bv the United States Department of Agriculture and the 
l'nited States Department of the Interior were displayed 
tl1roughout the Conference in the main corridor of the 
hterim Headquarters. 

Several large formal functions as well as numerous 
receptions and other social activities on a smaller scale 
cuntributed a great deal to the formation of that social 
coherence which is so valuable in international gather
ings of this kind. 

On Friday evening, 19 August 1949, the United 
States Delegation to the Conference held a reception 
in the Ritz-Carlton Hotel for Conference participants 
from other countries and for the Conference Secretariat. 
The receiving line was headed by Secretary of the 
Interior Julius A. Krug and Secretary of Agriculture 
Charles A. Brannan. 

Mr. Thomas J. Watson of the American Citizens' 
Committee for UNSCCUR was host to the Conferees at 
a notable luncheon held in the Hotel Pierre on Wed
nesday, 31 August 1949. Mr. Watson presided and the 
group was addressed by a number of leading American 
c: tizens. 

At the close of the Conference on Wednesday, 
6 September 1949, Mr. Trygve Lie, Secretary-General 
of the United Nations, received Conference participants 
at a farewell gathering in the Delegates' Lounge at Lake 
Success and proffered to all his thanks and appreciation 
for their fruitful labours of the preceding three weeks. 

AMERICAN CITIZENS' COMMITTEE FOR UNSCCUR 
The American Citizens' Committee for UNSCCUR 

which was formed prior to the Conference by a group 
of private United States citizens contributed a great 
deal to the pleasure as well as the information gained 
by the Conferees. The membership of this Committee 
was as follows: 

CLARENCE FRANCIS, Chairman 
H. E. BABcocK FAIRFIELD OsBoRN 
JAMES DouGLAS RANDOLPH PAcK 
CLARK EICHELBERGER THORNDIKE SAVILLE 
HERBERT HoovER PHILIP SPoRN 
CoLuMBUS IsELIN JoHN SuMAN 
KENT LEAVITT FENTON TURCK 
\VHEELER McMILLAN THOMAS J. WATSON 
\V. F. MOEHLMAN EDWARD R. WEIDLEIN 

c. WILLIAMS 
EDwARD DouGLAS, Co-ordinator for Local Field Trips 
\V. HoWARD CHASE, Chairman of the Public Relations 

Steering Committee 

The Committee on Field Trips of the American 
Citizens' Committee, under the leadership of Mr. 
Thomas J. Watson, assisted by Mr. Edward Douglas, 
consisted of: 
MINERALS 
FUEL 
ENERGY 
'VATER 
FORESTS 
LAND 
'VILDLIFE AND FISH-

JAMES DouGLAs 
JoHN SuMAN 
PHILIP SPORN 
THORNDIKE SAVILLE 
RANDOLPH PACK 
KENT LEAVITT 
COLUMBUS ISELIN 
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Each of these members, in turn, organized special sub
committees for the field for which he was responsible. 
Requirements of space prohibit more than the brief 
listing given here. 

MINERALS 
Wednesday, 24 August: A visit to the copper smelter 

and refinery of Phelps Dodge Corporation, Long Island 
City, N.Y.: a copper smelter and electrolytic refinery, 
with all necessary auxiliaries, service departments and 
a copper sulphate plant for processing tank house solu
tions. 

1.\fonday, 29August: A trip to the Macintyre mine of 
the National Lead Company, Tahawus, N.Y.; titanium
iron ore mining and milling operations. 

FUELS AND ENERGY 
Wednesday, 24 August: A visit to the Sea:board Plant 

of the Koppers Company, Kearny, N.J.: a merchant 
coke plant processing 4,400 tons of coal daily. 

Friday, 26 August: A visit to the Bradley-Mahoney 
Company, Bronx, N.Y.: a new and extremely modern 
retail coal terminal. 

Friday, 2 September: A visit to the refinery of the 
Esso Standard Oil Company and new Esso Laboratories 
of the Standard Oil Development Company, Bayway, 
N.J. 

Friday, 2 September: Inspection of two outstanding 
steam-electric generating plants : The Sewaren Gen
erating Station of the Public Service Electric and Gas 
Company, Perth Amboy, N.J.; and the Waterside Gen
erating Station, Consolidated Edison Company, Man
hattan. 

WATER 
Tuesday, 30 August: An inspection tour of New 

York Harbor installations aboard the U.S. Seagoing 
Hopper Dredge Goethals of the Corps of Engineers, 
U.S. Army. 

Friday, 2 September: A trip to Merriman Dam and 
Neversink Dam and Tunnel, elements of the New York 
City water supply system which are under construction. 

FORESTS 
Tuesday, 30 August: A trip to the Charles Lathrop 

Pack Forests, Warrensburg, N.Y.: 2,250 acres admin
istered by the New York State College of Forestry. 

LAND 
Saturday, 20 August: An inspection of the Chauncey 

Stillman Farm, Milbrook, N.Y.: demonstration of a 
variety of proper land-use practices on pasture, crop and 
woodland. 

WILDLIFE AND FISH . 
Tuesday and Wednesday, 30-31 August: A two-day 

visit to Woods Hole Oceanographic Institution, Marine 
Biological Laboratory and Laboratory of the Fish and 
Wildlife Service, Woods Hole, Mass. 

GENERAL 
Saturday, 27 August: An inspection of the New York 

Zoological Park, Bronx, N.Y., including laboratories 
and special exhibits. 

The Engineers Joint Council held an informal open 
house for Conferees in the Engineering Societies Build
ing, New York City, on Wednesday, 31 August. The 
facilities of the Building, which houses the headquarters 
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of five leading engineering societies as well as the 
Engineering Societies Library, were made available to 
the Conference participants throughout the period of the 
Conference. 

The International Business Machines Corporation 
arranged, for the Conferees, several special demonstra
tions of the Selective Sequence Electronic Calculator at 
its headquarters in New York City. 

PosT-CONFERENCE FIELD TRIP 

Conference participants from other countries were 
invited to be the guests of the United States Government 
on an extended field trip through the eastern part of the 
United States during the six days immediately follow
ing the Conference. One hundred and thirty-seven 
Conferees from thirty-nine countries and four interna
tional organizations took advantage of this opportunity. 

The Post-Conference Field Trip was planned and 
co-ordinated by an Interdepartmental Committee of the 
United States Government consisting of representatives 
from the Departments of State, Agriculture, Interior, 
Commerce and the Corps of Engineers, and conducted 
and financed by the Department of State. The primary 
purpose of the trip was to enable the engineers, scien
tists, resource technicians, economists and other experts 
from abroad, attending the United Nations Scientific 
Conference on the Conservation and Utilization of Re
sources, to observe and study industrial and govern
mental projects and methods of conservation and 
utilization of resources in the eastern part of the United 
States. 

The field trip participants boarded a special train in 
New York City on 6 September 1949, the last day of 
the Conference, and proceeded to Pittsburgh, Pennsyl
vania, Columbus, Ohio, the Tennessee Valley Area, 
\Vashington, D.C., and returned to New York City on 
the evening of 12 September. 

Each of the six days was spent in observing and study
ing projects illustrative of the main sections of the 
agenda of the Conference, i.e., Mineral Resources, Fuels 
and Energy, Land Resources, Water, Forests, and Fish 
and Wildlife. These projects were located in the vicinity 
of the above-mentioned cities or areas. 

At Pittsburgh, Columbus and Washington, four local 
trips each covering different phases of the agenda were 
made available to the participants depending upon their 
specific interest. In the area of the Tennessee Valley 
Authority all participants observed the same projects. 

At Pittsburgh, Pennsylvania, visits were made to the 
Irwin Works of U.S. Steel, the Mellon Institute, the 
Metals Research Laboratory of the Carnegie Institute 
of Technology, and the Bureau of Mines Central Ex
periment Station and Experimental Coal Mine at Bruce
ton, Pennsylvania. Under the auspices of the U.S. De
partment of Agriculture Club, a farm tour was devoted 
to a review of conservation and utilization practices 
employed in the area. The group also visited the H.J. 
Heinz Company plant and inspected certain U.S. Army 
Corps of Engineers projects on the Ohio River, cover
ing a comprehensive river basin development. 

The second stop of the tour was at Columbus, Ohio, 
which included a visit to facilities of Ohio State Uni
versity for those particularly interested in mineral re
sources, fuels and energy, inspection of the plant of 
the Jeffrey Manufacturing Company, makers of mining 

machinery, and an inspection of the Battelle Memorial 
Institute laboratories where demonstrations and dis
cussions took place. Another tour included visits to 
Delaware Dam and local flood protection projects of the 
U.S. Army Corps of Engineers. An inspection tour 
under the auspices of the U.S. Forest Service, Depart
ment of Agriculture, to review methods for reclamation 
by forestry measures of land strip-mined for coal was 
provided as a third optional trip. For those interested in 
land resources, a farm trip through the corn-belt area of 
Ohio was conducted with demonstrations at several 
representative farms. 

The third area visited was the Tennessee Valley 
which projects of the Tennessee Valley Authority were 
inspected. Under the direction of TV A staff members 
an inspection was made of demonstration farms and 
areas operated co-operatively by State Extension Serv
ices and the TV A at Muscle Shoals, Alabama. In view 
of eight hours' delay in arrival at Muscle Shoals, on 
account of a train wreck, plans to visit the Chemical 
and Fertilizer Plant were cancelled. 

The group also made an inspection of TV A mass 
production forestry measures. At the city of Decatur, 
Alabanm, the scientists saw examples of new industries 
using the area's raw materials, the development of TVA 
fisheries programme in impounded waters, malaria con
trol practices and migratory waterfowl conservation ex
periments. At the city of Guntersville, the guests were 
shown an example of a community utilizing services of 
planning agencies to strengthen facilities and resources. 
Visits to Chickamauga Dam at Chattanooga, Tennessee, 
and the Norris Dam at Knoxville were also made. 

Returning to Washington, D.C., on 12 September, 
the first tour included an inspection of the Eastern Ex
periment Station of the Bureau of Mines at College 
Park, Maryland, and a visit to the laboratories of the 
National Bureau of Standards in Washington. Another 
tour included a visit to the 12,000 acre station agricul
ture research center, U.S. Department of Agriculture, 
at Beltsville, Maryland. A highlight of the trip was a 
visit to the Patuxent \Vildlife Research Refuge which 
is under the direction of the Fish and Wildlife Service. 
The final trip on the agenda included an inspection of 
the Timber Engineering Company laboratory at Wash
ington where developments in wood processing were· 
demonstrated. 

Various hospitality functions were attended by all of 
the participants at almost every stop along the route of 
the trip. The most important of these were: 

Pittsburgh, Pennsylvania-Reception and dinner by 
the Pittsburgh Chamber of Commerce and the Mel
lon Institute. 

Columbus, Ohio--Reception at the railroad station 
by the Honorable Earl J. Lausche, Governor of 
Ohio, and the Honorable James A. Rhodes, Mayor 
of Columbus. 

Decatttr, Alabama-Barbecue dinner by the citizens. 
of Decatur. 

Guntersville, Alabama-Picnic lunch by the citizens. 
of Guntersville. 

Chattanooga, Tennessee-Dinner and programme at 
the University of Chattanooga by the citizens of 
Chattanooga. 

In addition to the above, participants in the various 
local trips were guests at luncheons given by some of the: 
sponsors of these trips. 
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INTRODUCTION 

PUBLICATION OF THE PROCEEDINGS 

The principal purpose of the Conference, as deter
mined by the Economic and Social Council, was an 
international exchange of ideas and experience among 
•'xperts. The full texts of the papers presented to the 
plenary and section meetings and the records of discus
:;ion are being published so that the work of the Con
ference will be available to specialists in the fields of 
conservation and use of resources all over the world 
1vho were unable to attend the Conference. 

In addition to the proceedings of the plenary meetings 
published in this volume, it is planned to publish a sepa
rate volume for each section and an index volume. 
These proceedings will be published in the two working 
languages of the Conference, English and French. 

In the preparation of the proceedings a number of 
procedures, which are summarized below, have been 
adopted to meet problems arising partly from the fact 
1 hat the Conference was conducted in several languages 
and partly because of the wide geographic distribution 
of authors and other discussants. 

REPRODUCTION OF CONTRIBUTED pAPERS 

The full texts of contributed papers as submitted in 
·.vritten form are being published whether they were 
:·ead in full (as was the case for many of those presented 
; o the plenary meetings), informally presented with ex
rensive deviations from the prepared manuscript (as 
.vas done by a number of the speakers in the plenary 
meetings), briefly summarized (as was the usual case 
in section meetings), or only circulated (as occurred in 
a number of instances where authors were not able to 
attend the Conference). Because of the wide geographic 
dispersion of Conference authors and the desire to ex
pedite publication of the proceedings, printers' proofs 
•.:vere not furnished to authors for correction. 

However, a number of steps have been taken to insure 
the correctness of the texts of the papers reproduced in 
1 he printed proceedings. The steps that were taken 
varied according to whether the original language of 
1 he paper was English or another language. 

Of the total of approximately 550 Conference papers 
about 430 were submitted originally in English, and 
1 hese, except for less than a dozen papers, were repro
duced prior to the Conference, either by the United 
\J ations or by the author, for the use of participants. 
The authors of these papers have been asked to review 
and correct the pre-Conference prints and they have 
done so in all except a few cases ; these corrected copies, 
rather than the original manuscript, have been em
ployed for printer's copy. With respect to these papers, 
1 he only editing that has been performed was that re
quired to create a common printing format for abstracts, 
headings, footnotes and bibliography or to clarify the 
more difficult passages. Diversity in English usage and 
spelling of the original texts has usually been allowed to 
stand. 

Of the remaining papers which were originally sub
mitted in a language other than English, approximately 
80 were in French, 30 in Spanish, and 10 in German, 
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Italian, Norwegian or Dutch. These have been trans
lated into English by the United Nations Secretariat. 
Because of the great number and wide variety of techni
cal terms used in the course of the proceedings it was 
thought desirable to have these translations reviewed, 
for technical language, by experts in the various spe
cialized fields and this was done with the co-operation of 
experts in the United Nations Food and Agriculture 
Organization and in Departments of the United States 
Government. Authors of these papers were not re
quested to correct the translations although, frequently, 
pre-Conference prints of the English language versions 
were available to the authors and they, in a few instances, 
submitted suggestions and corrections. 

Since French, jointly with English, was a working 
language of the Conference, papers originally submitted 
in French were generally reproduced in the original 
language and were sent to authors for review. All 
authors' corrections were examined and, where neces
sary, incorporated into the English translation. 

In the case of all papers, bibliographies and other 
references were generally recast but have not been 
verified. 

RECORDS OF PLENARY MEETING DISCUSSIONS 

The published proceedings of the plenary meetings 
include a verbatim record of all discussions in addition 
to the full text of contributed papers. This record was 
made either from original spoken English, from the 
simultaneous interpretation of Spanish into English 
provided at the time of the meeting or, in the case of 
participants who spoke in French, by the translation 
of a verbatim record made in the original language. 
Where the participants in their discussions spoke from 
a prepared manuscript and furnished this manuscript 
to the Secretariat, it was usually substituted for the 
verbatim record. 

At the time of the Conference, the verbatim record 
was available within one or two days after the meeting 
and many of the participants had an opportunity to re
view and correct their remarks while still at Lake Suc
cess. Where participants did not have this opportunity, 
copies of their remarks were mailed to them for correc
tion in most instances. However, where remarks were 
very brief, these were checked by the Secretariat directly 
against sound recordings which had been made at the 
time of the meetings. To facilitate publication, the ver
batim records of the sixteenth and seventeenth meetings, 
which were in the form of symposia, were reviewed by 
the Discussion Leaders, rather than by the participants. 

RECORDS OF SECTION MEETING DISCUSSIONS 

A summary of the discussion at each section meeting, 
running usually from 4,000 to 6,000 words, is being pre
pared for inclusion with the section meeting proceedings. 
These summaries have been initially reviewed by the 
Programme Officers of the individual meetings, and are 
being circulated for review by the discussants prior to 
final publication. 
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REPORT ON THE CONFERENCE BY THE SECRETARY-GENERAL 

(The Secretary-General presented a report, document E/1579, on the Con
ference on 28 December 1949 to the lOth Session of the Economic and Social Coun
cil. The text of this report is given below, except for certain paragraphs the contents 
of which are fully covered in the preceding introductory material to this volume.) 

The summary given below is merely intended to show 
the scope of the discussions which took place in plenary 
and in the sections, and some of the highlights of these 
discussions. 

PLENARY MEETINGS 

The eighteen plenary meetings fulfilled several im
portant functions for the Conference. It was at these 
meetings that the common spirit, approach and purpose 
were developed for the fifty-four section meetings. It 
was at these meetings also that the participants returned 
to review together the conclusions of their various spe
cialized discussions and to assess mutually the overall 
trends and possibilities in resources conservation and 
development. 

The main topics on which papers were read and dis
cussions took place in plenary were : the world resource 
situation (the legacy of resource depletion, the increas
ing pressure of resources) ; a world review of critical 
shortages (food, forests, minerals, fuels) ; the interde
pendence of resources (the complementary nature of 
European resources, the planning of land use for full 
production with special reference to European condi
tions) ; the use and conservation of resources (soil and 
forest conservation and the protection of water supplies, 
techniques for increasing agricultural production, esti
mates of undiscovered oil and gas reserves, economics 
of competitive fuels for various purposes and their use to 
meet future fuel requirements, metals in relation to liv
ing standards) ; the development of new resources by 
applied technology (fodder yeast and algae, the contri
bution of chemurgy, wood fibre, food yeast, fat synthesis 
by micro-organisms and its possible applications in food 
industry) ; methods of resource appraisal ; the adapta
tion of resource programmes ; assessing resources in 
relation to industrialization plans; education for con
servation; resource techniques for less-developed coun
tries; and the integrated development of river basins. 

Plenary discussions and papers at the eighteen plenary 
meetings were, with few exceptions, non-technical and 
dealt with summary data, conclusions and fundamental 
principles. They ranged over many diverse subjects and 
brought out wide differences in views as well as sub
stantial areas of agreement. A recurring theme through
out the Conference expressed by many of the experts 
was the wasteful depletion of resources associated with 
modern war and the elimination of war as a condition of 
effective long-run conservation. 

Early plenary meetings posed the question of the 
adequacy of resources to meet growing demands. The 
pressures on resource use had been increasing with the 
industrial revolution, the earth's population had doubled 
in the last four generations; this and the growing de
mands imposed by industrialization had led to heavy 
withdrawals from the stocks of such non-renewable re
sources as minerals. Moreover, the capacity of the 

lands, forest and inland waters of substantial areas to 
renew their benefits repeatedly had been impaired for 
years to come by the mistakes in their use made years 
earlier. Despite this knowledge of their consequences it 
was pointed out that such malpractices in the use of 
renewable resources continued in many countries. 

With respect to minerals resources it was pointed out 
that a world-wide rise in per capita consumption stand
ards to a level approaching that of the United States or 
of other industrialized countries would soon exhaust 
known reserves for some of the most important and 
basic minerals on the basis of existing populations. In 
the case of food, the world's needs for an adequate diet 
for all demanded an increase of as much as 163 per cent 
in the case of fruits and vegetables, 100 per cent in the 
case of milk, 46 per cent in the case of meat, 34 per cent 
in the case of fats and 21 per cent in the case of cereals. 
Per capita consumption of forest products in industrial 
countries was far above that prevailing in the less
developed areas. The widespread application of im
proved techniques was essential to correct the potential 
disparity between world resources and the needs of a 
world committed to increased standards of living for a 
population still growing. While history had been marked 
by the most appalling misuse of resources under certain 
circumstances, it was also pointed out that it had wit
nessed, particularly in recent decades, the development 
of techniques which were constantly expanding pro
ductivity and opening up new sources of supply. Some 
experts held that food and timber production had in 
many areas been expanded at the expense of the fertility 
and productivity of the soil, but others pointed to agri
cultural areas where large increases of agricultural pro
duction had been achieved and the fertility and produc
tivity of the land as a whole were as great or greater 
than they had been several hundred years ago. 

In general, expert after expert concluded that it was 
possible through the less wasteful use of resources, the 
fuller application of existing techniques and the exploi
tation of new scientific developments, to support a far 
greater population than exists today, at a much higher 
level of living. It was concluded that the techniques dis
cussed at the Conference, if fully applied, would make 
possible the realization of this goal. 

The participating scientists felt that such full applica
tion of conservation and development technology de
pended on solving many problems in the political, social 
and economic spheres. Indeed, more than one scientist 
stated that it was the obligation of the experts to par
ticipate in the political and economic scene actively in 
order to ensure that their discoveries and knowledge 
were put to proper use. 

In connexion with the relationship of conservation to 
use, a number of participants warned against excessive 
pre-occupation with conservation as an end in itself. 
They pointed out that the appropriate standard was 
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c•:>nservation in human effort in meeting human needs 
a:1d that there was, for example, little point in conserv
ing fuels to repose underground for use centuries later 
when in the interim science might open up vast new 
r·:~sources of energy based on atomic and electro-chem
ical processes or the direct utilization of the energy of 
the sun. Conservation of non-renewable resources, many 
held, should be emphasized primarily where there are 
imminent shortages in terms of current and immediately 
prospective demands and supplies. 

The outstanding possibilities for the development of 
new resources which were discussed at the Conference 
included tropical lands and forests and "creatable re
s mrces". These were characterized by a common problem, 
that all of them depended on future scientific research. 
~oil and forest science as we know it today is primarily 
applicable to the temperate climates. The exploitation 
of the tropics requires vast new scientific knowledge. 
\:Vith respect to "creatable resources", science had al
ready shown that food from algae, seaweed, food yeast 
and fat synthesis by micro-organisms all offered vast 
possibilities for new food supplies, and represent highly 
e'ncient methods for the production of food. It was, for 
e'\:ample, pointed out that a bullock weighing 1,000 
pounds produced one pound of protein in 24 hours, as 
c Jmpared to an initial stock of torula yeast weighing 
1 ,000 pounds which had yielded 4,000 pounds of pro
tdn in 24 hours on an experimental basis. The predic
t: on was made that it was not fanciful to expect that in 
another few decades man's very primitive methods of 
producing food would be supplemented by new indus
trialized, scientific methods in much the same way as 
new alloys and synthetic plastics and fibres had aug
mented the traditional supplies and production methods 
in the past few decades. Realization of these possibili
ties called for continuing and expanding support in the 
field of research. 

vVhile the question of interdependence of resources 
occupied the entire discussion of one of the early meet
ings, it too proved to be an ever-recurring theme 
throughout the Conference. Resource developments 
were in many respects competitive. Tropical soils could 
be used for the development of agriculture or of forestry. 
Land devoted to agriculture in turn had its alternative 
applications as to type of crops. Water resources could 
be used primarily for energy purposes or for irrigations, 
agriculture or recreation. In this way, resources were 
often competitive and alternative. 

At the same time resource developments were very 
often complementary. Changes in forestation might 
drastically affect the character of drainage and ultimately, 
through erosion, adjoining soils. Thus it was often 
essential to plan simultaneously forestation and soil and 
water conservation. Water development, particularly 
as manifested in the comprehensive development of 
river basins, could be most effectively carried out by 
simultaneous applications of water for power, agricul
ture, forests, irrigation and other purposes, although one 
or the other of these might receive greater emphasis in 
a given situation, depending on local conditions, means 
and social approach. Indeed, the Conference devoted 
much attention to this question of comprehensive devel
opment of river basins and, with virtually no dissent, 
agreed that it was a most important method not only of 
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conservation but of harnessing the vast power and water 
resources of the world's great rivers. 

Techniques for under-developed countries was an
other question which not only occupied the discussion 
of several entire meetings but formed a continual focus 
of discussion throughout the Conference. It is impossible 
without full presentation of the many viewpoints repre
sented even to list the numerous points and questions 
which were raised with respect to this subject. How
ever, among the more outstanding were the following: 
the techniques essential to accelerate the most efficient 
development of the local processing of raw materials 
produced in the less-developed countries where this is 
desirable from an economic standpoint; the mutual con
tribution of industrialization and improved agricultural 
techniques to the economic development of the under
developed countries; the adaptation of techniques to the 
special conditions of the under-developed countries 
(e.g., the improvement of agricultural storage without 
excessive capital cost to narrow the gap between the 
estimated 25 per cent loss in the "village basket" of the 
under-developed countries and the 1 or 2 per cent loss 
in the elaborate grain elevators of the highly industrial
ized countries) ; special conditions essential for the edu
cation and training methods both for conservation and 
development, the important role to be played by local 
national and regional technical institutes, and extension 
methods of bringing education directly to the farm; the 
vast contribution to be made by improved health, no.t 
only to better living of populations but to their economic 
development (for example, it was pointed out that in 
certain areas, the efficiency in agricultural workers was 
reduced by as much as 50 to 90 per cent by hookworm 
disease, a disease which could be controlled and elimi
nated). 

Another recurring topic was that of resource survey 
and inventories. Examples were given where major 
projects had been wastefully undertaken in the absence 
of adequate surveys. Participants pointed to serious 
deficiencies in data with respect to major resources. 
Growing improvements in the techniques of surveys and 
their interpretation were making them cheaper and more 
universal in application. Many experts thought that the 
United Nations could make a very important contribu
tion by acting as a central clearing house on surveys and 
inventories. This was one of the recommendations 
which, together with the technical assistance programme, 
many of the individual participants suggested would be 
a logical development of the initiative taken by the Eco
nomic and Social Council in calling the Conference. 

SECTION MEETINGS 

On each of eleven mornings of the fifteen days of the 
Conference, five section meetings met to consider the 
techniques of resource conservation and utilization in 
more detail and with specific reference to particular 
classes of resources. 

MINERAL RESOURCES SECTION 

In these meetings particular emphasis was placed on 
the techniques necessary to make minerals go as far as 
possible in satisfying man's needs, since, unlike the or
ganic resources, which may be drawn upon repeatedly 
with proper treatment, the amount of a given mineral 
in the earth's crust is a fixed quantity. In view of the 
concern of the Conference with the development of the 
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less-developed countries, minerals were of special im
portance, since minerals constitute the key raw materials 
for the machines and structures of an industrial society. 

The plan of organization of the mineral section meet
ings was as follows : First, the extent of mineral sup
plies was considered in relation to their cost of recovery, 
including the effect of transportation on costs deriving 
from the necessity of bringing together minerals with 
fuels or electrical energy. Next, the outlook for future 
discovery was considered in relation to the new tech
niques available for mineral finding. Finally, the tech
niques necessary to make the limited supply of minerals 
go as far as possible in meeting man's needs and for the 
conservation of such supplies were considered under the 
particular headings of mining and milling, manufacture, 
utilization and reclamation, corrosion control and sub
stitution. Special attention was given to all these factors 
together in relation to inorganic fertilizers in view of 
their importance for the most effective use of the renew
able resources of the earth. Treated in this way, min
eral resources were the subject of sixty-two papers 
presented and discussed at eight meetings. 

It was held that while there was no immediate pros
pect of critical shortages, the long-range outlook was 
one of shortages of a substantial number of minerals, 
particularly if standards of living, dependent in large 

• measure on mineral supplies, were increased significant
ly in the less-developed countries. On the other hand, 
those holding to an optimistic view of the future empha
sized the dynamic character of the known extent of 
mineral reserves which tends to increase with progress 
in the techniques of discovery, mining, manufacture and 
use. 

For example, new discoveries had been made in recent 
years even in such areas as the United Kingdom, which 
had been regarded as being thoroughly surveyed in 
years past. Since few parts of the earth had developed 
the use of their mineral resources so intensively as this 
area, the prospect for future substantial discoveries 
could be regarded as good. An essential characteristic 
of such discoveries, however, is the close co-operation 
particularly between geologists and geophysicists, but 
also with technicians in the field of mining and utiliza
tion. The new techniques, such as the use by geophysi
cists of the air-borne magnetometer, held promise of 
reducing the costs of exploration in the great unex
plored areas of the world, but these methods were 
effective only when used in conjunction with other tech
niques and disciplines. 

Aside from new discoveries, the steady reduction in 
the costs of extraction by means of mechanization and 
improvements in milling and refining, permitting the 
economical use of lower grades of ores, had the effect 
of extending the effective supply at existing operations 
and of ;endering economically usable deposits as yet 
unexplmted. In the manufacture of products from min
erals, particular emphasis was placed on development 
in the use of oxygen as a means of reducing costs in 
iron and steel manufacture and on the recovery of non
ferrous metals and minerals from the gases of refinery 
flues. 

More economical design as a method of stretching 
the world's effective supply of minerals was illustrated 
by a number of concrete examples. Tremendous losses 

were associated with the corrosion of metals and the 
economics of the techniques for its control was the sub
ject of a number of papers. In an examination of the 
methods of scrap recovery, widely varying situations 
with respect to particular metals were discovered, some 
metals being almost entirely consumed in irrecoverable 
form in certain uses, while for others there was sound 
prospect for increasing the recoverable stock of metals
in-use as their extraction continues. 

The light metals, aluminium, magnesium and titanium, 
present in almost inexhaustible quantities either in the 
earth's crust or in the waters of the seas, were being ex
ploited through techniques which gave promise of per
mitting a slow increase in the expanded use of some, 
such as aluminium and magnesium, and the future use 
of others such as titanium, not now employed in sig
nificant quantities in its metallic form. 

FUELS AND ENERGY SECTION 

The Fuels and Energy Section of the Conference 
comprised ten meetings of which three were devoted to 
petroleum and natural gas, four to coal, one to space 
heating, one to the question of the integrated power sys
tem, and one to future trends and new developments. 
In all, sixty-one papers were presented and discussed at 
these meetings. 

In addition, an entire plenary meeting of the Confer
ence was devoted to the broader aspects of fuel and 
energy resources. Because of the interrelations of major 
types of resources, fuel and energy questions were also 
discussed at other sections of the Conference· the Water 
Section, for example, devoted considerable ti~e to hydro 
power, its structure, production and relation to water 
use and comprehensive river basin development. 

The discussion of petroleum questions included esti
mates of reserves, problems of discovery, conservation 
in production, secondary recovery, oil from shale and 
oil chemistry. One of the experts estimated that u'ndis
covered petroleum reserves amount to one and a half 
trillion barrels, or 500 times the world's present annual 
consumption and concluded that the problem was not a 
question of the adequacy of world petroleum sources but 
of the ability to discover them. Discussion ranged from 
the comment that these estimates appeared to be an 
exercise in metaphysics to approval and references to 
the manner in which estimates of the oil reserves of the 
Middle East were continually being revised upwards. 

. In the re:riew of oil and natural gas discovery tech
mques the view was generally advanced that revolution
ary changes in techniques should not be anticipated and 
that methods had reached such a state of effectiveness 
that there was reasonable certainty that the world's de
mand for oil would be met for years to come. Geo
physical methods of mapping concealed geology were 
now dom~nant altho~gh they did not report directly 
?n the existence of mi. Aeromagnetic surveying, with 
Its advantages of speed, low cost and access to otherwise 
difficult areas was recognized to be, at the minimum, a 
u~eful a~junct. to other met~o.ds. One of the participants, 
disagreemg with the propositiOn that no new revolution
ary methods o~ discovery would be forthcoming, pointed 
out t~at expenments were now under way to develop a 
techmque for determining chemical composition of un
derground deposits at a distance, through the union of 
geology, physics and chemistry. 
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In the meeting on developments in drilling, produc
ti m and secondary recovery of petroleum, the role of 
p: anned operation of a pool and its contribution to in
creased recovery, and the proper exploitation of reser
vnir energy generally and its supplementation by injec
ti m of gas and water, were stressed. 

The Conference heard reports that the technique of 
extracting oil from shale, which had been comparatively 
n·~glected for over a century owing to its relatively high 
costs as compared with petroleum, was nearing the 
range of economic feasibility. It was reported that 
extraction of oil from Swedish oil shale would require 
further mechanization and development of by-products 
tc• ensure an adequate economic return. Studies in the 
rnited States indicated that 200 billion barrels of oil 
could be recovered and costs for some deposits were 
e~;timated at below $2.00 a barrel of oil. 

The discussion of coal resources and their use began 
with a meeting which brought out the great contrast in 
coal mining techniques throughout the world resulting 
from different regional characteristics and diverse meth
o:ls that are being employed to increase production and 
r·~duce costs. High productivity at low cost rather than 
c•mservation was reported to be the principal emphasis 
oi the coal industries of certain industrial countries; on 
the other hand at least one government was reported to 
be placing a great deal of emphasis on conservation, 
b wing reduced extraction losses to 5 per cent. 

New and improved techniques in coal preparation 
reported at the Conference were facilitating mine 
mechanization, permitting the recovery of fines and 
making possible the improved use of coal, particularly 
by bringing into the coking coal classification vast re
serves of coal heretofore considered non-coking. In 
connexion with metallurgical coke, one group of papers 
pointed to a whole series of modifications in iron and 
steel industry practice which could reduce both the 
quantity and quality of coke required for iron smelting. 
Leading experts urged that the time was ripe for new 
and more exact estimates of coal reserves and for a 
more universal standard for testing and reporting coal 
quality. 

The Conference received reports on the recent French 
and the first United States experiments on underground 
gasification of coal. Widely divergent opinions were 
expressed on the economic promise and point of suitable 
application of this technique which is still in the exper
imental stage. 

Conservation in utilization of fuel was the main theme 
of the papers and discussions of the subject of space 
heating. In colder countries where space heating was 
commonly employed it could no longer be considered a 
luxury and often accounted for as much as 30 per cent 
to 50 per cent of the total energy consumed in the coun
try. Better design of buildings, including particularly 
the use of improved insulating materials, and central 
(or district) heating were two of the major techniques 
described; the heat-pump and solar energy heating 
methods which are in the experimental stage were also 
reviewed. Discussion brought out the fact that many 
of these conservation techniques required a larger initial 
capital outlay whic!1 was eventually compensated for by 
reduced energy costs. 
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The integrated power system was reported as making 
possible more economical use of fuel, more effective 
extraction of hydro energy, and definite savings in cap
ital through the reduction in requirements for spare 
generating capacity. Also it was an important tool for 
balancing on an extended geographical basis industrial 
needs and possibilities against diverse sources of energy. 
Among questions which were examined or raised in 
dealing with this technique were: the transport of power 
over extended distances to centres of industry as against 
the transport of semi-finished products prepared at the 
sources of power and their transport to the centres of 
the industry; the desirability of planning larger systems 
so that they would consist of a group of nearly self
supporting smaller Sy"Stems ; and the applicability of the 
experience of highly industrialized areas to the develop
ment of less industrially advanced areas. 

At the meeting dealing with future trends and new 
developments promising future possibilities for the gas 
turbine were reported including the possibilities of using 
coal in a gas turbine. However, wider use at high effi
ciency depended upon further metallurgical and design 
improvements. The possibilities of using wind-power 
were examined and it was reported that installations 
were both economically and technically feasible under 
certain limited conditions (isolated or difficult areas with 
respect to fuel or electricity; also as auxiliaries to other 
power forms or in combination with them). One of the 
experts from France reported on the plans which were 
being developed in his country for harnessing tidal 
power. It was stated that this plant would produce about 
800 million kilowatt-hours per year and that its con
struction did not raise any difficult or even novel tech
nical problems. 

WATER RESOURCES SECTION 

No group of section meetings emphasized more the 
need for close co-operation between various specialists 
than those dealing with water resources and their con
trol and use. The skills and knowledge of foresters, 
agricultural scientists, civil engineers, electrical engi
neers, administrators and economists were all required. 
In recent years the growth of urban population has 
brought home the possibility of shortages, and the sup
ply of even such essential needs as drinking water and 
its availability has been a limited factor in the growth 
of industry in various places, while its destructive re
lease in large quantities leads to soil erosion and floods. 

The plan of these meetings was to examine first the 
techniques of locating and supplying water, including 
extensions in the effective supply through measures of 
pollution control, next examining the methods of con
trolling its destructive run-off and then methods of its 
use for navigation, irrigation and energy development. 
Finally, problems and experience in the combined devel
opment of water resources for a variety of uses was con
sidered at a symposium of the section and in two of the 
plenary meetings. Treated in this way water resources 
was the subject of eighty-four papers presented at eight 
section meetings and two plenary meetings. 

In the location and appraisal of underground water 
resources the need for close co-operation between geol
ogists and specialists in other fields was emphasized. 
The Conference was fortunate also in receiving the most 
extended reports thus far available on the developmentc; 
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in the study of experimental meteorology which gives 
promise of yielding methods for the control of the 
clouds themselves, inducing in some instances the arti
ficial precipitation of moisture and in others the stabil
ization of clouds. The tentative nature of results in this 
pioneer field was emphasized, but there was a general 
feeling among the specialists present that its thorough 
discussion would accelerate progress in the development 
and use of this technique. 

An essential step in the controlled use of water is the 
development of accurate methods of forecasting annual 
and long-time yields in the given drainage basin from 
snow and rainfall. The wide variety of methods em
ployed in arriving at such forecasts and the important 
technical differences between them characterized these 
meetings. There was general agreement, nevertheless, 
on the need for the collection of the basic data on water 
yields well in advance of the initiation of water control 
projects, such as dams, levees and irrigation works. 
The control of pollution could extend the effective sup
ply of water and involved the co-operation of various 
specialities. Experts pointed out that the cost of purify
ing sewage water for use in irrigation, or in industry, 
could be offset by the recovery of a variety of by
products. Reports were received on the progress in the 
desalination of brackish and sea water, a technique par
ticularly important for arid regions. 

In the control of water to avoid floods and soil erosion 
and permit its use for navigation, irrigation and energy 
production, the outstanding conclusion was the need for 
the closest co-operation between the engineers respon
sible for the development of such control structures as 
dams and desilting works and the foresters and grazing 
land specialists who could prevent the rapid run-off in 
the headlands of a drainage basin. Without adequate 
development of the vegetative cover in the headlands of 
the drainage basin, the production of silt could reduce 
the life of a reservoir by hundreds of years, and on the 
other hand, the use of control structures such as check 
dams was frequently essential to provide the time nec
essary to gain control over water run-off and permit the 
regeneration of plant and forest cover. 

The problems of assessing the benefits of flood control 
in terms of prevention of flood losses and improving the 
utility of property was discussed at some length because 
of the difficulties involved in this calculation. The value 
of lands protected against floods increased and building 
and improvement of such protected areas were encour
aged by flood control. But some experts pointed out that 
if the rate of siltation remained high, flood control struc
tures became ineffectual in a relatively short time and the 
community was faced with either an almost endless pro
gramme of flood control construction or the destruction 
by floods of the values added to protected property dur
ing the period in which flood control had been effective. 
Closely associated with flood control is the development 
of inland navigation which was regarded as especially 
important for the under-developed countries since his
tory had shown that the substantial use of inland water 
transportation frequently preceded the construction of 
railways. In discussion of irrigation it was pointed out 
that co-operation with soil scientists was particularly 
important to avoid the impairment of certain types of 
land by irrigation which might necessitate their eventual 
retirement from cultivation. 

The use of water for the generation of hydro-electric 
power was regarded as particularly important because of 
its contribution to economic development and because 
electric power frequently helped pay for the costs of 
flood control, navigation and irrigation structures. It 
was necessary, however, to consider the effect of dams 
for hydro-electric power and flood control on the fish
eries of a stream which might be destroyed or seriously 
impaired unless piscicultures were involved in the plan
ning from the outset. These considerations pointed to 
the need for the combined development of river basins 
taking into account the competitive demands for water 
and arriving at the best possible compromise between 
these demands. Several participants pointed out, how
ever, that such overall plans should not interfere with 
the use of water for particular purposes when only such 
limited development was within reach of the country at 
the outset, particularly if such limited development could 
be carried out, so as not to prejudice a rounded compre
hensive river basin development at a later stage. 

FORESTS SECTION 

Forest resources are important both from the stand
point of soil conservation and water control, as well as 
providing directly products which now enter into every 
field of human activity, including, experimentally, the 
production of food. 

The plan of organization in these meetings was as 
follows: first, an examination of the techniques of inven
torying the forest resources; second, an examination of 
the techniques, management, methods and administra
tive measures needed to protect and preserve the forest 
for the maximum yield of their own products and the 
most effe~tive protection of other resources; and finally, 
the techmques for harvesting the forest crop and utiliz
ing its products. Treated in this way, forest resources 
was the subject of seventy-seven papers presented at 
seven meetings. 

Forest inventories constitute the basis for intelligent, 
planned utilization. Recent years have witnessed the 
development of the new tools of aerial photography and 
mapping to supplement the older methods still favoured 
by some forest surveyors. Striking developments in 
photogrammetry have made it possible to estimate the 
volume of standing timber with reasonable accuracy 
and to distinguish individual species. 

In connexion with policies and administrative meas
ures necessary for the protection of forests, the use of 
such modern devices as radio communication and the 
parachuting of fire-fighters in remote sections were dis
cussed, together with the problems of protection against 
the spread of tree diseases in which international co
operation is especially important. 

. In discussing forests as a means of protecting other 

(
resources, experts emphasized that it was cheaper in 
many instances to develop and protect the forest cover 
essential to the storage of water in forest soils than to 
build expensive down-stream dams and reservoirs for 
flood .control. The proper realization of the protective 
functiOn of the forest depends upon an accurate classi
fication of forests between commercially productive 
forests and those maintained for protection of other 
resources. 

In the harvesting of the forest crop major emphasis 
was placed on the necessity for integration of forest 
industries in order to increase the extent of utilization. 
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In the United States, for example, it was estimated that 
oily 50 per cent of the timber cut in the forests reached 
the consumer in the form of forest products, that about 
2J per cent was burne<_l as fuel and the rema.inder ~n
tirely wasted. Integration of forest product mdustnes 
S'tch as saw mills, pulp mills and waste products plants 
would aid conservation by reducing this waste. The 
s:1ift in recent years to new types of more flexible log
ging equipment such as tractors and trucks ":'as valuable 
to sustained yield operations if properly apphed. Among 
the most recently developed of the specific techniques 
discussed was that for facilitating removal of bark from 
trees to be used for pulping by injecting chemicals in 
the standing tree. 

Chemical developments with respect to forest Pt:Od
u::ts were recognized as important aids to conservatwn. 
1 he application of wood preservatives such as creosol 
and the more recent water-borne and organic-solvent 
types of preservatives could increase the life of timber 
in service from three to four times. New methods of 
utilizing the waste liquor from pulp mills, thereby 
combating stream pollution, were outlined. Perhaps the 
most promising developments, many still in the experi
mental stage, were those involving the chemical utiliza
tion of wood waste for the production of sugar, yeast 
atd wallboard. 

Most of the discussion of recent technical develop
rtents related to forests of the temperate zone, whereas 
tl1e discussion of the tropical forests consisted mainly 
o i: a review of unsolved problems. :Yiany of the tropical 
forests are characterized by a large number of species 
intermixed, with only a few of known commercial uses. 
The large variety of species presents special problems 
as yet largely unexplored in utilizing the new techniques 
of aerial survey. The special silvicultural problems of 
the tropical forests were the subject of a number of 
papers where authors described the difficulties associated 
with maintaining the growth of those few species, such 
as teak and mahogany, of known commercial value in 
forests dominated by species of no known commercial 
value. The experts agreed that the central problem was 
to systemize the identification of additional species of 
tropical forests, find commercial uses for a larger num
ber of species, adapt logging methods to the unique prob
lems posed and develop integrated production to the 
maximum extent possible. In this connexion develop
ments in pulping processes were stated to open the pos
sibility of using the immense wood supply in the tropical 
forests for the preparation of paper pulp. 

LAND RESOURCES 

Soil resources, the crops grown from the soil and the 
livestock fed upon the products of the soil were the sub
ject of the largest group of section meetings. Several 
o£ the opening meetings were devoted to the methods 
oi assessing and protecting the soil. These were followed 
by meetings devoted to the measures necessary to achieve 
larger yields from the soil through such methods as 
mechanization, application of fertilizers, appropriate 
cropping systems and plant breeding. Two subsequent 
meetings examined the techniques for the protection of 
growing things against diseases and pests and their pro
tection during storage after harvest. Five meetings were 
devoted to the problems of livestock and the protection 
and restoration of grazing lands. One of the most im-
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portant meetings in this series was devoted to the oppor
tunities for increased agricultural use of new lands. 
Organized in this way, there were fourteen section 
meetings on land resources which had before them a 
total of 142 papers. 

The problem of soil erosion which annually destroys 
or impairs the fertility of valuable acres is perhaps .the 
most prominent example of the need for conservation. 
In the discussion of this subject appropriate emphasis 
was placed on the physical technique for combating soil 
erosion such as contour farming, maintenance of vegeta
tive cover and such relatively recent developments as 
stubblemulch farming. However, it was also pointed out 
that the barriers to the application of the latest tech-\ 
niques were frequently economic in character, including 
such factors as low farm incomes, small operating units, 'I 
unstable business conditions and inequitable landlord- : 
tenant relationships. 

One meeting discussed the question of whether or not 
soil conservation measures could pay their own way in 
a commercial sense. There was no general agreement on 
the answer to this question, but a majority of the par
ticipants felt that some measure of governmental subsidy 
was necessary. Fundamental to soil conservation pro
grammes is the development of adequate soil surveys and 
soil research involving the co-operative action of soil 
scientists, geologists, ecologists, and economists. In view 
of the special emphasis on the largely unsolved problems 
of the tropics, the adaptation of aerial survey methods 
employed so successfully in forest inventory surveys was 
regarded as a specially important problem for technical 
study. 

Increasing the yield from the soil was looked upon as 
more than simply the application of fertilizers, but rather 
as involving co-ordinated action through the use of fer
tilizers, lime and pesticides, and the practice of crop 
rotation and drainage as needed. Participants cited 
examples of increased yields of from 15 to 40 per cent 
through such measures. \Vith respect to farm mechan
ization there was general agreement on the need for 
extended adaptation of farm implements by manufac
turers to meet specific problems, including the develop
ment of power equipment for use with the lower grades 
of fueL The necessity for measures to ensure that 
mechanization was not accompanied by an increase in 
soil erosion was pointed out. There was some agree
ment that the most effective use of mechanized equip
ment in agriculture might require an increase in the 
average size of farms. The possibility of improving 
indigenous, . small farm tools was the subject of one 
meeting, although there was disagreement among the 
experts on the extent of increased production possible 
through such measures. 

The development of superior plants through genetic 
methods was regarded as one of the methods of increas
ing soil productivity in which the cost was small com
pared to the advances made in crop productivity. Such 
plant breeding could be directed towards increased yields 
or to increased resistance to diseases. Plant breeding 
techniques are especially important for the extension of 
agricultural production to hitherto less favourable cli
mates. Several participants emphasized that the Food 
and Agriculture Organization of the United Nations 
could play a particularly important part in this field in 
the co-ordination of international effort. 
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In the pr iJtection of plants against diseases and insects, 
while the participants discussed the substantial advances 
in the use of chemical sprays, it was felt that too much 
reliance might have been placed on these methods at the 
expense of proper attention to improved methods of 
cultivation, use of fertilizers and the development of 
strains resistant to disease. Diseases reduced the yield 
of certain plants by as much as 50 per cent, and in the 
control of such diseases rapid international action was 
particularly important; it was suggested that the Food 
and Agriculture Organization of the United Nations 
might consider the publication of a bulletin to bring 
together information on insect damage and plant dis
eases. 

Losses after harvesting were very considerable, one 
of the participants estimating that losses of food in the 
United States by damage through rats alone amounted 
to over 200 million dollars a year. The substantial ad
vances in the methods for the preservation and storage 
of food were described. However, one expert pointed 
out that these were limited largely to the industrially 
advanced countries and that the percentage losses were 
much larger in the food output of the less-developed 
countries, most of which did not enter world commerce. 
These represented an important field for the develop
ment of simple methods of silage and storage suitable 
for immediate application in less-developed countries. 

The efficiency of livestock in converting animal f-eeds 
to human foods, which was the subject of one meeting, 
is important as a guide to policy in the planting of crops. 
The close relation of types of livestock food to the 
incidence of certain diseases was noted. Modern drugs 
could almost remove the menace of a number of dis
eases according to a leading specialist. The control of 
diseases and parasites required co-ordinated inter
national action to regulate imports and exports of live
stock Livestock breeding to build resistance to diseases 
and parasites was one of the important means of com
bating such dangers as well as other dangers resulting 
from the introduction of stocks to new environments. 
Several experts described their experiences and the 
problems connected with the adaptation of livestock to 
tropical countries. 

The factors contributing to the deterioration of graz
ing lands and the methods for their restoration were the 
subjects of two meetings. Measures for the control of 
grazing land condition were particularly important for 
the low rainfall areas which provided one-third of the 
total feed for livestock The prevalence and health of 
the natural grasses indigenous to such semi-arid grass
lands could serve, it was pointed out, as an indicator of 
whether or not such areas were over-grazed. Prompt 
steps to correct over-grazing or other mismanagement 
in response to the evidence of such indicator plants were 
essential because after erosion had set in it might be 
either extremely costly or even impossible to prevent 
further deterioration and creation of additional deserts. 

Since the world is faced with the problem of feeding 
an increasing population at a better standard, the oppor
tunities for opening new lands to agricultural production 
evoked special interest in a meeting which considered 
experience gained in a dozen countries. The participants 
exchanged experience on the methods employed and the 
barriers to be overcome in reclaiming land by drainage, 

adapting agricultural techniques, eradicating disease, 
and other necessary steps. 

\VILDLIFE AND FISH SECTION 

The meetings dealing with wildlife, fish and other 
marine resources comprised seven meetings of which 
five were devoted to fish and marine resources. 

The discussion of fish resources opened with a con
sideration of the factors affecting the changes in abun
dance of fish populations. This was followed by meetings 
devoted to : latent fishery resources and means for their 
development ; research on the conservation and utiliza
tion of marine resources; technological developments in 
fisheries, permitting their more effective utilization; and 
pond culture of fish. Organized in this way, forty-eight 
papers were presented in the five meetings. 

The discussion of changes in the magnitudes of fish 
populations served to emphasize primarily the need for 
more extensive research. Several of the experts pointed 
to situations which illustrated a declining output due to 
over-fishing, but all stressed the importance of natural 
factors affecting the fluctuations in fish populations. 
There was also agreement that large areas of the world 
were still under-fished and one expert estimated that 
production could be increased by 22 per cent. As evi
dence of the fact that little had been done to test ex
haustively the possibilities of increased fish production 
from the waters of the southern hemisphere it was noted 
that 98 per cent of the fish was caught from the waters 
of the northern hemisphere. In view of the large areas 
requiring further exploration to raise fish production, 
the fisheries experts present produced a map indicating 
the major fisheries believed to be under-fished in 1949. 

The organization of research on fish resources and the 
operation of such researc~ as presently ~rganized in the 
highly developed countnes were descnbed. Develop
ment of such research in the less-developed countries 
was regarded as particularly important, but the view was 
expressed that such research would most profitably fol
low on the development of off-shore fisheries using 
modern mechanized equipment, since most of the fish
eries in such areas had been confined close to shore 
because of the inadequacy of fishing vessels. In less
developed countries there was need for the immediate 
study of the factors affecting the storage and distribu
tion of fish with a view to increasing the fisherman's 
return on his catch before there could be a substantial 
increase in production. This latter factor affected as 
well the technological developments in fisheries, in 
which many of the advances were applicable only in the 
preservation of fish which commanded a high market 
price. Other simpler and less expensive methods of 
preservation were discussed, but it was pointed out that 
additional work was necessary to develop preservation 
methods applicable in the less-developed countries, if 
marine fish production were to be substantially increased 
in those areas. 

From the standpoint of the less-developed countries, 
special interest attached to the meeting dealing with 
pond culture, where a series of papers covered the ex
tensive experience in Asian countries with this technique. 
In the opinion of the experts cultivation of fish as a 
farm crop through pond culture could be further ex
panded in Asia and should be introduced on a wide 
scale in Africa and Latin America. Its expansion would 

xx:ii 



provide a source of protein food supply particularly 
w:eded in the countries of those regions. A particular 
advantage is that ponds may be scattered through rural 
areas and thus be close to the markets, obviating the 
n•:cessity for the use of advanced preservation and trans
P')rt methods. Unlike measures for the development of 
rrarine fisheries, substantial capital investments are not 
always involved and where required are usually domes
ti;: in character. Pond culture is closely linked with the 
p:~omotion of irrigation, since the periodic draining of 
the ponds, rather than interfering with fish production, 
rr.ay be positively beneficial. Of particular interest to 
Asia were the descriptions of the use of rice-paddies for 
simultaneous production of rice and fish. 

The Conference likewise discussed the developments 
in the use of marine algae which in substantial coastal 
areas occur in large quantities and which can, with suit
able treatment, yield many valuable products. 

Two meetings were devoted to game and fowl con
servation and the management of wildlife resources at 
\\ hich twenty papers were presented. The problem of 
n:conciling wildlife production with the use of land for 
a:;;ricultural and other purposes was the subject of one 
n1eeting. With the extension of agriculture to new 
a~eas, it has become increasingly important to develop 
methods for preserving wildlife resources without inter
fering with the use of lands for crop cultivation and 
livestock growth. Even in less-inhabited areas the prob
hm of maintaining wildlife is one of balancing human 
needs against those of predatory and herbivorus animals. 
I: was pointed out that the only certain way to maintain 
the balance of nature was to set aside natural parks or 
reserves to be maintained as nearly as possible in their 
original state. 

These two meetings provided a link with the simul
taneous meetings of the International Technical Con
ference on the Protection of Nature, sponsored jointly 
by UNESCO and the International Union for the Pro
tection of Nature, which held its meetings at Lake 
Success during a portion of the period UNSCCUR was 
in session. The Conference for the Protection of Nature 
arranged its schedule so that its participants could 
attend certain of the UNSCCUR meetings. It con
sidered in more detail the problems and techniques nec
essary for the maintenance of bird and wildlife, the 
scenic and recreational values of nature and the scien
tific and recreational values of primitive areas. The 
proceedings of this conference will be published sepa
rately from those of UN SCCUR and detailed reports on 
its proceedings may be obtained from the Natural Sci
ence Section of UNESCO. 

CoNcLusioNs 

v The terms of reference of the Conference required 
! that it be limited solely to an exchange of ideas and 
! experience on the conservation and utilization of re
sources among engineers, scientists and experts. Ac-

1cordingly, this Conference did no more than provide a 
forum for the presentation of papers and the discussion 

\of these papers by the scientists and experts present. 

1In general, the evidence indicated that this was a fruit
: ful method of approach, and that the Conference was 
more productive by virtue of this limitation than it would 
have been had the participants been required to engage 

INTRODUCTION 

1 in the task of reaching agreements on resolutions and 
recommendations. However, it was evident that the 
experts in attendance felt, at times, that there were 
specific fields where the United Nations might act with 
the expectation of achieving lasting and immediately 
beneficial results. Thus, individual participants sug
gested that the Food and Agriculture Organization 
should promote the expeditious exchange of information 
on the occurrence of plant diseases in order to prevent 
their spread ; special importance was attached in the 
discussion of fuels and energy to the promotion and 
development of international standards on the quality of 
fuels, where the United Nations might stimulate action 
through the International Organization for Standardi
zation; another suggestion which was advanced by a 
considerable number of the participants was that the 

/United Nations could serve as a central point in bring
ing together and co-ordinating the results of resources 
surveys so that all might judge what has been achieved 
and what might be possible along these lines. The 
records of the Conference reveal a number of other 
suggestions. As these random examples suggest it would 
be wasteful to ignore this positive aspect of the Confer
ence work, while to pursue them would help to promote 
the fruitful collaboration which the Conference initiated. 

1 ~he Con~erence was the first occasion on which the 
lUmted Nattons had brought together a large and rep
;resentative group of scientists. More significantly, it 
was the first time that the United Nations had sought 
to obtain views and opinions of independent experts 
over so wide a field in the context of Articles 55 and 56 
of the Charter. It was to be observed that this direct par
ticipation in an activity of the United Nations focused 
and made evident a real concern among the experts 
that their interest in, and potential contribution to, the 
work of the United Nations should be brought to bear 
on the problems with which the Economic and Social 
Council is occupied. The participants in UNSCCUR 

1have now had an opportunity to report to their colleagues 
·and exchange views on the results of the Conference 
!not only in specialized fields but in the broader aspects 
to which the Conference devoted much time. 

To continue this collaboration with experts and sci
entists and to review carefully the practicable sugges
tions which emerged during the Conference has an 
added timeliness in view of the expansion proposed for 
the programme of technical assistance for economic 
development. This will, it is certain, concentrate atten
tion sharply upon problems of resource utilization and 
development and on resource conservation. Moreover, 
it will be especially the economic considerations involved 
in these problems which the technical assistance pro
gramme will raise most sharply. It would be worthwhile 
then to canalize this interest and take steps to elicit the 
positive proposals made by Conference participants, 
screen them and make them available by means of a 
report .to the Council. In this way a wider currency 
may be given to valuable suggestions which member 
countries may wish to explore themselves in relation to 
their domestic circumstances or which the Council may 
wish to consider as subjects for international action. 

The Council may wish to consider the adoption of a 
resolution on the lines of the following draft as a method 
of achieving this end: 
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The Economic and Social Council 
Notes the report of the Secretary-General on the 

United Nations Scientific Conference on the Con
servation and Utilization of Resources, and 

Recognizing that the purposes sought by the 
Conference merit a continuing effort to make scien
tific and technical knowledge widely available, 

Recommends that the Secretary-General seek to 
obtain the proposals and suggestions of participants 
in the work of this Conference in their fields of 

competence on problems involved in the conserva
tion of resources, their utilization and development. 

Should the Council choose to adopt a resolution along 
the lines suggested above, the Secretary-General will 
seek in the first instance the advice of the members of 
the Preparatory Committee which assisted him in the 
formulation of the programme of the Conference with 
regard to the most effective methods to follow in his 
efforts to elicit proposals from the participants in the 
Conference. 
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non on the Interim Committee of the General Assem
bly of the United Nations; 

MR. DANIEL CAMEJO, Head of the New York Office of 
the National Institute of Water Works of Venezuela,· 

MR. JosEPH D. CoPPOCK, Economic Adviser, Office of 
International Trade Policy, United States Depart
ment of State; 

MR. AxEL EKW ALL, Representative of the Royal Swe
dish Academy of Engineering Science, Technical 
Adviser to the Swedish Embassy to the United States; 

MR. \VILLIAM P. FoRREST, Assistant Director, Head
quarters Office, World Health Organization Interim 
Commission; 

MR. ARTHUR E. GoLDSCHMIDT, Assistant to the Secre
tary of the United States Department of the Interior, 
Executive Vice-Chairman of the Committee on Amer
ican Participation on the United Nations Scientific 
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MR. HERBERT GREENE, Agricultural Division, The Food 
and Agriculture Organization of the United Nations; 

l\IR. J. D. B. HARRISON, Forestry and Forest Products 
Division, serving as Chief, Forest Economics, The 
Food and Agriculture Organization of the United 
Nations; 

MR. RENE GARNETT LEHMANN, Adviser to the Com
mercial Counsellor, Embassy of France to the United 
States; 

MR. P. C. MAHALANOBIS, General Secretary of the 
Indian Science Congress, Professor of Statistics, 
Presidency College, Calcutta, Director of the Indian 
Statistical Institute, Calcutta, Vice-Chairman of the 
Statistical Commission of the United Nations; 

MR. FAIRFIELD OsBORN, President Conservation Foun
dation, President New York Zoological Society; 

].\h. STEPHEN RAUSHENBUSH, Economic Consultant to 
the United Nations; 

MR. E. ]. RicHES, Economic Adviser, International 
Labour Organisation; 

MR. FERNANDO SALAS, Head of Engineering Depart
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MR. R. M. TYCHANOWICZ, Representative in the United 
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Embassy of Great Britain to the United States. 

MR. W. A. MACFARLANE, Director of the United King
dom Scientific Mission, attache for scientific ques
tions, Embassy of Great Britain to the United States. 
(Replaced MR. F. N. WooDwARD on 1 January 1949.) 

MR. RoBERT G. SNIDER, Director of Research, Conser
vation Foundation, has served as MR. FAIRFIELD 
OsBORN's alternate. 

MR. A. J. VAN TASSEL, Secretary; Department of Eco
nomic Affairs, United Nations. 

MR. HERBERT ScHIMMEL, Deputy Secretary; Depart
ment of Economic Affairs, United Nations. 

SECRETARIAT 

The general responsibility for the preparation and 
organization of the Conference, under the direction of 
the Secretary-General of the United Nations, was placed 
within the Division of Economic Stability and Develop
ment of the Department of Economic Affairs. 

Mr. Antoine Goldet, Principal Director of the De
partment of Economic Affairs, served as Secretary
General of the Conference; Mr. Carter Goodrich, 
Chairman of the Preparatory Committee, served as 

Programme Director of the Conference; Mr. Alfred J. 
Van Tassel, Secretary of the Preparatory Committee, 
served as Executive Secretary of the Conference; Mr. 
Herbert Schimmel, Deputy Secretary of the Preparatory 
Committee, served as Deputy Executive Secretary of 
the Conference; members of the Preparatory Committee, 
together with Mr. J. H. Angus, of the United Nations 
Economic Commission for Europe, and Mr. George C. 
Brewer, Jr., of the Conservation Foundation, served as 
the Conference Programme Officers. 
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TELKES, l\L-\RIA (AP), Research Associate, Department 
of Metallurgy, Massachusetts Institute of Tech
nology, Cambridge, Mass. 
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Iowa State College of Agriculture and Mechanical 
Arts, Ames, Iowa. 

ToFANI, B. JosEPH (P), Corps of Engineers, Depart
ment of the Army, Washington 25, D.C. 
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TuRNER, ARTHUR W. (AP), Assistant Chief of Bureau 
of Plant Industry, Soils and Agricultural Engineer
ing, Beltsville, Md. 

UHLIG, HERBERT (AP), Associate Professor, Massa
chusetts Institute of Technology, Cambridge, Mass. 
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Andre L. Brichant 
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Associacao Quimica do Brasil, Rio de Janeiro 
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Canadian Co-operative Wheat Producers Ltd., Winnipeg 
E. S. Russenholt 
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li 
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Yrjo Ilvessalo 
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Academie des sciences coloniales, Paris 
Fernand Blondel 
Roger Heim 

Association Fran<;aise du Froid, Paris 
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Institut de France, Paris 
Emmanuel de Martonne 

Societe de chimie industrielle, Paris 
Robert S. Aries 
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Polytechneion, Athens 
Phrixos Theodorides 
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Andhra University, Waltair 
K. Rajagopalaswamy 

Bombay Natural History Society, Bombay 
S. Dillon Ripley 

Indian Chemical Society, Calcutta 
Sir J. C. Ghosh, Kt. 

Indian Institute of Science, Bangalore 
S. S. Bhatnagar 

Institution of Engineers, Calcutta 
K. N. Kathpalia 

Mining, Geological and Metallurgical Institute of India, 
Calcutta 

L. J. Barraclough 
National Institute of Sciences of India, Calcutta 

S. S. Bhatnagar 
Royal Asiatic Society of Bengal, Calcutta 

Sir J. C. Ghosh, Kt. 
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Association of Engineers and Architects m Palestine, 
Tel-Aviv 

Alfred Freudenthal 
The Hebrew University, Jerusalem 

Adolph Reifenberg 
The Palestine Association of Jewish Economists, J ern
salem 

Ludwig Samuel 
Society of Municipal Engineers of Palestine, Haifa 

Alfred Freudenthal 
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Lebanon 

American University of Beirut, Beirut 
Albert Julius Meyer, Jr. 

Mexico 

Universidad Nacional Aut6noma de Mexico, Mexico City 
Luis Rojas de Ia Torre 

Universidad Veracruzana, Jalapa 
Luis Rojas de la Torre 

The Nether lands 

N ederlandsche Commissie voor Internationale N atuur
bescherming, Amsterdam 

A. de Vos 
Koninklijk Instituut van Ingenieurs, The Hague 

Ir. W. F. Eysvoogel 

Norway 

N orsk Ingeniorforening, Oslo 
Hans James Lindemann 

Det Norske Meteorologiske Institutt, Oslo 
A. Eliassen 

Peru 

U niversidad N acional Mayor de San Marcos de Lima 
Carlos Monge M. · 

Sweden 

Ingeniorsvetenskapsakademien, Stockholm 
Edy V elander 

Stat ens N aturvetenskapliga F orskningsrad, K okeby 
Edy Velander 

Statens Tekniska Forskningsrad, Stockholm 
Ed y V elander 

Svenska Traforskningsinstitutet, Stockholm 
Edy V elander 

Union of South Africa 

National Parks Board of Trustees, Pretoria 
J. H. Orpen 

South African Council for Scientific & Industrial Re
search, Pretoria 

D. R. Masson 
South African Ornithological Society, Pretoria 

Mrs. J. H. Orpen 
'Wild Life Protection Society of South Africa, Johannes
burg 

Mrs. J. H. Orpen 

United States 

American Academv of Political and Social Science, 
Philadelphia, Pa. ' 

Morris L. Cooke 
American Association for the Advancement of Science, 
Washington, D. C. 

Howard Meyerhoff 
American Dairy Science Association, Columbus, Ohio 

K. L. Turk 
American Fisheries Society, Hartford, Connecticut 

AlbertS. Hazzard 
American Forestry Association, \Vashington, D. C. 

Sherman L. Frost 

Iii 

American Gas Association, New York, N. Y. 
J. French Robinson 

American Geophysical Union, ·washington, D. C. 
R. M. Leggette 

American Institute of Biological Sciences, Washington, 
D.C. 

William A. Dayton 
American Institute of Mining and Metallurgical Engi
neers, New York, N. Y. 

Edward Steidle 
John L. Head 

American Museum of Natural History, K ew York, N.Y. 
Frederick H. Pough 

American Society of Mechanical Engineers, New York 
18, N.Y. 

E. G. Bailey 
R. M. Gates 

American Society for lHetals, Cleveland, Ohio 
John P. Nielsen 

American Society of Range Management, ·washington, 
D.C. 

W. L. Dutton 
Federal Sewage Research Association, Washington, D. C. 

James H. LeVan 
Engineers Joint Council, New York 18, N. Y. 

Edmund A. Pratt 
Forest Products Research Society, Madison, Wisconsin 

George A. Garrett 
K ational Research Council, \Vashington, D. C. 

Harold J. Coolidge 
David M. Delo 

Society of American Foresters, Washington, D. C. 
Henry E. Clepper 

Soil Conservation Society of America, Spartanburg, 
South Carolina 

Lloyd E. Partain 
Wildlife Management Institute, Washington, D. C. 

Ira K. Gabrielson 
'vVoods Hole Oceanographic Institution, Woods Hole, 
Massachusetts 

George L. Clarke 

Uruguay 

Asociacion de Ingenieros de Uruguay, Montevideo 
Raul V. Sanguinetti 

Instituto Sudamericano del Petr6leo, Montevideo 
Gustav Egloff 
Francisco F. Papa Blanco 

Venezuela 

Colegio de Ingenieros de Venezuela, Caracas 
Francisco Medina Olivieri 
Jose Cirigliano Alagia 
Gustavo Padilla G. 
Sebastian Anibal Romero 

Sociedad V enezolana de Quimica, Caracas 
Hector Hernandez Carabafio 

U niversidad Central de Venezuela, Caracas 
Hector Hernimdez Carabafio 

Universidad de Los Andes, Merida 
Marcelo Gonzalez Molina 



International 

Conference Internationale des Grands nheaux electri
q-v.es (Paris) 

Frederic Attwood 
International Commission of Agricultural Industries 
(Paris) 

Charles J. Bernard 

"• As indicated in the previous section on Preparatory Work, 
the World Power Conference extended valuable assistance during 
th·~ preparation of the Conference. Its advice was sought directly 
in the nomination of authors on certain topics, and in several 
co:mtries its national committees co-operated with their respec
t!\ e governments in the preparation of other contributions. 

INTRODUCTION 

International Council for the Exploration of the Sea 
(Copenhagen) 

Michael Graham 

Permanent International Bureau of Analytical Chemis
try (Paris) 

Charles J. Bernard 

South Pacific Commission 
B. E. V. Parham 
H. G. MacMillan 

World Power Conference 15 (London) 
Sir Harold Hartley 

LIST OF ORGANIZATIONS NOMINATING OBSERVERS 

1. NoN-GovERNMENTAL 0RGANIZATIONs 16 

American Federation of Labor (AF of L) 
George Stolz 
Lewis W. Johnson 

Associated Country Women of the World 
Mrs. Helendeen H. Dodderidge 

C :lrnegie Endowment for International Peace 
Paul F. Kerr 

C:)mmission of the Churches on International Affairs 
Ira W. Moomaw 

Inter-American Council of Commerce and Production 
Earl F. Cruickshank 

International Alliance of Women-Equal Rights, Equal 
Responsibilities 

Mrs. Zelia P. Ruebhausen 
International Chamber of Commerce 

Geo. L. Ridgeway 
International Co-operative Alliance 

Lloyd R. Marchant 
International Council of vVomen 

Mrs. H. Gordon Freeman 
International Federation of Agricultural Producers 

Andrew Cairns 
International Federation for Housing and Town Plan
ning 

Charles S. Ascher 
16 0rganizations having consultative status with the Economic 

and Social Council. 

International League for the Rights of Man 
Rev. G. Michael Scott 

International Organization of Employers 
Charles Shaw 

International Organization for Standardization 
E. A. Pratt 

International Union of Catholic Women's Leagues 
Mrs. M. Catherine Schaefer 

International Union of Producers and Distributors of 
Electric Power 

Jean Aubert 
Lions International-International Association of Lions 
Clubs 

Harold P. Nutter 
Pax Romana- International Catholic Movement for 
Intellectual and Cultural Affairs 

J. R. Schwendeman 
Pax Romana - International Movement of Catholic 
Students 

J. R. Schwendeman 
Women's International League for Peace and Freedom 

Mrs. Naomi Riches 
World Federation of United Nations Associations 

Stephen M. Schwebel 

vVorld's Young Women's Christian Association 
Kathleen MacArthur 

2. UNITED STATES 0RGANIZATIONs 17 

American Association of Cereal Chemists, St. Paul, 
).linn. 

Charles N. Frey 
American Association of Economic Entomologists, Col
lege Park, Md. 

Stanley B. Fracker 
American Electroplaters' Society, Jenkintown, Pa. 

Franklyn J. MacStoker 
17 Due to the widespread interest in the Conference and the 

facility with which representatives of learned societies in the 
United States could attend, a group of learned societies in the 
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The CHAIRMAN (Mr. Lie): It gives me great pleas
ure to open the Scientific Conference on the Conserva
tion and Utilization of Resources and to extend a 
welcome to you. 

Lake Success plays daily host to the conferences and 
meetings of the United Nations. But these are more 
often meetings of the diplomatic representatives of the 
Member nations than of expert groups concerned with 
specialized subjects. Never before have these halls 
housed the discussions of such a large and diversified 
assembly of specialists as are gathered here today. 

This is the first time the United Nations has called 
directly on the world of science to.come together. On a 
number of occasions, the specialized agencies of the 
United Nations have convened meetings of scientists to 
assist in their important work. But this Conference, 
which cuts across the fields of interest of several spe
cialized agencies, is necessarily the responsibility of the 
United Nations. I am happy to say that the specialized 
agencies have rendered invaluable aid in planning and 
convening the Conference-especially the Food and 
Agriculture Organization, which is responsible for the 
work on such a large part of the Conference agenda. 

The United :N'ations has come a long way since this 
Conference was first proposed three years ago by the 
President of the United States. The decision of the 
Economic and Social Council to call the Conference was 
made in 1947. At that time, the date of the Conference 
was tentatively set for two years ahead. I am told that 
when an official in one of the troubled capitals of the 
world was informed of this tentative decision, he ob
served that this was the most optimistic thing he had 
heard about the United Nations in several months. I 
think it is a tribute to the functioning of the United 
K ations since then, that no one today would feel any 
surprise if we were to announce our intention to hold 
a conference of any sort in 1951. Despite all difficulties, 
the United Nations has proved itself an effective force 
for peace, and is here to stay. 

Today the United Nations is embarking on a new 
phase of its programme to build the foundations for 
permanent peace. It is calling on science to mobilize 
technical knowledge in support of one of the high pur
poses of the Charter-to raise the standards of living. 
This is one of the keys to peace. For behind most wars 
stand the spectres of hunger and want -effective war
mongers of the past. Solutions to these problems, 
though not so spectacular as those in the political field, 
are of vital importance to world peace. 

Floods, crop failures and droughts know no frontiers. 
Their effect cuts across national boundary lines. No 
country has a monopoly of the techniques in the sound 
use and conservation of natural resources, and both 
industrial and non-industrial countries can profit from 
the techniques developed in different parts of the world. 
That, in part, is why you have come here. 

Together you hold the technical keys which can un
lock new wealth from the earth for the benefit of man
kind. You know that underlying all economic shortages 
is the basic problem of how to develop and, in develop
ing, how to conserve the earth's resources. All of you 
have something to teach, and something to learn, about 
specific ways and means of solving these resource 
problems. 

Your work here will represent a first step by the 
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United Nations to mobilize all of science in support o~ 
a co-ordinated world-wide effort that will contribut( 
to effective action on these questions. 

\Ve all remember how many Members of the Unite( 
Nations achieved miracles of production in the heat ol 
the last war. If we could really put science and tech· 
nology to fuller use in peace as we did in war, I believ( 
that no one could predict the world population whicl: 
our resources could support, or the rise in the averag( 
standard of living that would be possible. 

You are aware of the steps that are being taken b} 
the United Nations and its specialized agencies toward~ 
developing a greatly expanded programme of technica: 
assistance to the under-developed areas of the world. 
The exchange of technical information that will tah 
place here will provide invaluable assistance in planning 
the implementation of this programme. 

Dramatic evidence of the interdependence of resourceE 
is given in such integrated developments as that of tht 
Tennessee Valley Authority in the United States. I arr: 
happy to learn that the United States Government wilJ 
give the participants from other countries an oppor
tunity to see the TV A at work following the Conference. 

Such programmes can bring beneficial results not only 
in terms of higher living standards but in their contribu
tions to stability and peace. In my annual report to tht 
General Assembly on the work of the Organization, I 
have, for these reasons, suggested that high priority in 
the programme of technical assistance be given to devel
opment of the Valleys of the Tigris, the Euphrates and 
the ] ordan, and the further development of the Valley oi 
the Kile, as steps to stability and peaceful economic and 
social progress for the whole area of the Middle East. 

There are many other types of technical projects of a 
specific nature that do not involve such heavy capital 
investment as these river-valley projects, but which can 
contribute greatly to human betterment. 

Science and technology promise to open new horizons 
in the future. Under the greatest co-ordinated attacl\ 
of scientists yet mustered, the atom has relinquished the 
secret of the largest potential source of energy yet dis
covered by man. We know that today, on the frontiers 
of science, experiments are going fonvard which might 
yield equally impressive results. I know that you will 
have much to tell us. 

Scientific progress and economic development are not 
ends in themselves ; they are means to a better and 
richer life for mankind, in which human rights and 
fundamental freedoms can more readily be observed and 
respected everywhere. 

If you, from the world of science, can set the sights 
for humanity high enough, the governments and their 
peoples will be encouraged in their search for solutions 
to the difficult problems which they face. I welcome you 
all to the meetings here at Lake Success. 

Our next speaker has on many occasions shown warm 
friendship for and active interest in the United Nations. 
As Mayor of the City of New York, he has given invalu
able assistance to me and my staff in connexion with 
the planning of the permanent headquarters of the 
United Nations in Manhattan, in providing us with 
facilities for the General Assembly ~essions at Flushing, 
and in dealing with the difficult housing problems of my 
staff. Before that, he arranged everything in connexion 
with the use of Hunter College; he helped us to find 



Lake Success; I do not know of a single question in 
cormexion with the City of New York and the neigh
be urhood and the 1_; nited Nations, on which he has not 
as:>isted us and advised us wisely. I cannot over-esti
m.lte the value of his collaboration. He is a genuine 
fr:end of the United Nations, and it gives me great 
personal pleasure to introduce the Honourable vVilliam 
0 Dwyer, Mayor of the City of New York. 

Mr. O'DwYER: Mr. Secretary-General, Mr. Secretary 
K rug and distinguished gathering of this Conference : 
It is a signal privilege and an honour for me to welcome 
ycu to our City for this United Nations Scientific Con
ference on the Conservation and Utilization of Resources. 

I am aware that I am here before the men and women 
of my generation who are distinguished in the most 
important sense that a member of mankind may be 
di >tinguished. You are that small group of this genera
tion~pitifully small in every age-who see with utter 
clarity the problem before which all other problems 
fale away: the problem of man's survival in this uni
verse. You are that handful, untainted by the suicidal 
follies of our species, who see that nature's plentifulness 
is a heritage not to be squandered with impunity, that 
it must be conserved for future generations or its bank
n ptcy will extinguish us all. You are that handful of 
practical men and women in a world of ambitious 
dr earners who see what new horizons of abundance and 
respite from toil are possible for men, if they but use 
the intelligence and diligence and resourcefulness of 
w 1ich man is capable. 

No one can say that your work is made easy for you. 
Ir. few places are you the honoured prophets. There 
are few places in the world today where your counsel 
ar d your warning have not cut across some passion or 
prejudice, some sloth or fear. In such an irrational 
atmosphere, the conservationist has had to work in 
ot.scurity and has had to develop special attributes of 
te:1acity and patience to save men from themselves. 

vV e are all citizens of a planet, and the planet will 
n(lt endure pillaging forever. Many are the signs point
ing to us that the indulgence of Mother Nature is past. 
T 1e disaster of the last war was a cataclysm of rending 
force. By the light of that conflagration, we saw the 
immense strides made in science and technology in the 
nDdern world. VI/ e also saw the depletion and impover
is:lment of vast areas and the lowering of living stand
ards. The conquest of space, the discovery of vast new 
resources of power, the immense ingenuity of our scien
tists and the sheer massing of all this power for destruc
tiveness have shrunk the size of this planet and have 
sraken the individual man out of his indifference. 

I should like to see inscribed in one of the buildings 
of the United Nations in our City, in letters of perma
nent stone, for generations to read, these two sentences 
fr :lm your own programme : 

"This store of scientific and practical knowledge is 
itself one of the world's great resources. It is a resource 
that grows with use and is enlarged by sharing." 

I regard this-and many will regard this~as a full 
blueprint of a truer civilization. 

Today, men are in a mood of grace. For the first 
time, thinkingly and soberly, they are ready to take up 
their account with nature. You are the accountants 
who are preparing the balance sheet. The accounting 
may prove shocking to some; others may quarrel with 
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the bill; still others may threaten to fight. But in the 
long run, and in the highest interest of mankind, the 
account must be squared. 

I believe that this old human race-sometimes so 
stupid and sometimes so inspired, sometimes so vile and 
yet sometimes so noble-must and will summon up the 
intelligence and the fortitude and the grace to make an 
honest accounting and bail itself out of oblivion. Just 
as figures are universal, so do you, men and women of 
good will, speak a universal language. You speak the 
language of every man's heart's desire~for security 
and for abundance. You speak of the just reward of 
labour and of labour with a purpose. You speak of a 
better world for generations to come. 

Mr. Secretary-General, Secretary Krug, and all the 
ladies and gentlemen of this Conference, for the eight 
million people of New York City, I welcome you and 
from our hearts we wish you the greatest success in 
this Conference. 

The CHAIRMAN (Mr. Lie): Thank you, Mayor 
O'Dwyer. 

The next speaker is here to welcome the participants 
in this Conference on behalf of American science. He 
is himself a distinguished scientist who served during 
the war in the organization which co-ordinated the 
efforts of the United States scientists in contributing to 
victory. Today, he is the President of Johns Hopkins 
University and also serves as Chairman of the National 
Research Council, which co-ordinates research in natural 
science under the United States Government. 

I take pleasure in introducing Dr. Detlev Bronk. 

Mr. BRoNK: Mr. Secretary-General, Secretary Krug, 
Mayor O'Dwyer, and members of this distinguished 
Conference, I take a special pleasure in bringing greet
ings to you from your scientific colleagues of the United 
States, through the agency of the National Research 
Council of this country. 

Our nation was formed by the union of peoples from 
many nations. Our country was developed by the use 
of scientific knowledge discovered by the scientists of 
many other lands. Now, at a time when the only fron
tiers which remain are the limitless frontiers of knowl
edge, American scientists recognize a duty and privilege 
to participate in the development and protection of the 
natural resources of the world, for the benefit of peoples 
everywhere. To do so is but to follow the age-old tra
dition of international co-operation among scientists. 

National boundaries are meaningless in the study of 
natural phenomena. The properties of inorganic matter 
and living organisms are little affected by the limits of 
States. Natural phenomena, observed anywhere, must 
be fitted into a consistent pattern of universal validity. 
This is the basis for the world-wide unity of science. 

To be a nationalist in science is to handicap one's own 
accomplishments. The course of new discoveries starts 
from the territory of established knowledge. The genesis 
of new ideas is catalysed by the work and thoughts of 
others who are free to speak. 

Recognizing this, scientists were among the first to 
realize the practical dependence of their work upon the 
efforts of those in distant lands. Together with the 
traders for rare goods, scientists have sought intellec
tual products and new discoveries, wherever they were 
to be found. Expressive of this desire to share in the 
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work of others is that admirable phrase so often used 
by scientists, "My foreign colleague", with all its whole
some implications. The desire for international co-opera
tion derives from no unique nobility of spirit, but comes 
rather from the simple realization of the advantages to 
be gained from the free exchange of ideas. If scien
tists are better prepared for the acceptance of the princi
ples of world unity, it is because they have longer 
realized the benefits that come from such co-operation. 

There is a further circumstance which shapes the 
international attitudes of the scientist. When he con
siders the social usefulness of his accomplishments, he 
cannot but realize that he is truly a citizen of the world. 
A new chemical agent for the treatment of disease is 
of potential benefit to ail men. The laws of genetics, 
discovered by Mendel, have made possible increased 
food supplies for all countries. The observations of 
Galileo, Copernicus and Newton have widened the 
intellectual horizon of no one national group. And so 
the scientists cannot fail to realize that the furtherance 
of scientific research in any free country increases the 
material resources of ail nations. To further scientific 
investigation is a common responsibility and a common 
advantage. 

As a scientist and as an American I like to recall that 
the first American international statesman was also a 
scientist who recognized these international values of 
science. Even under the duress of war between the 
United States and Great Britain in 1779, Benjamin 
Franklin had the courage and the wisdom to address 
this directive to the commanders of all armed ships 
acting under commission from our Congress. "Gentle
men", he wrote, "a ship has been fitted out from England 
to make discoveries in unknown seas under the conduct 
of that most celebrated navigator and discoverer, Cap
tain Cook. This an undertaking truly laudable in itself, 
because the increase of geographical knowledge facili
tates the communication between distant nations and the 
exchange of useful products and manufactures, extends 
the arts, and science of other kinds is increased to the 
benefit of mankind in general. This, then, is to recom
mend to you that should the said ship fall into your 
hands, you would not consider her an enemy, nor suffer 
any plunder to be made of the effects contained in her, 
nor obstruct her safe return to England." \Vould that 
more recognized that the furtherance of science can 
contribute to the benefit and advantage of mankind 
everywhere. 

Today the traditional freedom for scientific research 
and intellectual inquiry is threatened by the greed of 
nations and by fears engendered by international ten
sions. Accordingly, it is fortunate that scientists should 
have the assistance of the United Nations in gathering 
them together to consider the relations of the peoples 
of the world to the world in which they live. It is a 
function appropriate to a world organization, for the 
knowledge of nature and of natural forces which deter
mines those relationships is the proper possession of all 
people without regard to nationality. \Videly separated 
areas of the world are interrelated by a unity of natural 
laws and forces more important to the welfare of peoples 
than the unnatural laws and forces which separate them 
into nations. 

It is appropriate, directly and by analogy, that the 
world organization devoted to the elimination of conflict 

between man and man should sponsor this Conference. 
for the conservation and wise utilization of resources 
requires the elimination of conflict between man and 
nature. Both crusades depend upon a reaffirmation of 
human values. Stimulated by the rapid growth of 
physical science, we have thought too much of man's 
supposed conquest of nature, too little of man's place in 
the pattern of nature. Man's welfare and survival de
mand appreciation of his biological needs, and better 
understanding of the means whereby he can be adapted 
more effectively to the environment of which he is a part. 

If we are thus to solve the problems of the present 
and secure a better future, we must now and without 
delay give more thought to the role of man among the 
hosts of plant and animal life which populate the world. 

If we are to shape a more satisfying life for men and 
women, the time has come to create a biotechnic civi
lization, proclaimed by Lewis Mumford, in which flesh 
and blood will be no less real than concrete and steel 
and the material products of science. 

I vividly recall an experience during the general con
ference of the UNESCO in Mexico City two years ago. 
While sitting in a telegraph office there, surrounded by 
the marvels of modern scientific communication, I be
came aware of an old Aztec Indian lady standing in the 
doorway viewing these instruments of science. As I left 
I saw the Aztec Indian lady in her tattered clothing 
standing at the curb looking at a large limousine. Con
vinced that she was envious of that which others had 
but she did not possess, I was moved to press alms 
upon her. To my surprise and pleasure she returned 
the alms with a warm smile, and, pointing at the 
UNESCO badge, said in broken English, "Science will 
give us all we need and all that we desire." 

I left with renewed chagrin that fear for the future 
should characterize our age in which scientific knowl
edge and undiminished intellectual curiosity should 
make possible undreamed of progress towards a better 
life. I could not escape a sense of shame that so few 
enjoy the benefits of science in a world of unbalanced 
material cultures. I could not resist determination to 
preach to fellow-scientists our obligation to consider 
more the influence of science upon the relations of men 
to men and of men to nature. 
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It would be folly not to recognize that the pressure~ 
of growing populations and the transformation of the 
materials of nature into scientifically created products 
to satisfy the increased wants of man for war and 
peace are rapidly depleting the world's resources. But 
we would lack reasonable faith in the powers of science 
if we did not believe that scientific research and the wise 
use of scientific knowledge can discover and create new 
resources for the needs of man and better conserve them 
for his future use. 

If nations seek satisfaction and survival by pillaging 
nature and sister nations, catastrophe for all the human 
race lies ahead. But nations can, through science, peace
fully gain those material benefits which they have sought 
in vain to acquire through armed conflict. For this to 
be achieved there must be a more intimate partnership 
between scientists and those who deal with the motives 
and the relationships of peoples. 

Knowledge of man and nature is our greatest re
source. Science provides the building stones of a better 
world, but the world will be as men choose to make it. 



American scientists gladly share the task of creating 
onditions throughout the world which will better satisfy 
1e needs of men. 

The CHAIRMAN (Mr. Lie): It gives me great pleas
re now to introduce Mr. Julius A. Krug, Secretary 
f t:1e Interior of the United States Government. He 
; a distinguished engineer who has worked on projects 
~td1 as the Tennessee Valley Authority. During the 
•ar, Secretary Krug was Chairman of the War Produc
on Board. He has, therefore, had direct and personal 
x:p•;rience in the productive use of natural resources 
nd in their administration. As Secretary of the In
;rior, Mr. Krug has direct responsibility for admin
>tration in many fields of science which will be covered 
y this Conference. Secretary Krug has played a lead
Ig part in the planning of this Conference. 

Mr. KRUG: On behalf of President Truman and the 
fnited States delegation, I take great pleasure in wel
)ming you to this historic Conference. The good that 
1is group can do is, in my opinion, practically un
mited. The President looks at this meeting as an 
rganization of effective forces for progress and for 
eaee. He has asked me to express his appreciation 
>r the fact that the United Nations has accepted his 
1g:;estion and called you together for world service. 
1 he people of the world will pay close attention to 

our deliberations here, and I think that they will 
:arn much from you. Two years ago, in suggesting 
1is Conference, President Truman expressed the hope 
1at international science could itself become a great 
tternational resource. There should be freedom of 
:cess to that resource for all. You are engaged in 
taking that hope a reality. 
I need hardly say that the world expects much of 

ou. The men who can save the eroding soil, the dying 
!ants, the disease-ridden cattle and crops, and provide 
tore food and better food, are clearly among the most 
seful members of the human race. 
You represent far more than the ability and effort of 

1e human race to cope with the natural and man-made 
tlamities that impede our growth and progress. Few 
rohlems of resource conservation, as you all know, can 
~ worked out by any one specialist alone. They require 
te joint efforts of many for their solution. The "know
ow" you have perfected-including the knowledge of 
ow to work together-is an essential part of the wis
om we need in building a co-operating world. 
More immediately, the peoples of the world want 

elp in turning their best dreams into reality. There is 
emand everywhere for a fair chance to share in the 
pportunities which the world's scientists have opened 
p. People in the remotest hills and deserts have 
limpsed the possibility of shifting some of their 
;ntury-old back-breaking labour over to the machines. 
'hey are formulating the goals of a higher standard of 
ving, of better education for their children, of a life 
tal contains some leisure, pleasure and promise. 
None of us should underrate the force of this great 

;)pular longing. It is one of the major facts of this 
;ntury. It crosses national boundaries. It pervades 
roups in all communities. It is dynamic. It pushes 
rganizations and governments into action. 
This Conference is meeting to deal with concrete facts 

1d new ideas. Y ott are bringing together outstanding 
>ecialists in many resource fields to exchange knowl-
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edge and share wisdom in a common cause. That 
cause is the improvement of man's standard of living, 
particularly in the under-developed areas of the world, 
through the protection and wise use of man's common 
heritage of natural wealth, wherever it may be. 

This is no selfish purpose. It is a step along the road 
of freeing millions of people from the grinding burden 
of toil and hardship. It is a step in the direction of 
using the world's resources for the benefit of all its 
people. It is a great stride towards international team
work on a high plane of knowledge and skill. I think 
that you are participating in one of the greatest adven
tures of the human will and mind in this century. 

When President Truman suggested that the Economic 
and Social Council should hold this meeting in this 
country he was aiming at the very heart of the problem 
of world peace. Real conservation can remove economic 
pressures and fears of scarcity which have always 
played a large part in bringing on wars. Conservation 
touches not only the ability of people to live well ; it 
touches their ability to live at all. Conservation and 
wise development of our resources would help ensure 
world peace. 

The world is interested in everything you do which 
stimulates the economic progress of large areas that 
have been by-passed in the world's industrial growth. 
The President of this country has indicated to you his 
great hopes in this regard. He intends, when pro
grammes are ready, to obtain substantial help for those 
areas, both in technology and in investments. They need 
help, and the entire world will benefit if they receive it. 

I am glad that so many scientists are attending this 
meeting, for they provide the foundation for the work 
of the administrators. Science must be independent if 
it is to be fully effective. It must not be controlled by 
politics. In the field of conservation the administrator's 
task is to apply the utmost of scientific knowledge as 
effectively as available human resources permit. 

Perhaps the problem can best be summarized in 
mathematical form. Resources plus technical and scien
tific skill plus capital investment equal economic devel
opment. And it is such development which supports 
the good living that every child born on this globe is 
entitled to have. 

As the Secretary-General pointed out, most of my 
experience has been in resource development, first in 
the Tennessee Valley Authority, then in the War Pro
duction Board, and now in the United States Depart
ment of the Interior. As an administrator applying 
current scientific knowledge to the solution of con
servation problems, I have encountered certain general 
guides to sound programmes of resource development 
and conservation. 

First, I think, natural resources are interrelated and 
must be developed and conserved together for maximum 
benefit. It is a folly and waste to build flood control 
dams without at the same time doing the soil and forest 
conservation to slow up the rainy season runoff and to 
prevent the reservoirs from filling with silt. It is not 
conservation or wise utilization to build such flood 
control dams without also developing the hydro-electric 
power, the irrigation and the navigation which are 
possible. In water control developments, frequently the 
integrated whole shows much greater benefits than the 
sum of its parts. 
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Likewise, it is not sound conservation to concentrate 
research and development on metals and materials in 
short supply when possibilities exist on every side to 
find and develop substitute materials which are avail
able in abundance. It is not sound to extract a primary 
product without giving careful consideration to by
products which can be derived from the same basic raw 
materials. 

vV e must not become so specialized that we lose sight 
of the real objective, which is not the extensive develop
ment of any one food or any one material, but rather 
the development of a great combination of materials of 
every quality and characteristic to serve as a firm 
foundation for our future standard of living. 

Second, faster economic progress and greater social 
values are obtained from the combined development of 
industry and resources during the same period than in 
the usual pattern where there is no such co-ordinated 
development. 

This is a matter of proper timing. Roads, harbours, 
power plants and other public improvements will not 
pay for themselves until industry is ready to utilize 
them. The opening up of a new area requires demon
stration of the new opportunities and advantages to 
industry and agriculture so that businessmen and farm
ers will have their projects ready to go as soon as the 
basic developments are ready. I think that ten dollars 
of development in one year are frequently worth twenty 
or thirty scattered over ten years. 

Third, in any competitive society the responsibility 
for careful resource development and use should bear 
equally on the individual owners of natural resources. 
Those resources are the basis for the strength, the 
growth, the very future of every nation and people. 
!he private owners have many rights, of course. But, 
1f free governments are to survive, individual citizens 
cannot have the right as private owners of essential 
resources to imperil the future of the nation by short
sighted practices in developing these resources. 

No individual has the right to damage his fellow 
citizens by reckless and wasteful use of these resources. 
For example, as you all know, overgrazing the range 
and clear-cutting the forests can dump floods on people 
down stream, silt up vital reservoirs, pollute the streams 
and endanger future supplies of food and fibre. Until 
we come to the place where we recognize the real damage 
of such acts to the property and lives of others and 
find a practical way to prevent them, it is useless to 
talk about full conservation in our competitive society. 

Fourt~, in regions where economic development is at 
a standstill or has never even started, it takes a vigorous 
push, and frequently from the outside, to get any sub
stantial development under way. 

The Ten~essee Valley in this country, for example, 
~ad seen fmrly good times for many decades ; but the 
time came when, after years of exporting its coal 
lumber and raw materials, its smart young men went 
elsewhere to find opportunities, and the people of the 
Valley could not get enough money from further ex
ploitation ?f their depleted resources to purchase even 
the essential~ of a decent standard of living. On its 
own, the regwn could not have raised the hundreds of 
millions of dollars needed to build dan1s to check the 
devastating ~<?ods, supply. lo~-cost ~lectric power, or 
produce fertlhzers to rev1tahze the1r exhausted soil. 

The Federal Government had to do that. With thi~ 
help, however, the people of the region made an all-ou1 
effort to re-establish their prosperity, and I am proud 
to say that the successful results have been the focus oi 
attention of thinking people the world over. 

The under-developed regions of the world are noi 
alone to blame for their predicament. Yes, they are poOI 
because they have no industry and only primitive agri· 
culture. And yes, they have perhaps no industry and 
only primitive agriculture because they are poor. Wf 
all know that. But nobody can ask them to lift them
selves by their own bootstraps. They need help frorr 
outside--understanding, technology and investments 
The vicious circle of no capital and no development 
must and can be broken. 

Fifth, there can be no major economic developmen1 
without an institutional climate that aids it. 

That climate, I think, includes many things. It in· 
eludes people who know how to repair and operatf 
trucks, tractors, pumps and other equipment. Then 
must be technicians like yourselves who can make thf 
learning of the industrial world available. There musi 
also be a trained professional group which can adap1 
new techniques to local circumstances. There must bf 

! men trained in business management. There must alsc 
•. be people trained in public responsibility and able tc 
put the general interest above immediate profit oppor
tunities. 
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There must, however, also be a general understanding 
that wealth is created only by increasing production. 
There must be a similar understanding that no real eco· 
nomic progress can be achieved on a high-cost small
sales basis. 

There must be investment and, in most countries. 
some of it in the form of risk capital. Those who us{ 
the capital must understand their responsibility towardE 
the lenders, whether the investment be private or public. 
There must be an equal acceptance of responsibility on 
the part of those ;vho lend. They must know that nc 
great economic progress can be started with high inter
est rates and excessive profits Of course, low~cost 
credit is essential for all conservation work. 

Perhaps most important of all in a favourable institu
tional climate is a feeling of confidence, which must bf 
shared by most of the people, that the country is on 
the right track, that progress is being made and that nc 
revolutionary changes which greatly affect the rightE 
and equities of the people are in prospect. All worth· 
while resource improvements take time, and no one can 
be expected to initiate them without a reasonable feeling 
of security for the future. 

Without a favourable economic and political climate. 
there can be little success in resource development. It 
will be a difficult task to help under-developed natiom 
to create that climate. 

Sixth, it is essential to know the extent of our re· 
sources, and preliminary inventories must be subject 
to continuous revaluation to keep them up to date. 

I certa!nly regret that it was necessary to postpom 
such an mventory of world resources so that none i5 
available for this Conference. \Ve shall have to gc 
ahead for some time more or less blindly, without know
ing what materials are available in the world. I hopE 
that the United Nations will give leadership to thiE 
project in its member countries, as certainly all of them 



vill want to know more and more about what is on 
::>p of their soil, what is under their soil, and the power 
•otential of their streams and rivers. 

Seventh, progress of the under-developed areas will 
JeYitably bring them and all of us far more closely 
ogdher. Interdependence follows industrialization. I 
hould like to take time to elaborate that point, but I am 
urc it will come up during this Conference. 

Vvith these seven observations on conservation and 
evdopment, I hope we have an introduction to the 
ubiect of this afternoon's plenary meeting on "The 
Vorld Resources Situation". 

I am sure I express general agreement when I say 
hal we all have great confidence in our scientists. We 
hall, in plain truth, have to rely on them heavily if the 
wrld's resources are to stretch over its increasing 
opulation. 
h this country, we have gone through many decades 

f waste of our natural wealth through selfish exploi
lti·m, premised on the old-time formula that a dollar 
1 (lne's pocket today is worth an infinity of dollars in 
orr.eone else's pocket a century from now~or for that 
1a1ter, I think, even tomorrow. 

l:J recent years, there has been a tremendous move-
1e11t in the direction of real conservation. This move
lent has been led for the most part by men and women 
rho do not possess any particular technical or engineer-
1g competence, but who have spoken up courageously 
J halt the short-sighted policies of the interests which 
1 :>ast decades have had most of our scientists and 
ngineers in their employ. 

This movement has been spearheaded by government 
~aders since the days of Theodore Roosevelt-and for 
1c most part, I might say, regardless of political 
llegiance. These efforts, however, have been largely 
egative in the sense that they have dramatized the 
ra~te and damage which have resulted from exploita
:or:., and they have stressed the need for conserving our 
atural wealth, without putting forth constructive ideas 
s to how we should find the wherewithal to satisfy our 
ver-increasing needs for the fuels, energy, materials 
nd foods which are the basis of a sound standard of 
ving. 
I think it is time that we start a new era in conserva

:on, an era consecrated to the development and wise 
se of what is available to the people of the world. 
'here is not the slightest question in my mind that 
::imtists and engineers can find and develop food, 
.te]s and materials to meet the demands of the world's 
1creasing population, with a greatly improved standard 
f living. I do not side with those who "view with 
!arm" the increasing world population and the decreas-
1g reserves of some things which now appear to be 
ssential to our way of living. But, to meet these very 
~rious problems, we must start in time, and I think this 
:onference is a great start. 

Certainly the greatest problem facing the world today 
; that of raising the standard of living of the people-
ot just maintaining it. This objective cannot be ac
omplished by locking up our natural wealth. It can 
e accomplished, and steady future progress can be 
ssured, by the intensive concentration of the world's 
:ientific and engineering "know-how" on the basic 
roblem of making the most of what we have. You all 

7 

INTRODUCTORY AND WELCOMING ADDRESSES 

know dozens of examples of the opportunities for using 
this "know-how". To mention just a few, I would list: 

l. The peace-time application of atomic energy. 
2. More effective utilization of solar energy. 
3. Development of synthetic fuels, particularly from 

oil shales. 
4. Development of substitute materials for those in 

short supply. For example, aluminium, magnesium and 
glass can be produced in almost limitless quantities. 
With improved technology, they can be substituted for 
many uses of steel, copper and lead, which many people 
feel at some future date will be in short supply. 

5. Improved agricultural methods, including the de
velopment of new plants which will require less water 
and less nutrition from the soil and will absorb more 
energy from the sun, and better ways of checking soil 
erosion and restoring soil productivity. 

6. Increased use of sea water for the growth of 
food fishes and other food materials, for extracting 
chemicals and minerals, and for conversion to fresh 
water for irrigation and industrial purposes. 

7. Improved utilization of metals and other materials 
to eliminate the waste presently experienced, particular
ly in the construction of homes and office buildings and 
consumers' durable goods, such as automobiles. 

8. Development of hydro-electric power to conserve 
oil, gas and coal. 

9. Development of improved uses of foods and feeds 
for human and animal consumption. 

10. Further development of improved space-heating 
in cold weather and cooling methods in warm weather. 

These are just a few of the ideas for raising the 
world's living standards which deserve the attention of 
this Conference. 

Your work here will begin to tell us what can and 
should happen in this world. It is possible that the 
destruction of the last war will be wiped out in the 
memory of men by scientific progress and service in 
these peaceful, constructive fields. When the historian 
of the year 2000 looks back over the twentieth century, 
he may find that the soil and plant and forest scientists, 
the fuel, power and mineral experts, and the resource 
economists made up a team that helped save the world's 
resource base when it was in great danger. And he 
may say that these groups crowded two hundred and 
fifty years of industrial progress into fifty years and 
raised the living standards of the whole under-developed 
world beyond anything known in history. He may say 
that the United Nations gained confidence, unity and 
power in the process. I hope so. With high ability, 
good will, good faith and co-operation, it is possible. 

The CHAIRMAN (Mr. Lie): I thank you, Secretary 
Krug, for your fine and instructive speech. I think 
everyone joins me in asking you to take with you to 
Washington our best thanks to the Government of 
the United States for all that it has done for the United 
Nations-and a special greeting and our warmest 
thanks to President Truman for his interest, his initi
ative and his steady support of this Conference which 
is now taking place at Lake Success. 

I wish now to turn the meeting over to Mr. Antoine 
Goldet, Principal Director of the Department of Eco
nomic Affairs, who will serve as Acting Secretary
General of this Conference. I regret to announce that 
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Mr. David Owen, Assistant Secretary-General in charge 
of the Department of Economic Affairs is ill and cannot 
be present during the early days of the Conference. 
Mr. Goldet will outline the plans for your work. 

Mr. Goldet took the Chair. 
The CHAIRMAN (Mr. Goldet) :a I am replacing Mr. 

David Owen, who has been detained in Europe for 
health reasons. Before saying a few words on our work, 
I wish to give you a message which I have just re
ceived from Mr. Owen. He wishes me to express to 
Secretary Krug, Mayor O'Dwyer and Professor Bronk, 
as well as to all those who are taking part in this Con
ference, his regrets at not being able to be with us at 
the opening meeting. He also wishes me to give you 
his best wishes for the success of your work. 

Mr. Bronk has just addressed himself to his scientific 
colleagues. It is to those colleagues that I wish to speak. 
I spent perhaps the happiest years of my life doing 
scientific research and I am very glad to find myself 
twenty-five years later collaborating, through interna
tional economic administration, in a scientific and tech
nical undertaking so full of promise. 

Professor Bronk has emphasized the unity and the 
international character of human effort and heritage. 
He invites us to even greater human fellowship. It is 
that great enthusiasm for human fellowship which 
should inspire us and which is expressed in the United 
Nations Charter. 

By conserving our resources we show fellowship to
wards the men of the future ; in their use we show 
fellowship towards the less-favoured man of the present 
day. 

I am happy that Secretary Krug emphasized how 
conscious his government was of that fundamental 
question. 

I know that sceptics have doubts regarding the effec
tiveness of our work and think that high standards of 
living cannot be attained because populations are in
creasing with ever-growing rapidity. I shall reply to 
those men of little faith that up to the present the results 
obtained by science and techniques have given rise to 
the hope that the disciples of Malthus will be put to 
confusion. Even should our endeavours prove long and 
arduous, it is by redoubling them, and not by sowing 
doubt in people's hearts, that we shall be able to over
come our difficulties; certainly after the generous and 
enthusiastic plans outlined by Secretary Krug, such 
doubts could hardly take root. 

The technical principles by which we were guided in 
organizing this Conference are set out in the introduc
tion to the programme before you, and I will not, after 
the speeches you have heard, repeat them. I would like, 
however, to characterize the Conference in one word. 
I would call it the preface to that programme of tech
nical assistance which resulted from what is called 
President Truman's Point Four. 

That programme of technical assistance has just been 
drawn up in Geneva by the Economic and Social Coun
cil which completed its work on Monday. It will be 
submitted for the approval of the General Assembly 
next month. 

The first fellowship holders under the first section of 
the programme of technical assistance are now with us 

• Mr. Goldet spoke in French. 
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at Lake Success. They have been invited to follo111 
your work, and that is one more material link betweer 
this Conference and the wider programme of technica 
assistance now being developed. 

These men come from different countries and seet 
to broaden their knowledge here; for, out of the pro· 
gramme of technical assistance already outlined, ne111 
questions are already arising. Chief among them is th< 
training of the necessary technicians to carry out th1 
broad programmes which are contemplated. It is t< 
this programme of utilization of human resources, if : 
dare call it so, that we shall soon have to give priority 
Mayor O'Dwyer, as you have heard, very happil) 
reminded you of this essential aspect of the problem. 

In conclusion I would say that, although we an 
studying here the purely material side of human prog 
ress, that is not an end in itself for us, and we shoul< 
not lose sight of the other objectives laid down by the 
Charter, which proclaimed the dignity and worth o 
human personality. The increase of material resource: 
is not the essential aim of our work. Here I am onb 
emphasizing what Mr. Trygve Lie said to you at thc 
beginning of this meeting and what other speakers have 
also pointed out; it is precisely because we wish to read 
higher cultural levels in all fields that we are so anxiou: 
to raise the material standards of living. Only when we 
have reached the indispensable minimum standard o 
living can we hope to develop culture and the things o 
the spirit, and it is with the conviction that, by ou: 
present work, we are contributing to human progres: 
in its fullest sense, that I invite you to begin that worl 
today. 

The first plenary meeting will be held this afternom 
at 4 p.m. under the chairmanship of Mr. Bhatnagar. 

I am at your service with my other colleagues on th• 
Conference Secretariat, Professor Carter Goodrich an1 
Mr. Van Tassel, whose constant efforts were an essen 
tial factor in drawing up the programme for this Con 
ference and whom I should now like to thank on behal 
of the Secretariat. Together with the members of th• 
Committee who will follow the work of the differen 
sections, I will try to solve any difficulties you may en 
counter and on which you may request my assistance 

The Hospitality Committee, of which Mr. Francis i 
Chairman, has made magnificent efforts to help you t1 
profit from your stay in the United States, over an' 
above your meetings here. Provision has been made fo 
a certain number of field trips during and after th 
Conference. They will enable you to study methods o 
conserving and utilizing certain resources in practice. 

Thanks to the American Citizens' Committee yo1 
will be able to visit the principal undertakings in th 
New York region which have been divided into group 
according to the main sections of your programme. 

For those of you who can remain another week afte 
the end of the Conference, the United States Govern 
ment has prepared an extended field trip from 6 to 1 
September. A special train will take you to Pittsburg: 
(Pennsylvania), Columbus (Ohio), and across th 
Tennessee Valley with which, as you know, Secretar. 
Krug is identified, and finally to Beltsville (Washing 
ton, D.C.), where you will see the greatest centre fo 
agronomic studies in the eastern section of the Unite• 
States. 



On your behalf I should like to thank all the members 
of the Committee, of which Mr. Francis is Chairman, 
who have contributed so much to make this Conference, 
as I hope it will be, still more interesting, instructive 
and agreeable. 

For those of you who have not yet been told, I should 
like to add in conclusion that we would like you to 
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register in Conference Room 9, if possible before this 
afternoon's meeting. There will be an office there where 
delegates will be able to find the documents they need 
together with their participants' cards and any materials 
which may facilitate their work here. Thank you, gentle
men, the meeting is adjourned. 
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The CHAIRMAN: Before we call upon our invited 
speakers, I want to call on the Executive Secretary of 
the Conference, Mr. Van Tassel, who will explain to us 
the facilities for simultaneous interpretation and other 
arrangements which have been made for the Conference 
participants. 

MR. VAN TASSEL: Before the meeting begins, I wish 
to explain a number of the technical arrangements for 
the Conference. The simultaneous interpretation appara
tus, as some of you already know, is started by lifting 
the switch; you can then get the appropriate language 
by turning to a number on the dial. No. 1 gives you the 
original voice of the speaker; No.2 gives you the English 
language; No. 3 French; and No. 5 Spanish. At plenary 
meetings there will be a simultaneous interpretation of 
the remarks of speakers in those languages. 

I trust that you have all had a chance to register and 
I would like to call your attention particularly in the 
information booklet to the material concerning trans
portation to and from Lake Success. Buses for partici
pants leave from five points in New York City, which 
are listed on the first page in the information booklet. 

I should also like to call the attention of authors and 
others who wish to partake in the discussions at meetings 
to the information on the Conference organization and 
methods, and particularly the information on programme 
officers, which will be found further along in the booklet. 

I have been asked to give a little more extended an
nouncement concerning the programme of field trips 
which is being arranged in connexion with the Con
ference. These trips have been planned primarily in order 
that participants from abroad may study industrial and 
governmental projects and methods of conservation and 
utilization of resources in the eastern region of the 
United States. The American Citizens Committee which 
is composed of private citizens of the United States, is 
sponsoring a series of local field trips during the Con
ference. These trips will include visits to major industrial 
firms in the New York City area and cover the six main 
resource sections of the Conference. 

The United States Government is sponsoring a post
Conference field trip which will begin on 6 September, 
the last day of the Conference and end on 12 September. 
A special train will take members of this field trip to 
Pittsburgh (Pennsylvania), Columbus (Ohio), the Ten
nessee VaHey Authority area, Washington, and Beltsville 
(Maryland), and then return to New York City. Each 
of the six days will be spent in observing and studying 

The World Resources Situation 

FAIRFIELD OSBORN 

projects located in the vicinity of the above-mentione< 
cities or areas. Each of you, upon registering for th 
Conference, has received printed information regardinl 
the local trips and the post-Conference field trip; addi 
tiona! information may be obtained at the Field Tri] 
Registration Desk, which is located in Conference Roon 
8. It is requested that all persons wishing to attend these 
trips register as soon as possible in order that appropriate 
plans may be made for them. Thank you very much 
Dr. Bhatnagar. 

The CHAIRMAN: I am deeply sensible of the honou: 
which the United Nations has conferred on my countrJ 
by choosing me to preside over this plenary meeting ot 
the very first day of the Conference. I wish to assure yot 
that since the advent of freedom in India, science ha: 
made progress in our country. The portfolio of scientifi1 
research is now held by the Prime Minister himself 
this indicates the desires of the peoples of India tha 
science should get attention in our country. 

I do not know whether scientific knowledge is to b1 
classed as a finished product or as a raw material. Ir 
any case, it differs from ordinary materials inasmud 
as it is never exhausted. The more it is used, the more i 
grows, and in its proper utilization is hidden the myster) 
of world's future progress. The United Nations has per 
formed a great scientific work in convening this Confer
ence. The lack of raw materials and poverty are prim1 
causes of war and if they can be eliminated, peace an( 
prosperity are more likely to reign supreme. There is :: 
saying in our national language, that nobody can bt 
good unless he has the goods. These goods may be ir 
the shape of raw material, finished products or scientifi( 
knowledge. No scientist worth his name will take the 
view that raw materials and finished products alone an 
the things that count. They are not considered by birr 
to be superior to scientific knowledge. A happy combina
!!_on o.£t~ree should~ ~m~ a!·-~-~_ 

We have in our midst today Mr. Fairfield Osborn 
who is a well-known figure in the world of science. Ht 
is President of the New York Zoological Society ; he i! 
also President of the Conservation Foundation am' 
author of a book entitled Our Plundered Planet. It wa1 
published only last year but has already been translate( 
into eight languages and very soon we will have a trans· 
lation of it in Hindustani. He will speak on the "World 
Resources Situation." I now have great pleasure in 
requesting Mr. Fairfield Osborn to deliver his address. 

Mr. OsBORN delivered the following paper: 

This world meeting on resources is a sign of the evo- society to new levels of international co-operation, the 
lution of human society. A century ago, even a half stubborn barriers of prejudice, of ingrained cultures, 
century ago, such a meeting would have been impossible. even of recently adopted ideologies, give way-though 
Slowly but surely the shackles of selfish nationalism are slowly! 
dissolving. Nations are commencing to sense, with new Representatives of governments in international meet
and piercing clarity, that their well-being is influenced ings are, in too many instances, still clinging to the politi
by conditions in countries on the opposite side of the cal manoeuverings of times that should be forgotten. 
earth. In this chaotic period of the emergence of human Such approaches to the solution of world problems will 
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inevitably become outmoded as it becomes more and 
more evident that causes must first be dealt with rather 
than effects. In the main these causes are tangible and 
material. At their core lies the question of the adequacy 
of resources. 

With the slow though steady growth of understanding 
between peoples far distant from one another it is becom
ing evident that all nations share certain basic problems, 
and that these problems can best be resolved by co-opera
tive impulse, rather than by the impulse of rivalry. 
,\ctually the continuance of any nation's existence, as 
well as the favourable development of civilization as a 
'vhole, depends upon the resolution of these common 
problems. Admittedly there are several of the highest 
importance towards the solution of which human society 
must strive. Among them, for example, are: Better edu
cation, including the diminishment of illiteracy ; the 
improvement of methods of communication between 
peoples of different countries and races in order to create 
understanding-the well-spring of world peace; the en
·~ouragement of a better appreciation of the practical 
·:alue of ethics on a personal, community or national 
:;cale, and others of an intellectual or ethical nature. 
While having in mind all such goals for international co
·•peration, no one will deny that the primary need, upo.n 
;vhich all human welfare and advancement depend, IS 
.1dequacy of natural resources, whether organic for the 
~upport of life itself, or organic and inorganic for the 
:upport of a world economy from which all nations 
·lerive benefit. In effect, this conference is undoubtedly 
·lealing with the basic problem that faces our civilization. 
Every one of the countries repres:nted ?ere '!ill be pro
foundly affected by the manner m whtch thts problem 
s attacked and eventually resolved. 

It may be remarked here that the earth's resources 
1re unimportant in themselves. The question is how they 
are used, and how they are distributed. While we may 
be meeting here as technologists, we are actually ex
plorers for the processes that contribute to human hap
piness. In other words, resources are merely the .agents 
or media by which human society may reach soctal and 
ethical maturity. The political climate of a country, .a 
continent or of our world as a whole, is dependent pn
marily upon our discovering processes that lead to a 
balanced relationship between human d~mand~ and the 
earth's productivity. No adequate analysts of history has 
been made that will allow us to follow or accurately 
interpret the relationship of resource-use with the ad
vances or recessions of past civilizations. It can only be 
observed that the decline, even the dissolution of once 
splendid nations, have frequently been correlated with the 
exhaustion of the productivity of lands and of other 
natural resources. It is certainly no exaggeration to say 
that the future of mankind will depend upon the degree 
to which natural resources can continue to be available. 

Despite the growing evidences of co-operation ?e
tween nations, it is unlikely that this. world meetm.g 
would be taking place: even !low, ":ere tt not for. co?d~
tions of obvious and mcreasmg senousness. Whtle It Is 
true that the struggle for food is age-old, and the diffi
culty of obtaining adequate resources for needs other 
than subsistence has existed throughout history, the 
solution has been found in the past principally through 
exploitation of new regions, even new continents. These 
exist no longer. 

THE WORLD RESOURCES SITUATION 

Within the last century startling developments of a 
worldwide nature have taken place. These changes have 
been so rapid, in some cases so violent, that adjustments 
to them, socially as well as materially, have barely kept 
pace. Unquestionably the greatest factor of change is the 
explosive upsurge in population in virtually all countries 
resulting in a doubling of the world population within 
the last century, or an increase of more than a thousand 
million people. Further, population increases are con
tinuing, with the prospect, barring some cataclysm, of 
3,000 million or more people at the end of the century
only five decades from today. One result has been that 
the habitable and cultivable regions of the earth are now 
largely occupied, leaving certain tropical regions and 
arctic regions as the last remaining frontiers. 

This doubling of the earth's population in merely four 
generations has been accompanied, as we are well aware, 
by an almost fantastic series of inventions which have 
brought about what may be described as the second in
dustrial revolution. The consequence has been that the 
drain upon the earth's resources has increased not upon 
a mathematical scale related to population growth, but 

. upon a geometrical scale related to greater numbers of 
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people demanding a greater variety of products from an 
infinitely more complex industrial system. This demand 
is still on the upward spiral, and will continue so as we 
strive for so-called higher standards of living for greater 
numbers of people. VI/ ell may the resource-technologists 
ask, "How can we do our part?" 

One or two examples of the geometrical increase in 
resource-use will serve our purpose. For instance, iron 
production since the middle of the 19th century has in
creased five times as fast as population. Since the year 
1880, the production of zinc has increased more than 
fivefold, and the production of copper has increased 
more than tenfold. In view of the fact that petroleum is 
a relatively new commodity, reference to the extraordi
nary increase in its use is somewhat illogicaL However, 
it is a striking fact that the world production of petro
leum in the single year of 1946 was slightly more than 
one and a half times the total world production during 
the first forty-three years of petroleum exploitation. In 
the United States, for example, the production of motor 
fuels in the year 1918 approximated 80 million barrels; 
and in the year 1946 exceeded nine times that amount. 

I will not endeavour to measure the ultimate outcome 
of this rapid upward curve of uses of inorganic re
sources. As is widely recognized, known reserves of ore, 
which are now commercially extractable, such as copper, 
lead and zinc, are only sufficient to permit continuance 
of the present drain upon them within the lifetime· of 
many of us here. The exhaustion of these resources im
plies major, even drastic changes in the world's economy. 
One can and should place considerable reliance upon the 
probability of ~he discovery of new reserves of non
replaceable resources. Further, in the mineral field, it is 
logical to place great reliance on the resourcefulness of 
technologists in creating substitutes, especially for fuel. 
In fact, the trend of scientific accomplishment is such 
that one is inclined to anticipate developments where the 
Aladdin's lamp of science will prove capable of resolving 
difficulties which at the moment appear insurmountable. 
As far as the adequacy and future use of inorganic re
sources is concerned, the technologist is our brightest, 
indeed our principal hope. 



UNSCCUR PROCEEDINGS: PLENARY MEETINGS 

Vv e are forced, by their very nature, to make a sharp 
distinction between mineral resources, which are irre
placeable, and those other so vital resources that are 
derived from the productivity of the earth, and are 
therefore renewable. In the "best of all possible worlds" 
there should be no conservation problem today. The 
productive capacity of the earth is so great that from a 
theoretical point of view, which assumes intelligent 
management, the calamitous shortages recorded through
out history should have been unnecessary and avoidable. 
One can even dare to make a further statement regard
ing the present situation, namely, that if correct prac
tices were now being generally applied toward forests, 
agricultural lands and marine resources, coupled with 
adequate methods of distribution, the present haunting 
fears regarding adequacy of food supplies and other 
organic materials would no longer be justified. 

Unfortunately, the causes of our apprehension are 
not easily removed. Against our will, as it were, we are 
forced to recognize that throughout most of history 
mankind's record in the handling of renewable resources 
has been one of failure. In itself this fact might be of no 
importance as far as the future is concerned were it not 
for two consequences: first, the damage, much of it of 
permanent character, that has been inflicted upon once 
fertile regions; second, the malpractices of the past are 
still continuing in many countries, perhaps, one must 
fearfully admit, in most. Another disconcerting fact is 
that the failures of the past were not necessarily those 
of ignorance but continued in the face of contemporary 
knowledge of their consequences. Who can not be moved 
by Plato's words, and what modern conservationist will 
not bow to the correctness of his observations? 

"At the period, however, with which we are dealing, 
when Attica was still intact, what are now her mountains 
were lofty, soil-clad hills; her so-called shingle plains of 
the present day were full of rich soil; and her mountains 
were heavily afforested-a fact of which there are still 
visible traces. There are mountains in Attica which can 
now keep nothing but bees, but which were clothed, not 
so very long ago. with fine trees producing timber suit
able for roofing the largest buildings; the roofs hewn 
from this timber are still in existence. There were also 
many lofty cultivated trees, while the country produced 
boundless pasture for cattle. The annual supply of rain
fall was not lost, as it is at present, through being 
allowed to flow ove1· the denuded surface into the sea, 
but was received by the country, in all its abundance, 
into her bosom where she stored it in her impervious 
potter's earth and so was able to discharge the drainage 
of the heights into the hollows in the form of springs 
and rivers with an abundant volume and a wide terri
torial distribution. The shrines that survive to the present 
day on the sites of extinct water-supplies are evidence 
for the correctness of my present hypothesis." (Plato, 
Critias). 

This statement, made more than 2,000 years ago, 
might have been written by a modern ecologist. Plato 
recognized that forests, water supply and fertile soils 
were related so intimately that they were in truth a unity. 
not independent elements. Can we in the United States 
even today claim that our resource practices adequately 
recognize this cardinal principle? We are forced to 
admit that they do not. 

Through the centuries, in many countries, there have 

·-~-··---···--------

been recurrent efforts to establish wise and adequate 
agricultural practices including the establishment of 
methods that would protect forests from over-cutting. 
In many cases these programmes looking towards the 
proper use of renewable resources were so soundly con
ceived that they endured for considerable periods of 
time. The people of northern Europe undoubtedly bene
fited from their observations of the desolation of lands 
around the Mediterranean basin that had been caused 
by deforestation and erosion. There are many examples 
that are illustrative of the efforts that were made. In 
France, in the middle of the 17th century, Colbert 
observed "France will perish for lack of woods," and 
with an unbiased and incorruptible Commission passed 
the forest reforms and ordinances of 1669. This final 
law was considered a "masterpiece" and lasted into the 
19th century. The social upheaval resulting from the 
revolution of 1789 caused disastrous changes by abolish
ing Colbert's juridical controls. Under Bonaparte some 
attempts were made to bring back order but they were 
only partially successful. In the meanwhile, in Germany 
as well as in the northern European countries such as 
Sweden and Norway, sound forestry methods were be
coming well established. In all these movements one 
concept emerged, namely, that the owner of a renewable 
resource such as forests was not free to exercise his 

.. legal rights as an individual but in effect was made to 
conserve his property for the benefit of the people as a 
, ... ·hole. It may be remarked that this concept of trustee
ship of basic resources is one that is still only partially 
recognized in a number of countries. including the 
United States. 
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It would be misleading to convey the idea that the 
above relatively recent examples of strivings toward 
sound conservation practices were either the first of their 
kind or otherwise unique. Far back in man's history 
similar examples can be found, even in ancient civiliza
tions in the Near East as well as in the Orient. In China 
during the Chow Dynasty that commenced in 1100 B.C. 
and lasted almost 1,000 years, there prevailed practices 
for the conservation of land and forests that were in 
many respects comparable to modern methods. In other 
instances the relationship of the adequacy of subsistence 
to population was openly recognized. For instance, the 
Polynesians met the emergent danger of famine by laws 
that permitted only two children to one couple. In fact, 
on certain islands but one child was allowed. \Vho can 
say that the question of population pressures is not inex
tricably interwoven with that of the adequacy of renew
able resources? 

In considering the problem in the light of historical 
experience, one is forced to the unhappy conclusion that 
up to the present time no really satisfactory answer has 
been found. The failures of the past have not been so 
much those of lack of knowledge as of lack of its sus
tained application. 

It is true, of course, that modern science has made 
extraordinary advances. In the matter of mineral re
sources, the potentialities inherent in scientific develop
ment will unquestionably result in the provision of 
substitutes for many of those resources in which short
ages are now threatened. Further, it is evident that new 
and even revolutionary sources of energy are at hand. 
. The question of renewable resources is an altogether 
different one and, indeed, one of more immediate ur-



gency. While science can both activate and supplement 
the processes of nature, we face the fact that man, despite 
his almost infinite intellectual and technical powers, can
net create life nor should we assume that he ever will 
be able to do so. 1In considering the problem of the ade
qt: acy of organic or life-supporting resources, we are 
dealing with the economy of nature which is in truth 
life itself. Consequently, we need to recognize that for
ests, water resources, productive soils and animal life 
are interrelated and dependent one upon the other. Our 
conservation practices, generally speaking, do not even 
begin as yet to be adapted to this cardinal truth. It is 
evident that the solution of the renewable resource prob
lem demands a new and enlightened approach which 
will result in the co-ordination of many interrelated 
te·::hniques. 

This world meeting may make a great, perhaps even 
an epochal contribution to the future of civilization. It 
will inevitably serve as a correlator of existing knowl
edges, and that result in itself will prove of large value. 
The exchanges of opinion that will occur here will of 
themselves lead to new advances in knowledge. However, 

The CHAIRMAN: The second speaker is Dr. Colin G. 
Clark, and I have great pleasure in inviting him to 
ddiver his address on "'vVorld Resources and World 
Population." 

Dr. Colin Clark needs no introduction from me as 
h·~ is an economist with a world-wide reputation. I think 
the secret of his success as an economist lies in the fact 
that he had his training as a chemist at the great Uni
versity of Oxford. Nobody can enter into a variety of 
useful combinations without having something of chem-
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the lessons of history demonstrate, with compelling 
force, that knowledge in itself is transitory, even im
potent, unless widely applied and permanently integrated 
into the every-day point of view of people as a whole. 
What we are seeking is the acceptance of a clear concept 
regarding man's relationship to his environment. 

In the light of experience, and in these terms, conserva
tion becomes a political and administrative problem, an 
educational, even a social, cultural and ethical problem. 
Therefore it is not one with which the scientist or tech
nologist can deal single-handed. Further, conservation, 
in the sense that it implies the wise use and equitable 
distribution of the earth's resources, offers a point of 
synthesis for international co-operation for which the 
world is waiting. It can be said that the road to plenty 
and the road to peace are one. Yet at this very hour 
about half the people on the earth are face to face with 
want. The alleviation of this want and the misery that 
goes with it is the principal problem that the resource 
expert is called upon to resolve. He cannot, however, 
act alone. This is indeed the critical hour when all the 
forces in our civilization will be called to action. 

istry in him. He has for some time lectured at Cambridge 
University. He is now economic adviser to the Govern
ment of Queensland. His fame has travelled far and 
wide as author of the two books Conditions of Economic 
Progress and Economics of 1960. He has made notable 
contributions to scientific papers on problems of eco
nomics and population. It is a pleasure to have him in 
our midst and I now call on him to deliver his address. 

Mr. CLARK delivered the follou>ing paper: 

World Resources and World Population 

COLIN CLARK 

ABSTRACT' 

While man has proved himself capable of the most appalling misuse of natural resources under certain cir
cumstances, he has also shown himself capable of scientific improvement of agricultural technique capable of raising 
the product per man-year at the rate of 1% per cent per annum. Even in some of the crowded areas of Europe 
and Asia great increases in agricultural production have been achieved. The world's population is increasing at 
the rate of 1 per cent per annum and our problem is clearly soluble if we go about it the right way. The world 
shortage of food is not due to lack of land, but to lack of labour. In almost every country industrialization is taking 
labour away from agriculture. (The shortage is needlessly accentuated by the action of countries like Australia 
and Argentina in accelerating industrial development when their agricultural resources are still largely unused). 
World food prices will have to rise about 70 per cent relative to industrial prices in order to attract sufficient labour 
back to agriculture to meet the world's demands for an increasing standard of living. Even under favourable cir
cumstances this process will take 20 or 30 years to achieve. 

The world rate of population growth has accelerated since 1920. This is entirely a consequence of declining 
mortality, not of increasing reproductivity. Reproductivity is now falling rapidly in Japan, Russia, India and all 
countries which have established contact with "western civilization;" while in China, mortality is so high that 
population appears to be stationary or declining in spite of high reproductivity. The claim that in countries where 
fertility is high it should be artificially reduced is thus groundless economically; its real origin appears to lie in a feel
ing of race superiority on the part of Europeans and North Americans which the rest of the world bitterly resents. 

1The author has directed that certain portions of the text, all of 
a more or less technical nature, should be omitted in reading or 
circulating the paper to a general audience. Since they are, how-
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ever, essential to any demographer or economist who wishes 
critically to examine the paper, they have been placed as ap
pendixes to which appropriate reference will be made in the text. 
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"The curves of population and the means of survival 
have long since crossed. Ever more rapidly they are 
drawing apart. . . . All possible conservation measures 
are futile unless human breeding is checked. It is obvious 
that fifty years hence the world cannot support three 
billion people at any but coolie standards for most of 
them." (William Vogt, Road to Survival). 

"Soil erosion is no longer the menace that it was ... 
the application to the whole world of the farming stand
ards that now prevail in the most efficient countries could 
probably produce a doubling of the food supply . . . 
before very long the normal state of affairs will return 
and the supply of food in the world market will show 
a chronic tendency to outrun the effective demand for it." 
(The Economist, London, 14 May 1949). 

It is not often that we have the spectacle of two au
thorities contradicting each other quite so categorically. 
It is with some diffidence that I contend, in the paper 
which follows, that both are wrong, and that the real 
truth is to be found in neither position. Some encourage
ment can be drawn from the recollection that there have 
been other occasions where the seeker after truth has 
found himself beset by a clamour from both sides. Many 
of the most dangerous errors do not consist of outright 
falsehoods, but of statements which, while true in them
selves, are exaggerated, taken out of their true context, 
and followed without the necessary qualifications. 

The conservation of soil, forests, stream flows and 
natural biological equilibria is certainly one of the most 
important and urgent tasks which faces us today. In this 
respect Mr. Vogt is undoubtedly right. But the available 
evidence controverts his contention that the world will 
never ,be able to feed 3,000 million (or even a 
larger) population. He has neglected or played down 
the possibilities of improvements in the technique of 
agriculture. 

The Economist, on the other hand, overrates these 
possibilities and neglects the time and effort necessary 
to bring them about. There is another factor which The 
Economist has not mentioned, which in the long run may 
be almost as important as improvement in agricultural 
technique, namely, the transfer of agricultural population 
by migration from overcrowded to fertile but underpopu
lated lands. But this will be an even slower and more 
difficult process. 

The general conclusion is that the world will be able 
to support an increasing population for as far ahead as 
we can foresee. But it will not be on the basis of the 
cheap food and glutted markets, which The Economist 
regards almost as a law of nature (a piece of wishful 
thinking perhaps pardonable in a country so extremely 
dependent on food imports). The feeding of the world's 
population will necessarily involve a sharp and sustained 
rise in the price of farm products relative to the price 
of industrial goods. The agriculturist who, for the last 
quarter of a century, has been the "poor relation", sup
ported in many countries by assistance from the public 

•Professor Landry, Traite de Dbnographie. 

8Professor Willcox, I ournal of the American Statistical Associ~ 
ation, 1928. The principal difference between the two estimates is 
for Russia's losses which Professor Willcox based at 5 million 
and Professor Landry at only 1.7 million. The Metropolitan Life 
Insurance Company Bulletin of January 1946, reviewing these 
figures, is closer to Professor Landry's figure than to Professor 
Willcox's. 

16 

Treasury, must and will become a wealthier, more influ
ential and more respected member of society. The 
industrial population (which in most countries can well 
afford to do so) will have to hand over a slightly larger 
proportion of its total product in exchange for the farm 
products which it consumes. 

Making the best summary of available information, it 
appears that the world's population has been increasing 
at the rate of about 1 per cent per annum since 1920, 
and that this rate of increase is likely to continue to 1970 
with perhaps a slight acceleration to a rate of about 1.1 
per cent per annum between 1960 and 1970. Beyond that 
date I have not ventured to prophesy. 

There does seem to have been a significant increase 
in the rate round about 1920. For each decade that we 
go back into the past the data become more uncertain. 
but so far as they go they seem to indicate that between 
1850 and 1914 the world's population was increasing at 
the rate of only about ~ per cent per annum. Between 
1914 and 1921 there was very little net increase in the 
world's population. The military losses in the First 
World War were estimated at between 9 million2 and 
13 million3-less than one year's normal rate of increase 
of the world's natural rate of increase of population at 
that time. The "deficit of births" has been estimated by 
Professors Lorimer and Notestein at 10 million for 
Russia and 12~ million for Western Europe. But the 
principal elements in the slowing down of the growth of 
world population were the influenza epidemic of 1918 
which killed 10 million people in India alone, also to the 
typhus and other epidemics in Eastern Europe, and to 
the revolution and famine in Russia in 1917-21, which 
led to a further loss of some 10 million. The true cause 
of the influenza epidemic is still unknown-the typhus 
epidemic appears to have been an indirect consequence of 
the war. In any case, whatever its causes, this temporary 
slowing down in the rate of growth of world population 
may have played an important part in bringing about the 
relative surplus of farm produce in the subsequent 
two decades. 

In the Second World War the deaths of combatants 
numbered again some 13 million4 to which must be 
added non-combatant deaths directly due to the war 
which have been tentatively estimated by M. Vincent at 
as high as 18 million (of which 10 million were in 
Russia, 4.6 million in Poland, and 1.4 million in J ugo
slavia). Apparently this war has not been followed by 
epidemics and famines in the same manner as its prede
cessor and, even if we accept M. Vincent's figure in full, 
we get total war losses amounting to 1.3 per cent of the 
world's population, or only a little over one year's 
natural increase. 

Birth deficits seem to have been on a very much smaller 
scale than in the First World War, even in Russia 
and Japan. This war seems to have led to a postpone
ment5 rather than to a permanent deficit of births. This 
has occurred because throughout the world so many 
married couples now have decided in advance how many 

"Generally similar figures are quoted in the League of Nations 
Monthly Bulletin of Statistics, May 1946: Metropolitan Life 
Insurance Bulletin, Januar:y 1?46: M. Vincent, Population, Janu
ary-March 1947. The pnnc1pal components were Russia 5.7 
million, Germany 3.3 million, Japan 1.5 million, U.S. and Britain 
0.3 million each. 

"In many countries the war led to an acceleration of marriages 
which normally would not have occurred till later ; so even this 
postponement of births was to a considerable extent counteracted. 



children they want, and war postpones rather than pre
vents their conception : whereas under conditions of 
1914, when children were conceived more nearly to the 
limit of natural capacity, a birth lost during the war 
could generally not be made up afterwards. 

The change in trend which came after 1920 was of 
cc,urse due to increases in the extra-European popula
ti•m. Europe's population, in spite of heavy emigration, 
was increasing at about 1 per cent per annum between 
W70 and 1914 (though this average obscures a rather 
higher rate of increase in Eastern Europe and a rather 
lower rate of increase in Western Europe). After 1920 
the rate of increase slowed down in Europe just as it 
began to accelerate in Asia, Africa and Latin America. 

Now here has there been any evidence of increased 
n·productivity. All the evidence which we have through
out the period shows that reproductivity is either high 
and stationary, as in comparatively primitive societies, 
or in the old-established Asiatic civilizations; or else 
declining with greater or less rapidity in the countries 
influenced by "western civilization". The whole change 
ir: trend after 1920 was due to the diffusion throughout 
tre world of at least the first rudiments of medical sci
ence, in countries where mortality had hitherto been 
extremely high. In some countries of erstwhile high 
mortality such as Japan and the more-developed areas of 
Latin America, the reduction of mmtality had begun 
bdore the 1920's but was accelerated at that time. 

Fertility is measured by the factor generally known 
as "total fertility", i.e., the average size of family when 
the average is taken over all women, including those who 
do not marry or who are childless, but excluding those 
who died before the age of 45.6 Throughout a great 
part of the world this figure still stands at the level at 
which it appears to have stood throughout past ages, 
namely, somewhere between 6 and 7. This rate still pre
vails among communities as diverse as the primitive 
inhabitants of West Africa, the ancient civilizations of 
China and Arabia, and the dwellers in newly settled 
areas of Brazil. So far as evidence is available, it appears 
to be the general rate of reproduction among primitive 
people everywhere, and in our own not very distant past. 
It prevailed as recently as the beginning of the present 
century in Russia and Japan. It is a phenomenon so 
widespread that we might indeed be entitled to call it 
the natural rate of reproduction. (I hope the fact that I 
have a family of seven myself does not prejudice my 
judgment in this matter). 

It should be remembered that in primitive societies, 
and also in the oriental civilization, virtually all the 
women are married. The hardships of life (together with 
a certain amount of deliberate infanticide) ensure that 
the male population is always in excess of the female. 
This alone makes a difference of some 20 per cent in 
reproductivity, as compared with Western countries. (At 
the same time the prohibition on the re-marriage of 
widows in the Hindu religion reduces India's reproduc
tivity). In general, the rate of mortality in primitive 

"The other measure generally used, namely, gross reproduction 
rate, is obtained by approximately halving total fertility; strictly 
speaking by multiplying it by a factor 0.487, to allow for the fact 
that female births are slightly less than half of total births. 

7 Pierre Depoid, Reproduction N ette en Europe depuis l'Origine 
des Statistiques de l'Etat Civil, Statistique Generale de !a France, 
1941. 
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societies is such that this rate of reproduction provides 
for little if any net increase of population. 

Prior to the nineteenth century the population of 
Africa and South America appears to have been sta
tionary or declining over long periods ; the population of 
Japan rose by less than 10 per cent between 1650 and 
1850; the population of China appears to have been vir
tually stationary for a century. Since 1850 (the period of 
the Taiping Rebellion, which is believed to have cost 
millions of lives) China has suffered ever-increasing 
military anarchy and social chaos, leading in many 
Provinces even to a breakdown of the irrigation works 
on which the life of the people depends. Under these 
circumstances deaths from famine, epidemic, war and 
flood have been on such a frightful scale that even the 
high reproductivity of the Chinese is unable to provide 
for any net increase of population. 

(See Appendix A for critical discussion of data) 

Upon these primitive societies or stagnant civilizations 
comes the impact of western civilization, or, if we wish 
to be more precise, of an urban and commercial society, 
in violent contrast to the old traditional civilization and 
the dependence upon agriculture, fishing and hunting. 
The impact affects every aspect of life both spiritual and 
material. In the demographic field it first results in a 
decline in mortality. For a period this declining mortality 
is still associated with an unchanged high reproductivity 
and a rapid net increase of population ensues. Then a 
time comes when urban and commercial life begins to 
affect reproductivity, which falls fast and far. 

In Western Europe and North America these changes 
came about slowly. Mortality began to decline in the 
18th century. The decline in reproductivity7 was also 
slow. At the beginning of the nineteenth century, when a 
certain amount of urban development had already taken 
place, fertility throughout Western Europe and the 
United States appears to have been in the neighbourhood 
of 5. Except in France, where reproductivity declined 
gradually throughout the nineteenth century, a general 
decline began about 1880. In Italy and Spain the decline 
started later, but has been more rapid: In Eastern 
Europe the beginning of the decline did not come till the 
First World War, but its rate has been more rapid still. 
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(See Appendix B for critical discussion of data) 

In the rest of the world the demographic impact of 
western civilization, being delayed, has been much more 
violent. In some cases mortality rates appear to be fall
ing about three times as fast as they did in nineteenth 
century Europe. This is not after all surprising, when 
we reflect that many discoveries of drugs and preventive 
medicine, which were unknown in nineteenth century 
Europe, are available throughout most of the world to
day. Thus in a mere 12 years, from 1923 to 1935, the 
Japanese expectation of life rose from 42.6 years to 
48.3 years. It took Great Britain over thirty years 
approximately from 1870 to 1903, to cover the same 
range. 

Likewise the decline in fertility in these countries is 
also very rapid. In Japan the decline appears to have 
started about 1910, almost exactly forty years after the 
"westernization" of 1868. By 1925 Japanese total fer
tility had been reduced to 5.34, and by 1940 to 4.30. It 
is surprising to find that in Russia and India, in spite 
of their very different circumstances, the decline in re-
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productivity began at about the same date and proceeded 
at about the same rate as in Japan. For Latin America 
it appears that the decline in reproductivity began in the 
1930's. It will perhaps begin in Africa and South-East 
Asia about 1960 and will come last in China. 

But, meanwhile, in many parts of the world, we shall 
find declining mortalities still associated with high re
productivity. Detailed calculations based on the assump
tions given above lead to the estimates quoted in the 
table. Some estimate of migration is also necessary for 
these calculations. Migration from the totalitarian coun
tries of Eastern Europe is at present prohibited; were 
it not, there would be a great outflow from them. For 
the next two decades it is assumed that the only countries 
with a substantial outflow of migrants will be Italy, 
Germany and Great Britain. It is assumed that 100,000 
migrants a year will be received in the United States, 
275,000 in Latin America, and 100,000 in Australia and 
New Zealand. 

(See Appendix C for critical discussion of data) 
We are faced, therefore, with the prospect of world 

population increasing at the rate of 1 per cent per annum. 
At what rate can the supply of farm products be in
creased? Data from a number of countries show that 
the real quantity of farm products produced per man
hour of labour can increase at the rate of 1 y;; per cent 
a year. . 

On the face of it, then, we have the problem beaten. 
A rate of growth of 10 per cent a year exceeds the 
rate of population growth of 1 per cent a year. But there 
are four most important qualifications which will be 
mentioned in ascending order of importance: 

1. The demand for food per head is not constant, but 
increases with increasing real income and standards of 
living. 

2. The 1 Yz per cent per year rate of improvement 
would not hold if an increased agricultural population 
were densely crowded on to a limited area. 

3. Farmers and farm workers in future will expect 
to work shorter hours and take longer holidays after the 
manner of the urban population; thereby reducing 
production. 

4. The whole comparison rests on the assumption 
that the farm population remains constant, whereas, as 
a matter of fact, throughout a large part of the world 
it is in rapid decline. 

The increasing demand for food with rising real 
income can be fairly closely measured and allowed for 
in the calculations. It is, of course, most marked at the 
lower income levels. A SO per cent increase in real in
come per head in China, other things being equal, would 
cause food consumption per head to rise by as much as 
3S per cent. But even at American income levels a SO 
per cent rise in real income per head would increase 
demand for food per head by 2S per cent (taking in this 
case the form of replacement of coarser foods by more 
meat, fruit and dairy products). 

Evidence of increasing real product, over a long 
period, per unit of labour engaged, comes from the 
United States, Britain, Ireland, Germany, Sweden, 
France, India, Japan, Australia and New Zealand. This 
evidence is sometimes criticized on the grounds that, 
while it may show increasing product per unit of labour, 
it does not show increasing product per unit of area. 

But the four last named countries show large increases 
per unit of area. 

(See Appendix D for critical discussion of data) 

But the most important qualification is regarding the 
rural labour force. The maintenance of this labour force 
is the condition which is not being fulfilled. In nearly 
every country a "flight from the land" has been taking 
place and shows every sign of continuing, and, indeed, 
accelerating. As might be expected, the diminution of 
agricultural population is most rapid in economically 
advanced countries where numerous other economic op
portunities are offering, while in some of the Asian 
countries the agricultural population is still increasing. 
Within the United States it is found that the loss of 
agricultural labour is most rapid in the now industrialized 
middle-western States, where productivity per head in 
agriculture is also high; there is a less rapid loss of labour 
in the less productive southern States. 

There are many factors making for an increase in 
the rate of loss of rural population. The motor bus, the 
radio, universal education, military service, political 
movements and a host of other social and incidental 
factors are bringing the countryman into ever closer asso
ciation with town life, and giving him opportunities 
to obtain urban employment. \Vithin the memory of 
older men still living in Western Europe, and up to the 
present day in Eastern Europe and Asia, the countryman 
has been separated from the towns not only by difficul
ties of transport but also by wide divergencies of custom 
and even of dialect. All these barriers are rapidly dis
appearing and in the near future we may expect them 
to disappear in other parts of the world also. 
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It is not, therefore, the law of diminishing returns or 
the lack of agricultural areas for cultivation which has 
caused the world food shortage, and which may cause 
a worse shortage in the future; it is the lack of labour. 
It might be a fairer way of putting it to say that up to 
now we have been fed by the underpaid labour of 
peasants and agricultural labourers throughout the 
world; that the older generation expected this state of 
affairs but that a new generation of countrymen is now 
growing up throughout the world who are not prepared 
to remain at their work unless they see in it economic 
opportunities comparable to those of the urban popula
tion. Better means of communication, laws and customs 
favouring social mobility, and, above all, the main
tenance of full employment in industry, will all acceler
ate this tendency. 

In effect, therefore, the countryman says to the urban 
world-"vVhat are you going to do about it?" We may, 
and doubtless will, intensify our search for technical 
improvements and may succeed in raising the rate at 
which they can be applied. But this alone will not provide 
for an improvement or even a maintenance of standards 
of living for an increasing world population, when the 
supply of agricultural labour continues to fall. In the 
course of years, however, we may be able to make verv 
substantial improvements in production, even in face o'f 
a declining total labour force if the labour is redis
tributed, i.e., if the conditions of the world's economy 
are such as to admit a rapid growth of rural population 
in the most productive and hitherto least exploited parts 
of the world, and a diminution of rural population in 
the most overcrowded areas. 



Except in so far as we can solve our problem by 
su·.:h redistribution, the only course remaining open to 
us is to allow the prices of· agricultural produce to rise 
re ative to the prices of manufactured goods and services 
to a point where they can offer to the agriculturist 
th ·oughout the world an income sufficient to induce him 
and his children to remain on the land. As has already 
been stated the relative rise in the price of farm products 
th ·oughout the world will have to be substantial. 

The improvement which might be obtained in the 
world's food supplies through geographical redistribu
ti<•n of the world's rural population is, in the long run, 
very great, but it is bound to be slow. There appear to 
be limits to the rate at which rural population can be 
re luced in overcrowded areas, or expanded in hitherto 
ur.settled areas. 

Economic history shows that where rurally overpopu
laled countries have developed alternative employment 
to relieve pressure on the land, the rate at which male 
rural employment has been decreased has not generally 
exceeded 1,% per cent per annum. (The rate at which 
the male rural population of the USSR was decreased 
in the decade 1928-1938 was 3;.4 per cent per annum, 
bt t this entailed much hardship. In the United States 
cluing recent years the numbers working in agriculture 
have been declining at a rate as rapid as 2 per cent per 
annum; but this may have been due to the peculiar condi
tiuns of the time and place and is not taken as a standard 
af plicable elsewhere.) On the other hand, the limit of 
growth in the rural populations of developing or efficient 
countries is put at about 2.9 per cent per annum. (The 
United States, for instance, maintained a growth of 
rural population of 33 per cent per decade for three 
decades from 1820, and only slightly lower rates for the 
1850's and 1870's.) 

Unless, therefore, we are contemplating population 
transfers on the scale attempted in the USSR (and it 
is very probable that they are just as economically ineffi
cient as they are inhumane), we must content ourselves 
with these limits. 

The world's principal reserves of unused cultivable 
land lie in Africa and South America. The relative abun
dance or otherwise of farm products during the next few 
decades will depend on the rapidity and success with 
which these areas are developed. This in turn will de
pend on the availability .both of capital and the technical 
skill to build roads, harbours, schools, and all other 
innovations necessary to convert sparsely populated and 
primitive areas into productive agricultural land. 

Any exceptional development of these continents will 
call for the outlay of enormous quantities of capital, and 
the indications are that the world is going to be pretty 
short of capital for a number of years to come. In the 
United States, the standards of consumption, not to 
mention taxation, are rapidly advancing and the amount 
saved by a person at any given real income shows a 
strong downward trend as time goes on. And although 
probably the savings of the United States will constitute 
as much as a quarter of the whole world's savings, the 
indications are that the expansion of United States indus
try will be on such a scale as to absorb nearly the whole 
of this vast sum and leave comparatively little for lending 
to the rest of the world. 

In the tables which follow, therefore, no exceptional 
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development of Africa or South America is hypothe
cated. Development there, as in other countries, will pro
ceed, it is assumed, at about the same pace as it has 
shown in the past. The expected 1960 levels of real 
income are shown in the table and we can rest assured 
that it is going to take all the world's available capital 
resources to catch up the war-time arrears and destruc
tion and to reach the indicated levels by 1960. 

Besides the capital which the l7nited States has to 
spare for the world market, the principal sources of 
international capital investment will come from countries 
which have already attained a fairly high level of real 
income and where the rate of population increase is 
slowing down or has disappeared-principally Britain, 
France and Germany, their smaller counterparts, Bel
gium, Sweden and Switzerland, and probably some new
comers to this field such as Canada, Argentina, Denmark, 
Australia and South Africa. Another unexpected new
comer to this field may be Japan. Although her produc
tivity is still fairly low and her population still increa,..;ing 
fairly rapidly, yet the rate of saving is extraordinarily 

among all classes of the Japanese population and 
we may before long see Japan as a capital exporter on a 
large scale. 

Of the capital-importing countries, by far the largest 
demand will come from India, which country is now at 
such a stage of development that she may take as much 
as all the other capital - importing countries taken 
together. Demands for capital will come from all the 
Asian countries except Japan, from Africa and from 
Latin America. Western Europe will probably all be 
capital-exporting except for Italy and Portugal. Russia 
and Eastern Europe, if their economies were free, would 
be entering the world market in a big way as capital 
borrowers: alternatively, they will have to impose severe 
reductions in the standard of living of their peoples if 
economic progress is to be maintained. 

Assessing, then, the probable general course of world 
economic development, and using the methods of The 
Economics of 1960 (published in 1942) I come again 
to similar conclusions, even though this later calculation 
incorporates a good deal more recent information. The 
world price of farm products in 1960, relative to the 
price of manufactured goods and services, is expected 
to be about 70 per cent higher than in the base period 
1925-1934.8 Between 1960 and 1970 a further slight rise 
in the relative price of farm products is to be expected. 
This substantial change in the terms of trade will, of 
course, enrich some countries and impoverish others. 
The principal gainers will be countries with large food 
exports (if they are willing to take advantage of the 
situation by leaving their labour in agriculture and do 
not attempt an uneconomic development of industry). 
The countries which will feel the adverse effects most 
severely are those which are dependent upon imports for 
the biggest part of their food and raw material supplies, 
namely, Great Britain and Japan. Even in their case, a 
rise in standards of living will not be prevented; but it 
will be slower than it might otherwise have been. The 
expected development of world supplies of farm prod
ucts is as follows : 

8In 1937 agricultural and manufactured goods again stood at 
approximately the same relative prices as they did in the base 
decade 1925-1934. 
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Russia, Eastern Europe 
Eastern Germany, China .......... . 

Rest of the World ................ .. 

Population 
(Millions) -- ···--

1935 1960 
~----·--· ~--

652 
1.330 

715 
1,794 

Output will almost exactly keep pace with increasing 
population. But with increasing real inco:n~s,9 people 
will e.:rpect to consume more or better quahtles of food 
and in their inability to obtain them will bid the price 
up. The general price elasticity of the demand for food 
is in the neighbourhood of .5, i.e., it takes a 2 per cent 
rise in prices to cause a 1 per cent fall in demand. The 
elasticity of supply, during the next two decades, will 
be very low. In many countries the discrepancy between 
urban and industrial incomes is so great that the number 
of rural workers is declining at the maximum rate of 
15 per cent per decade, and will continue to do so even 
if there is a substantial increase in food prices. Once 
these extreme discrepancies have been overcome, then 
the numbers of farm population will become somewhat 
more responsive to the incentives of a higher price, and 
the elasticity of supply of food will increase somewhat. 

There are three factors now operating in the world 
which are making the loss of labour from agriculture 
considerably more rapid, and consequently the world 
shortage of farm products more marked than it would 
otherwise be. The first policy, which is from any point 
of view justifiable, is that of certain densely populated 
and under-developed countries in artificially accelerating 
the growth of their industries (as in India, Russia, or 
Egypt). With excessive density of settlement their agri
culture is uneconomic and becomes increasingly so as 
population rises. Under the laws of increasing returns 
their industry will not become remunerative until it has 
reached a certain scale ; it can generally only be 
launched, therefore, as a result of deliberate govern
mental intervention. 

But the other policies pursued by Argentina, Australia 
and some other food-exporting countries, are unjusti
fied either from the point of view of the country con
cerned, or of the world as a whole. These are the policies 
of accelerating industrialization, though there is no pres
sure of population on the land to justify it, but rather 
the reverse; and at the same time taking steps by artifi
cial means to provide that their own consumers obtain 
food at substantially below world prices. These policies 
have the effect of discouraging agriculture by both 
taking away its labour and reducing its returns; and 
reducing supplies on the world market by encouraging 
their own people to consume more heartily than the 
world price would justify, while in turn these countries 
obtain a number of industries which are generally 
grossly uneconomic and quite unable to compete with 
the rest of the world. 

• A point worth mentioning is that while increasing world popu
lation may evoke diminishing returns (as we have defined it in 
Appendix D) in some parts of the world in agriculture, mining 
and other extractive industries yet at the same time most in
dustrial processes are subject to increasing returns, and a substan
tial rise in world population will have the effect of considerably 
increasing the net product per head in industry above the level 
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Supply of farm 
products 

{1 ,000 million 
of btternational 

Units} 

1935 1960 

13.2 
36.5 

14.6 
49.1 

Supply of farm 
products per head 

(International 
Units) 

1935 1960 

20.2 
27.4 

20.4 
27.4 

The analysis made hitherto confines itself to farm 
products as a whole. Time and circumstances clearly do 
not permit an attempt to analyze the probable demand 
of prices for individual farm products, or for fishery, 
forest or mineral products. But it is hoped that the data 
given in the attached tables will facilitate analysis of 
future demand by those interested. If we plot past con
sumption per head of any commodity in different coun
tries against the current levels of real income, we can get 
some idea of the shape of the demand function, and with 
due qualifications we can project this into the future, i.e., 
the amount demanded per head at any given level of real 
income. The principal qualification, of course, is that 
demand depends upon price as well as upon income. 
Perhaps the most interesting example of this is to be 
found in the demand for timber. Timber consumption 
per head in most European and Asian countries is a 
fairly close function of income, rising rapidly at first 
and then more slowly. Consumption of sawn timber per 
head in the United States at its peak in 1904 was over 
40 cubic feet as against some 15 cubic feet only, ex
pected from the demand-function curve. Timber was 
extremely abundant and cheap at that time. By 1940, 
although real income per head had doubled since 1904, 
timber consumption had been brought down by higher 
prices to 19 cubic feet per head, almost exactly the 
amount predicted from the demand-function relation
ship. Many natural products can be with greater or less 
readiness replaced by substitutes, which indeed is one 
of the principal factors determining the elasticity of 
demand when prices rise. 

APPENDIX A 

It will be noticed in the attached table that the figure 
given for the population of China is very much lower 
than that commonly quoted, and no increase is shown 
since 1850. These are the conclusions advanced by Pro
fessor Wilcox,10 who has advanced good reasons for 
believing them to be true. He estimates that between 
1650 and 1850 Chinese population rose from 100 million 
to 350 million (an average rate of increase, it may be 
noted, of just under ;Y.4 per cent per annum). 

Sir Alexander Carr-Saunders11 accepts the conven
tional figure of 450 million for the present day but 
agrees that there has been virtually no net growth since 
1850. He puts the population in 1650 at 150 million as 

which it would have held if world population had remained 
stationary. 
A necessary part of the mechanism by which increasing returns 
operate in industry is by an ever-increasing sub-division and 
specialization of industrial processes. This can only be enjoyed 
on an international scale when the industries of different coun
tries are able to trade and compete with one another freely. 

"'Revue de l'Institut Internationale de Stati.rtique, April 1937. 
11W orld Population-Past Growth and Present Trends. 



against Professor Willcox's 100 million.12 Professor 
Warren Thompson13 estimates the 1940 population at 
400 million, and believes that it will remain virtually 
;tationary till 1960. Professor Ta Chen14 considers the 
?Opulation rose to a maximum of 400 million about 
1930, having been only 60 million in 1600. He believes 
:hat under the Han Dynasty, at the beginning of the 
,:;hristian era, the population was also about 60 million 
1nd that during the intervening period it passed through 
:hree complete cycles of decline and growth, associated 
with political anarchy and political stability, respectively. 

APPENDIX B 

The statistical techniques for the analysis of repro
,luctivity have greatly improved during recent years. 
The very low figures of reproductivity first calculated 
for the 1930's (on which were based a number of prog
nostications of further falls) proved on further analysis 
:o be largely transitory effects of the postponement of 
narriages due to economic depression. The war had the 
:ffect of accelerating marriage, but led to the postpone
:nent of many births, which reappeared in a violent but 
:emporary increase in the number of births in the first 
:>ost-war years. More careful analysis, in which age at 
narriage and the number of marriages of different 
luration are taken into account, has been applied in 
England, France and Sweden, and in each case leads to 
>ractically the same conclusions-namely, that marriages 
tre now generally earlier than they were, and the total 
fertility has stopped falling and stabilized at about 22 
-a rate slightly below that required to maintain the 
:)opulation, even under the most favourable conditions 
Jf mortality. 

On the other hand, the Netherlands is an example of 
.1 country where marriages are later but fertility appears 
:o have settled down at a higher level of about 2.7. 
:--Jetherlands figures are also used in projecting the 
;>opulation of Italy, Portugal, Spain, Eire and Finland, 
and of Australia and New Zealand ; for the rest of 
Western Europe the lower figure is used. 

APPENDIX C 

Apart from China, there is general agreement about 
the population of the world for the present and the 
recent past. In the tables estimates are made for 1960 
and 1970 on assumptions which will now be described. 

For Europe and Soviet Russia estimates up to 1970 
were prepared by Professor Notestein and others.U' 
Three adjustments are necessary in that these data: 

1. Take no account of war losses. 
2. Make no allowance for migration. 
3. Assume a continuing downward trend of repro

ductivity at a rapidity which does not in fact appear to 
be borne out. 

The following assumptions were made about migra
tion over the period 1950 to 1970: 

"'One might mention a contemporary estimate of Gregory King 
who put the 17th century Chinese population at 230 million. 
King's other work is so remarkable that this estimate should at 
any rate receive some consideration. 

"'Annals of the American Academy of Political Science, Janu
ary 1945. 

"American Journal of Sociology, July 1946. 
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Average Net Migration Per Annum 

Net 
emigration 

Italy . .. .. .. • .. . .. .. . 240,000 
Germany ............ 200,000 
Great Britain and 

Northern Ireland ... 100,000 
Eire . • . . . . . . . . . . . . . . 15,000 
Netherlands . . . . . . . . . 15,000 

•570,000 

Net 
immigration 

United States 
Argentina ......... .. 
Rest of Latin 

America ......... . 
Australia .......... . 
South Africa ....... . 
Canada .........•... 
New Zealand ...... . 
France ............ . 
Belgium ........... . 

100,000 
100,000 

175,000 
80,000 
25,000 
20,000 
20,000 
40,000 
10,000 

570,000 

War losses were obtained from the sources quoted in 
footnotes 2, 3, and 4 of the main text. The military losses 
were arbitrarily distributed among the younger male age 
groups, and the civil losses over the whole population. 

Reproductivity was assumed to be stabilized at levels 
given in the text above, except for Eastern Europe, 
where Professor Notestein's assumed declining fertili
ties were retained. 

For Germany, in default of up-to-date demographic 
information, a stable population was assumed. 

For countries outside Europe and North America, 
the demographic data are scanty. For these countries 
mortality projections were based on Professor Note
stein's data. On pages 186-187 of this work are given 
scales of the highest mortality experience known in 
European records ("beginning of first segment"), and 
rates per annum at which such mortalities are expected 
to decrease. 

For non-European countries with high mortality it is 
assumed: 

1. That mortality stood at a stable maximum level 
until a decline began at the following dates : Latin 
America (except Argentina and Uruguay) 1895, India 
1900, rest of Asia (except Japan and China) and Africa 
(except South Africa) 1920, China 1950. 

2. That mortality shows European rates of decrease16 

once the "first segment" is reached, but before that the 
rate of decrease was three times the European ."first 
segment" rates. 

3. That the maximum rates of mortality mentioned 
in ( 1) above exceeded the beginning of the "first seg
ment" by amounts corresponding to 35 years on the 
accelerated scale of reduction hypothecated in ( 2) (or 
succeeded the European maximum by 105 years meas
ured at 19th century European rates of decline of 
mortality). 

In Japan the structure of the mortality curve is pecu
liar. Mortality is remarkably high between the ages of 
15 and 29 (said to be due to tuberculosis), low else
where. For ages 15-29 the "first segment" is assumed 
to be reached in 1950, for other ages in 1920. War deaths 
appear to have been just about counterbalanced by re
turning emigrants, garrisons, colonial settlers etc. 

15The Future Population of Europe and the Soviet Union, 
League of Nations, 1944. 

16For convenience in calculation, after applying these rates of 
decrease for the first ten years, we apply the mortality rates 
shown for Yugoslavia from 1940 onwards (op. cit. pages 310-
311), i.e., it is assumed that Yugoslavia (the country with the 
highest mortality in Europe passed the "first segment" in 1930. 
This involves only a slight modification of previous assumptions. 
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For the USSR Professor Notestein's mortality pro
jections were used apart from an allowance for abnormal 
war losses. M. Vincent's estimated civilian war deaths 
of 10 million are approximately allowed for by doubling 
the estimated mortality rates between 1940 and 1945. 
For military casualties an estimate of 6 million is 
adopted apportioned as follows: 
Age in 1945 . . . . . . . . 15-19 20-24 30-34 
Numbers (in millions) 0.5 2.0 1.0 

Outside Europe and the English-speaking non-Euro
pean countries, there are no satisfactory age-tables ex
cept for Japan. The age-tables published for India, for 
some Latin-American countries, Egypt and Turkey, are 
obviously full of defects. (A great many of the world's 
inhabitants honestly do not know their own ages). 

The procedure adopted, therefore, was to take the 
published Indian age-table of 1901 (with its more obvi
ous defects arbitrarily adjusted) as indicative of the 
age structure of a population in which both mortality 
and fertility have been at their maximum for a long 
period. To this are applied mortality rates declining in 
accordance with Assumption (2) above, and fertility 
rates beginning to decline 40 years later than mortality 
rates. The errors unavoidably included in the basic 
figures thus get largely "washed out" in the course of 
a few decades. 

It was assumed for Latin America that mortality be
gan to decline in 1895. A hypothetical age-table con
structed by the above procedure run on for forty-five 
years fits fairly well to the recorded 1940 age distribu
tion of Brazil, Colombia and Puerto Rico, which appear 
to have been the most accurate of the available censuses 
(see attached diagram). The considerable irregularities 
remaining in their figures indicate that it is still prefer
able to use the hypothetical age distribution, until more 
accurate census data are available. (The hypothetical 
curve itself shows a kink at age 50 as a result of dis
continuity with the original assumed age distribution). 

For the USSR, Professor Notestein's estimated age 
table was used as a base and projected to 1950 on the 
birth and mortality assumptions given above. To allow 
for newly incorporated territories, whose age composi
tion is expected to have been generally similar to that 
of the USSR, an addition of 15.8 per cent is then made 
to all age groups except 0-5 (the effect of the incor
porated territories is separately allowed for in this group, 
see below). Among the men 15-35, the base for this 
calculation is taken before deducting the estimated 6 
million war deaths. It is a coincidence that these trans
formations bring the estimated 1950 population of the 
USSR back to Professor Notestein's original figure of 
203 million. 
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In the parts of the world mentioned above, fertility 
is also assumed to have been stable at a maximum level 
for a long period, and various dates are assumed at 
which fertility begins to decline at a given rate. 

The maximum fertility, for women of various ages, is 
t<:.ken as that found by Mortara for Brazil (Revista 
Brasileira de Estatistica.. April-September 1947). 
Though the Brazilian census may have been defective 
ir. some respects, this fertility table shows evidence of 
c:1reful construction. Brazilian fertility may have begun 
to decline slightly by 1940, but this table is based on the 
total number of children ever born (excluding still 
births) to Brazilian women in 1940, and thus reflects 
predominantly the fertility of earlier periods. 

This indicates a total fertility of 6.45 or gross repro
duction rate of 3.15. A very similar fertility is shown 
(see diagram) by some Chinese data. (An Experiment 
in the Registration of Vital Statistics in China, Scripps 
Foundation, 1934). Compare also the fertility of 3.11 
for Egypt in 1937 (Kiser and Whelpton, Annals of the 
.clmerican Academy of Political and Social Science. 
January 1945, page 114 ), and of 3.29 for Russia in 1897 
(Lorimer, The Population of the Soviet Union, League 
c f Nations). It is true that higher gross reproduction 
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rates have been computed, i.e., 3.4 approximately for 
Japan in 1868 (Taeuber and Notestein, Population 
Studies, June 1947), nearly 3.5 for Korea between 1920 
and 1940 (Taeuber, Milbank Quarterly, January 1947), 
3.3 for Formosa (Population Index, July 1944), and 
3.33 for the Palestine Arabs in 1931 (Rita Hinden, 
Sociological Review, January-April 1942), while the 
world's record appears to be the figure of 5.0 reached by 
French-Canadian women in the 17th century (Georges 
Sebagh, American Journal of Sociology, vol. 47, no. 5, 
pages 680-689). 

On the other hand, a special study in Indo China 
(Population Index, April1945) showed a total fertility 
of only 5.2 (gross reproduction rate 2.54). A study of 
the Taliensi tribe in West Africa, (Fortes, Sociological 
Review, July-October 1943), showed a gross reproduc
tion rate of 3.1 (and net rate of 1.7). 

The decline in fertility is assumed to follow the course 
of Japan (Taeuber and Notestein, "The Changing Fer
tility of the Japanese", Population Studies, June 1947) . 
The reduction is most rapid in the younger age-groups 
and is apparently due to later marriage in a more indus
trialized society. It is assumed that fertility, after it has 
begun to fal~ takes 15 years to fall from the Brazilian 
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to the Japanese 1925 level, another 15 years to fall 
to the Japanese 1940 level, and after that its course is 
extrapolated (see diagram and table below). 

Total Fertility Measured as Births Per 
Woman Per Quinquennium 

15-19 20-24 25-29 30-34 35-39 40-44 45-49 

Brazil 0.42 1.29 1.54 1.35 1.03 0.63 0.19 
Japan, 1925 0.25 1.20 1.34 1.19 0.91 0.39 0.06 
Japan, 1940 0.07 0.77 1.24 1.08 0.76 0.33 0.05 
Assumed for 

Japan, etc.: 
1950-54 • 0.05 0.52 0.88 0.95 0.70 0.30 0.04 
1955-59 . 0.04 0.45 0.80 0.90 0.65 0.27 0.03 
1960-64 . 0.03 0.40 0.75 0.84 0.59 0.21 0.03 
1965-69 • 0.02 0.34 0.70 0.80 0.54 0.16 0.02 

Total 

6.45 
5.34 
4.30 

3.44 
3.14 
2.85 
2.58 

It is assumed that fertility begins to show a decline 
after 1910 in India and Japan; after 1935 in Latin 
America, after 1960 in Africa (other than South Africa) 
and in the rest of Asia, except in China, where it is 
assumed that there will have been no decline in fertility 
up to 1970. 

Total fertility in the USSR (Lorimer, lof. cit.) stood 
at 5.41 in 1926 and at 4.49 in 1938. These figures are 
very close to the trend line for Japan given above and 
it is assumed that the Soviet Union follows the Japanese 
trend after 1940--with this exception, namely, that the 
losses of males in the war were so heavy that the effec
tive number of women available for reproduction in any 
age group is taken as limited by the number of males in 
the age group five years older. 

In this manner the population of 1945 was used to 
estimate the births for the whole decade 1940-5017, 

giving a result of 43.5 million. This was then raised by 
5 per cent to allow for territorial acquisition since 1945, 
and the result apportioned 37~ per cent to the first 
quinquennium of the decade and 62~ per cent to the 
second. 

For India this procedure is unsatisfactory because of 
the catastrophic mortality from the influenza epidemic 
of 1918, which wiped out virtually a whole decade's 
population increase. As our starting point, therefore, we 
take the recorded age distribution of 1921 (by which 
date it may be hoped that accuracy had improved a little 
over 1901) subject to the following arbitrary correc
tions: 

1. Two million males assumed unrecorded in the 0-4 
group. 

2. Two million males transferred from the 10-14 to 
the 15-19 group. 

3. One million females transferred from the 25-29 
and 0.5 million from the 30-34 to the 15-19 group. 

4. Persons over 60 (shown as a single group) appor
tioned to 5-year groups. 

Recorded births are used for the period 1921-40 plus 
allowance for under-registration of 10 per cent in 1921-
30 and 5 per cent in 1931-4018• (The heavy decline in 
registered births since 1940 seems to be due to some 
extent to decreasing completeness of recording). These 

17i.e., assuming that, in all marriages where the husband sur
vived the war, births postponed during the war years were made 
up in the first post-war quinquennium. 

""These assumptions are consistent with an assumption of some 
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refer only to the Provinces and not to the States, i.e., 
about three quarters of the population. It is assumed 
that similar birth rates prevailed in the States. 

These assumptions fit the observed data so far: 

India (excluding Burma) : Population 
(Millions) 

Actual 
307.7 
335.1 
389.0 

Computed 
1921 ..................... . 
1931 ................•..... 
1941 ..................... . 

335.2 
388.4 

The computed population shows a growth of 11 per 
cent between 1941 and 1951. The Indian Census Bureau 
estimates a growth of only 5~ per cent between 1941 
and 1948. However, it must be remembered that: 
' 1. These estimates are based on birth registrations 

which may prove to have been incomplete; 
2. They exclude Pakistan, which is less urbanized 

than India, and where the rate of growth may have been 
higher; 

3. They were affected by the Bengal famine of 1943, 
an event largely brought about by transport difficulties 
and other wartime circumstances, and which may, there
fore, we hope, be regarded as non-recurring. 

For the United States were used the Bureau of Census 
"Forecasts of the Population of the United States 1945-
75" on the assumptions of medium mortality and fer
tility and 500,000 per quinquennium net immigration 
(data on page 81, "adjusted for Census under-enumera
tion of children"). The actual population at the begin
ning of 1950 will be some 149.7 million and the discrep
ancy of 3 million is assumed all to be in the 0-4 group 
(due to unexpectedly high births 1945-49). This dis
crepancy is carried on into the appropriate age groups 
in later years. 

APPENDIX D 

To meet this criticism we must first exclude the 
United States, Australia and New Zealand, because in 
these countries new areas have been brought under 
cultivation. In Great Britain and Ireland it is true that 
the last century shows a more or less constant volume 
of output produced by a declining labour force. But 
there is some evidence to show that improved agricul
tural techniques in England, introduced in the 18th and 
early 19th centuries, nearly doubled the volume of output 
from a given area; and there is much of the world which 
has not yet even acquired the agricultural technique of 
early 19th century England. Likewise on a limited area 
in France, it appears that the volume of production 
doubled or trebled between 1815 and 1870 (with a 20 
per cent fall in the agricultur:tJ labour force). For 
Sweden where more precise data are available, the real 
volume of agricultural production increased 2.2-fold 
between 1870 and 1930. Another outstanding case is 
that of Japan, where the combined output of agriculture 
and fishery approximately doubled between 1897 and 
1934. In India the volume of agricultural production 
appears to have increased nearly 25 per cent between 

20 per cent under-registration in 1901-10; during which period 
the recorded crude birth rate was 38.6, while that deduced from 
applying Brazilian fertility rates to the estimate age-table 
was 48.2. 
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1931 and 1944; and nearly threefold between 1870 and 
1930. 

It is of course true that agricultural production is 
generally carried on under conditions of "diminishing 
r:!turns". This phrase is part of the economists' technical 
jargon and is widely misunderstood outside. It certainly 
does not mean, as many people appear to think, that the 
yield of agriculture diminishes as time goes on. What 
it does mean is that if we have two pieces of land of 
similar area, climate and fertility, farmed by men of 
similar skill and technical knowledge, then the area more 
densely settled will yield less per head (but more in the 
aggregate) than the less-densely settled area. 

As a matter of fact, the precise formulation of the law 
of diminishing returns in agriculture appears to give 
something like a square-root law. That is to say, a four
fold increase in the density of settlement in an agricul
tural area would about halve the output per man and 
<.bout double the aggregate output. Or, stating the matter 
in a more realistic manner, the agricultural population of 
<•n area would have to be increasing at the rate of some 
;) per cent per annum (which again is almost inconceiv
able) in order to neutralize the 1 ~ per cent per annum 
d technical improvement which is found to prevail over 
most of the world. Furthermore, the law of diminishing 
··eturns does not apply in the more sparsely settled areas 
;uch as Australia and Brazil; it is only after we reach 
densities of settlement corresponding to those of, say, 
rhe western States of the United States, that the law 
even begins to apply. It does not apply also in some of 
the most highly mechanized forms of agriculture like 
;;ugar-cane growing, where indeed increasing returns are 
~ometimes found to prevaiL But the law of diminishing 
:-eturns does in general provide an explanation of why 
1gricultural output per man in Egypt should be only 
half of what it is in Italy, in Italy half of what it is in 
Spain, in Spain half of what it is in Canada, in Canada 
less than half of what it is in Australia. 

Let it be added also that there are many results which 
the law of diminishing returns does not explain; that is 
to say, results which show how the effects of population 
pressure can be overcome by better agricultural science 
and practice. Per square kilometer of land climatically 
suitable for agriculture, the density of population in 
India is as high as in China, and India shows about 
twice the product. Undeveloped though her agricultural 
technique is, India differs from China in having a sub
stantial livestock population and a system of roads and 
railways; these are only possible because India has en
joyed and expects to continue to enjoy firm and just 
government rather than the anarchy which has prevailed 
in China. 

Similar densities also prevail in Italy and Finland, 
which show returns greatly above the Indian. In the 
Netherlands, a country whose farmers have been trained 
by education and experience to make the best possible 
use of the soil, the density of settlement is almost exactly 
the same as in Poland, with a product in the Netherlands 
three times as high. Denmark has the highest produc
tivity in Europe with a high density of settlement. New 
Zealand, with a higher density than Australia, has a 
product per head 50 per cent higher. These examples 
could be multiplied. 
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Notes to table 

Frontiers: 
Except where otherwise stated, each country is re

corded within the frontiers of the time and in judging 
the population trend in any one country account must 
be taken of frontier changes. The following outstanding 
changes may be noted-

Alsace Lorraine-Included in France in 1850 ( 1.5 mil
lion) and in Germany in 1913 (1.9 million). 

Germany-The 1919-1937 territory had a population of 
60.4 million in 1913. The post-1945 territory had a 
population of 59.9 million in 1939. 

Austro-Hungarian En~pire-For 1913, shown as the 
Succession States in their post-1919 boundaries. 
Population in contemporary boundaries was Austria 
29.2 million, Hungary 21.4 million. 

Czechoslovakia-1950 figure excludes approximately 1.0 
million in territory ceded to Russia. 

Poland-The 1939 population of post-1945 Polish terri
tory was 32.3 million, and of the Polish territories 
ceded to Russia in 1945 11.8 million. 

Balkan States and Greece-The figure shown for 1850 
represents the whole of "Turkey in Europe". In 
1913 and subsequently all Turkey is included with 
Asia ( 1913 population of Turkey in Europe 1.9 
million). In 1950 excludes 3.8 million population 
of Roumanian territory ceded to Russia. 

Russia-1850 and 1913, excluding Finland but including 
Baltic States. Including Baltic States from 1950 
(1940 population 5.5 million). 1913 population of 
post-1921 USSR territory, 139.7 million. 1913 total 
for Eastern Europe adjusted to exclude duplication 
of territory included in both the Russian and Polish 
totals. 

International unit: 
A measure of real wealth, not of money: defined as 

the quantity of goods and services exchangeable for $1 
over the period 1925-34. 

"Standard farm landn: 
Areas of land deemed to be climatically suitable for 

agriculture (no account taken of soil or topography). 
On Professor Thornthwaite's classification ( Geograph
ical Review, July 1933) an area of tropical land with 
regular rainfall is taken as 2 units of standard farm 
land (on the grounds that it can probably produce two 
crops per year). Wet or humid, sub-tropical and tem
perate climates, together with tropical areas of irregular 
rainfall, are regarded as "standard farm lands". A sub
humid area is converted to standard farm land by a co
efficient of five-sixths, two-thirds or one-half, according 
to whether its rainfall is distributed through the seasons, 
is deficient in one season, or is deficient in all seasons. 
Semi-arid lands, suitable for sparse pasture only, are 
converted by a co-efficient of one-hundredth. Irrigated 
land in hot climates is counted as two units. 
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Population Ltn•cl of real income Standard Males en- Real product c: 
Expected for 1960- z 

Population in millions. aged internatio~UJl units farm gaged in in ------ en 
15-64 per man-honr land agriculture agriculture Farm Products 

(") 

millions. worked. '000 per sq. km. I.U. per -- 0 
c: 1850 1913 1920 1950 1960 1970 sq. kms. standard man-hmtr Production. Consumption. ~ ---~-·~ 

farm land worked. --
1950 1970 1913 1929 1939 1960 1940 1940 Billions of I.U. "tl 

--- -------------- ---- ~ 
U.S.A .................. 23.2 97.2 105.7 149.7 158.5 166.7 97.4 114.7 .78 1.00 1.47 4,580 1.9 28 7.41 9.70 0 

(") Canada ................. 2.8 8.0 8.9 13.7 14.5 15.2 8.9 10.6 .61 .75 .96 1,309 1.0 .21 0.59 0.77 1.;1 
Argentina .............. 1.1 7.3 8.6 17.5 21.5 25.9 11.0 17.8 .39 .53 567 1.9 .43 1.03 0.84 1.;1 
Rest of Latin America ... 31.9 73.7 83.9 143.9 180.0 219.1 81.3 131.7 .10 .15 17.191 1.6 .06 4.80 3.32 t:l 
Australia ........... ~ .. 0.4 4.6 5.4 8.0 9.9 11.9 5.0 8.1 .49 . 65 .66 .98 1,480 0.4 .68 1.40 0.47 .... z New Zealand •......... - 1.1 1.2 1.9 2.4 2.9 1.2 2.0 .65 .86 1.17 268 0.6 1.05 0.63 0.12 0 
South Africa ........... 0.3 6.2 6.8 12.1 13.6 14.8 7.3 9.9 .10 .15 .19 .21 316 6.5 .13 0.95 0.39 en 
AMERICA "tl AND DoMINIONs ...... 59.7 198.1 220.5 346.8 400.3 456.5 16.81 15.61 t"' 
Great Britain and 1.;1 

Northern Ireland ..... 22.1 42.5 43.3 49.0 49.0 48.5 33.2 31.9 .37 .52 .58 .69 229 6.3 .21 0.79 2.25 z 
Eire .•............. · · · · 5.1 3.1 3.1 3.1 3.1 3.2 1.9 2.0 .18 .31 .32 .49 69 8.9 .11 0.17 0.12 > 
Spain .................. 14.2 20.3 20.8 28.2 30.4 32.7 18.8 21.4 ?~ .37 .27 .58 265 13.8 .12 1.09 1.27 ~ __ / 

o< Portugal ............... 3.9 6.0 6.0 8.5 9.4 10.3 5.5 6.8 .11 .15 .22 64 21.4 .07 0.35 0.24 
France ................. 35.8 39.8 39.0 41.9 42.7 43.1 28.8 28.5 .21 .32 .38 .4fl 511 8.4 .17 2.24 1.80 IS: 
Belgium and Luxembourg 4.5 7.9 7.7 8.8 9.0 9.1 6.0 6.0 .22 .33 .35 .49 28 18.6 .20 0.32 0.37 1.;1 

1.;1 N ether1ands ............ 3.1 6.1 6.8 10.0 10.7 11.6 6.3 7.7 .29 .43 ,4j .60 31 18.6 .21 0.34 0.45 o-3 Germany •.............. 33.8 67.0 62.2 72.6 (72.6) (72.6) ( 49.0) ( 49.0) .31 .32 .49 .56 425 10.6 .17 2.17 3.40 .... 
Switzerland ............ 2.4 3.9 3.9 4.6 4.8 4.9 3.2 3.3 .23 .36 .37 .54 20 19.5 .19 0.24 0.20 z 
Italy ................... 24.0 35.6 36.6 46.6 48.0 49.1 30.7 31.3 .13 .16 .20 .30 246 25.6 .06 1.03 1.50 0 

~ 
en 

Austria ................ 18.0 6.8 6.5 7.0 6.9 6.9 4.7 4.6 .23 .21 .25 .30 65 11.5 .13 0,31 0.26 
Norway ••••••••••• ~ * •• 1.3 2.4 2.6 3.2 3.4 3.5 2.2 2.3 .21 .28 .38 .48 94 4.7 .09 0.10 0.15 
Sweden •............... 3.5 5.6 5.9 7.0 7.2 7.3 4.7 4.9 .23 .32 .41 .53 155 4.9 .14 0.31 0.31 
Denmark ............... 1.4 2.9 3.2 4.2 4.4 4.6 2.8 3.1 .30 .37 .40 .55 39 14.6 .25 0.43 0.27 
Finland ................ 1.6 3.2 3.3 4.1 4.3 4.6 2.6 3.0 .19 .24 .33 .43 20 34.8 .07 0.12 0.16 
WESTERN EuROPE 

AND ScANDINAVIA..... 174.8 275.5 250.9 299.0 305.9 312.0 10.01 12.75 
Czechoslovakia . . . . . . . . 13.6 13.6 12.6 13.1 13.3 8.6 9.0 .18 .28 .28 .36 126 12.0 .11 0.51 0.50 
Poland .............•... 30.0 26.7 25.0 27.3 29.2 16.6 20.3 .20 .16 .19 .32 354 17.3 .07 1.26 0.88 
Hungary ••••..... · · ·· · · 13.2 7.8 7.9 9.5 9.5 9.3 6.6 6.6 .14 .16 .17 .20 79 20.1 .09 0.50 0.29 
Greece ......•.......... 1.1 4.8 5.5 8.0 8.5 8.8 5.2 6.1 .11 .15 .16 .26 112 9.4 .06 0.23 0.26 
Balkan States .......... 12.9 17.9 33.1 40.3 43.6 45.5 26.5 31.6 .16 .16 .16 .20 556 15.2 .05 1.53 1.16 
Baltic States ........... 4.7 .11 .15 .20 152 7.5 .09 
Russia ........•.•...... 83.4 172.8 130.9 203.0 222.1 236.9 135.0 164.4 .17 .15 .17 .23 3,203 11.0 .04 4.95 6.64 
EASTERN EuROPE AND 

AsiATIC RusSIA . . . . . . 109.6 216.9 222.4 298.4 324.1 343.0 8.98 9.73 
China . . . . . . . . . . . . . . . . . . 350.0 350.0 350.0 350.0 363.5 399.5 195.5 234.4 .03 .03 .03 .04 2,752 26.9 .02 4.71 4.46 
Japan .. .. .. .. .. . .. .. .. . 27.2 53.4 56.0 82.9 92.9 100.8 49.6 67.6 .05 .13 .19 .20 418 20.9 .05 1.46 2.78 
India and Pakistan . . . . . 205.0 325.2 317.7 426.0 458,8 490.0 265.1 329.6 .06 .08 .09 .15 2,883 27.1 .04 11.25 10.36 
Africa (excluding 

Egypt and Sth. Africa) 90.0 110.8 112.0 146.7 1i9.8 222.4 84.0 123.7 .05 .06 15,043 2.2 .02 3.62 2.28 
South West Asia and 

Egypt ............••. 
76.5( 

49.6 51.0 84.2 103.2 127.8 48.2 70.9 .10 .15 490 37.6 .02 1.22 2.22 
South East Asia and .... 

Oceania ........... ~ . ( 128.0 134.8 228.5 280.2 346.5 130.9 192.7 .05 .06 7,723 6.7 .02 5.62 3.57 
AFRICA, AsrA AND 

OCEANIA . . . . . . . . . . . . . 748.7 1017.0 1021.5 1326.2 1478.4 1687.0 27.88 25.67 
WORLD .............. 1093 1707 1715 2270 2509 2798 63.7 63.7 
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Real product per man-hour in agriculture: 

This figure, in accordance with past experience, 1s 
assumed to rise at the rate of 1 y; per cent per year. 

The only exception is the United States where, be
tween 1940 and 1946, real product per man-hour in agri
culture showed a rise of 56 per cent as against the 9y; 
per cent expected. This gain appears to have been per-

The CHAIRMAN: These addresses are now open for 
discussion. Anyone who wishes to ask questions of the 
speakers can send a note to me or speak from his seat. 

I am sure I am voicing the feeling of all of you when 
I propose a very hearty vote of thanks to the two speak
ers of the meeting, whose exposition was so masterly. 
Of course, one may not entirely agree with their general 
observations made with respect to the prices of farm 
products. In India, for example, it is well known that 
the prices of farm products have increased fourfold and 
this has affected health, and the middle-class population 
has been completely wiped out as a result of this process. 
A better equilibrium certainly must be reached before 
we can say that things are going satisfactorily. I do not 
think that prices of farm products can be increased in 
Tndia any more; what we need is greater production so 
that food may be available to the population as a whole. 

Any differences that exist between Mr. Osborn and 
Dr. Clark may perhaps be fought out here, in this meet
ing, and I therefore invite Mr. Osborn to comment on 
the observations made by Dr. Clark. These are put so 
nicely that it appears that there are no differences be
tween the two principal speakers. Knowing more inti
mately their viewpoints, I think it will be a good point 
d departure for our discussion today to hear from Mr. 
Osborn as to what he thinks of the solutions suggested 
by Dr. Clark. 

Mr. OsBOR.:-< : Dr. Clark, you used a phrase and made 
a statement regarding the rate of growth of productivity 
and you were referring, as I understand it, to the pro
ductivity with respect to the products of land. May I 
ask Dr. Clark whether he should not have used instead of 
the word "productivity" the term "rate of production", 
in the case of land. I think that you were talking about 
the rate of growth of quantity production. I would like 
to point out that there are a good many people who, 
recognizing the extraordinary amount of volume pro
duction which it has been possible to generate by new 
processes of forcing growth, are concerned that the 
<tuality of productivity is being sacrificed. Do you agree 
with this latter observation? 

Mr. CLARK: Yes, for your country and for mine, I 
think we both have bad records. On the other hand, 
France, Sweden and Japan have records which show 
that the quantity of products per unit of area has greatly 
increased, and as far as we can ascertain the fertility of 
the soil has been maintained or even improved. 

Mr. OSBORN : Without pressing the point unduly, you 
do then recognize that while production may be stepped 
up, negative factors (relating to proper land use) may 
appear? 

'Mr. CLARK: I am well aware of that, and of the 
fearful damage which can be done in a short time. 
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manently retained, while since 1946 the upward trend 
of 1y; per cent per year has been resumed. 

Farm products: 

Net value in international units, excluding the value 
of industrial goods and services (fertilizers, transport, 
etc.,) incorporated therein. 

Just one other point I would like to mention. I have 
endeavoured to make a crude ascertainment of the areas 
of land potentially available for agriculture throughout 
the world. I have proceeded on a climatic basis only; I 
am in no position to classify soils even if the data were 
available. I count as double the high rainfall tropical 
soils which are capable of growing two crops a year and 
allow various deductions for the poorer climates. The 
order of magnitude is interesting in terms of square 
kilometres of standard farm land. The United States has 
4.5 million; Canada has a little over 1.5 million; Aus
tralia has 1.5 million; Latin America has 17.5 million; 
Africa 15 million. Compare these figures with 2.75 mil
lion for the whole Chinese population; India and Pakis
tan have only a slightly larger area of climatically 
suitable soil; and Russia has only 3.25 million. You can 
allow a very large margin of error, even a 100 per cent 
error factor, and the enormous areas of unused land in 
Africa and South America still stand out. That does 
forcibly bring to our minds the urgent scientific problem 
of the tropical soils. We know something about temper
ate soils; we know extraordinarily little about tropical 
soils. The message I want to leave before this Confer
ence is, that on the solution of the problem of tropical 
soils, the world's future well-b'eing will largely depend. 
The misuse of the tropical soils, a terrifyingly easy 
possibility, may leave the world permanently hungered 
and impoverished, to a degree which we scarcely care 
to contemplate. 

The CHAIRMAN : There are only a few minutes left 
and I would like to call on Dr. Kellogg of the United 
States Department of Agriculture. 

Dr. KELLOGG: I shall only comment on the last paper, 
I am particularly gratified by the last remark made by 
Dr. Clark. I too have made some calculations, quite dif
ferent ones, and I find that there is a large amount of 
land available and the greatest part of that is in the 
tropics. That land can be efficiently managed, even 
though a great deal of it is not well managed at present. 
There are places that are well managed and where pro
duction is very high. 

I would, perhaps, take issue with the prediction about 
agricultural labour. I do not believe that we will need 
anything like the present ratio of agricultural labour to 
industrial labour in the future. And that is particularly 
true as we cultivate the tropics. The cultivation of the 
tropics only goes forward now, where areas have avail
able to them all the modern products of industry
machinery, electric power, fertilizers, hormones, insecti
cides, etc. If there is a key to this problem, that key is 
somehow to get people off the crowded areas, where they 
have no job, so that those that remain can have a job, 
and the others can start making products of industry 
that farmers need to do their job. We need more people 
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in industry producing fertilizers and such things than 
perhaps are provided in the figures that you used as your 
basis for calculation. I am not sure of that-! think that. 

I am accused of being an optimist and I am an opti
mist as far as the physical resources are concerned. We 
have the physical resources and we have the skills to 
give every person in the world abundant food for a far 
larger population than now exists. I am not, however, 
optimistic when I look around the world and see the 
political, social and economic handicaps in getting that 
skill applied to those acres by an alert and healthy agri-
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cultural population, for it is only an alert and healthy 
agricultural population that will use these skills we are 
talking about. When we are talking about feeding the 
world, we are talking about feeding farmers. Farmers 
that are illiterate, have too few acres, and are diseased. 
are not going to read the proceedings of this Conference 
or even your reports about it. 

The CHAIRMAN: Dr. Kellogg's remarks are particu
larly appreciated by me, and I am sure they are well 
appreciated by the audience. Gentlemen, we have reached 
the limit of our time. The meeting will now adjourn. 
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The CHAIRMAN : I shall not spend too much of your 
time in telling you how much of an honour and a pleasure 
it is to be selected as your Chairman today ; that is, that 
Sweden has been selecred to provide a Chairman. 
Sweden, in this connexion, has one merit: economy is 
a natural thing for us. We have never been a land of 
abundance. One of our popular songs says: "Our 
land is poor and shall remain, but still we like to live 
and work and die there." So the subject of conserva
tion and careful utilization is not new to us. 

Yesterday we had an outline of the subjects to be 
treated. Knowledge is paramount in dealing with the 
tremendous problems facing us. The Secretary-General 
told us that scientists, through their knowledge, have the 
keys to open resources for the welfare of mankind. 
.l\Iavor O'Dwver underlined this; he told us that knowl
edge is our greatest resource. The subject of this Con
ference, as you know, is to compile, exchange, and discuss 
the facts on resources. But it is not easy even to discern 
the facts; I think that was one of the conclusions of yes
terday's proceedings. We are all humans, subject to 
human limitations, and many of us are seasoned 
specialists in certain fields. We are accustomed to an
alysing possibilities for competing with other adjoin
ing fields of activity or other regions of the globe. We 
must now try to see the wider In one of our old 
Scandinavian songs, it is said : burden bore no 
man but much knowledge." But we must examine every 
item of information carefully, because we do not want to 
carry in that burden anything that is not true. Pro
fessor Bronk said yesterday that national borders 
are unnatural when studying natural phenomena. But 
there are other borders we must erase. Borders that 
grow sometimes into Chinese walls between fields of 
speciality. 

One of Sweden's scientists some years ago said that 
even when dealing with fundamental facts of nature, 

Critical Shortages of Food 

SIR HERBERT BROADLEY, K.B.E. 

It would be true to say that, at the present time, there 
is no country in the world where everybody is adequately 
fed: it would be also true to say that in most countries 
of the world some people are actually hungry-and in 
many of them these hungry people number thousands 
and millions. People are still dying of famine and starva
tion--often, alas, because of humanity's own follies. It 
is the very fact of famine and starvation, the existence 
of hungry people, which is partly the cause of those 
follies-unhappiness and ill health, envy, political dis
turbances and even war, all of which mean the produc
tion of much less food than a peaceful, energetic world 
could provide. 

Add to this situation the rapid increase in population 
which has marked the post-war years-20 million new 
mouths to be fed every year-and the relatively slow 
rate of agricultural recovery in a war-ravaged world, 
and one may well be tempted to despair of achieving a 
happy, well-fed, peaceful planet. It is because there are 

each man carries a pair of goggles, ground by his 
training and experience, tinted by the philosophies 
and policies of the contemporary world surrounding 
him. We must put these intricately ground goggles 
away for the time. In the sectional meetings there will 
be opportunities for the specialists to measure their wits, 
but here, in the plenary meeting, we must try to put the 
specialist's goggles away. Even ii our vision gets more 
blurred, we may get a better over-all view of the broad 
field before us. 

We have the privilege, this afternoon, to listen to four 
eminent speakers of wide experience, dealing with four 
major classes of resources: food, forests, minerals, and 
fuels and energy. They all have access to great stores 
of knowledge. Never before have all nations given so 
freely of information about their own affairs as they do 
now to the United Nations and its agencies. That 
burden of knowledge is borne by a few men and it is, 
indeed, also a great burden of responsibility. 

I have the great pleasure to introduce first Sir Herbert 
Broadley, who is the author of the paper "Critical Short
ages of Food". Sir Herbert has a wide experience; he 
has been in the Civil Service in India; he has been on the 
Board of Trade; in the Imperial Customs Conference; 
he has dealt with the German Repatriation Act Com
mittee, the Imperial and Economic Committee ; he has 
been in the advertising business with one of the big 
London firms ; he has been in Berlin on their account; he 
is a member of the Council of Institutes of Incorporated 
Practitioners in Advertising and would therefore also 
have a great understanding of the psychological facts 
underlying our problems. Now he is serving as Deputy 
Director-General of the Food and Agriculture Organiza
tion of the United Nations. I have the pleasure to ask 
Sir Herbert to deliver his address. 

SIR HERBERT BROADLEY delivered the following paper: 
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grounds for hope as well as for despair that the United 
Nations has called this Conference. In fact, if the prob
lem were really insoluble, then the Food and Agriculture 
Organization might as well close its doors, for those 
high ideals conceived at Hot Springs at the height of the 
war would be only dreams and delusions. But President 
Roosevelt who called that Conference and all the prac
tical experts in nutrition, agriculture, fisheries and for
estry who attended it, took a very different view. They 
believed that a world free from want was possible. F AO 
still holds that to be a cardinal article of practical faith. 

But let us look first at the immensity of the problem. 
I do not intend to venture into the technical fields of 
irrigation, soil science, agriculture or the expansion of 
new systems of plant and animal breeding, the elimina
tion of disease, the reduction of waste and deterioration 
of foodstuffs. These are the subjects with which sub
sequent papers at this Conference will deal. All I will 
attempt to do is to measure the size of the problem and 



o give my reasons for believing that its solution is not 
>eyond possibility. 

It is true that the hungry-as well as the poor-we 
·tave always had with us. In the middle ages, England 
·ecorded seven major famines, in the centuries between 
1200 and 1600. In India and China through their long 
'tistories, famine, disease and pestilence have been en
< lemic. Even during the nineteenth century and at the 
l>cginning of the twentieth, Europe was three times at 
1 he end of her apparent resources, faced with the bleak 
outlook of insufficient food for the growing population. 
: ~ut each time the immediate pressure was mitigated by 
new developments, even though thousands and indeed 
millions continued to go hungry or suffer more or less 
;:cute malnutrition. 

The first of these three food crises in Europe occurred 
during and at the end of the Napoleonic wars-partly 
the result of two decades of fighting and devastation. It 
was remedied by the development of more intensive 
agriculture and a restoration of transportation in the 
early 1820's. The second occurred about the middle of 
1 he century when the rapidly increasing populations of 
Europe, stimulated by the industrial revolution, were 
outgrowing their local resources. This crisis was solved 
by bringing onto the world's markets vast new food sup
plies from the American west. The third period started 
:.bout the end of the nineteenth century and was not 
1 eally solved until after the First World War, when 
large scale farming in Australia, Argentina and West
( rn Canada again brought a new supply of food to the 
industrial countries of Europe. 

Each time, new developments or new resources pro
duced increased supplies of food. Each time, events 
<>vertook the relief obtained and increasing populations 
<gain pressed hard on available supplies. But although 
each time the production of additional food averted wide
spread disaster it was never sufficient to provide the 
whole of the people of Europe with a satisfactory stand
ard of nutrition. 

Just before the outbreak of the Second World War, 
food standards, in spite of great progress in many coun
tries, fell far short of desirable figures. Less than one
third of the world's population were in areas where the 
ayailable food supplies represented an average calorie 
content in excess of what is regarded as a reasonable 
minimum figure-that is, 2,750 calories per head a day. 
And not all of these supplies were actually consumed; 
some were lost in the retail shop, in storage, and in food 
preparation in the home. This third of the world's pop
ulation, having access to an average reasonable calorie 
diet, comprised mainly North America, Oceania and 
much of Europe. Most of Asia, parts of the Middle East, 
much of Latin America and Africa fell into a much lower 
category, with an available calorie supply well behind a 
standard which nutritionists regard as essential to full 
health and an active useful life. But much as the world 
fell short of a minimum calorie diet before the war, it fell 
still further short of minimum requirements of proteins, 
vitamins and minerals, largely obtained from the protec
tive foods. Two surveys carried out in England in the 
1930's, admittedly on partial and restricted scales, in
dicated that over half of the population of that then rela
tively well-fed country fell short in one or other essential 
nutritional ingredient of a diet necessary to health. 
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But all attempts to measure the degree with which 
pre-war world food supplies fell short of world needs 
were fragmentary estimates based upon a limited volume 
of information. This was partly due to inadequate appre
ciation of the importance of nutrition. All we knew for 
certain was that millions of people everywhere had 
insufficient total food to ensure the healthy happy lives 
they had the right to claim, and that notwithstanding 
some improvements and developments in food produc
tion no solution was in sight. In fact, the world had not 
realized the measure of the problem, and therefore had no 
conception of the herculean efforts necessary to solve it. 

The establishment of FAO in 1945 provided the first 
attempt to determine how far the world's food supplies 
fell short of minimum needs. Early in 1946, FAO con
vened a small group of nutrition experts to consider the 
question of nutritional targets. They set up nutritional 
standards based on quantitative principles (a minimum 
energy-value in calories per person per day) and on 
qualitative principles (certain minimum quantities of 
high quality protein and vitamin and mineral-bearing 
foodstuffs). The targets were adjusted to take account 
of regional differences in consumption habits and pro
duction possibilities. 

An estimate was then made of the quantity of the food 
required to provide mankind with the diet necessary to 
supply these requirements. It vastly exceeded the total 
amount of food which the world was consuming before 
the war and consequently still more than that which was 
being currently consumed in those immediate post-war 
years. Even such relatively well-fed countries as the 
United States and the United Kingdom needed addi
tional supplies of nearly every foodstuff. On the basis 
of estimated populations for 1950 (four years ahead of 
the date the calculation was made), the United States re
quired, as compared with pre-war, 55 per cent more milk, 
48 per cent more fruit and vegetables and 17 per cent 
more meat, fish and eggs. For other foodstuffs, small 
increases would have sufficed. The United Kingdom, on 
the other hand, needed 70 per cent more fruit and vege
tables, 57 per cent more milk, a little more meat than 
the pre-war diet had provided, and some additional quan
tities of other foodstuffs. 

In other regions, estimates based upon 1960 population 
expectations for the notoriously malnourished countries 
of Asia, South-eastern Europe and Latin America 
showed that they needed phenomenal increases in most 
foodstuffs. China needed an increase of over 5,000 per 
cent in milk, over 300 per cent in fruit and vegetables; 
India over 300 per cent in meat, fish and eggs, and the 
same increase in milk. 

Rounding off the figures and taking the world as a 
whole, the world's needs for an adequate diet for all, by 
1960, demanded increases over pre-war supplies of the 
following amounts: 

Per cent 
Cereals . . . . . . . . . . . . . . . . . . 21 
Roots and tubers . . . . . . . 27 
Sugar . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 
Fats . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34 
~~~ ........................... ~ 
Fruits and vegetables . . . . . . . . . . . . . . . . . 163 
Meat . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46 
Milk . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100 
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This means a need of over 60 million more tons of 
cereals as compared with pre-war supplies, another 
30 million tons of meat, 250 million additional tons of 
fruit and vegetables and no less than 35,000 million 
gallons more milk. That and more is what the world 
would need to provide its teeming millions in 1960 with 
a reasonably satisfactory diet for everybody. A vast un
dertaking indeed ! 

These figures have often been quoted and are now well 
known. But it is necessary to repeat them to measure the 
task ahead. What are the prospects of producing all this 
extra food, and still more the quantities needed for the 
increasing generations after 1960 ? vVhat progress are 
we making toward its achievement? 

Since the war, progress has been all too slow. Some 
progress indeed there has been. The position might have 
been worse than it is : but it is nothing like as good as we 
might reasonably have expected; and it falls far, far short 
of what we so desperately require. 

For 1948-49, the world supply of foodstuffs is esti
mated to be about 5 per cent above the average output 
of pre-war and at least 10 per cent above that of 1947-48. 
But with the increase in population which has occurred 
in the last ten years (no less than 200 million people), 
the average consumption per head is still below the pre
war figures. Furthermore, there is now a greater dis
parity between the different countries of the world than 
ever before, in that much of the increase in consumption 
that has taken place since the beginning of the war has 
been amongst those countries in which consumption was 
high in the pre-war years. 

While such slow and uncertain progress marks the 
world's efforts to rebuild its food production after the 
devastating years of war, other factors are making the 
advance we look for difficult of achievement. During the 
past decades and indeed centuries, the productive re
sources of the world have been damaged by nature and 
wasted by man. This thin layer of topsoil which clothes 
parts of this planet just as a thin piece of tissue paper 
covers an orange-and indeed, because of the holes rep
resenting mountains and seas, covers only part of the 
orange-is all that stands between life and death of the 
world's inhabitants. Thin and incomplete as this tissue
paper wrapping is, it has nevertheless been still further 
reduced by disastrous exploitations of forests, ill-con
ceived methods of cultivation, short cuts to wealth. 

How therefore can we expect to meet these food tar
gets which F AO has set before the world in face of an 
increasing population, our mishandled resources, our 
tardy recovery from a devastating war? Fortunately, 
these are not the only factors in the situation. There is 
another side to the picture; otherwise, F AO would be 
supporting a lost cause and this United Nations Con
ference would be wasting its time. We believe that the 
books of food supplies and food needs can be balanced, 
by increasing the supply assets, not by reducing the 
needs liabilities. 

And why do we believe that? Because there are so 
many encouraging factors. Nevertheless they are factors 
which do not operate of their own accord. They are fac
tors which we must bend to our ends, with no little sweat, 
blood and tears. There is land still uncultivated 
which can be brought into production ; there are lost 
areas (wasted by nature and plundered by man) which 

can be restored to cultivation ; there are ways of greatly 
increasing the output of our present fertile acres to bring 
forth food more abundantly. Later speakers during this 
Conference will describe how this can be done. It will 
be for delegates on their return to their own countries 
to see that governments are brought to a realization of 
their responsibilities and the necessary measures adopted. 

Look, for instance, how a single field can play its part. 
From the fall of Rome to the French Revolution, grain 
yields in Europe remained at an average of 10 bushels 
or less an acre. By 1850, they had risen to 14 bushels in 
France, to 16 bushels in Germany and to over 20 bush
els in England. By 1906, they had gone to 20 bushels in 
France, 30 bushels in Germany and to over 30 in Eng
land. Now in Denmark and the Netherlands, the average 
figure is close to 45 bushels an acre, with much higher 
yields on particular farms-and the end is not yet. New 
strains, more fertilizers, new production techniques and 
modern appliances are all playing their part. On land at 
present under cultivation it is entirely practicable to in
crease production on most items by an average of at 
least 20 per cent. 

Not only can each field play a greater part in this 
campaign for more foods, but we can bring back into 
production fields which have ceased to yield-fields 
which are no longer fields but barren tracts or waste 
desert. We are now only too well aware of the dangers of 
soil erosion. During recent years, measures have been 
devised and applied to prevent its extension and to re
store lost acres. Soil conservation is now an established 
branch of agriculture and forestry. The "dust bowl" 
area of the United States is now producing larger quan
tities of grain that it did before the "dust bowl" condi
tions of the middle 1930's appeared. Forestry practices 
and schemes of planned reafforestation will not only pro
vide the world with the timber and other forest products 
it needs ; they will also protect agricultural land from 
erosion, gradually restore lost fertility and be the means 
of bringing water supplies to dry and thirsty lands. 
:More trees ultimately mean more food. 
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Nor must we be satisfied only with the restoration of 
lost fields to production : we can convert into productive 
fields land which has hitherto never contributed to our 
food supplies. It is reasonable to assume that about half 
of the world's land surface is unsuitable for cultivation. 
This includes the mountains, the snow-covered areas of 
the Arctic and Antarctic and some of the sandy desert 
regions. But of the half which is potentially cultivatable, 
only about one-fifth is now being farmed. The greatest 
areas of undeveloped farm land lie in northern Canada, 
the Soviet Union, in Africa, Central and South America 
and in parts of South-east Asia and some of the tropical 
islands. If only 10 per cent of the potential farm lands 
of northern Canada and the Soviet Union were used for 
dairying and cold weather vegetables, on the pattern of 
Scandinavia, there would be added 300 million acres of 
new farm land to our resources. The United States itself 
could provide another 70 million acres. 

The really great areas of undeveloped soils in the 
world are in the tropic regions-Africa, South and Cen
tral America. Beginnings of projects for increased food 
production in these areas are already taking shape in 
British East Africa, the Belgian Congo and West Africa. 
But they are all in the initial stages. Dr. Salter has 



calculated that if only 20 per cent of the unused tropical 
soils were brought into cultivation, we should be har
n·~ssing for the better feeding of mankind at least another 
1,000 million acres. Such lands might well prove as 
prolific in production as the tropical soil of Java and 
Hawaii. If so, the additional food supplies would be 
tremendous. 

And do not let us forget that part of the earth which 
is not land at all. The seas-the origin of life-may con
tribute much to its preservation-in large quantities of 
food, in mineral salts invaluable as fertilizers, in power. 
Man has not yet attempted to till the waters of the earth 
aE. he has tilled the land. In fishing we are still at the 
nomadic hunting stage of obtaining our food supplies. 
The time will come when we shall cast our bread upon 
the waters and see it multiplied manyfold. 

Leaving aside the seas, rivers, lakes and ponds for the 
moment, let us see what the land alone can contribute to 
sc.Iving our problems. Dr. Kellogg of the U.S. Depart
ment of Agriculture has estimated that if the farming of 
existing crop land was raised to those reasonable stand
uds of efficiency which have been demonstrated in 
many places, if an extra 1,000 million acres were devel
oped in tropical areas (only a fraction of the potential 
:erritory) and if an extra 300 million acres were brought 
into production outside the tropics (again only a part of 
:he present uncultivated soil), then those extra 60 mil
ii(ln tons of cereals, 30 million tons of meat, 350 million 
:ons of fruit and vegetables and those 35,000 million 
gallons of milk would be much more than forthcoming. 

There is therefore no cause for despair : but there is 
~ause for serious reflection and real determination. It is 
easy to produce figures: it is much less easy to produce 
food. The improvement of present production methods, 
the recovery of lost lands and the protection of threat
ened acres and, above all, the cultivation of new terri
tories call for research, technical assistance, training, 
:apital investment on a large scale. President Truman 
visualized the possibilities in the famous Point Four of 
his inaugural address last January. The United Nations 
:tnd the specialized agencies have developed that vision 
into broad programmes of action. It still remains to 
:onvert those broad conceptions of what is possible into 
the practical achievements of what is needed. 

The cultivation of new territories is a very different 
proposition from the improvement of production meth
ods in areas already under cultivation. Greatly increased 
output from the farms in the backward countries is pos
sible without vast expensive projects of mechanization. 
Better yielding seeds can be introduced at small cost. 
Fertilizers are becoming available in increasing quan
tities. F AO is already assisting several of its member 
:ountries in such matters; much can be done by supply
ing trained experts to train other people to adopt simple 
technical processes. 

On the other hand, the opening up of new lands
whether in the tropical areas or in those unproductive 
regions outside the tropics--calls for a wider approach. 
The areas must be surveyed, soil studied and maps pre
pared, settlement schemes must be planned, experts 
must be trained in local conditions, steps must be taken 
to measure the extent of soil erosion and prevent its 
further development. All this will cost money. But it 
will be money invested in the production of a happier, 
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healthier mankind. The ultimate savings will be im
mense, in better health, harder work, avoidance of war, 
and in all the vast cost of what we spend on armaments 
and other measures to prepare for war and prevent it. 

If funds for an expanded programme of technical 
assistance for economic development are provided by 
the Member countries of the United Nations, this will 
supply a means of undertaking this vast task of charting 
the world's potential food resources and planning for 
their better utilization. In any case, it might well be 
urged that this is so vital a matter to humanity that the 
nations of the world might establish a "World Food 
Fund" for the very purposes I have described, possibly 
as the spearhead of the comprehensive programme of 
technical assistance for economic development. It would 
not be a fund to provide the capital investment ultimately 
required, nor would it be used for commercial transac
tions in the commodity field-those must be financed 
from elsewhere-but it would provide the resources for 
accurately measuring the possibilities, organizing the 
necessary research, planning the strategy of the inter
national food campaign and training those upon whom 
will fall the responsibility of directing the tactical opera
tions of that campaign. So far, we have only just begun 
to realize the dangers of a world population hungry, 
underfed, ill and discontented ; we have only glimpsed 
the possibilities of increased food production on a vast 
scale. But we have not yet taken either very seriously. 
The feeling of responsibility is growing : we need the 
sinews of war. A "World Food Fund" would enable us 
to marshall the forces needed to win this terrific battle 
on which so much depends. If we succeed, it may well 
be that the twentieth century will be the century of the 
agricultural revolution, just as the nineteenth century 
was the century of the industrial revolution. 

But it is not enough merely to produce more food. 
That is a vital first step. Food must be there before 
hunger can be assuaged. But we no longer sit beneath 
the flapdoodle tree where the food ripens over our heads 
and falls into our mouths; where our own backyards pro
vide us with all we need. Industrialization has created 
vast urban areas, huge concentrations of population far 
from the fields and orchards and farms of the world. 
One of our greatest problems of today is to achieve a 
satisfactory system of exchange between these two 
worlds. At the present time, the world is patently failing 
to solve this problem. Farmers in some countries are 
even now afraid that they may be producing more than 
they can sell, with all the consequences of over-produc
tion: surpluses, slumps, bankruptcy. And at the same 
time, millions are hungry in other countries for lack of 
the very food that may soon be piling up in unsold dumps 
elsewhere. So critical has this issue already become that 
the recent meeting of the F AO Council in Paris charged 
the Director-General and his staff to make this one of 
their major preoccupations and prepare a report, with 
the best technical advice they can obtain, for the next 
conference, on all the implications of the present position ; 
with practical proposals for ensuring that the available 
supplies of food flow from those who create it to those 
who need it, and that farmers do not arbitrarily have to 
restrict production while millions of people are still 
hungry and underfed. 

This is a long-term as well as an immediate problem. 
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In developing increased food production, we must make 
sure that we are not just piling up supplies in particular 
places, without having made sure that these supplies 
will reach those who need them. In other words, the 
development of increased food production is part of the 
orderly development of economic activity in all its aspects 
throughout the world, so that the results of human effort 
in every field are interchangeable to the benefit of all. 
A world economy which does not provide agricultural 
and industrial producers with a fair basis for exchanging 
the products of their labours will frustrate the best en
deavours to increase the supply of food which the world 
so much needs. 

The development of increased food production within 
the wider economic conception is not planning in the 
discredited bureaucratic sense, with its form filling, per
mits, controls and so on. It is the co-ordination of 
national policies, rather than the regimentation of na
tional programmes; it is projection of long-term objec
tives into an interrelated whole, so that efforts of the 
different countries of the world are co-ordinated on 
broad lines to achieve complementary rather than du
plicated or conflicting activities. That is the field in 
which F AO is endeavouring to help its member nations. 

The CHAIRMAN: Sir Herbert Broadley, we all wish 
to thank you very cordially for this splendid expose of 
the world food position. I think we can place as a motto 
for this speech the quotation: "A world free from want 
is possible, that is an article of faith : free from want not 
by reducing the needs, the liabilities, but by increasing 
the supply of assets". But there are also shadows creep
ing into the picture. When critical situations have arisen, 
Sir Herbert has told us, new regions have been admitted 
in the world's affairs-North America's "Golden West", 
Australia, and Argentina. Soon these regions, through 
rising home consumption, will be out of the international 
market. Even now only 10 per cent of the world's food 
goes through the international market. F AO is plan
ning to create new farm land in tropical and semi
tropical regions. 

One of the most remarkable facts pointed out by Sir 
Herbert is that the great increases in consumption of 
food have taken place in the best-fed countries and even 
in those countries, he told us, millions of people are in
adequately fed. Behind these facts lie economic laws 
that may be more difficult to handle than the application 
of scientific research. But nature, too, is a hard master; 
cultivation according to present techniques often leads to 
erosion, dust storms, increased attacks by insects and 
pests. As Mr. Colin Clark said yesterday, we do not 
know much about tropical farming; on the other hand, 
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MARCEL LELOUP 

INTRODUCTION 
Man has produced within a few centuries a change in 

the face of the earth so profound as to be comparable 
10riginal text: French. 

That is our task, if we are effectively to banish the 
grim forebodings of those who peer dimly down the 
"road to survival" and fear that it may end in a precipice. 
It need end in no precipice: it can broaden out over 
rich, fertile, sunlit plains. Great efforts, much toil, vast 
imagination are needed. To ensure that these themselves 
are productive, financial resources to be used as a "\V orld 
Food Fund" are required-for surveying possibilities, 
for developing the necessary plans for production, for 
working out the bases of exchange and distribution. 
Other papers during this Conference will detail many of 
the fields in which work is already going on and indicate 
how much more is capable of achievement. These are the 
themes of other speakers. I have tried merely to indicate 
the size of the problem and the reasons for confidence in 
its solution. At this stage in our deliberations, I want 
mainly to express our faith in the future. We are not 
assembled here with our backs to the wall determined to 
make a last grim bloody stand in a hopeless cause. We 
are preparing for a new day, a new "D" day, confident 
in the assurance that victory is possible-nay, sure-if 
we have courage, plan intelligently and use all the re
sources of this world aright. 

in Scandinavia, living close to the Arctic, we are not so 
optimistic as to the possibility of increasing yield per 
acre. Mr. Clark also pointed out that new acreage for 
farming means new investments in roads, dwellings, 
schools, fertilizer and tractor factories, etc. It means 
more men and more mouths to feed. And all this is slow 
work. F AO has taken up the transportation and dis
tribution problem, as Sir Herbert just told us, and there 
also they will meet increasing costs, costs which hit the 
needy. However, we are grateful to Sir Herbert for giv
ing us this sweeping picture of the food resources field, 
and we are happy that he is so strong in his optimism and 
in his faith. 

I regret that the author of the next paper, Mr. Leloup, 
is not able to attend the Conference as his duties have 
required him to be away in Europe. I should like, never
theless, to present in the ordinary way, Mr. Marcel 
Leloup of France who is the author of the next paper on 
Forests. Mr. Leloup is an engineer from the Ecole Poly
technique in Paris, but he has also studied at the Ecole 
des Eaux et Forets in Nancy. He is now Director of 
the Division of Forestry and Forest Products of the 
FAO. 

We are, however, fortunate to have present ·with us 
Mr. Fortunescu, who will present Mr. Leloup's paper 
and who is one of his closest collaborators in the F AO. 
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Mr. FoRTUNEscu delivered the following paper: 

with the variations brought about by the preceding geo
logical ages. Barely one thousand years ago, when the 
earth's population was very small, forests occupied the 
largest part of the earth's surface, with the possible 



exception of Asia and the Mediterranean seaboard. They 
no longer do so today. 

In primitive times the forest was at once the enemy 
and the friend of man. It provided him with an easy 
source of shelter, food, and sometimes even clothing; 
b.1t as time went on he had to work hard to cut down 
trees, dig out the stumps, transform forest soil into 
agricultural soil, and sometimes struggle to prevent tree 
growth from re-invading land brought under cultivation. 

Today the picture is a very different one. In most 
C< •tmtries the man in the street has only a very vague 
idea of the role of the forest. He does not easily see a 
cnnnexion between the wood he uses every day in many 
different forms and the forest which produces it, at the 
price of constant care, the need for which he barely 
realizes, and vigilant protection, which is sometimes re
qJired precisely to counteract his own negligence. But 
in considering the shortage of forest products one must 
go right back to their source in order to realize the diffi
culty of obtaining from the existing exploited forests the 
rnaterial required to meet human needs. 

Let us look briefly at the present situation from this 
pJint of view.2 

WORLD BALANCE IN RESOURCES 
The following is a balance sheet based on present 

known facts. It cannot be mathematically exact, as our 
it1formation is taken from estimates which vary in ex
a.::titude with the different regions. It is, notwithstand
ing, a more or less faithful picture of the present situ
a:ion, and the resulting conclusions are based on facts 
which can easily be verified. 

RESOURCES 

For a population of 2,300 millions the world has a 
total forest area of 4,000 million hectares ( 27 per cent 
of the total continental area), 2,600 million hectares of 
which are estimated to be productive and 1,400 million 
exploited. 

It is difficult to estimate the annual production of the 
world forest area. From the statistical point of view the 
unexploited forests, commonly called virgin, have a nil 
increment, as they do not become a positive source of 
production until exploited. Hence it is only for the ex
ploited and properly managed forests that a possible 
annual vield can be estimated and the annual extraction 
judged oto be higher or lower than that yield or equiva
lent to it. 

REQUIREMENTS 

The same is true of requirements. At present they 
are not precisely known and to form the first estimate 
would require lengthy and laborious research. It is very 
difficult even to reach a definition of the term "require
ment", not only because requirements differ with climatic 
conditions, but also because they vary considerably with 
the degree of civilization and the available resources in 
substitute products and materials, notably for heating 
and building. Hence the only data we possess relate to 
consumption, which is certainly much below require
ments, as we shall shortly indicate. 

CONSUMPTION 

The Statistical Year book of For est Products esti-

"The present paper is concerned only with the shortage of 
materials, omitting all questions relating to the other uses of the 
forest, which are to be dealt with separately at other meetings 
of the Conference. 
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mates the 1947 timber consumption as 1,453 million 
cubic metres ( 1,000 million tons of round wood), or 0.6 
cubic metres or 430 kilogrammes per inhabitant, made 
up as follows: 

lvfillimis of Per 
cubic metres cent 

Fuel wood ........ 825 57 
Saw timber ' .... '. 360 25 
Pulp . .... '' .... '. 119 8 
Industrial wood ... 149 10 

1,453 100 

Wood consumption varies enormously from one region 
to another. In some it is 7 cubic metres per inhabitant 
and in others only 0.02 cubic metres; some use very 
little firewood while in others it is the main fuel. 

If we exclude fuel wood, we find that high wood con
sumption regularly accompanies a high standard of liv
ing. For these reasons it seems we shall obtain a more 
exact picture of the situation by considering the balance 
of resources by regions ; it is proposed to adopt that 
method in the present paper and to give a systematized 
outline of the characteristics of each region. 

It must not be forgotten, however, that statistics can 
only show what may be called "controlled" production. 
Outside of that, in most countries there are no data o£ 
the extent (often much too large, unfortunately) of the 
annual loss of forest resources caused by abuses such 
as fire, destructive grazing and unplanned nomad agri
culture. To forest production proper must be added the 
production from hedges, rural trees and roadside or 
canalside plantations, which are o£ considerable impor
tance in some countries. 

Europe 

For a population of 385 millions, the forest area is 
estimated to be 126 million hectares (26 per cent of the 
total area-0.3 hectare per inhabitant), 3 million hec
tares of which are inaccessible. Before the war there 
was a more or less equal balance between growth and 
cut. But during the war and post-war years the cut has 
been appreciably greater than the growth. 

Saw timber consumption is estimated at 10 million 
standards or 0.21 cubic metres per inhabitant. 

The European Forestry and Forest Products Com
mission estimates that reconstruction needs require an 
additional cut of 50 million cubic metres, at least 20 
per cent more than the present growth rate. 

USSR 
Situated partly in Europe but mainly in Asia, the 

USSR possesses one-quarter of the world's productive 
forests. The 1950 production estimate is 280 million 
cubic metres, of which 37 million cubic metres are saw 
timber. Present consumption is estimated at 10 cubic 
metres per inhabitant. 

The possibilities for the future development of forest 
exploitation and forest industries are considerable, ow
ing to the existence of forests as yet unexploited in the 
north-western part of the country, and a production of 
1 million cubic metres, or three times the 1950 figure, 
may be possible in future. 

Near East and North Africa 

There is a sparsely-wooded region with a population 
of 120 millions. There are only 31 million hectares o£ 
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productive forest, one-half of which is classed as in
accessible. 

Local per capita consumption is only 0.01 cubic metre 
and this area may be said to obtain its supplies from the 
European market, thereby contributing to the deficit in 
Europe. 

The present critical situation is the fatal consequence 
of a forest devastation which appears to date back 4,000 
years. 

North America 
For a population of 153 millions there are 456 mil

lion hectares of productive forest of which 158 million 
hectares are classed as inaccessible, giving a per capita 
figure of 2 hectares of accessible forest. 

The per capita consumption of wood in North Amer
ica is the highest in the world, 20 per cent higher than 
in Europe, and it is accompanied by a high standard of 
living. 

The per capita consumption of saw timber is 1 cubic 
metre, five times greater than in Europe. The region 
uses 65 per cent of the total world consumption of pulp, 
although the population is only 8 per cent of that of the 
world. 

The annual cut of saw timber is much higher than 
the growth of productive wood (SO per cent more), and 
the situation cannot fail to deteriorate if no steps are 
taken to remedy it. 

South America 
This region presents a dual paradox : 
(a) It contains the largest reserve of unexploited 

forests, yet its wood consumption is low ; 
(b) In spite of the large forests, almost all the coun

tries of this vast region have soil-conservation 
and reafforestation problems. 

The population of the region is 151 millions and there 
are 715 million hectares of forest, or 4.7 hectares per 
inhabitant. 

Estimated consumption is 176 million cubic metres, 
mainly fuel wood; saw timber consumption is estimated 
at only 9 million cubic metres, or one-seventeenth of that 
of North America, only slightly exceeding consumption 
in Australia and New Zealand, which have a total popu
lation of 10 millions. 

Economic development of the region should result in 
a rapid rise in the standard of living with a consequent 
great increase in wood consumption, and it seems un
likely that this region will export large quantities of 
timber in the future. 

Africa (Excluding North Africa) 
Africa contains 747 million hectares of forest, 298 of 

which are productive but only one-half of these are ex
ploited. 

The continent has a population of 143 millions and the 
per capita wood consumption is estimated to be 0.4 cubic 
metre. 

Before the war, although it exported a limited quan
tity of high-quality timber, Africa was in the main con
sidered to be an importer of timber. It would be unwise 
to consider this region as capable of exporting large 
quantities : for the same reasons as in Latin America, 
the development of the region will be accompanied by 
a considerable increase in local wood consumption, and 
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if strict precautions are not taken there is more likely to 
be a tendency towards destruction of the forests fol
lowed by deterioration in the soil fertility of the region. 

Far East 
This region contains one-half of the world's popula

tion-1,152 millions-and its productive forest amounts 
to only 0.3 hectare per person, the same proportion as 
in Europe, but only one-half of it is accessible. More
over, the forests are very unequally distributed. 

There is a shortage of saw timber almost everywhere, 
and in certain large areas a shortage of fuel wood also. 
In some countries the shortage is very severe and the 
problem requires quite special attention. 

The shortage of pulp and paper is a matter of common 
knowledge. 

The per capita consumption is only one-fifth of that 
of North America. 

Oceania 
In a total area of 855 million hectares with a popula

tion of 12 millions, there are SO million hectares of 
natural forests and a number of fairly large artificial 
plantations. 

The region affords an excellent illustration of the im
portance of wood in modern standards of living: includ
ing the necessary imported wood, the consumption of 
timber and pulp per head is higher than in Europe. 

The area's resources make it fairly capable of meeting 
its own needs. 

CRITICAL SURVEY OF THE SITUATION 

The following conclusions may be drawn from this 
somewhat cursory survey : 

(a) Three regions-Europe, the Near East and 
North America-require more saw timber than their 
forests are at present capable of producing on a sus
tained-yield basis. 

(b) One-third of the human race, living in Europe, 
North America, the USSR and Oceania, absorbs 83 
per cent of the total world consumption of saw timber 
and 95 per cent of that of wood-pulp. 

If we accept the idea that saw timber and wood-pulp 
are elements essential to modern high standards of liv
ing, in order to provide reasonable housing and educa
tion, our purpose will be to meet the needs of the 1,500 
million inhabitants at present under-supplied and thence
forward to make available to them a quantity of wood 
products much greater than they at present consume. 

Particularly in the countries advanced in forestry, 
where people are conscious of the value of forests, know 
their possibilities and try to keep the annual cut down to 
a quantity compatible with good conservation, the con
clusion generally maintained has been that, although 
there is a shortage in certain continents, it could easily 
be remedied by imports supplied by exploitation in re
gions where a surplus is held to exist. The situation as 
we have shown it to be indicates that in the long run 
this conclusion is most certainly mistaken. 

Must we immediately conclude that the forests of the 
world are incapable of meeting man's present and future 
requirements? 

Our answer to the question put in that way is a cate
gorical "No." 



PROPOSED REMEDIES 

Modern research and technique, both in silviculture 
and in the use of forest products, would suggest that 
there are practical solutions to the problem, which may 
be classified under the following three headings : 

(I) Better utilization of forest products: by which is 
meant a better output, both at the exploiting and at the 
saving stage, eliminating all waste, combined with a 
rational and more economical industrial use of the 
products. 

(2) Better forest management. At the present time 
the output from managed forests almost everywhere 
could be increased and virgin forests could be trans
formed, by exploitation and appropriate silvicultural 
methods, from what is at present entirely unproductive 
capital into productive capital. 

( 3) Conservation of existing forest capital and re
a.fforestation. In many countries, however, the first need, 
before planning, is to ensure adequate protection of the 
forest against abuse by man and beast, an essential step 
in transforming the forest into a productive resource. 
h addition, there are millions of hectares where agri
c .t!ture has been abandoned, which could be transformed 
into productive surfaces by reafforestation. 

Certain areas also need reafforestation to prevent soil 
destruction and ensure a regular water supply, the most 
e:;sential of mankind's resources. 

For those who may not be convinced of the efficacy of 
the proposed remedies I should like to quote a few 
figures: 

( 1) It is estimated that at the present time the wood 
supplied to consumers in the form of various products 
represents only 40 per cent of the cut. Technicians have 
demonstrated that better mechanical utilization could in
crease this percentage to 60; technical processes for the 
utilization of waste wood also now exist. By methods 
now well known it is possible to utilize almost the whole 
oi the cut. 

There is no doubt, therefore, that by applying these 
methods it might be possible in the not very distant fu
ture almost to double the volume of useful products 
obtained from the same quantity of raw forest material. 

(2) Let us consider the 2,600 million hectares of pro
ductive forests in the world. Each hectare could produce 
3 cubic metres of wood annually, which would place at 
the disposal of the world as a whole 7,800 million cubic 
metres per year, or more than five times its present 
apparent consumption. 

The CHAIRMAN: We thank you, Mr. Fortunescu, for 
your clear exposition of Mr. Leloup's paper, and we ask 
you to convey to him our gratitude for the fine paper 
which he has prepared. We are especially glad to note 
that he has not limited himself to average figures but has 
examined the forestry situation in each major region of 
the world. He has pointed out quite frankly that the sit
uation is difficult. One might perhaps add that roads 
and other means of transportation, as well as structures, 
are also necessary in the forests, and that all of these 
cost money. Replanting is also necessary, and even that 
is a considerable item of cost. Further, even where for
ests already exist, we may have to consider the necessity 
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There is another point which I should like to empha
size, however, for it is of supreme importance in con
nexion with the solutions contemplated. It is essential 
that forestry experts and timber experts should work 
together on the various proposed solutions. 

The timber supplied to industry should, of course, be 
of the quality it requires for optimum efficiency, but the 
demands of industry must also be compatible with the 
rules the silviculturist must apply in order to achieve an 
optimum output from his forests. 

Forests and forest industries should be considered as a 
whole. This would lead to the idea of forestry combines, 
which could take varying forms to suit different regional 
or even local conditions. 

GENERAL CONCLUSIONS 

In conclusion, I should like to draw your attention to 
the importance of the problem before us. 

The gravity of the present situation must not be ig
nored, and although certain countries may be ready to 
take the necessary measures, this is perhaps not true of 
all regions. 

It is characteristic of the problems of forestry and 
forest production that the methods applied only bear 
fruit after a long time. If the exploitation of inaccessible 
forests is excluded, it may be said that the results of 
measures taken today are often only visible in twenty
five or thirty years. 

There is no doubt whatsoever that urgent measures 
need to be taken. 

If we fail to act now, future generations will have to 
bear the consequences of our blindness, and our respon
sibility for failing, with full knowledge of the facts, to 
take the necessary measures will be heavy in their 
sight. 

On the other hand, if we all work in the direction 
indicated we may have entire confidence in the future. 

In spite of their diversity, in spite of the difficulties 
which prevent the transport of some of their products 
for great distances, the forests of the world are one, be
cause they are everywhere an element essential to human 
welfare, and it is upon the human welfare of each coun
try that the harmony and progress of humanity as a 
whole depend. If the plan I have tried to outline is put 
into effect everywhere without delay, we can rest assured 
that this great collective wealth of the globe will be 
capable of meeting the needs of its inhabitants. 

of replacing the minerals and other substances-of using 
forest fertilizers. Again, Mr. Fortunescu, please convey 
our most sincere thanks to Mr. Leloup. 

I have now the honour to introduce Dr. Hugh Keen
leyside, the author of the next paper on "Critical Mineral 
Shortages". Dr. Keenleyside is a man of great scientific 
training. He is Doctor of Philosophy and also a Doctor 
of Laws. He is Deputy Minister of the Department of 
Mines and Resources in Canada and thus has had ex
perience in administration. He is founder and member of 
a number of organizations for the study of Arctic and 
Canadian geographic conditions. 

Mr. KEENLEYSIDE delivered the following paper: 
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Critical Mineral Shortages 

H. L. KEENLEYSIDE 

I 

I am deeply sensible of both the honour and responsi
bility which I accepted in agreeing to prepare a statement 
on critical mineral shortages for a plenary session of this 
Conference. 

It would be difficult to exaggerate the importance of 
the subject. The significance of minerals in providing 
the material basis for the economic life and social or
ganization of humanity has long been recognized. In
deed, historians and archaeologists commonly designate 
the major divisions of human history by reference to the 
mineral products which were most characteristic of the 
successive eras. Thus we have the Paleolithic and N eo
lithic Periods and the Copper, Bronze and Iron Ages. 

Contemporary civilization, beyond all preceding ex
perience, depends for its continuance on the minerals 
\vhich permit and sustain its existence. The growth and 
concentrations of population, the frequency and speed of 
movement and transport, the extent and quality of hu
man control over the forces of nature are all directly 
dependent upon the discovery and utilization of mineral 
resources. It is, therefore, of prime importance that we 
should have as accurate information as can be obtained 
about the extent of the available reserves in this field. 

It \vill be obvious to all those who have given thought 
to the subject that a single paper can do no more than 
outline in general terms the facts of so vast and com
plicated a subject. However, even generalizations are 
difficult because our information is so inadequate. Both 
scientists and economists have boldly adventured in this 
field and many volumes have been written on particular 
aspects of its problems-especially within the last ten 
years. But in most cases the result has been simply to 
underline the conclusion that our knowledge of the facts 
is so meagre as to make any precise estimate or detailed 
and dogmatic forecast either impossible or else of most 
dubious validity. 

Estimates of the general position have varied all the 
\vay from a strong conviction that new sources of supply 
and new techniques of exploitation will always keep 
ahead of human demand, to the contrary view that the 
standard of life now enjoyed by the more industrialized 
nations is in danger of early collapse through the exhaus
tion of essential resources. 

Optimistic observers point out that there is today no 
serious or general shortage of any essential metallic or 
non-metallic mineral product. They recall the way in 
which discovery has kept abreast of increasing demand 
in the past, and argue that new discoveries, combined 
with increased efficiency in methods of processing and 
utilization, will be adequate to meet any foreseeable fu
ture needs. 

Those who take the more pessimistic view rightly 
emphasize that mineral resources, as contrasted with 
those of the animal and vegetable kingdoms, are wasting 
assets ; they are not replaceable. Nature has supplied a 
certain amount of metal and mineral content in the crust 
of the earth and when the utilizable portions of this are 

exhausted, either by waste or by beneficial use, it cannot 
be restored. The current rates of consumption present 
an altogether new problem for which past experience 
gives no assurance of a solution. 

Scientists and industrialists agree on the necessity of 
maintaining an ample supply of minerals and metals if 
contemporary forms of civilization are to be maintained 
or if further progress is to be achieved along lines already 
defined. Iron, copper, lead, zinc, nickel, aluminium, 
magnesium and other base metals are by definition funda
mental to our way of life. Almost equally important are 
such alloying metals as manganese, chromium, molyb
denum and tungsten, which are essential to the steel 
industry. The industrial minerals-limestone, sulphur, 
salt and fluorspar-supply the raw materials for much of 
the world's chemical industry, while the mineral fer
tilizers, phosphate rock and potash, are of growing 
importance in agriculture. Without these, or effectivE 
substitutes, large segments of the prospective population 
of the earth will be condemned to lives of misery and 
degradation. 

The implications of these facts raise a problem so vasl 
and of such universal incidence that in a sane world the) 
would be made the immediate subject of common stud) 
and co-operative planning. Unfortunately, the society ir. 
which we live is, as yet, very far from having reachea 
that degree of sanity. It is true that some measure of 
co-operative activity does exist among scientists and tha1 
this could readily be expanded if international politica· 
and social conditions would permit. Unfortunately, thE 
current trend would seem to be in the opposite direction 
Of this the clearest example is to be found in the diffi
culties that are being experienced in adapting atomic 
energy to beneficial rather than to destructive uses. h: 
the race between education and catastrophe, educatior. 
is falling farther and farther behind. 
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Unhappy as the situation is, we can derive smm 
meagre satisfaction from such gatherings as that upor 
which we are presently engaged. \Vhatever the ultimatE 
results of this Conference, we shall at least know tha1 
here a co-operative international effort has been made tc 
look at the whole problem of world resources in terms ol 
the general welfare. This Conference may not represen; 
a long step _forward but at least it is not an illustration Oj 

the contemporary international practice of wal!?ing back· 
wards. 

II 

Before commencing a more detailed examination a
the problem with which we are faced it would, I think 
be well to spend a moment in defining terms. For tht 
purpose of this discussion it is assumed that a "critica 
shortage" means a shortage of such proportions that tht 
essential needs of the world cannot be met and that tht 
material progress of humanity must, in consequence, b< 
slowed down or directed towards new objectives. I de 
not include among the "essential needs" the requirement! 
of war. If humanity finds it impossible to avoid war, Wt 

may as well assume that we shall be interested in surviva 



·a!her than in progress. Nor do essential needs include 
m obstinate adherence to custom or convenience. If a 
)lastic will take the place of a metal in any particular 
·u·1ction, the use of metal in that function is not an essen
ial need. 

Consideration should not be given to temporary short
tges which, like temporary surpluses, may result from 
:hanges in the business cycle. It is only by studying the 
ong-term requirements that significant conclusions can 
)e reached. 
~or should problems of national self-sufficiency be 

tllowed to intrude. In scattering its beneficence, nature 
1as not taken note of national boundaries, and it is to be 
10ped that eventually our economic and political systems 
:a1 be so adjusted as to ensure an equitable international 
listribution of mineral and of other resources. 

Examined in these terms it is quite c;lear that there are 
n the world today no critical mineral shortages. But 
his temporary condition should not be allowed to induce 
1 false optimism as to the future. The warning signals 
Lr•: flying. In a matter of this importance we cannot 
zjj ord to do too little; we must not postpone our studies 
m til too late. 

III 

As has already been indicated, and as must be con
;t;mtly recalled, we are hampered in our consideration of 
h s subject by the fact that there are no reliable and 
:o nplete statistics covering either the extent of our min
~ral resources or even the rate at which they are being 
:urrently consumed. This is true nationally and even 
nore true internationally. Consumption fluctuates from 
re Lr to year in accordance with the industrial activity 
m~vailing in the individual countries and in many of 
hese the statistical information available has only a nom
nal or shadowy relationship to the material facts. Our 
iifficulties are increased by the particular consideration 
hat there are no recent figures available, except in 
solated instances, in regard to either reserves or con
;umption in the USSR. Any attempt, therefore, to esti
nate the world position must be critically viewed in the 
ight of these gaps in our knowledge. Yet in this case 
gnorance is dangerous. 

We do know, with reasonable accuracy, what pro
)Ortionate amounts of aluminium, iron, magnesium, 
itanium and other metals are to be found in the crust 
)f the earth. We know, for example, that for every 100 
mits of lead there are : 

200 units of zinc 
400 units of uranium 
480 units of copper 

1,000 units of nickel 
1,800 units of chromium 

32,000 units of titanium 
248,000 units of iron 
400,000 units of aluminium. 

fhe "Big-Four" of the metal world-nickel, copper, zinc 
md lead-are relatively scarce. But this, however inter
~sting, is of little real significance. v,rhat is important is 
he extent to which the various metals are to be found 

'Under present conditions something over 100 million tons of 
Jig iron, about 3 million tons of copper, 2 million tons of alumin
um and 1 Y-4 million tons each of lead and zinc are annually 
·equired. (This does not include the large and growing consump
ion of scrap metals.) 
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in economically, or even in technically, workable con
centrations. For example, lead, zinc and tin are rarer 
constituents of the earth's crust than uranium, although 
usable deposits of the latter are of much less frequent 
occurrence than are those of the other three metals. It 
is not the quantity, it is the concentration that matters. 

Among the reasons for our meagre knowledge of our 
mineral heritage is the fact that in only a few countries 
has there been any systematic and detailed geological 
and mineralogical study of the national domain. Even in 
the United States of America, where more attention has 
been given to this matter than in any other country, 
estimates of available resources are recognized as being 
little better than intelligent guesses. For example, in 
1914 the taxable iron ore reserves of the famous Mesabi 
range were estimated at 1,386 million tons. In 1947 
the reserves were still in excess of 900 million tons, al
though in the meantime many hundreds of millions had 
been withdrawn. Similarly a competent authority in 
1945 estimated the proven oil reserves of the United 
States at a figure more than four times as great as the 
accepted estimate made in 1915 in spite of the tre
mendous withdrawals during the generation that had 
intervened. Since that time the great oil fields of the 
Middle East have been discovered, and promising fields 
in other areas have been opened. Thus any attempt to 
estimate the real extent of world reserves of oil becomes 
an exercise of dubious value. Yet we cannot escape the 
fact that this resource is being consumed at a rate never 
before approached in history, and that the rate of con
sumption is steadily and rapidly rising. 

Since the beginning of this century the depletion of 
our mineral resources has been proceeding at an un
exampled rate. Indeed, the quantity of mineral products 
consumed between 1900 and 1949 far exceeds that of 
the whole preceding period of man's existence on earth. 
It is a grim commentary on human intelligence that a 
great proportion of the minerals used during the last five 
decades has been criminally wasted in the waging of the 
most destructive wars in history. 

The increases in consumption since 1900 have covered 
all the more important metals and minerals. During that 
time production of pig iron, lead and tin has more than 
doubled; zinc and copper have quadrupled; aluminium, 
nickel1 tungsten and others have shown still greater 
ratios of increase.1 A similar expansion has occurred in 
the use of industrial minerals, while the use of certain 
metals used in alloys has risen to astronomical heights. 

The rate of consumption of any mineral resource is, 
of course, subject to a variety of influences. Under con
ditions of free enterprise mineral deposits are normally 
exploited only when the margin between the costs of 
production and the price the consumer will pay will 
yield a profit to the operator. Obviously, therefore, any 
improvements in mining, milling or refining techniques 
that result in lower production costs or in an increase 
in the percentage of the metal recovered, will corre
spondingly increase the total of our commercially avail
able resources. The more efficient we become in the 
utilization of low-grade ores, the more satisfactory our 
supply position. The same result can also be obtained 
in the free market when the consumer is willing or able 
to pay increased prices. It is only in times of emergency, 
and unfortunately this usually means in times of war, 



UNSCCUR PROCEEDINGS: PLENARY MEETINGS 

that the influence of prices becomes insignificant. In 
such circumstances scientific or technical considerations 
rather than market influences decide the availability of 
essential commodities. Finally, the supply position is 
affected by the accessibility of deposits, the availability 
of labour and power, and such political factors as taxa
tion and royalties. 

Significant as these economic factors are, however, 
they do not affect the over-all position of the extent and 
variety of our mineral resources--except as they may 
advance or retard the current rates of consumption. 

It is significant that in the cases of agriculture, for
estry, fisheries and certain other fields of resources 
development some progress has been made in the direc
tion of conservation. All these are renewable resources. 
Yet in the case of minerals, which are not renewable, 
there has been practically no effort, except in time of 
war, to interfere with the free play of a market that is 
interested primarily in profits. This anomaly cannot 
continue indefinitely. 

IV 
If we cannot give an adequate estimate of our present 

resources we may find some significance in an examina
tion of the certain trend of future demands. If these 
should, in any instances, expand beyond all likelihood 
of any comparable new discoveries, that fact will be 
immediately pertinent to our inquiry. 

There are certain basic factors which are clearly dis
tinguishable. The first of these is the rapidity with which 
the number of human beings on the earth is increasing. 
Success in the battle against famine and disease is con
tributing directly to this result. Not only is the popula
tion increasing, it is increasing at an accelerating rate. 
At the present tempo the population of the world will 
double in less than ninety years. The current increase is 
approximately 20 million persons per annum or about 
60,000 every day. Even in the length of time occupied 
in the presentation of this paper over 1,500 more human 
beings are being born than have died. In military terms, 
two new battalions are added to the population of the 
world every hour of every day. 

A second fundamental factor is the almost universal 
demand for a higher standard of living. This will mean, 
inevitably, an expansion of the demand for mineral 
products. 

As an indication of how this might affect the world's 
mineral resources, a distinguished American scientist re
cently prepared a study of the consumption of pig iron 
in the United States as compared with that in the rest of 
the world. In 1945 the utilization in the United States 
was 790 pounds per capita; for the whole world, includ
ing the United States, it was 97 pounds; for the world, 
not including the United States, it was 47 pounds. He 
then went on to say that these figures deserve careful 
thought by those who envisage supplies for the whole 
world even remotely approaching those of the present 
highly industrialized countries. (8) 2 

Consider what would happen if the rate of consump
tion of iron were to rise throughout the rest of the world 
to one-half the present rate in the United States. The 
total demand-on the basis of the present world popula
tion-would be in the neighborhood of 450 million 

2Numbers within parentheses refer to items in the bibliography. 
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metric tons per annum. Applying the United States ex
perience on the same basis to other metals it is possible 
to envisage a prospective world demand for : 

10.9 million metric tons of copper 
8.7 million metric tons of aluminium 
8.3 million metric tons of lead 
6.8 million metric tons of zinc 

2,480.0 million metric tons of oil. 

But the population of the world will not remain static 
and there is no reason to believe that the people of other 
nations will be satisfied indefinitely with a rate of con
sumption only one-half that of the United States today. 
Yet if demand in these proportions should develop, it 
would, so far as we now can estimate, be greatly beyond 
the capacity of any known or probable supply. 

Increasing scientific knowledge combined with hu
manity's desire for a decent standard of living, have 
resulted in the development of many new uses, not only 
for the common metals, but for those less known and 
more rare. Among the latter, attention is now being 
centred on uranium as a source of atomic energy but 
there are also cadmium, calcium, columbium, magnesium, 
molybdenum, tantalum and titanium. The last of these 
is still in its experimental stage of production but it pos
sesses such inherent physical qualities as to capture the 
imagination of metallurgist and manufacturer alike, being 
as strong as steel with half the weight and with great 
resistance to corrosion. 

Many of the new advances in man's mastery over 
nature place additional burdens on our metal resources. 
Air and automotive transportation, electrical refrigera
tion, air conditioning, radio, television and rural elec
trification are all developments which have greatly ex
panded the demand for metals. The utilization of atomic 
energy will require vast increases in the production of 
steel, copper, lead and the rarer metals. 

Within the last two decades the metallurgist has 
sought to improve the quality of metals for manufactur
ing purposes by the addition of alloying elements to ob
tain greater strength and other desirable properties. 
Today these alloys are virtually made to the order of the 
manufacturer and designing engineer. As the research 
metallurgist gains more and more knowledge of the prop
erties of metals, new combinations of properties will be 
provided by alloys of the future, each one serving some 
particular need of industry. As this science proceeds the 
demands for the rarer metals will correspondingly in
crease. It is here that critical shortages may first appear. 
For example, in the development of metal alloys to with
stand the high temperatures of the jet engine, columbium 
and cobalt are regarded as essential. Yet these metals 
are not only rare in the composition of the earth's crust 
but economic concentrations are exceptionally difficult 
to find. 

Thus it is quite clear that the combination of an in
creasing population and rising standards of living will 
place a strain on our metal resources which will almost 
certainly in the end prove beyond the capacity of man 
and nature to supply. It remains to be considered what 
steps can and should be tal~en in an effort to prepare for 
this de·velopment. 

v 
Our hopes for the future should be directed first 

towards the discovery of new ore bodies. 



It has been said with a great deal of truth that the 
easy mineral finds have now been made. A review of the 
discoveries made within the last two decades, particularly 
in the base metals, reveals only a few of major impor
t<~nce. With minor exceptions the metals are today com
ing from areas that were discovered many years ago. 
Only the intensive work of the geologist and mining 
engineer in determining the structure and extension of 
the known ore bodies has lengthened the active life of 
these mining areas. Other ore bodies, buried beneath 
glacial or other overburden, undoubtedly exist but their 
d·.scovery can seldom be accomplished by surface pros
P·~cting. The lonely prospector with hammer or pan is 
t('day a romantic rather than a significant figure. In his 
piace the contribution of the scientist must be brought to 
the rescue of the mining industry. 

Already much has been done by the physicist and 
geologist in the use of geophysical methods of prospect
ing for oil concentrations. The use of the magnetometer, 
the dip needle and other similar devices is beginning to 
nveal mineral deposits hidden beneath the overburden, 
although their results must still be checked by physical 
means such as diamond drilling. 

Probably the outstanding development in geophysical 
prospecting in recent years has been the air-borne mag
ndometer. By this means a continuous record can be 
made of the magnetic intensity along the path flown by 
He plane. This record enables the geologist to determine 
areas of high intensity such as are usually associated with 
metallic ore bodies. The results obtained are generally 
aE accurate as those obtained on the ground and the fly
ing magnetometer has the advantage of speed since 150 
miles or more of magnetic profile can be secured in an 
hour of flying time. 

Other scientific aids in prospecting for certain ores 
include ultra-violet light, and recently in the search for 
radio-active materials the Geiger counter has become 
indispensable. 

The greatest hope for fresh supplies of ore depends 
upon the discovery of new ore bodies in those areas as 
yet undeveloped. The map of the world shows vast areas 
::>f South America, Africa, northern Canada, Asia and 
Australia, which have not yet been geologically mapped 
or intensively prospected. New deposits will certainly 
be difficult to find but with our constantly growing 
knowledge of the geological and allied sciences it may 
reasonably be expected that many discoveries will yet 
be made. 

VI 

The second step to be taken in our effort to postpone 
the inevitable date when mineral shortages will develop 
is the improvement of our techniques of extraction and 
processing. New and more efficient methods of mining 
ue constantly being sought. In addition, we must con
tinue to broaden the field of research in our metallurgical 
practices. The record of discovery in this field offers 
~ood evidence that further research will resul.t in further 
refinements. The development of the cyamde process 
nade it possible to recover gold from ores previously 
regarded as worthless and thus added immeasurably to 
:he world's reserves of this metal. The change from 
:{ravity methods of concentration to froth flotation pro
iuced comparable results in the treatment of sulphide 
Jres. The electrolytic refining of metals has not only 
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increased the purity of the product but has been respon
sible for· the recovery of many new and rare metals as 
by-products. Cobalt and metals of the platinum group 
are recovered from the copper-nickel ores of the Sud
bury area, while cadmium, bismuth, indium, thallium 
and other rare metals have been recovered from lead
zinc refineries. The introduction of dust precipitators 
and baghouses into the smoke stacks of smelters and 
roasters has resulted in the reclaiming of large quantities 
of metals that have been volatilized or vapourized. The 
development of processes for the manufacture of sul
phuric acid from the smelter gases resulting from the 
treatment of sulphide ores is now established practice. 
A large part of the world's requirements of magnesium 
and magnesia are now extracted from sea-water, a pro
cedure that was considered fantastic when it was first 
proposed less than fifty years ago. 

These are merely examples of past achievement in a 
field in which further progress can be confidently an
ticipated. In the future, as higher grades of ore are 
depleted, more attention must be given to the treatment 
of complex and low-grade ore bodies by leaching or 
other chemical methods. Further study must also be 
given to the possibility of obtaining minerals from sea
water. 

In addition to the search for new ore bodies and the 
improvement of our processes of extraction and treat
ment, greater study must be given to the possibilities of 
conservation and substitution. 

Under the heading of conservation there are two steps 
of obvious importance. The first is the re-use of metal 
scrap. Among the more highly industrialized countries 
scrap today plays a role of real and increasing impor
tance. The chief sources of supply are the obsolescence 
of manufactured metal products and the waste that re
sults from machining and other steps in fabrication. In 
the latter case careful segregation and handling of the 
waste permits its direct return to the melting furnaces. 
Waiting for metal products to become obsolete is a 
slower process but in those countries that have long been 
industrialized the supplies of obsolescent or obsolete 
material are playing a more and more important part as 
a continuing source of metal reserves. In typical recent 
years scrap provided 49 per cent of the iron, 42 per cent 
of the lead, 34 per cent of the copper, and 13 per cent of 
the zinc used in the United States. 

The second step in conservation is the prevention of 
corrosion by the use of preventive coatings of some other 
metal or of one of the resin compounds, or by the creation 
of new alloys that resist the corrosive influence of the 
elements. Much work has already been done in this field 
but much more remains to be achieved. 

Closely related to conservation is substitution, and sub
stitution is being achieved in a rapidly increasing variety 
of forms and instances. Technical developments in 
manufacturing often permit the substitution of metals 
that are in plentiful supply for others that are relatively 
scarce. The use of aluminium and magnesium in trans
portation and other fields as a substitute for steel is an 
example of this process. These metals and their alloys 
have also been applied to many structural and building 
uses in which strength is not of paramount importance. 
The use of aluminium as a substitute for copper in elec
trical transmission lines has effected a tref!lendous saving 
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of the scarcer metal. Where lightness is a factor in de
sign, both aluminium and magnesium are being used 
with marked success in the castings industry. The 
knowledge and skill of the metallurgist are now being 
devoted to the introduction of new alloys of these metals 
that will further widen their use. The supplies of both 
are relatively abundant. 

The short supply of tin and its comparatively high 
price during and since the war have led to reductions in 
its use and in some cases to substitution in alloys, babbits 
and solders. 

Perhaps the most important developments in the field 
of substitution are those provided by the industrial chem
ists who have produced synthetic products that can be 
used in place of metals in an increasing range of manu
factured products. So extensive and successful have 
these developments been that an increasing number of 
chemists are prepared to argue that prospective shortages 
in the field of metals can be disregarded. They cite the 
case of the nitrate fertilizer industry and the plastics 
industry as examples of the alchemy of the future. 

In a book written by the Chief of the Forest Products 
Branch of the Food and Agriculture Organization of the 
United Nations, and significantly entitled "The Coming 
Age of Wood", ( 11) the author argues that the ma
terial salvation of the world is to be found in a properly
managed forest policy. According to his argument wood 
can supply not only hamburg steaks and fur coats but, 
suitably treated, can also take the place of metal for 
almost every purpose in which the latter is now used. 

·without accepting all of the claims of the chemical fra
ternity, it is undoubtedly true that over a very wide 
range of use synthetics can be employed to relieve the 
pressure on our mineral resources. It must, however, be 
recognized that chemicals, which in turn are based on 
inorganic materials, are employed in the manufacture of 
these synthetic products. Thus, indirectly, the drain on 
the mineral resources of the world will continue even 
though it may be reduced by the use of synthetics. More
over, it is probable that there will always be certain cases 
in which the requirement of high resistance to shock and 
other similar specifications will demand the continued 
use of metal products. Given the type of civilization that 
humanity has developed and that is likely to characterize 
the future of the race, the demand for metals to be used 
in circumstances of this kind will certainly continue. 
Consequently, the use of plastics and other similar syn
thetic products should now be regarded as an important 
conservation measure; we can only hope that it will 
eventually develop into a final substitute. 

In this connexion, however, it should be recognized 
that considerable progress has been made in the devising 
of synthetic mineral products. Prior to the First World 
War Chile was virtually the only source of nitrate for 
fertilizers and explosives. The development of a process 
for the manufacture of synthetic sodium nitrate and 
ammonium nitrate has reduced the world's dependence 
upon the natural product, although it is significant that 
the production of natural nitrate has not appreciably 
declined. Artificial crystals, artificial mica and artificial 
graphite have all been successfully produced and for 
some uses are even considered to be superior to the nat
ural product. Perhaps the outstanding development in 
this field has been the manufacture of the artificial abra-
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sives, silicon carbide and carborundum. These have 
largely replaced the natural abrasives, corundum anc 
emery, economic deposits of which are relatively rare 
Fortunately, the mineral basis of these artificial substi 
tutes, silica, alumina and coke, are in abundant supply 
A further example of this kind of substitution is to be 
found in the development of an artificial cryolite fron 
the use of fluorspar thus reducing the importance of the 
natural cryolite upon which the aluminium-refining in 
dustry depended, and which is known to exist only a 
I vigtut in Greenland. 

VII 

In conclusion we must revert to the theme that ha~ 
been fundamental to this whole discussion and repea 
again that our knowledge of the world's supply of min 
era! products is so meagre and so unreliable as to make 
it impossible to forecast with any assurance even ar 
approximate date at which we will be faced with a critica 
shortage of any specific item. It is clear, as I have a! read' 
stated, that there is no serious and immediate over-al 
and irreplaceable shortage of any essential mineral. Bu 
it is equally clear that the demand for mineral product. 
is increasing at such a rate that unless there is a funda 
mental change in the economic fabric of human societ~ 
we will ultimately be faced with the exhaustion of man; 
of our mineral reserves. In some cases, particularly lead 
cobalt and copper, and possibly also iron and oil, the 
supply will be exhausted more rapidly than in others 
New discoveries, improved methods of extraction anc 
processing, and careful conservation will postpone the 
advent of critical mineral shortages. Substitution ma3 
provide alternate solutions. When shortages do develop 
they may not be critical because alternatives may be 
available. But this is a hope, not a promise. In the 
meantime the practices which have used or squanderec 
our mineral resources in the past still continue and con
sumption is rising at a rate that can only be described a~ 
alarming. 

The situation that is thus developing will make heav3 
demands on human intelligence and good will. Since nc 
one nation has been endowed with all its mineral require
ments, the problem crosses every national boundary 
The discovery of solutions is of universal concern. 

The experience of the two world wars has shown the 
folly of wasting our irreplaceable mineral supplies ir 
barren struggles that, apart entirely from the moral an( 
social degradation which they produce, end only in gen
eral impoverishment and the permanent depletion of om 
resources. Further conflicts of this kind will hasten tht 
day when real shortages in our reserves will develop 
They may leave us too little time. 

Because the problem is a world problem, the seard 
for solutions should be on a world basis. That seard 
can be made infinitely more productive if it is based or 
an increased appreciation of the necessity for scientific 
research in this field. There must be co-operation in tht 
exchange of technical and industrial knowledge. Abovt 
all, there must be peace. Given these conditions we car 
refuse to admit that any material problem is beyond th1 
ultimate competence of mankind. 

If, on the contrary, we hold firm to our ideological 
national and racial rivalries and hatreds, if we place or 
our scientists the bitter burden of the prostitution o: 
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their services in war, if we fail to realize the danger as 
well as the immorality of the irresponsible behaviour that 
has marked the past conduct of international affairs, 
hnmanity will suffer the fate that it has long invited. 

The world has entered a new era. Huntanity has at 
last achieved the power of self-destruction. Our record 
g1ves no assurance that it will not be used. 

to the solution of the real problems facing mankind, we 
must be prepared to abandon many customary ways. 
Our link in the growing chain that binds nature to man's 
needs must be trulv welded if those that follow are to 
meet the problems ~f their day. It was never more true 
than it is today that: 

Surely the time has come to abandon the perversity of 
uar; to devote our talents and our wills to the immensely 
harder tasks of peace. 

"New times demand new measures and new men, 
The World advances, and in time outgrows 
The laws that in our fathers' day were best; 
And doubtless, after us some better scheme 
Will be shaped out by wiser men than we, 

If we in this generation are to make our contribution Made wiser by the steady growth of truth". 

Table 1. Abundance of Metals 

In the upper 10 miles of the earth's crust (with aluminium designated 100 instead of 8.13 per cent) 
··---------

3'-l Silicon 0.61 Barium 0.06 Tungsten 10·' Tin, Arsenic, Molybdenum, Rubidium 
1(.() Aluminium 0.45 Chromium 0.05 Zinc 10·' Mercury, Cadmium, Antimony, Calcium 
(·2 Iron 0.32 Zirconium 0.05 Lithium 10·" Silver, Bismuth, Selenium 
45 Calcium 0.25 Nickel .04 Hafnium 10·" Gold, Platinum, Tellurium 
35 Sodium 0.23 Strontium 0.04 Tantalum Columbium 10·7 Osmium, Iridium, Thallium 
32 Potassium 0.21 Vanadium .025 Lead 10·" Indium, Palladium, Germanium, Gallium, 
::6 Magnesium 0.18 Rare Earths .025 Thorium Ruthenium, Rhenium 

8 Titanium 0.12 Copper .012 Beryllium 10·" Radium 
1.25 Manganese 0.10 Uranium .012 Cobalt 

Sources: F. W. Clarke and H. S. Washington, "The Composit:on of the Earth Crust", U.S. Geological .~urr,ey, Prof. Paper 127, Washington, 
DC., 1924. 

C. H. Mathewson, "Metals of the Future"; Mining aJtd Metallurgy, 35:5·11, 1944. 

Table 2. World Production of Basic Metals 

(Primary metals in thousands of metric tons) 

191/J 1922 1929 1938 1943 1946 1948 

estimate 
Copper 877 904 1,950 2,018 2,757 1,833 2,358 
Aluminium 37.9 92.3 281 572 1,941 748 1,542 
Zinc 825 719 1,496 1,565 1,828 1,406 1,724 
Lead 1,193 1,070 1,474 1,678 1,574 1,161 1,724 
Magnesium 3 24 240 14 18 
:t\ickel 22.5 11.7 56 114 172 127 145 
Tin 116.4 122.6 195 161 118 90 136 
ToTAL NoN-FERRous 3,071.8 2,919.6 5,455 6.132 8,630 5,379 7,647 
Pig iron 66,300 55,640 98,249 82,750 110,768 79,833 108,862 

Non-ferrous 20.9 19 18 13.5 12.8 14.2 
Source: lv!ineral Year Book and Mineral Industry, 1941. 

Table 3. World Metal Production-New Metal Only 

(Thousands of metric tons-yearly averages over 10-year periods) 

1 2 3 4 5 6 
19/Jl-10 1911-20 1921-30 1931-40 1947 Peak year 

Aluminium 18 95 183 383 1,073 1,953 (1943) 1 :108 
Bauxite ore 207 599 1,378 2,544 4,200* 14,137 (1943) 1: 68 
Asbestos 74 140 306 380 800* 800 est. 1947 1; 10.8 
Copper 690 1,106 1,368 1,790 2,154 2,718 (1942) 1: 3.9 
Fluorspar 102 200 260 319 660 1,050 (1944) 1; 10.3 
Pig iron 50,060 66,600 65,400 76,770 109,600 137,000 (1943) 1 : 2.7 
Lead 996 1,107 1,438 1,499 1,167 1,850 (1941) 1 ; 1.86 
Manganese ore 2,211 1,860 2,642 3,928 3,700 5,491 (1941) 1 : 2.48 
Mercury 3,674 3,741 3,947 4,077 4,825 9,480 (1941) 1 : 2.58 
Molybdenum 128 294 832 8,860 10,000* 31,300 (1943) 1 :244 
Nickel 16 35 36 80 138 167 (1943) 1 : 10.4 
Nitrates (Natural sodium nitrate) 1,769 2.510 2,169 1,193 1,400 3,240 ( 1929) 1 : 1.83 
Phosphate rock 4,076 5;373 8,830 9,767 12,000* 12,000 est. 1947 1 : 2.94 
Potash (K,O equivalent) 441 972 1,693 2.286 3,000 3.660 (1943) 1: 8.30 
Sulphur 744 1,155 2.232 2,500 4,300 4,300 est. 1947 1 ; 5.8 
Tin 103 127 152 158 116 237 1 : 2.3 
Tungsten ( 60% W Oa con.) 3,432 15,335 10,510 25,280 26,000 61,200 (1943) 1: 17.8 
Zinc 667 881 1,117 1,349 1,540 1,760 (1942) 1 : 2.64 
Salt 15,060 20,630 25,440 31,394 36,000* 38,577 (1942) 1 : 2.56 
Mica 4,490 12,003 15,514 23,313 60,000* 6,200 ( 1946) 1: 14.3 

"~----

*Estimate. 
Note: These statistics are intended to indicate trends other than absolute figures. They are as accurate as available information permits, but as in 

many cases~ especia11y in recent years, production figures are not available for all producing countries they cannot be considered to be exact. 
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Aluminium 
Antimony 

Asbestos 
Barite 
Bauxite 
Bismuth 
Cadmium 
Chromite 

Cobalt 
Columbite 
Copper 
Corundum 
Cryolite 
Diamonds 

(metric carats) 
Fluorspar 
Gold 
Graphite 
Gypsum 
Iron ore 
Lead 
Magnesium 
Manganese ore 
Mercury 
.:\1ica 
Molybdenum 
Nickel 
Petroleum 

( 1,000 bbls.) 
Phosphate 
Platinum metals 

(troy ounces) 
Potash ( K20) 
Salt 
Silver 

(fine oz.) 
Sulphur 
Talc 
Tantalite 
Tin 

Titanium concentrates 
Tungsten 

(60 per cent W03 ) 

Vanadium 
Zinc 

World Mineral Production 1946 
(Output of principal nations expressed in percentages of 

world production) 

1946 
(metric tons) 

750,000 
24,900 

720,000 
1,100,000est. 
4,000,000 

940 
4,049 

1,110,000 

2,860 
1,680 

1,860,000 
3,372 

10,313,000 

567,000 
27,777 

145,000 
10,319,000 

146,000,000 
1,166,000 

11,977 
3,650,000 

4,800 
64,200 
10,000 

127,000 
2,750,190 

11,885,000 
576,000 

2,240,000 
35,545,000 

129,000,000 

4,250,000 
770,000 

200 
90,500 

500,000 
19,000 

1,069 
1,406,500 

Country and percentage 

USA 49, Canada 23, USSR 12 (est.) 
Bolivia 25, Mexico 24, Union of South Africa 10, Hungary, Yugoslavia, 

China 
Canada 70, USSR 14, S. Rhodesia 7, Swaziland 4 
USA 60, Canada 10, UK 10, Germany, USSR 
British Guiana 29, USA 27, Surinam 14, France 12, USSR 
Peru 30, Canada 11, USA 
USA 57, Mexico 18, Canada 8.5, Australia 5.5 
Union of S. Africa 17, Cuba 15, Southern Rhodesia 13, Turkey 10, 

USSR 35 ( ?) 
Belgian Congo 75, N. Rhodesia 17, French Morocco 6.5 
Nigeria 99 
USA 34, Chile 19, N. Rhodesia 10, Canada 10, Belgian Congo 7.7, USSR 
Union of South Africa 55, Canada 31, Nyasaland 11 
Greenland 
Belgian Congo 58, Union of South Africa 12, Gold Coast 8, Angola 7.7, 

Brazil 3.1 
USA 44, UK 8.2, Canada 5.4, USSR, Germany 
Union of South Africa 42, USSR 2, Canada 10, USA 5 
Chosen 60 ( ?), Mexico 15, Japan 8, Madagascar 6 
USA SO, UK 16, Canada 16, France 4.3 
USA 49, France 11, UK 8.5, USSR, Germany 
USA 38, Australia 13, Canada 13, Mexico 12, USSR 8.7 
USA 40, USSR 25, Italy 11, UK 10 
USSR 47, Gold Coast 16, India 10 ' 
Italy 35, Spain 29, USA 18, Mexico 8.4 
USA 77, India 
USA 82, Mexico 8.2 
Canada 68, USSR 11, Cuba 10 
USA 63, Venezuela 14, USSR 6, Iran 5.3 

USA 59, French Morocco 22, Tunisia 11, Algeria 4.9 
Canada 42, USSR 30, Union of South Africa 13 

USA 38, France 23, Germany 
USA 38, USSR 14, UK 9, China 6.4, India 6 
Mexico 33, USA 16, Canada 10, Peru 10 

USA 91 
USA 54, France 8.6, China, Chosen, Italy 
Belgian Congo 60, Brazil 22 
Bolivia 42, Belgian Congo 15, Nigeria 11, Malaya 10, ~etherlands 

E. Indies 7.3 
USA 52, Norway 13, India 20 
USA 25, China 14, Bolivia 11, Brazil 8.5 

USA 54, Peru 30, S.W. Africa 10 
USA 47, Canada 12, Belgium 6.1, Australia 5.6 

Nate: The foregoing table does not list all producing countries, 
but is designed more to show the relative importance of produc
ing areas, the erratic geographical distribution of the commercial 
deposits, and the consequent interdependence of the nations of the 
world for essential mineral requirements. 

the tin-producing areas. As of 1949 rehabilitation of mines and 
smelters in Malaya and Indonesia was proceeding at a satisfac
tory rate. At the last meeting of the Tin Study group in London 
it was estimated that tin production would exceed the potential 
demand for commercial uses by the end of 1949. 

The year 1946 has been chosen since it represents the post-war 
year for which most complete data are available. It is realized 
that it does not represent the norm since rehabilitation was far 
from complete in the war-torn areas. This is particularly true of 
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Sources: Department of the Interior, Bureau of Mines, Min
eral Yearbook 1946. Preprints from the Bureau of Mines, 
Minerals Yearbook 1947. 
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PRINCIPAL SOURCES OF METALLIC MINERALS 
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PRINCIPAL SOURCES OF NON-METALLIC MINERALS 
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Note to accompany mctps 
These maps indicate only the countries which normally produce 

10 per cent or more of the world's requirements of a selected list 
of metals and minerals. They are intended not to show all known 
sources but rather to illustrate the distribution of those mineral 
areas most actively developed under present conditions. 

The picture presented can by no means be considered final. The 
vast areas of Asia, Africa, Australia, Northern Canada and South 
America which have not been prospected or mapped in detail are 
all potentially rich in minerals, and new discoveries may at any 
time upset the balance as we know it today. Present-day produc
tion is no true indication of the world distribution of mineral 
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deposits. Each continent has large areas of Precambrian rocks, 
and igneous intrusive rocks of Tertiary age whose chief economic 
attraction is as a source of minerals. No large unit of these rocks 
has thus far failed, when adequately prospected, to be the source 
of essential minerals. 

The difference in productivity of these areas is due more to the 
ingenuity and efficiency of the inhabitants of the region in discov
ering and using the mineral wealth than to a lack of this wealth 
in the underlying rocks. As the more remote areas are mapped 
with the assistance of aircraft and modern prospecting methods, 
great new deposits will be opened up to play their part in the 
world supply of minerals. 
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The CHAIRMAN : Dr. Keenleyside, in expressing the 
appreciation and thanks of the audience, I wish to em
phasize particularly the many excellent references con
tained in your paper. It deals not only with detailed 
figures on deposits, but you have also pointed out how 
incomplete is our knowledge about the minerals con
tained in the crust of the earth. You have given us 
insight into the psychological effects of temporary and 
local shortages. You have pointed out the importance 
of minerals that are consumed in very small quantities, 
but still form essential pivots in the world's machinery. 
You have pointed out that one metal can often be re
placed by another and that metals can be replaced by 
plastics and wood. Indeed, if the distribution of min
erals in the crust of the earth had been a quite different 
one from now, it may be suggested that man would per
haps have been able to build up a high, but somewhat 
different civilization on whatever minerals happened to 
be available. 

You have suggested that there are no really critical 
shortages now and that the future depends entirelv on 
our own actions. You have pointed out very clearly 
that we cannot afford to increase world consumption 
to the level of the United States today and that gives us 
all food for thought. You have discussed the question 
of scrap metal ; it is an old saying that no mine is better 
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10. D. Williams, "Mineral Resources of the World" in The 
Advancement of Science, 3(10): 206-221. 

11. Glesinger, The Coming Age of Wood, New York, 1949. 

Statistical sources 

Many statistical sources have been drawn upon for this study, 
the more important being the following: 

The Mineral Industry, annual publication of McGraw-Hill to 
1941. 

Minerals Yearbook, annual publication of the U.S. Dept. of 
the Interior to 1946. 

Yearbook of the American Bureau of Metal Statts tics, annual 
publication to 1948. 

Metal Statistics, annual publication of the American Metal 
Market to 1949. 

The Mineral Industry Statistical S!tmmary, London, Imperial 
Institute, covering years to 1944. 

Metal Statistics, Metallgesellschaft Aktiengesellschaft, Frank
fort-on-Main. 

M. Meisner, W eltmonatstatistik, Preussischen Geologischen 
Landesanstalt, Stuttgart, Ferdinand Enke. 

than a good scrap heap. You have mentioned the 
fight against corrosion. You say that shortages may 
not become critical for a long time. Even if this is a 
hope, not a promise, we thank you for these bright spots 
in a picture where light and shadows form an intricate 
pattern. 

And now I have the honour to introduce the fourth 
and last speaker of this morning, Dr. J. C. Parker, Vice
President of the Consolidated Edison Co. of New York, 
who speaks about "Critical Shortages-Fuels and 
Energy." Dr. Parker is an engineer with a scientific 
education specializing in power-steam, electric and hy
dro-electric power. He is a fellow of numerous scientific 
and engineering societies and has just retired as Vice
President of the Consolidated Edison Co. of New 
York. Dr. Parker, will you please present your paper. 

Mr. PARKER: I was at much pains to· indicate that 
this paper was presented because of the perhaps some
what indiscreet nomination of myself by the World 
Power Conference to present the paper. Let me em
phasize, that I do not speak for the World Power Con
ference, that anything that I have said in the paper is 
my own, and that in the Conference there doubtless will 
be many strenuous objections to some of the philosophies 
set forth here. 

Mr. PARKER then delivered the following paper: 



A WORLD REVIEW OF CRITICAL SHORTAGES 

Critical Shortages-Fuels and Energy 

JOHN C. PARKER 

ABSTRACT 

This paper seeks to review the current reserves of fuels and the supplies of energy. 
It differentiates the enormous reserves of solid fuels from the more limited production. It indicates 

substantial improvements in the production of fuels and energy in 1948 above the status ten years earlier, 
concludes that statistical data as now available are intrinsically unreliable and fragmentary and, moreover, 
but little probative of economic fact. 

It attempts to relate the conservation of fuel and energy to the conservation of effort in production 
rather than to the conservation of resources and attempts, further, to indicate that appraisal of the ade
quacy of the supply of fuels and energy through the processes of production is relative to the general 
economy of the area under consideration rather than being a matter measurable in terms of absolutes. 

It is almost trite to say that a world survey of short
<.ges of such things as fuel and energy must start with 
local shortages and that ameliorative operations also will 
have in a measure to be local in character. At the same 
time this runs into a bit of a paradox since it will be 
recognized that the locality which experiences a shortage 
may be part of a larger natural locality, and that what is 
done in one minor locality may profoundly affect a nat
mal region which perhaps should be considered as a 
whole for the optimum development of resources. 

An attempt at a statistical study of the supplies of 
fuels and of energy starting with localities defined by 
the political boundaries of the various countries of the 
world discloses discrepancies of trend and status from 
country to country of such a character as to a large de
gree to nullify the value of any global statistics and, 
indeed, to emphasize the significance of local and par
ticular considerations. Moreover, a recital of merely 
statistical data of the entire congeries of nations would 
he wearisome and uninformative. It is deemed essential, 
therefore, that an analysis be made of the functional 
significance of such data, for instance, as appear in the 
Fourth Stattstical Year Book of the World Power Con
jerence, which gives data on resources and annual statis
tics for 1936-1946. 

A highly superficial scanning of the data in the Year 
Book discloses, for instance, that as to every principal 
coal-producing country of the world there is a virtually 
indefinitely large reserve of coals-either proven or 
probable. As to each of these countries and as to all 
varieties of solid fuels the reserves are adequate to the 
present rate of use for centuries or even for millennia. 
There is then no problem of the adequacy of the stock 
in place in the earth. 

Superficially there would seem, as to many countries, 
to be an entirely different situation as to the trends of 
production. These in the decennium reported were highly 
regressive in many countries. 

Even as to the nature of progress or regression in 
production there will of necessity be a variety of interpre
tations which means that the significance of the data 
may not be the same for various localities. There are 
some countries, for instance, in which production has 
materially expanded. The data show that this has in 
part been induced by an enhanced domestic use and 
in part by export. Some of the export activity in its 
turn is due to definite shortages of production elsewhere, 
either responsively to international policy or to economic 
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motivation. Some of the shortages of production are 
obviously due to the devastation of equipment and work
ings brought about by military action; some by more 
deliberate, subsequent political action and in other places 
by internal social and economic readjustments. 

\Vhile probably of minor significance, it is an unavoid
able inference that some of the lessened production is 
due to a reduced need consequent on a lowered level of 
industrial activity, and some to a reduced financial ability 
to buy solid fuels and their product in the form of gas 
or electrical energy. 

There is likewise a suspicion that in some places, at 
least, a lessened coal production may be due to the work
ing out of the more easily mined seams. 

To the extent that lessened production has to do with 
the mining itself-that is to say, as a consequence of 
social and economic readjustments or of the necessity 
to work more difficult seams-remedies may be found 
in a fuller mechanization of mining operations or possibly 
in the distillation of coal in place for the extraction of 
gas where such extraction fs adaptable to the require
ments of utilization. 

As to mines the output of which has been reduced by 
the flooding of workings or the disablement or removal 
of machinery, the remedy is obvious. 

As to those areas in which a reduced production is a 
consequence of a lowered industrial economy or of nar
rower economic resources of a local population, there is 
neither a direct remedy nor a need for such a specific 
remedy. The problem is broader and more profound. 

Solid fuel production in a given area is important for 
only two possible reasons--<:omparatively local utiliza
tion or export. If the barriers of transportation or em
bargoes or customs duties prevent or impede export, 
there remains approximately local utilization. The pro
duction of coal in and of itself is not a desideratum. An 
economy that effectively can utilize coal, industrially or 
for the comfort or convenience of the people, is at once 
intrinsically important and a necessary precedent to 
the production of fuels which in any event are only a 
means to a social and economic end. 

It would be beyond the scope of this paper and indeed 
an impropriety to discuss what are the best means by 
which general political and economic ameliorative con
ditions can be brought about. This much, however, 
seems certain-that if the human benefits to be accom
plished by technologic improvements of the processes of 
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extraction fall short of balancing the human effort that 
must be expended in those technological developments 
the latter should not be undertaken. 

By way of parenthesis, it might be asked why an over
all global figure of production should not be stated. 
There are two obvious answers to this question. One is 
that such a figure, though it showed an improved pro
duction status for the world as a whole, would be illusory 
as to those localities which, none the less, suffer an acute 
shortage from their needful usage. Beyond that, how
ever, is the unfortunate fact that data are not at hand as 
to important fuel-producing regions so that precise sur
vey becomes impossible. 

For what it may signify, however, a reference is made 
to a United Nations publication No. 1949, Major Eco
nomic Changes in 1948, which says: 

"World production (excluding the USSR) of fuel 
and energy--coal lignite, crude petroleum, hydro-electric 
energy and natural gas--during the first nine months of 
1948 reached 125 per cent of pre-war levels. The rela
tive contributions of coal, petroleum and electricity 
to this increase may be gauged from the following indices 
(based on monthly averages) : 

Year 
1937 
1947 
1948 (Jan.-Sept.) 

Fuel and 
energy 

100 
120 
125 

Electricity 
100 
170 
183 

Crude 
petrolet~m 

100 
152 
171 

Coal 
100 
102 
104 

"The output of electric power and crude petroleum 
continued to climb steeply in contrast with the slow but 
steady increase in coal production. The long-term trend 
towards the substitution of other sources of fuel and 
energy for coal appears to have been accelerated con
siderably during the post-war years." 

And again: 
"By the autumn of 1948, world production of coal had 

reached near-record levels, thereby considerably alleviat
ing the critical shortage of this commodity, which has 
characterized the post-war period, particularly in Eu
rope. \Vorld production of coal during the year ended 
30 September 1948 is estimated at more than 1,520 
million metric tons-about 10 per cent above the 1937 
level, and about 3 per cent above that of 1947. The 
largest part of the increase was due to the recovery of 
coal production in Europe, where 1948 output ( exclud
ing the USSR) reached 88 per cent of the pre-war 
level and represented a gain of 8 per cent over the 
preceding year. 

"The outstanding developments in Europe were the 
increase of production in practically all coal-producing 
countries, substantial increases in amounts available for 
export from European sources and, as a consequence, 
marked increases in supplies in most countries and a 
substantial decline in imports from outside Europe, 
particularly from the United States." 

The problem posed by the solid fuels would seem at 
first blush to be not one of conservation in the face of 
the virtually unlimited reserves, proven and probable, 
and with the as yet unknown reserves in less-developed 
areas of the earth's surface. There is obviously little 
point in conserving solid fuels to repose underground 
for use centuries hence when in the interim energy may 
come to be developed directly from the sun's heat or 
through the processes of nuclear fission. In many cases 
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the conservation of coals will be accomplished only by 
the expenditure of human effort in producing the mate
rials for, and in constructing and operating, devices 
which may at some far distant date be found not to have 
saved anything worth the saving. 

This may be stated another way. Coal lying under
ground is of negligible value, while coal as extracted 
and delivered to the point of utilization has a cost 
measured mainly by the human expenditure involved. 
This expenditure of human effort is currently measur
able and may be vastly worth conserving. The tech
niques necessary to conserve it will themselves involve an 
expenditure of effort. The problem then is that of strik
ing a balance. Will the sum total of effort wrapped up 
in devices for mechanizing our mining be less, all things 
considered, than the extra effort necessary with un
mechanized production, remembering that the activity 
engaged in mechanizing the mines will of necessity be 
activity deflected from other use by society. Will the 
aggregate of labour expended in the production of 
cement and steel and electrical machinery and turbines 
for a hydro-electric project be less than the aggregate 
of human effort involved in fuel plants and in the mining 
and transportation of fuel by the optimum method dur
ing the presumptive life of the alternative hydro-electric 
plant? 

There is here posed a problem in conservation, not 
of resources in a state of nature but of the current and 
subsequent human resources necessary to bring them 
into the service of men. 

To these questions there can be no general answer 
though protagonists of one enthusiasm or another have 
sought to generalize. A difficult hydro-electric develop
ment remote from the location at which people care to 
use its product may, in the face of an ample supply of 
easily extracted and delivered fuel, constitute anything 
but a conservation project. On the other hand, areas 
blessed with easily developed water powers reasonably 
close to a need for their energy and distant from an 
economically adequate fuel supply might develop these 
water powers as a real measure in conservation. 

Similarly, those things which may be warranted in 
improving the efficiency of utilization of fuels are almost 
of necessity insusceptible of a generalized appraisal. In 
an area in which it is difficult to procure a sufficient 
supply of suitable fuels, the part of real conservation 
may be to develop metallurgical processes and power
generating equipment which, through higher efficiency, 
will minimize the effort of extraction and transportation 
of fuels. If, however, these refinements can be accom
plished only by the long-term expenditure-with em
phasis on the length of the term-of scarce human skill 
of a sufficiently high order, it easily may prove the part 
of conservation to direct that human skill into activities 
for which there is more pressing need. Whether this 
can best be accomplished by over-all planning or by 
processes of laissez faire is beside the point. The end 
result must be a sound balance of expenditure-not of 
monetary units as such but of the human effort of 
which those monetary units may be a significant symbol. 

Enough has been said here to indicate somewhat the 
status and the trend in solid fuel production, the status 
of the reserves and the intensely local character of the 
problem. Highly similar conditions obtain with refer
ence to some aspects of the world's energy supplv, 
though here there are notable differences. · 



In the first place-granted enduring reserves of fuels 
·-there is no such thing as a more than transitory world 
~nergy shortage. There may be a shortage of the means 
Jf converting energy from one form to another-com
:nonly described as plant capacity. It is obvious that a 
real shortage in this respect is very simply, and yet not 
quite so simply, to be relieved by building power plants. 
Of course, there may be a naturally imposed limit to 
the supply of hydro-electric energy dependent as it is 
on the volume of stream flow. This, however, is a 
question of the nature of the source rather than of over
all limitation. There may, too, be a limitation in the fuel 
supplies that can be made available in any given area, 
either because of artificially created barriers against 
transportation or because of the inherent economic diffi
culties of the transportation itself or even of extraction. 

If these latter inherent difficulties prove insurmount
able, the situation is that the area of such an unavoidable 
limitation simply cannot have an economy which de
mands great amounts of energy. The situation in this 
respect is not essentially different from the fact that areas 
of the earth's surface adapted to the growing of bananas 
will be incapable of producing hard winter wheat and 
"ice versa. 

To refrain from developing the type of economy to 
which an area may be adapted simply because it cannot 
precisely duplicate the economy of some other area 
would obviously be an absurdity. This, of course, is 
not to say that diligent inquiry and thoughtful courage 
t-hould not be employed even in the face of some natural 
handicaps if the prospect of return in the way of a 
better balanced economy is sufficiently bright. 

Not only is there no such thing as an intrinsic energy 
f.hortage but for any given area there is no limit to the 
amount of energy which can be produced with sufficient 
expenditure of human effort-in simple monetary terms, 
at a price. It is true, of course, that the price may be 
way out of proportion to the importance of the energy 
supply but it must very clearly be recognized that the 
importance of the energy supply lies in the plan for 
utilization rather than being intrinsic in the energy 
itself. 

It is almost self-evident that for "heavy" processes 
in which the use of energy is large relatively to the 
amount of labour and raw materials involved in indus
trial production, the supply of large quantities of energy 
at a very low price may be a sine qua non of competition 
in world markets. Deep mining operations for low value 
materials are one case in point. Electro-chemical opera
tions and electro-metallurgical enterprises well may be 
another. 

On the other hand, for the more "refined" types of 
industry, the matter of energy cost may be less than two 
or even one per cent of the cost of industrial operation. 
If there are adequate economic reasons for the establish
ment of industries of such a type in any given area, 
though that area may be devoid of water powers and 
far distant from the sources of fuel supply, the economic 
effort to build fuel-consuming power plants may be 
well-nigh negligible against the importance of the devel
opment of the economy of the region. It is in this sense 
that it may be said that there is no intrinsic limit to the 
amount of energy potentially available for such an area. 

When one comes, then, to appraising the adequacy 
of the energy supply of a specific area, it is necessary 
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first to determine for what purpose energy might be 
used in that area. 

This is definitely a local problem to be approached 
with the utmost of objectivity and not merely from the 
viewpoint of assuming that an economy which is sound 
for one area will express itself in the same type of 
production in another area. 

Many things enter into determination of the reason
able pattern of economic development. Proximity to 
raw materials is one. Has the area a plentiful supply 
of hard woods or are its timberlands rich in conifers? 
What are the products of its mines? Or of its fisheries? 
What can be the products of its mines or of its fisheries? 
To what types of agriculture are its soil and climate 
adapted? And are its natural resources in such combina
tion as clearly to point to industrial elaboration within 
the area? 

Depending on the weight and bulk and aggregate 
quantity of its raw or industrial products, has it the 
natural facilities for transportation or can it provide 
itself with man-created facilities to get its products to 
a market? 

Above all else, what can become the economic genius 
of its population ? 

The answers to such questions in extremely complex 
combination will determine whether an area can become 
an industrial area or not and, if it is to be an industrial 
area, whether the industry will be of the heavy or of 
the refined type. 

With these rather fundamental facts in mind, it be
comes easily apparent that there can be no statistical 
criterion by which to gauge whether an area is power
rich or power-poor or, at least, that the criterion does 
not consist in comparing the power development of one 
area against the power development of another. 

Even for a specific area, a study of the growth or the 
decline of its power facilities or of its energy production 
over the course of the years has little or no meaning until 
the data are thrown up against the general economic 
history of the area, and again until it is determined 
whether the growth or lack of growth with respect to 
power and energy are a result of the changing character 
of the general economy or a cause of it. 

It is conceivable, for instance, that the full pre-emption 
of the economical hydro-electric resources of an area 
which has few industrial activities other than electro
chemical might be the cause of economic industrial stag
nation of that country and force its further develop
ment largely into an extractive economy. 

On the other hand, an industrial depression occurring 
in a highly industrialized country would be the cause 
rather than the effect of power and energy stagnation. 

For example, the Statistical Year Book of the World 
Power Conference shows that the installed capacity of 
electricity supply undertakings of North America in
creased from an index of 100 in 1933 to only 113 in 
1939. That was a period of a well-known economic 
depression. In the years from 1939 to 1946, however, 
the installed capacities increased from 113 to 147, largely 
under the stimulus of wartime production and post-war 
readjustment. The record with respect to energy pro
duction is of the same character but in a highly mag
nified degree. There is here a clear presumption that 
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both plant capacity and energy output served as meas
ures of, rather than causes of, industrial growth. 

On this subject, the Year Book says: 

"Continental and World Totals: Because of gaps 
and discontinuities in the data, it is impossible to com
pute series of continental totals of electricity production 
and distribution. It has, however, been possible to cal
culate series of indices (using the method of link rela
tives when necessary), which represent approximately 
the development of electricity production by Electricity 
Supply Undertakings in two of the continental areas, 
Europe and North America. It is emphasized that 
these indices are intended to give a general description 
of the course of electrical development and not an accu
rate measurement of changes ; and they take no account 
of electrical development in Germany, Hungary, Italy 
and the U.S.S.R., which are important producers of 
electricity but for which sufficient data are not available 

" 
"In Korth America, the indices for which are domi

nated by electrical development in the U.S.A., installed 
capacities increased continually after 1935, and produc
tion of electricity increased continually from 1933 to 
1944, except for a decrease in 1938, a year of economic 
recession; in 1945 there was a decrease, and in 1946 
an increase too small to affect the index ... " 

Despite this caveat by the World Power Conference 
with reference even to continental figures, it is note
worthy that the energy production of certain countries 
in Europe increased from an index of 100 in 1933 to 
only 178 in 1939 and then, despite the ravages of war 
and the exceedingly great difficulty of plant restoration, 
to 266 in 1946. 

For North America, the increase up to 1939 was 
from 100 to 158 with an attained output in 1946 identi
cal with that of the reported countries of Europe, 
namely, 266. 

It is interesting to note that in both continental areas, 
the increase in utilization of plant accounted for an 
energy increase much greater than the increase in plant 
capacity, the index of energy production in 1946 being 
almost twice the index of plant capacity for each conti
nental area. 

These data, so far as their fragmentary character 
permits of any conclusions, would seem to indicate that 
the adaptation of energy supply to economic develop
ment and the adaptation of economic development to 
certain limitations of energy supply prevent any very 
direct appraisal, from simple statistical data, of the 
existence of an energy shortage. They do as well give 
support to the conclusion of the United Nations De
partment of Economic Affairs, as shown in its analysis 
of major economic changes in 1948. 

"The output of electric power continued to climb 
steeply ... ; for the first nine months of 1948 it was 
about 83 per cent above pre-war production for the 
world as a whole (excluding the USSR)." 

The data concerning liquid fuels are too fragmentary 
to permit as general conclusions as may be drawn with 
reference to solid fuels and energy, at least so far as 
concerns world production of crude petroleum and the 
production in many of the significant areas (exclusive 
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of the USSR). The Department of Economic Affairs 
in the publication above referred to shows a vigorous 
increase in production above that of 1937 and a wide 
distribution of that increase. 

It may be concluded that there is no world shortage 
present or imminent with reference to the resources 
discussed in this paper; that production has shown a 
vigorous increase in the ten years just concluded but 
that there are problems of artificial restraint in the inter
change of facilities. These problems, of course, are of 
a character foreign to the scientific or technologic ap
proach, though they may be of vastly more compelling 
character than are the elements of technology. 

In the utilization of our fuels and more particularly 
in the utilization of energy, it is important to avoid a 
common misconception or, at least, to bring it into a 
proper relationship. It is often assumed that the im
provement of under-developed areas may depend pri
marily on a plentiful supply of energy and that the 
furnishing of such a supply will put such areas on an 
approximate parity with other regions. It does not 
take much consideration to realize that neither fuel nor 
energy as such can be applied to the development of 
an economy-that no one can merely take in hand a 
number of kilowatt hours and make direct use of them. 
Fuel and energy find their proper place in economic 
development through the instrumentalities of utilization 
and these in turn depend on the materials for produc
tion, skill in the organization of enterprise and the 
development of markets for the things produced. 

By and large, the instrumentalities of utilization re
quire the outlay of materially greater human effort than 
does, for instance, the associated power equipment; both 
must go forward in step each with the other and both 
of them in harmony with the genius of a people and the 
inherent economic possibilities of their area. There is 
not, of course, an indefinitely large amount of human 
effort available for such development, and so the tempo 
must adjust itself to what can be done. The process of 
patient realistic development of resources and their 
utilization for the service of mankind will be the more 
rapid and the more effective if there is a nice balance 
between the creation of the instruments of utilization 
and the instruments of production of fuel and energy. 

The machine age has, of course, been characterized 
by tremendously expanded uses of energy in its various 
forms. It must always be borne in mind however that 
the sequence has in the main been the developm~nt of 
machines which could do better or in greater quantity 
things formerly done "by hand"; that when the machine 
for such purpose had been developed, it then became 
an absolute essential that there be a supply of power to 
drive it, the power requirements being greater or less, 
depending on the character of the thing to be produced. 
Not always have the human and economic benefits to 
society been greater in those fields of production making 
the greater demand for mechanical power. Not always, 
on the other hand, have they been less because of a 
putative refinement of the product. 

The essential fact obviously is that whatever the train 
of causation, a supply of energy-greater or less as the 
case may be~is a sine q1£a non of both local and world 
progress. 



The CHAIRMAN: Dr. Parker, we all wish to thank 
you very much for this expose on one of the most im
portant basic industries, the supply of fuel and power 
to humanity. 

I shall not detain you with extensive remarks trying 
to integrate, as it were, the proceedings of this morning. 
I just want to make two or three very brief remarks. 
One of the most striking features about this discussion, 
I think, is this: We have been accustomed to worrying 
about exhaustible resources, about fossil fuel running 
~hort, about mineral deposits being exhausted. Now, 
the papers of this morning seem to turn the table en
tirely. It is in the creatable resources of food and 
wood that we may expect shortages, in the resources 
which are created by the biochemical synthesis going on, 
under the influence of the sun, on farms and fields and in 
forests. If shortages occur it is because of another bio
logical factor: the creation of new members of the 
human family. The fundamental problem is whether we 
can keep a balance between these two biological factors. 
l shall not go into this now in detail but wish to mention 
1 wo productive factors which have not so far been dealt 
'Vith: biosynthesis in the lakes and seas, and the pos
o.ibility of industrially organized production of food by 
cultivation of microbiological life. Both of these will 
he discussed later on. 
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Finally, as an engineer, I should like to draw your 
attention to another aspect in regard to the possibility 
of reaching a balance between consumption and produc
tion. In consumption, there is the law of decreasing 
value increments, which causes the added satisfaction, 
from one additional unit of consumption, to decrease. 
The urge to increase consumption, t~erefore, decreases 
as consumption grows. On the production side, there 
is the law of increasing cost increments. The cost of 
producing one additional unit rises. We all know the 
lowering of cost with mass production ; I refer to some
thing else. If new lands are cultivated, the cost per 
unit cost will be higher. Thus value decreases; cost 
fuel deposits or water power sites are developed, the 
unit cost will be higher. Thus value decreases, cost 
increases. The two curves bend in different directions, 
and the balance struck at their crossing point is reached 
much sooner than expected. We will see many ex
amples of this, I am sure, as the Conference proceeds. 

I think we can all be satisfied with our work this 
morning. It has shown that we have much to do in 
coming sessions before we will arrive at anything like 
a balanced opinion on the great problems before us. 
The meeting will now adjourn. 



The Interdependence of Resources 

Thursday Afternoon, 18 August 1949 

Chairman: 

J. A. KRuG, Secretary of the Interior, United States of America 

Contributed Papers: 

The Interdependence of Resources 
Emmanuel DE MARTONNE, Member of the Academie des Sciences de 
l' Institut de France, Honorary President of the International Union, 
Paris, France 

The Complementary Nature of European Resources-A Basis for Developing 
Regional Economic Co-operation 

Ernest WEISSMANN, Director, Industry and Materials Division, United 
Nations Economic Commission for Europe 

The Planning of Land-Use for Full Production with Special Reference to 
European Conditions and the National Planning Undertaken in the United 
Kingdom 

L. Dudley STAMP, C.B.E., Chief Adviser on Rural Land Use, Ministry 
of Agriculture, London, England 

Discussion: 

Messrs. GoLDSCHMIDT, GooDRICH 

Programme Director: 

Carter GooDRICH 

Programme Officer: 

Alfred J. vAN TASSEL 

53 



UNSCCUR PROCEEDINGS: PLENARY MEETINGS 

The CHAIRMAN: It is my honour and pleasure to be 
your Chairman for the meeting this afternoon and I am 
very pleased that it encompasses a subject that I referred 
to briefly in my talk yesterday. I am also pleased to see 
that today we have some real experts to elaborate on 
the general points included in the various talks which 
were made yesterday on the question of the interrela
tionship and the interdependence of resources. This 
afternoon we will have the pleasure of listening to three 
of the outstanding experts on this subject who present 
the general picture as a background for the specialized 
discussions in Section meetings that will come in the 
days ahead of us. 

Before we begin the technical matter under discussion 
today, I would like to tell the participants, and particu
larly those from abroad, that the entire American dele
gation feels that the field trips, arranged for you by 
Government groups and by various private industrial 
groups in this country, are an exceedingly important 
part of the entire Conference. Frankly, I think many 
of you will gain as much, if not more, from one or more 
of the field trips, than you will from the excellent dis
cussions that will occur during individual meetings. In 
order to plan those trips effectively we will have to know 
at an early date just who is going and on what trips. I 
realize that many of you have hardly had time to 
get your feet on the ground, but I would like to have 
the sequence of trips explained so that those of you who 
plan to go will let us know promptly. Frankly, I think 
two or three of these trips alone are each worth the 
trouble and time that the delegates from outside the 
country have spent in coming to New York and I hope 
that you will avail yourselves of the opportunity to see 
conservation at work in the United States. The best 
feature is that it has been possible to arrange these trips 
so that they will be practically without any cost to par
ticipants from abroad. It used to be an old slogan, that 
if you had a twenty-dollar bill and tried to sell it for one 
dollar on the corner of 42nd Street and Broadway, just 
about twenty miles from here, you could not get any 
takers. I hope the same attitude will not prevail at Lake 
Success. But I do want all of you who have an interest 
in these trips to look into them immediately and inform 
the Hospitality Committee making the arrangements 
for your trip. If I may I would like to have Mr. Gold
schmidt, a member of the Preparatory Committee and 
an assistant to me, say just a word about the trips, so 
that you will know the dates that are involved, and the 
time you will have left to make a definite decision on 
your trips. 

Mr. GoLDSCHMIDT: There are two general sets of 

field trips. First, there are those that will originate dur
ing the course of the next three weeks from here at 
Lake Success. These trips will be in the general New 
York area. They have been arranged primarily through 
the good offices of the American Citizens Committee and 
are related specifically to the major subjects on the 
agenda: fuels and energy, minerals, land, etc. Secondly, 
there is the post-Conference field trip on which it is 
desired to get your reservations as early as possible. I 
will not attempt to describe the full field-trip pro
gramme; you can get that by inquiring in Conference 
Room 8, which is the office of the Committee and where 
you can find and choose those trips that will interest you. 
Incidentally, the Committee has kept its plans quite 
flexible, and if any of the experts would like to see 
something that is not on the field-trip programme, the 
Committee will seek to put it on the programme for the 
benefit of the visiting experts. There is, however, one 
very important trip this coming Saturday which I want 
to mention now, on which we can take sixty of the 
Conference participants. This trip will be of particular 
interest to the participants in the land section meetings. 
The trip will be through the Hudson Valley to Dutchess 
County where you will see examples of soil conservation 
work. Since the trip comes the day after tomorrow, it 
is very important in making arrangements for the trip, 
which incidentally, will be cost-free, to know all who 
are coming so that they can be provided with lunch and 
transportation. 

54 

The CHAIRMAN: I would just like to supplement 
Mr. Goldschmidt's remarks by saying that the trip 
arranged at the conclusion of these meetings is perhaps 
one of the most unusual attractions ever made available 
in this country to foreign visitors. It includes a visit to 
the great Pittsburgh industrial area, a visit to the soil 
conservation and agricultural experimental work areas 
in the state of Ohio and then several days in the Ten
nessee Valley area. I might say that people have come 
from all over the world just for the purpose of seeing 
one of those three attractions alone. 

Our first paper of the afternoon is on the "Inter
dependence of Resources". We have the pleasure of 
hearing from one of the world's most distinguished sci
entists; he is a member of the Academic des Sciences 
and Honorary President of the International Geographi
cal Union at Paris, and he has written and edited so 
many books that I could spend all afternoon just reading 
the names of them. He is widely known in international 
geographical circles. I have the honour and pleasure of 
presenting Dr. de Martonne. 

Mr. DE MARTONNE delivered the following paper: 



THE INTERDEPENDENCE OF RESOURCES 

The Interdependence of Resources 
1 

EMMANUEL DE MARTONNE 

ABSTRACT 

The purpose of the present report is to draw the attention of specialists to the interdependence of 
resources. 

Resources are divided into four groups: the Atmosphere (air); the Lithosphere (minerals and soils); 
the Hydrosphere (water); and the Biosphere (plants and animals). 

The power-producing minerals (coal and mineral oils), though threatened with exhaustion, still compete 
with hydro-power plants. The metallurgical industry (particularly the iron industry) strives to counteract 
the diminution of its raw material by prospecting for new deposits, perfecting alloys, and using formerly 
neglected metals. 

The soil, which is of both mineral and biotic origin, is all too often threatened by the disruption of its 
rhythmic cycle of reactions through man's intervention. Repeated fires in tropical regions and the non-use 
or misuse of fertilizers in the temperate zone need to be watched. Soil cartography should be developed. 
Gullying by erosion destroys the soil where essential forest growth has been destroyed. 

The soil, however, requires a certain quantity of water, the supply of which can be assured by dams. 
These in turn, apart from enabling irrigation, can be a source of electric power and even make a stream 
navigable. Three examples of varieties of interconnected use of natural resources are provided by enter
prises which have been more or less successful according to the natural or social conditions: the Tennessee 
Valley Authority, the Mondragon Dam on the Rhone, and the Niger Office. 

Finally, there is a short reference to the vast reserve of power and life contained in the great oceans, 
the exploitation of which is beginning to be organized by international scientific bodies. 

INTRODUCTION 

The purpose of the present paper is to draw attention 
to the connexions among various phenomena which 
need to be considered by specialists attending a con
ference of this kind. 

The organizers of the Conference recognized this need 
when they included among the subjects for the plenary 
meetings "The interdependence of resources" and their 
"integrated development". They have referred to it 
several times in the detailed plan for the sectional meet
ings, recognizing that in order fully to understand a 
given phenomenon it is often necessary to consider 
another under a different heading. 

They might also have mentioned the usefulness of 
considering most of these relationships from the geo
graphical point of view. 

In an attempt, within the limits of a very brief survey, 
to classify the cases most worthy of attention, we may 
divide resources into those of the Atmosphere, the 
Lithosphere (useful minerals and soils), the Hydro
sphere (oceans, lakes, rivers and ground water), and 
the Biosphere (vegetation and animals). 

It is evident at once that these four fields are not 
separable. 

THE ATMOSPHERE 

The atmosphere enveloping our whole planet is in
dispensable to all life-plant, animal and human. The 
average temporal and spatial variations in its elements 
are sufficiently known to enable "climates" to be defined. 

In spite of its extreme mobility, the atmosphere has 
a general stability of condition which leads us to believe 
that (within the span of history) there is no danger 
of its exhaustion when industry begins to draw upon it. 

When known sources of power were still scarce, the 
wind provided the motive power for transport, which 
was confined to the seas, lakes and great rivers. 

'Original text : French. 
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The silhouette of the windmill has not yet disappeared 
from the landscape of our plains where it is still used to 
work against gravity for pumping and drawing off water. 
The wind turbine as a generator of electricity is not 
excluded. 

Although the movement of the atmosphere is used 
less and less, its harmful effects, still a current problem, 
have to be resisted along seacoasts. where the inroads 
of the dunes, engulfing crops and dwellings, are count
ered by planting in sufficiently damp climates, but pro
ceed unchecked when the necessary precautions are 
neglected. 

THE LITHOSPHERE 

The term lithosphere means primarily the surface 
masses of the earth which contain the industrial sub
stances, namely : 

Solid fuel (coal) or liquid fuel (oil and gas) ; 
Minerals, which form the raw material for all types 

of manufacture, from the roughest quality to the finest. 

SOLID AND LIQUID FUELS 

These elements, limited in quantity, are becoming 
more and more in demand, to the point where the ex
haustion of their deposits is foreseeable. Every technical 
means is brought into play to postpone this disastrous 
end, and this Conference has the particular aim of 
making such means known and suggesting new ones. 

In countries like France, where the coal is mainly 
soft and dusty, washing is particularly useful and coking 
in the mine makes it possible to deliver a more homog
enous substance to the blast furnaces; but these prac
tices are costly and their net advantage should be 
carefully weighed. 

Other possibilities are to be found, however, in mineral 
oils, which compete with coal as sources of power and 
as the beginning of a chain of chemical transformations 
of a variety undreamt of a century ago. Finally, there 
is electrical power, produced by the steam-driven gen
erating plant or by the water-driven turbine. 
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The conflict seems increasingly to be between coal 
and water power. Its scene is laid in the railways, 
where electrification is gaining ground in almost all 
countries. ·with the choice lying between an element in 
danger of becoming exhausted (coal) and a constantly
renewable force (electricity produced by running water), 
it seems logical to choose the latter, for transport. The 
former would do better service if confined to the in
finitely variable transformation possible in the chemical 
industry. 

These considerations serve to show the extent to 
which natural resources are interdependent. 

MINERALS 

The metallurgical industry provides another example. 
It seems that one can measure degrees of civilization, 
either in the history of mankind or in a present-day 
comparison of countries, according to the degree of 
development of their metal industries. Copper preceded 
iron in Europe. In Central and South America, the 
Europeans found gold serving the purpose which iron 
now serves. Today we use alloys and processes which 
after a time may be looked upon as obsolete. 

The metallurgy of iron, at any rate as practised today, 
appears to fulfil all needs but itself creates some. The 
elimination of wood in the construction of dwellings, 
vehicles and ships for peace or war, continues and 
creates a demand for prodigious quantities df iron ore. 
But iron ore is rarely found in large quantities in a 
relatively pure state, as in Mount Kiruna in North 
Sweden, the peak of Itabira in Brazil, or the iron pockets 
in the Lake Superior area. Here again, all efforts should 
combine to mitigate the danger of exhaustion of the 
natural reserves, both of iron itself and of the metal 
alloys which give to steel its varying degrees of flexi
bility, elasticity and durability. Laboratory work is the 
handmaid of work in the field. 

This work, which is directed towards discovering 
new deposits, should be conducted in the spirit of the 
naturalist or the geographer, with the help of topograph
ical and geological maps. Although chance still plays its 
part in the finding, exploitation of the discovery requires 
a methodical survey. This may be guided by general 
ideas based on known facts, for instance, the greater 
chances for mineral deposits in the "old platforms", such 
as the Canadian shield and the Brazilian Massif in the 
New World. 

Aviation seems destined to play an increasingly im
portant part by providing general or detailed views of 
contours or structure. Geophysical methods and study 
of anomalies of magnetism and gravity are already pro
ducing results, but there is no certainty that the discov
ery of new deposits will keep abreast of the present rate 
of consumption. 

A policy of economy by the use of new elements must 
therefore be contemplated. Neglected metals are already 
taking their place in the range of alloys which may be 
suitable for filling certain special needs, such as that for 
aluminium. Equivalents are being sought such as tung
sten replacing platinum in electric lamps. 

THE SOIL 

The soil may be considered as the most superficial 
and mobile part of the lithosphere, formed by the 
decomposition of rocks and the relatively extensive 

spreading of the products, either by movements of the 
atmosphere or by the action of running water, a fact 
which links the study of the lithosphere to that of 
the hydrosphere. But outside the glacial and desert 
regions, that is to say over more than half the area of 
the continents, the soil is the medium from which vege
tation draws the components of its constantly self
renewing structure. In that sense the study of the soil 
is linked to that of the biosphere. 

The life of the soil normally takes the form of a cycle 
of transformations which have the advantage of permit
ting spontaneous renewal, unknown in minerals. A 
certain balance may be attained, but is too often upset 
either by a change of climate or by the intervention of 
man, demanding too much of nature. 

In the temperate zone, the rainwater, filtering through 
the soil, dissolves the most unstable chemical substances, 
which are often the most necessary to vegetation, leach
ing them out of the upper layers into which the trees 
send their roots. The Russian name podzol has been 
adopted to describe soil impoverished in this way. 

In the hot humid zone, a similar process takes place 
but, penetrating more deeply, causes a more serious 
exhaustion of the soil, allowing only silica and alumina 
to subsist. The alternation between humid and dry 
seasons restores the solutions rich in iron and leads to 
the formation of a crust hostile to tree growth, known 
as laterite. Plant and soil impoverishment go hand in 
hand. 

In hilly regions the disappearance of the protective 
forest covering accelerates the ruin of the soil by expos
ing it to erosion caused by the runoff of the heavy rain
fall or landslides of saturated soil. 

Man's intervention precipitates these processes. It is 
quite probable that the bareness of the Mediterranean 
limestone massifs and of the wide expanses known as 
garrigues are largely due to deforestation. At any rate 
the danger of the inroads caused by soil erosion into 
crop-growing areas has been recognized and in the 
United States an official federal organization exists to 
prevent it. 
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Nevertheless the inroads into forest resources con
tinue, both in Europe and America, in the effort to 
supply the increasingly pressing demand for wood used 
for the manufacture of paper. Replacement by less valu
able substances (straw or reeds) has already been 
contemplated. 

To prevent fire in tropical countries, where bush fires 
wreak havoc with the vegetal cover, seems a more diffi
cult problem. The flames and smoke-columns of such 
fires are a spectacle never absent from the panoramas 
of the African savannah or the Brazilian campo. The 
evergreen equatorial forest may grow again as a second
ary forest, but deciduous tropical forests cannot resist 
centuries of repeated burnings, which leave the soil 
ruined, sterilized by the closeness to the surface of the 
laterite layer. 

THE HYDROSPHERE AND THE BIOSPHERE 

The foregoing brief indications show how important 
it is to consider the problems of conserving natural 
resources as a synthesis, emphasizing the relationships 
which must be taken into account if disastrous develop
ments are to be arrested. 

The soil is an element belonging equally to the hydro-



sphere, biosphere and lithosphere. As the distribution 
of precipitations in time and space determines the aspect 
of vegetation, so the study of soil chemistry determines 
that of plants and may serve as a guide for crop-growing 
methods. 

Alongside practices leading straight to destruction of 
the earth's vegetal covering, there is another with less 
rapid harmful effects but none the less to be condemned. 
That is the exclusive planting of conifers, which en
courages podzolization. 

Digging the soil too deep, as in vine-growing in the 
Mediterranean countries, may have serious disadvan
tages. The relationship between the use of chemical 
fertilizers and the deterioration of the soil should be 
studied. After several good harvests they may exhaust 
the soil. No doubt an agronomist could make an analy
sis and recommend the best remedy. A quicker and 
more certain diagnosis, however, would be possible if 
the great crop-growing countries all possessed detailed 
wil maps. One of the recommendations which the pres
<~nt Conference might make is that serious consideration 
he given to hastening the production of such maps. 

One of the simplest arrangements for retaining the 
wil on fairly steep and denuded slopes is the formation 
of artificial terraces for strip cultivation, a system which 
has permitted a denser population of the mountain areas 
of the Mediterranean. This terraced method of cultiva
tion, by means of which even irrigated rice may be 
grown, is also found in the monsoon countries. Contour 
ploughing is generally practised in Europe and America 
~.nd should be used everywhere. 

Energetic efforts should be made to protect humid 
countries against deterioration of their soil and vegeta
tion, in order to meet the needs of populations which are 
increasing century by century. Equal attention should 
l1e given to the sub-arid countries bordering on the 
deserts, which cover more than 10 per cent of the area 
of the continents, particularly as traces of lost popula
tions are often found there, as for instance in Central 
Asia, the northwestern part of the Argentine Republic, 
and so forth. The disappearance of crops in these areas, 
attributed to changes of climate, may most often be due to 
periods of war and insecurity which have caused the 
people to neglect the structure which retains or brings 
back to the surface the mountain waters or ground 
water. 

IRRIGATION 

The resumption or introduction of irrigation with 
the aid of improved techniques could provide nourish
ment for population masses as dense as those in the 
industrial regions. 

Since the coming of the French to North Africa, the 
native population has tripled. The artesian wells in the 
Rhir Wadi have extended the chain of oases to the heart 
of the Sahara. In the western United States the im
mense dams have enabled many and varied crop-growing 
centres to be established. 

Thus water is everywhere associated with the soil, 
bringing life to the very heart of the deserts; and its use 
still presents neglected possibilities. It is in examining 
these possibilities that the most remarkable combinations 
in the use of natural resources have been found. 

The dam, impounding fresh mountain water and pro
viding a head of several hundred meters, or the wide 
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river in the plain arrested artificially and yielding a vast 
water supply, afford a source of power equal to that of 
the largest fuel deposits : a relatively large volume of 
water skilfully diverted may serve to irrigate a plain; a 
canal with a limited slope graduated by locks offers pos
sibilities for shipping. It is obvious that the structures 
required to put these possibilities into effect are likely to 
produce important geographical and social changes. 

The mountain village does not lightly accept the fate of 
submersion in the waters of the artificial lake, in spite of 
the attendant advantages. A dam in the plain may en
hance the value of the soil and attract population. 

The results obtained by the Tennessee Valley Author
ity, endowed with dictatorial powers, the skilfully com
bined use of which has served to renew the entire life of a 
region covering the whole upper part of the basin of this 
great tributary of the Mississippi, are well known. 

A similar project conceived several decades ago for the 
Rhone basin seemed to have everything in its favour: a 
water supply vast in relation to the size of the basin, fed 
during the dry season by the Alpine tributaries and dur
ing the cold season by those from the Jura and the cen
tral Massif ; a gradient in the lower course of the river 
steep enough to be of use both for power production and, 
by means of a system of diversions, to extend rich cul
tivations in an already densely-populated area, not to 
mention the provision of a watercourse along one of 
Europe's main trade routes. Long deferred by technical 
and even political discussions, this project is now being 
put into effect at Donzere and Mondragon. 

The Middle Niger Basin project, with its less favour
able prospects, must also be mentioned. It is situated in 
a part of tropical Africa subject to floods and short 
periods of violent rain, on the edge of the Sahara desert, 
where backward peoples must be attracted and settled. 
One of the proposed dams is, however, already in opera
tion. 

Still less near completion is the Rio San Francisco 
project in the campos of Brazil. 

As most of the main tropical watercourses are inter
spersed with numerous very large waterfalls it is possible 
that something in this field may be done in the economi
cally less developed regions. 

MARINE LIFE 

It is probably in its combinations with the lithosphere 
and biosphere that the hydrosphere offers the greatest 
possibilities as a natural resource. But the immense mass 
of sea water in itself is not to be neglected. It covers 
three-quarters of the earth's surface, and its volume is 
over ten times as great as that of the land above sea level. 
Millions of tons of organized living matter are contained 
within it, either unknown or exploited without system or 
regard for the husbanding of resources. 

The shore at low tide was the place where man first 
learned to look for food, raiding the haunts of the shell
fish, the stones covered with molluscs, and for a different 
purpose, the vast beds of seaweed, which he used as fer
tilizer, as in Brittany, where the wheatfields have been 
extended by encroaching into the scrubland as far as the 
carts laden with seaweed could penetrate. 

Deep-sea fishing soon led frail boats out to the fishing 
grounds of the Atlantic. But the appearance or dis
appearance of well-known species, in fact due to migra
tions depending on the temperature and the variations 
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in the supply of plankton, were a mystery. Gradually 
systematic research was organized on ships equipped for 
physical oceanography, and later at scientific institutes 
created by the countries chiefly interested. Research is 
now co-ordinated by an International Council for the 
Exploration of the Sea, with headquarters at Copen
hagen. 

The consumption of fresh or preserved fish also raises 
a great variety of practical problems-rapid transport, 
canning, use of waste matter-which are examples of the 
interdependence of economic and scientific factors. The 
fish is not only a source of food for man but provides 
meal for fattening cattle; and raw fish serves as an agri-

The CHAIRMAN: Thank you very much, Dr. de Mar
tonne, for a very stimulating paper. I am sure that many 
of the ideas that you have expressed will be the source 
of lively discussion in the meetings which lie ahead of us. 
There was just one point you made-perhaps it is trivial 
from your point of view, but quite important from mine
with which I must disagree, where you say that the 
Tennessee Valley Authority is endowed with dictatorial 
powers. I want to assure you that if you make the post
Conference field trip to the TV A you will find that they 
have been able to do that masterful job within a demo
cratic pattern and that there is nothing more democratic 
than the TV A in this country. 

cultural fertilizer, its oils providing fats in general and 
certain vitamins and nitrogenous products which . were 
long unknown. The proportion of loss is still too high. 

Until recently the North Atlantic was the only great 
ocean methodically studied, and research is only now 
beginning to extend to the lower latitudes, in the form 
of work off the coast of French Vvest Africa. 

There is a tendency to systematize whale-fishing, 
which had become confined to the southern hemisphere 
as the result of exhaustion of stocks. The whaling com
panies now follow the advice of the biologist. 

The great oceans are still the least rationally ex
ploited of all the spheres. 

We have the pleasure of hearing next from Mr. Ernest 
Weissmann, who is Director of the Industry and Ma
terials Division of the United Nations Economic Com
mission for Europe. Mr. Weissmann will deliver a paper 
on the "Complementary Nature of European Resources" 
and discuss the basis for developing regional economic 
co-operation. Mr. Weissmann is an outstanding archi
tect, town-planner and industrial engineer and he has 
had experience in very many countries. He was formerly 
active in the industrial rehabilitation programme of 
UNRRA and now he is doing important work with 
United Nations. 

Mr. WEISSMANN delivered the following paper: 

The Complementary Nature of European Resources- a Basis 

for Developing Regional Co-operation 

ERNEST WEISSMANN 

INTRODUCTION 
The subject which we are about to discuss concerns 

the complementary nature of resources-natural, tech
nological, human and capital-and the problems related 
to their development and utilization. There are, in the 
world, insufficiently used resources-untapped natural 
and human resources in the less industrialized areas, and 
idle technological and capital resources in the highly 
developed countries. These resources are complementary 
in nature. More intensive co-operation between the more 
developed and the less industrialized countries is, there
fore, essential to quicken the pace of economic develop
ment throughout the world and to raise the standard of 
living all around. 

It is the purpose of this discussion to show that co
operation is not only necessary, but also possible through 
expanded trade; and that this trade could be mutually 
advantageous and of an increasingly stable character. It 
will also be seen that a vital element in such co-operation 
are credits to the less developed areas. 

It may be more convenient to concentrate, in this dis
cussion, on one area, for instance Europe, and then to 
show how that area could contribute more fully to the de
velopment of resources in other areas. In this connection, 
I propose to deal briefly with some of the specific activities 
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of the Economic Commission for Europe. This organ of 
the United Nations is mainly concerned with European 
problems, but co-operation among the regional Commis
sions and the specialized agencies of the United Nations 
is beginning to take definite form. 

FACTORS INFLUENCING THE DEVELOPMENT 
OF NATURAL RESOURCES 

Before discussing Europe as an example of possibilities 
for mutually advantageous co-operation in economic de
velopment, it seems useful to consider, in a general way, 
the major factors influencing the development of re
sources and their utilization. 

The world's known natural resources are limited and 
unevenly distributed, not only among the continents, 
but also within continents.1 Technological resources, the 
counterpart of natural resources, have grown into an 
even more unbalanced pattern. As a consequence of this 
uneven distribution of resources, the gap between the 
living standards of the more developed and the less de-

'Europe is by no means poor in resources, but it is perhaps 
less favoured by nature than some other areas. The United States 
of America and the Union of Soviet Socialist Republics are the 
only countries possessing, within their State boundaries, nearly 
all natural resources permitting a continuous economic develop
ment and, consequently, a steady increase in the standard of living. 



Yeloped areas in the world is widening.2 Illustrations of 
this phenomenon are that only one-fifth of the earth's 
population lives in highly industrialized countries; that 
agriculture tends to be less highly developed in the so
called agricultural regions of the world; and that, within 
the relatively small areas of the world which are indus
trialized, great differences exist in the degree of develop
ment in industry and agriculture. 

The uneven distribution of Europe's natural and tech
nological resources provides a striking example of the 
importance of economic co-operation. Expanded co
operation would pennit a fuller utilization of plant ca
pacity and skills, at present idle in the more developed 
countries, and it would speed up the development of 
natural resources in the less industrialized areas. As a 
result, industrialized countries could reduce the cost of 
their manufactures and the less developed countries 
could increase production, also at less cost, of the goods 
desired by industrialized countries. These primary com
modities could be used to pay for needed manufactures. 
A portion of the credits required to set in motion such 
mutually advantageous trade already exists in the form 
of idle plant capacity and unused natural resources. 
:)uitable solutions for financing the remaining margin of 
credits can certainly be found. 

Apart from trade, natural resources, such as >vater 
power, can be developed jointly by two or more nations. 
"iome schemes for harnessing Europe's water power of 
~~ourse transcend national boundaries, as the source of 
:lower is sometimes contiguous with or crosses frontiers 
and the power produced can serve more than one coun
try. Another example of economic co-operation is the 
recent agreement between Czechoslovakia and Poland 
for the joint development of the industrial border region 
of Teszin-Gieszyn, and of the harbour of Szcezcin. 

The specifically political aspects of the development 
of resources are outside the scope of this discussion. 
Nevertheless, the conclusions derived from an economic 
and technical analysis, and the concrete possibilities that 
T shall outline, are, in fact, drawn up against a back
ground of political realities. For example, the geographic 
distribution of resources and State boundaries do not al
ways correspond. A familiar instance is the Benelux, 
German and French coal and steel complex. Any signifi
cant advance in the development of this area would have 
to be based not only on technological and economic fac
tors, but also on agreement among several sovereign 
States. Another example is the fact that one-third of 
the world's population is now committed to developing 
its own resources through the medium of national eco
nomic plans, while most of the more industrialized coun
tries continue under the system of free enterprise. 

The main factors with which we are concerned in this 
discussion are then technological and economic. Let us 
review these factors briefly. 

TECHNOLOGICAL FACTORS 

The development of natural resources can be accel
erated by applying more capital equipment and modern 

""Consumption standards are significantly higher than before 
the war in a relatively small number of countries but are barely 
at, or still below, pre-war levels in most of the world; they have 
even deteriorated from seriously inadequate pre-war levels in 
several under-developed countries." (Source: World Economic 
Report, 1948, Department of Economic Affairs, United Nations.) 

•of the original mineral reserves in the United States, there are 
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techniques. That is why the resources of under-developed 
areas can be brought into use more fully and more 
quickly by means of trade with more industrialized coun
tries. This trading relationship expresses in principle the 
complementarity of natural and technological resources. 
To be successful, such trade would have to benefit both 
the more developed and the less industrialized country. 

East and Southeast Europe possess important re
sources of raw materials, agricultural land and man
power. Their development and utilization require equip
ment for mining and smelting, for timber cutting and 
sawing; and they require better means of transportation, 
more tractors, farm machinery and fertilizers. All these 
technological counterparts of Europe's natural resources 
can be found in the more industrialized countries of 
Western Europe. 

Leaving aside for the moment the major economic 
problems involved, there are some important technical 
problems in this seemingly simple relationship. For ex
ample, there is the problem of how far non-ferrous metals 
should be exported in the form of ore, primary metal or 
semi-finished product. It is not necessarily sensible 
either to restrict production solely to ore mining or, 
alternatively, to manufacturing finished goods entirely at 
the source of raw materials. What is best in one case 
may not be good enough in another. The general trend 
towards industrialization, the progress of science and 
modern technology, and the change in the traditional 
pattern of world commerce must be taken into account. 
The '"'hole relationship between location of resources 
and the corresponding processing capacity may now need 
to be re-examined. 

An example of interaction between technology and 
natural resources is the wider use of by-products. Nat
ural resources are by no means inexhaustible, and it is 
essential to avoid waste. In the field of heavy industry, 
for instance, a closer linking of chemical and steel pro
duction could lower the cost of housing, because many 
building materials can be made from the waste of these 
industries. An important by-product of the steel industry 
is basic slag, a valuable fertilizer. The combined develop
ment of resources is the best method of avoiding waste of 
valuable matter in any field of production. 

\Vith the aid of modern technology and science there 
is ample scope for economy in the use of all materials. 
Economy is particularly important in the case of irre
placeable materials, like petroleum and coal, or timber, 
which takes a long time to grow.'l Attention has been 
focused, in many parts of Europe, since the war, on 
the necessity of saving scarce materials. This is now pos
sible through substitution and less waste.4 

In addition to the development of untapped deposits 
and more care in the use of essential materials, the known 
resources can be multiplied through better techniques of 
processing leaner ores, for instance, and the creation of 
equivalent synthetic materials through micro-biology and 
chemistry. The problem of economic cost is clearly of 
particular importance here, but recent progress seems to 
be rapidly overcoming this obstacle. 

now left 98 per cent of coal, 69 per cent of iron ores, 42 per cent 
of petroleum, 40 per cent of copper, 34 per cent of zinc, 30 per 
cent of tungsten and 15 per cent of lead. (Source: Chemical and 
Engineering News of the American Chemical Society, 23 May 
1949, "Chemistry Tomorrow", by E. G. Rochow). 

'See Economics in Timber Cons1tmption (E/ECE/TIM/13 
and HOU/WP.l/6, January 1949). 
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The full use of scientific and technically trained per
sonnel and the further training of personnel are neces
sary conditions for the wise utilization of natural re
sources. Co-operation among nations may help to spread 
more widely technical "know-how" and the skilled per
sonnel available. Technical "know-how" is in itself a mar
ketable asset, as is clear from the whole body of national 
and international legislation relating to patents. Patents 
and ''know-how" have already entered into trade agree
ments between countries, and there are many attempts 
to widen international arrangements for the carrying 
out of scientific research and the dissemination of its 
results.5 

ECONOMIC FACTORS 

vVe have discussed some examples of the comple
mentary relation between technological and natural re
sources. Let us now examine the economic factors 
involved. Let us, at the same time, confine our discussion 
to the relationship between governments in the form of 
internati~nal trade. This is by no means the only type of 
co-operatiOn necessary to foster economic development 
but it is of the greatest importance at present. ' 

Co-operation among countries based on the comple
mentarity of their resources and their economies by 
means of international trade is an established practice. 
The purpose of international trade is to reap the advan
tages of division of labour and specialization. This 
means, however, has not always permitted effective use 
of resources for the benefit of the less developed areas. 
The dependent territories of the world have too often 
been regarded merely as suppliers of cheaper food and 
raw materials to the more industrialized countries. The 
terms of trade between the two areas have generally 
favoured the wealthier area, and they have tended to 
move against the poorer area.6 

In Europe, the relationship between West and East 
has been of a somewhat similar character.7 It is not 
sound economy to confine large areas of the globe solely 
to supplying food and raw materials. Lowering stand
ards of living in such areas will be the result. Western 
exports to East Europe (or, for that matter, exports 
from Europe to less industrialized regions) should not 
be restricted to the export of mining and agricultural 
equipment and consumer goods only. Countries in East 
:'-nd Southeast Eur?pe are now committed to developing, 
m a balanced way, mdustry and agriculture. They there
fore wish to import capital equipment of all kinds. A 
similar change in the pattern of trade may well take 
place before long in other parts of the world. 

This need not be disadvantageous to the highly indus
trialized countries. On the contrary, manufactures of 
all kinds would find wider sales ; and, as the examples of 
Australia, North America, the USSR and Sweden 
show, more industrialization is not necessarily reducing 
exports of food or raw materials. It should also be re
membered that a substantial proportion of international 

"In this connexion, see also Technical Assistance for Eco
nomic Development, pp. 70-72, United Nations, New York, May 
1949. 

"It was estimated from published data that on a world basis, 
"over the two generations preceding World War II the quantum 
of manufactured goods obtainable for a quantum of primarv com
modities declined by more than 40 per cent." (Source: H. W. 
Singer, Eco11-omic Progress in Under-Developed Countries, Social 
Research, New York, March 1949.) 

•rn this connexion, a comparison of pre-war and post-war trade 
in Europe is significant. "Thus it would appear that trade with 

trade takes place between the highly industrialized areas 
of the world on the basis of diversified production and 
the diversified markets which are associated with a high 
standard of living.8 

The industrialized countries of Western Europe need 
export markets for their goods and especially for capital 
equipment. In addition, they need alternative sources of 
food and raw materials so that they can reduce their 
spending of hard currency. In the current changing 
economic situation this problem is tending to grow more 
acute. This is still another way of saying that it would 
be normal for industrialized countries to get their food 
and raw materials where they can sell their manufactures. 
The less industrialized countries need additional capital 
equipment, but they also need credits, if they are to in
crease investment above their present plans. They can 
hardly pay for additional imports out of current produc
tion. In some countries consumption is now kept at a 
relatively low level in order to pay for a high rate of 
investment and imports. However, suitable credit ar
rangements could result in a balanced trade with the 
more developed areas. 

The mutual interest of the more developed and the less 
industrialized areas is clear. The conditions required to 
give effect to this mutual interest in the form of ex
panded trade are more difficult to satisfy. But the prob
lems are by no means insuperable. Indeed, certain of the 
economic conditions under which they can be solved are 
now beginning to appear. There are two important con
ditions for expanded trade between the less and the 
more developed areas. 

The first is that it must be planned over a fairly long 
time, if it is to be effective. Appropriate arrangements 
should cover at least the period necessary to produce 
both the equipment needed and the commodities desired 
in payment for such equipment. The need for trade 
planned over a longer period arises primarily from tech
nical reasons. It may be as important in a free enterprise 
economy as in a planned economy. Expanding markets 
of a more stable character may mean the difference be
tween curtailment of production and steady develop
ment of industry in Western Europe ; and a change in the 
pattern of international trade may require adjustments 
of European plans, since the resources of some countries 
are assigned to specific purposes for a number of years. 
Other facets of the same problem include the importance 
of reasonably firm delivery of capital equipment, and a 
reasonable certainty that additional goods, produced as 
a result of trade agreements, will actually be taken at a 
certain time by the importing country. 

60 

The second important condition is that the less indus
trialized areas require short and medium term credits. 
It might well have been to the long term economic inter
est of Western countries to grant such credits even in 
the inflationary period immediately after the war. Now, 
this interest is much clearer and, at the same time, its 

the Soviet Union tends to assist the industrialization of the 
region, while the German trade had the effect of retarding it." 
(Survey of the Economic Situ-ation cmd Prospects of Europe, 
p. 144, ECE, Geneva, 1948). 

8 In 1937, the United States, the United Kingdom and Germany 
accounted for almost a third of the world's exports. In addition, 
" ... there is generally a fairly marked tendency for those ( coun
tries) with the highest income per head to be also the ones most 
dependent on international trade ... " {Source: A. ]. Brown, 
Applied Economics, London, 1949.) 



realization more possible. In a number of countries idle 
resources are appearing in the form of unused engineer
ing capacity and unemployed labour as a result of de
flationary trends. It would probably be to the benefit 
of these countries to put their idle resources to work for 
economic development elsewhere. At present, it would 
seem that some proportion of the credits required by the 
less developed countries could be found in Western 
Europe. This may make it easier for international financ
ing organizations to provide the credit margins which 
are still required. 

EUROPEAN RESOURCES 

Let us now turn to Europe's resources and to the way 
in which some of European economic problems could 
be resolved through intra-European co-operation and 
through co-operation with regions outside of Europe. 

Before the war, Europe as a whole imported many 
food stuffs, animal feeds and some of the principal raw 
materials, liquid fuel and metals. However, Europe was 
a substantial net exporter of such key materials as coal, 
steel and timber, and of nearly every kind of machinery. 
nasically, food and raw materials came from dependent 
t ~rritories, or from areas with which special relations 
existed. A good example is provided by the United 
Kingdom. 

This pattern has changed since the war. Food and raw 
naterials can no longer be obtained in the same quan
tities or on the same terms from dependent areas. Im
I arts of these commodities from North America have 
t:lerefore greatly increased. The underlying factors, 
i owever, remain the same : Europe has to import food 
stuffs and certain basic materials. In addition, a sub
stantial volume of machinery and equipment is now also 
being imported. 

How does the pattern of production and trade com
pare with Europe's actual resources? The truth is that 
Europe possesses most of the natural and technological 
resources necessary for a rapid increase in economic de
velopment. There is ample coal, iron ore and timber. 
Raw materials are plentiful and a developed chemical 
industry could economically produce many synthetic ma
terials, oil and other essentials. Even in the case of non
ferrous metals there are important unused deposits, es
pecially of light metal ores. To grow food, Europe has 
fertile land, an adequate climate and ample man-power. 
With modern techniques and equipment, Europe could 
ultimately produce nearly all the food required. A large 
and well-developed engineering industry is able to pro
duce all types of equipment needed on the fields, in the 
mines and in the factories; but Europe's greatest asset 
of all is a long experience in agriculture and industry, 
and a large and highly skilled labour force. 

The patently insufficient development and use of 
Europe's resources are evident from its relatively low con
sumption of basic materials and energy. The European 
consumes on the average one-third of the steel, one-fourth 
of the electric power and only one-fifth of the coal that an 
American uses.9 Consumption of steel and energy, the 
key to the level of economic development, is relatively low 
in Europe as a whole, but it is shockingly low in the less 

"The USSR is not included in these figures. The average 
European used, in 1948, about 110 kilograms of steel, 482 kilo
watt-hours of electric power, and 1.5 tons of coal. 

10L. Rostas estimated (in the Economic Journal, London, 
April 1943) physical output per head in a wide range of manufac-
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industrialized countries. Thus, a Bulgarian has, on the 
average, only 16 kilograms of steel annually, a Turk 31 
kilowatt-hours of electric power, and a Greek less than 
SO kilograms of coal. An Englishman uses 30 times more 
electric power, 60 times more steel and 80 times more 
coal. 

Certain European countries are desperately short of 
implements for modern farming. About half the world's 
nitrogenous fertilizers and soluble phosphates and two
thirds of the world's potash are produced and consumed 
in Europe. The bulk of the consumption, however, takes 
place in highly industrialized areas, while Europe's 
"bread basket" uses little. Hungary, Romania and Yugo
slavia consume less than one kilogram of nitrogenous 
fertilizers for every hectare of arable land. Belgium uses 
82 kilograms and the Nether lands 90 kilograms. 

The use of agricultural equipment is also concentrated 
on the farms in industrialized countries. There was on 
European farms in 1948, on the average, one tractor for 
every 225 hectares. Switzerland had one tractor for 
every 23 hectares, the United Kingdom one for every 30, 
while Hungary, Romania and Yugoslavia had only one 
tractor for every thousand hectares of their arable land. 

Application of modern technology is insufficient in 
most European countries and modern means of produc
tion are unevenly spread. They are particularly scarce 
in areas which still possess untapped and easily accessible 
natural resources. As a result productivity varies ex
tremely between countries. It is on the whole much 
lower than in the United States. 

In coal, physical output per worker in the United 
States was more than two and one-half times that of the 
United Kingdom; in blast furnace products, it was nearly 
four times higher; and in cotton weaving, one-third. The 
physical output per head in manufacturing and mining in 
America was, before the war, more than twice that of the 
United Kingdom.10 The physical output in the less de
veloped countries of Europe was, no doubt, generally 
lower than in the United Kingdom. 

Lower productivity is usually associated with a lower 
level of income. A low level of income, in turn, limits the 
capacity of European markets. In 1948 the European 
earned one-quarter of an average American's income; but 
the income per head in Greece was only one-seventh of 
that in Switzerland.11 
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Our review of the technological and economic factors 
of development shows that qualitative inadequacy of 
natural resources can be compensated by more intensive 
application of modern technology; but uneven distribu
tion of resources can be overcome only through co
operation among the nations and the regions of the 
world. The complementary nature of resources, par
ticularly the technological resources of the more indus
trialized countries and the natural resources of the 
others, may facilitate such a course in Europe. 

THE WORK OF THE ECONOMIC COMMISSION 

FOR EUROPE 

I now turn to some concrete possibilities of increasing 
European production and trade immediately. The Eco-

turing industries and mining in the United Kingdom (1935), 
Germany (1936) and the United States (1937), based on census 
of production data. 

nsource: Economic Survey of Europe for 1948, Geneva, 1947, 
E.235/ECE. 



UNSCCUR PROCEEDINGS: PLENARY MEETINGS 

nomic Commission for Europe is playing a part in these 
efforts. 

One early result of extended economic co-operation in 
Europe could be more exports of engineering equipment 
in the West-East direction. An important effect of this 
trade would be ~n ultimate saving of hard currency at 
present spent for basic materials and food. More trade 
in engineering equipment with areas outside Europe 
would probably have a similar effectP 

Increased intra-European trade in tractors, farm ma
chinery and fertilizers could open to VI/estern European 
countries new markets, and it would, at the same time, 
greatly increase the amount of food for export from 
Southern and Eastern Europe. 

The present drop in "effective demand" is a danger 
signal in this field. There is, now, an apparent balance, 
for Europe as a whole, between supply and demand of 
nitrogenous fertilizers, and a "surplus" of soluble phos
phates. Such "surpluses" are expected to go on growing, 
while a great many tractors and farm machines can no 
longer be disposed of within existing trade arrangements. 
We have seen that in the midst of this abundance certain 
food-producing areas desperately need these implements 
of modern farming. 

An examination of past trends clearly indicates that 
after the sellers' market a scramble for markets and fluc
tuations in price and output follow. However, what 
Europe needs most, in order to retain production at a 
high level, are new and expanding markets and more 
"non-dollar" food. 

European countries are already intensifying agricul
tural development in order to raise their own nutrition 
standards and to increase food exports. They could 
more easily realize these objectives if they could apply 
more fertilizers to the land and use more equipment on 
their farms. Some of these requirements they will meet 
from their own production, but they are likely to be buy
ers of large quantities for some years to come, if suitable 
arrangements can be made. 

Let us now examine, by way of illustration, how in
creased deliveries of equipment from the more indus
trialized countries could help to raise the output of non
ferrous metals or pyrites in countries with workable ore 
deposits. In concrete deals, of course, exchanges need 
not be limited to only one material and the equipment 
required to produce it. The number of countries par
ticipating in such arrangements is also not necessarily 
limited. 

Europe is at present importing about 600,000 tons of 
sulphur from the United States at a cost of some 20 mil
lion dollars annually. This sulphur is mainly used to 
produce sulphuric acid, an essential factor in many mod
ern industrial processes. Planned increases of produc
tion will require another )i million tons of sulphur. 
Even if European importers could bear the additional 
dollar expenditure, the quantities of sulphur available for 
export from America are declared to be limited. 

An additional quantity of 10 million tons of pyrites 
annually must, therefore, be found. A substantial ton
nage of pyrites could be obtained from existing and 

12Unused capacity in Western European countries, was roughly 
estimated at an annual value of output of some 1 Y4 billion dollars. 
The total output, in 1947, amounted to some 6 billion dol
lars. (Source: Engineering Industry in Europe, Geneva, 1948, 
E/ECE/IM/38.) 
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new mines in Europe. Equipment, including transport 
equipment, is now available in Western European coun
tries. These countries are also important users of sul
phur and pyrites. Arrangements, mutually advantageous 
to West and East, should therefore be possible. 

Continued exports of pyrites in the East-West direc
tion would provide the necessary means of payment for 
the imported equipment needed to establish indigenous 
production of sulphuric acid in less developed countries. 
The myth of "creating competitive industries" cannot 
be raised in this case. It is expensive and dangerous to 
transport sulphuric acid over long distances. 

A similar pattern of possible international action ap
plies also in the case of non-ferrous metals. It has been 
estimated that Europe may have to import over 2 mil
lion tons of lead, zinc, copper and aluminium at an annual 
cost of some 730 million dollars. Some of these dollars 
could be saved and hard currency equid ultimately be 
earned by fuller utilization of European non-ferrous ore 
deposits. 

In the Industry and Materials Committee of the Eco
nomic Commission for Europe, several governments 
have expressed their interest in considering concrete 
projects designed to expand production and trade in 
non-ferrous metals and sulphur-containing materials. 
They have asked the Executive Secretary of the Commis
sion to proceed, in consultation with experts of the 
interested governments, with investigations on costs, on 
equipment needs and on financing possibilities. 

In the case of timber, a production and trade agree
ment is in the course of negotiation. Several European 
governments have joined in a scheme which would re
sult in increased exports of timber from a number of 
producing countries by an amount initially estimated at 
110 million dollars within three years. This scheme orig
inated in the Timber Committee. Under this plan, equip
ment would be provided from Europe and America to 
producing countries on credit, in European currencies 
and in dollars. These credits would have the backing of 
the International Bank for Reconstruction and Develop
ment. The loan would be paid for by additional exports 
of timber. 

A primary task of the Commission has been to restore 
the level of production of coal and steel as rapidly as pos
sible. These industries are now faced with the problem 
of stimulating domestic consumption and finding new 
uses and new markets in order to maintain a high level 
of production. These are the present tasks of the Steel 
Committee and the Coal Committee. We have seen that 
certain shortages continue, but that they could be relieved 
by means of more trade in equipment in the West-East 
direction. A fuller utilization of engineering capacity 
would no doubt increase European demand for steel and 
coal. 

Let me add here that the Electric Power Committee 
and the Inland Transport Committee of the ECE are 
engaged in activities basic to a rational development of 
European resources. The Committee on Agriculture is 
trying to increase Europe's food supply through inter
national action and the Committee on the Development 
of Trade is tackling the knotty problem of improving 
trading conditions within Europe and those within over
seas areas. 



BREAKING THE VICIOUS CIRCLE 

Three main conclusions emerge from our review. The 
first is that the technological resources of Western Eur
ope and the natural resources of Eastern Europe are 
complementary. The second is that there are sizeable 
untapped natural resources both in the less industrialized 
areas of Europe and elsewhere. Largely because such 
cc,mplementary relationships are not fully utilized to in
tensify economic co-operation, Europe's technological 
nsources now remain partially idle. The third conclu
sim is that economic relations between Europe's \Vest 
a11d East, and those with the under-developed areas out
side; are at present too limited in scope; and that an 
expansion of economic relations would be mutually bene
ficiaL Prosperity and higher standards of Jiving in the 
participating countries would be the ultimate result of 
such co-operation. 

European production and intra-European trade seem 
tc· be moving at present in a vicious circle. The same is 
true of Europe in relation to under-developed areas 
elsewhere. As a consequence, idle capacity and unem
p: oyment are growing in the more industrialized coun
tries of vVestern Europe. Yet urgent needs remain 

The CHAIRMAN: Thank you, 1\fr. Weissmann. If 
time permitted, I would like to indulge my prerogative 
a:; Chairman to elaborate further on some of these con
siderations because they are so vitally important in the 
u .timate success of the Marshall Plan. 

Our next speaker, a very distinguished scientist from 
the United Kingdom, is Professor of Social Geography 
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unsatisfied in the less developed countries which are 
prepared to produce goods desired as a counterpart for 
imported equipment. 

The problem then is how to break the vicious circle. 
The key to the situation is a decision by the nations con
cerned to engage in trading relations on an increasing 
scale and over a definite and extended period of time. 
The willingness of the highly industrialized countries to 
grant suitable credits to the less industrialized countries 
is a prerequisite. They could be joined in this effort by 
appropriate financing agencies such as the International 
Bank for Reconstruction and Development. 

There have been manv indications in recent months 
that vVestern and Eastein countries equally feel that an 
improvement in the degree of economic collaboration is 
needed. \Ve have seen that co-operation between Europe 
and other areas is equally important. The regional com
missions and the specialized agencies of the United 
Kations may be called upon to play an increasingly im
portant role as a "clearing house" for information on the 
countries' needs and the goods they can produce, and as 
an "honest broker" for the nations who desire to expand 
economic relations through international co-operation. 

at the London School of Economics, Director of the 
Land Utilization Survey of Britain and Chief Adviser 
on World Land Use for the British Ministry of Agricul
ture. It gives me great pleasure to introduce at this time 
Professor L. Dudley Stamp. 

Mr. STAMP delivered the follo'wing paper: 

The Planning of Land-Use for Full Production with Special 

Reference to European Conditions and the National 

Planning Undertaken in the United Kingdom 

L. DUDLEY STAMP 

ABSTRACT 

The separate Ministry of Town and Country Planning for England and Wales was set up in 1943 and 
charged with the task of co-ordinating land use. Under the Town and Country Planning Act of 1947 every 
county must prepare an outline plan for submission to the Ministry within three years. Advice is given 
on all matters affecting rural or undeveloped land by the Agricultural Land Service of the Ministry of Agri
culture. In Scotland similar functions are performed by the Scottish Departments of Health (Planning) and 
Agriculture. In event of disagreement the decision would be taken by the Cabinet. 

Britain's special problems are (a) small area and large population-in England and Wales 0.85 acre per 
head of all types of land; (b) great variation in quality of land from barren or uninhabited mountain moor
land to extremely rich market-garden land intensively cultivated. Many Departments are demanding land in 
increasing amounts for industry, housing, schools, recreation, airfields, motor roads etc. and pressure is 
greatest on farmland which is usually level and well drained but which totals only 0.5 acres per capita. 

A simple classification of land into ten types has been drawn up. Types 1 to 4 inclusive are the good 
agricultural lands, and industrial and other development is directed as far as possible onto other types. 

THE PROBLEM IN THE OLD WORLD 

Most of the countries of Europe and many other parts 
of the Old World have the same basic problem, a prob
lem which it is difficult for people living in the vast lands 
of the New 'vVorld to realize. The emphasis in the pres
ent paper is on the more intensive use of existing re-
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sources and the elimination of waste. In some respects 
there is here a difference in emphasis from that expressed 
by Mr. Secretary Krug at the opening meeting of this 
Conference when he referred particularly to new lands, 
new resources and new techniques. 

The Old \Vorld problem is how to use very small areas 
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of land to the best advantage of very large populations. 
In some cases the countries are approximately self-sup
porting in the matter of food-as in France and India; 
in other cases even with the maximum application of 
science to agricultural production they must import food
stuffs to live-as in Great Britain. But in each case the 
basic problem of the present day is how to allocate land 
for agricultural, industrial and other purposes so as to 
secure maximum production at maximum efficiency. 
The problem is complicated by the fact that the lands 
concerned have been settled and developed for hundreds, 
often thousands, of years and so have already a highly 
complex pattern of land-use which it may be extremely 
difficult to alter. 

The paper which follows will deal with Britain
England, Wales and Scotland-~ as an example, but 
the conditions are closely comparable in many other 
countries. India, for instance, faces many of the same 
problems. 

THE BRITISH PROBLEM 

The keynote to the British problem of land-use is the 
small total area of land and the large population. Eng
land, \Vales and Scotland comprise approximately 56 
million acres; the population approaches SO million. Tak
ing England and Wales alone the land area is 37 million 
acres, the population 43.5 million, representing approxi
mately 0.85 acres per head. At the same time the land of 
Britain is extremely varied. It ranges from almost un
inhabited mountain moorland, where in the remoter parts 
there are not even sheep, to land which by virtue of its 
soil can be ranked amongst the finest in the whole world. 
It is also important to recall that over large parts of the 
lowland the climate of Britain is in many respects almost 
ideal in the absence of extremes of temperature so that 
farm work can proceed throughout the year and in the 
evenly distributed rainfall, which means that droughts, 
wind erosion and gulley erosion are virtually absent. 

This geographical environment is, broadly, unalter
able. 

In British statistics the terms "improved land" and 
"cultivated land" are used interchangeably to indicate the 
ordinary farmland which is enclosed in fields, whether 
ploughed or managed as grassland. In England and 
Wales the total area of improved farmland is 24.3 million 
acres, so that the amount of this productive land is only 
a little over 0.5 acres per head of population. These fig
ures are for England and \Vales. The figures for Scot
land are usually separately calculated and published. The 
great difference there is that two-thirds of the country is 
occupied by the sub-marginal mountain moorland. 

MANY USERS OF LAND 

In Britain, as in other densely populated countries of 
Europe, there is a great pressure on existing land re
sources. Land is required for the purposes set forth 
below. 

Industry: In many places industry must take priority 
as, for example, in the extractive industries-coal mining, 
iron ore mining. And because Britain is a country whose 
prosperity depends on the economic efficiency of its 
varied industries, it is axiomatic that industrial location 
must be such that the industries function with the maxi
mum efficiency. This is part of the policy of industrial 
location now operated by the Board of Trade. 

Housing: It is recognized that the housing standards in 
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many of the British towns, especially those which grew 
up in the great Victorian industrial expansion, are in
compatible with modern standards. British people as 
a whole greatly prefer the individual dwelling, with an 
enclosed garden, both back and front, laid out for enjoy
ment especially by the children, and sometimes produc
ing small quantities of vegetables or fruit. As a whole, 
the British people do not like fiats or apartments and the 
general result of polls which have been taken is to sug
gest that not more than 10 per cent of the people would 
choose to dwell in blocks of fiats or apartments. Thus 
Britain requires not only to rebuild the blitzed towns on 
a more open pattern and to replace at a lower density 
obsolete and obsolescent housing, but also to allow for 
the increase in numbers of families and the numerous 
refugees from Europe who have found asylum in the 
country. Thus the demands for housing purposes in
volves hundreds of thousands of acres of what is at pres
ent open land. 

Food and raw materials: In the inter-war years Britain 
produced a little over one-third of the food which was 
consumed in the country. Tremendous efforts were made 
during the years of the Second \Vorld War to increase 
home production, with the result that the production of 
many foodstuffs was doubled. Subject to the satisfaction 
of other demands and operation on economically sound 
lines, the need for maintaining increased home output of 
food remains and will remain. There are large tracts of 
poorer land in the country which may better produce 
timber, or pit-props, as a raw material than food. Thus 
the tendency is to think in terms of agro-forestal use and 
planning of open land. 

Recreation: Land is required for purposes of recreation 
at all levels, from the playing fields attached to schools, 
the sports grounds of towns, and parks and public 
squares for air and exercise of town dwellers, to the open 
tracts of country where younger people can find exercise 
and pleasure in walking, camping and the study of 
nature, or to the extensive tracts devoted to such sports 
as shooting of grouse and the hunting of deer. Attention 
is now being paid to the creation of national parks, ap
proximating to the American concept, to the demarcation 
of some of the wilder areas as nature conservation areas, 
and to the preservation from further development of the 
very attractive coasts of Britain. 

Transport: Although Britain has a very close road and 
rail network and the existing railway systems are not 
likely to be extended, the road network is the modern 
legacy of an ancient layout beginning in Roman times 
and taking shape through Anglo-Saxon and later 
periods. The result is an absence of main highways suit
able for fast commercial and private road traffic. Britain 
needs and is planning to build a small number of main 
motor highways. This necessitates a change in the law, 
as these motorways will be restricted to certain types of 
traffic, but they will absorb considerable areas of what is 
at present farm land. Also the development of air trans
port has necessitated the development of airfields and a 
number of major airports. It is particularly difficult to 
find suitable land sufficiently near the large centres to be 
served-a difficulty common to all parts of the world. 

Defence: It is obviously important that sufficient land 
should be allocated to the Army, the Navy and the Air 
Force as training and experimental grounds, and the 
increasing size of mechanical vehicles and of airplanes is 



~eilected in the increasing demands for larger areas of 
.and. 

It will be clear that the main aim of national land 
)Ianning in Britain is to satisfy these numerous de
nands upon the small land area, to balance up rival 
:laims and to reach decisions which will be in the best 
1ational interest rather than in the interests of any one 
;;edion of the community. It will be noticed that all 
:hese demands on land resources have been increasing 
md hence land planning on a national scale is a matter 
)f immediate moment. The pressure is especially great 
)n the better qualities of land. A tract which is flat or 
~ently undulating and well drained is almost certain to 
De excellent and highly productive farmland. It is at the 
;;arne time the type of land on which the large modern 
factory, with a horizontal layout, can best be sited. It is 
1lso the type of land most easily developed for housing, 
though not necessarily with the most attractive results. 
It is also the type of land suitable for laying out as play
ing fields, or for the construction of an airport. Britain's 
di:liculty is thus to keep the best food-producing land 
actually in food production. 

THE INTER-WAR YEARS 
In the years between the First and Second World 

Wars farming in Britain was a depressed industry and 
or.e which did not receive important consideration from 
the Government. Britain at that time enjoyed the ad
vantages of her accumulated overseas investments. Brit
ab had a large proportion of the world's carrying trade 
as well as of the world's finance and insurance business. 
As a result there was an automatic flow into the countrv 
of foodstuffs and raw materials which represented the 
payment of interest or payment for services rendered. 
It seemed, therefore, as if home production was unimpor
tant and in any case it was difficult for the British farmer 
with a high standard of living to compete with the cheap 
food sent from abroad, often below cost and at the 
expense of the "mining" of soil which was then very 
widespread in the great agricultural countries of the 
world. 

As a result of the position then occupied by the farm
ing industry and in the absence of any system of land 
planning, the use of land was determined by the highest 
bidder, irrespective of quality. It was found that farm
land was being lost to various forms of constructional 
development at the net rate of over 60,000 acres a year 
(1927-38). In some of the English counties, e.g., Mid
dlesex, the e.xpansion of industry and housing was taking 
place at a such a rate that it was easy to see a near future 
when no farmland at all would be left within the county 
area. The loss, for reasons already stated, was in the 
main of good quality farmland. 

SCIENTIFIC APPROACH TO THE PROBLEM 
OF LAND-USE 

THE LAND UTILIZATION SURVEY OF BRITAIN 

This voluntary organization, under the auspices of 
the London School of Economics of the University of 
London, was set up in 1930 with the writer of this paper 
as Director. Its immediate aim was to record the then 
existing use of every acre in England, Wales and Scot
land, the results to be recorded in manuscript on verv 
detailed maps of the British Ordnance Survey on th-e 
scale of 1 :10,560, or six miles to one inch. The whole 
country was covered mainly by volunteers between 1931 
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and 1933. Only small sections remained to be com
pleted in later years, and the whole of the field work was 
entirely completed before the outbreak of the Second 
World War. The Land Utilization Survey then set to 
work to study the results, to publish for general use fully 
coloured maps of land-use on the scale of one inch to one 
mile (these have been published to cover the whole of 
England and Wales and the populous parts of Scotland), 
and to analyse the extremely complex pattern which was 
found to exist by attempting to determine the influence 
of the varied factors, physical or geographical, historical 
and economic, which had determined that land-use pat
tern, and which were continuing to exercise their influ
ence ~t the time. It must be remembered that any future 
~lannmg of land-use must start. from the present posi
!ton, that there can be no planmng of the country as if 
1t were a blank sheet of paper; and that where the exist
ing land-use has been determined, as it has in Britain, 
over many hundreds of years by the interaction of nu
merous different factors, very good reasons must be 
sought before demanding radical changes of a pattern 
wh.ic~ has thus grown up naturally. When a country, as 
Bntam, has been settled for many hundreds of years the 
pattern of land-use has a meaning which is much greater 
than in any of the newer countries of the world where 
initial mistakes of the pioneers are only now being dis
covered. The corresponding pioneers in Britain, the 
Roman conquerors of 2,000 years ago, made similar mis
ta~es: At the present day the existing land pattern in 
Bntam corresponds very closely to that which would be 
dictated by the free interplay of physical factors of re
lief, climate and soil. It is determined by physical or 
geographical rather than economic conditions. 

At a later stage the Land Utilization Survey was asked 
to attempt a c!as.sifi~tion of land into types. Ten types 
?f land were. dtstmgmshed and mapped : the classification 
ts based on mherent characteristics; it is thus objective 
and not subjective. 

Major category !-Good quality land 
Land in this category has a site which is not too 

elevated, level or gently sloping or undulating, and a 
fayourable aspect, together ;v!th soils which are deep, 
wtth favourable water cond1t10ns, actual or potential, 
and a soil texture embracing mostly loams but including 
some peats, sands, silts and clays. 

1. First-class land: This land is capable of intensive 
cultivation, especially of foodstuffs for human consump
tion ; has soils which are deep and in texture are mainly 
loams; the drainage is free but not excessive; soils are 
not excessively stony and can be worked freely at all 
seasons. 

2. Good general pztrpose farm land: This land is 
similar to the first, but has a restricted range of useful
ness due to: 

(a) Less depth of soil, 
(b) Presence of stones, 
(c) Occasional liability to drought or wetness, 
(d) Some limitation of seasons when the soil works 

easily. 
It is possible to distinguish (A) suitable for plough

ing, ( AG) suitable for crops or permanent grass as 
when associated with high rainfall. ' 

3: First-class land but with restricted use owing to 
a htgh permanent water table or liability to winter or 
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occasional flooding or somewhat heavier soils. Such 
land is usually unsuitable or less suitable to arable cul
tivation, though it may frequently be converted to Cate
gory 1 by drainage operations. 

4. Good but heavy land: Although such land has soil 
of a good depth and the natural fertility is often high, 
the soils are heavy loams, with the result that both the 
period of working and the range of possible crops are 
restricted. 

Major category II-Medium quality land 
This is land of only medium productivity even when 

under good management, the productivity being limited 
by reason of the unfavourable operation of one or more 
of the factors of site or soil character. These unfavour
able factors include: 

(a) High elevation, 
(b) Steepness of slope, 
(c) Unfavourable aspect, 
(d) Shallowness of soil, 
(e) Defective water conditions. 
5. M ediwm-quality light land: This is land defective 

by reason of lightness and usually shallowness of soil. 
Some such land can be ploughed (usually shallow 
ploughing) but in other cases, particularly on lime
stones, the occurrence of rock near the surface or of 
rocky out-crops renders it unsuitable for ploughing, 
though affording excellent permanent grass. 

6. Medium-quality general purpose farmland: This 
is land defective primarily by reason of relief. It is land 
broken up by steep slopes with patches of considerable 
elevation with varied aspect and varied water conditions. 
In consequence the soils are varied, often deficient by 
reason of stoniness, heaviness or in other ways. When a 
tract of country of this general character is studied in 
detail it is usually possible to resolve it into a mosaic 
of small tracts or patches-it may be only a part of a 
field in size-of land varying from Categories 1 to 10. 

Major category III-Poor quality land 
This is land of low productivity by reason of the ex

treme operations of one or more factors of site and soil. 
7. Poor-quality heavy land: This is land suffering 

from extreme heaviness or wetness of soil, and includes 
the more intractable clay lands and low-lying areas need
ing extensive drainage works before they can be rendered 
agriculturally useful. 

8. Poor-quality mountain and moorland: This is land 
rendered poor by extreme elevation or ruggedness of 
relief, usually combined with shallowness of soil, or 
occurrence of peat. 

9. Poor-quality light land: This is land rendered 
poor by extreme lightness of soil, with attendant over
drainage resulting in drought and poverty in nutrient 
materials and is the land described by the farmer as 
"hungry". It usually coincides with the out-crop of 
coarse sands or porous gravels. 

10. Poorest land: This is land where several factors 
combine to render the land agriculturally useless or al
most so. It may be very diverse, including shingle 
beaches, moving sand dunes and salt marshes, but in 
some cases reclamation is possible. 

It is found that No. 1 land, the finest of all, occu
pies in Britain only 2.4 million acres, or roughly 4.2 

per cent of the surface. Even taking together all th< 
good agricultural lands (including heavy clay land! 
which are productive though difficult to manage) onl} 
38.7 per cent of the surface comes into this category. 

THE BARLOW COMMISSION 

Shortly before the outbreak of the Second World W a1 
the British Government appointed a Royal Commissior 
on the Geographical Location of the Industrial Popula
tion, presided over by Sir Montague Barlow, and bene< 
usually called "The Barlow Commission". This Commis
sion found reasons to believe that the general tendenc; 
for British industry to become concentrated in Greate1 
London, Greater Birmingham and other towns of th< 
heart of the country, was an unhealthy trend, and wa! 
accompanied by growing or continued unemploymen·, 
and decay in the older industrial areas, such as thf 
Midlands of Scotland, the North-Eastern Coalfiek 
and South Wales. The Commission recommended ~ 
policy of planned location of industry to secure that ~ 
large proportion of the new industrial plants should b< 
established either in the older industrial areas or ir 
parts of the country away from the central belt when 
the growth, especially of London, was creating almos' 
insuperable difficulties of transport and communications 
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It was a natural result of the Barlow proposals tha1 
the government should set up a Committee on Lane 
Utilization in Rural Areas, presided over by Lord Jus
tice Scott. The Scott Report deals only with Englan( 
and Wales but it examines the conditions under whid 
industrial development should be allowed in rural area! 
and much of the legislation of subsequent years is base( 
upon the blueprint presented by the Scott Report. 

In particular the Scott Report brought out the ver) 
real danger not only to food production but also to th< 
effect on the amenities of the British countryside whid 
continued expansion of construction without any co
ordinating plan was likely to have. 

THE ADMINISTRATIVE APPROACH TO THE 
PROBLEM 

THE EARLY DEVELOPMENT OF TOWN PLANNING 

Some aspects of town planning were introduced inci
dentally in certain housing legislation, but it was no~ 
until 1932 that town planning as such was the subjec' 
of an Act of Parliament-the Town and Country Plan
ning Act. Under this Act local authorities were en· 
couraged, but not compelled, to prepare town-plannin~ 
schemes, or to combine and present regional schemes 
If local authorities did not choose to submit schemes th< 
government had no power to initiate them. The scheme! 
submitted under this Act nearly all made excessivt 
allowances for urban expansion. Agricultural land wa~ 
not considered as such, though in some cases it wa! 
"zoned" as open land on amenity grounds. Under thi: 
Act, therefore, there was little or no attempt to co-ordi
nate the different uses of land. At the same time gooc 
planning was rendered almost impossible because of th< 
fear which local authorities had of having to pay com· 
pensation for any restriction of land-use. 

In the years preceding the outbreak of the Seconc 
World War the government became alarmed at th( 
rapidity with which good agricultural land was heinE 
lost. This led to a declaration in both Houses of Parlia-



ment that the government would seek to avoid the use 
of good agricultural land for housing development where 
other and less valuable land could be appropriately used. 
Such a government declaration necessitated adminis
trative machinery for its execution. Consequently suc
cessive steps were taken for this purpose. It should be 
noted that these were dictated by the urgency of the 
problem, and were taken by successive governments, in
dependently of political colour. 

THE ESTABLISHMENT OF THE CENTRAL PLANNING 

BRANCH BY THE MINISTRY OF AGRICULTURE 

In the summer of 1942 the Ministry of Agriculture 
set up a special branch designed to give advice from the 
agricultural point of view where the planning of rural 
land was involved. The organization of the Branch 
was a unique one in British Government annals. A Chief 
Adviser in Rural Land Use was appointed, whose func
tion was to advise the government on the one hand and 
c·n the other hand to convey the government point of 
dew to local authorities and so to guide their activities
i 1 fact, to conserve as far as possible the good agricul
tural land of the country in food production by per
wasion rather than by regulation. At that time, in the 
\:ar years, production of food was obviously of the 
1: ighest importance, and this approach proved very suc
cessful. The Chief Adviser was represented by ten 
Rural Land Utilization Officers, one in each of the ten 
Civil Defence Regions into which England and Wales 
at that time were divided. These officers, like their chief, 
\':ere advisers, and in each case were men of standing, 
well known in their regions. This team was assisted 
by a small staff of civil servants both at headquarters 
and in the regions. 

Long before the end of the war, local authorities were 
asked to formulate their post-war housing plans in order 
that things might go straight ahead when hostilities 
ceased, and there is no doubt that the Central Planning 
Branch did an important work in directing the local 
authorities to the importance of filling in gaps in existing 
development, and then on to the poorer lands surround
ing the towns. A great deal of valuable food-producing 
land was saved in this way. In due course when the war 
came to an end, these planning functions were absorbed 
early in 1948 by the reorganized Agricultural Land 
Service of the Ministry of Agriculture; and this remains 
the present position. 

THE MINISTRY OF TOWN AND COUNTRY PLANNING 

The administration of town planning under the 1932 
Act was one of the functions of the Ministry of Health, 
which is the authority in England and Wales for hous
ing. As the importance of land planning came to be 
realized the government set up for a short time a Min
istry of vVorks and Planning, and then early in 1943, 
after the Scott Committee had reported, came the estab
lishment of a separate Ministry--of Town and Country 
Planning. The Minister was charged essentially with 
the work of co-ordinating the use of land and of the 
development programmes of the various Ministries. The 
Minister is regarded as a "Senior Minister" but does 
not have a seat in the Cabinet. The difficulties facing 
the Ministry are many and the fact that the Minister 
is one amongst others who are concerned with land-use 
renders his task of co-ordination difficult. It may be said 
that there are in Britain many land-spending Ministries, 
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but only one land-saving Ministry-the latter being the 
Ministry of Agriculture. The land-spending Ministries 
include the Board of Trade (responsible for the location 
of industry), the Ministry of Health (responsible for 
housing), the Ministry of Transport (responsible for 
main roads, including the new motorways), the Ministry 
of Education (responsible for new schools, with playing 
fields), the Ministry of Civil Aviation (responsible for 
civil airports), the Army, Navy and Air Force (respon
sible for training grounds), and others whose interest 
in land is of a minor character. 

The Ministry of Town and Country Planning, with 
both a central and a regional organization, is not only 
responsible for co-ordination but it makes great demands 
itself on land resources in its function of proposing sites 
for new towns. 

It should be noted that these Ministries, including 
Town and Country Planning and Agriculture, do not 
cover Scotland, where the separate Departments, under 
the Secretary of State for Scotland, perform functions 
comparable with the Ministries of England and Wales. 

THE 1947 ACTS 

The year 1947 was marked by the passing of two 
extremely important Acts : the Agriculture Act and the 
Town and Country Planning Act. The comprehensive 
Agriculture Act of 1947 establishes the twin policies 
for the farmer's security by offering him firstly, guaran
teed prices for his produce, fixed in advance and sub
ject to periodical revision after consultation, and sec
ondly, a guaranteed market for the bulk of his output. 

In the inter-war years the system was widely followed 
of encouraging specific types of farming production by 
subsidies and marketing schemes. The Agriculture Act 
substitutes for this the general guarantee of security to 
the farmer, leaving it then to the farmer's initiative to 
treat the land properly, in fact to practise good hus
bandry. Under the Act certain powers are retained 
where farmers do not practise good husbandry, and the 
Act also sets up the scheme of extending small-holdings 
designed to assist the landless land worker in due course 
to become, in suitable cases, a farmer. 

The Town and Country Planning Act of 1947 extends 
compulsory land planning to the whole of Britain. 
Broadly speaking, each county is constituted the Local 
Planning Authority, each county is charged with the 
task of drawing up outline plans covering the whole 
area-town and country alike-for future development, 
and the initial outline plans are to be completed within 
three years. 

Thus Britain has embarked upon a nation-wide scheme 
of land planning very different from the former permis
sive system. At the same time the old difficulty of com
pensation has been solved in that the State has become 
the outright owner of all development value in land; and 
the landowner now owns the land in its present form of 
use. Thus if under a town-planning scheme a landowner 
is prevented from developing his land, he may claim 
compensation, and a sum of £300 million has been set 
aside as a Central Fund from which such claims can be 
paid. The administration of this Fund is in the hands 
of a new Board, the Central Land Board, which has 
been set up. 

If, on the other hand, the owner of land wishes to 
carry out some development, he has to pay to the Central 
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Land Board a development charge, and it is planned that 
the receipts in development charges should balance or 
perhaps more than balance the payments of compensa
tion. How this scheme will work out still remains to be 
seen. A large number of owners of property do not yet 
realize the change, nor that the State now owns their 
development values. Some exceptions to the general 
ruling have already had to be made. Thus the owner of 
the individual plot who wishes to build a house for his 
own occupation is not required to pay a development 
charge. The owner of property can add to his existing 
development to the extent of 10 per cent, again without 
charge. 

It will be seen that the co-ordination of land-use be
comes extremely important in the preparation of these 
outline plans for the counties. The issue is being com
plicated to some extent by the proposed establishment 
of national parks and of nature conservation areas; the 
opportunity is also being taken to demarcate tracts of 
wilder land outside the parks where the public can be 
given a right of access, and for the first time a survey 
is being made of footpaths, along which the general pub· 
lie are allowed to pass. 

THREE PRINCIPLES TO BE OBSERVED 
In the schemes for the co-ordination of land-use it is 

important to determine in every case and for every piece 
of land its optimum use in the national interest. It is 
easy to use such a phrase, far more difficult to interpret 
it in practice. At the same time the principle of multiple 
use is almost equally important. In such a small country 
as Britain many tracts of land can serve more than one 
purpose. Hill land, for example, can serve as grazing 
for sheep, as a gathering ground for water supply, as 
well as access land for public enjoyment. In the third 
place comes the elimination of waste land. No land 
should be allowed to lie idle and hence a restoration of 
land after mineral working-coal, iron ore, gravel, sand 
and clay-is a problem of equal importance to that of 
re-using derelict industrial areas. 

THE POSITION OF FARMING IN THE 
LAND-USE PROGRAMME 

Wartime progress: Remarkable progress was made 
in British farming during the war years. When war 
broke out the machinery was all ready for the setting up 
of County War Agricultural Executive Committees 
(C.W.A.E.C.) in each county, consisting mainly of 
farmers, landowners and land agents acting as a Com
mittee in a voluntary capacity and given extensive 
powers to control the farmers and farming of their 
counties. All farmers were classified according to their 
efficiency as A (good), B (average), C (poor) farmers. 
The C farmers were assisted with materials, men and 
money to improve their standards. If they failed to do 
so the County Committees could dispossess them and 
either farm the land themselves or put in more efficient 
farmers. At first there was naturally resentment in this 
interference with the highly individualistic life of the 
farmer, but very soon the farmers came to appreciate 
the advantages of expert advice and of material assist
ance and before long were approaching the government 
for the continuance of the system after the war. It has 
accordingly been reorganized, with a more democratic 
form of selection of Committee members, and the County 
Agricultural Committees continue the good work of their 
predecessors. Amongst the achievements of the Com-

mittees during the war was not only the vast increase in 
output, but the reclamation and ploughing up of half a 
million acres, mostly of poor quality land in parks and 
commons. Some of this land must be restored to its old 
uses, but this did offset the very extensive losses of 
agricultural land for such purposes as airfields and train
ing camps. 

Mechanization: During the war years British farm
ing became the most highly mechanized farming in the 
world. The machines are mainly of British manufac
ture, adapted to the farming conditions of the old world 
and thus differing from those developed for the extensive 
agriculture of the new lands. Broadly speaking, every 
full-time farmer now has his own tractor and is steadily 
adding to his stock of farm implements, as well as being 
able to draw from the county pools. The number of 
horses on farms has decreased correspondingly. 

Balanced mixed farming: The British farm is essen
tially a unit where mixed farming is the rule. The Farm 
Survey, carried out in 1941-42, distinguished for the 
first time full-time holdings and revealed that the average 
full-time holding in England and Wales is a little under 
100 acres of improved land, that is to say ploughed land 
or improved and managed grassland. The majority of 
farms are managed on a system of rotation of crops, 
especially popular being the four-course rotation in the 
drier eastern part of the country, the six-course rotation 
in Scotland, and the longer rotation of seven years or 
more in the wetter west with grass pastures. Under this 
system the land is kept in "good heart". No farmer 
worthy of the name would allow his land to deteriorate. 
The produce from a mixed farm is correspondingly 
varied, but the emphasis has been steadily increasing 
on milk, whilst grain crops, more easily imported and 
stored, were of temporary wartime importance rather 
than permanent. 

High yields: A characteristic of British farming is the 
uniformly high yields-for example an average of 35 to 
40 bushels of wheat-combined with conservation of 
soil fertility, and over most of the country a virtually 
complete absence of soil erosion. No system of farming 
would be allowed by the County Committees which re
sulted in impoverishing the land. In this work an 
enormously important part is played by the management 
of grass and the control of grazing in small-field units. 
The small fields of Britain are often misunderstood by 
visitors. They play an extremely important part in this 
control of grazing and there is a growing belief in the 
10-acre field as ideal. Incidentally, it may be noted that 
if the output of the newer agricultural lands of the world, 
including the United States and Canada, were on the 
same intensive scale, there would on a global basis be 
no food problem. 
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Possibilities of improvement: Whilst it would be diffi
cult to improve in many areas upon the maintenance of 
soil fertility by the existing systems of rotation, com
bined with the use of both animal and artificial manures, 
there is room for improvement in many directions-for 
example, in the average milk yields of the dairy herds. 

The landlord-tenant-worker system: Very deeply in
grained in the British scheme is the threefold division of 
those interested in the land into landlord, tenant-farmer 
and farm-worker. The majority of farmers are still ten
ants, sometimes holding their land from large landowners, 
sometimes, now, from the State, and although owner-



occupiers have increased in numbers they are still in the 
minority and, what is extremely important, the better 
farmers are usually the tenants. It is they who have the 
capital available to put into the running of their farm, 
whereas the owner-occupier is often impoverished and 
farms badly because of the lack of capital. This aspect of 
B:itish farming is extremely important, and so often 
misunderstood. 

As farming has become more efficient there has been 
ccmparatively little change in the size of farm units, or 
the number of farmers (some 300,000 in England and 
\i\' ales). There has, however, been a big drop in the 
number of farm-workers. The decrease of farm-workers 
in the past eighty years has been 50 per cent, so that the 
number of farm-workers is now only slightly larger than 
the number of farmers. Actually in the west of the 

The CHAIRMAN : Thank you, Professor Stamp, for 
your very excellent paper. At least, in so far as the 
United States is concerned, we can learn a lot from you 
011 land planning and land utilization for greater pro
ductivity. I hope that this Conference can develop, shall 
I say, the persuasiveness of foresight to bring us all to 
your point of perfection rather than, as usually seems 
tc be the case, leaving us to depend on the force of neces
si :y sooner or later catching us up. Your excellent experi
er1ce should be of value to all of us. This concludes our 
technical papers for today. 

Before we adjourn, I would like to have Professor 
Goodrich, who is Chairman of the Preparatory Com
mittee and Programme Director, tell you a little bit about 
what will come tomorrow and next week. You can see 
from reading the programme that starting tomorrow 
morning all of us are supposed to go to work in the 
Section meetings. 

MR. GooDRICH: Mr. Chairman, as you have just said, 
this is a turning point in the procedure and method of the 
Conference. Up to now we have sat together, whatever 
our special interests, as members of one gathering. To
morrow morning we break up and become five separate 
meetings, tomorrow afternoon we come back together 
and become one meeting. I should like, on behalf of the 
Preparatory Committee, to state very briefly what 
seemed to us the logic behind this organization of the 
Conference. The early papers have set out the problem; 
they have called attention to the wastes of resources and 
the tremendous past and present expenditures of re
sources. They have pointed out the increasing demand 
on resources, coming from increasing population and 
accompanying also rising standards ol living. The 
speakers this morning searched the great areas of pro-
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country the small family farm is usually run without 
hired labour. The average 100-acre farm in the heart 
of the country would perhaps employ one hired man. 
The larger arable farms in the east are those where two, 
three or more hired men are to be found on each farm. 
This, of course, does not take account of specialized 
types, such as small-holdings and intensive market gar
dens or fruit farms. 

Summarizing, it will be seen that Britain has em
barked upon a nation-wide scheme of land-use planning 
under the general direction of the Ministry of Town and 
Country Planning (Town Planning Section of the De
partment of Health in Scotland) but where the interests 
of all open land are watched and helped by the Ministry 
of Agriculture (Department of Agriculture in Scotland). 

duction to point out the more dangerous, the more criti
cal shortages. You have noticed that the speakers have 
differed a good deal, at least in emphasis, on the prospects 
of mankind in the race of science against depletion. They 
have all agreed there is much to be done. This after
noon's meeting has stated an approach to the solution 
and started the examination of what can be done. It is 
significant of the planning of this Conference that it be
gan with an emphasis on the interdependence of resource 
problems. But that cannot be the whole story, and the 
Chairman at the morning meeting, Professor Velander, 
gave a very good statement of the necessity and the 
reason why we need to break up tomorrow into the 
smaller meetings. So tomorrow morning there will be 
meetings on Fuels and Energy, Water, Forests and 
two Land meetings. In later mornings there will be 
Section meetings on Minerals, and Fish and Wildlife 
topics. It is in these Section meetings, as the Chairman 
has said, that you must go to work. Certainly it is the 
place where there will be opportunity for more discus
sion and for the more detailed sharing of technical 
"know-how". On the other hand, we do not propose 
that you should stay for the remainder of the Conference 
in these separate groups. And again Professor V elander 
had a word for it. He said that one of the functions of this 
Conference was to break down the Chinese walls between 
specialists. So we shall come together tomorrow after
noon and in the other afternoon sessions to look again 
at the common aspects of the resource problems. From 
this point forward, Mr. Chairman, it is proposed that the 
Conference should go forward on this dual basis. 

The CHAIRMAN : Thank you, Dr. Goodrich. The meet
ing is now adjourned. 
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_The CHAIRM':N : I would like to open this meeting 
this afternoon With at least one announcement which I 
am sure is of interest to all here. I would like to ask 
Mr. Van Tassel, the Executive Secretary of this Con
ference, to make that statement to us. 

Mr. VAN TASSEL: The trip to the Stillman farm which 
has been arranged by the American Citizens Committee 
f~r tomorrow, is now ful_ly planned. We have registered 
nmety p~~p~e for ~hat tnp and there will, unfortunately, 
be no facihtles avallable for any additional persons. Since 
there have been a number of inquiries from additional 
people who would like to attend the trip, it is therefore 
urged that all those who registered and now feel that 
th~y may not be able to attend the trip, so notify the Com
mittee so that their places may be made available to 
others who wish to attend. Secondly, I would like to 
announce that some of the buses tonight will go directly 
to the Ritz Carlton Hotel to accommodate those attend
ing the reception being arranged for all conferees by the 
United States participants in the Conference. 

The CHAIRMAN : May I extend to you or reiterate 
the extension of greetings and welcome which my col
league, Secretary. ~ru&", e;ctended on the opening of this 
Conference, and JOin h1m mall that he has said. It is not 
my place nor intention to make an address or anv 
extended remarks today. I have in mind first of ail 
than~ing the S_ecretary-General for permitting me to 
preside over this plenary session. It is an honour and 
disti;tctio_n in which I take a great deal of pride and deep 
g_rabficatwn. 

It was a number of years ago that a session and an 
international congress of this kind was first conceived. 
It was, if I understand correctly, probably suggested first 
by a great American conservationist, the Honourable 
Gifford Pinchot, former Governor of the State of Penn
sylvania, and. one of the great leaders in this country in 
the conservatiOn movement. It was Gifford Pinchot who 
first brought to the American people's attention the im
portance of our forest resources, and who beaan to direct 
~nd guide t_he thinking of some others, a ver~ few people 
m t?e first mstance, towards the relationship between the 
mamtenanc~ of a strong economy and society in this 
country or m any country and the effective use of its soil 
and other natural resources. So I would like to take this 
occasion to pay my respects to' a great conservationist, 
who has unfortunately left us behind with this task. 

. If t?~re has been any re-expression of these principles, 
m stnkmg form, of any more importance than the state
ment of the President of the United States, when he made 
his now famous P~int Four declaration to the Congress, 
I am not aware of It. It seems to me that in the sessions 
which we have launched upon, we are at least laying a 
f~un~ation, ?eginning to accumulate the knowledge, be
gmnmg to Implement the thinking at an international 

level, upon the basis of which "Point Four" can become a 
reality throughout the world. "Point Four" may become 
known by other names before you and I see the end of this 
great task and I am sure none of us will, because it is a 
long and arduous task. Certainly it will never be well 
started until we all have, in all parts of the world an 
~nderstanding of the resource potentials of every ~on
tment on the face of the earth in terms of its capacity to 
feed man better, to make man more comfortable and to 
promote the causes of human welfare everywhere. It is 
in that spirit that we are beginning a task here which has 
significance, ~ot only in the technical aspects of the prob
lem, but also m terms of the movement for international 
pe~ce, for international understanding and for the well
bemg of men everywhere. It is in that spirit and in that 
thought that I take a great deal of pride, a great deal of 
pleasure in participating in this meeting and throughout 
the _balance of the meetings, which I shall have the oppor
tumty to attend. 

Our su~jec~ for tt:;day is "lJsing_ and Conserving 
Resources, with particular relatwnship to the soils and 
the for.es~s. yYe are p~rticularly fortunate in having 
three distmgmshed men m this field to address us in the 
persons of Dr. Bennett, Dr. Lewis and Dr. Salter. 

Dr. Hugh H. Bennett is known to everyone in this 
room_. I suspect ma~y of you know him in person, but 
certamly all know him by reputation. To me he is of 
course a fellow employee in the Department of Agricul
ture, one about whom I had heard a great deal before I 
had the opportunity to come to Washington and get 
acquainted with him personally. I look upon Dr. Bennett, 
and I say this most sincerely, as perhaps one of the great
est evangelists of all times in the cause of soil conservation. 
It is by the sheer force of Dr. Bennett's belief and en
t?usiasm for t_his cause and his untiring energy, in travel
lmg about this United States of ours and all over the 
world, that we have made many important advances in 
understanding our soil resources and what must be done 
about them if we are to remain capable of taking care of 
the world's population. Dr. Bennett has contributed, per
~aps, most of all people in that field as far as this country 
IS .c?l!cerned. He h_a~ given of his energies and of his 
abllibes, almost unbnngly, ever since when as a rather 
young man he started work in this field. Those of us in 
the Department deeply respect Dr. Bennett's views and 
thoughts on this subject. There are those who differ with 
him perhaps in some technical aspects, but certainly no 
one in all of our wide acquaintance, both here and abroad, 
questions Dr. Bennett's great desire and great devotion to 
the cause of soil conservation. It is, therefore, with a great 
deal of pleasure that I take the privilege of introducing my 
colleague in the Department of Agriculture, and my re
vered friend, Dr. Hugh N. Bennett. 

Mr. BENNETT delivered the following paper: 
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Soil and Water Conservation 

HUGH HAMMOND BENNETT 

ABSTRACT 

The present state of world affairs is evidence that scientists must hereafter become advocates and teachers 
of their knowledge, if such knowledge is to be widely used for the benefit of mankind. In the field of natural 
resources, it is particularly important that the world's statesmen be encouraged and helped to understand the 
facts and probabilities with respect to these resources. This is a necessary prelude to greater action in con
servation. 

The basic technology of soil and water conservation is known and its value in practical application is being 
carried forward effectively in several countries. National and world leaders should understand that in addi
tion to being physically helpful to everybody, soil and water conservation is also politically, economically 
and socially advantageous. 

The area of productive land is limited and the productive quality variable. Productive land is neither 
permanent nor renewable, but modern soil conservation measures, scientifically applied to the land, can 
keep that which is left in a productive condition, for the benefit of all. Productive soil cannot be rebuilt in time 
short of centuries, although sub-soil in some instances can be improved with fertilizers, crop rotations and 
good management. 

The state of world affairs today affords evidence, as I 
:;ee it, that a great many scientists hereafter must become 
more than scientists. They must become, also, effective 
advocates and teachers. I think it must be apparent to 
everyone here that too much of the knowledge acquired 
1 hrough research-knowledge of great potential benefit 
1 o mankind-is not yet being adequately used. Certainly 
it is not being used widely enough. Nor is the demon
~;trated ability of science to acquire new knowledge and 
1 o help solve current problems being employed as fully 
as it might be. 

The principal reason is apparent. Our leaders fre
c.uently do not understand our scientific language. Too 
li;enerally we have, somehow, failed to communicate to 
1 hem facts of the greatest importance. Those we have 
chosen to direct the affairs of our nations-our leaders
are rarely scientists. More often they are lawyers, sol
cliers, or leaders in public affairs-business, politics, 
labor. If they do not understand the facts about natural 
resources and how best to use them, the responsibility is 
more likely to lie at our own door, as scientists, than at 
theirs. 

One of the great jobs, then, ahead of scientists, partic
ularly those working in the field of natural resources, is 
to find ways to get their knowledge understood by our 
leaders and statesmen, and put to wider use. 

This conference in itself is a useful step in the right 
direction. Much was done, over considerable time, to 
bring it about. In the process leading up to this assem
blage, leaders were asked to listen to scientists, to under
stand the facts about our natural resources. This meet
ing would not have been possible without the authoriza
tion and approval of many of the world's leaders. Here is 
proof that much can be done if we will only set our minds 
and hearts to the task. 

In the field of soil and water conservation, I believe 
the next immediate steps to be taken, beyond continu
ation and development of national action programs for 
the application of modern soil and water conservation 
measures to the land, are in the fields of economics, 
politics, sociology, and, as I mentioned at the outset, in 
effective advocacy and teaching. The basic technology 
of soil and water conservation is rapidly coming to be 
known. Its value in practical application is being demon-
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strated in the United States and several other countries. 
And I am proud to remark, incidentally, that the Soil 
Conservation Service has pioneered in this work. The 
need now is for greater action over wider and wider 
areas in more and more nations. This will require deci
sions-decisions by the leaders of nations. For right 
decisions they must be properly informed. Somehow, 
our leaders must be helped to understand that soil and 
water conservation invariably is economically, socially, 
and politically advantageous. 

SUPPLY OF PRODUCTIVE LAND LIMITED 

In agriculture, soil and water must be considered 
together. Soil without water is desert and water without 
soil is worthless. Even where water is available, all soil 
is not productive. It may be waterlogged, or too saline, 
or too steep, too shallow, and so on. Thus, the area of 
productive land is limited; it is not known precisely how 
limited. It is unfortunate that after thousands of years 
of using the land for the essentials of life, we still have 
only general information about the world's supply of pro
ductive land. The best estimates indicate that in the 
world as a whole, there is left only about 4 billion acres 
of immediately arable land (based on our field observa
tions and on published data, country by country). That 
is all that is available now, so far as I know, for meeting 
the needs for food, fibers, tobacco, etc. for the world's 
two and a quarter billion people-with population in
creasing faster than ever. And not all of this 4 billion 
acres is good land ; much of it is of only mediocre pro
ductiveness. 

CONSERVATION ESSENTIAL TO FUTURE PRODUCTION 

Although it is not known exactly how much of the 
world's unused land can be developed from now on for 
production purposes, indications are that there is not 
nearly enough to feed the increasing population of the 
world indefinitely, as man has been using the land-or 
misusing it--even when the remaining virgin areas are 
added to the land now in use. We cannot say now what 
the fut~re holds in ~he way of scientific achievement; so, 
we cant afford to tgnore the facts of today. We can't 
take the mathematics of land and people and advancing 
medical science out of the situation. 

Our greatest hope lies in changing the way we use and 
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treat the land. The scientific application of modern soil 
conservation measures holds the only real promise of 
adequate production in the future that I can see from 
here. 

Any nation which does not have enough productive 
land within its own borders to produce adequate amounts 
of food, fiber, and wood for its own population must 
import these commodities from other nations having a 
surplus. They can pay for their imports, in most 
instances, only with other natural resources, such as oil, 
coal, diamonds, gold, iron, and copper. Every year, 
everywhere, the drain on natural resources goes on. 
Everywhere it rains hard enough for water to run down
hill. The runoff from unprotected cultivated slopes is 
colored with soiL This is true for every acre of culti
vated land on earth. 

PRODUCTIVE LAND IS NOT PERMANENT 

Unfortunately, unprotected productive land is not a 
permanent resource. It would help if everyone under
stood the full significance of this. Under various condi
tions of use and treatment, land is extremely unstable
insecure--impermanent. When wind or water moves 
across bare earth, some soil is picked up and carried 
away. It may be moved hundreds of miles or only short 
distances. The amount moved at one time may be small, 
but eventually large amounts are stripped off the land, 
unless it is tied down with effective soil-conserving 
measures. 

Soil thus removed by erosion, together with the 
accompanying waste of water as runoff, leaves the land 
poorer than it was; often unplowable, useless for further 
practical crop production. If the soil removal process is 
allowed to continue long enough, the land is finally 
unable to support even grass or trees. As long as it is 
not stripped down to bedrock or subsoil of sterile sand 
or raw, stubborn clay, however, a certain limited amount 
of production of useful plants and animals is possible. 
Some-but not all--erosion-stripped land (subsoil) can 
be made to produce fair to good crops if enough fertilizer 
is applied, if soil-improving rotations are used, and if the 
producer is willing to take unusual care in the manage
ment of the land and crops. These efforts, however, 
must be paid for in one form or another. No person and 
no nation can discount soil erosion for very long by 
relying solely on fertilizer or machinery or soil-improv
ing rotations, although they are all important. The point 
of diminishing returns arrives too soon and leads too 
quickly to insufficiency, especially where erosion is 
foolishly permitted to continue and rainfall allowed to 
run to waste. 

In very recent years I have seen soil listed as a 
"renewable" resource. The implication, I suppose, is 
that eroded land can be "renewed" and restored in a 
practical way to its former productive condition. This 
succeeds only in deluding people who should not be mis
guided. Deeply eroded land cannot be "renewed" or 
restored to anything like its original productive condi
tion within a few years. At excessive cost and under 

•Investigations in Erosion Control and the Reclamation of 
Eroded Land at the Northwest Appalachian Conservation 
Experiment Station, In Cooperation with the Ohio Agricul
tural Experiment Station, Zanesville, Ohio, 1934-42. U. S. 
Dept. of Agr. Tech. Bull. No. 888. May, 1945. 

"Ohio Agricultural Experiment Station, Wooster, Ohio. Expt. 
No. 58. 

laboratory or research plot conditions it is possible, of 
course, to add fertilizers or manure and grow soil
improving plants in such a way as to stimulate growth 
and increase yield. This does not mean, however, that 
the soil is being renewed-and, moreover, man has not 
found it practical to bring back to his fields and pastures 
rich soil scattered over the floor of the oceans through 
the process of erosion. 

Recently, the Department of Agriculture published the 
results of corn produced at the Northwest Appalachian 
Conservation Experiment Station at Zanesville, Ohio, on 
a plot which started out with topsoil and wound up at 
the end of ten years with erosion-exposed subsoil.1 The 
range in yield of corn produced over the ten-year period 
1933 to 1942, inclusive, was, without fertilizer, approx
imately 60 bushels the first year on topsoil, with a rain
fall of 42.7 inches, to less than 2 bushels per acre the 
last year, on erosion-exposed subsoil, with a rainfall of 
38.6 inches. The treatment was the same over the whole 
period; no fertilizer was used at any stage. The signif
icant point in this instance is that by 1942, after only ten 
years of cultivation-wasteful cultivation, to be sure
erosion had removed approximately 6 inches of produc
tive topsoil, down to the level of exceedingly poor sub
soil. 

The Ohio Agricultural Experiment Station initiated 
an experiment in 1936 near Wooster to determine the 
relative crop production of topsoil and subsoiJ.2 Meas
urements were made of the yields of corn, oats, wheat, 
and hay on virgin topsoil and on subsoil under different 
systems of cropping and management. Results from the 
first 9 years (1937-1945) show the 'average per-acre 
yield for corn in a rotation of two years of corn followed 
by one year each of wheat and hay, for virgin topsoil with
out treatment, was 59.1 bushels per acre, as compared 
with an average yield of only 19.7 bushels per acre for 
similarly used subsoiL 

Thus we see that on this exposed subsoil, which had 
a favorable structure but was lacking in organic matter 
and other available essentials for best crop growth, the 
yields of corn, oats, wheat, and hay remained substan
tially lower, irrespective of treatment. I think this is 
sufficient evidence to show that topsoil is one thing and 
subsoil another. 

Soil that has lost some of its fertility as a result of 
prolonged or intensive cropping, or as a result of leach
ing, is renewable in the sense that its fertility levels can 
be restored by applications of fertilizers and manure and 
the use of crop rotations but its texture remains un
changed. 
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Land eroded down to unfavorable subsoil, however, is 
not renewable in any practical way, except over periods 
of a great many years, even centuries. 

Some who are here today know just how unrenewable 
soil can be where man-induced erosion (not the slow 
geologic type of erosion) has been active for a long 
time. If soil were in truth a renewable resource I am 
sure there are areas in many parts of the world where 
governments would have been busy long since with pro
grams of "renewing" the land for production. 

It is not in any sense helpful to delude people with 
myths of soil "renewability" and assertions about vast, 
new untouched areas of productive land in the tropics 
and polar regions which will free the world from want. 
I have no doubt that mankind now has the scientific 



ability to produce food continuously in the Arctic, the 
Antarctic, the Amazon Basin, and on both sides of the 
Andes, the Alps, the Rockies, and the Urals. We can, 
as a matter of fact, produce food in glass enclosures, 
copper tanks, in raw subsoil, and even in ground glass, 
if we set ourselves to the job. But where wiii the plant 
nutrients come from? And who wiii pay the bill in labor, 
time and money? Would the production be economical? 
'vVould the money come from shipments of oil, iron, 
copper, or what? Remember : You can't pay with top
soil because it cannot be stockpiled and shipped around 
like metals and minerals even where there is topsoil 
to spare. 

And would the food thus produced contain proper 
nutrients for healthful growth? 

NO EXCUSE FOR COMPLACENCY 

I have talked with farmers in Alabama, Venezuela, 
and the Union of South Africa who are trying to make a 
I ving on severely eroded land. I am sure they would 
l.ave little patience with men who want to de-emphasize 
he dangers of erosion and who blandly refer to the future 
t ounty of the Amazon and Alaska. 

For my part, I see no room for complacency about the 
1. md and no excuse for minimizing the threat of erosion 
t) our welfare. I can think of no scientific development 
c f the future which will abolish our dependence on pro
( uctive land. Meanwhile, I believe we may all hope and 
even expect that there wiii be scientific advances in the 
field of food production. No one can deny that we may 
sometime have food produced on a purely synthetic basis 
from materials that do not have their origin in the soil ; 
t11ere have been thus far no clearly decipherable shadows 
£::-om any such "coming events," that I know of. 

From the past record and the present evidence, man
kind is going to need more and more food from its lim
ited supply of productive land which is stiii diminishing 
as the result of continuing erosion. 

\iVith respect to the land-population relationship, I can 
think of no development short of a world-wide plague or 
some similar unprecedented disaster that would minimize 
our dependence on the land. And whether the net pop
ulation of the world levels off or continues to increase 
steadily, we shall all have everything to gain and nothing 
to lose by saving as much as we can of our remaining 
area of productive land. 

Almost all the food we eat, most of our clothing, and 
all of our wood comes from the land. It is on this pro
ductive land that nations depend for life, for strength, for 
maintenance of their industrial superstructure, and for 
their cultural and political survival. 

MODERN SOIL CONSERVATION 

Fortunately, we now have at our disposal a great deal 
of the basic scientific knowledge necessary to keep our 
land and keep it in productive use. Good land use and 
husbandry are pretty close synonyms of soil conserva
tion. Modern soil conservation is based on sound land 
use and the treatment of land with all the proven appro
priate measures that are needed to keep it permanently 
productive while in use.3 It means terracing land that 
needs terracing; it means contouring, strip cropping, 
and stubble-mulching the land as needed, along with 

3Bennett, H. H. Annual Report of the Chief of the Soil Con
servation Service, 1948. U. S. Dept. of Agriculture. 
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supporting practices of crop rotations, cover crops, etc., 
\vherever needed. It means gully control, stabilizing 
water outlets, building farm ponds, locating farm roads 
and fences on the contour, and planting steep, erodible 
lands to grass or trees. Where land is too wet, modern 
soil conservation calls for drainage; if it is too dry, it 
calls for irrigation; if it is subject to wind erosion, it 
calls for stubble-mulch farming, wind-stripping, and 
windbreaks. If plant nutrients have been depleted, it 
calls for fertilization; if water-soluble salts have accum
ulated in toxic quantities, it calls for leaching out the 
salts by flooding. And modern soil conservation calls 
also for the use of the best of the most adaptable varieties 
of crops as well as the most efficient tools available to 
farmers. 

Each measure is applied to meet a specific need, as de
termined by actual physical analysis of the land through 
soil conservation surveys, wherein each individual par
cel of land is classified according to kind, condition, and 
need. Combinations of mutually supporting measures 
are very often used to safeguard the more hazardous 
types of land, and what is done in one place is adjusted 
to the needs of, or effects on, adjacent land. 

There is no other way to carry out a successful job of 
lasting soil conservation : the kind that can be main
tained on the land permanently. This is a condition 
imposed by nature, not by man, although man's treat
ment of the land frequently has altered the natural con
ditions in ways that necessitate special treatment. There 
is no substitute for this painstaking, scientific procedure, 
and certainly there is no panacea for soil erosion. Try
ing to get the job done on a permanent basis in any other 
way will surely yield futile results. And what is to be 
gained from temporary soil conservation, beyond some 
momentary advantage? 

The Soil Conservation Service does the job co-opera
tively with farmers out on the ground. We do not 
invite farmers into a comfortable room and tell them 
what to do. Our technicians go out with the farmers into 
their fields, pastures, woodlots, and idle lands, and to
gether they make a plan for the proper use and adequate 
protection of each acre. The plan, of course, must be 
fitted to suit the farmer's need and economic ability. 

SOIL CONSERVATION DOES MORE THAN 

SAFEGUARD LAND 

l\1odern soil conservation is not directed merely to
ward maintenance of the status quo. It is dynamic and 
progressive; it leads to increased and lasting productivity 
of the land and thereby promotes the common welfare 
wherever it is practiced. Probably all regions of the 
world can be improved, in some degree, and some cur
rently poverty-stricken areas possibly can be advanced 
to a state of relative prosperity by safeguarding and 
increasing their agricultural productive capacity through 
soil and water conservation including land use. 

Soil conservation does much more than safeguard land. 
It directly or indirectly results in a wide variety of 
fundamental benefits. It both increases the yields per 
acre and lowers the cost of production on most farm 
land, which, in turn, starts a whole chain of benefits, such 
as increased farmer income, increased taxes for support 
of government, increased trade for both rural and urban 
communities, and increased employment for professional, 
skilled, and unskilled workers. 
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It results in large savings, such as reduced siltation of 
streams, ditches, harbors, culverts, and costly reservoirs; 
lessened damage to fills and cuts of highways and rail
roads; and decreased damage to oyster beds and breed
ing and feeding grounds of fish, crabs, and other valuable 
aquatic life. Still other savings result from reduced flood 
crests on both major and minor streams which thereby 
lessen damage to farms, homes, manufacturing plants, 
livestock, highways, railroads, and other property. 

Soil conservation, moreover, helps to alleviate 
drought damage to crops, pastures, and meadows. It 
encourages a more flexible and diversified type of agri
culture. It helps to create a greater pride and satisfac
tion in farming, along with the greater material returns. 
It encourages the sons and daughters of farmers to stay 
on the farm. And, apparently, it helps to improve the 
nutritional quality of food. 

SOIL CONSERVATION, THE MAIN HOPE 

OF CIVILIZATION 

Soil conservation, scientifically applied to the land ac
cording to modern standards, is the great need and the 
main hope of our civilization. To a large degree, people 
everywhere depend for their well-being on the well
being of their agriculture. Even though there have been 
phenomenal advancements in invention, manufacturing, 
mining, transportation, and other industrial activities in 
recent years, the people of the world are still basically 
dependent on agriculture. Agricultural production, in 
turn, depends on the supply of productive land, its proper 
use and protection. Without this solid foundation, there 
can be no real hope for a continuously successful agricul
ture anywhere. Furthermore, without this foundation 
there can be no assurance of economic stability or social 
progress. And, as I see it, there can be no assurance of 
adequate nutrition, prosperity, happiness, or peace any
where. 

So long as people have enough good land and an ade
quate supply of water to make the land productive, they 
have the means to overcome, if they will, such handicaps 
as poverty, malnutrition, inadequate education, and lack 
of opportunity. Without such resources, scientifically 
managed, real and lasting progress is impossible. 

Soil conservation, then, is mandatory everywhere over 
the world if our civilization is to avoid a tragic decline, 
economically and culturally. 

PRODUCTIVE LAND A MAJOR FACTOR IN FUTURE 

INTERNATIONAL RELATIONS 

As the population of the world continues to grow and 
the supply of productive soil diminishes, the maintenance 
and improvement of the world's limited area of arable 
land is likely to become a major factor in our national 
and international deliberations. This seems to me a 
proper and inevitable result of the present situation. This 
conference, I believe, is an early indication of a future 
trend. 

A year ago, there was a similar indication. Then, the 
Inter-American Conference on Conservation of Renew
able Natural Resources, attended by official delegations 
from twenty-one American nations, adopted a Declaration 
of Principles which contained, among other declarations, 
these adjurations: 

"Everywhere in the world natural resources have been 
depleted by ignorant and reckless exploitation that has 
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ignored the inexorable natural laws which maintain them, 
and this depletion was disastrously accelerated by the 
recent world war. Throughout the world steadily in
creasing populations have put an ever-increasing strain 
on the dwindling resources. These two forces, each of 
which reinforces the other, have now brought mankind 
to an almost critical point. The challenge of our time is 
that we must arrest and reverse them or face the fact 
that the very existence of civilization will be brought in 
peril. 

" ... The end in view is that people everywhere will 
understand that their dependence on the earth lays on 
them the obligation of respecting the earth and protecting 
it in order that they may enjoy its fullness. Toward this 
end it is the duty of governments and their agencies, of 
religious institutions, of public and private foundations, 
of universities and colleges and schools, the press, radio 
and motion pictures to provide instruction that will make 
clear the penalties of violating the physical laws of nature 
and the reward of living in accord with them." 

There is no question about the truth and wisdom of 
these declarations. I subscribe to them completely. They 
are more valid in 1949 than in 1948, because another 
year of rains and winds have beat on our land and in 
the same year the world's population has increased by 
approximately another 20 million. 

To get the job done on time, we must all work to
gether. In the first place, that will make us better ac
quainted and better friends. And, secondly, we must do 
this vital job, whether we want to or not. 
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The CHAIRMAN : Thank you Dr. Bennett. I am sure 
that those of you who had any hesitancy about accepting 
my identification of Dr. Bennett as an evangelist in this 
field, will have no hesitation any longer. It seems to me 
that Dr. Bennett has said again to us that an ounce of 
prevention is worth a pound of cure in dealing with the 
problems of soil conservation. His paper will be subject 
to some discussion later on in the Conference. But I 
would like to move on to the other papers before we go 
into a discussion of the entire subject. 

It seems to me, that, perhaps, a story might be appro
priate at this time. It occurred to me about the first time 
I ever heard Dr. Bennett talking about soil conservation. 
It was probably he, or some other person, who was trav
elling in an area in our country in which soil conservation 
had not yet become thoroughly understood and in which 
our forefathers had done a pretty effective job of ignoring 
most of the basic principles of soil conservation:-·This 
person was driving along a country road-we will call 
him a visitor-and noticed that the crops out in the 
fields were pretty bad, the road was bad, etc. He came 
along to a bend in the road, and there sat a native of the 
country on the fence, just kind of whittling, and not 
doing too much. So he engaged him in conversation. 
The visitor said "It's a pretty sorry country you are 
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United States Department of Agriculture. I want to 
assure the conferees from outside the United States 
that we do not believe that we have all the knowledge and 
all the "know-how" in this important field. I am sure 
that Dr. Bennett, in his travels over the world, and many 
other people, like Charles Kellogg and Dr. Salter, who 
have both made invaluable contributions to this all
important subject, have gained a great deal of informa
tion and knowledge in the countries of the world to which 
they have travelled. We, of the United States, are there
fore not in the position of a professor or a teacher here 
to.day; we are here as participants in a larger group 
exchanging and co-operating in the over-all task of solv
ing a world-wide problem, a problem with which many 
countries were confronted long before we were in this 
country, and towards which they have made marked ad
vances in improvement in soil work long before we really 

';began to be impressed with the importance of it. So I 
ihope that those of you who are visitors in this country 
'at this time, will realize as we speak here today that we 
do not consider ourselves the fountain of all information. 
We recognize that in your countries there have been great 
and important advances made along this line and this 
conference, therefore, is an opportunity for exchange of 
views rather than anything else. 

living in here, isn't it?" The native allowed that it was /j As I introduce the next two speakers, I do want to say 
a pretty sorry country. The visitor said "I've been no- 1 this : They came out of the Department of Agriculture, 
tieing the corn and the corn is pretty bad". The fellow,· yes, but they also came out of the great Land Grant Col
said "Yes, corn is pretty bad". The visitor said: "I went lege system of this country. They got their education not 
by a schoolhouse down there and there wasn't any kids in the Department but brought to the Department in
in school". Said the native "We haven't had money formation, knowledge, background and enthusiasm for 
enough for sending kids to school for a long time". their work. And that is true of Dr. A. B. Lewis. He 
The vis~tor remarked a~out the bad. roa~s and a few was, as I said, in the Department of Agriculture a long 
other thmgs, and the native ~greed w1th h1m. He could time, before that he was in the Land Grant College 
~ot start ~uch _of a conver~a~~on, so he thought, he would system of this country. For a number of years, he has 
JUSt termmate It and he said You kno_w, I dot; t see how been in the international field as a member of the F AO 
yo_u fellows really produce the ess~ntlals of hfe ar~>Und staff which has been built up these past few years through 
th1s part of the country". The native thought a mmute h . d . . . 

d h "d "W 11 k d 't d 11 t t e co-operative un ertakmg of many natwns. Dr. Lewis an e sa1 e you now, we on o very we a h th . 
producing the essentials of life and sometimes when we as been ~ au.thor of a number of books on ;ranous 
produces them they ain't worth drinking" I do not aspects of s01l sc1ence and forestry, and much of hts work 
know, Dr. Ben~ett, whether that really happ~ned to you is well known to _YOU. His pape: today is on "Soil. and 
or not. ! For est ConservatiOn and Protectwn of Water Supphes". 

I · t b l'ttl b d h ft I et He advises me that it was prepared in collaboration with 
am gomg o e a 1 e em arrasse ere a er g D J D B H · 1 f F AO A d I k 

through with my introductions, because in each case I r. · · · . a~nson, a ~0 0 · • n so ta e great 
shall have to call your attention to the fact that our pleasure now m mtroducmg Dr. Lewis. 
speakers have come at one time or another from the Mr. LEwrs delivered the following paper: 

Soil and Forest Conservation and Protection of Water Supplies 

A. B. LEWIS 

J. D. B. HARRISON 

Man's most powerful interest in the land and water 
resources of the earth is that they shall yield abundantly 
the food, fibres, timber and other products that he needs. 
Land is not used for its own sake but for man's sake, and 
land is not conserved merely for the future, but for the 
future of man. 

As an influence on the present and future welfare of 
man, nothing, in fact, is of a greater consequence than 
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the land. Land, including its water supply as one of its 
principal characteristics, varies greatly in ways that de
termine how it may best be used and how much it would 
then produce. 

Man has discovered how different kinds of land should 
be used, and what level of living can be supported on 
different kinds of land, almost entirely by the process of 
trial and error. This has been extremely expensive in 
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terms of energy, courage and life. Since more food can 
be produced by cultivation than in any other way, man, 
since learning agriculture, has nearly always tried to 
cultivate the land he settled. Man has spread almost at 
random over the earth's surface, much as the seed was 
scattered by the sower in the Parable. Where the land 
was excellent the settlers have prospered exceedingly and 
increased in number, and the surplus food produced by 
them has given rise to the great urban civilizations of 
the world. \Vhere the land was fairly good, settlers have 
established themselves and earned a modest livelihood ; 
but where settlers have fallen, so to speak, on land that 
is poor they may have struck root briefly when conditions 
were favourable, only to be stricken with poverty or even 
starvation when the true character of their land, includ
ing its climate and water supply, was revealed. 

Errors of agricultural settlement not only have injured 
the settlers themselves but have often damaged the land 
and made it less productive for purposes besides cultiva
tion. Unwise clearing of land in the upper parts of river 
basins, furthermore, has disrupted water supplies for 
power, irrigation, manufacturing, and other uses in 
downstream areas, and has sometimes resulted in the 
burying of good valley soils under sterile outwash ma
terial and the filling of reservoirs and stream channels. 
Errors of settlement, in other words, may have irrepar
able consequences, and, even at best, the correction of 
such errors is generally a long drawn-out and expensive 
process. 

Settlement of new lands is still going on in many parts 
of the world. Is it necessary that settlement proceed on 
the usual hit-or-miss, sink-or-swim basis? That the 
familiar mistakes and their familiar consequences be re
peated in new regions? Must the effects of old mistakes 
continue to blight the fortunes of countless people on 
certain lands and gradually destroy the land itself? It is, 
indeed, not necessary that this be so. Much has been 
learned about the characteristics of land that make it 
desirable for various uses. \Vays of correcting the misuse 
of land and its results have been put into practice in some 
places, and could readily be applied elsewhere. 

Knowledge and skills already available can gradually 
correct old mistakes in settlement and largely prevent 
new errors. It is the purpose of this paper to outline 
policies which, we believe, if put into effect, would pro
tect and develop the land and water resources of a 
country. 

Errors in land utilization are of two principal kinds. 
The first and greatest error is to try to use the land for 
a purpose to which it is not adapted. The second type of 
error is to use improper methods of farming, grazing, 
forestry or other utilization, even though the land is 
suited to that use. 

The first kind of error has occurred on a grand scale, 
for example, in North-west China. In periods of greater
than-usual rainfall plow-farmers have gradually extended 
their .settlement out upon the semi-arid grazing grounds 
of the nomads. 'When the inevitable droughts have come, 
often lasting several years, these farmers have starved by 
the thousands, and other thousands have deserted their 
villages and migrated to the south and east in search of 
food. During the dry years the wind has blown away 
the top-soil. 'When the droughts have ended, torrential 
summer showers, also characteristic of that semi-arid 
region, have fallen upon the deserted and barren culti-
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vated fields, washing away the soil and ruining the land 
even for the grazing of livestock, its original best use. 
Travellers may now see the ruined villages and scarred 
landscape that result from this basic error in land use, 
an error that is sure to be repeated in each period of bet
ter-than-usual rainfall. 

In the semi-arid regions of the Great Plains of the 
\Vestern United States, similar errors have been made. 
Vast areas best adapted by nature for livestock ranges 
have been settled by plow-farmers. In time of greater
than-usual rainfall this settlement spreads. ·when the 
dry years come, the people themselves do not starve
the efficiency of the national economy prevents this-but 
some of the livestock starves and there is much migration 
by both people and livestock. The ruin created by wind 
and water on the idle, cultivated soils is the same as in 
China. In this region one may see hundreds of square 
miles inhabited by plow-farmers making a most pre
carious living, and after several generations still occupy
ing dwellings little better than those of the first settlers. 
If there were more livestock and fewer people on this 
land, the wide fluctuation in rainfall from one period to 
another could generally be met by selling part of or in
creasing the herds, and would give rise to much less 
human privation and migration. It would surely be bet
ter in many ways if each 10,000 acres of this land 
supported one prosperous livestock rancher instead of the 
ten or more poor, struggling farmers it now supports. 

In regions where water is scarce, costly errors have 
been made in irrigating lands where the soil was unsuit
able for farming or where drainage could not be or was 
not provided. Some new lands have also been irrigated 
in such a way as to deprive previously irrigated down
stream areas of their water supply, causing old settle
ments to revert to desert. 
-In humid regions, conspicuous errors have been made 
in clearing the forests and trying to establish farms on 
lands too poor to support agriculture. One result of such 
errors is that rural communities of sub-standard income 
are established, where people are not able to afford the 
education, health services, roads, and other facilities they 
need, and either do without these or must be subsidized. 
Agricultural settlement in parts of the cut-over areas of 
the Great Lakes States and in the Appalachian Plateau 
region furnish examples of this condition. 

In the south-eastern United States, where many of the 
forest soils are highly erodible as well as unsuited to 
farming, a further result is severe erosion, sometimes 
with gullies so deep as to damage the land even for 
forests. A still further consequence, especially in hilly 
regions where forests have been damaged by grazing or 
cleared to make way for agriculture on unsuitable land, 
is that the hazards of seasonal flood in down-stream areas 
are greatly increased. At the same time, the flow of water 
in the dry seasons is reduced, adversely affecting users 
of water for irrigation, power, navigation and other 
purposes. 

Another obvious result of attempting to establish 
farms on unsuitable types of forest land is that the for
ests, the source of valuable timber and other products, 
are destroyed, and the development of wood-using indus
tries is prevented. This result can also occur, of course, 
through the improper exploitation of forests even where 
farming is not the object. 

In the humid tropics the removal of the forest has 
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been found to be particularly dangerous to the soil. Here 
the major part of the accessible supply of minerals and 
organic matter is normally embodied in the trees and 
plants of the forest itself. \Vhen these are removed, the 
high temperatures, strong sunlight, and heavy rainfall 
quickly cause the oxidation of the organic matter in the 
soil and the leaching out of the soluble minerals. It may 
then be impossible to raise crops and even the natural 
vegetation may fail to reoccupy the land. Severe erosion 
may follow. In the tropics, therefore, lack of care in 
selecting land for non-forest uses threatens to produce 
particularly calamitous results. Tropical agriculture can, 
however, be productive and permanent where the soil 
and other conditions are favourable. 

Not all errors in land use can be ascribed to the at
tempt to produce food by farming the wrong kind of land. 
Seekers for gold, coal, and other minerals have been 
allowed to ruin valuable land through hydraulic and strip 
mining, without consideration of the relative value of the 
minerals produced and the potential agricultural produc
ion which was destroyed. Areas so damaged have been 
::mall but they have sometimes been of importance locally. 
:::;ities, industrial plants, airports and similar non-agricul
:ural establishments have encroached upon other produc
ive farm lands, even where lands less valuable for food 
;Jroduction could have been selected. 

CLASSIFICATION OF LAND 

The essential first step in preventing the improper use 
Jf land or in correcting misuses that are already estab
lished is to classify the land according to its best use. 
rhis classification must recognize first of all that man's 
r1rst interest in the land is to get a living from it, and 
:nust recognize the requirements of the enterprises 
which man organizes for that purpose. 

If, for example, 200 hectares of land are required for 
the economical administration of a government-owned 
forest, no smaller contiguous area than this should be 
classified as suitable for purchase and reforestation by a 
public agency. Small areas of land suited to forestry 
probably would be classed in with the fann lands, on the 
assumption that they would be used for farm woodlots. 
On grazing lands of such a type that 10,000 hectares 
are needed to support a family herd of livestock, no 
smaller area should be classified as suitable for the estab
lishment of enterprises of this kind. Smaller separate 
areas of grazing land would usually be classified as part 
of the fann lands, if they were suitable for farm pastures. 
Similarly, it would not be appropriate to classify as suit
able for plow-fanning a single piece of good soil in a 
poor soil district if the area of such soil were less 
than that required to support a farm family in accord 
with the standards of the country. One must go still 
further, and recognize the necessity of furnishing schools, 
roads and other public services to the users of land. 
Even where farm-sized areas of suitable agricultural soil 
are available, such areas usually should not be classified 
as desirable for independent plow farms if they are scat
tered widely over a large area adapted mainly to forests, 
because of the high cost of providing public services. 

In classifying land for recommended use, we are not 
concerned with designating the particular crops which 
should or should not be raised on a particular field. The 
question is, instead, is this area generally suitable for the 
establishment of fanns or should it be reserved for for
ests, livestock ranges, or other uses? If the area is 
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adapted to agriculture, how intensive a type of agricul
ture will the land support? 

In some regions the suitability of land for certain 
mixed or rotated uses should be considered. The prac
tice of shifting cultivation, whereby land in forests is 
temporarily cleared for cultivation and then allowed to 
revert to forest, is an example. While this practice, when 
uncontrolled, has often damaged the forests and caused 
the soil to erode, it may prove to be an economic and 
conservative type of land use when scientifically man
aged on the right kind of land, as in parts of the Belgian 
Congo. The clearings may present an opportunity to 
replant the forest lands to desirable species of trees, as 
in parts of Bunna and the Philippines. Similarly, the 
use of forests for grazing is generally regarded as un
desirable from the standpoint of preserving the forests 
and safeguarding their beneficial effects in stabilizing 
water supplies and protecting soils from erosion and 
floods. Nevertheless, forested areas differ widely in their 
susceptibility to damage from such use. Combined graz
ing and forestry may be both safe and profitable, under 
scientific management, on certain lands. 

The classification of land for recommended uses de
pends fundamentally on an appreciation of human experi
ence. It is easiest to classify for recommended use land 
which has already been occupied or subject to occupa
tion for some years, since the experience of the farmers 
and other land users has then only to be observed and 
related to the basic facts of soil and climate. Farming is 
such a complex business, and so competitive, that experi
ence is the only reliable guide to land utilization. Where 
undeveloped lands are to be classified, the classification 
should depend on an appreciation of the experience of 
farmers and other land users in utilizing similar land 
under similar conditions. 

Land classification must also, of course, depend on the 
measurement and mapping of basic characteristics of the 
land and its present use. A land survey map is essential 
as a foundation for the work. Aerial photography may 
be used, along with ground surveys, in making such 
maps where they do not exist. Land survey maps show 
the true position of political boundaries, roads, streams 
and other features, both natural and man-made. A topo
graphic map is essential to show the configuration and 
elevation of land surfaces, so important in influencing 
land use. A map of the soil types, more or less detailed 
depending on frequency of soil variations and the in
tensity of present or potential agricultural use, is needed. 
A map of present land uses is highly desirable. Aerial 
photography may be used in expediting the making of 
both soil and land-use maps. In areas where the water 
supply is a limiting factor in crop production and irriga
tion is needed, measurements and maps of water-supply 
factors are necessary for land classification. Where the 
land is already settled for agriculture, a map showing 
the relative an1ount and condition of the visible capital 
accumulated by the farmers on the land has proven very 
useful in classification, since the net capital accumulation 
reflects the income-producing capacity of the land over 
a considerable period of years. Finally, wherever some 
of the land is being or may be used for farming, the land 
classifier must have knowledge of the farm management 
factors which do or would affect the income produced on 
farms under the local conditions. This knowledge can 
only be acquired by the systematic study of farms al
ready in existence on the land or of similar farms on 
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similar land. In some countries, most of the land survey, 
topographic, soil, land-use, water supply, and farm opera
tions surveys and maps have already been made. In 
many countries, however, this foundation work has not 
been completed, but will have to be undertaken if the 
efficient use and conservation of land and water resources 
is to be achieved. 

The task of land classification is that of appraising the 
land with the aid of all the necessary basic information 
and coming to conclusions regarding the relative suit
ability of land areas for various broad purposes. This 
is not difficult to do in practice. Land classification for 
recommended use has been done, for example, in several 
states of the United States, in Canada and in China. 
In many cases these studies have served as the basis for 
plans of developing each class of land for its highest pos
sible sustained production. Quite as important is the 
fact that the land classification maps have enabled us to 
learn a good deal that was not previously well known 
concerning the relation between land productivity and 
many other factors, including farming returns, farm cap
ital, farm-family living standards, agricultural credit, 
fire insurance, elementary education, the value of roads 
and electric power, and soil conservation. 

The classification of land for recommended uses pro
vides a plan for co-ordinating the utilization and preser
vation of all land and water resources in the area classi
fied. Because of the importance of water for tree and 
crop growth, livestock use, human consumption, man
ufacturing, power, navigation and sanitation, and equally 
because of its destructive power in floods and as an agent 
of erosion, a river basin is generally the most logical unit 
for land classification and development. In humid areas 
the choice of a river basin as a classification and develop
ment unit helps in determining and showing the value of 
forests on the headwaters lands as a means of absorbing 
water and regulating streamflow so as to reduce the 
danger of floods and erosion. Where streams flow from 
humid uplands into arid or semi-arid valleys, upland 
forests may be highly beneficial in storing water for irri
gation, prolonging the period of flow, and protecting 
reservoirs and channels from siltation. In view of the 
fact that the most productive agricultural lands are usu
ally in the valleys, plains and deltas rather than in the 
uplands, it is conceivable that the total agricultural pro
duction of a valley could be increased by sacrificing some 
of the agricultural land near the headwaters to the for
ests, thus improving the supply of water for the better 
lands downstream or better protecting such lands from 
floods. Considerations such as these logically influence 
the classification of lands in a river basin for recom
mended use. It is not so easy to measure and demon
strate such relationships where political units are chosen 
for classification, as has most often been done. 

In dryer regions or in semi-arid portions of a river 
basin, rainfall may be insufficient for forests but sufficient 
to support grasses and other herbage suitable for grazing. 
In these climatic conditions, the grasslands perform a 
function similar to that of forests where rainfall is 
greater, in absorbing, storing, and utilizing water and 
reducing the risk of floods and erosion. Because rainfall 
is often concentrated in torrential summer showers, the 
dangers of flood and water erosion in semi-arid regions 
may be as great as those of drought and wind erosion. 
It is not unusual to find river basins of which the highest 
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areas should mainly be in forests, the next lower slopes 
in livestock ranges, and the main valley in intensive agri
cultural use under irrigation. 

LAND DEVELOPMENT 

When the land has been classified according to the 
uses to which it is best adapted, the next problem is to 
provide that the land shall actually be used for those pur
poses for which it is adapted. In this connexion it is 
important to observe that food is the. primary necessity 
of mankind, and that cultivation has generally been found 
to be the means whereby the most food can be derived 
from a given area. The first instinct of peoples who have 
advanced so far as to learn agriculture appears to be to 
try to cultivate any piece of land coming into their pos
session if the physical obstacles to cultivation are not 
obvious and decisive. If the land can be ploughed and 
there is moisture enough in the soil to sprout the seed, 
farms will generally be established. 

Practical studies have shown that there is a pro
nounced tendency for the income from land to be divided 
between the maintenance of buildings, machines, herds, 
lands and other assets and the reimbursement of labour 
in such a way that each shares in the higher returns 
earned on the more productive land, and each partici
pates in the disadvantages of occupying poorer land. 
s.ome land occupied by fa.rmers is so poor that it pro
VIdes the farm operator with a very poor return for his 
l3;bour and also yields returns that are too low to pro
vide for. the upkeep of the necessary farm buildings, 
fences, ditches, terraces, livestock and other assets that 
are required for the continued operation of the farm. 
Nevertheless, farms on land of this character have con
tinued in operation over a long period of years. When 
one farmer has exhausted his capital and has been forced 
to sell and leave the farm, another farmer, hopeful of 
doing better than his predecessor, has generally been 
ready to invest new capital and try his hand at the ven
ture. In these circumstances, while farmers come and go, 
a particular sub-marginal farm may continue in use for 
decades. 

Another means whereby sub-marginal farms continue 
in use is that where poor land is situated in the same 
political unit as better land, the inhabitants of the better 
areas subsidize those of the poorer areas by paying, in 
taxes, more than their share of the cost of public services, 
s?ch as schools, roads, relief of the poor, police protec
tion, and many others. Private institutions, such as 
credit agencies and insurance companies, as well as firms 
selling farm machinery and supplies, unknowingly sub
sidize the sub-marginal farming areas because they 
incur a disproportionate share of their costs and losses 
from serving the poor land, and these high costs and 
losses are made up out of the returns received in serv
ing the better land. 

For these various reasons, land which can be ploughed 
must be so poor in comparison to other land available in 
the vicinity as to bring about a very rapid depletion of 
any capital investment before it will remain out of agri
cultural use for purely economic reasons. In fact, the 
competition of farmers bidding for land that ought to 
remain in livestock ranges or in forests in order to pro
te~t the capital and the courage of prospective settlers, 
will keep the price of such land above that which could 
reasonably be offered by private persons who wish to use 
such land for livestock ranges or for forest production. 



Because of these facts, there is generally, in a region 
that has already been settled and where the land varies 
in quality, some land already in farms which ought to 
be returned to livestock ranges, forests or other less 
intensive uses. In regions which have not yet been 
settled, there will generally be land which farmers will 
attempt to occupy, if they have the opportunity, but 
which will never provide them an acceptable living. 

One of the dangers of failing to correct such a misuse 
of land, or of not preventing it, is that farmers who 
occupy sub-marginal land do not receive enough income 
to provide them either the motive or the means for con
serving their soil resources. They receive so little return 
for their labour that they will exert little effort in pre
serving their land from erosion, and they have no money 
to spend on capital improvements that would help pro
duce the same result. Soil conservation services, exten
sion services and other agencies will be quite unable to 
bring about the adoption of what they would regard as 
sound agricultural practices, from the viewpoint of con
servation, by farmers on such land. The result depends 
t pon local soil, soil-cover, and climatic conditions. Where 
those are conducive to soil erosion, gullies will be formed 
vith disastrous results to the sub-marginal land itself as 
vell as land down-stream. 

Much of our most spectacular soil erosion has re
sulted directly from attempts to cultivate land from which 
the income would not maintain the necessary farm assets 
and support the farm family according to acceptable 
standards. Some of this erosion has occurred while 
such farms were still occupied, but a large share has 
taken place after they were abandoned. 

Similarly, there is a tendency for livestock men, at no 
r.et profit to them, to extend their range into areas where 
Fazing is not economical and the land should be utilized 
f :)r forests. 

In view of these universal and very human tendencies, 
government regulation is often necessary to keep agricul
ture out of areas which are better adapted to ranges or 
forest and to keep livestock out of forest lands where 
grazing would be detrimental, as on steep slopes, and 
where grazing animals destroy desirable forest seedlings. 
The exclusion of urban and industrial development from 
good farm land are somewhat similar problems affecting 
smaller areas. 

Where land has not yet been occupied, or where occu
pation is as yet very sparse, the device of zoning, such as 
has been applied in the State of Wisconsin, for example, 
may be a very effective method of regulating land use. 
Zoning typically prevents the encroachment of the more 
intensive uses upon land that is adapted only to the less 
intensive, thus combating the natural tendency of man 
to make the use of land as intensive as possible, rather 
than the reverse; just as dams must be built to halt the 
flow of water downstream but not upstream. Zoning is 
appropriate to prevent individuals from trying to estab
lish farms in areas better adapted to forests or range, to 
prevent livestock ranges from encroaching on certain 
forest lands, and to prevent cities and industries from 
smothering the fertile plains and valleys under their con
crete streets and structures. 

Where there are only scattered cases of undesirable 
uses having been established, zoning may still be an 
effective instrument. It cannot well be made retroactive, 
but it can gradually eliminate undesirable land uses 
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through the principle that once a forbidden use is al
lowed to lapse it may not be resumed. 

Zoning is a political instrument closely affecting the 
lives of people on the land. The successful use of this 
device therefore requires that the people understand and 
approve it as a means of safeguarding their own welfare. 
In many countries, of course, no such ordinance could 
legally be put in force except by the will of the population 
in the affected area. This places a heavy but unavoidable 
responsibility on educational institutions. 

Zoning prevents undesirable land uses but does not by 
itself ensure that the protected land will, in fact, be used 
for any productive purpose. For this reason, other 
measures may be needed. Where land best adapted to 
forests, for example, has been cleared for farms, it may 
be highly desirable that the forests be re-established by 
planting. Merely to forbid the resumption of agriculture 
on any such land as has been or may be abandoned may 
not be sufficient to bring the desired result. Private in
dividuals are commonly unable or unwilling to invest any 
considerable capital in new forest plantings and then 
wait, perhaps fifty years, for any return. The government 
itself, on the other hand, embodies the long-term inter
ests of the public, is perpetual and well suited to carry 
this responsibility. 

In the circumstances described it will often be desir
able, therefore, for the government itself to purchase and 
reafforest the farm lands in areas best adapted to forest 
uses, and supervise the growth and exploitation of the 
resulting stands of timber. Such a programme has been 
adopted, for example, by the State of New York. It 
ensures that the sub-marginal farm lands will be pro
ductively used in the public interest, so far as this can 
be understood by the government. 

Where forest lands are already government property, 
ensuring their proper use requires, of course, neither 
zoning nor purchase, but merely that the government 
protect and develop the forests. 

The purchase and administration of land for extensive 
livestock ranges by the government would be well justi
fied in many regions as a means of preventing unwise 
farming ventures and making the land available for uses 
that are within its capacity to support on a permanent 
basis. In some regions a similar result might be achieved 
by purchasing or otherwise controlling, not the whole 
livestock range, but only the watering places and the 
small areas where plough-farming would be suitable. This 
would prevent the occupation of these strategic spots by 
plough-farmers and would keep them available for the 
watering of the herds and the production of supplies of 
tame forage for use in winter or in dry years. Nomadic 
tribes which have fought against the occupation of their 
watering places and wintering grounds by settled farm
ers have only been trying to protect the foundation of 
their livestock economy. In Africa, nomads who have 
lost the battle have been confined to reservations inade
quate for their needs, with the result that severe damage 
from erosion has resulted. 

National land-use policy should contemplate, of course, 
far more than the exclusion of agriculture from unsuit
able lands and the establishment of forests and livestock 
ranges under public ownership. Since the lands suited to 
agriculture are the principal source of food, directly sup
port the greatest population, and are the basis for the 
highest investment of capital and application of labour, 
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their protection and development deserve to be of the 
greatest national concern. 

Governments may well supervise and finance the prep
aration of new land for settlement where this requires 
expensive works for irrigation, drainage, and flood pro
tection, or where forests or other wild vegetation must 
be cleared on a large scale. While a part of such develop
ment costs may properly be borne by settlers on the land, 
a part should be borne by other particular beneficiaries, 
such as users of power, and a part should be borne by 
the general public as a cost of national development. 

On land which is naturally amenable to settlement or 
has been made so by irrigation, drainage and clearing, 
no special activity of the State will ordinarily be neces
sary to ensure that agriculture will be established with 
family-sized farms as units, or with whatever other eco
nomic units the history of the people has developed. The 
government should be concerned, however, that the units 
taken up by the settlers are as large as can be operated 
economically, so that the lands will have a well-supported 
population and yield a maximum surplus of products for 
urban and industrial uses. 

For the most efficient agriculture, moreover, it has 
been established that various public services, which may 
or may not be government-owned, are necessary. Roads 
are needed for transporting supplies in and products out, 
as well as for personal travel. Electric power is of grow
ing importance on farms in many countries, as well as a 
source of comfort in living. Schools are necessary for 
the farmers' children, to develop a farm population which 
understands its business and can adapt its practices to 
various conditions and new ideas. Credit is needed to 
enable the farmer to buy and sell without disadvantage, 
and to make investments which will increase his future 
returns. Fire insurance protects the farmer against 
overwhelming capital losses in a particular year. Agri
cultural extension or advisory services are needed to 
keep the farm people informed on the latest agricultural 
knowledge and skills. 

These services, of course, cannot be furnished without 
cost. In a highly developed economy, land which will not 
yield enough to meet these costs cannot be considered 
suitable for agricultural use. There are, however, de
grees of intensity with which many of these services are 
needed, depending on the productive capacity of the land. 
Within the general classification of land that is adapted 
to permanent agriculture it is possible in practice to dis
tinguish several sub-classifications that are adapted to 
different degrees of intensity of agricultural use. In a 
class where productive capacity calls for agriculture of a 
relatively low intensity, fewer farm-to-market roads per 
square mile, less electric power per farm, and smaller 
loans per farm will be needed or can be paid for than on 
more productive land. Farm population will be less dense 
and fewer schools will be needed. Furthermore, the level 
of living of the people in the different agricultural land 
classes will vary. Agricultural methods and practices will 
also vary, and require correspondingly different exten
sion or advisory teaching. For the highest development 
of agriculture and rural living on every grade of land, 
agricultural services of all sorts should, in fact, be closely 
adjusted to the needs and capacities that are character
istic of the various grades. 

In the beginning of our discussion, errors of land use 
were divided into two classes : errors of type of use and 
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errors of methods of use. Thus far we have spoken 
mainly of means to prevent the first type of error, and, 
beyond that, of actively encouraging the development of 
the right type of use on each class of land. 

PRODUCTION AND CONSERVATION 

Errors in methods of use occur under all types of use. 
Indiscriminate clean cutting of forest stands, for example, 
without regard for the perpetuation of the forest or the 
preservation of the soils on which it stood, has been 
responsible for tremendous losses in timber and in tim
ber-growing resources. Over-grazing of range lands 
reduces the desirable and encourages the undesirable 
types of herbage, and gives rise to erosion. On public 
lands, both of these errors can be prevented by govern
ment control, if the government knows how and has the 
necessary popular support for control policies. On 
large private forests and ranges they can also be pre
vented, mainly through education. If necessary, and if 
the general public is in accord with the idea, regulation 
of grazing and forestry practices, such as would prevent 
soil erosion and maintain high production, could be ex
tended to cover private lands. 

Under agriculture there are many and various pos
sibilities for error in methods of land-use which place a 
low limit on farming returns and lead to soil deteriora
tion. These include grazing and forest-management er
rors, since farms often include tracts of woodland and 
pasture land as well as of tilled crops ; and there is, of 
course, an immense variety of the latter. Furthermore, 
soils vary as to their susceptibility to erosion, even when 
slope and soil-cover are the same, and even on the same 
farm. 

The problem of soil conservation on the farm is one 
with the problem of production itself. The farmer is try
ing to earn a living on the land. He is interested in next 
year's as well as this year's living, and is generally con
cerned with his sons' and grandsons' livings as well. For
tunately, the agricultural methods which will keep the 
farm in production, unimpaired by soil erosion, year 
after year, are the methods which produce the highest 
annual returns. This has been proven by studies of con
servation farming versus soil-depleting methods. 

The farmer's interests being what they are, the prob
lem of introducing conservation practices is first of all 
a matter of educating farmers as to what these practices 
are and what they will do. Farmers will, if they can, 
adopt whatever practices will improve their incomes. 
This motive for conservation is stronger and more effec
tive than any other that could be devised. Harnessing 
the farmer's natural ambition to make a good living for 
his family places a tremendous force behind conserva
tion-a stronger force than any government could ever 
exert from the outside. 

For the adoption of conservation practices farmers 
need, in addition to knowledge of ways and means and 
results, some assistance in initiating practices which re
quire an initial outlay of capital. Such outlays are a 
sound basis for agricultural credit, if properly planned 
and executed. 

A further need is a means of co-operating in soil con
servation work which affects more than one farm, and 
sometimes exerting community power in regulating prac
tices on one farm when they endanger neighbouring 



farms. It may happen that small dams need to be built 
to regulate a stream, or an area of steep slopes purchased 
and reafforested. A soil conservation organization com
posed of farms within a given territory should have the 
power to perform these duties at the expense of all 
members. If a farmer persists in managing his farm so 
that excessive water run off and soil debris damages an 
adjoining farm, the local organization should have au
thority to insist on a change in practice. 

Farming for sustained production involves practically 
every phase of agriculture, and no boundary can be 
drawn to separate a conservation from a production 
practice. Crop rotations, animal husbandry, fertilization, 
methods of tillage-all are directly involved. The farm
ers' first task is, with the help of experts where needed, 
to take stock of his land and water resources and ar
range to use each soil and slope for its best general use. 
This will mean reafforesting some land on the farm, keep
ing other land in pasture, and using other land for vary
ing rotations of inter-tilled and non-tilled crops. Some 

The CHAIRMAN: Thank you, Dr. Lewis. I think we 
ha.ve all come to realize that the progress that has been 
made has been founded upon a great deal of very careful 
1n d hard scientific research. Our agronomists and our 
Jther soil scientists have been the people who have 
fortified and equipped those who went forth to tell the 
story of soil conservation with the information as to 
how the difficulties could be corrected. The people who 
supplied that kind of information, our scientists, are the 
people without whom the job could not have been seri
Jusly undertaken, because all we would have been doing 
Jtherwise was crying in the wilderness about a problem 
without offering a solution. 

It seems to me that it is particularly appropriate this 
:~.fternoon, that we hear from one of the soil scientists of 
long standing and wide reputation, who has been en
gaged for more than thirty years in various phases of 
scientific soil work in the Department of Agriculture, 
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land, perhaps, should be used for ponds. Beyond these 
details of land utilization on the farm, sustained produc
tion will involve a host of agricultural practices, which 
need not be discussed at this time. 

What a productive world this would be, and how dif
ferent from the present one, if every enterprise of for
estry, grazing, and farming were situated on land best 
adapted for the purpose, and if each enterpriser were 
using the methods of sustained production ! This is the 
result for which we must strive. The first step is to 
appraise and classify our land and water resources ac
cording to their best use. The second step is to prevent 
misuse and encourage proper utilization of the classified 
lands. The third step is to encourage the management 
of land for sustained production under each type of use. 
The key to success is that individuals and the general 
public, if educated on the facts, will find this programme 
to their advantage, for the present as well as the future. 
When this lesson is well learned, obstacles to progress 
will disappear. 

working in very close concert with the Land Grant Col
leges, the experiment stations and the other institutions 
interested in this same problem. The Soil Conservation 
Service would not have been able to do the job in which 
it takes great pride; other agencies of the Department
such as the field service of the Production and Marketing 
Administration, and the credit agencies-would not have 
been able to make the progress they have been able to 
make, if it had not been for the equipment given to them 
in the form of scientific knowledge, skill and method of 
handling the job. 

It is with a great deal of pleasure that I call upon 
Dr. Robert M. Salter, who is the Chief of the Bureau 
of Plant Industry, Soils and Agriculture Engineering of 
the United States Department of Agriculture, and one of 
the leaders in this country in agronomy and soil science. 

Mr. SALTER delivered the following paper: 

Techniques for Increasing Agricultural Production 

~OBERT M. SALTER 

ABSTRACT 

Further development of agricultural technology based on modern science and its application offers one of 
the really big opportunities to make conditions for world peace-and a great challenge to those who seek it. 
The use of technology has been responsible for an enormous increase in the efficiency of agricultural pro
duction in many parts of the world. Still, no area has yet realized its full potentialities. 

Modern science is used in many ways to attack the problems providing an abundance of crops for food 
and other uses. Most methods fall into one of three categories. Kinds and varieties of plants are bred and 
selected to thrive better under specific soil, climatic, and other growing conditions. The environmental con
ditions are adjusted better to fit the needs of plants through all sorts of crop and soil management practices. 
Efforts are made to preserve the harvest at full value until it can be used by man. 

To realize the full potentialities of technology in agriculture will require greater emphasis on agricultural 
research, and narrowing the gap between the time new methods are developed and their application becomes 
widespread. 

Agricultural research should be given increased emphasis in all parts of the world. Science must be con
stantly vigilant if technology is to keep pace with the changing conditions. Even in the more highly devel
oped areas applied research is now out-pacing fundamental research. In some under-developed areas, funda
mental research should be given special emphasis because applied research for these areas is seriously 
hampered by the lack of basic knowledge. 
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Narrowing the gap between the time of development and the application of a technique involves numer
ous problems. Soil, climatic, social, economic, and political conditions are all involved in transferring a 
technique from one area to another, introducing it into an agricultural system, and obtaining widespread use. 

Full attainment of the potentialities of technology in agriculture will, in much of the world, succeed 
or fail in proportion to the concurrent development of industry, education, and measures for health and 
sanitation. 

It is a high honor to be invited to take part in the dis
cussion at this distinguished gathering. We are here 
talking about techniques for increasing agricultural pro
duction because of a growing recognition of their rela
tion to world peace. That many of you represent fields 
of science other than agriculture is evidence of the under
standing that progress in one field of science has a direct 
bearing on progress in other scientific fields, and that the 
product of all science is useful only as it serves people. 

The problem of getting enough food haunted man be
fore the dawn of civilization, and has haunted him 
through the ages. Civilization virtually stood still for 
centuries because food problems lacked solution. It was 
only after food supplies increased to the point where part 
of the population could devote its energies to other pur
suits that real intellectual and material progress became 
possible. Rapid advancement came with the rise of 
democratic governments which provided a favorable en
vironment in which science flourished. 

Progress was slow at first, but as knowledge was 
accumulated it came at a faster rate. The stubborn prob
lems of food supply began to yield for the first time when 
basic science was applied in helping man use to better 
advantage the resources of nature in providing his food, 
clothing, and shelter. Since the rise of modern science, 
some areas of the world have made tremendous advances 
in agriculture. In others little if any change has taken 
place. In total, however, increasing scientific knowledge 
has resulted in more agricultural advancements during 
the past century than in all previous recorded history. 

Despite these gains, a shortage of food still constitutes 
one of the most serious world problems. How to get 
enough food will be debated the world over for years to 
come. Without doubt modern science will be given more 
and more emphasis in such discussions. Potentialities 
for increasing the efficiency of agricultural production 
through the application of science are so vast that to 
minimize them would be pure folly. 

The development and application of an agricultural 
technology based on modern science offers one of the 
really big opportunities to improve conditions for world 
peac~and a great challe e to those who seek that 
opportunity. It must be · ted, however, that full 
attainment of the potentialities of technology in agricul
ture will, in much of the world, succeed or fail in pro
portion to the concurrent development of industry, 
education, and measures for health and sanitation. 

Peace and abundance are interdependent. The one 
cannot be attained without the other, and the attain
ment of either is difficult. Progress will be slow. The 
technological difficulties are great. Yet these are prob
ably small in contrast to complex, social, economic, and 
political questions largely outside of the field of agricul
ture. Nevertheless, as about 70 per cent of the people 
in the world live on the land the application of science to 
farm production is a matter of world importance. I 

1Numbers within parentheses refer to items in the bibliography. 
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shall discuss the agricultural phase of the question wit} 
you, and since growing plants are the foundation of al 
agriculture, I shall confine my comments largely to crof 
production. 

ADVANTAGES FROM TECHNOLOGY 

Progress in several areas of the world vividly demon· 
strates that improved technology can increase crop pro· 
duction efficiency enormously. In Europe, for example 
before the rise of agricultural technology, crop yield: 
remained virtually unchanged century after century. Ir 
fact, grain yields remained under 10 bushels per acn 
from the time of the Roman Empire until just before tht 
French Revolution. Then, with the spread of technology 
yields started to climb. The per-acre yield of man) 
crops in Europe has been tripled since 1800 (3) 1 • 

Similar advances have been made in some other areas 
and they are still continuing. In the United States, fo1 
example, during the last twenty years, average per-acn 
yields of all major crops have been increased about SC 
per cent. In 1948 farmers harvested the largest total o: 
all crops ever produced on farms of the United Statet: 
That total crop reflected neither an important expansior 
of acreage nor an accident of good weather. It wru 
largely the direct result of extensive application of im
proved agricultural techniques. 

Such yield increases are dramatic. Yet they measun 
only part of the advantage of technology in increasin~ 
production efficiency. Production per unit of materia 
and labor is often more important than the productior 
per unit of land. In the United States farmers reduce< 
the number of man hours needed to produce 100 bushel; 
of wheat from 373 hours in 1800 to only 47 hours ir 
1940. Similar advancements have been made with othe1 
crops (2). 

The advantages of modern technology in agricultun 
are apparent. There are questions, however, that centel 
around the techniques available, further advancement: 
possible, and problems of application. Answers can bt 
given to some, but not to others. My illustrations will bt 
drawn primarily from experience in the United State1 
with_ which I am most familiar. Equally good, if not bet
ter, lllustrations are in many instances available in othe1 
countries. 

Problems of improving crop production are att;ckec 
in many ways, most of which fall into one of three cate· 
gories : 1. Kinds and varieties of plants are ·bred an( 
selected to thrive better under specific soil, climatic, an( 
other growing conditions; 2. The environmental condi· 
tions are altered or crop management practices adjustec 
the better to fit the needs of plants ; and 3. Efforts an 
made to preserve the harvest without loss or deteriora· 
tion until it can be used. 

SELECTING AND BREEDING PLANTS TO BETTER 
FIT ENVIRONMENT 

Large increases in yields have resulted from neVI 
varieties of crops resistant to diseases or insects am 



tolerant of drought, heat, or cold. The improved va
rieties have also extended the areas in which crops may 
begrown (12), (13), (14), (16). Inthecaseofwheat, 
for example, larger yields are harvested from fields 
planted to wheat varieties that combine resistance to leaf 
rust, loose smut, and hessian fly. Although differences in 
acreages and weather were important factors, it was in 
part such improvements in varieties that enabled farmers 
i-:1 the United States to harvest almost 1-1/3 billion bush
els of wheat in 1948, our fifth successive crop of more than 
a billion bushels. Improvements in varieties and produc
tion methods accompanied by some shift in production 
to better land enabled farmers in the United States last 
year to produce our third largest crop of potatoes on the 
smallest acreage in nearly seventy years. Similar progress 
with disease control and adaptation has been made in 
Yarieties of oats, sugar beets, tobacco, and many other 
crops. Yet the 'annual toll from the known diseases of 
t'Conomic plants in the United States is still measured in 
lmndreds of millions of dollars. 

Important use is being made of the fact that vigor and 
ttniformity of plant growth often can be increased by 
controlled hybridization of s~lected parent strains. With 
normal growing conditions farmers in the United States 
c..dd at least three-quarters of a billion bushels of maize 
1o their average annual crop by planting hybrid seed and 
without increasing the acreage. Each year the return 
Jrom hybrid maize is more than 100 times the total 
government expenditure for maize breeding research 
during the last quarter century. Scientists have pro
duced vigorous hybrids of several other crops-onions, 
1omatoes, lucerne, and sugar beets-and they are work
ing on still more. 

Plant varieties, resistant to temperature and moisture 
<~xtremes, have been developed that increase yields in 
existing areas of production and extend production to 
new areas ( 14). Wheat varieties have been developed 
that mature as much as one week earlier in the Great 
Plains-in advance of the hottest weather. The area of 
commercial maize production in the United States has 
been extended hundreds of miles to the north and west 
through the development of early-maturing varieties. 
Better and more timely tillage with the new machines 
further increases the effectiveness of these varieties. 

Plant breeders have succeeded in increasing the phys
iological efficiency of our crop plants. Small, short
season maize hybrids have been developed that are more 
efficient than the more leafy hybrids in synthesizing and 
storing carbohydrates. 

ADJUSTING ENVIRONMENT THE BETTER TO FIT 

THE NEEDS OF PLANTS 

Farmers are more effectively protecting their crops 
against damage from insects, fungi 1 and weeds with 
newly developed chemical compounds ( 16). Their wide
spread use has been promoted through new and im
proved methods of spraying, dusting, and fumigating. 
Certain seed-borne and soil-borne fungus diseases are 
being more effectively controlled with new compounds 
used for seed treatment. Weeds are being controlled 
more efficiently with new products developed in the 
chemical laboratory. Petroleum derivatives, plant growth 
regulators, and other chemicals are being used on a wide 
scale to supplement conventional weed control by tillage. 
Flame is being successfully used to control weeds in 
cotton and shows promise on other crops. 

85 

SOILS AND FORESTS 

Efficiency of crop production is increased with tech
niques that permit more precision of operations. Mod
ern machines with ample reserves of power permit more 
precision in timing operations for seedbed preparation, 
planting, controlling weeds, and harvesting. These jobs 
can be completed at the most advantageous time during 
short periods of favorable weather. Precision planting 
insures the farmer a better stand of plants. In order to 
mechanize the production of any crop effectively, precise 
control of planting depth and spacing of seeds must be 
developed first. 

More efficient use of fertilizers results from precision 
placement. The use of radio-active isotopes in fertilizer 
studies is helping to define placement practices more pre
cisely for many crops under a wide variety of soil and 
moisture conditions ( 11). 

Tremendous gains have resulted from soil manage
ment and fertilizer research. Much has been learned 
about the significance of soil reaction and how to control 
it, about ways to conserve water in the soil for growing 
crops and to reduce erosion, about the use of crop rota
tions, legumes, and green manures for replenishing soil 
humus and nitrogen, about procedures for determining 
the nutrient needs of crops, and about materials, meth
ods, and machines for meeting these needs efficiently. 
More and more is being learned about how to maintain 
soil structure-that is, the physical condition of the soil, 
its granulation and porosity. 

Modern methods of soil classification have made it 
possible to put together and use more accurately the 
results of farmers' experience and the results of research 
according to definite, defined soil types ( 4). No other ad
vancement in agricultural science has had more impor
tance in sharpening the recommendations as they apply 
practically on a particular farm. It greatly improves the 
effective transfer of new information on soil and crop 
management from the research stage to the individual 
farm. After all, we must recall that decisions are made 
for small units-fields of farms-and therefore our rec
ommendations must be specific enough to apply to single 
fields. 

More extensive use is being made of fertilizers and 
manures in agriculture, and more efficient fertilizers are 
being developed ( 6) . During the past ten years, farmers 
in the United States have doubled their use of chemical 
fertilizers, and they are now applying them in granular, 
liquid, and gaseous forms. The importance of the minor 
plant nutrients-like zinc, iron, cobalt, molybdenum, and 
manganese-is becoming more generally understood. 
When minor element deficiencies show up in various 
agricultural areas, ways are devised for correcting them. 

In this modern world of technology the productivity of 
a soil in its natural state, or when first plowed, is often 
much lower than its productivity under proper manage
ment. The soils in eastern United States and western 
Europe offer striking evidence of this. The soil on hun
dreds of thousands of farms in those areas is much better 
now than it ever was under natural conditions. 

PRESERVING CROPS WITHOUT LOSS OR DETERIORATION 

'Nays are being found to reduce losses in crop quality 
between the time of maturity and consumption ( 13) ( 16). 
Better understanding of the general storage requirements 
of various products and more exact knowledge of the 
physiological processes they undergo after maturity are 
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leading to construction of improved storages and related 
equipment. Increasing use of refrigerated trucks, con
tinuing efforts to improve rail transportation facilities, 
new studies of both wholesale and consumer packaging, 
expansions in community locker plants and in facilities 
for quick-freezing and handling of frozen foods all the 
way from the producing areas to the consumer are help
ing to increase the proportions of our crops that can be 
used for human needs. 

Sun drying of foods seems destined eventually to give 
way to mechanical conditioning. Heated air has been 
successfully used to dry many crops such as hay, com, 
rice, tobacco, and soybeans, and the equipment and pro
cedures for dehydration are improving year by year. 
Conditioning in other cases may mean refrigeration 
rather than dehydration, and here again research is help
ing to reduce losses. The same is true with respect to 
losses in transportation and handling. For example, 
scald in apples was a costly plague to growers until 
science discovered that by wrapping apples in paper 
treated with odorless and tasteless mineral oil, or by 
packing apples in such paper in shredded form, the 
disease could be prevented. Use of this treatment is 
now common practice with apple growers in the prin
cipal apple growing sections of the world. 

Those are just a few examples of the thousands of 
techniques being used to increase the efficiency of food 
gathering. Many more can be expected in the future. 

The horizons for progress in this direction are expan
sive. The visible and invisible nutritional losses in crops 
from lack of proper conditioning and storage still reach 
staggering totals annually ( 9) ( 10) . Research on methods 
of making hay, for example, bas shown that as m~ch 
as 90 per cent of the original vitamin A content of standmg 
green forage and as m~ch as 30 per cer:t of the prot~in 
mav be lost in the penod between cuttmg and feedmg 
under natural curing conditions in humid areas. Even 
with the grains, vast quantities are l~st for human con
sumption every year because we fatl to make use of 
present knowledge or lack facilities for preventing dam
age and deterioration in food values. In the solution of 
such problems there is hope for further increasing the 
usefulness of the crops we produce. 

NEW APPROACH TO CROP PRODUCTION PROBLEMS 

Perhaps the greatest opportunity for the future lies in 
a new approach to crop production problems that com
bines two or more improved techniques to take advan
tage of interactions among plan.t growt~1 behavior facto!s. 
Scientists have found that while one Improved practice 
is beneficial, the advantages are often multiplied to an 
astonishing degree when two or more improved practices 
are used in the right combination. 

Much of our modem agricultural technology has been 
developed through the single factor approach to agricul
tural problems, in which only one factor is varied while 
the others are held constant. For example, to determine 
the most profitable amount of a given plant nutrient to 
use on a crop, it is applied in varying rates while all other 
factors are held constant. After the optimum rate of 
use for this nutrient has been determined, it is incor
porated as a constant factor in another part of the experi
ment where some other single factor is varied. And so 
on with one individual factor after another. 

methods for analyzing them have been worked out that 
permit simultaneous evaluation of several plant-growth 
factors individually and in various combinations. They 
have provided a much better way of finding and capital
izing on the most productive interactions among the 
various plant behavior factors. Consequently, scientists 
are now becoming more keenly aware of the importance 
of these interactions, and conduct their studies in such a 
way as to take advantage of them. 

This multi-factor approach to problems of crop pro
duction and handling has been given a thorough testing 
during recent years under several different conditions. 
Soil and crop management experiments under irrigation 
in the western part of the United States have permitted 
study from this approach with moisture conditions under 
control. Similar investigations have been carried on in 
the southeastern part of this country where most soils 
belong in the Red-Yellow Podzolic group and are nat
urally low in fertility. The results have been striking. ( 5) 

In our southeastern states, for example, crop yields 
that compare well with those of the naturally highly pro
ductive soils of the Midwest are being produced both 
experimentally and under ordinary farm conditions. Out
standing results are being obtained with maize, small 
grains, soybeans, and meadows for hay and pasture. 
Maize offers the best example. Yields of maize in this 
area had never averaged more than 20 bushels to the 
acre. Remarkable increases were obtained when good 
initial fertilization, liberal supplemental nitrogen fertili
zation, adapted hybrid seed, shallow cultivation, and 
closer plant spacing were combined. In 49 experiments 
over a five-year period average yields of 81 bushels to 
the acre were produced with the best practice combina
tions. More than 50,000 farmers in this area have par
ticipated in maize-growing demonstrations using the 
new practice combinations. Their yields have averaged 
above 65 bushels per acre. And more than 2,500 have 
produced yields beyond the 100-bushel mark. 

MORE RESEARCH IS NEEDED 

Without continuing agricultural research it would be 
impossible to retain the advantages of present technology. 
For example, if the work of plant breeders were sud
denly to cease in areas advanced in technology, most 
crop varieties would probably fall victim to plant dis
eases within ten or twenty years, and crop yields would be 
drastically reduced. Science must be constantly diligent 
if technology is to keep pace with changing conditions. 

The use of a new method itself sometimes creates 
problems that science must solve. Introduction of a 
new practice may alter the balance between plants and 
environmental factors. For example, to profit from a 
new soil management practice, the planting rate may 
need to be increased. More plants growing in a given 
area may shift the balance with environmental factors 
such as moisture, light, or natural enemies. Especially 
when plants are grown as pure stands in large fields, 
the hazards due to insects and diseases are multiplied. 
New problems may result from such shifts with plants 
as with people. Disease problems accompanying poor 
sanitation become serious, when people are crowded 
together in huge cities or camps, whereas they are rela
tively simple in the sparsely settled rural regions. Agri
cultural scientists must be as alert to problems of this 
nature with plants as social and medical scientists are 

During recent years designs for experiments and with people. 
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Here is another point of vital importance. Funda
mental research is the fountain-head of all technology. 
If the popular appeal of applied science is permitted to 
overshadow the importance of fundamental science, new 
technological developments will come about more slowly. 
The new agricultural techniques developed during recent 
years represent largely the harvest from earlier funda
mental research. At present there is need for increased 
emphasis on fundamental research in all parts of the 
world, and more especially in the undeveloped parts of 
the tropics and sub-tropics. Even in the more highly 
developed areas, applied research is now out-pacing 
fundamental research. 

In under-developed areas, applied research is seri
onsly hampered by the lack of basic knowledge about 
the problems involved. Here fundamental research must 
be given strong emphasis. Some well-meaning, but mis
guided, agricultural administrators and boards have by 
law or administrative ruling restricted their agricultural 
scientists to "work of immediate practical value." Such 
restrictions may prevent the very developments the gov
e:·ning board is seeking. For example, it is often im
p >ssible to control an insect until its life history has 
b :en established through fundamental research. Often 
it is impossible to suggest effective management prac
tices for a soil until its fundamental morphology and 
chemistry have been worked out. It is all right for us 
t(l insist that research supported by the public should 
h Lve a practical objective in its long-time program; but 
t(l reach this practical objective, it is often absolutely 
essential first to do some work in fundamental science. 
In applied science we are using the fundamental knowl
edge for a practical objective. These fundamentals must 
be established in precise terms before there can be any 
rapid and orderly application. Without them, the de
velopment of farm practices appropriate to specific soil 
and climatic conditions, and for particular social groups, 
will be slow in coming. With them, there are vast poten
tialities for progress, provided industry, education, and 
measures for health and sanitation are concurrently de
veloped. 

An efficient agriculture requires an efficient industry 
within the same country, or the products from an efficient 
industry readily available ( 3). Tools and machines are 
needed that help farm people to apply technology and 
permit them to get more production in return for their 
labor. Materials of technology-fertilizers, insecticides, 
fungicides, medicines, fencing, and power-are also nec
essary for efficient systems of farming. Even that is not 
enough. Knowledge of technology by those who use it is 
essential. Without good health and education, farm fam
ilies cannot and will not make full use of technology. 
Programs for agriculture, industry, education, and health 
must go hand in hand. If one lags, they will all lag. We 
are seeking a cultural balance within which agricultural 
efficiency can be high. 

Among the many questions involved in developing 
agricultural programs for retarded areas, two are of 
paramount importance. How can technology from ad
vanced areas be transferred to retarded areas? And how 
can more extensive use of technical methods be obtained? 

TRANSFERRING TECHNOLOGY 

First, let us examine the problems of transferring a 
technique. 

SOILS AND FORESTS 

The enormous differences in soils and climate among 
various places make the problem extremely complicated. 
Techniques cannot be transferred except where condi
tions are somewhat similar. Fundamental knowledge, 
however, can be transferred universally. The laws of 
physical chemistry, for example, are the same in Boston, 
Moscow, Leopoldville, and Calcutta. 

In the tropics, for instance, soil conditions and the 
present social customs are too different from those of 
Europe or America for European or North American 
practices to be suitable, but fundamental principles of 
the chemistry of soils or of plant breeding are applicable. 
These principles can be used in devising techniques that 
will be successful. Industrial processes, such as the fixa
tion of nitrogen to manufacture fertilizer, also can be 
used anywhere that industrial plants can be built and 
operated. 

Among areas of similar environmental conditions, 
many of the methods developed through research have 
potentially wide application. For soils and climates that 
are reasonably similar to the ones where specific fertil
izers are now used effectively, for instance, good recom
mendations and good yield predictions can be made for 
a given crop. On the other hand, what may be a good 
recommendation for the use of fertilizers in one country 
may be useless or even harmful in another with different 
soils and different crops. 

Improved crop varieties that thrive under specific soil 
and climatic conditions in one country can be expected 
to thrive equally well under similar conditions in some 
other areas of the world. Large quantities of seed and 
improved crop varieties are currently being exchanged 
successfully over a wide area. The success that Italian 
farmers are having with maize hybrids from the United 
States (8) offers a recent dramatic example of what can 
be gained by such transfer in some cases. Many such 
successful examples could be cited. But some experi
ences have been downright disappointing because the 
varieties were totally unfitted to their new environment; 
the importance of similarity in ecological conditions is 
thus emphasized. 
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Improved crop varieties offer most when they are used 
in breeding new varieties especially for the country to 
which they are transferred. Plant breeders can use them 
to tailor-make new varieties specifically fitted to the com
plex elements of the local environment. 

Too little is known about soils and climate on a world 
basis to estimate fully the potentialities of transferring 
technology. Extensive collection of plant environmental 
data from various parts of the world would be extremely 
helpful in the successful transfer of technology to many 
areas. 

No accurate soil map of the world is yet available, 
although we may have a good first approximation of one 
in a few years. In the meantime we are forced to fall 
back on informed opinion where we should have solid 
facts. 

GETTING WIDESPREAD USE OF TECHNOLOGY 

Once a technique is introduced into an area there are 
complex problems of human relationships in getting it 
put into use generally. In no area of the world have 
these problems been fully met. Even in the most ad
vanced areas, there is considerable lag between the de
velopment and use of most new techniques. On efficient 
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farms practically all methods and most crops have been 
changed at least once during the past quarter century. 
But many newer methods and varieties than those in 
general use have been developed by scientists, techni
cians, and farmers. They represent an undeveloped 
potential for further increasing the efficiency of agri
culture. 

For example, I think it would be conservative to esti
mate that if farmers in the United States had made full 
use of the new production technology already proved, 
they could have produced last year's maize crop--which 
was the largest ever grown--on one-third fewer acres, 
and at the same time had more income and improved 
their soil. Improved grass and legume varieties that 
promise to increase the efficiency of forage production 
in the United States, at least as much as hybrid seed 
increased the efficiency of maize production, have been 
available for ten years. Yet, they are in use on only a 
very small percentage of farms. 

One reason is that most farmers are slow about some 
new methods-in taking the risk-until they are reason
ably sure that they will be of economic advantage to them. 
Some new schemes for testing and demonstrating the 
advantage of technology are now being tried in the 
United States (7). Another reason is the difficulty of 
fitting a new method or system into the going pattern 
of management of a farm without throwing that pattern 
out of balance. Some technical improvements are fitted 
easily into going patterns. For instance, to shift to a 
new crop variety, the farmer may need only to buy seed 
of the new variety from his customary seed supplier. 
Others, such as complex soil or livestock management 
practices, are more difficult to fit in. Widespread use of 
a system that requires change in farm organization, man
agement, utilization of land or crops, or general plan of 
financing will at best come slowly, even in the more 
advanced areas. 

The gap between the development and use of a new 
method is a great deal wider in the less developed areas 
of the world. Despite the availability of some new de
vices and procedures, many farm families still follow 
primitive methods much like those used a thousand years 
ago. The narrowing of this wide gap is another enor
mous challenge to those seeking to alleviate world hun
ger. The problems are numerous and complex. Methods 
for solution of many of them have not yet been found. 

Agricultural scientists and other students of this prob
lem must recognize that the economic, political, and 
social environment within which the farm family operates 
has much to do with its ability to establish and carry out 
an efficient system of agriculture ( 1). Circumstances such 
as low income or cash reserves that force farm families 
to produce full results immediately often seriously retard 
the adoption of new methods. 

Long-term planning is essential. Farmers need to 
plan for ten-year rather than one-year periods. Many 
techniques or systems require several years of use to 
realize their full potentialities. Often a substantial in
vestment is needed. If it must pay for itself the first crop 
season, it may prove to be an uneconomical investment. 
If, on the other hand, the investment can be charged off 
over a period of several years, it can pay off abundantly. 
For example, three to five years are usually required to 
obtain the full value of an application of phosphatic fer
tilizer. The gains from a terrace that controls water run-
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off are returned over a longer period of years. There is 
thus need for landlord-tenant contracts, or laws governing 
such contracts, that will reimburse tenants for unex
hausted improvements. 

It is impossible to do a good job of managing food and 
agricultural problems without doing a good job of han
dling the general economic and political relationships 
involved. The social environment of an area is an equally 
complicating factor. There are great differences in farm 
organization, community patterns, beliefs, and social 
customs throughout the world. 

In some communities new methods and machines are 
readily accepted into the local pattern. In other com
munities, painful adjustments are needed. The way in 
which a change is introduced into communities is as 
important as the scientific correctness of the recom
mendation itself. To find the best way for each com
munity is the challenge. 

Some of the techniques employed in advanced areas 
can profitably be used in retarded areas. Others will be 
of little value. Some methods yet unthought of need to 
be invented for working with farm people not able to 
read and for fitting educational progran1s to the folk 
ways and customs of specific communities. 

Much good has come from the use of pamphlets, 
charts, lectures, and demonstrations in areas where 
modern technology has been successfully introduced. 
Simply illustrated pamphlets on the various phases of 
farming have possible use with farmers and farm leaders 
who are barely able to read. Suitable publications of this 
type are extremely limited. Special cinemas for use by 
agricultural advisers and leaders in rural villages and 
towns would appear to have considerable possibility. 

A minimum of research service and management ad
visory service will be needed to organize programs and 
help farmers and rural leaders get new techniques in
troduced. Much learning will have to come from dem
onstrations and discussions with local leaders and ad
visors. Techniques demonstrated on experimental farms 
are not enough. Demonstrations are more effective when 
one farmer can see a new practice in operation on a farm 
like his own run by another farmer like himself. It is 
best when demonstrations are carried on as an integrated 
part of a regular farm operation, rather than as some
thing separate and distinct from the normal management 
procedures. 

To make such demonstrations successful requires a 
stage of transitional development of a technique between 
the research farm and the demonstration farm. It might 
be called the "pilot plant" stage of development in which 
the new idea or device is worked into a balanced farm 
plan for a given set of soil, climatic, social, economic, and 
political conditions. Research of this type has only re
cently been introduced into a few areas (7). 

Techniques such as those I have outlined can succeed 
only if the leaders within the area see the need and ac
tually carry out careful plans for presenting them to the 
farmer. Programs in advanced areas have included pro
vision for land reclamation, flood control, electric power 
development, irrigation, soil conservation incentives, 
production incentives, agricultural credit, crop price 
protection, and local management services. Their success 
has depended upon the leaders within the area where they 
have been used, not only leaders in national govern
ments, but also leaders in state or provincial, local, 



municipal, and community governments; and on many 
organizations besides government organizations-farm 
groups, labor unions, trade associations, and so on. They 
are all vitally concerned with the planning, developing, 
and carrying out of such schemes. 

CONCLUSION 
Of course, the ultimate success of any agricultural 

method always depends upon the farmers' opportunity 
tc• use it and the satisfaction it brings to the individuals 
within the area. Those opportunities and satisfactions 
will be inadequate unless advancements in industry, edu
cation, and health of the area parallel those in agricul
tural technology. 

AU of this may appear very complex, yet it is an over
simplified statement of the many intricate problems 
ircvolved in obtaining the abundant agricultural produc
tion on a sustained basis that is no\v made possible by 
rrodern science and technology. Abundance is, however, 
relative and sometimes temporary. Sustained abundance 
n.ay depend on many factors outside the scope of this 
d scussion, including future population trends. 

Advances will be made faster in some areas than 
o hers, but progress generally will be hard and slow. 
L•espite the fact that there is no short quick road, there 
is cause for optimism. The enormous progress of the 
past quarter century-made possible by the growth of 
modern science and technology-is only a small indica
tion of the exciting prospect for the future. 

For the first time in the history of the world, man has 
within his grasp the tools with which to wipe starvation 
from the earth. Modern man faces the greatest challenge 
o: all times. Can we measure up to it? 

The CHAIRMAN: Thank you, Dr. Salter. As all of 
you know, this meeting should adjourn soon; however, 
there is time and it would be most appropriate if we 
took a few minutes to have the comments of other ex
perts who are in attendance. I am sure they have im
portant contributions to make to this subject. I wonder 
if I might call upon Dr. C. H. Edelman, the Professor 
of Soils and Director of the Soil Survey of the Nether
lands. If Dr. Edelman would like to make some com
ments about the subject matter before us, we would be 
most delighted to have him do so. 

Mr. EDELMAN : At this point, I wish to make some 
brief comments about one of the great difficulties that 
exist in applying agricultural science to tropical agri
culture. In tropical agriculture you find some splendid 
applications of science in plantation farming, as in Indo
nesia, in the famous development of sugar cane, and 
later in the less-known development of oil palms. The 
difficulties do not lie in the technical problems of grow
ing these immense crops, but rather in peasant farming. 

It is not generally recognized, as far as I am aware, 
that extreme poverty may be a very important handicap 
for application of rather simple scientific results. Many 
peasant farmers in the tropics are working under condi
tions of under-consumption. People are producing their 
own food but it is not enough for their own consumption. 
If you should give such people fertilizers then they will 
produce more. It is an established fact that fertilizer 
works just as well in the tropics as in more temperate 
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regions. This has been confirmed by very many experi
ments. It is not a question whether the technique works 
but it must be applied. When people who are living 
under conditions of under-consumption use fertilizers, 
they produce more, but then the first thing they do is 
eat more. The surplus production goes into consump
tion and at the end of the year the peasant is still not 
able to pay for his fertilizer. This condition, as I have 
explained, is not generally known. It is often thought 
that the application of science in peasant agriculture is a 
question of education. Of course, it is true, without 
education you can do nothing. But there are conditions 
of extreme poverty which are still more important than 
lack of education and which are a handicap to making 
the first start. It is different when the farms are slightly · 
larger and more productive and there is a produce that 
can be sold. As soon as a critical level has been passed, 
then experience shows that fertilizers may be used as in 
other parts of the world. The main problem therefore is 
to bring to an end very small peasant farms that are not 
producing enough to give a living to a family. 

Our experience in Indonesia shows, therefore, that 
fertilizers can be used by farms other than the smallest. 
As soon as fertilizers can be used, can be bought on 
credit, and can be paid for out of surplus production, 
then we get a situation where education and extension 
work can do its best. 

I would like to point out that these considerations do 
not apply to the use of improved seeds. In every agri-



UNSCCUR PROCEEDINGS: PLENARY MEETINGS 

culture, you must have some seeds, otherwise you cannot 
produce. Even if people are hungry, they will not eat 
their own seed. Their seed for the next year must be 
saved. By replacing that seed by better seed you get a 
higher production without the necessity of spending capi
tal. Therefore, it has been possible in Indonesia to 
introduce more productive seeds much more readily than 
fertilizers. I think these conditions have not been gen
erally known and I have been glad to have the oppor
tunity to say some words about them in a plenary session. 

The CHAIRMAN: Thank you, Dr. Edelman. I would 
like to ask Dr. Maurice Guillaume, Director of Agricul
tural Services for the French Overseas Ministry, if he 
would comment briefly on the subject before us today. 

Mr. GuiLLAUME :a I do not propose in the short time 
at my disposal to deal with general considerations. I 
should merely like to observe that the main points 
brought out in the course of the Conference's discussion 
this morning are an integral part of the French Govern
ment's general policy in regard to soil protection in the 
overseas territories. Situated almost wholly within the 
tropical zone, these territories are peculiarly exposed 
to erosion. Immediatew after the liberation, the French 
Government instituted an inquiry in all the overseas 
territories with the object of establishing quickly a rough 
estimate of the extent of the damage, of ascertaining 
the views of the competent experts as to the most suit
able methods of restoring the situation, and of devising 
in broad outline an organization which would enable the 
necessary work to be undertaken. This inquiry revealed 
a wide measure of agreement as to the causes of the dam
age and the remedial action necessary. It emphasized 
how extensive was the devastation, due more to the 
heritage of the past-the primitive methods and the in
adequate farming practices handed down to the natives 
by their ancestors-than to the intensified cultivation 
which followed the economic expansion of these terri
tories when they were thrown open to trade. As a result 
of the inquiry a "Supreme Soil Conservation Board" 
was instituted in France with a view to guiding and 
co-ordinating soil conservation efforts in the overseas 
territories. I say guiding and co-ordinating, since ob
viously the initiative and the responsibility must belong 
to the persons on the spot. At the same time soil con
servation offices were organized in the various overseas 
territories to draw up joint programmes for these terri
tories and to co-ordinate the activities of the various 
authorities called upon, in one way or another, to co
operate in the work of renewing and restoring the land. 
What are the measures projected or already being car
ried out? The first of these is perhaps the most im
portant, as it is the basis upon which our whole course 
of action rests : it is a close pedological survey of all the 
territories to ascertain the value of the land, to determine 
on the one hand the particularly threatened areas which 
should be put in a state of defence and left fallow and 
on the other hand, the territories which, by reason of their 
topography or the intrinsic qualities of the soil, are es
pecially suitable for intensive and sustained cultivation. 
Considerable progress has been made with these pedo
logical surveys, and we hope that in a few years' time it 

•Mr. Guillaume spoke in French. 
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will be possible to issue a complete pedological map of 
the whole of Africa, for example. 

I brought out the second point this morning in the 
Land meeting that at the present stage of development 
of agriculture in the overseas territories-and, it must 
be admitted, it is a poor agriculture as far as soil con
servation is concerned-prevention is better than cure. 
What I mean is this: generally speaking, the work of 
restoring exhausted lands, which requires expensive 
equipment and expert methods, is beyond the means of 
an agriculture as little developed as that of the overseas 
territories. Such efforts and commitments are possible 
and justifiable only in the case of certain more populated 
districts where it is a matter of life and death for the 
population to keep the land in a state of productivity, 
or in the case of districts which, by reason of their topo
graphical or geographical situation, are especially im
portant for the ecological balance of a whole area. Hence 
the problem of soil conservation is considered from the 
point of view of all the measures tending to maintain the 
potential fertility of the soil by farming techniques which 
make it possible to stabilize the present nomad methods 
of farming. One of these techniques is the well-known 
mixed-farming system, which will, I imagine, be dis
cussed at length in the meeting dealing with farming 
systems. Independently of the mixed-farming system 
which is especially suitable for high ground, plans are 
being made for a considerable development of rice grow
ing on low-lying land suitable for under-water cultiva
tion. These low-lying areas are protected to a certain 
extent against erosion by sedimentation and are thus 
suitable for a more stable system of cultivation and for 
a denser population. It is in the experimental stations 
and laboratories, however, that these agricultural 
methods have to be elaborated; and it then remains to 
put them into practice. That is why "pilot" sectors have 
been organized for this purpose in which, with the co
operation of the native farmers, the foundations of a 
renovated native agriculture are being laid. If these 
pilot sectors prove satisfactory, it will then be possible 
to extend the system with the full agreement of the 
native populations. 

A further sphere in which action may be taken is that 
of legislation in regard to soil conservation. At the 
present time legislation of this kind is confined princi
pally to forestry regulations in respect of bush fires. 
It should be extended so as to include in particular regu-
lations for the introduction, where applicable, of the 
farming methods required for soil conservation. 

Such, in broad outline, are the ideas governing our 
action in the field of soil conservation. We know what 
we want and are anxious to achieve it ; for the rest, time 
and patience are necessary. 

The CHAIRMAN : Thank you, Dr. Guillaume. I won
der if Mr. C. F. Clay, the agricultural adviser for the 
Secretary of State for the Colonies of the United King
dom, would make a few remarks about this afternoon's 
subject. 

Mr. CLAY: I must say, we have listened with admira
tion to the work that is being carried out in the United 
States toward increased crop production, and we wonder 
what it all boils down to when we bring it back to some 



of the under-developed countries with which we are 
dealing. 

According to my experience, the biggest factor which 
we have to face in expansion of production in under
developed countries is the position of the peasant pro
dllcer. In his usual pattern of farming, he is farming 
0:1 a subsistence basis, with primitive tools which in 
many cases have not been altered for centuries. The 
hoe, the cutlass and the axe are the only means of culti
vation. We have carried out research in the colonies, 
and we are carrying out more and more research. In my 
view it is not a question of new experimental techniques, 
but rather the application to existing communities of 
the results of experimentation which have been achieved 
throughout the world. 

We, in the British colonies, feel that the time has come 
when we have to experiment, by means of pilot schemes, 
in the organization of the peasant producers of the back
ward countries, to try and show that by some form of 
reorganization-by grouping, by specialization within 
v llage communities-we can provide a satisfactory 
medium for the economic investment of capital. For, 
it is no use telling a peasant producer with a hoe, with 
a t axe and a cutlass that he must invoke and apply all 
the known results which we get from modern techniques 
in Western agriculture. That is physically impossible 
a·1d it is not reasonable to hope that it will ever occur. 
1 hat is one of our fundamental problems and one with 
"' hich we must be more and more concerned in the years 
that lie ahead, if we are to get a substantial increase 
in production from the peasant producers in the colonies. 
We believe that we require basic surveys to classify the 
g~neral zones of soil, to define the farming system which 
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is suitable for each of these classified zones and, then, 
by the pooling of all the knowledge we have acquired by 
experimentation, to test in pilot schemes our peasant de
velopment in group farms assisted by capital investment. 

Mr. Chairman, the main speakers this afternoon, as 
you said, have been either past or present members of 
your Department. I feel it would be only fitting if I, 
as a spokesman for the agriculturists in the British 
Colonies, paid a tribute to Dr. Bennett for the tremen
dous influence which he has had on soil conservation 
in the colonies, in the tropics, and the way he has made 
people accept some, if not all, of his ideas on this subject. 
I wish also to pay a tribute to the Department of Agri
culture in the United States for which all members of 
the agriculture service in the British Colonies have the 
highest regard, and in which they know they have sin
cere friends, in their search for improved planting 
strains for use in the British Colonies. 

The CHAIRMAN: It would be said by some that it is 
now appropriate for the Chairman to summarize our 
discussion. That would be a very difficult thing to do 
at any time, and I certainly will not undertake it under 
the time limitation. I would like to express to Mr. Clay, 
to Dr. Guillaume and to Dr. Edelman our appreciation 
for their participation in the meeting; to Dr. Salter, 
Dr. Lewis and Dr. Bennett our appreciation for their 
papers, and for their views and expressions. This sub
ject will be under further and extensive discussion in 
the section meeting which will follow and, therefore, as 
there is no other matter coming before this session, I 
wish to thank all of you for your participation in the 
meeting. 
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The CHAIRMAN : I declare open the sixth plenary 
meeting of the United Nations Scientific Conference on 
the Conservation and Utilization of Resources. 

I want first to draw attention to the fact that the title 
of this meeting is given as "Using and Conserving Re
sources-Fuels." The programme omits the words "and 
Energy", but this must not be taken to mean that there 
is any idea of excluding electricity or of limiting the dis
cussion to fuels. 

As will be seen, the programme falls into two parts. 
First we have the paper by Mr. Levorsen on "Estimates 
of Undiscovered Petroleum Reserves''. We shall have 
a discussion on the paper after it has been read, and then 

proceed to the second half of the programme, whid 
takes the form of a discussion of the economics of com
petitive fuels for various purposes and their use to mee1 
future fuel requirements. 

I now call upon Dr. A. I. Levorsen. Dr. Levorsen i~ 
the Dean of the School of Mineral Science of Stanford 
University, California. He is a very distinguished geol
ogist who has given great attention to this question of 
petroleum resources which, as you know, is of such im
portance, and about which there is such a wide difference 
of opinion at the moment. 

Mr. LEVORSEN delivered the following paper: 

Estimates of Undiscovered Petroleum Reserves 

A. I. LEVORSEN 

ABSTRACT 

Petroleum reserves may be divided into two general classes-those which have been discovered and 
those which remain to be discovered. Obviously, undiscovered reserves cannot be measured but some idea 
of their quantity in terms of the future needs of the world may be gained by an understanding of the geo
logical conditions which control their occurrence. 

Petroleum occurs in sedimentary rocks. The volume of sedimentary rocks found both on the land and 
under the shallow waters of the continental shelf areas bordering the continents may reasonably be expected 
to contain an amount of petroleum per unit volume comparable to what has been found in the sediments of 
the explored regions. The present estimates of the amount of the undiscovered reserve are on the order of 
500 times the current annual world consumption. Such estimates merely reflect the state of technical develop
ment and geological understanding at the time of the estimate. As ideas have developed, estimates have 
increased and may be expected to continue to increase in the future. 

These reserves must be discovered to be of any use. Their discovery is determined by a combination 
of technological, economic and political factors. 

The petroleum reserves, either of the world or of any 
producing nation, may be divided at any time into two 
classes: 

Class one consists of petroleum underground which 
has been discovered, developed, and which can and is 
being produced under the present technology and at the 
present prices. This is the proved known reserve. It 
amounts to approximately 70 billion barrels for the 
world; divided roughly into one half in the eastern hemi
sphere and one half in the western hemisphere. This is 
on the order of 20 times the annual consumption of the 
world. The known producible reserve in the United 
States of 24 billion barrels is twelve times its annual con
sumption. The proved reserves are, in effect, working 
stocks. 

The second class is petroleum underground which has 
not been discovered. This is by far of the greater impor
tance of the two classes of reserves. It is from this class 
of reserves that the annual additions are made by dis
coveries which replace the amounts consumed from class 
one. 

Obviously, undiscovered petroleum reserves cannot be 
known quantitatively. It becomes necessary for national 
planning, however, to obtain some idea or estimate of 
their amount and distribution. An estimate is especially 
useful in a nation such as the United States where the 
steadily accelerating demand for petroleum and its prod
ucts gives cause for alarm to many persons in regard to 
the adequacy of our future supply. Other nations, where 
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the current demand compared to supply is not so great, 
are not faced with the same problem at this time, but as 
the uses of petroleum increase throughout the world, 
questions of continuing supply will have to be faced by 
nation after nation. 

Probably the best that can be done in the way of an 
estimate of the quantity of petroleum yet to be discovered 
is to decide whether it is large or small in terms of the 
annual national needs, in the case of a single nation, or 
whether it is large or small in terms of the future needs 
of the world as a whole. Such an estimate is based upon 
an understanding of the nature of the occurrence of 
petroleum, the manner in which discoveries are made, 
and the relative volumes of unexplored rocks compared 
with the volume of rocks in which petroleum has already 
been developed. Since the problem is one which deals 
with the rocks in the earth, it is essentially geological in 
nature. 

A geologist does not physically "see" an oil or gas field 
any more than a meteorologist, for example, sees a low
or high-pressure area, even though both commonly use 
contour lines to describe the ideas they intend to con
vey. Both are presenting mental concepts of the con
ditions as they are thought to exist. Until a discovery 
well has been drilled, any undiscovered oil or gas pool 
at best exists only as an idea in the mind of the geologist. 
In a like manner, the basis for any undiscovered petro
leum province-a petroleum province is a region in 
which there are a number of oil and gas pools occurring 
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under related geological conditions-exists only in geo
logic thought. The nature of such thinking therefore 
should be understood in order to gain a better under
standing of the problem of appraising the undiscovered 
reserves. 

OCCURRENCE AND DISCOVERY OF PETROLEUM 

Petroleum is found in pools trapped deep in the 
ground, many pools in the United States now being de
veloped at depths below 10,000 feet. There is nothing in 
science to date, in advance of drilling, which gives any
one any direct evidence of the presence of such a pool. 
Consequently, the modern methods of exploration rely 
almost entirely on the geological interpretation of various 
physical measurements of the rocks into terms of the 
presence of a trap or container which may hold an oil 
and/or a gas pool. When such a situation is found, one 
or more test wells are drilled with the hope that the trap 
is present as the evidence indicated, and that it contains 
oil or gas. A discovery results when such a test well 
finds petroleum in commercial quantities. 

The geological evidence indicating the presence of a 
deeply buried trap may be found in the rocks at the 
< urface ; it may be developed from the information se
cured from other test wells, dry holes or producing 
,veils; or it may be determined by geophysical measure
ments of various rock properties such as density, mag
Hetic susceptibility or the property a rock has of reflect
ing energy sent down into the earth from the surface. 
The shallower and more easily discovered deposits of 
petroleum are generally found first, following which the 
~earch for traps becomes progressively deeper and more 
complex-and with the increase in depth and complexity, 
the cost increases. 

The common denominator of all petroleum accumula
tions is their intimate association with sedimentary 
rocks. Sedimentary rocks are deposited chiefly in marine 
basins or along shore lines where the debris from the 
land is carried into the oceans by streams and rivers. 
Some sediments are of continental origin and are spread 
out on the land by rivers coming down from nearby 
eroded mountains. While most oil and gas pools are 
found in or close to sediments of marine origin, there 
are enough deposits found throughout the world in rocks 
of continental origin so as not to preclude such rocks as 
potential producers. Accumulations are found occasion
ally in igneous and in metamorphic rocks, but geological 
experience indicates that such occurrences are anoma
lous and the result of special circumstances. 

Because of the intimate association of petroleum de
posits with sedimentary rocks, we may conclude that 
any region on the earth where an important volume of 
such rocks are found may be considered as potential oil
and gas-producing territory. It is as if a fisherman was 
to say that any body of water might be considered as 
potentially favourable fishing grounds. Success in either 
case depends largely on the skills developed and upon 
the persistence of effort. A corollary conclusion might 
therefore be stated, that the apparent absence of oil 
and gas from a large volume of sediments may denote 
lack of skill or lack of persistence in the discovery effort. 

Since sedimentary rocks generally overlie the igneous 
and metamorphic rocks which form the basement rocks 
of the earth, they are commonly found in the basins and 
lowlands while the basement rocks are exposed to ero
sion in the mountain ranges. The term "sedimentary 
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basin" has come therefore to mean those regions in 
which large deposits of sediments are either deposited in 
a basin or deformed into a basin-like shape. The dis
tribution of such sedimentary basins throughout the 
world is shown in Figures 1 and 2. 

Figure 1. Sedimentary basins in the eastern hemisphere, by Weeks. 

Figure 2. Sedimentary basins in the western hemisphere, by \Veeks. 

The most promising sedimentary basins of the world 
for the discovery of substantial new petroleum reserves 
are already producing or are adjacent to those provinces 
already producing oil and gas. More is known of the 
underground conditions in these areas ; more drilling is 
being done; and the opportunities for discovering deeper 
sands, lateral extensions and unforeseen conditions are 
much greater. The most important of these regions are 
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the lands bordering the Caribbean and the Gulf of Mex
ico; the Near East; the islands of the East Indies; and 
the plains of western Canada. The less-explored regions 
of the earth with greatest prospects for becoming petro
leum provinces include the many continental shelf areas ; 
the arctic regions ; and the eastern slopes of the Andes 
in South America. Numerous lesser potential petroleum 
provinces exist on every continent, as can be seen from 
the two basin maps. 

After a fisherman arrives at the lake or body of water, 
he may obtain some idea of the prospects for obtaining 
fish by studying various factors, such as the presence of 
reefs, abundance of feed, character of the bottom or mud
diness of the water. Similarly, the geologist has certain 
criteria which he applies to the sedimentary basin he is 
considering as a place to explore for petroleum. 

He prefers to see marine sediments, for example, 
variable in extent both laterally and vertically, and the 
more volume of sediments, the better. He likes to see 
some potential reservoir rocks such as sandstones or 
limestones in the region. Evidences of petroleum, such 
as oil or gas seepages, oil springs or oil or gas showings 
in wells, are important since they indicate the pres
ence of a source rock. At present, no one knows what 
constitutes a source rock, but when direct evidence of 
petroleum is found, there must be a source rock, what
ever it may be. 

The presence of one or more unconformities in the 
sedimentary basin is of special importance in appraising 
its potentialities. An unconformity is defined as a break 
in the stratigraphic continuity--a hiatus with varying 
quantities of sediments missing which are present else
where in the normal rock sequence. It often reflects a 
period of erosion, and the extent of the hiatus ranges 
from short to long in duration. The rocks above and be
low the unconformity plane range from parallel to highly 
discordant in attitude. 

The importance of unconformities in appraising the 
undiscovered petroleum possibilities of an explored re
gion is twofold: 

1. Most oil and gas pools are associated with un
conformities. The traps may be found above the un
conformity in the form of sand lenses, sand bars, spits 
and other sand deposits associated with shore lines ; or 
below the unconformity due to the truncation of tilted 
reservoir rocks in the underlying formations ; or they 
may be due to the solution of carbonate rocks during the 
period of erosion, thereby developing porosity and per
meability traps. 

Surface of ground ~ 

)(. Sites of oil pools 

Figure 3. Idealized section showing common relationship of oil 
and gas pools to unconformities. 

2. Unconformities mask the underlying geological 
conditions. They are, in effect, boundaries separating 
different layers of geological phenomena-each with its 
own pecularities of oil and gas accumulation. There is 
no clue in the overlying rocks as to the conditions below 
an unconformity. Consequently, many surprises occur 
at such boundaries. The underlying rocks may be quite 
different in their petroleum possibilities from those 
above, often the underlying rocks are folded, faulted and 
otherwise deformed into traps to a much greater extent 
than are the overlying formations. 

Some unconformities may be observed from the sur
face outcrops, particularly in the bordering mountains. 
Others are not known until deep wells have been drilled 
and much geological work has been done in correlating 
the sediments. The presence of one or more widespread 
unconformities in a sedimentary basin definitely im
proves the chances of its becoming productive--almost 
to the extent of doubling the favourable area. 

ESTIMATES OF UNDISCOVERED RESERVES 

Any estimate of the undiscovered reserves is merely 
the projection into the unexplored regions of the present 
state of our geological knowledge of the known producing 
regions. Prior to the discovery of the rich oil deposits 
in Arabia, for example, an estimate of the undiscovered 
reserves under the Arabian desert would necessarily 
have been merely nominal. Likewise, it would have been 
impossible to have convinced anyone of the enormously 
rich potential oil content of the plains of western Canada 
before the discoveries near Edmonton only a few years 
ago. 

There are many factors which may be considered in 
making a projection of our geological ideas into the un
known, but the most reasonable and the one most com
monly used is a comparison of the reserves per unit 
volume of sediments in the known regions with the vol
ume of sediments underlying the unknown region. For 
example, within the United States where petroleum 
exploration has been the most aggressive anywhere in 
the world, 55 billion barrels of petroleum have been dis
covered in a volume of 2~ to 3 million cubic miles of 
sediments. Based on this past record of discovery, 
Vlf eeks ( 1) 1 has estimated that there is an equal amount 
remaining to be discovered in the United States. He 
further estimates by similar reasoning that the undis
covered reserves of the world are 154 billion barrels in 
the western hemisphere and 333 billion barrels in the 
eastern hemisphere or a total undiscovered reserve in 
the land area of the world of 487 billion barrels. (See 
Table I.) 
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Table I. 

Recent estimates of undiscovered reserves of petroleum 
on the land areas of the world 

(In billions of barrels) 

Western Eastern 
hemi- hemi- Total, United 
sphere sphere World USSR States 

Joseph E. Pogue 
Summer 1946 145 

L. G. Weeks 
April 1948 154 

345 

333 

490 

487 

100 

139 

50 

54 
1Numbers within parentheses refer to items in the bibliography. 
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Pogue (2) has estimated in a like manner the future 
il discoveries of the land areas of the world to be 145 
illion barrels for the western hemisphere and 345 bit
on barrels for the eastern hemisphere ; this compared 
1ith a past discovery of 125 billion barrels in the world 
f which 55 billion barrels have been produced. 

Both estimates, which are remarkably close together, 
lace the undiscovered reserves of the land area of the 
rorld at nearly 500 billion barrels (over 150 times the 
n·sent annual consumption). Both Weeks and Pogue 
ave had a wide experience in the oil industry and both 
.ave access to the best available information. Their es
tmates are a reasonable reflection of the present state of 
ur geological knowledge. 

The sea floor underlying the marginal shallow waters 
hat border the continents of the earth and sloping down 
3 a depth of 100 fathoms ( 600 feet) below sea level, is 
:nown as the continental shelf. It has received much 
ttention lately as a vast potential source of additional 
uture discoveries, largely as a result of the exploration 
.nd discoveries on the shelf in the Gulf of Mexico off the 
oasts of Texas and Louisiana. Twenhofel (3) estimates 
ht: area of the world's continental shelf, mostly under 
vater less than 300 feet in depth, as being 14 million 
quare miles. An average thickness of two miles gives a 
·o ume of sediments of 28 million cubic miles as poten
ia ly productive-a truly important volume of sediments. 

Pratt ( 4) has estimated that the continental shelves of 
ht· world should contain 1,000 billion barrels of oil or 
Lp·>roximately 300 times the world's present annual con
.umption. He arrives at this figure by comparing the oil 

content per unit volume of sediments in the United 
States with the volume of sediments of the continental 
shelf areas of the world. 

A factor which gives added assurance of the ultimate 
high productivity of the continental shelf regions is that 
throughout most of their extent they consist of and are a 
part of the Tertiary sequence of rocks. These are the 
younger rocks in the geological succession and have ac
counted for over 60 per cent of all the past petroleum 
discoveries. They are generally soft rocks, easily folded 
and deformed into traps, and they are high in organic 
content. They have suffered less erosion than the older 
rocks which may account in part for their higher pro
ductivity. For reasons such as these, they are much fa
voured geologically. 

The chief drawback to the exploration on the con
tinental shelf areas is the difficulty of operating under 
water, and the fact, as can be seen in Figure 4, that a 
large proportion of the area is located in the arctic 
regions of the earth. 

Carsey ( 5) has estimated the undiscovered oil on the 
small segment of the continental shelf off the coast of 
Texas and Louisiana as on the order of 4 to 5 billion 
barrels. He bases this on a comparison with the density 
of pools and the rich oil and gas production which has 
been found in the equivalent parallel band along the land 
side of the coast. Reasoning that similar producing con
ditions should extend as far seaward as they extend 
landward, he arrives at a reasonable figure of future 
expectations for this area. A decade ago, figures such as 
these would have meant little since there was no known 

CONTINENTAL SHELF AREAS 

-Adapted from map by Nibler 

Figure 4. 
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way in which the oil could be obtained even if anyone 
thought it was there. This increase in the potential un
discovered oil is due, therefore, largely to the improved 
drilling technology which makes operations possible in 
the varying depths of water encountered on the con
tinental shelf. 

The total of the best current estimates of the undis
covered petroleum reserves in the world, on land and 
under the water, adds up to the impressive figure of 
1,500 billion barrels. Reserves such as these are of use 
only if and when they are discovered. Many non-geologi
cal factors bear on their discovery and a discussion fol
lows of a few of the more important elements of the 
availability of these reserves. 

One does not ordinarily catch fish unless the fish line 
is in the water with a baited hook on the end of it. Like
wise, reserves will not be discovered unless exploratory 
wells are drilled. It may require only a few wells, such as 
the 150 wildcat wells necessary to discover the vast 
reserves of Iran, Iraq and Arabia (6); on the contrary 
it may require the record of nearly 7,000 wildcat well~ 
drilled last vear in the United States to maintain the dis
covery rate and replace its annual consumption. The 
?en~ity of test drilling varies in different regions, and it 
Is dtfficult to say when a basin or province has been 
completely explored. Discoveries in some of the older 
producing regions in the United States are still being 
made where dry holes or failures are less than a mile 
apart. 

• .• 
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Figure 5. An area typical of many in the United States show
ing the density of drilling. Even in such an area, a new pool was 
discovered recently. 

It has often been said that because the ultimate number 
of oil and gas pools is finite, the discovery of each new 
pool means one less in the number remaining. The 
same statement would also apply to the discovery of each 
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new province-it should mean the end of discovery i~ 
that much closer. Such statements are true-but mean
ingless. The discovery of the new province below th( 
waters of the continental shelf area of the Gulf of Mexicc 
has opened up in our thinking dozens of new possiblt 
provinces within the continental shelf areas of othe1 
parts of the world. Whether these areas are ultimate!; 
found to contain 100, 1,000 or 10,000 billion barrels o; 
petroleum-they have been changed overnight frorr 
areas of only scientific interest into areas of undreamec 
potentialities for oil and gas production. Instead oJ 
thinking of the discovery of the Gulf Coast continenta: 
shelf province as one less province-it is much mon 
realistic to think of it as the beginning of many mon 
similar discoveries to come. 

The Athabaska River "tar sand" deposit of northern 
Alberta, Canada, presents an interesting phase of the 
problem. This is a deposit of sand and black viscom 
asphaltic oil which is exposed to erosion along the bankE 
of the Athabaska River near McMurray. It covers an 
area of more than 8,000 square miles and is variously 
estimated to contain from I 00 to 300 billion barrels of 
petroleum. It is not economical to operate at present 
since it is far removed from the markets and the oil sand 
has to be obtained by mining methods. This single de
posit contains on the order of one half of the total un
discovered petroleum estimates of Weeks and Pogue. 

This deposit is exposed to view only because of the 
chance coincidence that the Athabaska River flows 
through the area and cuts a channel through the overly
ing rocks. How many other deposits of this sort are 
there buried under the rocks of the western plains of 
Canada, which may be discovered by drilling-? And the 
petroleum of which would contain more of the lighter 
hydrocarbons and presumably would be in a liquid state 
and more easily produced? If there is one such, there 
may well be others. We may some day, therefore, mul
tiply our present world estimates of petroleum several 
times in this one region alone. 

Undiscovered reserves in a region of adverse political 
or economic climate will tend to remain undiscovered 
and. are thus only of academic interest. Geologically, the 
Umted States, for example, appears to be no more fa
vourable for petroleum accumulation than many other 
areas on the earth. Yet it has led the world in its ability 
to discover the thousands of oil and gas pools which lie 
hidden deep below its surface. This success can be 
attributed in a large measure directly to its laws of min
eral ownership whereby the individual owns the petro
leum under his land and can do with it what he wishes. 
Petroleum discovery means something to him personally. 
The hope of a reward for discovery, whether the hope is 
in the heart of the individual or of a great corporation, is 
a powerful stimulus to the discovery effort. 

It has been amply demonstrated in the United States 
that the free-enterprise-profit-incentive-system is 
most effective in the successful search for new' petroleum 
deposits. The intense competition that it stimulates re
quires that every clue which suggests the presence of an 
oil pool be followed to the limit. As a result, the Amer
ican petroleum industry is continually exploring at the 
fringes of its knowledge, taking calculated risks which 
would not be dreamed of were the incentive lacking, and 
by this experience, advancing steadilv in technological 
"know how" and discovery ability. The end result is 
petroleum discovery. 



There seems to be ample evidence of the abundance of 
undiscovered petroleum reserves in the world in terms of 
the future needs of the world. Any failure of world 
supply to meet world demand over the next several 
hundred years will certainly not be due to a lack of un
discovered reserves but rather a failure of the discovery 
effort for one reason or another. Experience suggests 
that failure of discovery is more often the result of failure 
to provide a healthy political and economic climate than 
it is a failure of technology. Whatever the cause, the 
crux of the problem is discovery-that is, to reduce these 
undiscovered reserves to possession. 

As the light from new knowledge concerning the ori
gin, migration and accumulation of oil and gas enters 
our thinking, it lights up an ever-widening circle of new 
regions to be explored and of new principles to apply. 
The current estimates that the total undiscovered re
serves are on the order of 1,500 billion barrels are the 
best and most reasonable that can be made under the 
present state of our geological knowledge-but by no 
means can they be taken as final. As a matter of fact, 
i: is doubtful if they would have been a tenth as large 

The CHAIRMAN : We have with us a number of geol
c gists. I hope that they will now come to the rostrum 
c ne by one in order to have a good discussion on Pro
f,::ssor Levorsen's very stimulating paper. 

Mr. McLrNTOCK: I am not an oil geologist; I am a 
geologist who is interested in oil. My job in life is to 
look after the geological survey of Great Britain. In the 
course of that rather varied existence I have found time 
to:J take an interest in some of the more important and 
newer oil fields of the world which have been described 
s) clearly by Professor Levorsen this afternoon. I just 
v·ish to deal with one or two points connected with those 
fields, because I feel that the paper which Professor 
Levorsen has so kindly provided might lead to grave 
misunderstandings among those of you who perhaps do 
not have a personal and intimate knowledge of the 
]\fiddle Eastern oil fields. 

In Professor Levorsen's paper the statement is made 
that the proved known reserve amounts approximately 
to 70,000 million barrels. I take it that those are world 
figures. 

I am old enough to remember repeated occasions on 
which, particularly on this continent, technologists have 
had periodical nervous attacks about the amount of oil 
available and the world reserve position. This figure 
illustrates to some extent the reasons that very often 
underlie that nervousness. For total world reserves this 
figure of 70,000 million barrels is, of course, extremely 
low. It is so conservative as to be, I say it quite definitely, 
quite wrong. Perhaps I could illustrate that best by my 
own personal experience, if you will excuse my being 
personal for a few minutes. 

I first had the opportunity of examining the Iranian
or, as they then were known, the Persian--oil fields, part 
of a great oil-bearing belt that stretches for several hun
dred miles in a northwest-southeasterly direction, in the 
year 1926. At that time two oil fields were in operation. 
One of them was the original discovery, the well-known 
field, Masjid-i-Sulaiman, which has produced hundreds 
of millions of barrels of oil, and is still operating. The 
other field had recently come into production, and was 
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one quarter of a century ago--and they may well con
stitute but a fraction of the undiscovered reserves which 
will be estimated twenty-five years from now. The prob
lem finally resolves itself, not into a question of the ade
quacy of the undiscovered reserves, but rather into our 
ability to discover them. 
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known as Haft Kel. The business of the geologists was, 
if possible, to discover fresh fields, although at that time 
the engineer and the oil technologist took rather a cau
tious view of Iranian prospects. 

Now what is the position today, twenty-three years 
after that time? Masjid-i-Sulaiman and Haft Kel are 
still producing. N aft-i-Shah, a small field on the bound
ary of Persia and Iraq, is also producing. The great 
Iraq petroleum field has come into production, producing 
four million tons a year. It has an extent of about sixty 
miles in length and two miles in breadth. Other Persian 
fields are Gach Saran, with reserves of the order of one 
to two thousand million tons of oil, Agha J ari, a field of 
comparable size, and several smaller fields. I would also 
mention Kuwait, Bahrein, Qatar and the five or six 
considerable fields in Saudi Arabia, with aggregate re
serves of the order of 5,000 million tons of oil. Totalling 
all those, I think it is true to say that the aggregate re
serves of the known fields in Iraq, Iran, Saudi Arabia, 
that is the Middle East generally, amount to something 
between 70,000 million and 100,000 million barrels. 

Mr. ABREU: I am somewhat embarrassed because it 
is very difficult for me to speak English. I shall try to 
explain my views on the speech of Dr. Levorsen. 

We have heard one of the most interesting papers in 
this conference, one dealing with a most important sub
ject for an industrialized world-the future petroleum 
supply. Dr. Levorsen is well known by his important 
studies on petroleum in this country. He is a teacher 
in one of the great universities of the United States, and 
he is not at all a theoretical man about petroleum; he 
knows the practical end of the business, and as far as I 
am concerned he has applied his theories with much suc
cess in the mid-continent area. 

After brief general statements about petroleum occur
rence in the world, he concludes-taking into considera
tion the statements of other distinguished petroleum 
geologists of world-wide experience, like Weeks, De 
Golyer, Pratt and Pogue-that we must not be afraid of 
a lack of petroleum in the coming years, a fear which has 
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been expressed several times. We are beginning to be 
accustomed to hear statements that the petroleum re
serves of the world are sufficient only for the next twenty 
years. But as a matter of fact, notwithstanding the enor
mous increase in the consumption of petroleum in every 
country in the last few years, considerable reserves have 
been added and the prospects of new potential areas are, 
according to Dr. Levorsen, not bad. 

He estimates that the undiscovered reserves amount 
to five hundred times the annual consumption, but he 
points out that these undiscovered reserves may be dis
covered. May we comment briefly upon the nature of 
these undiscovered reserves? They consist of two kinds 
of deposits-those lying in the continents and those 
underneath the seas. The conditions regarding the 
chances of discovery in both types of occurrence are dif
ferent, and they involve many problems of a technologi
cal and political character. 

It is true that a very promising area for future sup
plies is represented by the continental shelf in the Gulf 
of Mexico and, perhaps, in South America off the shores 
of Patagonia, where many wells are already producing 
from undersea pools. It may be that another promising 
area will be the shelf near Sumatra and Java, where 
large pools are already known. 

The exploration of large quantities of oil in the non
developed areas will, in my opinion, be very embarrassed 
by national feelings-! mean the narrow nationalism 
which is being developed in most countries in our days. 
As far as South America is concerned I do not believe 
that the petroleum potentialities will be placed at the 
service of several South American populations in large 
quantities in the next few years. They will certainly be 
developed, but at a slow rate since each country is trying 
to develop them on its own and with its own capital. 

According to the widely agreed estimates of Pogue in 
1946 and Weeks in 1948, the undiscovered reserves of 
the Western Hemisphere are around 150,000 million 
barrels. We do not know what is the proportion relative 
to South America. It may be less than one-half, or per
haps only one-third. What I want to emphasize in the 
light of my knowledge of the general situation in South 
America is that an exaggerated national feeling is the 
most influential factor against new discoveries of oil 
being added to the proved reserves of the world. 

Dr. Levorsen must be very well informed concerning 
the political situation in South America, since he pointed 
out in his paper this vital question concerning the devel
opment of South American potentialities. "Undiscovered 
reserves in a region of adverse political or economic 
climate will tend to remain undiscovered, and are thus 
only of academic interest", says Dr. Levorsen. Dr. 
Levorsen attributes the success of the oil industry in this 
country to "its laws of mineral ownership", and this is 
just the reverse of the general feeling in South America 
where an intensive movement towards nationalization' 
full state control, and so on, are considered the best way~ 
of developing the unknown mineral resources. I sup
pose that most of us will agree with Dr. Levorsen in 
considering that failure of discovery is more often the 
result of failure to provide a healthy political and eco
n~mic climate than it is a fa_ilure of technology. At least, 
wtth regard to South Amenca, that is my feeling. 

Mr. MoNTURE: I am sure we are all grateful-all of 
us who have to drive cars or who have to get around 

New York City-for the very optimistic spirit of :C~ 
Levorsen's paper. I just wish to comment on two fea
tures of it. My first point concerns his concluding stat!} 
ment that the problem finally resolves itself not into ~ 
question of the adequacy of the undiscovered resources, 
but rather into one of our ability to discover them. ] 
think that perhaps the history of Canada's oil bears oul 
very conclusively Professor Levorsen's concluding re· 
mark. 

We made our first really important oil discovery ir. 
1912 in what later became the Turner Valley Field in 
Alberta, and while petroleum exploration and geological 
work was carried on rather intensively elsewhere in 
Western Canada I might say that we did not have any 
great success until the fall of 1947 when we discovered 
the Leduc Field in northern Alberta. That, I think, 
shows what must go into the search for oil. 

The application of geological information entails physi
cal and other scientific prospecting and the expenditure 
of tremendous sums of capital in the way of money for 
drilling equipment, and finally we have the great con
tribution of the oil-drilling engineer who has devised 
equipment which permits drilling to 10,000 feet or 
deeper. 

I should like to point out that in Canada we have the 
two types of oil-the light and the heavy-and that the 
heavier oil, at least, presents a refining problem. Again, 
to comment upon Professor Levorsen's statement about 
the tar sands of the Athabaska River, or, as we call them 
in Canada, the bituminous sands, I notice that Professor 
Levorsen gives an extent of some 8,000 square miles 
underlain by these sands. We hope that his estimate is 
correct, but perhaps a word of caution might be advis
able here. 

While we know that this area may be favourable to the 
occurrence, we have not yet done sufficient work to show 
that it is capable of being economically developed. We 
did some drilling during the war when we found that 
the sand varied in bitumen content, and there were cer
tain other problems that arose in the physical develop
ment so that I think we must regard the bituminous 
sands of Canada not as an accepted petroleum resource 
at this time in the sense in which we think of natural 
petroleum coming from wells. It presents special min
ing problems which would have to be overcome because 
of the large tonnages to be handled, the abrasive quality 
of the sand and its effect on ordinary mining equipment, 
and, finally, the problem of actually separating the bitu
men from the sand. We feel that that is, perhaps, the 
first problem, and in Canada we are devoting some time 
and effort to working out a method of removing the 
bitumen from the sand so that we should then have a 
product that was suitable for further processing or re
fining. Here again, we shall be presented with a prob
lem, but I am sure that scientists, the chemists and the 
physicists, will come to our rescue. 

That is all I have to say, but I felt that I might leave 
that word of caution with Professor Levorsen. 

Mr. ERSELCUK: I am not a geologist; I am in charge 
of the resource programme at Purdue University. I 
should like to submit one question concerning the very 
excellent paper which has been presented; it has to do 
strictly with the economic and financial side of the prob
lem. 

No doubt, we have about 1,500 billion barrels of oil 

100 



1~ther on the continents or near the continents. But the 
question is this : Is it going to be possible, financially and 
·~conomically, to get all of that oil? Already we know 
that in the United States the price of oil is gradually 
going up because the cost of production is going up, and 
eventually we shall reach a point, I believe, at which 
substitute fuels coming from other energy sources may 
compete with oil, and perhaps we may not be able to get 
a very large portion of those 1,500 billion barrels of oil. 

The CHAIRMAN: If nobody else wishes to continue 
the discussion, I shall ask Dr. Levorsen to answer some 
of the points that have been raised. 

Mr. LEVORSEN: As far as the last speaker's question 
is concerned, there is no doubt that competition with 
o:her fuels will enter the picture sooner or later. As we 
h.lVe heard at the meeting so far, a great deal of work 
and experimentation is being done toward providing 
alternative sources to liquid oil. That may be some time 
ir>. the future. Certainly, I believe that at the present 
time we can get a lot more for our money by prospecting 
f<•r oil than by working out either oil shale or oil from 
coal. That does not mean that the latter should not be 
d me. But certainly at the present time, as nearly as I 
c;m find out, the advantage is very much in favour of oil. 

Whether we shall ever need this amount of oil is 
another question. I think it is there to be had if we need 
it. and possibly much more if we want to think ahead. 

As regards the figure of 70 billion barrels that I used, 
I realize it is very low. However, those are the pub
li::hed figures, and it takes a meeting like this to smoke 
011t some of the folks who have the inside information as 
tc what these fields actually will produce. 

The CHAIR)1AN: I wish to thank Dr. Levorsen once 
again for his most stimulating and encouraging paper, 
which, I think, also produced a very interesting dis
cussion. 

We now go over to the second half of our programme. 
Perhaps I may be allowed to make one or two remarks 
about the significance of the work of the Fuels and 
Energy Section for the general theme of the Conference 
--that is, rai~ng the standard of living by increasing 
production-and particularly in enabling the more back
•vard countries to build up a more productive and more 
diversified economy. 

In order to obtain an idea of what energy means to 
a country, I plotted Mr. Colin Clark's pre-war estimates 
of the average income in each country against the aver
age consumption of energy. With a few exceptions, 
there was a very close correlation between the two, 
showing how essential supplies of energy are if a reason
able standard of living is to be maintained. 

There seems to be a doubt in some people's minds as 
to which is the cause and which is the effect. I think the 
answer is extremely simple because, after all, power is 
the multiplier of the productivity of human labour. Just 
think of the nineteenth century. It was the use of the 
free energy of coal which made that great development 
possible. It was the power-driven machine, the steam
ship and the railroad, which made available the world 
resources of raw materials and food and provided those 
great new markets for industry. In 'the later part of the 
century came the discovery of petroleum, the internal 
combustion engine, the first power-station, the distribu
tion of electricity and the steam-turbine, which increased 
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enormously the availability of power and diversified its 
uses. 

The main fruits of those developments were harvested 
in our own century, which, I think, has had its own revo
lution-which I call the Domestic Revolution : the scien
tific application of heat and power in the home, which has 
raised so enormously the standards of health and com
fort. Perhaps that can be regarded as the repayment by 
the technician of a long-deferred debt for some of the 
social consequences of the mechanization of industry in 
the nineteenth century. 

Secretary Krug emphasized the interrelationships of 
our problems and the need for co-ordination, and, in 
reading the papers in the other sections, I have been 
struck by the frequency with which the application of 
energy has been fundamental to the solution of some par
ticular problem. Take, for instance, the Minerals Sec
tion, in the extraction of metals from their ores. Take 
the Land Section. The mechanization of agriculture, I 
suppose, is almost as far-reaching a revolution as the 
mechanization of industry. There is the use of power 
in the dairy and in the barn ; in the preservation of food ; 
there is the new partnership of agriculture and chemical 
engineering. They were competitors, but now, I think, 
they are partners in the processing of agricultural prod
ucts, which does offer the opportunity for a more diversi
fied economy in agricultural countries, but which is 
dependent, of course, on the availability of heat and 
power. 

Then there is the question of transport, which, after 
all, is the key to development, and which is dependent 
entirely on power, by making possible the movement of 
raw materials and individuals and the exchange of goods. 

How are the needs of the world for energ){, for heat 
and power being met today? Coal, 1,500 million tons a 
year; oil, 500 million tons; natural gas, 150,000 million 
cubic metres ; wood, 800 million cubic metres ; hydro
electricity, 300,000 kilowatt hours. 

By themselves, those figures are not very significant, 
except by comparison with previous estimates, showing 
the very big increase in the contribution of oil and 
natural gas. But if you assign an efficiency figure to 
them, you can calculate the percentage contribution of 
useful energy which is being made by each of those re
sources, and the figures would come out roughly like 
this: coal, 55 per cent; oil, 25 per cent; natural gas, 7 
per cent; wood, 7 per cent; and hydro-electricity, 6 per 
cent. 

I think there are two significant facts : the large con
tribution made by oil and natural gas-and, in that con
nexion, it is very encouraging to have heard Mr. Levor
sen's paper-and the relatively small contribution, vital 
though it is, made by hydro-electricity; steam-generated 
electricity is only slightly greater. The unused water 
power resources of the world are very great, but they are 
mostly relatively remote from the great centres of energy 
consumption. If the potential water resources of the 
developed portions of the world-North America and 
Europe-were harnessed, they would supply only a 
small proportion, perhaps 20 per cent, of our total energy 
requirements. That means that we have to continue to 
rely on fuel, and that the theme of this Conference-the 
conservation and the economic utilization of our fuel 
resources-is therefore of major importance. 

There is just one point I should like to throw into 
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the discussion in advance of Mr. Jacque, if I may. That 
is the question of the transport of energy, because I have 
emphasized the importance of energy to the develop
ment of the more backward countries, and that problem 
constantlv is going to arise. \iVhat is the most economic 
way of t;ansferring energy? Is it by a pipeline of oil? 
Is it by high-pressure gas main? Is it by high-tension 
transmission of electric power? Is it by coal by road 
or rail? That is, I think, a relevant question for the 
discussion we are going to have. 

I am not going to stand any longer between you and 
Mr. Jacque, who is going to introduce this discussion 
on "Economics of Competitive Fuels for Various Pur
poses and Their Use to Meet Future Fuel Require
ments." Mr. Jacque is a distinguished technician and is 
President of the Petroleum Institute of France. 

Mr. JACQUE:" When a pupil arrives late for class, he 
is usually punished. The contrary has happened to me 
since, though I arrived only this morning. I have ex
perienced the great honour of being asked to introduce 
today's discussion on the "Economics of Competitive 
Fuels for Various Purposes and their Use to Meet Fuel 
Requirements". I apologize for the fact that, being 
extempore, my reflections are necessarily incomplete. 
It is my chief desire that they should be the occasion 
of a general interchange of views and information among 
the specialists in the field who are with us today and vvho 
are far more competent and experienced than I. 

The question is indeed vast. The problems it raises 
are not merely technical, but economic and political. 
Moreover, it has no general solution to offer, for the 
simple reason that conditions vary between one country 
and another and between one region and another in 
the same country. 

All here are bent on working for the bettering of 
human standards of living, with due regard for the wise 
use of known, imagined, or yet unknown reserves, 
whether (as is hoped) they are capable of renewal or 
not. Our aim is certainly that of improving the stand
ards of living of our contemporaries and immediate 
descendants, but we are also anxious that later genera
tions shall not be able rightly to reproach us with hav
ing wasted their inheritance. 

As Sir Harold Hartley pointed out, all the problems 
dealt with, either in this section or others, resolve them
selves into problems of energy. Directly or indirectly, 
fossilized fuels, that is to say living matter transformed 
into carbon, and fossilized carbonaceous compounds 
(coal on the one hand; petroleum and natural gas on 
the other) are today of the first importance. Our Chair
man has just pointed out that approximately 80 per cent, 
if not more, of all energy is divided more or less equally 
between the two classes of fuels. That does not mean 
that considerable and sustained efforts are not being 
made to put ever-renewable solar energy at the disposal 
of mankind; steady progress has already given us a con
siderable output of hydro-electric energy. There can 
also be no doubt but that, in the years to come, human 
ingenuity will succeed in the economic harnessing of 
other forms of that eternally lavish source of energy
the sun. 

Before dealing very briefly with some specific points 
regarding desirable developments in our methods of 
utilization, I should like to stress that, generally speaking, 

"1fr. Jacque spoke in French. 

however concerned we may be to husband a par-ticula1 
form of energy stored in the earth, certain considerations 
are inescapable. The factors which guide the choice of 
energy and, in the case of carbonaceous fuels, the typE 
of fuel used, must necessarily take account of: 

1. The practicability, in the present state of our tech
nology, of its use for a particular purpose, whethe~ ~e
lated purely to energy (production of heat or electnctt) 
for domestic uses or transport), or reactive (in metal
lurgy or chemistry, for example )-since the latter i: 
always bound up with problems of pure energy; 

2. The cost and various limitations connected with 
its use. Among these considerations should be includec. 
not only the initial cost of the energy or carbon USf ' 

but means of transport, the flexibility of plant ( especialt) 
as regards the possibility of changing rapidly to more or 
less intensive production) and, finally, a factor that 
should not be forgotten-the human work involved, since 
we are determined, as part of improved standards of 
living, not to ask of others that they shall undertake 
unduly burdensome labours. 

Thanks to its many advantages from various points 
of view, such as those I have just mentioned and in spite 
of the somewhat limited and uncertain nature of its 
reserves (Professor Levorsen has just opened for us 
future horizons far wider than those of the past), 
petroleum is playing an increasingly important part even 
in the rapidly growing sphere of world consumption of 
energy. 

Given the factors which I have just put before you, 
the development and, perhaps, the proportionate increase 
in methods of exploitation and utilization will depend 
upon the progress made in that direction. There can be 
no doubt but that the research now in progress in all 
industrial countries on mechanical means of extracting 
solid fuels, on better ways of transporting them or, as in 
the case of compressed synthetic or producer gas, 011 
converting them into liquids in order to make trans· 
portation even easier, will make it possible to hav< 
greater recourse to reserves of the kind which, all thing~ 
considered, are today more considerable and more evenly 
distributed than reserves of petroleum. 

I will now deal with a rather more specific field. 
The uses of energy fall into two clearly defined cate· 

gories. There is first the use of energy itself, either tc 
produce heat, light, and means of transport or to supply 
power for mechanical, chemical or electrothermic trans
formation-the type is of little importance. There is also 
however, the utilization of carbon as such-a very dif
ferent matter from using energy in its reactions, eithet 
metallurgical or chemical in the most orthodox sense oJ 
the word. The production of pure energy appertains tc 
the former. The choice of a given fuel therefore large!; 
depends on the possi' ility of using it in a flexible form 
For example. the gas industry in Europe is at presen1 
occupied in findings ways to satisfy consumer needs a1 
seasonal or daily peak periods by means of gas-producin!' 
installations capable of rapid increases in production 
That is consequently one field in which the problem o 
peak loads is leading to the use of gaseous or liquid fuels 

Similar problems must be solved with regard to elec· 
tricity and during the last years we have seen a develop 
ment of the use of gaseous or liquid fuels to ensure th< 
production of electric power at peak periods. 

Among metallurgical problems, the development 'l 
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-,arious smelting industries is subject, to a very large 
extent, to the consumption of energy. It should be noted 
~hat the geographical situation of certain foundries has 
~Jeen influenced more by the proximity of fuel than by 
hat of ores. The zinc-smelting industry is a typical 

example; it has developed in regions like Belgium which 
are relatively far away from zinc ores but which have 
:arge quantities of coal. 

In other cases, on the contrary, the availability of coal 
;.nd ores in not too widely separated regions has made 
Jossible the development of the iron-smelting industry. 
\:Yith regard to the latter, I should like to point out that 
technology can also lead to evolution in the use of a 
J:)· .rticular fuel. 
. I think that research is being undertaken in various 

countries on the transposition and reduction of iron ores 
which react in fluid media; that research is following 
similar lines to those developed for the catalytic reac
tions of petroleum. If that is the case, in a few years 
w·:~ may witness a transformation of the iron and steel 
industry and that transformation will have major reper
cr ssions on the coking industries; it will no longer be 
a question of manufacturing a solid and mechanically 
resistant fuel having a certain reactivity but, on the con
tnry, of manufacturing, at the most favourable price 
pc•ssible, a reducing gas by means of which the reactions 
which I have just mentioned may be produced. 

The synthetic reactions of organic chemistry are an
other example. Beginning in the middle of the last cen
tury, industries developed based on the organic synthesis 
first of vegetable derivatives, in particular fermenting 
alcohols, then of carbonized coal derivatives (leading to 
the rapid expansion of the synthetic perfume industry), 
later of calcium carbide derivatives, that is to say acety
lene, and finally of synthetic products based on com
pounds of carbon monoxide and hydrogen. In that field 
too the raw materials changed and evolved according 
~o the ease with which the original structures could be 
,ransformed into the final product which it was desired 
·o obtain. In most cases, in chemistry as well as in 
'netallurgy, I think that the energy necessary to effect 
:he transformations is far more important than the quan
tity of carbon which must be used either as a reducing 
1gent or as the constitutional base for the organic com
Jounds. 

In conclusion may I say, with regard to the diversity 
)f conditions which exists between one country and 
1nother, that in Europe we are, generally speaking, in a 
V"ery different position from the United States, for ex
lmple; in the latter country coal can be produced at a 
nnch lower price than in Europe so that in European 
:ountries the problem of obtaining a raw material re
luiring the least possible amount of energy for our trans
'ormations is even more acute than in the United States. 

These are a few of the remarks which I wished to 
nake in the hope that they might lead to an exchange 
)f views between our colleagues from different countries. 

The CHAIRMAN: Thank you very much, Mr. Jacque. 
Who will continue with this discussion? 

Mr. DEVRIES: In the course of the very interesting 
iiscussion I should like to pose a question. After all, 
he production of energy for use in society is a product 
)f labour, and ultimately the cost of the fuel and the 
:ompetitive value of the fuels must he determined by the 
mman labour that is invested in it. Even if we use 
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machinery to extract energy from fuel, human labour is 
invested in the capital. This probably is a process that 
goes on and perhaps is auto-catalytic. In this way, the 
investment in machinery to extract fuel and energy will 
give us new energy which we can use again for more 
energy still to be used in human society. I should like 
to ask this question of the people who know about the 
competitive value of fuel and energy : Can they give us 
some idea of how far we can go in this respect, and about 
what would be the ultimate range of human labour neces
sary for the production of certain quantities of fuel and 
energy from different sources? 

Mr. HuBBERT: I wish to revert to some of the re
marks of Mr. Levorsen who, it appears to me, has fol
lowed two independent and incompatible lines of rea
soning which have led to two different and irreconcilable 
results. 

Mr. Levorsen's first line of reasoning is essentially a 
physical one whereby, after considering the amount of 
oil that the sedimentary rocks have been found to contain 
in the better known areas of the world, and the approxi
mate amounts of sedimentary rocks throughout the 
world, an estimate is reached of the ultimate amount of 
oil which may be found in the entire world. The figures 
cited are 500 and 1,000 billion barrels of undiscovered 
reserves for the land and continental-shelf areas of the 
world, respectively. 

This method of reasoning appears to me to be a valid 
one and the figures cited of the proper order of magni
tude. 

As contrasted with the foregoing, Mr. Levorsen's 
second line of reasoning is essentially metaphysical in 
character as exemplified by his statement: "Any un
discovered oil or gas pool at best exists only as an 
idea in the mind of the geologist. In a like manner, the 
basis for any undiscovered petroleum province-a 
petroleum province is a region in which there are a 
number of oil and gas pools occurring under related 
geological conditions-exists only in geologic thought." 

In pursuit of this thesis he dismisses as true, but irrele
vant, the physical reasoning that, since the ultimate num
ber of oil and gas pools is finite, the discovery of each 
new pool means one less in the number remaining. He 
is thus led to his two principal conclusions, namely: 

1. That the figure of 1,500 billion barrels is only a 
current estimate which may constitute but a fraction 
of the reserves that will be estimated twenty-five years 
from now; 

2. That the world is assured of sufficient undiscov
ered reserves of petroleum to meet all its demands for 
several hundred years. 

These conclusions are mutually complementary in 
implying a present estimate of undiscovered petroleum 
reserves which is an indefinite but significant multiple 
of the l ,500 billion barrel figure originally cited. 

Not only am I concerned with the validity of these 
conclusions, but even more with the validity of the 
reasoning by which they have been obtained. It is quite 
true that our activities in the exploration for petroleum 
are in part determined at any given time by our opinions 
concerning the probability of the occurrence of petroleum 
in given areas and by the data available. This works 
negatively, however, as well as positively. In fact it is 
on just such a basis, supported by a well-authenticated 
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body of knowledge, that we are prevented from engag
ing in futile and costly exploration efforts in the areas 
of the pre-Cambrian shields, for no amount of optimistic 
thoughts about the huge petroleum reserves of such 
areas is likely to lead to the discovery of a single drop 
of oil. 

It is also true that in the past the estimates of the 
ultimate reserves of petroleum have usually been wrong 
on the low side-and often grossly so. Such estimates, 
however, were not comprehensively made by means of 
a detailed inventory of the sedimentary rocks of the 
whole world, and are, therefore, not comparable in 
validity to those which have been so made in the light 
of recent data. Nevertheless, it should be borne in mind 
that the reserves of petroleum in the earth are a physical 
quantity resulting from slow accumulation during some 
500 million years of geologic history, and that the mag
nitude of the quantity, which during human history will 
experience negligible increment, is in no manner influ
enced by our thoughts or opinions concerning it. 

With regard to the length of time during which petro
leum reserves will be sufficient to satisfy world demands, 
we must take into account not only the magnitude of the 
reserves, but also the rate of production. If one plots a 
curve of annual production of petroleum as a function of 
time (see Chart), the cumulative production up to any 
given time will be represented graphically by the area 
beneath the curve up to that time. Since petroleum re
serves are finite, this area is necessarily limited and may 
approach, but cannot exceed, the amount of oil initially 
present. Hence, the production curve, starting from 
zero, will rise, pass through one or several maxima, and 
ultimatelv decline to zero. Thus, while within these 
limits there is an infinity of shapes such a curve may 
have, the higher it rises the sooner will its peak occur 
and the sooner and more rapid will be the decline. 

With these points in view, the production of petroleum 
up to the present is plotted in the attached chart and two 
possible projections into the future are made assuming 
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an undiscovered reserve of 1,500 billion barrels. The 
cumulative production to the present is about 60 billion 
barrels and the present rate of production is 3.5 billion 
barrels per year, and still increasing at such a rate as to 
double in about 15 years. It is virtually certain that 
the rate of production will continue to increase for some 
time into the future. 

If the ultimate peak of production is of the order of 
twice the present rate, it appears that this should occur 
within about 75 years; if it reaches three times the presi 
ent rate it is likely to occur within 50 or 60 years. In 
either case, once this peak is passed the industry will 
manifestly not be able to meet world demands, and unless 
production is drastically curtailed the reserves should be 
well on their way to exhaustion within an additional 
century. 

To summarize my remarks, I can see no basis for Mr. 
Levorsen's optimism that the petroleum reserves of the 
future will be significantly greater than his figure of 
1,500 billion barrels. Accepting this figure, his conclu
sion that the undiscovered petroleum reserves will be 
sufficient to meet world demands for several hundred 
years appears to be without foundation. 

Dr. LEvORSEN: Mr. Hubbert's statement is correct
the amount of oil in the ground is a fixed amount. But 
our idea of what that amount is, is changing continually. 
I remember in 1936 or 1937 I sat on a committee with a 
number of geologists in the United States who were at
tempting to estimate the future reserves in the United 
States. I remember the figure at that time of 15 billion 
barrels of proved and unknown reserves underground. 
There were quite a few at that time who believed that we 
were just about running out of oil and that the curve 
turnover point would come within the next few years. 
Since then, I believe we have produced 15 billion barrels 
-a billion-and-a-half or two billions a year and we now 
have 24 billion barrels which we know are underground. 

It is true that the amount of oil is fixed, but our ideas 
are changing and it is on these ideas of the ultimate 
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amount of oil that we do our planning, pass laws, and 
enter into the exploration business and the oil business. 

It is what we think about these reserves that are all we 
have to go on. No one knows what they actually are. 

The CHAIRMAN: In the absence of any further 
speakers, I should like to take one specific example which 
seems to me to bear on the question raised by Mr. 
Jacque. I take the example of the locomotive. The 
>team locomotive using either coal or oil as a fuel has an 
.;xtremely low efficiency, say about 5 per cent. 

The steam locomotive is being replaced very rapidly 
in this country, and less rapidly in other countries be
cause of certain physical conditions, by the diesel elec
tric locomotive which has an efficiency at least five times 
as great. In this country alone it is estimated that the 
replacement of the coal-fired locomotive by the diesel 
electric locomotive would result in an economy of over 
100 million tons of coal a year. 

But now we have the next development in an experi
mental stage, with the possibility of a coal-fired gas 
tlrbine locomotive which might not have, under certain 
c .mditions, quite as big an efficiency as the diesel loco
motive, but which would use fuel which in this countrv, 
I think, would cost about one-fifth as much as diesel oil. 
This is an example of the way in which this competition 
b(~tween the fuels leads to successive developments, and 
here you have a case of the competition between effi
e :ency and cost. I think that that is the kind of example 
which Mr. Jacque had in mind, and I wish that some 
of those present would produce similar examples to 
illustrate Mr. Jacque's point. 

Mr. BLACK: I am just an economist who does not 
know anything about petroleum, but when the Chairman 
broadens out the discussion to talk about energy perhaps 
ir is permissible for me to make a comment or two. 

There has been a reference to the extent of energy 
resources in the world which are not well developed. 
\ Vhy do we not go about developing them? \Vhy do we 
s.t around and let all this water pour down our streams 
without harnessing it at once? The Tennessee Valley 
Authority came along and gradually developed an im
mense system of power. What did they do with it? It 
is a territory that is pretty well filled up with people. 
The average income in the Tennessee Valley counties 
before the war-gross income per farm-was $700. 
What did we do with all this power when we got it? We 
used it in what I suppose was a very expensive way
electro-metallurgy. You have to have power pretty 
cheaply and abundantly before you can use it in that way. 

Then we started hydro-electric development way up 
in Saguenay north of the St. Lawrence, during the war 
when we needed it. Why did we not develop Passa
maquoddy? There is lots of power there. As a matter 
of fact, this development is held back by the growth -of 
the world population and the demand for the use of 
this power, as much as by anything else. \Ve could use 
it to very good advantage if we had it and had it cheaply, 
but we have other uses for our capital and we held back 
in the development of a tremendous amount of these un
developed resources. 

We know this to be true in hydro-electrics, and Dr. 
Levorsen's chart showing the undeveloped sedimentary 
resources of petroleum indicates that it is also true of 
petroleum. Way up in the Arctic regions and in con
tinental shelves in very cool climates there are not many 
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people. We are not going to develop a whole lot of 
resources in northern Siberia or in northern Canada 
until we have people there, and when we have people 
there they will not themselves consume a large part of 
what they produce. \Ve shall have to find a market 
somewhere else for the product of the development of 
these resources. 

In other words, I am pointing out that there is an 
economic order in which all these resources become de
veloped and tied up with population and the location of 
populations. Then we go ahead and assume that it is 
just a question of time, that the population of the earth 
is increasing at a tremendous rate and that we shall need 
all these resources. I wonder if we are so sure that it 
will continue to increase at this tremendous rate? We 
must not look at the population of the earth as if it were 
one total. As a matter of fact, over 40 per cent of it 
l~ves in countrie~ where the resources and the popula
twn have come mto a balance, where the standard of 
living is _rising, and where the progress of the arts is 
more rap1d than the progress of the population in those 
countries. This is true of the United States and of 
most of Western Europe. 

Even in India today an appreciable fraction of the 
families have no more children than can be brought up 
in comfort and given an education and a reasonable 
chance of a healthy life. This is also true in China · and 
~he ~roportion of families of that description is expand
mg 111 all parts of the world. In time most of the 
countries will have a dominance of families of that kind. 
That is a long way off, but it is a hope of a comfortable 
happy existence in countries like India Japan and th~ 
East Indies. ' ' 

. We have no busine.ss looking at the population growth 
111 terms of a total as tf the human race were a vast drove 
of hogs feeding out of one food trough. Neither is it 
a vast body of animals growing out of one source of 
energy. .Country by country, certainly, there is a great 
deal of 111t;:rnational exchange of food and of power, 
but there IS a much larger amount which is not ex
changed. We are not go~ng to feed India : India is going 
to haye to ~eed hers~lf m very large part. That is the 
way m wh1ch the h1story of the world is developing. 

Our energy resources along with our food resources 
~re dev~loping mainly country by country. There is 
mternatwnal exchange, but it is limited. This has held 
back the development of the world's energy resources
coal resources, hydro-electric resources and so on-and 
will continue to do so. A realistic history of the future 
for the growth of resources has to recognize these things 
~n~ the circumsta~ce that so large a part of the resource~ 
IS m. very col~ cltm~tes or very hot climates, faced by 
all kmds of d1fficult1es and obstacles, is a contributing 
factor to retarded development. 

Mr. MACFARLANE: The argument of the last speaker 
as I u~derstood it, was that it was not necessary to de~ 
velop mcreased power resources in the world because 
~he population of the world is not to be expected to 
mcrease at the ra!e at which it .has beer; increasing. I 
suggest that that IS not necessanly a logtcal conclusion. 
As I see it, in the countries where there has been a check 
in population increase, there has been a vast increase 
in. the po':'er requirements. The matter might be put 
thts way: m our grandfathers' houses there were twelve 
children and no electric motors; in 'our houses today, 
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there are at least twelve electric motors and perhaps no 
children. I think you will find, as a matter of statistical 
fact, that the power increases per head of the popula
tion are taking place in just those countries in which 
the population is not increasing very much. 

I should like to refer to a point made by the Chairman 
when he was talking about the great decreases in re
quirements of fuel that would result from such tech
nological changes as the substitution of the diesel for 
the steam locomotive. I should like to suggest that 
many nations~certainly the 1.J nited States and most of 
the countries of \Vestern Europe~are at present in a 
position of serious disequilibrium as regards the effi
ciency with which they use their fuel. 

Naturally, the efficiency obtained from fuel, whether 
it be domestically or industrially, turns primarily on the 
price that has to be paid for the fuel. Capital cost, as 
the last speaker suggested, is the determining factor as 
to efficiency of use. Comparing today's prices of fuels 
with those before the war, we see that there has been a 
very marked increase in most Western European coun
tries and in the United States. As a consequence, I think 
we must expect a great deal of attention to be paid in 
the next few years to improving the efficiency of utiliza
tion, and I have no doubt whatever that very substantial 
improvements in efficiency can be made at very low capi
tal cost. The difference between the efficiency of utiliza
tion by good practitioners of fuel efficiency and average 
ones is at the present time quite staggering. 

Between the wars, we saw a vast improvement in the 
efficiency of electricity generation. In the next twenty 
years, I think, we may expect substantially similar im
provements in all other branches of utilization. It is not 
that I am suggesting that the electricity industry will not 
go on from strength to strength; I am merely suggesting 
that it has shown the path which others will follow. 

Mr. LIETZ: While I agree fully with Mr. Macfar
lane's opinion that we will see a continuous improve
ment in the efficiency of utilization, we should also ex
pect a similar improvement in the efficiency of recovery 
of the crude oil deposits. 

Mr. Levorsen's figure of 70 billion barrels of proven 
reserves is based on the efficiency with which today we 
are able to deplete our known reservoirs. Although 
improvements have been made in the last years there is 
still a large percentage of reservoirs in which ultimate 
recoveries range from 20 to 40 per cent of the oil in 
place. 

With the extensive research now under way we will 
undoubtedly be able to improve these efficiencies con
siderably, while research into the possibilities of sec
ondary recovery may well lead to substantial increases 
in the recoveries obtained {rom a great number of fields 
developed and produced in the past. 

It is conceivable that as a result of such improvements 
in technique, the recoverable reserves from the presently 
known reservoirs could be close to 100 billion barrels 
without discovering any new fields. 

Mr. PICARD :b I should like to return to Mr. Jacque's 
statement and to point out that this idea of fuel efficiency 
is a complex one. 

Efficiency of fuel utilization comprises at the same 
time: efficiency of extraction of which the preceding 

"Mr. Picard spoke in French. 

speaker has just spoken, efficiency of transmission of 
raw fuel when it is transmitted a considerable distance, 
efficiency of conversion of this raw fuel into usable 
fuel, efficiency of conversion of this fuel into power, and 
then efficiency of conversion of this power into positive 
results-motive power for aeroplanes, cars, lorries, gen
eration and transmission of electric power. 

It is necessary, in order to have an exact idea as to 
what is the best possible utilization of fuel, to bring all 
these efficiencies into play one by one and that is wh' 
as our Chairman observed a few moments ago, types o 
fuel are succeeding each other periodically in the prin
cipal utilizations. 

I shall quote two examples of these facts. 
The first example is that of the utilization of coal and 

fuel oil in electric power generation. First, coal was 
used in the large electric power-houses, then-above all 
in the countries which produced oil on a large scale
fuel oil began to compete with coal, but it was the price 
of the calory when it entered the power-house which 
decided what proportion of each should be used; in some 
countries, such as this one, some large power-houses are 
equipped so that they can operate at the same time on 
coal and fuel oil and one type of fuel or another is used 
according to the price. 

In France, where we have large quantities of coal 
containing a great deal of ash, a technique has been 
developed whereby power-houses are using coal contain
ing as much as 40 and 50 per cent of ash, which was 
previously completely useless and was thrown away at 
the head of the mine and which can thus be salvaged 
and put to use. Such fuel, at first, costs nothing since 
it was thrown away. 

It can thus be seen that coal is regaining a position of 
which it appeared that oil would deprive it. 

There is also an idea which did not appear alto
gether plainly in Mr. Jacque's statement and which 
should, I believe, be taken into account; it is that of the 
consumer. 

Much is said of efficiency and of calories; the calory 
however is a physicist's unit and the consumer does not 
count in calories but rather in dollars or francs ; he 
establishes the cost price in his own country's currency 
and it is quite possible, according to the various eco
nomic systems, that the utilization which makes the 
most sparing use of natural resources, that is to say 
which uses the least number of calories as the physicist 
would say, might not be the one which the consumer 
prefers. 

There is yet another idea which should be taken into 
consideration : ease of use. The consumer looks for 
the minimum of difficulty in use, he wishes to have a 
machine which will make no noise and which will not 
give off an unpleasaut odour. It is for this reason, for 
instance, that we have seen that oil, in the form of gas 
oil, did not take the place in relation to petrol expected 
of it by certain economists, since gas oil gives off certain 
odours and since the diesel engine makes much more 
noise than an engine run on petrol. 

We have had a very interesting example in the utiliza
tion of wood and charcoal for road transport by means 
of the gas-generator. Before the Second World War, 
the French Government had, in order to further the use 
of home-produced fuel, encouraged lorry owners to use 
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gas-generators and it had allowed them a reduction in 
the tax on the running of motor vehicles. The gas
generator had not been developed. However, when the 
cost price was calculated, results were favourable since 
wood was cheap. The reason for that failure is simply 
that the use of wood or charcoal is dirty and causes 
infinitely more work than either petrol or gas oil. 

These few examples illustrate the complex nature of 
\he problem. The choice between different types of 
.9wer for a specific use does not raise only technical and 
.,,:onomic problems; it also raises psychological problems 
;vhich it is difficult to settle by means of legislation. It is 
in the final analysis the consumer who decides on the 
choice of fuel, and this choice is not always made in the 
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competition with the coal industry, is selling residual 
fuel oil in ::-.T ew York harbor at prices equivalent to two
and-a-half dollars under the cost of a ton of coaL It is 
sold at more than a dollar a barrel under the cost of the 
crude oil. Of course, every time they reduce the cost of 
fuel oil, they increase the price of gasoline, and many 
present, whether motor carriers or private owners, have 
noticed this recently. I think it is pathetic that 20 per 
cent of crude oil today is being sold at a price which is 
shutting down many of the coal mines of the eastern 
area. They cannot possibly survive. It means the loss 
and the abandonment of many mines of which the cost 
to reopen later on will be prohibitive. And it means the 
loss of additional millions of tons of coal in America. 

way in which we think in this Conference. To my mind, there is no longer any excuse for this 
intense competition between two fuels in America which 

Mr. vVEISSMANN: I should like to return to the sug- are scarce and should be conserved. \Vhat is twentv-
gestion made by the Chairman and discuss some ex- four years' known supply of oil in the life of this nation 
amples of how waste in fuel can be avoided. It has been or in the life of any nation, that it should be thus wasted? 
said that changing over from steam locomotives to, let I understand that by known processes all of the oil, or 
ns say, diesel locomotives would save quite a lot of fuel. practically all of it, could be converted to the higher 
I think the same might also be said with regard to rail- uses. And while they are converting 1 Yz per cent more 
v ay vvagons which are, in general, too heavy for many of this residual fuel oil this year than last year, that 
rurposes and obsolete. These wagons use too much process of change-that is, the changing of the refineries 
energy to move around. At the same time, at present, to produce the yield the market requires-is being car
v·e have a situation in Europe where about 15 per cent ried on far too slowly. In the eastern area of the United 
of the workers in the engineering industry are idle. In States, east of the Mississippi River, where 92 per cent 
the field of the transport equipment-producing indus- of the coal is produced and used, I venture the opinion 
tries, the percentage of idleness is about 50 per cent. that we do not have a hundred years' supply of coal
I· would then apparently be a wise idea to start changing and in some of the most important fields where we are 
over these railway wagons. By so doing, we should not producing in good quantity--largely underground mines 
only be utilizing unused capacity in the engineering -there is not fifty years' supply. 
industry, but also conserving fuel. 

I do not speak as ont,: without some knowledge, be-
Mr. CRICHTON: I am a little amazed at the extrava- cause I have travelled over these coal fields and have 

gmt figures of the world oil resources. I understand examined mines in most of the areas. The recoverv of 
from the American Petroleum Institute figures that the coal is mostly a matter of economics, but the los~ of 
yearly increases we have been hearing about-after the tonnage is a serious matter with us. The statements we 
amount that has been used--is due largely to increased have been hearing during the past few days as to the 
recovery estimates and extension of known fields. In enormous deposits of coal in America, I warn you that 
the last decade or so, during the time we used 13 billion you had better discount them very materially. 'vVe have 
barrels of oil, we have discovered in new fields only 4 or but a fraction of the coal predicted by the United States 
5 billion barrels. The question that disturbs me and Geological Survey-and I anticipate the same thing 
others is how we can be sure that, just because of certain regarding oil. Because we have found a certain quantity 
discoveries in explored sedimentary areas, we are going of oil in known sedimentary areas throughout the United 
to find oil in the same quantities in unexplored sedi- States, I cannot see that you can project that throughout 
mentary areas. I think there is grave doubt about that. the entire world and expect to find relatively as much. 
I am not a geologist, I am just a coal miner, but it And even if you can, you have to consider the economics 
reminds me a good deal of the figures of coal reserves of the situation. We are now drilling 16,000 feet or more 
which are put out by the United States Geological in America, in the search for oil, and we have not found 
Survey. very much oil at extreme depths. I think we should also 

These coal figures are so extravagant that I think drastically discount the Professor's figures. 
they are a bit pathetic. In my humble opinion, we do Mr. 'WEEKS: Mr. Crichton, who has just preceded me 
not have more than 10 per cent of the recoverable coal and who spoke from experience as a coal miner, said 
that is claimed by the United States Geological Survey. that he believes that the U.S.G.S. estimates of our coal 
I think the figures in the area east of the Mississippi reserves are greatly exaggerated. Basing his reasoning 
River show pretty clearly what I mean. For instance, on his views with regard to coal, he expressed grave 
Ohio is shown containing 96 billion tons by the United doubts about the figures of oil reserves cited by Mr. 
States Geological Survey, but the Ohio State Geological 
Survey shows 10 billion tons of recoverable coal. The Levorsen. Earlier, Mr. Black, speaking as an economist, 
coal recoveries so far from many fine seams in the east- posed a number of pertinent questions. He asked, how 
ern coal fields have been less than 50 per cent. In some can we be sure that population is going to increase at the 
of the big seams of the Rocky Mountain areas today rates predicted, based on past experience. Also, how 
they are recovering only 15 per cent of the coal, due to do we know that we can develop and find a market for 
mining and economic conditions. This Conference is oil from large areas of the continental shelf in the Arctic, 
concerned with conservation, and I think it should know and so on. These are all good questions. We can appre
that at the present time the oil industry, in its ruthless date that there are many things which cannot be accu-
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rately estimated. There is a saying that nothing is certain 
except death and taxes, and I sometimes get the feeling 
that the latter is the more certain of the two. 

The estimates of undiscovered petroleum reserves in 
the world cited by Dr. Levorsen in his paper, and which 
he showed you on the screen, were prepared by me 
quite a number of years ago. Some modifications have 
been made since my first estimates were prepared, but 
the general order of magnitude of these estimates for 
individual areas has not changed. Moreover the effect of 
such revisions on the totals for the world and its major 
subdivisions has been even less noticeable. This does 
not mean that large revisions may not have to be made 
in the future. 

Certain of these figures had been published prior to 
my publication of them. Two sets of figures were shown 
on the screen. Dr. Levorsen remarked that they were 
very similar. I think that the only reason why one of 
the sets of figures is a little bit different from mine is 
that I revised my earlier. figures a little bit before I 
published them. 

Since I am the culprit, I would like to discuss briefly 
the status of these estimates, which I like to call esti
mated potential reserves estimates, as distinct from 
proved reserves. (The dictionary defines potential as 
anything that may be possible ; a possible development.) 
Clearly, they are not proved reserves and they should 
not be so regarded and used. On the other hand, I feel 
that unless the processes of analysis and reasoning re
sulting from long and extensive worldwide studies of 
sedimentary basins and the incidence of oil occurrence 
are understood and appreciated, their status might also 
be underestimated. 

In my opinion it is more satisfactory to express one's 
ideas of the potentialities of an area, basin or region in 
terms of total oil, or in barrels per unit of area or per 
unit volume of sediments or per unit of exploratory 
effort, than as, say, "fair", "excellent" or by any of a 
number of other vague classifications such as are com
monly used. Expressing the prospects of an area or 
basin in terms of ultimate recoverable oil forces thinking 
and analysis. It not only presents a definite picture of 
what you have in your mind but it offers a concrete 
basis for comparison of ideas and discussion. 

The estimates of oil reserves were arrived at after 
extensive worldwide studies and careful analyses to find 
out empirically what the factors are that control the 
incidence of oil occurrence. Preliminary and basic 
studies include the origin and development of basins, 
and their classification based on origin, history, physical 
form or architecture and composition. They involve a 
study of sedimentation and deposition environment, the 
effects of the changes that occur progressively with dif
ferent stages of the deposition cycle. These and many 
other factors determine the conditions which control the 
incidence of oil occurrence. They need to be understood 
in order to make the best analysis. We do not neces
sarily need to know exactly how oil is formed and 
accumulated in order to note and appreciate the basic 
facts regarding the incidence of its occurrence. There is 
a vast amount of empirical evidence on this available for 
analysis. Satisfactorily adequate data are not available 
in some cases. Fortunately, however, study and experi
ence have shown that the fea:lures concerning which the 
data are less evident are intimately related to and con-

trolled by the more obvious features of basin classifica
tion and architecture, regional history, etc., so that a 
fairly satisfactory evaluation can usually be made for the 
more difficult cases. There is not time here nor is this 
the place to go into a discussion of these technical 
features. 

After arriving at an estimate of potential ultimate 
recoverable oil for a sedimentary area or basin or for 
any part or element thereof, various units may be used 
to measure the estimated productivity. The same units 
may be used to measure the proved productivity of 
extensively developed basins, such as many of those in 
the United States for example. The following units of 
measurement of productivity may be cited: barrels of 
oil per square mile, per cubic mile ( cubem), per cubic 
kilometre ( cubek), per unit of volume of sediments of 
certain facies, per unit of exploratory effort, per cent of 
the area of a basin or of any element thereof that should 
prove commercially productive, and estimated barrels of 
oil per acre considered average for fields under like 
circumstances. 

History curves (trends) of discovery under any or all 
of the different units of measurement are built up for 
extensively or partially developed basins or areas. While 
the many possible units of measurement may be used as 
yardsticks in predicting by analogy what may be ex
pected in little developed or undeveloped basins or 
elements of basins, there is no magic in any so-called 
yardstick It is more accurate to call them units of 
measurement rather than yardsticks. Their principal 
virtue lies in their usefulness as a means for comparison 
or rating. Their successful employment in estimating 
the potentialities of the least explored or developed 
basins absolutely requires an understanding of the 
factors that control or determine the incidence of oil 
occurrence. The degree with which we are successful in 
their use depends upon the degree to which we as geolo
gists can develop this understanding of oil occurrence 
or, may we say, the degree to which we have acquired 
wisdom with regard thereto. 

Dr. Levorsen stated that prior to the discovery of the 
rich oil deposits of Arabia an estimate of the reserves 
would necessarily have been merely nominaL He also 
said it would have been impossible to convince any
one of the rich potential oil content of western Canada 
prior to the recent discoveries near Edmonton. Both of 
these statements might be true if we had nothing more 
upon which to base estimates of potential reserves than 
some major regional or world average figure of reserves 
per unit volume of sediments, which, Dr. Levorsen said, 
is the basis most commonly used for making estimates. 
That is not the method that I used to arrive at my 
figures. It is only a means used to measure and com
pare them. It so happens that my figures of potential 
ultimate recoverable reserves for western Canada were 
made long before the great discoveries of recent years. 
Actually my figures have been moderately reduced since. 

My figure of 150 billion barrels of oil for the Middle 
East was prepared before most of all the major develop
ments known today had been proved. The figure is one
fourth of my estimate for the world and is certainly not 
nominaL Mr. McLintock, who has closely followed de
velopments in the Middle East, stated in his discussion 
that the proved oil reserves in that region now total 
between 70 and 100 billion barrels. Such figures are 
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equal to or greater than Dr. Levorsen's figure of proved 
reserves for the entire world including the Middle East. 
Thus my figure of 150 billion barrels for potential ulti
mate recoverable, though truly enormous regardless of 
the "yardstick" applied, looks as if it may be somewhat 
too small. 

This brings us to a further consideration of the dis
tribution of petroleum in the sediments, a subject men
tioned earlier and to which it will pay us now to briefly 
revert. Hydrocarbons are normal constituents of sedi
mentary rocks, just as gold, iron, coal, uranium, salt and 
so on, are normal constituents of the earth's crust. As 
with these other elements or compounds, the great bulk 
of the commercially recoverable petroleum occurs in 
certain specially favoured situations. It is not an exag
geration to state that fully 80 per cent of the com
mercially recoverable hydrocarbons in the world are 
accumulated in pools that are scattered through 20 per 
cent of the total volume of sediments or beneath 
20 per cent of the total sedimentary area. Certain very 
definite conditions control the occurrence of all natural 
phenomena. One of the speakers in another session has 
shown that over half of the world's population lives on 
5 per cent of the land area, mainly in the great river 
basins. In the case of petroleum, food and environ
mental conditions, and other interrelated features exist
ent in the original deposition basin, controlled the 
growth, accumulation and preservation of the parent 
organic matter and the evolution and accumulation of 
t'1e resulting hydrocarbons. Even though we do not 
understand all that we would like to understand about 
those conditions there is, fortunately, a vast amount of 
empirical evidence on the relation of oil occurrence to 
a great number of observable features of geology having 
to do with basin development, sedimentation, etc. Here
in lie the true yardsticks, the recognition and use of 
which require much intensive analytical study and 
broad experience. 

Even the best equipped geologist probably finds that 
there is a general tendency to arrive at underestimates 
for the most prolific basin areas and to overestimate the 
potentialities of the larger less important basin areas or 
regions. It is very dangerous for anyone blindly to 
compare areas, basins or countries on an area or volume 
basis. No two basins are alike even though they may be 
of the same class or genetic origin or architecture. Each 
has certain definite and major elements in its architec
ture or framework. The incidence of oil occurrence 
may vary much more between these different major 
elements or parts of any basin than it does between two 
basins of quite different class. The entire area of cer
tain major parts of the most prolific of basins may be 
barren or largely barren of oil. Again, the present 
structure basin may constitute but a fraction of the 
original deposition basin to which oil occurrence is 
fundamentally related. A very large part, not uncom
monly as much as three-fourths or more of the original 
depo~ition basin, may be now incorporated in the moun
tain rocks, and of course is out of the picture as far as 
oil occurrence is concerned. 

As a general rule, an average figure for any of the 
units of measurement (so-called yardsticks) that I have 
listed can be more safely applied to very large regions or 
to whole continents.· That stands to reason. The ex
cesses and deficiencies of smaller areas over and below 
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the averages tend to cancel out. However, there are 
important exceptions even here. 

Barrels of oil per cubic mile of sediments, or any of 
the other units of measurement, may be used with dis
cretion for checking the reasonableness of estimates for 
analogous situations. Again, if we are willing to agree 
that a large highly developed region with an average 
spread of basin and oil occurrence conditions, such as 
that of the United States, is approximately representa
tive of the average situation throughout the world, we 
have here a basis for checking the reasonableness of the 
totals arrived at for the world. Let us briefly consider 
this comparison. 

In the United States there had been discovered up to 
January 1, 1949, some 62 billion barrels of oil, of which 
about 37 billion have been produced, leaving close to 
25 billion barrels of proved reserves. This is a dis
covery to date of 31,000 barrels of oil per cubic mile 
in the roughly two million cubic miles of effective basin 
sediments in the United States. Similar figures for vari
ous states or basin areas run from as little as 6,000 to 
8,000 (Kentucky and Indiana) to as much as 200,000 
(California) barrels of oil per cubic mile. Assuming 
that the volume of total ultimate oil discoveries in the 
United States, based on present conventional recovery 
practices and economics, will be 100 billion barrels (I 
think that my totals were 110 billion) that will amount 
to 50,000 barrels per cubic mile for the country's two 
million cubic miles of prospective basin sediments. The 
prospective basin area and the corresponding sedi
mentary volumes for the world are each roughly ten 
times the corresponding figure for the United States. 
By comparison with the United States, my 600 billion 
barrel figure of estimated ultimate proved and potential 
oil represents only 30,000 barrels per cubic mile for the 
approximately 20 million cubic miles of prospective sedi
ments in the world's basins. In other words, the 
United States has already found an amount of oil equal 
to my estimate per cubic mile for the world. My world 
estimate of 600 billion barrels is six times that for the 
United States and ten times that of the volume already 
found in the United States. 

I did not arrive at my estimate for the world by 
this "yardstick" method, but it does provide one of 
various means that can be used and have been used to 
cross-check or test the plausibility or reasonableness of 
estimates. I look upon my estimates for the United 
States as reasonable at this time. Furthermore, I now 
know of no good reason for considering that the inci
dence of oil occurrence in the United States should be 
much, if any, above that of the average for the world. 
As previously stated, I feel that the actual measure of 
oil recoverable by conventional methods and under pres
ent economies is more likely to be 50 per cent larger 
than 10 per cent smaller than my estimate of same. 
However, again I must warn that these are not proved 
reserves. The actual figure of ultimate reserves may 
very easily vary from my figure by considerably more 
than the percentages I have just cited. 

In conclusion I would like to offer a few comments 
concerning the continental shelves. Dr. Levorsen cited 
a potential oil reserve estimate for the shelf sediments 
of a thousand billion barrels, a figure that is 66 per cent 
greater than my figures for all of the land areas of the 
world. I cannot go into all of the reasons here why I 
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feel that this estimate for the shelf areas may be too 
large. Assuming for the moment that my figure of 610 
billion barrels for the land is approximately correct, I 
think that a figure of 400 billion barrels of oil for the 

. shelf sediments is more nearly comparable. I am willing 
to admit, however, that actual figures could be much 
more in each case. 

A classification of the area and an estimate of the 
potential reserves for the shelves were made up by me 
several years ago. Although I came out with a figure 
approximately the same as the 600 billion barrel figure 
that I obtained for the land areas of the world, I have 
since considered this estimate to be too large for various 
reasons in comparison with that for the lands. The 
following discussion will briefly touch on some of the 
reasons. 

Rather careful planimetering of the shelf areas on 
oceanographic maps shows that their area is scarcely 
10 million square miles, or is not as large as the 14 
million square mile figure cited by Levorsen. The area 
of the continental slopes adjacent to the shelves is 
approximately the same as that of the shelves ; in other 
words, their area also is not as great as given in some 
published statements. A very large percentage of the 
shelf areas of the world comprise the continental plat
form edges of pre-Cambrian regions. Many of the wide 
shelves of the Arctic, which Mr. Black inquired about, 
are of this nature. During the past ten years, more or 
less, we have been learning a lot that is contrary to 
what we were taught in college about the distribution 
of sediments on the shelves, and about the nature of 
the geology under them. We shall, I feel, be learning 
a great deal more along these same lines about the 
entire ocean bottom geology in the next ten years, and 
this knowledge may greatly modify some of our ideas 
concerning continental platform and ocean bottom rela
tionships and the corresponding physical changes in the 
crust through geologic history. 

The final point that I wish to mention here is that oil 
in the sediments cannot be considered to constitute 
reserves unless it can be economically exploited. The 
cost of producing oil from the shelves will probably be 
appreciably greater than from the lands, hence the aver
age minimum yield of commercial pools will be higher 
for the water areas. A study of oil occurrence shows us 
that in spite of the fact that the number of small oil 
accumulations greatly outnumbers the large, much the 
greater part of the discovered oil of the world is in the 
moderate-sized to large pools. There appears to be no 
good reason why this will not prove true for the water 
areas. As yet we have not had sufficient experience to 
tell us where the economic margin for water operations 
may lie. 

•Mr. ] acque spoke in French. 

Mr. JACQUE :0 The discussion which we have just 
heard and in the course of which very interesting points 
of view have been expressed has covered the field of 
evaluation of petroleum reserves, summarized by Profes
sor Levorsen, as well as the future problems of rational 

, utilization of solid and liquid fuels and of other forms 
of energy. It would seem from this exchange of views 
that the world is not threatened with a shortage of coal 
as well as of petroleum in too near a future, but that 
access to non-exploited reserves is becoming more dif
ficult; in other words, man's ingenuity must evolve new 
methods either to reach deep-lying deposits or to utilize 
types of fuel too difficult to use in the past. 

I wish to stress once more the fact that the relative 
position of the various fuels differs widely in the various 
regions of the globe. I have been struck by the sharp 
competition-which I can only hope will be remedied
existing in the United States between the heavy fuels 
derived from petroleum and certain kinds of coal, a 
competition which seems at times to take a tragic turn 
and which raises difficulties that can be solved only by 
a better balance. And what of Europe, where coal is 
generally obtained with far greater use of labour than 
in the United States? 

Perhaps one of our United States colleagues could tell 
us on the average what amount of labour is needed to 
produce a ton of petroleum or an equivalent amount of 
energy derived from petroleum, and to produce the 
equivalent in coal. I can only say that in Europe coal 
production (my figures are subject to correction) is 
roughly a ton or a ton-and-a-half to two tons per man 
per day, while in the United States I think it is often 
three, four, six or more tons, depending on the mine. 

The production of petroleum, on the other hand, gen
erally averages a few dozen tons, or at least ten to 
fifteen tons per man. Thus we see that in many European 
countries which have to import coal, petroleum requires 
less labour and, as has been pointed out, also costs less. 

That is one of the reasons why I hope, without par
tiality towards any particular fuel, that the develop
ment of mining techniques and coal use will permit coal 
to play a more important part and thus bring about a 
balance in the utilization of our resources. 

The CHAIRMAN : I think no one can complain of any 
lack of a high diversity factor in the course which the 
discussion has taken. The subject of competitive fuels 
is a difficult one to discuss because, as has been said, 
it does depend so largely on local conditions; there is 
no general answer to it. I think we have had some very 
interesting opinions from various sides. 

In closing the meeting I should like to thank all those 
who have taken part in the discussion, and particularly 
Professor Levorsen for his paper and Mr. Jacque for 
introducing the discussion. 
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The CHAIRMAN :a The Secretary-General has con
ferred a great honour on me by selecting me to serve as 
the Chairman of this plenary meeting which will deal 
with the problems of minerals, and I hope that as your 
temporary Chairman, I shall not disappoint you. 

The importance of the mineral industry in modern 
life is a generally admitted fact. Similarly there is no 
need to point out that historians have divided. the history 
of humanity into large periods defined by mmerals : the 
Stone Age, the Bronze Age and the Iron Age. We ~re 
now in the Atomic Age, which likewise depends on mm
eral resources. But we, the mining engineers and geol
ogists, are none too proud of that fact. We are beginning 
to realize ever more clearly that we have been the sor
cerer's apprentices who have released forces and created 
problems which, for the time being, are beyond our 
powers. We are no longer able to deal ~ith. many of 
these questions. And we are therefore begmmng to re
flect on the human, economic and social consequences of 
these developments. 

This frame of mind is relatively recent, at least as 
expressed in a systematic form. I am teaching in Paris 
the first course entitled "Mineral Economy". And to 
my knowledge the books which have dealt with these 
questions in a systematic manner can be counted on the 
fingers of one hand. But we have begun to :eflect in 
view of the unexpected results of the extraordmary de
velopment of mineral production. Those who dreamed 
used to think-many still think so-that mineral pro
duction would usher in the Golden Age. Those who 
have taken part in international affairs and who have 
considered these problems carefully are none too certain 
of that, and even wonder if we are not hastening towards 
some tremendous catastrophe provoked by the unfore
seen results of all these discoveries and exploitations. 

However that may be, the problem of mineral re
sources and of their use remains. It is certainly a very 
important subject of this Conference. We will not be able 
to deal with the subject exhaustively. We can only point 
out some of its elements. 

I think that Mr. Keenleyside, in his remarkable paper 
presented at the plenary meeting of 18 August, drew 
attention to the essential points. I cannot do better than 
recall the three fundamental questions which should be · 
studied in detail in order to understand this problem. As 
indicated by Mr. Keenleyside, they are: 

1. The demand for the consumption of mineral prod
ucts will continue to increase as a result of the develop
ment of the world population and the rise in the standard 
of living; 

2. In order to meet that increasing demand, an at
tempt should be made to utilize to the best advantage the 
presently known deposits; 

3. Moreover, new deposits should be found by in
creased prospecting. 

The third question, that of prospecting, will be the 
subject of a paper which I shall submit in the plenary 

'The Chairman spoke in French. 

meeting of next Monday. Today, the reports which have 
been submitted deal with the first two questions. Let us 
glance over them rapidly in order to und.erstand the 
meaning of the papers we shall hear and d1scuss. 

In the first place, the demand for the consumption of 
mineral products has increased prodigiously since the 
last century. There is no need to repeat that fact. But 
what is the economic truth on which that recent rapid 
increase and the probable future increase are based ? 
That is the first point which the two papers, by Dr. 
Wadia and Dr. Meyerhoff, will analyse this afternoon. 

It is generally said that a people's sta~dard of ~iving 
is higher in proportion as its consump~wn .of mmeral 
products is greater. Dr. Meyerhoff w1ll d1scuss that 
often repeated statement. But it is easy to no~e t~at the 
geographical distribution of mineral consumptwn 1s very 
unequal, whether related or not to the standard of living. 
Dr. Meyerhoff will make some pertinent remarks on that 
subject. 

Dr. Wadia, on the other hand, stresses the situation of 
the peoples of Asia, whose mineral consumption is rela
tively insignificant if compared to .th<~;t of. Wester? na
tions. The problem of the world d1stnbutwn of mmera1 
resources arises. Dr. Meyerhoff will reply to that 
question. 

Whatever position is taken with regard to that subject, 
there is no doubt that the demand for mineral products 
will continue to increase. In order to meet that increas
ing demand, the deposits at present exploited should give 
the greatest returns possible. That is the question on 
the agenda which will be dealt with by Mr. McLaughlin. 
Better returns are obtained by better technique, but will 
that better technique not necessarily result in the better, 
total utilization of a deposit? That is the meaning which 
can be given to the problem of the conservation of de
posits. Mr. McLaughlin will give his answer, which can 
of course be discussed. 

That is the programme we are proposing to you today. 
As you see, it covers fundamental problems in the study 
of mineral resources. I suggest that the three papers 
should be submitted first, in turn, and that the discussion 
of these three documents should then follow. There is, 
in fact, a very close connexion between the three ques
tions, and I think that a general discussion is prefer
able. I shall therefore begin by giving the floor, not to 
Dr. Wadia, who unfortunately is not present, but to 
Dr. Krishnan, Director, India Bureau of Mines, who 
will present Dr. Wadia's communication. 

Dr. Wadia is a well-known scientist from India. He 
was a Professor of Geology, and has been a member of 
the "Geological Survey of India". He was then a min
eralogist of the Government in Ceylon, from 1939 to 
1944, and was the Mineral Adviser for the Indian Gov
ernment in 1945. 

I feel that it is hardly necessary to introduce Dr. 
Krishnan; everyone knows him, especially since he pre
sided this morning over the meeting on mineral resources. 

Mr KRISHNAN deli·vered the following paper: 
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METALS AND MINERALS 

Metals in Relation to Living Standards 

(In Industrially Under-developed Countries) 

D. N. WADIA 

ABSTRACT 

The per capita as well as the aggregate consumption of metals in industrially under-developed countries 
of the East has been insignificant for domestic, agricultural and industrial uses. The role of these countries 
has been to mine and export raw ores of tin, manganese, chromium, antimony, tungsten etc., and the problem 
of metal depletion facing Europe and America has not yet become grave to them. But a growing trend towards 
conservation of mineral resources and their utilization for national benefit, or barter on a more reciprocal 
basis, will be the most significant development of the coming decade in these countries. India and many east
ern nations have made five-year or ten-year development plans for industrialization, agricultural development, 
mechanized transport, hydro-electric and other multi-purpose water-power schemes etc., which will need fab
ricated metals in unprecedented quantities from the industrially developed countries. This demand should be 
adjusted against capacity to supply their mineral and metal surpluses compatible with up-to-date principles of 
resour,~::e conservation. To foster such interdependence of countries for mutual benefit, should be the goal of 
the United Nations Conference. 

INTRODUCTION 

Metals form one of the earth's most important re
sources in the support and enrichment of human life. 
In ancient and mediaeval times, metals helped man di
rectly in his various avocations, his arts and crafts, raised 
his standard of living and lent grace to life by their use 
in the fine arts. Modern man today needs metals as much 
for the munitions of his destructive wars as for imple
menting human welfare in daily life. 

use of metals; for the Eastern countries whose consump
tion of metals is comparatively insignificant and who 
have only played the role of miners of tin, manganese, 
wolfram, antimony and their accessories, for wholesale 
export to the West, the situation is not so grave. This 
dis-equilibrium in the world's mineral economics calls 
for adjustment by wise and equitable solution and not 
by resort to the old policy of colonial exploitation, tariff 
barriers etc., against weaker nations. 

TRE:"!DS IN THE USE OF METALS 
The depletion of the earth's store of metals has in

creased progressively since the eighteenth century, but 
with the twentieth century era of world wars it is going Since the advent of the industrial era, the under-de
to become one of the biggest problems of the next cen- veloped countries of the world have been exploited for 
tury. Since 1914, more basic metals have been used up their metals and ores by the industrially developed coun
( a large part either destroyed or irreclaimably locked tries. Tin, manganese, wolfram and antimony have thus 
up) than during the whole of human history. The flowed in increasing volume from Malaya, Siam, India, 
diminishing reserves of metals such as tin, lead and zinc Burma, China, Indonesia, to Europe and North America. 
have already become a problem. The eighteenth Interna- The per capita consumption of these metals in the pro
tiona! Geological Congress held at London in August clueing countries has been negligible, and to the extent to 
1948 devoted a special section to the discussion of "The which their mineral production has helped the develop
geology, paragenesis and reserves of the ores of lead and ment of metal industries of the world since 1850 must be 
zinc" which brought out this feature in relief. Doubtless measured their share in the spread of the industrial civ
in some measure the substitution of plastics and alloys ilization of the last century. But the material return 
of the light metals which are in more abundant supply, obtained by these countries for this service has been dis
and discovery of new reserves in the remaining unex- proportionately small in most instances. This factor will 
plored countries, together with resort to deeper mining tend to restrict, in the coming era of self-determination 
and developments in the practice of ore-refining and for each nation, the flow of minerals and metals in future, 
upgrading, may put off the scarcity for two or three gen- except for more substantial gains. A growing trend 
erations, but the lesson of metal depletion from the ac- towards conservation of mineral resources in hitherto 
cessible parts of the earth's crust should be taken as backward countries and their utilization (or barter) for 
nature's grim warning that man is spending away a national benefit will be the most significant development 
prime treasure which is non-replenishable. of the coming decade. The natural result of this may be 

The critical shortage in metals is most seriously felt that the large engineering and manufacturing industries 
up to now only in respect of tin, lead and zinc, but signs of the world will not be able to draw so unrestrictedly 
are apparent that accessible deposits of copper, nickel,. as in the past, on ores and raw materials except on the 
manganese, wolfram and antimony are diminishing and basis of reciprocity and on more liberal terms of ex
new discovery is not keeping pace with demand. The change with manufactured goods which these backward 
extractable stock of platinum, silver and gold left for countries need in building up a more healthy national 
future needs within minable depth, is becoming meagre. economy and standard of living. 
The situation, though general for the whole world, how- India has supplied 40 million tons of manganese ores 
ever, is becoming acute in the \Vestern Hemisphere, of the higher grade since 1900 at a price but little above 
chiefly the countries around the North Atlantic border, the cost of mining and transport to the consumer. Ma
where modern standards of life demand an inordinate laya, Indonesia, Siam and China have supplied 50 mil-
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lion tons of primary pig-tin during the same interval 
and still continue to furnish the major part of the world's 
demand for this essential metal, for which no substitute 
is in sight. The largest supply of the strategic metal 
tungsten (78 per cent) has come from China, Burma 
and Malaya, ever since the discovery of its high potential 
in war and defence. China's mines supply 71 per cent 
of antimony, maintenance of which is vital to a number 
of industries. In a similar category must be placed the 
regular pre-war exports of over two million tons of 
iron-ore to Japan, an industrially developed country, by 
Malaya and other undeveloped countries. Ceylon has 
supplied I ;;,I million tons of superior graphite ( indis
pensable for metal smelting) during the last sixty years. 

LACK OF POLICY OF CONSERVATION 

None of these countries had any mineral conservation 
policy in the past and mining practice was unscientific, 
uneconomic and inefficient. A national conservation 
policy must imply complete and accurate appraisal of 
resources by organized resource surveys. \¥ith the ex
ception of India, where an official geological survey has 
been in existence for nearly a century and which has 
since the war been quadrupled-and to a less extent in 
China, Burma and Malaya-no scientific agency for 
mineral resource estimation, sampling and geological 
exploration on modern lines has been at work in Asiatic 
countries until very recently. The technique of aerial sur
vey and mapping, geo-physical investigation at depth, 
statistical control in resource assessment and mining, 
are being gradually applied in India after decades of 
experience of unsound mining and the despoiling of 
depletable and non-renewable resources for export pur
poses. 

But new trends are appearing in these post-war years. 
India has now a Bureau of Mines which is planning a 
programme of detailed appraisal of mineral deposits 
with systematic testing, stoppage of haphazard mining, 
ore beneficiation and use of statistics in enforcing con
servation by local processing and utilization. Education 
and training of technical and mining personnel for 
putting into practice the chief elements of this pro
gramme have been undertaken since 1945. It is only a 
matter of time for other countries of south-east Asia, 
which have metalliferous minerals, to follow in the wake 
of this programme.. In these countries the pressure of 
increasing population, rising living standards, especially 
of food and public health, is creating an insistent desire 
for proper development, conservation and utilization of 
their mineral wealth, viz., use of new techniques, and 
effective controls of export of raw products, in place of 
the laissez faire attitude of the past. Everywhere there is 
a sustained drive to bring into use mineral resources as 
yet untapped, to build up with the revenues obtained from 
this source more productive and diversified economies. 
The idea has slowly dawned that national resources must 
be cultivated for enriching the life of the people by 
judicious use and conservation. 

The general lack of trained geological and mining 
personnel, technicians, engineers and other experts in 
the specific fields is being made good slowly by an inten
sive educational effort in training in local institutions, 
overseas scholarships and engagement of foreign experts 
on contract. 

EXTENT OF METAL RESOURCES OF INDIA AND 

COUNTRIES OF THE FAR EAST 

The resources of India in certain metals and ores are 
fully adequate to support higher living standards for the 
masses, which is the aim of national planning. They are 
of a scale to ensure supply of indigenous needs for cen
turies and still leave an exportable surplus margin. The 
measured and estimated deposits of iron, manganese, 
aluminium, titanium-ores and the ferro-alloy metals, 
chromium and vanadium, give promise of India's be
coming in the foreseeable future an important metallurgi
cal centre for ferrous metals and alloys and for the light
metal alloys. The strategic metals thorium and beryllium 
have been located in deposits of considerable size. 
Against this, the position in respect of the non-ferrous 
metals, lead, zinc, copper, cobalt and nickel is one of 
scarcity which future more detailed exploration may in 
part remove, and of a more permanent deficiency in 
respect of tin, silver, platinum and mercury. A few notes 
on the existing proved and prospective metal resources 
of India, with statistics of production and reserves, are 
given on pages 115 to 117. 

Burma has notable resources of wolfram and ores of 
lead, zinc, tin, nickel; China is believed to have the big
gest iron reserves in the western Pacific region, next 
only to the vast reserves of Singhbhum-Orissa in India, 
while her known tungsten and antimony reserves are yet 
of considerable magnitude. Sixty per cent of the tungsten 
and 71 per cent of the antimony of the world is mined 
from these two countries from deposits which are re
garded as ample for future needs. Malaya has moderate 
supplies of magnetic iron-ores, the chief source of supply 
to Japan. In tin, the south-east Asiatic countries Malaya, 
Indonesia, Siam, China and Burma virtually dominate 
world production, though both production and distribu
tion of tin has long been controlled by the international 
tin cartel, which has prevented some of these countries 
from reaping the full benefit of their valuable natural 
asset. An indispensable accessory to metallurgical in
dustries is graphite, of which Ceylon holds large reserves 
of pure crystalline and flake graphite, enough to last the 
world for a long period. 

OUTLOOK FOR DEVELOPMENTS AND POTENTIALITIES 

Expansion of these resources by discovery of new, or 
partly explored, or suspected deposits in the industrially 
under-developed countries named above, is distinctly 
promising. On the other hand, the promise is limited by 
the difficulty and cost of the new methods of exploration, 
geophysical and geochemical, and insufficiently trained 
personnel. These features will retard the rate of dis
covery of new resources. These adverse factors have in 
the past, however, proved to be not wholly disadvantage
ous, as they were the very factors that tended to conserve 
the underground resources of many undeveloped coun
tries from too rapid depletion. In the race for export of 
ores for which no indigenous market existed, and the 
inducement of small immediate gain, the majority of the 
metal resources of these countries was mined hap
hazardly and unsystematically, the last consideration 
being given to any aspect of conservation. In countries 
which mine principally for export, this is the only aspect 
of conservation that needs effective safeguarding today 
as it is the most serious threat to the world's mineral 
economy. The other aspects of metal resource conserva
tion, viz., conservation of ore milling and concentration 
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and conservation by substitution, reclamation, utiliza
tion of scrap, etc., are problems of the future when the 
mining industry will have reached the second stage, viz., 
manufacture of the products of mines. 

METAL REQUIREMENTS FOR INDUSTRIAL AND 

AGRICULTURAL DEVELOPMENTS 

Accurate data and statistics of metal and ore produc
tion for export as well as for local consumption are 
unavailable for most Asiatic countries. Whatever ore 
is mined (and a considerable aggregate quantity as well 
as variety is mined) is mostly for trade purposes, for 
export overseas. The return for this is principally in 
the shape of consumer goods of general description and 
verv subordinately in the form of processed or fabricated 
metals. Thus the per capita use of metals in the every
day life of the people of these countries is not ascertain
able through official statistics, beyond the knowledge 
that it is as yet abnormally small. A trend toward in
creased use of metals is slowly setting in, not for ordi
nary domestic or private life, but for such general utility 
purposes as public-works, engineering, railways, river 
navigation, etc. 

The use of metals in agriculture in all the Asiatic 
c mntries is limited to a few primitive iron tools which 
t: te village smith fashions out of the local ores, with for
est fuel. All through the ages man in Asia has made 
little use of metals in industry and agriculture, but he 
has developed a remarkable skill in fashioning and alloy
ing the metals, iron, copper, zinc, silver and tin, for his 
domestic utensils, the most obvious military weapons 
and articles of fine art. Ancient India acquired a high 
reputation in the metallurgy of iron and steel, copper, 
zinc and bronze. The fame of the ancient Indian steel 
wootz, in demand in Europe for sword blades, the fourth 
--century iron pillar of Delhi, a solid shaft of rustless 
wrought iron, 16" in diameter, and 23' 8" high, and the 
ornamental bronzes and statuary of the fifth to tenth 
centuries are examples. 

It would perhaps be too much to say that the com
paratively small productivity of Indian agriculture in 
cereals, livestock and commercial crops is related to the 
small use of metals, or that more use of metals would 
mean better tillage. The age-old peasant traditions in 
India lend no support to these presumptions ; at the same 
time on a broad view of the problem, metals and ma
chines are a sine qua non of large scale agricultural 
practice, collective farming, reclamation of waste land, 
swamps and forests. Mechanized transport would bring 
fields, farms and factories nearer to markets. These are 
obvious facts, but rural and agricultural India, divided 
into 700,000 villages, reacts slowly to new forces. 

Signs of mechanization of agriculture in some Asiatic 
countries are already becoming visible and the tractor
plough might become as popular in time as the motor
bus in the less remote parts, at any rate, of rural India. 
In industry, the pace is much quicker and the demand 
in India for pig-iron and steel, which used to be satis
fied with about two million tons of the former and one 
million tons of the latter, put out by the Indian iron 
and steel plants in pre-war days, has increased fourfold 
at the present day. Better housing, road building, motor 
transport, electrification programmes, cottage industries 
and the spread of air-conditioning in tropical climates, 
will continue to swell these demands for metals in time. 

METALS AND MINERALS 

These, with heavy engineering plant and machinery re
quired for the various multi-purpose water-power, irri
gation and industrialization schemes which India and 
several Asiatic countries have launched since the war, 
will bring about a revolutionary rise in the East's de
mand for fabricated metals from a few hundred thousand 
tons to several million tons. To a limited extent, the 
indigenous resources of the Asiatic countries will be 
able to cope with these steeply rising needs in metals but 
a good part will have to be satisfied with imports from 
abroad. This demand will have to be adjusted against 
their capacity and willingness to continue to supply raw 
materials to the more advanced industrial countries. To 
foster such interdependence of countries on the world's 
material resources and thus attempt to establish an 
equilibrium between these two sets of countries into 
which the world is unhappily divided today, should be 
the goal of the United Nations Economic and Social 
Council. A desire for a friendly and satisfactory adjust
ment of this demand and supply for metals and minerals 
in meeting each other's wants and deficits in the coming 
years, will be the best guarantee for the war-damaged 
peace of the world. 

PRINCIPAL METAL RESERVES OF INDIA, 

PRODUCTION STATISTICS ETC. 

Data and statistics regarding the following twenty 
metals found in deposits of workable size in India are 
given below: 

Aluminium: Ore reserves are computed at about 250 
million tons (A 1203 + 50 per cent) ; the deposits are 
fairly widespread throughout the country, in Bihar, Cen
tral Provinces, the Western Ghats, Kashmir and Madras. 
The annual production of aluminium in India is yet 
small: 4,000 tons, against a requirement of 15,000 tons. 

Antimony: A deposit in Pakistan (Chitral) supplied 
about 1,000 tons of ore per year during the war. The 
smelting and refining was done at Bombay. China is the 
world's largest producer of antimony (about 16,000 tons 
in pre-war years), the largest deposits being found in 
th~ province of Hunan. The ore is smelted near the 
mmes. 

Beryllium: During the war India exported consider
able quantities of beryl. Beryl from Rajputana and 
Bihar is prized because it contains 11 to 14 per cent of 
BeO. The export of beryl has been prohibited since 1946. 
Research on the isolation of beryllium and beryllium 
oxide is being carried out by a committee of the Board 
of Scientific and Industrial Research. 

Chromium: Chromite is produced in Bihar, Orissa 
and Pakistan (Baluchistan), the last locality possessing 
large reserves. The production has been around 50,000 
tons per year, the bulk of which was exported. Possi
bilities of upgrading lean chromite ores and manufacture 
of ferro-chrome are being investigated. 

Cobalt: The only area within the geographical limits 
of India which has reported deposits of cobalt is N epa! 
but the geology and probable reserves are not yet in
vestigated. 

Copper: The chief producing area is Singhbhum 
(Bihar) which has an annual output of about 6,500 tons 
of metallic copper. Reported deposits are under investi
gation. A number of abandoned sites where a copper 
industry flourished till a century or two ago are known; 
these supplied all the needs of India in copper and brass 
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in mediaeval times. Burma produced copper matte 
(about 13,000 tons in the pre-war years) but the ore 
reserves are not large. Annual consumption of copper 
in India is 40,000 tons. 

Gold: Annual production averages 300,000 fine ozs. 
The gold mines of Kolar (Mysore) are now over 9,200 
feet deep, the deepest metal mines in the world. The 
ore persists at this depth, but the problem of rock-bursts 
is increasing in severity. 

Iron: India's resources in iron-ore are of vast extent. 
In the district of Singhbhum and adjoining parts of 
Orissa the reserves occurring at the surface are com
puted at over 8,000 million tons (metal content 60 to 
65 per cent). The reserves in the Central Provinces and 
parts of Madras are also large. In contrast with the 
vastness of ore reserves, however, the annual produc
tion of pig-iron and steel still remains small (2 million 
tons of pig-iron and about 900,000 tons of steel). New 
steel plants are being installed and the manufacture of 
a range of ferro-alloys is being considered. 

China's iron-ore reserves are next only to India's, 
though they have not been fully investigated and the 
production still remains small. 

Lead: Production of lead in India is insignificant at 
the present time though two centuries ago considerable 
ingot lead was produced in several parts of the country, 
mainly for military requirements. India's annual lead 
import is about 8,000 tons. 

Burma produced 75,000 tons of ingot lead in pre-war 
years. Reserves of lead-zinc-silver ores at the Baldwin 
Mines are calculated at 4 million tons, containing 16 oz. 
of silver to the ton. 

jab district (Pakistan). The mineral has not found in
dustrial use in India yet. 

Thorium: The thorium resources of India are consid
erable. Th02 is a constant ingredient of the mineral 
monazite occurring in the form of beach sands, covering 
large areas of the Travancore coast. These beach de
posits constitute a large potential source of thorium, 
which has now assumed strategic importance as an 
atomic fuel or a source of atomic energy. The export 
of monazite for strategic reasons is now prohibited by 
the Government. 

Titanium: The mineral ilmenite is widely distributed 
in India and constitutes an important mineral asset of 
the country. It occurs as highly concentrated black sand 
along a hundred mile stretch of the Travancore coast. 
About 75 per cent of the world's requirements in 
titanium, ranging between 200,000 to 300,000 tons per 
annum, was, prior to 1940, supplied by Travancore. The 
percentage of Ti02 in Travancore ilmenite runs to 52 
to 62; the total reserves of ilmenite are estimated at 
over 300 million tons. Rutile is associated with ilmenite 
sands. 

A considerable accumulation of ilmenite occurs in 
association with the alluvial deposits of tin-ore in Malaya 
from which it is separated by magnetic concentration. 

Tin: This metal does not occur in India in any ap
preciable quantity. Malaya is the world's largest sup
plier of tin-ore, the quantity varying from 33,000 to 
77,000 tons per annum (pre-war production), constitut
ing about one-third the world's basic tonnage in this 
metal. This figure represents the entire output of 
Malayan mines. During the last twenty years many of 
the richer placers have been exhausted. The largest 

Magnesium: Magnesite deposits of large extent and proportion of the ore is obtained by dredging the alluvial 
a high degree of chemical purity occur in Madras. In and eluvial deposits. The remaining ore reserves are 
Salem the estimated reserve is 90 million tons, analysing considered to be large. Indonesia and Siam are the next 
over 96 per cent of magnesium-carbonate. A consider- largest producers of tin-ore in south-east Asia, their 
able part of the annual output is exported. Research share being 19,000 and 10,500 tons respectively per 
on the preparation of metallic magnesium and light-metal annum. China comes next with 6,500 tons. All the ore 
alloys, principally with aluminium, is under investigation is mined by more or less primitive methods from shallow 
by the Board of Scientific and Industrial Research. alluvial flats. 

Manganese: Annual exports from India of high grade Tungsten: A small deposit of this metal was worked 
manganese have often touched the 1 million ton mark in India during the war years. The world's largest pro
during the last twenty years. Proved reserves of the ducer of this valuable alloy metal is China which still 
richer grade ores ( 48 to 70 per cent) are computed at maintains its leadership in this metal in spite of disturbed 
only about 15 to 20 million tons; the reserves of lower political conditions. The production in pre-war years 
grade ores (Mn 40 to 30 per cent) are several times was 11,000 to 17,000 tons, the present output being 
this magnitude. Beneficiation of the latter by simple much smaller. The ore is worked from large placer 
mechanical means will greatly add to the country's re- deposits of detrital stream-tin. The next largest exporter 
sources in this metal. Manufacture of ferro-manganese is Burma with 5,000 to 6,000 tons (pre-war), followed 
in India is being investigated and the unrestricted export by Chosen, 1,500 to 2,000 tons, and Malaya, from a few 
of manganese ore has now been controlled by the Gov- hundred to 2,000 tons. N 0 part of the ore extracted is 
ernment. used indigenously in these countries. 

Nickel: There is a paucity of nickel-ore in India; the Uranium: Sporadic deposits of uranium-bearing min-
only notable occurrence of nickel-ores is reported from erals have been found in various localities in India, the 
a locality in Nepal, but detailed prospecting and geologi- largest being segregations of pitch-blende in mica-peg
cal examination have not been done to ascertain the matites in Bihar, from which a few tons were obtained 
quantity and extent of the deposit. some years ago. Geological work has revealed that such 

The Baldwin mines of Burma produced nickel speiss, deposits are incapable of supporting continuous mining. 
averaging 3,000 tons annually during the pre-war years, Minerals containing the rare earths and metals have 
containing 25 to 30 per cent of nickel. Annual consump- been observed in pegmatites traversing the mica fields 
tion of nickel in India is about 2,000 tons. of Bihar and Madras, viz, samarskite, gadolinite, colum-

Strontium: Large deposits of remarkably pure eel- bite, tantalite, allanite, triplite, torbernite and thorianite. 
estite, aggregating about a million tons each, occur in Vanadium: Considerable reserves of this metal have 
the Trichinopoly district of Madras and in a West Pun- been localized in parts of Bihar and Orissa as vanadium-
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bearing iron-ores ; the vanadium occurs in these areas 
in amounts varying from 0.8 to 3.0 per cent. The total 
reserves of vanadiferous iron-ore is estimated at 3 to 5 
million tons. The utilization of these ores for manu
facture of vanadium-steel is under consideration. 

Zinc: Zinc lodes have been observed in a few local
ities in India but no smelting of zinc is practised there 
today. Slag deposits of large size in these districts 

The CHAIRMAN : Ladies and gentlemen, you have 
certainly not failed to note with what clarity, in 
Dr. \Vadia's paper, which Dr. Krishnan read to us, the 
mineral problem was raised with regard to the under
developed countries of the Far East. It is doubtless 
unnecessary for the time being to dwell further on that 
point. I shall merely draw attention to the particular 
gravity of the problem. 

I now invite Dr. Meyerhoff to take the floor. 

METALS AND MINERALS 

suggest a flourishing zinc industry in mediaeval times, 
the zinc being refined for manufacture of brass and 
bronze for local consumption. The annual consumption 
of zinc in India, at present about 30,000 to 35,000 tons, 
is wholly met by imports. 

Zirconium: Reserves of this metal are ample, but at 
present an irregular output of only 100 to 1,500 tons of 
the mineral zircon is worked for purposes of export. 

Dr. Meyerhoff is at present the Secretary of the 
American Association for the Advancement of Science 
and is a Professor of Geology at Smith College. He has 
exercised his profession in Puerto Rico. He was Coun
cillor to the Dominican Government, and he has also 
worked in Argentina. You will thus realize that his 
international career has been a distinguished one. And 
you will be convinced of that when you have heard 
his paper, for which I thank him in advance. 

Mr. MEYERHOFF delivered the following paper: 

Metals and the Standard of Living 
HOWARD A. MEYERHOFF 

ABSTRACT 

The rapid increase in the volume of metal production since 1914 has tempted experts to correlate metallic 
output and living standards. Upon analysis it is found that the correlation factor is low if based on produc
tion, and only moderately higher if based on consumption. Living standards depend upon productivity, which 
is a function of integrated regional economies. The natural or geographic regions that comprise the earth's 
economic units are unrelated to political boundaries, and integration is seriously impaired by artificial restric
tions imposed by nationalistic interests. The expanding geography of metal supply demonstrates the inter
national, rather than national, character of the world's economy; and if the production, processing and utiliza
tion of metals are to make their proper contribution to improvements in living standards, there must be 
regulated but unrestricted exploration, exploitation and movement of all essential raw materials and of the 
manufactured goods that foster higher productivity and create exchange. 

\Vhat we choose to call "modern industrial civiliza
tion" is so obviously dependent upon metals that scien
tists, economists, and even diplomats have from time to 
time indulged in much loose thinking about the relation
ship. Historically, the industrial revolution derived 
from the blast furnace, in which coking coal and iron 
ore were combined for the mass production of machines. 
Credit for the ensuing radical changes in the standard 
of living has, for the most part, been shared by coal and 
iron. It is pertinent to ask whether the credit has been 
correctly assigned. 

Superficially, a case can be made for the fuel and the 
metal which have played this vital role. Britain, where 
the industrial revolution had its birth and where it first 
developed into maturity, exploited native coal and iron, 
and rose to power with the backing of her own mineral 
wealth. Ruhr coal and Lorraine iron brought industrial 
and military pre-eminence to Germany. In larger coun
tries, such as the United States and the Union of Soviet 
Socialist Republics, industrial patterns evolved in 
genetic relationship with coal fields and accessible de
posits of iron ore. Appalachian and Eastern Interior 
coals have been conveniently joined with Lake Superior 
iron, and an important development has centered around 
local deposits of these two raw materials in Alabama. 
In the Ukraine and its margins, the Donets Basin has 

furnished the fuel for the Krivoi Rog iron, and the pro
ducing areas from the industrial nucleus of European 
Russia. 

Elsewhere in the world, however, heavy industry has 
taken root more slowly, and it is in these regions that 
we can more critically analyze the factors affecting 
growth. In western United States, for example, in
numerable studies and surveys have been directed 
toward the establishment of steel mills whose products 
might compete with those shipped overland or via the 
Panama Canal from eastern centers of production. The 
exigencies of war forced the issue, and the steel mill at 
Fontana, California, was compelled to seek its coking 
coal from mines 800 miles away in Utah. Russia as
sembled raw materials that were mined 1200 miles apart 
when steel centers were constructed in \Vestern Siberia 
at :N1agnitogorsk in the Ural Mountains and at Stalinsk 
in the Kuznetsk Basin. Brazil is trying to meet the 
domestic demand for steel by bringing mediocre coal 
from Santa Catharina and iron ore from Minas Geraes 
together at Volta Redonda. The most recent effort to 
solve domestic problems of supply is in Chile, where ores 
from the Coquimbo district, 250 miles north of Santiago, 
are being processed with low-grade coalfrom the Con
cepcion district, 300 miles south of the capital city. 
Whether these newer developments in heavy industry 
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are founded on a sound economic structure that will 
enable them to endure has not yet been proven, but they 
illustrate a trend that calls for analysis. 

Although coking coal and iron ore are the sine qua 
non of heavy industry, it does not follow that high 
standards of living in the countries that possess either 
or both of these raw materials are directly or even 
genetically related to them. One need merely compare 
the poverty of the masses in Singhbhum and Orissa in 
northeastern India, where one of the largest steel op
erations in Asia is located, with the relative prosperity 
of the Danes, who have neither coal nor iron, to realize 
that possession of mineral raw materials bears at best 
a casual relation to standards of living. Or, if the con
trast chosen is not convincing, prewar living standards 
of the mill and agricultural workers in the Fushun 
center of heavy industry in Manchuria may be com
pared with those of the Uruguayans, who lack coal and 
iron. 

In brief, it is not the possession or the fabrication of 
metals that makes a nation and its people poor or rich. 
Nor should it be concluded that the proverbial \vealth 
of metallic resources has been diverted to make the 
capitalist rich and to keep the masses at subsistence 
levels. For the steel mill laborer of Pittsburgh or Gary, 
employed by American capital, knows a far higher 
standard of living than the mill hand at Magnitogorsk, 
who works for the Communist government. And the 
latter is far better off than his counterpart in the Tata 
Iron and Steel \Vorks of northeast India, where opera
tions are managed by private interests. The facts offer 
no support whatever for ideologies. 

Labor organizations may claim some credit for the 
high wage levels and hence for the standard of living 
achieved by workers in American mills ; and it is true 
that it has taken pressure from organized groups to 
increase wages and to improve working conditions to 
such limits as the steel industry can bear. The industry 
can hardly point with pride to the sordid housing con
ditions that it condoned, and even maintained, until a 
comparatively recent date in the coal-mining and steel 
districts of the Cnited States and Britain; it is a fact 
also that those enterprises which were initiated under 
state capitalism have, in general, started on a higher 
economic and sociological plane than those begun by 
private capital. But all the ventures that owe their 
origins to state capital started late in the history of the 
steel industry and hence had advantages that were un
available to private capital. The latter pioneered and 
built the industry; it staked hard-won savings, knowing 
that the cost of failure was bankruptcy; it created em
ployment where none existed and, for the most part, 
under conditions where standards of health, safety, 
housing, and general living were nonexistent or only 
vaguely defined. Belatedly entering the field, state cap
ital, on the other hand, found an established industry, 
with clearly delineated markets; with taxpayers' money 
to back the enterprises, risk of financial failure was 
minimized ; with the technological improvements made 

'Although there are additional factors that should be con
sidered, the value of a mining industry to a country or re
gion may be approximated by use of the following formula : 

(V-C)u + (C-d)ua 
L=------· , where L increase in living 

p 

chiefly by private industry at their disposal, the state 
enterprises had no need and little incentive to contribute 
to the technical advance of the industry. The greatest 
contribution of state-financed mining and steel opera
tions has been in the sociological field. Responsible 
to the public, and conscious of the hard-fought battles 
for better wages and more tolerable working conditions 
carried on by organized labor, the state shrewdly made 
the most of the economic and sociological status quo, 
and, as a consequence of starting where private industry 
left off, its industrial relations have been unimpaired by 
embittered memories of former strife. 

On this historical basis it can be-and has been
argued that organized labor and state enterprise have 
been the champions of higher living standards against 
private capitalism. But even if the argument be con
ceded, it does not explain the disparity in such standards 
in different industrial districts in many parts of the 
world, or the comparability of industrial and nonindus
trial regions elsewhere. Upon analysis it becomes evi
dent that economic and sociological battles have been 
won only in those areas \vhere wealth has been and is 
being created, and hence where wealth is available for 
distribution. Our question, then, is whether metals 
contribute substantially to the wealth that makes high 
living standards possible ; and if so, how. 

The point which has been' made for iron applies to 
all other metals : No nation is rich by virtue of the simple 
fact of possession, nor is the act of exploitation in itself 
of vital significance in determining standards of living. 
It is, however, the first step in the creation of new 
wealth, and to this extent the mining industries may be 
regarded as a cornerstone in the foundation of distri
buted wealth, which is the basis of good living. Over 
90 percent of the nations contribute to the world's 
stock of metallic raw materials, and, in a degree that is 
roughly proportional to volume times value of the metals 
mined, the mining industry makes its small contribution 
to national income and well-being. 

The rising tide of nationalism in recent years has led 
many an uninformed politico to overestimate the eco
nomic value of mineral production, which makes it 
doubly important to see this value in proper perspective. 
The precious metals add directly to wealth in that they 
can be instantly converted into acceptable media of 
domestic and international exchange, with universally 
recognized though fluctuating exchange values. It is 
important to note that the increment added to national 
wealth is not the total value of the metal mined, but 
rather its value minus costs of production; yet the costs 
of production play a significant part in economic con
ditions, too. Although they utilize wealth already pro
duced, the expenditure of this wealth accelerates the 
velocity of monetary circulation, and in this manner 
standards of living in countries that mine gold which 
quickly finds its way into international exchange will im
prove both to the limits of the profit on the operation 
and to the degree that money already in circulation 
changes hands at an accelerated velocity by participation 
in the mining operation.1 

standards by addition to individual income, V = market value 
of the metal mined, C = all costs of production per unit, u = units 
or quantity of metal produced, d = depreciation, a rate of 
acceleration of money utilized to defray operating costs, and 
P = population directly or indirectly affected by the operation. 
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In the case of the ferrous metals and alloys, as well as 
the base and light metals, mining produces ores that 
have low values in comparison with the prices of the 
refined metals obtained from them, and several proc
tsses, including especially the formidable expense of 
handling and long-distance transportation, may lie be
tween the ore at the mine mouth and the marketable 
metal. Obviously, values increase and the velocity of 
txpenditure is materially accelerated if any or all of the 
processes can be carried on in the country or area of 
origin, and there is too often a temptation on the part 
of the partisan politician to base judgments and to 
formulate restrictive legislation on political rather than 
~·conomic considerations. Extraction and free move
ment of ores are being hampered by misguided efforts 
to retain processing operations that cannot be performed 
t·conomically in the country of origin. In addition there 
are those extremists, parading under the banner of con
~ ervation, who advocate non-use of domestic metallic 
resources that cannot be processed within the country 
of origin, in preference to exploitation and shipment 
for use abroad. 

The futility of conserving minerals for some hypo
thetical nationalistic advantage in the remote future is 
~.elf-evident. The mining of metallic ores and the use of 
metals is geared to today's technology and to current 
demand. Tomorrow, one or both may change. It is thus 
11s safe to gamble that a specific mineral deposit will 
have a lower value as it is to hope its worth will be 
(~nhanced twenty to a hundred years hence. Only one 
fact is certain: Unused resources contribute nothing to 
1 he standard of living ; and unless known deposits are 
<:conomically unavailable or are in excess of current 
needs, their nonuse is likely to be a disservice to the 
people both of the countries that own them and of the 
world that needs them. 

The rate and conditions of exploitation of specific 
metallic deposits are matters of serious import. Rate 
of extraction is likely to be determined by economic 
factors too numerous for analysis in this brief paper. 
Mineral deposits are expendable, and as mining pro
ceeds, reserves approach zero as a limit. Plainly, the 
rate of extraction must bear a direct relation to the size, 
form, and accessibility of the deposit and to a reasonable 
rate of amortization. From an economic-sociological 
viewpoint, however, other factors assume greater im
portance. Mining is a localized activity that may result 
in the concentration of thousands of people at a site 
which provides no other means of support. It would be 
difficult, for example, to imagine the 15,000 people at 
Sewell in Chile finding local employment when the 
copper ores of El Teniente are exhausted. Yet this 
property of the Braden Copper Company is finite, and 
within a calculable period of time there will be 15,000 
displaced people seeking other employment in Chile. 
Yet, from the economic standpoint, it is uneconomical
even impossible-to stretch out an operation, for 
whether ores are mined by underground or open-cut 
methods, there are optimum rates of extraction below 
which production is obtained at a penalty to profits. 
From a business point of view, there is no advantage 
in accelerating production above the optimum, for this, 
too, is usually costly; it may also result in tonnage yields 
that exceed the capacity of mills and transportation 
facilities ; and there is no sound reason or incentive to 
shorten the life of an operation by undue acceleration. 

METALS AND MINERALS 

Political considerations mav at times conflict with 
the economic principles by ~hich mining enterprises 
must be guided. In many countries governments collect 
royalties on production. (\1\Titness the Chilean govern
ment, which for many years was run from royalties and 
export taxes on copper and nitrates.) Tonnage thus 
becomes a major concern, but of no less importance is 
the maintenance of production. A steady source of tax 
income and a dependable addendum to living standards 
are productive of economic and political stability, and 
what political group does not welcome both? It is the 
habit of governments, however, to increase expenditures 
to match income, and if political expediency warrants, 
to exceed income. It follows that, in many countries 
where state income has depended on the exploitation 
of resources, political pressure has been placed on min
ing companies to maintain, or even to increase, the level 
of production, commonly in the face of adverse economic 
conditions, growing competition, or depleted ore re
serves. The catastrophic results may be analyzed in 
the case of Chile, when competition from synthetic ni
trates and African copper combined with world-wide 
depression to blast the foundations of the country's 
prosperity and stability. 

A study of Chile's plight in the early thirties inevi
tably spotlights the significance of general economic 
conditions in the metal-mining industries; to achieve 
perspective, the relationship of metal production to de
mand must be reviewed. Mine output responds directly 
to the requirements of current consumption. Inventories 
may accumulate in the finished metal products category, 
but never in ore or concentrates. The controversy that 
has raged over the question of stockpiling strategic ores 
is, in itself, a commentary on the unusual nature of 
accumulating surpluses. It follows, then, that mineral 
exploitation is a feast-or-famine industry-good while 
times are normal or booming, bad when the level of 
consumption is low. Obviously, this examination of 
metals in relation to the standard of living will not be 
complete without an examination of metal consumption. 

The per capita consumption of metals has been used 
as a direct measure of living standards in the several 
nations of the world, but actually metal consumption 
per capita is a more accurate measure of the level of 
industrialization achieved than it is of the living stand
ards affecting the mass of people. For the latter, food 
intake in calories is a more accurate measure. Yet 
neither metal nor food consumption is the diagnostic 
factor, but rather productivity. Metals affect living 
standards primarily as they enhance man's ability to 
produce. Since man's ability to produce is determined 
by several factors, it is essential not to overestimate the 
importance of metals. 

The increased production of goods and of foods that 
has dominated economic history since the industrial 
revolution started in England has affected constantly 
expanding areas. Founded on the mass production of 
steel, the revolution became effective through the pro
duction of machines which, in turn, mass-produced con
sumer goods. Mass production involves substantial in
crease in output per worker with material decrease in 
cost per unit. Continued expansion of markets for 
machine-made goods depended initially on lowered prices 
but ultimately on increased purchasing power and sales 
pressure or, more politely, "education." The progress 
of the revolution would soon have been impeded had 
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there not been correlative, if belated, improvements in 
the applications of energy to manufacturing and to 
transportation. Even so, manpower and food shortages 
were averted only through the mechanization of agri
culture, which enabled fewer farmers to produce more 
food per acre on more acres. 

tion the remote Andes of northwestern Argentina, to 
mine rich deposits. Impending scarcities of both these 
metals promise to widen the search. Except to the 
United States, copper has always presented more of a 
problem; and now, with the partial exhaustion of the 
Michigan deposits, this country is showing keener inter
est in the deposits in Chile, and in the Belgian Congo 
and Northern Rhodesia, which are also the principal 
suppliers of Europe's needs. Tin has taken mining 
enterprises to southeastern Asia and to the bleak Alti
plano of Bolivia, and now uranium and the other radio
active metals are drawing prospectors into equatorial 
Africa and to the Canadian Arctic. 

As basic inventions have been integrated into the in
dustrial economy, the latter has undergone refinements 
that have extended their influence to every corner of 
the earth. Ferrous metallurgists have enhanced the 
versatility of machines and other steel products by de
veloping alloys that are especially adapted to every use. 
The collection of the alloying ingredients has brought 
many a remote region into the orbit of the steel economy. List the names of the countries that have been 
The Soviet Union, Cuba, India, Brazil, and the Gold mentioned in this quick review of major sources of 
Coast of Africa supply most of the world's manganese. metals, and it reads like the roster of the United Na
Canada produces nickel. Chromite comes from Rho- tions. The list is more nearly complete when those 
desia, Turkey, and Greece; tungsten, from China, Indo- nations that contribute agricultural, animal, and forest 
China, Burma, and Portugal; vanadium, from Peru. products to the world economy are added. If lines of 
Only two of the fourteen countries named are them- international trade are plotted, several facts become 
selves important steel producers, but the other twelve evident and several conclusions are inevitable: Our 
play no less vital parts in the modern steel industry, industrial civilization is-and must be--oblivious of po
even though most of them are unable to manufacture litical boundaries, and our industrialists are the truest, 
steel. if not the most altruistic, internationalists. Barriers to 

The industry is also combing the earth for new re- trade are political, and nationalism is inimical to the 
serves of iron ore, and the movement of this basic normal flow of goods and raw materials and, in the long 
ingredient in steel has become international in scope. run, to living standards, which depend upon the free 
Before the war the furnaces of Britain and the Ruhr movement of essential raw materials, machines, and 
depended on the mines at Kiruna, Sweden, for bene- some consumer goods. Basically, there is no such thing 
ficiating ores, and Norway became involved in their as a well-rounded "national economy" even among those 
transport through the port of Narvik. High-grade iron nations that nature has favored. 
was also shipped from Bilbao in Spain, and from the Again, however, the facts of geography and of inter
North African possessions of France and Spanish Mo- national trade offer little encouragement to utopian 
rocco. Japan leaned upon the Malay Settlements and ideologies. Economically this is an international world, 
the Philippine Islands for ores of high iron content to but not "One World." There are clearly defined indus
such a degree that she coveted these British and Amer- trial nuclei that dominate trading areas of varying sizes 
ican dependencies, along with the British and Dutch tin and importance. The nuclei are few in number, and 
deposits in Burma, in the Malay peninsula, and on the some of them merge, or overlap, and compete on their 
islands of Billiton and Banka. Sierra Leone and Liberia peripheral trading margins. All the nuclei are localized 
may be brought into the steel industry's expanding web around centers of maximum energy production, and the 
just as Cuba, Chile, and Venezuela have become sources larger coal fields have consistently furnished industry 
of ore supply for tidewater furnaces in the United States. with its energy requirements. The Appalachian-Eastern 
Brazil is also beginning to tap its vast reserve of hema- Interior fields of the United States, the Midlands of 
tite, not only for use at Volta Redonda, but also to Britain, the Ruhr of western Germany, and the Donets 
relieve the pressure of demand on the greatly depleted and Kuznetsk basins of the USSR are the primary 
deposits around our own Lake Superior. The Domin- nuclei, with secondary centers in Silesia, Czechoslovakia, 
ican Republic and Labrador may likewise be called upon northeastern China and Manchuria, Karaganda, north
for raw material to feed American furnaces. eastern India, eastern Australia, and perhaps the north-

Except for the large deposits in the vicinity of Baux, ern Union of South Africa and Southern Rhodesia. 
France, and in Arkansas in the United States, the Tertiary centers are growing around the more accessible 
world's major sources of bauxite are situated in nonin- sites of hydro-energy supply, but oil is too mobile to 
dustrial countries, at best but imperfectly equipped to have localized major industries, though it is an auxiliary 
process the raw material. As a consequence of the factor in southern California and the Gulf region of the 
geographic distribution of this important ore of alum- United States, and in Transcaucasia in the Soviet 
inurn, British and Dutch Guiana, Hungary, Yugoslavia, Union. 
and potentially the Greater Antilles are critical sources It is mainly to the primary centers that the world's 
of supply. Although magnesium is widely dispersed raw materials move; and, insofar as standards of living 
over the face of the earth, with the salts of the ocean within the trading areas tributary to these nuclei depend 
serving as one source of raw material, production of upon the prosperity of the nuclei, international attention 
the metal makes such heavy demands on electrical en- should be focused on the vital task of creating sound. 
ergy that the industry seeks sites of abundant and cheap economies, unhampered by the artificial trade barriers 
power for its operations. imposed by political boundaries, politicians, and the 

The base metals lead and zinc are more domesticated spirit of nationalism, within these natural geographic 
than most metallic raw materials, yet private capital has regions. Only a few natural resources are so unique as 
ventured deep into Australia and Yunnan, not to men- to lie beyond the orbit of some one natural region. 
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Among the metals, tin, certain of the ferrous alloys, 
platinum, to some degree copper, and perhaps the radio
active minerals are in this category, and materials of 
this nature may serve to bind the regions together in 
economic union. 

Living standards are not the problem of the sociol
ogists or of the lawmakers, though the former may 
diagnose social ills and the latter may protect social 
gains. The standards themselves are the by-products of 
sound and unhampered regional economies that recog
nize no political boundaries. Metals, as sources of new 
industrial wealth and as media for increased produc
tivity, have made, and must still make, substantial 
contributions to living standards. As expendable re
sources they must be exploited and used with discretion; 
but intensive exploration for new reserves, wise extrac
tion, and judicious and ingenius use can do as much 
to improve the economic status of the human race as 
any other major economic activity. 

The CHAIRMAN : Ladies and gentlemen, I think that, 
like myself, you have found Dr. Meyerhoff's paper par
ticularly interesting. I use the word "paper", but I 
should really say "set of papers". Indeed, if we wish 
to examine in detail all the points which have been 
raised, all the ideas which have been presented to us, 
we would have sufficient subject matter for a discussion 
of several days. I wish to extend my heartiest thanks 
to Dr. Meyerhoff. I hope that at this Conference we 
will be able to consider in detail a certain number of 
points which we shall certainly not be able to examine 
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The mineral economist must humbly remember, how
ever, that minerals comprise but one of the ingredients 
of a regional economy. Foods, fibers, and forest products 
are of no less importance, and it follows that production 
of these raw materials must likewise be integrated into 
the economic pattern. Proper integration will inevitably 
create a characteristic regional form, in which political 
boundaries are incidental and in which there is division 
of labor and free movement of raw materials and finished 
products. In such an economy Danes can enjoy as high 
a standard of living in the dairy industry as Germans in 
the coal mines and steel mills ; and both can share their 
living standards with Uruguayans in exchange for wool 
and meat, and with Sweden in exchange for Kiruna 
iron ore. If our diplomats would direct their energies 
toward the solution of the practical international prob
lems of making a living for the people in natural regions, 
living standards would take care of themselves. 

this afternoon. I therefore invite Mr. McLaughlin to 
take the floor. 

It is hardly necessary for me to introduce Mr. 
McLaughlin to you. You are aware that after a distin
guished career as a geologist, he went into large mining 
undertakings some time ago. I have no doubt that we 
will find his statement highly instructive. He is the 
President of the Homestake Mining Co., an American 
firm. 

Mr. McLAuGHLIN delivered the following paper: 

Conservation of Mineral Resources 

DONALD H. McLAUGHLIN 

ABSTRACT 

Serious depletion of mineral reserves can not be a 10ided if the huge requirements of the modern indus
trial world are to be met. The available supplies are finite and by no means large in relation to the demands. 
Yet, except for avoidance of the shocking wastes of war, the rate of consumption of most minerals can not be 
curtailed without seriously impairing the welfare of the major nations. 

The ultimate supply, however, is likely to be consid;;rably greater than quantiths that can now be formally 
estimated. Improvements in the technology of exploration and exploitation and in utilization can confidently 
be expected. As scarcities develop and as relative prices for specific metals rise, practices that promote con
servation will almost automatically be favoured in a free economy. 

Three examples of technical developments that have served to enhance the available mineral supplies of 
the world are cited, viz.: 1) The practices that in the first decade of the present century led to the discovery 
and exploitation of the low-grade porphyry copper deposits; 2) the greater Butte project, now in active prep
aration, whereby large tonnages of ore, left in earlier operations, are to be caved and milled; and 3) the Cerro 
de Pasco enterprise, where twelve or more valuable products are now being recovered, as a result of elabora
tion of metallurgical processes. These and comparable achievements justify hope that the time of practical 
exhaustion of the scarcer minerals and metals may at least be postponed to a significant degree. 

\Vith few exceptions, the metals and minerals on 
which our industrial civilization depends are derived 
from relatively small and rare geologic bodies that have 
been formed by natural processes of concentration. 
They are for the most part accumulations of extremely 
scarce elements over vast periods of time and are a rich 
heritage available for man's many complicated activities. 
Once consumed, they can never be replaced, at least 

within any period of time significant to the human race. 
Furthermore, only those deposits that are within the 
short range of our technical skill in drilling and in min
ing are available to us, and this virtually restricts them 
to a skin-thin layer on the planet. 

Man in the last hundred years has become an extra
ordinarily active geologic agent. The industrial revolu
tion and the accelerating pace at which scientific dis-
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coveries have been made and put to work, with their 
manifold effect on population, on use of machinery and 
on food consumption, have enormously intensified the 
rate at which deposits of ores and minerals have been 

·sought and exploited, as well as the rate at which the 
products made from them have been consumed and 
dissipated. Indeed, man's demands on his mineral herit
age have become so insistent and so selective that 
within the century ahead we can see the exhaustion of 
practically all known ore deposits in which the metal 
content represents a notable concentration above that 
found in certain common rocks. 

Pessimistic predictions are, of course, dangerous in 
an age of science and technology in which the achieve
ments of each succeeding decade compound the record at 
an astounding rate. vVe are justified in having a substan
tial measure of confidence that man will succeed in 
attaining greater and greater mastery over his environ
ment and continue to surmount one apparent limitation 
after another. The possibility-or rather the probabil
ity-of new scientific miracles and technological devel
opments beyond our present understanding profoundly 
stirs the imagination. They are by no means vain 
hopes-though it must be admitted that nothing in the 
range of our knowledge today affords any defmite 
grounds for thinking that we can escape from our 
dependence on metals and minerals if our industrial 
·world maintains its present character and is to continue 
to function at no less productivity than at present. And 
this means dependence on ore deposits and other rare 
localized accumulations for our source of supply of 
these essential materials. Consequently, it is vital for 
survival even at our present level of activity to perfect 
our knowledge of the nature of these special geologic 
bodies, to develop the utmost skill in exploring and 
exploiting them, and to use the products with efficiency 
and \vith minimum of waste. 

economy, policies have been and should continue to be 
worked out that promote intelligent exploitation of the 
world's mineral deposits with proper emphasis on real
istic conservation. 

Depletion, as mineral deposits are discovered, de
veloped and mined, obviously cannot be avoided. The 
available supplies are finite and by no means large in 
relation to the demands that will be made upon them, 
even in the short life-span of nations. The accelerating 
rate of exploitation in the past half century is a proper 
cause for anxiety; yet, except for the shocking wastes 
of war, is there much that the conservationist could 
change without seriously retarding the great material 
growth and the continuing industrial activity of the 
major nations? For better or worse, we now have this 
vast, complex. world-wide plant in active operation. 
Even though some troubled prophets might have pre
ferred a slower pace with more left in the ground for 
future generations, the fact is that vast populations have 
been created and levels of soci<:>1 welfare established 
that require far more to support their way of living 
than has ever been the case in the past. The demand 
must be expected to continue at this high level. To 
meet its most, basic requirements, metals and minerals 
must continue to be provided in tremendous quantities
and the available sources will continue to be depleted at 
a rate which admittedly is increasingly difficult to match 
by new discoveries. 

Faced with this probable condition, what policies 
should be followed to meet the situation most effective
ly, what prospects for change exist and what is most 
reasonable to anticipate? 

Conservation, within the limits imposed by the un
avoidably huge activities of the age we are in, must be 
promoted by efforts 1 ) to find and make known the 
needed increment to the reserves of ores and minerals 
as they are consumed, 2) to mine and recover final 
products in the desired form with a minimum of loss, 3) 
to improve technology to permit profitable mining and 
treatment of leaner ores, 4) to achieve maximum effi
ciency in use, with adequate attention to employment 
of specific materials in the right places, 5) to a void 
extravagances and carelessness in consumption of metals 
and minerals, and above all 6) to end the shocking 
wastes of war. 

Of all the ways the mineral wealth of the planet is 
dissipated, the latter is overwhelmingly the worse. 
Think of the ships loaded with irreplaceable ores, con
centrates and bars of metal that were sent to the bottom 
of the oceans, and of the precious materials scattered 
over the world and hopelessly lost, to say nothing of the 
destruction of industries. When the concept dominates 
that everything is expendable to attain a required mili
tary end, the opposing idea of conservation receives little 
consideration. (The sinking of ships at sea in target 
practice is a sad carry-over of the concept. The loss in 
metal involved, when translated into tons of ore, would 
shock any good mine management.) The price that is 
paid in terms of irreplaceable mineral resources is 
desperately high, even for the apparent winners who 
have to continue to live on the planet. 

The record to date that has been made by the mining 
and metallurgical engineers and the industry they serve 
is not a bad one from the point of view of conservation. 
Under the discipline of supply and demand, with prices 
and costs determined in a free market under competitive 
conditions, enlightened self-interest promotes efficiency 
and avoidance of waste which are essential elements of 
any effort toward true conservation. Free prices restrict 
current operations to those deposits where grade, nature 
of the ore and environment, and geographic location 
make it possible to achieve costs low enough to yield a 
profit. Other less favoured occurrences are left un
touched for the future. Adjacent marginal ores, it is 
true, might be lost as mining progresses ; but such cases 
in my judgment are far less common than they are 
believed to be. Usually in the effort to find more ore, 
mining tends to probe beyond the limits of profits rather 
than to stop at the exact line and the resulting dilution 
from wall rock or low-grade material is of more concern 
as a cause of waste (and indirectly an enemy of con
servation) than the amount of material of marginal 
grade that might be abandoned. Where any substan
tial tonnage of low-grade ore is temporarily passed by, 
it is rarely if ever lost, for the chances are it will 
eventually be recovered when conditions warrant. (The 
Greater Butte Project mentioned later is an excellent 
example of this.) 

It is with the first three factors, however, that 
geologists, miners and metallurgists are most concerned. 

vVithin this framework, which is essential in a free My own assignment this afternoon is with the second 
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and third points, and to them I will address myself 
more specifically. 

\Ve have no reason to be apologetic in the mining and 
metallurgical profession either for the results achieved 
in providing metals and minerals or in showing due 
c msideration for the principles of conservation. Natural-
1::, in the exploration and development of the then 
r:~mote and empty spaces of the continents, the richest 
and most easily worked deposits received first attention. 
\ Vith depletion of the rich deposits-in some cases 
abrupt and in others slow and still in progress-the 
insistent and steady demand led inevitably to efforts to 
v·ork lower-grade ores or to· obtain more complete 
rdurns from the ores that were worked. \Vithout 
r ret ending to give more than a few illustrations of the 
t 1rilling record of increasing technical skill and accom
r lishments, the following high spots are mentioned as 
examples of the way mining and metallurgical engineers 
I- ave met the situation and the way further progress 
r my be expected. 

In mining history, no achievement ranks higher than 
that of D. C. Jackling shortly after the turn of the 
<entury, when he recognized the existence of vast ton
rages of low grade disseminated copper ore in Bingham 
Canyon in Utah and devised the smoothly integrated 
.<equence of steps by which ore was mined in huge open 
]'its and huge tonnages were concentrated on a scale 
that gave competitive costs in spite of the low copper
( ontent of the ore. His success pointed the way to other 
~ killfnl and resourceful engineers and led to the develop
ment of the enterprises known as the "porphyry cop
pers" without which the world today would be ·most se
riously short of the red metal ( 1) 1• By this achievement, 
copper >vas kept at a price that permitted its wide
~ pread use and promoted the growth and extension of 
the electrical and related industries in which it is an 
indispensable material. 

Further steps were the adaptation of caving methods 
of mining to deeper ores of the same type, with the 
inclusion of many more porphyry copper deposits in the 
group that became successful and profitable producers. 

\Vith these improvements in mining came timely 
;•pplication of new methods of concentration, with the 
result that copper was provided in quantities adequate 
1 or the growing industrial needs of the first half of the 
century and capable even of meeting the excessive de
mands of two wars. These great deposits, particularly 
in North and South America, contain the world's major 
known reserves of copper today. In spite of the deple
tion resulting from the war, they are still in vigorous 
production. But most of them are well into middle age. 
Only a few, however, have become senile and several of 
substantial promise are still in the period of gestation, 
with the latest to be horn--the Morenci operation
already one of the most active and productive members 
,lf the great group. 

This notable achievement v.·as possible 1) because 
there were vast low-grade deposits of copper ore in 
addition to the more easilv found rich occurrences and 
because engineers and ge~logists possessed the skill to 
recognize them in spite of barren leached outcrops, 2) 
because there were men such as J ackling and others, 
among whom Cates, Krumb, Lakenan and Maclennan 

'Numbers within parentheses refer to items in the bibliography. 
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might be mentioned in the group that deserves special 
recognition, who had the imagination to devise new tech
niques of mining and concentration, and 3), and by no 
means least, because a system of free enterprise was 
fostered by enlightened · governments that provided 
adequate security of titles and preserved conditions 
under which the incentive of fair profits could be 
effective under competitive free-market conditions. 

There has been a minimum of waste in the technology 
of the prophyry coppers. The ores have been found and 
delimited with a surprisingly little consumption of mate
rials and effort in futile work. ;\fining proceeds to 
limits that leave no significant tonnages of marginal 
ores-indeed in most cases the tonnage of ore recovered 
has gone well beyond initial estimates-and the tailings 
from the mills are still available if anyone is optimistic 
enough to think he can get a few more pounds of metal 
from them. 

The newest effort in maintenance of reserves of cop
per is the Greater Butte project of the Anaconda Copper 
;\fining Company (2). 

Butte is pre-eminent among mining districts in the 
value of its products. Starting as a gold placer of rather 
little consequence, it first achieved distinction as a silver 
producer. It was soon recognized, however, that its 
great veins of high-grade copper ore were its major 
asset. \Vith geologic guidance that has been the ad
miration of the mining world, the multiplicity of veins 
and their faulted segments have been so skillfully de
veloped and carefully mined that no misgivings need be 
felt on the part of the most anxious conservationist 
about loss of any significant tonnage of ore. Further
more, with advances in metallurgy, the many metals of 
the district have all been made sources of profit, with 
corresponding enlargement of the limits of ore. 

As the extent and character of the tremendous block 
of mineralized ground were gradually revealed through 
intense geologic study and more and more detailed 
exploration, and as technical possibilities became better 
and better realized through research and experience in 
practice, the project for immensely enlarging the opera
tions gradually took form. Blocks of shattered and 
altered granite, between the stronger veins of rich ore 
or in intricately fractured ground known as horsetail 
areas from the pattern shown on geologic maps, were 
eventually revealed as ore bodies of sufficiently great 
tonnage to be mined by caving and handled in quanti
ties adequate to result in costs low enough for profits 
from the relatively small quantity of metal per ton. 
Consequently, this great undertaking is now going 
ahead, involving heavy initial expenditures with confi
dent expectation of technical and commercial success. 
The initiation of a venture of this magnitude with such 
assurance would be possible only where competent men 
had acquired the precise understanding of the problem 
in its many aspects from geology to separation of metals, 
and where they could see a proper return in metals 
recovered and in the prolonged life of the district. 

Such efforts are indeed conservation in its best sense. 
Another outstanding example of conservation, in 

which copper ores played the leading part but in which 
the recovery of other metals \vas a critical factor in 
achieving success is to be found in the record of the 
Cerro de Pasco Copper Corporation in Peru ( 3). This 
enterprise, now approaching the end of its fifth decade, 
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started as a producer of copper with subordinate silver 
and gold from the ores of the Cerro de Pasco dis.tr~ct, 
high in the Andean plateau of central Peru. Mmmg 
had been in progress there since the early 17th century, 
when the district had first achieved fame under the 
Spaniards as a silver producer. Difficulties of transpo~
tation, wet workings, and lack of power and metallu~gl
cal facilities checked its progress after the exhaustiOn 
of the rich silver ores until the technology of the 20th 
century became available, and until the acquisition of 
properties there by a group of mining men who 'Yere 
willing to make the large investments necessary_ m. a 
railroad, mine plant, coal supply and power. Availabil
ity of rich copper ores led to quick success in the early 
vears · but with their diminution the enterprise would 
have ~nded without the elaboration of the metallurgy, 
accompanied by more intensive exploration of the region, 
that resulted in the present complex operations. 

In the course of these developments, the great Oroya 
plant of the Cerro de Pasco Copper Corporation not 
only maintained its place as the leading copper producer 
of Peru but became the largest bismuth producer in 
the world and the largest silver, lead and gold producer 
in South America, as well as winning some return from 
zinc, antimony, sulphuric acid, indium, tin, cadmium, 
calcium carbide, calcium arsenate and white arsenic. 
Through skillful application of differential flotation, 
copper-silver, lead-silver and zinc concentrates were 
separated from complex tetrahedrite, galena and spha
lerite ores. Dust and fumes from roasters, reverberatory 
furnaces and converters treating copper-silver ores and 
concentrates were precipitated electrostatically. Lead 
concentrates were smelted and the bullion refined elec
trolytically with recovery of various by-products from 
the sludges. Losses in smoke and slag were reduced to 
low figures. New uses were found and markets were 
cultivated for products such as bismuth alloys that had 
been little appreciated, and even the insect pests of the 
coastal valleys contributed to the gross income in a 
small way by providing an outlet for part of the arseni
cal compounds, heretofore regarded merely as trouble
some impurities. Products that were necessarily wasted 
in earlier years, when techniques were still undeveloped 
and when capital was not available and markets limited, 
thus became sources of revenue. Ores that could not 
be profitably mined due to their low content in one metal 
are now being exploited and copper won from material 
once regarded as hopelessly low-grade. This achieve
ment deserves to be cited as another example of true 
conservation, resulting from skillful exploitation of the 
opportunity to take risks to win profits. 

The results in the Cerro de Pasco enterprise illustrate 
with particular clarity the opportunities for conserva
tion through recognition of the many sources of valuable 
products in a complex ore and the manner in which their 
recovery is possible, even though the content in any one 
of them alone might be hopelessly below that at which 
a profit could be made. A number of other large opera
tions on complex ores have accomplished similar results, 
but many more places still exist where with adequate 
imagination and skill the principle can be applied. 

Practically all of these technical improvements today 
have occurred without the stimulus of drastic increases 
in prices of the metals or minerals. This in itself has 
been a remarkable achievement, when the added effort 

due to low-grade ore, remotely situated mines, higher 
taxes and mounting costs of labour and supplies in an 
inflationary cycle are taken into account. They have, 
however, had the assurance of steady and enlarging 
demands that took care of the additional quantities 
available for sale without a disastrous fall in prices. 

Unless unexpectedly good results are forthcoming 
from exploration, however, it seems to me inevitable 
that most metals and mineral products will become 
more and more valuable in terms of other commodities. 
This in itself will lead to some enlargement of available 
supplies and is certain to promote cleaner mining and 
higher extraction as well as economies in use. Lower 
priced and more abundant metals and minerals will be 
substituted more and more for others whose price is 
rising and the latter will be effectively conserved by 
restriction of their use through the influence of free 
prices to those purposes for which they are uniquely 
suited. 

Conservation through utilization of metals or other 
products derived from materials that are in abundant 
supply is best exemplified by the winning of magnesium 
from sea water. The achievement of the technical staff 
under the distinguished leadership of Willard Dow, 
whose recent untimely death was a major loss to Amer
ican industry, resulted in production of magnesium from 
this inexhaustible source at a price that allows it to be 
substituted for other metals for a number of purposes 
where its special qualities can be advantageously em
ployed. 

The record of the Aluminum Corporation of America 
and the newer companies in making aluminum plentiful 
and actually reducing its cost even in depreciated paper 
dollars is a most commendable achievement and one 
that is reassuring for conservationists. Bauxite ores, 
on which the operations depend, are far from plentiful 
within the United States, but fortunately they are in 
abundant supply within reasonable range of sea trans
portation. The prospects for additional reserves through 
exploration are better than for many scarcer metals, and 
there is also the possibility of extracting the metal if 
necessary from relatively plentiful materials such as 
clays and syenitic rocks at a cost that may not be pro
hibitive, although high in relation to current production. 
The use of aluminum and its alloys will grow as the 
prices of competing metals rise and demands on them are 
reduced except for their most needed services, with 
postponement of the time when deposits of their ores 
will be exhausted. 

In conclusion, I find myself on one hand accepting 
the pessimistic view that the depletion of the ores of 
most metals is serious and is certain to lead to their 
growing scarcity within periods that are short in rela
tion to the lives of nations. Yet on the other hand I 
must recognize that the returns from more intensive 
exploration, directed with constantly improving scien
tific understanding and better techniques, are more likely 
than not to exceed even the most generous estimates 
of reserves based on known ore-bodies and their prob
able extension. The eventual, successive exhaustion of 
ores of one scarce metal after another must be expected 
unless new miracles of science and technology relieve 
us of our present dependence on minerals, but it is 
likewise certain that the process will be gradual, and 
that the time when extreme scarcities begin to pinch 
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painfully will be pushed farther and farther into the 
future through economies and through more efficient 
use of available materials. 

If a century of peace with free enterprise could be 
granted to the world, with consistent and steady policies 
adopted by governments that will provide the protection 
of wise mining and social laws, that will support bureaus 
or surveys competent to provide scientific, technical and 
economic data essential for guidance, that will insure 
safe and respectable working conditions and fair treat
ment of labour, and will restrict taxation to levels that 
still allow the prospect of profits to serve as an incentive, 
I am confident that really troublesome shortages could 

The CHAIRMAN: lVIr. McLaughlin's great experience 
has enabled him, as you have noted, not only to present 
t<J us a certain number of problems in a general manner, 
but also to illustrate those problems with examples from 
different parts of the world, which enable us to under
stand still better the way in which those problems arise. 
I extend my warmest thanks to him for having been 
food enough to leave his important occupations to come 
and present this very interesting study to us this after-
roon. 

The discussion is now open. 
Mr. DREUX :h Although I am not a technician, and 

although my present functions lead me rather to con
sider the economic aspect of problems, I shall neverthe
less take the floor here because of the clearly marked 
economic character of the developments described this 
afternoon by the two previous speakers, who presented 
to us very remarkable papers. 

Since this morning, I have been very much impressed 
by the statement that the metals most indispensable to 
our civilization are becoming scarcer and scarcer. The 
highly interesting numerical data which Mr. Pehrsonc 
presented to us this morning enables us to state that 
among those metals there are certain ones which are 
particularly scarce in the sense that the probable length 
of time for which they will be available to us appears, 
according to the studies of specialists, much shorter 
than the average time for other metals. 

I was also struck by a second point, namely the really 
considerable lack of proportion existing, on the one 
hand, between the consumption in the United States of 
metals as a whole, and more particularly of the rarest 
metals, and, on the other hand, the consumption of metals 
in the rest of the world. It is no doubt this situation 
which has gradually turned America into a "have-not 
nation", which is henceforth obliged to obtain abroad a 
certain number of essential products, among the most 
important being metals. Thus America develops its 
remarkable civilization by contributing, far more than 
the rest of the world, to the impoverishment of the globe 
in the most important metals. 

This morning a member of this Conference dared to 
speak-he was an American~£ the extravagance of 
the American economy. I did not want to take up this 
term, but I was struck by the fact that, in order to defend 
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be postponed for many generations-perhaps long 
enough to enable the modern magician of the laboratory 
and industrial world to devise ways and means that will 
make us less dependent on our diminishing heritage of 
minerals. 
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what he himself had described as extravagance, this 
conferee told us that such extravagance at least gave the 
world something which was very important: the means 
to pursue research, to improve technical methods, to 
raise in this way the standard of living, not only of 
America, but of the whole world. 

I wonder how far such "extravagance" could not be 
remedied and some contribution made towards an im
provement in the world economic situation by a method 
which might be a temporary one, but which appears to 
to me to have the advantage of following the same lines 
as the technical solutions which the experts have ex
pounded today, and along the same lines as the economic 
problems which are discussed in other places or at other 
times in this very hall. 

The second speaker this afternoon expounded a very 
liberal concept with regard to world circulation of 
products, and particularly metals. I cannot altogether 
agree with him on this point and, in any case, the solu
tion which I wish to propose is in clear contradiction 
with his beliefs. 

Every time that the experts have spoken to us, in the 
course of the last few days, of the conservation of re
sources, they have stressed the fact that the intensive 
development of prospecting, the more comprehensive 
nature of extraction in the mines in exploitation, or 
finally of economies in use, particularly by the substitu
tion of other replacement metals for scarce metals, could 
only be bettered by higher prices for the metals used. 

Certainly, we are told, and evidence goes to show, that 
just as natural resources become exhausted, prices rise. 
But I am led to put the following question: if we are 
truly anxious to see the supply of metals exhausted
and it is you, Gentlemen, who have communicated this 
anxiety to me-should we not find cause for gratification 
if, without any complicated controls, by giving the 
machinery of prices full play (for I am a liberal), some 
increase in the prices of the scarcest metals could be 
obtained? I should say that in using this convenient 
method, we have a certain philosophic justification which 
even the most ardent liberals could not dispute. Scarc
ity of supply has been an essential factor in the fixing 
of prices. However, hitherto-due to the fact that little 
was known about the phenomenon of the exhaustion of 
supplies, the phenomenon which was responsible for the 
calling of this Conference-scarcity only influenced 

~>Mr. Dreux spoke in French. 
•Mr. Pehrson's paper was introduced at the Minerals Section prices instantaneously, so to speak, through the im-

meeting and will be included in the proceedings of that Section. mediate gap between demand and supply. Our Confer-
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ence now makes it possible to arrive at a new idea which 
I shall call potential scarcity. 

The mere fact of publicizing our work will certainly 
make this potential scarcity known and this will auto
matically result in an increase in the prices of the metals 
which you will have recognized as the most scarce. This 
process could however possibly be accelerated. The 
solution is the usual one; it would consist in taxing, in 
the producing countries, those metals recognized as the 
most scarce. Automatically, in giving the machinery of 
prices full play aside from this tax, the prices of scarce 
metals would increase and the whole process which I 
have just described would be brought into play. 

I should like to emphasize the fact that such a solu
tion, which follows exactly the same lines as the tech
nicians' problems, would at the present time have the 
very real advantage of also following along the same 
lines as the economists' problems. Indeed,-and I shall 
be very brief on this point-the modern economic crisis, 
the economic crisis of 1949, one might say, is the lack of 
sufficient dollars in the world and the lack of sufficient 
American purchases. It is true that a lowering of cus
toms duty on European manufactured products would 
enable the problem to be partly solved; but it is quite 
certain that if America, which needs these metals so 
much, let us say for its extravagance, could pay a higher 
price for its metals, it would immediately, by that very 
fact and without any complications, put at the disposal 
of the rest of the world and particularly at the disposal 
of those nations which have the most deposits-often the 
nations which are the least developed economically
the precious dollars of which the world is in such great 
need. 

The CHAIRMAN : I think, Gentlemen, that you have 
particularly noted Mr. Dreux' statement which is not 
merely academic in nature since it contains a perfectly 
clear and positive proposal to solve the problem before 
us. 

I hope many of you will give your views on Mr. 
Dreux' proposal as well as discussing the three memo
randa submitted this afternoon. 

:\{r. ERSELCUK: The last economic analysis was no 
doubt an excellent one, but I should like to point out 
what is perhaps one small fault therein, namely, that if 
every nation controlled its own deposits of underground 
resources, then the nations concerned, by increasing the 
prices of their commodities, might perhaps be able to 
obtain large amounts of dollars or pounds sterling or, it 
may be, even francs. It so happens, however, that most 
of the underground resources of the world are controlled 
by few nations. 

If \Ve take copper, for instance, we find that roughly 
80 per cent of the world's copper resources are con
trolled, either directly or indirectly through stock ovmer
ship, by American, British and Belgian interests. The 
same applies in the case of oil. :\1ore than half of the 
world's oil is owned directly or indirectly by American 
interests. If this ownership is borne in mind the previous 
economic analysis-which is a good and sound one-has 
to be somewhat modified. 

:Mr. KEENLEYSIDE: I shall take just a very brief 
moment, if I may, to make a comment on the exceed
ingly interesting address which we have heard from Mr. 
McLaughlin. There seems to be an impression that 
there i" some conflict between the thesis that was ex-

pounded in Mr. :'vfcLaughlin's address and something 
that I said in my introductory statement on mineral 
resources. In that statement I said that in the case of 
minerals which are not renewable there has been prac
tically no effort, except in time of war, to interfere with 
the free play of a market that is primarily interested only 
in profits, and I suggested that this situation was not 
likely to continue indefinitely. 

Mr. McLaughlin's thesis, as I understood it, was that 
in private industry, operating in a free competitive 
market, all the ore that could be handled at a profit 
would be used, and that improving techniques were con
stantly increasing the supply of ore that could be so 
handled. \Vith this argument I find myself in complete 
agreement. I have no criticism to make of that whatso
ever. I think it is quite true and I congratulate Mr. 
McLaughlin on the clarity with which he developed the 
argument in support of that thesis. However, I think it 
is fair to go on a step further and to suggest that there 
are some cases, or that there are likely to be some cases, 
in which it would probably be desirable that the possi
bility of making a profit should not be the deciding 
factor. It might, for example, be nationally or inter
nationally beneficial to slow down rather than to speed 
up the e..xploitation of any given deposit or any given 
mineral, dependent upon the circumstances of the time. 

It might also be desirable, under certain conditions, 
that we should provide for the exploitation of a deposit or 
of a mineral vein, although such exploitation could not be 
carried forward at a profit. Finally, I still think that 
there is an anomaly in the situation in that we find that 
governments have not hesitated to interfere-and inter
fere quite extensively on some occasions-in the develop
ment of forest, sea or land resources, all of which are 
renewable, and yet have failed to intervene, and appar
ently are expected to continue to fail, in the case of 
resources such as those with which Mr. McLaughlin 
dealt and which are not renewable. As I say, it seems to 
me that there is some anomaly in the procedure which 
leads to governments interfering in something which 
can be restored but failing to interfere in something 
which cannot be restored. 

Mr. MEYERHOFF: Some of the arguments which 
have been presented require more analysis than they 
can he given in this rebuttal. I should like to point out 
that the very fact of extravagance in the United States 
has led to so many new developments that it has been, 
perhaps, a substantial blessing to the world, even though 
it should proceed in the future with some controls. In 
the first place, the extravagant use of minerals and 
metals, specifically, has brought about the exploration of 
foreign countries, which has further led to the develop
ment--even though it may be only localized develop
ment-of those countries. 

I am thinking specifically of the deposit with which 
Mr. McLaughlin is so familiar, the Cerro de Pasco de
velopment in Peru, or of one with which I am familiar, 
the El Teniente Braden Copper development in Chile. 
fhere absolute wildernesses were opened up. To this 
extent, therefore, I believe that the energy of the Ameri
cans-though it be or has been accompanied by extrava
gance which I franklv admit-has certainly accom
plished one important' purpose in the development of 
these countries. 

There is another point. As I tried to show in my 
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paper, in going into these countries we have purchased 
the supplies of ore. We may own them, as was said 
bv the second speaker in the discussion following the 
r{·gular papers; we may own them-or the British or 
the French may own them-corporately speaking, but 
they are still deposits within the specific countries in
volved. They call for the expenditure of money for 
equipment from the country which develops them, it is 
true, but they also call for the payment of labour in the 
country which actually possesses the minerals, and to 
that extent there is a development and an expenditure 
of money which would not otherwise take place. The 
whole matter of how much is paid becomes a much more 
difficult problem, because it must be remembered that 
market price determines what will be mined, as Mr. ~1c 
Laughlin has so ably shown us. It is impossible for any 
country possessing a specific mineral completely to con
trol the price because it depends on market factors which 
may be entirely outside that country. 

'vVe in this hemisphere have been grieved, I know, at 
nrious times in the past about the complete control of 
the price of silver in London. Yet very little silver was 
mined in any of the British possessions, relatively speak
ing, except Canada. .:\·lexica and the United States were 
f te main producers, but thanks to the use of silver in 
India it was London that controlled the price. Thus 
our mining was conducted, in those circumstances, 
against a price which was set in London, and prices are 
more often set, I think, by strictly economic factors so 
hat I am not sure that we Americans, if we are extrava
gant and if we use more minerals than other countries 
--use them up and waste them to a degree--are in com
plete command of price factors. We may point, for 
example, to the situation which developed in the early 
Thirties in the development of African copper deposits 
which at that time, could have been placed upon the 
market for about 4X to 4y; cents per pound as against 
an over-all average mining cost in the United States-it 
is just an average-of something nearer 8 cents and, in 
Chile, something nearer 6 cents. African mining, which 
at that time was in the control primarily of Belgians, 
French and British, could have put Chilean and Ameri
can copper mining out of business, save as those coun
tries were able to protect themselves, in the case of 
Chile by subsidy, in the case of the United States by the 
tariff which was placed on our copper deposits to the 
extent of 4 cents a pound. 

Thus there are these market factors which exert 
themselves and which very often are quite beyond the 
complete control of the country which may own the 
mines or operate them. I wonder also if the expendi
tures for the development of countries-the expendi
tures for the purchase of the metals, for labour and so 
on-may not be a substantial contribution. 

There is one final point. We note the fact that the 
reserves of practically all metals known at the present 
time are greater in absolute figures than they have ever 
heen at any time in the past, because we are carrying 
on exploration more intensively and so know more 
about the earth than we did before. The expansion of 
known reserves has also taken place as the result of im
proved technologies which enable us to use lower grade 
ores. Actually, most of the scarcities are related to one 
factor-the ratio between current consumption and 
known reserves is less than it has been at times in the 
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past in certain measure. The absolute figures for most 
of them are, I think, actually greater than they have 
been in the past. Perhaps, with improved technology, 
the use, for example, of clays or other silicates for alu
minium instead of bauxite, which is relatively scarce, will 
enable us to survive impending threats of scarcity. I 
suspect that there are real advantages in being scared 
of impending shortages. 

Mr. McLAUGHLIN: I should, perhaps, say just a 
word or two in reply to some of the very interesting 
points which Mr. Keenleyside made, and with which 
I find myself in complete agreement since I think that 
they supplement my rather inadequate remarks very 
helpfully. 

The first point which he made was that at times there 
might be a need to slow down the production of certain 
types of deposits. That is true. I should, however, 
expect that falling prices would be a very effective fac
tor in such a slowing down. I notice that at the mo
ment we get more miners in the gold camps than we did 
a few months ago, and as you know prices have fallen 
recently which certainly shows that there has been a 
slowdown in production in a number of our important 
base mEtal districts. I am sorrv for the base metal 
miners, but it did help us in gold ~ining. 

I think that the point with regard to exploitation with
out profit for certain minerals brings into consideration 
many other factors-the nationalistic need for security, 
for example. It is a very desirable thing, of course, for 
a nation to have within its boundaries a plant capable of 
producing what it might need in an emergency from 
ores which could not compete ordinarily; obviously 
there is a need-and there are reasons perhaps-for 
supporting such enterprises. In a well-ordered world, 
however, I should hope that there would be fewer and 
fewer occasions where great nations would need to sup
port uneconomical operations simply for security, but 
unfortunately that need apparently does exist today. 

\Vith regard to government interference with and di
rection of enterprises which are dealing with exploitable 
minerals, surely if the government directs the proper 
exploitation of forests, which can replenish themselves, 
and so on, a strong case can be made for government 
controls to some extent which would ensure the wise ex
ploitation of our mineral resources also. I can well 
imagine that a government agency might forbid a coal 
miner from extracting a certain seam and cave the 
ground overhead, losing forever a slightly less valuable 
coal seam above. Ordinarily, I think, enlightened self
interest takes care of that pretty well in the mining pro
fession. I rather dislike having government agencies 
acquiring more and more powers to direct the details of 
operations in mines in the guise of improving conditions 
and conservation. For the most part our experience has 
been that no matter how good the intentions, many of 
those things are carried out by people with much less 
experience than the people who are running the mines, 
and I feel that there is a great deal of danger in that, 
although I recognize the need to a degree. 

The CHAIRMAN: I thank Mr. McLaughlin for the 
reply he has just given xir. Keenleyside. Before 
adjourning the meeting, I give the floor to the Deputy 
Executive Secretary of the Conference, Dr. Herbert 
Schimmel, for an announcement. 
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Mr. SCHIMMEL: Following the Conference, proceed
ings will be published containing the texts of the papers 
presented at all of the meetings, together with a record 
of the discussion. In order to expedite the preparation 
and printing of these proceedings, it is essential that 
authors of Conference papers who are attending the 

Conference and have not yet furnished cor,rected copy 
of their papers to the Secretariat should do so before 
leaving Lake Success. 

The CHAIRMAN : I should like to express my thanks 
once more to all the speakers who have taken part in 
the debate, and especially to our main speakers. 
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The CHAIRMAN : In opening this plenary meeting I 
am going to avail myself of a Chairman's privilege by 
saying I find its title somewhat ambiguous. It seems to 
imply there are two categories of resources, creatable 
resources as opposed to some other variety of resources. 
Needless to say, we must assume that all the resources 
which we are using today, and which have therefore 
been created, were once upon a time creatable. The one 
category merges into the other. We cannot, therefore, 
draw any fine line between the various materials which 
man uses in his social complex, and in industrial civili
zations in particular. \Ve can, however, for convenience 
differentiate primary raw materials from a group of 
secondary raw materials. I do not wish to elaborate on 
these definitions, because we are going, in any event, to 
trespass from one to the other in the course of this after
noon's discussion. I might merely exemplify what I 
mean when I say that Chilean nitrate is a primary ma
terial and ammonium sulphate made from fixed nitrogen 
a secondary material, both playing the same part in our 
agricultural complex. In the same way, we may recog
nize oil as a primary commodity and acetic anhydride 
made from refinery tail gases as a secondary commodity. 

We are essentially, but not exclusively, concerned this 
afternoon with the second category of resources. Al
ternatively, we could say we are more concerned with 
unconventional than with conventional methods of pro
duction. 

We might at the start ask ourselves what new re
sources have, in fact, been created during say the past 
fifty years. Again I do not want to attempt any de
tailed analysis, but at the start of this discussion, it is 
useful to remember that neolithic man, thousands of 
years ago, had already provided himself with the main 
agricultural commodities which we use today. Very 
little has been added since. He, or his immediate suc
cessors, also knew about the use of metals. The use of 
these commodities and these resources, created at that 
time of human history, developed gradually up to the 
Industrial Revolution, which was essentially a period 
in which ferrous metallurgy and the steam-engine forged 
ahead. In the past fifty years or so the major resources 
which have appeared are oil and natural gases, light 
metals and alloys, possibly new sources of electric power, 
and the wood pulp used in the paper, synthetic fibre and 
plastics industries. Put broadly in this form, all this 
reads like very little, and in a very general way one 
can, in fact, say that in the course of his recent history 
man has created few new resources, although he has 
made great use of those he has, as well as of the old 
ones. In fact, the classical ages, as taught at school, 

still retain their descriptive usefulness-the Bronze Age 
the Iron Age and so on, and the Plastic Age of today 
These ages of man were more or less typified by the re 
sources and commodities in use at the time. 

In detail, however, the pattern of resources is con 
stantly changing according to variations in supply. Pre 
vious meetings of this Conference have suggested tha 
the pattern of resources is likely to be changed, becaus< 
of exhaustion, in a dramatic way in the course of no 
very many years, irrespective of any artificial and loca 
shortages in resources and commodities due to economi< 
dislocation. 

For that reason, we scientists must continue to seard 
for new resources, must continue to call in new materials 
to take the place of the old ones as they become exhaustec 
and, more than that, in order to enrich our social en
vironment. 

There is, of course, a logical sequence in the develop· 
ment and application of new resources. New knowledgt 
reveals new possibilities of satisfaction, creates nev. 
needs, and so on. One example of this process can b~ 
seen in the recent history of light alloys. We also kno"' 
--and this is the particular point, I believe, of this plen· 
ary meeting-that there is a logical sequence whid 
emerges when needs are unsatisfied, when the commodi· 
ties are not available to satisfy requirements which must 
be met. For example, we all know that the forests ol 
Great Britain were largely destroyed in the manufacture 
of charcoal for smelting purposes, and that when the 
forests were exhausted, new resources were sought and 
coal and coke were exploited. There we have a good 
example of a logical sequence which emerges from an 
unsatisfied need. 

The papers we have before us today are focused on 
only a part of the whole field of creatable resources, but 
all of them are illustrative of the problem. They deal 
mainly with the questions of food production, fibres, and 
the interaction of agriculture and industry. Two of the 
papers-those by Dr. Bergmann and Dr. Thaysen
have been circulated and will be taken as read, although 
the material they contain may come up in other papers 
which will be delivered. In their presentation the pa
pers will, I hope, concentrate on general rather than par
ticular matters. I have been told that several people 
wish to take part in the general discussion. We hope to 
have about an hour to consider the various issues which 
will emerge from the main papers before us. 

With these opening words, I should like to call on 
Dr. F. N. Woodward, Director of the Institute of Sea
weed Research in Scotland for his paper. 

Mr. WooDWARD delivered the following paper: 
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Creatable Resources: The Development of New Resources 

by Applied Technology 

F. N. WOODWARD 

ABSTRACT 

The possibility of alleviating potential and actual food and industrial raw material shortages by the appli
cation of chemical, applied biology and engineering techniques is reviewed. 

Principal amongst the techniques capable of creating new food resources are believed to be nutriculture 
and the possible production of proteins, fats and carbohydrates by the macroculture and processing of such 
micro-organism as "fat" and "food" yeasts and fresh water unicellular algae. 

Creation of new industrial raw materials by means of applied technology from such abundant commodities 
as the air, the sea, forests and coal, is a well established and rapidly expanding practice. Hitherto untapped 
renewable resources which are probably capable of similar development and expansion are typified by the 
marine algae, agricultural commodities, by-products and wastes, forestry and fishery by-products and wild 
plants. 

Considerable attention has been devoted recently to 
th:~ ills of the world resulting from unchecked population 
in•:reases, the frittering away of its non-renewable re
sotlrces, bad conservation practices and the like. Many 
and varied cures have been suggested, ranging from 
enforced checking of the rate of population growth on 
the one hand to the widespread application of the physi
cal sciences to our problems on the other, leading up 
to an economy based essentially on synthetic foods, 
clothing and building materials. 

The problem although vast and heterogeneous and de
pendent upon the breakdown of national traditional pat
te::-ns of living, in the limit, is simply defined. The 
world population is now about 2,000 millions and in 
fifty years if it increases at the present rate, it will be half 
as much again. For the first time in history there are 
no new territories to discover and exploit so man will 
be driven to feed, clothe and house this staggering poten
tial population increase from the same land and sea re
sources, which up to now he has been destroying at an 
alarming rate, and in so doing, has failed signally to 
reach or maintain a reasonable standard of living for 
more than one-third of the present inhabitants of the 
earth. 

How will he accomplish this? Firstly by such steps 
as are being advocated at this conference: the conserva
tion of our limited fuel, mineral and land capital by 
means of improved utilization and conservation tech
niques; the more intelligent utilization of the world's 
growing and renewable commodities-livestock, forest 
products, agricultural crops, fisheries and the like-and 
the rapid dissemination of improved conservation tech
niques and their enforcement where necessary and pos
sible. Even if such an enlightened programme could be 
implemented in the foreseeable future and the general 
level of education and mass communications improved 
sufficiently to enable this to be done, there are many who 
consider it debatable whether the problem of deficiency 
can be solved at all or at least in time to obviate ultimate 
disaster. 

For this and the more obvious reasons forced upon us 
by the urgent needs of a world at war twice in one gen
eration, considerable though and ingenuity have been 
devoted during the last few decades to the possibility 

of creating new food and industrial resources. This 
has been attempted with a measure of success in a va
riety of ways. 

A new technology, somewhat unfortunately called 
"chemurgy", has emerged, involving the utilization of 
agricultural commodities and wastes as raw materials 
for secondary industries. 

Established and novel starting materials are being 
produced by applying technical, chemical and engineer
ing techniques to materials readily available in appar
ently inexhaustible quantities, such as the air, the sea, 
timber, coal etc. Attempts have been and are being 
made to produce useful products from commodities such 
as marine algae, peat, bracken and wild plants, which 
heretofore have been considered of little or no industrial 
value; increasing effort is being made to use photosyn
thesis and the macroculture of unicellular organisms as 
a means of producing the basic food constituents, carbo
hydrates, proteins and fats and the essential vitamins 
without recourse to the land. N utricultural techniques 
have also been developed with the same object in view. 
More and more stress is being placed on food and com
modity production by techniques not using the land, as 
current soil usage is enormous. 

NEW FOOD RESOURCES 

The most advanced soilless techniques yet developed 
for food production are nutriculture-or more specific
ally, hydroponics-and the micro-biological production 
of food yeast. Neither technique has yet become fully 
established or contributes significantly to the world 
food stock-pile, although both have been operated with 
reasonable success on the production scale for a number 
of years. 

Nutriculture: The terms soilless culture or nutri
culture imply the growth of plants in any material other 
than soil and at the present time three general methods 
are recognized, 1) sand culture, 2) water culture (hy
droponics) and 3) sub-irrigation culture, also called 
gravel or cinder culture. 

In sand culture the soil is replaced by fine sand, the 
surface of which is watered with a nutrient solution. 
This method is simple and with proper control is capa
ble of producing good crops. It is useful for experi-
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mental studies but is not well suited for large-scale crop 
production as it is wasteful of water and nutrients. 

In the water-culture method which has received much 
more attention, the plants are grown with their roots 
suspended in a nutrient solution contained in shallow 
tanks. The need for aerating the solution and the diffi
culty of supporting the plants are disadvantages of the 
method. Control of the composition of the nutrient 
solution is also somewhat more exacting than in other 
methods of culture. 

In the sub-irrigation method of culture, watertight 
beds or benches are filled with gravel or other suitable 
inert material which is irrigated by circulating nutrient 
solution from the bottom of the bed. This method over
comes some of the limitations of the sand and water cul
ture systems. 

The chemicals used in the nutrient solution must sup
ply relatively large quantities of nitrate-nitrogen, po
tassium, calcium, magnesium, phosphate anrl sulphate, 
and are usually applied as potassium nitrate, calcium 
sulphate, calcium phosphate and magnesium sulphate. 
Certain other chemicals such as iron sulphate, manga
nese sulphate and boric acid must also be available in 
small quantities. 

It is now generally recognized that nutriculture has a 
definite, if small, place in agriculture, its chief value 
lying in two applications: the first is in areas wherein 
suitable agricultural soil does not exist but the climatic 
conditions are suitable for crop production. The second 
is in its use as an improved type of forcing technique in 
greenhouses for growing crops which have a high re
turn value. 

Ir: the former category fall the U.S. Army Air Force 
nutncultural gardens on Ascension Island, in British 
Guiana, on I wo Jima and in Japan, where an 80-acre 
garden provides the occupation forces with three to five 
servings of fresh vegetables per week. Successful units 
have also been operated by the oil companies in the 
Islands of Aruba and Cura~ao, N.W.I., since 1944. 

In the second ca,.tegory primary interest in the United 
Sta!es appears to be in the production of lettuce, 
radtshes, cucumbers, tomatoes, onions, peppers and 
flowers. 

N.utricultural techniques are receiving increasing at
tentwn, the. mor~ active cet;tres .of investigation being at 
Purdue Umverstty, the Cahforma and New Jersey Agri
cultural Experimental Stations and the Bureau of Plant 
Indus~ry, U. S: Department of Agriculture, Beltsville, 
Md., m the Umted States; Rothampstead in the United 
Kingdom ; and the Hydroponic Research Centre U ni-
versity of Brussels, in Belgium. ' 

Proteins from micro-organisms: The introrluction of 
yeast into human dietary is not new; yeast cells as con
tained in food and drink fermented by naturally occur
ring yeasts have formed part of the diet of man from 
the earliest times. The manufacture of strains of yeast 
for use as a major component of animal and human food 
is new, however, being first seriously considered in the 
First World War by the Germans, who planned to use 
molasses as the raw material. Shortage of sugar pre
vented these plans from being carried out on a significant 
scale. Interest was revived again during the pre-war 
~ azi regi~e, whe? an at.tempt was made to produce 
htgh quahty protem requtred for self sufficiency from 

waste products other than sugar. In this they were par 
tially successful as by the end of 1944, six factorie 
were producing at the rate of 7,000 tons per annum 
using the wood sugars in sulphite waste liquor from th 
pulping industry, for the rapid growth of the food yeas 
Torulopsis utilis, in high yield. Five further plants pro 
duced another 9,000 tons, using wood hydrolysed by th• 
Scholler or Bergius processes as substrate. 

Work on' the manufacture of Torulopsis utilis on at 
experimental scale was started independently in Londo! 
in the early days of the Second World War, under th• 
direction of Dr. Thaysen, whose paper describing thes• 
investigations and their development has been presentet 
as an experience paper to this session. On the basis o 
this work a British Government undertaking, Colonia 
Food Yeast Ltd., was started in Jamaica, B.W.L, ir 
1944, with a rated output of 12 tons per 24-hour day 
using waste materials from the sugar industry as ; 
source of supply of the necessary carbohydrates. 

Despite the success of these ventures, the industry i: 
not yet firmly established; processes and equipment art 
still in a stage of rapid change and development; and tht 
economic soundness of the project still appears to de
pend largely on place and conditions. Neither is fooc 
yeast yet generally accepted. There appears to be littlt 
doubt, however, that as production techniques improvt 
and as more palatable forms become available, there wit 
be a growing demand for food yeast on its own merits 
These are of a high order as has recently been prove( 
by the Medical Research Council in London, whose ex· 
tensive trials showed that it is an acceptable and gener· 
ally palatable food for humans, containing proteins ir 
amounts equal to about half its dry weight, and wher 
included in a diet of which the protein is otherwise de· 
rived mainly from cereals, possesses a high nutritiv( 
value, approaching that possessed by milk proteins. It 
has the additional advantage of being one of the richest 
known sources of the B-vitamins, riboflavin and nicoti
nic acid, in this respect being only rivalled by liver. 

Compared with all other proposals yet made for in
creasing the availability of protein, the food yeast prop
osition is many more times effective. The position may 
be altered if the animal protein factor, which is soon 
to be made available to the food industry, or if the re
placement of one-third of certain ruminants' protein diet 
by ammonium or urea salts, prove to be as effective as 
initial experiments suggest. 

Fats and carbohydrates frmn micro-organisms: Al
though the estimated world production of 20,000,000 
tons of fats and oils in 1947 fell short of the average 
production during the period 1935-1939 by 1,500,000 
tons, micro-biological fat production is relatively less 
urgent than protein as, in a subsistence-level diet fat can 
if necessary, be almost entirely replaced by carb~hydrate: 
Even so, the finding of additional sources of food fat is 
of urgent importance to large areas in the world, such 
as India, China and parts of South America, where fat 
supplies have always been deficient although in normal 
times considerable volumes of sugar cane molasses have 
gone to waste. The possible production of fats from 
micro-organisms is therefore of real significance to these 
countries and to those which have to import their fat 
and oil requirements. 

Early German attempts to produce the fat-containing 
yeast Endomyces vernalis and the mould Oidium lactis 
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on an industrial scale were unsuccessful. Recent work 
has revealed three new fat yeasts of much greater prom
ise, all capable of production by deep culture tech
niques, i.e. Torulopsis lipofera ( 43 per cent fat) ; the 
so-called "soil yeast" ( 55-62 per cent fat) isolated in 
1946 by Starkey, and the pink Rhodotorula gracilis. This 
latter would appear to hold out more promise tnan the 
o1 hers, for besides producing SO to 65 per cent of a fat 
rt"sembling palm oil, it is unique in producing 16 to 19 
parts of the fat per 100 parts of sugars and, in addition, 
can grow without lowering of fat yield in a medium such 
as molasses, having a very high nitrogen content. 

A determining factor common to both food and fat 
yeast production is the availability of cheap carbohy
drate containing or capable of providing the sugars nec
essary for their growth. For the present, wood sugars 
and molasses only have been used, altnougn attempts 
have been and an· still being made, with varying success, 
tc, use hydrolysed straw and oat hulls, cheese whey, 
fruit and canning wastes. Despite the potential availa
bility of large quantities of by-product and surplus sugar, 
tt e search for new sources is continuing. 

The reason for this is obvious: all currently avail
able sources of carbohydrate find their origin in the land. 
V 'ith this very real difficulty in mind, the imagination of 
C(lnservationists has recently been stirred by the impli
e<.tions of the fundamental studies carried out by Pear
s;:: 11 and his collaborators in London, and Calvin, Gaffron, 
Vcinakur, Myers, Spohr and those associated with them 
in the United States. 

These investigators have separately been studying the 
biochemistry of photosynthesis for a number of years, 
in nearly every case using unicellular fresh water algae 
scch as Chlorella vulgaris and Scendesmus obliquus as 
tr.eir biological starting material. Whilst these studies 
are only in their initial stages, it now seems certain, on 
tbe laboratory scale at least, that moderate light intensi
ties, not necessarily applied continuously, induce 
ao toundingly large growth-rates of such algae given the 
necessary inorganic nutrients and trace elements. Cal
culations made on the basis of the admittedly inadequate 
information at present available indicate that the poten
tial yield of algal carbohydrate per acre of pond surface 
is many times as great as that obtained per acre of land 
using the best agricultural techniques known. These 
findings alone are fraught with possibility, but when 
considered in the light of tbe recent work of Spohr and 
Milner at Stanford University, their implications become 
incalculable. This team has carried out a thorough 
study of the influence of different environmental factors 
on the composition of certain unicellular fresh water 
algae. As a result, they are now able to define condi
tions whereby Chlorella pyrenoidosa can be cultured on 
the large laboratory scale with a controllable variation in 
fat content ranging from 5 to 75 per cent of the dry 
weight. If this technique can satisfactorily be translated 
to the production scale, its impact both on the food and 
commodity industries will be appreciable, as the fats 
thus synthesized are highly unsaturated and of a quality 
adequate for edible and certain industrial purposes. 

Before leaving the algae, some consideration can use
fully be given to the marine forms and their utilization, 
tbe consideration of which, at this stage, is logical, as 
tbey serve as the natural link between new food and non
food resources. 

CREATABLE RESOURCES 

NEW INDUSTRIAL RESOURCES 

2vf arine algae: The true seav.:eeds are usually and 
most conveniently classified by colour: brown, red, 
green, blue etc. Of these, the first group, the Phaeophy
ceae, is in great preponderance, and with the exception 
of the use of the red weeds for ag.u production, is Lhe 
only group which has been exploited industrially. 
Strangely enough, although we tend to look upon algal 
chemistry as of recent origin, actually in one form it is 
one of the oldest branches of industrial chemistry. As 
far back as the early 18th century brown seaweeds were 
collected in France, Ireland, Scotland and Norway and 
burnt to an ash known in Europe as kelp, first to provide 
soda for the growing soap and glass industries, and later 
potash and iodine. The industry based on these inor
;sanic chemicals virtually ceased to exist at the opening 
of the present century, having failed to resist the compe
tition of these chemicals obtained from cheaper mineral 
sources. 

Before the kelp industry entirely collapsed in Scot
land, however, Stanford, a chemist long interested in the 
project there, discovered that the high proportion of 
organic matter in seaweed which his company and those 
preceding them had been burning for 200 years con
tained, amongst other things, a rather remarkable col
loid very similar to cellulose in chemical constitution, to 
which he gave the name alginic acid. His discovery 
came too late to save the kelp industry although he did, 
quite unwittingly, pave the way for the 20th century 
seaweed organic chemical industry. Before examining 
the achievements of this new industry and its poten
tialities, it will be necessary first to review the world's 
seaweed resources. 

Over 70 per cent of the surface of the earth is covered 
with water, and the sea contains all the minerals re
quired for life and compares favourably with good gar
den soil in fertility. Acre for acre it is more productive 
than the land and there is no danger of drought or vi
olent temperature fluctuations and relatively little fear 
of disease. It has been estimated that half the total 
photosynthetic fixation of carbon dioxide into organic 
matter equivalent to 1.5 x 1011 tons of carbon a year is 
brought about by marine plankton and algae. This sug
gests vast untapped resources of organic matter. Why, 
then, have these not been exploited before now? 

The answer is simple. Oceanography and marine bi
ology are young sciences so that relatively little is known 
about what goes on in the sea; also until recently it has 
been quite easy to win all the foodstuffs and industrial 
raw materials we needed from the land, without ven
turing into the comparatively unknown depths of tbe 
ocean. 

The urgencies of two world conflicts in one generation 
coupled with the growing exhaustion of the land, have 
tended to alter that. Potash and acetone shortages in 
the 1914-1918 war forced America to survey and use the 
heds of the giant floating weed N acrocystis Pyrifera 
growing between low water mark and 15 fathoms off the 
Pacific seaboard. A survey in 1913 showed that there 
were about 45,000,000 tons of seaweed of this type grow
ing there. Recent surveys have shown that there are, 
in addition, 17,000,000 tons of similar seaweed around 
the Falkland Islands, and it is also known that there are 
comparable but, as yet, unsurveyed beds off the Peru
vian, Chilean, Argentinian, Tasmanian and the New 
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Zealand coasts, as well as around most islands in south
ern circumpolar waters. In addition to this reserve of 
giant buoyant seaweed, there is a vast but as yet mainly 
unassessed and untapped quantity of bottom-growing, 
non-buoyant seaweed typified by the Laminaria species 
growing down to about 6 fathoms in the sublittoral 
zone off the North American Atlantic, British, French, 
Norwegian and Japanese coasts. It is impossible, at this 
stage, even to make an intelligent guess as to the amount 
potentially available, although the recent thorough sur
vey of the Orkney Islands to the north of Scotland re
vealed 1,250,000 tons of this sublittoral seaweed grow
ing in 90 square miles of inshore waters between low 
water mark and 6 fathoms which, expressed another 
way, means that in this by no means prolific area the 
annual photosynthetic production of carbohydrate in the 
form of marine algae alone is more than twice that pro
duced by the "average" tree. 

Whatever their origin or species, the brown weeds 
appear to be alike in chemical composition : they con
tain 7 5 to 85 per cent water, their dry content is rich in 
minerals and carbohydrates, relatively poor in protein 
and almost devoid of fats-the ratio of one constituent 
to another fluctuates with the season and environment. 
The carbohydrate fraction is, in the main, made up of 
alginic acid, mannitol and laminarin, corresponding 
to the cellulose, sugar and starch of land plants, respec
tively, together with fucoidin, about which little is yet 
known. 

Of these four carbohydrates, potentially available in 
considerable tonnages, only mannitol, which is in steady 
demand in the synthetic resin field, is currently obtain
able from sources other than the sea. So far only al
ginic acid has been exploited commercially, but its posi
tion in the food, pharmaceutical, cosmetic and textile 
industries now seems assured, and alginate-producing 
units have been operating successfully in Great Britain, 
United States, Norway, France and Japan, during the 
last 20 years. Laminarin shows some promise as a 
substitute for blood plasma, whilst fucoidin is an ob
vious source of fucose in bulk. A more significant out
let for these algal carbohydrates may well be in the use 
of their hydrolysates to support the growth of micro
organisms of commercial value. If this eventuates, a 
technical interdependence of marine and fresh water 
algae may well result. 

Agricultural commodities and by-products: Chem
urgy is not a new science, neither is it really a new idea. 
It is perhaps better to define it as a philosophy whereby 
the joint activities of organic chemists, plant geneticists 
and engineers are directed towards the development of 
non-food uses for agricultural commodities and by
products. 

At first sight chemurgy would appear to be incom
patible with the aims of this conference. Actually this 
is not the case, as although the idea was first sponsored 
in the middle 1930's to provide outlets for United States 
agricultural surpluses, wheat and cotton in particular, 
subsequent emphasis has been on the use, as raw mater
ials for industry, of such parts of plants as have no food 
value and heretofore have been dismissed as useless. As 
will be seen from a study of Dr. Hilbert's paper, typical 
American achievements in this direction are the produc
tion of building boards from straw and sugar-cane bag
asse, cigarette paper from seed flax, furfural from corn 

cobs, oat hulls etc., pectinates from citrus and tartrates 
from winery wastes. Similar emphasis has been placed 
on the finding of new crops of potential industrial value 
capable of growing on marginal or waste lands: as typi
fied by the production of strains of "waxy" corn and 
sorghum of high amylopectin content capable of being 
grown in commercial quantities in the arid south-west, 
the introduction into Arizona of guar, an Indian drought
resistant legume containing a manna-galactan gum of 
value to the paper industry, and the discovery that can
aigre, a small annual native to south-western United 
States, has a high tannin content. 

Many examples of how chemurgy can create new re
sources without further drain on the land could be given, 
but one must suffice. 

As is well known, the use of trees is a grossly ineffi
cient process. In Korth America alone, where forestry 
conservation was born, the annual depletion of forests 
amounts to about 188,000,000 tons, of which about 70 
per cent is wasted in lumbering and processing opera
tions. About 15,000,000 tons of this are used in the 
sulphate, sulphite and soda pulping plants in North 
America, of which amount 50 per cent is lost as soluble 
by-products. It has been estimated that the sulphite 
miJls alone each year run into waste 500,000 tons of 
mixed sugars and 1,250,000 tons of lignin. Although 
the mixed pentoses and hexoses are technically capable 
of producing food yeasts of the Torulopsis type and the 
hexose content, amounting to 65 to 70 per cent of the 
whole, is fermentable to ehtyl alcohol, neither these nor 
any other use yet absorbs significant quantities of these 
wasted chemicals. The annual loss of these sugars and 
lignin still remains a challenge to the ingenuity of tech
nical chemists and engineers. 

Although the United States has, during recent years, 
been most active in the scientific development of its in
dustrial resources of biological origin, largely through 
the setting-up and operation of its four magnificent 
regional laboratories, other countries have not been 
backward. In the British Commonwealth, for instance, 
Canada is operating a Prairie Resources Laboratory at 
Saskatoon and two others are planned. The Australian 
Council for Scientific and Industrial Research is ac
tively seeking new plants of possible industrial value. 
The British Colonial Products Research Council has 
for some years been surveying the renewable resources 
of the Colonies and has sponsored a number of projects 
designed to develop certain of them to the commercial 
scale. Typical of these is the project of Haworth and 
Wiggins and their colleagues at Birmingham, who have 
been exploring the various transformations which su
crose, obtained either from sugar-cane or beet, can be 
made to undergo. Amongst a wide variety of com
pounds they have prepared from this starting material 
are the hexitols, mannitol and sorbitol of proved value to 
the synthetic resin and plastics industries, their anhydro 
compounds useful as plasticisers and resin raw materials, 
and their diamino derivatives which have been shown to 
be of possible use in the preparation of sulphanilimides 
and polyamides of the nylon type. Different lines of 
attack on the chemical utilization of sucrose have pro
duced: hydroxylmethylfurfural, a fruitful source of ma
terials for the commercial production of plastics and 
high polymers; levulinic acid, a source of solvents, thera
peutics and an anti-freeze; and lactic acid in such high 
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yield as to prove a likely competitor to the product pro
duced by the biochemical fermentation method. 

The recent work of Cori and his school in America 
and that of Hanes and Peat and their colleagues in Eng
land on the enzymatic degradation and synthesis of the 
components of starch and glycogen open up even wider 
possibilities in that they have shown that it is now pos
sible to synthesize enzymatically starches of predeter
mined specifications. Starch-like polysaccharides pos
sessing all the properties of the two most important 
natural components of starch-amylose and amylopectin 
-have already been synthesized in the laboratory. The 
potential importance of these findings is obviously 
enormous. 

With few exceptions, the techniques discussed in this 

The CHAIRMAN : Thank you, Dr. Woodward. The 
next speaker will be Dr. G. E. Hilbert, Chief of the 
Bureau of Agricultural and Industrial Chemistry, in the 

The Contribution of Chemurgy 

G. E. HILBERT 
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paper have, as yet, been insufficiently tested to become 
accepted practice. This approach to the problem has 
been deliberate, not only because the achievements of 
chemurgy and the cellulose, plastics and synthetic rubber 
technologists have been outlined by acknowledged ex
perts in the other papers before this session, but also in 
the belief that much of the future happiness and well
being of mankind depends upon the proper understand
ing and development of some of these novel processes. 
It is hoped, in addition, that sufficient evidence has been 
produced to show, that when properly applied, the com
bined skills of the chemist, the agriculturalist, the micro
biologist and the engineer can do much to alleviate if not 
eradicate the ills consequent upon food and commodity 
shortages in this shrinking world. 

United States Department of Agriculture. 

Mr. HILBERT delivered the follo'Wing paper: 

ABSTRACT 

Chemurgy is defined as the application of science and te.chnology to the processing of agricultural com
modities for both food and non-food purposes. The value of chemurgic advances made by countries other 
than the United States is acknowledged. Chemurgic objectives are discussed, and it is indicated that their 
attainment involves further development of traditional methods of utilizing farm products as well as discovery 
and exploitation of new industrial uses for agricultural materials. · 

The importance of modern food technology as a chemurgic endeavor to .create· and conserve food resources 
is pointed out. Several recent developments in food preservation are described. 

The processing of agricultural commodities to recover and utilize their constituents in food and feed 
products and as industrial raw materials is discussed. The wet-milling of corn (maize) and grain sorghum 
and the processing of soybeans and other oilseeds are cited as examples of chemurgic enterprise in this field. 
New developments in fermentation and in the utilization of alcohol as motor fuel are mentioned. 

Reference is made to facilities and information available in the United States to aid in the chemurgic 
training of scientists and technicians of other countries. It is emphasized that progress in chemurgy depends 
upon coordinated effort in many fields, and that efficient agricultural production, adequate scientific research, 
advanced technology, and aggressive industrial enterprise all contribute to chemurgic success. 

I 

I am honored to have the privilege of discussing with 
this distinguished international group the contribution of 
chemurgy to the conservation and wise utilization of 
agricultural resources. The term "chemurgy" is hard to 
define precisely, but I shall interpret it here to mean 
the application of science and technology to the indus
trial processing of agricultural commodities for both 
food and non-food purposes. Chemurgy involves an 
effort to use farm products and byproducts more effec
tively, and to create from them new resources of foods, 
feeds, and industrial raw materials. 

In my remarks I shall speak chiefly of chemurgic de
velopments in the United States and refer to several 
research contributions by my own organization, the 
Bureau of Agricultural and Industrial Chemistry, U. S. 
Department of Agriculture. I am well aware, however, 
of the important chemurgic advances made in other parts 

of the world and by other research organizations in this 
country and elsewhere. I should like to acknowledge 
here that we in the United States have profited greatly 
from the pioneering work in chemurgy done by other 
nations. Many of you can take justifiable pride in the 
chemurgic achievements of your countrymen, who have 
done admirable work under difficult conditions and often 
with very limited technical facilities. 

I might mention also that certain chemurgic develop
ments which have been highly successful in other coun
tries are relative failures here because of the different 
agronomic and economic conditions that exist in this 
countrv. At the same time, we in America with our 
highly" industrialized economy have been able to engage 
profitably in some chemurgic operations that so far have 
not proved feasible for nations of less advanced indus
trial development. But despite the different problems 
faced by different countries, I believe chemurgy is a 
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subject that concerns us all. If my remarks can help 
in some degree to stimulate international interest in 
chemurgy and to encourage international cooperation 
in chemurgic endeavors, I believe we shall all benefit. 

The word "chemurgy" was coined about fifteen years 
ago to express with convenient brevity a complex idea 
-the idea of developing new industrial uses for farm 
commodities, of establishing new crops to supply in
dustrial markets, and of making profitable use of farm 
wastes and residues. A fundamental premise of chem
urgy is that farm and forest products can be reproduced, 
while mineral resources cannot. Chemurgy is based on 
the living and lasting foundation of agricultural pro
duction. It proposes that we should try to develop 
practical means of substituting reproducible products of 
the soil for at least some of our unrenewable resources, 
including coal and petroleum. Another basic chemurgic 
principle is that while man's need for food is limited 
his appetite for industrial products seems virtually in
satiable. Proponents of the chemurgic idea in the United 
States during the 1930's visualized that by creating new 
industrial outlets for farm commodities, and by pro
viding farmers with ne;v crops to be grown specifically 
for industrial uses, it might be possible to eliminate 
burdensome crop surpluses. The chemurgists were 
acutely av,rare also that in traditional practice about half 
our total output of farm-grown materials is unmarket
able waste. They emphasized the need for converting 
farm residues such as wheat straw, corncobs, and vege
table and fruit wastes into useful products. 

In these essentials the chemurgic idea has not changed 
much since it was first propounded. Nevertheless, the 
general concept of chemurgy has tended gradually to 
broaden. As \Vheeler McMillen, the outstanding spokes
man for the chemurgic movement in this country, stated 
recently, "The definition of chemurgy keeps bursting 
out at the seams." Chemurgic objectives include the 
development of wider markets for farm-grown materials 
and the creation of "new riches from the soil". These 
objectives are hardly new-they have challenged man's 
ingenuity for centuries, perhaps since the beginning of 
agriculture itself. But chemurgy seeks to attain them by 
new methods, based on the latest advances in chemistry 
and allied sciences, and with the aid of modern engineer
ing. It is evident that achievement of these chemurgic 
aims requires the expan~inn and further development 
of traditional methods of utilizing farm products, for 
food and other purposes, as well as the discovery and 
exploitation of new industrial, non-food uses for them. 

II 

If we accept this general concept of the meaning and 
purpose of chemurgy, it appears that modern techniques 
of food preservation constitute one very important 
field of chemurgic effort. Converting fruits and vege
tables into more stable form by canning. freezing, and 
other methods lengthens the season and expands the 
area in which these perishable farm products can be 
made available, thus providing wider markets for the 
farmer and greater food resources for consumers. It is 
also a partial answer to some of our most persistent 
farm-surplus problems-the geographical and seasonal 
surpluses of perishable crops that often occur in limited 
areas for short seasons. 

~~~~--~~~~~~-----~~~---------

It seems to me that the international importance of 
recent developments in food preservation can hardly be 
overestimated. If modern food technology could be 
applied more widely throughout the world, it could 
raise substantiallv the nutritional standards of millions 
of people. The ~ajor techniques of food preservation
dehydration, canning, and freezing-are generally fa
miliar to you all. We are continuing through research 
to improve each of these methods, to extend their use 
to a greater variety of farm commodities, and to increase 
the palatability and food value of the finished products. 
I should like to mention two or three new developments 
along this line which have potentially wide application. 
Although these particular accomplishments are perhaps 
not of great immediate significance from the standpoint 
of total world food supply, they are interesting as ex
amples of modern progress in food technology. 

As you know, the most spectacular recent advances 
in food preservation have heen made in the f1eld of 
frozen foods. They now make it possible for most 
housewives in the United States to serve fruits and 
vegetables of many kinds virtually "field fresh" at any 
season. One new product, the result of applying a new 
principle of food preservation, is frozen concentrated 
orange juice. Its production this year-some 7 or 8 
million gallons-will consume about 10 percent of the 
orange crop in Florida, as well as a por,ion ot the Cali
fornia crop. This concentrate, when mixed with water, 
makes orange juice that is almost identical in flavor and 
nutritional value to fresh orange juice. Yet the concen
trate itself has only one-quarter to one-third the bulk of 
the fresh juice and will keep satisfactorily in frozen 
storage for more than a year. Both grape and grape
fruit juices are now processed commercially in this way. 
The new method of concentration and freezing might be 
extended with advantage to other fruits, particularly 
some of those produced in the tropics. 

Another development of considerable promise, now in 
an advanced stage of experimentation, is dehydro
freezing. This process combines the virtues of quick
freezing fruits and vegetables with the advantages of 
reduced weight and bulk made possible by partial de
hydration. Dehydrofrozen peas. apples, apricots, and 
other products have excellent flavor and are easy to 
reconstitute in the kitchen. They occupy only about 
half the space in frozen storage and have about half the 
weight of conventionally frozen products. Experimental 
results show that the additional costs involved in drying 
are more than offset by savings in packaging, trans
porting, and storing these new products. 

Still another new development is a method for re
covering and concentrating the natural flavor essences 
of apples and other fruits. ln manufacturing many fruit 
products, the full flavor of the fresh fruit is often com
pletely lost. But now equipment and techniques have 
been devised for capturing the volatile flavor constituents 
of fresh fruits, so that they can later be added to fruit 
products in the final stages of processing to give them 
better flavor. Commercial production of apple essence 
by this method is already underway, and the process is 
applicable to many other fruits. Like the production of 
frozen fruit concentrates, the recovery and concentration 
of fruit essences-particularly those of various delect
able tropical fruits, which have not yet found a place 
in international trade--has promising possibilities. 
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III 

Besides giving us new techniques of food preservation, 
chemurgy has contributed greatly to our wealth of 
"creatable resources" through the processing of farm 
products to obtain starches, sugars, oils, proteins, and 
other constituents that can be used in the manufacture 
of foods and feeds and as industrial raw materials. The 
wet-milling of corn, or maize, and the processing of 
soybeans and other oilseeds are major chemurgic enter
prises of this kind. 

The corn refining, or wet-milling, industry achieves 
almost complete utilization of one agricultural product, 
the maize kernel. This industry consumes substantially 
more than 100 million bushels of maize each year. Its 
output of sugar, starch, corn oil, gluten, and other 
materials-which totals several billion pounds annual
ly-finds scores of industrial, food, and feed uses. 

A new chemurgic crop of increasing importance today 
is grain sorghum. It grows better than maize in semi
arid climates and is therefore of particular interest to 
farmers in the southwestern United States. Research 
has given us a wet-milling process for grain sorghum 
and laid the foundation for a new industry in the Amer
ican Southwest. One large plant in Texas is now pro
ducing starch, commercial feeds, sweeteners, fermentable 
s11gars, and vegetable oil from this grain. 

The soybean is the outstanding example of a crop 
r:~cently introduced into the United States which has 
achieved true chemurgic success. As you know, soy
bean oil, protein, and other constituents are now used in 
literally hundreds of food and industrial products. When 
\ V orld War II cut off American imports of vegetable 
oils and fats from the Far East, the soybean was the 
only domestic oilseed that could be grown in sufficient 
quantity to meet the deficit. Production of this crop was 
almost tripled during the war, and in 1947 it reached 
a record total of 10 billion pounds of soybeans. The 
agricultural achievement of the ~i[idwest has made it 
possible for the United States to help supply Europe 
with badly needed vegetable fats and oil in the years 
since the war. 

A great deal of research still needs to be done to de
velop improved methods of processing soybeans, to 
increase the flavor stability of soybean oil so that its 
food uses can be expanded, and to improve the drying 
quality of the oil for wider use in paints and other pro
tective coatings. The fermentation of soybean meal to 
produce high-protein "cheeses" and similar products
which have long been important in Chinese diets-is 
now receiving attention in this country. This method of 
utilizing the soybean should be of especial interest to 
countries that have critical shortages of animal proteins. 

The same type of research that is helping to expand 
markets for soybeans in the ~'Tidwest is being applied to 
problems of processing and utilizing peanuts and cotton
seed in the South. Adaption of solvent-extraction pro
cedures to these important oilseeds is a major objective 
of current research in this field. The future of chemurgy 
in the southern United States seems generally bright, 
and developments in this region may well provide the 
key to chemurgic expansion in other areas of the world 
with a similar climate. 

Perhaps the most important chemurgic development 
in the United States during the last few years has been 
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the tremendous expansion in the fermentation indus
tries, which produce antibiotics, feed yeast, vitamins, 
industrial alcohol, and other needed products. A great 
impetus was given to developments in this entire field 
by the discovery of penicillin and the perfection of 
methods for the large-scale production of this vital drug 
by submerged-culture fermentation. The fermentation 
industries provide, among other things, substantial out
lets for agricultural wastes and byproducts. Millions of 
pounds of corn steepwater, a byproduct of the wet
milling of maize, and lactose, or milk sugar, a byproduct 
of butter and cheese manufacture, are now used as 
nutrients for growing the microorganisms that produce 
penicillin and streptomycin. Fruit pulp and waste juices 
from the fruit-preserving industry are other agricultural 
wastes that find use in fermentation processes. 

One interesting new development in fermentation is 
the production of mushroom spawn in submerged cul
ture. This product has as good nutritional quality as 
food yeast and can be grown in equal quantities by 
similar methods. But this type of mushroom mycelium is 
superior in flavor to yeast-it tastes like ordinary mush
rooms. Riboflavin, or vitamin B2, is another new prod
uct of fermentation. ·An intensive search is now under
way in the United States to find a microorganism that 
will produce vitamin B12 , the "animal protein factor" or 
anti-pernicious-anemia vitamin. This substance has been 
furnished in livestock feeds chiefly by meat scraps and 
fish meal, but these materials have recently been in short 
supply. 

No discussion of chemurgy would be complete with
out some mention of the production of industrirrl rrlcohol 
from grains and other agricultural materials and its use 
as a supplementary motor fuel. This is a complex sub
ject and I can only touch on it briefly here. A tremen
dous amount of work is being done in the United States 
to develop new and cheaper methods of producing alco
hol and to utilize it as motor fuel. Perhaps the most 
significant development in this field, which may be of 
interest to many countries, is the use of alcohol as an 
anti-knock agent in engines by direct, automatic injec
tion into the engine manifolds of automotive vehicles. 

Until recently, alcohol has been employed as motor 
fuel chiefly in blend with gasoline, and a number of 
other countries have had more practical experience with 
this method than has the United States. The advantage 
of the direct-injection method is that the alcohol is used 
only when needed-that is, when the automobile or 
other vehicle is under heavy load, as in starting, accel
erating, or climbing hills. This occurs only during about 
5 percent of normal driving time. Using alcohol in this 
manner as an anti-knock agent pennies efficient use of 
relatively low-octane gasoline as the main fuel. If 
widely adopted, this procedure could make possible a 
significant extension of a nation's petroleum resources. 

IV 
In this brief discussion I have had time to mention 

only a few of the highlights of chemurgy's present and 
potential contribution to the conservation and use of 
agricultural resources and to the creation of new re
sources. I have tried to show how chemurgy enables us 
to create new wealth from reproducible ag-ricultural 
materials, giving rise to new industries and increasing 
employment. \Ve all realize that Fortune has not dealt 
equally with the nations represented here in regard to 
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the distribution of mineral resources. But the distri
bution of rain and sunshine and tillable soil has been in 
general more equitable. By making possible more 
efficient use of these resources and of the annually 
reproducible crops they yield, chemurgy can and should 
contribute greatly to the welfare of all countries. 

Science and technology, and the facilities for making 
them effective, are indispensable for the achievement of 
world advances in chemurgy. \Vorkers for chemurgic 
laboratories and factories must be trained in greater 
numbers in many countries. The United States is 
already taking steps to assist other nations with such 
training, in line with "Point Four" of President Tru
man's Inaugural Address. We have only made a begin
ning, and much more should be and undoubtedly will 
be done. My own Bureau has for some years provided 
laboratory training for scientists and technicians from 
other countries. This program is being continued, and 
we hope that these trainees will be able to plant the 
seeds of chemurgic enterprise all over the world. The 
Bureau has available a great deal of information on 
fundamental and applied chemurgic research, and we 
are interested in disseminating this information to all 
who can profit by it. 

In closing I should like to emphasize that the contri
bution of chemurgy is made jointly by agriculture, 
science, and industry. Chemurgic progress can be 
achieved only as a result of effective coordination of 
many diverse lines of effort. It requires a high degree 
of efficiency in all phases of planting, cultivating, and 
harvesting crops, in processing and utilizing agricultural 
materials, and finally in marketing new chemurgic prod
ucts. Good farming practices and soil conservation; 
energetic and forward-looking research; industrial enter
prise and engineering "know-how"; efficient, well-organ-

The CHAIRMAN: Thank you, Dr. Hilbert. The next 
speaker will be Dr.]. A. Hall, Director, Pacific North
west Forest and Range Experiment Station, United 

ized transportation facilities; even aggressive adver
tising and merchandising-all these have an important 
part to play in the success of chemurgic undertakings. 

Although the contribution of chemurgy to the national 
welfare of this and other countries is already consider
able, it will surely become even greater in the years 
ahead. \V e know that the crops can be produced, and 
that they can be converted into an increasing number 
of needed products. Chemurgy is an outstanding ex
ample of how freely organized human effort--expended 
in agriculture, business, and industry ; guided by sci
ence; and made effective through applied technology
can create new wealth and the materials for a better 
human life from the world's elementary resources. 
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Mr. HALL delivered the following paper: 

Wood Fibre-Creatable Resource of Wide Utility 

J. A. HALL 

ABSTRACT 

Per capita annual consumption of industrial wood fibre and derivatives ranges from less than 2 pounds in 
Asia and Africa to 244 pounds in the United States and Canada. There is a broad relationship between level of 
living and these figures. 

The fields of usefulness of wood fibre cover building boards, paper in its thousands of forms, and artificial 
fibre and plastics in a never-ending variety. For shelter and clothing, these products of industrialization repre
sent the ability of man to derive a wealth of goods from land unsuited to the plow. 

By-products of pulp manufacture are alcohol and food yeast, both of which lessen the impact upon food
producing lands. Likewise, increasing use of wood for rayon lessens the necessity of using land for fibre 
production. 

Most powerful potentiality is the production of crude sugar from wood hydrolysis and the conversion 
of this to industrial materials and food. Through this avenue, in the long run, wood offers a vast opportunity 
as a creatable resource of first rank. 

These opportunities can be realized only through the spread of industrial techniques throughout the world 
and t.he rehabilitation and wise use of the world's forests. 
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The existence of any universally satisfactory criterion 
with which to estimate the relative well-being of peoples 
is doubtful. If one uses any of the specific indicators 
that have been suggested, errors of omission usually 
predominate over revealed factual relations. Also, there 
must first be established a reasonably accurate meaning 
of :he term "relative well-being", and this is impossible 
as between economists, technologists, and politicians, to 
say nothing of the difficulties created by the theologians. 

From some points of view, wood, or rather its use, 
offers a satisfactory base for evaluation, but, even then, 
the use of wood in total volume cannot be an accurate 
criterion. In territories where wood in abundance is 
used for fuel, there may still be a low living standard. 
In others with abundant mineral fuels, a high living 
standard may be maintained with a low consumption of 
wood. Let us centre our attention on products derived 
fmm wood fiber and see how their uses relate to relative 
standards of living. 

A table released by the Food and Agriculture Organ
iz<.tion in 1949 (Pulp and Paper, vol. 23, no. 5, page 
50) is quite revealing. It is given partially here. 

Table 1. Consumption of wood pulp products, 1949 

High Medium 
Pounds 

C OW!fry 

United States 
Sweden 

per capita 

Canada 
Finland 
Norway 
New Zealand 
Australia 
Denmark 
Netherlands 
Belgium 
Switzerland 
United Kingdom 

251 
196 
174 
132 
128 
115 
110 
88 
81 
79 
68 
57 

Pounds 
Country 

Ireland 
France 
Cuba 
Austria 
Mexico 
Italy 

per capita 

Dutch West 
Indies 

44 
42 
31 
22 
18 
18 

15 

The rest of the world averages mostly less than 2 
pounds per capita annual consumption of wood pulp 
products with a few exceptions reaching to 5 to 9 
pounds. Figures for Russia and her satellites are, of 
course, not available. 

Table 2. Consumption of wood pulp and products, 1947 

Pounds per capita 

All of the world . . . . . . . . . • . . . . . . . . . . . . . . . . . . 30.87 
U. S., Canada, and Newfoundland . . . . . . . . . . . . 244.75 
Oceania (Aus., New Zea., New Cal.) .. . . . . . . . 122.45 
Europe . . . . . . . • . . . . . . . . . . . . . . . . . . • . . . . . . . . . . 46.3 
Latin America . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . 17.00 
Near East and North Africa . . . . . . . . . . . . • . . . . 4.41 
South Asia and East Asia . . . . . . . . . . . . . . . . . . . 0.08 
South Africa . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.00 

These tables serve to set forth dramatically the fol
lowing roughly factual conclusions : 

1. About half the world population uses so little wood 
pulp products as to be almost negligible in the total. 

2. Illiteracy, disease, and chronic hunger are most 
prevalent in this half of the world. 

3. There appears a broad relation between degree of 
industrialization and rate of consumption of pulp prod
nets with some notable exceptions, for example the 
United Kingdom, that are explicable on other grounds. 

It would be easy to fall into error by assuming a 
hroad causal relationship between wood fibre consump
tion and level of living. The best that can be adduced is 
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the not too firm conclusion that a high level of consump
tion of wood fibre products tends to accompany a high 
living standard, and it is then necessary to seek the 
fundamental reasons why this should be true. 

It must be recognized, also, that very high levels of 
wood pulp consumption may represent extravagant and 
wasteful uses, and that medium consumptions may 
represent efficient use of the material in a reasonably 
abundant general economy. 

One thing emerges clearly. Either the presence of a 
high degree of industrialization, or the resources with 
which to buy the products of industry, or both, invari
ably accompany large consumption of wood pulp prod
ucts. It might be inferred that a high degree of indus
trialization creates a high demand for wood pulp, but 
it is perhaps more accurate to state that the same con
ditions that create a high state of industrialization also 
create consuming capacity for wood pulp. 

Chemical wood pulp and its products are creations 
of the modern industrial economy. Conversely, modern 
industrial economy increasingly makes use of wood fibre 
for the production of myriad forms of goods ranging in 
technical complexity from the crudest use in simple 
building boards to the sheerest of silken fibres for lux
ury wear. There is no visible limit to the amount of 
wood fibre that could be used by the peoples of the 
world. But there are very serious limitations on the 
ability of these peoples to make use of this remarkable 
material and its versatile capacity to satisfy human 
needs, not only for paper, fibre, and building materials, 
but for food. 

These limitations do not lie in the inherent qualities 
of the material, nor in the lack of technological skills 
with which to effect the conversion of wood fibre into 
its manifold forms. They lie rather in the unavailability 
of industrial techniques to those peoples who most bit
terly need them, and in the lack of forests to those 
countries which could best use their products to alleviate 
some of their ills. 

It was not by accident that the industrial system 
bloomed in Europe and reached its present high state 
in America. Juxtaposition of coal, iron and abundant 
wood gave the basic raw materials for the development 
of the industrial system. They awaited only the catalysis 
of steam power, and later electric and hydrocarbon 
power to give rise to the marvelously complex and inte
grated system that we call modern industry. Not the 
least of the important factors in this complex was wood, 
without which coal and iron are not widely mined nor 
transported. And above all, wood fibre furnished the 
medium upon which the written word became rapidly 
circulated, technological information, scientific and eco
nomic news becan1e universally available, and a literate 
community became possible. 

The industrial system fed upon its O¥:n products 
and grew from its own strength. Only a system capable 
of fabricating huge and powerful metal machinery and 
vessels and chemicals in mass could produce the volumes 
of wood fibre products that characterize the industrial 
nations today. 

The wood cellulose industry is less than a hundred 
years old. It is founded upon a comparatively few basic 
scientific facts and these are only now being elaborated 
so that the future holds greater promise than even the 
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rich present in the capacity of wood fibre to serve our 
needs and wants. 

Fundamentally, wood fibre is a quite complex affair, 
bound together in the form of solid wood. Physically, 
it varies in length and thickness and structure according 
to tree species and thus is introduced a variable that has 
a great deal to do with the industrial use of defiberized 
wood, a tenn generally used to describe the product 
of the reduction of solid wood to its component parts, 
the fibres themselves. 

These are usually spoken of as mixtures of cellulose, 
lignin, and an ill-defined group of materials of variable 
composition denominated as hemicelluloses. Lignin is 
thought of as a sort of cementing material that not only 
impregnates the fibre itself but joins the fibres into the 
solid state of wood. Actually, there is a great deal of 
argument as to the structure of wood and the nature of 
lignin. \V ood, treated in various ways by various chem
icals, can be reduced to several fractions, of which some
thing called lignin is one. The form, character, and 
chemical structure of lignin vary quite broadly in ac
cordance with its method of preparation. There is no 
firm evidence that it exists in the primordial wood in 
the form in which it is isolated, and there is reasonablv 
good evidence that it exists in the wood in a different 
form, probably in combination with the cellnlosc and 
hemicellulose components of the fibre. 

Thus it can be seen that wood fibre is a complex 
system. A thoroughly inaccurate but perhaps illustrative 
description might be to conceive a core of cellulose, sur
rounded by envelopes of hemicelluloses and then an en
velope of lignin. Thus chemical treatments, as in chem
ical pulping processes, attack the lignin, dissolve part of 
the hemicelluloses and leave the cellulose. Actually, 
nothing of the sort takes place, for lignin and hemi
cellulose appear to be throughout the entire fibre. 

About 125 years ago, proof was given that cellulose 
consisted of glucose molecules joined together. Much 
later, in fact within the last 25 years, we have learned 
not only the structural mechanism by which they are 
joined, but a great deal about the length of the chains 
thus created. \Ve have learned that wood cellulose itself 
is quite highly variable as regards the length of the 
chains of glucose molecules constituting it, and that the 
length of these chains has a great deal to do with the 
properties of the various fibres and films made from it. 

The so-called hemicelluloses are more complex still. 
They consist of various kinds of molecules of several 
six- and five-carbon-atom sugars plus an occasional ox
idized sugar making up another family known as the 
uronic acids. Generally speaking, about half the wood 
fibre is cellulose, about a fourth lignin, and about a 
fourth hemicelluloses. 

The simplest form of industrial wood fibre is pro
duced by mechanically subdividing wood into its con
stituent fibres. The most common form of this process 
consists in holding the wood billet against a rapidly 
revolving abrasive stone, while playing enough water on 
the point of contact to keep down heat and wash away 
the liberated fibre. This is the· "ground wood" that 
makes up a large proportion of newsprint. The fibre 
produced is short and broken, contains all or most of 
the natural lignin and hemicellulose content, and is 
mostly useful for its mechanical properties in combina
tion with other types of pulp. 

The next simplest form of producing wood fibre con
sists of softening the wood by heating with water or 
steam, followed by mechanical defiberizing in a special 
type of attrition mill. Yields of coarse fibre up to 85 
per cent or more of the weight of wood are obtained. 
These fibre bundles are extremely useful for structural 
boards and roofing felt. 

By using mild chemical agents and heat to soften the 
bonds between the fibres, probably loosening lignin
hemicellulose bonds, and then using mechanical means 
to effect defiberization, a very useful pulp, semi-chemi
cal, is obtained. Numerous of these so-called semi
chemical processes have been developed and are entering 
industry. They produce high yields of wood pulp, up 
to 78 per cent or more, and are promising to be of broad 
usefulness in many grades of paper where strength and 
not white color are of greatest value. These semi-chem
ical pulps can be bleached satisfactorily with yields up 
to 5;, per cent. 

It will be noted that these processes, the mechanical 
and semi-chemical, depend upon mechanical means to 
effect the desired sub-division of wood into fibres. 
Strangely enough, the earliest pulping processes did not 
use these principles at all. They depended rather upon 
chemical treatments to dissolve away the lignin and most 
of the hemicellulose components, leaving the fibre skele
ton of more or less pure cellulose for subsequent manu
facture into paper and other pulp products. Through 
various stages of development, two major types of in
dustrial chemical pulping processes have developed : 1) 
acid processes, exemplified by the sulphite process, 
principally applied to the spruces, true firs, and hem
locks; and 2) the alkaline processes, exemplified by the 
"kraft" or sulphate process, principally applied hitherto 
to. the pines, but :inding increasing applicability to a 
w1de range of hardwood or broad-leaved species. 

Both these processes have as their aim the solntion of 
the lignin and the leaving of the cellulose in fibre form. 
The strength of chemicals used, and the time and 
temperature of the cooking process, have much to do 
with the yield and characteristics of the pulp produced. 
These conditions and the wood species used are varied 
widely in accordance with the desire to produce wood 
pulps that can meet an enormous variety of require
ments. These may cover the entire range from nearly 
pure "alpha-cellulose" for rayon manufacture to a crude, 
unbleached pulp for manufacture of a fibre board; from a 
high-grade "bond" paper to a coarse "butcher's wrap
per". Fortunately, by proper choice of species and con
ditions, reproducible materials can be manufactured, an 
inescapable requirement of our complex industrial sys
tem. 

It is to be noted that the length of cellulose chains and 
the size of "giant" cellulose molecules produced in the 
pulping processes are dependent in large degree upon 
the relative severitv of the chemical treatments to which 
the wood is subje~ted. Herein lie certain potential ad
vantages of the "semi-chemical" pulps for further manu
facture into artificial fibres, for the mild treatment in 
these processes leaves the original cellulose more nearly 
unchanged. Processes have been designed to remove 
the hemicelluloses and lignin from these pulps, with 
remarkably high yields of alpha-cellulose in forms suit
able for textile or sheet plastic manufacture: 

A further new process of pulping, still under develop-
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ment in the United States, dissolves the lignin by a very 
mild process, leaving the carbohydrate mixture of two
thirds cellulose and one-third hemicellulose. This may 
be used as pulp or further separated into alpha-cellulose 
of high purity and the hemicellulose fraction. This lat
ter is really a new industrial raw material of wide poten
tial usefulness. 

:)aper and pulp products from these various processes 
constitute literally thousands of useful items that are so 
familiar in the modem industrial world that we hardly 
give them a thought. Yet the newer uses are worthy of 
a second glance. A huge new industry has been built 
on wood pulp in the form of building boards, softboard, 
quarterboard, or hardboard, some taking the place of 
lumber and plywood and some finding their own new 
spheres of usefulness. \Vith the advent of the new syn
thetic resins, various types of hard, dense, facing mate
rials are bonded to cores of wood pulp, to give strong 
and beautiful construction materials never before seen. 
Paper sheets, impregnated with resin, compressed and 
formed under heat, yield new materials, hard, strong 
awl dense, fireproof and impervious to moisture, unique 
sul 1stances but basically wood fibre. 

During the late war, paper packages were developed 
in which new resins were incorporated into the pulp 
st(·ck to produce greater strength when wet. The aim 
w~.s to produce packages that could be floated ashore and 
withstand the tropical climate. They were successful 
and now fill an ever-widening sphere of usefulness in 
the packaging of peacetime goods for transport. 

For the most part we have been discussing wood 
fibre and its products that depend upon the preservation 
of the original form and structure of the fibre itself, at 
least in so far as the arrangement of cellulose is con
cerned. While these uses bulk very large in tonnage 
consumed and are of tremendous importance in all as
pects of modem industrial civilization, other manifesta
tions of the versatility of wood fibre render it almost 
omnipresent in our civilization. One can never tell by 
looking whether one is dealing with wood cellulose of 
some sort in a new form. 

For the most part these new forms take on two 
general characters; either they are cellulose fibre derived 
by solution of the original wood cellulose and reprecipi
tating it in fibre or sheet fonn, or they are some chem
ical derivative of cellulose appearing as a plastic or 
mixture of plastics in some form or other. 

Perhaps the oldest of the plastics family was celluloid, 
which was essentially cellulose nitrate plasticized by the 
addition of camphor. Originally most cellulose nitrate, 
whether for celluloid manufacture or later for guncotton, 
was manufactured from cotton linters. As the volume 
and purity of wood cellulose have increased, more and 
more of the cellulose chemical industry has been based 
upon the use of wood fibre. This new raw material has 
developed into one which is easily reproducible and not 
subject to seasonal variations and climatic changes. 

The earliest synthetic fibre was based upon the solu
bility of cellulose in cuprammonium solution and its 
reprecipitation in fibre form. Later came the treatment 
of cellulose with acetic acid and the recovery of acetate 
rayon as fibre, sheet, and plastic castings. And finally 
came the viscose rayon processes by which cellulose is 
converted to cellulose xanthate and then regenerated as 
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ftbre or film. The last process has grown very rapidly 
and now dominates the rayon field. 

The relative importance of rayon in world economy 
may be appreciated by setting its annual production, 
nearly 2,500 million pounds, against world production 
of cotton, about 11,000 million pounds. Thus rayon 
production approaches 25 per cent of cotton production. 
This figure does not include tonnages of regenerated 
cellulose, cellulose esters and ethers used in the extensive 
plastic molding industry and sheet plastic industry that 
have grown upon a cellulose base. 

It is of great significance that in the United States, 
in 1948, 81 per cent of the rayon production was from 
wood pulp. For a long time wood pulp was used mostly 
in viscose rayon, as its production in higher refinement 
was not sufficiently perfect for wide use in the field of 
acetate rayon. However, recent development of a new 
method for making rayon pulp in the United States out 
of southern hardwoods by an alkaline two-stage cooking 
process is expected to increase the availability of wood 
cellulose for the manufacture of cellulose acetate prod
ucts. 

There is a long list of commercially important cellu
lose esters and ethers that are being manufactured for 
both general and special uses in lacquer and plastic 
fields. 

Much of the progress in recent years in the field of 
adapting wood fibre to this expanding field of usefulness 
has grown from our broadened knowledge of the basic 
nature of the wood fibre itself and the fundamental 
chemistry of the cellulose molecule. It is only in recent 
years that the chemistry of high polymers has been so 
well cultivated that we have reached the stage in which 
we can speak of cellulose molecules and chains with some 
degree of accurate meaning. Chain length and molecular 
size have all to do with the tenacity and strength of regen
erated cellulose fibres and films made from wood cellu
lose. As pointed out before, this is a widely variable 
property, according to the method of preparation of 
the wood pulp. Only recently has meaning been given 
to the term "reactivity" as applied to cellulose. We are 
witnessing more and more the advent of new materials 
based on cellulose that require the production of alpha
cellulose of high purity and of predictable properties in 
industrial quantities. As our knowledge of the funda
mental reasons for the variable properties of industrial 
cellulose of high purity, and of predictable properties, in 
the content of alpha-cellulose, but the average chain 
length and limits between which chain lengths may vary 
and the specific reactivity of the cellulose chains under 
definite conditions. These requirements for highly spe
cialized properties in wood cellulose are now known to 
be characteristic not only of its method of preparation, 
but of ~he manner of its formation in the living wood. 
In the future we shall select species for special uses and 
give them even more highly specialized methods of 
cellulose extraction. 

Increasing production of the fibre requirements of 
the world from wood fibre in some form or other is not 
without significance to \vorld food supply. For it is to 
be remembered that these fibres are produced by indus
try from land that is for the most part ill-suited for 
agriculture. Thus wood, through the medium of syn
thetic fibres, tends to relieve the pressure on agricultural 
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land for fibre production and thus serves to augment the production of yeast from sulphite waste liquor have 
potential food supply. been successfully executed. 

Not only in the production of fibre but in the produc- The utilization of waste pulp liquors from acid pulp-
tion of sugar and sugar derivatives can wood fibre take ing processes is obviously confined to countries produc
over a large part of the burden borne by agricultural ing woods capable of being pulped by such liquors, and 
land. This fact arises from the long known fact that these are not scattered widely over the face of the earth. 
wood fibre can be chemically resolved into its component They are, for the most part, the spruces, true firs, and 
simple sugars and lignin. Although this basic fact has hemlocks. Hardwoods are not easily pulped by sui
been known for over 125 years, it has only been in phite liquors, nor are the pines after they have reached 

the age when heartwood has begun to form. Also, the 
comparatively recent years that technical and engineer- capacity of sulphite waste liquor to produce industrial 
ing knowledge has advanced far enough to warrant the raw materials or food is strictly limited to the base 
establishment of a large industry based on wood sugar. capacity of the pulp plants themselves, and these exist 

The acid pulping process, notably the sulphite process, almost entirely in highly industrialized countries. Be
splits off considerable quantities of sugar from the wood cause of these limitations, men have sought to utilize 
fibre during the chemical treatment designed to yield successfully the tremendous reservoirs of available car
wood pulp. Generally speaking, the waste pulping bohydrate material, represented in the world's wood 
liquors from these factories contain from 1.5 per cent to crop, in the production of cheap sugars, both as indus-
3 per cent of sugar in solution. As would be expected, trial raw material and potential food supply. 
this sugar content is a mixture of simple sugars, about Early attempts were made in Europe and in North 
60 per cent being glucose or close relatives, and the America in the first years of the 20th century. The 
rest being five-carbon-atom sugars, mostly xylose. first plant in North America was attempted at Port 

Most of the five-carbon-atom sugars are derived from Hadlock, Washington, in 1905. During the First World 
the previously mentioned hemicelluloses by a process War two factories operated in the United States that 

successfully produced industrial alcohol from southern 
known as hydrolysis, which is essentially the addition of pine sawdust by batch treatment with dilute sulphuric 
water to the complex molecule through the action of the acid under steam pressure and fermentation of the 
dilute acids of the pulping liquors. Part of the six-carbon- resultant crude sugar solution to alcohol. These plants 
atom sugars are formed at the same time, and by the were abandoned at the end of the war, for several 
action of the pulp liquors part of the cellulose is also reasons, principally their inability to compete with cheap 
hydrolyzed, giving rise to larger quantities of six- West Indian molasses as a base for industrial alcohol, 
carbon-atom sugars. and, as a second but important reason, the virtual ex-

This mixture of sugars is characteristic of the simple haustion of the timber supply tributary to the sawmills 
sugar solutions always produced by the hydrolysis of with which they were connected. 
the wood fibre. It is to be observed that in pulping Research has continued, especially in Europe, to the 
processes the objective is to dissolve lignin away from present time, and has been exceptionally active in the 
the wood fibre, leaving the carbohydrate material un- United States since 1941. 
touched, but this cannot be done in such a way as to The well-known Scholler process for the hydrolysis 
effect a clean operation. Therefore, part of the cellulosic of wood to sugar by percolation with dilute sulphuric 
material is actually changed to sugars. In alkaline acid was modified during the Second World War by 
pulping processes, due to the action of the alkaline chemists at the Forest Products Laboratory at Madison, 
medium, the sugars are destroyed. . Wtsconsin, and a plant was built at Springfield, Oregon, 

Now it happens that five-carbon-atom sugars and designed to produce about 5 million gallons of indus
six-carbon-atom sugars can be treated quite differently, trial alcohol per year from sawmill waste. The war 
even in the same solution. Some organisms can ferment ended before this plant was activated, and it has not yet 
six-carbon-atom sugars, for example, to alcohol while operated on anything but an experimental basis. 
leaving the five-carbon sugars untouched. Others can In the meantime, intensive research has continued 
ferment all, with the production of quite an array of M 
materials. Commercially successful processes for the at adison on improved techniques for the production 
fermentation of sulphite waste liquor have been in use of sugar solutions in a pilot plant based on this process 

and the conversion of those sugar solutions into alcohol 
for many years in northern Europe, and there are now and yeast. Likewise, research has continued on the 
three successfully operating plants in North America d · 
manufacturing industrial ethyl alcohol by the fermenta- pro uctton of a 50-per-cent wood molasses from the 
tion of the six-carbon sugars of sulphite waste liquor. approximately 5-per-cent sugar solution that is produced 

by the process. In some plants in Sweden and Switzerland the un-
fermented sugar residue, after the removal of the alco- At the same time, intensive feeding experiments have 
hoi, is further used as a medium for growing certain been conducted at various agricultural colleges through
varieties of yeast, either for human or animal consump- out the United States, in which wood molasses has been 
tion. As a matter of fact, the yeasts that are used in fed to poultry and livestock, and yeast (Torula utilis) 
the production of alcohol by fermentation, under differ- grown on wood-sugar solution has been fed in many 
ent conditions of supply of air produce little or no combinations. The results have been quite good, and 
alcohol and merely multiply themselves. The separation there appear to be no technical obstacles to the large 
and preparation of the resultant yeast is not a highly production of abundant wood molasses for livestock 
difficult process and leads to a nutritious food stuff that feed and abundant wood yeast for the same purposes. 
is about half protein and quite high in certain desirable It is to be observed that in the North American econ
vitamins. In North America, initial operations in the omy little attempt has been made to move in the 
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direction of adapting wood sugar or wood yeast for 
human consumption. Always in the background, how
ever, lies the truth that in case of necessity it can be 
done. It is an easy calculable fact that all the sugar 
requirements of the "Cnited States could be produced 
frum the forest and mill waste of the Pacific Northwest 
if it became necessary to do so. 

There are several aspects to the potentially large pro
duction of wood sugar, and products derivable from it, 
that bear directly upon the world-wide food problem. 
In the first place, industrial alcohol is an increasingly 
important raw materiaL The shrinking petroleum sup
plies and the never-ending demands for internal com
bustion fuel indicate that in the future combined use of 
alcohol and hydrocarbon fuels must demand the atten
tion of engineers. The use of alcohol in combination 
with hydrocarbon fuels has been repeatedly demon
strated to increase the efficiency of the use of the latter. 
However, the two most important materials for the 
production of industrial alcohol are: 1) fermentation of 
sugars or grains which are agricultural products, and z: refinery waste gases or other by-products of petro
leJm manufacture. It is to be observed that industrial 
aL:ohol production in the first case may be conceived as 
ccmpeting for food supply and in the second case com
pding for important materials needed for power and 
tnnsportation. 

vVood can relieve agriculture and the petroleum indus
try of the task of producing industrial alcohol. Whether 
o.r n?t it will, remains in the realm of economic prognos
ticatiOn. 

"Cnfortunately, the production of wood sugar and 
the products that can be made from it is possible today 
only in countries already possessed of two basic require
ments: 1) forests and forest industries, and 2) highly 
developed industrial organizations and technical knowl
edge. It is important to recognize that both of these 
important factors do not exist together in very many 
countries of the world, and one, or both, are con
spicuously absent from most of the parts of the world in 
which chronic hunger prevails. It is well that those 
countries that have the forest resources and the indus
trial ability should develop the technology for broader 
use of this tremendous potential contribution of wood 
to basic world economy. But it is well, also, to realize 
that the full power of the contribution of wood cannot 
be felt unless and until both these factors have become 
more wide-spread. 

In the recently released Forest Resources of the 
World, put out by the Food and Agriculture Organ
ization, the world-wide shortage of forests is very well 
portrayed. There are only a few bright spots in which 
we may confidently expect steady progress in the pro
duction of forest materials. As a general thing, wood 
volumes and forest areas are still decreasing. It is tragic, 
also, that the more primitive the community and the 
lower it is on the industrial scale, the greater the impact 
is likely to be upon the forest. And yet, world-wide 
abundance of forests, coupled with a world-wide distri
bution of industrial facilities, could probably make as 
great a contribution to the alleviation of world-wide 
want as any resource that >Ve can conceive. For, re
member, the forest generally grows on land that is not 
suited to the plow. It is true that historically there has 
been, and still continues, a never-ceasing competition 
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between the nomadic herds of sheep, or goats, or cattle 
and the forest. Likewise, the exhaustion of the forest 
usually follows upon the crowding of population upon 
fuel supply in those countries where coal and petroleum 
are not known. 

There is probably, world-wide, enough forest land 
to meet all the tasks that might be asked thereof if all 
the forests were productive. But, generally speaking, 
this is not the case. For example, the total forested area 
of the world is estimated in this report to be 3,978 
million hectares, of which two thirds is classed as pro
ductive. In Africa, often thought of as abundant in 
forests, the nonproductive proportion reached 64 per 
cent of the whole. 

vVe are discussing creatable resources, and I submit 
that because of the versatility of wood fibre, because of 
the many ways in which it is already contributing, and 
the many ways in which it can contribute to a much 
greater degree to the subsistence and economic stability 
of the world, the forest is, indeed, to be considered as 
an important creatable resource. 

It is estimated in the F AO report mentioned above 
that the forests of the world are capable of providing 
reasonably adequate supplies of their products to a popu
lation larger than now exists, but with the proviso that 
productive forests must be treated as renewable crops 
and the wide-spread devastation of forests must be 
stopped. 

Glesinger, in his book The Coming Age of Wood, 
estimates that there are 3,000 million acres of forest 
now in use supplying annually not quite 1,200 million 
tons of wood. He estimates, conservatively, that there 
can be from this land a perpetual harvest of 3,000 mil
lion tons of wood a year under proper management. 

There are 5,000 million acres of virgin forest in 
Africa, South America, Alaska, and Siberia that will 
be brought into the world economy and, if well handled, 
can produce an annual 10,000 million tons of wood in 
perpetuity. 

Of the 4,000 million acres of the earth's original forest 
that have been destroyed by man, 1,000 million might 
well be replanted to forest, especially since much of this 
land exists where the population is most greatly in 
need of the products of the forest. 

The potential output of the 9,000 million acres of 
world forest properly managed could be 14,000 million 
tons of wood a year and millions of tons of industrial 
products derivable therefrom. One may reduce this 
figure by any degree of conservatism that seems desir
able and still conclude that the forest through the 
medium of wood fibre and its derivatives can make a 
tremendous contribution to the amelioration of world
wide hunger and want. 

I have made a simple calculation. The cost per day 
of the Second World War was a little over $500,000,000. 
At present in the United States it costs about $25 per 
acre to reforest denuded land. The cost of one day of 
the Second \Vorld War would reforest 20 million acres. 
The cost of that war for fifty days would have reforested 
the entire 1,000 million acres that Glesinger estimates 
could be properly reclothed with trees. I am not so 
naive as to believe that we are on the verge of any such 
undertaking. But we are in the possession of scientific 
knowledge, industrial skill, and industrial plant with 
which to spread the potential benefits of the forest to the 
uttermost ends of the inhabited earth. 
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The CHAIRMAN: Thank you, Dr. Hall. I now call 
on Dr. Harry Lundin of the Royal Institute of Tech-

nology, Stockholm, Sweden, to deliver his paper. 
Mr. LuNDIN delivered the follo'ltling paper: 

Fat Synthesis by Micro-organisms and Its Possible 

Applications in the Food Industry 

HARRY LUNDIN 

ABSTRACT 

By aerated cultivation of the type employed in the manufacture of baker's yeast or Torulopsis uti/is 
(protein yeast) and employing a special fat-producing micro-organism, Rbodotorula gracilis (fat yeast), it is 
possible to produce a cell substance containing over 60 per cent fat, dry basis. 

In order to attain a high yield of fat, it appears suitable to divide the cultivation into two phases: a 
continuous growth phase with moderate fat formation and a continuous fattening phase in which the fat for
mation is very prominent. During the growth phase (6 hours) the ratio nitrogen:sugar in the substrate 
should be high, which causes the organism to increase at a considerable rate. During the fattening phase 
(approximately 2 days) the ratio nitrogen:sugar should be low. The organism thereby consumes most of 
the sugar, converting a considerable part of it into fat. In industrial production these phases may suitably 
be separated. 

The fat yeast formed has the following composition: 
Fat 42 per cent Carbohydrates 31 per cent 
Protein 23 per cent Mineral substances 4 per cent 

The composition of the component fatty acids of Rhodotorula fat is rather close to that of the fruit 
coat fats (palm oil fat). 

The components of the vitamin-B complex and the provitamins A and D are present in the fat yeast. 
From 100 kilogrammes of sugar are obtained the following: 14.7 kilogrammes of fat, 8.1 of protein, 10.8 

of carbohydrates and 1.4 of mineral substances. 
Cane-sugar molasses has been used as a raw material with good result. In the Far East molasses is 

very cheap. Cheap sugar containing solutions may also be obtained from the prehydrolyses of plant mate
rial, such as straw, prior to the production of cellulose. So far, however, such prehydrolysates are pro
duced only in a few places and in limited quantities. 

The costs for chemicals, fuel, electric power, repairs, packing, freights, insurance, salaries, and for 
capital investment are difficult to estimate but may amount to about $0.25 per kilogramme, dry basis, of 
fat yeast. The cost of sugar in the raw material (molasses, prehydrolysates) per kilogramme of dry yeast 
produced may vary from zero to $0.30. The total costs for the production of one kilogramme, dry basis, 
of fat yeast may thus vary between $0.25 and $0.55. 

From the physiological as well as economical point of view it is advantageous to use the fat yeast as 
such as a food, without preparatory treatment other than washing, autolyses, drying and grinding. In this 
way not only the fat of the yeast but also the proteins, vitamins and mineral salts are utilized. The taste 
of the fat yeast is superior to that of T. utilis yeast. It should preferably be incorporated in other food
stuffs as, for example, preserved foods (or flour) in such quantities that a daily consumption of 24-48 
grammes of fat yeast, containing 10-20 grammes of fat, 5.5-11 grammes of protein, 200-400 microgrammes 
of thiamin, 500-1,000 microgrammes of riboflavin, 3,000-6,000 microgrammes of niacin,' and appreciable 
quantities of the other B-vitamins and the provitamins A and D, are provided for. The quantities of the 
essential fatty acids, linolic and linolenic, and of the essential aminoacid lysin, are appreciable in Rbodo
torula fat yeast. Such an addition of fat yeast will improve the utilization of proteins and carbohydrates in 
the diet-especially if the diet mainly consists of cereals-and help in preventing such avitaminoses as occur 
in cases of deficiency of the vitamins mentioned. 

1These quantities of thiamin, riboflavin and niacin correspond to about 20-40 per cent of the daily requirement. 

Micro-organisms contain a certain amount of fat as if the fat containing mycelium was fed directly without 
part of the cell structure. Some micro-organisms can, previous fine grinding or extraction. If, on the other 
in addition, store great quantities of fat in their cells. hand, the fat was extracted, the digestibility was nearly 

It has been known since the First World War that 90 per cent, thus approximately the same as the digesti~ 
fat produced by the mould Endomycopsis vernalis can bility of the ordinary fats in human food. 
be used for food without further processing, and that its Investigations concerning the possibilities for indus
composition resembles that of vegetable fats. It was trial production of fat by certain species of Rhodotorula 
used in the baking of bread, for spreading on bread yeast were initiated in Sweden in 1941 by the Wartime 
instead of butter and so on. Tested on animals it was Research Organization following a suggestion by Pro~ 
found that about 60 per cent of the fat could be absorbed fessor Edy V elander. This work was mainly carried out 
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at the Royal Institute of Technology in Stockholm by 
Dr. L. Enebo and co-workers of the Division of Tech
nical Biochemistry and by Dr. N. Nielsen and co-work
ers of the Division of Food Chemistry. Certain parts 
of the work have been carried out in the laboratories 
of Professor R Nilsson (Institute of Agriculture, Up
sala), Professor K. Myrback (University of Stockholm) 
and Dr. S. Brohult (the L.K.B.-Research Laboratory, 
Stockholm). 

A comparative investigation was first carried out with 
twelve different Rhodotorula species. It was shown that 
the different species behaved very differently both in re
gard ~orate of growth and in the matter of fat-producing 
capactty and filterability. Rh. gracilis, Rennerfeldt, 
proved to be decidedly superior to the other eleven va
rieties in these three respects (Enebo, Velander Berg 
Lundin, Nilsson, Myrback, 1944, and Enebo, Anderson' 
Lundin, 1946.) ' 
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Figure L Sugar Content, Quantity of Yeast and Fat Content as 
Functions of Time. 

An observation made by Lindner in 1915, indicating 
that the fat content of Endomycopsis vernalis increases 
if the content of nitrogenous assimilable compounds in 
the substrate is decreased, was confirmed for Rh. gracilis 
for fermentations of short duration (about 20 hours). 
As long as sugar and nitrogen (ammonium sulphate) 
are simultaneously present in the substrate in large 
amounts and the cells are young the protein content 
will be high and the fat formation will be obstructed. 
The contents of fat and protein in Rh. gracilis yeast are 
to a certain extent in an inverse proportion to each other 
so that if the fat content is low the protein content is 
high and vice versa. When working with young cells 
it is feasible to stimulate the formation of fat by decreas- satisfactory. In comparison with baker's yeast and 
ing the supply of nutritive substances necessary for the Torulopsis utilis yeast, for which the time of fermenta
formation of protein, by decreasing the nitrogen-con- tion is some 8 hours, Rh. gracilis requires 50 ( -60) 
taining nutritive substances. If, however, the cultivation hours and equipment of accordingly greater size. 
of Rh. gracilis is continued for a long time (about 25 As fat formation from the point of view of energy re
hours or more) i!l a medium rich in sugar and nitrogen, quires a larger quantity of sugar than does the formation 
old yeast cells wtth a rather high content of fat ( 40 to of proteins and carbohydrates, the yield, obtained from 
50 per cent on the dry basis) will result. the same quantity of sugar, of a yeast rich in fat (a 

Figure 1 shows the sugar content of the substrate and yield of 30-35 per cent) is lower than that of a yeast 
the quantities of yeast and fat as functions of time. The poor in fat and rich in protein (a yield of 45 per cent). 
highest fat content obtained was 63 per cent, dry basis, The yield of energy obtained from the same quantity 
of the yeast. of sugar is, however, as great for a fat yeast as for a 

The diagram indicates that the cultivation process p:otein. yeast, th~ caloric value of a fat yeast being 
consists of two distinct phases, namely, one growth or htgher m proportion to the fat content than the caloric 
protein-formation phase and one fat-formation phase. value of a protein yeast. 
During the growth phase there should be an ample sup- Industrial synthesis of fat, through production of 
ply of sugar and nitrogen (ammonium sulphate). The Rh. yeast rich in fat, may be carried out in such a man
number of yeast cells increases rapidly until about 12y;3 ner that the mass of Rh. yeast formed during a short 
hours have elapsed from the start. The time of genera- "growth-phase", in special closed fermentation vessels 
tion of the yeast cells is short (2 to 3 hours) or about with abundant supply of nitrogen, is transferred into 
the same as in the cultivation of baker's yeast and simple open fermentation vessels, where, during a "fat
Torulopsis utilis. The fat content is low; the protein tening phase", the fat formation takes place in a medium 
content high. The fattening phase commences when low in nitrogen over a comparatively long period. A 
most of the nitrogen in the substrate has been consumed. diagram !or the production of 5,000 tons of Rh. gracilis 
During this phase, ample quantities of sugar are added- yeast ( wtth 42 per cent of fat and 23 per cent of protein) 
but no nitrogen. The growth slows down and the fat per year, i.e. 16 tons per 24 hours, according to this 
content increases rapidly (after 17 hours). The time of method is shown in Figure 2. This diagram represents 
generation of the yeast cells increases to 15 to 18 hours. only one of several possible ways. 
The sugar curve shows a uniform slope, which means B?th the growth phase and the fattening phase are 
that the transition from the phase of ~apid yeast for- contmuous. 
mation and slow fat formation to the subsequent phase As raw material a solution of sugar cane molasses is 
does not influence the consumption of sugar. used. Rh. gracilis can grow in a synthetic medium con-

From a technical point of view the low rate of growth taining no biofactors. On the other hand if the density 
of Rh. gracilis during the period of fat synthesis is less of cell population is low the addition of ~ertain growth 
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factors will accelerate the growth as all growth factors 
are not produced by Rh. gracilis in optimal quantities. 
Molasses contains such growth factors. 

Prehydrolysates of wood and of plant waste material 
(e.g. straw) obtained prior to the production of cellulose 
could probably also be used. In such hydrolysates a 
large proportion of the sugar consists of pentoses. As 
pentoses, however, are not readily assimilable by Rh. 
gracilis, it is necessary that the yeast, previous to its 
being used as a fat producer, through a process of adap
tation acquires the ability to assimilate pentoses with 
sufficient speed. This adaptation requires only a few 
days. So far, however, such prehydrolysates are pro
duced only in a few places and in limited quantities. 

From the storage tank molasses is taken to three tanks 
for dilution with hot water. In the superphosphate treat
ment tank the solution is heated with direct steam and 
calcium is precipitated with superphosphate. The acidity 
is adjusted. After filtration in filter presses the clear 
solution passes through a heat exchanger and thereafter 
through a storage tank and is finally pumped continuous
! y into the growth tanks, where it is fermented with Rh. 
gracilis under heavy aeration. 

The hot water which is generated during the cooling in 
the heat exchanger is used for dilution of the molasses. 

Nutrient salts and water, sterilized with hypochlorite, 
for dilution, are added to the fermenting solution in the 
growth tanks. 

Fermenting mash, still containing most of the sugar, is 
continuously drawn off from the growth tanks to the 
fattening vats at such a rate that the yeast cells stay for 
a mean time of about 6 hours in the growth tanks for 
reproduction. In the fattening vats the cells stay under 
aeration less than 48 hours. During this time they take 
up large quantities of sugar from the mash, converting 
the sugar into fat. From the fattening vats the yeast is 
continuously pumped through a defoaming tank to a 
set of separators where the yeast is washed and concen
trated. The separation process is carried out in three 
steps. After the first and second steps the yeast is 
diluted 10 times with water and washed. 

The wash water from the last separation, which con
tains a certain quantity of yeast cells not removed by the 
separators, is used together with fresh water as wash 
water after the first separation, in order to reduce the 
loss of cells. 

After this process of separation the concentration of 
yeast cells corresponds to 10 g of dry yeast in 100 ml of 
suspension. In a vacuum evaporator the yeast cells are 
autolyzed and the content of dry matter is increased to 
20 per cent. Finally the yeast is dried in a spray or drum 
drier to a moisture content of 8 per cent. 

During the growth phase the composition of the sub
strate should be optimal for growth (rich in nitrogen, 
phosphorus and sugar). 

The growth tanks should preferably be closed and 
aerated with sterilized air in the same way as in a 
penicillin factory but they need not be provided with 
mechanical stirrers. 

During the fattening phase, ample quantities of sugar 
but no nitrogenous compounds are added to the sub
strate. Although there is a comparatively small increase 
in the number of yeast cells, there is a considerable in-
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crease in the size of the cells; from 40( -50) cubic 
microns to 60 ( -70) cubic microns. This is due to a 
formation of large quantities of fat within the cells. The 
vats may be open and need not be aerated with sterilized 
air. One hundred tons of sugar give tons 14.7 of fat, 
8.1 of protein, 10.8 of carbohydrates and 1.4 of mineral 
substances. 

The costs for chemicals, fuel, electric power, repairs, 
packing, freights, insurance, salaries, and for capital in
vestment may amount to about $0.25 per kilogramme of 
dry matter of fat yeast. The costs of sugar in the raw 
material (molasses, prehydrolysate) per kilogramme of 
dry yeast produced may vary from zero to $0.30. The 
total costs for the production of one kilogramme, on 
dry basis, of fat yeast may thus vary between $0.25 and 
$0.55 depending on the costs for the sugar. 

The costs of construction of this plant will amount to 
less than $3,000,000. All costs are calculated accord
ing to Swedish prices, which probably are close to 
American prices. The tanks for the molasses, the tanks 
and the vats for the fermentation process, the separators, 
etc., are made of stainless steel. The capacity of the 
refrigeration system (6,400,000 kg caljhr) is dimen
sioned to meet the requirement of tropical climates. 

The component acid composition of Rhodotorula fat 
has been found to come rather close to the fruit coat 
fats as will be seen in Table 1. The yeast fat contains 
appreciable quantities of linolic and linolenic acids 
which are called "essential" fatty acids as they are not 
produced by the animal body and thus have to be sup
plied with the food. 

Table 1 

Saturated acids Per cent 

c,, 
Palm oil" . . . . . . . . . . . . . 2.4 
Rh. gracilis . . . . . . . . . . 1.1 

41.6 
29.8 

c,. 
6.8 
8.8 

trace 
1.4 

[/11saturated acids per cent 
c,. 

C,. oleic linolic linolenic 

Palm oil" . . . . . . . . . 1.8 38.0 9.5 0.1 
Rh. gracilis . . . . . . . . 1.8 40.1 11.2 4.8 

•Hilditch, Neara and Roels (1947). 

c,. 

1.0 

The amino-acid composition of Rhodotorula protein 
is shown in Table 2, which contains two columns, one 
for the composition of the protein in such Rhodotorula 
as is rich in protein (and poor in fat) and the other 
for such as is poor in protein (and rich in fat). The 
essential amino acids, which cannot be synthesized in 
the body and thus have to be supplied with the food, 
are contained in both kinds of Rh. yeast. 

The contents of the B-vitamins, thiamin, riboflavin 
and niacin in Rh. gracilis with high fat content are 
shown in Table 3. If these contents are referred to 1 gr. 
of protein, it is seen that Rhodotorula rich in fat has 
the same vitamin content as baker's yeast. 

The fat yeast should be used as a food substance in the 
same way as T. utilis yeast, without preparatory treat
ment other than washing, autolyses, drying and grinding. 
In this way not only the fat of the yeast but also the 
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Table 2. Amino-acid composition of Rh. gracilis 

Yeast I Yeast II 
Rich in protein; Rich in fat; 

poor in fat poor in protein 
0:-alanine . . . . . . . . . . . . . . . . . . . . . + + + 
arginine . . . . . . . . . . . . . . . . . . . . . . . + + 
aspartic acid . . . . . . . . . . . . . . . . . . . + =J= 
glutanic acid . . . . . . . . . . . . . . . . . . + + 
~lycine .·. ... . . . . . . . . .. . . . . . . . . . + + 
tso-leucme . . . . . . . . . . . . . . . . . . . . . + + 
leucine . . . . . . . . . . . . . . . . . . . . . . . . + + 
lysine ......................... + + 
proline . . . . . . . . . . . . . . . . . . . . . . . . + + 
serine . . . . . . . . . . . . . . . . . . . . . . . . . + + 
threonine . . . . . . . . . . . . . . . . . . . . . . + + 
tyrosine . . . . . . . . . . . . . . . . . . . . . . low content low content 
valine . .. . . . . . . . . . . . . . . . . . . . . .. + + 
tryptophane . .. ....... .... ..... ++ + 
B-alanine, phenyl-alanine, cysteine and histidine probably also 
are present in Rh. gracilis. 

proteins, vitamins and mineral salts are utilized. The 
taste of the fat yeast is superior to that of T. utilis yeast. 
It should preferably be incorporated in other foodstuffs, 
as for example preserved foods, in such quantities that 
a daily consumption of 24-48 grammes of fat yeast, i.e. 
10-20 grammes of fat, is provided for. 

It is evident, however, that the economic factors 
necessitating the industrial utilization of the synthesis 
of fat are not present under normal conditions, when 
fat can be produced more cheaply from, for example, 
the coco-palm. In time of emergency, however, eco
nomic considerations might be of secondary importance. 
As is well known such conditions are now prevailing in 
large parts of the world. It seems desirable that syn
thetic production of fat and protein on a large scale 
should now be started in countries where the population 
is suffering from shortage of fat and where the supply 
of carbohydrate-containing waste materials is abundant. 
These conditions exist particularly in the Far East, 
where over 700,000 tons of molasses are produced an
nually and largely wasted.1 It is probable that agricul
ture in tropical countries now could produce additional 
quantities of fat at a much lower price than is possible 
with the aid of micro-organisms, but unfortunately there 
is a shortage of available agricultural land. (On the 
other hand, the space needed for a yeast factory is 
negligible.) 

A factory producing 5,000 tons per year of fat yeast 
containing 42 per cent of fat and 23 per cent of protein
that is 2,100 tons of fat and 1,150 tons of protein per 
year-can provide 575,000 people with 10 grammes of 
fat daily. At the same time these people would further 
receive 5-6 grammes of satisfactory yeast proteins per 
day.2 The populations of the Far East (India, China, 
Japan) hardly obtain, in their present diet, 10 grammes 
of "visible fat" per day, and their protein intake is largely 
of plant origin (cereals) and thus deficient in regard to, 
inter alia, the essential amino-acid lysine. This acid, 
on the other hand, occurs in yeast in especially high 
concentration, and the intake of yeast protein substan
tially improves the diet in regard to amino-acid com
position. As Sure ( 1946, 1947) has shown, the utiliza
tion of protein and carbohydrates is greatly improved 
if dried yeast is added to a diet in which t.1e proteins 

'In the West Indies, on the other hand, molasses is utilized and 
commands a high price because large quantities are exported to 
the United States to be used for the production of alcohol. 

2If the whole quantity of molasses being wasted in the Far East 
were utilized for the production of fat yeast, 12 million people 

Thiamin 
Riboflavin 
Niacin 

Thiamir, 
Riboflavin 
Niacin 

Table 3 
(vitamin content in micrograms) 

Rh. gracilis 

Per 1 g. of dry yeast 
with SSo/o of fat & Per 1 g. of 

14o/o of protein protein 
---

5 
13 
71 
Baker's yeast 

Per 1 g. of dry yeast 

35 
90 

500 

with 50% of protein Per 1 g. of 
& 5% of fat protein 

25 
34 

255 

50 
70 

500 

are furnished by cereals. Fats also increase the utilization 
of proteins (and carbohydrates) and of the fat soluble 
vitamins A and D.3 Finally as a food stuff yeast is very 
rich in the B-vitamiins thiamin, riboflavin and nicotinic 
acid and contains appreciable quantities of all the other 
B-vitamins. Rhodolorula yeast also contains the pro
vitamins A and D. 

A daily ration of 24-48 grammes of fat yeast con
tains: 

10-20 grammes of fat 
5.5-11 grammes of protein 

200-400 microg. of thiamin corresp. to about 20 per 
cent of the daily requirement 

500-1000 microg. of riboflavin corresp. to about 
20-40 per cent of the daily require
ment 

3000-6000 microg. of niacin corresp. to about 20-40 
per cent of the daily requirement 

and appreciable quantities of the other B-vitamins and 
of the provitamins A and D. 

The production costs for a daily ration of 24 grammes 
of dry fat yeast va:ry between 0.6 and 1.3 cents, and 
for a ration of 48 grammes between 1.2 and 2.6 cents, 
depending on the costs for the sugar. 

However, the quantities of yeast which can be pro
duced in the near future will represent only a very small 
contribution to the improvement of the food situation 
of the world. The need is so great, however, that every 
possibility for increasing food production should be 
investigated-for example, the purely chemical syn
thetic production of fat for food purposes, although it 
is expensive, as used in Germany since 1938. As is 
well known the population of the world increases at 
present at such a rate that it will be doubled in the next 
80 years. It will be necessary to develop procedures 
for the industrial production of great quantities of new 
food stuffs, and the microbiological method for the pro
duction of fat and protein is such a procedure. 

In a few hours or days suitable micro-organisms 
accomplish a synthetic task, which would require years 
if carried out by agricultural methods. In the future 
the raw material, sugar, for these micro-organisms has 
to be furnished mainly by the forests, so that for this 
purpose no agricultt:ral land is needed. 

would receive an additional quantity of 10 grammes of fat and 
5-6 grammes of protein per day. 

3 Fats cause the food to remain for a longer time in the stomach 
whereby the utilization of proteins is improved and also that of 
carbohydrates, if large quantities are consumed. 
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The CHAIRMAN: In the absence of Dr. A. C. Thaysen, been circulated and will be considered as read. 
Colonial Microbiological Research Institute, Port of 
Spain, Trinidad, British West Indies, his paper has MR. THAYSEN's paper follows: 

Food Yeast in the British Empire 

A. C. THA YSEN 

Twice within living memory has political expediency 
and economic necessity driven Governments to seek a 
solution to some of their nutritional problems by enlisting 
the powers of micro-organisms to synthesize protein 
from inorganic nitrogen. It was in 1915 that the Ger
man Government encouraged their scientific workers to 
investigate the value of yeast in cattle feeding and to 
study the production of yeast from inorganic sources 
of nitrogen. In 1940 the British Government had to 
adopt similar measures in preparation for a possible 
blockade of the United Kingdom by submarines. 

I. MANUFACTURE OF FOOD YEAST 

In response to this urgency the Royal Society were 
invited to sponsor a fresh investigation of the existing 
knowledge of the value of yeast in animal and human 
nutrition, and of the production of yeast by improved 
technical processes. 

These terms of reference required that a suitable 
strain of yeast should be selected which, in addition to 
being able to synthesize its protein from inorganic 
sources, could build up also most, if not all, of its water 
soluble vitamins from simple organic and inorganic 
compounds. The strain of yeast which might finally be 
accepted on the strength of such qualities would have 
to be able to satisfy its carbohydrate requirements from 
either hexoses or pentoses so as to increase the range 
of suitable raw materials for yeast production. Further, 
the selection strain should yield a palatable yeast prepa
ration which should be attractive in appearance. With 
these demands fulfilled, pilot plant production of yeast 
would have to be undertaken to supply material for 
feeding trials and for many other purposes, including 
a study of improved production methods. 

Among the many types of yeast which were examined 
one, Torulopsis utilis, was found to possess most of the 

needed characteristics. It had already been used by 
Hayduck (1915) in Germany for the production of 
animal feeding stuffs. 

Torulopsis utilis synthesizes its protein from am
monia and most of its B vitamins from inorganic or 
simple organic compounds and it uses as energy for 
this purpose either hexoses or pentoses. When washed 
and dried, it has a pleasant meaty or nutty flavour 
and is of an attractive straw colour. One drawback 
to its large scale use, its size, with many cells not reach
ing a volume of 200,..3 , \vas eventually overcome Thay
sen, Morris 1943) by the preparation of a giant Toru
lopsis utilis var. major which had an average volume 
of 644,..3 • 

The larger strain was obtained by exposing growing 
cells of the original Torulopsis uti!is to the action of 
camphor. The effect of a limited exposure was to kill 
off the bulk of the introduced cells and to increase the 
cell volume of the survivors. The new strain, taken 
from the survivors, may perhaps be regarded as a 
mutant since its enlarged size is maintained for an in
definite period of generations when it is grown under 
favourable conditions. 

In its physiological behaviour the "mutant" resembles 
the original strain; its rate of growth is definitely not 
slower than that of the original; but its phosphorus 
content appears to have been slightly increased, per
haps due to an increase in nuclear material. 

Food yeast production on orthodox lines was started 
in Teddington in 1940 in a pilot plant capable of a daily 
maximum output of 120 pounds of air dri'Od ·yeast. 
A heavy concentration of yeast, some 10 per cent of the 
weight of the total carbohydrates to be fermented was 
introduced into a volume of wort containing abot;t 0.5 
per cent of available carbohydrates and a certain concen
tration of mineral salts as aditional food substances. The 
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gal. gal. X 10' X 10" % g 

0 hours ................. 20.0 129.0 841 488 0.17 0.7958 
end of 1st hr ............. 4.5 129.0 1148 666 0.10 0.9598 
end of 2nd hr. ............. 5.5 133.5 999 600 0.10 1.1826 
end of 3rd hr .............. 6.5 139.0 1515 947 0.!0 1.2136 
end of 4th hr .............. 7.5 145.5 1300 851 0.16 1.3306 
end of 5th hr. ............. 9.0 153.0 1732 1183 0.10 1.4376 
end of 6th hr .............. 10.5 162.0 1875 1367 0.14 1.5052 
end of 7th hr. ............. 12.5 172.5 1552 1205 0.19 1.6398 
end of 8th hr. ............. 15.0 185.0 1945 1619 0.13 1.8160 
end of 9th hr. ............. 200.0 1744 1570 0.21 1.8984 
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volume of wort taken was approximately half of the 
contemplated final volume of wort. 

After inoculation the wort was kept at 28 to 30oC 
and vigorously aerated. Following one hour's incuba
tion an additional quantity of strong wort with between 
6 and 7 per cent of available carbohydrates was added 
continously in predetermined increasing volumes until, 
after nine hours incubation, the final volume of wort had 
been built up. Vigorous aeration of the wort was 
maintained throughout the period of fermentation. 

If a detailed analysis be made of the rate of growth 
of yeast cells under such conditions, certain interesting 
data emerge which may be discussed on the basis of the 
data in table 1. 

These data were obtained from an actual pilot plant 
fermentation in the Teddington plant. The counting 
of the cells was done with a Gower haemacytometer and 
all the cells counted were taken as viable since but a 
short interval elapsed between the beginning and the 
end of the experiment. 

Column 5 of this table shows that at the end of the 
experiment the total number of cells in the fermented 
wort had increased slightly more than threefold over 
the initial total number. The increase in weight of yeast 
was 3.7 fold. 

From hour to hour the increase in total number of 
cells was somewhat irregular. This may have been due 
in part to bad sampling, but in part to actual varations 
in generation time at various stages of the fermentation. 

Using Buchanan's (1928) formula the generation 
time of a microbial culture can be calculated when the 
total population is known at all relevant times. 

The formula-
(i) t x log 2 

g= 
log b- log B 

assumes that : t represents the time in hours during 
which growth took place; B signifies the initial total 
number of cells present and b the final total population. 

With these data and using Buchanan's formula the 
overall generation time of the cells in the fermentation 
quoted was found to be-

(ii) 9 X 3010 
g= 

32700 
_ 

2
.
6900 

· =280 minutes 

For a given strain of yeast the generation time of a 
single cell placed under optimal conditions for growth 
might be determined by direct microscopic observations. 
For Torulopsis utilis this was done and it was found 
that, in 8 separate determinations, involving the mother 
cell and members of three subsequent generations, the 
average generation time was 84 minutes. 

At this rate one Torulopsis utilis cell should in 9 
hours produce 64 daughter cells, a 64 fold increase 
compared with the 3 to 4 fold increase of cells, and 
presumably of weight of cells, obtained in the fermenta
tion of table 1. The output of yeast per volume of plant 
in this fermentation must therefore have been very 
much smaller than should have been possible theo
retically. 

Further light was thrown on the growth rates of 
Torulopsis utilis in another pilot plant fermentation of 
which fairly extensive data are available. 

In this second fermentation the standard fermentation 

technique was employed with the one difference that 
the number of yeast cells used for seeding the initial 
wort was about 50 times smaller than usual. 

The logarithms of total populations plotted against 
the hours during which growth proceeded for the two 
pilot plant fermentations are shown in chart form 
(see Figure 1, Appendix A). 

The curve of the second fermentation B falls naturally 
into three fairly clearly defined sections: an initial period 
of slow growth with a generation time of some 247 
minutes, followed by an 8-hour period of fast growth, 
with a generation time of about 99 minutes. During 
the third period, covering 10 hours, the generation 
times rises again to 240 minutes. This third period 
approaches the average generation time of the first fer
mentation (curve A), of 280 minutes, and probably 
cia! conditions of manufacture, since the first fermenta
represents the rate of yeast production under commer
tion was conducted on such lines. 

In its main features the curve (b) of the second fer
mentation embodies three stages of a typical microbial 
growth curve as defined by Buchanan ( 1928) : ( i) the 
phase of positive growth acceleration, between zero 
hour and the end of the second hour ; ( ii) the phase 
of logarithmic growth between the beginning of the 
third and the end of the tenth ; and (iii) part of the 
phase of negative growth acceleration, between the be
ginning of the eleventh and the end of the nineteenth 
hours. 

The parallel course taken by the growth curve of 
fermentation A and that of negative growth accelera
tion in fermentation B seems significant and probably 
implies that, apart possibly from an initial brief period 
of positive growth acceleration, Buchanan's third period 
prevails throughout commercial yeast manufacture. 

The logarithmic phase of reproduction in that case 
seems to have been completely eliminated with all that 
this must entail from a biological point of view in loss 
of uniformity of cell structure and cell content. 

For these reasons the usual commercial technique of 
yeast production does not appear to be particularly 
suitable for large scale food yeast production where a 
standardization of the chemical composition of the in
dividual cell is of prime consideration. A technique 
based on the logarithmic rate of growth would be much 
more likely to fulfil these requirements if its short
comings, its brief duration and its apparent dependence 
on a low concentration of cells in the fermenting wort, 
could be overcome. Considerable time was devoted at 
Teddington to explore these difficulties. 

In practice it was clear from the start that progress 
in devising an improved method of fermentation could 
be made only if it could be shown that the growth be
haviour of Torulopsis utilis and of its newly developed 
variant T. utilis var. major could be made to conform to 
theoretical expectations. To test this, fermentation 
schemes were drawn up on the basis of such expecta
tions. 

In all cases it was assumed that allowance had to be 
made for the existence of an initial lag period, or 
growth accelerating phase, during which each mother 
cell would produce one fully grown daughter cell within 
4 hours, or 240 minutes. Under such conditions the 
total number of cells present at the start in the medium 
would double within four hours. As the lag period was 
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Table 2. Scheme for the study of the logarithmic rate of growth of Torulopsis utilis 
at a maximum cell popuation of 1000 million cells per ml. 

Time 

't-
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g g ml ml ml 
8.3=----------o-:=-::---

X 10' X 10" 
0 hours ............... -.-. -.. --:1372 _____ 0.454-· 
end of 1st hr................ 1.644 0.516 
end of 2nd hr............... 1.954 0.612 
end of 3rd hr.. .. .. .. .. .. .. . 2.322 2.126 
end of 4th hr............... 3.598 2.874 
end of 5th hr............... 5.322 4.710 
end of 6th hr............... 8.148 6.414 
end of 7th hr............... 11.998 10.964 
end of 8th hr............... 18.574 16.144 
end of 9th hr............... 28.260 24.164 
end of lOth hr.. . . . . . . . . . . . . -12.760 36.600 
end of 11th hr .............. 64.720 57.300 
end of 12th hr.............. 99.100 

9.6 
11.2 
38.6 
52.2 
85.6 

116.6 
199.2 
293.4 
439.2 
665.2 

1041.4 

253 
611 
935 

1399 

1000 
1000 
1010 
1021 
1060 
1112 
1198 
1315 
1514 
2060 
3120 
4720 
7160 

100 10 } 120 12 
139 14 
167 17 
245 26 
318 39 
499 59 
685 90 
898 136 

1000 206 
1000 312 
1000 472 
1000 716 

240" 

100" 

a;sumed to end after three hours' growth, the total it was assumed that the weight of yeast produced during 
number of cells present at the end of this time would be growth would increase at the same rate as the cell popu
kss than double the initial number. The actual numbers lation and that the weight of yeast, therefore, would 
a:ter 1, 2 and 3 hours' growth could be calculated from double in four hours during the lag period, and in 100 
Euchanan's formula (i) provided the initial total num- minutes during the logarithmic phase. On this as
b,~r of cells were known. The value for g. in this case sumption the weight of yeast present at all hours was 
was known to be four hours. calculated. This is shown in column 2 of table 2. 

After a lapse of three hours of slow growth the log- On the basis of the yeast weight figures, and on the 
arithmic rate of reproduction was assumed to set in assumption that 100 parts of carbohydrates would yield 
and to continue for the remainder of the fermentation 60 parts of dry yeast, it was possible to calculate the 
period. During this phase the generation time was hourly requirements of the former. These figures are 
taken as 100 minutes, for it was felt that the observed set out in column 3 of table 2. . 
minimum generation time of 84 minutes might not be The corresponding figures in column 4 give the 
attainable under ordinary working conditions. volumes of molasses wort containing 6 per cent avail-

With the aid of Buchanan's formula it was again able carbohydrates which corresponded to the required 
possible to calculate the total number of cells present quantities of carbohydrates. In explanation of these 
at any given hour of the logarithmic phase, since both figures it should be mentioned that the molasses car
the initial number and the generation time were known. bohydrates used contained 9.4 per cent of Fehling 

These calculated data are set out in column 8 of reducing substances which were unavailable for yeast 
table 2, constructed to illustrate a fermentation scheme growth. 
in which the logarithmic phase had been extended to Since it was intended to have 100 million cells present 
12 hours. in each ml. of the initial wort, the total volume of this 

To calculate the weight of carbohydrates required could be calculated by dividing the density of cells 
for the maintenance of growth at planned levels it was ( 100 x 106 per ml.) into the total initia[ number of 
necessary to know both the weight of the yeast cells cells ( 10 x 1010 per ml.). The increase in volume from 
taken as inoculant, the hourly increase in weight of hour to hour would be governed by the hourly additions 
cells; and the yield of dry yeast which could be obtained of wort, at any rate during the first 8 hours. With a 
under favourable conditions from a given quantity of density of population not exceeding 1000 million cells 
carbohydrates. For purposes of calculation this third per ml. of wort, it was necessary, after the eighth hour 
factor was assessed at 60 per cent, a figure which it was to dilute the fermentation wort beyond the volume 
known could be reached in practice. increase obtained by the hourly additions of wort. 

The weight of the cell population used as inoculant For this purpose water would be added hourly in 
was not so easy to assess, for actual weighings differed increasing volumes, the actual quantities needed being 
considerably. In five separate determinations the weight calculated by dividing the required density of cell popu
of SO x 1010 fresh cells of the standard strain of lation into the anticipated total population for a par
Torulopsis utilis varied between 5.875 gr and 8.514 gr ticular hour and by subtracting from the figure obtained 
with an average of 6.860 gr, the figure finally adopted. the volume of wort present at that hour. The figures in 

Though it is probably correct to say that the weight column 5 of table 2 give a set of such calculated data. 
of a given number of cells of Torulopsis utilis, as of all Table 3 records data collected in an actual fermenta
other living cells, will vary at different periods of their tion conducted on theoretical lines. In this experiment 
life cycle, for the theoretical calculations here considered, the temperature was maintained throughout at 30°C, 
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Table 3. Experimental fermentation to show the logarithmic rate of growth of Torulopsis utilis 
with a maximum cell population of 1000 million cells per mi. of fermentating wort 

Time 

g g ml ml ml X 10' X 10" 

0 hours •.................. 
end of 1st hr ............... . 
end of 2nd hr .............. . 
end of 3rd hr. ............. . 
end of 4th hr. ............. . 
end of 5th b r. ............. . 

0.8700 

2.1197 

0.454 
0.516 
0.612 
2.126 
2.874 
4.71 
6.414 

8.3 
9.6 

11.2 
38.6 
52.2 
85.6 

1000 
1000 
1010 
1021 
1060 
1112 
1198 
1315 
1514 
2060 
3120 
4720 
7160 

99 
122 
138 
217 
287 
352 
463 
680 

9.9 } 
12.2 
44 
22 
30 
39 

240'' 

end of 6th hr. ............. . 7.2358 
end of 7th hr. ............. . 
end of 8th hr. ............. . 
end of 9th hr. ............. . 27.8622 
end of lOth hr. ............ . 
end of 11th hr. ............ . 
end of 12th hr. . . . . . . . . . . .. . 91.8348 

10.964 
16.144 
24.146 
36.60 
57.3 

116.6 
199.2 
293.4 
439.2 
665.2 

1041.4 

the reaction at pH 4.2 to 4.S and the hourly air supply 
at 1 cubic foot of air per litre of fermenting liquid. 
The air was supplied continuously at the rate mentioned 
through ceramic blocks with apertures not exceeding 
12p.. 

Food substances, other than carbohydrates, were 
added to the initial wort before its inoculation and sub
sequently at frequent intervals; nitrogen in the form of 
a 10 per cent solution of ammonium sulphate; phos
phates as diammonium hydrogen phosphate. The phos
phate was contained to the required quantities in the 
6 per cent molasses wort added hour by hour. 

The results obtained in the fermentation approxi
mated closely to theoretical expectation and it may be 
concluded, therefore, that the logarithmic growth rate 
can be prolonged beyond its usual 8 hours' duration. Its 
maximum duration, however, is not revealed. 

Further experiments in which a population density of 
2000 x 106 cells per ml. were aimed at could also be 
maintained for a period of 12 hours. Here a wort with 
9 per cent of available carbohydrates was taken since a 
6 per cent wort would have made it impossible to reach 
a density of 2000 x 106 cells per ml. wort. 

On the basis of the weight of SO x 1010 cells given 
previously, a fermenting wort containing 1000 million 
cells would contain about 1.3 per cent of dry yeast, and 
a wort with 2000 millions about 2.S per cent. The latter 
percentage would represent a yeast concentration which 
could be economically recovered. 

The figures in column S of table 3 imply that at the 
period of maximum density of population the hourly 
volume increase of total wort is of the order of SO per 
cent. In theory this means that in fermentations con
ducted on such lines it should be possible to obtain an 
hourly throughput of yeast equal to half of the yeast 
contained in the total volume of wort. 

253 
621 
935 

1399 

1024 
1072 
932 

1003 
975 

56 
89 

155 
221 
291 
473 
698 

105" 

cent of the total volume has been quite practical and 
has been maintained in a continuous fermentation run
ning for a week or more. 

In such fermentations fresh wort, containing the 
necessary phosphates, was fed continuously into the 
top of the fully charged fermenting vessel and the 
equivalent volume withdrawn from the bottom for 
separation of the yeast in centrifuges. 

Figure 2 (Appendix B) has been plotted to show the 
relationship between percentage replacement and growth 
rate, as determined for 120 minutes, 140 minutes and 
lSO minutes per generation. From this it appears that 
a 2S per cent hourly replacement of the total wort cor
responds to a growth rate of approximately 170 minutes. 

At this rate one ton of yeast, assuming this to be the 
weight present in a fully charged fermentation vat, 
would produce one ton of yeast every 2 hours and SO 
minutes or in a day of 24 hours, almost 8.S tons. 

By the ordinary methods of yeast manufacture, one 
ton of yeast would increase to a maximum of 4 tons in 
9 hours or with 2 fermentations conducted in one vat 
during 24 hours to a maximum of 8 tons. But 2 tons 
of this yeast would have to be returned to process so 
that the net output of yeast per 24 hours would amount 
to 6 tons. 

The continuous method based on the control of the 
growth rate is superior, therefore, as regards output 
by a given unit of plant, to the usually adopted discon
tinuous method, even when the rate of reproduction of 
the yeast falls as low as one generation every 170 
minutes. 

With a reduction in generation time the advantages 
of the continuous method would, of course, be greatly 
enhanced. A further effort to achieve this would be 
of appreciable practical interest. 

Neither at Teddington, England, nor on a commercial 
scale in Jamaica has this been possible, at least when 
aiming at a cell density of 2000 million per ml. But an 
hourly replacement of wort to the extent of 2S per 

Even at the low rate of growth hitherto obtained, 
protein synthesis by yeast far exceeds that known by 
other methods. 

In animal husbandry for instance, a bullock, weighing 
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half a ton, will synthesize slightly less than one pound 
of protein in 24 hours. A similar weight of yeast grown 
by the continuous method and with a generation time 
of 170 minutes will yield over 2 tons of protein in the 
same period. In agriculture, soya beans, for instance, 
might in a year and under favourable growth conditions, 
yield one ton of beans from 40 pounds of seed. This 
would represent a daily protein synthesis of some 86 
pounds for each half a ton of seed planted. 

II. FOOD YEAST IN NUTRITION 

A survey of the nutritive value of food yeast was un
dertaken between the years of 1941-44 by a committee 
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appointed jointly by the Medical Research Council and 
the Lister Institute, London, England. 

This survey was by no means exhaustive, neither 
from the point of view of the chemical composition of 
yeast nor of its value in nutrition. Nevertheless, the 
report of the committee issued as a White Paper ( 1945) 
records some interesting observations made on food 
yeast (Torulopsis utilis) as manufactured at Tedding
ton, England. 

The nutritive value of food yeast as compared with 
certain other dried yeasts and common food stuffs is 
recorded in table form in the report. This table is re
produced below as table 4. 

Table 4. Nutritive Value of Dried Yeast and of Some Other Common Foodstuffs, 
Recalculated on a Dry Matter Basis from Table 1 

Composition of the Edible Portion of the Raw Foodstuffs per 100 g. Dry Matter 

Protein Carbo-
Vitamin A Vitamin B' 

Ribo- Nicotinic 
z,j at erial. N, X 6.25 Fat hydrate Ca Fe flavin a.cid 

g. g. g. Calories mg. rng. I.U. mg. mg. mg. 

Yeast, dried food, 
Torula uti/is . .. 47.0 2.6 3.3 224 138 22.0 0 5.4 43 to 

49 
Brewer's 

Saccharomyces 
cerevisiae .... 53.0 1.0 84 21.0 0 2.1 to 4.2 32 to 

10.5 47 
Baker's 

Saccharomyces 
cerevisiae .... 47.0 2.1 42 26.0 0 3.2 7.4 32 to 

42 

Flour, whole wheat. . 13.2 2.8 76.0 383 37 5.2 0 0.38 0.26 5.1 
Egg ............... 48.0 44.0 3.5 604 231 11.5 3850 0.58 1.54 0.23 
Milk, whole ........ 27.5 30.0 37.0 525 1,000 0.8 580 to 0.37 1.25 0.9 

1,170 
Beef ............... 39.0 58.0 0 673 24 9.8 120 0.19 0.61 24 
Liver, ox .......... 57.0 20.0 17.0 473 33 46.0 50,000 1.33 10.0 83 
Potato ............. 9.1 0 74.0 332 36 3.2 0 0.54 0.23 5.4 
Cabbage ~ .......... 19.0 0 62.0 325 812 12.5 11,200 0.94 0.62 3.7 
----····-·-

Table 5. Vitamin B1 (Aneurin) and Riboflavin Content of Dried Yeast 

Variety 
Mode of 

cultivation 

Torulopsis uti lis Molasses 
Molasses 
Molasses 
~1olasses grown 

at 36°C 
Pure saccarose 
Potato mash 
Straw mash 
Apple pomace 
Banana wort 
Bracken fronds 
Bracken rhizomes 

Torulopsi~ uti/is 
var. major 
var. thermophilw Grown at 36°C 

Grown at 36°C 
Saccharomyces 

cerevisiae 
Distiller's 
Brewer's 

1 Harris and Wang, 1942. 
• Platt and Glock, 1943. 
• Copping, 1943 (a). 

Method of 
preparation 

Freeze dried 
Roller dried 
Spray dried 

Fresh 
After storage 
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Vitamin B 1mg. 
per 100g. 

Thiochrome 
method' 

1.4to2.3 

2.7 

2.0 
2.2 

Azo 
method• 

1.2 

1.9 

Riboflavin 
mg. per 

100g. 

Biological 
method• 

6.0 
6.9 
9.1 

8.2 
8.2 
8.3 
6.5 
5.6 
7.6 
7.1 
5.2 

7.5 
10.8 
9.0 

5.3 
9.0 

Vitamin C 
mg. 

0 

0 

0 

0 
0 

8to 12 

0 
0 
136 
870 
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Variations in aneurin content of food yeast as made 
from various raw materials, and as influenced by the 
methods adopted in drying are referred to in another 
table, reproduced here as table 5. 

The value of food yeast protein in animal nutrition 
is discussed in the report on the basis of Macrae ( 1942) 
and his coworkers' feeding trials on pigs and on the 
observations of the workers of the National Institute 
of Dairying (Braude, Kon & White, 1943). While 
both groups of workers agree that food yeast protein 
possesses a marked value as supplement to vegetable 
proteins, it is of interest to record that both groups, but 
particularly the Reading group, found that food yeast 
given in excessive doses, 10 per cent of the total food 
intake or more, causes a stiffness of the limbs and a 
lameness of the experimental animals, which was diag
nosed as rachitic in nature. 

The true cause of these symptoms was not discovered 
but it was found that they disappeared on the supply 
of cod liver oil and calcium salts to the test animals, or 
by their exposure to sunlight coupled with administra
tion of additional calcium. 

With smaller doses of food yeast up to 5 per cent of 
the total food intake, the rachitic symptoms did not 
develop when the test animals had access to sunshine 
(personal communication). 

Experiments with young dairy cows at levels higher 
than 6 per cent showed food yeast to be an excellent 
protein concentrate causing no rachitic symptoms. The 
latter observation is interesting in view of the normal 
nutritional habits of ruminants to ingest the microflora 
of their rumen content. 

The Reading workers also found food yeast to be a 
useful supplement to the balancer meal supplied to 
poultry. 

The value of food yeast as a source of B vitamins was 
explored at the Division of Nutrition of the Lister 
Institute and at the Nutrition Laboratory, Coonoor, 
India. 

The workers at the Lister Institute record that rats 
receiving a "white" flour with 5 per cent food yeast 
thrive better than those given wholemeal flour and, 
that even those given 2.5 per cent food yeast in "white" 
flour grew slightly better than rats fed on wholemeal 
flour. 

The Lister Institute workers concluded from their 
observations that food yeast given at the rate of 2 per 
cent on a diet consisting mainly of "white" flour will 
supply sufficient B vitamins including aneurin for the 
normal growth of young rats. 

Some very interesting feeding trials on rats were 
carried out at Coonoor with yeast prepared locally with 
a strain of Torulopsis utilis supplied from Teddington, 
England. 

The diet of the rats was based on a "Poor European" 
diet as drawn up for the Committee on Scientific Food 
Policy. Certain modifications to suit Indian conditions 
were made in the diet. For some of the Indian experi
ments milk, meat, fish and cheese were eliminated from 
the modified basal diet and replaced by food yeast. 
Control experiments contained high grade protein 
either in the form of milk, equivalent to 10 oz of liquid 
milk; meat to the extent of 3.4 oz; and fish 1.1 oz. 

Calcium carbonate was added to all basic diets to 

bring the calcium intake to the level of the requirements 
of the Medical Research Council. 

The conclusions arrived at by the Indian workers 
were that the addition of food yeast greatly improved 
the nutritive value of a diet whose protein was otherwise 
derived mainly from cereals, the biological value of the 
mixture of the cereal protein with those of yeast being 
equal to that of a similar mixture with milk. The good 
effects of the addition of food yeast to a "white" flour 
diet demonstrated its value as a source of B vitamin. 

Feeding trials with food yeast on human subjects are 
reported in the White Paper as having been carried out 
both in England and in Colonial territories. On the 
whole the food yeast, when given in doses of from 8 to 
15 gr per day, was well tolerated. Some of the colonial 
experiments which were based on much heavier doses 
generally caused no ill effect, though it had been es
tablished by Mellanby and confirmed by Platt that food 
yeast given in doses of from 5 to 15 gr per day caused 
an increase in acid secretion in the stomach of dogs and 
humans. 

Some of the most interesting experiments on the use 
of food yeast in human nutrition \vere those of Kinz 
on children evacuated from Gibraltar who were suffer
ing from . a gingival disease strongly resembling the 
preulceration stage of Vincent's disease. Of twenty-four 
affected children given 3.5· gr of food yeast daily seven
teen showed complete recovery, four were much im
proved and only three were unchanged. Of seventeen 
children receiving no food yeast only three showed spon
taneous recovery and five slight improvement. 

In Nigeria subjects with symptoms of riboflavin 
deficiency showed striking improvement or cures after 
5 to 7 weeks' treatment with from 4 to 7 gr of food veast 
daily. ' 

III. COJ\L\IERCIAL FOOD YEAST PRODUCTION 

IN JAMAICA 

On the strength of the favourable feeding trials which 
meanwhile had been carried out and on the basis of 
the Teddington production trials, the Colonial Office 
( 1944) undertook the financing of a food yeast factory 
in Jamaica, B.W.I. 

The factory is situated at Frome, W estmoorland, in 
close proximity to a sugar factory established there by 
the West Indies Sugar Company of London, who con
sented to act as Technical and Commercial Agents for 
the undertaking. 

The advantages of coordinating the activity of the 
food yeast factory with that of a modern sugar factory 
are self evident and, in designing the former, full ad
vantage was taken of the availability on the site of 
surplus steam, power and water, as well as normally 
of an abundance of molasses, the carbohydrate which 
it was decided to use as raw material. 

The design of the food yeast factory is based on the 
Teddington. observations that a continuous method of 
yeast production can be maintained over a prolonged 
period by the hourly replacement of 25 per cent or more 
of an actively growing yeast population. 

The fermentation section of the factory, the core of 
the plant, consists of 10 stainless steel vats of 3000 
gallons capacity each. Each of these vats is fitted with 
cooling coils for the maintenance of a constant tempera
ture during fermentation, and with an aeration unit 
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consisting, now, of candles made of sintered phospho
bronze. Initially ceramic candles had been used, but 
these were found incapable of standing up to the rough 
handling given them by unskilled local labour and had 

to be replaced by the unbreakable but much more ex
pensive metallic candles. 

Through these candles a continuous stream of air is 
pumped into the wort contained in the fermenting vats. 
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The exact volume of air needed for a maximum yeast 
output has not yet been definitely ascertained. '!here 
are indications that, with the increase in height of the 
vat and therefore of the fermenting wort column, an 
increase in air supply is needed, and that the volumes 
found sufficient at Teddington on a laboratory scale, 
1 cubic foot per hour per litre of fermenting wort, are 
insufficient on a factory scale. 

But it is possible also that a purely mechanical inter
pretation of the occasional decrease in growth rate, 
observed during factory working and tentatively attri
buted to insufficient air, is incorrect. For it has already 
been ascertained that the rate of reproduction of T oru
lopsis utilis and its "major" variety is adverseh· affected 
by certain salts, including iron, aluminium, copper and 
lead, and that iron concentrations of 20 parts per 
million seriously affect the growth rate. It is for this 
reason that the factory equipment has been largely 
constructed in stainless steel. 

It is not the place here to give a detailed description 
of the factory lay-out and of the technical details of its 
working. This has already been done fairly compre
hensively by Floro ( 1947). But certain observations 
made during the running of this plant appear of suf
ficient general interest to deserve a brief reference. 

Besides being adversely affected by iron ami other 
metals, it has been established that the rate of growth 
of Torulopsis utilis is slower than normal when the 
fermenting wort contains an excessive concentration of 
amino acids and peptides. As estimated by Formol 
titration (Sorensen 1908), the growth retarding action 
of these substances is noticeable when the Formol figure 
exceeds 1.0. In food yeast manufacture, therefore, the 
Formol figure is kept below this point at about 0.5-0.8 
by carefully adjusted frequent additions of ammonium 
sulphate. 

This observation that a certain concentration of 
amino acids, calculated as 0.0665 per cent if taken as 
aspartic acid, inhibits the rate of reproduction of yeast, 
is not without theoretical significance, besides its prac
tical importance. 
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The temperature of the fermenting wort is apparently 
far less critical than was anticipated. Normal repro
duction rates for Torulopsis utilis can be obtained at 
temperatures as high as 36oC, an important practical 
observation for a fermentation plant situated within 
the Tropics. 

Similar observations have been made with regard to 
the reaction of the fermenting wort. At Teddington the 
pH of the wort was carefully maintained between 4.2 
and 4.5. The experience at Frome is that this is not 
essential. In fact large scale production has been carried 
out satisfactorily at a reaction as low as pH 3.2 to 3.4. 
This is important since many bacteria which normally 
invade the fermenting wort under factory conditions are 
retarded in their growth at this level of acidity. 

Before the start of factory operations the question 
of the elimination of infections from a fermenting wort 
was regarded as a problem of major importance. Work 
at Frome has shown this not to be so, partly no doubt 
because the acid reaction of the fermenting wort slows 
up the growth of most infections entering the vats and 
partly also because the continuous method of fermenta
tion replaces the whole of the fermenting wort in a vat 
every fourth hour and thereby eliminates by dilution 
any airborne or other contamination cf the wort before 
it has time to establish itself. 
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The CHAIRMAN: In the absence of Dr. E. D. Berg- sidered as read. 
mann of the \V eizmann Institute of Science, Rehovoth, 
Israel, his paper has been circulated and will be con- Mr. BERGMANN's paper follows: 

Agricultural Prod~cts as Starting Materials 

for the Chemical Industry 

ERNST DAVID BERGMANN 

According to the Greek legend, the giant Anthaios 
was invincible only as long as his feet stood firmly on 
the soil. This legend reflects the instinctive belief of 
primitive nations that their strength is derived from the 
soil, its resources and its unlimited creative power. In
deed, the development of any country must begin with 
1 sound agriculture. 
How~ver, agriculture alone cannot form the hasis of a 

,;table economy. The history of the last generation has 
,;hown that the continued performance of agriculture 
:1ad to be supported by government subsidies, and an 
malysis proves that this instability is due to the de
.>endance of classical agriculture on the food market as 
he only outlet for its products. The present paper will 
:ry to prove that this general difficulty can be overcome 
:Jy dovetailing agriculture and industry and thus creat
mg a new outlet for agricultural products. There is no 
need to consider these two fields of human endeavour 
as mutually exclusive; there is an industry which can 
be based on agricultural produce as its starting point. 

Until less than a century ago (about 1860), the 
commercial dyestuffs were extracted from plants, and 
even today there are still drugs so complicated that the 
chemist cannot compete in their preparation with the 
synthetic methods of nature (morphium alkaloids, digi
talis glucosides, etc.). However, the general trend of 
modern industry in these fields is away from nature and 
towards synthetic products. In many cases, it has even 
been possible to imitate in the laboratory the processes 
which normally occur in the plant cell. ( 1 ) 1 This imita
tive method cannot be applied to those natural proc
esses in which enzymes play a part; there are very few 
cases in which the chemist has been able to replace the 
natural catalysts by synthetic ones. It is for this reason 
that for the supply of carbohydrates such as cellulose, 
we have still to rely on nature, and the manufacture of 
cotton goods, of artificial silk, of nitrocellulose, are typi
cal examples of industries based on agricultural prod
ucts as their starting materials. 

Very frequently, especially in countries with high 
wages, agricultural products are expensive, if compared 
with coal or petroleum as raw material. In such cases, 
one has to find new ways of utilizing these agricultural 
products and equally any by-products of such industrial 
processes as can be based on the agricultural commodi
ties. The castor tree, e.g., is of interest for agrotechnical 
reasons, as it is able to stabilize migrating sand dunes; 
however, its cultivation could not become an economic
ally sound proposition before industrial uses were found 
for the constihtents of the tree ; one such method is the 
manufacture of dehydrated castor oil, as substitute for 

'Numbers within parentheses refer to items in the bibliography. 

other highly unsaturated natural oils in the varnish in
dustry. The proteinic residues of the oil industry can 
be processed into artiftcial, wool-like fibres; this method 
increases considerably the value of the oil crops and 
makes their cultivation more attractive for the farmer. 

It is obvious that from the point of view of modern 
industry, only those agricultural products are of interest 
which are obtainable in large quantities and large yields 
per unit area. The fact that these prerequisites were 
not fulfilled for most of the natural dyes and drugs was 
one of the stimuli for research in the synthetic field. 
If, however, these conditions do apply, agricultural 
products may be considered as not less satisfactory a 
source of raw material than coal or petroleum: agricul
tural products are being reproduced by nature con
tinuously-whilst the forces which have led to the 
formation of our mineral resources, amongst them coal 
and oil, have ceased to operate. 

CONVERSION OF CARBOHYDRATES INTO INDUSTRIAL 
CHEMICALS 

A particularly interesting example are the carbo
hydrates to which brief reference has already been made. 
Carbohydrates are being produced by the green plants 
from carbon dioxide, the end product of all those met
abolic and industrial processes which are based on 
natural carbon compounds, both of the living and of the 
inanimate world. In using carbohydrates, therefore, we 
only perform one step in a cycle; in using petroleum 
or coal, we are destroying irreversibly a material which 
ultimately was formed by the same forces as the carbo
hydrates, namely, the radiation of the sun. 

A fairly large number of reagents have been employed 
in the attempt to convert carbohydrates into normal 
industrial chemicals. Following Bert's (2) fundamental 
observations, cellulosic materials are reported to have 
been treated on a commercial scale, e.g. in France, with 
alkali under high pressure and at high temperature and 
thus transformed into liquid mixtures of hydrocarhons 
and oxygenated compounds (alcohols, ketones) which 
served as motor fuel ( 3). 

USE OF BACTERIA INSTEAD OF CHEMICAL REAGENTS 

However, it appears that a much more elegant method 
for such conversion consists in the utilization of bacteria 
instead of chemical reagents. The complicated enzyme 
systems of the bacterial cell permit the transformation 
of carbohydrates into a large number of useful chemicals, 
useful by themselves or by virtue of their transforn1-
ahility to other products, characteristic of the organic
chemical industry. In the following table a survey is 
given of the variety of substances which are easily 
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available by bacterial fermentation; the notion of fer
mentation has been taken in its widest meaning so that 
bacterial reactions are also included, which are not 
accompanied by the gas evolution characteristic of fer
mentation processes in the classical sense-or in which 
the desired final material is only a minor product of the 
metabolism, as e.g. in the case of the antibiotics. 

Special attention should be given to the so-called 
acetone-butyl alcohol fermentation which converts starch 
or sugar into a mixture of acetone, butyl alcohol and 
ethyl alcohol ( 10 :20 :3 )-because these three substances 
are virtually hydration products of the three olefines, 
propylene, butylene and ethylene, on which most of the 
modern processes of the petroleum-chemical industry 
are based. It appears possible therefore, in principle, 
to convert sugar by means of Clostridium acetobutyl
icum (Weizmann) into the same fundamental products 
into which petroleum can be transformed by cracking 
processes ( 4) . 

Another biological process which appears to hold out 
great promise, although it has hardly been used indus
trially, is the methane fermentation, because it gives the 
possibility not only of producing a fundamental hydro
carbon, but also of basing on carbohydrates all those 
transformation reactions of which methane is capable. 
It is of particular interest that the methane fermentation 
can use cellulose as starting material; normally, bacteria 
do not attack cellulose and hemi-celluloses unless those 
polysaccharides have been first hydrolyzed to reducing 
sugars. It will be interesting to search for other micro
organisms which can convert cellulosic materials di
rectly into fermentation products other than methane, 
in the same way in which certain bacteria transform 
starch into those lower carbohydrates which are capable 
~f direct fermentation, without necessitating the addi
tional and separate step of artificial saccharification. 

Another distinct advantage of bacterial fermentation 
is the fact that its results can be influenced, at least to 
some extent, by modifications in the nutrient solution on 
which the bacteria are acting. This has become par
ticularly interesting in such cases as the production of 

various penicillins ( 6) ; but a similar effect is known also 
in the more common fermentations, for instance in the 
acetone-butyl alcohol fermentation in which an addition 
of acetate and butyrate to the fermenting mash leads to 
an increase in the amount of acetone and butyl alcohol 
produced by the bacterial cell(7). 

This picture of the utilization of carbohydrates for 
purposes of the chemical industry would not be com
plete if reference were not made to the direct industrial 
uses of natural carbohydrates, amongst which the case 
of the textile industries based on cellulose has already 
been mentioned. To this must be added the industrial 
use of pectin and, more recently, of alginic acid (8). 

CASTOR TREE AS A STARTING POINT FOR A CHEMICAL 

INDUSTRY 

Mention has been made above of the castor tree as a 
starting point for a chemical industry based on an agri
cultural product. The cracking of castor oil, or of the 
corresponding methyl ester of ricinoleic acid, leads to 
a variety of interesting products summarized in the 
following scheme(9) (which refers to the decomposition 
of the free acid). 
CH, · (CH.)s · CHOH · CH. · CH = CH · (CHz)7 · COOH~ 
(a)~ CHa · (CH.)s · CHO + CH. = CH- (CH.)s · COOH 

heptaldehyde 11-hendecenoic acid 
(b)~ CHs · (CHz)s ·CO • CHa + HOCH. · (CH.)s · COOH 

2-octanone 10-hydroxy-decanoic acid 
(c)~ CH, · (CH.). · CHOH · CHa 

2-octanol + HOOC · (CH,)s · COOH +H. 
sebacic acid 

(d)~ CH, · (CH.). ·CO· CH. • CH. • CH. (CH.)r · COOH 
12-keto-stearic acid 

The reaction which leads to undecylenic acid and 
heptaldehyde has found particular interest in recent 
years. From heptaldehyde a fairly large number of sub
stances can be prepared, e.g. a-amyl-cinnamic aldehyde 
(synthetic jasmine) ( 10), all characterized by the straight 
chain of seven carbon atoms. From undecylenic acid 
which in itself finds a certain use in the cure of fungal 
diseases, e.g. the disease known as athlete's foot ( 11), 
undecalactone ( 12) has been made which also finds use in 
the perfume industry; its isobutylamide is of insecticidal 

Substances Available by Bacterial Fermentation 

Product 

Methane 
Ethyl alcohol 
Acetic acid 
Propionic acid 
Butyric acid 
Isopropyl alcohol 
Butyl alcohol l 
Acetone J 
2, 3-Butyleneglycol 
Methylacetylcarbinol 
Glycerol 
Lactic acid 
Citric acid 
Fumaric acid 
Gluconic acid 
5-Ketogluconic acid 
2-Ketogluconic acid 
Itaconic acid 
Penicillin 
Streptomycin 
Streptothricin 
Aureomycin 
Chloromycetin (Chloramphenicol) 
Riboflavin 

J'>ficro-organism 

Methanobacterium omelianskii and others 
Yeast 
Bacterium oxydans, Bacterium aceti, and others 
Propionic acid bacteria 
Clostridium saccharobutyricum 
Clostridium Beijerinckii 

Clostridium acetobutylicum W eizmann 

Aerobacillus polymyxa, Aerobacter aerogenes 
Acetobacter suboxydans (from 2,3-butyleneglycol) 
Yeast, e.g. Saccharomyces ellipsoideus 
Lactobacillus Delbrueckii, Rhizopus oryzae, and others 
Aspergillus niger and others 
Mucorales species, Rhizopus nigricans 
Aspergillus niger 
Acetobacter 
Pseudomonas 
Aspergillus terreus 
Penicillium strains 
Actinomyces griseus 
Actinomyces lavendula 
Streptomyces species 
Streptomyces venezuelae 
Chloromycetin (Chloramphenicol) 
- guilleirmondia, Eremonthecium ashbyii 
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value ( 13), and some of its esters with unsaturated alco
hols are useful in the manufacture of polymers ( 14), be
cause they lead to cross-linking to a mild extent. Perhaps 
1he most interesting use, however, is the conversion into 
11-amino-undecanoic acid which since the fundamental 
papers of Carothers is known to be polymerizable to a 
polyamide of the Nylon type, but differentiated from 
ordinary Nylon by the much longer carbon chain con
necting the polar groups, and by the ensuing differences 
in chemical and physical properties. 

UTILIZATION OF PROTEIN \\'ASTE PRODUCTS 

Equally, the utilization of protein waste products, 
which has briefly been mentioned before, deserves a 
more thorough discussion. Such waste products are 
plentiful in the industry of vegetal oils and in the 
fermentation industry, and it is curious to note their 
abundance in comparison with the scarcity of animal 
protein. The explanation of this anomaly lies in the fact 
that our organism digests and utilizes vegetal proteins 
to a much lesser extent than animal ones. The present 
method of bridging the gap is that one feeds the vegetal 
protein to cattle whose digestive tract is more adapted 
to it, and recovers it as animal protein in the form of 
milk or meat. However, a careful analysis of the situa
tion has led Slade and his co-workers ( 15) to the conclu
sion that in this way only 9 per cent of the protein is 
recovered directly in the form of meat protein and 15-18 
per cent in the form of milk protein. 

Many attempts have been undertaken to make vegetal 
protein better available to the human body by hydrolyz
ing it, either partially, to peptones, or completely, to 
amino acids. The use of chemical reagents in this case, 
mainly acids, which have been applied most frequently, 
suffers from several disadvantages, amongst them that 
certain amino-acids are destroyed or converted into 
nutritionally valueless products, and that certain other 
amino-acids are racemized and thus partly withdrawn 
from the pathways of metabolism. Here again, the 
application of the more subtle instrument of the living 
cell proves to be of distinct advantage. The breakdown 
of vegetal proteins by means of the proteolytic enzymes 
of yeast leads to products in which the amino-acid con
tent of the natural protein is maintained in quantity and, 
as far as the steric configuration is concerned, also in 
quality. These products can be expected, and have been 
proven, to be equivalent to animal protein ( 16). 

In the preceding pages an attempt has been made to 
clarify our ideas on the possibilities of the utilization of 

The CHAIRMAN : I think you will all agree that we 
have had six extremely valuable papers, illustrating in 
their several ways what could be done to create new 
resources, whether of food or of industrial materials. 
In opening the general discussion, I think it would be 
useful to refer to certain aspects of the problem which 
have not in general been touched upon. 

Dr. Lundin, in his paper, has mentioned the fact that 
the method which he has been describing for producing 
fat from micro-organisms may at present prove uneco
nomic in competition with fats produced from coco
palm. The point he makes is a salutary one. Economic 
considerations hedge technical possibilities. Moreover, 
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agricultural products for chemical manufacturing pro
cesses. It does not appear impossible that a systematic 
application of these principles and of the experience 
already gained may lead to a revision of current ideas 
on the paramount value of petroleum and coal, and may 
thus help in the pacification of a troubled world. In any 
event, these methods may certainly become a tool in 
the development of those areas which lag behind in their 
industrial development and· in the standard of living of 
their population, although in many cases they are the 
areas which in other respects have made no mean con
tributions to our present civilization. 

It would be gratifying if Israel, which appears for the 
first time as a member State in a congress convoked by 
the L'nited Kations, should become the pioneer on this 
new road. 
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2,217,264 ( Chem. Abstr., vol. 35, 1140, 1941) ; 2,316,733 
(Chem. Abstr., vol. 37, 5800, 1943). 

this is an international meeting and our economic points 
of view are somewhat different at the present moment. 

Dr. Hall, in his paper, said that there are two basic 
requirements for securing the best from the timber 
resources of the world today: forests and forest indus
tries, and highly developed industrial organizations and 
technical knowledge. Clearly, there is a third set of 
variables which we have to consider: the economic 
factors. 

Dr. Hilbert remarked that, if modern food technology 
could be applied more widely throughout the world, it 
could raise substantially the nutritional standards of 
millions of people. That is perfectly true. The tech-
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nologist can show the way. But the question is : At what 
rate and at what cost? How quickly can these things 
be applied? And here we enter the field of economics 
and hard realities. In England, where conditions at 
present are not as satisfactory economically as some of 
us would like, we are always looking around for alterna
tive sources for the materials which are conventionally 
used in industry and agriculture, as well as for new ma
terials. In this search our economic friends are con
stantly reminding us that many things which are tech
nically feasible are economically undesirable. They 
point to the example that it may be possible to grow 
bananas at the North Pole, but they ask whether such 
things are really necessary and whether the expense is 
justified. The answer is that, in most of these cases, the 
expense is not justified because there are alternative and 
cheaper ways, particularly in view of the manner eco
nomic matters have been organized over the past years, 
to satisfy our wants. 

If we take our minds off the fact that the rate at which 
new materials and new sources of supply can be tapped 
depends upon economic factors, we shall be misleading 
ourselves about the speed with which science and new 
technology can come to the aid of a world which, so the 
prophets assure us, is going to outrun its sources of food 
and its sources of raw materials. 

The problem, however, is not simply one of the eco
nomics of production. We have also to consider the 
economics of distribution. Even if, for example, it were 
technically feasible to produce all the fat and all the 
protein we wanted from algae by the methods referred 
to by Dr. Woodward, could we be certain that that pro
tein would be distributed any better than the protein 
which at present exists in the surplus grain which ex
ists in certain parts of the world? \V e ought to know 
about the answers to such questions when we encourage 
any major adventures into non-conventional methods of 
production. 

I am deliberately making these provocative remarks 
from the Chair as a stalking horse for the discussion. 
\Vith your permission, I should like to pursue the eco
nomic issue just for a few more moments. 

Scientists, as such, can do extraordinarily little to 
solve the general problems of economic maldistribution. 
They can, however, undoubtedly help when it comes to 
the consideration of the differential economics of pro
duction. Science is something which, as we all know, 
leaps ahead of custom and tradition-custom and tra
dition based upon common knowledge-and by so doing 
scientists create a gap between themselves and those 
other professional forces which determine the economic 
context of a period. The gap, which is often a gap 
between scientists and economists, is sometimes an ex
tremely serious and dangerous one. \V e have been dis
cussing new technical knowledge this afternoon, and we 
have had indicated what could be done if the opportu
nity were there. In the first instance, however, knowl
edge does not imply control over resources. It means 
control only when it becomes part of all the factors, 
economic and political, which determine the context of 
development. 

At the present moment, for example, economic forces 
in certain areas prevent the full exploitation of even 
conventional methods of production. For example, it 
does not pay us in England to produce much aluminium 

and magnesium. It does not pay us because, even 
though world trade is not in as happy a state as it 
might be and should become, we can do better by custom
ary methods of trade than we can by developing at high 
cost the materials from domestic resources. \V e have 
got to ask ourselves, therefore, a number of questions 
about resources which could be created by unconven
tional methods. 

When we consider any one of the projects that have 
been mentioned today, we have to see first whether or 
not we can obtain the substance concerned more eco
nomically by the unconventional than we can by con
ventional methods. We have to consider the economics 
of eliminating the waste of materials produced in con
ventional ways. iN e have to remember that things 
which are quite possible in an economy such as the 
United States-a country with a big agricultural surplus 
-are out of the question economically in many other 
parts of the world. Chemurgy, for example, can make 
vast leaps ahead here which it cannot possibly do else
where. Countries which are nowhere near self-suffi
ciency in food supplies present a state of affairs quite 
different from that >vhich prevails here, where it is pos
sible to use agricultural surpluses as a basis for industrial 
raw materials. 

It is perfectly plain, therefore, that the economics of 
unconventional production will vary with the different 
regions we consider. A plant to make fat by the use of 
micro-organisms would be one thing in Sweden; if it 
were to be put up in Burma it would be something com
pletely different ; and if it were put up in Northern 
Rhodesia, it would represent yet another problem. 
There is no single simple answer to the economics of 
unconventional methods of production. 

I am, as I have said, making these points simply to 
raise one or two controversial issues for the sake of 
discussion. Another point I should like to hear dis
cussed is that of scale. By how much, relatively, can 
unconventional methods of production supplement the 
output of conventional methods. For example, it would 
be useful to know how much fat it is feasible to produce 
from micro-organisms in relation to the total amount of 
fat that is consumed. 

The search for new knowledge, for new methods and 
new resources must go on, and will go on. The ques
tion is whether or not we can accelerate its progress. 
New resources have fitted into the scheme of things 
when it has paid to fit them in. Today, forces other than 
economic ones are urging us forward to create new 
resources as shortages become apparent in the old and 
as new needs develop. It is not a case of the scientist 
not having the time, as it were, to start to solve the 
problems raised by potential shortages and scarcities. 
It is a case of asking whether, under existing political 
and economic conditions, the scientist is going to be 
given enough time to succeed in the task of developing 
these vast new schemes of wealth, of which samples have 
been given us this afternoon. 

The whole subject is open to general discussion, and 
I trust you will not be slow in coming forward. I call 
first on Sir Harold Hartley who was Chairman of 
Monday's meeting. 

Sir Harold HARTLEY: The Chairman, speaking as 
an economist and scientist, has given us a very timely 
reminder which, coming from him as a scientist, carries 
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articular weight. It is that we scientists must not mis
~ad the world by our enthusiasm, and that in all these 
ew possibilities great care must be taken to use them 
1 such a way that we get the benefit from them without 
Hlulging in uneconomic development at this period of 
w world's history when we have to be so very careful 
1 the use of our resources. 

I should like to start by paying tribute to the papers 
o which we have listened this afternoon and which, 
1ken together, do represent a most admirable and lucid 
ccount of these developments in the field of creatable 
esources, the development of which has been spread 
1ver a considerable number of years. 

There is this new partnership-of which you have had 
uch a graphic description this afternoon-between the 
armer, the forester and the chemical engineer which has, 

:hink, great significance for the future. As I said on 
\londay, it was formerly a competition, and I shall quote 
t remark which Steinmetz, the genius of Schnectady, 
nade to Bosch, the head of the I.G., the great German 
:bemical combine, and which I had from Bosch's own 
ips so that it is authentic. They were discussing the 
}t.estion of the future of tropical agriculture, and _Ste.in
. n:~tz said, "Well, Bosch, I know you can make mdtgo 
:haper than God. Some day you may make rubber 
:t eaper than God, but you will never make cellulose 
:teaper than God." There is a great deal of truth there, 
w:tich has a direct relation to our Chairman's reminder 
that we have to keep the economic significance of these 
developments very clearly in mind. 

Secretary Krug, at our first plenary meeting, laid 
o-reat stress on the importance of the interrelationships 
~f the Sections of this Conference, and I should like to 
take up two very significant aspects relating what we 
have heard this afternoon to the plenary meetings on the 
two previous days. 

Reverting to the first day, when we were discussing 
energy, all these possibilities of which we have been 
hearing today are dependent upon supplies of energy, 
fuel and power being available at the right places. They 
are also dependent in the energy field on transport, as 
the Chairman pointed out to us when he was speaking of 
the economics of distribution. I shall come back to that 
a little later. 

Yesterday morning we had in the Mineral Section 
meeting an outstanding paper by Mr. Pehrsona on the 
\vorld resources of minerals, and he pointed out that 
there was a great contrast between the world reserves 
of minerals in the metallic field and in the world reserves 
of potash, phosphates and coal-and in coal we have the 
energy to produce fixed nitrogen. The result is that 
whereas the mineral resources are measured in a hun
dred or, in many cases, less than a hundred years, those 
of potash and phosphates are measured in one thousand 
six hundred years, and those of coal in over two thous
and years. Thus there is a great contrast, but from the 
point of view of the subject we are discussing today
creatable resources-we are secure in the future of an 
agricultural economy because we have the fertilizers and 
the energy. 

That seems to me to emphasize the importance of 
'~se developments, because in many cases there is, in 
.:,e processed agricultural materials and synthetic 

"Mr. Pehrson's paper was introduced at the Minerals Section 
meeting and will be included in the Proceedings of that Section 
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chemicals, the possibility of gradually replacing a num
ber of the uses of metals which, if we look at Mr. Pehr
son's figures, is something that we have to face up to. 

There is another point in Mr. Pehrson's paper, 
namely, the rate of consumption of these metals in differ
ent countries where there is that very great contrast be
tween the consumption in the United States and else
where a factor which is very considerable-one to ten, 
one t~ twenty, one to thirty .. Which means th~t. if we 
take President Truman's Pomt Four, the raismg of 
the standards of living in the backward countries, the~, 
as was pointed out in Mr. Wadia's paper yesterday, If 
we contemplate the same kind of civilization-and t~e 
papers at yesterday's plenary were devoted to the raiS
ing of the standard of living-then that woul~ produce 
almost a physical impossibility as regards certam metals. 

On the other hand, if you consider today's papers _in 
relationship to the development. of backward co~ntnes 
and significance to those countnes of the processmg. of 
farm and forest products, you will see what a ~Teat sig
nificance that may have to giving those countnes a bal
anced economy. But it does mean giving them a con
siderably greater amount of metals . 

There is one quantative point that I should like to 
come back to, which has a bearing on this question ~f 
the relationship of these creatable resources, that IS 
farm and forest products, and the output of minerals. 
I made a survey just before the war, and my figures, 
which were in fairly close agreement with Zimmerman's, 
showed that on a value basis, 88 per cent of the farm and 
forest products today represent food and 12 per cent 
a contribution to the raw materials of industry. And on 
the same value basis, the mineral raw materials repre
sented about twice as much as the farm and forest pro
ducts. So that, roughly, you can say, of these primary 
materials-I hope that I am not misusing the term 
"primary materials", because you, Mr. Chairman, gave 
the definition-that about 70 per cent are used as food 
and about 30 per cent as industrial materials. And with 
the growing depletion of metal reserves, I could detect 
a certain tendency of that 12 per cent-the amount of 
farm and forest products which are being used in in
dustry-to rise. 

Looking at this question of development, and the 
figures which Mr. Pehrson gave us, it does seem to 
emphasize the importance of having accurate surveys of 
raw materials, because, going back to the Chairman's 
point on economic development, you must base that de
velopment on the raw materials which are immediately 
available, and you have to link up the availability of 
those raw materials with the availability of energy, with 
sources of fuel and power for their processing. You 
will remember that Secretary Krug stated how much 
he regretted that the proposal to focus here a comprehen
sive survey of resources had had to be dropped for the 
time being. So one of the lessons which comes out of 
this Conference is how essential such a survey is, if we 
are to get an orderly development, along economic lines, 
of these raw materials, and achieve the right sort of 
balance, with the limited resources which we have at our 
disposal. It is important to get the right priorities f?r 
the use of our limited capital resources so that they will 
go to places where they ca~ mak~ ~he largest. co~trib~
tion, while, at the same time, givmg the scientist hts 
head and letting him range as widely as possible in ex-
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ploring and bringing to a stage of possible application, all 
these possibilities of the type that we have been listening 
to this afternoon. 

I feel that today's contribution does provide a pointer 
to what may be the future pattern of civilization, in view 
of what we know about mineral resources. 

The CHAIRMAN: I call on Dr. Goodrich of the Pre
paratory Committee. 

Mr. GooDRICH: I should like to make one brief 
comment to say how much I think this particular meet
ing falls within the centre of the spirit of the Conference, 
not merely because the speakers have indicated new and 
exciting lines of progress, but because each of the speak
ers, and you, Mr. Chairman, and Sir Harold Hartley, 
have all dealt with the point of applicability; that is, 
where can these things be put into effect, and can they be 
put into effect in the less-developed countries? 

You will notice that these questions of applicability 
have appeared in various forms in the discussion. There 
is the question of applicability in terms of needs. As 
Mr. Lundin suggests, perhaps some of the techniques 
of which he spoke would be better put into effect in the 
Far East than in his own country, because there the 
needs for the substance were the greater. Other com
ments have dealt with the applicability from the side of 
supply; that is, does the new method need an elaborate 
technique and "know-how"? Well, obviously all of 
them do. But you will notice that Mr. Hilbert was 
speaking of attracting technicians to his laboratories who 
could take back the techniques to other countries which 
had not yet developed the techniques. On the other 
hand, for a number of these techniques, it has been 
pointed out that their application required considerable 
capital and required a complex industrial organization; 
and, in other cases, Mr. Hall pointed out that the appli
cation required a particular set of resources; that is, in 
his case, the resources in wood. 

I think that the speakers ought to be congratulated on 
formulating their technical points in relation to this 
question of applicability-applicability to particular sets 
of countries and particular sets of conditions. Possibly, 
if they have an opportunity in the discussion, they might 
push that point even further; but I think that we should 
be very grateful to them for the extent to which they 
have kept it in mind in their presentation. 

The CHAIRMAN: Mr. Hall wishes to take up this last 
point. 

Mr. HALL: I am not going to attempt to reply to all 
of the discussions by these eminent economists. I have 
had lots of trouble with economists before. We always, 
it seems, come to the same point in these discussions. 
We take a look at the cost when we analyse what we 
are doing with respect to food supplies or some other 
matter; it does not make any difference what it is, for 
we conclude that what we propose to do will probably 
cost more and, therefore, nothing can be done. I do 
not think that we ought to end on quite that much of 
a note of pessimism. Certainly we are not going to 
grow bananas at the North Pole, unless we begin to 
mine metals at the North Pole and have to feed some
body and, in so doing, have to have bananas. In that 
case, growing bananas at the North Pole will prove to 
be economically sound. 

I want to emphasize a point that I tried to make per-

haps inadequately in the main part of my discussion 
During the course of the war it became necessary t< 
consider extraordinary means of getting protein in con 
centrated form to the soldiers of a certain country. Wt 
could get tools of war to them, but they were so hungrJ 
they could not carry them. It was necessary to figun 
not how much it would cost but how we could do it 
Obviously, they had wood. Quite obviously also the) 
did not have anything else. The total sulphuric acic 
capacity of that country per year was approximate!) 
equivalent to the production of sulphuric acid in tht 
United States in one eight-hour shift. Sulphuric acic 
was an utterly inescapable requirement of the proces~ 
we proposed to put into effect. 

All right, we were licked. The economics of the sit· 
uation had nothing whatever to do with it; we wen 
simply licked before we started because the conditiom 
were insurmountable. However, we went ahead anc 
calculated the costs of transporting sulphuric acid ir 
the required amounts by aeroplane if it were necessary 
to do so. 

This is an absurd illustration in a way, and yet what 
I am trying to say in my weak way is this: If we an 
going to get at the job of translating into utilizable food 
resources some of the things we have all discussed hen 
today, it will take daring, it will take capital, and it 
will take above all something that has not yet come fortb 
-some form of international credit organization with a 
very long term point of view. On that note I think I 
should close. 

The CHAIRMAN: I call on Dr. Erselcuk of Purdue 
University. 

Mr. ERSELCUK: As an economist I agree with Mr. 
Hall. I think economists as well as other people are 
somewhat confused on the issue of what is economic 
and what is not economic. They are confusing the two 
terms : financially desirable and economically desirable. 
The cost problem is usually one of finance. It is pos
sible, in my view, to make great use of the wastes. That 
may cost a great deal perhaps financially, but it still 
may be economically desirable as long as in the process 
of substituting one raw material for another we do not 
use other scarce raw materials. In other words, in the 
process of substitution, we can use labour-and in some 
cases there may be much of it available-and in some 
cases we may be able to substitute plenty of cheap capital. 
Of course, the cost of that varies from one country to 
another. In the United States it is available at very low 
rates-2 to 3 per cent per year. In China it is not avail
able even at rates above 10 per cent. Due to these sub
stitutions of labour which may be available, and due to 
substitutions of capital which may be available, a sub
stitution that may appear rather expensive at this time 
from a financial point of view may be perfectly desirable 
from a technical and economic point of view in the 
over-all picture. After all, it may be more desirable to 
pay the labour to convert certain sugars to alcohols than 
to pay that labour through the WPA or some other form 
of relief. 

The CHAIRMAN: I call on Dr. King of the United 
Kingdom delegation. 

Mr. KING: I should like to return to a point "G 
was raised a few minutes ago by Sir Harold Harh .. 
in relationship to the very interesting papers we have 
had today which have shown us so many new possibili-
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ties for the future, the immediate economic desirability 
of which appears from the discussion to be very de
batable. 

No doubt there are many new resources which could 
be put into operation in slightly different economic 
circumstances. I suspect that quite a few of the proc
esses and materials which have already been discussed 
in this connexion here and elsewhere are marginal 
from this point of view. Consequently, with slight 
changes in the economic atmosphere, either in a world 
sense or in certain localities these techniques might 
p:Jssibly prove to be extremely valuable. 

One of the chief probabilities of an over-all change 
a'fecting the demands of consumption of raw material 
r•:sources has been raised, or threatened to be raised, at 
quite a few of the plenary meetings of this Conference. 
I should like to stress this matter again. Quite apart 
from population increase, which we have discussed on 
many occasions, we all agree that there is at present 
strong pressure towards increasing the standard of liv
ing throughout the world, as exemplified, of course, by 
the F AO policy, and furthermore strong pressure 
towards the development of resources in the less-devel
oped areas, as illustrated by President Truman's ''Point 
Four" and the response which this approach has re
ceived in the Economic and Social Council and else
where. 

The effect of such an increase in the standard of liv
ing and of the opening up of new developments in vari
ous parts of the world will, of course, lead to a very 
greatly increased demand for the renewable and non
renewable resources of the world. 

Sir Harold has mentioned the very excellent paper of 
Pehrson on the mineral side. A glance at the final table, 
as far as minerals are concerned, shows us that if the 
standard of the world were raised to that of the United 
States, our potential iron ore would be used up in 75 
years, our copper in 5 years, our lead in 4 years, and our 
zinc in 6 years. Mr. Hall's paper on the forestry side in
dicates that if the backward countries of the world used 
forest products at the rate of the United States, the situ
ation would here too be critical. I know that many of us 
who are in this country as foreigners realize immediately 
that if the whole world produced newspapers the size 
of the Sunday editions in this country, depletion of the 
world's forests would become an immediate and very 
serious problem. 

I do not think for a moment that any of these schemes 
are likely to raise the world's demand for raw mate
rials to that of the United States in any foreseeable fu
ture. In fact, in the present world situation and with 
our present political and economic organization, the 
world could not afford it. Changes may well take place 
which will alter that circumstance. But that, again, is 
for the future. 

Nevertheless, although we cannot envisage the de
mands for raw materials and other resources being in
creased by forty times, or ten times, or even twice, the 
tendency-and it is a tendency which will probably ac
celerate-is for a great increase in the demand from all 
parts of the world, and particularly from the less-devel
oped areas, for a considerably higher proportion of re
sources ; and this demand will in itself change the eco
nomic situation so that a number of the materials and 
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the processes which have been discussed in the papers 
presented today may well enter the picture as extremely 
important factors. 

I am therefore saying these few words as a plea that 
work be continued and intensified on these subjects. 
The more we know about these resources, I think, the 
better position will we be in to put them to use when 
economic circumstances change and they become pos
sible and desirable. As the previous speaker said, they 
may become desirable through changing financial cir
cumstances in times of depression or through other 
circumstances quite apart from the over-all economic 
position. I therefore feel sure that such work should 
be continued, and furthermore that its economic assess
ment should be done in parallel, and stage by stage, so 
that quick use may be made of all these regenerative 
resources, whether traditional or otherwise, when the 
economic circumstances permit and favour them. 

The CHAIRMAN: I call on Mr. Raushenbush of the 
Preparatory Committee. 

Mr. RAuSHENBusn : Like all the rest of you, I 
listened with a great deal of interest to what Sir Harold 
Hartley and 1\Ir. King and others had to say, and I 
wondered how many of you got the same impression of 
today's meeting that Mr. Goodrich had. 

The speakers today were cautious, as scientists always 
are; they do not, in their own papers, lead anybody to 
see quite what they are saying. But if it is correct that 
Mr. Woodward, who is a technical man in his field and 
a specialist of high repute, brought himself, in his modest 
English way, to say that the results might be very re
markable, then, in a much simpler American way, I am 
going to take a gamble-not a complete gamble, but a 
good one--that the results are going to be something 
very extraordinary indeed. 

Here we have the algae process and the fat synthesis 
process and the opportunity to get more land by obtain
ing certain products from trees instead of from plants
in other words, using our cotton land, not only in this 
country but perhaps throughout the world, for wood 
products. 

Those three things all deal with food. They all deal 
with the questions that have intrigued the American 
imagination so much in the last few months, the ques
tions concerning a population that may be encroaching 
upon food supply. If you take a layman's translation 
of what all these scientists together have said-and I 
did not get all of Mr. Lundin's figures-you have a real 
challenge to the thesis that has been put forth that the 
people are going to live at a coolie wage and a coolie 
standard of living in the very near future. 

In connexion with what Sir Harold Hartley and Mr. 
King said about taking these things pari passu and in 
due measure, and so forth, I should like to take up just 
two points. First, these things deal with food. They 
are not completely analogous to the over-use of minerals 
which might occur and which Mr. Pehrson talked about 
the other day. They have to do with the question of 
whether a population that is now 2 billion, and is going 
to be 3 billion in fifty years, is or is not going to eat ade
quately. 

In that kind of situation, I would try to amend Mr. 
King's suggestion that the scientists should go forward 
in due course and due manner, and in the light of all 
economic considerations, with a statement or suggestion 
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that they go just a little bit faster. The scientists are 
going to have a big job here with these promises-and 
nothing more than promises-that the speakers have 
given us today, in order to get just a little bit ahead of 
hunger. In view of the bill that the world pays when
ever there is instability, it could pay a very considerable 
bill-it is a good business proposition-to avoid the 
kind of instability that comes when some people starve 
and other people do not starve. That difference, which 
confronts us in many parts of the world today and in 
many parts of this country, is a not inconsiderable differ
ence, whether you look at it in sociological terms or in 
purely financial terms or in that peculiar twilight at
mosphere that the gentleman· from Purdue University, 
Mr. Erselcuk, was trying to persuade us exists between 
the financial and economic. 

I should like, then, to summarize, very roughly and in 
layman's form, what I learned from this meeting. What 
is implicit in it, I think-and Mr. Woodward and Mr. 
Lundin and Mr. Hall may want to raise objections to 
this-is the most hopeful challenge for people who are 
hungry throughout the world. It is so hopeful-it 
deals solely with hunger and the improvement of stand
ards of living through better diets-that it might be 
worth the consideration of the world to put a good 
many more of their teams of experts on matters that are 
now dragging along perhaps a little more slowly than 
they might. 

Mr. WooDWARD: I think that perhaps we have 
achieved something if we have got men like Mr. Stephen 
Raushenbush and his economist colleagues to realize 
what we pseudo-modest technical chemists are doing. I 
am making a point of meeting as many of them as I can 
in the corridors after this meeting because for some 
time I and my professional colleagues have been trying 
to do such things as making sausage-skins from seaweed 
and the like and apparently we are all wrong in our 
perspective. I heard the other day of a man who had 
succeeded in making edible protein from sheep's wool. 
That is only one stage, I am sure, from making wool 
from mutton. It is high time, I submit, that the econo
mists teamed up with us in the development of the 
many new fields we have been discussing here. 

I should like to point to three things which have been 
said before but which to me, as a chemist, seem to be 
essential in developing these techniques we have been 
talking about. We certainly require a factual survey; 
the minerals people are far ahead of the agricultural 
technicians. They have facts and figures. I think it is 
right to say that with the exception of forestry there 
is no competent survey in the world of agricultural com
modities and by-products, with the sole exception of one 
in the United States carried out ten years ago. That, 
I submit, is essential and of immediate importance, and 
must he carried out by scientists and chemists. 

Secondly, we must do more and more in spreading 
the technical "know-how", by means of discussion, ar
ticles, and by bringing people to such laboratories as 
that headed by Dr. Hilbert. 

The third, and most fundamental point of all, is to 
have the necessary mechanical equipment in the parts 
of the world where the development of these processes 
is .required. Without that, all this talk is entirely in 
vam. 

The CHAIRMAN: I call on Mr. King Hubbert of the 
Shell Oil Company, Houston, Texas. 

Mr. HuBBERT: There have been certain not quite 
expressed currents of thought running through these 
meetings, particularly the plenary meetings, for the last 
several days. It has taken several forms. Yesterday, 
at the Mineral Session the criteria for determining 
whether or not certain low-grade minerals should be 
extracted were discussed, and the central theme was 
whether or not it was profitable to do so. This after
noon, we have had Mr. Hall's very excellent technolo
gical exposition. We have just heard what can be 
done with various products, and we have heard a word 
of caution that "economic factors" must also be taken 
into account. Since this concept of "economic factors" 
has been brought into the discussion I should like to 
inquire what we mean by it. What do we mean when we 
say that a given operation cannot be carried out because 
the cost will be prohibitive? 

In that connexion, I should like particularly to call 
your attention to two totally different kinds of costs
costs which have nothing whatever to do with each 
other. In all kinds of physical operations-! use the 
word "physical" to include the whole general domain 
of matter and energy-one type of cost of any process 
is its physical cost. I can illustrate this very simply by 
saying that the cost of driving an automobile is the ga~
oline which is burned and which, so far as energy 1s 
concerned, leaves the earth. That is strictly and ir
retrievable cost. The other type of cost is the monetary 
cost of the gasoline. This involves the exchange of 
tokens or paper between two individuals, and after the 
gasoline has all gone, the tokens are still with us, so 
far as the national economy is concerned. The only 
thing we lost in the deal was the gasoline, not the tokens. 

It happens that the dictates of these two different 
types of accounting often are contradictory. The dol
lar accounting sometimes says that we cannot do a given 
thing, and the physical accounting says we can and we 
should. That is the essential contradiction which seems 
to me to be running all through these various problems. 
Yesterday the problem was brought into focus in the 
case of gold mining, and there is no better example. 
This is an operation which is physically unjustifiable be
cause it is an absolute waste of resources for no useful 
purpose, yet it enjoys every sanction of monetary ac
counting. Going further, it is noteworthy that physical 
accounting so far has been given precedence over mone
tary accounting only in times of war. 

I mention this because I do not believe the distinction 
has been sufficiently appreciated. Food, biological ~ro
ducts, minerals and energy resources are all phys1cal 
entities and their utilization comprises a complex of 
physical processes upon which the well-being of human
itv depends. Hence if socially desirable and physically 
practicable operations are forbidden by the dictates of 
monetary accounting, I think we should at least be aware 
of what is causing the obstruction. 

The CHAIRMAN: In drawing this meeting to a close 
may I again, on your behalf, express the appreci~tion we 
all feel to those who presented formal papers th1s after
noon? May I also say that I am pleased that my earlier 
remarks of a slightly conservative economic kind acted 
as an adequate stalking horse. The response from some 
of those who took part in the general discussion gave 
the kind of encouragement most scientists like to have. 
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:VIr. Hall suggested that we should not measure the 
chings we have been discussing in the way conventional 
~conomists and business men are inclined to measure 
them, and he added that faith and courage and the need 
tc· enrich ourselves is something which transcends some 
Jf the dry rules of academic economics. Mr. Raushen
bush put the matter even more forcibly when he said 
that the scientist should get a little ahead of the hunger 
which threatens. We should perhaps remember that 
practically every one of the steps by which new com
modities and resources have in the past been created has 
lwen subject to the same type of comment which this 
1iscussion has so forcibly rejected. It was, for example, 
:ompletely autarchic to develop the rayon industry in 
Germany in the Thirties; but that rayon industry, once 
1eveloped, has gone ahead and has added economically 
:md substantially to the total amount of fabric available 
in the world. 

CREATABLE RESOURCES 

The last speaker has differentiated well between so
cial cost and monetary cost, between-if one puts it in 
different terms-the value of an operation and the cost 
of operation. That is something which we ought always 
to bear in mind. I do think, however, that while re
search for new resources should surge ahead, we should 
not forget the economic difficulties which now beset the 
world. We have to distinguish clearly between our 
urgent short-term economic problems and the longer
term matters we have been considering. With Mr. 
Hall, I feel that some new form of international credit 
organization will prove necessary if even a fraction of 
the various possibilities that have been touched upon 
today are to be fully exploited in the years to come
years which may slip by so quickly that the problems 
we have been discussing are going to appear more and 
more urgent and, if we are not careful, probably more 
and more insoluble in terms of the time available. 
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The CHAIRMAN:" The main object of our meeting 
today is to define methods which will enable us to attain 
a somewhat better knowledge of the resources at our 
disposal and of means by which we may so husband and 
use them as to prevent their exhaustion. 

I should point out that some aspects of the problem 
were studied at a recent United Nations meeting of 
experts on cartography, where the co-ordination of the 
cartographical services of specialized agencies and inter
national organizations was considered. The report of the 
Committee of Experts has been distributed and some 
additional copies will be available at the end of the meet
ing to anyone interested. 

During today's meeting we shall have the great pleas
ure and privilege of hearing at least four or five papers, 
first those of Professor Fernand Blonde! and Mr. Robert 
Randall and then those of Dr. Mahalanobis, Dr. Shew
hart and Professor Frank Yates. 

Mr. Fernand Blonde! is, as you know. Director of 

"The Chairman spoke in French. 

Mineral Discovery 1 

F. BLONDEL 

In his brilliant communication of 18 August, Mr. 
H. L. Keenleyside examined the general problem of 
minerals, placing particular stress on the following 
questions: 

l. The future expansion of demand for minerals re
sulting from the increase in world population and the 
universal desire for improved standards of living; 

2. The satisfaction of this demand by greater yield 
from the production and utilization of the minerals ex
tracted from deposits at present being operated ; 

3. The discovery of new deposits by intensified ex
ploration with a view to increasing the number of 
deposits for operation. 

The first two questions were examined in greater de
tail at the plenary meeting of 23 August. Today I pro
pose to deal with the last question, namely, exploration. 
I shall not dwell on technical matters, but shall simply 
point out the direction in which methods have evolved. 
I shall deal at rather greater length with the results 
obtainable from exploration, since it is these results 
which are most likely to interest the whole Conference, 
assembled at a plenary meeting. 

THE EVOLl:TION OF MINERAL PROSPECTING 

Has there been any progress in the methods of mining 
exploration? In what direction? May we anticipate 
further progress in these methods? These are the first 
questions I should like to examine. 

Exploring for minerals is as old as man ; even primi
tive man, searching for special flints for his stone tools, 
was a prospector, like his successors who, a little later, 
discovered the more or less stanniferous copper ores 
which made possible the manufacture of bronze. \Ve 
can easily guess the method used by our distant an
cestors, since it is basically that still used, consisting 

1 Original text: French. 

the Bureau d'Etudes geologiques et minieres coloniales 
(Bureau of Geological and l\fining Studies for Colo
nial Territories). It is a great pleasure to welcome him 
among us. His speech will be of great interest to every
one and will be followed with pleasure and profit. 

To list all Mr. Blondel's claims to our attention would 
take far too long. I will confine myself to reminding 
you that he has been president of the Societe geologique 
de France (Geological Society of France) and of the 
Societe fran(aise de mineralogic (Mineralogical Society 
of France) and that he is a member of the Academic des 
Sciences colottiales (Academy of Colonial Sciences). 
l\:Iany foreign distinctions have also been conferred 
upon him. Today, by reason of his constant journeys 
and his many contacts, he might be described as an 
essential cog in a scientific machine, which, like a cinema 
projector, brings before us a picture of the development 
of science and its contribution to the field with which 
we are concerned. 

Mr. BLONDEL delivered the following paper: 

simply in searching the region in question and examin
ing stones by splitting them so as to obtain a section 
less affected by superficial agents. The geologist's primary 
tool is still his hammer, which doubtless differs little 
from the prehistoric prospector's club. 

In the course of the centuries data accumulated, and 
gradually certain associations more frequent than others 
were noted. \Vhen, at the end of the eighteenth and the 
beginning of the nineteenth centuries, geology little by 
little deciphered the constitution of the earth's crust, it 
became possible to formulate certain of these associations 
in terms of the new science. K evertheless, the search 
for minerals has to this day remained an extremely per
sonal and largely incommunicable process. 

To the public, both the picturesque old-time pros
pector, with his mule and his camping equipment, and 
the more modern expert who travels by air and is backed 
by very large petrographic and chemical laboratoriPs. 
are still sorcerers, magicians. The expert, if you prefer 
a more dignified term, is like a doctor, diagnosing the 
deposits under examination. The diagnosis is a~s,sisted 
by the results of laboratory analysis, but its essential 
precondition is still a degree of knowledge and personal 
experience which can be acquired only after a great 
deal of time, travel and-luck. 

This situation-! was about to say this picture taken 
from a child's fairy-tale-is being progressively trans
formed by two factors, namely, the systematic and 
collective organization of research and the use of geo
physical exploration. Let me say a few words about 
both these. 

The results obtained by an isolated prospector pene
trating into a new region are clearly largely at the mercy 
of chance, or luck. But this study of regions still virtu
ally untouched is the task with which we are faced for 
the future, if we are to discover new deposits which 
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are not merely extensions of deposits already known. 
To place one's trust in a benevolent fortune would be 
extremely naive, and as reliable as buying tickets in a 
lottery. Consequently the idea has gradually gained 
ground-particularly in little-explored countries such 
as Africa-of organizing systematic reconnaissance, 
leaving as little as possible to chance. It would take me 
too far afield and necessitate technical details out of 
place at this meeting to describe how such systematic 
reconnaissance should be conducted or go into its cost 
::mel the assistance which it can and must receive from 
general geology and the geology of mineral deposits. 
Suffice it to say that such reconnaissance has already 
been carried out in Africa, and has led to the discovery 
of a number of extremely interesting deposits, including 
manganese and diamonds in the Gold Coast, gold, tin 
and diamonds in the Belgian Congo, diamonds and gold, 
in French Equatorial Africa and iron and tin in French 
West Africa. In the French overseas possessions, par
:icularly Africa, this method is now well established, 
md is applied to the extent made possible by available 
:redits. 

For the drawback of this method is its high cost, 
·.:aused by the enormous extent of the territories re
'!lliring exploration; moreover results are so uncertain 
:hat practically no private undertaking has yet assumed 
·he risk, and but for a few rare exceptions such sys
tematic exploration has been undertaken by public or 
:-;emi-public bodies. But the funds available to such 
bodies are not always as large or as regular as is de
sirable for such work. 

In this connexion, I should like to make a comment 
outside the scope of mining exploration. The time has 
now arrived when, if the problems of exploiting new 
resources are to be solved, large-scale works, the profit
ability of which cannot be mathematically demonstrated 
in advance, must be undertaken. If we demand evidence 
of their profitability as an absolute condition, most of 
them will have to be abandoned. In many cases an act 
of faith is required; or, if a more clown-to-earth ex
pression is preferred, the profitability of such schemes 
must be considered as a matter for the distant future 
and as a by-product of their operation. It was on the 
basis of such an act of a faith and such a view of the 
future that the States of Western Europe piece by piece 
constructed their internal organization. When, several 
centuries ago, the French road system was laid down, 
no computation was made of their future profitability, 
and to take an example from more recent times, it would 
be easy to show that J. de Lesseps' estimates of the 
profitability of the Suez Canal were based on inexact 
hypotheses, and that the success of the Canal has been 
due to factors which de Lesseps did not even dream of, 
notably the tremendous expansion of steam navigation. 
This is equally true of mining exploration in the still 
tmder-developed countries. It will be understood, how
ever, that such considerations can be entertained only 
by public bodies on a national or international scale 
and it is clear, I think, that one of the things we have to 
do before such systematic reconnaissance can be de
veloped is to create such bodies and supply them with 
funds which are not required to bring immediate returns. 

To return to the technical problem of exploration, it 
will be noted that the trend has been to devise methods 
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which reduce cost by restricting the areas to be searched 
systematically. 

One of these methods-and the most effective-is the 
utilization, referred to above, of data provided by gen
eral geology. The mineralization of a region is merely 
an episode in its geological history, and one of the tasks 
of applied geology is to endeavour to bring out relation
ships of this kind. Some of the very simple ones are 
classical; for example the fact that tin is found only 
in regions of acid granites. Save in a few special cases, 
progress along these lines has hitherto been rather timid. 
Nevertheless, I have been trying to show for many 
years that a great deal more progress can be made if 
we abandon the too simple idea of a rigid relationship 
between general geology and mineralization, and instead 
look for relationships, based on probability: "contingent" 
relationships, as they are called in this technique. Then 
proceeding simply from our knowledge of general 
geology, we can make forecasts which, by limiting the 
field of investigation, will go a long way tow~rds show
ing the direction exploration should take. Thus both I 
and other French geologists have been able by applying 
these methods to forecast the presence in untouched 
regions of Africa of gold, iron and tin deposits which 
have in fact been detected on exploration of the regions 
indicated. This fact is sufficiently uncommon to merit 
particular mention. 

Knowledge of the general geology of the country to 
be explored is therefore essential. To learn this general 
geology we can continue to apply old methods-which 
again consist in searching the terrain, hammer in hand 
-but we can and must also take advantage of the new 
processes known as "geophysical processes", the general 
principle of which consists in drawing up a map of a 
particular physical factor, such as gravity, magnetism, 
electrical resistance etc. Such factors clearly change in 
accordance with the nature of the rocks composing the 
earth's crust, and their geographical variation, if prop
erly interpreted, may therefore give us the geological 
map. 

These geophysical processes-and particularly the 
most recent method, geophysical survey from aircraft 
-enable us to discharge very successfully the laborious 
task of the geologist who, still on foot and still, like 
his ancient ancestor, armed with his hammer, strives to 
detect the surface rocks and, by a process of extension, 
imagine those underneath. To the extent that mining 
discovery can be guided by geology, geophysics is a 
truly marvellous auxiliary. This is particularly true of 
petroleum, but might, following the studies to which 
I have referred above, apply to many more substances. 

Geophysics, however, is not magic; its use in the 
direct discovery of mineral deposits is quite exceptional, 
and even for general geology it is merely an auxiliary 
technique-no doubt an extremely useful one, but one 
which in itself alone is insufficient and does not replace 
the direct study of the terrain. In any event, no 
miner worthy of the name will consider that he has 
demonstrated the presence of a deposit unless he has 
really touched it and penetrated into its very mass by 
veritable workings, in particular borings. In mining 
exploration blind faith is not enough; we must really 
see with our own eyes, touch with our fingers and ana
lyse samples in our laboratories. 
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What we have said goes to show that while mining 
exploration has become more effective and, particularly, 
more rapid, its principles have not, generally speaking, 
changed. Its tools have been improved, but they remain 
tools, and for the moment no new principle likely to 
revolutionize mineral discovery is in sight. 

Yet it is such mining exploration, so recently out of 
its infancy, which has given us the deposits which at 
present supply all our mining resources. Thus, failing 
to see in what way its principles can be modified, we are 
tempted to increase its effectiveness by adding to the 
number of trained geologists and prospectors, geophys
ical prospecting teams, air surveys and research labora
tories; largely, in short, by increasing the total cost of 
exploration, particularly through the medium of the 
specialized and, in a sense, disinterested bodies of which 
I spoke a few moments ago. 

What can we anticipate from this great expansiqn 
of mining exploration? Thus stated, the question is too 
vague, and no reasonable reply can be given. I lay par
ticular stress on this point: it is because the question is 
generally put in this indefinite form (or in some similar 
manner) that we obtain extremely divergent answers, 
according to the views of the person interrogated, who 
generally tacitly supplements the data of the problem in 
such a way as to give it a definite sense. 

Mining exploration does not seek to draw up an 
academic inventory of the composition of the earth's 
crust; or, if it does, any results which it may obtain 
interest specialists only, and not industrialists, econo
mists and the general public. What these ask of explora
tion is to produce exploitable deposits, i.e., concentrations 
of mineral substances capable of supplying products 
which can be actually sold and utilized. The boundary 
between workable and non-workable deposits is not 
traced by physical, chemical and geological conditions, 
but by the economic conditions prevailing for the time 
being, which exploration must merely accept without 
discussion. When, for example, Hermann Goering de
cided to work German deposits containing less than 25 
per cent of iron, he thereby lowered the limit at which 
mining exploration would normally have ceased. 

sumption. If, in the future, energy can be supplied cheap, 
at prices much lower than those now in force, very 
considerable developments will be possible in the mech
anization of ore exploitation and treatment, and extrac
tion costs will be correspondingly reduced. 

Consideration might similarly be given to other eco
nomic factors, for example the price of long-distance 
transport. What has been said should suffice to make it 
clear that no forecast can be made as to the possible 
results of developments in exploration, without specify
ing at the same time the economic conditions in which 
such exploration is presumed to be undertaken. I must 
therefore divide my reply to this question into two parts: 

1. The possible results of exploration in economic 
conditions similar to those now prevailing ; 

2. More or less hypothetical estimates of the results 
of exploration under different economic conditions. 
THE POSSIBLE RESULTS OF EXPLORATION IN ECONOMIC 

CONDITIONS SIMILAR TO THOSE NOW PREVAILING 

If we refuse to play the inspired prophet, and if we 
place our feet firmly on the ground and content ourselves 
with forecasting the development of mining exploration 
in economic conditions similar to those now in existence, 
i.e., understanding what is likely to happen in the coming 
fifteen or twenty years, the reply to this question is at 
once simple and definite : 

It is extremely improbable that the mining industry as 
a whole-with the possible except,ion of petroleum ex
ploitation-will be subject to changes of any considerable 
extent in the near future. 

To put the matter differently-and subject again, to 
the possible exception of petroleum-there is reason to 
believe that whatever developments may take place in 
mining exploration, no deposit will be found of sufficient 
size to change the present order of magnitude of produc
tion. This may appear a pessimistic statement, but I 
believe it would be supported by everyone qualified to 
give an opinion. 

In any event, it is not an unwarranted statement, being 
based on two facts : 

1. It is extremely rare for any deposit (or group of 
But who can say what the economic conditions affect- deposits in a single area) to produce a yield so large that 

ing mineral products will be tomorrow? Will prices be its presence or absence appreciably affects the order of 
similar to present prices? Or will consumers of mineral magnitude of world production. The most striking case 
products be prepared, under the pressure of ever-in- is probably that of Witwatersrand, in South Africa, 
creasing demand, to pay much higher prices than the exploitation of which toward the end of the last cen
those now in force? This is an open question, to which tury completely changed the situation in the gold indus
very different answers may be given; in any event, it try. But examples of this kind can be counted on the 
is an economic, and not a technical, question. Yet it fingers, and what is entirely typical is that in spite of all 
clearly dominates the entire problem of exploration. the very considerable exploration carried out in the 

It must be added at once that the same problem may last fifty years, they have remained unique of their kind. 
be formulated differently, but with equal uncertainty Such deposits or districts are, as it were, "monstrosities" 
as to the reply. From the standpoint of the limits to the of mineral concentration, regarded with a sort of 
discovery of workable deposits it is immaterial whether righteous horror and outside the common rule. They 
mineral substances obtain higher prices or whether their are unparalleled. 
cost of extraction is reduced; in both cases new de- 2. On the other hand, the greater part of present-day 
posits not at present workable are opened for exploita- mining production comes from deposits which have been 
tion. But who can say what the future cost of mining known, at least in the form of indices, for several dec
exploitation will be? At present, of course, the cost of ades. In a very interesting communication on Australia, 
labour, which may serve as a measuring rod for the Mr. H. G. Raggatt points out that 80 per cent of exist
prices of various products, constitutes a considerable ing Australian production comes from deposits detected 
proportion of the costs of extraction; but another ele- before 1900. Not long ago Mr. Feiss remarked to me 
ment of cost, one which is considerable even today and that the copper deposits of the Katanga-Northern Rho
may become preponderant in the future, is energy con- desia zone, which probably constitute yet another mineral 
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monstrosity, were detected by Livingstone-i.e., before 
1370. Even in the Union of Soviet Socialist Republics, 
where sensational discoveries are frequently vaunted, 
it is customarily pointed out that the great sources of 
production specified--on the infrequent occasions when 
they are specified-derive from deposits already de
St~ribed in the classical treatises dating back to before 
the 1914 war. 

Of course I do not wish to imply that no mining dis
c,wery has been made for the last twenty or thirty years. 
l\Iany examples to the contrary could be cited; for exam
pte--to deal with the American Continent alone--the 
various deposits worked in the provinces of Ontario 
and Quebec. But recent discoveries have not in them
selves been large enough to affect the general situation 
to any great extent; they have made their contribution, 
S11metimes a considerable one, to total production, but 
have not changed its order of magnitude. 

The reason for these facts will, of course, be readily 
understood. As I pointed out above, deposits have hither
to been discovered by tracking down the points where 
they show themselves on the earth's surface, or, in the 
technical language of prospecting, by tracing their "out
crops." Other things being equal, the greatest deposits 
will clearly have the largest outcrops, and discovery will 
therefore most likely begin with such great deposits. 
1hose remaining to be discovered are deposits of medium 
or small size, which may doubtless be important for local 
economy but have no serious effect on world economy. 

But of course, again, the foregoing remarks need some 
qualification. I began by stating the case with consider
able exaggeration in order to make my point quite clear. 
Certain finer distinctions must now be introduced into 
this rather crude picture. 

I cannot, of course, go into all the details, but shall 
confine myself to citing a number of specific cases which 
will illustrate the reservations which must be made. 

The main exception to the above generalization, as I 
remarked at the outset, is petroleum. In this case a fore
cast almost the reverse of the general rule may be made 
without great risk of error. It is extremely likely that 
in the fairly near future discovery will be made of new 
pctroliferous districts which will appreciably alter the 
present situation. The very recent case of the discoveries 
in Alberta, Canada, is a very suggestive specific case. 
Regions likely to produce similar discoveries could 
almost be pointed out on the map; they are the rather 
flat, sedimentary zones situated at the foot of the tertiary 
chains; and while the petroleum fields of the United 
States, Canada and the Middle East answering this 
definition have already been detected, there are many 
other similar regions of the world which have not yet 
been adequately explored by modern methods. I am con
vinced that under the pressure of necessity and the 
stimulus of the successful results obtained elsewhere, 
such exploration will shortly be undertaken-say in the 
coming ten or fifteen years-and that it will radically 
transfmm the world supply of petroleum. 

It may be asked why petroleum is an exception to the 
general rule. The reason, essentially, is its liquid or semi
liquid state which is the cause why petroleum is found 
concentrated under conditions verv different from those 
of other minerals and in particular is the cause why the 
large deposits of petroleum do not touch the earth's 
surface~but for which fact they would by now, in 

the course of geological time, have either exhausted 
themselves or become oxidized as bitumen. (I must add 
at once that there are a few apparent exceptions to this 
rule, but I am unable to dwell on them here.) Conse
quently, the reasons for which the large deposits of 
minerals have generally already been discovered do not 
apply to petroleum, and in addition, the potential re
serves, which are invisible from the surface, have only 
been detected recently thanks to the perfecting of sensi
tive methods of geophysical exploration. 

It may be possible that certain substances or types of 
deposits are subject to conditions rather similar to those 
applying to petroleum. This may, for example, apply to 
copper, the outcrops of which are not usually very 
apparent, owing to the fact that the salts of copper are 
readily soluble and rapidly disappear on the surface of 
the soil. Thus, perhaps, though it is relatively unlikely, 
some very large deposits of copper may not yet have 
been detected. 

Similarly, but for different reasons, it may be that 
certain large mineral deposits of various kinds are not 
visible on the surface of the soil, particularly in regions 
such as Canada, where the rocks are covered by a glacial 
layer concealing the subsoil. This, however, does not 
leave us entirely at a loss, and the study of glacial alluvia 
often leads to interesting results, as is the case in the 
tropical regions, where the layer of laterite plays an 
analogous, though essentially different, role to that of 
the northern glacial layer. Moreover it is not out of the 
question to anticipate that the perfecting of geophysical 
methods will enable us to overcome this obstacle and 
to "see" below this superficial layer. The research at 
present being carried out in this field entitles us to enter
tain serious hopes. 

I repeat, however, that apart from petroleum there 
is no great likelihood of any deposits so large as to alter 
world production being discovered in the near future. 
Further discoveries, whether of new deposits or of ex
tensions of old deposits, will simply have the effect of 
enabling us to maintain approximately the present state 
of affairs. 

LONG-TERM PROSPECTS 

Is our mineral world, then, a restricted world. frozen, 
as it were, at its present state of development? Is the 
extraordinary rise in mining production during the last 
fifty years about to slow down gradually and stop at 
about its present level? This question is bound to canse 
great anxiety, since if this is so, all hope of raising the 
standards of living of the under-developed nations must 
be regarded as illusory. 

I should prefer not to end on so pessimistic a note, 
hut it must be confessed that to go beyond this point 
I shall have to launch into speculation more in keeping 
with romance than with science. 

Nevertheless, it seems to be certain that the present 
situation is an unstable one. Not only for more lofty al
truistic reasons, but in their own interests pure and 
simple, the nations possessing a high standard of life 
cannot possibly lock themselves up in their ivory tower 
and close their eyes to the poverty of three-quarters of 
humanity, whatever its cause. From the standpoint of 
the consumption of minerals, we are faced, if we wish 
to improve this situation. with the following dilemma: 

(a) Either total production will remain at approxi-
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mately its present level, and the richer countries will be 
obliged to agree to a deterioration of their own stand
ards of life in order to improve those of the poorer 
peoples; or 

(b) Total production will be very considerably in
creased. It is self-evident that the rich nations will do 
everything in their power to evade the first term of the 
dilemma, and consequently large new deposits will have 
to be detected by exploration. But, as I have just been 
repeating, perhaps with excessive insistence, such dis
coveries will not be possible unless the economic condi
tions of mine working change, either through a rise in 
the relative price of mineral products, or through a re
duction of extraction costs. 

It is very unlikely that the first solution, that of a 
relative increase in the price of mineral products, will 
be acceptable. In his communication which received 
such great attention Dr. Clark on the contrary insisted 
on the necessity of a relative rise in food prices if agri
cultural production is to be brought up to the level of 
human needs. These two standpoints are diametrically 
opposed. 

The only possible solution, therefore, is a reduction 
in the cost of extraction and processing which would 
make it possible to utilize deposits much poorer than 
those at present being operated. Thus the problem is 
referred back by the prospector to the mining operator. 

No doubt the mining operator will continue, as in the 
last thirty years, to make appreciable progress by means 
of improved technique and more intensive and economic 
processes, such as flotation. I do not believe, however, 
that such progress will to any great extent change the 
basic facts of the problem. 

I think it more probable, as I stated above, that the 

The CHAIRMAN: Gentlemen, you have just heard a 
discourse which can only be described as masterly. It 
gives a picture, painted by the most expert of hands, 
of the situation in regard to the mining research essen
tial to raising the standard of living of the peoples gen
erally referred to as "under-developed"; peoples whose 
present state, if prolonged in a descending curve might 
bring about a tragic situation in the most civilized of 
countries. 

We are going to have an opportunity of hearing 
another very interesting contribution to the problem just 
discussed. That opportunity we shall owe to Mr. 
Randall, whose work lays particular emphasis on the 
cartographical and geographical aspects of a survey 
which, among others, involves mineralogical research. 

most likely prospect is an enormous increase in the 
supply of cheap energy, replacing labour, the cost of 
which is inevitably a constant factor in this problem. 

Thus we can, if we care to indulge in dreams, allow 
ourselves to be carried away by the prospect of very 
cheap sources of energy of solar, atomic or as yet un
known origin. It must be said that at the moment all 
this is still very vague. But when all doors are closed 
save one, and the key of that door, though we do not 
yet possess it, may, we are justified in hoping, be dis
covered in the future, it would be unreasonable not to 
say that this may perhaps provide an escape from the 
difficulties in which we find ourselves imprisoned at 
present. 

Must we then allow ourselves to be carried away by 
enthusiasm, and describe the vision, once this door is 
opened, of a new, sunny world ·where material life will 
be happier and more joyful for the peoples now disin
herited? Is this a utopia, or merely a healthy stimulus? 

I leave it to others to decide. As for mining explora
tion, that is merely the servant of the mining industry. 
In the words of the popular old French proverb, "The 
prettiest girl in the world can only give what she's got". 
Exploration can offer mining only the deposits which 
mining is prepared to accept. If the mining industry is 
too hard to please, the gifts offered by exploration will 
be limited; if, at some time in the future, the mining 
industry is prepared to accept humbler and less lavish 
gifts, exploration will be able to find them, and find 
them in abundance. 

Let us develop mining exploration by providing it 
with the necessary funds, but let us not expect miracles: 
the miracle, if miracle there must be, is to be sought in 
the direction of mining technique and energy production. 

For some years past, Mr. Randall has gained wide 
experience in the United Nations Committee of Experts 
on Cartography, of which he acted as Chairman. He 
is also an indispensable staff member of the United 
States Bureau of the Budget. Thus he is possessed of 
very considerable information, some idea of which we 
may gain from the paper which he has been kind 
enough to write for us. Unfortunately, Mr. Randall has 
been unable to come in person, but he worked in close 
co-operation with Mr. Simonpietri, who has been good 
enough to take his place and will put forward facts and 
aspects of the problem which Mr. Randall would have 
given us if he had been able to come. 

Mr. SIMONPIETRI delive1·ed the following paper: 
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METHODS OF RESOURCE APPRAISAL 

Resource Surveys 
ROBERT H. RANDALL 

ABSTRACT 

The paper begins by pointing out that resource surveys must precede resource appraisal. The paper discusses 
(1) definition, (2) methods of finance, (3) technical methods. It defines resource surveys as those which give 
facts on (1) topography, (2) geology, (3) soils, (4) hydrology, (S) vegetation, (6) animal life. It refers to the 
United Nations document, "Coordination of Cartographic Services of Specialized Agencies and International 
Organizations" (E/1322, 18 May 1949), for defintion of cartography which includes resource surveys. It em
phasizes need of collaborating between scientists who make resource surveys and officials of agencies respon
sible for carrying out large developmental and improvement projects. It recommends that scientists think 
in terms of the contribution their resource surveys can make to such projects. It gives examples of how, 
and how not, to present argument. It stresses the great need of resource surveys, referring to the world situa
tion and one area in the Unites States. It gives the order of procedure as (1) resource surveys, (2) re
source appraisal, (3) planning of improvement projects based upon appraisal, (4) building or otherwise 
affectuating projects planned. It warns that there are no miraculous shortcuts in making resource surveys 
for appraisal. It insists that resource appraisal cannot be done by "treasure hunting," but requires sys
tematic inventory procedure. The paper closes with a quotation from the United Nations document cited, 
which calls for extension of the maxim, "know thyself," from man to his planet. 

Although the title to be inferred from the program 
mdicates that I should discuss "Methods of Resource 
Appraisal-Resource Surveys," I have taken the liberty 
<>f titling these remarks "Resource Surveys." I do this 
Jecause I should like to begin by stressing the fact that 
11Ie surveys come first, logically and chronologically. 
'lou have to know what resources you have, before you 
•:an evaluate and appraise them. Appraisal is, of course, 
1 necessary part of the process of conservation and utili
~ation of resources, which is the general subject of this 
Conference. But before there can be an appraisal there 
must be a fact-finding stage. The surveys for producing 
the required facts are properly termed "resource sur
veys." 

The program title also seems to me to suggest that 
some emphasis be placed upon the techniques of re
source surveys. Important as these are, the first consid
eration in any program for conservation, utilization and 
development of resources is that adequate information 
concerning them be made available, by whatever scien
tific method. This, in turn, raises the question of how such 
surveys may be provided. And, of course, the root of 
this is, how are they to be financed? How do public 
officials, at all levels of government, persuade disbursing 
authorities to appropriate the money necessary? 

A logical order for my remarks then would seem to 
be (1) to define what is meant by resource surveys, ( 2) 
discuss practical means for their financing, and ( 3) 
describe the scientific techniques by which they may be 
carried out. For reasons which I shall present later, I 
shall not deal with the third point in detail, rather plac
ing chief emphasis on the second. 

Taking up the first point, what is meant by resource 
~urveys, I should like to say that, although all of us 
realize that man himself is certainly not the least of our 
planet's resources, and that the purpose of all of our 
efforts toward proper conservation and use of resources 
is that they may be turned to maximum human benefit, 
[ consider it convenient for our discussion here to limit 
ourselves to consideration of resource surveys of non
human, or what might be called "objective" resources. 

1 Geodetic surveys are the first step in topographic mapping. 
See supplement, "Schedule of Resource Surveys." 

These surveys may be defined as being those investiga
tions which are necessary to identify, locate, and record 
the existence, character, and extent or quantity of such 
resources. In general terms, these investigations may be 
classified as surveys concerned with ( 1) topography, 
which provides a knowledge of the earth's surface, and 
is the basis upon which all other resource surveys are 
made ; ( 2) geology ; ( 3) soils ; ( 4) hydrology ; ( 5) 
vegetation; ( 6) animal life, including insects, fishes, etc. 

The foregoing resource surveys are inventories. As 
such the facts that they present may be expressed in vari
ous ways-by language, by numbers, and by maps. Since 
it is important not only to record the existence, char
acter, and extent of these necessary resource facts, but 
also their location, considered both in terms of absolute 
position and in relationships to other factors of geo
graphic interest, maps afford the best means. Increased 
appreciation of maps as a medium for these purposes 
has led to the use of the general term "cartography" to 
cover resource surveys. 

It is of interest in this connection to note that the Sec
retary-General of the United Nations has recently pre
pared a report on "Coordination of Cartographic Serv
ices of Specialized Agencies and International Organi
zations" (E/1322, 18 May 1949). This report was made 
in response to a resolution introduced by the Delegation 
of Brazil at a meeting of the Economic and Social Coun
cil, February 19, 1948, and is being presented to the 
Council at its meetings in Geneva, July-August of this 
year. The Committee of Experts called in by the Sec
retary-General to assist in the report's preparation be
gins its statement by saying, "Cartography is considered 
as the science of preparing all types of maps and charts, 
and includes every operation from original surveys to 
final printing of copies. The types of maps and charts 
included are: (I) topographic maps ;1 (2) geologic 
maps, soil maps, vegetation maps, cadastral maps, hy
drologic maps, hydrographic charts, and aeronautical 
charts; all of which are prepared upon a topographic 
map base ; and ( 3) office-compiled maps showing the 
location, extent, and character of physical, economic 
and social phenomena." 

From the above quotation it may be seen that a prin
cipal purpose of this report was to deal with resource 
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surveys. For this reason, the comments and conclusions 
of the experts who prepared it are of further interest 
in our discussion here. Two of the principal points 
which we deal with-the definition of what is meant 
by resource surveys, and the discussion of practical 
means for their financing-are treated in full by the 
experts. Our third point, scientific techniques, is not 
dealt with in detail, attention rather being directed 
toward the organization by which the United Nations 
and the Member Governments could be effective in ex
pediting cartographic progress. 

Accepting the definitions of resource surveys as 
being substantially what I have given here, and as con
stituting a large and important part of what the report 
quoted considers to be included in the field of cartog
raphy, it is in order to turn our attention to the means 
by which resource surveys can be provided. This, as I 
have indicated, amounts to a discussion of practical 
means for their financing. In turn, this requires us to 
consider what arguments may be expected to carry 
weight with disbursing authorities. 

To focus attention on the arguments which will ap
pear valid to disbursing authorities seems to me to be 
entirely realistic. Technical and scientific groups do well 
to direct their attention to scientific methods, and to the 
scientific management of their own researches and in
vestigations. All this is important to progress. It is, 
however, a mistake to attempt to justify scientific pro
grams, such as resource surveys, solely on the basis of 
their value as seen by those who make them. To illus
trate what I mean, I should like to give two hypotheti
cal examples, one indicative of how not to go about rais
ing money for technical surveys, and the other giving a 
clue as to a more promising approach. 

Let us suppose that the aerial photographers in any 
nation, for example the United States, meeting together 
in their scientific and technical meetings have become 
concerned over the national lack of progress in their 
field. They are aware that ( l ) the United States is not 
completely covered by aerial photographs; (2) at the 
present rate of progress it will take a hundred years to 
finish the job; ( 3) for both general and specific reasons, 
it ought to be finished in five years. This being the sit
uation, they conceive it to be their duty to do something 
about it. Therefore, after due deliberation, they produce 
a report saying that it is important to complete aerial 
photography of the Nation within five years, for the fol
lowing reasons : (a) Completing the aerial photography 
of the United States will be a wonderful thing becanse 
it will advance the science of aerial photography; (b) 
such a program will provide aerial photographers with 
a very necessary tool. so that they will be able to render 
better service in the future; (c) the photographs will 
provide cultural values; (d) the photographs will serve 
some military purposes. 

At this point it will, of course, occur to us that argu
ments such as the foregoing ought to be considered in 
the light of the audience to which they are to be ad
dressed. \Vho constitutes this audience? The Congress 
of the Cnited States. So let us analyze what this hy
pothetical report means to Members of the Congress. 
This, in turn, requires us to consider the position of 
these gentlemen in the matter. 

Members of the Congress are interested in the wel
fare of the specific areas they represent, and of the total 

national territory. They are approached upon all conceiv
able kinds of problems, by their constituents, by repre
sentatives of the Executive Branch of the Government, 
by officials of State and local governments in their areas, 
and by persons and pressure groups from outside of their 
areas. By and large, most Jlv~embers would like to be re
elected. And they know, on the most elementary kind 
of common-sense logic, that they will be returned to ofll.ce 
by doing those things which their constituents under
stand and which they believe will result in something 
of value to them. So the arguments put forward by the 
scientific group, in this case the aerial photographic ex
perts, have to be examined with these facts in mind. 
These questions arise: How many of the constituents of 
the typical Member of Congress are going to understand 
and appreciate the necessity of their representative vot
ing for funds to advance the science of aerial photog
raphy? 'What percentage of his constituents do the 
aerial photographers constitute? Do the cultural values 
to be derived from aerial photography provide a suffi
cient appeal to induce large numbers of the electorate· 
to vote for his re-election? 

This leaves just about one of the four arguments 
advanced by the photographers which can be understood 
by the l\Iember's constituents. That is, of course, the 
military value. And here we have argument which, 
while it perhaps makes sense to the voter, may even 
arouse his antagonism. Maybe most of the voters are 
thinking that at the time this matter is proposed the 
Nation should not spend so much on military matters! 

So the whole project falls through. The amount of 
money might be, let us say, 5 million dollars, and there
fore perhaps not a great item in the national budget, 
when extended over the period proposed. But funds for 
the million dollars for the first year are never appro
priated. Not that Members of Congress are against it
perhaps they will even appropriate five or ten thousand 
dollars for it, if sufficinetly importuned, but by those in 
the Executive Branch of the Government who they know 
are earnestly and honestly concerned in starting the 
job. But, in general terms, the cause is lost. Arguing 
for aerial photographs on the basis of their need as 
aerwl photographs has simply been futile. 

Now let us take this same situation and present it 
with a different emphasis. It happens that one of the 
important projects for national improvement being 
considered at the time the photographers are preparing 
their report is an agricultural improvement program. 
The photographers know about this program. Of course 
they also know that aerial photography will be needed 
for it, and is indeed absolutely ess~ntial to its success. 
Recognizing this, surely they will see the opportunity 
for supplying the technical services they can render. 
How should they proceed? 

They should begin, not by talking to each other and 
persuading their colleagues in the profession who need 
no persuasion, but by talking to those responsible for the 
agricultural program, who really need the service that 
they can ren<iler for the specific program in mind. And, 
of course, it will not be important to present to these 
officials the arguments of (a) the advantages to the 
science of aerial photography, (b) the advantages of 
providing a tool to aerial photographers, (c) cultural 
benefits, and (d) military values. All they want to 
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know is, just how will photography help in the agricul
tttral program? 

It is not too much to suppose that the officials of the 
Department of Agriculture of the united States Gov
erment, charged with the carrying out of the proposed 
program of agricultural improvement, will understand 
tbe advantages of aerial photography in that connection. 
The five million dollar estimate for photography is a 
minor cost in a program that will directly concern the 
national welfare and will run into millions, and per
haps eventually billions, of dollars. So department offi
cials include the cost of aerial photography as a part of 
the total cost of the agricultural program. They go be
fore the Congress and explain to the Members just 
what they propose-the measures to be undertaken for 
soil conservation, the procedures they want to put into 
effect for better agricultural practices and for better 
farm income. At no time do they stress the need of 
aerial photography in itself. Their position is that, of 
course the photography is necessary. It is incidental to 
the whole project. Nobody hides the fact that five mil
Lon dollars for aerial photography is in the total esti
nated cost of the program, but nobody makes any par
ticular point of it. 

And so, in our hypothetical case, the photographic 
scientists get the money needed to complete the aerial 
I l~otography of the K ation. The departmental officials 
feel very gratified about this. Members of Congress 
a.re, to the extent they have thought about it at all, en
ttrely approving. And the four values which the photog
raphers themselves originally saw in the job may now 
l·e realized ! 

The point that I wish to make is that logical presenta
tion and argument from the viewpoint of scientists and 
technicians may be largely futile when addressed to the 
authorities that are expected to appropriate the funds 
necessary. Technical people should attempt to see their 
proposals in the light of the consumer's interest. In a 
practical sense the consumers in our second hypothetical 
case were first the officials of the Department of Agri
culture, second Members of Congress, and third the 
voters. 

In general terms it may be said that resource survevs 
will be provided, in the sense that the money for th~ir 
accomplishment will be appropriated, for one or more 
of the following three reasons. One of these is reliance 
upon logic-logic, that is, as appreciated and presented 
by the scientific and professional persons and groups 
who are concerned in performing the service in question. 
Another is because there is an immediate and visible 
penalty attached for not having the information needed. 
A third is because the survey is a necessary step in a 
program which has popular or political appeal, although 
completely incidental to it. 

In the foregoing two hypothetical cases we find il
lustrations of the technicians' appeal to logic, and of the 
inclusion of survey as an incidental part of an easily 
understood program which has political significance. 
The other case, that of an immediate and recognizable 
penalty for lack of information which resource surveys 
supply, perhaps deserves some attention. 

When the Committee of Experts advising the Secre
tary-General of the United Nations in the preparation 
of the report already referred to, considered the broad 
question of cartography, they listed two kinds of maps 
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or charts which, because of their well-recognized pen
alty aspect, ordinarily require no argument on the part 
of the technical personnel preparing them. The Com
mittee pointed out that in respect to hydrographic 
charts, which are really topographic maps of the sub
merged land surface of coastal and oceanic areas, there 
is a direct connection between a proper supply of such 
charts and marine insurance rates. If information of 
this sort is not available in proper quality and quantity, 
as an aid to navigation and as a part of proper provision 
~or safety at sea, ~narine insurance rates go up. There
lore the commercial interests involved may be expected 
to support this sort of cartographic activity, and will 
argue in Congress for the necessary appropriations. A 
similiar condition prevails in the case of aeronautical 
charts. A proper supply of these is necessary for passen
ger safety. 1-'assenger safety is reflected in patronage. 
The aviation industry therefore may be counted upon 
to support appropriations for the charts necessary for 
civil aviation. 

Only one of these, the nautical charts, comes within a 
strict definition of resource surveys. I mention both of 
them here, however, to briug out what I have called the 
"penalty" argument. In respect to both of these kinds 
of surveys, the penalty for not having the information 
is soon felt and entirely appreciated. When the commer
cial interests concerned are properly served by an ade-
9uate supply of such information, profits go up. But 
111 respect to topographic maps, and geological investiga
tions, and hydrologic and other resource surveys, the 
penalty, though real, is not so easily seen and understood. 
I should like to expand on this situation just a bit. 

In a certain locality-and this is not a hypothetical 
case-there stands a concrete dam. It was designed and 
constructed to store water for irrigation and power 
development. It has never stored any significant amount 
of water, for the reason, that the water just doesn't 
get to the dam. It sinks into the ground, and comes out 
below the dam. What happened? Why did this project
and it is but one instance of a great many real but per
haps less conspicuous demonstrations of project failure 
-ever turn out this way? The answer is that the au
thorities in charge did not insist upon a thorough geo
logical investigation of the reservoir site. The dam took 
some little time, probably several years, to construct. 
By the time that its failure was demonstrated, it is quite 
possible that some of the officials originally responsible 
-perhaps all-were out of office. In the case of the 
commercial operators' interest in nautical charts and in 
aeronautical charts, not only are the economic penalties 
caused by the lack of these quick in becoming visible, but 
usually the persons responsible are still in a position to 
get the blame. This points to a recommendation which I 
should like to make in respect to this whole question of 
resource surveys. 

Let me precede this recommendation by a little 
further discussion. First I should like to make the flat 
statement that the principal blame for. the present lack 
of the basic information which is obtained by resource 
surveys is not to be charged to public administrative 
officials, including disbursing authorities, or to the 
voting public. Most of it lies clearly with the professional 
and scientific contingent which makes the surveys. In a 
situation where the penalties for their lack do not im
mediately appea.r, those responsible for the making of 
such surveys in all our governments and in all scientific 
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associations are really to blame. They should protect 
public officials against the very real and inevitable penal
ties resulting from inadequate or too tardy information 
upon our resources. 

My recommendation is, therefore, that those of us 
who as scientists and technicians carry out resource 
surveys should ( 1) realize our responsibility, to the end 
that we may both be effective in providing them and in 
protecting the public and Government officials from the 
losses incurred by their lack; and (2) that we should 
studiously cultivate the practice of .thinking in terms, 
not of our own professional ideas and problems, but 
of the uses to which our surveys are to be put. \Vhat I 
am trying to say is that we must school ourselves to 
think in terms of the consumer's interest, and not merely 
in terms of our own ideas and inclinations as producers 
of the needed services. 

Thus far in this consideration of ways and means to 
finance resource surveys I have offered two examples, 
indicative, I think, of the need for the scientists who 
produce resource surveys to make their argument for 
the need of their services in terms which the users can 
understand and value. I have also called attention to the 
fact, as I see it, that the scientists in this field have a 
principal duty to protect the public and public officials 
from the results of going ahead with large projects in
volving resource use without the necessary fact basis. 
Let me now draw further attention to the necessity of 
this protection by giving some figures as to the lack of 
resource information with which we are now evcrv-
where confronted. " 

In the report on cartography mentioned, the experts 
point out that, in respect to topographic mapping, less 
than 2 per cent of the land areas of the world are mapped 
on scales of 1 :25,000 or larger, essential as such maps are 
in themselves for planning, development, and adminis
tration, and as the basis for all other resource surveys. 
It is further stated that only about 25 per cent of the 
world's land area is now covered by even the recon
naissance type of map, on such scales as 1 :250,000. 

Lest the foregoing figures be interpreted to mean that. 
while the deserts and other less habitable regions of the 
world are unmapped, adequate maps do exist in the 
more favorable, better developed portions, I should like 
to refer to one of the great river basins of the United 
States. 

In this area, comprising ahout one-half million squar<e 
miles, there are at present plans for construction 
amounting to more than five billion dollars in projects 
for reclamation, river improvement and flood control, 
soil conservation, etc. Yet if we consider only four ele
ments of what we might agree is a proper schedule of 
resource surveys, namely topographic mapping, geologi
cal surveys, soil surveys, and hydrologic surveys, it is 
a fact that only about 10 per cent of the required in
formation in these categories now exists in this area. 
Startling as this statement is, there is no question as to 
its accuracy. The status of topographic mapping, geo
logical mapping, and soil mapping can be measured in 
each case, and it is perfectly easy to determine just what 
is available. The situation in respect to hydrologic data, 
on surface water and on ground water, can be deter
mined within realistic limits in terms of percentage of 
adequacy. In these four categories of fundamentally 
needed basic data not more than 10 per cent exists in 

the aggregate ; and, as a matter of fact, the present cov
erage or adequacy in each category is very close to that 
figure. 

That this is a monstrously wrong situation hardly 
needs to be said. \Vhat we are concerned with here is, 
how may it be remedied? Again, I should like to say 
that I think the way to improvement is through the sur
veyors-topographic, geologic, soil, hydrologic. They 
should do some realistic thinking, accept their share of 
the blame for conditions that now exist, and v.-ork with 
the construction engineers and the agriculturalists and 
others who are in charge of improvement programs for 
which their survey services need to be performed. 

How is this to be clone? As for this I can, of course, 
offer only general comment. No pattern would be uni
versally applicable, in all places, times, and conditions. 
Perhaps, however, it may be helpful to refer briefly to 
United States practice in these matters. Obviously, as 
can be inferred from the foregoing reference to a par
ticular United States area and from the further obser
vation that only about 25 per cent of the territory of the 
United States is now covered by modern topographic 
maps, no one can accuse the United States of boasting 
about progress. 

It is, however, fair to say that, in the operations of 
~he United States Government, there is growing up an 
mcreasing understanding as to the necessity of obtaining 
resource surveys before resources may be appraised and 
projects designed and constructed for their conservation 
and best use. It may also be said that those agencies in 
the Government whose business it is to make the dif
ferent surveys in the resource schedule are progressively 
more successful in thinking in terms of their services 
as a part of the process of improvement, and not simply 
as matters of scientific and professional interest to them
selves. The resultant effect of these two factors is being 
felt in Congressional appropriation practices. 

To illustrate this, let us consider topographic map
ping, and, more specifically, such mapping in the partie~ 
ular area of United States territorv above referred to. 
The agency of the United States Government which is 
principally responsible for this sort of mapping receives 
Federal funds in this and other areas from two main 
sources. The first of these is from appropriations made 
hy the Congress directly to it, for the specific purpose 
of topographic mapping, on the recognized principle 
that for the general wei fare and improvement of any 
area, such maps are essential. The second source is 
money appropriated by the Congress to the agencies 
haz•ing large improvement programs in the m·ea in ques
tion. Funds of this latter category are procured by the 
agencies concerned, as a part of the cost of planning 
and constructing the improvements with which they are 
charged. They are then immediately transferred to the 
topographic mapping agency. A quite similar situation 
prevails in respect to the other three principal resource 
surveys-geology, soils, and hydrology. Not only in this 
area but throughout the United States, the practice of 
financing resource surveys as a part of the total cost of 
large developments and improvements is increasing. 
This requires real understanding and close collaboration 
as between the surveyors and those who direct the so
called "action agencies", who actually put improvement 
plans into operation. 

Turning to the third point in this discussion, tech-
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niques of resource surveys, it will not be appropriate, of 
course, to present these in much detail. Many volumes 
:1ave been written on this subject, and the literature is 
•:onstantly increasing. In the recent United Nations re
)Ort on cartography, the experts included a "Study on 
Modern Cartographic Methods," prepared by the Pan 
American Institute of Geography and History. This gave 
a general account of the current methods employed in 
each type of resource survey, and mentioned recent 
scientific developments that seemed worthy of note. It 
also included a bibliography of the principal publica
tions now available. Perhaps it will be sufficient here for 
me to refer to this study and to this bibliography, and 
to the material given in the "Schedule of Resource Sur
veys," which I have prepared as a supplement to these 
remarks, and which may be available in published form. 

One thing does, however, need to be said here, in re
spect to technical methods. That is that, despite the ad
vances in such things as aerial photography, electronic 
aids for measurement of distances, recently developed 
methods for making observations from the air on such 
matters as gravity, magnetism, and the like, there is no 
magic way to make the careful inventories of the kind 
which are already standard practice in each of the cate
gories of resource surveys. Complete resource surveys 
of the total area concerned are always requisite. These 
start with topographic maps, and upon this basis are 
produced the geologic investigations, the soil surveys, 
and the hydrologic and other surveys necessary. The 
topographic maps are made largely from aerial photo
graphs, but they are still based upon measurements 
made on the ground, and still require labor and time. 
The methods of aerial photography, and of geophysical 
''pros.pecting" from the air, also have large application 
to geological surveying. But again careful work upon 
the ground is essential. The same is true for the other 
categories. 

It should also be emphasized that the method of sur
veying for the appraisal of resources is that of inventory. 
and not "treasure hunting". Whether the purpose of 
the survey is to discover and to study lands appropriate 
for agricultural development, or to determine the exis
tence and extent of mineral deposits, or whatever pur
pose, the economical as well as the scientific method is 
to proceed by making first a systenu:ztic general coverage 
of the total area under consideration, making the general 
surveys, of course, only to specifications of such detail 
and accuracy as are necesary for inventory purposes. 
The next step is that of more intensive surveys and in
vestigations of the smaller areas in which resources of 
whatever category have been located in the inventory 
process. In such of these areas as appear to be poten
tially profitable, an exhaustive study and appraisal 
should then be made. This is the pattern of proper re
source surveying. The "treasure hunt" method, whether 
looking for new areas for settlement or for deposits of 
precious metals, is, because of its accidental character, 
always less desirable than systematic inventory proce
dure. 

At the beginning of this discussion I made the ob
vious statement that appraisal of resources can only be 
undertaken after resource surveys had been made avail
able, this on the self-evident premise that you have to 
know the existence, and something about the character 
and extent, of resources before you can appraise them. 
Following this I have invited your attention to practical 
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ways and means by which the necessary public money 
for resource surveys can be forthcoming. This was fol
lowed by some illustration of the desperate need for 
resource surveys throughout the world, and a plea that 
those who make such surveys orient their thinking in 
such a way as to collaborate effectively with the public 
officials who are responsible for the developmental ami 
improvement programs which should result from the 
sort of appraisal of resources which the survevs make 
possible. My last point has been that resource s~rveying 
should be accomplished by the inventory process, and 
not by "treasure hunting" procedure. All that I have 
said may perhaps be summed up in the following terms: 
For the scientific conservation, utilization and develop
ment of resources, the order of procedure is ( 1) re
source surveys, (2) resource appraisal, ( 3) planning 
for the improvements that can be and should be made 
upon the basis of the appraisal, ( 4) constructing or 
otherwise bringing into completion the improvements 
indicated. 

I should like now to close these remarks by urging 
that all of us, citizens of member nations of United Na
tions and of the world, bend our efforts toward follow
ing out the procedure which is recommended herein. At 
every opportunity we should caution public officials, in 
natwnal governments or in the operations of United 
Nations .and i.ts Specialized Agencies, against slighting 
or even tgnormg the absolute necessity of resource sur
veys before proceeding with plans for proposed im
provement. It is not scientific and it is not feasible from 
any standpoint to inaugurate plans and to build the 
structures and to make the installations called for in 
proposed improvement projects, just by sending in so
called "experts" to walk around over the ground, or to 
have the111 base their recommendations upon the casual 
information which is all that aerial photography will 
now yield. It is a completely unjustifiable gamble with 
the lives and the welfare of the people now living in, 
or proposed to be brought into, any area to proceed 
toward proposed improvement without an adequate 
knowledge of resource facts and the true possibilities 
for human betterment that can result from their proper 
consideration. There is no such thing as an "expert" 
in resour.ce appraisal, in any field of resource develop
ment, bemg able to find the facts and make the judg
ments that are required of him, just by traveling over or 
through an area. He must have the facts which onlv the 
maps conveying the results of resource surveys can 'give. 

In the United Nations Bulletin, of July 1, 1949, ap
pears a quotation from the report of the cartographic 
experts to which I have already referred several times. 
Since it expresses the philosophy which is basic in all 
that I have said in this discussion. I should like to re
peat it here. 

" 'Know thyself' is recognized as the basic precept 
for individual understanding and consequent improve
ment. In quite similar fashion, basic and ever-available 
knowledge of the physical facts of man's planet are 
equally necessary. 'Things' have value only in the con
text of their possibilities for human use and enjoyment. 
In the conduct of the United Nations as a world organi
zation, we feel it to be the duty of those who are con
cerned with social matters to see to it that the promotion 
and the building and bringing into existence of ma
terial things and arrangements of things is based upon 
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the knowledge of man's environment that is essential to 
success." 

APPENDIX 

SCHEDULE OF RESOURCE SURVEYS 

As has been stated in the foregoing paper, the 
proper procedure for the scientific conservation, utiliza
tion and development of resources is, first, to make an 
inventory of the physical facts concerning resources; 
next, to evaluate and appraise these facts in order to 
determine the feasibility of future development; then, 
to plan the improvements that can be and should be 
made upon the basis of this appraisal; and, finally, to 
proceed to construct or otherwise bring into being the 
improvements indicated. Emphasis has been placed, and 
rightly, upon the importance of getting the facts first, 
as to what resources are available, before attempting 
to appraise such resources or proceeding with plans for 
their development. 

The schedule of surveys necessary for the appraisal 
and development of resources includes surveys and 
maps in the following categories: 

Topography, Geology, Soils, Hydrology, Vegetation, 
and Animal Life. 

The foregoing may be said to include the principal 
categories of information essential to resource develop
ment. Under topography, of course, there should be in
cluded geodesy. For while godetic surveys are not in a 
true sense resource surveys, they do constitute a necessary 
and very important step in the making of topographic 
maps, and provide valuable basic control for much of the 
engineering work that will be necessary in the later phases 
of resource development, such as the surveys required for 
construction operations, for acquisition of land, and for 
highway locations. Another class of survey information 
should be listed as supplementing the schedule, namely 
cadastral maps. These show the occupation of the 
earth's surface in public and in private property hold
ings. While they cannot always be said to be an abso
lute necessity for resource appraisal, they are uniformly 
required for the subsequent operations of resource 
conservation and utilization. 

The sequence in which the different surveys should 
be undertaken deserves consideration. It is obvious that 
topographic maps come first, since these are the basis 
upon which most of the other information sought is to 
be collected and presented. Even before the actual work 
of compiling the topographic map, but classified here as 
a part of its construction, comes the geodetic survey, 
which provides a frame-work of points whose longitu<Je 
and latitude and elevation above sea level are accurately 
determined. 

In general, geologic surveys will follow the topo
graphic mapping. An adequate knowledge of geology, 
for example, is of great advantage in making soil sur
veys. It is also essential in hydrologic surveys and stud
ies, especially those involving underground water re
sources. Geologic maps, therefore, should ideally be 
available before surveys of soils and of water resources 
are undertaken. Similarly, while it cannot be said that 
soil maps and hydrologic maps must necessarily be con
structed before surveys of vegetation and animal life 
may be made, the advantages of having them on and 
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as an aid to assembling the information needed in these 
categories is apparent. 

Normally the surveys listed in the schedule are made 
in several stages. The first of these is a systematic gen
eral coverage of the total area under consideration. For 
this the specification as to amount of detail to be shown 
and the requisite accuracy should only be such as will 
provide information which will disclose the existence, 
location, and character of resources in particular areas 
within the total. The general coverage stage is then fol
lowed by a more specific fact-gathering in the areas dis
covered in the general coverage. Frequently, this stage 
is followed by an intensive survey, involving more de
tailed information, occasioned by the need of additional 
data for intensive appraisal and study. 

The foregoing procedures, in regard to the desirable 
sequence of resource surveys and the logical stages in 
which each should be carried out, are to be considered 
as general statements. They are usually applicable for 
surveys of virgin areas, where, to all intents and pur
poses, nothing is known. They also apply as general 
recommendations for resource surveying in areas al
ready occupied, and developed in some respects and to 
some degree. Even in these two cases-the substantially 
unknown and the partially developed areas-they must 
be presented with some explanation and even qualifica
tion. 

Discussing the procedure to be followed in virgin 
territories, it should be said that before the first stage 
recommended here, that of general coverage, there will 
inevitably be required a preliminary examination. This 
is not so much a stage of surveying, in the sense used 
here, as it is of exploration, or even discovery. Cer
tainly in the 75 per cent of the world's land area that is 
thus far without maps even upon such small scales as 
1 :250,000, a preliminary examination of the area under 
consideration will be necessary before the inventory 
stage can be begun. 

Here we dearly meet the necessity of approaching 
the problem of resource conservation and utilization 
from the viewpoint of total and balanced consideration. 
If, for example, the preliminary step of examination of 
any area be approached entirely from the standpoint 
of the development of agricultural resources, it is ob
vious that those charged with making the examination 
would first discard mountainous, desert, and similar 
areas from their consideration. In so doing, of course, 
they would automatically rule out areas which would 
probably be the most potentially valuable from the 
standpoint of mineral and other resources. The examina
tion of virgin or largely underdeveloped areas should, 
therefore, be undertaken only from the most compre
hensive and balanced viewpoint. Emphasis and concen
tration on areas potentially profitable for the study of 
possibilities for the development of one category of 
resources will commonly operate to exclude considera
tion of other resource opportunities. 

In the examination process, recourse will first be had 
to whatever map or aerial photographic information 
exists. Maps on the approximate scale of 1 :250,000 
will, of course, be valuable wherever they are available. 
Maps on the million scale, to the specifications of the 
International ~1illionth Map of the vVorld, are to be 
found in some areas, notably in Central and South 
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America. All the land areas of the world are covered 
by the one-million scale aeronautical charts of the 
United States Air Force. These, being a relatively new 
series, vary in value, depending upon the amount of 
aerial photography or other reliable information exist
ing in various parts of the world. 

For resource surveys of partially developed areas, it 
is obvious that the recommendations given here as to 
sequence and stage can, and should, be applied as a 
general guide, but should in nowise operate to place 
undue restrictions upon the carrying out of such sur
veys under the varying conditions that will be met in 
widely differing situations. 

In the specifications which follow it will be noted 
that most of the surveys follow a three-stage pattern. 
Usually these are generally analogous to the general 
coverage, specific, and intensive stages, as presented 
here. \Vhere they are not, no attempt has, of course, 
been made to force the terminology normally used in 
tach of the surveys into exact agreement with that used 
llere in the effort to simplify the discussion of each and 
; ll of the surveys. 

Two other matters perhaps need to be considered be
l ore proceeding to brief descriptions, or specifications, 
<•f the principal resource surveys. The first of these con
< erns terminology, especially the use of the term "re
< onnaissance." The second is related to the proper place 
<•f aerial photography. 

In this connection, the term "reconnaissance" needs 
particular attention. This has been used to indicate 
<.nything from the most generalized and sketchy inspec
tion to a process of systematic coverage which nearly 
<.pproaches the general coverage stage described here. 
The dangers of too loose a use of this term are apparent, 
<.nd for that reason use of the words "examination" and 
' general coverage" seems preferable for general dis
cussion. As applied to a specific stage of a particular 
'urvey, however, the term "reconnaissance" may prop
{·rly be used. 

It should also be said that "preliminary examination" 
is intended to indicate the process of general investiga
tion of an undeveloped area with a view to planning the 
first survey stage of general coverage (or, less prefer
ably, "reconnaissance") of all potential resources, not 
just the search for one. 

As mentioned earlier, in the main body of this dis
cussion, while aerial photography is a tremendously 
valuable tool in the process of resource surveying, there 
is a danger that such photography mav sometimes be 
used in an attempt to have it replace some of the ground 
surveys and observations that are always necessary. 

It may be said that there are three proper uses of 
aerial photography. First, it is a principal means of con
structing topographic maps, on all scales, and these are 
the necessary precedent to and the backbone of all other 
resource surveys. Second, in areas where photography 
is already available but topographic maps have not yet 
been made, the photographs will naturally be used until 
more adequate information is obtained. This applies 
especially. perhaps, to the examination p,.ocess. where 
such a situation is quite usual. Third, aerial photographs 
are always valuable tools to complement and supplement 
the use of topographic maps. Sometimes they are em
ployed in this manner to enable geologists, soil scientists 
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and others to improve and to speed up their field work. 
They are also valuable in some instances in the office 
work of compiling the maps which result from resource 
surveys. And, of course, photography has large utility 
in the process of resource appraisal, after resource sur
veys are completed. 

The following brief specifications, descriptive of the 
various resource surveys, are based principally upon 
current practices in the United States. They have been 
prepared in collaboration with the following Federal 
officials: Dr. Carleton P. Barnes, Chief Analyst, Di
vision of Soil Survey, and Mr. R. D. Garver, Director, 
Forest Survey, Forest Service, of the Department of 
Agriculture; Mr. H. M. Bannerman, Assistant Chief 
Geologist, Geological Survey, Mr. Gerald FitzGerald, 
Chief Topographic Engineer, Geological Survey, and 
Mr. C. G. Paulsen, Chief Hydraulic Engineer, Geologi
cal Survey, of the Department of the Interior; and Mr. 
Earl G. Harrington, Chief, Division of Engineering, 
Bureau of Land Management, Department of the In
terior. 

TOPOGRAPHY 

Topographic maps are so well known as to require 
no detailed description. Also they are universally rec
ognized as being one of the first requirements for any 
extensive resource survey. In general, topographic maps 
portray ( 1) relief, the physical features of the earth's 
surface; (2) drainage, by which is meant streams, 
marshes, lakes, oceans, etc. ; ( 3) culture, or man-made 
features such as roads, railroads, buildings, boundaries 
and other similar items. Topographic maps without 
contours, and which convey little or no information on 
relief, are often referred to as "planimetric" maps. 

For the purpose of a comprehensive study of re
sources of large regions, map requirements may be con
sidered under four phase groupings: preliminary ex
amination, general coverage, specific coverage and in
tensive surveys. Characteristic differences of the maps 
for the various phases are principally those of the 
amount of detail shown rather than subject matter. 
Suggested groups, broadly specified, are as follows : 

Preliminary Examination. For use in the preliminary 
examination of an area, topographic maps of any sort 
and on any scales are employed. Mention has already 
been made of the International Millionth Scale Map, 
and the United States aeronautical charts to the same 
scale. Maps on the approximate scale of 1 :250,000 are 
of value in inspection, wherever they exist. Maps on 
about this scale, and sometimes on the scale of 1 :125,000, 
are useful after the inspection pmcess, as will be noted 
hereafter. 

General Coverage. These maps should be general pur
pose maps, for systematic large-area coverage. The 
scale of such maps should be adequate to permit show
ing relevant details for a general inventory of the area. 
In the United States, publication scales are normally 
in one of two ranges: approximatelv 1 inch to I mile, 
and approximately 1 inch to one-half mile. Exact scales 
for the mile range may be 1 :63,360. 62,500, or 50.000, 
the latter being for restricted military use. The sheets 
cover 15 minutes of latitude and longitude. The half
mile range scales may be 1 :31,680. 24,000 or 20.000 
and 25,000 for military editions, and each sheet covers 
7_0 minutes. 
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Specific Coverage. Maps of this group should also 
be of a general purpose type but at scales larger than 
Group 2. Scales should be adequate to show the details 
required for specific examination of potential resources 
revealed by the general coverage and also adequate for 
preliminary planning of construction projects. Maps 
in this group are usually on publication scales varying 
from 1 :31,680 to 1 :12,000. 

Intensive Surveys. Maps in this group cover a broad 
field of requirements ranging from a detailed investi
gation of a limited area to large scale plans for a con
struction project. These are usually published on scales 
of 1 :12,000 or larger. 

In the United States maps of the last three groups 
are made in accordance with these standard accuracy 
specifications: 

Horizontal accuracy shall be such that not more than 
10 per cent of all points tested shall be in error by more 
than 1j50th inch on maps published at scales smaller 
than 1 :20,000, or by more than 1j30th inch on maps 
published at scales 1 :20,000 or larger. 

Vertical accuracy requires that not more than 10 
percent of the elevations tested shall be in error more 
than one-half of the contour interval. 

Maps are tested for compliance with these specifica
tions and those found to comply are so labelled. 
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GEOLOGY 
Geologic maps are designed to show the distribution, 

the boundaries and the character of the various kinds 
of rock (both surface and bedrock) and their structural 
relations to one another. From a practical standpoint 
they serve five major purposes. 

1. They provide basic subsurface information needed 
for design and economical development of both public 
and private construction, particularly heavy construction 
such as waterworks, highways, and airports. 

2. They are the only basic guides in the search for 
mineral and mineral fuel resources, and in the appraisal 
of their size, position in space, and mineralogical char
acter. 

3. They contribute fundamental data needed to im
plement the appraisal of water resources, both surface 
and underground. 

4. They provide the basis for land classification. 
5. They provide information on the kind and chemi

cal composition of rock formations and lay the ground
work for facilitating the mapping of soils. 

The general coverage stage, in terms of geologic 
mapping, requires adequate topographic maps as a 
base upon which to plot the geology, and aerial photog
raphy to serve as guide to the terrain and to provide 
certain kinds of supplementary information useful to 
the geologist. In addition, and most important, "on the 
ground" examinations must be made by widely experi
enced geologists. The scale of mapping that should be 
adopted in this stage depends on the nature of the ter
rain and the status of existing data. The operation 
should produce a map with adequate control and ac
curacy to provide : 

1. Regional configuration of the land forms; 
2. The gross patterns of the rocks involved, and the 

geologic framework; 
3. An appraisal of what types of mineral resources are 

likely to be present, and a guide to the more critical 
areas, structurally and mineralogically; 

4. Guides for establishment of stream gauging and 
hydrologic surveys; 

5. Information useful in appraisal of the agricultural 
potentialities. 

Specific coverage calls for geologic mapping of se
lected key areas; the scale of mapping depending upon 
the complexity of the rock structures and the nature of 
the resources sought, but the scale should not be less 
than 1 :62,500. Here, too, adequate topographic maps 
and aerial photos are required as working tools. In this 
stage, rock outcrops must be mapped by "on the ground" 
examination, in sufficient detail to trace geologic for
mations, establish accurate geologic sections, and de
termine the subsurface structure with a reasonable 
degree of assurance. Operations of this order should 
produce: 

1. An accurate geologic map, adequate to interpret the 
geologic history of the area; 

2. The basic information required to forecast the 
probable potentials of the area from the standpoint of 
mineral resources, i.e., as to whether under existing 
economic and technologic conditions it warrants more 
detailed examination and exploration; 

3. Adequate geologic data to permit a forecast of the 
engineering conditions likely to be encountered ; 

4. A guide to the critical areas, i.e., those likely to con
tain mineral or fuel resources, and those deserving of, 
or suitable for, water development; 

5. A map showing nature of the soil materials in the 
engineering sense, and the effect on the ground water 
supply and hydrologic runoff; 

6. A map showing sources of engineering and con
structional materials available within the area ex
amined; 

7. Geologic information needed for soil science stud
ies, and water development programs. 

Intensive geologic surveys call for geologic mapping 
at scales varying according to the specific purpose. but 
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generally from 1 :1200 to 1 :200 or greater. Such sur
veys are usually restricted to target areas such as those 
containing economic mineral deposits or construction 
sites. The work calls for a detailed topographic base, 
complete "on the ground" coverage of rock outcrops 
to determine the precise location of formation boundar
ies, and geophysical surveys to supplement the work of 
the geologist. The operation should provide: 

1. A satisfactory base from which to plan explora
tory engineering operations such as drilling and other 
subsurface operations; 

2. An accurate picture of the rock structure so as to 
enable accurate forecast of subsurface conditions; 

3. An adequate geologic map to serve as a base for 
soil science, construction engineering, or hydrological 
studies; 

4. The details of the rock structure, and mineral varia
:ions needed to serve as guides to specific mineral de
>osits, and/or oil and gas traps; 

5. An economic appraisal of the mineral resources 
>otentialities in terms of amounts and approximate 
:;-rades likely to be present. 
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SOIL SURVEYS 
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agricultural potentialities, and upon the need for general 
information on soil distribution in advance of detailed 
surveys. These levels may be roughly divided into three 
categories-reconnaissance, semi-detailed and detailed, 
which correspond approximately to the stages "sys
tematic general coverage," "specific fact gathering," 
and "intensive surveys" referred to earlier in this paper. 

In those portions of the United States that have been 
long known in general terms, and are for the most part 
already occupied in varying intensities, the order of soil 
surveys has been ( 1) reconnaissance surveys, ( 2) semi
detailed surveys, and ( 3) detailed surveys, but much of 
the country has not had and has not required surveys at 
all three of these levels of generalization. 

RECONNAISSANCE (BROAD GENERAL COVERAGE) SURVEYS 

The general distribution of soils in most of the agri
culturally promising parts of the country has been dis
closed by widespread coverage of detailed and semi-de
tailed surveys. Reconnaissance surveys are therefore 
now of utility primarily in areas of low agricultural po
tentialities, such as arid grazing areas, and steep, or 
mountainous areas. Generally speaking, they are made 
on topographic base maps at scales of 1 :125,000 to 
1 :250,000. Publication is usually on the same scales. 

Under present procedure, mapping categories consist 
of soil associations. These are geographical associations 
of soils occurring repeatedly in similar geographic pat
terns. It is obviously not possible to map individual 
kinds of soils at these scales. Areas of such soil associa
tions are characterized in terms of the soil types making 
up the association. The component soils are described. 
and the approximate percentage of each in the association 
is estimated. This procedure provides information more 
accurate and less misleading than the eariler practice 
of characterizing the mapping units of reconnaissance 
surveys solely in terms of the predominant soil type 
or series. The composition of the areas is determined 
on the basis of detailed surveys of small sample areas 
within them. Association area potentialities are pre
dicted from a study of the characteristics of the associ
ated soils, as disclosed by the survey of sample areas, 
and by study of any data available on experience in 
using the soils. 

SEMI-DETAILED SURVEYS (MORE SPECIFIC STAGE) 

These are now made chiefly in semi-arid grazing areas 
and relatively low-producing dry farming areas. Ver
tical aerial photographs and topographic maps are used 
in the field placement of boundaries. Topographic maps 
are used in compiling base for publication, which is 
usually on a scale of 1 :62,500. 

Soil characteristics are examined and soils classified 
according to the procedures described hereafter for de
tailed surveys. 

Distinctly different areas of mapping units, established 
at the start of the survey after inspection of the soils 
of the area, are mapped if they are larger than about 12 
acres. The range of characteristics to be allowed in the 
categories used in mapping are determined in such a 
manner as to differentiate categories that are significant 
in their effect on the predominant kinds of land use. 
Since, in areas to be covered with semi-detailed surveys. 

Soil mapping and classification in the United States extensive uses of land such as grazing will prevail, the 
has been done at several different levels of generaliza- range of characteristics permitted within a category 
tion, depending on the character of area covered and its will generally be broader than in detailed surveys. For 
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example, a range of slope of from 3 to 15 per cent 
might be permitted within a category here, whereas in 
an area suitable for cultivation, narrower ranges of 
slopes would need to be recognized. Similarly, a cate
gory might have a range of soil texture that included 
both loams and silt loams, undifferentiated, whereas in 
detailed surveys these textures would be distinguished 
in the mapping categories. Areas in which the individual 
categories are not mappable, because the publication 
scale is too small to show individual bodies, will be 
mapped as complexes or associations of the individual 
categories. 

Semi-detailed surveys are published in county units. 
\"!here the county contains important irrigated areas of 
intensive farming, these are covered by detailed surveys 
requiring separate larger scale publication as specified 
for detailed surveys. Irrigated areas of 5 square miles 
or less occurring within an area being covered by a 
semi-detailed survey. are generally surveyed in detail, 
but the soils are shown on the published maps subject 
to such consolidation or grouping of soil types as are 
imposed by the scale of the map. Steep mountainous 
areas, or other areas clearly unsuitable for crops or 
grazing, are generally covered in the manner described 
under reconnaissance surveys, and included on the same 
map as the areas covered by semi-detailed surveys. 

DETAILED SuRVEYS 

These are required in humid farming and irrigated 
areas. Field mapping is done on vertical aerial photo
graphs of scales varying from 1 :20,000 to I :7,920. 
Topographic maps are used in compiling base for pub
lication on scales from 1 :31,680 to 1 :15,840. 

Soils are generally examined to a depth of 5 feet,2 

and characteristics of the soil observed within this depth 
generally determine the classification unit into which 
specific soil areas are put. 

Characteristics of each distinct layer or horizon in 
the soil are examined. The characteristics of the lavers, 
including their color, texture, structure, consistency, 
thickness, reaction, stoniness and presence of injurious 
quantities of salts, along with surface slope, degree of 
erosion, incidence of high water table, and the parent 
material from which the soil developed, determine the 
category in which a soil is placed in mapping. Soils hav
ing 'approximately the same sequence of layers with 
similar characteristics, developed from similar parent 
material, are considered one type of soil. 

A range of characteristics defines each soil type, and 
each area within which the soil characteristics fall with
in the limits of this range is shown on the map as be
longing to a specific soil type. The soil types are named 
according to the nation-wide standard system of soil 
nomenclature used by the Soil Survey. In this the first 
word is a place name, e.g., "Ontario", selected to repre
sent all of that group or series of soils that are nearly 
similar in the kind, thickness, and arrangement of 
layers in the soil section or profile. Subsequent words 
describe the textural class of the surface soil, e.g., "fine 

• The feasibility of irrigation may be affe{:ted by layers at 
greater depth than five feet. Since the cost of making deep bor
ings is so great, it is not practical to make them throughout the 
country generally. The more practical procedure is to supple
ment the usual basic soil survey with deep borings in areas for 
which the availability of an irrigation water supply has been de
termined, and then only in those parts of the areas where the 

sandy loam". Thus, "Ontario fine sanely loam" consti
tutes the name of a soil type. Within each soil type, dif
ferences in surface slope or configuration, of significance 
to agriculture, are shown on the soil map as subdivisions 
of the type, called phases. For example, those areas of 
Ontario fine sandy loam having slopes ranging between 
3 and 8 per cent are designated ''undulating phase, 3-8 
per cent slopes"; and those having slope from 8 to 15 
per cent are designated "rolling phase, 8-15 per cent 
slopes". Soil types that have suffered truncation by ero
sion are mapped as eroded phase or severely eroded 
phase, according to the extent of truncation. 

Samples of each of the layers of soil at particular 
points are collected and anlayzed to determine mechan
ical composition (percent of sand, silt and clay), con
tent of particular plant nutrients, reaction, and content 
and kind of soluble salts (in areas where these are a 
problem). The results are correlated with characteris
tics observable in the field, to help achieve consistency 
in mapping, and to help characterize the kinds of soil 
as mapped. The samples are also compared with sam
ples of previously mapped soils to help insure consist
ency in classification and nomenclature. 

At this level of detail, all areas of distinctly different 
kinds of soil larger than about 3 acres3 are shown on 
the map; except that in areas of steep, mountainous 
land, extremely stony or rocky land, tidal marsh, or 
other areas clearly having little or no agricultural po
tentiality, the geographic details of soil differences are 
not mapped out. Such areas are mapped in more general 
categories, such as steep, stony land, tidal marsh, etc. 
Rock outcrops, sink holes, short steep escarpments, 
deep gullies. wet spots and other features that are in 
striking contrast to the surrounding soils are shown 
by symbol when they occupy less than about 3 acres. 

When the soils occur in an intimately associated pat
tern in which the individual bodies of the different 
kinds are usually less than 3 acres, and consequently 
are impossible to show individually on maps of these 
scales, soil complexes are mapped. For example, the 
term "Clairon silt loam-Webster silty clay loam" rep
resents a complex of two soil types occurring in indi
vidual bodies too small to show on the map. 

When the soils have been classified and mapped, a 
study is made of crop experience on the principal kinds, 
to ascertain production possibilities. Production experi
ence from farms and experiment stations, both in the 
county surveyed and in other areas where they occur, 
are analyzed. Crop yields are studied in relation to ro
tations, fertilization and other managE'ment practices 
on each soil, and predictions are made of the expectable 
average yield over a period of years of each important 
crop on each soil under two or more systems of man
agement, including (a) the management system most 
commonly followed and (b) on a system that appears 
to give generally the highest production consistent with 
soil maintenance. Ratings of the soils according to their 
general desirability for agriculture are developed, on 
the bases of the predicted yields of individual crops 

soils-aside from the question of the effect of deep strata-are 
favorable for irrigation. 

3 This is a general figure. Smaller areas of soils very markedly 
in contrast to those surrounding them may be mapped out, 
whereas larger areas differing only slightly from those surround
ing them may not. 
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and pasture. The text includes detailed descriptions of 
the soils, and recommendations for their use and man
agement. 

The maps and explanatory texts are usually published 
in units covering one county, except in parts of the 
\Vest, where counties are large and have their arable 
land concentrated in particular areas. Here the units 
may cover special areas other than counties. 

PROCEDURE IN UNDEVELOPED REGIONS 

For virgin territory, such as large parts of Alaska 
or of the tropics, a procedure is needed that will rapidly 
delineate the broad areas of different character to per
mit eliminating those of very low potentialities from 
time-consuming study and, on the other hand, provide 
quickly some detailed information needed by agricul
tural planners and farm advisors without waiting for 
completion of the detailed survey. The order of proce
dure is somewhat different than has been the practice 
in the United States heretofore. 

The first step in the procedure is to compile a first 
approximation of a soil association area map of the re
~;ion from all existing data on soils, and on the principal 
soil-forming factors of the environment--climate, veg
etation, relief, and geology, including notes of travelers. 
This might correspond roughly to the "preliminary ex
::.mination" stage referred to earlier. Aerial photographs 
~ hould be used, provided each kind of pattern shown 
on the picture is examined on the ground to avoid mis-
int retation. This map would be made on scales of 
1 : 000 on up to 1 :500,000 and would not be pub-
lished. 

The second step is that of making detailed soil sur
veys of representative sample areas of from 500 to 
5000 hectares within each soil association area, except 
those clearly unsuited to agriculture, such as rugged 
mountains, or tundra. Mapping in the sample areas 
should be in the full detail described for detailed surveys. 

In making the classification maps for the sample 
areas, laboratory facilities should be available, and also 
facilities for field experiments. Each mapping unit is 
carefully defined, and the best possible predictions are 
made of its potentialities. These are made from evidence 
afforded by farm experience or field experiments on the 
soil itself. Lacking this, they are made from evidence 
afforded by experience on similar soils with similar cli
mates in other parts of the world. 

For each sample area a soil key is developed, showing 
how the local soil types-defined and named-may be 
recognized. Clearly, if this is not done, subsequent map
ping will flounder for lack of an adequate classification. 

The third step is to make a second approximation of 
the soil association map, using what has been learned 
in the sample areas to define and describe the different 
soil association areas in terms of the individual soils in 
them, and to make predictions of their potentialities. 
Also, the boundaries of the soil association areas can 
be revised at this stage, now that their soil patterns and 
characteristics have been defined from study of the 
representative samples. The revision of boundaries may 
he accomplished by systematic travel, somewhat in the 
fashion generally understood by the term "reconnais
sance," and the revised map might be thought of as an 
equivalent in level of generalization to that referred to 
under "general coverage." 
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A fourth step, not strictly a part of survey procedure, 
but essential to the success of subsequent detailed or 
semi-detailed surveys, is that of holding field schools in 
each sample area to teach soil surveyors and agricultural 
advisors how to identify the soils in unsurveyed parts 
of the area. 

The fifth step is to proceed with progressive soil sur
veys, detailed or semi-detailed, according to the nature 
and potentialities of the area, and timed according to 
agricultural programs of settlement and development. 
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HYDROLOGY 

Fresh water is distinct from other mineral resources 
in that it is a renewable resource. It is a product of the 
operation of the ever-changing hydrologic cycle, with 
vagaries of occurrence that are associated with those 
of other meteorologic and climatic phenomena. There
fore, the approach to surveys for the appraisal of the 
water resources of a basin or area is necessarily influ
enced by the constantly fluctuating characteristics of 
water and the fact that such characteristics often are 
adequately defined or revealed for development pur
poses only after observations and measurements extend
ing over a period of years. It should be understood that 
operational requirements may necessitate a continuing 
accounting of the water supply and the associated factors 
of the hydrologic cycle. 

An adequate evaluation of these resources for de
velopment purposes can be achieved through a sched
ule of investigations which has three major parts or 
phases: ( 1) general investigations, (2) observational 
network and ( 3) intensive investigations. The first 
and third phases are typically of the project type, with 
the rate of progress dependent upon the manpower and 
other facilities available. The second phase, the observa
tional network, differs from the other two in that a 
certain length of time-frequently many years-is re
quired to produce the required data. Because these data 
from phase two are a prerequisite for certain surveys 
under both phases one and three, it is fortunate that a 
skeleton observational network-though entirely inade
quate to meet present needs-is already established 
throughout the United States. 

1. General investigations. The general investigation is 
a particularly essential step in the planning stages of 
water development programs in any basin or area. 
Water data and other pertinent information already 
collected are brought together, reviewed, correlated and 
interpreted. Deficiencies in hydrologic records are de
termined, and steps taken to begin observations under 
phase two. Following is an outline indicating types of 
work in this phase : 
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1. Reconnaissance of regional surface and under
ground hydrology and geology. 

2. Surveys to locate new, and to check locations of 
existing, observations and measurement stations 
on streams. 
(a) Miscellaneous measurements on ungauged 

streams to determine general character. 
(b) Information on past floods. 
(c) Miscellaneous chemical and sediment water 

samples and temperatures. 
3. Reconnaissance of representative wells and 

springs in major aquifers. 
4. Reservoir surveys. 

(a) St~ge and volume records on existing reser
voirs. 

(b) Reservoir and pmver site prospecting. 
5. Approximate evaluation of major aquifers. 

(a) Test borings where necessary. 
(b) Pumping tests to determine hydraulic prop

erties. 
6. Reconnaissance of water-use data, pumpage and 

diversions. 
7. Correlation of data to determine general character

istics of streams and ground-water aquifers. 
8. Publication of data and findings. 

2. Observational Network. This includes all base sta
tions and locations at which measurements or observa
tions are made on a continuing basis, by which the vari
ous characteristics of ground and surface water are 
identified and developed. The data from this network 
are used directly by many Federal, State and private 
agencies. Unlike the first and third categories, which 
are project activities, the network is accomplished by 
means of a continuing program; that is, regardless of 
the funds and manpower applied, the characteristics de
veloped from the network stations require continuous 
observations over a period of years. Therefore. the sta
tion network must be anticipated years ahead of specific 
projects, in order that such projects may be assured 
of adequate preliminary data. 

Continuous (daily) and periodic observations of the 
following data outline this phase. 

1. Surface waters. 
(a) Water discharge. 
(b) Stage only. 
(c) Sediment discharge. 
(d) Chemical quality. 
(e) Temperature. 

2. Ground waters. 
(a) Discharge. 
(b) Water levels. 
(c) Chemicalquality. 
(d) Temperature. 

3. Intensive Investigations. Comprehensive investiga
tions may be divided into two categories: ( 1) com
prehensive evaluations of the water resources of large 
areas or of drainage basins, and (2) intensive investiga
tions of small or local areas in which specific develop
ments are proposed. The comprehensive evaluations of 
the water resources of large areas are dependent upon 

the data and the analyses obtained in the reconnaissance 
and observational programs, and can be undertaken as 
soon as enough data are available from the observational 
programs to permit their execution. Such comprehen
sive evaluations are of much value to all action agen
cies concerned with development and control of water 
resources. Much of the work done in the comprehen
sive evaluation would constitute a re-analvsis of data 
on a broad scale and covering broad areas,' with special 
emphasis on the correlation of all the phases of the 
hydrologic cycle of those areas. The careful prepara
tion of reports is an integral part of the work. 

Intensive investigations are also most successfully 
accomplished in areas where the various basic charac
teristics are known from the reconnaissance and net
work programs. This is the type of investigation that 
usually can be accomplished fairly readily after a proj
ect is proposed in order to provide for detailed plan
ning. design, and operation, if the base network data 
have been previously fa.irly completely developed. The 
following outline lists some of the typical types of work 
involved in such investigations: 

1. Analyses of steam-flow data. 
(a) Short-term gauging stations at project sites. 
(b) Extension and completion of past records to 

cover critical periods. 
(c) Compilation of all available records. 
(d) Flood surveys, computations of flood dis

charge, unit hydrograph analyses, channel 
storage and related flood properties of drain
age basin. 

(e) Drought surveys. 
2. Detailed inventories of wells and springs. 

(a) Welllogs. 
(b) Water-level observations. 
(c) Yields (past and present). 
(d) Temperature. 
(e) Types of well construction, explorations for 

leaks, hydraulic and mechanical efficiencies. 
3. Reservoir surveys. 

(a) Collection and analyses of existing records of 
stage and volume. 

(b) Determination of rates of sedimentation. 
(c) Detern1inations of evaporation loss. 
(d) Collection and surveys of area-capacity data. 
(e) Studies of adequacy for water supply or 

water conservation. 
4. Evaluation of aquifers. 

(a) Numerous and detailed pumping tests to 
detennine hydraulic properties with test bor
ings where necessary. 

(b) Laboratory analyses of water-bearing mate
rial. 

(c) Natural recharge and discharge. 
(d) Artificial recharge, methods of accomplish

ing. 
(e) Geophysical surveys. 

5. Detailed studies of chemical and physical prop
erties of water in relation to proposed uses. 
(a) Use of water in industry and agriculture. 

184 



(b) Pollution of streams and aquifers. 
(c) Salt-water contamination. 
(d) Water erosion and sedimentation. 

6. Detailed and classified surveys of water uses. 
(a) \Veil pumpage, artesian flow, and diversions 

from surface streams. 
(b) Kinds of water use : irrigated acreage ; 

domestic, per capita; industrial, per unit of 
product; hydroelectric power development. 

(c) \Vastage of water. 
(d) Estimate of potential uses and development. 
(e) New undeveloped sources of supply. 

7. Correlations of all data to form complete picture 
of water in local area-recharge. movement, dis
charge, chemical properties, floods, and the many 
associated factors. 

8. Preparation and publication of reports. 
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VEGETATION 

Studies of vegetation in the United States are usual
ly made in successive steps, each succeeding one be
coming more intensive and usually supplementing previ
ons work. As used here. vegetation means the natural 
plant growth that is found on all kinds of forest and 
range land. 

1. General coverage: Preparatory to studies of wild 
land, such as parts of Alaska and possibly some sec
tions of western United States, all available references 
are normally first reviewed followed by an extensive 
examination of the area by air and on the ground. This 
provides the beginning of a work program foundation 
consisting of basic generalized information on the 
topography of the area, forest and range types, acces
sibility, parts to be omitted such as barren mountain 
tops or other nonproductive tracts and possibly agri
cultural valleys. It is also essential background for 
developing procedures to inventory such areas. 

Most of the United States, however, is sufficiently 
well known so that much of the above step can be omit
ted. Under such condition, surveys usually proceed as 
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follows: 2. specific coverage surveys, and 3. intensive 
or detailed surveys. Step 2 generally covers large areas 
and is basic to the formulation of both public and 
private policies for effective and rational use and man
agement of land suitable for forest and range purposes. 
The third step covers smaller areas down to 100 acres 
or less in extent and is used for detailed development 
and management plans. 

For such surveys topographic maps are essential, and 
aerial photographs are very desirable. Topographic 
maps, however, need not show contours, although such 
information is generally useful. Resource surveys nor
mally do not prepare such maps but rely on mapping 
agencies for them. In subsequent operations of re
sources, conservation and utilization, relief information 
usually is a requisite. 

2. Specific coverage surveys: Such surveys commonly 
include all wild forest and range land. For forest land, 
the different tree associations, called forest types, and 
usually named after the major species in each, are de
lineated on planimetric maps either from aerial photo
graphs or ground mapping. The total acreage of forest 
land is usually obtained either by determining the per
cent forested by dot counts on aerial photographs, then 
applying the factor to the total land area, or by plani
metering the forested areas delineated on the maps. 
The kind, size, and volume of the timber is obtained 
by examination and measurements of the trees on a pre
determined number of sample plots 34 acre in size. 
These are randomly located on the land in accordance 
with the requirements of the stratified nature of the 
forest which is made up of saw timber, pole timber, 
seedlings, and saplings, and nonstocked areas. The total 
volume is obtained by blowing up these samples. 

Aerial photographs on a scale of 1 :15840 are pre
ferred. Twenty-two generalized forest types are used 
for large areas and often are shown on maps with a 
scale of 1 :2,500,000. The sampling error of accuracy 
for forest area is placed at 3 percent per million acres, 
and for timber volume at 3 to 10 percent varying by 
regions per one billion cubic feet. 

The major factual items obtained by the Forest Sur
vey consist of the extent, location, and condition of 
forest land, the species, quantity and quality of the 
timber on these lands, the current annual growth of 
the timber, and the amount that is cut and destroyed by 
insects, fire, and disease yearly. Periodic resurveys are 
required to keep the infonnation up-to-elate on account 
of the dynamic nature of forests. 

The results of these forest surveys are compiled in 
statistical and analytical reports, including forest type 
maps for each state and groups of counties within the 
state having similar characteristics. 

Range surveys determine for the forage resource 
what the forest survey does for timber and are carried 
out in much the same manner. Such surveys are system
atic inventories of the amount and grazing value of 
grass. weeds, and browse occurring on range lands. 
They form the basis for planning the management and 
use of range lands. 

The maps and aerial photographs used are on about 
the same scale as for forest surveys. Field mappers often 
use planimetric maps with corresponding aerial photo
graphs to supplement them. Range forage types are 
Identified, delineated on maps, and the grazing capacity 
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for each estimated. A compilation of such information 
is an essential part of a grazing management plan. 

3. Intensive and detailed surveys: Such surveys are 
required for small areas of wild land varying in size 
from possibly less than a section, up to several town
ships. Aerial photographs on scales no smaller than 
1 :15840 and planimetric maps from 1 :31680 to 1 :7920 
are preferred. They are used to get the basic informa
tion needed in both forest and range management plans, 
in research and, if practicable, are superimposed over 
extensively surveyed areas, using the existing informa
tion to the fullest extent. Examples are: plans for log
ging and cutting cycles on timber sales; rotation graz
ing on controlled areas, recreational development and 
wildlife management. The results are also used in ex
perimental designs for research in both forest and range 
projects. 

A fourth type of Yegetation mapping or survey is il
lustrated by the government publication, The Nat ural 
Vegetation of the U. S., 1924, by H. L. Shantz and 
Raphael Zon. This may be called an ecological study 
of the natural vegetation. The object of the investiga
tion is covered by this sentence from the publication : 
"The natural vegetation is the expression of environ
ment, it is the integration of all climatic and soil factors. 
past as well as present, and, therefore, if it can be dis
tinctly and clearly indicated, provides often a better 
basis for classification of environments than any one 
factor or set of factors." 

The report is replete with plant succession discussion, 
illustrated by a vegetation type map. 
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ANIMAL LIFE 

Surveys for resource of this category can hardly be 
dealt with in brief and summary form, as is possible with 
those previously described. This is true for two major 
reasons. 

In the first place, the kinds of animal life that con
stitute valuable resources for human use are legion. 
Such resources include creatures living on land, in 
water, and in the air. Further, man's interest in animal 
life is not limited to those species that are adapted to 
his use or enjoyment. He is also concerned with those 
which, because of their capacity for interference or 
destruction, are obstacles to his way of life and liveli
hood. Because of the variety of forms and of the condi
tions under which they live, the methods of surveying 

------

which must be employed to locate, identify and record 
them are correspondingly various. 

Secondly, animal life is distinguished from other re
sources by its mobility. This factor makes location and 
quantitative reporting difficult. Examples are the finding 
of schools of edible sea-fish, and the counting of wild 
birds and game animals. 

The impracticability of summary treatment of animal 
life surveys, and the consequent failure to treat the sub
ject here, by no means implies that this is a field that 
is not important or one in which technical advances are 
not being made. On the contrary, the necessity of know
ing and of profiting by the proper use, conservation, and 
control of such sources is daily becoming more evident. 
It is also true that notable progress in scientific method 
is being made. To give but one example, reference is 
made to the increasing practice of locating and even 
identifying sea-fish by electrosonic devices originally 
(and currently) used in making soundings of depth 
measurements for nautical chart-making purposes. 

CADASTRAL MAPS 

Cadastral surveys in general create, re-establish, mark 
and define boundaries of tracts of land. Such surveys, 
unlike scientific surveys of an informative character 
which may be amended with changing conditions or be
cause they are not executed according to the standards 
now required for accuracy, cannot be ignored, repudi
ated, altered. or corrected, and the boundaries created or 
re-established cannot be changed so long as they control 
rights vested in the lands affected. 

The official record of a cadastral survey ordinarily 
consists of a drawing or map and a written description 
of the field work. The drawing represents the lines sur
veyed showing the direction and length of each of such 
lines; the boundaries, description and area of the parcel 
of land; and, as far as practicable, a delineation of the 
topography of the region ; including a representation of 
the culture and improvements within the limits of the 
survey. 

The vast net-work created by cadastral surveys in any 
area in any country may be used for control in connec
tion with the general and specific mapping programs. 
Such a comprehensive network provides a basis for ac
curate map compilation. 

The basic methods used in cadastral surveying are 
similar in most countries; that is, each individual tract 
of land is marked on the ground and a description and 
area are given in each instance. However, different 
methods have been adopted by the countries concerning 
the size, configuration, and description of the lands dis
posed of or administered by those countries. For ex
ample, in the United States of America the rectangular 
system of surveys of the public lands was adopted in 
1786 and marked the important transition from the pro
cedure that prevailed in the greater part of the Colonial 
States where the land grants and all tracts were de
fined by irregular metes and bounds, each depending 
more or less on the description of the adjoining tract 
known by name or survey number and mostly without 
common geographic location other than by reference to 
some well-known natural object. 
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The CHAIRMAN: We have just heard a second very 
lucid and interesting discourse, but time is flying and 
we still have three reports to hear. 

To save time, we will open the discussion of the first 
two papers at once. If possible, comments should either 
bring out the exceptional interest of the two papers or 
else raise some point especially deserving of discussion. 

Mr. HARRISON : After listening to the very interest
ing papers we have just heard, there are one or two 
observations about resource surveys that I think are 
in keeping with modern thinking and which are of par
ticular importance from the point of view of FAO. 

Naturally, that Organization is vitally interested in 
doing everything it can to promote the surveying and 
inventorying of resources in many different parts of 
the world, all with the very practical object of achiev
ing those conditions under which the resources that 
are available can be used, and used in the near future, 
for improving the living conditions of the people to 
whom they belong. 

In Dr. Randall's paper, reference was made near the 
end to the desirabiilty that those who make surveys 
:;hould collaborate with public officials. I should like 
:o suggest that those who make the surveys, and those 
at an even higher level who are responsible for having 
them made, might with great advantage collaborate with 
each other. 

There are remarkable opportunities, especially where 
extensive programmes are being undertaken on the 
basis of aerial photography, mapping and interpreta
tion of aerial photographs, for serving many purposes 
with a single basic survey. 

In the past it has sometimes happened that large 
programmes of aerial photography have been under
taken for some specific purpose and they served that 
purpose well, but they proved to be quite unsuitable for 
some other purpose. It is possible to use the photographs 
from a single aerial survey for very many purposes 
providing adequate planning is done in advance. 

Among those who will use aerial surveys are: the 
topographic mapper, engineers planning hydro-electric 
developments, foresters, people developing agricultural 
programmes-and the list could be extended consider
ably. On the engineering side they will be used by 
road builders, railroad builders, people planning power 
lines, on so forth. 

A good many of these separate operations demand 
certain characteristics in aerial photographs, and it may 
be that if the photos are taken for a single purpose the 
emphasis given to particular characteristics desired will 
make them unsuitable for another purpose. Experience 
has shown that if a multiple purpose survey is envisaged 
in the first place and if all those concerned can get to
gether, it is generally possible to arrive at compromises 

METHODS OF RESOURCE APPRAISAL 

with respect to such matters as scale, wide-angle lens 
or standard lens, type of picture to be taken, type of 
film to be used, etc. There are enormous opportunities 
for economy in that direction. That is something which 
in my Organization we believe to be of great importance 
to those who are planning resource development in 
countries known as, for lack of a better name, under
developed countries. 

There is one principle that might be mentioned with 
respect to inventory, and that is the possibility at an 
early stage in the work of varying the intensity of the 
examination being made. It certainly is desirable to ob
tain a preliminary idea of the resources of a country 
or a region, but it is quite possible to get that preliminary 
idea over the whole area and to limit intensive work to 
those most accessible areas in which practical develop
ment is likely to take place in the near future, leaving 
the more remote areas for more detailed, more time-con
suming and more expensive treatment later on. 

There is one other thought which was put before the 
United Nations Committee of Experts on Cartography 
and I should like to repeat it here. The map-maker in 
general believes that there are certain limitations of ac
curacy, certain desirable standards of accuracy, on 
which insistence must be placed. In a general way that 
is correct; it is not open to argument. If a standard 
series of topographic maps is being made for a country, 
then a certain standard of precision, and so forth, must 
be laid down. But there are cases in the world-and I 
know of specific cases-where the urgency for some 
sort of a map to be used as a basis for immediate re
source development is so great that it is justifiable to 
make preliminary maps although the geodetic and other 
controls would not ordinarily be considered satisfactory 
in their existing stage. 

The need for the resources themselves mav he so 
great that the time simply is not available to put in a 
sufficient network of control points, desirable as that 
may be from the mapping point of view. This is 
thoroughly understood, and, as I say, I have in mind 
one or two practical programmes that are now going on 
in this field. At a later stage the ground will be gone 
over again, the necessary control points will be properly 
established, and thoroughly satisfactory maps will be 
made. In the meantime temporary maps made largely 
from air photographs are proving very satisfactory for 
practical source development, and I think that that is 
a tendency which may increase in many parts of ,the 
world-merely as a temporary expedient but as a 
way of meeting a very real and urgent problem. 

The CHAIRMAN : I would like at this time to call on 
Dr. "Walter A. Shewhart of the Beii Telephone Labora
tories, U.S.A., who is one of the outstanding leaders 
in the application of statistics to industrial problems. 

Mr. SHEWIIART delivered the following paper: 

187 



UNSCCUR PROCEEDINGS: PLENARY MEETINGS 

Statistical Control in the Conservation and Utilization of Resources 

WALTER A. SHEWHART 

ABSTRACT 

The basic contribution of statistics to the science of control is an improved scientific method in which each 
of the three steps, hypothesis, experiment, and test of hypothesis, is modified to take account of the fact that valid 
inference can never be more than probable. The use of this method in analyzing the way men and equipment act 
together in an organization to determine what changes, if any, need to be made in order that the organization 
may come closer to attaining its objective, has already proved an effective means in many industries for conserving 
natural resources and human effort in the mass production of goods of standard quality. 

The urge to control our environment to suit ourselves 
is as old as the human race. In fact, this urge largely 
differentiates man from other animals. However, the 
act or method of control has shown a marked develop
ment down through the ages-first instinctively guided 
by trial and error, later supplemented by appeal to the 
supernatural, then gradually modified in accord with 
the developing climate of scientific ideas. Our object 
here is to trace in bold outline some of the modifications 
brought about in the act of control through the introduc
tion and use of statistical concepts. 

GROWING NEED FOR STATISTICAL CONTROL 

today in many quarters the statistician is thought of as 
one engaged in the collection, tabulation, and reduction 
of data, particularly of a financial and economic char
acter. Gradually there grew up a statistical method
ology "adapted to the elucidation of quantitative data 
affected by a multiplicity of causes." It grew up as 
something apart from scientific method-in fact, it 
grew up to serve the need of the practical man in 
fields which many scientists would claim are beyond 
the pale of scientific inquiry. 

Turning our attention to fields in which scientific in
quiry is admittedly possible, we find that the scientist 
has not only accepted the fact that the only kind of 
observable constancy is statistical but he has also found 
it necessary to go further and develop statistical theories 
to account for the many conceptual properties of the 
particles of modern physics. Although the basis of the 
scientific process is often taken as the reproducible ex
periment, it has long been realized that the outcome of 
the repetition of such an experiment can only be pre
dicted within limits upon the basis of probability theory. 
Measurement itself is a fundamental operation of this 
character and the theory of errors was developed by 
Gauss more than a century ago to take account of the 
statistical nature of repetitive measurements. 

A basic problem in control is that of devising an 
operation of using raw materials at our disposal that, 
if carried out, will give a thing that is useful in satisfy
ing some human want. It is desirable to differentiate 
between two kinds of factors that must be taken into ac
count. Over one, man has little or no control, as, for 
example, the weather; he must be content with trying 
to make valid predictions. Likewise no industrial organi
zation has much control over a large number of factors 
such as fluctuations and trends in human wants, avail
able supplies of raw materials, economic and business 
conditions, labor supply, the laws and mores of the 
people, the growth of population, and international re
lations. In fact, it is alleged in some quarters that hu- Even so, however, the pure scientists in these fields 
man affairs of this character are essentially unpredict- have paid little attention to the methods of the statis
able and beyond the reach of research and experimenta- tician as such. True enough, natural scientists have long 
tion, thus falling outside the scope of scientific inquiry. computed probable errors but by and large these errors 
In marked contrast are those factors in the field of the have been used only in perfunctory manner. For ex
natural sciences where it is possible to make reproduc- ample, a great physicist, the late Lord Rayleigh, once said 
ible experiments; where it is assumed that phenomena that error theory was something to read up on and then 
obey laws that can be discovered through scientific in- forget. Within the past quarter century, however, the ap
quiry; and where it is assumed that valid prediction is plied scientist at least has begun to take cognizance of the 
possible. statistician and his ways. Why, you may ask, has this 

A man of practical affairs must take into account change come about? The answer is not hard to find. 
both types of factors. The fact that he has learned The applied scientist has run head on into certain types 
through sad experience that it is not yet possible to of problems in his attempt to control the variability in 
forecast with certainty the future trend of social and the results of repetitive operations and to disentangle 

and measure the effects of different causes of variation economic phenomena has not deterred him from trying 
to make such forecasts. Experience has taught him that upon some variable that he wishes to control. 
his short-term forecasts based upon social, economic, Obviously the manufacturing process may be thought 
and business data are better than no forecasts at all. of as a repetitive operation analogous in many ways 
The subject of statistics had its origin in the attempt to the repetitive experiment and measurement in science. 
to satisfy this need of the man of practical affairs for \Ve may conceive of the manufacturing process as an 
factual information upon which to base such forecasts. operation that may be repeated again and again, and 

For example, when the Royal Statistical Society of thus capable of producing an indefinitely long sequence 
London was founded a little over a century ago, its of physical objects. Such processes are often refined to 
stated objective was "to collect, arrange, digest, and pub- the state that the repetitions are made under presumably 
!ish facts illustrating the condition and prosperity of the same essential conditions. Even so, we find that the 
society in its material, social, and moral relations." Even qualities of the objects thus produced vary from piece 
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to piece in much the same way that a sequence of repeti
tive measurements of the pure scientist may vary. 

For example, consider the production of a protective 
fuse designed to blow within a given interval of time 
when subjected to a specified load. Obviously all fuses 
cannot be tested because the test itself is destructive; 
yet one or more persons may lose their lives or at least 
there may be large property damage if a fuse fails to 
blow within the specified limits. Here it becomes vitally 
important to be able to make valid probability predic
tions within specified limits. Whereas in the field of 
error theory the scientist usually assumes that a se
quence of observed values made under essentially the 
same conditions will approximately obey the normal 
kw of error, the production man early found that such 
a;sumptions were not valid in his field. The operation 
of statistical control was introduced about a quarter 
of a century ago to help the practical man detect the 
presence of assignable causes of variability in his pro
duction process that had to he taken into account be
fore valid prediction was possible. 

Even where the inspection test is not destructive, it 
i~ often found that a small percentage of product made 
under presumably the same essential conditions will 
fall outside of the tolerance limits and usually must 
ether be scrapped or reconditioned. This adds to the 
mst of production. Here again it often becomes of great 
importance to study the causes of variability in the 
process with a view to reducing the percentage of prod
uct falling outside of tolerance limits. Oftentimes, it is 
also important to close up on the tolerance limits in 
order to effect certain economies, on the one hand, and 
to attain a more desirable product on the other. 

For these reasons, if no others, it is important from 
the viewpoint of conservation and utilization of raw 
materials in manufacture to detect the presence of as
signable causes of variation in the repetitive act of 
manufacturing. Another reason stems from the work 
of R. A. Fisher on the design of experiment as intro
duced in the field of agricultural experimentation. The 
classical ideal of experimentation is to keep all of the 
independent variables constant except one. Fisher was 
the first to point out the advantages to be gained by 
including in the same experiment as many as possible 
of the factors whose effects are to be determined. Not 
only does this provide greater efficiency and provide 
measures of the variabilitv attributable to each of the 
different factors; it also p~ovides a means of determin
ing the extent to which the factors themselves interact. 

To illustrate, let us consider once again a manufac
turing operation. In the development of a complicated 
manufacturing process of modern industry many oper
ational steps are involved and these are sources of 
causes of variation in the final product. In the indus
trial research underlying the development of such a 
process, it is often highly desirable to be able to de
termine the contribution of each of these steps to the 
over-all variability. Moreover, in any such process it 
is almost certain that the interaction between the effects 
of some of the factors will be of great importance. 
Fisher's theory of the design of experiment sets forth 
the principles for efficient experimentation in such in
stances. This is particularly true in the development of 
processes of production of such items as thermionic 
devices, varistors, thermistors, and transistors, to men-
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tion only a few coming out of recent advances in mod
ern physics and chemistry. 

STATISTICAL CONTROL 

The theorv of statistical control is concerned with 
the development of a scientific method of making the 
most efficient use of raw materials in the production of 
things to satisfy human wants; a scientific method that 
takes into account the fact that inferences can onlv be 
probable; a method that will help us to obtain rri'axi
mum validity in the field of prediction and that will 
provide a rational routine for minimizing variability 
in the repetitive act of production through the detection 
and removal of assignable causes of variation. The 
theory of control as here conceived must take into ac
count all steps in the act of control including the de
termination of human wants, the selection of raw 
materials, and the more formalized steps of industrial 
research, development, design, specification, production, 
and inspection. 

For our present purpose we may think of scientific 
method as involving three important steps: 

1. The adoption of an hypothesis and the develop
ment of a formal theory for making valid predictions 
provided the hypothesis is true. 

2. Experimentation to provide the data with which 
to test the hypothesis. 

3. Development of ways and means of using the 
data in testing the hypothesis. 

The fundamental role of statistics is that of modifying 
each of these three steps. Statistical method is one in 
which we start with statistical hypotheses, make use of 
statistically designed experiments, and apply statistical 
tests of the hypotheses. Such a view no longer con
ceives of statistical method as something apart from 
scientific method but rather as an improved scientific 
method. 

Turning our attention to the production of manu
factured goods, it is customary to consider three funda
mental steps in the act of control, namely, ( 1) the 
specification of the physical and chemical properties of 
the thing wanted, (2) production, and (3) inspection. 
From the viewpoint of statistical control theory, these 
three steps are analogous to the three steps in scien
tific method. Based upon industrial research and devel
opment, the engineer or applied scientist comes out 
with the design of something that is presumably wanted. 
In order for the parts of such a design to function, it 
is necessary that they be controlled within specified 
tolerance limits. Such limits, however, cannot be drawn 
out of the air but must conform to the limitations im
posed by lack of homogeneity of raw materials and 
chance causes of variation in the production process. 

As a preliminary step in arriving at such specifica
tions, it has long been the practice in industry to lmild 
and try out tool-made models. In manv instances, it 
has been found necessary to go even further and to 
make use of what is customarily known as a pilot plant 
production. From the viewpoint of statistical controL 
it is highly desirable in these stages to make use of 
statistical control theory and techniques, first in weeding 
out assignable causes of variability and then in making 
estimates of tolerance limits based upon the rational 
use of probability theory. It is particularly desirable at 
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this stage to make use of available criteria for statistical 
control and also the statistical design of experiment in 
determining the effects of different factors and their 
interactions. 

This use of statistical control procedures becomes a 
very important tool in setting up specifications that may 
reasonably be expected to be satisfactory from the view
point of mass production. Even so, it is usually found 
that when such specifications are used under the neces
sary conditions of mass production, additional assign
able causes of variation come into play. Fundamentally, 
therefore, the specification is of the nature of the best 
possible hypothesis to be tried out in the second step, 
production. The third step, inspection, was originally 
conceived as a screening. From the viewpoint of statis
tical control, however, it is much more than this: it 
can really be made a crucial step in testing the hypoth
esis implied in a specification. 

CONTRIBUTIONS OF STATISTICAL CONTROL 

In a recent article in the Wall Street Journal, it is 
estimated that the potential annual savings to American 
industry through the contribution of statistical control 
within the fields of production and inspection alone is 
of the order of magnitude of two or three billion dol
lars. There are several corporations that have reported 
actual annual savings running above a million dollars. 
However, so far as I know, no corporation has as yet 
explored the full possibilities of effecting savings at 
all steps in the over-all problem of control as set forth 
in this paper. There are six ways in which the ad
vantages to date have been most felt. 

1. Reduce the amount of inspection: At each stage 
in the process of attaining a state of statistical control 
of a production operation from the sampling of raw 
materials to the production of the finished piecepart, 
statistical theory has made possible the establishment 
of efficient sampling plans that screen at minimum 
cost the output of each operation so as to meet pre
viously specified tolerance requirements with econom
ically balanced consumer and producer risks. 

2. Minimize the number of rejections and hence the 
quantity of scrap: By helping the engineer to detect the 
presence of assignable causes of variation so that these 
may be discovered and removed. statistical control 
techniques help to reduce variabilitv of quality and 
hence the number of rejections. This is not only im
portant from the viewpoint of reducing costs but also 
nationallv and internationally important from the view
point of conserving available quantities of scarce 
materials. 

3. Maximize quality assurance: As assignable causes 
of variation are detected and removed, the quality of 
a given product approaches a state of statistical con
trol for which the assurance that the quality of a piece 
of product will meet its tolerance requirements is a 
maximum. This fact is of particular importance for 
goods that cannot be given 100 per cent inspection be
cause of the destructive nature of the inspection test. 

4. Increase output of goods of standard quality: This 
advantage is of particular importance in times of both 
war and peace when production does not come up to 
the levels required within a given nation or group of 
nations. At such times, savings in dollars alone does 

not adequately measure the importance of the contribu
tion of increased production. 

5. Increase employee satisfaction: Through the ap
plication of statistical control techniques, it becomes 
feasible to detect whether or not excessive variability 
in the quality of output has been occasioned by some 
physical factor or by some human factor. In many 
instances, the operator of a machine has taken great 
interest in the results of applying such techniques be
cause it assures him that he will not be penalized for 
low production when the cause is either in materials or 
machines. Statistical control techniques are also useful 
in detecting and helping to eliminate assignable causes 
of variability in many kinds of human effort thus help
ing the operator to maximize his efficiency. 

6. Minimize tolerance range: The operation of sta
tistical control provides an experimental technique for 
minimizing tolerance ranges. Such an operation makes 
possible the most efficient use of limited quantities of 
raw materials and provides the maximum degree of 
refinement attainable by any production process. Both 
strategically and commercially, industrial groups and 
even nations often need the maximum assurance of 
quality and the minimum tolerance ranges that can be 
obtained from the elimination of assignable causes, not 
only in pursuit of the arts of peace bnt also in time of 
war. For example, the attainment of maximum control 
may extend the potential carrying capacities of ships 
both in the air and on the sea. 

THE FUTURE OF STATISTICAL CONTROL 

The primary concern of this conference is stated to 
be the "practical application of science to resource man
agement and human use". Management in this sense 
may be defined as the art and science of organizing and 
directing human effort in the control of our environ
ment for the benefit of man. The broad function of 
the theory and practice of statistical control is to pro
vide management with an adequate scientific statistical 
method for collecting the best possible quantitative in
formation and drawing valid probable inferences there
from in regard to the operations under its control. 

Even assuming that a perfect methodology for effect
ing control were at hand, there would still remain the 
really stupendous problem of organizing human effort 
in the use of this methodology. Consider, for example, 
a large industrial organization such as the Bell System. 
More than 100,000 different kinds of piece-parts are 
required in the physical system to make it possible for 
one subscriber to talk to any other in the system. Many 
of these parts have an annual production running into 
the millions. The human effort required in the produc
tion of these parts is provided by thousands of em
ployees. No one group of employers is solely responsible 
for control-instead each employee plays a part. The 
maximum advantages of statistical control come about 
only when every employee is in possession of the 
"know-how" adequate for his job. For this reason 
many corporations have provided in-company "short
courses" attended in some instances by all employees 
concerned from the vice-presidents down. The know
how gotten across in this way may be adequate training 
for the majority of the employees but far more ad
vanced training is essential for others responsible for 
the more complicated control operations. The customary 
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organizational set-up for developing and using com
pany standards of quality as a guide in production and 
inspection became a logical means of developing and 
< oordinating the statistical control efforts of those en
raged within a company in production and inspection. 

There remains, however, the problem of controlling 
the quality of incoming raw and fabricated telephone 
materials. Some idea of the magnitude of this problem 
in any large industry can be gleaned from the fact that 
in a typical post-war year something like 65,000 tons 
c·f raw steel, more than 109,000 tons of copper, more 
than 121,000 tons of lead, 6,700 tons of cable paper, 
6,500 tons of wood pulp for cable insulation, 7,400,000 
h of cotton yarn, and 1,990,000 lb. of acetate rayon 
yarn were purchased by the Bell System. These are 
just a few of the thousands of items purchased from 
thousands of suppliers. Such supplies come from every 
~tate in the Union and from many foreign countries
literally from the four corners of the earth. The prac
tice of buying in accord with specified standards of 
cuality subject to rigid inspection makes possible a 
thorough job of screening to insure maintenance of 
~tandards of quality. However, to the extent that out
~ide suppliers adopt statistical control procedures, there 
< ccrues a reduction in the amount of inspection re
c uired and in the amount of material rejected as sub
~tandard, both of which are reflected in savings. More
c•ver, the use of such procedures gives maximum 
assurance that quality standards are being maintained 
tven in those instances where 100 per cent inspection 
could not be carried out because of the destructive nature 
of the test. 

Industrial groups in many countries have long appre
ciated the mutual advantage of common standards of 
quality to all engaged in trade one with another. For 
this reason, national standardizing bodies have been 
established in many countries since the turn of the 
century and an international standardizing organization 
has been set up since World \;var II. Some of these 
organizations were among the first to appreciate the 
mutual desirability of extending the use of statistical 
control procedures throughout industry. In fact, the 
American Standards Association at the request of the 
war department, developed certain standards of quality 
control by statistical techniques that were used ex
tensively here and in England, Canada and Australia 
to attain the advantages of statistical control in war 
production. More recently, the Indian Standards In
stitution has republished these as tentative standards to 
be used in the development of her industries. By and 
large, statistical quality control has gained a toe-hold 
in industry within several nations largely through exist
ing organizations devoted to standardization. To date 
we have only begun to reap the benefits of the move
ment started in this way. 

However, before any appreciable percentage of the po
tential contribution of statistical control in industry can 
be reached. it is necessary that applied scientists, en
gineers, and others engaged in research, development, 
design, and specification avail themselves of the latest 
developments in the theory and practice of the science 
of control. Ground has already been broken by way of 
organizing effort to explore the possibilities in this 
direction. In several large scientific and engineering 
societies, committees have been organized to develop 
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the application of statistical control procedures in their 
specialized fields. An American Society for Quality 
Control has also recently been organized and now has 
a membership of approximately 3,000 members. Such 
groups can be relied upon to extend the fields of ap
plication. 

It is, however, to the universities and colleges that 
industry must look for leadership in the development 
of new and improved statistical hypotheses or models, 
improved methods of applying statistics in the design 
of complicated experimentation, and new and more 
powerful statistical tests of statistical hypotheses, all 
of which constitute the basic foundation of statistical 
control theory. We must also rely upon engineering 
schools to develop the art, as well as the science of 
statistical control which goes beyond statistical theory 
per se as I have tried to imply in what has gone before. 

Any prognostication about the future of statistical 
control would not be complete without a comment on 
that toughest of all problems, the establishment of the 
goal of control in terms of that which will give the 
greatest satisfaction of human wants to the ultimate 
user. This implies, among other things, the need to 
make valid prediction of trends in the non-controllable 
natural and social factors and of how these will tend 
to modify and shape his future wants. This involves, 
among other things, the study of individual and group 
patterns of motivation and preference and then an at
tempt to determine how to make valid predictions about 
future trends in a user's behaviour in terms of available 
knowledge of his present preferences in relation to pre
vailing economic and social conditions. 

One ray of hope from the viewpoint of this aspect 
of control has shown above the horizon-! refer to 
the development in the past few years of a theory of 
prediction based upon the introduction of new statistical 
models of so-called stochastic processes. To date the 
psychologist, economist, and social scientist has not been 
prone to base much hope on the use of probability 
theory. This tendency is partly attributable to the fact 
that their concept of probability was limited to that of 
a random repetitive process in which the successive 
observations are independent. It is obviously possible, 
however, to develop statistical models for which the 
successive observations are not independent. Such 
models have proved their usefulness in such diverse 
fields as the study of stellar phenomena, cosmic rays, 
and the theory of communication. Attempts have been 
and are being made in several quarters to develop simi
lar models applicable in the field of economics. How 
the continuing theoretical developments in this direc
tion will affect the control theory of the future no one 
knows-that they will modify our present views of 
control theory is, however, almost a certainty. 

Finally a word about the ultimate user whose wants 
are to be satisfied. In the last analysis, a nation can be 
great in science only to the extent that the population 
has an inkling of the objectives, methods, and limita
tions of scientific work. Unfavorable reaction is sooner 
or later bound to result from any disposition to regard 
science as a form of magic. In some quarters there has 
been a tendency to emphasize the "fact" that applied 
science has reached a stage where it was possible to 
buy and sell in accord with exact engineering sped-

191 



UNSCCUR PROCEEDINGS: PLENARY MEETINGS 
-----------------------

fications of quality. In fact, I recently read the follow
ing advice in a publication distributed widely among 
the consuming public: "Buy as your Uncle Sam does, 
in accord with exact specifications of quality". The im
plication is that at least in some instances specifications 
can be written that specify unequivocally an object of 
trade. This is like advertising the magic of science. It 
is not possible to specify the quality of the simplest 
thing in a absolute manner. But even if it were, it 
would not be possible to determine with certainty that 
the object had the specified quality. In the last analysis, 
scientific method can only lead to a probable inference. 
The public should not be led to expect the impossible 
from scientific control. Its full support, requisite for 
achieving the greatest success in the scientific control of 
our environment, can only come when it is acquainted 
with the limitations of science imposed by the fact 
that valid inference can never be more than probable. 

The CHAIRMAN: :Mr. F. Yates of the Rothamsted 
Experimental Station in England was invited to pre
pare a paper for this meeting. In his absence the fol-
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lowing paper has been circulated among the conferees. 

Mr. YATES' paper follows: 

The Place of Experimental Investigations in the Planning of 

Resource Utilization 

F. YATES 

ABSTRACT 

Experimental investigations are of use not only in fundamental scientific research, but also in the technological 
research required to establish "scientific know-how". It is this latter type of experiment which is of particular 
value in planning resource utilization. 

Technological experiments introduce new problems of experimental design, and their efficiency has been 
very greatly increased during recent years by the development of this subject. They constitute a new and still 
developing technique of which the possibilities are as yet imperfectly realized. 

The paper outlines the considerations governing the planning of technological experiments for resource utili
zation and discusses their relation to surveys and other forms of observation. The problems encountered in 
agricultural development are specially considered. Questions that arise are the degree to which experiments 
should attempt to mirror practical conditions, how far a problem can be broken down into component 
parts for experimental purposes, the degree of replication that is required in space and time, the place of 
large-scale pilot experiments, allocation of resources to the different problems, and the timing of experi
mental work in relation to other work required in planning for resource utilization. 

Plans for the conservation and utilization of re
sources must have a sound scientific foundation, but 
this in itself will not guarantee success. They must 
also be correct in their technological details-the "sci
entific know-how" required for their execution. In 
addition, therefore, to utilizing existing scientific knowl
edge, and if necessary extending it, we must carry out 
technological research into the best methods of apply
ing this knowledge under the particular conditions 
existing in the areas concerned. 

Technological research requires experiments which 
differ somewhat from those used in scientific research. 
In pure scientific research the objective is the elucida
tion of the underlying laws governing the phenomena 
under investigation. In technological research the under-

lying laws have to be supplemented and extended by 
empirical working rules. The conditions under which 
the experiments required to establish these empirical 
rules are carried out must be much closer to those 
actually existing than is the case with the experiments of 
pure scientific research. 

There is, of course, no absolute division bet~en the 
type of experiment used in pure scientific research and 
that used in technological research. There are in fact 
all degrees; in particular, experiments which are pri
marily concerned with empirical questions may well 
bring to light facts which suggest further fields of pure 
scientific inquiry. Conversely, pure scientific experi
ments may sometimes reveal empirical facts which, 
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:hough inexplicable in terms of the scientific theory of 
the time, are of considerable practical importance. 

EXPERIMENTAL DESIGN 

Technological experiments have introduced many 
new statistical problems, broadly classified under the 
neading of experimental design, with which the pure 
scientist, particularly one trained in the physical sci
ences, is frequently unfamiliar. One reason why statis
tics enters into the design of such experiments is that 
the experimental material, particularly if it is biological, 
is inherently variable, so that comparisons and quanti
tative estimates based on the behaviour of single units 
are subject to errors which are large, relative to the 
ef:ects that it is desired to measure, and are conse
quently unreliable. We must therefore have a means 
of ensuring that the errors introduced into the experi
mental results are sufficiently small, and that moreover 
the actual accuracy of the results is ascertainable, even 
when there is no exact prior knowledge of the vari
al·ility of the material. These ends are attained by 
the twin principles of randomization and replication, 
cc upled with the imposition of any restrictions which 
appear likely to increase the accuracy and which are 
cc mpatible with these principles. 

A further device which is of considerable importance 
in technological experiments is that known as factorial 
d1·sign. In a factorial experiment the effects of a num
b<·r of factors (treatments, varieties, etc.) are simul
taneously investigated, by including all combinations of 
v<:crious levels or variants of the different factors. The 
advantages of factorial design are considerable. Firstly, 
a number of factors can be investigated in the same 
experiment, and this leads to economy of experimental 
effort and material. Secondly, the experiment will pro
vide an indication of whether the response to one factor 
is affected by variation in one or more of the other 
factors. Thirdly, the results are obtained on a wider 
inductive basis, and in so far as the effects of one fac
tor are not substantially affected by variation of other 
factors the response to this factor averaged over all 
variants of the other factors provides a satisfactory 
measure of the general response to the factor. 

Factorial design is of particular importance in tech
nological experiments, since it is often necessary to 
repeat an experiment a number of times so as to obtain 
a reasonable sample of the conditions affecting the 
results. Thus in agriculture fertilizer responses and 
varietal differences are affected by meteorological con
ditions, soil type etc., and experiments must therefore 
he carried out over a number of years and at a number 
of different locations. Only moderate accuracy is re
quired in any one experiment. If each factor had to 
be investigated separately this would lead to a very 
extensive experimental programme, but by the use of 
factorial design comprehensive results of adequate ac
curacy can be obtained with a reasonable amount of 
experimental work. 

METHODS OF RESOURCE 

of his experimental material is so reduced that experi
mental errors are small relative to the effects he is 
investigating. The practical man, on the other hand, 
will claim that the conclusions reached by such methods 
are not applicable to practical conditions and that only 
trials which strictly reproduce the practical set-up have 
any relevance or interest. 

There is truth in both these contentions, and part of 
the art of planning experimental investigations consists 
in striking the optimal balance between them. In agri
culture, for example, it is comparatively easy to obtain 
precise results by growing plants in pots under care
fully controlled conditions. Agricultural literature, how
ever, is full of erroneous conclusions that have been 
reached by this method of experimentation. On the 
other hand, there are many examples of "practical" 
experiments on large unreplicated plots or whole fields 
which have given equally misleading conclusions, or 
have completely failed to give any conclusions, owing 
to their inherent inaccuracy and defects in design. 

In certain types of investigation there is little diffi
culty in reproducing practical conditions sufficiently 
closely, but in the more complex type of problem the 
fully "practical" experiment is often of little value. 

As an example we may consider a problem which 
is of considerable importance at the present time in 
British agriculture, namely the estimation of the com
parative value of the use of ley-arable rotations instead 
of permanent pasture and permanent arable. Here we 
are involved in long-term questions of the maintenance 
of fertility, control of plant and animal diseases, weeds, 
etc. In the case of pasture there is the additional diffi
culty of measuring the grazing value. The severely 
"practical" test of the relative merits of the two sys
tems of agriculture wiii consist of setting up the two 
systems side by side on different fields (or even divid
ing a whole farm into two parts). Such a test gets us 
nowhere. Quite apart from the lack of replication and 
consequent large and uncertain experimental errors, 
uncontrolled variations in farm management of the two 
systems are likely to introduce large differences which 
are not really inherent in the systems. Moreover, an 
adequate number of variants of the two systems~which 
may vitally affect their relative merits--cannot be 
properly investigated. There is therefore no alternative 
but to break down the whole complex of factors into 
separate parts, which can then be investigated experi
mentally and reintegrated. Such experimental investi
gations will in any case require small plots, and these 
in turn lead to artificial conditions of grazing etc. 

There is, of course, the chance that the sub-division 
of a problem in this way will result in some vital factor 
being overlooked, with the result that the final rein
tegration is incorrect. Nevertheless this is a risk which 
must be taken, though as a check, pilot-stage investiga
tions of what appear to be the best systems may be 
set up. These may be quantitative, so as to provide 
estimates of the differences between the chosen sys-

HOW REALISTIC SHOULD EXPERIMENTS BE? terns under large-scale conditions, thereby checking the 
There is often a conflict of views between the scien- estimates from the small-scale experiments; alterna

tist and the practical man as to how far experiments tively, they may be qualitative, designed to see if the 
should attempt to mirror practical conditions. The sci- systems work smoothly in practice and whether there 
entist will claim on the basis of his laboratory experi- are any unexpected troubles, such as thosearising from 
ence that no progress can be made unless the variability a plant or animal disease. 
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SURVEYS AND EXPERIMENTS SHOULD BE 

COMPLEMENTARY 

The main function. of surveys is to provide basic 
information on the existing state of affairs, and on any 
changes that are taking place, either naturally, or as a 
consequence of some plan that has been put into opera
tion. In addition to their main function it is sometimes 
claimed that surveys can act as a substitute for experi
ments, and can in fact determine the quantitative effects 
of different factors under practical conditions more 
economically and more effectively than can experiments. 
Thus it is frequently suggested that the responses of 
the various crops to fertilizers can be ascertained by a 
survey of the yields of fields with and without ferti
lizers. This is a fallacy and a dangerous one. In the 
case of fertilizers, for example, there is no reason to 
believe that fields with and without fertilizers are com
parable in other respects. In particular, fertilizers are 
likely to be more extensively used by the better farmers, 
who may be expected also to carry out other agricul
tural operations more effectively, use better varieties, 
etc., and may also farm better land. Conversely, ferti
lizers may be more extensively used on poorer land 
because its requirements are believed to be higher. Even 
if known differences are allowed for as far as possible 
there is no guarantee that there are not further un
known or unassessed differences which will vitiate the 
comparisons. 

Nevertheless surveys, although no substitute for ex
periment, may provide a useful indication of the factors 
that are likely to be worth experimental investigation. 
If, for example, after eliminating disturbing factors as 
far as possible, variety A is found to yield consistently 
more than variety B on one soil type, and consistently 
less on another soil type, there is at least prima facie 
evidence that a genuine difference of this kind exists. 
Conversely, factors which from survey results appear 
to produce little effect can be placed low on the list 
of priorities for experiment, unless there are other 
reasons for believing they are of importance. 

Surveys can also, under certain circumstances, pro
vide information more quickly than can experiments. 
Certain points, such as the rate at which land becomes 
exhausted under continuous cropping after being re
claimed from bush, from their very nature take a long 
time to investigate experimentally, and in such cases 
surveys can give information which, though it lacks 
the certainty of that derived from properly planned 
experimental investigations, can form a useful, if pro
visional. basis for action. 

Surveys and experiments should therefore he re
garded as complementary. Surveys should be used to 
provide the basic background information, and to give 
partial information on the effects of factors that do 
not easily lend themselves to experiment, but factors 
which can reasonably be made the subject of experi
ment should be so tested. Only by experiment can 
results be obtained in which full confidence can be 
placed. 

PROBLEMS ENCOUNTERED IN AGRICULTURAL 

DEVELOPMENT 

The development of areas which are agriculturally 
backward, though by no means the only problem of 
resource utilization, provides a good illustration of the 

potentialities and limitations of experimental investi· 
gations, and is also of wide-spread importance and gen· 
era! interest. We will therefore consider it in a littlt 
more detail so as to see the way in which experimental 
investigations fit into the whole programme of de· 
velopment. 

In considering the development of an area about 
which little is known, the main questions that have tc 
be answered, on the crop side, are: 

1. What is the rainfall of the area, and how is it 
distributed? 

2. What are the characteristics of the soils, and what 
is the location and extent of the different soil types? 

3. What system of agriculture shall be followed, i.e. 
what should be the balance between crops and livestock 
and between arable and grass? 

4. 'What are the best crops to grow? 
5. \Vhat fertilizers are required for the proper growth 

of these crops? 
6. What cultivation methods, crop rotations, etc. are 

required in order to conserve fertility and prevent 
erosion? 

7. If rainfall is scanty, what is likely to be the in
crease in the yields of crops by irrigation? 

8. Are utilizable water-supplies available for irri
gation? 

9. What are the most suitable varieties of the given 
crops and to what extent can they be improved hy 
further plant-breeding work? 

10. What plant diseases and pests are likely to occur 
and to what extent are measures of control available? 

A similar set of problems, covering breeds, diseases, 
feeding, etc. will arise in connexion with livestock. 

The answers to a number of these questions can be, 
and indeed must be, obtained by direct observation and 
surveys. Thus meteorological data can only be obtained 
by setting up suitable meteorological stations. If im
mediate action is required and adequate meteorological 
data are not available, a study of existing vegetation 
may give a rough indication of the quantity and dis
tribution of rainfall. A survey of the existing vegeta
tion, coupled with a soil survey, can also give valuable 
basic material which mav in itself serve to divide the 
country into more or less homogeneous regions, each 
of which can be treated as a whole. Similarly a study 
of the existing crops and their yields will indicate at 
least some of the cropping possibilities of the area, and 
will at the same time bring to light some of the prob
lems that require solution. Consideration of the agri
culture of similar areas in other parts of the world 
may also suggest improvements such as the introduction 
of new crops, and new varieties of existing crops. 

When all this has been done. however, there remain 
a large number of questions which cannot be resolved 
without actual experimental work More specifically. 
answers to all the questions 3 to 7, 9 and 10, if they are 
to be reliable, must be derived in whole or in part from 
experimental investigations. Thus the crops and vari
eties which are best suited to local conditions can only 
be determined with certainty by local trials. Such trials 
will be far more efficient if they take the form of 
properly planned experiments, carried out at an ade
quate number of sites, and continued for a sufficient 
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number of years, rather than haphazard and uncoor
dinated trials and exchange of information by farmers. 
Similarly only experiments can show what fertilizers 
are required and in what quantities and types, and here 
again properly planned and coordinated trials will en
a!J!e a reliable body of knowledge to be built up much 
more quickly. 

Long term questions such as the maintenance and 
improvement of soil fertility, prevention of erosion etc., 
C<tnnot normally wait on the verdict of experiments 
before any recommendations are made. Yet they are 
vitally important questions, which require continuous 
experiments over a number of years if they are to be 
a11swered correctly, and it is important, therefore, to 
put experiments of this kind in hand at the earliest pos
sible moment. 

ALLOC.-\TION OF RESOURCES AND TIMING 

Since the resources available for experimental in
vestigations and scientific research generally are usually 
wry limited, particularly in undeveloped countries, the 
e:;perimental programmes must be drawn up with the 
greatest care. having regard to: 

I. The importance of the problems to the agriculture 
o' the area. 

2. The probability that the experimental work will 
contribute effectively to their solution. 

3. The length of time that is likely to elapse before 
worth-while results accrue. 

The fact that a long time is likely to elapse before 
results are available does not necessarily mean that no 
work should be undertaken on a problem, but it does 
imply that such work as is undertaken should be of a 
more general nature than might be advisable if an im
mediate solution were likely to emerge. A correct 
balance must be struck between technological research 
on ad hoc and immediate problems, and more funda
mental scientific research. At the outset most research 
will be of the technological type on ad hoc problems, 
the fund of established scientific knowledge being 
drawn on to provide the scientific background. Provi
sion should be made at the outset, however. for more 
fundamental research, and it should also be arranged 
that there is close contact between those working on 
fundamental research and those working on ad hoc 
problems, since each type of investigation is a continu
ing ~tinmlus to the other. 

The timing of experimental work in relation to other 
work required in planning for the development of 
resources is also of considerable importance. Most ex
perimental investigations can be conducted more effi
ciently if they are carried out at a fairly slow tempo 
over a considerable period of time. In particular, in
vestigation of agricultural problems is necessarily a 
slow process. Under normal circumstances only one 
experimental crop can be grown in the course of a 
year. Experiments investigating long-term changes of 
fertility and the effects of treatments on perennial crops 
are still more time-consuming, as is plant-breeding 
work. Experiments must be replicated in different years, 
in order to obtain an adequate sample of meteorological 
conditions, and in different places in order to obtain an 
adequate sample of soil conditions, etc. Thus even 
simple fertilizer and variety trials have to be carried 
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out over a number of years before any firm conclusions 
can be drawn. 

These considerations indicate that experimental work 
should be begun on an adequate scale at the earliest 
possible moment. It is, however, of little value to start 
experiments until some idea can be formed of what 
problems really require experimental investigation. This 
frequently demands that a good deal of survey work 
be undertaken first. 

In agriculture, however, there are a few basic prob
lems-in particular, trials of different varieties of both 
new and established crops, and fertilizer trials-which 
will usually repay experimental investigation, even be
fore the necessary surveys have been carried out. It 
is sometimes objected that there is little purpose in 
making fertilizer trials in an undeveloped and backward 
country when there is no immediate prospect of en
suring an adequate supply of fertilizers, even if sub
stantial responses are shown. This, I think, is a mistake, 
since without basic knowledge on fertilizer responses 
it is impossible to form any judgment of the value of 
the returns that may be expected if fertilizers are im
ported, or if local fertilizer industries are established. 

Apart from a few problems such as fertilizers and 
varieties whose experimental investigation is relatively 
simple, the ideal order of development is undoubtedly 
to commence with surveys of resources and conditions 
etc. so that the problems most needing experimental 
investigation can be ascertained. Secondly, to initiate 
both field experiments and basic scientific research, 
which should together give fairly clear indications of 
the agricultural potentialities of the area and the best 
way of developing and utilizing them. There will fol
low a period of active planning coupled with large
scale or "pilot" experiments in which large plots or 
separate fields are used to test a few of the most prom
ising methods, so that any practical difficulties not 
brought out by the small-scale experiments may be re
vealed. These pilot investigations will also serve as 
demonstrations to the agricultural advisers and ordi
nary farmers. The conclusions may then be applied to 
full-scale agricultural operations, which should be kept 
under observation by means of survey techniques and 
operational research. 

The above may be regarded as the ideal order of 
events if time is not pressing. In practice, time almost 
always is pressing and it is thus a matter of judgment 
to decide between the conflicting needs of the situation. 
There will usually be an urgent demand to get schemes 
under way, while at the same time there is the ever
present necessity of avoiding costly mistakes. 

In such circumstances it is customary to call in emi
nent scientists to give their advice. The scientists will 
be confronted with a demand that practical plans should 
be made for an immediate start. They may well be 
aware that much of the basic information that they 
require is lacking, and that if only investigational work 
had been begun a few years earlier it would have been 
possible to obtain this information. Under such circum
stances judgments are bound to be partly a matter of 
temperament. The least that the scientist can do, there
fore, both for his own protection and to safeguard the 
reputation of science, is to emphasize the extent to 
which the conclusions reached and the advice given are 
subject to uncertainty through lack of precise know!-
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edge, and to demand as an essential condition of the 
development being undertaken that provision should 
be made for surveys and experimental investigations to 
be put in hand, so as to ascertain how far and in what 
way the initial steps should be modified. 

The East African Groundnut Scheme provides a 
good example of the difficulties which are likely to 
arise when large-scale development work is undertaken 
without an adequate basis of survey and experimental 
investigation. The difficulties which have been encoun
tered in this scheme are well-known and need not be 
discussed here. The scheme, however, is noteworthy in 
that, apart from the initial mistake, if mistake it be, of 
starting the scheme without adequate preparation, a 
very extensive and vigorous programme of surveys and 
experimental investigations was instituted from the 
outset. There appears to be little doubt that this work 
will in due course produce a sound scheme. In justifica
tion of the precipitate commencement it may be claimed 
that had the opportunity of commencing large-scale 
work not been taken, nothing would have been done, 
and that many of the difficulties encountered were in 
fact on the administrative and agricultural engineering 
side and that the only way of discovering and resolving 
these difficulties was to undertake large-scale operations. 

THE NEW TECHNIQUE 

From the above discussion it will be seen that or
ganized experimental investigation of technological 
problems constitutes what is essentiaiiy a new tech
nique, of which the possibilities are as yet imperfectly 
realized. Equally the technique itself is capable of much 
further development. It is still unduly influenced by 
the tradition of the experimental techniques of pure 
scientific research, with their emphasis on the need to 
isolate factors and investigate them one at a time, 
and to work on only the most uniform experimental 
material. 

This new technique, together with the techniques of 
operational research, are serving to bridge the gap be
tween science and practice. It is a frequent criticism of 
our use of science that it takes ten. twenty or fifty 
years for a scientific discovery to be applied in practice. 

The CHAIRMAN: This discussion could doubtless be 
continued indefinitely, for a debate which is slow in 
getting under way often ends by developing and lead
ing a considerable number of speakers to make their 
contribution. Unfortunately, time presses. I therefore 
propose that we should ask Professor Mahalanobis of 

The fault, however, has not by any means lain entirely 
with the practical man. Many of the scientific discov
eries emerging from laboratories, though basically 
sound, have overlooked points which have made them 
inapplicable under practical conditions. The proper 
testing out of new discoveries should be regarded as 
an essential prerequisite for modifications of existing 
practices. 

It must also be recognized that the science of experi
mental design, which is the basis of the technique of 
technological experimentation, is not entirely simple. 
Just as it is frequently claimed that statistics consists 
of common sense plus ability to add two and two, so it 
is thought that any scientist can design effective ex
periments without prior training or study of the subject. 
I can only state from my experience of experiments that 
are actually laid down and carried out, particularly in 
technological investigations, that this is not so. 

On the other hand the planning of experimental in
vestigations should not be solely the province of the 
expert in experimental design. As in so much of mod
ern scientific work, what is required is cooperation
here between the expert in experimental design and 
the scientists who are involved in the problems under 
investigation. 
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the Indian Institute of Statistics at Calcutta to read his 
paper at once. He is a great authority on statistical 
methods, which he has applied to problems of physics 
and even of agriculture, and will certainly give us very 
interesting information on the topic. 

Mr. MAHALANOBIS delivered the following paper: 

Statistical Tools in Resource Appraisal and Utilization 
P. C. MAHALANOBIS 

I am glad to have the opportunity to speak at this broker. Two grounds on which I plead for statistics, I 
Conference. As time is short, I shall only try to put may mention at the outset. First, we are bold enough to 
across briefly a few leading ideas. claim that the statistical method supplies the real founda

I have come here to sell statistics to resource engi- tion of inductive logic or inductive inference in all sci
neers and economists. I hope you will find me an honest entific reasoning. Secondly, at a more concrete level, the 
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aim of the statistical method is to secure the maximum tation of such roughly equal frequency of heads and 
economy of cost in the appraisal, utilization and conser- tails essentially refers to the whole set of throws, that 
vation of resources. is, the prediction belongs not to any single individual 

First, the abstract aspect. In deductive logic, one throw but to a group or assemblage of throws taken 
starts with certain premises from which the conclusions together. Secondly, the relative proportion of heads and 
inevitably follow. The counterpart in modern thought tails will inevitably fluctuate from one throw to another 
is pure mathematics which Bertrand Russell, the math- so that it is never possible, even in principle, to make any 
ematician and logician, defined as the class of all prop- absolutely certain prediction. And yet, although pre
ositions of the form "P implies Q". That is, if P, then diction is never absolutely certain, it is possible to 
Q must follow. There is complete formal certainty of the estimate the limits of uncertainty. · 
deductive conclusions; but we must not enquire what The position is similar in the case of physical observa
p and Q are, or whether they are real in any mundane tions and measurements. However careful the observer 
sense at all. This is pure mathematics. may be, even the simplest measurements, for example, 

Classical physics was based on a deterministic logic. of the length of a rod, when repeated, have been always 
An invariable sequence of cause and effect is in many found to vary. The average of a number of repeated 
ways similar to the formal-deductive process in pure measurements usually becomes more and more steady as 
mathematics. The classical method is to isolate one fac- the number of measurements is increased. The devia
tu at a time and write down the equations of motion of tion from the average, i.e., the "error" of each individual 
a single particle. Prediction becomes, in principle, measurement is sometimes positive and sometimes neg
ahsolutely certain. Following, step by step, by math- ative, and behaves like heads and tails in the tossing of 
ematical reasoning what happens to the particle, it is a coin. Fluctuations or variations are thus essential fea
possible to predict the future. Newton in his great tures of all measurements. This is true not only in the 
treatise on the principles of natural philosophy adopted physical but also in the biological and social sciences. 
tr is mathematical form. The construction of a rational This is the crucial point. All k11owledge in phvsical, 
model of the whole universe was, no doubt, a great biological and social sciences is ultimately bas~d on 
triumph. measurements and observations. Every set of measure-

However, when one has to deal with not one, or two, ments is characterized by variation. In fact each set of 
but three, or more, particles, the equations of motion measurements constitutes only one out of many possible 
become unmanageable, and the next step in the history similar sets. Also, the totality of all possible sets con
of the physico-chemical sciences was the study of not stitutes the "population" or "universe" under study. 
one single but an aggregate of particles or molecules. Each set of measurements is thus essentially a sample of 
This led to the kinetic theory of gases and thermody- the "universe". In order to reach valid conclusions 
namics. The object now was not to ascertain with com- about the population or the universe, it is necessary that 
plete certainty the motion of each single particle sep- the sample should be representative of the universe. In 
arately, but to investigate the collective properties of a statistical language, the condition for such representa
large number of particles taken together. Again there tiveness is supplied by the fundamental concept of 
were great triumphs of theoretical conclusions corrob- randomness. 
orated by experiments. A parallel development led to The aim of statistical theory is thus to reach general 
the emergence of the concept of entropy; and the prin- conclusions about the population or the universe on the 
ciple of increase of entropy was recognized as nothing basis of the sample. And, as all scientific knowledge is 
but the increasing degree of randomness of the physical based on "samples" of observations and measurements 
universe. The growing complexity within the field of statistical theory supplies the only valid method of 
the physico-chemical sciences thus led to the gradual making inductive inferences. 
replacement of the deterministic-mathematical model bv So much for the statistical method in the abstract. 
the probabilistic-statistical view. • I may now make a rapid survey of the scope of the 

A further shift to a statistical model occurred with statistical method in the concrete. We may try to 
the development of statistical and quantum mechanics construct a mental map, and start by representing pure 
culminating in the enunciation of the uncertainty prin- mathematics by a geometrical point at the centre. A 
ciple by Heisenberg which denied the possibility of small circle round the centre can represent classical 
absolutely certain knowledge of both the position and ph:J:sics in which the form is mathematical but knowledge 
the motion of a particle at any given instant. This IS, tn fact, ~ased on measurements and subject to errors 
deliberately sets a limit on the deterministic chain by of observatiOn, and hence amenable to statistical treat
openly admitting the existence of residual uncertainty. ment. 
In the physical sciences, the whole foundation thus A second larger circle may represent the wider field 
changes and becomes fundamentally of a probabilistic of kinetic theory of gases, thermodynamics, and sta
or statistical nature. tistical mechanics. In this region of physico-chemical 

At this stage, I ought to mention the concept of the sciences, the factors of variation are often amenable to 
random sample which supplies the theoretical foundation a large degree of control and the classical method of 
of modern statistics. The tossing of a coin supplies a isolating and studying one single factor at a time is 
simple example. It is quite impossible to predict anv- usually available. 
thing about a single toss of a single coin, that is, whether yv e next ~orne to the field of biological (and social) 
it will tum up head or tail. However, if the coin is sc1ences wh1ch can be represented by a third larger 
tossed a large number of times, it is practically (but circle. In 1900, Karl Pearson coined the word "bio
never absolutely) certain that heads and tails would metry" for the methods appropriate to this region. It 
turn up approximately in equal numbers. The expec- is no longer possible to isolate and study one single fac-
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tor at a time. For example, in agricultural experiments 
to compare the yield of different varieties of a crop, 
there are innumerable factors which cannot possibly be 
isolated such as the fluctuation of soil fertility from one 
plot to another, root competition, the influence of 
weather conditions, etc. An altogether new approach 
became necessary, and was made by R. A. Fisher, just 
about a quarter of a century ago, in the development of 
the design of experitnents and the analysis of variance. 
He explained quite clearly: 

"No aphorism is more frequently repeated in con
nexion with field trials than that \Ve must ask Xature 
few questions, or, ideally, one question at a time. The 
writer is convinced that this view is whollv mistaken. 
K ature, he suggests, will best respond to a'logical and 
carefully thought out questionnaire; indeed, if vve ask 
her a single question, she will often refuse to answer a 
single question, she will often refuse to answer until 
some other topic has been discussed." ( 1) 1 

Fluctuations and variations are known to be large 
and complex. The object now is not to eliminate them, 
but to allow them scope to come into play in a balanced 
fashion so that valid inferences may be drawn from the 
experimental observations ( 2). Variations are them
selves of great importance, and can be used as yardsticks. 
In fact, once we succeed in measuring the chance varia
tions, it is possible to reach valid conclusions with sta
tistical and probabilistic rigonr (hut not with math
ematical certainty). 

Experience has shown the great advantages of the 
statistical design of experiments in economy of effort and 
time, and in adaptability not only in agricultural field 
trials but in technological experiments and resource 
appraisal of all kinds. For example, suppose we wish 
to study different methods of treating wood for its better 
preservation. There are many factors of variation, tem
perature, humidity, pressure, the use of different chem
ical agents, etc. The strategy of the statistical method 
here is to design the experiment in such a way that we 
may measure the effect of the different factors operating 
at the same time. Large developments have occurred 
during the last two decades, and biometrics are finding 
increasingly fruitful applications in biology and genetics ; 
agriculture and forestry; education and psychology; and 
the medical and social sciences. 

Variations always occur in the process of manufacture. 
You can not turn out two screws or two rods absolutely 
identical in size or other specifications. The problem i"s 
to maintain the quality (or output) of the manufactured 
articles within permissible limits of variation. My 
friend, Dr. W. A. Shewhart, who has spoken on the 
subject, tackled this problem in the Bell Telephone Sys
tem. So long as the fluctuations remain stable, produc
tion is under statistical control. This was used bv 
Shewhart to develop the method of control charts ( 3). 
\i\/hen fluctuations go beyond the control limits, there is 
clear indication of change in the conditions of produc
tion which is usually of great diagnostic value(4). "Sta
tistical Quality Control" and allied methods created a 
kind of revolution in the efficiency of production in the 
USA. during the war. In fact, I have been assured, 
and the evidence is there, that the large-scale war effort 
of this country could not have been possible without the 
help of such statistical methods. 

1 Numbers within parentheses refer to items in the bibliography. 

The industrial system does not consist entirely of 
machines. The human factor is also there, and is a 
source of large variations. Here also logic indicates, and 
experience has shown, that statistical methods can be 
used most effectively in operational research and investi
gations dealing with the physical, psychological, and 
social conditions of work. 

I may now come to another region, that of sampling 
surveys, which we may demarcate by drawing a fourth 
circle in our diagram. Factors of variation are now even 
more complex, and are not subject to experimental con
trol. This is the field where traditionally the method of 
the exhaustive census has been used for a long time. In 
recent years, during the last 10 or 12 years, there have 
been important developments in the use of the sampling 
method. 

The driving motive in the first instance was economy. 
The United States of America can afford to conduct an 
agricultural census which would aim at enumerating 
every single farm. But in a country like India this is 
simply unthinkable. In India, it was the overwhelming 
need of economy which led to the use of sampling meth
ods. In crop production, for example, the experience 
in India has shown beyond dispute that one can get 
results with a margin of error not exceeding 2 per 
cent at a cost of one-tenth or even one-twentieth of the 
cost of an attempted complete enumeration. Dr. Har
rison has referred to the efforts now being made by the 
F AO to organize a world-wide agricultural census in 
1950 or 1951. In many countries, the only possible line 
of advance will be by the use of the sampling method. 

Speed is another important factor. In a sample sur
vey, both the field work and the tabulation of the data 
can be finished very quickly. In a complete count, the 
results are usually available when they have already 
become out of date or when the interest or the possi
bility of practical applications is mostly gone. 

The advantage is not merely in lower costs or greater 
speed, but what is most remarkable, a sample survey 
when properly conducted has been usually found to be 
more accurate than an attempted complete count. The 
reason is very simple. In a sample survey, only two or 
three hundred workers are often quite enough against 
perhaps fifteen or twenty thousand required for a com
plete count. It is naturally possible to have better trained 
and more experienced investigators, better inspection, 
and all-round better quality of work in sample surveys 
so that we can get much better results. This has been 
the experience in India, in the USA., and also in the 
USSR, as far as I could gather from my colleagues 
on the UN Statistical Commission. 

The sampling method has another great advantage. 
In a sample survey, it is always possible to calculate 
valid estimates of the margin of uncertainty. \~Tith a 
proper design, it is also possible to estimate (and hence 
often eliminate) fluctuations arising from investigator 
bias and other causes. In fact, the survey can almost 
always be arranged in a way to supply a direct measure 
of its over-all reliability. For example, consider an area, 
possibly a whole country, over which a sample survey 
is being conducted to ascertain, say, crop acreage. It is 
possible to throw a set of random points on the map and 
make a physical inspection of the crops at these points. 
Suppose these points are marked in green on the map, 
and suppose just one per cent of the land is investigated 
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in this way. \Ve then get a result based on what we may 
call the green sample. vVe can at the same time, throw 
at random another set of points which we may mark in 
red on the map and which cover just another one per cent 
of the land. The green and the red points are like two 
inter-penetrating clouds, and from each we get an inde
pendent estimate. The two estimates are not identical, 
but if they are in good agreement, we may reasonably 
conclude that we have got something which is objective. 

From each sample, it is also possible to estimate a 
valid measure of the margin of error, and compare the 
difference between the two sample results with the mar
gin of error of the difference. Such a comparison would 
show immediately whether or not the sampling was done 
under conditions of statistical control. In principle, the 
sampling method thus has within itself the possibility 
of ascertaining its own margin of error and hence 
assessing its own reliability. In a complete count, on 
the other hand, if any items are missed, or other mis
takes are made, we can never know; that is, the margin 
of uncertainty is completely unknown. 

Again, in a sample survey it is not only possible to 
ascertain the level of precision, but it is also possible 
to prepare the design of the survey in such a way that 
the desired precision can be attained at a minimum 
ccst(S). 

I have briefly indicated the advantages of statistical 
sampling. I should also mention that the three methods, 
the design of experiments, statistical quality control, and 
sampling surveys are inter-related and supplementary, 
and used in combination, can lead to great economy and 
efficiency in the survey of resources, not merely in the 
sense of cartography, but in the appraisal of the quality 
of the material, and also how one can control the utiliza
tion and hence the conservation of available resources. 
Statistical sampling (together with statistical experi
mentation and statistical control) is in fact finding in
creasing use in such diverse fields as agriculture, 
demography, commerce and industry, and economic and 
social studies of all kinds ( 6). 

I may now turn to still another field which we may 
demarcate by drawing a fifth circle in our diagram. This 
is the area of free observations in which factors of 
variation are neither amenable to control, nor to experi
mentation, and are not even subject to sample surveys. 
The only thing to do is to undertake a patient collection 
of observations, and a painstaking investigation of pos
sible statistical connexions between different factors of 
variation. Although experimentation is not possible, 
when significant relationships are discovered, it is pos
sible to make predictions and compare such predictions 
with subsequent observations. This is the field in which 
statistical correlations and the analysis of time series 
have been used with great success, for example, in 
economic and business statistics, the study of weather 
and river records, or mortality data. 

I may give one or two examples. Consider the con
trol of floods. In India, in the province of Orissa, there 
was a catastrophic flood in the Brahmani river in 1926. 
The question arose whether the bed of the river had 
changed. A committee of expert engineers, after a 
careful study, reached the conclusion that the bed of the 

least 4 feet at a cost of many millions of rupees. This 
was the conclusion reached by ordinary methods of 
appraisal; but a fundamental difficulty was that you 
cannot directly measure the level of the river bed as you 
cannot have any bench marks. 

An entirely different approach was, however, pos
sible with the help of statistical methods. Detailed 
analvsis revealed a close correlation between the rainfall 
in the catchment and the height of the river. The sta
tistical evidence showed that heavy rainfall in the upper 
reaches of the river had caused the very high flood 
(which appeared to the engineers to be of a catastrophic 
kind). Purely on a statistical basis, the advice could be 
given with confidence that there was nothing wrong with 
the river, and it was not necessary to spend millions of 
rupees to raise the height of the embankments. I gave 
that advice in 1930. If a mistake had been made, catas
trophic floods would have occurred and swept away 
large portions of the country during the last 20 years ( 7). 
This was a practical demonstration that statistics could 
save a lot of money; and in India, saving 40 or SO million 
dollars was not a negligible affair. 

I may give another example of a more abstract nature. 
The motion of the moon gives rise to tides in the sea 
and the rivers. The motion of the moon must, of course, 
also cause a tidal effect on the earth's atmosphere. That 
is, due to the motion of the moon, the pressure of the 
atmosphere would undergo a cyclic change, and also the 
temperature (due to adiabatic heating up). The effect 
is naturally very small. Actual calculations show, for 
example, that the temperature would rise and fall with 
an amplitude at certain places of .008°C, that is, less than 
one-hundredth of a degree, due to the lunar tide. The 
amplitude of the cyclical change of barometric pressure 
in certain places would be less than one-thousandth part 
of an inch. Variations in temperature and pressure 
from hour to hour or from day to day are enormously 
larger in comparison. Yet if one has a long series of 
records, these gross variations, although enormously 
large, would cancel out and the effect of the lunar tide 
should be capable of being ascertained by purely sta
tistical methods. This is exactly what Professor Sydney 
Chapman, F.R.S., of the University of Oxford and 
his associate workers have done. They have shown by 
the detailed statistical analysis of a long series of records 
extending over 50 or 60 years that the gross variations 
cancel out, and the observed effects of the lunar tide on 
the earth's atmosphere agree satisfactorily with the cal
culated values(8). This is a striking example of the 
great power of the method of correlation analysis. 

In this brief review, my aim has been to indicate the 
wide scope for the use of statistical methods in science 
and technology. At the abstract level, the aim of sta
tistical theory is to reach general conclusions (about the 
"universe") from a knowledge of the particular (i.e. the 
"sample"). At the concrete level, the aim is to collect 
relevant information (or extract such information from 
available data) with a view to choose, on a probability 
basis, the "best" out of two or more possible programmes 
of action. The statistical method thus supplies, both in 
theory and in practice, the true logic for making deci
sions on a scientific and objective basis. 

river had been raised by about 4 feet. In order to give At one end, in classical physics, it is often possible to 
the same protection from floods, the engineers recom- isolate and study one factor at a time, and the statistical 
mended that flood embankments should be raised by at method consists primarily in the adjustment of observa-
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tions with the help of the classical theory of errors. With 
more complex systems, the degree of control decreases, 
and the statistics of assemblages becomes more impor
tant as in the kinetic theory of gases, thermodynamics, 
and statistical mechanics. In the field of biometry, fac
tors of variation become still more important and are 
inextricably mixed up and cannot possibly be studied 
in isolation. The strategy changes, and the aim becomes 
to study more than one factor at the same time with the 
help of appropriate designs of experiments, analysis of 
variance, and statistical correlation. A further extension 
is the use of control charts, and the methods of statistical 
quality control. Beyond this lies another wide field in 
which the most fruitful line of advance is by the use of 
sampling surveys(9). The degree of control is small, but 
predictions on the basis of statistical sampling are still 
possible and capable of being corroborated or refuted by 
subsequent observations. Finally, there is the field of 
free observations where conclusions can be drawn (and 
predictions, subject to verification, can be made), only 
on the basis of detailed statistical correlation and 
analysis. 

Over the whole field, the statistical method supplies 
the basis of uncertain inference (as distinguished from 
the absolutely certain deductions of formal logic and 
mathematics). The margin of uncertainty in statistical 
inference, in principle, is ascertainable; and its magni
tude depends on the degree of control to which the fac-

Mr. DE VRIES: I would first like to make a small 
remark on the introduction of Professor Mahalanobis 
from India. Our experience shows the value of what 
he said of observations and trying to make correlations 
and results from those observations when they are made 
in the right way. In agriculture especially there are so 
many factors which work together, and experiments 
are very difficult and costly. I think that these develop
ments can be worked out more fully in the future, and 
we need more international cooperation in this respect. 

My second remark is with regard to the whole idea 
of this Conference. When statistics are made, they 
should be comparable internationally. When statistics 
in the various countries are on a different basis, they 
lose much of their value. I think one of the conclusions 
of this Conference should be that the statistical tools 
used in the appraisal of resources in the world can be 

tors of variation are amenable and on the available 
quantity of information. The use of statistical method 
can be, therefore, commended with confidence to all per
sons interested in resource appraisal, utilization, and 
conservation. 
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sharpened by making them on the same basis all over 
the world. 

In the papers submitted to the Conference, the Sec
retary-General for this Conference said that unfor
tunately there were not enough figures in the field of 
resource appraisal to present to this Conference a re
view of the world's resources. My question is: Could 
the United Nations, or any body of the United Nations 
or any scientific body, go on with the work on statistics 
which so far has been done but unfortunately is not 
sufficiently complete to be presented to this Confer
ence? Are there any ideas in the Secretariat that the 
work can be done, and if so, how can the nations and 
scientists work together to attain better and sharper 
statistical tools? 

The CHAIRMAN : As there are no other speakers, I 
shall adjourn the meeting. 
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The CHAIRMAK : I declare open the tenth plenary 
meeting of the L'nited Nations Scientific Conference on 
the Conservation and L'tilization of Resources. 

The subject of this afternoon's plenary meeting is 
"The Adaptation of Resource Programmes". I think 
that means the adaptation of resource programmes to 
human needs, to the development of human society. 
The sociological and economic problems have come up 
in this Conference many times, when we spoke about 
more technical subjects. This afternoon is the time 
when the programme gives us full opportunity to dis
cuss the implications of conservation and waste upon the 
development of human society. I think that we all want 
a rapid development without waste. It is very difficult, 
as we have alreadv seen, to reconcile conservation and 
development. · 

vVe are very glad to have a number of able speakers 
for this afternoon. The programme falls into two large 
parts, the first being the assessment of conservation 
programmes, in a global way, and the second the appli
cation of simple conservation and utilization practices 
in different parts of the world. That brings the solution 
to the problem we have before us today more to the 
practical field where it has been worked out recently, or, 
in the case of China, for some thousands of years. 

I am very glad to introduce to you now~although 
I need not introduce him to you, but would merelv ask 
him to come to the rostrum-Dr. Stephen Raushefi.bush 
of the Preparatory Committee, who has already con
tributed so much to this Conference. He will speak 
to us about economic considerations in conservation and 
development. 

::VIr. RAL"SHENBGSH deli'uered the following paper: 

Economic Considerations in Conservation and Development 

STEPHEN RAUSHENBUSH 

I. ALTERNATIVE RESOL"RCE USES 

The determination of efficient use, and the rate of 
use, of resources is the essential problem in any dis
cussion of resource utilization or conservation. That 
is a concept which changes with time and social climate, 
as well as with price and the consequent cost-benefit 
relationships. 

The impact of this problem can be seen quickly on 
an international scale bv a mention of the resource allo
cations which may haV'e to be made in view of the in
creasing world population in the under-developed areas. 
vVe may take Asia, Africa, South and Central America 
as a group for statistical purposes. It seems clear that, 
given food, the present population of 1,625 million may 
increase by the year 2000 to 2,936 million at present 
growth rates. That would mean 1,311 million new 
people at the end of the next 50 years.1 

The outside world would not think for a moment of 
doing this, but if this new population were to be fed by 
the rest of the world, over these 50 years, a meagre 
ration of ~ kilogramme of rice per day, the expense 
would be more than $83,000 million.~ They would 
starve the moment aid was interrupted. They would 
have no means of paying for the food. 

A more possible alternative would be to aid those ne\v 
peoples to establish sufficient land so that they could 
eat about as much as the present people, but no better. 
That is a poor diet. That would require over 394 mil
lion new hectares,:{ operated at the efficiency of the 
present land. At $75 of original investment per hectare 

1Given 1,625,000,000 people in those areas at the beginning of 
1951. The rate of increase is taken at 1.19 per cent, based on data 
from W. S. Thompson in Po,bulation Problems, for 34 nations, 
on which data on industrialization was also available. The total 
in the year 2000 would then be 2,935.8 million; the increase 
1.310.8 million. 

"The estimate is based on 30,500 million food-vears over the 
50 year period. The estimate for delivered rice. is $15.00 per 
metric ton, or $.015 per kilogramme. One-half kilogramme for 
one food-year of 365 days would then cost $2.73. The total cost 
\\'Ould be $83,265 million. 

"1,311 million additional people o?ach requiring 0.301 hectare 

(about $30 per acre) 4 the original investment of re
sources would amount to about $29,500 million during 
the fifty-year period. On top of that, a soil conservation 
investment in present lands of over $8,000 million would 
be necessary. The total investment would be close 
to $38,000 million. The people would still eat very 
poorly, and would still have no new means of servicing 
or repaying the investment. 

A third alternative resource allocation would be that 
of helping these growing peoples, old and new, to feed 
themselves on a level of 2,800-3,000 calories. The land 
presently in use would have to be increased greatly in 
productivity to make this possible, and a possible limit of 
450 million hectares of new land in this group of con
tinents5 would have to be opened up also. The appli
cation of new seeds, insect and disease control, and tech
nique of cultivation, as well as fertilizer, would all have 
to be made. At $77 per hectare, or its equivalent in in
creased productivity, the original investment might be in 
the neighbourhood of $73,000 million over the period. 
The productivity of old and new land would have to be 
increased by an almost unbelievable 41 per cent over 
the present efficiency.'; As a result of all this, the old 
and new people would eat much better than before. 
They would still have no new means of repaying the 
investment. 

A fourth alternative use of resources would he that 
of channelling savings in and outside the area in question 
into industrialization. Basically, income goes up with 
the increase in the proportion of the population engaged 

per capita (0.746 acre). The basic figures taken for 1950 were 
0.26 hectare per capita for Asia, 0.46 hectare for Central and 
South America, and 0.5 hectare for Africa. The total land avail
able and used in 1951 was taken as 492,300.000 hectares ( 1.21() 
million acres). 

•The figure of $75 per hectare ($30.36 per a<"re) was deriYed 
from the author's study, Our Conscnaliuu .fo/J (United Stah's 
19~9), in whic~ $25 per acre is found to he the cost oi adequate 
sot! conservatwn work on W<Fted land in the L'nited :::tates 

'Charles E. Kellogg, Food: Problems nud Prospects. United 
States. 1949. 

"See Table 2. 
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in non-agricultural actrvrtres. Education and urbani
zation are by-products of that increase and all three to
gether have the effect of lowering the rate of population. 
For a change of 10 per cent in non-agricultural popula
tbn the net rate of increase seems to go down by I .2 
persons per I ,000.7 So one of the slow but positive re
sults of this fourth .alternative would be a gradual de
crease in the rate of population growth in these areas. 

If it were found desirable to shift population to in
&.lstry and commerce by reducing the population 
engaged in agriculture from 76 per cent to 50 per cent, 
to do so while the population was growing and within 
fiity years, an investment of $4,000 million annually from 
fe>reign sources and $5,000 million from domestic sources 
annually would do it by the year 2000.8 Apparently the 
over-all income could be increased by 161 per cent-an 
ir·.crease of $262,000 million (from $162,500 million) 
at the end of the period.11 The per capita income could 
go from $100 to $156 (see Table I). Interest and 
amortization on the investment at 6 per cent and the 
financing would not go over 6.7 per cent during the 
period, and could be paid. The population would be 
2l5 million less at the end of the period than it \vould 
probably be without such industrialization. 

Here, in fairly simple form, we have a significant il
hlstration of the effects of quite different resource uses 
a 1d resource investments. The estimates are necessarily 
r'mgh, but they give some picture of the order of mag
nitude that is involved in the choices. The most efficient 
use of resources is the one which most closely approxi
l1lates the final goal which we find desirable. 

li. CONSERVATION LN A CO:VlPETlTIVE ECONOMY 

One of the first questions 'Nhich conservationists 
throughout the world ask us is, "How does it happen 
that the Cnited States, one of the richest of the coun
tries, has done so badly with its conservation job?'' 
This question carries implications that less fortunate 
countries can obviously not afford such a luxury as 
conservation. The answer is that "this country could 
have afforded conservation at almost every period in its 

'Trend of natural increase based on per cent of industrializa
tion: 33 nations from Colin Clark, Conditions of Economic 
Proyrcss, (London). and Louis H. Bean, lutcrnativual lndus
triali.c:atiml and Per Capita Income, (New York). 'vVhere X is 
the per cent of the population in non-agricultural occupations, 
Y =36.55-.25 XX for birthrates, and 21.83-.131 X for death 
rates. The trend of net increase shows a drop of 0.12 per cent 
for every 1 per cent shift from agricultural occupations into non
agricultural. 

'The investment per person in non-agricultural occupations was 
taken at $1,200, and represents an average between industrial. 
commercial and service occupations (see FAO report of June 
1949 on /ln·estmeut Rcquirtments, where $1,000 is used). Tbe 
use of $4,000 million annually from foreign sources is arbitrary 
and follows the FAO report. The amount of domestic invest
ment is the difference between the total sum required to transfer 
1 per cent of the population out of agricultural labour every 
2 years ($1,200 times the increase in non-agricultural labour 
force) and 2 X $4,000 million. The sub-totals are $200,000 
million from foreign sources and $249,000 million from domestic 
sources, a total of $449.000 million for 50 years. 

"The increase ih /1cr capita income was taken from the trend 
curve in Chart I. based on II nations with 25 to 50 per cent 
industrialization in 1924-35, and incomes under $300 (US dollars 
1948) on which data were available from Clark and Bean (foot
note 7). The curve is log y=1.594644+ .0167749x. The annual 
income was based on the population at the beginning of 1951 
( 1.625 millions). The slope of investment on income is 2.43. 

10The method U'ed in Charts 2 (Wheat), 3 (Corn). and 4 (Cot
ton), was that of taking a hypothetical borrowing in each year 

THE ADAPTATION OF RESOURCE PROGRAMMES 

history, but chose rapid development instead, and re
fused until recently to face the problem of future short
ages." The answer leads us right into a major difficultv 
of conservation economics. · 

A more complete explanation is that we, like any 
other nation with open frontiers, low resource-values 
but high capital and labour costs, left our resource future 
to the mercy of the price system in a competitive econ
omy, and now find ourselves with a depleted resource 
base as a result. The price system does not emphasize 
future values as much as present values. The large 
cyclical price movements that we have experienced over 
the past one hundred and forty years made it plain to 
the resource owner, at least once every decade, that 
future values were uncertain. 

This uncertainty about returns has hindered volun
tary conservation greatly in this country. Conservation 
even with a possible 15 per cent increase in soil pro
ductivity must have seemed too risky. Even if the 
resource owner had been able to borrow for soil con
servation purposes at only 6 per cent (much lower than 
the 140 year average) and pay off in ten years, he would 
have taken a loss about three out of ten times. The 
cotton grower would have found only one decade out 
of the hundred and forty years in which there .,vas no 
year of loss, and the owners of wheat and corn lands 
fared little better .. (I haYe illustrated this by Charts 2, 
3, and 4 entitled Sample Conservation Investments for 
corn, vvheat and cotton).w Between 1910 and 1935 
there was no five-year period in which the cotton 
grower could be sure that the price he would receive 
for a year's crop \vould be greater than his cost of 
production. (Chart 5) .11 

But the possibility of loss three out of ten times is far 
too great to induce a farmer to invest his own savings 
or a bank to loan on the risk. The situation vvould have 
been quite different if conservation loans at 3 per cent 
had been available. The price risks of the business ancl 
weather cycles would have been canceled out to a large 
extent. The years of loss would have been cut from 42 
to 20 for corn. Similiarly, investment in forest conser-

uf the value of 10 bushels of wheat or corn, and 100 pounds of 
cotton at the then current prices for the purposes of soil conser
vation. An increase in production of 1.5 bushels of wheat or 
corn for each year of a ten-year period for each lO bushels' 
investment resulted in an increase of 15 bushels over the ten-year 
period, from which the loan has to be repaid with interest at 
6 per cent. The average annual payment to service and retire 
the loan was 13.5868 per cent. The average ten-year price was 
then calculated in order to find the average return on these IS 
bushels resulting from conservation. Production costs are held 
stable. The solid line on the charts represents the requirements 
in current dollars of the loan with interest in ten years. The 
broken line represents the average price received for 15 bushels. 

For cotton the investment taken was the current value of 100 
pounds and the total additional return was 150 pounds. 

These sample charts indicate the extent of risk in past ronser
vation work due to variable prices. The wheat farmer would 
have found 10 decades out of 14 in which there were some years 
in which l1is investment would not have repaid itself in ten years; 
the corn and cotton farmers would have found 13 out of 1-+ 
decades. The years in which actual loss on the investment would 
have been incurred were: 

Cotton 41 out of 140 29.2% 
Corn 42 out of 139 30.2% ( 6%) ; 14.4% ( 3'7c) 
Wheat 36 out of 131 27.5% 
"Chart 5 shows that the varying production cotton costs from 

1910 to 1946. (U.S. Department of Agriculture figures) actually 
made tbe nsk for the American cotton grower greater than 
indicated in Chart 4. Before the Government support programs 
of the 1930's and 1940's he stood to lose in 11 years out of 35. 
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vation shows even a larger degree of risk. Put in one 
way, in our earlier history the investor would never 
have been able to pay off a 6 per cent loan by marketing 
in the tenth year, with accumulated interest, unless his 
trees had grown beyond all known rates. In our later 
history he might have done so in only 10 years out of 33. 
Put in another way, in 64 per cent of the cases he would 
have needed a growth-rate of from 5 to over 10 per 
cent each year in order to break even see Chart 6).12 

Note that it is not evident from these studies that 
high resource prices bring conservation and low ones 
bring exploitation. All that they indicate is that over a 
140-year period (1800-1940) the risk of low prices in 
the future has been too great to warrant a resource 
owner to invest much high-priced capital. The in
creased price of land did not warrant it generally. Also, 
since 1900 the ratio of land values to labour costs has 
been declining. 

The general theory is that high resource values do, in 
fact, allow for more conservation than low values, and 
I agree with it if the important qualification is added 
that practically no sharp drops in return (lower prices, 
higher costs) are to be expected in the future. This is 
a guarantee which no competitive economies have been 
able to perfect-although we may yet do so, and are 
moving in that direction. 

Meanwhile we have been living through many gen
erations in which both high and low prices brought 
exploitation and wasteful resource use. That has been 
true of farm land, forests, oil wells, and coal mines. In 
time of recession, forest owners found that they had to 
log cheaply and plentifully to meet competition and their 
debt charges. In boom time, they also found they had to 
cut heavily, this time to recoup their losses in depressions 
and to provide a reserve against future depressions, 
and also to match high labour costs with lower unit 
overhead. Similarly our oil wells were over-pumped 
during depressions and booms alike until a production 
limit was imposed, which had conservation effects. Land 
was worked in much the same way. Coal seams, at least 
in small mines, suffered some of the same destruction, 
with fine impartiality between periods of high and low 
prices. 

To state as an economic theory the difficulty inherent 
in conservation : The conflict between the present and 
the future which is symbolized by conservation (in
creased present costs, delayed returns) is never settled 
against the present by the present owner, and the 
future enters the market as a bargaining force only in 
the case of shortages evident beyond question. Only 
the government is the guardian of the interests of the 
future, and while those interests are large, they are not 
always powerful in the peculiar competition which 
makes up the governing process. 

This is simply another way of saying that under any 
high interest arrangements rapid exploitation is more 
profitable to the resource owner than postponement and 

"'Chart 6 shows hypothetical investments in forests, each year 
at current prices, of a sum equal to the value of 1,000 board feet 
of lumber in that year plus accumulated interest at 6 per cent 
(the broken line). It also shows the mill price of 1,000 board 
feet in the tenth year after the investment (the solid line). The 
difference between the two lines represents the amount of growth 
that is needed in the forest to make good the investment. The 

conservation, and that only a certainty of future re
turns and low interest rates (a riskless situation) vvill 
make conservation an attractive business affair, in com
petition with other business possibilities. If it were clear 
to the resource ovvner that the present value of the future 
return to be obtained after conservation work would 
assuredly be enough to cover costs and profits, the fact 
that the ultimate profit was somewhat remote in time 
would not deter conservation investment. It could be 
liquidated at any time. It would have sufficient value at 
any time. But this certainty of increasing values has 
not existed. The risks have been too great, in relation 
to the cost of capital, to justify the conservation. 

Now we have to deal with the results of this process. 
The failure of the price system to act as a conservation 
force can also be seen in our waste of natural gas in oil 
fields through flaring. Until recently we lost as nmch 
energy that way annually as the whole TV A 
produced. The cost of channelling and processing that 
oil-field gas was higher than the market value of other 
nearby natural gas. Its use did not pay. Although little 
doubt exists about the future higher value of this wasted 
energy, the price system has provided no mechanism 
to protect that future. Similarly in our use of growingly 
scarce petroleum for steam-raising, and the fact that 
the production of oil from coal is presently unprofitable 
and consequently has not been developed, we can see 
the lack of any desirable mechanism for equating future 
needs and social costs with present practices. There is 
no national policy that will protect future resource users 
from future scarcity prices by an expenditure that will 
eliminate present wastefulness. 

Some picture of the magnitude of the sums involved 
is given by the price-fixing experience in the last two 
wars in this country. In the First ·world \Var the 
Government paid the marginal price for all basic pro
duction. In the Second \Vorld War it paid one price 
for the bulk of its needs, and subsidized marginal oil, 
copper and other producers. The price administrator 
has told me that he estimated the saving at $50,000 
million over a four-year war period. Lack of national 
policy in peace-time to avoid future shortages will re
sult in consumer payments of marginal prices and similar 
sums as a matter of course. The United Kingdom is 
now investing 4 per cent of its national income in the 
health conservation of its human resources. Most of 
this is investment rather than maintenance, and a rela
tively small resultant increase in national productivity 
would justify it economically. 

\Ve are now, however, in a position where two factors 
may be basically changing the whole conservation pic
ture. First, not only in this country, but in other areas, 
low-cost governmental credit is about at the rate that 
the growth-rate of trees requires for profitable use of 
such credit, and crop and pasture land can do a little 
better than repay loans with delayed and accumulated 
interest at present costs of capital. 

\V e are only beginning to recognize the possibilities of 

forest would have to grow at the following rates, for the invest
ment to pay off at such a rate of interest, ten years after the 
loan was made: 

0.0-2.5% 15 years{ 35 S"' 
2.6-S.Oo/o 14 yearsJ · 7o 

5.1- 7.5% 
7.6-10.0% 
Over 10 

22 years} 
26 years 64.2% 
4 years 
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such low-cost credit for conservation work. In many 
under-developed areas credit now costs 15 per cent or 
more, and that in itself is enough to stop most con
servation work before it gets started. It has so operated. 
In the United States about a hundred and thirty years 
were required for credit on farm-improvement loans to 
drop from 12 per cent to 5 per cent. That was the 
period of great exploitation. 

Second, the increasing population of the world, 
coupled with a reasonable certainty of industrialization 
in the under-developed areas, increases the possibility 
of high land-values and resource-values. The effort of 
the_ scientists represented here to increase productivity 
and to make possible the opening up of new land areas 
will not, I believe, reduce the anticipated demand for 
food to the point of decreasing land values, in the key 
areas of increasing population and new industrialization. 
Over the next fifty years or more, raw material prices 
will probably be moving upward generally. There is a 
better chance than ever before that the uncertainty about 
prices, which was discussed earlier as a major cause for 
conservation failure, will grow less, and even sharply 
Ius. It would take an international organization with 
some wide financial powers, to carry over the probable 
short-term dips in such a rising level, but that difficulty 
i:: not insoluble. 

more possible as competition decreases. The large 
lumber or pulp company or the large industrialized 
farm whose owners have the power to get markets and 
have some capital reserves, can do more to obtain sus
tained yield, and to effect soil and forest conservation 
than the small resource owner without capital. Our 
Forest Service figures show that this pattern is being 
followed quite uniformly. 

The type of society that is wanted by man enters 
into the conservation picture here, just as it did in ex
amples I gave earlier (section I) of resource allocations 
needed to feed poorly or well, and to industrialize, the 
under-developed areas. If, for example, the power of 
large capital groupings is to be feared, and small, in
dep~ndent men are to be held at a premium, then 
obvwusly means must be found to make it possible for 
the latte~ to match the former in access to capital. If 
the bankmg system can recognize that conservation in
vestments do not follow the pattern of mercantile loans 
but.require developmental and hardship periods, without 
capital payments, It could even up the existing inequality 
w!1ich equates large ownership more nearly (although 
still very unsatisfactorily) with conservation than small 
ownership. If the banking system trips over its cultural 
lag, i.t would. be ~fficient for the government to help 
equahze the situatiOn by loans to resource owners in a 
twofold national interest. 

This combination, I believe, represents a new oppor-
tunity for conservationists in competitive (internally It should also be pointed out that the risks of the 
uncontrolled) economies to achieve their conservation market and of conservation effort alike fall most heavily 
purposes. It should be examined and used. In the United on the tenant in any competitive system. The soil he 
States, I, for one, have attempted to make the combina- rents was not, in the past at least, protected through 
tion between these two trends by proposing a National the landlord's efforts, for reasons given earlier. The 
Resources Corporation to loan at low-cost government pressure on the tenant was to "mine the soil" and make 
rates (2~ per cent for forests, 3~ per cent for soil what .he could while he was there. And the soil grew 
conservation) to private resource owners, with a shar- steadily poorer. The tenant could not win. The un
ing of any windfall profits ( 60 per cent to the owner, c~rtainty of price and market gave him no security in 
40 per cent to the investor) due to the upward price his tenure of the land. Other competitors could take 
movements in resources which are anticipated. The his place ~ny year. In cotton~ for example (Chart 5), 
suggestion was that loans of $18,000 million would growers did not get back their production costs in 11 
pretty well complete practically all of our needed soil years out of 35 between 1910 and 1945. So the tenant 
and forest conservation, and that these loans could be had no ince~tive to invest his labour in land he might 
repaid within fifty years, after allowing moratoriums for lose at any time, and would probably never own. This 
development and hardship periods. Better combina- situation changed somewhat with the war years of the 
tions of these two new factors can doubtless be made for past decade. But clearly soil conservation and a stable 
other areas by conservationists. !and bas~ cannot ?e ~btained in a competitive economy 

During the depression of the 1930's the United States If the.re IS no obhgatwn on the landowner to keep his 
Government undertook to aid farmers through con- land m good shape. I hope the handling of this tenant 

problem by some other nations with a record better 
servation payments of various types. The achievement than ours, will be discussed. 
was considerable, and is being discussed in the morning 
meetings. There is a considerable movement toward .There may be no other efficient and rapid way to ob
forest credit. Yet total reliance on the government tam the sound land and forest base the nation needs 
as the agent, trustee and paymaster for the future is than for the national government, as the only guardian 
undesirable. This is not an expression of a philosophy, of the. fut~re, to force the level of. competition up a 
but a comment on effectiveness. \Ve have in the United n~tc.h m shghtly higher cost~ and pnces by requiring a 
States adequate and visible evidence that other social mimmum of good conservatiOn practices from all land 
demands may push aside and make impossible an ade- and forest owners. A loan programme of the type sug
quate conservation job. Countries with more rapidly gested could ease the burden of that requirement or it 
increasing population and limited land areas will also might possibly be adequate by itself if it appeared to a 
find that the rapid growth of demands on their treasuries sufficient number of resource owners that the future 
for social insurance, education, and health will make price trend was clearly upward. 
it highly desirable for them to move in the direction of This discussiqn of the difficulties of conservation in a 
well-planned credit to resource owners in order to obtain competitive economy carries no implication that there 
good conservation practices, instead of moving toward is always better use of resources in a non-competitive 
subsidies from their treasuries. Conservation encounters economy. If this nation at its foundation had decided 
another difficulty in a competitive economy : It becomes to hold on to all its natural resources instead of giving 
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them away, it would now probably have enough revenues 
to meet a $42,000 million budget without taxation or 
borrowing. However, it would not have been as in
dustrially developed as it is or as able to aid in the fight 
against Fascism as it was, and there probably would be 
no United Nations today. Or if this nation had closed 
down its frontier until land across the border became 
so valuable that good conservation would have been 
obtained on that land, and then opened only a small 
piece of new land, we would have had excellent con
servation across 3,000 miles instead of our sorry history 
of resource exploitation.18 However, we would today 
still be a small nation. 

Conservation and development, the future and the 
present, are certainly in some conflict. Given a certain 
-eoint of demand, however, it is demonstrable, 1 believe, 
that the visible social cost of scarcity can far exceed the 
present cost of conservation, with consequently increased 
production. Scarcities in lumber and oil cost the people 
of this country $1,500 million annually in increases 
above other price levels during 1947 and 1948, and the 
prospect of any such shortage situation in the future 
would justify economically considerable present sac
rifices.14 lf my belief about the general upward move
ment of raw material prices is correct, many under
developed countries will find that the return they can 
expect from conservation investment will be easily 
justified in economic terms by the time the increased 
production resnlts from the conservation. There may, 
in this present and prospective situation, be less conflict 
between present and future than other nations have 
experienced in the past. 

III. CONSERVATION AND PEACE 

There is some belief that when people press too 
heavily on resources, nations will find it preferable to 
attempt to take new land by warfare than to attempt to 
adjust themselves by reducing their populations. G:;m
servation is therefore considered to be an alternative 
to war because conserved land will yield more food and 
fibre, ease the pressure, and consequently help hold that 
balance called peace. Certainly ancient history is full 
of accounts of nomads fighting for greener pastures, and 
of Romans fighting and levying food tributes abroad at 
a time when their own soil \vas deteriorating badly. 

This belief, however, requires restatement in view of 
the industrial structure of the modern world. Perhaps 
the basic fact in conservation over the past century is 
the transformation of soil in many areas from a localized 
foundation for an independent way of life into a part 
of a national and then of an international economy. The 
growing world population demands exportable produc
tion, and most of that demand was met. In the process 
the owners of farmland became subject to the disloca
tions of an international trade system and remote weather 
conditions. In the industrialization process many na
tions became dependent on food imports. 

In the recent 'Vorld War, Germany, Japan and Italy 

-;,;This illustration was first used by L. C. Gray in an article in 
the Quarterly Jotmtal of Economics, May 1913. 

"See Our Conservation Job (1949), Public Affairs Institute, 
\\'ashington D.C., by the present writer. 

15See Arthur P. Chew, Plowshares Into S<oords, New York, 
1948, and Frank A. Pearson and Floyd A. Harper, The ~Vorld's 
Hunger, New York, 1945. 

1"See Colin Clark, Conditions of Economic Progress, London, 
1940, page 256. 

all attempted to conquer new land areas. The first two 
countries had good conservation practices. Italy had 
done less. All three offset their conservation efforts 
somewhat by encouraging more population pressure. 
There has been an attempt in recent years to explain 
the role of these nations in the last \Vorld War by point
ing out that the essential economic characteristics of 
Germany and Japan, at least, were not those dealing 
with conservation, but those that came from their re
quirement for food imports from abroad. Their rulers 
saw the need for markets for industrial products to pay 
for that food. They wanted security for those markets. 
This was something which the tight economic world of 
the 1930's certainly did not give them or anyone else. 
There was then no unity of agriculture and industry 
possible that transcended national sovereignties. There 
is not yet. These nations, the argument runs, fought 
for security of markets rather than for land. Therefore, 
until all industrial, food-importing nations are certain 
of industrial markets, wars are bound to recur, and the 
food-importing industrial nations are going to be the 
ones that start them.1" 

There is obviously much more to the picture of re
source use and peace than this. Italy's historic chief 
export crop was human labour (persons who were also 
purchasers of Italian specialties) in return for re
mittances and customers. In the early 1920's this export 
was heavily curtailed when other nations stopped im
migration. This was a greater economic blow than any 
struck at defeated Germany after the First \Vorld \Var. 
This external measure accelerated the internal unbalance 
in Italy's resource situation, helped in creating dictator
ship, and was then used to make war for land-and
immigration-opportunity seem the lesser evil to the 
people. 

In Germany, it was the prolonged use of land, fuel 
and mineral resources in combination with a dictatorial 
State which drove that nation to its several attempts at 
the conquest of Europe. During one hundred years Ger
man industry had become a fighting branch of the State, 
and natural resources had been devoted to objectives 
which made the State strong instead of those which 
would make the people prosperous. Protective measures, 
applied against Russian and American vvheat as a war 
insurance, cut off the opportunities for foreign sales of 
Gern1an industrial products. In turn, protection of indus
try brought cartels, high domestic prices and regulation 
of production, and the dumping of goods abroad to 
destroy competition. Together, these factors created an 
over-specialization in heavy industries instead of a 
development of the finishing industries which could 
have allowed for a higher living standard, more imports 
and closer ties with world markets. The terms of trade 
went sharply adverse between 1933 and 1937 as they did 
in Italy and J apan.16 The survival of this top-heavy un
balanced economy began to seem dependent upon con
quest or miracles, or both. The basic pattern of re-

Terms of Trade (1927 :=100) 

Germany ......... . 
Italy ............. . 
Japan ............ . 
United States ..... . 
France ........... . 
United Kingdom ... . 

1933 
139.2 
97.0 
81.9 

137.8 
118.9 
122.3 

1937 
114.3 
67.7 
60.5 

128.9 
113.7 
107.3 

Ad<'crsc chaJifJ<' 
24.9 
29.3 
21.4 
R9 
5.2 

15.0 
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sc·urce use is still unstable. 17 Enormous technological 
progress was accompanied by a conscientious disavowal 
by the professionally trained specialists of concern in the 
national use of resources over and above their own 
specialties, and this irresponsibility was an outstanding 
cCintribution to disaster. 

Without accepting the full implications of the argu
ment that secure access to food and other raw materials 
through secure foreign markets for industrial goods is 
the sine qua non of peace, it can be concluded that food
importing, population-heavy nations which attempt 
autarchic arrangements will necessarily have limited 
choices of action in the long run. It can also be pointed 
out that under-developed nations might well couple 
their industrialization programmes with agricultural de
velopments so that the point of future panic over foreign 
markets for the industrial goods they may need to sell 
in order to buy future food, will be postponed as far in 
time as possible. The Food and Agriculture Organiza
tion has, to its credit, constantly insisted on very ade
quate agricultural development, to go hand-in-hand with 
n·~w industry. In this way, some obvious mismanage
IT ent of resources that will run afoul of the still uncertain 
fidd of world trade may be avoided. 

To restate this, a national pattern of resource use can 
b•: directed either toward world interchange of products, 
and peace, or toward autarchy and war; and conserva
ti m is an important part of any nation's resource pattern. 

IV. FACTORS IN ECONOMIC GROWTH

uNDER-DEVELOPED AREAS 

In this field we are dealing with the demonstrably 
provable proposition that the shift of a percentage of the 
population from primary to secondary and tertiary 
occupations can increase income. (See section I). 

It would be helpful if we could reach a common agree
ment on the necessary combination of dynamic factors 
that is essential for successful industrialization of the 
under-developed areas. I should like to name and have 
vou consider, several factors in such a combination, 
~'ith full awareness that the mathematicians have not 
gone very far in their work on the peculiar organized 
complexity that is involved in such industrial develop
ment. 

1. vVe may start with access to technology and educa
tion, both fields being ably represented here. Let us 
say first that education must carry at least one concept 
about wealth and income in advance of successful de
velopment : That increased wealth and income result 
only from increased production by men and machinery 
-not from merchandizing or speculation in themselves. 
This concept should, naturally, carry with it an under
standing of wealth as productive power rather than as 
an accumulation of tokens. The capability of obtaining 
a national plant that can produce things is far more 
significant for a nation's future than an accumulation 
of token \Yealth. 

2. Second, there must he access to capital at low cost. 
The significance of this factor for conservation has been 
developed earlier (section II). For industries using 
something less than the world's most accessible and 
l• m· cost supplies as basic raw materials, this is an es-

"See A. ] . P. Taylor, Course of German History, London, 
1945; also J. H. Clapham, Economic Development of France and 
Germany, Cambridge, 1921. 

semial. Low cost capital, however, requires and in
volves a minimum of risks, a minimum of failures, and 
therefore a maximum of intelligent advance program
ming. It requires a minimum of governmental insta
bility. In ordinary circumstances, it would be desirable 
to have a large part of the capital made up of shares 
rather than debt, to allow a fair amount of "get-going" 
time for a new industry. But the holders of common 
shares should not, in return for the delay in receiving 
their reward, be allowed to get into a position of forcing 
an inefficient production and distribution system on the 
new industry. 

3. Third, the widest possible use of that universal tool, 
electric energy, should be made. Next to low cost 
capital, it seems to be the most dynamic factor in indus
trial development. If it is really low-cost energy, and 
can be marketed nearly at cost (instead of being used as 
a profit-source itself on a restricted use-high cost 
basis), it can create many industrial opportunities, many 
comforts, new ways of doing things. It takes away some 
of the cost burden of transportation. It breaks down 
the isolation of communities separated by mountains. 
Many industries in which the energy cost is a large part 
of the total cost of production, are basic to both indus
trial and agricultural development.l8 Low-grade ores 
acquire marketable value when they can be processed 
by low-cost energy. From the large energy-using electro
metallurgical and chemical industries, a whole series 
of fabricating plants can, in turn, be developed. 

Industrial development is not furthered when energy 
costs 40 cents per kilowatt-hour as in some places in 
Central America. There labour costs are only half that 
much per hour. The ratio is adverse, 2 :1. In Canada 
and the United States, the industrial ratio is nearer 
1 :SO (2 cents per kilowatt-hour, 100 cents per man
hour), and in the electro-metallurgical plants it is nearer 
1 :1000 (2/10 cents per kilowatt-hour and 200 cents per 
man-hour). 

Just as the use of local petroleum resources for house
hold fuel can save the land from erosion around the 
big cities where the charcoal-burners have carried on 
their inefficient devastation for centuries, the use of 
hydroelectric power can conserve local wood-use for 
higher purposes and save foreign exchange otherwise 
used for fuel imports. Almost every great movement 
forward of physical progress has been coupled with a 
substitution of a new kind of energy for an old one, from 
the invention of the wheel onward. If and when atomic 
energy becomes available, perhaps at 10 to 2 cents per 
kilowatt-hour, a considerable number of fuel-less, power
less areas will be able to introduce irrigation pumping 
and mineral developments that are now impossible. 

4. To obtain development there must also be increas
ing consumption. Consequently there must be a conscious 
insistence on a reversal of the present practice in many 
areas of a small production-volume and high unit-prices. 
The development of the low-unit markup and the mass 
market, within the widest possible tariff-free area, alone 
allows for mass-production methods, their efficiencies, 

'"Energy cost as percentage of the cost of production is: 

Aluminum 
Chlorine-caustic soda 
Phosphate fertilizer 
Chemical nitrogen 

Per cent Per cell! 

20 Cement" 15-26 
10 Brick 20 
33 Flat glass 7-10 
22 Iron and steel 12 

a\V ith coal costing $2 to $6 per net ton. 
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their increase of per capita and national income. The 
monopolistic factor, agent and enterprise are doing their 
nation a disservice in insisting on the old colonial way 
of doing business. The great innovation of North 
American industry is less its celebrated technological 
progress than its revolutionary discovery that the great
est total profit~volume can be obtained through low 
prices and small profits per unit. However, North 
American industry had the advantage of a large tariff~ 
free area in which to achieve this invention. Similarly, 
there must be a conscious effort to keep a wide distri
bution of all income so that savings will not be excessive, 
and in turn to force a continuous high level of investment 
in order to maintain a high income level. An approach 
to equality of income tends to establish a high national 
level without requiring excessively heavy investments, 
which are hardly obtainable in areas without large 
present accumulations of capitaP9 This is only another 
way of saying that there has to be growth for any eco
nomic or political system to survive. 

Industrial growth always has to carry the burden of 
some cultural~economic lag. Just as our southern States 
obtained Negro slaves because they were profitable in 
the development of cotton and tobacco, and then found 
that the presence of the slaves determined the future 
economic growth of the South for many decades, so any 
continuation of the past practices of the importing agent 
or monopolist, under which high profits are obtained 
on small sales of imported or local goods, can hold back 
industrial development considerably. In the capital city 
of a certain great nation light and power are now being 
shut off nightly in different neighbourhoods because the 
power-plant owners will not let cheaper hydroelectric 
power come into competition with their old plant. A 
nation-wide transmission system is blocked. Refrigera~ 
tion and home-cooling are blocked. It is demonstrable 
that the retirement of these owners on an annuity equal 
to their present profits, and the introduction of cheaper 
energy, would be rapidly paid for from the increased 
national income. 

In this connexion, it should be pointed out that there 
can readily be a hampering confusion about what are 
the creative forces of industrialization and what are the 
results. Capital investment and technology are cer
tainly among the former. Social security is one of the 
possible results. It is not a cause. If demands for an 
immediate carbon copy of all the social security progress 
of the past fifty years in the highly industrialized areas 
are asserted in an economy that has no surplus, or in
adequate surplus, for investment, the development proc
ess can not only be retarded, but prevented from starting 
at all. 

Certainly one of the first beneficiaries of industrializa
tion should and would be the labour groups in the under
developed areas. Higher consumption levels on their 
part are as necessary for development as higher invest
ment levels. The terms of trade have operated against 
these areas for many years. The value of manufactured 
goods which they were able to obtain for a given quan
tity of raw materials may have declined by as much as 
40 per cent over the past two generations. Partly be
cause of this fact, these areas are not industrialized. They 
have supported a higher living standard in the indus-

"'See Colin Clark, op. cit., chapter XV. 
""See H. W. Singer in Social Research, March 1949, New York. 

trialized areas. The latter have not supported such a 
standard in the poorer parts of the world.20 Now it will 
take both higher raw material prices (which I expect) 
and much more than the past rate of investment from the 
industrial areas to restore, let alone improve, the older 
relationship. Through a fairly free saving and invest
ment process the labour group in these areas can gain 
far more in twenty years than by an attempt to secure 
everything they want and need before their nation's 
economy can afford it. 

5. Careful timing and single-agency responsibility for 
industrial and resource development are equally im
portant, and necessarily go together. 

There is usually little chance that loans for roads, 
harbours, power plants and railroads can pay their costs 
unless and until industry, improved agriculture, and 
trade are there to use them. A basic task is to have them 
all come together at about the same time, so that in
dustry can use and pay for public works as soon as 
the latter are ready. Another obligation is to take all 
the elements of resource development and conservation 
into consideration in every development project. This 
realization of the essential unity of resource use and 
conservation is a fairly recent achievement. Now we all 
accept the idea that to build dams without providing 
soil and forest conservation work is to waste energy, 
capital and resources. 

We have made all these mistakes and some others in 
the United States. In the Missouri basin where $6,000 
million will be spent, we proceeded without any assur
ance that the farmers in the semi-humid areas would 
want to pay high costs for water. \Ve planned the whole 
water job without counting soil conservation costs until 
after the river-plan was frozen and the dams begun. We 
had only vague hopes about navigation possibilities, and 
calculated social benefits from navigation without count
ing in the losses that the railroads and their shippers 
outside the area would thereby suffer. We are still not 
certain whether there will be enough water for both 
navigation and irrigation, and are uncertain about both 
power costs per unit and the power revenues, since 
both these other interests create an irregular river flow. 
In the process, we have developed the unfortunate con
cept of the "residual dependent variable" under which 
hydroelectric power pays whatever the farmers choose 
not to pay, and that fact may yet vitiate the full value 
of much hydro-power development in our West. The 
Missouri is not a single-agency development. It is the 
result of a competition between several existing, sep
arate-function agencies racing to prevent single-agency 
operations.21 In earlier days, irrigation projects were 
started in such rough shape that one or two generations 
of farmers were forced into bankruptcy before the land 
could be worked profitably. These are mistakes few 
nations can afford to duplicate. 

6. A conscious coupling of agricultural expansion and 
conservation with industrial development is needed for 
the dual purpose of supplying industrial workers with 
food and removing some of the pressure toward new 
foreign markets for industrial exports as an indirect 
source of food. 

"'See Report on Natnral Resources of the Commission on 
Organization of the Executive Branch of the Government (Hoover 
Commission) and Appendix. 1949. Also The Big Missouri 
Public Affairs Institute (1948). ' 
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7. Finally, and perhaps the most important factor in 
the necessary combination for successful industrial 
growth, is the size of the effort. In one sentence: Given 
proper programming and timing, the effort will be more 
successful if it is big from the very start. 

Income, it seems, increases with industrialization at 
an accelerated rate rather than at a flat rate. The faster 
that the occupation-shift to industry is made, the earlier 
can the rewards of better living be reaped, and the 
greater they are.22 In turn, the greater and earlier are 
the potential savings for needed further investment. 
This is the simple common sense of the situation-the 
more people who are made able to buy goods, the better 
are the chances for more industries, whose workers 
can, in turn, buy from others. That there should be no 
lag between the basic, necessary public-works invest
ments in roads, power-plants and harbours, and the 
industrial investment has been said before. Hides and 
shoes; brick, cement, and housing; cotton gins, mills 
and shirt factories; iron-working and farm implements 
--whatever industrial groupings are possible in the par
ticular area, should all be brought into operation as 
nearly as possible with the completion of the public 
,,,orks they will use. This is not possible where roads 
are needed to open up new resources, but it should be 
a general, guiding requirement. 

This thought stresses the importance of fabrication 
and many smaller industries rather than the concentra
tion of investment on any one or two big and costly 

22Chart 1 indicates the extent of this acceleration. It is to be 
compared with the main curve in L. H. Bean, op. cit. 

Shift in agriculture 
Per cent Increase in income 

Bean: From 70 to 60 From $60 to $100 or $40 (1924-34 
Bean: From 60 to 50 From $100 to $155 or $55 dollars) 
Chart 1: From 70 to 60 From $125 to $184 or $59 (1948 
Chart 1 : From 60 to 50 From $184 to $271 or $87 dollars) 
Dr. Bean's curve is based on China, India, Japan, Chile, 

Australia, Argentina. Chart 1 is based on Finland, Hungary, 
Japan, Latvia, Estonia, Poland, Bulgaria, Romania, Lithuania, 
India, China. 

plants. It is there, rather than in basic heavy-materials 
production, that large employment opportunities can be 
created. Available investment should be allocated ac
cordingly. A large reduction plant for aluminum that 
will use all the electric power a region can produce is 
far less valuable in increasing employment and income 
in the area than a smaller reduction plant plus a sur
rounding fabricating industry. Similarly, industries that 
are purely extractive are less valuable in the industriali
zation process than others. 

It is advisable to start big, and inadvisable to start 
small, for another reason. A small start may only give 
an upward push to population without really bringing 
into operation the combined pressures of education, 
urbanization, industrialization and income that have 
to be relied upon in the long run to bring population 
into balance with resources. So the responsible govern
ment will soon find itself, income-wise, about where it 
was before the small start was made. A nation with 
growing population, and without a readily expandible 
plant has to run fast to stay where it is, and much faster 
to get ahead. 

To sum up, the task is not simply that of transferring 
population into industry to increase wealth, but to make 
that transfer under a grouping of conditions which can 
produce the most effective use of the resources. That 
combination must include at least ( 1) access to tech
nology, education, and particularly understanding about 
productivity, ( 2) access to low-cost capital, ( 3) wide
spread use of low-cost energy, ( 4) low-unit-cost, large
scale production, without excessive claims for security 
at the start, ( 5) careful timing, programming and single
agency operation, 6) adequate agricultural development 
and conservation in partnership with industrial grovvth, 
and (7) a really adequate large-scale effort at the start 
of the conversion process. 

Under such a grouping of dynamic factors, a most 
hopeful, exciting, and significant chapter of human 
history should open up for the peoples of these areas. 

-------------------
Table 1. Asia, Africa, South 

Per cent 
in non-

agricultural 
Year occupations 

end of year 
(1) 

1951 25 
55 27 
60 29 
65 32 
70 34 
75 37 
80 39 
85 42 
90 44 
95 47 

2000 49 

•U.S. dollars 1948. 
bStationary population. 
•Growing population. 

Per capita 
income0 

fram 
Chart 1• 

$ 
(2) 

103.30 
111.60 
120.60 
135.40 
146.20 
164.20 
177.30 
199.20 
215.10 
241.60 
261.00 

Year 
1955 
1960 
1970 
1971 
1975 
1980 
1985 
1990 
1995 
2000 

America and Central America: Projected Population, Industrialization and Income, 

Rate of 
popu/at>on 
increase 

per cent 

(3) 

1.18 
1.15 
1.12 
1.09 
1.07 
1.03 
1.01 
0.97 
0.94 
0.91 
0.89 

Population 
(millions) 

1724 
1829 
2059 
2083 
2184 
2317 
2458 
2608 
2767 
2936 

Total 
population 

(end of 
year) 

(millions) 
( 4) 

1644 
1722 
1821 
1930 
2036 
2145 
2256 
2369 
2485 
2602 
2721 

1951-2000 
Total 

average 
incomea 
($1,000 

millions) 
(5) 

167.86 
181.35 
195.97 
220.02 
237.57 
266.82 
288.11 
327.70 
349.54 
392.60 
424.12 

Cumulative 
investment 
($1,000 
millions) 

(6) 

9.6 
34.8 
64.9 

107.4 
143.0 
191.2 
232.4 
287.4 
334.2 
396.0 
448.6 

Table 2. Productivity Requirement 
Total/and requirement 

Present efficiency 
at .4532 hectares 
(million hectares) 

781 
829 
933 
944 
990 

1050 
1114 
1182 
1254 
1330 

209 

Availability 
of land 

(million hectares) 
781 
829 
933 
942 
942 
942 
942 
942 
942 
942 

Debt Service• · 
at 6.34443 per 
cent ($1,000 

millions) 

(7) 

0.61 
2.21 
4.12 
6.82 
9.07 

12.13 
14.77 
18.23 
21.2 
25.1 
28.46 

Required increase 
in productivity 

on available land 
(per cent) 

5.1 
11.4 
18.2 
25.4 
33.1 
41.1 

Per cent 
of income 
required 
for debt 
service 

(8) 

.04 
1.2 
2.1 
3.1 
3.8 
4.5 
5.1 
5.6 
6.1 
6.4 
6.7 

Per capita 
incomec 

$ 

(9) 

102.10 
105.30 
107.60 
114.00 
116.70 
124.40 
127.70 
136.60 
140.65 
150.90 
155.90 
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CHART 1 
fNDUSTRIAUZATION AND INCOME IN 
LESS INDUSTRIAUZED AREAS, 19Z4 
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The CIIAIR~L\:"i: I wish to thank Dr. 1\.:mshenbush 
very much for his inspiring speech which, r think, g;n-e 
us a svnthesis of the aims of this Conference. I am sure 
that a'fter that speech there will be a long discussion, 
and I am very glad that I can invite Professor John D. 
1~lack, of Harvard University, \\·ho \vill be the first 
discussant. 

.:\Ir. BLACK: I can feel only grateful to this Con
ference for asking me to come here and discuss Dr. 
Raushenbush's paper. Otherwise, in the strenuous life 
which some of us haw to live, I would never have taken 
time to read his excellent paper as carefully as it de
serves, or to do a certain kind of thinking on the subject 
of conservation and development that I, and most of the 
rest of us at this Conference, very much need to do. 

I find myself, after doing this thinking, taking no 
!11ajur exception to Dr. Raushenhush's paper, especially 
to it~ final summary in seven points on the conditions 
of economic progress. But I do find a need for some 
clarifying, supplementing, and even a little qualifying. 
The principal thing I am going to do is take advantage 
of this occasion to say some things relating to conser
vation that very much need to be said, and that neither 
Dr. Raushenbush nor anyone else has said thus far at 
any sessions of this Conference that f have attended. 

THE ADAPTATION OF RESOURCE PROGRAMMES 

. .. .. .. t· . . 
• • . I . . -. . . . , . . • • . . . . . . . . 

In this connexion, I must confess at the outset some 
difficulty m·er language. Dr. Raushenbush uses some 
important terms in different senses than I do. \Vhat he 
calls exploitation, I would call mal-exploitation or over
exploitation. Exploitation of resources of itself is a 
normal process and not evil in any sense. Likewise for 
depletion. You will find the prefixes "mal" or "over" 
attached to exploitation and depletion in what follows 
except in direct quotations from Dr. Raushenbush's 
paper. There is a possible similar confusion even in his 
nse of the term conservation. 

The phase of Dr. Raushenlmsh's paper that most 
needs supplementation is its population phase. I shall 
therefore begin \Vith his statement of four alternatives 
for his under-developed parts of the world, Asia, Africa, 
and South and Central America, with its present popula
tion of 1,625 million, and, given food, of prospective 
2,936 million in the year 2000. What Dr. Raushenbush 
has here done is in effect to analyse the food problem of 
the world in terms of two worlds. Most of those who 
discuss population and resources these days do it in 
terms of one world, as if, as I have been saying over and 
over for emphasis in the last two years-as if the popu
lation of the earth were one vast drove of hogs feeding 
out of a common trough. It is surely better to talk about 
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this problem in terms of two worlds, rather than one, 
but still there is much danger that we shall be led astray 
by it. We are neither one world nor two so far as food 
production and use are concerned-and this is equally 
true for most other resources-but instead a complex of 
social aggregates of varied types and descriptions, and 
we must do our thinking in terms of this complex if 
we are to be realistic or even truthful. 

Some of you may say that I am denying the objectives 
of the United Nations when I speak thus. If you do, 
I can only say that you are just another of those muddle
headed persons who plague all serious undertakings in 
world collaboration. The Hot Springs Conference that 
gave birth to the F AO stated very clearly the sound 
basic principles involved. After proclaiming its objective 
of food enough for all peoples, the Hot Springs Con
ference then'said that the attainment of this goal was an 
undertaking for each nation, that each nation must 
work out its own adjustment of food and population; 
and then it added: The several nations can, however, 
attain this goal much sooner if they help each other. It 
is this helping of each other which should be the 
programme of the FAO. 

This Hot Springs statement was in terms of nations 
as social aggregates. They are, for some purposes, but 
for resource-use purposes some other aggregates may 
easily be more significant. To illustrate, for purposes of 
food-resource analysis, the several different groups of 
nations who stand in the relation of exchanging food 
for other products with each other are important social 
aggregates, and in the main these groups work out 
within themselves their own particular adjustments of 
population and food supply. To be sure, they may 
supply some types of food to other aggregates, but no 
large amounts of them. 

To make this point clear, so far as food is concerned, 
the aggregates to which the United States and India 
belong are different aggregates, and no large movement 
of food from the United States to India is in prospect, 
for the simple reason that India cannot buy such foods, 
and as Dr. Raushenbush fully realizes, the United States 
is not going to ship much free food to India; and hence 
what happens to the adjustment of food supply and 
population in India will have no large effect on food 
production, prices and consumption in the United States. 

If nations as such are to be differentiated in any way 
for purposes of food-resource analysis, by all odds the 
most significant basis is the relation between population 
increase and increase in food supply in each country. If 
the supplies of food and of other consumer goods are 
increasing faster than the population, levels of living are 
rising. One calculation has been made to the effect that 
40 per cent of the peoples of the earth are living in coun
tries where levels of living have been rising importantly 
in the present century. A recent analysis (Colin Clark's) 
indicates that this estimate is much too low if we accept 
small increases. The history of civilization will, in the 
future as in the past two centuries especially, be a history 
of more peoples being added to this forty or larger 
per cent, whatever it is. The prime objective of the 
United Nations is to accelerate the rate of this addition. 

If the foregoing is the true picture of modern history, 
to discuss the food problem of the world in terms of 
percentage annual increases in world totals is the worst 
kind of confusion. I shall have to add, Dr. Raushen
bush, that the offence is only a little less when you put 
Asia, Africa and South and Central America all in one 
total. 

And the food-resource-population problem, and other 
related resource problems of these three continents, are 
not going to be resolved, in any sense of the word, by or 
for, the peoples in these continents as one group, and to 
analyse four alternatives for them as one group is more 
confusing than helpful. 

The second major respect in which I wish to clarify 
Dr. Raushenbush's paper has to do with his treatment 
of the risl~ factor in part II. The risk which he describes 
as all-important in checking conservation is that which 
arises in the swings from booms to depressions in our 
economic system. I do not deny their considerable in
fluence; but far more important as a check is another 
kind of risk, that for some reason I do not sense he 
avoids calling by name anywhere in his paper. It is 
the risk that the remaining virgin supplies of these re
sources will keep the price down to a level that will not 
compensate him for his investment in a more intensive 
use of resources. Frequently associated with this is the 
risk that new technology will increase or cheapen the 
supply. 

The timber situation in the United States illustrates 
the foregoing simply. In spite of all of the very free 
exploitation of the forests of the United States, the 
stumpage prices of a large majority of the types and 
grades of timber in the United States are still kept so 
low, by timber that grew without benefit of any manage
ment. that only very circumspectly most timberland own
ers dare venture more than simple extensive woodland 
management practices. Most of our virgin timber areas 
have been cut over, it is true, but large virgin resources 
of other species, particularly hardwoods, remain after the 
first logging; and natural reproduction following cutting 
has added still more. The major retarding factor in 
adoption of woodland management practices in this 
country from the Lakes states east is a sufficient de
mand for the timber that needs to be cut out as the first 
step toward sustained yield management. 

One of the main ideas that I obtained from the dis
cussion of the petroleum situation on Monday is that 
the industry may well lag in its discovery operations 
because of the fear that new oil fields will break the 
market. I have heard it rumoured that some of our 
state governments have a similar fear, and are even 
doing something about it. 

So far as agriculture is concerned, this country is 
still in a large way drawing from virgin resources of 
plant nutrients, and will continue to do so for a long 
time, and the same is true of large areas in other lands, 
and this helps to keep prices of agricultural products so 
low that farmers in these and other areas dare not risk 
more intensive forms of use. When they do, they are 
likely to choose what is usually the cheapest form of 
intensification, namely using commercial fertilizer. 
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Dr. Raushenbush makes bold to predict generally ris
ing prices of agricultural and other raw material prod
ucts over the next fifty years. I boldly predict that he 
is dead wrong so far as agriculture is concerned-except 
in a few countries that may possibly develop their manu
facturing faster than their agriculture. I do expect land 
values to rise, however, because technological advances 
will increase net returns even with no rise in prices. 

Of course Dr. Raushenbush is right that making credit 
available, under suitable repayment terms, at 3 per cent 
interest, instead of inappropriate terms of 5 per cent 
interest, will make a tremendous difference in what 
investments in more intensive land or other resource 
use can be ventured with reasonable safety. One of the 
important developments which the United Nat ions and 
its member organizations can sponsor to great advantage 
i~ this kind of credit. He is right that governments can 
properly take a hand in this if private credit agencies 
do not sense their opportunities. 

But a strong warning needs to go with this, to the 
eJtect that credit of this sort could be over-extended with 
v:!ry great ease. To illustrate for agriculture in this 
c•mntry: if no more than half, or even a third, of the 
fecrmers in the United States borrowed what they would 
need to put their farms on what our farm planners 
consider an efficient and productive basis, the agricul
tnral surpluses of this country would double. 

Dr. Raushenbush has presented to you in bold out
lines the failure of competition to give us proper con
servation in this country. No one who knows my work 
as an economist would ever describe me as one who has 
hesitated to criticize the workings of competition. But 
I shall have to say that it has worked much less "badly" 
in conservation than he indicates. I shall even venture 
to say that if the professional conservationists of this 
country, and of many other countries, were given a 
free hand to say how our farm lands should be used, 
and what practices should be applied to them, and the 
kind of credit and other aids to implement their ideas, 
they would not do as well as our competitive system has 
done. 

There is in the balancing of present and future uses an 
optimum that represents the best long-run return. I am 
vvilling to concede that probably we have over-exploited 
our food resources in this country and by so doing, 
reduced by a little the food part of this long-run opti
mum. But I am not sure of it. I am more sure that if 
the professional conservationists had been running the 
show, they would have come out farther away from the 
optimum than we now are, but on the other side of it. 
And mistakes on one side are as serious as on the 
other-neither can ever be unmade. 

Now as for our other resources, I am in no position 
to have a judgment-especially for mineral resources. 
But before we are sure that we have over-exploited our 
resources as a whole, we must ask ourselves two ques
tions and answer them definitively: The first is: Is our 
present level of living lower than it otherwise would 
have been because we have used our resources too fast? 
The second question is : Are future levels of living going 
to be lower than the present because we have used our 
resources too fast? Dr. Raushenbush apparently an
swers "yes" to both of these questions. Otherwise he 

would not be speaking of us as "having lived through 
many generations in which both high and low prices 
have brought exploitation and wasteful use of resour
ces," or saying that as a result of having "left our 
resources future to the mercy of a competitive economy", 
we now "find ourselves with a depleted resources base". 
Speaking as an economist who arrives at answers as 
calmly and objectively as possible, and chooses his 
words carefully, I shall have to say that in nothing that 
I have read on the subject have I found definitive proof 
that the answer is "yes" to either of these questions. 

If you ask instead the question: Could we have used 
our resources more efficiently so that levels of living 
and of ·work would be higher than they now are, we can 
very safely answer "yes". We can safely go further 
and say that the long-run optimum which we are seeking 
can be made into a higher optimum if we can find more 
efficient ways of using our natural and human resources 
combined than we now have, and then get these ways 
practised. It is this that is the sole objective of true 
conservation. It is of course, also the objective of 
society's utilization of resources. This Conference has 
been called a conference on conservation and utilization. 
It was practical wisdom to put both words in the title. 
But in effect the two terms bring us out at the same 
place. 

When we come to the last section of Dr. Raushen
bush's paper, I must agree fully with him as to the need 
of developing agriculture along with industry in an 
under-developed country. Such explorations as I, and 
my former student, P. K. Chang, whose recent book on 
industrialization of an agricultural country I hope many 
of you have had a chance to read, have been able to 
make, indicate that in general, agricultural revolution 
has accompanied industrial revolution and has kept 
pace with it. It happens, however, that at the particular 
period in history that the so-called "Industrial Revolu
tion" was taking place in \Vestern Europe, a new con
tinent, or two, was being settled, which provided a place 
where manufactured products could be used to buy food, 
and in consequence Great Britain, Belgium and some 
other countries acquired populations far larger than they 
could feed with their own agriculture. But the situation 
that made this possible no longer exists in the world. 
From now on, the countries that industrialize will have 
to find most of the markets for their manufactured goods 
in their own countries or countries close by. Japan, I 
think, marked the turning point in history in this 
respect. But Japan is now faced with a problem of more 
industry than market. \Ve are all keenly aware that 
this is true in part of Western Europe. We have no 
right to blame these countries for their present over
large industrial populations. It was world conditions 
that caused them. Instead, we should help them in any 
way that we can. And most of such countries have their 
population increase under such control that we can 
really help them by accepting emigrants from them, 
and in many cases help ourselves at the same time. At 
least, many of the undeveloped countries can. 

But although in the past, agricultural and industrial 
development have usually come together, this does not 
mean that this will take place inevitably in all the un
developed countries. The United Nations and the FAO 
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do need to watch the evolution in these countries care
fully from this point of view. 

A final word on population. Dr. Raushenbush began 
with it and so have I. Much more important in deter
mining the level of the long-run optimum which we 
have been discussing, than any levels of efficiency of use 
of natural resources, is the number of persons who 
must be fed, clothed and housed at the optimum. The 
range among countries in per capita real income and 
level of living can be as wide as 1 to 20 because of 
population differences alone. No doubt there were good 
reasons for leaving population off the programme of 
the Conference. But to leave it out of our thinking is 
almost like playing Goethe's Faust without the villain. 

The CHAIRMAN : I wish to express our appreciation 
for Dr. Black's excellent contribution to our discussion. 
The two addresses that have been made are now open 
for general discussion by the conferees. 

In order not to waste time, I shall take the oppor
tunity to say a few words myself, and I hope I shall be 
followed by other speakers. I am most grateful to the 
two speakers, Dr. Raushenbush and Dr. Black. \Vhen 
listening to Dr. Raushenbush, I had the same idea that 
Dr. Black had, that to bring together the over-popu
lated countries of Asia and the less-densely populated 
countries of Africa and Latin America simplifies the 
problem too much. I think that, without any doubt, 
there is a very vast field for the development of agri
culture, mining and industry in Africa and Latin Amer
ica. The problem there will be how to get the people 
to these countries, and which nationals would be able 
to and willing to go to work in the tropical regions. 
Probably the population of Africa itself wifl not be able 
to fill the whole continent in reasonable time, but for 
Asia I think the problem is quite different, and for 
India, China and Indonesia, and especially for Java 
where there are old civilizations and over-dense popu
lations, I think the factor brought into the discussion 
hy Professor Black on the availability of virgin resources 
is very important. \Vith the technology that was at 
hand in these countries, they have used up most of the 
virgin resources, and so the problem is one of better 
use of existing resources. That does not apply, I think, 
to mining or to more modernized industry, but it fully 
applies to agriculture. 

In these countries, the first and main problem must 
be the living standards of the people with regard to 
food. We have been talking about this a great deal at 
this Conference, and rather optimistically. Especially 
when we see the possibilities of synthetic fat and semi
synthetic fat from micro-organisms, one might say one 
can industrialize food production so that there is no 
danger of real hunger in the world. But I think the 
quality of the food is more important. Protein and 
vitamins are important, but one does not get that from 
synthetic fats, and from carbohydrates in general. They 
are very easy to produce, and the production of sugar, 
of starch and of other carbohydrates can be increased 
very largely. 

For me, this Conference brought out two things which 
I think are very important. There is a possibility to 
catch much more fish and there is a possibility to grow 
food yeast. Now let us see what we can do with these 
two resources of protein and vitamins. It would be pos
sible to double the annual consumption of fish, which is 

now 6 kilogrammes per capita for about one billion 
people who have a lack of proteins. That would mean 6 
million tons of fish. The fishery people here say that that 
is possible. That is 30 per cent of the present sea fisher
ies, and that can be attained, and probably attained by 
comparatively small investments. 

With reference to food yeast, a man can eat ten or 
11 grammes a day, that is, 4 kilogrammes a year, without 
bad results. Again, 4 kilogrammes of yeast means 4 
million tons of food yeast for a billion people. That is 
possible. It is quite an industry, and it will ask for 
large investments, but can be developed by minerals and 
cheap molasses or other starch or sugar food for the 
yeast. 

These are two measures which are within our reach 
now, and they will give 10 grammes a day of valuable 
protein to one billion people in the world. I think that 
if we go beyond these figures, the difficulty of feeding 
the increasing population is large, but here is something 
which can be done and which is not very expensive. It 
is a problem on which the nations and the governments 
ought to work together to see whether, with the very 
difficult population problems, something could be 
achieved. I put this before you. 

The CHAIRMAN : I call on Mr. Coppock of the 
Preparatory Committee. 

Mr. CoPPOCK: I should like to ask Dr. Raushenbush 
whether there is not an air of unreality about his pro
posal and about the seven points setting forth the condi
tions of economic development. They all stress the 
widespread use of energy, large scale production, and 
so on. The less-developed areas of the world are in 
many cases small countries where the national state is 
the dominant controlling force-which Dr. Black has 
emphasized-more or less directly making the country 
a discreet social aggregate. Now, I wonder, if the na
tiona) state system is as strong as it seems to be and if 
Dr. Raushenbush's words mean what they seem to 
mean, how \Vould he combine the conditions of large
scale operation with the other and apparently contra
dictory conditions imposed by the fragmentation of the 
world into so many national state systems? 

Mr. RAUSHENBUSH : 1Ir. Coppock's point is a very 
important one. He has said that my paper insists that 
it is a condition of economic progress that each country 
or each area carries out its development in the way to 
get the greatest efficiency, that is, on a large scale. He 
asked : Is that possible in many areas which are small 
and where the markets are small? I think you will 
find in my paper, if you read it carefully, a statement 
that it is in the fabrication rather than in a few big 
units of high-cost chemical or steel plants that the ad
vantages of both employment and wealth are found. 
I would answer his question by saying that if we stay 
on the small nation basis, it is almost impossible for 
a small nation to have a plant that itself competes with 
the materials it could buy outside, if it had the exchange 
to pay for them. 

However, this does not vitiate my point that it is 
desirable for that small country-or large country-to 
have as efficient a large-scale plant as it can possibly 
have. And it would be even desirable and necessary
desirable anyhow-for it to consider marketing in over
lapping political areas. For instance, in Central Amer
ica, in which I have travelled and worked, and am 

214 



interested in, it would make far more sense, I would 
think, for the five Central American Republics to do this 
planning, not only for power but for their fabricating, 
together. It would make a lot more sense, and it would 
get the utmost of large-scale advantage in distribution. 

Those areas will never be as large as in a country 
like Russia or the United States where the tariff free 
market is very large. But these nations should get the 
most area they can. I do not know whether that quite 
covers your point, but that would be my answer to it. 

I should like to speak a little bit to Professor Black's 
points, because I think they are of more than immediate 
importance. I was happy to have him spend some of his 
time on this paper; but I am sorry that he and the 
Chairman got into a kind of confusion about my "two 
v;orlds". If I were creating two worlds, I \Vould not 
think of creating those two worlds. The only reason 
I brought them into being was for statistical purposes, 
U give a picture of the order of magnitude as to what 
certain things \VOuld cost. The whole point of the first 
r·art of my paper was alternative methods of resource 
application. I was not trying to find a smooth way of 
cistributing the world's food resources. Apparently, 
since it hits both Professor Black and the Chairman the 
same way, it was a mistake to try that. But I find no 
< uarrel with the criticism there. It was done for statisti
cal purposes and not for creating any new idea of world 
food distribution better than that which the F AO is 
doing. I did not have time to do that in my idle 
moments. But I did find something a little disturbing in 
Professor Black's comments about need, because having 
said that two worlds are bad, he went on to say that one 
world was worse, and came back to the idea that these 
nrious nations would have to take care of their own 
food supply pretty much in their own terms. 

Well, I do think that there is some major point of 
difference between us there. 'Ve are thinking of the 
living over the next fifty years, together in this world, 
where great masses of the population, as you all know, 
in the under-developed countries, have tasted a little 
more good of life than they ever have before, and 
where the demands are going to be large. I do not see 
where the food-rich countries and the food-poor coun
tries are going to go in their own separate ways quite 
as easily as I read into Professor Black's remarks. This, 
I think, is a major disagreement. That came up again 
in his last words, that people in countries with an income 
disparity of 20 to 1 could live happily together. We 
have disparity in this country between our southern 
states and northern states of about 7 to 1. It does not 
lead for any particular happiness and could lead to some 
friction. 

The second point, I think, was a misunderstanding, 
pure and simple. I gave elaborate charts, over a hundred 
and forty years, for several conservation areas, showing 
that the price of the product was not always sufficiently 
high to cover the fanners' costs, and they would have lost 
through conservation on a high interest basis. There 
were also a few figures for cost basis for cotton, and the 
few years available for 1910 and 1940. Those prices 
were the very result of all the worries about future sup-

, plies, new supplies coming in, and all of that. They are 
all involved in that. I would be happy to label them also 
as a risk. But I assumed that the price showed all those 
things, and expressed the risk. 
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vVe have a second major disagreement on rising 
prices. I think that the demand of labour around the 
world, the growing scarcity that the scientists-most 
of them here, not all of them, but most of them-feel 
exist in many of our raw materials, the increasing de
mand of industrializing nations, old and new, is going 
to drive prices up for fifty years. 

vVith respect to the statement of whether conservation 
planners could have done better, Professor Black and 
I have a somewhat more identical position about that 
than he indicated. I pointed out that if our conservation 
planners had gotten hold of this country, back when it 
was started, we would be able to live on the income 
without taxes. vVe could have had a fortv-two billion 
dollar budget without taxes, but, as I said, we would 
have been a very small nation. And again, I said there 
would be the question of opening up our frontiers only 
on the condition of getting excellent conservation and 
land prices. I think that our agreement is better than 
our public statement on that, that we probably agree that 
we could have done things more efficiently in the past. 

I take it that one of the reasons why you are all here 
at this Conference is because there is some real worry 
about whether we are going to do as efficiently, with 
what we have left, for the future. Anybody, whether in 
a controlled economy or a non-controlled economy, 
could have over-exploited this country and had this 
type of civilization. We did well by it. Other people 
might have done equally well by it. That is still not 
quite the question. The question is whether increasing 
prices of oil are necessary, whether increasing prices of 
lumber and all other resources are necessary to the 
degree we get them in every shortage period, as we got 
them in 1946, 1947 and 1948. I think that we can be 
seriously concerned about that for the future, and use 
our minds a little bit to figure out whether there are not 
better ways than the present and past ways which we 
have used, to handle them. The question is not whether 
the conservation planners would have done it better than 
anybody in the past. I myself think we would have 
been a very different nation. 

Another point, and the last one which Dr. Black has 
spoken about, concerns many of you here, I think, very 
seriously, and I do not think I shall comment on it. I 
just think I will call it to your attention. He said that 
the industrialization around the world was now such 
that most of the under-developed countries could not 
expect an export market for their products. I think 
that deserves a considerable debate on its own at this 
point or some other point, because if that is correct, 
then industrialization of the under-developed areas must 
take a very different form. I think we should be glad 
that somebody has stated that idea at this Conference
and somebody with Professor Black's authority; because 
if that is true-that they are not only going to be able 
to export a little but, by and large, practically nothing
then the type of development they plan for their own 
countries and their need for joining together, not onlv 
with linked-up water systems, but their joining their 
economies in order to get as large a market as possible, 
goes all the >vay across the board, and not only in 
Central America. Then it will have to be done in the 
Near East, and in all of Europe. I think that is worth 
some discussion. 

The CHAIRMAX: Time is running out fast and we 
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still have a very important second part of our meeting. 
In fact, the time is about over now for the first part, 
but there is still an opportunity for people who would 
like to contribute to these most important points that 
have been raised. 

If there are no remarks now, there may be some after 
we have heard the following three speakers. They are 
about conservation and utilization practices in different 

countries. The first paper we have before us is from Dr. 
Keen, the Director of the East African Agriculture and 
Forest Research Organization. We regret that he is not 
with us, but his paper will be presented by Dr. Clay, 
Agriculture Adviser to the Secretary of State for the 
Colonies in London. 

Mr. CLAY delivered the following paper prepared by 
Dr. B. A. Keen: 

Application of Simple Conservation 

and Utilization Practice 
B. A. KEEN 

ABSTRACT 

An examination is made of the reasons for the difficulties of introducing improvements into the back
ward agricultural systems, including the indifference or even resistance of the peasants to self-evident 
improvements. Stress is laid on the importance of the economic factor because, the simpler the rural 
organization, the more involved, and yet less obvious, are its economic problems. Three traditional sys
tems are discussed involving respectively, village or communal land ownership, fragmentation by inher
itance, and the native African system, where ownership in our sense hardly exists. It is shown how the 
rights and customs arising from these systems have created almost insuperable obstacles to the introduc
tion of improvements, no matter how obvious their advantages may be. The rights and customs are so 
ingrained in the social system that there is no practical way of removing them, short of an agrarian rev
olution. But they can be circumvented, and thus left in harmless operation. The device is essentially that 
of the public utility corporation in which is vested the responsibility for the proper use, although not 
necessarily the ownership, of the land, The arrangement is exceedingly flexible, applying equally to the 
Sudan Plantations Syndicate that operates 400,000 hectares, and to the simplest form of group farming. 

The documents defining the purpose of this Conference 
have, very wisely, stressed these fundamental points: 
( 1) The development of a single, and apparently simple, 
improvement in land utilization may involve many 
sciences ; for example, terracing in soil conservation 
raises problems not only for the engineer, but for soil 
physicists and chemists, and hydrologist as well. (2) 
Conversely, a single development has usually to be 
combined with others if it is to have any practical use; 
thus, work on improved breeds of cattle must be ac
companied by investigations on better fodder crops and 
on improving the agronomy of existing ones, because 
better cattle require better quality food. ( 3) All develop
ments must be on a sound economic basis ; this may 
seem, as indeed it is, a truism. And yet it is so often 
ignored, and much money, effort and enthusiasm are 
wasted in introducing some improvement that is bound 
to be dropped once the artificial incentive is withdrawn. 
Therefore, this paper deals mainly with the economic 
and the associated sociological difficulties inherent in 
the peasant or family-farm systems of agriculture, and 
the obstacles thus created, to the introduction of technical 
improvements. It does not deal in any detail with the 
numerous small-scale improvements in land use and in 
rural developments, but selects typical ones to illustrate 
the main theme. 

In the large-scale plantation type of agriculture in 
the tropics, and in the modern mechanized systems of 
the industrialized countries, the mistake of thinking that 
agriculture is solely a "way of life" and not an industry 
is now rare. But the farther we go down the scale 
towards the peasant family-farm the more easily are 
the economic factors overlooked. There seem to be two 

main reasons. Firstly, the peasant-farming life is the 
happy hunting ground of those nostalgic people who, 
enjoying all the amenities of modern civilization, have 
their eyes fixed on an imaginary past. They look back 
to the time of a happy, contented, and healthy rural 
community that was ruthlessly uprooted by the change 
from communal ownership to individual freehold land, 
and then destroyed by the Industrial Revolution. But 
that Arcadia never existed, as every serious student of 
social history knows. The second reason why economic 
factors are often overlooked is the paradoxical one that 
the simpler the farming system the more involved, and 
yet, the less obvious, are its economic problems. One 
simple illustration may be given. It is self-evident that 
little progress can be made in the more primitive peasant 
communities until all the children have at any rate the 
rudiments of education. The resistance by parents to 
compulsory child education may be, and often is, ex
pressed in terms of conservatism and suspicion ; but the 
real reason is that child and woman labour is an eco
nomic foundation of peasant-farming systems. An 
essential economic difference between primitive agricul
ture and all other forms is that its working capital is 
humans, not money. Economic factors pervade the 
whole community structure. Trevelyan puts it with 
epigrammatic simplicity : "the social scene grows out of 
economic conditions to much the same extent that politi
cal events in their turn grow out of social conditions". 

The inescapable conclusion is that any attempts to 
improve peasant agricultural practices within the frame
work of that system must fall strictly within the eco
nomic limitations which, in this type of farming, are 
themselves at a low level. Progress must therefore be 
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slow, even imperceptible, and will usually be more than 
offset by an increase in the population. There is the 
further difficulty that many land-use procedures and 
rr.any land customs, often amounting to taboos, exist in 
the social structure of the more primitive peoples. Many 
01' them are so wrapped up in obscurities of the forgotten 
past that they cannot now be explained even by those 
who practise them, and can only be elucidated by patient 
anthropological research. This has always to be borne 
in mind by those whose duty it is to try to raise peasant 
agricultural standards, because it often explains the 
exasperating indifference or even refusal to adopt im
provements whose self-evident value is freely admitted 
by the peasants themselves. 

The land-use and land-inheritance aspects of these 
social structures can be broadly divided into three types. 
The first springs from community or village ownership 
of the land and the right of the individual cultivator to 
a fair share of both the good and bad land. This found 
e'\:pression in strip cultivation, each man being allocated 
each season, a number of these strips scattered over 
the area. It was for many hundreds of years the stand
ard practice in Western Europe until the ancient three
field system of which it was an integral part, was 
r•=placed by enclosures. In the Middle East it exists 
today, noticeably in the broad plain of north-east Syria 
where strips only two to three metres wide but a kilo
metre or more in length can be seen. 

The second type arises from individual ownership of 
land which is divided equally among the heirs. This 
leads to successive fragmentation until an owner pos
sesses a number of scattered pieces each surrounded by 
fields belonging to others. It is found today in the 
countries formerly part of the Turkish Empire, and in 
India, where it reaches its extreme form. Thus in 
Bengal, in spite of the food requirements of the teeming 
population, at least three per cent of the area is per
manently out of cultivation because it consists of bound
ary ridges and of excessively minute plots. 

The third type of land custom is found over much of 
Africa. It is too nebulous to be summarized, because it 
is a vague but complicated joint responsibility of the 
living and of ancestral spirits, that expresses itself main
ly in rights of land usage and not land ownership. In 
fact, in our sense of the word, ownership, even commu
nity ownership, does not exist. 

Within the framework of these traditional customs 
even simple and obvious improvements meet with diffi
culties. No discussion of the thorny problem of indi
vidual versus community ownership is necessary before 
reaching agreement that the farm within a ring-fence, 
and under a unified direction, provides far better and 
easier opportunities for improvement than any of the 
three traditional systems just mentioned. 

In the case of the three-field system with strip farm
ing it is impossible, in practice, to grow a different crop 
from one's neighbours, or to attempt systematic im
provement of animals which, even if they are individual
ly owned, have nevertheless to range in communal 
herds. Nor can terracing and contour ploughing be 
introduced on sloping erodable lands, because, to ensure 
equal treatment for each member, the strips must run 
up and down the slope in spite of the fact that cultiva
tion in that direction invites erosion. 
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In the case of the system of fragmented ownership 
similar difficulties arise, which are intensified when the 
fragmented inheritance extends also to the water rights, 
as in Cyprus, and even to trees of economic value, as 
for example, to date palms in the Northern Province of 
the Sudan. 

The biggest problem in the traditional system of 
Africa is, of course, that the absence of a sense of land 
ownership, even by the community, to say nothing of 
the individual, necessarily also means the absence of any 
sense of responsibility for the well-being of the soil. 
Although the inculcation of this idea is a slow process, 
the system has one advantage, in that the institution of 
remedial and conservation practices is not beset by the 
obstacles that exist in the strip-farming and fragmenta
tion systems. 

It will be apparent from what has already been said, 
that in the strip and fragmentation systems the form of 
land ownership and the customs arising from and dic
tated by it are the crux of the problem of improvement. 
But the form of ownership is so deeply rooted in the 
social system that its removal except by the brusque 
process of an agrarian revolution, is impracticable. 

However, it can be-and, indeed, has been--drcum
vented. An excellent example-one that ought to be 
far more widely known-is the Sudan Plantations Syn
dicate that operates on the area of 400,000 hectares in 
the Sudan Gezira. The land grew formerly only rain
grown dura. It is now under irrigation, with cotton 
as its cash crop, and it produces from a fraction of the 
same area more dura than the whole area previously did 
and a fodder crop is also included. The tenant farmers 
make a comfortable, indeed a prosperous living, and in 
addition the Sudan Government revenue has greatly 
benefited from the higher tax receipts that this thriving 
area produces. This remarkable achievement was based 
on a concessionary lease to the Syndicate from the Su
dan Government, who leased the area in the first place 
from the owners who, with their assured and steady 
rental, are at least as well off as before. The Syndicate 
divided the area into farms whose boundaries bear no 
relation to the original ones, because they are fixed by 
the requirements of the irrigation system. The farms 
are let to tenants, and first choice is given to the orig
inal owners and their relatives. The lease is designed 
to give all the essential advantages and incentives of 
private ownership, without the power of sub-leasing. 
The Syndicate undertakes many services for the tenants, 
including the work of power cultivation needed in this 
heavy soil, and markets the cotton. 

But the most significant feature is that the death of 
one of the landowners no longer has its former c<Jnse
quences. The rental is divided among the heirs ; so too 
is the land, but this is merely a division on paper, with
out any effect whatever on the operations of the Syndi
cate and their tenants. The traditional and ingrained 
custom continues, therefore, unaltered, but shorn of its 
harmful and restrictive effects. 

There are other examples from the Middle East of 
this type of organization. They have been fully described 
by the writer in a published report on Middle East agri
cultural development and need not be further discussed 
here. They include two other schemes in the Sudan, 
the Jewish settlements in Palestine and the Italian 
colonization schemes in Libya. These schemes differ 
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widely in their origins, methods, aims and ideals. But 
the outstanding fact is that they all possess one feature 
in common : they have got round the biggest obstacle to 
progress, namely, the throttling effect of the existing 
form of land ownership and its associated customs. 

The device they have employed for this purpose is 
one in which the responsibility for the proper use of the 
land is vested in a corporate body on the public utility 
corporation model. There need be no rigidity in the 
form of the corporation. It can be a development body 
set up by the government, or a private company with 
statutory obligations. It can work on indigenous or 
foreign capital or both. It can be a co-operative society 
of farmers themselves. It can own the land, or lease it. 
In fact, its constitution can vary within wide limits 
to suit the conditions and the stage of social emergence 
of the people, provided that it is also vested with the 
authority for ensuring the proper use of land by attach
ing suitable conditions to its own sub-leases and to 
capital loans. 

The general principle is, therefore, so flexible that it 
applies equally to a vast undertaking like the Sudan 
Plantations Syndicate and to the simple conception of 
group farming by African cultivators. In the writer's 
opinion it is certainly the quickest, and perhaps the only, 
way of opening the door to technical improvements in 
backward agricultural systems. It is inconceivable, for 
example, that the ancient three-field system could have 
been adapted to the four-course rotation which, with its 
new crops-turnips and clover-greatly raised both 
animal and crop outputs besides building up soil fer
tility. But, with Enclosures, the new crop rotation was 
adopted without difficulty. No one would suggest that 
the Enclosure movement was based on the ethics of a 
public utility corporation but it did share its essential 
features : it provided incentives and reward for personal 
efforts; it facilitated the introduction of technical im
provements; above all it simplified and focused the 
responsibility for the proper use of the land. 

The stress rightly laid in this Conference on the 
complicated interrelations of even simple improvements 
gives special point to the advantages of the public utility 
corporation procedure. This body can take an over-all 
view. It can integrate the social, economic and tech
nical aspects of the various improvements to be intro
duced. Thus, the Sudan Plantations Syndicate deals 
as one problem, with matters as diverse as the highly
skilled business of marketing the cotton; the introduction 
of new varieties, the development of the best crop rota
tion (which was one of their biggest technological 
problems), the development of village amenities and 
the supply of consumer goods to enable the tenants to 
make the best social use of their improved financial 
position. 

Again, any improvements based on the use of water 
resources probably defeat their own ends if done on an 
ad hoc basis instead of taking the catchment area as the 
unit. Thus, the water supply for the town and industries 
of Haifa in Palestine was causing concern some years 
ago because· of the increased use of irrigation water by 
the Jewish settlements. To take another example from 

earlier history, the highly fertile Fen District of England 
consisted of isolated and precarious patches of reclama
tion until a new drainage system was introduced which 
dealt with the area as a whole and not piecemeal as 
hitherto. 

It is significant to the main theme of this paper that 
the idea of a unified consideration of the conservation 
and utilization of resources, which is inherent in the 
public utility corporation method, has already been ap
plied, on its own merits. Thus in the native areas of 
East Africa and elsewhere, both district and provinciai 
teams are functioning, consisting of government officers 
resident in the area. The chairman is the local District 
or Provincial Commissioner, and the members are the 
local officers of the Agricultural, Veterinary and Forest, 
Permanent \V orks Departments, etc. This body is able 
to assess the impact on the other departments of an 
improvement advocated by one, and to keep the various 
separate aspects of development in step. It should be 
noted, however, that this arrangement would have 
limited application in countries where rights and usages 
of land ownership exist, as in the strip cultivation and 
fragmented inheritance systems. In those cases the 
assumption by a public utility corporation of the es
sential rights that bar progress is necessary. It is mainly 
because land ownership scarcely exists in most of native 
Africa, that the district teams can do useful work in the 
conservation and improvement of land resources. But 
there would still seem to be a case for instituting some 
form of public utility corporation both for providing the 
statutory powers required for the inauguration and 
operation of certain kinds of development, as well as 
for creating an impartial body in which land rights can 
be reposed, before the otherwise inevitable growth of 
vested interests leads to problems analogous to those 
already described for the strip and fragmented owner
ship systems. 

The writer's personal conviction, arising from some 
considerable study of rural improvement problems under 
varied agricultural and land-use systems in many coun
tries, is that the difficulty with the backward agricultural 
systems lies not so much in finding suitable technical 
improvements. These already exist in quantity, they are 
being constantly added to by scientific research, and 
many of them have already produced highly beneficial 
results elsewhere. The real difficulty is to introduce 
them, for their cutting-edge becomes blunted by the hard 
core of rights and customs that exists in, and is, indeed, 
synonymous with, the backward agricultural systems. 
The public utility corporation conception provides the 
means by which this resistance can be rendered harmless 
in its operation. 
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The CHAIRMAX: I wish to thank :\Ir. Clay for the 
presentation of the paper of Dr. Keen, and for the big 
contribution which he himself made to that paper. \V e 
have now heard about the development of rural people 
ir British colonies, and I am glad now to introduce 
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Dr. Coady, Director of the Extension Department, St. 
Francis Xavier Cniversity, Antigonish, Nova Scotia, 
who will speak about the development of rural people in 
another part of the world, in Canada. 

Mr. CoADY delh•ercd the following paper: 

Organizing Rural People for the Proper Use 
and Conservation of Natural Resources 

M. M. COADY 

ABSTRACT 

Ignorance and lack of ownership on the part of the people explain their misuse of natural resources. 
Profit-making and power seeking as a primary motive in the developing of resources has been another cause 
for the misuse of natural resources. Correcting this situation will give us the clue to the proper use and 
conservation of resources. The general answer is enlightenment. This calls for the universal mobilization 
of people for adult education. The technique of effectively doing this is demonstrated in the adult educa
tion of the three eastern Provinces of Canada; Nova Scotia, Prince Edward Island and New Brunswick. 
The basis of this programme is the discussion circle. Common people in all the vocational groups, farming, 
fishing, lumbering, mining and common people everywhere, have been organized during the last twenty years 
for continuous adult learning. Their thinking issues in individual and group economic action. This group 
action is economic co-operation. About 60 per cent of the people of Eastern Canada are now operating 
co-operative activities in the four main fields of economic action-money and credit, marketing and proc
essing, merchandizing and the field of services. These activities condition the people to take a greater in
terest in their society and supply the dynamics for the scientific use and conservation of their natural resources. 

A proper appraisal of the nature of Man and his 
relation to the universe will give us the clue for a 
programme for the proper use and conservation of 
natural resources. It is in the very nature of things that 
the earth and the fulness thereof is for Man. Natural 
resources, therefore, fulfill their purpose ·when they 
minister to human life on this earth. This is their mani
fest destiny, so to speak. Proper use and not abuse is, 
therefore, the rational and hence, scientific way of ex
ploring and developing Nature. This should immedi
ately dictate to us the wisdom of, first, consuming at 
the rate of "holding out" in those things such as minerals, 
that are exhausted with use and cannot be replaced, and 
second, replenishing wherever possible the materials that 
are destroyed by use. This is the positive side of the 
picture and lays the foundation for the proper use and 
conservation of the resources of the earth. 

The negative side of the picture is even more illumi
nating. The story of Man's misuse of and failure to 
conserve his natural heritage should also guide him in 
arriving at a scientific procedure for the future. Past 
performance should be terrifying to us all ; the correc
tion of the sins of the past will give the blue-prints for 
the future. If we get clearly in mind the reasons why 
Man abused, rather than used, the natural resources 
of the earth, we have the answer we are looking for. 

REASO~S FOR PAST BEHAVIOUR 

There are three evident reasons that explain our 
misuse of natural resources in the past. 

( 1 ) The first is just plain ignorance on the part of the 
human race. Man did not know how to treat the earth; 
he did not know how to farm ; he was ignorant of the 
fundamental sciences of biology, chemistry and physics. 
Many parts of the earth that were at one time fertile 
and have long since become deserts are testimony to 

his stupidity. This is particularly true of the Old World, 
and according to many authorities, the inhabitants of 
the New \Vorld are travelling the same road faster 
than was ever done in the past. There are people who 
think that North America, if we keep on going as we 
are, may be largely a desert in a hundred years. 

( 2) The second reason for the sins of the past is that 
the great masses -of the people lacked interest in the 
conservation of natural resources. This was due to the 
fact that they lacked ownership. Tenancy, share-crop
ping, the emergence of a rural proletariat, and the 
landlordism that is still so \Videspread, have all tended 
to make the masses of the world's people feel that they 
have no stake in the world. The good earth was not 
theirs and why should they care? 

( 3) The third reason for the misuse of natural re
sources is the false motives behind those who, in the 
main, explored and developed the natural resources of 
the earth. This was not to develop food, fibre, and mate
rials for the physical and social life of the people of the 
earth, but rather to amass wealth and gain power over 
their fellows. No scientific development of natural 
resources is possible under the dynamics of such a mo
tive; greed will drive out reason. The power-mad and 
profit-seeking individual has only a short span of life 
on this earth. He is going to "make the most of it" 
while he can. It is too much to expect that he will think 
of the good of future generations. Like bad boys, these 
power-mad individuals will cut down every last tree 
in the world, dig out all the precious metals of the earth, 
and destroy all the fish in the sea, to add to the glory 
of their passing day. These profit-seeking individuals 
must be restrained so that they will not plunder and 
destroy what was intended for all the people. The 
motives will have to be changed; a ne\v philosophy of 
production for use \Vill have to replace as a primary 
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motive production for profit and power. This will come 
about automatically as the people gain ownership and 
democratic control of their affairs. 

The most difficult phase of this problem is to find a 
formula by which the undeveloped masses of the world's 
people, who have heretofore never had any interest, 
ownership or control of the good things of the earth, 
may be capable of the task. The problem, in a word, is 
to find a programme that will bring the undeveloped 
people of the earth up the road of progress to the point 
where thev can own and control the earth-their earth 
-and become "masters of their own destiny." 

ADULT ED"CCATION 

The first phase of the plan to carry into action these 
principles is, as is almost self-evident, a programme of 
adult education. If there is a better and more scientific 
way of using natural resources, then the people should 
know about it. But this cannot be left to the slow proc
ess of elementary and secondary education. These, of 
course, are necessary; a people must have schooling to 
make progress in keeping with these principles. Formal 
education in the schools, however, is not enough and 
never was enough. The short-cut to human progress is 
to mobilize the adults of the world for continuous learn
ing-even if they now have little education. 

The people---the common people-must progress 
"under their own steam", so to speak. We cannot help 
along the road to progress by handing out doles or 
treating them as inferiors or grown-up babies. We 
have to release the energies that are in them, and look 
fonvard to the day when they will be able to take over 
the affairs of their own life. This is the scientific way. 
It is in the end the quickest way although to some this 
may not be apparent. 

We must, therefore, find a technique of adult educa
tion that is practical, inexpensive, widely applicable, 
and capable of fanning out into the higher levels of 
culture. It would be a great mistake to think that such 
a programme can be solely academic. Such a procedure 
would be to ignore completely the nature of Man. Com
mon people-in fact all people-must parallel their 
learning with action. The action can best be found in 
the social and particularly in the economic field. Action 
in the economic field is twofold. It can be individual 
economic action, or group economic action. Individual 
efficiency in the economic field is highly desirable, and 
goes a long way to produce a good society, but individ
ual action alone will not solve the economic problems 
facing the people. Economic group action, or what is 
called economic co-operation, is also required and offers 
the greater possibility. 

The complete formula, therefore, for the progress of 
the undeveloped peoples of the earth is spiritual en
livenment and mental enlightenment accompanied by 

·group economic action. This is the double-barrelled 
programme for human progress and for the right use 
and conservation of natural resources which I propose 
as the requisite formula for our day. Not only does this 
programme result in material and economic betterment, 
and hence a higher standard of living, but it lays the 
foundation for human development in the cultural and 
spiritual fields. It conditions the people to the point 
where they are able to manipulate the other social forces, 
and to rise to a high level of civilization. 

THE ANTIGONISH MOVEMENT 

To say that the double-barrelled formula of adult 
education and economic co-operation is the plan by 
which common rural people can be brought along the 
road to progress is still too academic and abstract. It 
must be applied in the concrete. The education of the 
people of a given nation-especially if this is a large 
nation-and hence the education of the people of the 
world, must be tackled by regions or zones. It is well 
known that people in a given zone have common eco
nomic, social and political problems, and common 
characteristics. This supplies a natural unit for educa
tion purposes. The zone should be large enough to be 
significant, and small enough to be manageable. Edu
cational action on a national scale comes from federation 
of the zones. Federation of national movements gives 
us a programme on an international scale. 

The Antigonish Movement, an adult education move
ment of the type outlined above, which is carried on by 
the Extension Department of the University of St. 
Francis Xavier, Antigonish, K ova Scotia, is an illustra
tion of the workability of such a programme. This 
movement is carried on in the three Eastern Canadian 
Provinces of Nova Scotia, New Brunswick, and Prince 
Edward Island, an area of about 53,000 square miles
approximately the size of England or the State of New 
York. This area has a population of 1,250,000. It has 
all the vocational groups and problems of a modern 
rural and industrial State. There are 40,000 fishermen 
scattered in villages on 8,000 miles of coastline; 13,000 
coal miners; 5,000 steel workers in Nova Scotia; and 
various other types of industrial workers. More than 
half the people are engaged in mixed farming. The 
people are of four principal racial origins and are of 
many religious faiths. This area, the Maritime Provinces 
of Canada, is therefore, on account of the variety of its 
natural resources, and the diversity of racial origins 
and religious beliefs of its peoples, probably one of the 
best social laboratories in the Americas. 

Twenty years ago, the Extension Department of St. 
Francis Xavier University began to mobilize the peo
ple of this region for continuous adult learning. Almost 
from the start efforts were made to get the thinking of 
the people to issue in economic action, especially eco
nomic group action, or economic co-operation. The 
movement first started among the farmers and fishermen 
and then spread to the coal miners and steel workers, and 
finally to all groups in the country. At the present time 
there are about 100,000 enrolled in this educational and 
economic movement. This is not quite 100,000 families, 
but it means that about 60 per cent of the families in 
this area are engaged in the activities promoted by the 
movement. 

EDUCATIONAL TECHNIQUES 

The fundamental technique of the Antigonish adult 
education movement is the study group or discussion 
circle. In the case of illiterate people, it was first neces
sary to teach reading and writing, and this was done in 
many cases. But even with totally illiterate people, it 
is not impossible to apply this technique. Leaders who 
are already possessed of an education can be used to 
transmit knowledge to even the illiterate portion of the 
population. A good deal of work for economic better
ment can be carried out in this way. The programme, of 
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course, calls for ultimate literacy if it is to work effec
tively. 

The first step in mobilizing a people for this kind 
of adult learning is to call them together in mass meet
ings. Competent leaders talk to them about the value 
of knowledge, and the necessity of economic and social 
action. The people are then divided into small groups 
which are to meet at least once a week. There would be 
monthly meetings of the groups of a given area to com
pare notes on success and failure of the work. This 
phase of the programme calls for the co-operation of 
local leaders ; clergymen, school teachers, social workers, 
or other community leaders. The necessity for schools 
for leaders becomes apparent early in such a programme 
-leaders both in the techniques of education and tech
niques of economic co-operation. 

The third phase is the holding of local, regional and 
general conferences. These conferences, to which rep
resentatives from every community go, supply the in
spiration for further activity. 

The next stage is to produce simple literature that 
can be used by these people. Then comes the question 
of supplying books and pamphlets; and finally libraries 
come into the picture. 

The newest development in the twenty-years experi
ence of Antigonish is the use of radio. The Extension 
Department of the University has easy access to a 
radio station which gives ample time without charge for 
broadcasting material. The workers in this programme 
have been organizing "listening-in" groups. The broad
cast is once a week. The material is sent out in advance 
to the listening groups. Then a panel of three discusses 
the topic over the air for half an hour. The listening 
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group turns itself into a discussion circle and mulls over 
the material under discussion. Supplementary reading 
is indicated for further study on the topic; this gives a 
chance for individual study and more mature considera
tion of the material. 

It is important that the material discussion in the 
first few years should be of intense interest to the people 
in question. Generally speaking interest can be aroused 
by touching on the material, economic, and social phases 
of life in the area. 

ECONOMIC ACTIVITIES 

Finance-credit unions: The first and simplest field 
of economic co-operation is in the field of money. The 
common people are urged to mobilize their financial 
resources, however meagre they may be, in what is 
known as "credit unions" or "co-operative savings" in
stitutions. This promotes thrift among the people ; 
gives them a sense of responsibility, and affords the 
necessary credit facilities for carrying on economic op
erations in other fields. This short-term. credit system, 
which has operated for the past hundred years in many 
parts of the earth, can be expanded into the field of inter
mediate and long-tenn credit. 

There are 451 of these credit unions in Eastern 
Canada alone. From Eastern Canada, where this move
ment started in 1933, it spread to all parts of Canada, 
outside of Quebec where it was introduced in 1900 for 
the first time in North America by Alphonse Desjardins. 

There is something significant about the sudden 
spread of this movement in a country as large as Canada. 
It augurs well for the future of democracy. It proves 
that common people, even the uneducated and so-called 
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''dumb demos," are capable of quickly grasping an idea. 
] udging from this favourable reaction, it might not 
take so long, after all, to make a better world. 

Processing and marketing: The activities by which 
rural peoples get their living are an important-if not 
the most important-phase of the economics of rural 
life. Group action or economic co-operation in produc
tion, processing and marketing, is necessary for the 
proper economic development of rural peoples. As a 
matter of fact, there can be no scientific marketing 
except centralized marketing. This calls for co-opera
tion. Individual activity in these fields is impossible in 
the modern industrialized world. The people must either 
co-operate or perish. 

Modern machinery is too expensive for the little oper
ator to own personally; he either must give way to 
corporation farming and forget the business of market
ing, and be forced as a consequence to live on a low 
self-sustaining subsistence level, or join with his fellows 
to own and operate co-operatively the instruments of 
processing and marketing. There are more than eco
nomic reasons for this. Experience teaches that there 
will be as many types and qualities of products among 
fishermen and farmers as there are individual producers. 
Only through co-operation, in which all products are 
pooled and graded and processed, can we get uniformity 
and volume to meet the requirements of our day. 

Co-operative marketing is equally •important in the 
use and conservation of natural resources. Once a rural 
people have set up a complete unit for the handling and 
processing of all their commodities for the markets of the 
\vorld, then they are forced to the scientific use of raw 
materials and their conservation. This is for the simple 
reason that they have their money invested in their own 
plants. These plants will be useless to them if they run 
out of raw materials. Then too, the wider vision that 
comes to the people who have already achieved this 
measure of industrial progress will dictate a scientific 
procedure with regard to the use and conservation of 
natural resources. It is to their own best interest to get 
a living out of the least possible production. This is 
possible because they get everything out of these eco
nomic operations. They are no longer, in other words, 
just mere primary producers. They are now taking a 
hand in the nobler work of following their products to 
the ultimate consumer. This dignifies themselves in 
their own eyes and gives them a new sense of responsi
bility. 

There is another real sense in which this procedure is 
vital·to the proper use and conservation of natural re
sources. Rural people will not be long engaged in this 
type of activity before they realize the absolute necessity 
of a \vide scientific knowledge of land, plants, animals, 
and the processes by which they are made available to 
the consumers of the world. It is impossible that we can 
long conserve our fisheries, forests or lands, if the great 
bulk of the human race have only an indirect interest in 
doing so. On the other hand, it is almost certain that the 
sense of responsibility that comes from ownership, and 
the ability to use the products of the earth for the eleva
tion of the great masses of the people will make them 
the jealous guardians of Mother Earth. We are finding 
in Eastern Canada, especially with the fishermen, that 
as the people take over the co-operative development of 
the fisheries, there is no need for a great police force to 

prevent poaching and other undesirable practices of 
former days. This would seem to indicate that if we give 
the people a chance to call the earth their own, every
thing else \Vill take care of itself. 

Experience in Eastern Canada has shown that these 
theories can be easily translated into practice. All 
groups of primary producers - farmers, fishermen, 
miners, lumbermen- are capable under proper educa
tional organization to organize themselves into produc
tive units. The nature of the business undertaken will 
decide the extent of the territory served by these busi
ness units. Farmers, for example, in this modern age 
can set up dairy plants which will manufacture butter, 
ice cream, cheese etc., for the people over a compara
tively large area. 

What is said of farming is true also of lumbering. 
Co-operative sawmills and plants that season and manu
facture lumber can serve an area of similar size. Co
operative fish plants vary with the kind of fish processed. 
Generally speaking, one important port can be the 
nucleus of several little ones within a ten-mile radius. 
This, of course, depends on the nature of the sea coast 
and the distribution of the people. 

These individual, local plants are federated for mar
keting purposes into central organizations that cover the 
whole zone. Such marketing institutions can be fed
erated with similar institutions in other parts of the 
world, and thus people all over the earth can enter into 
a programme of mutual self-help. The universalizing of 
this movement might easily lay the material basis for 
universal peace and good will. 

Consumer co-operative business: A fundamental prin
ciple of the Antigonish Movement is that action in the 
processing and marketing field is not alone enough to 
build up rural life. This must be paralleled by co-opera
tive action in the consumer field. As a matter of fact, it 
would be difficult if not impossible to sustain continued 
high-class activity in processing and marketing if busi
ness in the field of consumer and vocational goods is to 
be done by business agencies whose primary motive is 
profit making. 

How the fisherman gets his rope, twine, nets and gear, 
and his boat; how he gets his clothes, his food, his con
sumer goods; is just as important as how and where he 
sells his fish. The same thing is true of the farn1er and 
lumberman. The kind of scientific production and 
marketing we have outlined above is not likely ever to 
start, or if it is begun, will it long remain a successful 
business if the people, especially in the earlier stages of 
their development, are exposed to the wiles and intrigue 
of private profit business. They will revert back to the 
old feudalism, in which the setting of prices is a one
sided affair. The merchant thus has a lien on the prod
ucts of the primary producer before they are even 
produced. Generally speaking, this type of business 
keeps the primary producers in perpetual debt. There 
never can be real scientific procedure in this kind of a 
feudalistic set-up. Therefore, how people do their busi
ness has a direct bearing on the use and conservation of 
natural resources. 

The field of services: To complete the programme bv 
which the rural peoples of the earth can become self
respecting citizens, we must have group action in the 
field of services. This is particularly true in the field of 
housing, health, hospitalization and medicine. A people 
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who lack the ambition or the ability to organize them
s~lves to obtafn proper diet an~ ~ygienic living cannot 
nse to any h1gh standard of hvmg or build a decent 
civilization. An organized effort to know about these 
services, as a general rule, will result in their attainment. 

CAN IT BE DONE? 

The story of the Antigonish Movement gives the well
founded hope that people everywhere in the world are 
capable of carrying out these economic activities. The 
fishermen, farmers and coal miners of Eastern Canada 
in many cases were very poor and of limited education, 
but their achievements are encouraging. They organized 
451 credit unions having memberships of 90,000, and 
assets of $10 million, and carry on a sizeable insurance 
business. Jhey have 210 retail stores, which in 1948 
had a sales volume of $17 million. These stores are 
serviced by a wholesale and three affiliates which had a 
turnover of $10 million. The central marketing associa
ti•m of the fishermen had a business of $3,500,000. A 
very great variety of marketing organizations, fish 
processing plants, creameries, sawmills, and a number 
of service institutions are scattered throughout the entire 
ccuntry. 

Morrell, a fishing-farming community of 300 families 
in Prince Edward Island, has an egg-grading station, a 
frost-proof potato storage, a modern creamery, a theatre, 
an outdoor skating rink, a $50,000 credit union, and a 
co-operative store with a turnover of $550,000. 

Shippegan, a fishing-farming community of 415 fam
ilies, in ten years has built up a credit union of over 
$200,000, a co-operative business of $400,000, a great 
variety of co-operative fish plants, a marketing organiza
tion, and during the past two years has spent over 
$1 million on a new high school and other educational 
developments. 

The stories of scores of other communities could be 
cited to show that simple people are capable of great 
achievements through economic co-operation. Organ
ized in this way they are capable of immediately putting 
into action whatever is best for the use and conservation 
of natural resources. Such education and organization 
would seem to be a necessary step in the development 
of people everywhere on the earth. 

CONDITIONING FOR A BETTER WORLD 

The answer, therefore, to the problem of the right use 
of natural resources is enlightenment, scientific knowl
edge, and education. This is achieved primarily by the 
mobilization of the people for continuous adult learning. 
By such a programme we chase away ignorance from 
the earth, and pJ!t knowledge in its place. This must be 
followed by social and economic action that will lift the 
people to new levels of life. The joy of living will make 
them jealous of their natural resources, their earth; they 
will have a vested interest in Mother Earth and will 
fight to defend it. 

There is something else just as important. Such an 
uplift of the people will drive out exaggerated national
ism and tend to kill international jealousies. The people 
of one part of the earth, under such an enlightened pro
gramme, will realize that the things that they have in 
abundance really, in all decency, should be made avail
able to those that have not; they will rejoice, and will 
not be jealous of the fact that some other nation is 
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blessed with natural resources that they do not have. 
In a really friendly world, built up by such activity on 
the part of the people, they will come to the conclusions 
that, after all, the resources of any part of the earth are 
in a sense the resources of all the people. True, the 
people of a given nation will own and control the 
products within their own territories, but let us hope 
that the day can truly come when a Swiss can say •vith 
real truth that he is proud of his diamonds in South 
Africa, his oil and rubber in the East Indies, his cotton 
in the United States, and his fruit in the tropical coun
tries. We hope further that the time will come when all 
people will look upon these things as their own, because 
they really are the products of their earth, which under 
an enlightened programme of education and economic 
development will really some day become One World. 
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APPENDIX A 

EASTERN CO-OP SERVICES PLAN 
Regional Co-operative Wholesale, Antigonish, 

Guysboro Counties 

LOCAL 

Introduction: A sound co-operative development is 
built from the bottom up, not from the top down. First, 
individuals organize in local societies to do collectively 
what they can't do working separately ; then these 
groups unite with others in the area to form larger 
regional societies to furnish wider services common to 
all ; then these wholesales combine with others to do a 
still broader job, and so on to the field of international 
co-operation. But the whole structure finally rests on 
individual persons who must understand the system and 
control it democratically. In this region there are certain 
things that the people in each local community will have 
to do by themselves, and then this collection of strong 
locals will unite to build a regional wholesale, Eastern 
Co-operative Services, to carry on a larger marketing, 
processing and merchandizing service for the whole area. 

The consumer approach: In this region, particularly 
in Guysboro County, too much attention has been given 
to the producer organizations as compared with con
sumer stores. The producer organization is, of course, 
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important ; but only by linking it completely with the 
Consumer Co-operative can the farmer or fisherman get 
full benefit from the organization. It would appear that 
many fishermen have not seen this, and in the last few 
years in Guysboro private-profit stores have swallowed 
up much of the increased earnings from the fishing 
industry. In Canso, for example, only half the members 
of Eastern Co-operative Fisheries are members of the 
co-operative store. Besides losing much of the fisher
men's money spent for groceries and home supplies, the 
co-operative is handling only a dribble of the fishing 
supplies. (The Canso member of the committee esti
mated the volume of fishing supplies for Canso alone to 
be about $35,000 or $40,000, and this is as much as the 
total volume of business in the co-operative store at 
present.) It would seem, therefore, that the emphasis 
in the future must be on the development of the Con
sumer Co-operative end of the programme in every 
locality. 

Organization: This committee feels that the most 
effective way this can be done is to have the producer 
and consumer organization under single management. 
Sometimes this cannot be arranged-as in the case of a 
fishery organization which covers a much wider territory 
than can be served by a store. In such places, smaller 
consumer stores should be set up to serve the members 
locally. 

Strong management is important. A good store man
ager could carry out the duties of general manager over 
store and fish plant both. In addition to uniting the 

producer and consumer ends, this would get clear of the 
seasonal problem of hiring a fish plant manager for part 
of the year. To start with, e.g., in Canso,· the book
keeping for both organizations could be done under the 
one roof, in the store, and this could serve as a connect
ing link between the fishermen and the store and provide 
the first step to unification. 

The local job: Before a strong region can be built, 
each local society has a job to do on the community level. 
Sufficient capital has to be invested to build both local 
and wholesale facilities, trucks and processing plants, 
and in the case of certain fishing centres, smaller cold 
storage plants as described below. 

REGIONAL 

Regional affiliation: At the present time, (September 
1946), Eastern Co-operative Services i.s owned by five 
co-operative stores: People's (Antigonish), Pomquet, 
St. Andrew's, Heatherton and Tracadie. They have 
invested about $40,000 to provide the present facilities 
of the wholesale. But wholesale and marketing facilities 
are extended to other co-operatives besides these five, 
and it is only proper that all organizations in the region 
become affiliated and help to build up the capital neces
sary for the expansion outlined below. The capital 
investment for a local society for membership in the 
wholesale is $5.00 per member, of which $1.00 per mem
ber may be paid at the start and the rest built up over a 
period of time. Of course, $5.00 a member cannot build 
the plant needed· by Eastern Co-operative Services. 
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There are about 1,600 mernbers of co-operatives in the 
region and at $5.00 per member this would yield about 
$8,000. But "Eastern" will need a plant and new build
ings requiring at least $115,000 of new capital in the 
next few years. This matter of finance is discussed later. 

Note: By 10 December 1947, five additional organiza
tions had joined Eastern Co-operative Services: St. 
George's Co-operative, Canso Co-operative, Little Dover 
(~o-operative, Fort Felix Co-operative, Ideal Co-opera
tn·e. 

Cold Storage: The co-operative development of this 
region in the future will depend largely upon cold stor
age facilities, The suggested plan includes the erection 
of a large central plant at Antigonish and three smaller 
phnts at Canso, Larry's River and Port Beckerton. 

The three small plants would provide storage for bait, 
limited quantities of fish between shipments to Anti
gonish, store supplies, blueberries (Larry's River), and 
farm p~odu~ts brought into Guysboro. The large plant 
at Ant1gomsh would provide space for all the farm 
products from Eastern Co-operative Services requiring 
:efrigeration. It would also be the main holding plant 
tor fish from the Guysboro groups, which would be 
st,)red here on rail siding to be shipped on order from 
U.M.F. 

Exchange of products: ·with these plants and the 
necessary trucks, one can imagine a great exchange of 
farm products and fish between Antigonish and Guys
boro. To the various points in Guysboro would go milk, 
eggs, vegetables, poultry, meat etc., and when possible 
they could be picked up from farming areas in Guysboro 
itself for consumption in fishing centres. In addition, 
trucks would carry store supplies, flour and feed etc., 
from the wholesale in Antigonish. On returning trucks 
wnu.l~ come. fish to be stored in the main cold storage 
a~:atttng shtpment t? consumer outlets in Antigonish, 
Ptctou and other pomts in Nova Scotia, as well as the 
Upper Canadian market or elsewhere. 

FINANCING THE PLAN 

Introduction: In presenting this plan to the people of 
the region, emphasis should be placed on the fact that 
our farmers and fishermen have never invested in the 
business side of their occupations to any extent as com
pared with their investment in the production end. 
Farmers who have built up an investment of as much as 
$10,000 in a !arm and equipment in order to produce, 
may have as httle as $10 or $25 invested in the business 
w~1ich is going to market and take care of their products. 
Ftshermen, too, have neglected the business end of their 
vocation by not putting enough money in it. A fisher
man's boat and gear may be worth as much as $2,000 or 
$3,000, but at the same time he may have only $40 or 
:Jl50 in his fish plant. But his co-operative organization 
1s as much a part of his calling as his boat or engine, and 
he can't get the full returns from his work unless he 
takes investment in his organization as seriously as he 
takes investment in equipment. 

New mone;; needed: Going over the \Vhole area and 
taking into consideration the new local and regional 
plants needed by co-operatives in these counties, the 
committee estimates that at least $179,000 will be needed 
to bring about this development. This is money that 
members of all co-operatives combined will h~tve to 
invest in their organizations to provide the facilities 
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required for these services. These facilities include the 
four cold storage plants; a new creamery, hatchery, 
warehouse and abattoir for Eastern Co-operative Serv
ices, the new co-operative stores in the region; and addi
tional capital needed by present locals in the area. (In 
the case of the cold-storage plants, 30 per cent of the 
money required may be obtained by grants from the 
Federal Government and 50 per cent on loan from the 
Provincial Government.) Of the total, $115,000 is 
needed for the regional wholesale: and the remainder, 
$64,000, for the local societies. 

This may seem like a great deal of money; but when 
divided among the 1,625 members of co-operatives in the 
region and spread over a period of three to five years, it 
becomes a very small amount for the individual member. 
The over-all average is $110 per member, which becomes 
$22 per year on a five-year basis. This is probably much 
less than the yearly dividend which many members get 
from the co-operative. But this is the average. In places 
like St. Andrew's, which is already well capitalized, the 
individual investment is only a pittance; but in Larry's 
River and Canso for instance, which are under-capital
ized and also need a local investment for the cold storage 
plants, individual members will have to invest around 
$140 each to build up their own local organizations and 
contribute to the central development as well. But even 
$140 or $150 means only $30 yearly for five years. 

Using the credit union: \Ve must not lose sight of the 
part the credit union can play in this development. In 
fact, this plan might help a great deal to revive interest 
in credit union work in some communities. Credit union 
borrowing may be done in two ways : either by the 
society or the individual member. If, for example, your 
co-operative store needs $3,000 of new capital to carry 
on, it may seem easy to borrow the whole amount 
directly from the credit union; but a much sounder and 
safer way is to have a hundred members each borrow $30 
individually from the credit union, invest it in the store, 
and then pay back the money to the credit union over 
several months. 

EDUCATION 

This committee recommends that the plan outlined 
above be given to all our co-operative members in the 
:egion for special study during the coming months. It 
ts not complete and no doubt requires revision in certain 
details, but at least it should be studied with a view to 
the future of the co-operative movement in this region. 

\Ve propose to give it first to boards of directors and 
managers all over the area, then discuss it at a regional 
rally to be . held ~t some central place this fall, and 
finally have 1t studted by the members at large, including 
young people, so that the people will have a vision of the 
co-operative structure they are building. 

FIVE YEAR PLAN 
LOAN CAPITAL SUBSCRIPTION 

Name 
Address 
Patron number 
. . . . . . . . . . . . . . . . . . . . . Co-operative Society Ltd. 
I hereby subscribe for (number) Loan Units (of $5.00 
each) in the above named Co-operative society. I agree 
to have the subscribed amount paid up not later than 

................. 19 ..... 
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This amount is to be paid by one or more of the follow
ing methods as indicated. 
( 1 ) Cash in full. 
(2) Cash payment in part and balance m instalments 

of$ ..... 
( 3) Deductions from produce. 

CHAIRMAN: I thank Dr. Coady for the vision he has 
given us of the work he has achieved. We all know that 
he is the inspiring force behind the movement, and we 
wish him all good luck with the programmes of the move
ment and hope that it will be followed in many other 
places in the world. 

Vve now have to go to another part of the world-

( 4) Any other means. 
(5) Charge on store account. 

Dated ................ 194 .. 

Signed 

China-and I am glad to be able to introduce Professor 
Lossing Buck, who has spent so many years there and 
will now give us details of the ways and means by which 
the Chinese nation has managed to have its conservation 
practised through many centuries. 

Mr. BucK delivered the following paper: 

Application of Simple Conservation 

and Land-Use Practices in China 

J. LOSSING BUCK 

ABSTRACT 

Simple conservation practices have been applied for centuries in China. They are based on a need for 
conservation and good use of land. The Chinese know the importance of water to crop production and 
irrigate nearly one half of the total cultivated area; a large proportion of this irrigation is in humid 
regions where rice is grown. Diversion of streams is the greatest source of water. Large diversion proj
ects such as the irrigation development of the Chengtu Plain in Szechwan Province were constructed 
about 2,000 years ago by the use of simple methods and basic hydraulic principles. 

Wide-scale terracing of several types is prevalent. Farm manures and night soil provide most of the plant 
nutrients added to the soil. Crop rotations are an important factor in conservation. In a country-wide land
use survey, farmers reported 546 cropping systems, m~ny of which embody good rotation principles, includ
ing the use of legumes. 

The useful practices found in China are worthy of study and trial by other countries. 

China is often cited as a horrible example of soil ero- food production per unit of land than any other crop. 
sion. Let us this afternoon consider the other side of For this reason, rice is the chief crop in the humid 
the picture-China as an example of simple conservation regions where water, soil and climate are favourable. 
and good soil-use practices applied for centuries over a The source of this water varies in different areas. Aside 
great area of that country's farmlands. For China is an from direct rainfall on the fields, water is obtained from 
old country. Its lands have been used for thousands of the diversion of streams, from canals connected with 
years. Some land has been badly used and seriously streams and rivers, from lagoons, from excavated ponds, 
exploited. But there is another aspect-the invention and in West China from collecting rain water in rice 
and application of good practices, practices having the fields through the non-growing period by refraining 
greatness of simplicity, which have been used for thou- from planting winter crops such as wheat and broad 
sands of years over millions of hectares in China. These beans. 
simple practices are those which every farmer or farm Diversion of streams is the greatest source of water. 
community can use with local resources. They are based Small-scale stream diversions account for a much greater 
on a need for conservation and good use of land, a irrigation area than large-scale diversions. Individual 
knowledge of their usefulness and a desire to make them farmers and communities in many parts of China divert 
a part of the farming system. They are as much a part water from mountain streams along mountains and hill
of Chinese farming as knowing how to plant seeds at sides. Canals are a typical means of water utilization in 
their proper depth. the lower Yangtze delta area, near Shanghai, where 

The greatest Chinese conception of conservation is the water is made available to farms by a network of canals 
need for and importance of water to crop production. dug by hand centuries ago. Some of the fields can be 
Chinese use water in farming to a greater extent than irrigated by gravity flow, but pumping is usually neces
any other people with a similar-sized territory. Land- sary. The traditional wooden pump made by local car
use surveys indicate that 46 per cent of China's culti- penters consists of a wooden trough with an endless 
vated area is irrigated, and, strange as it may seem, the chain of wooden slats moving over a cogwheel of wood. 
largest proportion of this irrigation is in the humid It is propelled by handles for hand pumping or by pedals 
regions. To grow rice you must have water. With suf- for foot pumping and ranges in size from a one-man 
ficient water, the Chinese find that rice provides greater pump to a six- or eight-man pump. Similar types of 
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pumps are also propelled by a water buffalo or by a 
windmill. 

These pumps are used mostly for low lifts of several 
feet. For this purpose they have been found more ef
ficient than centrifugal pumps. However, man and 
animal power are often insufficient to pump the amount 
of water needed by the crop at certain times. For this 
reason internal combustion engines have come into use 
as a source of power for pumping. Farmers have 
attached belt wheels to their wooden pumps and con
tractors owning engines put them on boats and ply the 
canals, irrigating the farmers' crops at so much per unit 
of land. This kind of mechanization, combining tradi
tional with modern equipment, indicates possibilities for 
other conservation operations. 

The canals are also a convenient farm-to-market trans
portation network throughout the Yangtze delta. In
stt;ad of using farm carts, these farmers use farm boats 
to transport produce from the fields to the farmstead 
and for taking fertilizer to the fields. 

Locally the canalized area is known as the "water 
road" area; it is greatly favoured for farming and travel
lir;g as compared with the adjacent rolling lands, known 
as the "drv road" area. The distinction is also reflected 
in higher ~alues of land and higher rates of taxes for the 
'\::ater land" than for "drv land". vVhere "water land" 
and "dry land" are close together, farmers try to have 
both kinds of land in order to distribute risk and assure 
income. Difference in productivity of land is one of the 
reasons for fragmented holdings in China. 

Although the diversion of small streams is the most 
important source of irrigated water, some large diver
sion projects also illustrate the use of simple methods. 
The outstanding irrigation development of the Chengttt 
Plain in Szechwan Province is an example of a three
hundred-thousand-hectare project for the diversion of 
water by use of simple methods. The Chengtu Plain had 
been already settled for centuries and it suffered period
ically from droughts and famines. The situation was so 
serious that a man named Li Bing conceived the idea of 
diverting water from the Min River to the plain by cut
ting a channel through a small ridge and distributing the 
water by irrigation channels throughout the plain. Mod
ern hydraulic engineers credit Li Bing with having 
known every principle of hydraulics. As a result of his 
work, famines were banished forever from the plain. 

Destruction of canals by the flood waters of the Min 
River is prevented by maintaining the proper height of 
the diversion channel banks just below the intake, as 
spillways into forked branches of the river. Li Bing 
insured proper maintenance of the diversion channel by 
burying a large piece of iron in the channel bed at a 
depth to which debris had to be cleaned out each year. 
I saw this iron during one of the annual clearances of 
the diversion channel. Moreover, the banks of the diver
sion channel are protected by what is commonly known 
as bamboo sausages, consisting of long containers woven 
from local bamboo and filled with large cobblestones. 
Maintenance is carried out each year by a labour assess
ment from each county on the plain, plus a water charge 
per unit of land. The system has been in operation for 
2,000 years. It was built and is maintained without any 
modern equipment. Modern Chinese engineers who 
consider that they can improve the system find scepti-
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cism and opposition from farmers and local officials who 
fear that tinkering with a system which has operated 
satisfactorily for so many centuries might cause disaster. 

The cost of the system is light in comparison with its 
advantages. The water charges are low and the assess
ment of labour each winter is not a heavy burden be
cause it occurs during the time when farmers have little 
other work. 

Although the chief purpose of the Chengtu Plain 
project was irrigation, the canal water is also used for 
water power to grind grain and to hull and polish rice. 
Big irrigation wheels propelled by the flow of water are 
sometimes used to lift water to higher land. Foot and 
hand pumps are prevalent wherever water cannot be 
taken to the fields by gravity. Portions of the canals are 
used for transportation, but no system of canal locks was 
developed for an over-all water transportation system 
throughout the plain-an omission in Li Bing's plan
ning for the use of Min River water. 

Another large irrigation project, also constructed 
about 2,000 years ago, is in a dry unsettled area at 
Ninghsia, North China, where water was diverted from 
the Yell ow River. Little or no attention was given to 
the appropriate size of farms for settlers or to drainage 
to control the salinitv of soils. Much of the farmland is 
now suffering from 'salinity, which reduces crop yields 
or prevents crop growth altogether. Land-use surveys 
show that these farmers have a lower standard of living 
than farmers in many other areas. By comparison the 
Chengtu Plain is a paradise, chiefly because it has good 
soils and a more adequate size of farm makes possible 
better standards of living. 

On rolling lands out of reach of canals and streams, 
ponds are dug to catch rain-water run-off from the sur
rounding area. To make certain of obtaining all possible 
water, minute diversion channels are dug on the higher 
lands leading to the ponds. Irrigation from these ponds 
is by gravity to the lower fields and by pumping to 
nearby higher fields. 

Efficient use of all these irrigation waters is a prime 
concern of Chinese farmers. Stone masonry is used to 
protect canal banks and to make locks and spillways. 
Seepage in farm irrigation ditches is minimized by 
puddling the soil in the bottom and sides of the ditches. 
The water is applied by flooding, furrowing and 
spreading. 

Extensive dyking is a simple form of water control to 
prevent flooding of crop land. The whole Yangtze Flood 
Plain inside the main river dykes is a complete network 
of dykes built and maintained by village communities. 
During the flood season farm villagers take turns patrol
ling the dykes and sounding a gong whenever a break 
is discovered. This dyking system works well except for 
occasional peak floods. For instance, during the Great 
Flood of 1931, which inundated the lands of some 25 
million farmers, practically every dyke was overtopped 
with flood waters. A similar flood occurred some 70 
years previously. However, these and minor floods are 
not without their benefits. Farmers claim the silt en
riches their land each time it is flooded. But dyking of 
a flood plain delays the geological process of building it 
higher. One might consider that, geologically speaking, 
the flood plain has been settled too soon. 

In the wheat and millet areas of North China irriga
tion occurs on about 15 per cent of the cultivated area. 
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In the Great Plains portion it is largely from dug wells 
with a Persian wheel type of pump. In Northwest China 
it is chiefly from diversion of small streams. Modern 
knowledge of deep well drilling will undoubtedly result 
in a development of deep well irrigation in the Great 
Plain of North China, where geologists have indicated 
there are large underground water supplies. A great 
deal of Northwest China is so rough that extensive irri
gation is impossible, but the Chinese have met the 
situation with a large amount of terracing: stone-faced 
terraces and bench terraces to hold as much water as 
possible. 

In some areas of Shansi Province, these terraces are 
graded and sloped toward the mountain to hold rainfall. 
At the centre of each terrace is a carefully constructed 
stone-faced spillway to carry off any excess water. 

In the rice region terracing is even more extensive, 
because rice fields must be level to hold water. This 
leveling with plough, shovels and a special pronged iron 
leveller drawn by a water buffalo is one of the greatest 
aids to the conservation of both land and water. 

On the eastern slopes of \Vest China's mountains, the 
diversion of excess water from croplands is engineered 
as well as anywhere in the world. There I have seen 
diversion channels on steep slopes leading into a main 
stone-lined channel and well protected with erosion
control grasses. 

Special types of conservation are found also in limited 
areas. In the Province of Honan good soil buried dur
ing floods with sand and gravel from the Yell ow River 
is retrieved during the winter months with simple imple
ments by turning under the top debris and bringing the 
good soil to the surface. Conservation in the dry area 
of Northwest China may also extend to such laborious 
methods as the carrying of pebbles from stream beds to 
fields as a mulch to absorb and hold moisture in the soil. 

The tremendous engineering feat of levelling rice 
fields, terracing fields on mountainsides in both the rice 
regions of South China and in the drier regions of North 
China, and bench terracing on less steep slopes, has 
taken place on nearly two thirds of the cultivated area 
of China. And it was done with human and animal 
labour by means of simple tools like the shovel, the 
plough, the levelling harrow and the hand-laying of 
stonework. The need and the desire for the conservation 
and full use of land and water have been so great that 
thousands of small informal community organizations 
and millions of enterprising individual farmers did it 
\vithout any national or provincial conservation commis
sions and without mechanized equipment. They did this 
work during slack seasons. By this means they enlarged 
the size of their farm business without increasing the 
area of the farm. Even so, the job is far from complete. 

But the application of known methods is being ex
tended and demonstrated in the modern version at Tien 
Shui, Kansu Province, Northwest China by personnel 
with up-to-date training. The Tien Shui Soil and Water 
Conservation Station was established in 1941 to study 
the conservation problems of the area and to determine 
through experimentation the practices best adapted to 
the area. The site chosen is typical of the vast region of 
the upper Yell ow River watershed ; methods found prac
tical in Tien Shui should be applicable over a much 
wider area. The technical personnel at the station con-

sists of a civil engineer, a meteorologist, an agronomist 
and foresters. 

A recent report of the station's work illustrates suc
cessful practices, combining local resources and methods 
with knowledge obtained through modern training. It 
has been found that the planting of willow, black locust, 
hybrid poplar, tamarix, sweet clover and alfalfa on 
previously non-productive areas has been effective in 
controlling erosion and in building up soils of small flood 
plains through siltation. An additional advantage is 
gained because the woody plants provide urgently needed 
fuel and the sweet clover and alfalfa furnish fodder for 
livestock. By confining the river channel within dykes, 
the flat areas outside the dykes have been reclaimed 
through siltation by flood water allowed to pass through 
gates in the main channel dykes. Some of these new 
areas are already growing good crops. These additional 
lands make it possible to relocate farmers now cultivating 
steep mountain slopes and to provide permanent vegeta
tive cover for the badly eroded slopes. Improvements 
have also been made in types of bench terraces. On the 
more sloping terraces, contour cultivation and improved 
crop rotations have been introduced. It is claimed that 
all the water that falls on the demonstration fields is 
absorbed by the soil. If similar results could be obtained 
over the whole of the upper Yellow River shed area, the 
amount of silt carried by the Yell ow River would be 
reduced and floods would be minimized. 

The conservation picture in China does not end with 
man's modification of land and his control and use of 
water. Strictly agronomic practices also hold an im
portant place. Production, storage and use of farm 
manures is a great source of plant nutrients. \Vhile the 
American farmer on small eastern farms has the saying, 
"raising hogs is like putting money in the savings bank, 
the profit is interest only", the Chinese farmer says, 
"raising hogs gives only a profit of manure for the land". 
Few appreciate that farms in China have a density of 
animal population greater than farms in a similar-sized 
country such as the United States. Although a large 
proportion of these animals are for draft purposes, still 
they provide for a moderate rate of application of manure 
to the land. These farm manures, as well as human 
excreta, are the chief factors in maintenance of soil 
fertility. It is estimated that night soil itself supplies 15 
per cent of the plant nutrients in China, whereas in most 
countries it is wasted. Additional potash requirements 
are largely met by the ashes from crop by-products of 
stalks and straw, which supply most of the fuel of China. 
Still further plant nutrients and organic matter are ob
tained in Central and South China by digging muck out 
of canals, lagoons and ponds during the winter season 
and applying it to the fields as fertilizer. 

In the rice region the growing of legume, Astragalus, 
for ploughing under or for cutting and composting with 
night soil is an excellent practice and an important 
source of organic matter. Other organic matter for rice 
fields in some areas is supplemented by cutting grass 
and weeds from nearby rolling hill lands and working 
this organic matter into the soils of the flooded fields. 

The rotation of crops throughout China, the use of 
green manure crops in certain areas and the extensive 
use of legume crops play an important function in main
taining soil fertility. In a land-use survey of 17,000 
farms in 22 provinces, farmers reported 546 cropping 
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systems. These crop rotations follow the essentials in 
providing for shallow and deep-rooted crops, cultivated 
cr·:Jps and leguminous crops. 

In North China many localities have as many as 12 
to 15 different crops fitted into the various rotations. 
This diversification lessens the risk of crop failure, 
utilizes plant nutrients efficiently, maintains soil condi
tions, distributes income over a larger part of the year, 
and provides good labour distribution. 

Excellent control of weeds in these rotation systems is 
prevalent for maximum use of moisture and plant nutri
ents for growing crops. Weeds are seldom allowed to go 
to seed in the cropped fields of China. Not only are 
row crops cultivated several times, but all cereal crops 
are hoed once or twice during the growing season. The 
importance of cultivation is illustrated by the saying: 

If you hoe cotton three times, 
It will be white as snow ; 
If you hoe rice three times, 
The swelling grains will burst the husks. 

The farmers' understanding of rotation is evident 
frnm sayings in the countryside such as: 

Planting millet after buckwheat 
Will cause the farmer's wife to weep. 
Planting millet after millet 
And you will end by weeping. 

The planting of non-glutinous proso-millet and beans to
gether, 

\h, ill equal the joy of the nephew at meeting his uncle; 
Bnt the planting of non-glutinous proso-millet and millet 

together 
\Viii cause them both to weep. 

Some examples of good rotations may be cited. In the 
southern portion of the wheat area of North China, 
where two crops a year are grown, rotations such as the 
following are used : 

The CHAIRMAN: I >vish to thank Dr. Lossing I3uck 
Yery much for his description of his experiences in 
China, experiences which, I think, are a revelation to 
many of us. I think that the time is near when we have 
reluctantly to break up our meeting. Already we have 
gone a little beyond the normal time, but I hope I shall 
be permitted to sum up what we have heard this after
noon. 

\V e have reviewed from many sides the same problem : 
How can humanity in the future go through a rapid pace 
of development without too much waste of its natural 
resources? Countries like China have succeeded in this 
in their own circumstances for centuries. Now the con
ditions in the world are changed because we have a 
system of transportation and movement of goods and 
movement of capital all over the world. This global 
aspect of a utilization of the natural resources is the big 
problem that confronts us in the twentieth century. 

1 think all the speakers this afternoon were unanimous 
in this respect, that we have before us a tremendous 
task, but they all came to the conclusion that it can be 
done. The increase of population is a big danger if and 
when the nations and the peoples forget the lessons of 
the past, and if they do not want to co-operate in vii-
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Three years of winter wheat followed each year dur
ing the summer by soy beans, and in the fourth year, 
kaoliang as the cultivated crop and the only crop of the 
year. 

Winter wheat followed by millet during the summer 
and in the second year, winter wheat and field peas 
planted together followed by a summer crop of sesamum. 

On poorer land the legumes form an important fea
ture of the rotation. First year: winter wheat and field 
peas planted together followed by a summer crop of soy
beans. Second year: winter wheat followed by a sum
mer crop of mung beans. Third year: winter barley 
followed by soybeans. 

In the rice area, typical examples are four years of 
winter wheat followed each summer by rice, and the 
fifth year Astragalus sinensis as a winter green-manure 
crop followed by rice. Another four-year rotation con
sists of two years of winter wheat followed by rice, and 
two years of Astragalus sinensis followed by rice. On 
low land, a typical example is broad beans in winter 
followed by rice and, in the second year, winter wheat 
followed by rice. 

Many of the crop rotations used in China are un
known elsewhere. Some of them could very well be 
tried in other countries. 

Extensive use of water, control of soil erosion, fertil
ity maintenance, crop rotations and control of weeds ac
count for China's continuing high crop yields. But these 
yields can be further increased with plant breeding, con
trol of insects and diseases, a still greater use and control 
of water, more soil conservation, improved pasture man
agement and more extensive use of chemical fertilizers. 

So, although China is remembered by many as the 
horrible example of soil erosion, it has much that is not 
so well publicized which other countries can learn with 
profit. Professional people have been finding out for 
years that not all of China's lessons for the world have 
yet been learned. 

lages, in larger groups, in nations and on a global scale 
internationally. I think it came out very forcibly this 
afternoon that we have to have that co-operation and 
that we have to work together. Also, I think it has come 
out that while humans are consumers of natural re
sources, they are in this field not only a liability but an 
asset as well. We all are born with a mouth with which 
to eat and with hands with which to work but, more 
than that, with brains and hearts and minds with which 
to co-operate. 

\Vhat we have heard from the three parts in this one 
world, if I may say so, from Africa, from Canada and 
from China, represents more or less the three types of 
worlds which exist now. At least we see that in all 
these three parts of the world there are village com
munities and it is through the village communities and 
organizations in one form or another, and by the close 
co-operation of these people, by education, by pilot 
farms, by co-operatives or by any other means that they 
work together. I3ut it all boils down to the same hard 
facts; we all will have to work together to make the 
achievement of our task possible. 

Dr. Raushenbush asks for capital at low cost. 
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Professor Black asks for capital on wise terms. Dr. 
Clay asks for capital, capital, capital. They all agree on 
this. And it comes out, I think, in these terms of Pro
fessor Black, that if we use the natural resources in a 
wise way, then the optimum income, the optimum con
sumption, the optimum production will be higher than 
if we refuse to do that. That means capital investment; 
that means present labour, present work, present pos
sibility of consumption placed as an investment in the 
future. I think the result of this afternoon's meeting may 
be that humanity has the right and has the duty and the 
possibility of having faith in the future, and that we may 

invest in the future, because we believe that it can be 
done, if we do it in the right way. 

I wish to announce that the background papers for 
next Tuesday's meeting, dealing with conservation and 
education, will be distributed at the door. And for those 
members who wish to discuss the general prospect 
further, I might add that we have now dealt primarily 
with agricultural problems and that is only one side. 
The other side is industry. The same subject which was 
discussed this afternoon will be seen, more from the 
industrial side, at the plenary meeting on Monday after
noon. 
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The CHAIRMAN : aFirst of all I have to express 
regrets on behalf of Mr. Rossin, Secretary-General of 
the Office de la recherche scientifique coloniale, who, 
having been detained in Paris and prevented from com
ing to the United States, has been denied the pleasure of 
presiding at this meeting today. 

Before we start on the agenda, I have a technical 
announcement to make. In order that everyone may 
have the maximum facilities for taking part in the dis
cussion, portable microphones have been installed. The 
microphones on the central table are also at your dis
posal throughout the discussion. Anyone who wishes to 
take part in the debate is requested to come to the table. 

Our subject for today is extremely important because 
of its economic repercussions. At a time when the 
American Government, by yet another generous initia
tive, has announced to the world what has been called 
"point four", it is obviously most important that the 
technical experts who have gathered together for this 

*The chairman spoke in French. 

assembly should express their opmtons as to the best 
method of ensuring, within the framework of industrial
ization plans, the most rational possible use of the exist
ing natural resources. 

You have already had proof of the high qualificatiom 
of the experts who have spoken during the preceding 
meetings. You will certainly not be disappointed thi:: 
afternoon, for our various colleagues who are going tc 
speak to you have all had occasion, in the course of their 
present or former functions, to deal personally and 
directly with the important problem on our agenda. 

I shall not delay any longer your pleasure in hearing 
them, and I shall first give the floor to Mr. John Abbink, 
Consultant on the Foreign Technical Assistance Pro
gramme to the United States Mission to the United 
Nations. Mr. Abbink recently participated as co-presi
dent in the Brazil-United States Technical Commission, 
a very important mission which carried out a compre
hensive study on the conditions of economic develop
ment in Brazil. 

Mr. ABBINK delivered the following paper: 

Special Problems in Industrialization 

JOHN ABBINK 

In presenting this brief comment on Special Problems 
in Industrialization, I should like to make it clear that it 
is not to be taken as representing official opinion of the 
United States Government. What I shall say is based 
primarily upon personal observation and experience in 
various aspects of the problem of economic advancement 
in underdeveloped areas of the world, and upon concltt
sions reached after a recent intensive study in one such 
area in the Vv estern Hemisphere. 

Actually, no country on the globe has attained eco
nomic maturity-or ever will, if there is to be continued 
progress. :\1illions throughout the world are convinced 
that in some respects the United States is truly a prom
ised land-that it has reached the acme of material well
being-a feeling which the people of the United States 
fortunatelv do not share. It is doubtful that the total of 
the budgets for the presently projected plans-however 
starry-eyed- of all of the underdeveloped countries 
would greatly exceed the amounts that must be spent 
during the next few years, through private and public 
agencies, to maintain and expand the economy of the 
United States. One item alone--the rehabilitation and 
improvement in this country of highways, neglected 
during the war period-,vill require the expenditure of 
an estimated $45 billions over the next five years. 

I was startled during one of the sessions of the 
Havana conference which was drafting a Charter for the 
proposed International Trade Organization, to hear one 
of the delegates suggest that the United States might 
well assist the rest of the world in attaining economic 
equality before planning to further its own material 
progress. No expression that I have ever heard or read 
illustrates more clearly the misconception that exists in 
many minds as to the nature of the problem of economic 
development throughout the world. It is part and parcel 
of the subversive doctrine that the world needs, not to 

produce more but to divide what has been produced in 
the past; as though a tinier share to each individual in 
an increasing world population would create a Utopia; 
a fallacy that has been exploded many times in many 
countries, and is even now being bitterly disproven in 
unhappy Britain. 

The most difficult single problem which faces leaders 
in underdeveloped countries is that of convincing their 
peoples that economic progress comes from within; that 
it cannot be imposed from without, or even greatly 
advanced unless there exists a wide-spread desire for 
national improvement so strong that the necessary tem
porary sacrifices will seem worth while to all who will 
be . affected. The longing for economic progress seems 
umversal; the question our generation must resolve is 
how to inspire those who yearn to accomplishment. 

Almost without exception, the countries which are 
most vigorous in their demands for assistance from 
without in attaining what they call "economic develop
ment," emphasize manufacturing as the activity that 
they wish to promote. Perhaps this was inevitable, be
cause the scarcities brought about by concentration on 
armament during the war years and immediately prior to 
the opening of hostilities, seriously affected those areas 
whose economies were devoted largely to the production 
of foodstuffs and raw materials. 

But-again almost without exception-few of these 
countries are ready for the degree of industrialization to 
which they seem to aspire. The provision of physical 
plant and machinery is usually not an insurmountable 
difficulty compared with the other problems that im
mediately arise. It is a fair statement that industrializa
tion may easily create more problems than it solves. Let 
me give you an example. 

Recently I had a long conversation with the repre
sentative of a group of small manufacturers in a country 
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which is anxious for economic development. This group 
mmld like to expand its operations, and estimated that 
the provision of $600 millions in modern machinery 
would meet its requirements. This would mean the 
in vestment of at least $1 billion when the necessary 
shops and buildings were erected. As we discussed the 
proposal, it became evident that not only must the 
machinery be imported, but skilled labor and manage
ment engineers as well would he required from abroad 
for a period of years, and more seriously, practically all 
of the estimated 100,000 operatives who would be needed 
must be recruited from agricultural regions where labor 
was already scarce. Coal for heat processing was expen
sive and poor in quality. Besides, the local demand for 
products which would come from the new machinery 
\Yts insufficient to insure capacity operation for more 
than a few weeks each year, and a large export market 
would need to be developed in the face of competition 
from manufacturers in other countries who have had 
long experience in supplying the world's wants. 

This last difficulty was waved aside with the sugges
ti•m that the United States should be prepared to take 
auy surplus which developed, whether there was a 
demand in this country for such products or not, and 
eYen though the prices under circumstances as I have 
described them might be far higher than those of com
p;1rable products obtainable elsewhere. In other words, 
tl:e United States, they felt, should provide the machin
ery on a long term loan basis, install and operate it for 
a period of years until local technicians were capable of 
taking over, and be prepared to absorb any production 
not saleable elsewhere. 

The representative of this group of manufacturers 
was naive enough-or stupid enough-to insist that the 
proposal was a reasonable one, and that the United 
States "owed" it to his associates-an implied obligation 
that was never explained-to give it -serious considera
tion. 

These manufacturers failed to understand that indus
trialization does not necessarily mean economic develop
ment, that undue emphasis in one part of a nation's 
economy may disproportionately harm another, or 
others, and that the concentration of industry in various 
parts of the world is due much more emphatically to 
natural factors, such as the location of resources, than to 
man-made considerations or desires. The Ruhr, the 
Midlands of Britain or the industrial belt in the United 
States could not have prospered had nature not been 
kind. 

The first concern of any government which proposes a 
program of industrialization must be its people. Would 
they benefit in real measure, or would they merely be 
transferring their energies from one activity to another, 
\Yithout eventual benefit, or even at the danger of an 
ultimate lowering of their standard of living? Is there 
surplus population whose energies can be led into manu
facturing activities, or would transfer of those now 
raising crops into manufacturing result in less food 
production? To undertake industrialization at the risk 
of hungry stomachs, or in the face of rising imports of 
food staples readily produced locally would be uneco
nomic development. Is the general level of health such 
that a body of workers can be made available which will 
be able to stand the strain of industrial pursuits? What 
standards of education have the prospective operatives 

attained? Manufacturing pursuits cannot be successful 
where what is known as "common labor" only is avail
able. More than half of the operatives must in time be 
capable of varying degrees of skill, for \Yhich some educa
tional background is a pre-requisite. Above all, is there 
wide-spread determination for the attainment of a better 
life and the willingness to sacrifice for it, or only the 
wistful yearning, of which I spoke earlier, and ,,·hich 
often translates itself into dangerous envy? 

These are considerations which any nation must 
weigh through its leaders before embarking on an exten
sive industrialization program. 

The development of the most valuable natural re~ource 
in any country-its people-needs great~r emphas1s and 
more study in every program for econom1c advancement. 
Where it has had the attention it requires, it becomes 
readily apparent that the. pattern of i!ldustrial~zation 
which has been successful m one area wlll not smt con
ditions elsewhere; that each country has advantages and 
disadvantages which must be taken into account, and 
that to disregard them in a reckless dete_rmination !o 
industrialize at whatever cost, may eas1ly result 111 

economic retrogression, rather than advance ; in political 
upheaval instead of progress. 

Many of the countries now projecting industrial de
velopment will find other problems soon facing them, 
less fundamental, perhaps, but still difficult to resolve. 
The type of banking laws and the system of cred~t 
regulation in an area hitherto largely devoted to agn
culture, the production of bulk raw materials, and 
ordinary commercial interchange, will be found to be 
inadequate in a community of growing industrialization. 
Interest rates in such countries usually are high, far 
higher than can be absorbed into the cost structure of 
competitive manufactured products. 

Local capital markets rarely exist in these areas and 
to promote industrialization, even to a limited degree, 
entirely or largely on borrowed foreign funds would be 
hazardous in the extreme even if they could be obtained. 
Many proponents of industrialization in underdeveloped 
countries do not realize that success will consist not of a 
few large, spectacular operations, but of the secondary 
plants which arise to use the products of the primary 
industries. These smaller plants must be financed 
locally to a large extent, and they will not prosper unless 
a local capital market exists, or can be developed. 
Liquid funds in most underdeveloped countries are de
voted much more readily to speculative ventures or 
commercial transactions where there is promise of a 
quick return, than to industrial processing where returns 
are calculated in years, rather than in weeks. Unless the 
shares of secondary industries particularly are readily 
saleable and widely distributed, the outlook for indus
trial development is bleak. 

The attractiveness of industrial shares to individual 
investors probably will depend to a considerable extent 
on the fiscal policies which their governments adopt. As 
in banking, so in tax legislation, systems which have 
grown in most underdeveloped countries will not be 
suitable for the encouragement of industry. Physically 
the manufacturing establishment presents an easy target 
for the tax collector, hut its continued successful opera
tion will depend upon enlightened fiscal administration 
which takes into account requirements for reserve funds 
that must be accumulated without fear of confiscation 
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through ill-advised taxation, merely because they loom 
large in a financial statement. 

To stress so obvious a necessity as adequate trans
portation for a growing industrial. are<~; . may seem 
superfluous, yet it is a fact that thts factl~ty ts often 
overlooked in development plans. Estabhshment or 
rehabilitation of railway systems for movement of bulk 
freight, and of highways for express traffic, is a .costly 
procedure the world over, but an abs.olu~e :ssenttal f?r 
industrialization growth. Recent studtes mdtcate that m 
at least one under-developed country, fully one-third of 
badly needed agricultural produce is wasted because 
transport and storage facilities are ina;fequate, and that 
national distribution of locally manutactured products 
would be almost impossible excepting at prohibitive cost. 

Last, but not by any means of least importar:ce, is the 
problem of providing markets for the greatly m~reased 
world production which is in the offing. I have listened 
to and in some cases examined, the development plans 
ol a considerable number of countries. In none of them 
has there been much evidence of sales planning. Most 
of the planners assume that markets exist for the pro
duction they project. Britain has increased her national 
output by about 40 per cent in the past 10 years, but 
finds sales increasingly difficult to make, partly because 
of high prices but more specifically because her pro
ducers have paid too little attention to market demands. 
People will not buy just anything merely because som~
one makes it. If England with her many years of expen
ence in quality production ~n~s the going hard today, 
how much more difficult will tt be for a newcomer m 
the industrial field. 

Practically every country which is projecting devel
opment plans counts on the United States to absorb 
any surplus that may appear, and most of them invoke 
imprecations on United States tariff laws, in spite of the 
fact that tariffs here are only about half on the average 
what they were twenty years ago, a condition that does 
not apply to any other country of which I know: The 
truth is that if the energy devoted to condemnation of 
tariff policy were devoted to study of market demands in 
the United States, much greater sales would follow. 

I have cited some of the special problems I see ahead 
in industrialization in underdeveloped countries not 
because I wish to discourage vigorous progress, but 
rather to warn against immature planning. Many coun-

The CHAIRMAN : \Ve wish to thank Mr. John Abbink 
for the remarkable expose he has just given us. 

I do not doubt but that the conviction with which he 
has developed his arguments will,. ':~'hen we embark .on 
the discussion, arouse some opposition that should gtve 
rise to interesting debates. 

However, despite the pleasure we should feel in hav
ing the advantage of Mr. ~bbink's p:esence for that 
discussion as our four subJects for thts afternoon are 
all of a si;nilar nature, we thought it would be prefer-

tries look to the United States for help in financinf 
their undertakings, and I have no hesitancy in. assertin§ 
that their proposals will be measured here. agamst all ol 
the criteria I have outlined, much too bnefly, perhaps 
President Truman's Point Four program was wide!) 
hailed throughout the world because it contained a ref· 
erence to financing. Actually it stressed much mon 
emphatically the need for planning such as I have sug· 
gested here. The people of the United ~t~tes ha-:< 
proven that they are willing to help to the hmtt of then 
abilities but they will be little inclined to provide fundt 
merely because some country wants them. There is toe 
great need at home for capital. 

During the past year I have had the .Privileg~ o~ 
working closely with a gr~up o~ leaders m Braztl. at 
Co-Chairman of the Braztl-Umted States Techmca 
Commission. After six months of study, this joint com 
mission made a report which was remarkable in tha1 
the conclusions reached were unanimous. In a fe\\ 
words, the report stresses the need for balanced de-:e!· 
opment in which all segments of the economy parttct
pate and from which all will benefit. The ~ocumen1 
was not particularly pleasing to those who are mterestec 
chiefly in manufacturing, but even they w~re forcec 
finally to admit its logic. If the recommendatiOns mad~ 
in the report are carried out, I am con~den! that Brazi 
will be one of the most prosperous natwns m the worlc 
long before the twenty-first century dawns. 

The urge for development is one hopeful facet of ar 
otherwise dreary world scene. Those of you w~o an 
helping to plan it, and to condition your countnes fm 
its impact, have opportunities which have come to ver} 
few humans in the past. It is not too much to say tha1 
you are in very truth the architects of the future! Ir 
closing, I should like to repeat one thought that 1 
expressed early in my remarks. Th~ ~eople of }ht 
United States have come to the convtctlon that the 
most difficult single problem which faces. l~aders i_r 
underdeveloped countries is that of convtn~tn~ theu 
peoples that ec.onomic progress ~omes from wtthm; tha1 
it cannot be tmposed from wtthout, or even great!) 
advanced unless there exists a wide-spread desire f01 
national improvement so strong that ~he necessary te~~ 
porary sacrifices will seem worth while to all who wtl: 
be affected. The longing for econOt.nic progress see~~ 
universal · the question our generatiOn must resolve 1~ 
how to in'spire those who yearn to accomplishment." 

able to await the end of .the papers before opening tht 
general discussion. 

I shall therefore give the floor now to Mr. Robertc 
Vergara, our colleague from Chile. 

Mr. Vergara is at once an economist, a mathematiciru1 
and an administrator. He has all the qualifications fm 
giving us an extremely interesting talk, especially sine( 
he has fulfilled high functions in Chile, in the officia; 
agency for studying and promoting the development of 
that country. 

Mr. VERGARA delivered the follouing paper: 
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Special Problems in Assessing Resources in Relation 

to Industrialization Plans of Less-Developed Countries 

ROBERTO VERGARA 

ABSTRACT 

The advance in economic growth of the world community of nations is paced by ever greater atten
tion being paid to the problems faced by under-developed countries. The economic sectors of industry, 
agriculture and public utilities must be considered from the standpoint of balanced growth by countries 
attempting, both with their own assets and with the help of outside aid, to raise their standards of living 
and to promote economic and social stability within their borders. Balanced change in the field of indus
trialization of a whole nation for these sectors presents continuing problems to be continuously met. 
These problems cover a vast horizon of subjects summed up in the word "resources". A country's resources 
are not only her streams and sod, trees and mines, capital and savings, but above all, the people of the nation. 
A people must be considered the very first resource in any undertaking into industrialization. The structure of 
business and of government, the financial and political situation, and willingness or ability to carry forth pro
grammes of development are the foundations of plans and statistics. In Chile, the development programme has 
been carried forth with an eye to combining plans with practicalities. Projects chosen first were ones with 
greatest justification from the standpoint of competitive costs, market outlets, capital availability, and man
agerial and technical know-how, plus the intangible of over-all feasibility in the light of world conditions and 
administrative competence. Whether in the field of relating hydro-electric power resources to those of coal 
and petroleum requirements and supplies, or in assessing forest resources as related to industrial growth, or 
in raising farm output and productivity to an efficient and satisfying level, all must be considered as part of 
an integrated and interdependent organism. Finally, although the development of specific commodities or par
ticular services required for balanced growth may differ for various countries, the basic problem of assessing 
resources in relation to industrialization plans emerges in a similar pattern for the whole community of less 
developed countries. Essentially the pattern is one of programme and progress, based on flexible policy and 
action constantly geared to current conditions and realities. 

GENERAL 

In a day when the economic stability of continents is 
clouded with uncertainty, action and accomplishment 
are themselves goals difficult to reach in the process of 
converting resources into living standards. For under
developed countries, the frontiers of industry are being 
pushed forward. This push is being accomplished both 
by private, local and foreign investment, and by govern
ment action. 

It is true that the various problems faced by under
developed regions in their attempts to industrialize, 
mostly grow out of conditions existing in the particular 
country. However, considering the many specific prob
lems of resource assessment for the community of under
developed countries, a basic pattern emerges which is 
more or less common to them all. Such items as lack of 
capital, need for technical surveys, absence of techno
logical and managerial experience, under-developed 
transportation and public utilities systems, unco-opera
tiveness and instability of political regimes, and the 
difficulty of welding together the various groups and 
interests of a country into the development programme, 
all contribute to the problems to be met by the under
developed area. But, while it may be interesting to 
approach such problems on an overall basis, it is more 
feasible to outline them as they have been experienced 
and met by one country and organization; that is, one 
with which I, of course, have had particular experience, 
the Chilean Development Corporation, or Fomento, as 
it will be called here. 

Fomento was chartered to raise the standard of living 
and stabilize the economy of Chile. It was instructed to 
do this simply by the directive to conduct studies and 
put such studies into action. A challenge was offered, 
even granting that funds were provided for; and even 

though its administrative personnel were chosen from 
the chief business, technical, labour and government 
groups of the country. Fomento walked into the grown
up world without benefit of precedent. Hers was the 
instinctive admonition of doing first things first and by 
virtue of hard work and common sense rather than 
\vith programmes and theories alone. \Vith the passage 
of time, and with the actual placing into operation of 
initial projects, more attention may now be devoted to 
the filling out of a complete programme. However, 
from the day of Fomento's first project to its now 
developing rational plan of exploiting resources, the 
problem of assessing these resources in relation to exist
ing plans has inevitably been a problem which was met 
and solved in manner conscious or otherwise. 

The first projects of Fomento were ones for which 
production costs and markets were easily proven after 
initial surveys. \Nithout question, the hydro-electric 
power projects of Fomento represent the most signifi
cant programme of resource development for Chile, both 
in terms of immediate living standards and of long-term 
growth. The power programme is of major importance 
in the problem of assessing Chile's resources. For it is 
related to her limited coal reserves, which are required 
for purposes even more basic than those of fuel; whereas 
the hydro-electric pO\ver potential is almost limitless by 
comparison. 

Perhaps a more dramatic, even if smaller, example 
typifying Fomento's work, is that of the copper process
ing industry. For years Chile had not only been the 
world's largest exporter of copper, but had also derived 
most of her consumption of such copper products as 
wire, sheet and tube, from the very countries to whom 
she exported the raw material. Thus the copper process
ing plant in Santiago, one of the first set up by Fomento 
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with the aid of Export-Import Bank funds, serves as a 
kind of standard bearer to the functions which Fomento 
continues to perform. 

The first hurdle of resource assessment has been pre
sented, namely the question of competitive cost of out
put in relation to justifiable size of market. In addition 
to costs and markets, which can be judged better 
through market surveys and technical studies, a very 
basic problem must be met which is not easy to define. 
It is the complex of social, economic and political life 
of a country or of an industry at the time that the indi
cated development is desired to be carried out. In the 
case of agriculture, for example, statistics may prove 
beyond the shadow of a doubt that certain products and 
certain projects are justified from the market, cost and 
soil point of view; but even though that project is being 
carried out considering all technical facts, problems 
such as type and tenure of land distribution and owner
ship must be weighed before effective action can be 
undertaken. For it must be remembered that the past 
history and current status of a population are fully as 
much a part of resources as the soil they till. 

Once, however, clearing has been made with interested 
parties, surveys and studies themselves are the first 
problem to be met. A really effective survey can only 
fit into the budget of a small country if there is a fair 
assurance that the cost can be later borne and considered 
as part of the capital of the project. It is of meaning 
that the present Point Four Programme of the United 
States is immediately concerned with the cost of surveys 
to be later used in carrying out such projects. In the 
initial years of Fomento, such prior aid for making 
studies was not forthcoming. It had to rely on its own 
funds, with perhaps at best an agreement in principle 
that such survey costs would be borne later once the 
project had been justified and initiated. 

Another basic problem, after choosing the most re
warding projects from the standpoint of costs, markets 
and reserves, was a rough estimate of which proposals 
had priority in the branches of the country's economy; 
that is, whether manufacturing, agriculture or public 
utilities. 

The problem of resources as applied to specific proj
ects and fields of endeavour mav be made in a four 
sector approach. These include first, the sector of indus
try, mining and fuels, second, agriculture, fisheries and 
forests; third, transportation and public utilities; and 
last, the all-embracing field of government and finance. 

I~DUSTRIALIZATIO"", MINING AND FUELS 

Resource assessment in the sector of industry and 
mining operations may be examined in several aspects. 
These spring from whether the industry is a new one 
or an existing one, and whether a raw material or a 
finished product is involved. Fomento's development of 
the steel industry is significant. During and prior to the 
war, Chile's needs for semi-manufactured steel were im
ported, mostly from the United States and European 
countries. This was despite the country's possessing 
iron ore reserves, some of which have supplied one 
United States company for many years; and that Chile's 
output of coal has supported her existing level of indus
try and transportation. 

Compafiia de Acero del Pacifico, as this steel mill is 
named, is now under construction and will be in opera
tion early in 1950. But many of the problems which 

were faced and met while this plant was in the discus
sion stage are pointedly related to our problem at this 
meeting. First arose the quality and quantity of reserves, 
both of coal and of iron ore. Considerable discussion 
centred upon both of these items during the initial stages 
of discussion on the Mill. Briefly, however, the basic 
questions arising were first, grades of coal to be used for 
the coking process, and second, the extent of iron ore 
reserves as related both to the length of life of the 
plant itself and to the Chilean steel market. Another 
item of interest in regard to the steel mill was the 
matter of disposal of by-products, particularly that of 
coke oven gas. 

The importance of properly assessing raw material 
resources can be hardly better shown for any other 
aspect of industry than for petroleum, especially if one 
considers loan policies of the development institution. 
Not only is petroleum development related to the gen
eral problem of conserving coal resources for those 
purposes where hydro power or internal combustion 
engines are not applicable, but in order to assess petro
leum reserves properly, funds must first be provided to 
carry on adequately exploratory well and drill work. 
Rough estimates must be made of reserves, even to 
determine whether or not reserves exist. For petro
leum, the cost of reserve determination and exploration 
is thus largely the cost of production, assuming that 
reserves are struck. Uncertainty of return on invest
ment in the oil industry has caused reluctance of loan 
institutions in granting development credits. Partly for 
this and bearing in mind the past company-state rela
tions in this industry, Fomento, as an agency of the 
Government of Chile, is the party which has responsi
bility for exploiting oil resources. To date most of the 
funds, constituted largely by forejgn exchange, spent by 
Fomento in oil-well development have justified the 
investment in this field. Another distinct possibility is 
that of a refinery within the country to convert seen 
reserves of crude oil on wells already capped for later 
production. 

Turning now to basic existing industries, rational 
development of the country's resources required that 
raw materials already in production continue to be 
developed. Copper and nitrates are the star primary 
goods of the nation. Existing copper reserves in Chile 
are roughly 25 million short tons, copper content. This 
compares with annual production of between 350,000 to 
400,000 tons per year. Of equal bearing in regard to 
copper resources, is that some deposits in the above 
reserves recently began to be exhausted. Sulpl:J.ide type 
ores in the chief mining centre of the country thereby 
remained, but without the needed refining equipment. 
As a result, Chile Exploration Company, a subsidiary 
of Anaconda Copper Company which works its largest 
mine at Chuquicamata, approved in 1948 a plan to 
invest $US 130 million in the construction of a new 
plant to extract copper from the major remaining de
posits of sulphide ores. 

Existing manufacturing industries have received their 
share of attention in the development programme. Per
haps the most important of these in the economy of 
Chile is that of textiles and fibres. In the case of cotton. 
both by means of government loans several years ago 
and through continuing expansions by means of private 
investment, both spindle and loom capacity of Chile have 
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Leen increased to a point where the country is now 
largely self sufficient in the production of cotton yarn 
and cotton fabric. 

Beginning to supplant consumer-goods fibres is the 
fibre rayon. In a period of less than ten years, Chile 
has expanded her production of rayon filament yarn to 
the point where the domestic market for rayon goods is 
now filled almost entirely with the output of filament 
and of spun yarn produced in spinning and staple fibre 
plants in Chile. However, the rayon woodpulp required 
in the manufacture of the rayon yarn and staple fibre 
still must be imported from such outside countries as 
Canada, Sweden or the United States. It is true that 
production of paper woodpulp is a project now under 
way because of the known application of present indus
trial techniques to existing timber land in Chile. Al
though present forest tracts in Chile are largely of the 
hardwood variety, there are nevertheless plantations of 
coniferous pine in southern and central provinces, which 
in the future, it is expected, may reduce Chile's depend
ence on outside sources for her consumption of rayon 
·vood pulp. 

Wool, hemp and flax are also of interest in fibre devel
opment and their expansion has been furthered by direct 
investment policies of Corporacion de Fomento by means 
of loans encouraging both greater processing and farm 
production. 

These, then, are some of the more basic projects which 
itave been undertaken by Chile in recent years. It is 
also fair to say that the outcome has not always been as 
desired. This may have been due to inadequate man
agerial background, lack of experience in a particular 
:ield, or use of inefficient equipment in carrying out 
:>articular projects. Such industries as cement manu
:acture and moving-picture making, for example, have 
not entirely proved satisfactory, contrary to the case of 
most other projects so begun. These disappointments, 
however, have been lessons for the future. They are 
part of the sum of experience against which the larger 
programme may be carried forward. 

AGRICULTURE, FISH AND FORESTS 

In terms of number employed, agriculture is the 
largest single economic pursuit in Chile. But from the 
standpoint of output and productivity, Chile's farm 
methods and land yields are backward when compared 
with other more advanced areas of the world and even 
•vith non-agricultural occupations within Chile itself. 

Fomento, with the technical and administrative opera
tion of other agencies of the Government of Chile, has 
almost since its inception ten years ago been making 
steady progress in its efforts at agricultural improve
ment. These efforts were chiefly in the field of mechani
zation, but to some extent in such other outlets as 
fertilizer manufacture, irrigation development and rural 
electrification. Now that the more significant of the 
industrialization projects have been launched, attention 
must of necessity be directed in greater measure towards 
the farm sector of the Chilean economy. For though 
farms support two-fifths of Chile's population, they 
receive less than one-fifth of her national income. This 
is due to antiquated practices on the land, poor use of 
available water and arable land, and in no small measure 
to lack of farm capital in certain areas. 

There are several more basic problems of resource 

assessment in agriculture and food, including soil man
agement, water supply control, crop and livestock plan
ning, fishery development, and forest programming. 

For the soil, a programme of research and action is to 
be established. This would involve the making of ade
quate soil surveys to indicate present productivity and 
depletion as well as possibilities of further crop use ; 
setting up requirements for different types of fertilizer 
to be used in different areas ; determining what drainage 
improvements are necessary in each area; or what im
proved soil management practice is in order, such as 
contour ploughing or terracing. All of these are to be 
directed to indicate whether they ought to be applied 
to presently cultivated areas, or whether building of 
entirely new projects of land clearing and reclamation, 
mechanization and irrigation is to be undertaken. In 
the latter respect it is of note that in many of Chile's 
areas, particularly along the coastal cordillera of the 
central section and even in the interior of certain of the 
southern provinces, severe soil erosion has in many in
stances removed top soil or depleted the soil of needed 
compounds, reducing crop yields in certain counties ; 
action must be taken to counteract these soil depletions. 

The problem of water availability and control of sup
ply is one of the basic ones of resource management in 
Chile. It affects not merely the regime of irrigation and 
agriculture, but also the supply of water for hydro
electric power, industrial consumption and consumers' 
use. Only about 20 per cent of the gross agricultural 
area of the country is under irrigation. But much of 
the total agricultural land is uncultivated every year 
either by virtue of its being turned over to grazing on 
uncultivated grassland, or due to incomplete utilization 
of cultivated areas where cattle-grazing is carried on. 
Thus it may very well be that as much as 50 per cent 
of the cultivated area of Chile is irrigated to some 
degree. It is therefore understandable that in the central 
valley of the country, the agricultural and industrial 
heart of Chile, the regime of water supply is of basic im
portance to the continued economic life of the whole land. 
The flow of streams must be regulated to obtain maxi
mum possible agricultural and consumer use. It must 
consider other factors-adaptability of soils and avail
ability of transportation. Charting of stream flows is 
thus needed not merely for efficient current consump
tion, but also for the proper planning of future irriga
tion and industrial projects. 

The application of resource assessment to the pro
gramme of selection of areas devoted to crops and live
stock is a particularly involved one. Consideration must 
be given not merely to the physical inventory of the 
country as it may allow various products to be grown 
or produced. There must also be taken into account 
such diverse factors as markets and consumption pat
terns, export and import trends and possibilities, and 
factors which are neither technical nor even on the strict 
economic plane in their implication. The latter would 
include distribution and ownership of land, and the con
sequent political and even social bearing that this situa
tion has upon plans for agricultural development. The 
factor of selection of specific products to be produced or 
expanded, in the case of an irrigation or other agricul
tural project, just as in the case of an industrial plant, 
depends initially upon competitive costs of production 
and upon a justified market. For example, there can be 
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no question, based not only upon common market ~nowl
edge but upon studies of per capita consumption of 
nutrients, that calcium bearing milk, Vitamin A rich 
green vegetables, and ascorbic acid-laden fruits, have all 
a ready domestic market in Chile. Even in the case of 
meat, a protein food, existence of a widespread market 
is undeniable. For all of these, however, future expan
sions must likewise take into account foreseen costs of 
output. These costs are based upon present construc
tion and future operation charges for irrigation, mech
anization and land management projects. Also to be 
weighed in advance are matters of land and project 
administration, and processing and distribution of 
products. 

An issue in the question of agricultural areas and 
consumption has recently been revived both i~ a strictly 
popular manner ar:~ ev.en on a more professt(;mal plane 
by various authontles m the field of popul<:t10n study. 
It is the problem of land, food and populatiOn. There 
is no question but that problems of soil deficiencies and 
erosion, fertilizer requirements and crop yields, and 
other non-human elements of Chile's farm assets, when 
balanced against population, increases in numbers and 
general health and work efficiency, present a long and 
even short-term problem which may not and is not being 
i211ored. The whole complex of activities of Fomento 
a~d of other government agencies of Chile are in one 
sense or another directed towards the solution of these 
conditions. 

Fish and timber offer two of the vastest possible 
fields of new industrialization among Chile's replace
able resources. To a great extent, also, these two items 

the vast forest tracts of southern Chile and in some 
central areas as well. 

Of additional importance in this field is the recently 
proposed programme of "selective cutting". By this 
system, large forested areas of limited boundaries would 
be managed so as to cut the oldest trees only. This 
would replace the present practice of indiscriminate cut
ting of trees of all ages in a smaller area but with the 
necessity of later replanting. Also, the method of "selec
tive cutting," though entailing greater road costs, pre
serves the forest forever. 

In the case of fish, the conservation problem does not 
compare with that of timber. The study made by the 
U.S. Survey Mission to Chile indicated area boundaries 
and annual catch possibilities for the various species of 
fish available in her waters. Therefore, locations and 
capacities of canning and other processing plants pro
jected for this industry are contingent upon the raw 
material supplies available as well as upon anticipated 
market demands. 

In both the case of fish and forests, the export market 
has been analysed to give further indication of the sig
nificance of the local resources. Moreover, plans for 
processing plants have also taken into consideration 
secondary products made from these materials. In the 
case of wood, for example, wood pulp and paper plants, 
a wood preservation factory and other cellulose and 
by-products are being planned; while in the case of 
fish, plants for the extraction of feeds, fertilizers and 
oils are also contemplated and in some cases under 
construction. 

present problems similar to one another as far as devel- TRANSPORTATION AND PUBLIC UTILITIES 

opment organization is concerned. For there can be no The industrial and agricultural progress of a country 
question but that both the forest and m<;trine reserves can advance no more quickly than its output of power 
in this southwestern strip of South Amenca are among and consumption of fuel, and the extent of transporta
the largest though as yet relatively untapped eco~omic tion facilities. It is the expansion in hydro-electric 
treasures of that continent. The problem here ts not power capacity which can be said to be by far one of the 
even one of assessment, inasmuch as technical missions greatest contributors to Chile's future growth. Endesa, 
have made complete surveys for both these products the Fomento network of hydro-generating plants and 
over five years ago. These missions were staffed by sub-stations, added to the existing coal and developing 
experts of the United States Government and of Fo- petroleum resources of the country, has since the incep
mento. Their reports showed beyond question both the tion of Fomento been leading the way to a richer life 
possible range of development as well as recommenda- in Chile. 
tions for specific projects. The real problems are not Surveys which have already been made on streams 
physical but human. They are twofold: first, avail- . h · f 
ability of capital, both foreign exchange and local cur- having hydro-electric potential m t e vanous parts o 

· 1 Chile indicate that if this programme of construction 
rency; and second, availability of adequate techmca can be carried out in its entirety, Chile may eventually 
Personnel and managerial ability. . 

produce over ten times its present power capaCity even 
\Vith respect to sawmill operations, from the view- considering all existing projects plus those under con

point of the Government, forest conservation, fire con- struction. As already mentioned, initial impetus to the 
trol and efficient exploitation of timber resources are hydro programme was based upon the fact of limited 
for;most problems. The technical mission which ex- reserves of coal. Since the latter fuel will be required 
plored Chile's wood possibilities found that a consider- in primary measure for manufacture of steel and in 
able proportion of the timber cut annually in the country transportation, initiation of both the hydro-electric pro
fails to be replaced due either to limited forest range gramme and that of petroleum exploration and refining 
practices or to wasteful methods of cutting. The prob- are basic tenets of resources assessment in the country. 
lem has yet to be adequately solved by the appearance of 
a working programme of forest development for the It is well to speak of Chile's railway development at 
country. the same time as her power development is considered. 

Of additional interest in respect to sawmill operations Chilean State Railways owns and operates over 90 per 
is first, the programme which Fomento at present is cent of the country's total railway mileage. In addition 
sponsoring for the development of several large saw- to its programme of expansion in rolling stock and 
mills. These are to replace partially the great numbers power units, it has sponsored such subsidiary develop
of small and inefficient portable sawmills operating over ments as refrigeration, storage and tourist facilities. But 
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most important of all its past and contemplated im
provements is the further conversion of many miles of 
right-of-way to an electrified system. Thus, dovetailing 
expansion in its transportation system into the develop
ment of electric power capacity is a basic example 
of rational procedure and the utilization of national 
resources. 

GOVERNMENT AND FINANCE 
In concluding a discussion of resources and industry 

plans of less-developed countries, we must link together 
with specific projects the administration and managerial 
problems of government. The primary concern here is 
one of human relationships and even historical setting 
rather than technical data. It is the basic policy of 
Corporacion de Fomento to separate its chief function 
of planning, engineering, and project operation from 
the non-technical, although important field of political 
relations; still, it would be naive to assume that rights 
and interests of parties and groups in a modern State 
are unrelated to the plans and activities of government 
organizations representing that State. The problems 
implied may take many forms: stabilizing of foreign 
exchange operations and reserves ; shaping balance of 

The CHAIRMAN : Mr. Vergara, I thank you very 
warmly for your expose, which was imbued with the 
profound knowledge acquired in the discharge of your 
duties. 

We shall now ask Mr. Pedro Ignacio Aguerrevere 
from Venezuela to be kind enough to let us also share 
the benefit of his experience. 

payments policy for the country; control of internal 
money and investment policy; obtaining support for 
and development of specific industrial projects; rela
tionships towards such external loan institutions as 
Export-Import Bank or International Bank; or con
ducting of foreign debt negotiations whose purpose it is 
to maintain the credit standing of the country. In all 
these, concerted action and policy by responsible gov
ernment agencies is required at all times. Moreover, 
policies which stem from intended paths to be taken by 
farm and factory projects must be geared to current 
happenings in the sphere of international investment. 
The happening may be a new policy of the Executive 
Branch of the United States Government-the force of 
the recent Point Four Programme is beginning to be 
felt in legislative halls of far-off lands; the happening 
may relate to a policy based on flotation of securities by 
the International Bank ; or even conclusions reached in 
studies of specific Commissions of the United Nations. 
All must be assessed for their proper weight and mean
ing in the development of a growing country. The end 
purpose is to assure that goals commonly agreed upon 
are being approached with realism and a measure of 
common sense. 

Mr. Aguerrevere was until quite recently the Vene
zuelan Minister of Economic Development. He is con
sequently particularly well qualified to be conversant 
with the problems we are discussing at the moment. 

Mr. AGUERREVEREb delivered the following paper: 

b::\-fr. Aguerrevere spoke in Spanish. 

Industrial Development in Venezuela
1 

PEDRO IGNACIO AGUERREVERE 

I was asked to speak of the experience of Venezuela 
in investing the income from exhaustible resources in 
the creation of other income. I have not been in a 
position to prepare a document to read; therefore, I 
shall limit my statement to a few personal comments 
concerning this particular problem. 

In 1914 Venezuela became an oil-producing country. 
The first commercial oil-well was completed in July of 
that year. Exports started in 1915 and increased in the 
succeeding years to the point where Venezuela reached 
the position of the world's leading exporter of oil and 
second producer. The effect of the development of an 
industry of such tremendous importance on our economy 
and the experience whkh we have gathered in the 
utilization of this development for the well-being of our 
country constitutes a subject on which volumes and 
volumes could be published. This experience would be 
extremely useful for other countries now in similar 
circumstances or which may be in similar circumstances 
in the future. 

Before becoming an oil-producing country, Venezuela 
had a poor but well balanced economy. Our agricul-

10riginal text: Spanish. 

tural and various other products were sufficient to feed 
the country and the surplus provided the necessary 
exchange to import the manufactured goods required. 
The standard of living was rather low, yet the economy 
was balanced. 

Today we have a great influx of exchange and a sub
stantial rise in our standard of living, but our agricul
tural production and cattle raising have not moved on 
the same basis or at the same rate as oil production. 
Therefore, there is considerable concern in our country 
regarding what could take place if the revenue derived 
from oil suddenly came to a halt. 

To face this situation, a few years ago one of our 
distinguished statesmen coined the slogan "Sow oil". 
It is a programme which we have been following since 
in Venezuela and we hope with it to balance again our 
economy. 

The impact of a most advanced industry, such as the 
oil industry, on our primitive agricultural economy has 
not been detrimental. The influx of currency allows us 
to face the future with optimism and to prepare with a 
certain calm the necessary plans for increasing our 
production of foodstuff. If our country could produce 
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all that it requires in foodstuffs, the excess of currency 
could be used to secure a rational industrialization which 
would be adapted to our markets within the framework 
of what was recommended by Mr. Abbink as being 
reasonable for a country in the process of development. 

However, the oil industry has imposed a phenomenon 
at home which could be called "the tail wags the dog" ; 
the number of people who work in the oil industry is 
about 10 per cent compared to the workers in other 
industries, but the wages and standard of living of the 
majority are deeply influenced by the oil workers' mi
nority. Therefore, the problem before us is to secure 
within a rather limited period of time that which is 
normally secured within the span of several generations. 

The only solution is intensive and speedy mechaniza
tion. As an example we have just made a very interest-

The CHAIRMAN : Thank you, Mr. Aguerrevere, for 
your expose. It has drawn our attention to a problem 
that is peculiar to your country : the lack of balance 
resulting from activities of a rather exceptional nature. 

I nmv ask Mr. Filemon C. Rodriguez of the Philip
pines to read us his paper. 

Mr. Rodriguez now holds an important position in 
his country in the administration called the National 
Research Council, and he is more particularly con-

ing experiment, cultivating in one of our provinces a 
block of 5,000 hectares solely by mechanized methods, 
the result being that within two years we hope to have 
there sufficient production of rice to meet the require
ments of our country. Such a speedy mechanization of 
agriculture means, in turn, that the important problems 
of education of personnel and the purchase of equipment 
also arise. 

In the over-all picture there are two ways to meet the 
crisis which might possibly arise from the diminution of 
oil production. The first is the diversification of our 
source of income in dollars, adding to oil other resources 
such as, perhaps, iron ore, gold, diamonds and possibly 
other minerals. The second solution would be to trans
form our agriculture in a few years through develop
ment and mechanization which normally require several 
generations. 

cerned with the Equipment and Industrialization Divi
sion-that is, precisely the problems we are discussing. 
Mr. Rodriguez is an engineer who, according to my 
information, has abandoned the purely technical side of 
his science for liaison between technique and adminis
tration. He is therefore highly qualified to speak in this 
gathering where we are considering technical and eco
nomic problems, so closely linked. 

Mr. RoDRIGUEZ delivered the .fo!!o·wing paper: 

Special Problems in Assessing Philippine Resources 

in Relation to Its Industrialization Plans 

FILEMON C. RODRIGUEZ 

We of the Philippines consider it a special oppor
tunity to be able to discuss the problems of assessing 
our resources in relation to our industrialization plans, 
before this Conference. \V e liken this to the practice of 
people of olden times of exposing their sick on the steps 
of the temple so that any passer-by may offer a remedy. 
\Ve hope that from the exchange of ideas during our 
present discussions we may derive some assistance in 
the solution of our problems. 

The Republic of the Philippines consists of a group 
of islands in the Malay Archipelago, located between 
21 o 10' and 4 o 40' north latitudes and between 116 o 40' 
and 126° 34' east longitudes. There are 7,083 islands, 
of which eleven have an area of more than 1,000 square 
miles each. The total land area of the Republic is 
114,830 square miles. These islands were discovered 
by Magellan in 1521, colonized by Spain for more than 
300 years, ceded to the United States in 1898, occupied 
by the Japanese in 1942, liberated in 1945 and granted 
independence by the United States in 1946. 

This group of islands is generally of volcanic origin, 
being the higher portions of a partly submerged moun
tain mass. On the whole, most of the larger islands 
are traversed by mountain ranges, with wide valleys 
and deltas, extensive coastal plains, navigable rivers, 

waterfalls and volcanoes. Some of them are in great 
part overlaid with coral, which in disintegrating has 
resulted in particular soil characteristics markedly dif
ferent from that of the other islands, where lava over
flow and volcanic tuff and ash deposit make the soil 
cover. About 95 per cent of the land area lies in the 
eleven largest islands, and approximately two-thirds in 
the two great islands of Luzon with 41,000 square miles 
and Mindanao with 37,000 square miles of area. 

The climate of the country is tropical throughout the 
year; it is warm and moist. The average temperature 
in Manila, 79.5o F, is typical of the lowlands through 
the archipelago. Baguio City, the summer capital, 5,000 
feet above sea level, normally has an average mean tem
perature of 64 o F. The temperature at night, even in 
the lowlands and at all seasons of the year, is agreeably 
cool, and in January and February, the coolest period, 
is sometimes as low as 59o F. at .:.Vlanila. The hottest 
months are April and May. 

The seasons are divided into the northeast monsoon, 
which brings frequent rains on the east coast of the 
islands, and the southwest monsoon, which brings the 
rainy season in Manila and on the west coast. In the 
southern part of the archipelago, the rainfall is well 
distributed throughout the year. The rainfall is very 
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heavy, in certain sections as much as two hundred and 
fifty inches annually, and occasionally more. 

According to census figures, the population is 
19,234,182 for 1948 as against 16,000,303 in 1939, 
10,314,310 in 1918 and 7,635,426 in 1903. The present 
rate of increase in population is 2.3 per cent a year. 
The population is unevenly distributed, the greatest 
density occurring in the island of Cebu and the least in 
..Mindanao. The Filipinos have settled chiefly in areas 
along the sea coast rather than in the interior. 

Of the 8,456,493 men and women gainfully employed 
in the Philippines in 1939, agriculture accounted for 
about 41 per cent; domestic and personal services, 
29 per cent; professional services, 11 per cent; and 
manufacturing, industry, trade and transportation, the 
remaining 19 per cent. The Philippines has always been 
a predominantly agricultural nation, because of its 
tropical climate and naturally fertile soil, which are very 
iavourable to agricultural production. 

The Philippines is naturally blessed by an abundance 
l)f natural resources most of which have hardly been 
·:ouched. These are divided for purposes of this discus
:;ion into four major classifications, as follows: 

1. Land resources. 
2. Waters. 
3. Forests. 
4. Minerals. 

LANDS 

Of paramount importance to the Philippines is its 
land resources. There are wide areas of good land sus
ceptible to cultivation which is far in excess of present 
utilization. Out of the total land area of the Philippines 
of 29,740,972 hectares, 11,637,968 hectares are estimated 
to be suitable for agricultural use while the rest are 
1'orest, swamp lands and grasslands. The cultivated 
area of 4,479,270 hectares are devoted to 1,879,600 rice, 
812,300 corn, 105,940 sugar, 33,000 tobacco, 270,840 
abaca and 1,377,790 miscellaneous. Apparently, the 
limit of land utilization is the area that can be cultivated 
by the people under the primitive farming practices 
that are still in effect in practically all areas in the 
Philippines. Gradual mechanization that is now setting 
in will contribute to raise the present limit and permit 
greater area to be placed under cultivation with the 
same number of farm hands that are presently available. 
The area devoted to certain crops is also limited by 
the amount of water available for irrigation. This is 
true particularly with respect to rice lands because the 
better yielding rice variety needs water for a longer 
growing period than the rainy season, and shortage of 
water is felt, if dependent completely on rainfall, during 
the planting season and just before harvest. 

Janel area, only 60 per cent has been studied by the Soil 
Conservation Survey. The absence of soil maps \Vhich 
will guide any study of our agricultural products of any 
kind \Yhich can be profitably and satisfactorily grown is 
an impediment to the proper evaluation of agricultural 
raw material sources for use of industry. 

Out of the total area of 5,203,620 open and grass 
lands, 1,300,000 hectares have been judged to be suit
able for grazing and livestock production. On the other 
hand, very little livestock production is being carried 
out. During the year 1945, the livestock population was 
14,007,000 units which represented only 39.5 per cent of 
the total livestock population in 1939. The requirements 
of the agricultural land for cultivation alone demand 
the acquisition of 1,601,600 carabaos to supplement the 
present 1,317,130 carabao population. The yearly short
age of meat amounts to 129,000,105 kilogrammes, not to 
mention the dairy products which total 24,320,505 kilo
grammes. 

WATERS 

Because of its tropical climate and abundant rainfall, 
the Philippines has plentiful supply of water flowing in 
surface streams or underground. There are many large 
rivers rising in its mountain ranges which have rich 
potentialities for power, irrigation and navigation. 
Among these rivers are the Cagayan, the Abra and the 
Agno Rivers in the north; the Pampanga, Angst, 
Pagsanjan and Agus Rivers in Central Luzon; the Bicol 
and Labo Rivers in Southern Luzon, the J alaud and 
Binalbagan, Loboc and Palo Rivers in the Visayas, 
and the Agus, Cotabato, Agusan and Davao Rivers in 
Mindanao. 

The total power potential in all the rivers in the 
Philippines has been estimated at 17 billion kilowatt
hours annually, of which only 154,920,000 kilowatt
hours annually is being utilized at this time. More 
hydro-electric power plants are now in process of con
struction and proposed during the next five years which 
will bring into future utilization an additional 400 mil
lion kilowatt-hours annually. 

The Philippine rivers are also potentially useful for 
irrigation though very little utilization in this manner 
is still in effect. In 1941, the area of irrigated lands in 
the Philippines reached a total of 507,345 hectares, of 
which 18 per cent are within government irrigation sys
tems, and the remainder are served by private systems. 

The seas around the Philippines offer great oppor
tunities for fishing. The waters of the Philippines teem 
with a rich variety of fish estimated at some 2,000 
species. Fish, after rice, is the most important element 
in the Filipino diet. Fish is also raised in artificial 
fishponds built in swamps that are scattered in the 
different coastal regions of the Islands. 

The technique of soil conservation is not yet gener- FORESTS 

ally understood and damage due to soil erosion on Aside from the value of the Philippine forests as 
account of the intense rainfall is very great. Depletion watershed covers to protect against erosion, they are 
of the fertility of the soil is also going on at a fast rate important assets for the lumber and timber products 
because fertilization is practised only to a very limited industries. The total national forest aggregates 17,495,
extent. 192 hectares or 58.8 per cent of the total land area of the 

The soil survey of the Philippines to determine the country. 71.5 per cent of the forest area is in the main 
general soil type in different parts of the country for islands of Luzon and Mindanao. One of the important 
proper determination of the kind of crops that will export industries of the country is lumber and the so
grow best in the different localities has been carried out called Philippine mahogany is in large demand in the 
only to a very limited extent. Of the total agricultural United States and other foreign countries. There is no 
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accurate survey of the different forest products available 
aside from timber such as resins, rattan, dye, barks, tan
barks, etc., although these also are substantial export 
products. 

Extensive lumbering operations are now in progress, 
and last year's ( 1948) annual cutting of timber which 
totalled 797 million board feet may even be exceeded. 
In the year 1941, 942 million board feet of timber was 
cut. Due to the unusual heavy demand of lumber for 
local reconstruction, a temporary ban by the govern
ment on the exportation of lumber allowed only 14,490,-
000 board feet to be exported in 1948. It is expected, 
however, that this figure will increase considerably with 
the recent easing of restrictions and increase in export 
quota from 5 to 20 per cent of production. 

"MINERALS 

The importance of the mineral resources to the econ
omy of the country is illustrated by the fact that out of 
the total national production in 1941 about 30 per cent 
came from the mines. The Philippines has quite a 
variety of mineral resources both metallic and non
metallic and there are currently ten minerals produced 
in commercial quantities. The country is credited with 
having among the largest deposits of iron ore, chromium 
and manganese. During the year 1948, P4,623,149.53 of 
gold and silver was produced. Also, 252,000 tons of 
iron ore was extracted leaving 500 million tons of 
known block reserve. 73,182 tons of coal was produced 
out of a total blocked deposit of 50 million tons. 189,520 
tons of chromite was produced out of a blocked reserve 
of 11 million tons of which 10,120,000 is of refractory 
grade, 450,500 of chemical grade and 320,000 tons of 
metallurgical grade. Nobody knows how much of these 
deposits are still unblocked. 

Petroleum has been known to occur in the Philippines 
since the Spanish times, but so far nothing is known 
definitely as to whether it occurs in sufficient commer
cial quantities. Oil exploration has been carried out off 
and on since 1896, but a systematic survey and exam
ination of our petroleum resources has so far not been 
made. The absence of a complete geologic study of the 
Philippines is also a great handicap. In 1947, a large
scale oil exploration was initiated by the Philippine Oil 
Development Company which now is doing its work in 
the Bantayan Area, the Cebu and San Andres District 
and the Bondoc Peninsula. The Philippine Government 
has, moreover, taken measures to encourage oil explora
tion in the Philippines by reputable oil companies. ' 

Oil is known to occur in several places in the Philip
pines, such as Panay, Negros Occidental, Leyte, Cebu, 
and southern Tayabas. Petroleum seeps have been 
found in these places and in some of them, notably in 
Cebu, drilling has been continuously going on although 
on a very limited scale. The oil has been found to have 
high average content of gasoline and gasoline fractions, 
and its residue of oil hydro-carbon could yield valuable 
lubricating oil. 

Oil is very important for the industrialization of the 
Philippines. In 1948, the importation of petroleum 
products reached what is to us a staggering figure of 
P71,945,045. This includes gasoline, kerosene, diesel 
oil, etc. Additional industrial development would na
turally increase the petroleum requirements of the coun
try which, unless oil is discovered in the Philippines, 
will have to be provided from abroad. 

INDUSTRIALIZATION PLANS 

The industrialization plans of the Philippines are but 
a part of the general over-all programme of economic de
velopment of the country designed to adjust the Philip
pine economy to its changed political status as an 
independent republic and to raise the level of production 
and income of the people and thereby better their living 
standards. Mf'.asures have been and are being taken 
to initiate the process of structural adjustments from 
sole dependence on a few agricultural export crops 
to an economy better fortified against outside pressures; 
and to enlarge the scope and possibilities of the domestic 
market and promote more effective distribution of goods 
and greater regional specialization by providing for the 
speedy reconstruction, extension and augmentation of 
transportation and communication services. 

Under the programme, greatly increased agricultural 
production, mainly directed towards self-sufficiency in 
food, and improved quality and amount of export agri
cultural products, is envisioned. The corollary indus
trialization plans call for the establishment of different 
industries to process some of the raw materials for 
export and to produce simple consumer's goods out of 
raw materials available locally to replace some of the 
goods imported heretofore. These industries consist of : 
( 1) iron-steel industry including blast furnaces and 
rolling mills, agricultural machinery manufactures, ma
chine tools industry and shipyards; (2) ferro-alloy in
dustry to process chrome and manganese ores ; ( 3) 
petroleum refinery initially to process imported crude 
oil for local supply of petroleum products and later to 
process local crudes ; ( 4) cement and concrete products 
plants; ( 5) day products plants to produce brick, hol
low tiles, pottery and ceramics, glass ; ( 6) chemical in
dustries including chemical fertilizers, such as ammo
nium sulphate, ammonium nitrate, superphosphate, etc. ; 
sulphuric acid, explosives, caustic soda and soda ash ; 
( 7) lumber and timber products including structural 
timber, furniture, plywood, windows and doors, pulp 
and paper, etc.; (8) rubber manufacture; (9) textiles 
and apparel; (10) alcohol fuel; and (11) hydro-electric 
power. 

The establishment of all of the above industries, of 
course, requires availability for as long as possible at 
reasonable cost of the raw materials which are to be 
extracted from the natural resources of the country, and 
assessment of such resources is therefore necessary. 

SPECIFIC PROBLEMS OF ASSESS::\iENT OF RESOURCES 

The first important problem met in the assessment of 
the resources is the same as that which, in varying 
degrees, is met in the different countries of the world. 
It is the indifferent attitudes of the people as a whole 
towards undertakings that do not produce immediate 
tangible ?er:e~cial results that. can b~ recognized by the 
average mdividual. The deficiency m understanding of 
the value of preliminary investigations to the success 
of th~ ulti~ate projects: accounts for the little support 
that Is received. On thts account, such preliminary in
vestigations including resource assessment work are 
not given the desired financial outlays every year. ' 

The second problem is the incomplete basic data due 
not only to insufficient basic information gathered but 
to the destruction of most of the valuable and irreplace
able records during World War II. The almost whole-
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sale destruction of Manila and other principal cities of 
the Philippines, prior to and during the battle of libera
tion of the Philippines, was disastrous enough as to the 
visible physical loss of life and property. They were 
more catastrophic when the loss of valuable records 
gathered through the years and centuries is considered. 

The minimum requirements for starting an accurate 
total appraisal of the nation's resources such as: ( 1) gen
eral mapping of the entire area, including topographic 
and economic mapping; (2) general and detailed geo
logic study of the whole country; ( 3) land classification; 
( 4) soil survey ; ( 5) long-term accurate observation of 
the flmv of streams; (6) blocking and valuation of the 
mineral resources; are still in the course of preparation. 

The third problem is the lack of trained personnel 
and technique in this task of assessing the country's 
resources. In the mining field for example there are 
only a few graduates every school year. Although there 
is now an increasing number of students of fishery tech
niques, the lack of equipment, and absence, so far, ac
cording to our Bureau of Fishery, of a feasible way 
through biological research by which the fish population 
of the Philippine waters can be assessed, is hampering 
this work Also, there are available only limited trained 
agriculturists and veterinarians which limit the scope 
and extent in their lines of work On the other hand, 
the lack of trained personnel is in turn due to lack of 
opportunities in these particular fields in the past. 
Before World Vvar II, our economy was agricultural; 
we imported almost everything that we used, there was 
no industrialization programme to speak of, much less 
one with assured continuity and continued support which 
will require the assessment of the nation's resources as 
a vital part of such an industrial programme. Conse
quently, there were very few opportunities for people 

to acquire experience, or training in this line of activity. 
This situation is of course being gradually corrected. 

THE REAL PROBLEM 
But serious and difficult as the problems are in the 

assessment of the nation's resources, they do not loom 
large in the Philippine economic horizon today. Our 
real immediate problem is the early utilization and 
development of such of our resources as are now known, 
blocked, and assessed for the immediate benefit of the 
people. For the industries contemplated to be established 
during the next few years, we have the raw materials 
required during the economic life of the plants, and 
while more knowledge of the total resources available 
is important, this is now only secondary. The need 
therefore is for capital to establish these industries, 
from local sources and abroad; for technical assistance 
in the successful and economic installation and opera
tion of the necessary plants; and, more important still, 
for sympathy and co-operation from the more-developed 
countries in our industrialization work 

There should be greater realization on the part of 
the industriallv advanced nations that the industrializa
tion of the le~s developed countries to enable them to 
produce more economically some of their basic require
ments and to raise their national incomes and standards 
of living would, contrary to common short-sighted 
beliefs, increase their purchasing power abroad and 
expand their foreign trade for the benefit of all, im
porter and exporter alike. And, what is even more 
far-reaching, the development of the resources of the 
less advanced countries in this manner, taking ad
vantage of the benefits of mechanized production, will 
contribute materially toward the building up of a better 
society throughout the world. 

The CHAIRMAN : Thank you, Mr. Rodriguez. taxation as was done in Egypt lately, is the solution of 
Before we proceed to the general debate, I should the problem. To be concerned only with the problem of 

like to inform you that we are going to have the pleasure the distribution of the national income, without being 
of hearing two additional talks ; they will be more in concerned with effective methods to increase this na
the nature of introductions to the general discussion, tiona! income, will only result in a decrease in the 
than full papers for, coming as interventions in the standard of living of the rich without increasing that 
general debate, they must be limited to five minutes of the poor to an appreciable extent. On the other 
each. hand, the dependence of the national economy on agri-

culture will increase the maldistribution of the national 
First, we shall be addressed by our Egyptian col- income, for the demand for agricultural land will in-

league, Mr. El Banna. crease without an equal increase in cultivated area. This 
I give him the floor. will result in an increase in the value of land and in its 
Mr. EL BANNA: It has been noticed beyond doubt, rent. The cost of producing crops will increase with 

and it is now a matter of common agreement that gen- more and more difficulties to export. 
erally there is a fairly high co-efficient of correlation Speaking of income, we should mean per capita in
between high incomes and industry and between low come. This is why industrialization is closely related 
incomes and agriculture. The more industrialized a to the population problem. Any comprehensive pro
country, the more it stands high in the income scale, gran1me of industrialization must take into account the 
and the more agricultural a country, the more it stands population problem. In some countries with vast natural 
low in this scale. Hence comes the natural desire on resources and which are still sparsely populated from an 
the part of many agricultural countries towards indus- economic point of view, such as Canada, Australia and 
trialization. Brazil, there is no population problem and the desire 

The standard of living cannot be increased without and need of industrialization are not as great as in other 
an increase in the national income. The way this na- countries such as China, Egypt and India where the 
tiona! income is distributed is, of course, important, population pressure is so great. 
but it is erroneous to believe that a redistribution of The following table shows the growth of population 
the national income alone, say by a system of progressive in Egypt 1897-1947. 
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Year 
1897 
1907 
1917 
1927 
1937 
1947 

Population of Egypt 1897-1947 
Source: Population and Wealth by C. Issawi 

Pop~tlation 

9,635,000 
11,190,000 
12,718,000 
14,178,000 
15,921,000 
19,040,000 

Percentage of increase 
during the decade 

16.1 
13.7 
11.5 
12.3 
19.6 

It is to be noticed that we have this fearful rate of 
growth in spite of a high deathrate. This latter will 
undoubtedly increase. There is then a great danger 
if the population problem is not dealt with pari pass~t 
with the industrialization problem. Industrialization, by 
causing a drop in the deathrate before having an equiv
alent effect on the birthrate, may lead to a spurt in popu
lation which could absorb all the increasing productivity 
and increase the population pressure. In such a country, 
the birthrate is already high. Greater productivity from 
improved facilities, modern sanitation, control of conta
gious diseases, will result more in a decrease in the death
rate rather than a decrease in the birthrate. On the con
trary the latter may increase as a result of an increase in 
the marriage rates which is encouraged by increased in
comes. On the other hand, there is a cumulative effect 
resulting from the fact that the productivity period of 
life is lengthened, especially if an improvement in the 
mortality rates is most marked at the lower age groups. 

So an ill-advised policy of industrialization, instead 
of increasing this standard of living, would ultimately 
decrease it and increase the population pressure. How 
to deal then with such a situation? A widely discussed 
measure is spreading the knowledge of birth control. 
But this is a long-term measure which cannot in the 
near future decrease the birthrate to any appreciable 
extent. Social, religious, and traditional factors are too 
rigid in this respect. 

Education, on the other hand, is a good measure in 
itself. The more educated a man the more responsible 
and the more concerned he becomes with the future of 
his family. The Egyptian Government has had a vast 
educational programme to fight ignorance and illiteracy. 
But whatever good such educational programmes are, 
they cannot have immediate results in decreasing the 
birthrate. 

The only hope then to tackle the population problem 
is to push development rapidly, so that a rise in the 
standard of living can throttle any increase in popula
tion. 

A continued increase in population is inevitable, at 
least in the near future, so we have to industrialize the 
areas in question to an extent that the benefits of indus
trialization should outweigh the pressure of population. 

This does not mean, however, that we should proceed 
on a policy of exploiting our national resources without 
taking into account some serious questions. Chief among 
these is the interest of the producers. The whole econ
omy of a country might be thrown into disequilibrium 
by hasty expansion of productive capacity beyond the 
needs of normal consumption, local and foreign. For 
example, it has heen said that the temporary world, and 
especially American. demand for stockpiling purnoses 
according to the ERP may result in harming the colonial 
producers in Africa once the temporary demand has 
come to an end. Another striking example is the Egyp-

tian cotton, the marketing of which has become recent
ly more and more a serious problem as a result of com
petition both of cotton producing countries and of 
synthetic-fibres. In such a situation, industrialization is 
of great help. Textile industry in Egypt is more and 
more absorbing the Egyptian cotton and at the same 
time the Egyptian Government is following a policy of 
encouraging the cultivation of vegetables and fruits 
instead of cotton. 

So a balanced policy of industrialization should be 
followed taking into account the population problem and 
the future demand. 

INDUSTRIALIZATION PREREQUISITES 

The principle of comparative advantage is a very 
useful guide to show us what lines of economic activity 
a country may specialize in. In the nineteenth century 
there was a simple and clear-cut specialization. Europe 
specialized in manufacture while the overseas terri
tories remained primary producers of agricultural and 
mineral products, exporting considerable parts of their 
specialized output. This clear-cut division of functions 
has decreased. Primary production, especially after 1929, 
was particularly unprofitable, and the incentive to es
cape from it into manufacture was particularly strong. 

Another factor has been the revival of protection re
sulting from military precautions, social policy or the 
beggar-my-neighbour policy. The industrialization move
ment in many agricultural countries has been greatly 
encouraged as a result of the two world wars because 
of the impossibility to import and of high prices of 
manufactured goods. Protection of local industry was 
made possible. Some industries which had a compara
tive advantage over foreign competitors survived even 
after the resumption of normal trade. A good number, 
however, had to close down unless sheltered from for
eign competition. 

Taking these factors into consideration we have to 
note, however, that the most important recent impetus 
to industrialization in most agricultural countries is, as 
mentioned before, the fact that they strive to increase 
their standard of living. This in itself is a sufficient 
factor. 

The problem now is not whether a country should 
specialize in agriculture or industry, but what sort 
of industry a country should specialize in. 

Hence comes the question of the prerequisites of 
industry. These are fuel, raw materials, capital, labour
ers, industrial organization, and effective demand for 
the products. This does not mean that the absence of 
one or more of these prerequisites will result in the 
impossibility of establishing an industry. Even the 
highly industrialized countries are lacking in one or 
more of these prerequisites, and they import them from 
the outside. On the other hand, a comparative disad
vantage in one or more factors may be balanced by a 
comparative advantage in others. 

Let us now see how far these prerequisites are ful
filled in Egypt : 

As to power, Egypt has two sources: petroleum and 
electric power. Egyptian oil production is expanding 
and it can safely be said that it can meet local require
ments. Continued efforts are made by the Egyptian 
Government to search for new resources and to expand 
the existing ones. Crude oil production has increased 
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from 226,000 metric tons in 1938 to 1,329,000 metric 
tons in 1947 and to 1,886,000 in 1946. Even if existing 
oil production will not suffice our needs we can get it 
from the near markets in the .Yiiddle East where its pro
duction has increased substantially. As to the electric 
power it also shows substantial increase. It has increased 
from 300 million kilowatt-hours in 1939 to 600 million 
in 1947. The Asswan dam hvdro-electric scheme which 
is under construction will pr~duce considerable electric 
power estimated at 1,550 million kilowatt-hours of elec
tricity per annum. 

As to raw materials, we find that an agricultural 
country like Egypt, wanting to build up an industry, 
naturally thinks of an industry which uses its agricul
tural raw materials. In this way agriculture feeds 
industry with necessary raw materials from the local 
production. This need for an industry based on agri
cultural raw materials is accentuated if marketing of 
these materials becomes difficult and still more if the 
country's economy depends upon one crop. Egyptian 
textile industry, based mainly on cotton, is a good ex
ample. There has been considerable expansion in the 
output of this industry. Output of cotton yarn rose from 
17,500 tons in 1937 to 32,500 tons in 1947 and still more 
in 1948. Production of cotton cloth increased from 65 
million square metres in 1937 to 143 million square 
metres in 1947 and 155 million square metres in 1948. 
Sugar industry, based mainly on the local crop of sugar
cane, is also flourishing in Cpper Egypt. ·woollen, 
rayon, and linen production has had an appreciable ex
pansion. There are many other agricultural industries 
which have flourished recently in Egypt and which 
show good prospects, such as dairy products, canning of 
meat, fish and fruits, production of processed foods and 
beverages and paper production. This latter has in
creased by more than three times its pre-war level. 

Egypt has also a variety of very important minerals 
the mining of which is increasing more and more as a 
result of the continued efforts of the Egyptian Govern
ment. Chief among these minerals are manganese, phos
phates, and last but not least, iron ore. The cement 
production has also increased from 323,400 metric tons 
in 1937 to 648,000 in 1947 and 768,000 in 1948. High 
grade iron-ore has been discovered in great quantities 
near Asswan where the hydro-electric power will be 
available from the dam. 

Other industries are soap, superphosphates and glass
ware. Below is a table of important Egyptian industries 
in 1945 as shown bv the Industrial Census, 1945, Statis
tical Department of the Ministry of Finance, Cairo, 
Egypt. 

As to labour, we find that industry in Egypt has the 
advantage of the availability of workers with normal 
wages. The Egyptian worker can be adapted easily to 
the industrial system and is devoted to his work and 
can easily gain practice and experience. Skilled workers 
are increasing rapidly in number and the government's 
policy is to give special care to technical education. 
Furthermore, the Government as well as the different 
establishments employ foreign technicians and experts. 

As to industrial organization, Egypt now has very effi
cient organizers, businessmen, bankers, and captains of 
industry with great managerial skill. 

Part of the capital necessary to finance industry in 
Egypt can be made available from internal savings. 
During the last war, many people made great profits 
and there are great quantities of built-up reserves 
available for investment. The marked inclination on 
the part of Egyptians to invest in land more than in 
industry has decreased to a great extent, especially 
after they have seen how profitable industrial invest
ment is. It would be better if the Government borrow 
in the internal market and finance new projects at a low 
rate of interest. The Egyptian Government has taken 
a very important step in establishin~ the industrial 
bank, with Government participation in capital and man
agement. The functions of this bank are : 

(a) Promotion and consolidation of industrial enter
prises in Egypt ; 

(b) Lending to industry against tanbigle or personal 
guarantees ; 

(c) Giving financial support to graduates of technical 
schools to enable them to start independent en
terprises ; and 

(d) Investing of surplus funds in industrial securi
ties. 

The initial capital of the bank has been fixed at 
£E1.5 million of which the share of the government 
is to be not less than 51 per cent, the remainder to be 
subscribed by banks, companies and private persons. 

All these are important steps, but a vast programme 

Important Egyptian Industries, 1945 

lndustr:-1 

Cotton ginning and pressing 
Textile 
Food 
Tanning and leather 
Mechanical and electrical 
Extraction of minerals and st(l!Jes 
Chemical 
Glass making 
Materials of construction 
Woodworking 
Paper . 
Fuel 
Tobacco and cigarettes 
Others 

Total: 

Total 

90 
9,644 
5,749 
1,419 
1,283 

58 
449 

72 
354 

2,103 
386 

3 
65 

545 

22,220 

245 

e stabUshments 

Employing 
over 50 
persons 

71 
137 
102 
33 
42 
11 
47 
8 

18 
22 
33 

1 
15 
28 

568 

Number of 
persons 

employed 

15,651 
117,272 
65,289 
12,328 
16,647 
7,316 

15,013 
2,189 
8,424 

13,809 
8,784 
4,213 

16,130 
13,079 

316,144 
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of industrialization in Egypt will still necessitate bor
rowing from abroad especially if we take into considera
tion the fact that the prospects of drawing on a large 
scale on the sterling balances accumulated in London 
for Egypt are now dim. 

As to the market for produced goods, we find that 
industrialization will result in a better standard of liv
ing and increased incomes for the masses. This will 
lead to more effective demand for produced goods. The 
more perfected the Egyptian industry, the more it will 
be able to compete with foreign industries. The Middle 
East is expected to be a good market for Egyptian 
products. A certain measure of protection m<~;y b~ need
ed, but tariffs should be reasonable, otherw1se mcome 
may decrease because of high prices, and offset benefits 
of industrialization. 

The development of transportation is of primary im
portance. In Egypt, while the length of first-class roads 
increased only slightly from that of pre-war, the length 
of second-class roads in 1946 was almost one and one 
half times that of pre-war, and a number of new railway 
lines were built. Nearly all locomotives have been con
verted as oil burners, and plans for the electrification of 
certain lines have been developed. The Nile makes 
available a cheap means of transportation. 

Another problem of great importance is the availabil
ity of capital and how fast a developing country can 
absorb this capital which should be put to productive 
use and wisely allocated to different industries. 

Social problems should be also dealt with. The Egyp
tian Government has a vast programme to combat dis
ease, encourage co-operation, regulate relations between 
labour and management and establish housing pro
grammes and social centres. 

Widespread industrialization will decrease the relative 
importance of the simple exchange between primary 
products and manufacturers, and will increase the rela
tive importance of trade in semi-manufactured goods. 
The importance of capital goods is likely to increase 
relatively to that of consumer goods because of the 
increased demand for them which industrialization 
brings, and because the developing countries are likely 
to produce, at least for some time, consumer goods 
rather than capital goods. But owing to differentiation 
of goods, and to the expected increase in income, there 
will be an increase in foreign trade in these lines too. 
So the impact of increasing industrial production in the 
developing areas upon the established industrial coun
tries need not give rise to serious trouble especially if 
the latter adapt their economies to the changing situ
ation, by gradually shifting resources toward lines of 
production where demand is expanding relative to 
supply. 

Economic development of underdeveloped areas is to 
depend to a great extent upon foreign aid in one form 
or another from the more mature nations. There is a 
mutual interest in this respect: For the undeveloped 
countries, there will be an increase in productivity, in 
incomes and in the standard of living. In such countries 
the marginal propensity to invest is great. Investment 
outlets of the more mature countries will find a great 
stimulus, and the increased income of the developing 

countries will raise their effective demand, local as well 
as foreign. According to the theory of the multiplier and 
its application to international trade, it pays an eco
nomically mature nation to lend to a developing nation. 
Both will be better off provided the marginal propensity 
to save in the developing country does not exceed its 
marginal pro2ensity to invest. Needless to say, for the 
world as a whole, a general rise in the standard of living 
will work for economic stability and peace. 

Industrialization has a very good effect on agriculture. 
It is wrong to believe that these two lines of economic 
activity are competitive. Agriculture can feed industry 
with necessary raw materials and industry can come to 
the help if agricultural raw materials have difficulties in 
the foreign market. We have seen how the textile indus
try in Egypt is more and more absorbing the Egyptian 
cotton. Industry will help to mechanize agriculture, 
hence more efficient methods of production. The in
creased income which accompanies industrialization will 
increase effective demand for agricultural products. 

So industrialization is the only hope for many nations 
to raise their standard of living. It involves planning 
and any comprehensive industrialization programme 
should be outlined and executed with care and caution. 

The CHAIRMAN: Thank you, .:VIr. El Banna. 

I shall now ask Mr. Rodriguez Arias, Economic 
Counsellor at the Argentine Embassy in Washington, to 
be good enough to address the meeting. 

Mr. RoDRIGUEZ ARIAS :c I wish to avail myself of the 
opportunity to express my personal opinion in regard to 
the remarkable efforts at co-operation and exchange of 
scientific information which are taking place in this Con
ference with a view to the correct utilization of available 
resources. I have listened to the statements made bv 
experts of international renown on these technical que;
tions and these statements have made apparent the con
cern of the peoples throughout the world and their 
expectation that the task of raising the standard of living 
will be carried out as soon as possible. 

All human activity which tends towards a noble 
objective always proceeds from a high ideal. This is 
an indisputable truth and is illustrated by the generous 
impulses shown by the scientists who are gathered here 
in this Conference in which I am participating on behalf 
of my country. That is why in my personal capacity I 
wish to refer to this ideal, which is the subject matter 
of this Conference, and to inform you of the point of 
view of an Argentine economist concerning the objective 
which we are seeking here: to raise the standard of liv
ing without any selfish preoccupation such as could not 
be admitted by science. 

I am motivated in my statement to support in a con
structive fashion those technicians who have been taking 
part in this Conference and who have stressed the im
portance of a general consideration of the problem of 
the utilization of natural resources. I fully appreciate 
that such a general consideration is >vithin the scope of 
this Conference and that practical results, of universal 
value, will be derived from it. Exclusivity is not good 

•Mr. Rodriguez Arias spoke in Spanish. 
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in any field, and particularly has no place in science, and and respect for man in order to ensure the prosperity 
I know that the United Nations has been able to leave of each individual. 
such a conception aside and lay down by a unanimous In the intemational sphere, we should like to see this 
resolution that the low standard of living which exists criterion applied to each country. \Vealth by itself, 
in certain countries has social and economic conse- without benefit to the peoples themselves, only creates 
quences which are bad for the world as a whole. and transitory satisfaction and does not furnish a guarantee 
which create a climate that is not helpful to the mamte- for peace. There should be a proper relation between 
nance of friendly relations and the natural development resources and their utilization. From the scientific 
of peoples. point of view, no cause is served by increasing wealth 

The Charter of the United Nations affirms the com- if the cause of the peoples is not served. 
mon vvill to promote economic and social progress and I believe a most important result could be secured by 
to raise the standard of living of all peoples in a wider this Conference by having a technical conference of 
concept of freedom, practising tolerance and showing people who use different techniques in the industrial 
a desire to live in peace. I do not believe that anybody field. The United Nations has already helped consider
at this Conference could have said that industrialization ably by its technical assistance programme. This would 
should be carried out on a mercantile basis. That could be an excellent way to implement the valuable scientific 
only happen if the laws of economics are misunderstood work submitted here by a practical method. I am con
or it were sought merely to protect established interests, vinced that this is the right way and that we should 
and that kind of conception cannot exist in an organ- continue in this direction. 
ization which, as I have stated, defends the highest The CHAIRMAN: I am much obliged to you, Mr. 
ideals. Industrialization must be accepted as a higher Arias, for what you have just said, and I note the desire 
stage of human culture, applied to the exploitation of you last expressed. Unfortunately, I am afraid that in 
natural resources, primary products, and power to serve this Conference we are rather in the position of minors, 
man and help him to attain a constantly increasing and do not have the right to make recommendations. 
standard of living. From time immemorial all peoples Consequently, all that can be done is to transmit your 
have been seeking to attain this high ideal. desire to the Economic and Social Council. 

A businessman might not be very impressed by an Before asking if anyone wishes to speak, it might 
enterprise manufacturing, say, shoes, if no profit were perhaps stimulate discussion if I very briefly recapitu
derived from its activity, but an international organ- lated the main general ideas which have been developed 
ization must aid any activity which helps progress and today. 
which is for the benefit of the human community. Such On some of those ideas I believe all the speakers have 
an objective can be attained, at the same time as a been in agreement, and I do not think it would be to 
sound economy, on the basis of the maximum and any apparent advantage to revert to those ideas during 
rational utilization of all resources for the welfare of your speeches. On the other hand, certain divergences 
man. Already in the time of the Incas the criteria of of opinion have appeared. They are certainly likely to 
such an economy of integral development lighted the result in progress, and it is on them that our discussions 
minds of men to obtain from the "Maize Culture" that should be chiefly concentrated. 
wealth of products which we admire today. We cannot First of all, it seems to me that we can acknowledge 
go back and deny the right of nations to develop in an that all the speakers have agreed in recogriizing the 
integral fashion. Neither can we say that industrial f 1 
technique is a high level of superior culture to which considerable importance of taking the nature o natura 

· resources into account in drawing up plans of economic some nations cannot aspire, because their histoncal fate 
is to produce basic materials at low price. development. It should therefore be emphasized-and 

on that point I am completely in agreement with the 
Economic Geography has already proceeded so far last speaker-that the work of this Conference on na

as to permit no one to doubt the existence of integral tural resources may be of immediate practical utility to 
criteria for the maintenance of a good economy. It is the forthcoming work of the Economic and Social 
now time to cast aside the type of principles which Council. 
would tend to keep a country at a low level because it It would be unfortunate if the economists and poli-
is primarily a producer of raw materials. ticians who succeed us in this field do not take full ac-

The effort was started in this respect in Argentina in count of the conclusions on which, without making any 
1910. In less than forty years results were evident, resolution, we have nevertheless found ourselves in 
with the exception of a few adverse circumstances which agreement. 
will be surmounted before long. Argentina can be The second point seems to me to be extremely im
counted upon as being one of the countries with a high portant, and there again I do not think there can be 
economic development, having its own merchant marine much discussion: side by side with the purely technical 
which guarantees its freedom of trade. factors that have been discussed in our many meetings 

In this industrial effort, my country has to deal with of experts, the human factor is of c~pital importance 
many legal and social problems. These problems have when one speaks of economic development. By the 
always been resolved on a humanitarian basis. This human factor I mean the population, the characteristics 
ethical principle, subordinated to life in society, is the of whose social evolution are as important elements in 
very pillar of its national sovereignty. President Peron drawing up a plan of economic development as the tech
has stated that we have not only created a state of eco- nical elements themselves. 
nomic abundance, but that we are also organizing the I notice, however, that if, as I think, there is no 
exploitation of resources within a framework of justice disagreement on that point, there is perhaps one problem 
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on which we are not all in agreement. When Mr. 
Abbink in his remarkable speech quoted to us the ex
ample of an industrialization plan which required the 
importation, into the country to be developed, of not only 
capital and equipment but also of trained personnel, 
he raised a point of essential importance. 

I should like to think that for some years it should 
be regarded as indispensable, when new equipment is 
introduced into a country, to bring into that country at 
the same time engineers, foremen and skilled workmen. 
I wonder, however, whether, even in countries whose 
population is considered to be least developed, it would 
not be possible to use a modem technique-after all,_ 
we are here as technicians-the technique of accelerated 
training, to resolve that problem of the technical abilities 
of the population. 

Let us not forget what has been done in the United 
States in the military field in order to train an army 
which, though formed of individuals who were untrained 
civilians, has conducted itself in so outstanding a way. 
That was a source of astonishment in the old military 
countries of Europe, and so I begin to wonder whether, 
among the important problems affecting the economic 
development of the various nations, the problem of the 
accelerated training of technicians is not essential, and 
whether mention should not be made of it in our report 
to the Economic and Social Council. Since Mr. Abbink 
has been compelled to leave, I should like Mr. Roelse, 
who accompanied him to Brazil, to give us his opinion 
on that matter. 

There is a second point to which some of our speakers 
might revert. I refer here to the very interesting com
munication from Mr. Aguerrevere. Our colleague 
stressed the social difficulties that may be caused, when 
a powerful and very prosperous industry is suddenly 
developed in an economically backward country, by the 
difference between the wages of the workers in that 
new industry and the wages of the rest of the popula
tion. 

I should like our colleague to tell us whether it has 
been possible to resolve that problem in his country by 
fiscal means. I know that that is perhaps only an inad
equate palliative ; but the recovery of a proportion of 
the exceptional wages by fiscal means would seem to 
me possible. I should like to know if those means have 
been employed. 

Let us leave population problems and reach what has 
perhaps been the heart of the discussion : in a backward 
country, should the stress be placed on the development 
of agriculture or on that of industry? It is difficult to 
answer that question; but I have the impression that 
opinions are divided. Let me in honesty point out that 
the countries which are almost exclusively agricultural, 
want industry, while the countries which possess a 
powerful industry, would obviously prefer the industry 
of other countries not to develop too rapidly. In this 
connexion the observations of Mr. Arias on the higher 
ideals of the United Nations are extremely important 
and deserve emphasis. I am certain, however, that we 
have not heard today any speeches imbued with exag
gerated egoism : it is rather counsels of prudence that 
have been given to us; and the examples from under
developed countries certainly confirm the dangers of 
ill-planned industrialization. 

I believe that in this connexion everybody would be 
in agreement on the following points. First, it is desir
able that industrialization and the modernization of 
agriculture should proceed together. Secondly, without 
a certain amount of industrialization it is very difficult 
really to raise the standard of living, for as soon as the 
minimum food requirements are assured, the standard 
of living is characterized by the abundance of manu
factured goods. Thirdly, however, there is a danger of 
developing industries which will oblige the country 
either to increase its purchases from abroad or to find 
considerable markets for its goods abroad. Having em
phasized those last two points, I think we may draw from 
them the conclusion that the industries which must 
first be developed are those which can use the raw 
materials produced in the country itself, and that it is 
advisable to develop them as quickly as possible while 
production can be absorbed by the local population. 
On the other hand, it is more dangerous to adopt a 
policy which would force the country to seek external 
markets that would be difficult to secure for a country 
not experienced in international trade. 

I have no wish to abuse your patience. Having sum
marized the main trends, I shall now ask those who 
desire to speak for the first time to approach the micro
phones with which they have been provided. 

I now call on Mr. Manuel Aguilar of Mexico. 
Mr. AGUILAR :d Our distinguished colleague from 

Chile has stressed in admirable fashion the dangers of 
excessive industrialization or industrialization insuffi
ciently planned, in an under-developed country or a 
country which is not sufficiently industrialized. He has 
made a charge according to which we ourselves are 
guilty for what is taking place. He has stated that in a 
number of cases we ourselves do not know what we 
need or what we desire, and for this reason we do not 
manage to industrialize our countries efficiently. 

I am sure that the majority of our colleagues would 
agree that this is not the case in most countries and, at 
any rate, it is not in Mexico. In so far as my country 
is concerned I believe that I am in a position to say that 
we know what we require and what we want. I believe 
that I can say with every assurance that our industriali
zation is planned firstly to satisfy our internal market, 
and it is upon the needs of our market-which have 
been explored and evaluated-that the first stage of our 
industrialization is based. There are certainly cases 
where it is necessary to secure credits in order to see 
to it that this industrialization does progress. In some 
cases we have to have recourse to friendly countries 
having at their disposal financial and human resources 
which we do not possess-all this in order to speed up 
the industrialization process which is so fundamental 
for our over-all development. 

A concrete example of this is our oil industry. All 
of you are undoubtedly familiar with the discussions 
which have taken place between the United States and 
Mexico in respect to a loan for the development of our 
industry. This loan is not essential for the development 
of our oil industry, because that industry will develop 
whether or not we secure such a loan from abroad. 
Foreign aid is necessary only to speed up this develop
ment. 

d_Mr. Aguilar spoke in Spanish. 
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It was very interesting for us to hear what Dr. Aguer
revere said in regard to his country in connexion with 
the fact that the oil industry has brought about certain 
adverse results in Venezuela-in other words, that the 
stable economy which existed before 1914 has been re
placed by an economy which is almost exclusively based 
on oil. We have had the same experience in Mexico. 
We have also seen the oil industry tending to kill in 
the old days a large number of other activities-for 
example, small industry or agriculture. 

The danger of the oil industry was that it absorbed 
the other activities; it absorbed the greatest part of the 
activities which took place in our oil regions. After the 
nationalization of this industry we have surmounted 
this adverse experience. At the present, we have been 
able to secure a more stable economy, in which agri
culture and mining and other industry are elements 
which are more or less in equilibrium, and in which the 
oil industry is a vital link. 

The CHAIRMAN: I call on Mr. A. V. Karpov, Con
sulting Engineer, New York. 

Mr. KARPOV: The very sincere appeal made by Mr. 
Rodriguez, of the Philippines, seems on the face of it 
to contradict the statements made by Mr. Abbink. But 
I think that the impression which may be gained here 
is a mistaken impression. Of course, we are now in a 
period of the industrial renaissance of the world, and 
the Philippines are probably ahead of many other coun
tries; at least, the possibilities are better. 

The appraisal which Mr. Abbink made is, of course, 
a helpful appraisal : what can be done and what cannot 
be done. If the whole world attempted to do everything, 
the result would be purely chaotic and nothing would 
be accomplished. 

I had the opportunity to spend most of last year 
abroad, and I was very much impressed by the psycho
logical factor : that most of the people think that such a 
high development has been attained in the United States 
that they would either like to go to the United States 
or would like to copy the conditions of the United 
States. I received that impression in many different 
countries. 

In the United States, of course, we have an excep
tionally high industrial development, but we came to 
that high industrial development under very peculiar 
conditions, and at present we are running it with an 
abundance of means, financially, at low interest rates on 
that money, and with the most expensive labour in the 
world. Any country which does not have the back
ground which the United States has had would penalize 
itself heavily if it tried to copy the conditions of the 
l:.Tnited States. In the United States, we have today a 
tremendous experience-and that experience, of course, 
must be utilized in any country which is not as highly 
developed as the United States and which thinks in 
terms of industrialization. But it is obvious to me that 
that development cannot be attained simply by copying 
\vhat exists today in the United States. The experience 
of the United States must be utilized to develop the 
methods by which the industrialization of the United 
States can be applied to each particular country, meth
ods which must fit the economic conditions and, which 
is no less important, the cultural .background of a par
ticular country. 

In that respect, I think that one of the things which 
this Conference could do is to stress the fact that every
body cannot be helped simply by copying what is made 
in the United States. Other countries should have the 
widest interest in the experience of the United States 
and should modify that experience to fit their own 
conditions. 

The CHAIRMAN : I call on Mr. Van Tassel, the Ex
ecutive Secretary of the Conference. 

Mr. VAN TASSEL: I should like to take the time of 
the group to comment for a moment on one of the 
statements made by Mr. Abbink. I think we are all 
very grateful for an exceedingly vigorous paper which 
stated his position strongly. I think it must be said, 
however, that at one point Mr. Abbink was vigorously 
attacking a straw man. I refer to the portion in which 
he said: 

"It is part and parcel of the doctrine that the world 
needs not to produce more but to divide what has been 
produced in the past, as though a tinier share to each 
individual in an increasing world population would 
create a Utopia-a fallacy that has been exploded many 
times in many countries and is even now being bitterly 
disproven in unhappy Britain." 

I cannot but feel that this statement represents, very 
genuinely, an attack on a straw man, that this is not a 
view held by any considerable number of people sup
porting economic development, and that the last remark 
is particularly gratuitous. It seems to me that the pro
duction record of Britain in the post-war period, with 
its very considerable increase in production, is evidence 
that there is no view held there by any substantial group 
that the way to Utopia is to produce a tinier share 
for each individual in an increasing world popula
tion. 

The CHAIRMAN: I will ask Mr. Roelse, Federal Re
serve Bank, New York, whether he wishes to answer 
Mr. Van Tassel on behalf of Mr. Abbink. 

Mr. RoELSE: Of course, Mr. Abbink introduced his 
remarks on that particular point by referring to the 
statements of someone at the Havana Conference who 
had suggested that before the United States of America 
spent any further money on its development, it should 
try to bring the rest of the world up to its level. He was 
trying to make the point that our development is far 
from completed, and that we need to look beyond just 
redistribution of resources. The need is for emphasis 
on all-round development in the rest of the world, as 
well as in the United States of America. 

As far as his reference in the last phrase to Britain is 
concerned, everyone is entitled to his own interpretation 
of that situation. I will not either endorse or try to 
combat his reference in that respect. 

With respect to one other point, I might just add one 
more point on the matter which was discussed. We 
found, when we got to Brazil, an impression which I 
think is probably rather widely held in other parts of 
the world. That is, that the financial resources of the 
United States and the accumulation of savings are so 
great that there is no possible use in this country for 
the accumulated savings and that, of course, there must 
be very large amounts that are just looking for an 
outlet in other parts of the world. I think that by this 

. time a better understanding of that situation has de-
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veloped ; that to make up for our own war-accumulated 
deficiencies tremendous investment of capital is needed, 
and our own industries are even now having consider
able difficulty in obtaining what we call "equity capital" 
or "risk capital" on reasonable terms, indicating that 
there is not a great surplus of capital lying idle in this 
country which cannot find a use at home and which must 
look elsewhere. 

I should add that I think there are many companies, 
particularly in this country-individual investors tend 
to be shy-which are interested in expanding their 
operations in other parts of the world and are willing to 
take the risks involved in foreign investments. 

On the matter of personnel, I am sure that Mr. 
Abbink would readily agree that, but for the time 
factor, there is no problem in training personnel for 
almost any kind of operation. In fact, the biggest elec
tric power industry in Brazil, which is largely Canadian
owned, is staffed almost completely by Brazilian per
sonnel, right up to the top engineers. I am sure he 
recognizes that this sort of thing can happen if you allow 
some time, but it does take time for the training of 
people, especially for the top jobs, the administrative 
and supervisory positions. But even at the lower level, 
if you have in the population a very considerable pro
portion of illiterate people who have had no contact 
whatever with industry, you cannot expect to train them 
overnight for industrial operations. In the first place, 
you have to train your technicians so that they can 
impart the techniques to the untrained people. Again, 
that is just a question of time rather than anything else. 

The CHAIRMAN: I will now call on Dr. Rafael Reyna
Drouet of Ecuador. 

Mr. REYNA-DROUETe: Ecuador's economy is pri
marily based on agriculture. \Ve knew a period of 
prosperity when we exported considerable quantities of 
cacao abroad. Our cacao was considered of high quality 
in the Twenties and during this period of hig11 exports 
we could say that our country was a centre for cacao. 
Our product was utilized in all countries of the world, 
but unfortunately a plant disease, Escoba de Bruja 
devastated our product. \Ve have had to rely on another 
type of cultivation, particularly rice. At present, my 
country is exporting rice and thereby contributing to the 
world economy, though this should not limit the develop
ment of our economy. 

We are confronted with a situation in which we have 
to implement the great development of our industry, as 
well as our agriculture. The Chairman has underlined 
the important point that it should be first ascertained 
which should come first, industry or agriculture. Cer
tainly, opinions may be divided on this problem, but it 
would appear that this problem could be resolved by an 
analysis of the specific conditions existing in a country 
and, of course, by an objective analysis of the elements 
of an economy at a given time. 

\Ve have two quite different principal regions in 
Ecuador ; in point of fact, we might almost say that we 
have two countries, the coastal area and the mountain 
area in the Sierra, which are two quite distinct regions. 
There are also two minor regions-the Oriental and the 
Insular (Galapagos Island). In the coastal area there 
is Guayaquil and other important cities, whereas in the 

·~rr. Reyna-Drouet spoke in Spanish. 

Sierra there are tremendous mountains, the Andes, the 
climate is quite different and the population is different. 
In the coastal area are found the merchants and indus
trialists, whereas in the mountains there are cattle 
raisers, ranchers and agricultural activities in general. 
\Vhat we require, therefore, is to harmonize the econ
omies of these two regions of Ecuador. 

For this it is necessary to have a state plan to balance 
the two economies. For a long time the exporting area 
of Ecuador has been the coastal area. The mountain 
area does not export but produces for internal consump
tion, although there are considerable possibilities for 
development with a view to export, particularly in terms 
of fruits and vegetables. At present, however, this area 
does not produce for export but only for internal con-
sumption. . 

In establishing an economic plan it is necessary to be 
familiar with foreign markets and it is necessary to 
know what a State needs in order to make possible a 
decision as to whether production for export should be 
increased or whether priority should be given to produc
tion designed for internal consumption. At present we 
have an intensive plan of development, particularly in 
the region of the Guayas, which is the most important 
part of the West coast of South America. Neither in 
Chile nor elsewhere in South America can be found a 
river as important as the Guayas. The Madelena, for 
example, flows towards the Atlantic Ocean and the 
Guayas is the only important river which flows into the 
Pacific. It is a very important region in which produc
tion can be developed. 

Although the Republic of Ecuador has no well
developed economy, it was able during the war to 
contribute to the war effort of the United States by 
sending considerable quantities of balsa wood, for the 
building of light planes, and rubber. It is a country 
which needs to be developed in a suitable fashion and 
has no elements likely to upset its balance. There are 
possibilities in regard to oil, since we have oil fields in 
our country, but these are not as important as in 
Venezuela. \Ve cannot say of our country as is said of 
Venezuela that it is a tremendous oil well. The Shell 
Company is carrying out explorations in certain areas 
but there are considerable regions not yet explored. 

We need to develop our economy, yet we do not wish 
to imitate other countries which are already much more 
developed from an industrial point of view, countries 
such as the United States, the United Kingdom and 
other European countries. We wish to think in terms 
of Ecuador, we wish to think in terms of our own 
problems, though we wish, of course, to benefit from 
experience gathered by other countries and from the 
various systems and methods which have been applied 
elsewhere, and to adopt these methods and systems to 
our own specific conditions. 

In connexion with our economic problems we have 
established in Ecuador a National Economic Council 
of which I am a member. 

Mr. Chainnan, at this point I would like a deal 
with a subject which seems to me important in con
nexion with the theme of this part of the Conference, 
namely the resource techniques which should be used to 
develop the economy of the less-developed countries. I 
refer to economic planning and in particular to the 

250 



UNSCCUR PROCEEDINGS: PLENARY MEETINGS 

organs which are capable of carrying it out; and I will 
speak of our experience in Ecuador on both these points. 

In the years before the war, when an elementary sense 
of caution aroused by the threatening events clearly 
discernible on the world's political horizon suggested 
the advisability of taking in time the measures necessary 
to defend the national economy during the approaching 
war period, the governments and legislatures of that 
period did not attach sufficient importance to these por
tents, and consequently the Second World vVar took the 
country by surprise, and found it unprepared to with
stand its economic repercussions. 

The outbreak of 'War compelled the State to invade 
the field of private enterprise in Ecuador and to extend 
its powers of intervention, hitherto confined to banking. 
Thus the war marked a new phase in State intervention 
in economic affairs: various emergency legislative pro
visions were issued, notably the total requisitioning of 
foreign exchange by the Central Bank, and rationing 
and priority in the distribution of imported articles, with 
the establishment of maximum prices for their sale to 
the public. 

At the time, these measures were believed to be 
sufficient to enable the country to withstand the war 
years w·ithout further damage to its economy; but as the 
war began to assume much greater proportions than the 
1914-1918 European war, becoming really universal in 
scope, the country's internal situation showed obvious 
signs of perturbation, with all its serious consequences 
for the majority of the population. In view of this and 
of the need to take proper measures to safeguard the 
national interests and free the post-war economy, the 
National Congress of 1943 set up the National Economic 
Council for the purpose of "centralizing, unifying and 
directing all matters connected with production, dis
tribution and consumption in Ecuador; directing credit 
into the channel of collective activities; increasing agri
cultural production and seeking the best solution for the 
problem of exchange in the interest of the national 
economy". Two years later, in 1945, the National Con
stituent Assembly of the Republic set up a new body 
called the Technical Economic Commission for the 
purpose of "co-ordinating and planning the economic 
policy of the State". 

I thought it necessary to recall this background in 
order to show that the need to plan the country's econ
omy has been recognized by the Ecuadorian Legislature 
on various occasions, a fact which may be considered 
illustrative of the national will, as the 1943 and 1945 
legislatures in Ecuador belong to two distinct historical 
periods, separated by a violent change of government, 
such as is unfortunately too frequent in Latin America. 
This one took place on 28 May 1944 and led to a political 
change of front in the nation, with different men and 
different aims. On the matter in question, however, the 
views of the new government and the previous one 
coincided. 

The bodies which preceded the present National Eco
nomic Council in Ecuador were merely consultative and 
advisory organs of the Executive; they were not con
stitutional bodies and their composition was not suited 
to the technical work required of them, consisting as 
they did of certain Ministers of State, such as the 
Ministers of Economic Affairs, Finance and Labour, 
representatives of the Chambers of Agriculture, In-

dustry and Commerce, a representative of the National 
Confederation of Labour and a number of technical 
advisers who in that capacity were also members of the 
Technical Economic Councils or Commissions. These 
latter 'Were included because it was thought, and many 
people still think, that a body in which the State and 
the various economic and social forces of a country co
operate, with the guidance of scientific and technical 
experts, is the best means of centralizing, directing or 
planning the national economy with a view to an 
appreciable increase in the various branches of produc
tion; but this apparently sound idea does not withstand 
a more careful analysis : for it is soon found that co
ordinated work within such a body is impossible for 
long periods, because its members represent different 
interests, whose inevitable clashes prevent it from pro
viding the economic guidance which the country expects 
of it. 

For this reason, and in view of the failure of these 
bodies, the structure of the present National Economic 
Council in Ecuador has been radically modified; but 
before describing its present form, I should like to say 
a few brief words on my country's economic plans. 

It has often been said, and is still insistently repeated, 
that what Ecuador needs is a comprehensive programme 
involving the application of the principles of economic 
planning; but it has to be recognized that unfortunately 
not many people in Ecuador have much knowledge of 
such matters, as the best-known economists and finan
ciers remain firm disciples of the old school of economic 
liberalism, and with a very few possible exceptions it is 
hardly to be expected that they would be converted 
overnight into exponents of a doctrine which requires 
both theoretical and practical study, or would acquire 
the different mentality needed to conceive and apply it; 
economic planning is so different from any of the 
methods previously employed in Ecuador that even if 
the legislator has recognized the need to plan her econ
omy he has not attempted to do so, partly because of 
the defects of the organs set up in the past, and partly 
because of opposition from interests which apprehended 
that they would be in some way affected thereby, or of 
mistaken conceptions of planning. 

A few years ago, when an Ecuadorian economist af
firmed that the application of planned economy in 
Ecuador had been a complete failure, I had to challenge 
him and speak out in defence of planning, explaining a 
few elementary truths, in order to prevent him from 
misleading public opinion with his assertions, which 
were certainly made deliberately, as he is an intelligent 
man with a wide experience as manager of one of our 
principal banks. 

In the first place, I had to explain that planning deals 
with changes in the economic order. The nature of the 
changes, the transition from an unplanned to a planned 
economy, must be achieved with a sense of what is 
expedient and practicable. The socialist solution super
sedes private initiative, more for reasons of economic 
necessity than justice; but that is not what is needed or 
could be introduced in my country: the question is a 
more immediate one and consists essentially in discover
ing how much State control is required to remedy the 
irrationality and instability of the present economic sys
tem ; for the planning measures proposed are necessary 
factors in any social order intended to protect the major-
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ity of the people from economic hardship and liberate 
them from poverty. But "planning is concerned with 
economic growth" even more than with achieving stabil
ity, "because instability is a disease resulting from eco
nomic growth", and the main argument for planning, as 
a permanent institution or policy, arises from the desire 
to avoid crises and depressions. 

The collectivist nature of planning has often caused it 
to be confused with State intervention; but the economic 
history of my country, like that of all the countries of 
America for many years past, has been full of official 
interventions, to which the banker economist was refer
ring when he spoke of the failure of planned economy in 
Ecuador, whereas in fact the establishment of an eco
nomic plan or "comprehensive scheme of foreseen eco
nomic processes"-had never been tried. It is true, of 
course, that all planning is State intervention, but not 
all State intervention is planning. Planning, moreover, 
is a social science. 

My country needs an economic programme, conceived 
according to the doctrines of planned economy, in order 
to catch up with the times, because there is no doubt 
that the race for industrialization has already begun in 
South America. Argentina, Brazil, Chile, Uruguay, 
Colombia, Venezuela and Peru have extensive indus
trialization programmes and Ecuador can no longer 
remain behind, lest she may later find herself dependent 
upon her neighbours for her needs. It is hardly neces
sary to mention that almost all the countries of post-war 
Europe are now engaged in planning their national 
economies; at their head is Great Britain, and in spite 
of certain mistakes in the application of a correct eco
nomic policy-mistakes which have been much criticized 
-it is evident that this old established nation is striving 
to put behind it a period of economic liberalism which 
has lasted several centuries. 

Ecuador has reached the crucial point where she must 
gradually transform her antiquated economic systems 
entirely and establish a State plan, or her economy will 
he unable to recover. Many Ecuadorians imagine that 
it is still possible to return to the old days when freedom 
of labour, industry and trade and the so-called law of 
supply and demand determined the economic balance 
and welfare of nations. Unfortunately for such dreamers 
those days belong to another epoch in the world's his
tory in which the horn of abundance poured forth a 
plentiful supply of material goods upon mankind, pro
vided everything was left to private enterprise. Now 
after this disastrous war which has scourged humanity, 
we have to learn to live in the new era in which we find 
ourselves and to solve our economic difficulties by means 
of other systems, which alone can enable us once again 
to enjoy those "good old days" which we now miss so 
much. 

It is my conviction that Ecuador, and other countries 
which are at an early stage of economic development, 
can catch up with the industrial countries before very 
long, by means of their own resources and the efforts of 
their own people; but on condition that they display 
originality and foresight in applying the principles of 
planned economy, both in the geographical and human 
sphere, and that the men who put these plans into effect 
are influenced as little as possible by the interests of the 
minority of economically powerful individuals. 

Perhaps the absence of a firm doctrine and conviction, 
on the part of many rulers and legislators, concerning 
the purposes of the modern State and the failure cor
rectly to appreciate the State's ability to direct society 
and organize a strong and prosperous nation have been 
the cause of my country's economic backwardness, 
against which we are now reacting vigorously, taking the 
offensive on the economic front in order to strengthen 
the State, by liberating it from the cramped position 
in which it has always been situated, fighting on the 
defensive, with its back to the wall, against the pressure 
of the powerful minority interests that threaten to 
dominate and enslave it. This offensive has already 
begun in Ecuador, and the first steps have been taken to 
restore and modernize the national economy, which 
means bringing under control the so-called "live forces 
of the country"-the Chambers of Agriculture, Industry 
and Commerce, as well as the trade-unions which, with 
their love of gain, their lack of initiative and their irre
sponsibility, have dominated the economic life of the 
nation. These unruly elements have acted and continue· 
to act to the serious detriment of the country's future, 
and so the time inevitably came when they had to be 
made to understand their new role in national produc
tion, finance and trade ; for one of the purposes of the 
modern State is to give the individual a high degree of 
economic security, as proclaimed in the Atlantic Charter, 
to which Ecuador duly acceded, such security being 
necessary to enable men to live in peace and without 
fear. But for this guarantee to be effective, a consider
able increase in a country's wealth is required, and this 
can quickly be achieved in countries in economic circum
stances like those of Ecuador, when property really be
gins to serve a social purpose, in accordance with the 
principle stated in the present Constitution of the 
Republic. I believe that planning is the best way of 
making property serve this purpose, and thereby remov
ing, or at least lessening, the present contradiction 
between the republican form of government of Ecuador 
and a backward and in some ways primitive economic 
structure. 

Countries of this type need planning in order to make 
up their leeway and produce the goods of all kinds which 
they and other countries need ; for at the present time, 
when the world's trend is towards rationalization in 
every field, the economic expansion of a country like 
Ecuador cannot be left solely to private effort and 
initiative, which formerly sufficed. Today a new econ
omy is required to take the place of the classic political 
economy of natural laws, free enterprise and "perfect 
disorder" : an ordered, dynamic, workable economy 
planned and directed by a responsible organ of the State 
Thus the classic laissez-faire, laissez-passer, the postulate 
of sufficient freedom for the individual at a time when 
he needed nothing more, has been replaced by the 
modern "joint effort" and "a voidance of dispersion", 
postulate of the same freedom now adopted by the benef
icent economic system of which formerly the individual 
had no need. In this way the State, without invading 
the field of capital and without subjugating labour, will 
maintain those two factors of production fraternally 
united and, by methodically giving the people a share in 
reproductive circulation and consumption, will convert 
the nation into a great economic laboratory in which all 
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the useful elements will be occupied and the useless will 
he humanely cared for. In this way the nation itself, and 
Hot the minority interests, will truly control the national 
<·conomy. 

From the foregoing, the following conclusions may be 
drawn: 

1. The application of the principles and practices of 
planned economy has become an economic and social 
necessity if a country is to develop and free itself from 
its state of retarded development; 

2. Planned economy is not the application of extrem
ist politico-economic doctrines : it does not involve the 
abolition of private property but only requires such 
property to fulfil its social function as set forth in the 
Ecuadorian Constitution ; 

3. Planning is the proper means of enabling property 
to fulfil that social function, of overcoming the existing 
economic anarchy and of giving the citizen the security 
'-Vhich he at present lacks; and 

4. The responsible organ to elaborate and direct the 
·~conomic plan which the country needs should be the 
State Planning Board or National Economic Council. 

With a knowledge of the causes of the failure of the 
·'ormer economic councils or commissions, and with a 
dear vision of what the country needs in order to in
crease its economic potential and remedy its present 
state of material backwardness, the previous mistakes 
were rectified and the new National Economic Council 
was set up. 

The Council now has a recognized place in the Politi
•:al Constitution of the Republic, which represents the 
:irst step towards ensuring its efficiency, for it has very 
wisely been included among the organs of the legislative 
power, and has thus a very important standing among 
the constituent organs of the Ecuadorian State. Its 
members are appointed by the National Congress, with 
the exception of one who represents the President of the 
Republic. The Council is not only an adviser to the 
Executive, as the former councils were, but an organ 
which directs the national economy by drawing up 
"directives on economic policy" which are carried out 
by the government departments and by autonomous 
bodies such as the Production Development Institute, 
the Development Banks, the Highway Boards and 
others. These bodies have the task of drawing up 
practical plans on the lines of the general objectives of 
economic policy laid down by the National Economic 
Council. In other words we desire our National Eco
nomic Council to be the brain which thinks out and 
indicates the objectives to be attained by the economic 
plan, which should be the expression of a firm State 
policy; whilst the task of the executive organs should be 
to suggest measures for carrying out these general 
directives, by means of which the National Economic 
Council can maintain organic unity in the nation's eco
nomic policy, notwithstanding changes in the personnel 
of the Ministries and other dependencies of the executive 
power and in that of the autonomous institutions. 

The Economic Council may also, during the Con
gressional recess, recommend to the President of the 
Republic to promulgate the necessary laws for the 

implementation of the economic plan by certain depart
ments or autonomous bodies, the Executive being em
powered to do so by a special provision of the Political 
Constitution of the Republic. These decrees are known 
as emergency decree-laws and have to be submitted to 
the next legislature for final approval and enactment as 
laws of the Republic, or abrogated if deemed contrary 
to the national interest. The Council has other very 
important functions which for the sake of brevity I will 
refrain from describing. 

Ecuador is making a great effort to remedy her eco
nomic under-development, which cannot continue with
out endangering the very life of the nation. We know 
that the way is long and hard; there are many obstacles 
to overcome and many small and selfish but powerful 
interests to combat. In spite of the tragedy of the 
Ambato earthquake, the Ecuadorian people have not 
allowed themselves to be discouraged, and with the 
generous help of the sister nations of America, she will 
build better cities and farms to replace those which were 
lost. She also has a new opportunity to rebuild the 
economy of the regions devastated by the earthquake, 
along the lines which the National Economic Council is 
certainly now working out, combining the planning of 
the damaged areas with its general planning of the 
country. This is the only way of quickly developing the 
economy of certain countries, for the benefit of their 
own people and of humanity as a whole. 

The CHAIRMAN: I call on Dr. M. R. Bloch of the 
Palestine Potash Company, Jerusalem. 

Mr. BLocH : I have been, because of the history of my 
country and my people, confronted with undeveloped 
conditions after living for a long time in highly indus
trialized countries, so my experience may perhaps be of 
some value or interest. 

What is the real characteristic of an undeveloped 
area? I have come to a comparatively simple conclusion. 
It seems to me that the most important "know-how" in 
industrial areas is the art of reading and writing. It is 
extremely important that a high percentage of the popu
lation should know how to read and write. The art of 
reading and writing is a social achievement. It is a 
social technique and in some respects is like the tele
phone. The invention of the telephone in itself might 
not have represented very great progress; it is the 
development of the communications network that has 
made the telephone an important tool. It is my experi
ence that a highly developed "network" of literacy is 
the most important tool in the progress of technique. It 
is the most important "know-how" there is. 

There is one peculiarity about this technique; it has 
not been diffused under economic pressure. The people 
of the United States and other highly industrialized 
countries have learned how to write and read not be
cause they thought that it would give them a better 
economic opportunity but for religious reasons. Even 
so compulsory measures were necessary to obtain a 
widespread diffusion of this art. We cannot expect that 
this basic technique or "know-how" will be widely dif
fused only because of economic pressure. I believe that 
it will be necessary to invest a lot of money throughout 
the whole world to propagate this art without getting 
quick returns. Of course, this art is perhaps a bit 
dangerous, and one should not forget to diffuse some of 
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the fundamental ideas which have been laid down in the 
books in which this art has been largely developed and 
through which it has been mainly diffused. 

Mr. AGUERREVERE: The question has been asked as 
to whether Venezuela has applied any fiscal methods to 
correct the differences between the economic situation of 
the oil industry and other industries. Directly, perhaps 
not ; unless we can call fiscal policy the setting aside of 
a large part of the national revenue to this particular 
purpose. I cannot recall the exact figure, but our na
tional revenue >vas of the order of $600 million in the 
last fiscal year. This year it is estimated to be a little 
over $500 million. I think there is ample cash to carry 
on a policy of equalization. 

Perhaps I did not previously make my point quite 
dear in this respect. Vve are not worried whether the 
oil industry in Venezuela is too large or too progressive, 
we are very happy to have it; our worry is to raise all 
other things in the country to the same level, which is an 
entirely different question. 

Mr. AGUILAR: I apologize for having arrived late. 
I did not hear the statement which is in question at the 
present time. Our colleague sitting to the left of the 
Chairman has indicated that there were concepts in this 
world which touched upon the economy of the United 
Kingdom. I regret that such terms have been used with 
respect to that country. I believe that we all should 
admire the valiant effort carried out in the field of 
recuperation with new methods and systems different 
from those used heretofore. 

The CHAIRMAN : If no member of the Conference 
wishes to speak, I think we might conclude. 

\Vhen opening the meeting a short time ago, I men
tioned "Point Four", and I stressed the importance that 
our discussion might have in connexion with that 
important feature of the modern economy. 

I shall take the liberty of emphasizing that when 
"Point Four" was devised, it was made dear that the 
intention was that not only the United States but all the 
more highly developed nations should come to the assist
ance of the less-developed countries. I believe, there
fore, that the anxiety displayed today by some speakers 
with regard to the doctrine professed by the United 
States or the more highly developed countries is hardly 
justified in view of the welcome extended to the Ameri
can initiative in all the other developed countries. 

I shall therefore conclude by expressing the wish that 
by action in the spirit of the observations-many of 
which I have no doubt are very useful-that you have 
made today, the development of the under-developed 
areas may be ensured along the most general lines; that 
it should not be confined to particular industries which 
might disturb the healthy social equilibrium of the coun
tries to be developed, but should proceed along lines 
which reflect the broadest possible view of industrializa
tion, that is to say, the view of it as a harmonious devel
opment of different activities resulting finally in a raising 
of the standard of living of the nations concerned and in 
what is essential to the world economy satisfactory 
balances of trade. 
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UNSCCUR PROCEEDINGS: PLENARY MEETINGS 
-----··-----

The CHAIRMAN : I declare open the twelfth plenary 
meeting of the United .:'IT ations Scientific Conference on 
the Conservation and Utilization of Resources. 

I am deeply conscious of the honour done to me and 
to my country in my being accorded the privilege of 
presiding over this plenary meeting, and particularly a 
meeting which is to deal with the all-important subject 
of education for conservation, without which no amount 
of planning can carry us to the goal. 

One of the ideals in the old civilizations was the 
need for seeking after knowledge, as may be seen from 
some old sayings which may be stated with advantage: 

"Seek knowledge from cradle to grave." 
"Desire for knowledge is a divine command

ment for human beings." 
"Knowledge is life and wealth." 
"Knowledge is better than wealth because 

the latter thou hast to protect while the former 
protecteth thee." 

Times have changed, life has changed, and so have the 
ideals. Knowledge is now the monopoly of the few. 
But it has to be so. As time has advanced and man 
has achieved greater control over the forces of nature, 
nature has retaliated and made man's problems far 
more complicated. Further progress therefore requires 
research to maintain humanity-nay, even to save 
humanity. Research can only be the monopoly of the 
gifted few, but the results are to be imparted to all 
units of humanity, and this again is an intricate problem. 

Conservation is a matter of the greatest importance to 
humanity, and the Government of the United States is 
to be congratulated for having made such great strides 
in conservation and also for its progress in evolving. 
a system of education for conservation. \Vhether this 
system is the most widely applicable and the best, or 
is unsuitable for other countries but can be convenientlv 
amended to suit them, or is entirely unsuitable for most 
other countries which collectively or individually re
quire a different system or systems, it will he our re
sponsibility this afternoon to determine. 

•).fr. Gille spoke in French. 

Education and Conservation 

ALAIN GILLE 

Education is the maximum development of the capa
city of the individual to understand and deal with the 
critical problems of his civilization. The standard and 
extent of education must be brought up to a certain 
minimum level in all countries. The future of civili
zation depends on better care of resources. Therefore 
education for conservation, which is a special branch 
of education, should receive the greatest attention. 

Conservation holds out the assurance of a better 
standard of living and reduced human wastage. It 
should make the world more beautiful, more orderly. 
The psychological influence on an individual who lives 
in and promotes a civilization whose dominating fea
tures are beauty, order, development, freedom from 
waste and a concern for human welfare, is impossible 
to over-estimate. It is time to bring into being such 
a civilization, and to set about it with all speed. This 
may be a practical way to the desired goal of all nations 
-to world peace. 

As a contribution to todav's discussion of education 
for conservation a number (;f specialists from different 
areas of the world were invited by the Secretary-General 
to prepare background papers based on the experience 
in their areas. UNESCO advised in the selection of 
these authors and assisted in making arrangements for 
their contributions. These papers have been circulated 
for the past several days among the conferees and will 
be considered as part of the record of this meeting. 

\V e shall now hear details of the education for con
servation practised or planned in some countries. I 
propose that a few papers will first be read or summar
ized, and that then a general discussion will be held. 

I now have pleasure in introducing to you Mr. Alain 
Gille, who is an engineer in agronomy and has a 
Master's degree in ecology. He is now working with 
UNESCO as a programme specialist in education for 
conservation in the Fundamental Education Division. 
His report is entitled: "Education and Conservation". 
He has written an excellent report and also a paper 
which, by itself, summarizes several papers. I shall now 
ask Mr. Gille to read his paper. 

:VIr. GILLE deliz;ered the follMving paper:a 

ABSTRACT 

The present communication is mainly based on the specialized works, here synthesized by the author, of 
Messrs. W. J. Badcock, Chief Soil Conservation Officer (Nyasaland), J. J. Deheyn, Senior Agronomist in the 
Belgian Congo, R. Furon, Deputy Director of the Museum of Natural History in Paris, J. Keiling, Agro
nomical Engineer (France) and W. C. Lester-Smith, Soil Conservation Officer (Jamaica). This study deals 
with the importance of education in the application of conservation measures, and with educational methods 
calculated to secure the protection and better utilization of natural resources. 

In the second part, attention is given successively to school education in the more advanced and in the 
less developed areas, to out-of-school activities for youth and finally to the education of the public in those 
two types of area. 

The educational means employed (courses, lectures, publications, films, wireless etc.) are reviewed and 
illustrated by examples drawn from widely different countries: Honduras, the African Continent, Colombia, 
the Belgian Co?go, France, Canada, Australia, Haiti, The Netherlands, Poland, the U.S.A., Finland, Luxem
bourg, Indo-Chma, Nyasaland, and Jamaica. 
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A. THE IMPORTANCE OF EDUCATION IN SECURING 
THE APPLICATION OF CONSERVATION 

MEASURES. 

A plan for the application of measures for the conser
vation of natural resources should be based on the fol
lowing three elements : 

( 1) scientific research; 

(2) legislative and administrative measures; 

( 3) education. 

These three elements are closely connected, and it is 
impossible to conceive of a plan that could neglect any 
one of them if it is intended to be effective. In particular, 
a plan which did not embody educational measures 
would be destined for failure from its very inception. 
Examples are not lacking to support this statement. 
Up to a very recent date, few educational curricula 
included courses on conservation. Governments were 
content with promulgating laws and orders, the body 
c,f which has been assembled in the Revue lnternationale 
pour la Protection de la Nature and forms an impressive 
number of fascicules. ·when one considers the results 
<lCtually obtained in this field, one is bound to admit 
t~at legislative machinery alone is not enough. We 
5 hould be careful, however, not to conclude from this 
that such machinery is useless. 

It is only by educating the people and appealing for 
their entire collaboration that the desired end will be 
achieved-the intelligent and wise utilization of natural 
resources in the general interest. 

The need for such education is self-evident in view of 
the fact that, during the investigation we conducted 
on education in conservation, we received answers like 
the following: 

"All (here) think only of taking advantage of the 
present without care for what is to come. They take 
their pleasure without troubling about future needs, 
hunt the year round without regard to breeding sea
sons, and for fishing employ methods which involve 
the extermination of a whole species."1 

"While the European has achieved a creditable meas
ure of success in his efforts to prepare good industrial 
workers or clever artisans in Africa, he has been much 
less concerned to teach the Negro to cultivate the soil 
well and he has still done practically nothing to make 
him what the British call 'soil conscious'." 2 

"A vast programme of education and preparation is 
needed to induce the population to understand the 
need for (measures aimed at the conservation of 
natural resources) and to collaborate in that work 
to the best of their ability. It must also be led to feel 
concern about the present state of things and be 
imbued with the ardent desire to work for an im
provement."3 

1 From a report submitted to UNESCO by the Honduras 
National Commission. Tegucigalpa, 19 April 1949. 

2
}. P. Harroy. Afrique, terre qui meurt. (Africa, a dying 

land). Page 513. Marcel Hayez, Brussels, 1944. 
"From a report submitted to UNESCO by the Director-Gen

eral of Research, Protection and Regeneration of the Soil Section, 
National Federation of Coffee Growers. Republic of Colombia. 
1949. 

EDUCATION FOR CONSERVATION 

B. EDUCATIONAL METHODS FOR SECURING THE 
PROTECTION A::>l'D BETTER UTILIZATION OF 

NATURAL RESOURCES. 

The methods employed to encourage the conservation 
of natural resources will vary according to the popula
tion for which they are intended and the stage of de
velopment of the area inhabited by this population. 

School children constitute that section of the popula
tion which is most easily reached. If the child is made 
acquainted with these questions at a very early age, 
and if at the same time as he discovers the existence 
of animals, vegetables and minerals he learns that those 
are the resources which man utilizes to satisfy his vital 
needs, but that they can disappear if they are not 
rationally exploited, there is a great possibility that 
those ideas will stay with him later since the idea of 
conservation will develop in him as he himself grows up. 

It is much more difficult to inculcate such ideas in 
adults who may be approached only from time to time 
and who use, as a matter of routine, methods of ex
ploitation that have disastrous effects, such as forest 
and brush fires which, in tropical areas, lead to the 
destruction of the soil by the formation of laterites. In 
that connexion we may quote the following typical 
passage of a report which has reached us from Hon
duras: 

"Our forest fires are the result of ignorance, thought
lessness and above all, indifference." 

"All the peasants are accustomed to have recourse to 
burning, for they are persuaded that this is the only 
way to prepare for the sowing. No one has taught 
them a better method, which would avoid soil 
erosion."4 

Although, however, the adult population, firmly ad
dicted to bad methods by the force of routine, may be 
more difficult to reach, the problem has become so seri
ous in some areas that it is impossible deliberately to 
abandon a generation and bring influence to bear only 
00~~~ . 

As J. P. Harroy says, one cannot wait for the dis
appearance of the present illiterate generations, for that 
would create a "hiatus between the barbarian parents 
and the educated children (which would continue) to 
slow down development by creating all kinds of social 
disorders, the fertility of the African soil continuing 
meanwhile to become exhausted".5 

Speaking of the population of the Belgian Congo, 
J. J. Deheyn says: 

"By educating the children one acts on the rising 
generation, and this is undoubtedly the best means 
of building a better future; but it cannot be the only 
one. When the better management of the common 
heritage is at stake, we cannot afford to wait, and 
the adults also must be educated."6 

Action must therefore be directed simultaneously 
both towards the young rising generations and towards 

'Extract from a Report submitted to UNESCO by the Hon
duras National Commission. Tegucigalpa, 19 April 1949. 

"J.P. Harroy. Afrique, terre qui meurt. P. 516. Marcel Hayez, 
Brussels, 1944. X & 557 pp. 

6
} • .1. Deheyn. Educational methods of instructing native pop

ulations of Africa in the protection and more efficient use of 
resources. Report prepared for UNSCCUR, August 1949. 
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the generation which now is engaged in working natural 
resources. 

1. THE INTRODlJCTION OF IDEAS RELATING TO THE 

PROTECTION OF NATURE INTO EDUCATIONAL 

CURRICULA 

(a) Highly developed areas 

This question has already been repea~edly studied by 
experts, particularly at the Inter-Amencan Co~ference 
on the Conservation of Renewable Resources whtch took 
place in September 1948 at Denver (Colorado, United 
States of America). 

\Ve have no time here to summarize the teaching 
courses now practised in a number of countries. Those 
who are interested in this matter will find the informa
tion in the enquirv into education for conservation 
which we conducted for UNESC0.7 

Vve shall give here by way of example a synopsis 
of the syllabus proposed by Dr. R. Furon in a rep?rt 
entitled: "Protection of ~ atural Resources : EducatiOn 
and Propaganda."8 

In the first place, the author is of the opinion that 
the study of natural science, physical geography and 
economic geography is best adapted for the purpose of 
such education. 

In the primary school course, general ideas of. con
servation might be explained in the natural-sCience 
manual and in the final-year geography book. 

In the secondary school course, these ideas might be 
introduced in the sixth-grade zoology, the fifth-grade 
botany, the fourth-grade geology and the final-year 
general geography. 

The author then gives an outline of the various 
sections of the curriculum for teaching protection of 
natural resources : 
(i) Primary school cow:se: This .course, though very 
important, ts the most dtfficult, bemg. sole~y for young 
children whose knowledge is necessanly shght. ~very
thing depends on the ability of the teacher to Impart 
knowledge. 

Under general programme the author reviews various 
natural resources and shows their importance to man. 
He describes nature such as it was before being ex
ploited and stresses the importance of the plant cover
ing which protects the soil. 

He then draws a picture of the destruction caused 
by man in various regions (deforestation, exh.aus!ion 
of the soil as the result of bad methods of culttvatwn, 
over-grazing) and the economic and social cons.equences 
that have resulted from it. He ends by descnbmg the 
efforts at restoration that have been undertaken, and 
by pointing out that side by side with the large-scale 
efforts made by Governments, it is the imperative duty 
of all men to respect natural resources and to take daily 
care to maintain cultivated land, grassland and forests 
in good condition. 
(ii) Secondary school course: Here, the teaching can 
be more broadly developed and adapted : animal wealth 
being dealt with in zoology, plant resources in botany, 
damage caused by soil erosion in geology, a general 
economic survey being given in the geography course 

7"Education for the Conservation and Better Utilization of Nat
ural Resources", Enquiry by A. Gille. UNESCO, July 1949. 

preceding the second part of the baccalaureat (pre
university) examination. 

In the sixth-grade geology course, the author recom
mends that the part played by animals in the life of man 
should be demonstrated, and at the same time, the ad
vantages of protecting them and establishing reserva
tions and national parks. 

In the fifth grade, similar ideas will be given in the 
botany course by considering, for ex~mple, th~ value 
of grassland and forest as a. protective covermg for 
the soil, and the need for national parks. 

In the fourth grade, the study of the soil and erosion 
will be introduced in the geology course. 

During the last year of the secondary school cours~, 
natural resources will be studied from the economic 
point of view. Their present situation in the world will 
be described and the need for taking steps to protect 
nature will be emphasized. 

All these ideas would be expressed in the course of 
lectures illustrated by stills (rather th:;n by cinemat<:;o
graphic films, which distract the attention of the au?t
ence) or, in the case of schools not eqmpped. wtth 
electricity, by a series of large-scale photographic en
largements. 

(b) Less developed areas 
We shall take for example the Belgian S::ongo! whe~e 

the native population is employed exclusiVely m. <:g.n
culture, stockraising and forestry, the only activities 
carried out by natives on a large scale. 

In his report, J. J. Deheyn9 expresses the opinion 
that instruction in schools must be regarded as the 
basis of the campaign, and that it should therefore 
receive special attention. 

"From the elementary school up, it is essential to 
stress questions of soil conservation, forestry a11:d 
game protection and the proper care of domestic 
animals. 
"At this stage instruction is purely educational; it _is 
not intended as vocational training. If young puptls 
absorb almost unconsciously the main principles of 
agriculture, they will be rea?y t? adopt. the.se later 
when they are given methodtcal mstructwn m them 
for vocational purposes. 
"Even before primary school, in the inf~nt sc~ools, 
an attempt is made to create a psychological attitude 
favourable to such instruction by interesting the chil
dren in garden work appropriate to their age. 
"In the third year of primary school, which in rural 
districts of the Congo begins at about twelve or 
thirteen, a complete course in agriculture an1 stock
raising is provided. The course is both theorettca~ and 
practical. The practical lessons t;IUSt not be asso~tated 
with heavy field work, but must mtroduce the chtld:en 
to the concrete aspect of the problem by observatiOn 
exercises and experiments to demonstrate the theory 
taught. These various teaching methods in .fact form 
a single process, intended to make the child uncl~r
stand what he sees in his environment. A spectal 
effort is made to show him the importance of im
proving certain techniques and the inadequacy of 
some traditional methods. 

"R. Furon. Protection of Natural Resources: Education and 
Propaganda. Report prepared for UNSCCUR, August 1949. 

•see footnote 6. 
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"Throughout their school life, boys and girls receive 
agricultural instruction centered mainly on the study 
of basic principles~the necessity for humus · and 
methods of conserving it; the prevention of erosion, 
reforestation and the choice of better species. The 
instruction must be illustrated at every stage by 
numerous demonstrations directly connected with the 
principles taught." 

2. OUT-OF-SCHOOL ACTIVITIES FOR YOUNG PEOPLE 

The introduction of ideas of conservation into edu
cational curricula is a first stage. 

While the young should first be reached at schOol, 
however, their attention must also be drawn to the 
problem of conservation during their leisure time so as 
to prove to them that it is not an invention of books 
but a problem of daily life which must therefore be 
given an immediate solution. 

Youth groups, clubs and various societies have drawn 
up plans of campaign for the protection of nature. 

The 4-H Clubs in the United States, Canada, Finland, 
Denmark, etc. are very active in this respect. 

By way of example we shall give a summary of the 
work undertaken in Canada10 by the 4-H Clubs in the 
Province of Quebec. 

In their propaganda leaflet "Who are you, 4-H ?", 
~he nature and purpose of these clubs are defined thus: 

"A 4-H Club is an association of young country boys 
and girls of between ten and twenty years of age 
working together to conserve our natural resources, 
more particularly the forest resources of Quebec." 
Amongst the aims pursued, the following may be 

'toted: 
"To develop a forest conservation mentality in the 
young. To make them realize the value of research 
and technical knowledge in everything that is con
nected with the conservation of our natural resources 
etc." 
A 4-H conservation manual entitled En Pleine Nature 

{In the Open Country) has been published. 
Amongst other activities, the clubs organize competi

tions, some of which are called: "4-H Reforestation 
Competition", "4-H Forest Protection Competition" 
etc. 

These clubs, of which there are now 187, have about 
9,000 members, all actively engaged in the protection 
of nature. 

Another form of activity has been the establishment 
of "Tree Days" and "Nature Protection Days", which 
are now widespread in a number of countries, such as 
Australia, Canada, Haiti, the Netherlands and Poland. 

In Poland, for example, activities in 1949 were con
tinued throughout the month of April and included the 
following: afforestation of waste-lands, tree planting 
in working-class districts, along highways and in the 
streets of towns. The school children also made parks, 
h.wns and plantations for use as bird sanctuaries; they 
compiled inventories of natural monuments, took part 
in excursions and attended lectures and film shows on 
natural history. 

The possibilities for out-of-school activities for young 
people in connexion with soil conservation are therefore 

'"See footnote 7. 
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very numerm.ts and varied: they include excursions, 
competitions, school gardens, lectures, film shows and 
the placing c >f nests for birds. 

There is 110 lack of enthusiasm among the young 
people. It is th.P.refore for the leaders of the youth 
groups to take the 't\"i'}ti<\!ive in introducing ideas about 
the protection of nature in·to their programmes. 

3. EDUCATION OF T':.ff,E PUBLIC 

Here again, a distinction must' be made between 
countries which are fully developed economically and 
little developed countries whose population cannot be 
reached in the same way. 

(a) Highly developed areas 
From the investigation we conducted 10 it appears 

that the education of the public in the conservation and 
better utilization of natural resources is a matter of 
world-wide concern. Propaganda campaigns have been 
worked out and are now being conducted in many 
countries. 

Amongst the methods of propaganda to be used we 
may mention the following: 

The employment of rural advisers whose task is to 
assist farmers and their families to solve their problems. 
The Extension Service of the li nited States Department 
of Agriculture has proved very effective in this respect, 
since in 1943, this service was carried on by male of
ficials in 2,941 and by female officials in 2,058 of the 
3,075 counties in the country. In addition, the Exten
sion Service and the Soil Conservation Service have 
together drawn up a plan of work for improving agri
cultural and anti-erosion techniques. For that purpose, 
Extension Soil Conservationists posts have been estab
lished. These are responsible in the various States for 
managing all matters connected with registration for 
purposes of soil and water conservation ; 

Lectures to farmers by rural advisers or experts, 
in clubs etc. are one of the commonest and most fre
quently used methods ; 

Courses for adults : amongst others, we may mention 
the elementary courses for adults given in Nova Scotia, 
Canada. Much attention is given to the conservation of 
forests, the tree planting and the national management 
and use of the soil etc. Each class undertakes to carry 
out within the scope of its studies a definite task meet
ing the requirements of the group and community. In 
a region, for example, where the forests are worked, 
the task might be connected with afforestation, regu
lated tree felling or any other activity bound up with 
the economic life of the community. Studies are di
rected in accordance with this activity and relevant 
documents and material are distributed. Competent 
experts are brought in to give advice and assistance; 

The projection of films and slides is also frequently 
resorted to, especially for the purpose of illustrating 
lectures. While films on agriculture and agricultural 
techniques are relatively numerous, however, films 
dealing particularly with conservation are less frequent 
and have only been introduced quite recently. Several 
countries have begun work on that task (including the 
United States, Canada and Australia); 

Wireless programmes also co-operate in this cam
paign. Since the use of wireless is widespread, it is 
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one of the most effective means of reach;ing the popu
lation regularly, even those sections living· in the most 
remote parts of the country. In this conne:JKion we may 
mention the effort made in the maritime 1 provinces of 
Canada to organize children's broad<3Si't's on conserva
tion. The wireless is very fr/egpr:ll:itly used for incul
cating in the pupils ideas a~)'but the conservation of the 
soil and its resources, amk of water resources, fish, birds, 
game, forests and a)A·"kinds of vegetation. Through 
the Canadian Bro:a'dcasting Corporation, the schools 
in the maritime, provinces may obtain manuals for sup
plementing <:rd10ol broadcasts. To be able to understand 
the broa:ocast, the children must do a small preparatory 

• 'l.'C.k. Certain practical applications of the knowledge 
thus provided are proposed and explained in the above
mentioned manuaL For example, in 1948, one broad
cast was on "Erosion, floods and tidal waves''. The 
children were asked to bring to the class pictures illus
trating the effects of floods and erosion, to study the 
spring floods of streams and rivers and to show how 
the water often carries away foot bridges. After the 
broadcast, some pupils were requested to study the 
damage caused by floods in Canada and read a paper on 
that subject to their fellow pupils. The task of other 
pupils was to study means of avoiding floods etc.; 

Publications: most Ministries of Agriculture have a 
propaganda department which publishes leaflets in
tended to improve agricultural techniques. A few of 
these departments include in their programmes the 
publication of leaflets on the conservation of natural 
resources. 

We should also mention the demonstrations carried 
out on model farms or even on private farms, whose 
owners then receive official assistance in varied forms 
(money, fertilizers etc.); the farm competitions which 
are organized in Australia, Canada and various other 
countries and which create rivalry between farmers 
inducing them to obtain better yields than their com
petitors; agricultural fairs; exhibitions organized by 
societies for the protection of nature (hunting exhibi
tions in Finland, exhibitions for the protection of birds 
in Luxembourg and the protection of the countryside 
in the Nether lands etc.), including itinerant exhibitions 
(like those organized by the Rice Office in Indo-China 
before the war) which thus are likely to influence a 
greater number of people; excursions into the country 
to bring the public, and particularly the town dwellers, 
into direct contact with nature. 

We have so far stressed particularly the education 
of the farmers in conservation, for it is they who are the 
first to handle the resources derived from the soil. 
Before reaching the consumers, however, those re
sources must pass through the transforming industries 
which will make them fit for use. There again the prob
lem of the conservation and rational utilization of re
sources arises. 

In a report devoted to the place of the agricultural in
dustries in a programme of instruction on conservation, 
J. Keiling 11 points out that such industries may, by 
analogy with the extractive industries, be considered 
as working through the intermediary of the farmers 

11
]. Keiling. The place of the agricultural industries in an 

educational programme on the conservation and better utilization 
of natural resources. Report prepared for UNSCCUR, August 
1949. 

the deposits of fertility in their zone of supply. They 
should therefore take part in planning and applying a 
programme of education on conservation. 

The programme proposed would be applied on the 
economic level by means of contests and comparisons 
between the farmers supplying the factory and on the 
technical level with the assistance of factory agrono
mists, who would promote co-operation between factory 
and farm : their task would be so to guide the producers 
that the products they supplied should be capable of 
rational utilization in respect of both quantity and 
quality. 

'1\fter the education of the producers (farmers) and 
transformers (industrialists) in matters of conservation, 
it remains to educate the consumers who, especially in 
highly developed areas, are the urban populations. Such 
education will be effected by the means we have already 
reviewed (i.e. press, wireless, films etc.). 

(b) Economically little developed areas 
In the Belgian Congo, 12 propaganda for the protec

tion of nature is conducted by Belgian agronomists, 
assisted in their work by highly trained native assistants 
and by native auxiliary workers with less intellectual 
education, called agricultural instructors, forest rangers 
or wild life wardens. 

The principal function of the agricultural assistants 
and instructors (also called demonstrators or propa
ganda agents) is to persuade all the farmers in a par
ticular district to adopt the recommended methods. 
This work is difficult. One must not forget the lack 
of understanding and absence of interest of the people 
with whom propagandists have to deal. Moreover, the 
propagandists sometimes recommend operations not 
sanctioned by custom ; and farmers' universal suspicion 
of new methods is well known. 

The author points out that the propagandists' work is 
frequently made possible only by an element of com
pulsion, which is justified by the aim of preventing 
impoverishment of the common heritage while improv
ing methods of agriculture, stockraising or forestry for 
the exclusive benefit of those who apply them. 

The period during which compulsion is used must, 
nevertheless, be as short as possible, and one must try 
to obtain an acceptance arising from reasoned conviction 
based on reflection, or at least the adoption of methods 
because they have been tested and become quasi-tradi
tional. 

To obtain results, propaganda must be intensive. 
It is hopeless to try for rapid results by dispersing one's 
efforts over immense areas. It is for this reason that in 
the Congo, in addition to the regular activities carried 
on throughout the territory, certain social groups have 
been chosen with the complete consent of all their mem
bers to be the subject of more intensive action. Every 
means is used to ensure that all the members of these 
groups are subjected to continuous propaganda carried 
out carefully and simultaneously in every field-hygiene, 
agriculture, organization, education, production and co
operation. It is hoped in this way to secure the rapid 
development of these groups towards a peasant agri
culture-in the form in which it is known by peoples 
in an advanced stage of civilization-while conserving 
their own social organization and traditions. These 

12See footnote 6. 
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groups, known as ''Pa)'Sannats," will act as the leaven in 
be mass, and the standard of living attained by their 
members will serve as an example and gradually extend 
e-ver the whole territory. 

The educational organization in the Congo also pro
vides for farm schools and practical agricultural instruc
tion centres. 

The farm schools are intended to train good farmers 
by academic methods by providing an apprenticeship 
for young people from the elementary schools. In prac
tice, it is found that only exceptional pupils are capable 
of benefiting from this type of education. The others 
become hardly better peasants than those who have not 
had the training. Unfortunately, the farm-school idea 
neglects native society as a whole and deals only with 
individuals. The pupils trained by these schools are 
sooner or later faced by a dilemma : either to follow the 
principles they have been taught and dissociate them
selves from the clan or to integrate themselves with the 
c Ian and not adopt the methods they have learnt at 
5chool. 

The farm school will not play a really useful part 
tmtil it deals with a generation whose parents have al
ready been subject to intensive propaganda. This ap
I'lies to pupils in the paysannats. 

By "practical centres of agricultural instruction" we 
mean lecture courses, with demonstrations, organized 
for farmers. This type of education has no chance of 
~uccess except in populations which have reached a 
certain level of development. 

Publications, pamphlets and press articles are ex
cellent adjuncts to a well-planned propaganda campaign, 
but cannot suffice alone, in view of the state of develop
ment of the population of central Africa. 

It is out of the question to hope for far-reaching 
changes in agricultural and stockraising techniques by 
the use of cinema propaganda alone. Nevertheless, this 
method must not be neglected a priori and is best made 
an adjunct to the whole system of propaganda. The 
enormous distances between rural centres are not an 
obstacle to the use of this means of education. In the 
Congo, the department responsible for propaganda was 
able in 1948 to organize approximately 1,200 instruc
tional film shows attended by 1,300,000 spectators. 
Mobile cinema units, two to a province, are now being 
organized, and will tour the country in order to make 
better contact with rural communities. There is no 
need to emphasize the excellent results ·which mav be 
obtained with well-chosen films in these circumsta;ces. 

In Nyasaland, soil-conservation propaganda is con
ducted amongst the natives in two phasesP In the first 
phase, the administrative officers who are concerned 
'!<lith the rural population prepare opinion for conserva
tion measures subsequently to be adopted by drawing 
the attention of the native chiefs to the dangers of 
erosion. The Education Department assists that cam
paign by training the chiefs and school teachers to 
conduct propaganda in favour of the new agricultural 
techniques and by distributing sufficient literature on 
the subject in schools. 

The second phase consists in applying the methods 
of conservation. It begins v.rhen the administration is 

'"\N. ]. Badcock. Soil conservation in Nyasaland. Report pre
pared for UNSCCUR. August 1949. 
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satisfied that the natives have been sufficiently prepared 
by propaganda and education. The Native Authority 
Councils are then requested to take the necessary steps 
to secure the use, by the natives, of the agricultural 
techniques deemed necessary. Indigenous supervisors 
are trained by the Agricultural Department. Under the 
direction of Europeans their work in connexion with 
soil conservation has proved to be very effective. 

In Jamaica 14 a ten-year conservation plan has been 
drawn up. Units of land for demonstrating soil con
servation methods and mixed farming have been pro
vided at various places in the island on the farmer's own 
land. The farmer receives advice on the work to be 
done, and the lay-out of the land, and he undertakes 
to apply the plan submitted. If the work is satisfactorv, 
he is given a cash grant to assist him in his conservati~n 
work, including the purchase of material for planting, 
liming and manuring, and, later, for the construction 
of silos, water tanks etc. 

In addition, the members of the Department of Agri
culture, the Agricultural Society and other social service 
organizations arrange lectures and discussions on agri
cultural problems. Adequate literature is also published 
and distributed for the education of the rural population. 

One method of encouragement which has proved 
effective has been the utilization of the population's love 
of music and the composition for that purpose of a soil 
conservation song called "l\fuddy Water". 

IV. CQ)JCLUSION 

In this paper we have striven to draw examples from 
countries varying greatly in geographical situation, 
population, stage of development etc. 

The sources we have used are reports submitted by 
experts in various branches of science on the countries 
which they know particularly well. We have made a 
synthesis of these works, taking care not to distort the 
thought of their authors. 

The rather over-simple distinction between highly 
developed and little developed areas has proved neces
sary for a short paper such as this. The division of the 
public into two categories-young and adult-has also 
been necessary for the same reason, and because nature 
tomorrow will be the result of the principles of conser
vation inculcated in the young, while nature today 
depends on propaganda amongst adults. 

Note: In addition, Mr. Gille submitted a survey by 
countries and geographical areas which has been repro
duced by UNESCO. Below is reproduced the Table 
of Contents, which indicates the scope of Mr. Gille's 
survey. 
Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Table of Contents . . . . . . . . . . . . . . . . . . . . . . 3 
The Netherlands West hzdies . . . . . . . . . 5 
Australia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 
Belgium . . . . . . . . . . . . . . . . . . . . . 15 
Canada . . . . . . . . . . . . . . . . . . . . . . . . . 19 
Colotnbia . . . . . . . . . . . . . . . . . . . . . . 31 
Belgian Congo . . . . . . . . . . . . . . . . . . . . . . . . . . 33 
Denmark . . . . . . . . . . . . . . . . . 35 
Ecuador.......................... 39 

-u-vv. C. Lester-Smith. Methods of teaching conservation of 
natural resources in Jamaica. Report prepared for UNSCCUR. 
August 1949. 
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United States of America 
Finland ............. . 
France . . . . . . . . . . . . ..... . 
France Overseas Territories 

(Morocco, Algeria, Tunisia, French West Africa, 
French Equatorial Africa, Madagascar, Indo-

41 
49 
55 

china, etc.) . . . . . . . . . . . . . . . · 65 
Honduras . . . . . . . 71 
h~ ~ 
Indonesia 79 
Liberia 81 

The CHAIRMAN : Thank you for your excellent paper 
in which you have covered most of the angles, chirified 
issues and made such concrete proposals. The next 
speaker will be ~·Ir. Wilson, Director of the Extension 
\Vork of the United States Department of Agriculture. 

Luxembourg 
The Netherlands 
Poland 
Puerto Rico 
S·witzerland 
Surinam ... . 
Thailand ... . 
Union of South Africa 
Venezuela ...... . 
l nde:r by subject 

84 
85 
89 
95 
97 
5 

99 
101 
109 
111 

Mr. \Vilson gives the leadership in extension work
the taking of education to the people on the land through
out the United States of America. 

Mr. WILSOX delivered the following paper: 

Extension Methods in Conservation Education 
M. L. WILSON 

I. WHAT IS EXTENSIO~ EDUCATION? 

The phrase "Extension Work in Agriculture and 
Home Economics" is an American phrase. It is a name 
for a system of informal adult education that has grown 
and developed in the United States in the last 40 years. 

It is organized and administered by the publicly sup
ported agricultural institutions and the rural people, 
and is independent of the system of formal education. 

In a way "Extension \Vork" is a kind of invention. 
A social invention. There are many things that are 
unique about it, but it is in principle not necessarily 
new, nor is it necessarily uniquely American. It came 
about to meet a specific need. 

Some words today are in world-wide usage. These 
words for ideas are not translated from the original 
into other languages but are taken over in their entirety. 
The telephone, for instance, was invented in this coun
try, and when other nations started using it they also 
started using the word telephone. To the best of my 
knowledge the word telephone is used to describe this 
instrument of communication throughout the world. 
Although the word "extension" has come into fairly 
widespread use throughout the world it has not been 
uniformly adopted. In some countries other words are 
used to express the idea. In Great Britain, for example, 
the system of extension work, similar in many ways to 
ours, is called an advisory service. 

The unique quality about extension work is that it 
is an "informal-method" type of education in contrast 
to formal education. Most of us in our culture think 
of the word education as a word expressing an idea 
that involves a teacher, a pupil, a classroom, and a te.rt
book or a situation growing out of this particular set 
of factors. Our system of elementary and intermediate 
schools and colleges is all based on this situation. This 
system only began in the life of man after the develop
ment of the alphabet and writing. \Vhat we term in
formal education has been going on ever since man has 

been man. It does not necessarily involve the formal 
teacher and the classroom. Agricultural extension work 
in the United States is highly organized and is carried 
on through highly trained educational personnel. In
formal education can be unsystematic or it can be 
organized. It works both with illiterates and literates 
and somehow produces changes in the content of the 
mind and the motivation of the personality. 

In the United States it was generally assumed, before 
Agricultural Extension \Vork began to be recognized 
and organized, that farmers were too old to go to school. 
And that it was very difficult for them to learn new 
ways of doing things. \Ve have often heard it said 
of localities where illiteracy is the rule rather than the 
exception that it is difficult to reach rural people. Those 
who hold this view believe that progress is only made 
through the younger generation who attend schools. 
As we see it, these two systems of education, the forn1al 
and the informal, are not competitive. They overlar: 
each other to some extent and are closely related, but 
differ in methods and organization. 

The function or idea of extension in the field of 
agriculture is one of dealing directly with farm people. 
This concept is being recognized as being on the same 
level as research, the college, and the school. 

Today extension education is in the process of world 
development. Food and Agriculture Organization is 
planning to give assistance to member countries in the 
organization and development of extension education. 
This summer Food and Agriculture Organization is 
sponsoring two regional conferences, one in western 
Europe and one in South America, dealing with exten~ 
sion methods and types of organization. 

Prominent among several assumptions on which agri~ 
cultural extension is based are the following three : 

1. That there is a body of knowledge and technologv, 
based on science, which can be "extended" to the great 
mass of rural people. 
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2. That there are psychological problems involved in 
~etting the interest of the people, so that they will have 
che desire to participate in the educational process. 

3. Finally, that the people will be motivated by this 
new knowledge and grasp of technology to change their 
ways and do things differently than heretofore. 

II. CONSERVATION EDUCATION 

It is not necessary for me at this gathering to go into 
the content of conservation education. I assume, how
~ver, that we are largely concerned with people who live 
:m the land and who use the natural resources of soil, 
water, woodlands, and wildlife. In addition I assume 
t:1at the concept of conservation implies intelligent use 
and the prevention of misuse of these resources. Also 
involved is a general attitude or philosophy or pattern of 
relationships between man and nature. In addition, 
there are a number of specific practices based on scien
tific knowledge, some of which are simple in character, 
to do or not to do. And then there are the highly tech
nical practices requiring professional judgment in their 
application. 

It is easy to bring about change in democratic societies 
"'·hen the general attitude of individuals is receptive, and 
e:dremely difficult when their attitude is unreceptive or 
hostile. A Navaho Indian on a reservation in one of 
our Western States once told me there was "absolutely 
nothing to overgrazing-that the Navaho gods would 
give the Navahos plenty of grass if the white man would 
get off their reservation and stay off". That Navaho 
deeply believed what he said. Ways have to be found 
around such "blocks" in the people's patterns of culture. 
I am convinced that if given a chance the scientific in 
tlte field of human personality can give administrators 
and program builders many practical suggestions to 
meet such situations. 

In extension education we have to find ways of 
changing fundamental attitudes or of getting around 
them so that there will be whole-hearted cooperation 
between men and science. 

In dealing with the problem of conservation and the 
practice of conservation, we must recognize that con
servation and its promotion include both man and nature. 
They are all pieces of the same pattern. Changes, 
growth and development of ideas in the minds of men 
and patterns of behavior of men, are just as urgent, and 
important as the physical aspects of conservation: Soil 
erosion, forest destruction, soil surveys, flood control, 
watershed development, irrigation, and drainage. 

III. THE SCIENTIFIC BACKGROUND 

Anthropologists and philosophers of history often
times characterize our age as a period in which mankind 
throughout the world is substituting science and tech
nology, which grows out of science, for folklore and 
prescientific customs. Science is capturing man or man 
is capturing science, whichever way you want to put it. 
The problem, therefore, of widespread dissemination of 
scientific knowledge is a function of education. And 
the benefits of science to mankind are dependent upon 
mankind's using the results of science. 

In many fields, and certainly conservation is one of 
them, scientific knowledge and techniques in relation 
to use of natural resources are far ahead of daily prac
tices and ways of living. Extension education, there-
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fore, seeks to speed up the educational process and to 
make the practices based on science part of the habits 
and customs of the people. 

The science of man and his cultural and psychological 
behavior underlie the educational processes in the same 
way that the biological and physical sciences underlie 
the processes of intelligent use of nature. I feel that 
oftentimes there is a tendency among biological and 
physical scientists and technologists-primarily because 
of the high degree of specialization in their education
not to recognize this concept and to ignore the de
velopments in the sciences dealing with human culture 
and human behavior when they get into the field where 
man is involved. 

Today we have a growing understanding of what the 
anthropologist calls culture: that pattern in which are 
integrated the habits and beliefs and customs and every
thing else that has to do with human behavior. We are 
beginning to know how to study culture objectively by 
using the scientific method. We are beginning to learn 
a good deal about the processes involved in social change 
and the manner in which it takes place. We know that 
the democratic way is to work with the cultural pattern 
and not against it. We also know that you cannot ar
bitrarily transplant a trait or a practice from one culture 
to another. We think we know a great deal about how 
growth can take place and how it can be stimulated. 

The other great field of science that contributes to our 
knowledge and understanding of human behavior is 
psychology, the study of the mind of the individual 
and the working of the group. Sociology also makes a 
notable contribution to this knowledge and understand
ing of man, particularly as it deals with the organization 
and structures of a group of people, the functions of 
leadership, and leadership patterns. Economics and 
political science likewise bring to bear their disciplines, 
especially in relation to systems of values and problems 
of wealth and government. 

These sciences have now developed and have been 
integrated to the point where we are getting some basic 
educational principles out of them. 

IV. BASIC PRINCIPLES THAT APPLY TO ALL MEN 

I mention the principle that extension education has 
to work with a culture and not against it. And it has 
to work with a program that makes sense to the indi
vidual. But it does this through an organized program. 

Another important element in the consideration of 
basic principles is the cumulative effect of scientific 
knowledge and the thing we call progress in relation to 
the rate at which change takes place. If extension edu
cation works it is producing social change. The man 
who is probably making the greatest contribution to the 
understanding of social change is Prof. William F. 
Ogburn, first at Columbia University and now at the 
University of Chicago. He thinks that change operates 
a little bit like compound interest-it gets started and 
one step leads to another. We could change from 
horsepower to motor power in our culture in a genera
tion. But if the motor had been discovered at the time 
of Columbus it is highly probable that it would have 
required far longer for the change to take place because 
our culture was not ready for it. Things have to get 
started and simple things have to be done in simple 
societies, step by step, whereas changes in complex 
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societies can take place at rapid speed, in several steps 
at the same time, so to speak. 

If I were to list a few of the basic principles in ex
tension education they would be: 

1. The problem approach with a program based on 
the needs of the people. 

2. Maximum participation by individuals. 
3. Use and influence of local leaders. 
4. Result demonstrations. 
5. Maximum number of contacts leading to the same 

end. 

V. METHODS BASED ON PRINCIPLES 

Methods have to vary from culture to culture. They 
can be classified under different categories : (a) those 
mainly applicable to reaching individuals, and (b) those 
mainly applicable to reaching groups. 

A time-tested and efficient method is person-to-person 
contact. Although it is highly efficient, obviously it 
cannot be used exclusively in reaching large numbers of 
people. In some cases it is essential that the person-to
person method be given precedence over other methods. 
Fortunately, extension education has many methods 
available for reaching the individual and for reaching 
the group. There are methods involving demonstrations 
that can be observed with the eye. Radio is an ever
ready means for bringing directly into the farm home 
up to the minute developments, be they the latest weather 
reports or current market prices for farm products. 
The weekly, daily, and farm magazines play a tremen
dous role in reporting and interpreting agricultural de
velopments and research to rural people. And there are 
many other methods : bulletins, circular letters, posters, 
tours, exhibits, motion pictures, slidefilms, office calls, 
telephone calls, and others. 

You may well ask why so many methods are needed 
and why the same information must be repeated through 
various media? I am coming to that presently, but 
before I do here is a basic principle that categorically 
ansvvers the question : 

If widespread response is desired, farm and other 
rural· people must be exposed to educational teaching 
efforts in several different ways. In passing I'd venture 
to say that that principle applies to city people as vvell. 

VI. EFFECTIVENESS OF METHODS 

There are many things that I should like to say re
garding our experience as to the effectiveness of dif
ferent methods in conservation education. Time will 
not permit a detailed discussion of them in this paper. 

First of all, there must be an extension program or 
plan of work in each area or unit. This program or 
plan of work is based on considered thinking and dis
cussion by the people who live in the area as to the 
problem and the science and technology that can be 
brought to bear upon it-in which are the answers to 
the problem. Each area, or unit, therefore, must have a 
plan to extension education that grows out of the needs 
of the people and is neither handed down from above 
nor entirely developed in the area. 

But the plan must have incorporated in it somehow 
the best that science has to offer. One of the most im
portant extension methods is effective in this kind of 
situation. It is the method whereby the scientist and 

the man on the land, regardless of his development , 
social status, cooperate in their working relations. 

Many specific methods can be used: conservatit 
~emonstrations on individual farms, specific demonstr,~. 
tlons on plots or small areas or on farms of such char • 
acter that the individual may see both the process an 
the results. · 

Other elements to further the conservation progra 
include committee meetings, training of local leaders wl' 

1 

will influence their neighbors, test-plot demonstrations,· 
field days in which large numbers of people have the 
opportunity to see conservation practices and the use 
of machinery and technology. 

Various informational media newspapers, radio, 
farm magazines, and leaflets-keep the people in tht 
area informed of the progress of their program. 

Each area has to work out its own program. Basic 
to all this is the cumulative step-by-step process of 
learning and growth under the stimulus of methods 
that will effectively reach the largest number of people. 

An effective e..xtension program uses several methods 
so that there are a series of "exposures" influencing the 
individual. 

A careful appraisal of the various studies conducted 
relative to extension work in the United States indi
cates strongly that the best results are obtained when 
a number of methods are used. This gives a continuity 
of so-called exposures to the idea and the new practice. 
Or in other words, rural people are influenced by ex
tension education to make changes in behavior in pro
portion to the extent of contact with extension teaching 
activities. 

I have with me two charts that illustrate this. Chart 
No. 1 shows the Extent of Adoption of Practices as 
Affected by Number of Kinds of Exposures. 

It shows that as the number of different types of con
tact, or kinds of exposure to extension information, 
increases from 1 to 9 extension methods, the number 
of farm families changing behavior increases from 35 
to 98 percent. The percentage of families responding 
increases rapidly as the number of contacts increases to 
5 or 6 methods. If exposed in 5 different ways, approxi
mately 7 out of every 8 families receiving extension 
information change their behavior. It seems evident 
then that if widespread response is desired, farm people 
must be exposed to educational teaching efforts in sev
eral different ways. To state it another way, repetition 
in a variety of ways is highly important to learning. 

Chart No. 2 shows Rate of Adoption of Practices as 
Affected by Number of Kinds of Exposures to Exten
sion Teaching Methods. 

This chart shows that when the change in behavior is 
expressed in numbers of responses rather than in per
centages of families responding, the relationship between 
behavior and extent of contact remains remarkably 
constant regardless of the number of media through 
which extension information is received. 

From this and the previous chart it would appear 
that the problem of reaching groups in the rural popu~ 
lation effectively is primarily one of coverage or contact 
rather than the lack of response to educational stimuli. 

Copies of both these charts are available here with 
the mimeographed copy of my paper. 

264 



EDUCATION FOR CONSERVATION 

X ow let us consider a concrete example of methods And in passing I may say that this was only one of a 
1d their effectiveness in terms of an in<:Uvidual farmer. total of some 355 various methods demonstrations held 
ast fall I visited with a county extension agent in a in that year. Over 63,000 people attended these methods 

.J.irly typical cotton-producing county i~ the South. It demonstrations. 
s a countv where there ha;; been great mtsuse of natural In the Cnited States, Cooperative Extension Work 

resources: Among the fanns I visited while there was in Agriculture and Home Economics as an institution 
.'1 hill farm. This farm was a vivid example of good and as a function is recognized as being on the same 

nd use. All the land that needed to be terraced was level with college teaching in agricultural science, re
t terraces, and good ones too. Crops were on the co~- search in agricultural science, and administration of 

wur; some of the land not adapted to crops was m governmental agricultural programs. It has the whole
voodland and provision had been made for wildlife hearted support of the voluntary general organizations 

conservation. And this farm also had a fishpond. of farmers and the fann cooperatives. It is carried on 
I asked this fanner how he had become so conserva- cooperatively with the State agricultural colleges and 

cion-minded. He said that it began some 25 years ago, local governments. Its total budget last year was over 
when he started working with the county agent. That 65 million dollars. It has a total professional staff 
was when he was a boy in 4-H Club work. He had been numbering about 12,000, 77 percent of whom were in 
raised in the county. He said that he had never attended the counties v.-orking directly with farmers and other 
college. Over the years he had worked closely with the rural people, and 23 percent of whom were located at 
county agent. the agricultural colleges. Those at the colleges render 

· an intermediate service between research and science Among other things he had developed a crop-rotatiOn 
svstem for his farm, and all in all had done a consider- on one hand and the county agents and county programs 
able amount of conservation v.·ork prior to the organiza- on the other. 
tion of a soil-conservation district. After the establish- The Cooperative Extension Service definitely is in the 
ment of the district, he had a conservation plan worked field of conservation education. It is and has been re
out for his farm. He was diligently following it. sponsible for the general educational programs that help 

He told me that he had received a good many ideas farm people to understand what their conservation 
from visits to a branch agricultural experiment station problems are. It also helps them to develop programs 
some 50 miles from his place. Every summer the that enable them to take advantage of services made 
county· agent arranged for farmers in his county to visit available by other branches of Government. In addition, 
the station. extension work emphasizes self-help by encouraging 

farm people to undertake the things they can and should 
For about 16 vears this farmer had cooperated in do themselves on their own initiative and without as

conservation and· related programs of the Production sistance. 
and Marketing Administration of the United States Cooperative Extension has been and is responsible for 
Department of Agriculture. farn1er understanding of various agricultural programs 

His vields had increased some 30 to 40 percent since of the Federal Government as well as for developing an 
he had started working with the county agent, with understanding of how the interests of the entire people 
technicians of the Soil Conservation Service, and with and the individual landowner meet. Included in this 
the PMA program. are the programs of the Soil Conservation Service, Pro-

This is an example of the most advanced type of duction and Marketing Administration, and Forest Serv
reaction on the part of an individual fanner. From a ice of the U. S. Department of Agriculture and the 
high point such as this it ranges all the way down to the Bureau of Reclamation of the United States Department 
individual who as vet has not been reached. As another of the Interior. 
o-eneration comes along, trained in 4-H Club work and County extension workers help farmers to understand 
having a receptiveness to scientific practices, I would what soil conservation districts are. They have taken 
expect to see in the course of 20 years that most of the the initiative through meetings and other educational 
farms in the community would be equal to or better media in bringing about discussions and democratic de
than the one I have described. cisions as to whether or not farm people desired to form 

From an extension-methods standpoint this farmer such districts. 
I have mentioned is exerting demonstration influence Last year the extension program was planned co
on all his neighbors. His farm is a "living textbook" operatively by extension agents and local committees in 
for every family in the community. over 56,000 communities, or 82 per cent of the approxi-

Now let us take a look at community action among mately 69,000 communities located in counties having 
farm people. Good examples of this are the grassed- county extension workers. 
waterways seeding demonstrations in the State of N e- I have mentioned local leaders and their importance. 
braska. These demonstrations were ·worked out coop- Last year there were over 962,000 individuals-men, 
eratively with the farm people by State and county women, and older 4-H Club boys and girls-who con
extension workers and the Soil Conservation Service. tributed freely of their time and effort to the progress of 
This type of demonstration is very effective on a com- the American farm, of the farm home, and of rural 
1unity basis. One Nebraska county agent in his 1948 America as a whole. 

-eport stated that in his county grassed-waterways are In connexion with the conservation of natural 
the number-one phases of conservation. resources, over 161,000 different 4-H Club members, 

The 1947 report of Nebraska extension shows that including those in corresponding projects, received 
2-J. grassed-waterways demonstrations were held in the training during 1948 in soil and water conservation; 
State in that year, with over 15,000 people in attendance. over 137,000 in forest conservation; and over 176,000 
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Chart I.-- Extent of adoption of practices 
as affected by number of kinds of exposures 
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in wildlife conservation. In terms of land area these soil 
and water conservation projects comprised over 228,000 
acres, and the forestry projects over 44,000 acres. A 
sampling of conservation figures among adult farmers 
during the same period shows that over 325,000 were 
assisted in the use of lime on their land, and over 
567,000 in the use of fertilizer. Well over half a million 
farmers in 2,803 counties reporting were assisted with 
problems of land use. 

VII. SOME CONCLUSIONS 

In the first place successful methods in conservation 
education will be those that have to do with man and 
his behavior, just as in the physical and biological field 
successful practices make use of the scientific knowledge 
of nature. 

In the second place, in order to carry out the methods, 
it takes workers who are trained in background sciences 
and who know how to work with people and produce 
social change going in the right direction. I think that 
the body of scientific knowledge concerning the use of 
nature is still far ahead of the knowledge concerned with 
producing changes in mankind. 

In the third place, we have enough experience of 
extension work in many lands to know that extension 
education works proportionately as well with preliterate 
people in simple cultures as it does with those in com
plex cultures, but at a slower pace. 

I personally feel that the practices and more wide
spread acceptance of these fundamentals will speed 
changes in human beings and in human behavior. 

We have held two conferences in cooperation with 
the Office of Foreign Agricultural Relations of the 
United States Department of Agriculture, in which we 
have tried to bring together world-wide thinking on 
extension methods. One conference was held last May, 

The CHAIRMAN: I thank Mr. Wilson for giving the 
Conference such a clear picture of the educational system 
and methods in the United States of America, which 

Chart 2. --Rate of adoption of prac!oces os offected by number of 
kinds of exposures to extension teaching methods y 
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and the report on it will be published this fall. If any of 
you here desire a copy, please write me and I'll send it 
to you as soon as it is available. 

Through the good office of OF AR, the directors of 
extension of the respective States in the United States 
have expressed a desire to be helpful to other countries 
in supplying them with information on request, about 
extension methods. 

It gives me very real pleasure again to point out that 
FAO hopes to assist member countries in the develop
ment of extension work in an advisory capacity and to 
have people on its staff who have been trained in these 
lines. 

I hope all nations in the United Nations will work 
together in this educational effort. A splendid example 
of educational cooperation is UNESCO's work in pro
moting discussions on food and people in member coun
tries. Such discussions should be one of the funda
mentals in extension programs--and discussion materials 
should be made available to countries all over the world. 
It is highly important in matters of this kind that all 
countries know they are taking part in a world-wide 
educational program. 

Note: The point of view that I have presented in this paper is 
my own relative to recent developments pertaining to man's cul
ture and personality. Stuart Chase has written a very readable 
book which presents the same point of view: The Proper Study 
of Mankind, An Inquiry Into the Science of Human Relations. 
Harper's, 1948. 
Additional reference: Conference Report on The Contribution 
of Extension Methods and Techniques Toward the Rehabilita
tion of War-Torn Countries, Washington, D. C., September 
19-22, 1944. U. S. Dept. of Agriculture. Extension Service and 
Office of Foreign Agricultural Relations, October 1945. 

will be a guide to many of us. 
I shall now ask Mr. Monod, who is Correspondent 

of the Academy of Sciences of France, Professor at the 
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Museum of Natural History of Paris, and Director of 
the French African Institute in Dakar, to give us in
formation concerning education for conservation in 
Africa. 

Mr. MoNODb summarized his paper which is included 
among the background papers for this meeting. 

The CHAIRMAN: I now wish to introduce Dr. Abe
lardo Moreno, Professor of Zoology, University of 
Havana, who will speak on his ideas of what can be 
done for conservation through schools in Cuba. 

Mr. MoRENoc summarized the paper prepared b:.• 
Dr. Fernandez and himself which is included among the 
background papers for this meeting. 

The CHAIRMAN: Thank you very much. I shall now 
ask Mr. Rene Roberto Thiery, Agricultural Councillor 
at the Argentine Embassy in Mexico, to present his 
views. 

Mr. THIERY :d I should like to refer briefly to my 
country's contribution to the solution of the problem we 
are considering. 

A mere review of our programme indicates its trans
cendental importance in the co-ordinated planning of 
permanent solutions. Vve have heard, in the course of 
this Conference, the views of men of science whose tech
nical knowledge is recognized throughout the world and 
they reminded us that the losses suffered by states from 
the changes in the soil have been so considerable as to 
<a use every thinking person to be seriously concerned, 
< nd to require the adoption of decisive measures to pre
Yent further deterioration. Education is obviously one 
(tf the basic means of overcoming the problem; many 
Yoices have been raised in the defence of the soil, the 
tree and fauna. Those principles must be translated into 
(·ffective and immediate action, adopted as guiding rules 
of municipal law, and must be propounded in schools 
where children are taught to love their country by learn
ing its history. Equal pains must be taken to awaken 
their hearts to the love of nature, which we regard as 
infinite and of which natural resources are an essential 
part. VI/ e must leave the resources of nature in the same 
condition, undiminished and unspoiled, to those who will 
follow us as we have received them from the preceding 
generations. 

Fortunately in my country official action in recent 
years has made it possible to face the problem of erosion 
and conservation of natural resources in a realistic 
manner, and has led to the adoption of legislation com
mensurate with the seriousness of the problem and the 
available means. Moreover, the programme of action 
carried out by the Ministry of Agriculture and Cattle
Raising has benefited from the guidance of its current 
chief, Engineer Emeri, who will testify that investiga
tion is the basis on which action is taken by his depart
ment. 

I can thus cite to you the following educational meas
ures which the institute of Soil and Agricultural Tech
nique will adopt : 

bMr. Monod spoke in French. 
•Mr. Moreno spoke in Spanish. 
•Mr. Thiery spoke in Spanish. 

EDUCATION FOR CONSERVATION 

(a) research on the various aspects of erosion and 
soil and water conservation, these problems being closely 
linked with progressive soil erosion. 

(b) dissemination of basic infornmtion on soil con
servation and its importance in an agricultural and 
cattle-raising country, beginning with simple lectures in 
agricultural schools, organizations, etc. and gradually 
extended to other educational institutions. 

(c) practical demonstrations in the field, presented 
in detail to enable the farmer to follow step by step the 
gradual process of conservation. 

The three aspects have already been dealt with by the 
above-mentioned Institute in co-operation with the 
Bureau of Experimental Stations; a series of experi
ments for the study of the problem of soil and water 
conservation are in progress. The dissemination of 
information by means of conferences, lectures, meetings, 
etc., all accompanied by demonstrations, is being carried 
on to the extent possible within the available means. 

The practice demonstrations in the field, which take 
the form of projects carried out under contract, have 
proved to be one of the most effective means of teaching 
methods of soil conservation, and the above-mentioned 
Bureau is devoting particular attention to it. At the 
same time, a plan for research and dissemination of 
special conservation methods is being implemented. 
Trial demonstrations are being conducted of contour 
plowing, strip and terrace farming, of subsoil cultivation, 
mulching, laying protective strips, rotation of crops suit
able to the area-including advice on planting for fod
der, etc. 

Because of the connexion with the educational prob
lem which should tend to form an international con
science, I consider it useful to mention the economic and 
legislative measures which are being taken in my country 
in order thereby to present a general panorama of our 
activities in this field. 

The first measures include the following : 

(a) Adjustment of minimum units of land necessary 
for reasonable exploitation of the soil in conditions 
which ensure conservation of the soil. 

(b) Adjustment of the type of exploitation, changing 
the orientation in accordance with the recommendations 
of official agencies which have carried out the necessary 
studies, with a view to the development of cattle raising 
and the improvement of the living conditions of the 
herdsmen. 

(c) Reduction of mortgage and loan credits to limits 
which are reasonable and which are ensured through the 
advantageous use of the soil and the minimum necessary 
areas. 

That aspect has been fully considered in the official 
~nst.ructiot_Is for settlement which consider the points 
mdtcated m order to carry out sales of land, subdivision 
of fields, etc., taking into consideration the minimum 
areas necessary and the reduction of mortgage and loan 
credits. 

Moreover, there is obviously a direct correlation be
tween the measures indicated above and legislative 
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standards which should contribute to bring nature into 
harmony with the forces of man for the benefit of society. 

In that connexion, I might recall that in the Constitu
tion which was recently approved, the social function of 
the land is recognized and ownership is made possible for 
all of those who work the land. In addition, the adminis
tration has power to develop and increase the yield of 
the land in the interest of the community. Thus, the text 
of the Constitution testifies to better legal protection of 
the human element which inhabits the country and lives 
on the land. In that way not only is undesirable exploita
tion of man outlawed, but also irrational and equally 
detestable exploitation of the land is eliminated. 

vVithin those general outlines, reference might be made 
to recent approval of laws for rent and for rural fac
tories, for conservation of forest resources, for research 
in agriculture and cattle-raising, the decree of marginal 
zones and the draft of a national law for soil conserva
tion which is now under consideration in the Legislature. 
In Argentina it is characteristic that the contractors in 
rural developments are not the owners of the land which 
they work, and therefore the first legal measure referred 
to above, the law of rents and rural factorias, is especially 
important. That law abolished any contractual regula
tion which directly or indirectly led to the erosion, 
impoverishment or depletion of leased land as might 
occur in the region of the pampas to which reference is 
made in a \VDrk submitted by the Ministry of Agricul
ture and Cattle-Raising to this Conference. Supple
menting that provision, the Ministry in question was 
empowered, in the same article, to determine the tech
nical conditions under which continuation of exploitation 
would be allowed pending the performance of necessary 
soil conservation work. For his part, the worker of the 
land can, if he chooses, cancel the contract or perform 
the work for the account of the landowner if the land
owner does not do so within the period allowed. 

Similarly, if the performance of conservation work 
totally or partially interferes with the use and develop
ment of the farm land, the tenant can obtain a reduction 
or even a complete discontinuation of his rent payment 
during the corresponding period. On the contrary, if 
the erosion, impoverishment or depletion occurred be
cause of a superior force or because of fault or negligence 
on the part of the tenant, the landowner can request 
cancellation of the contract. 
. The technical functions of the Ministry of Agriculture 
and Cattle-Raising are extended, since it is given the 
right to set conditions for the exploitation of private 
property occupied by agents. 

It should be stressed that it is precisely in this erosion 
zone that exploitation of the land by tenant farming and 
share-cropping occurs on a large scale. The legislation 
already mentioned, together with the law on agricultural 
surveys and a recent decree, will lay down guiding lines 
for the exploitation of marginal areas where the cultiva
tion of certain grains is ceasing to be productive. The 
decree on the delimitation of economically marginal 
areas is designed chiefly to bring about better plans for 
soil use, which will ensure the maintenance of productiv
ity and a better life for the rural worker. In this way, 
the agricultural population of these areas will learn how 
to increase their incomes and at the same time realize 
that it is their responsibility to work in accordance with 
the social requirements of the land of a country which 

promotes protection not only for the producer but also 
for the soil, through its agricultural tradition of peace 
and international co-operation. 

All these measures are designed to put an end to the 
irrational exploitation of the earth by man. It is no 
longer possible, as it was before, to force the tenant 
farmers of vast areas of the pampas, for example, to 
throw away seed on dried-up land exposed to the 
destructive action of wind or sporadic rainfall. This 
legislation authorizes a better organization of agricul
tural activity, in a way which, not so long ago, was im
possible because of contractual relations. Indirectly, 
the steps taken constitute an educational plan for every
day life. 

In a similar connexion, I might recall that the law on 
tenant farming obliges landowners to establish schools 
on estates with more than twenty-five farmers where 
there is no public educational establishment within ten 
kilometres of the main building. 

I should like to refer very briefly to certain other 
aspects of Argentine legislation on conservation which 
are connected with what has gone before. 

Thus, for example, the Forestry Law stresses the 
importance of soil conservation, and the need to protect 
it by regulating forest exploitation, by encouraging tree 
planting and regulating soil use so as to maintain the 
cover which protects it from erosion. The draft law on 
soil conservation will constitute an invaluable legal in
strument which will cover a wide range of problems 
connected with the conservation of the basic renewable 
natural resource in the Argentine economy, the soil. 

This law will establish regulations for land use. It 
will lay the foundation for soil research and expert plan
ning; it will determine the edaphological standards that 
must govern land settlement, credits, agricultural insur
ance and land tenure inter alia. 

Lastly, in the international field I may mention that 
the Inter-American Agreement on Plant Health, signed 
at Buenos Aires, and referred to in one of the experience 
papers submitted by experts from our Ministry, which 
will be printed in the records of this Conference because 
it arrived a little late, establishes international action for 
mutual co-operation in the fight against agricultural 
pests and diseases. Argentina, Brazil, Uruguay and 
Paraguay were parties to that Agreement and it remains 
open for signature by other countries. 

Among the important aims of the Agreement is the 
co-ordination of defensive measures against agricultural 
pests and diseases, the contracting countries undertak
ing to give each other mutual assistance and to exchange 
infonnation, experts and any defensive equipment they 
may possess. Specifically, it provides that every five 
years an Inter-American Conference will be convened to 
study common problems of plant health. I might also 
refer to the recommendations for a joint Inter-American 
prophylactic campaign against animal diseases, approved 
by delegations of twelve American countries, which 
stress the need for co-ordinated action on a scientific 
basis and along lines similar to those recentlv adopted 
by the Inter-American Agreement on Locust Control 
also promoted by Argentina. ' 

These agreements all provide for the exchange of 
information and so help to train experts, which has an 
important bearing on the educational problem. 
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Mr. Chairman, in these few words I have tried to 
give a brief account of what my country is doing in the 
field of education in conservation practices, and at the 
same time to outline the methods whereby the State is 
trying to prevent the loss of its natural wealth and thus 
to promote the welfare of a hard-working and peace
loving people. 

The CHAIRMAN : We have heard some excellent state
ments on the methods employed in various countries. 
Considering the shortage of time, I think it would be 
desirable and advantageous to concentrate discussion on 
methods to be used with illiterate and backward people. 
These questions, for example, might be discussed : What 
forms of education for conservation can be used effec
~ively with illiterate people? What appeals are effective 
with literate and illiterate people- economic appeals, 
religious appeals, other appeals? Are democratic proc
esses of group action effective? How can local in-group 
leaders be discovered and developed into effective con
servation leaders among their own people? There may 
be other similar questions relating to the class of people 
I have mentioned. 

Miss SNYDER: In the light of the discussion of the 
need for involving the people themselves in the under
standing of the conservation problems and the solution 
of those problems, I should like to raise a few questions 
which were touched upon in the papers themselves. 

Mr. Gille spoke of the difference between policing 
actions, which were described as rather short-term and 
emergency measures, and education as a long-term 
necessity for any sustained programme of conservation. 
He gave a number of interesting illustrations of that 
kind of long-term education, which is concerned with 
involving the whole-person response of the people ap
pealed to, rather than controlling a single and limited 
function-for instance, the function of land-management. 

I was struck particularly by his remarks, from the 
report on the Belgian Congo, on the necessity of work
ing with natural social groups. I think that there might 
he some interest in further discussion of that point-its 
meaning and its nature, its character. 

I was also struck by his reference to the use of music 
in the ] amaica programme. A song was written about 
soil conservation and, according to the report from 
] amaica, that song has been a really effective element in 
education. That is an instance of the kind of whole
person involvement that seems to me of basic importance 
-to be involved in what the papers of Mr. Fernandez 
and Mr. Moreno spoke of as ecological principles and 
habits of ecological hygiene. I wonder whether Mr. 
Gille could at least read the words of the Jamaican song 
if he does not feel prepared to regale us with the music 
itself. 

Mr. GILLE: In reply to the se.cond question, I have 
a copy of the song, which I will have circulated. 

With regard to the first question, concerning the 
Belgian Congo, in the absence of Mr. Deheyn the most 
competent person to speak is Mr. Harroy, who is here. 

Mr. HARROY :e I have been rather taken by surprise, 
but I think that the results of the Technical Conference 
on the Protection of Nature, which ended yesterday, 

"Mr. Harroy spoke in French. 

EDUCATION FOR CONSERVATION 

form a reply to the question which has been put to us 
with regard to the ecological aspect. It is enough to 
read Resolution No. 1 of that conference to realize, 
what Mr. Monod has just pointed out in a masterly 
manner, that problems cannot be considered independ
ently of the environment, in the broadest sense, of the 
organisms whose reactions it is desired to change. Those 
organisms naturally include man. 

You wish to bring about a change in the habits of 
human beings in under-developed countries. You are 
dealing with people who have traditional cultural habits 
which are adapted to the surroundings in which their 
ancestors lived, for the indigenous peoples have always 
used the empirical method. During the centuries that 
method, by means of a series of unsuccessful experi
ments, has enabled them to develop certain cultural 
techniques which have been handed down from father 
to son, and which Europeans have sometimes found 
surprising and tried to change. 

I will not waste your time by giving examples to 
show that these ancient cultural methods were often 
good and that after having tried to replace them by 
techniques which had been tested in the temperate zone 
and which we wished to teach the natives, we finally 
had to admit that it was the old methods which took 
account of ecological conditions in the regions con
cerned, and that our methods, superimposed from out
side, only caused trouble where before there had been 
equilibrium-precarious perhaps, but still equilibrium. 

Now in reply to Miss Snyder's question as to what 
we should understand by the social groups whose ideas 
concerning agriculture we tried to change by education. 

As Mr. Monod said, when we wish to teach an 
individual from a peasant group these new techniques, 
we take him away from his surroundings and send him 
to school. When he returns to his group he is faced 
with the following alternatives : either not to put what 
he has learned into practice because he is reassimilated 
by the group, or else to try to apply it, in which case 
he becomes a kind of freak. He may even become a 
victim of the group, for it is well known that when he 
returns to his old environment the group communism 
prevails, so that if he obtains good results by means of 
the superior cultural methods he has learned at school 
there will be conflict with his fellow tribesmen, who 
consider the fruits of his toil as a bonus to be shared. 
The results of the greater efforts he has generally been 
taught to make are therefore appropriated by others. 

I could give endless examples to show the unsatisfac
tory or fleeting nature of the result of teaching isolated 
natives who subsequently return to their ancestral 
community. 

For that reason, in the Belgian Congo we have en
deavoured to organize educational programmes on a 
limited scale, dealing not with one single aspect of the 
problem-the method of planting maize, for example-
but with every aspect of life which should be simul
taneously altered if equilibrium is to be preserved. 

Thus, for instance, it is often said that once the con
cept of land ownership is developed in the indigenous 
population, we shall have taken a considerable step for
ward towards soil conservation; the native who will say 
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to himself : "This plot of land is mine" will want to 
cultivate it. If you do not succeed in altering the native's 
social concepts as well as his technical methods of cul
tivation-since they are both parts of a whole-and if 
he is given ownership over the land from one day to 
the next, his first idea will be to sell his land now that 
it had become something which could be converted into 
cash. An instance has already arisen where full owner
ship of a certain piece of land was given to a Negro in 
the hope of encouraging his sense of the value of land 
and where this Negro sold it the following day in ex
change for an umbrella; this man had not been ade
quately trained in the concept of land ownership. 

It is for this reason that in the region of Sankuru, 
under the auspices of the Compagnie cotonniere du 
Congo, and in the region of Turumbu, under the auspices 
of the lnstitut national pour !'etude agronomique du 
Congo beige, schemes, undertakings and experiments in 
peasant-type settlement were instituted; that was done 
according to technical methods which required the serv
ices of quite a large number of Europeans, as well as of 
agricultural assistants, auxiliaries, and of advisers who 
went from village to village, from house to house, with 
advice received from the courses in cultivation which 
they received periodically. In these regions, efforts 
have been made to transform everything, simultaneously 
taking into account the factor of this human ecological 
complex ; the forest was divided into strips, some of 
which were left in their natural state and others sys
tematically cleared. The natives were called upon to 
carry out certain work. Here I emphasize the 
phrase which Mr. Gille borrowed from my colleague 
Mr. Deheyn's report. It was necessary to make use of 
certain provisions, familiar to all of you, from the decree 
of 1933 concerning the conscription of the indigenous 
population, a decree which valiantly took the bull by 
the horns and proclaimed obligatory work and cultiva
tion of land of an educational nature in the Belgian 
Congo ; i.e., the natives living in ordinary settlements 
could be compelled by the authorities to carry out cul
tivation or reafforestation. The provision relating to 
reafforestation did not date back merely as far as 1933; 
it was part of cumulative legislation which had origi
nated approximately as far back as the beginning of 
the war. 

You see that the concept of conservation is already 
becoming apparent; but it is always connected with and 
adapted to that community spirit which, for the time 
being, it is useless to attempt to deny. The natives are 
not individually given the responsibility for carrying 
out reafforestation; the collectivity is called upon to do 
so; it is the collectivity which undertakes the responsi
bility for cultivating a certain product according to a 
certain type of rotation. For rotation of crops is obli
gatory in the plan for the indigenous peasant settlement 
of the Sankuru and of the Turumbu, types of cultivation 
are compulsory, and methods of planting and harvesting 
supervised. 

Along with this agricultural training, there are, in 
this region, primary schools to which particular atten-

'Mr. Beltran spoke in Spanish. 

tion is given. Special social and medical welfare also 
exists. 

With regard to educational methods used, I have 
been present in Africa when films were shown and I 
was able to see for myself how difficult it is to use this 
method. The reactions of primitive populations to a 
picture are generally quite the opposite from those ex
pected by the European who is showing the film. 

A certain state of mind must therefore be created; a 
sCientific study must be made of the reactions of prim
itive man to a picture projected on the screen. If more
over a beginning is made by studying a small region, a 
certain defined social group, this would make it possible 
to accomplish gradually the ethnological studies which 
Mr. Monod has just defined with his usual Cartesian 
clarity. 

Thus, within the social groups which we are attack
ing from the outside from the ethnological and technical 
standpoints and now also on the plane of human ecology, 
it is to be hoped that a new mentality will one day be 
formed, a mentality that, becoming more ingrained with 
time-which fortunately is working in our favour-will 
succeed in creating a peasant spirit in the African native, 
without which it is impossible to conceive on that con
tinent of the conservation of the most important of 
natural resources : the soil. 

The CHAIRMAN: I would now ask Mr. Beltran, from 
Mexico, to make some comments. 

Mr. BELTRAN :r In the matter which is before us 
there are two aspects which are essentially interesting. 
One of them is the division which must be made be
tween the education of adults through extension activ
ities and education in the schools themselves which is 
undertaken for a longer period. 

As I have very little time at my disposal, I shall speak 
very briefly on the work of Drs. Moreno and Fernandez 
dealing with general ideas on education. It has been 
said that these general ideas should be applied in certain 
countries. In my country we did apply some of these 
ideas. Perhaps we look at these matters from a different 
point of view, but we do deal with the matter of con
servation in school after school. The general education 
takes place in elementary schools and non-specialized 
schools; on the other hand, the specialized schools take 
up the same subjects and introduce them in the prepara
tion of teachers. As regards general education, we have 
had the basic principles of conservation in our pro
grammes since 1945. It is not considered necessary to 
overcrowd the studies with problems of conservation, 
which would bring about results not called for. We en
deavour to mention the basic problems which arise in our 
country. Teachers in elementary and secondary schools 
must teach these principles. However, the teacher is not 
prepared for such subjects, and therefore the problem 
becomes difficult. It is necessary to establish courses in 
the field of conservation for the teachers. Since 1946 I 
have been giving such a course at a teachers' college. 

At this college we speak about the protection of nature 
and of other matters. We do not endeavour to create a 
specialist on the problems of conservation, but rather to 
give the future teacher a basis on which he will be able 
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to explain to his pupils the necessary practices of con
servation that may be of the greatest importance in rural 
1reas and which will introduce the spirit of conservation 
in the minds of pupils. 

The Ministry has complemented this work by publish
ing pamphlets on these matters, sometimes in 100,000 
copies or in 150,000 copies, which are sold for five cents 
a copy, and therefore their circulation is very wide. \Ve 
have already published three such booklets. One is called 
J:l an and Land; the other two were written by me and 
are entitled Natural Resources of Mexico and The Prob
lems and Practices of Nature. 

\Ve have intensified the studies of the teachers col
leges, and we hope that in the future, perhaps next year, 
we shall be in a better position to establish special courses 
for these teachers. 

As regards the question of the preparation of special
ists, we also have a programme in this field in the 
National School of Agriculture, where our young agron
omists are educated in this field. Often the programmes 
are old, but they are rearranged slightly in order to 
bring out new problems and new techniques that arise. 
With the aid of these schools we hope to be able to have 
the necessary number of specialists. 

The Biological Faculty of the Technological Institute 
has also introduced a series of subjects which deal with 
the problems of conservation, but naturally from a 
slightly different point of view. 

'vVe also have programmes which prepare people who 
will conduct the necessary research in the future. When 
we speak of conservation we must have a series of basic 
principles, and for this, research is obviously called for. 

I could mention other aspects of the problem, but as 
my time is limited I shall only say that the most interest
ing part of this Conference is that it brings into focus 
our ideas on education and shows what has been done up 
to now. Mr. Moreno has shown us the contribution of 
the Cuban schools in dealing with the problem of con
servation. But in general, he said, it is the contribution 
of schools as such, not necessarily the Cuban schools. 
I am happy to say that our country is also interested in 
this problem, and we have given our attention to these 
matters. 

The CHAIRMAN: I now call on Mr. Wilson Compton, 
President, Washington State L'niversity. 

Mr. CoMPTON : I am particularly glad to have an 
opportunity to participate in a meeting presided over by 
my friend from Pakistan, and shared in by my colleague, 
the Director of Extension \V ork of the United States 
Department of Agriculture, Dr. Wilson, whom you rec
ognize as one of the most wholesome influences in Amer
ican agriculture in this generation. 

I think that the subject-and I am speaking not so 
much about the prepared papers that have been given 
here this afternoon, but more about the problem in gen
eral of conservation education-is the single most impor
tant topic of this Conference. 

I am not a scientist, and I am certainly not a great 
scientist. I am a great respecter of scientists. I am not 
a national government officer, nor a university professor. 
I am merely a university president. 

EDUCATION FOR CONSERVATION 

About two weeks ago, the Secretary· of the Interior of 
the United States of America said to us in this room: 

"Conservation touches not only the ability of people to 
live well, it touches their ability to live at all. ... You 
are participating in one of the greatest adventures of the 
human will and mind in this century." 

If Secretary Krug is right-and I think he is-it is 
because of the limitless possibilities of public education 
inherent in the objectives of this Conference. If these 
possibilities are converted from talk about conservation 
into the practice of conservation, it will be far more be
cause of what gradually gets into the minds of men and 
women throughout the world than of what gets into the 
statutes of governments under which we live. So it may 
be appropriate for an educator to comment for a moment 
on the significance of education in conservation. The 
eminent Dr. Bronk, on behalf of the National Research 
Council, said to us : 

"Knowledge of men and nature is our greatest re
source. But the world will be as men choose to make it." 

\Vhat are we choosing to make of it now? If we think 
of our resources as material, what are we doing with 
them? We have all been saturated during these past few 
weeks with new information, and it is not my intention 
to add to the barrage of statistics, but rather to suggest 
a few interpretations appropriate to the purpose of this 
session on education. 

Of all primary materials produced the world over 
today, about 70 per cent are used for food and comfort, 
and about 30 per cent for industry. Products used for 
food are merely the means of sustaining the existing 
standards of living, low or high as they may be. Products 
used for industry are the means, and practically the only 
means, of gradually improving the existing standards of 
living. If we have any one single significant yardstick of 
improvement in living standards, it is in the increasing 
proportion of goods which are used to "make things", 
this means "used for industry". If we think of agricul
tural products as including generally our replaceable 
materials-our farm and forest and animal products
we have this comparison: Seven-eighths are used for 
food and one-eighth is used for industry. Similarly, we 
may regard mineral products as including generally our 
irreplaceable materials. Practically 100 per cent of these 
are used for industry or for fuel. \Ve have in different 
countries and, to a large extent, within the same country, 
the extremes of production, from practically 100 per cent 
food with no industrial production to 60 or 70 per cent 
or, in small areas, over 90 per cent industrial production 
v.rith relatively small food production. At present, about 
one-third of the world's industrial production is from 
agricultural materials and about two-thirds from mineral 
materials. 

We need more industrial production, and in the long 
run we know that we need proportionately more produc
tion from agricultural materials which are renewable and 
proportionately less from mineral materials which are 
irreplaceable. Many of you were thrilled last week, as 
was I, at the recital of Dr. Coady, of Nova Scotia, on the 
experience of the Antigonish movement under his direc
tion in recent years, and you will recall his statement on 
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resources that man has abused the natural resources 
upon which he is so dependent, firstly, because of just 
plain ignorance on the part of the human race, since men 
did not know how to treat the earth, and, secondly, be
cause the great masses of the people lack interest in the 
conservation of natural resources. He said that this was 
due to the fact that they lacked ownership. The good 
earth, said he, was not theirs, so why should they care? 

In this Conference, emphasis is constantly and par
ticularly given to the importance of actions by govern
ments and by legislatures. I do not doubt or question the 
importance of these ; some are indispensable, as in water 
and river development. Certain it is that in many ways 
society is able to make more provision for the future than 
is the individual. The only way for society to act is 
through governments and legislatures. Governments and 
legislatures must, of course, provide a climate in public 
policy encouraging to conservation, or there will be no 
conservation. But what governments can do for indi
viduals at comparatively large public expense is vastly 
less than, under favourable circumstances, individuals 
can do for themselves at comparatively small public ex
pense. 

Therein is the great interest of the educator and the 
great challenge to public education. An achievement in 
conservation, undertaken because it is required by statute 
or by regulation of government, may be valuable. It will 
be doubly valuable if it is done voluntarily, and it will be 
trebly valuable if it is done as a result of the study and 
the thinking and the determination of the individual who 
does it. I believe it was Dr. Lewis, of the F AO, who a 
few days ago made the statement that: 

"The desire of a farmer to make a good living and to 
leave a better farm to his children is a more forceful in
centive than anything that the government itself can 
give." 

At the outset of this Conference, the Secretary
General, Mr. Lie, said to us, "\Ve can make science 
work for us in peace as it worked for us in war." In 
the long run, we will do that only if we hold before 
ourselves as a major objective that millions of men and 
women and eventuallv hundreds of millions shall have 
an active interest in- what happens to the lands, the 
forests and the waters, and that they, and not merely 
their governments, shall be the conservationists. That, 
I grant, is a long-range objective, but conservation, if 
it does not have long-range objectives, is the form with
out the substance. 

\Ve are interested, of course, and greatly interested, 
in what governments can do to secure the conservation 
and proper utilization of natural resources. That is a 
matter of laws, of regulations, of appropriations, of 
public works. We are more interested, I hope, in what 
intelligent individuals, with proper information, 
guidance and encouragement, can do for themselves in 
their own enlightened self-interest and in the interest of 
the community of which they are part. That is a matter 
of education. 

As an educator, therefore, in a Conference composed 
largely of eminent government officers from all over 
the world, I want to put in a good word for the ordinary 
man and for the possibilities of eventually making the 
ordinary man through courageous education the world's 
greatest conservationist. 

).1r. KELLOGG: Much emphasis has been laid, during 

today's meeting, on the failure of man to maintain his 
resources and to check erosion, deforestation and things 
like that. One speaker even suggested that in an educa
tional programme we should start with the facts and go 
on from there to man's waste of his resources. It seems 
to me that that would not be a very inspiring programme. 
Actually, men have been highly successful in improving 
resources to a point far beyond their natural condition 
and in raising their productivity far above the natural 
level. It seems to me that to lay the emphasis on the 
potentialities that men now have would be a great deal 
more appealing, especially to youth, in an educational 
programme. \Ve are not seeking some primitive balance 
of nature at its original level; what we are seeking is a 
cultural balance between people and resources, and 
that balance is often far, far above the natural balance, 
and one in which we should use all the achievements of 
man's culture, including particularly the facilities of 
the natural and social sciences. 

1\1r. J. K. EDWARDS: I shall not take very long, but 
shall try to come right to the point. Everyone who has 
attended these meetings has been tremendously im
pressed by the vast amount of knowledge which has 
been put forth, and all those of us who are in any way 
connected with a programme of getting this knowledge 
down to the farms are greatly concerned. To talk and 
exchange ideas is good, but we must have some means 
to reach the farms, so as a follow-up to the explanation 
of the extension principle described by Mr. \Vilson. I 
should like to give a few experiences which a small 
group of Americans have had in Saudi Arabia in the 
last two years. 

We landed in Arabia with pressure on us to show 
what Americans could do. That was the situation and 
we did not have much time to educate anybody about 
what we could do. So we talked with a few of the Arab 
leaders, particularly the King and the Crown Prince and 
we told them we were there to do what we could and we 
asked them for their ideas about how we should approach 
the problem. These men had probably never heard of 
what we should call an extension programme, but they 
told us to show the people something better-we were 
not to waste time, but to show them how to do some
thing better. One of the leaders suggested that if we 
could show them how to produce a stronger donkey, or 
a camel which could go faster and carry a heavier load, 
we should have made a contribution to the country. 

We therefore started with what we had in the wav of 
equipment to show the Arabs what could be done. I 
want to quote the case of one Arab farmer who saw what 
we did and got the inspiration that he could do the 
same thing. In turn, many of his friends and neighbors 
came to the conclusion that they could do what he did. 
To cut the storv short this man saw what we could 
do with tractors; improved seeds, a little fertilizer used 
in check strips and the efficient use of water, and he 
started to do likewise on an undeveloped piece of 
ground. He dug a well, put a small pump on it, got 
some seeds and fertilizer for demonstration purposes, 
and this year raised his first crop on about three acres. 
He now has wheat enough to feed himself and some over 
to sell, he has alfalfa to feed his animals and also some 
to sell, and he has grown vegetables and melons which 
are a revelation to his neighbours. 

Mr. \Vilson was very careful to trace the development 
of extension in America and I think our brief experience 
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in Saudi Arabia, 10,000 miles away, is a good augury 
that the same principle will work anywhere where there 
are human beings. Any human being who can see, 
taste and hear is the basis for an extension programme. 
YV e could not speak Arabic, there are very few radios or 
newspapers in Arabia, so how were we to start in con
ditions like that? However, the King told us to show 
the people, and that is what we tried to do; simple as 
it is, that is the best way to make progress-show them 
something better. 

Mr. STEIDLE: I wish to report four projects on con
servation in the Commonwealth of Pennsylvania. First 
is the "Conservation \Vorkshop" held during the Sum
mer Session for the last four years. 267 public school 
teachers, selected geographically, part expenses paid, 
have attended the classes, and are now passing on the 
teachings to others in their home schools. 

During the past two summers the Pennsylvania 
Sportsmen's Association, an autonomous organization, 
sent 207 selected boys of high school age to a summer 
camp at the College for specific elementary instruction 
in conservation. These boys return home prepared to 
teach other boys in youth movements, and write essays 
in local and school papers. 

Mr. Wilson mentioned the agricultural extension 
services. The Pennsylvania State College also offers 
mineral industries extension services, not through 
county agents, but through as many as 200 class cen
ters in 39 counties. These classes are attended bv about 
4,000 workers in the mineral industries each year since 
1893. Conservation is a principal objective. · 

I give an orientation lecture course to all new students 
in the School of Mineral Industries. Two years ago I 
prepared a land utilization map of the Commonwealth 
uow published in seven colors. The map, irrespective of 
counties, shows the known sources of primary wealth
plants, animals and minerals··-fundamental products of 
Mother Earth, far removed from the printing press. 
The map has been circulated among a majority of the 
Service Clubs and high schools of the Commonwealth. 

\Vhen I prepared the map, I did not have in mind all 
of the ways in v,·hich it would be used. However, the 
Department of Public Instruction in Pennsylvania is 
placing a copy of this map in each of the high schools of 
the Commonwealth, so that the young people may have 
the chance to see the state divided into sections and to 
see what each section produces in the way of primary 
wealth. There may be wool and coal and oil in one 
section, there may be tobacco in another. At a glance, 
the student in the high school will be able to learn just 
a little bit more about his great state and the primarv 
wealth that comes from each section. In that way, he 
learns that the source of primary wealth is far removed 
from the printing press. 

lV1r. CLAY: In the four papers that \Ve have had from 
British colonies-and certainly in the three from Africa 
-one point is stressed in connexion with education for 
conservation: that we must educate the native authori
ties, who are very important people. As a background 
for those papers, I thought that I might explain the sig
nificance of those people. 

As the Conference probably knows, our development 
of the colonies has rested on what we call a system of in
direct rule-that is, when we have taken over the 
trusteeship or protection of these territories, we have, 

EDUCATION FOR CONSERVATION 
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so far as possible, used existing and established native 
authorities as the basis of our administration. I think 
initially that probably was done largely for reasons of 
economy. In any event, those established native au
thorities are a vital part of our organization of the ad
ministration of these territories. They are concerned 
with the administration of law and, in that connexion, 
they have the right to enact legislation so long as it con
forms with our sense of justice. They are important 
people. In most cases, they are elderly, as would be 
expected in view of their knowledge of native customs 
and their native law, and therefore are conservative. But 
certainly, in the matter of soil conservation education, 
they have an important part to play. 

Alongside that chain of native authorities, we have 
set up in most colonies a parallel organization of British 
administrators, in manv cases also linked with native ad
ministration, from the~ Governor down to 'vhat we call 
the district officer, running through the provincial level. 
Associated with that administrative chain are technical 
officers of the various departments concerned with con
servation and utilization of resources, forming teams at 
the various levels. At the headquarters, we have the 
organization of the heads of departments-agriculture, 
mining, forestry and so forth. At the provincial level, 
we have the provincial commissioner and his team of 
technical well-trained officers. Below that, we have the 
district officer, the man in intimate touch with the native 
authorities-and in many cases he acts alone, without 
technical assistance. 

We have recently been considering what we term 
mass education or community betterment-the latter is 
probably the better term-and the place of this organi
zation and the native authorities in achieving mass edu
cation. We have come to this conclusion: that the edu
cation of the native authorities is not a matter for the 
activities of one special department; it is a function of all 
departments, integrated into one team. It is the func
tion of the provincial team, headed by an administrator 
and 'vith its team of professional officers, to formulate 
local policy in conservation and utilization, particularly 
of land resources, and to apply their plan by propaganda 
and get the educated native authorities fully conversant 
with what they regard as a sound policy of land use 
within the areas covered. 

I have touched briefly on that because we regard it 
as fundamental that in any work we do in the conserva
tion of resources, we must by all means educate the 
leaders of the people, these native authorities, and carry 
them \vith us in any of that basic work. 

I should now like to touch on the question of the 
nonnal educational system which has been developed in 
the colonies. It consists of the primary school-that is, 
the village school-the secondary school, and the col
leges or even universities which are now being estab
lished on a regional basis throughout the British col
onies. I have always felt that in addition to the adult 
education in conservation and in general development, 
it is most valuable to instill in the child, by demonstra
tion and example and by talking to him, pictures of 
what could be achieved within his own village. I have 
always felt that in our attempts to define an educational 
syllabus for the village schools, we have in many cases 
been so desirous of cramming into that syllabus all the 
known subjects which normally fill a curriculum, that 
,.,..e have left no room for a subject which I regard as 
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essential: we have not left time for one or two hours 
a week, particularly in the senior classe~, for a subject 
such as civics or better living. When I went to Northern 
Rhodesia some years ago, I was interested to find that 
in that colony they have, as part of their teacher-train
ing, a definite place for civics as an essential part of the 
primary education system. In the one or two hours a 
week that are devoted to it, talks are given on the organ
ization of the administration of the particular area, on 
the administration of justice, on soil conservation, on 
better breeding of livestock, and so forth. Those talks 
are implemented-and I regard this as essential in pri
mary education-by pictures on the wall which stimulate 
an interest in the child for a better way of life and for a 
wider horizon than has circumscribed his own little 
village. If that line is followed, I think that can be one 
of the most valuable fields for the development of a 
soil conservation programme and a general conserva
tion programme in connexion with natural resources. 

I also think that the value of the school gardens, 
which has been preached many times, lies not so much, 
as has been brought out in Mr. Herington's paper, in 
the possibility of teaching agriculture to the small 
child-that is quite impossible under the circumstances 
-as in the chance to give him a love of beauty, a knowl
edge of the birth, growth and death of plants, and a fa
miliarity with what can be done by sound measures. It 
is as easy to teach him the use of manure with a pretty 
flowering plant as with a cotton plant. 

Those are some small points in connexion with the . 
elementary school system. I should now like to refer 
to the value of what we call adult education. We are 
developing adult education and we are bringing into 
use such aids as the cinema, the wireless, the Bureau of 
Publications. vVe are also developing mass literacy in 
order to spread the ability to read : by means of the 
published word, propaganda and education can be 
spread in regard to such essential matters as conservation. 

I simply wished to outline those three essential ave
nues of education: 1. The authorities concerned with 
the local government of the people; 2. The educational 
system which enables one to get at the child through 
the establishment of some section called civics or better 
living in the educational curriculum; 3. The attack on 
the adult population by means of mass education. 

I should like to finish by referring to the training of 
the essential agents in adult education. \Ve have a 
feeling in many of our colonies that, in many cases, we 
have been too elaborate in our attempts to get down to 
the adult cultivator in the villages by having far too 
many projections from technical departments right down 
to the village level. We have led to confusion, I believe, 
by trying to get each department into a separate water
tight compartment, right down to the village. 

\Ve have now come to the conclusion that there is 
an essential trio in dealing with villages in primitive 
communities, a trio which is essential for the joint edu
cation of those people to a higher standard of life. That 
trio, we think, consists of the medical man (that is, the 
village dispenser-don't call him a medical officer) ; the 
village schoolmaster ; and one good village farmer, if 
you like to call him that, who can be the extension me
dium for the joint land use departments-veterinary, 

agriculture, forestry and, where necessary, the water 
irrigation department. If we can limit it to those three, 
we feel we have a spearhead of attack on the general im
provement of village life which is far better than a mul
tiplicity of agents all bombarding the villager with a 
multiplicity of advice, leaving him wondering what to 
do next. 

For that reason we have conceived again that in the 
training of schoolmasters, agricultural workers and, 
preferably, medical workers also, these three essential 
agents in rural bonification should be trained jointly at 
joint training centres. \Ve do not believe that a village 
schoolmaster, when he goes out, should be purely a 
schoolmaster. vVe believe that he should have a back
ground for his contacts with the adult parents which 
should include a wider appreciation of general policy in 
rural bonification, including soil conservation. We be
lieve also that the dispenser should, similarly, have that 
background, and we believe that the three of them, 
jointly trained together and jointly established together 
in a rural community are in a far better position to with
stand all the conservatism of the old people of the tribe 
working as a team than as isolated products of our edu
cational system. Therefore, we attach great importance 
to this joint training and the establishment in teams of 
a minimum of three of persons in rural areas. 

The CHAIRMAN: We have had many excellent 
speeches and a great deal of material and food for 
thought. Each country will have to evolve its own 
methods for the salvation of the territory concerned, 
but the fundamentals which can be applied to all coun
tries are the same. It is the method of approach which 
has to be different, according to the traditions of the 
people. 

In our rural areas in Pakistan, where literacy is 
neither extensive nor of a high order, the method of ap
proach which has paid so far is one of example. \Ve 
have a system of holding festivals on various occasions, 
and we hold them near some centres where we have 
something concrete to show the people. We carry out 
models from research institutions, we prepare others 
on the site, and we have a farm in which we have tried 
a system which has been successful. There it is that we 
hold the festival. People love festivals. At the word 
"festival" they flock up and we take advantage of the 
situation to take them around and show them what con
crete achievements we have made. It is the immediate 
profit chances which appeal to such farmers, and not 
any long-term policy. 

Another difficulty we find is that the student from the 
rural area in the primary classes has no objective. If 
his means do not permit him to go ahead beyond the 
primary stage, he leaves the school and comes back to the 
land, but if he can carry on he starts thinking and his 
first aim is to get some kind of government job which 
carries some dignity or glamour with it. Therefore, 
any attempt to teach him something of value is really 
lost. He is all the time thinking how he can best get 
into government service. Under these conditions, there
fore, the fight for literacy is really difficult, and the only 
way we have found is by example. 

I may quote another example. We constructed the 
Sutleg Valley project-a big canal project in the Baha
walpur State, which is a unit of \Vest Pakistan. The 
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local residents used to carry in their wheat grain and 
then sit idle for about two months because they had the 
grain available. After that came the date palm and 
mango season, with cheap materials for food available, 
and they would not move out. Thus the valuable sum
mer was lost in just growing ordinary low-grade millets. 
They would not grow cotton, and they would not grow 
rice. We were at our wits end to know what to do, 
and then we imported good farmers from Punjab and 
sold them government lands in small parcels, scattering 
them well over the whole of the State. In about two 
years the whole aspect had changed. The State resi
dents found the Punjabi farmer growing wheat in a 
better form and getting more money out of it, growing 
good cotton and rice, and being in every way more 
fourishing. In two or three years the old residents 
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completely changed their habits and followed in the 
tracks of their betters. It is in this way that we can get 
better results by approaching the illiterate people in the 
rural areas in our country. 

Problems also exist in developed areas, but in the 
under-developed countries the question of training a 
large number of workers arises. Mr. Wilson has men
tioned the figure of 12,000 workers, but it is difficult in 
such under-developed areas to obtain even 1 ,200. Yet 
all these problems have to be tackled if conservation is 
to have any real significance, and although in almost 
every country a start might have been made, good pro
gress has yet to be obtained. 

The background papers which were prepared for this 
meeting follow: 

Education and the Conservation of Natural Resources 

in French Black Africa 

TH. MONOD 

I. THE PROBLEM 

In the face of the ever faster process of evolution 
that tends to impose on all Africa a civilization of ma
terial progress, the "benefits" of which are too often 
doubtful, it is right that human conscience should 
awaken to a number of questions which are of a serious 
character inasmuch as they involve the whole future of 
a continent and of the beings that inhabit it, who are not 
mere taxpayers, ciphers, voters or figures in labour 
statistics, but men. 

Though it is right and necessary to think of the ma
terial aspect of human problems, we must sometimes 
put that aspect out of our minds and consider the no 
less essential non-material aspect. 

The words "natural resources" will not therefore be 
taken here in their purely utilitarian sense, as if they 
were sufficient to express a reality that is infinitely richer 
and more beautiful. Even without going so far as to 
consider Africa only in terms of exploitation, profits, 
earning power or dividends, thus running the risk of 
losing sight of the only important factor, eternal man 
in his local melanic aspect, we must remember that he is 
placed in a natural environment of which he forms 
part and towards which he in his turn has high responsi
bilities. 

In short, if man is what he claims to be, something 
more than a digestive tube, he should be ready to recog
nize that if nature has her "resources" she has also her 
beauties, a no less precious heritage. 

II. THE FACTS 

Man, in Africa, whether he be black, copper-coloured 
or white, has never considered nature, either living or 
inanimate, as anything more than a profitable booty ; it 
is a Raubwirtschaft, an economy of plunder, with the 
motto : As much immediate profit as possible. The 
future? What do we care? After us the deluge or 
the desert, but what does it matter? Our successors will 
just have to fend for themselves as we did. 

Such is the general state of mind, and it will have to 
change if the conferences for the conservation of natural 
resources are to be anything better than insignificant 
and platonic confabulations. 

So long as man remained one of the elements of the 
biocoenosis, in a state of equilibrium with his environ
ment, he was able to do little damage. But the tool and 
the domestic animal were to increase his destructive 
power considerably, without enabling him to anticipate 
the ravages that modern mechanical progress was to 
render possible and therefore tempting to him. 

\Ve know the outcome, and it may be summed up in 
the title of a recent book: "Africa, a Dying Land". 

Ill-advised clearing that exposes the soil to irre
mediable deterioration, deforestation, rapid exhaustion 
of the land through cultivation without fertilizers, the 
massacre of large animals, on the most varied pretexts 
and often from pure wantonness, the use of fishing ap
pliances capable of causing local depletion of waters 
or at least irrational exploitation of stocks and so on. 
There are various forms of exploitation of natural wealth, 
now criminally imprudent, which might well lead to 
catastrophes not only of an economic and material order 
but also--and these cannot be less serious-of a human 
order. Thus the development of an agricultural or indus
trial enterprise on European lines (plantations, mines, 
factories) involves the most serious consequences for 
man ( detribalization, demoralization, proletarization) 
which are a matter of concern, and rightly so, to all who 
are responsible for the future of the Africans. 

Ill. THE 'RE~1EDIES 

Africa, a continent in so many respects treated as a 
poor relation, rich in tropical diseases but poor in men, 
in fertile soil, often in water or in food, looks to the fra
ternal intelligence of the nations-since she herself has 
for the moment no voice in the matter-for the verdict 
that will either condemn her to the ferocity of an ex
clusively profit-seeking exploitation or guide her 
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towards the adjustments necessary for the full develop
ment of the African man in every domain-including, 
naturally, that of the mind. 

vVhat must be done, what can be done, to heal the 
wounds already inflicted and to prevent the profitable 
pillage of Africa from continuing and increasing, as 
many would wish? 

In the particular problem with which this paper is 
concerned, and the solution of which is largely of a 
psychological nature, action must be taken no doubt 
but, as a prerequisite of any effective action, first it is 
necessary to convince. 

(A) TO CONVINCE 
1. Whom! 

The answer to this first question is of course every
body, implying some discrimination in the existing situ
ation of Black Africa, where the administrative author
ity is in the hands of the European. The opposition of 
the terms "elite" and "masses" would not be enough; 
there are uneducated and narrow-minded \Vhites who 
do not belong to the masses, just as there are among 
the latter, unnoticeable and mostly unnoticed by the 
passer-by, some noble personalities. vVe shall there
fore keep to the White-Black notion. 

(a) The European: It is all the more important to 
exert an influence on the European since he alone can 
take the necessary decisions in administrative, legislative 
and other fields. Unfortunately it must be admitted 
that questions of this type, for instance the protection 
of nature, are generally either ignored by him or held 
to be of little a~c~unt. The urgency of the danger, the 
senseless or cnmmal behaviour of man, even civilized 
man, ~o~a_rds nature and th~ living being, the heavy re
sponsibihhes of a generatwn that is accountable to 
posterity f?r the tre3:sures entrusted to it, the necessity, 
at last obvious, to thmk of the future of this planet on a 
large enough .scale--all this appears singularly futile to 
the great maJority of white men in Africa. Why so 
many vain preoccupations? Are things not very well 
as they are, and have they not always been the same? 
We r;tust therefore teach and explain-in fact, convert. 
~ othmg less than that will do and it is worth attempt
mg when the future of a continent is at stake. 
. (b) Th~ African: Though doubtless less guilty, 

smce h~ still sms only through ignorance, he must also 
open h1s eyes, learn, understand, renounce certain de
structive practices, husband the riches of his soil and 
think of posterity; he must feel his community of in
terest not only with his fellow tribesmen but with all 
his brothers in colour, in space as well as in time. There 
also, a slow and difficult but indispensable work of edu
cation is called for, with the tremendous handicap that 
attaches to the changing of a mental attitude in a popu
lation mostly illiterate. 

2. How! 
In endeavoring to bring the African man, whether 

he be white or black, to a better conception of his rela
tions with nature, what means will be used? What can 
be attempted? There must be no innovation for its 
own sak~, bu~ when ordinary methods are used, they 
must be mtelhgently adapted to local conditions. 

(a) Schools: They are the very foundation of the 
edifice to be built, and will henceforward educate men 
to be aware of the seriousness of the problem. This 

implies that the schools will be able effectively to influ
ence the children, and that the teachers will themselves 
possess an adequate education. But no place has yet 
been given in school curricula to the protection of na
ture: they make no provision for courageous and cease
less action to promote respect for life in all its forms, 
and to prevent cruelty to animals, brutal games, certain 
methods of slaughter, unnecessary destruction of ani
mals or plants and so on. And how could the educa
to;s think of stressing problems with which they are 
still only too often unacquainted? In this continent, 
cruelty to animals is general, but it is innocent, instinc
tive and ancestral, as it still is with many Europeans. 
vVhen will Pity raise her smiling face over Africa? Not, 
at any rate, until the school,· taking its responsibility in 
this respect seriously, contributes its large, its irreplace
able share to a labour which can only bear fruit in the 
distant future if it assumes today the character of a 
crusade. But this labour must also be deliberate well
d~r~cted, encouraged and, where necessary, whe;e stu
p1d1ty and selfishness would hinder its progress, im
posed. 

vVhy should not everv African school have its trees 
its flowers, its little "national park", its festivals in hon~ 
our of trees, seed-time, flower-time, birds and the soil? 

(b) Printed matter: Even if well-directed, schools 
tod.ay would find difficulty in taking effective action, 
owmg to the almost complete absence of adequate liter
ature, textbooks, readers, pamphlets, tracts posters 
and the indispensable material for any prop~ganda ef~ 
fort, whatever it may be. Not that the educational 
value of the printed word-especially in Africa where 
very few can read-should be over-estimated, but 
printed matter is still indispensable to the teacher for 
it provides him with the very substance of his instruc
tion, lesson programmes, practical examples, advice on 
adaptation of the subject to local conditions etc. 

Prop3;ganda methods and the use of slogans are not 
to be reJected per se but only for the absurd or vile use 
to which they are put by some. There would be no 
harm in having the walls of African schools covered with 
intelligent watchwords that would be disseminated in 
their turn, by postmarks and official prints. ' 

(c) Broadcasting: By this means, oral school 
teaching may be extended. There are for the moment 
very few listeners in Africa, but their number will in
crease and it is certain that stations will always be will
if!g to broadcas~ news reports, talks and appeals pro
Vl~ed t~ey are gwen. the text. Here again, the problem 
wlll arise of prepanng the documentary material and 
keeping it up to date. 

(d) Films: This medium presents a problem akin 
to that of. broad~asting: but with these differences, ( 1) 
that the cmema m Afnca reaches many more Africans 
~han the radio and (2) that preparation of the document 
1s much more costly. The question of the cinema in 
Africa is at last beginning to be studied by all those who 
know what a mass of nonsense, moral or material ugli
ness. and c?arseness, _is represented by European films, 
as viewed m the tropics, as well as the magnificent part 
that could be played by so effective a means of education. 
There can be no doubt that in the future, besides educa
tional films dealing with health, domestic economy, agri
culture etc., films on other subjects will come to the 
support of the converging efforts being made to remove 
the threat to nature. 
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The educational film must not become simply an ex
tra incitement to the African to absorb the influences of 
the ordinary cinema, which are, to say the least, mixed, 
but should have special distribution, especially as it will 
have to be mobile in order to reach the villages and 
peasants. 

(e) Cultural institutions: These include not only 
those institutions which have a specific purpose (such as 
museums, societies, dubs, educational, scientific or 
artistic associations) but also all those which, in addi
tion to other activities, contribute in some measure to 
the protection of nature, such as many youth movements 
(scouts, youth hostels etc.) and political and religious 
groups. There again, the educational work will amount 
1o pioneering, and even INhere goodwill exists it will 
need to be strongly backed by specialized information, 
raising once again the question of a continental or re
gional organization to supply documents and advice to 
schools, radio, associations etc., and to co-ordinate at 
the top level all the activities planned for a given terri
tory. 

Local scientific institutions (geological and agricul
tural services, natural history museums etc.) would 
obviously give such an organization the most sympa
thetic welcome and all the assistance required to give 
its work the desired character of scientific precision. 

(B) ACTION 

Let us suppose that public opinion has been won to 
our cause and that the country's authorities are disposed 
to give living reality to the principles that have at last 
been accepted; let us suppose that the formulaes e.x
pressing our ideals have become axiomatic and have re
placed scurrilous news items and erotic obsessions in the 
Press and on the screen. ·what official steps will be 
taken? What will the new policy be? 

It may be summed up in the following five proposi
tions, and I ask that the adjectives should be noted, for 
they have not been chosen at random. 

1. Effective protection of nature 
For the moment, without the backing of a public 

opinion that ignores a problem which appears to be of 
little account because superficially it affects neither the 
table nor the pocket-book, the protection of nature or, 
what to my mind amounts to exactly the same thing, the 
conservation of natural resources, has to be reduced to: 
(a) the action of a few isolated individuals, which goes 
unheeded-voces in d eserto-and (b) the promulgation 
of a few administrative texts, perfect in substance but 
sometimes, it is said, not strictly enough applied, so 
that they become inoperative. \Vhen everyone, govern
ors and governed alike, understands, as they will sooner 
or later, a legislation both precise and effective can be 
elaborated, which will draw the logical conclusions from 
the established principles and ensure their application. 
It will provide for the total or partial protection of cer
tain animal or vegetable species (and consequently for 
the control of shooting and fishing) and of whole bio
topes (forests, for instance), for the creation of national 
parks and nature reservations, for the defence of the 
soil against erosion etc. 

Africa is vast enough to allow a place to the animal 
without in any vvay jeopardizing the material interests of 

"Dakar, Saint-Louis, Conakry, Bamako, Diafarabe, Niamey, 
Ahidjan, Mount Nimba, Abomey, Cotonou, Lome, Douala. 
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human beings, to reserve vast areas where, safe from 
fire, guns and motor-cars, the fauna, and especially the 
large mammals, can find once more the conditions of a 
normal existence in a spontaneous biological equilibrium 
far removed from the causes of disturbance inevitably 
brought by human activity. 

There is no need to stress, not only the scientific value 
of such measures, which is often immense, but also their 
practical importance in various fields (soil, local climate, 
hydrology, conservation of useful species etc.). 

2. Reasonable exploitation of natural wealth 
The time has passed when man could consider na

ture, especially tropical nature, as an inexhaustible 
reservoir from which he could draw without stint. Hence
forward, he will have to be more prudent and think of 
the future. vVhether in matters of forest exploitation, 
picking wild produce, fishing or shooting, it has become 
necessary to adjust consumption to the stock available 
and its capacity for reconstitution. Attention should 
also be paid to the tremendous increase in destructive 
power represented by the machine in Africa and to the 
obvious perils of certain spectacular clearance operations 
which posterity may well have cause to regret. It is a 
strong temptation for the sorcerer's apprentice to abuse 
his power; but let him beware of the consequences ... 

3. Organized scientific research 
As the beneficiaries of Africa that we are, and still 

more as the wise beneficiaries that we should be, it is 
our first duty to familiarize ourselves with the natural 
resources of Black Africa both as they are now and as 
they are likely to develop in future. At every step, 
serious and urgent problems arise, which we cannot an
swer with any accuracy and whose solution has so far 
been left to the hazards of willingness and incompetence. 
For instance, in one region, what area may safely be 
cleared of forests? In another, should fishing nets be 
allowed with a mesh as small as 3 mm.? Elsewhere, 
should bulldozers and mechanical ploughs be let loose 
without restriction on the wooded savannah? Should 
such and such an animal which is harmful or presumed 
to be harmful be destroyed? How should this parasitic 
fungus be fought, or that migratory acridian be kept 
off? How should these woods be protected against 
termites or terredos, or that canal be prevented from 
silting up? How can a race of cattle with this or that 
quality be obtained? 

Happy-go-lucky solutions, the mere use of common 
sense, day-to-day empiricism, are no longer sufficient. 
Scientific research now has a voice in the matter, and 
the fact is coming to be recognized. Institutions such 
as the Institut Fran~ais d'Afrique Noire (1938),2 the 
Intercolonial Research Institute/1 the Institute of Cen
tral African Studies4, an International Conference of 
West Africanist5 etc. are an encouraging sign in this 
respect. What would have seemed Utopia only twenty 
years ago is gradually becoming a reality: the useful
ness of the technician is at last acknowledged, and he is 
setting to work with resources which are still modest but 
which are being improved every day ; tomorrow he will 
be consulted and obeyed. 

It is, however, important, in order that his labours 
may bear fruit: 

• Adiopodoume. 
•nrazza ville. 
'Dakar (1945), Bissao (1947), Ibadan (1949). 
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1. That there should be effective co-ordination between 
all the services and organizations concerned, in order 
to avoid the ever-recurring dangers of duplication of 
work and useless innovations where it would be more 
sensible and economic first to strengthen what already 
exists; 

2. That there should be active international collabora
tion to palliate as far as possible the vagaries and absurd
ities of the political frontiers, which are of course com
pletely ignored by climates and living beings. 
4. An intelligent system of education 

This, in my opinion, does not mean simply and lazily 
copying some system born under other skies in a radi
cally different mental and historical environment. 

If the cause of the protection and conservation of 
Africa's natural riches, much of which have already 
been squandered, is ultimately to triumph, it will owe 
its victory largely to the action of the teaching profes
sion, provided that its members show themselves cap
able of true leadership . 

Intelligent education means a system that will cease
lesslv stress the African context, that will put the pro
gress and the good of Africa first and, far from artifi
cially detaching the child from the environment in 
which he is to spend his life, will try to teach him respect 
and love for it, and to rid him of the false feeling of 
shame that was too often instilled into him in the days 
when "nakedness" and "savagery" were seriously re
garded as synonymous. 

5. Enlightened cultural activity 
Here again, if the African is to play a useful part in a 

movement that so closely affects the future of his country 
and of his race, his attention must be systematically 
drawn towards this inheritance which has to be de
fended, towards its riches and its beauties. The "na
tural resources" aspect is, moreover, only one side of a 
larger problem, which embraces the products of human 
activity, both material (archaeology and the figurative 
arts) and non-material (oral poetry, music and danc
ing). The social and educational role of the museum 
should not be overlooked and it is regrettable that in 
French Black Africa6 the question has not yet been given 
all the importance it undoubtedly deserves. 

IV. CONCLUSION 

In face of the twofold threat to Africa constituted bv 
certain traditional methods and certain effects of moderit 
mechanical progress, a policy must be first defined and 
then applied. 

It is impossible to exaggerate the responsibility that 
rests today on those who, with the administration of the 

•where there are still only the four museums Dakar (lnstitut 
d'Afrique), Abidjan (id.), Abomey (id.), and Foumban (id.). 

various territories of Black Africa, have the whole future 
of the continent in their hands. Until now, there have 
been too many temporary expedients, improvisations 
and groping efforts, with material success as the only 
criterion of achievement. The time has come to look 
towards wider horizons and to see farther afield, to look 
ahead in order to see clearly, constantly bearing in 
mind even the distant future and the geological ampli
tude of the problem. 

Such is the perspective in which the present debate 
must be seen. 

I would add two further remarks which I think are 
essential. 

Firstly, inasmuch as the conservation of natural re
sources aims at their exploitation, we must never lose 
sight of the African human factor. Behind production 
and the dividends it may bring there are always the 
man and his work. Though rarely mentioned in reports, 
plans or statistics, they are both very real, very concrete. 

Secondly, we must have no illusions as to the quasi
miraculous or magical efficacy of administrative texts. 
Nothing is easier than to draw up a la\v, a decree or an 
order: it is far less easy to have it applied when the 
protection of nature is involved, for it can be enforced 
only in so far as it is accepted by the popular mentality 
of the moment. In a favourable psychological atmos
phere, everything is easy, and it is therefore towards 
such a change of the state of mind that we must work. 

There is as yet no organization officially entrusted 
with this indispensable task in Black Africa. If the 
question is to be taken seriously, this specific activity vdll 
have to be developed fully. Sooner or later services will 
be created even in Africa for the conservation of na
tural resources, 7 working in close collaboration with all 
the organizations concerned (agriculture, forests, teach
ing, broadcasting, scientific institutes etc.), with the 
four following objectives: 

1. To collect the necessary documentation and keep 
it up to date; 

2. To ensure its dissemination; 
3. To promote co-ordinated research by specialists; 
4. To provide technical advice to public authorities 

and see that the proposed measures are applied. 
Such a project may, even today, seem surprising 

to many people: but some day people will be astonished 
that it was not until the middle of the twentieth centurv 
that problems of such obvious importance were at la;t 
recognized as such and considered without derision or 
scepticism. 

'Or "natural wealth", which would cover problems that might 
be neglected by action identifying the useful with the material. 
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Contribution of Cuban Schools to the Conservation 

of Natural Resources 
1 

ABELARDO MORENO 

RAMONA FERNANDEZ 

ABSTRACT 

The burden of this paper is that the conservation of natural resources is a problem that requires the 
co-operation of all and that education cannot evade its great responsibility in this matter. Therefore, our aim 
should be to put conservation education on a footing of equality with the great and permanent objectives of 
universal education and to add to the attainment of these objectives a new value, namely biological thought, 
which consists in developing a new attitude or process of .collective thought in the individual. 

We can describe the purposes of the school in this field more clearly by stating the following four 
objectives: 

1. To bring about an understanding of the oecological process of nature and life; 
2. To make the student feel that he is an integral part of his environment and to make him consider it as 

his own to be loved and protected; 
3. To apply biological thought to the problems and situations in the life of the student; 
4. To form habits of oecological hygiene so that the student will automatically tend to preserve the 

oecological cycle. 
We believe that the content of this subject in elementary, secondary and vocational schools should 

combine the following characteristics: 
1. It should be very concrete; 
2. It should include activities that are intended to explain and give a grasp of the basic ideas of the 

biological cycle and activities that refer to the contribution which the student can make to the conservation 
of natural resources; 

3. It should constitute a general educational principle which should permeate the entire work of the 
school and influence all subjects, particularly those related directly to these matters; 

4. It should be essentially objective and practical. 
The work of the school should be supplemented by ample and effective support from official and private 

sources. 
It is imperative to begin at once, for the destructive work of man has reached alarming proportions. 

Fire, forest thinning, hunting and fishing, which take place even during the periods when they are forbidden, 
the complete ignorance of the rural populations and the indifference of the authorities, are impoverishing 
our natural resources at a rapid rate. We repeat that co-ordinated action-educational, official and private
is urgent. 

Let us not permit ignorance, selfishness or indifference to retard this progress that is of such vital 
importance, for this would mean the irreparable loss of many years. 

I. INTRODUCTION 

vVe shall not introduce this paper by explaining the 
importance of natural resources or the importance of 
education in any large collective enterprise, for the im
portance of education is self-evident to all democratic 
peoples and the importance of conserving natural re
sources needs no explaining in a conference called into 
being on account of this very fact and the urgent need 
to publicize it. 

We propose to show how the force of education may 
be combined in the schools of our country with the need 
for conservation. 

Cuba is a small island with an area of approximately 
111,000 square kilometres and has a moderate tropical 
climate throughout the year. The land is mostly flat; 
there is an abundance of water; and the soil is naturally 
fertile. 

The island has approximately 8,325,000 hectares of 

'Original text : Spanish. 

cultivable land and a population of some 5,000,000 in
habitants. Except in areas where there is heavy clay 
and a slightly undulating terrain or where there are 
hills or very steep slopes, there is no serious erosion 
problem in Cuba. For this reason the damage resulting 
from these natural causes is small and not very danger
ous. 

On the other hand, the destructive action of man has 
reached alarming proportions ; fire, forest thinning, the 
complete ignorance of the rural population and the in
difference of the authorities are impoverishing the soil 
at a rapid rate. Not one single industry or enterprise 
or official or private activity has given thought to the 
conservation of natural resources. 

The problem in Cuba is not an immediate one, but 
it is rapidly and surely becoming serious. The problem 
is aggravated by this fact and by the additional fact that 
conservation of natural resources is a slow and biological 
process that has its own natural cycle of evolution, for 
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in an emergency the same solution cannot be applied 
here that is applied to shortages of goods, equipment 
and the like. The biological cycle cannot be hurried in 
the same manner as the manufacture of shoes or the 
construction of warplanes. We must begin now, and we 
must not let ignorance, selfishness or indifference retard 
this progress that is of such vital importance, because 
this would mean the irreparable loss of many years. 

This is a problem that requires the understanding 
and co-operation of everyone and, since it is a common 
task, education must deal with it. We therefore believe 
that education must henceforth play a continuing and 
effective role. 

If we examine brieflv the evolution of human culture, 
we shall find that it J{as alternated between periods of 
concrete, specialized and analytical knowledge and great 
comprehensive and basic synthesis. There was once in 
Greece an epoch of golden, cultural splendour when 
philosophy represented an abstract of all knowledge
not placing its branches in juxtaposition but as a force 
unifying the various currents of the human mind. Hu
manism, with its "naturist" tendencies, followed a similar 
course. Every period of synthesis has been followed by 
a period of analysis and specialization. Today, after 
busying ourselves for many years with analytical de
tail, we are on the threshold of another great cultural 
synthesis. Oecology, representing the union of nature 
and man, seems to be cast for a leading role in this syn
thesis. 

Consequently, in an educational scheme for the near 
future there is no room for any plan for training spe
cialists. On the contrary, our aim should rather be to 
align education on the conservation of natural resources 
with the great and permanent objectives of education 
in general and to take our stand beside the conquests 
which the great cultural movements for synthesis have 
bequeathed: truthful thought, quantitative thought, 
social thought and aesthetic thought. We shall now add 
biological or vital thought. 

The purpose of this education is to develop a new 
kind of collective thought, a new category or value. 
May this new mode of thought become part of our daily 
reflection of the premises of our standards of conduct, 
of our emotive life. Vve have given the name biological 
or vital thought to this new attitude which moulds 
thought. To acquire this method of thought will re
quire years of combined and continuous effort, yet it is 
only in this manner that the stability and wealth of the 
nation can be assured, and of all the countries that are 
penetrated by a consciousness of this purpose. 

II. BRIEF DESCRIPTION OF THE 
CUBAN SCHOOL SYSTEM 

The Cuban school system was established with the 
ultimate aim of consolidating the work of nation-building 
to which impetus was given by the wars of independence. 
The culmination of this work is the education of the 
citizen, and this task is the purpose of the slow and 
continuous efforts of the school. Our schools thus came 
into being as the result of a desire for liberty, and they 
are based on the principle that all Cubans are entitled 
to receive an education that will bring them as close 
as possible to the permanent values and the ideals of our 
nation. It is the duty of the nation to provide this edu-

cation in accordance 'Yith its possibilities and in accord
ance with the latest progress in education. 

From the very beginning the Cuban school system" 
regarded faith in the perfectibility of man as a funda
mental principle of education; it is therefore a school 
in the democratic tradition. 

The system has four principal divisions : elementary 
school, secondary school, vocational schools and uni
versity. 

Its general characteristics are political and religious 
freedom, centralization and compulsory attendance. 

Elementary, secondary and vocational education is free, 
and in the university 40 per cent of the tuition is paid. 

The various divisions may be further subdivided as 
follows: 

Elementary 
School 

Secondarv 
Schools • 

Vocational 
Schools 

{ 

Kindergarten and pre-primary 
school 

Elementary primary school 
:\dvanced primary school 

f Institutes of secondary education 

Teacher training schools 
Home schools 
Training schools for kindergarten 

teachers 
)\" ational school of journalism 
Industrial technical schools 
Polvtechnical schools 
Schools of arts and trades 
Schools of plastic arts 
National school of fine arts 
School farms 
Forestry schools 

University (thirteen faculties) 
It is the endeavour of the Cuban elementary schools 

to train the useful and patriotic citizens whom Cuba 
needs, that is, to develop fully an integrated person.:1.lity 
in the citizen so that he may make certain the triumph 
of democracy. 

This is done by developing, in addition to other things, 
the types of thought referred to in this paper : truthful 
thought (developed through use of the scientific 
method), quantitative thought (a result of the eco
nomic age in which we live), social thought (which at
tempts to inculcate civic responsibility and train the 
individual in the human relations proper to a rich, sincere 
and varied social life), and aesthetic thought (which 
attempts to cultivate sensibilities in order fully to de
velop the human personality). 

The secondary school continues and improves what 
the elementary school has done and also develops a 
broader point of vie1v. It also attempts to give vocational 
assistance and guidance. 

The vocational schools try to offer the best specific 
preparation in certain kinds of work. 

Finally, the university provides specialized study for 
the liberal professions. 

This entire organization, which at the present time 
does not concern itself with problems of conserving 
natural resources, must add to the accomplishments 
just mentioned still another accomplishment, namely 
biological thought, and it must implant education on 
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conservation as an attitude or manner of collective 
thinking that is deeply rooted in the individual. 

III. PROPOSED CONTRIBUTIONS OF THE CUBAN 
SCHOOLS TO EDUCATION ON CONSERVATION 

A. DEVELOPMEXT OF BIOLOGICAL OR VITAL THOUGHT 

In the elementary primary school it is not possible 
to give complete information or abstract explanations, 
hut even as quantitative thought, which by nature is 
more abstract and difficult than biological thought, is 
acquired in school by means of a series of teaching 
devices, it is likewise possible to hope for the develop
ment of biological thought in the elementary school. 

In the secondary and vocational schools, the basic 
problems will be dealt with more intensely and they 
,viii be developed more fully and deeply. 

\Ve believe that the aims are the same irrespective 
()f the school and that only the method of attaining these 
aims varies, according to the manner in which the sub
jects are organized at the various grades of instruction. 

B, OBJECTIVES 

A statement of the following four objectives will en
able us to give a clearer idea of the purposes of the 
school in this field : 

1. To bring about an understanding of the oecological 
process of nature and life ; 

2. To make the student feel that he is an integral part 
of his environment and to make him consider it 
as his own to be loved and protected ; 

3. To apply biological thought to the problems and 
situations in the life of the student ; 

-J.. To form habits of oecological hygiene so that the 
student will automatically tend to preserve the 
oecological cycle. 

C. EDUCATIONAL CONTENT AND ORIENTATION IN THE 

ELEMENTARY AND SECONDARY SCHOOLS 

Vv e do not believe that this is the time to decide on 
the content of the various school courses, but we do 
believe that certain general indications on their choice 
and direction should be given. 

1. vV e believe that these courses should be very con
crete and real and always adapted to the com
munity of which they treat with respect to ex
amples, calculations, problems and the like. 

2. They should include two principal kinds of 
information and activities. Those intended to 
explain and give a grasp of the basic ideas of the 
oecological cycle and those that show the student 
the contribution he can make to the conservation 
of natural resources. Let us not fall into the error 
that was made in including citizenship in the pri
mary schooL The course in citizenship was for 
the future and not the present citizen. 

Education in conservation in both the elementary and 
secondary schools should emphasize the contribution 
that the student can make in order that it may constitute 
a substantive rule of conduct, a principle for the present 
life of the pupil. 

3. vVe are inclined to consider this subject of con
servation as a general educational principle that should 
permeate the entire work of the school and influence 
all subjects, particularly nature studies, agriculture and 
geography in the elementary school, and agriculture, 
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biology, natural history and geography in the secondary 
school. 

This subject should be made to fit in the organization 
of studies in the Cuban elementary and secondary 
schools. 

In the vocational schools matters are different. Tech
nical and industrial schools, forestry schools and others 
that are more directly concerned with conservation 
questions should, in addition to the general training 
which they provide, also give specific courses on con
servation to impart special knowledge and techniques 
according to the nature of the particular vocational 
schooL This training, added to the general preparation 
of the primary school, would supplement the education 
of the active and productive elements in these fields. 
The training in those vocation schools that are less di
rectly concerned with conservation problems would be 
similar to that given in the secondary schools, because 
its purpose would be the same, namely, to develop gen
eral habits and attitudes among the inhabitants that 
would enable them to understand, accept and follow the 
directions of the other group. 

4. Encouragement should be given to extra-scholastic 
activities, directed training, visual and experimental 
processes and, above all, a constant application to real 
problems of interest to children and young persons. 
Thus prepared, the student enters the university, im
bued with this new attitude or mode of thinking. In 
faculties such as education, science, philosophy and lit
erature, which also serve to train teachers for the 
secondary and vocational schools, a selective programme 
should be drawn up to provide advanced training in 
the principles of this subject. 

A professor thus trained is able to create in the stu
dent a new understanding of the matter, a new way of 
seeing and living in the biological cycle which is due to 
him as an integral part of his environment, and thus 
he may feel that it is his own to be loved and protected. 

IV. SlJPPLE:MENTARY WORK AND OFFICIAL 
SUPPORT 

The work of the school will be of little value if other 
agencies fail to make of conservation problems a reality 
in the life of the community and if the authorities fail 
to give all the assistance that this great enterprise re
quires. 

We offer below some suggestions for a beginning in 
developing a programme of general education on con
servation of natural resources : 

A. Co-operation between the Ministry of Education 
and the Ministry of Agriculture. 
1. Establishment of a research and information 

office for making surveys, investigations, sta
tistics etc ; 

2. Establishment of publicity offices to publish 
illustrated pamphlets and supervise commer
cial advertisements in order to make them 
contribute to the development of biological 
thought; 

3. Reservation of national parks and forests and 
nature beauty spots in general; 

4. Short training courses for teachers; 
5. Scholarships for students; 
6. Films and radio broadcasts for rural districts 

and small populated areas; 
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7. Help for rural social workers. 

B. Support of private institutions: civic clubs, press, 
radio etc. 

V. CONCLUSION 

1. The general educational principle of the Cuban 
schools is faith in the perfectibility of man; this permits 
the introduction of new values and new objectives in 
education. 

2. These values include all sectors of education m 
the country from primary school to the university. 

3. The educational programme comprises two kinds 
of education : 

(a) General education for all students, the pur
pose of which is to develop habits and 
attitudes and an understanding of the basic 
principles of conservation; 

(b) Special education intended to train specialists 
and technicians both in vocational schools 
dealing directly with problems of conserva
tion and at the university. 

4. The work of the school must be supplemented by 
co-operation between the Ministry of Education and the 
Ministry of Agriculture and by other official and private 
support. 

Such is a general sketch of the programme according 
to which education on conservation could be introduced 
in the schools of Cuba. 

We believe that other Latin American countries are 
faced with similar problems, and we hope that our 
humble project may serve as a stimulus to those countries 
in need of a solution similar to ours. 

We trust that at a future conference we shall be able 
to report not only on what could be done in Cuba, as 
we have done here, but also on what we are doing and 
the extent of the success achieved by this new educa
tional system, which will assist in creating a better future 
for our beloved countries of America. 
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Soil Conservation in Nyasaland 
W. J. BADCOCK 

ABSTRACT 

In Nyasaland there are two approaches to the problem of soil conservation. The first might be termed the 
administrative-educational approach. This implies active propaganda by touring Administrative and Agricul
tural Officers, drawing attention of Chiefs and sub-Chiefs to the dangers of soil erosion. This work is sup
ported by the Education Department through the Jeanes Training Centre, at Domasi, near Zomba, where 
Chiefs, Village Headmen, and other community leaders are given courses with a strong agricultural bias. 
These courses have been very valuable in cultivating an awareness of mind among many of the more influen
tial members of communities to the dangers of soil erosion. 

The second approach is more direct. When the Administration is satisfied that propaganda and education 
have sufficiently prepared communities for concentrated soil conservation work, arrangements are made for 
the promulgation of agricultural rules under the jurisdiction of local Native Authorities. 

Simultaneously with these activities the Agricultural Department trains soil conservation supervisors. 
These men are taught to use simple levelling instruments for marking contours, how to treat gullies, methods 
of storm water disposal, the value of crop rotations, and grazing control. 

Two of the most important crops grown in Nyasaland are maize and tobacco, crops planted in lines and 
thus "bad" crops from a soil conservation point of view. Government soil conservation policy on cultivated 
lands has accordingly been based on contour boxed ridges. The response to this has been most encouraging, 
and substantial progress has been achieved in improved soil management. 

INTRODUCTION 

At the time of the introduction of British Administra
tion to Nyasaland the population of the country was 
sparse and it was possible for the traditional methods 
of native agriculture to be pursued without any serious 
depreciation of the natural resources of the country. 
During the last two decades, however, the population of 
the country has increased very rapidly, partly due to 
improved public health measures, but to a larger extent 
due to immigration from surrounding territories. The 
population of the southern Province, for instance, 
doubled during the period 1926-1936; this coincided 
with, and was largely due to, the development of Euro
pean "estate agriculture". In the northern and central 
Provinces, the population increase has not been so great, 
but it has nevertheless been very considerable. This large 
increase in population was not marked by any change 
in the traditional methods of agriculture, thus soil ero
sion rapidly became a problem of some magnitude. Dis
trict Commissioner's reports from Chiradzulu district 
early in the 1920's drew attention to special measures 
taken for the protection of steep hillsides. 

THE DEVELOPMENT OF SOIL 

CONSERVATION 11EASURES 

As already stated, the first positive measures to pre
vent soil erosion were in Chiradzulu District where the 
District Commissioner prohibited the cultivation of 
steep hillsides early in the 1920's. This was followed 
in 1924 by the first Protectorate legislation which pro
vided for the reservation of steep hillsides and strategic 
water catchment areas as forest reserves. Later, in 
1928, the District Commissioner of Chiradzulu found it 
necessary to introduce regulations for the protection of 
river and stream banks ; it is interesting to record that 
once again these measures were adopted as a basis for 
Protectorate legislation and were incorporated in a 
Forest Ordinance. 

While Government became aware oi the damage 
being caused by soil erosion during the decade 1920-
1930, little positive artion >vas taken, except for the 
record of continuous and active measures being taken 

by succeeding District Commissioners of Chiradzulu. 
The first record of funds being specifically provided for 
soil conservation measures is in respect of work on the 
Malowe hills in the Lower River district in 1931 when 
the first bunding of native· gardens was inaugurated. 
There is ample evidel)ce that the rate of soil erosion in
creased at an alarming rate during the early 1930's and 
by 1935 the government found it necessary to appoint an 
officer specially for dealing with soil conservation prob
lems. This officer's activities were wisely confined 
largely to the reservation of steep hillsides and water 
catchment areas, and thus prevented the further devas
tation of virgin bush. This had the net result of pre
venting the spread of soil erosion to new areas but did 
little to protect cultivated areas where, in spite of active 
propaganda by all government field officers, the ravages 
of soil erosion became increasingly serious. Further 
development of soil conservation work was interrupted 
by the war. 

In 1945 the Post-War Development Committee drew 
attention to the gravity of the serious increase in soil 
erosion and made recommendations for the adequate 
provision of staff and funds for conducting a compre
hensive soil conservation programme. The Government 
took immediate steps to implement the recommendations, 
and funds were made available for the Agricultural De
partment to employ a large number of soil Conservation 
Rangers for marking contour lines on native gardens 
and supervising labour employed to construct stom1 
drains and on gully-control work. This has resulted in 
the rapid adoption of contour ridge-cropping. In many 
areas soil erosion has been effectively arrested and in a 
few instances real soil recovery has been achieved. In 
1946 a Natural Resources Ordinance was enacted to 
provide Government with comprehensive power to en
force improved methods of crop and animal husbandry, 
but for various reasons the Ordinance did not prove 
suitable for local conditions and has recently been re
pealed and replaced by a new Ordinance which has 
provided for the formation of Provincial and District 
Nat ural Resources Boards \vith wide executive powers. 
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ADMINISTRATION AND PROPAGANDA 

There are two main approaches to the problem of soil 
conservation in Nyasaland. The first might be termed 
the administrative-educational approach. This implies 
propaganda by touring Administrative and other De
partmental officers directly concerned with rural popula
tions, drawing the attention of Chiefs, sub-Chiefs and 
other community leaders to the dangers of soil erosion. 
This work has gone on for a number of years and there 
are few natives, even in remote villages, who are unable 
to detail the dangers of soil erosion and measures that 
should be taken to conserve their soil. The Education 
Department has given strong support, and very valuable 
work has been done at the Jeans Training Centre near 
Zomba, in training chiefs, community leaders and school 
teachers to spread propaganda for improved methods of 
agriculture. The Education Department has also produced 
and distributed suitable literature for use in schools 
which in time will no doubt have considerable value in 
spreading knowledge on improved methods of farming. 

The second approach to the soil conservation problem 
is more direct. When the Administration is satisfied 
that propaganda and education have sufficiently prepared 
communities for more concentrated soil conservation 
work, Native Authority Councils are invited to introduce 
rules to enforce improved methods of cultivation. Simul
taneously with these activities the Agricultural Depart
ment has trained large numbers of soil conservation 
supervisors. These men are taught to use simple level
ling instruments for marking contours, how to prevent 
the development of gullies, the elementary principles of 
crop rotation and grazing control. They are not highly 
trained, but under careful European supervision have 
done valuable work. 

FIELD WORK 

Before field operations commence in any area, care 
is taken to ensure that local chiefs are fully aware of 
the proposed programme of work, and their full co
operation has to be enlisted. Arrangements for this to 
be done have to be made through the District Commis
sioner, who in some instances finds it necessary to 
consult officers of the Agricultural, Forestry and Vet
erinary Departments for information on technical prob
lems that might arise. Field operations might include 
the movement of people from the steep hillsides and 
important river catchment areas, which in turn implies 
finding resettlement areas, the reduction in the number 
of livestock kept in an area, the enforcement of rota
tional grazing, and assuring the application of proper 
methods of cultivation. 

\Vhen full arrangements have been completed for 
implementing a programme of work, field operations are 
supervised by Departmental officers through their own 
African field staffs. Usually the population has been 
so well prepared by propaganda informing them what 
they are expected to do, that little serious difficulty is 
experienced. In cases where cultivators or stock-owners 
contravene any of the rules applied, Native Authority 
courts have adequate powers for dealing with offenders. 
In addition to operations on Native Trust Land, a con
siderable amount of advisorv work has been done on 
European-owned estates, maily have been surveyed for 
contour bunding, and in general the European estate 
owners are taking more adequate measures to protect 
their estates against erosion. 

CROP RL'SBANDRY 

Crops fall into two groups ( 1) annual and (2) peren
nial. The most important annual crops grown in K yasa
land are maize, tobacco and cotton. The first crop is the 
staple food for the entire African population while the 
latter are important economic crops. Tobacco is pro
duced by both Africans and Europeans, while cotton 
is now almost exclusively grown by Africans. These 
three crops are unfortunately all "bad" crops from the 
soil conservation point of view, because they are grown 
in lines and provide a very incomplete soil cover. The 
predominating importance of these crops in agriculture 
meant that soil conservation measures had to be suitable 
for protecting soil from erosion when planted with 
these crops, and a system of contour ridge cropping has 
been adopted. Soil Conservation Supervisors mark out 
contour lines at 3-foot vertical intervals on gardens; 
these are known as "marker ridges" and are supposed to 
be permanent, the remainder of the gardens are then 
made up in ridges 3 feet apart based on the ''marker 
ridges". These same ridges are suitable for planting 
sweet potatoes and cassava, and have been used for 
other crops such as groundnuts and beans. Nyasaland 
soils are on the whole porous, and experienced farmers 
state that when contour ridges are properly constructed 
they are quite adequate to absorb all normal rainfalls. 

The most important permanent crop grown is tea, 
which is an exclusively European crop. Tung tree 
planting has developed in recent years and it is now a 
crop of appreciable economic importance. From earliest 
times, when planting tea, some measures have been 
taken to prevent soil erosion, but in many instances they 
were inadequate and serious erosion has resulted. All 
recent plantings, however, have been carefully done 
and many estates are attempting to rectify their earlier 
errors. The tea plant provides a fairly complete ground 
cover and if properly attended presents no serious soil 
conservation problems. 

Tung plantations present numerous difficulties. The 
trees are widely spaced, thus leaving large areas of 
soil uncovered. If ground cover crops are used, in 
most instances yields are reduced. The Tung Research 
Station is investigating this problem but as yet no satis
factory solution has been found; in the meantime on 
some tung plantations soil erosion presents a serious 
problem. 

Some comment is necessary on crop rotations. Gov
ernment policy is based on half the land resting and 
half under crops, but in many areas this is impossible 
owing to land shortage, and compromise methods have 
to be adopted. 

ANIMAL HUSBANDRY 

Cattle are confined to a few limited localities, due 
mainly to the distribution of the tsetse fly which, as in 
other African territories, seriously interferes with the 
livestock industry. The standard of animal husbandry 
in 1\' yasaland is extremely low and where cattle are 
kept in appreciable numbers there is almost invariably 
quite serious soil erosion due to excessive movement 
and large concentrations of stock, and in part to the 
unwise use of grazing grounds. Work in Ncheu and 
Dedza districts during recent years, where grazing has 
been carefully controlled and stock movements restricted, 
has shown that spectacular improvements of pasture 
and thus of grazing capacity can be achieved at little 
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expense. Goats and sheep are kept in small numbers 
and cannot be regarded as of any serious significance 
in relation to soil conservation. 

ROADS, TO\YNSHIPS AND VILLAGES 

The disposal of storm water from road drains, town
ships and bare village compounds frequently provide 
sources of gullies. These all receive attention; grass 
planting as a means of absorbing water and slowing 
down \Vater movement has been widely adopted. In 
many instances gully check dams have been constructed. 

FORESTRY 

The Forestry Department has for many years en
couraged the reservation of village forest areas to pro
vide fuel and building poles. The work has been very 
successful and these small reserves have provided both 
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fuel and building pole supplies in relatively treeless 
areas and usually provide an effective cover on steep 
hillsides. 

SUMMARY 

The history of the development of soil conservation 
measures adopted in Nyasaland has been briefly de
scribed, as have also the various measures being taken 
to combat soil erosion. 

The Government is now forming a Soil Conservation 
Section of the Agricultural Department. Specially 
trained staff is being recruited and mechanical equip
ment obtained for implementing the recommendations 
of the Post-\Var Development Committee, and continued 
improvement in the measures being applied may be 
anticipated. 

Supplementary Education for Soil Conservation in New Zealand 

D. A. CAMPBELL 

ABSTRACT 

As soil conservation involves so many aspects of human affairs, the Soil Conservation Council adminis
tering the Act has organized an informative service. Information is disseminated through suitable channels 
via various media described in the paper to the rising generation, the farmers and the public. This service is 
complementary to the existing well-organized educational services in the country. Useful experience has been 
gained in various techniques of disseminating information, viz., photographs, film strips, movie films, posters, 
newspapers, newsletters, bulletins, a soil conservation journal, scientific papers, radio, agricultural and pas
toral show displays, demonstration farms, conservation farmers' competitions and co-operative work with 
farmers. 

INTRODUCTION 

Since conservation is fundamentally a problem of 
human oecology embracing many aspects of human 
affairs, the Soil Conservation and Rivers Control Coun
cil early realized the major role education had to play 
in its soil conservation programme of obtaining infor
mation, disseminating information and applying in
iormation in its operational programme. 

An information servite was imperative because the 
over-all changes in catchments brought about by fann
ing had culminated in serious soil erosion and increased 
run-off in the upper catchments, and increasing flood 
hazards, bank erosion, sedimentation and interference 
\\'ith drainage on the richest farming land downstream. 

The dissemination of information was arranged so 
as to supplement the existing comprehensive educational 
curricula in primary, secondary, university and adult 
education spheres and was implemented by prudent 
injection of suitable information in an acceptable form 
at the various levels in the established system. 

Investigation and experience revealed that attention 
had to be focused on the rising generation, the farmers 
and the public; and suitable media had to be used to 
cater for the conservation interest of each group, in an 
integrated programme. 

PRESENT EDUCATIONAL ORGANIZATION 

IN NEW ZEALAND 

comprehensive educational services evolved in New 
Zealand, pertinent details of which are discussed below. 

Prbnary education: Continuous progress has been 
maintained in adapting the primary school syllabus to 
meet the needs of changing times, and emphasis has been 
given to relating studies to the dominantly rural environ
ment. ( 1 ) ( 2 )1 To stimulate the strong element of 
natural science itinerant agricultural instructors foster 
and lead teaching thought and student activity, and in 
rural areas give practical emphasis to this in organizing 
agricultural boys' and girls' clubs in each locality
projects such as calf-raising, lamb-raising, chicken
raising, crop- and vegetable-growing are made competi
tive to stimulate development. ( 4) In this way an 
academic and practical basis is provided to nurture 
conservation principles and practices. 

Secondary education: Secondary education in New 
Zealand is well organized and has been progressively 
oriented to suit the country's needs. 

The pioneering work of J. E. Strachan at Rangiora 
( 3) ( 4) has borne fruit and secondary school curricula 
have been brought into line with his concepts as a 
result of the later activity of the Consultative Commit
tee's recommendations. ( 5) ( 6) Around the core of 
cultural subjects-English, arithmetic, social studies and 
natural science-specialist vocational subjects are de
veloped. 

The Council's educational programme for soil con
servation has been moulded to supplement the existing 

Besides a general conception of conservation of na
tural resources which is integrated with social studies 

1Numbers within parentheses refer to items in the bibliography. (geography, history and civics) biology and physical 
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sciences are prominent in the curricula of secondary 
schools to provide a scientific basis for conservation 
mindedness. 

In many rural secondary schools comprehensive agri
cultural courses established on the sound foundation of 
school farms provide training in farm management which 
includes conservation principles. (7) 

Teachers' training colleges: The original studies in 
natural science have been augmented in recent years 
with geography on its broadest basis, which includes 
special treatment of conservation of resources~partic
ularly the farming resources in 1\'ew Zealand. The bias 
given for conservation in natural science and geography 
is an important factor in the teachers' interests and 
activities subsequently. 

Universities: The growing trend of greater interest 
and activity in science is reflected in the increasing num
bers of students taking science for B.Sc. and B.A.
particularly various biological sciences, which augurs 
well for the growth of conservation thought. (8) 

In the agricultural colleges the degree courses have 
been progressively revised and conservation concepts in 
the several agricultural sciences are being continually 
reinforced while at one college a special soil conserva
tion training course is made available by arrangement 
between the Soil Conservation Council and the college's 
authorities. 

Diploma students, who form the majority of students 
at agricultural colleges, receive instruction in soil con
servation principles as part of their agricultural train
ing, which assists them to adapt themselves readily to 
conservation practices necessary in various districts. 

Workers' Educational Association: The \Vorkers' 
Educational Association has evolved to meet the demand 
of adult education in K ew Zealand, and its coverage of 
study topics is wide and unrestricted. Consequently 
there is ample scope for development of conservation 
studies in relation to the problems discussed by the or
ganized groups throughout the country. 

Farmers organizations: In the adult education field 
direct contact with the farmers through their own or
ganizations-Young Farmers Clubs, Federated Farmers 
and Agricultural and Pastoral Shmv Associations-has 
been made effective through the Regional Local Au
thorities set up by the Council. 

Catchment Boards: Catchment Boards' services have 
been used to provide close liaison with their farmer rate 
payers, and the Mobile Cinema Unit, Demonstration 
Farm Units and co-operative conservation work with 
farrr~ers were conceived and developed to cater for this 
serv1ce. 

Agricultural and Pastoral Associations: These, the 
oldest organizations, were originated to stimulate interest 
in better farming, and spread knowledge gained among 
farmers as widely as possible. The technique chosen 
for doing this by competitive activity has achieved a 
great deal in improving breeds and standards of pro
duction of livestock, crops and farm management but 
the competitive element has tended to make this splendid 
movement too restrictive. Only the better breeders 
appear to have gained directly, although the indirect 
benefit to all farmers and the nation is enormous. 

Spontaneous development of other farmer organi
zations indicates that the original objectives of the 
A. & P. Associations have not been entirely fulfilled. 

Federated Farmers: This relatively new organization 
has resulted from the consolidation of several well
established farmers organizations, notably the Farmers' 
Union. The new organization is non-political though 
its Action Committee takes a very active part in all 
matters concerning the primary producers in New Zea
land. There are 700 branches organized throughout 
New Zealand with a total membership of 47,000 and 
each branch has its President, Committee and Secretary. 

Regular meetings are convened at which local farming 
problems are discussed and, when necessary, resolutions 
are formulated which are passed on to headquarters. 

Lectures are arranged on farming topics and lively 
general discussions take place ; matters of interest are 
ventilated in the official organ of the Federation, 
"Straight Furrow", a monthly journal run on modern 
lines, and containing direct useful information and views 
on the full range of the science and practice of farming, 
including management and conservation problems and 
political problems as they affect the farmer-taxation, 
wage stabilization, price control, marketing organiza
tion etc. Regional organizers operate to foster and 
integrate the movement, and all this service including 
the monthly journal costs the individual farmer £I 
per year. 

A hill country section of Federated Farmers has been 
organized and is taking a very active interest in con
servation work in collaboration with Catchment Boards 
and State Departments. 

Young Farmers' C tubs: This movement v.·as originally 
sponsored by the Farmers' Union as a "young brother" 
organization, but was later organized by the Depart
ment of Agriculture working in close co-operation with 
Federated Farmers. The 314 clubs with a membership 
of over 9,000 are doing very good work under very 
progressive and dynamic leadership. 

Competitions of many kinds-from shearing to pub
lic debating-are organized, and regular meetings are 
held, at which debates are sponsored and visiting experts 
lecture on and discuss a wide variety of topics directly 
related to agriculture and conservation. 

PERSPECTIVE IN EDUCATION FOR CONSERVATION 

The tendency to live too much in the past with our 
study of records has resulted in static education in the 
past. More recently there has been a big trend to 
interpret this past information in terms of the present 
and give it life, but the reform mentally needed is not 
only to give the past life in terms of today, but in addi
tion to take both and project them into the future in 
order to give the present the dynamic and evolutionary 
bias that is the essential core of biology itself. \Vhat is 
history and genetics if the former does not mould the 
mind and make it plastic and the latter if it cannot be 
made to create the mind and body of to-morrow? \Vhat 
are the prospects of human survival, if we do not think 
and plan in terms of peoples' needs in the future? Other
wise, how can the present be dynamic and progressive 
enough to plan and discipline human evolution and 
population pressure in terms ·of land capability and 
food production? Today we depend too much on rare 
individuals to give this orientation and tempo to edu
cation. Education must grow from one of preparation 
for life to preparing to make continuity of life on earth 
possible. Conservation provides a seed-bed that nurtures 
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these concepts and holds a challenge to translate these 
tenets into reality so that man may maintain equilibrium 
w1th his environment instead of forcing deterioration 
upon it-a prospect which can only bring ruin in the 
wake of his elimination from the earth. 

Progressive modification of curricula to keep educa
tion in step with the needs of mankind is man's surest 
safeguard in achieving the necessary adaptations of his 
civilization to its changing environment. To meet N evv· 
Zealand's needs the Soil Conservation Council is at
tempting to supply adequate infom1ation through the 
best channels to bring about what it considers to be 
some of the desirable objectives. 

SOIL CONSERVATION COUNCIL'S EDUCATIONAL ACTIVITIES 

The Soil Conservation Council commenced its edu
cational activities in 1944 when the author was appointed 
as educational publicity officer and a simultaneous ap
proach was made on the following educational activities. 

Photographs: A comprehensive photographic coverage 
of all aspects of soil conservation problems was initiated 
and black and white and colour photos taken, recorded, 
processed and made available in regional collections 
for illustrating publications and for the preparation of 
slides, strips and special displays. Photographs carry 
conviction and finality difficult to surpass by descriptive 
eJfort and in consequence provide the basis of several 
media reported on below. 

Posters: Posters have been circulated freelv and ex
hibited in government offices, and in post O'ffices and 
railway stations particularly. To date the majority of 
these have been sponsored co-operatively by the State 
Forest Service and the Soil Conservation Council, but 
posters specifically for soil conservation portraying wise 
use and misuse of the land are in the course of prepa
ration. 

Poster advertising has been so successfully and 
persistently used that the psychological effect on the 
public is not as ephemeral as it may appear to be. In 
fact the poster appears to transcend in efficiency many 
other media owing to association of such ideas as that 
it pays to advertise, and that there is therefore substance, 
truth and service to back up the worth-whileness of the 
advertised material-so much so that people accept in 
sincerity such information. 

Film strips and slides: Film strips or slide films with a 
commentary and mounted slides were prepared to cater 
particularly for the needs of teachers and lecturers, 
whose interest in the problem was being developed by the 
Council's publicity programme. To date six film strips 
of a general nature have been prepared and copies have 
been forwarded to the nine Educational Boards' Film 
Strip Libraries in New Zealand. From there they are 
available free to all primary and secondary schools in 
the country. Copies have also been supplied to agri
cultural colleges, Catchment Boards and interested teach
ers and lecturers. Since copies can be purchased cheaply 
(2/6) many teachers and lecturers have equipped them
selves with private sets of strips. 

Such general topics as "Soil Erosion in New Zea
land", "Floods and Flooding", "Save our Land", 
"Forest Inhabiting Birds" (colour) are being followed 
up with the production of general and technical strips 
on types of erosion, conservation methods and forestry. 

EDUCATION FOR CONSERVATION 

Af ovie films: This most versatile medium of expression 
and powerful instrument for disseminating information 
has been developed extensively owing to the compre
hensive coverage and general appeal it makes possible. 

The unforgettable appeal of American films such 
as "The River" and "A Heritage to Guard", "For 
Years to Come" and later the English film "Rape of the 
Earth" inspired confidence in the merit of documentary 
films in the conservation education programme of this 
country. 

To date 16 documentary films (16mm), 400 to 800 
feet in length and sound recorded ( 5 in colour), have 
been produced for the Soil Conservation Council's own 
circuit. 

A Mobile Cinema Unit has been on the road for the 
past three years working on a well-planned itinerary 
of approximately three weeks in each Catchment Dis
trict. The Catchment Board virtuallv takes over the 
Unit in its territory and makes a pre-~rranged series of 
screenings to adult audiences in the evenings and to 
secondary school children in the afternoons. 

As the Unit is equipped with a power-generating 
unit and is fitted for rear projection of films in daylight 
there are few limits to its use in country districts. A 
permanent operator travels with the Cinema Unit and is 
accompanied by one or more Catchment Board members 
or by the Soil Conservator of the district, who are pre
pared to answer questions and promote discussion at 
the close of the 90-minute programme. 

The programme is conceived well in advance and 
the films are produced to be complementary to each 
other in rounding out the film programme. 

In the progran1me four types of films are used : 
1. General interest films-Aspects of farming, over

seas films, or news flashes of topical interest in soil 
conservation and river control. 

2. General films of soil erosion and flooding and soil 
conservation practices. 

3. Technical films on specific causes of erosion, e:g. 
fire, pests, over-grazing or imprudent cultivation and 
means of combating same. 

4. Regional films portraying the problems of regions 
in perspective and detailing over-all and specific con
servation measures for that region. 

During last year's circuit 153 public screenings were 
made to 10,142 farmers and 99 screenings to a total of 
22,411 secondary school pupils. It has been shown (9) 
that the effect of screening to specialist audiences is out 
of all proportions to the size of the audience. 

The tour of dutv of the Council's Cinema Unit ad
vertises and create~ a considerable demand for the films 
screened, consequently six copies of each are supplied 
to the National Film Library, which caters for requests 
from schools, colleges, and interested societies for the 
loan of film programmes. It is estimated that there are 
some 2,000 projectors supplied from this source. 

In addition, films are borrowed by other government 
departments, and this extends the Council's publicity 
and information service. 

Complete programmes are loaned to Organizers of 
the Federated Farmers which are screened by the Or
ganizer at many small country centres during the course 
of the annual coverage of his territory. 

Already successful trials have been made in producing 
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general interest, 35-mm conservation films for theatre 
circuits. Such documentary shorts ( 10-12 minutes) 
have, it has been found, an appeal to the general public 
and if well produced merit inclusion on the circuit with 
a first-class feature and are thus seen by a proportion
ately larger public. 

Newspapers, farmers' journals and technical publica
tions: The Council's staff is at all times ready to assist 
in the supply of information and advice and prepare 
articles for publication through the above channels. It 
is being found that there is a growing demand for this 
service and publishers in New Zealand are doing an 
increasingly important national service in featuring soil 
conservation work. 

Newsletter: Topical matters of interest in work, ex
perimental information and conservation generally are 
collated periodically and circulated to workers in related 
fields, Catchment Boards and their staffs. 

Bulletins: Several bulletins-The "Menace of Soil Ero
sion", "Tackling Problem Land at Molesworth", "From 
Forest to Farmland", "First Steps in Soil Conserva
tion", "Down to the Sea in Slips", "Public Enemy No. 1 
-Fire", "Willows and Poplars for Conservation \Vork", 
"Soil Erosion and Soil Conservation in New Zealand" 
and "Conservation \Vork on Wither Hills"-have been 
published for distribution in schools and colleges and to 
farmers through Catchment Boards, and the Federated 
Farmers organization. As more technical information 
becomes available bulletins of a technical nature will be 
prepared as well. 

The circulation of those issued to date has ranged 
from 20 to 80 thousand according to the range of useful
ness (there <tre 80,000 farmers approximately in New 
Zealand). 

By this circulation of free, well-illustrated bulletins to 
farmers, teachers, bankers, stock and station agents, 
land appraisers, advisers and agricultural instructors, a 
permaner.1t record for reference is available for them, 
while journalists freely use them in the preparation of 
consen·ation articles. 

Soil conservation journal: Publication of its own 
monthly journal has been under consideration for some 
time by the Council, and concrete proposals are now 
under action to publish a monthly journal in close col
laboration with the Catchment Boards. This will pro
vide a much needed outlet for the dissemination of 
certain information. 

Scientific papers: Scientific papers prepared by the 
staff and other authorities on conservation matters are 
cyclo-styled and distributed freely to Catchment Boards 
and their staffs. 

Radio: To elate use of radio has been confined to 
relatively few talks as fuller use of this information 
medium has not been possible owing to shortage of staff. 
However, as data from conservation experiments be
come available an increase in the use of this service will 
be developed. 

Displays at agricultural and pastoral shows and 
agricultural and industrial exhibitions: During the past 
five years comprehensive displays have been made at 
the principal shows and exhibitions with the following 
materials: 

1. Local, regional erosion and conservation photo
graphs. 

2. Back-lighted, enlarged colour photographs. 
3. Models of farms comparing wise and unwise land 

use. 
4. Models of conservation structures and practices. 
5. Working model of rain falling on different types of 

ground cover-forest, grass, cropped and bare land 
-from which the run-off (turbid and clear as the 
case may be) is collected in large bottles. 

6. Backdrops or murals of good and bad land utiliza
tion (farming and forestry). 

7. Models of river and stream control structures. 
8. Rear projection of film strips with synchronized, 

sound-recorded commentary or alternatively rear 
projection of 16 mm. talkie films in a marquee 
producing an animated picture-on-the-wall effect. 

Demonstration farms: Several pilot demonstration 
farms to test the practicability and feasibility of con
servation measures in a unified farming programme 
have been set up on problem areas to date. On the first 
one, established four years ago on 400 acres of virtually 
abandoned, rolling to steep hill country, in a 15-inch 
rainfall area, where depleted native pastures (the result 
of over-grazing by sheep and rabbits and excessive burn
ing) were severely sheet- and gully-eroded, the results 
of a recovery programme based on remedying the causes 
have been very gratifying. Fire and grazing control 
has resulted in generous reseeding and sward improve
ment which overcame sheet and gully erosion in this 
period. Contour banks and contour cultivation on 80 
acres of the lower slopes, fallowing, seeding and fertiliz
ing to permanent pasture, and spelling have made it 
possible to carry the equivalent of two sheep per acre. 
In addition, sub-division fencing, debris dams, tree 
planting of ruined land, pressure water supply and 
judicious stocking with cattle after the first year have 
made this transformation possible. 

To sponsor as much district interest as possible and 
give a lead to the local authorities, a local farm advisory 
committee operates through the soil conservator in the 
management of the farm. 

Measurement of the changes and the over-all results 
achieved, including costs, provide data for publication 
and for movie films. 

During field days organized parties from Young 
Farmers Clubs, Federated Farmers, Chambers of Com
merce, Government departments, Catchment Boards etc. 
have found much food for thought and discussion. 

Experience with this and other demonstration farms 
has proved that the interest and confidence of farmers is 
captured in this practical way, and the real test comes 
when farmers seek advice and assistance to implement 
such comprehensive conservation practices on their own 
farms. 

Farmers' cmtseruation cornpetitions: In order to quicken 
interest in soil conservation, farmers' conservation com
petitions have been initiated by the Council and are in 
the process of being organized regionally by Catchment 
Boards. In terms of farmers' competitions organized in 
the past the prospects of this form of encouragement are 
good. 

C a-operative conscruation wor!? with farmers: Not only 
has the Council used all the indirect means in its power 
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to promote soil conservation but it directly assists farm
ers to adopt soil conservation measures in certain cases. 
Through Catchment Boards the Council finances a one
for-one subsidy for tree planting on eroded, privately 
o>med lands, which includes the cost of fencing. 

In addition a three-for-one subsidy is available to 
farmers for gully and stream control work that requires 
the use of structures. Plans and the finished job are 
inspected prior to payment of subsidy. 

SUMMARY 

In conclusion it may be stated that the Council is 
ever alert to adapt its supplementary educational pro
gramme for soil conservation in the light of experience 
aed changing needs. In this country which derives 98 
per cent of its exports from the land and whose prosper
it;"-nay, survival-intimately depends upon productive 
ar,d permanent soil and water resources, its educational 
programme must permeate all strata of society whose 
sl::eet anchor is the soil. 

This educational programme for soil conservation in 
i\ ew Zealand involves providing information for three 
major groups-the rising generation, the farmers and 
th public-on the basis that there is a well-developed 
and integrated compulsory and free education service 
operating, and that public conscientiousness is suf
ficiently aroused and informed to demand far-reaching 
legislation embodied in the Soil Conservation and Rivers 
Control Act, 1941. 

The Council has arranged for the dissemination of 
suitable supplementary information to these groups of 
people within the existing organized educational service 
through the media discussed-photographs, film strips 
a:1d slides, movie films, posters, newspapers and farmers' 
periodicals, newsletter, bulletins, conservation journal, 
scientific papers, radio, Agricultural and Pastoral Asso-

EDUCATION FOR CONSERVATION 

dation Show displays, demonstration farms, farm con
servation competitions, and co-operative conservation 
work with farmers. 

But it must be clearly understood that this is merely 
the beginning of a service that must expand as experience 
and response dictate to meet the fundamental needs of 
soil conservation. 

(Author's note: This paper was illustrated with a 16 111m. 

sound and colowr movie entitled "Soil Conservation Work 01~ 
Wither Hills", a documentary film dealing with the comprehen
sive conservation meas1~res adopted to control soil erosion and 
restore the land for cattle and sheep utilization.) 
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Protection of Natural Resources: Education and Propaganda 1 

RAYMOND FURON 

ABSTRACT 

The bad use of natural resources (soils and forests in particular) hampers their renewal. The natural bal
ance fotmed by the association of soil, water and vegetation has been destroyed. Rain and wind cause serious 
erosion of denuded soil. 

Technical services work to repair the damage, but their action cannot be more than local. 
Propaganda, with all the means at its disposal, could serve to arrest and limit the evil. There could be 

propaganda in schools by introducing the protection of nature as a subject in the primary and secondary cur
riculum. The present paper outlines a possible programme, comprising both school lessons and lectures. 
Teachers could extend the propaganda outside the school. 

THE DIMINUTION OF NATURAL RESOURCES 

Primitive man, still ignorant of cultivation and stock
raising found means of existence on the earth's surface. 
He used the resources of nature ; roots, edible leaves 
and fruits, animals he caught by force or cunning, water 
to quench his thirst, \'v·ood to make fire. 

In time the population grew, civilizations were born, 
man invented crop-growing and stock-raising. His 
needs increased steadily. Farmers partially destroyed 

lQriginal text: French. 

the forests in order to obtain land for cultivation. Later, 
after the discovery of metals, came the mineral re
sources. 

We are not concerned with mineral resources in the 
present paper but we refer to them in passing, as they 
have the special characteristic of being non-renewable. 
A mine is worked until all the ore is exhausted : after 
that it ceases to exist. By contrast, natural resources of 
animal and vegetable origin can be renewed, provided 
that they are used in a very different way from that 
used in a mine. 
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It is precisely the latter condition which has not been 
fulfilled. In various countries, man has not used the 
forests, he has savagely destroyed them by axe and by 
fire, either for the sake of the timber or to obtain land 
for cultivation. Without even any concern for the cli
matic conditions, civilized man planned to transform 
pastures into agricultural land and extend farming on 
an industrial scale to the tropical and equatorial regions. 

The natural balance formed by the association of the 
soil, its vegetable cover and water has been destroyed. 
Natural forces have come into play. Atmospheric 
agents (rain and wind) have affected the soil denuded of 
its plant protection. The result has been considerable 
erosion of the soil, which is carried away by wind and 
water and in many places has totally disappeared. 

It is now realized that the earth's natural wealth 
(forests, grassland, water, cultivable soils) is constantly 
diminishing, whereas the population is increasing. 

FUNCTION OF TECHNICAL SERVICES 

Various technical services are studying means for the 
effective protection of the earth's natural resources 
against eroding agents, destructive animals (ranging 
from insects to certain mammals) and man's ignorance 
and lack of foresight. 

All the civilized countries have services for soil con
servation, water and forests, agricultural entomology 
etc. The campaign is scientifically organized. In the 
United States in particular restoration work on an 
enormous scale has taken place and the organization of 
the Tennessee Valley Authority is a model example. 

Theoretically, technical services are capable of repair
ing the damage, if local and climatic conditions permit. 
Unfortunately many countries have no technical serv
ices; and in addition considerable capital, which is not 
forthcoming, would be needed to prepare for useful and 
pacific work of this kind. 

In spite of this lack, some attempt at least can be made 
to arrest the progress of the evil. But the fact is that 
people are either unaware or insufficiently aware of the 
evil. Nothing less than active propaganda in all the 
countries of the world will succeed in interesting all 
those responsible for the day-to-day management of 
the natural resources. 

PROPAGANDA IN SCHOOLS 

Every possible means of propaganda should of course 
be used (books, pamphlets, press and radio, lectures). 
The most useful means would be propaganda to children, 
from the primary schools upwards. 

Three-quarters of the population of the world live 
without books, newspapers and radio. Even in countries 
where the number of illiterates is high, there are numer
ous primary schools, attended by millions of children. 
In the highly civilized countries almost all the children 
attend school. Children have confidence in those who 
guide and instruct them. They accept with an open 
mind and without question what is told them by their 
teachers. 

The same applies to secondary schools. 
Propaganda directed to young people can bear fruit 

rapidly. It is important that our future citizens, farmers, 
business men or statesmen should at least know the 
facts of this great problem of the protection of natural 
wealth. 

INSTRUCTION IN THE PROTECTION OF NATURE 

INTRODUCTION OF THE TEACHING 

INTO SCHOOL SYLLABUSES 

A knowledge of natural resources and their use and 
protection should be taught. 

All that is needed is to introduce a new item in the 
primary and secondary school curricula. 

It could take the form of an annual lesson followed 
by the showing of films. 

Two lessons can easily be fitted into the primary 
school syllabus and four into the secondary (6th, 5th 
and 4th grades and final-year course). 

ILLUSTRATED LECTURES 

The actual lesson, which would be based on the ap
propriate chapter in the textbook, would be followed 
by an illustrated lecture. 

The lecture would consist in showing photographs 
and commenting upon them. 

The material used for this purpose could be either 
still photographs or cinematographic film. The writer 
is in favour of stills, for the following reasons: 

1. Most primary and secondary schools do not pos
sess film projectors, or even electric current, except in 
the towns; 

2. Films distract the attention of the audience, who 
follow the movements on the screen and do not listen to 
what the commentator is saying; this applies to adults 
also; 

3. \Nith stills the lecturer can vary the length of his 
remarks. An excellent one-hour lantern slide lecture 
requires a maximum of 50 plates. 

The illustrations should be carefully chosen in order 
to show: 

( 1) Damage and destruction to vegetation (grassland 
or forest) by : 

Excessive felling of trees, 
Intentional burning (bush fires), 
Use of plough or tractor, 
Goats and over-g~azing by cattle, 
Wind and rain. 
(2) The means of restoration: 
Land levelling with bulldozers, 
Terraced cultivation, 
Tilling methods, 
Reafforestation, 
Drainage of swamps and irrigation. 
Examples should be drawn first from the country 

concerned and then from any other countries, in order 
to show typical cases and the universality of the danger. 

Since most schools throughout the world do not even 
possess a projector, the production of low-cost apparatus 
or the preparation of a series of photographic enlarge
ments about one metre square, which might be kept like 
geographical maps, should be contemplated. 

This is a matter which requires consideration, to avoid 
the risk of distributing expensive material which would 
be useless owing to the lack of facilities in the schools. 

Both the projectors of all kinds (electric, lamp or 
daylight) and the series of photographs should, of 
course, be distributed free, as most schools have no 
allocation for such expenses. 
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If this propaganda is to succeed it must be backed by 
ample funds and continued with perseverance. 

COURSES ON THE PROTECTION OF NATURE 

The study of natural wealth and its protection can 
be introduced at quite different points in the teaching 
curricula: in natural science, physical geography, eco
nomic geography. 

In the primary school course, the same lesson can 
be introduced twice : once in the natural science manual 
and again in the final year geography book. 

In the secondary school course, four lessons are con
ceivable : one in the sixth grade zoology syllabus, one in 
the fifth grade botany, one in the fourth grade geology 
and one in the final year general geography. 

An outline of these courses for spreading the idea of 
the protection of natural resources is given below. 
Primary school course 

This course is both very important and the most dif
ficult, being solely for young children whose knowledge 
is necessarily slight. Everything depends on the abil
ities of the teacher. 

General progmmme: Human life is sustained by the 
products of the earth: water, cultivated plants and 
domestic animals. Among other natural products, the 
forest supplies wood for building and heating, and pulp 
for paper. 

As domestic animals live mainly on plants, plant 
products condition the very life of man. 

Non-cultivated vegetation (forest and grassland) is 
prevalent over the whole earth, except the desert re
gions, and virtually constitutes a protective cover for 
the soil. 

In crop-growing regions man has destroyed the wild 
plants (trees or grasses), and replaced them by the 
cultivated plants upon which he lives. In farming, man 
works the soil which nourishes the wheat, maize, rve, 
beetroot, rice, vegetables etc. · 

Every good farmer takes care of his land and main
tains it in good condition in order to obtain a harvest 
from it each year. To prevent it from becoming im
poverished and barren, he puts in natural fertilizers, 
such as animal manure, or artificial fertilizers. 

Thus the whole life of human societies is based pri
marily on the products of the earth. 

Consequently, the soil itself, and cultivable land, 
water, grassland and forest are natural resources vary
ing in quantity and quality in different climates. 

These natural resources should be neither squandered 
nor destroyed. If there were no grassland, forest or 
cultivable land left, the earth would be a desert on 
which human life would be impossible. 

Yet, in many regions, man squanders and destroys 
the natural resources, thereby causing a series of catas
trophes which he had not foreseen. 

Sometimes, instead of working a great forest by leav
ing the young trees standing and by replanting, he cuts 
down all the trees. This means that he has destroyed 
the forest for a long time to come, perhaps forever. The 
rainwater, which formerly penetrated slowly into the 
soil to feed the springs and wells, is no longer retained 
on the slopes by the vegetation ; it rushes down and 
swells the torrents too suddenly, and so causes floods. 
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The soil which formed the forest floor is carried away 
by the rainstorms, leaving a surface of barren rock. 

Or else he cultivates his land badly and so after a 
few years it becomes barren. He abandons it, cuts down 
and burns a piece of the forest, cultivates the soil for 
a few years and then begins the same process again at 
another point. Not only does the area of the forest 
diminish quite rapidly but the soil, left without protec
tion, may also become a prey to wind and water. Storms 
and gales remove a few millimetres or centimetres 
each year, ditches and then veritable gullies furrow the 
abandoned fields and here again the cultivable land 
disappears. 

It is common knowledge that if too many cattle are 
put to graze in a meadow, they trample down the grass 
to such an extent that whole patches disappear. In 
humid countries the meadowland becomes a swamp; 
in excessively dry countries the wind blows away the 
soil. 

In many countries, the earth which nourishes man 
is thus made the victim of his own ignorance, negligence 
and foolishness. 

This misuse of the earth often ends in ruining those 
responsible for the misuse by forcing them to abandon 
their ravaged lands and farms. Moreover, failure to 
respect property which is the common patrimony of all 
mankind to be passed on from generation to generation 
is a real crime. 

At the present time vast areas are suffering from 
excessive deforestation and from the ruination of cul
tivable land because the soil has been carried away by 
water and wind or allowed to become barren. The level 
of the ground waters which feed our springs and wells 
is steadily sinking. Cultivable land is becoming scarcer 
and if these bad practices were to continue for long 
some already undernourished populations would be 
threatened with famine. 

Scientific organizations are striving to counteract this 
diminution of our natural resources, by organizing re
afforestation, reclamation of grassland, better cultiva
tion methods, and by prohibiting the exploitation of 
certain threatened regions. 

Side by side with these large-scale efforts by Govern
ments, it is the strict duty of all men to respect natural 
resources and to take daily care to maintain cultivated 
land, grassland and forests in good condition. 

Secondary school course 
Here the teaching can be more broadly developed 

and adapted: animal wealth being dealt with in zoology, 
vegetable resources in botany, damage caused by soil 
erosion in geology, a general economic survey being 
given in the geography course preceding the second 
part of the baccalaureat (pre-university) examination. 

(a) In the 6th grade-Zoology: Part played by 
animals in the life of man : food and clothing (wool, 
fur). vVild and domestic animals. Advantages of pro
tecting animals. Examples of certain species totally 
destroyed or become rare through intensive hunting 
and shooting. 

Harmful animals (from insects to mammals), causing 
200,000 million francs worth of damage every year in 
each country the size of France. 

Land and water microfauna. 
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The importance of fishing and the disappearance of 
fish in over-fished areas. 

Large reservations : national parks etc. 
(b) 5th grade-Botany: Natural distribution of 

plant life in forest and grassland. 
Forests and grassland are natural wealth. The forest 

supplies us with wood (wood for building, cabinet 
making, heating, pulp for paper etc.). Forests should 
be worked rationally, not destroyed. Only part of the 
trees should be cut each year. Reafforestation. Dangers 
of destroying mountain forests : bare slopes do not retain 
the runoff, which rushes down into the torrents and 
causes floods. 

Grassland serves as pasturage for domestic animals 
during good weather. Storing dried grass: hay. Im
portance of hay, still unknown to many peoples whose 
livestock is in constant danger of starvation. 

Protection of the forest against misuse and fire. 
Certain types of vegetation particularly useful to man, 

cultivated plants, require large areas of ground which 
could only be created at the expense of grassland and 
forests. 

This practice of extending cultivated areas ceased in 
Europe quite a long time ago. It still occurs in America 
and Africa. 

In Africa the practice of setting fire to the bush 
ravages the grasslands and the edges of forests. The 
quality of the grass is steadily deteriorating and the 
soil is becoming absolutely barren. 

General consequence of the rapid destruction of for
ests and grassland: denuded of its plant covering, the 
soil is exposed to the action of atmospheric agents (wind 
and rain) and is carried away. It is a fact that forest, 
grassland and cultivable soil areas are diminishing all 
over the world. 

Great importance of protecting nature : national parks 
etc. Importance of individual action. 

(c) 4th grade-Geology: After a study of contour 
changes due to the action of atmospheric agents, atten
tion should be drawn to the special case of soil erosion, 
which in practice means the removal and disappearance 
of cultivable land. 

Nature of the soil, a complex living organism com
posed of mineral, animal and vegetable elements. Cir
culation of air and water. Distribution of soils accord
ing to the nature of the sub-soil and the main climatic 
zones. 

Utilization of the soil. Natural vegetable cover in all 
non-desert countries : grassland and forest. Destruction 
of natural vegetable cover by man in search of land on 
which to cultivate the plants particularly suitable for 
his food. Stock-raising. 

The natural balance is very easily upset and in many 
cases the soil ends by being denuded of vegetable cover: 
total destruction o£ the forest or grassland by felling or 
burning, destruction of grassland by over-grazing (East 
Africa), maintaining insufficient vegetation during the 
ploughing and after the sowing season. 

Action of rain : drops of water form rivulets which 
run down the slopes. This runoff breaks up the particles 
of soil, loosening them, shifting them and finally carry
ing them away. Ever deepening furrows, and then veri
table gullies form and the soil is carried down towards 

·-------------------------------------------
the torrents and rivers. The land is left bare and torn, 
totally unfit for cultivation. 

Action of wind : the phenomena of erosion, soil· re
moval and sedimentation caused by the water runoff 
take place also as the result of wind action. Air in 
motion, or wind, spreads rather like water and affects 
denuded loose soil. It breaks up the particles of soil, 
shifts them and carries them for quite long distances. 

Climatic action : laterization and hardening of lateritic 
clay in tropical countries. 

(d) Final Secondary School Year: Economic im
portance of natural resources, animal and plant, wild 
and domestic. 

The forest. Original and present extent. Forest prod
ucts: wood for building, heating, pulp for paper. Ton
nage and commercial value. Import, export. Useful 
forest area is diminishing owing to destruction, whereas 
a rationally worked forest is permanent capitaL The 
need for reafforestation. Campaign against industrial 
deforestation and voluntary burning. 

Natural grassland. Its extent and economic function. 
Stock-raising. 

The soil. Its nature. Soil changes. Its economic 
function. Main crops: cereals, oil-bearing plants, cotton 
etc. 

Water. Water courses and ground water. Its eco
nomic function: nourishment of plants, animals and man. 
Springs and ground water sources can only be main
tained if the natural balance is not upset and water can 
infiltrate into the soiL 

Soil erosion. \¥hen man destroys the association be
tween the soil and its vegetable cover, the soil is denuded 
and rapidly becomes a prey to atmospheric agents such 
as water and wind. The soil is carried away by the 
water runoff and by the wind. Examples. A time 
comes when the cultivable soil disappears entirely. Ow
ing to the destruction of forests and to the farming of 
vast areas which are subject to the ravages of erosion, 
the earth's cultivable surface has already shrunk (North 
American grassland, coffee and groundnut areas etc.). 

In these ways the natural resources of the earth are 
lessened. Other consequences follow: floods, lowering 
of underground water levels through lack of supply, 
decrease in spring water, filling in of reservoirs with 
sediment brought down by water courses. 

Man must cease to destroy the natural wealth and 
must restore the areas where his short-sighted actions 
have caused deterioration. 

Great organizations like the Tennessee Valley Au
thority have succeeded in restoring the economy of a 
region seriously affected by erosion. Reafforestation 
and better crop-growing methods are effective weapons 
against the action of atmospheric agents. 

The need to protect all nature against any damage 
tending to upset her precarious natural balance. 

FUNCTION OF THE TEACHER OUTSIDE THE SCHOOL 

Propaganda of this kind in the schools may easily be 
extended outside by means of public lectures given by 
teachers. 

City dwellers will always be interested, but being 
seldom in direct contact with nature they will have little 
occasion to help in protecting natural resources. 
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By contrast, the minds of country people everywhere 
must be influenced, for it is they who are largely respon-
1-ible for the destruction of natural resources : by in
tensive forest exploitation, extensive crop-growing, over
grazing by livestock etc. They are people difficult to 
convince and, outside Europe, entirely without thought 
for the future. 

Here again, the highly important function of the ele-

mentary school teacher may be seen. He lives in daily 
contact with the country people; he knows them and 
talks with them. Whether it be in Europe or in Black 
Africa, the school teacher can give an annual lecture in 
the village and will have some chance of convincing a 
proportion of his adult audience. They have a certain 
confidence in him because they consider him almost as 
one of themselves, whereas a lecturer from the town 
would have no success. 

Methods of Teaching Conservation of Natural Resources 
in Jamaica 
W. C. LESTER-SMITH! 

ABSTRACT 

The soil of Jamaica, which is the primary natural resource because of limited land-room for a large and 
rapidly increasing population, is being rapidly exhausted. This form of wastage, mainly due to accelerated 
and uncontrolled erosion, has been in progress for well over a century and has brought fertility to a danger
ously low level. 

This paper indicates the present state of the chief natural resources of the island and how they have been 
brought to this state. A brief outline is given of the means recently taken to promote measures for the con
servation, better use and improvement of these resources, and of the organizations and methods which are pro
viding education and guidance for the purpose. 

The chief difficulties encountered in initiating soil conservation work are mentioned; they are mainly the 
aversion to change long-established practices, the high cost of the work because of local topography and 
shortage of capital due to low productivity and lack of thrift. 

An indication is given of some of the soil conservation measures considered most appropriate to certain 
soils or crops. 

INTRODUCTION 

The natural resources of Jamaica, the third largest 
island in the West Indies (approximately 4,000 square 
miles), are the exhaustible resources : soils, minerals 
and water; and the renewable resources: forests, wild 
life and the human population. These interact on each 
other in a variety of ways, but as agriculture is essential
ly the basis of the island's economy, the resources re
quire consideration primarily in their relation to the 
fact that the continued existence of the people must be 
based on the best use of the soil. The methods and 
techniques adopted, and the organizations for promoting 
improved land usage are thus an important factor in 
educating the people as a whole to gain the desire for 
the protection and more efficient use of their national 
resources, and to reach agreement on the means by 
which this can be accomplished. This paper presents a 
summary of the natural resources position and a brief 
outline of the organization and methods through which 
education and improvement have been commenced. 

Before considering the resources themselves, two 
natural phenomena that materially affect the resources 
and their interactions have to be taken into account, 
namely, climate and topography. 

Climate: Though the climate is sunny and equable, 
periodic years of drought are experienced, interspersed 
with occasional short spells of heavy rain, hurricanes and 
other less violent tropical storms, mainly wind. Rain-

'The author of this paper was engaged on activities in con
nexion with soil conservation in Jamaica for just over three years 
( 1944-47). 

falls, usually localized in area, can be intense-between 
10 and 30 inches in a 24-hour period-and are a pre
disposing factor in the serious erosion and flood damage 
that occurs. Heavy falls of rain commonly occur after 
long periods of dry weather, when the land is without 
its maximum plant cover. Only very limited areas are 
affected by wind erosion. 

Topography: The island is very mountainous, rang
ing from a small area of coastal plain through an insig
nificant area of coastal cliff ( 200 to 2,000 feet) merging 
into the main (four-fifths of total) area of elevated lime
stone plateau (1,000 to 3,000 feet), and culminating in 
a small interior mountain area rising to nearly 7,500 
feet. Under ten per cent of the island is flat; about 
four-fifths of this is largely coastal plain and one-fifth 
mangrove and other swamp land. The whole area of 
the island can be divided into five typical slope-groups 
as shown below : 

Slope-type 

I. Gentle slopes 

Slope range 
(Per cent) 

Approximate 
percentage 

of total area 
(Per cent) 

(including flat land) 0 to 10 10 
II. Moderate slopes 10 to 25 20 

III. Steep slopes 25 to 50 35 
IV. Very steep slopes 50 to 70 25 
V. Precipitous slopes 70 to 100 10 

Consideration of the above facts might lead to the 
opinion, on conservation grounds alone, that nearly half 
the total land area should be retired from any form of 
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cultivation other than controlled forestry operations ; 
but economic factors, chiefly the necessity for increased 
production and more land-room, generated by the high 
and rapidly increasing population density (over 300 
per square mile) do not permit such an extensive degree 
of land retirement. 

NATURAL RESOURCES 

Forest and plant cover: The ancient Arawak word 
from which the name Jamaica is said to be derived 
means "land of wood and water", and there is evidence 
that at one time the island was mainly covered with 
dense forest. Little of the original forest cover now 
remains except on a few of the higher and most inac
cessible interior mountains. Indiscriminate overcutting 
in the past has reduced the area nominally under forest 
and woodland to about a quarter of the total area. About 
one-fifth of this is rocky karst-land of which consider
able sections in the more accessible areas have been so 
heavily cut over for the production of charcoal, that the 
deforestation and subsequent erosion seriously retard 
and reduce the rate of natural regeneration. On the 
other areas of coastal and less rugged interior land, 
deforestation has been steadily progressive, in part for 
the extraction of timber, but to a much greater extent 
to provide for crop production. 

Almost the only forest product now exported is Iog
wood, and the importance of this industry has dimin
ished considerably, though there are indications of a 
slight revival. The logs mainly come from grassy savan
nah areas on the coastal plains where they are plentiful, 
so that this small industry does not materially affect 
resource conservation. 

Exclusive retirement from any form of cultivation, 
overcutting and stock-browsing, along with afforestation 
and other suitable forms of plant cover, is recommended 
for all areas with a slope of over 70 per cent. 

The forest department has a long-term scheme in 
hand for the afforestation of parts of the deforested 
watersheds, and for the acquisition of additional areas 
for protective conservation purposes, but much of the 
land that should be reserved has long been in private 
ownership and either deforested or considerably de
graded. Difficulties are experienced in the reafforesta
tion of some areas because previous land-use and ero
sion have so reduced the fertility that a different vege
tation climax has been established, and to effect a change 
back to forest conditions is exceedingly difficult. 

Soils and agriculture: There are several soil types 
but three are of chief importance. Predominating are 
the red earth and allied soils, derived from the white 
limestone formation, with gentle to very steep slopes; 
the alluvial soils of gentle slope; and the shale and con
glomerate soils of montane derivation with moderate to 
precipitous slopes. The measures recommended for 
the control of soil erosion on land used for agriculture 
necessarily vary with the degree of slope, soil type, 
nature of crop or stock usage etc. In general, because 
of the broken nature of the land, anti-erosion measures 
are based on level contour works with vertical intervals 
of from four to twelve feet. Whenever practicable these 
measures take the form of plant-barriers, since the cost 
of earth works and stone-terracing is very high as it 
has to be done by hand labour owing to the steep or 
rocky nature of the land. 

The limestone soils lend themselves to various forms 
of conservation, ranging from simple plant-barriers on 
the deeper and more permeable red earth soils to various 
types of stone-terracing on the more marly moderate 
slopes and steep rocky soils. The alluvial soils general
ly require drainage, so that the conservation measures 
recommended usually comprise plant-barriers augment
ed by contour drains. The shale soils create difficulties 
in soil conservation because of their steep slopes, the 
intense rainfalls to which they are subject, and their 
non-cohesive nature, all of which combine to make con
trol of surface run-off most important, yet any. appre
ciable hold-up of water predisposes them to landslips. 
Even under dry weather conditions, a fair amount of 
direct gravity erosion occurs on the steepest slopes. 
Little experience has been gained of methods of con
servation on these soils, but observation points to 
contour hedges of dwarf bamboo as likely to be most 
useful. The conglomerate soils may prove to be a 
separate problem. 

Many of the soils are acid and have a low lime, 
phosphate, humus and other colloidal matter content. 
This has an important relationship to the commonly 
low fertility status of the soils, to their tendency to 
erosion, to the difficulty experienced in raising their 
productivity and to the high costs of production. 

Among the crops which caused the greatest erosion 
in the past was coffee grown as a plantation crop on 
steep shale soils. Its recent resuscitation as a small 
settlers' crop mainly on the limestone areas alleviates 
the situation to some extent, particularly as soil con
servation measures considered effective and suited to 
this crop and the latter soils are available. These com
prise the establishment of contour hedges of one of the 
Bowstring hemps, which grows wild locally; but it is 
very difficult to get this control measure adopted as 
there is much antipathy to making use of the plant for 
fear of its too rapid spread. 

Other crops which, from their continued methods of 
cultivation cause most erosion are bananas, yams, gin
ger, tobacco, and minor crops such as scallion, red peas 
and tomatoes. Most of these are grown on monocultural 
systems and the age-old practices of keeping them clean 
weeded, usually without a surface mulch, with no soil 
conservation measures and with forms of drainage that 
induced much gully- and sheet-erosion through the 
rapid removal of surface run-off, have done untold 
damage to the land and its fertility. Bananas, by reason 
of the large acreage and their migration over the land 
and up the slopes, have caused most erosion. Yams 
can be considered a good second as there is probably 
not less than three per cent of the total land area under 
this crop in any one year; in addition, this crop is large
ly grown as a shifting cultivation. 

There are large areas of poor low-grass pasturage, 
frequently established in wide-spaced coconuts, wild 
pimento, limes and other citrus. Many of these areas 
suffer from either overgrazing or sheet-erosion, or both; 
run-off is in any case high. In better pasturage areas 
gully-erosion is not uncommon, and goats, which have 
almost doubled in numbers within recent years, through 
uncontrolled herding and browsing in the drier parts 
of the island, do much damage to gully sides and rocky 
areas with a scanty plant cover. In parts, where the 
holdings are small and fragmentary and fencing poor or 
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absent, cattle trespass, and the overcutting of fodder 
grasses (often conservation plant-barriers) does much 
damage when supplies are short at the end of dry 
periods. In the areas subject to wind-erosion there is 
great reluctance to adopt control measures on account 
oi costs, the grudging of land-room and fear of crops 
being affected by over-shade and root invasion. 

It is exceedingly difficult to wean the cultivators from 
their long-practised methods which are the cause of so 
much erosion and of irreparable damage to water re
sources, various public utilities, life and property. The 
continued wastage of soil resources, still largely unap
preciated, is a menace that may easily reduce the island 
to a starvation level. 

Water: Jamaica still has extensive and valuable water 
supplies. In the main these take two forms, the large 
and apparently unreduced underground reservoirs col
lected by the white limestone formation, which covers 
the greater part of the island, and the streams which 
flow more or less as a result of direct rainfall in their 
catchment areas. Owing to deforestation, the reduction 
in plant cover and erosion, many of these latter now 
only have a transitory flow. Some have an extremely 
high hydraulic gradient and the damage they do in the 
v:ay of flooding, silting and meanders as a result of their 
intermittence is extensive. There are about 25 small 
rivers, at least twice that number of smaller streams, 
and many small springs and wells. Some of these waters 
have mineral properties. Few, if any, of these water 
supplies have been given throughout their course the 
protection and reservations they deserve. Water sup
plies, principally from underground sources, are used 
for the provision of public utilities, for irrigation and 
for the generation of hydro-electric power and lighting 
services. There are still parts of the island which suffer 
from inadequate supply or even lack of water, and plans 
have been devised both for providing irrigation and for 
alleviating shortages in some areas. In many places the 
only water available at present is that obtained by catch
ments from direct rainfall. 

Minerals: The chief mineral resources are bauxite, 
gypsum, and other limestone formations which provide 
supplies of lime that are of value for meeting soil defi
ciencies. The bauxite deposits underlie areas of the 
red earth soils, the most important sections of which 
have been acquired by commercial interests. Up to date 
these deposits are largely untouched and it is believed 
the interests concerned plan primarily agricultural usage 
of the land for the immediate future. Legislation exists 
to facilitate extraction of mineral resources and to ensure 
that this is carried out in a manner conducive to public 
interests. 

Wildlife: Fish is the main wildlife resource of value 
'mt fishing has never been organized on a commercial 
scale. Plans are under consideration for the develop
ment of a fishing industry, both in respect of coastal and 
inland waters, primarily with a view to the augmenta
tion of local food supplies. 

Population: Population of the island, at present well 
over 1 )i million, is increasing more rapidly than its re
sources permit, at a rate of about 20,000 a year. This is a 
matter of vital importance in view of the limited land
room and the factor of unemployment which create special 
problems, particularly in relation to nutrition and land 
settlement. In this connexion it is important to note 
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that in the sugar industry, the largest employer of 
labour, work is mainly seasonal and therefore leads to 
considerable under-employment. These facts considered 
in conjunction with low soil fertility and production, the 
increased imports of essential commodities, and the 
costs of social services and public utilities maintenance 
and repair work resulting from erosion damage, explain 
the rising costs of living and high labour rates which 
create a vicious circle. 

EDUCATION FOR CONSERVATION 

Education for conservation implies the creation of a 
national desire to conserve, strongly reinforced by an 
appreciation of its vital importance, not only to the 
nation, but to each community and every individual, 
irrespective of occupation. For this purpose it is im
portant that there should be a realization of the meaning 
of conservation in its widest sense: of the careful hus
banding and wise use of the exhaustible resources and 
the improvement and careful management of the re
newable resources. This realization must be raised by 
education to a pitch that will stimulate and ensure agree
ment on policy and procedure and impel necessary 
action. 

Essentials in a programme of conservation are re
search and extension work, to devise the best methods 
to be adopted and to convey this information to those 
concerned in a way that is understood and appreciated. 
These two essentials imply a third: that of finance to 
provide the means to achieve the end in view. Admin
istration is necessary to co-ordinate the plans as a whole 
and to direct the work into the most profitable and ac
ceptable channels. 

Conservation plans in Jamaica were originally based 
on an agricultural subsidy scheme propounded by the 
Jamaica Agricultural Society for a five-year plan which, 
after subsequent consideration, was converted into a 
more comprehensive Ten-Year Plan embracing agri
cultural and other resources, as well as social welfare. 
Under this Plan the capital cost of development was 
provided for by grants under the Colonial Development 
and \Velfare Act. Agricultural and social rehabilitation, 
urgently necessitated by the hurricane of 1944, was a 
primary part of the scheme and included soil rehabilita
tion as one of the essential priorities. 

Methods of starting and furthering measures for soil 
conservation had been studied by those concerned at an 
earlier date, and legislation of a democratic nature had 
been prepared for consideration in this connexion but 
with the initiation of the Ten-Year Plan was deferred. 

To implement these plans a scheme was drawn up to 
provide numerous small soil-conservation and mixed
farming-demonstration units on the farmers' own land 
throughout various parts of the island. An appreciable 
number of such units were initiated and some have made 
progress and created a desire for their extension. This 
scheme provides for advising the farmer of the work 
to be done, assisting with the lay-out, and obtaining his 
agreement to carry out and maintain the recommended 
measures. \Vhen the work is satisfactorily completed 
the farmer is given a cash grant, usually half of the 
cost of the work subject to limitations as regard maxi
mum rates and total cost. These grants provide for 
assistance in almost all forms of soil conservation work, 
including material for planting, and for liming and 
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manuring the land, while further schemes provide for 
assistance in the construction of cattle sheds, small silos 
and water tanks, and even for the supply of livestock. 
Later, a Central Farm Improvement Authority was 
established, with local branches in each district, to ex
amine and formulate schemes for the wider application 
of soil conservation work. 

The administration of these and other soil conserva
tion schemes is as follows : The research and advisory 
\York is carried out by the Department of Agriculture, 
through its research or district staff. The lay-out and 
other extension work is done by the local staff of the 
Agricultural Society. The Society is a non-govern
mental body with branches throughout the island the 
members of which are primarily landowners and small 
cultivators who contribute towards its maintenance; the 
balance funds are provided by Government grant. This 
gives the Society the almost complete independence 
which its members demand. Members of the staff of 
the Agricultural Department as well as of the Society 
and of other social service organizations visit the Society 
Branches (usually conjoined for such purposes into 
local district groups) from time to time and give them 
addresses and discussion talks on various matters of 
agricultural and social importance. A number of inde
pendent social organizations and other departments of 
government similarly contribute to rural education and 
propaganda in this way and by the publication and issue 
of literature. 

A stimulating method of appeal and education was 
found in the national love of song and music, and a 
soil conservation song "Muddy \Vater", the inspiration 
of a Jamaican, was devised and has proved popular 
with adults as well as juveniles. The interest of the 
younger rural population is catered for both through 
the schools and also to a great extent by a "4-H clubs" 
section of the Agricultural Society. The latter, which 

--·-··-------------

held its Golden ] ubilee in 1945, publishes an agricultural 
journal, recently renamed "The Farmer", and has done 
and continues to do much valuable practical, educational 
and propaganda work to stimulate and encourage the 
conservation of Jamaica's most important natural re
source-its soil. 
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Agricultural Education in Uganda 

R. K. KERKHAM 

ABSTRACT 

Experience in Uganda indicates that agricultural propaganda must be based on sound knowledge of local 
farming systems and economics. New ideas and new methods will in time be adopted by the farmer provided 
they are in fact economic for him with the resources at his disposal. The rate of adoption depends upon a 
well-directed method of approach. Extensive propaganda to get the full co-operation of the leaders of the 
people is essential, and to get this they must have a real say in the direction of projects. This extensive propa
ganda has been much assisted by work with progressive farmers' groups and the use of keen farmers to demon
strate new ideas. Government-controlled farms or villages have not proved valuable as demonstrations. Small
holders courses have not proved successful. 

INTRODUCTION 

Uganda is situated near the equator in the centre of 
Africa. Its land area is 80,000 square miles with a 
human population of about 5,000,000 people. The 
density of population is not evenly distributed; the lovver 
slopes of the hill country in the west, the lower slopes 
of Mount Elgon in the east and the country bordering 
Lake Victoria in the south are densely populated, with 
400 to 500 people to the square mile in some villages. 
The drier, less fertile country of the north-east is very 
sparsely inhabited. 

Most of the country lies between 3,500 feet and 
4,200 feet in elevation. The country has little developed 
mineral or industrial wealth, but is more favoured by 
its soils and climate to farming than most of tropical 
Africa. Production is based on the small family farm, 
the main export crops being cotton and coffee with some 
tobacco, oil seeds, maize, tea and other minor crops. 
The principal crops produced for local consumption are 
millets, bananas, sweet potatoes, beans, groundnuts, cas
sava, tea, tobacco and sugar. 

A small amount of land has been sold or leased by 
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the goyernment to non-Africans for farming, where 
sugar, tea and coffee are the main crops grown. 

During recent years a considerable amount of success 
in persuading African farmers to adopt improved meth
c ds of farming has been achieved. Adoption of strip 
cropping in the Teso district and in other districts of 
the north and the east, improvement in livestock man
agement in the Buganda Province and farm contouring 
i 1 the Kigezi district are perhaps some of the more 
cbvious improvements. A discussion of how these im~ 
provements were brought about may prove useful to 
c·ther Governments faced with similar problems. Suc
cess depends upon 1) sound and proved agronomic 
measures to recommend, 2) obtaining the confidence of 
the leaders of the people, and 3) adequate means of 
putting ideas across to the farmer. 

EXPERIMENTAL INFORMATION 

Owing to favourable circumstances the Uganda Gov
ernment has been able to afford a relatively large staff 
,,f agricultural technical officers since the middle 1920's. 
The small size of the country has helped these officers 
to obtain a thorough knowledge of the country upon 
which to base their experimental work, and to keep in 
close contact with the field extension staff. Such con~ 
siderations are sometimes more important than the 
~cientific value of the research work carried out. One 
frequently hears that the African farmer fails to improve 
l1is farming methods because he is too idle, or too con
!'ervative, to adopt new measures. There is some truth 
in this, but in certain cases the measures recommended 
have been economically unsound in view of the limited 
resources at the farn1er's disposal. The African farmer, 
like his counterpart elsewhere, wishes to obtain the 
maximum return for the minimum expenditure of en
ergy. He will sometimes exert a little more energy if 
the return obtained is sufficient, but is unwilling to 
increase his work output rapidly. Such an attitude is 
not peculiar to Africa, and is not necessarily undesirable 
provided he maintains the fertility of his soil so that his 
:.uccessors will be able to obtain the same return per 
unit of energy expended as he did. 

Experience in Uganda suggests that an improved 
method will be adopted readily whenever the additional 
response in crop yields or cash return occurs rapidly, 
but that long-term improvements with little immediate 
financial return are much more difficult to introduce. 
Better land usage and maintenance of soil fertility re
quire reorientation of farm layouts, modifications of 
rotations, capital expenditure on improvements to water 
:;upplies, buildings for livestock and earth works for 
prevention of erosion, all of which need several years 
to produce a return in increased yields or reduction of 
labour. In such cases the individual farmer is unlikelY 
to carry out improvements himself. In Uganda capital 
improvements have been carried out by the central or 
local governments and paid for from their revenues. 

CONFIDENCE IN GOVERNAfENT RECOMMENDATIONS 

In the long run the confidence of the people is based 
nn results. Nothing destroys confidence so much as 
impracticable advice or suggestions that Government 
has not kept its promises. The Agricultural Department 
nndoubtedly at one time lost much. prestige in the Teso 
district by recommending that farmers make manure in 
covered yards when they had no adequate means of 

carting the manure so produced to their fields. In the 
same district groundnut growing has not increased since 
the year when this crop was recommended and intensive 
propaganda undertaken at planting time ; this happened 
to be a year when very low prices ruled at the time of 
harvest. 

The extremely rapid spread of strip-cropping in the 
Teso district from 1939 to 1944 illustrates manv of the 
requirements for rapid spread of improvements. The 
system recommended, though by no means perfect 
agronomically, is reasonably effective and entails little 
extra work. Administrative and Agricultural Officers 
in charge of the district \vorked together in close col
laboration and knew their district well. The Teso chiefs 
had confidence in them for this reason, and also had 
themselves sufficient standing among their people to be 
regarded as reliable men. In these circumstances the 
new system of farm layout became almost universal 
within five years, and is now regarded as an old estab
lished Teso custom. 

METHODS OF PUTTING IDEAS ACROSS TO THE FARMER 

In primitive areas there is no doubt that the most 
effective means of persuasion is by using the established 
administrative machinery, i.e., extensive propaganda 
throughout the tribe without concentrating on particular 
groups or individuals. In Uganda extension of culti
vation of cash crops, particularly cotton, has been pro
duced almost entirely by this means. The European 
administrative and agricultural staff decide what crops 
should be encouraged in each area. The Agricultural 
Department has senior African staff in each county, with 
subordinate staff who reach each village; their function 
is to advise on methods of growing and assist with 
marketing, supervision of seed distribution, mainte
nance of nurseries and the like. The chief has a very 

. strong incentive to produce results because his job will 
depend partly upon his success. 

Such methods are still necessary even in Buganda, 
the most advanced part of Uganda in so far as adoption 
of a cash economy and education are concerned. Bv 
themselves, however, they are not ideal methods of 
putting across improvements without a very obYious 
cash benefit. The educated African farmer does not 
accept the advice of his chief without question. The 
chief in an educated tribe tends to have many duties not 
required of him in more primitive conditions, and 
frequently has been brought up in an environment 
wh~r.e. he has not had day-to-day contact with fann 
activities. 

From 1930 to 1940 the Department of Agriculture 
endeavoured to supplement extensive propaganda bv 
running training courses at experiment farms for s;
lected small farmers. Missions ran farm schools with 
the same objective. The suggestion was that these men 
would act as demonstrators when they went home to 
farn1 on their own. The courses lasted either one or 
two years. Both youths straight from school and older 
men with their families attended some of these courses, 
and several hundred farmers were trained in this way. 
The courses were well run and of a practical nature. 
At the end of ten years this system was abandoned 
owing to poor results. The best of the students in many 
cases decided to engage in paid employment, where they 
found that they could make more money than they could 
as farmers. Those who went back to their villages and 
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made a real attempt to farm were looked upon with 
suspicion by the village leaders and neighbours ; in 
some cases their suspicion was shown by allocating 
them very poor land or by poisoning their cattle. It 
is probable however that some form of Farm Institute 
training will have to be restarted in Buganda for training 
the sons of wealthy landowners and farmers now that 
increases in farm prices have enhanced the attractions 
of farming as an occupation. 

Folio wing the virtual failure of the small-holder sys
tem of training the Department started giving training 
to groups of people from one village. Departmental 
field officers were asked to select villages where the 
people were keen for special training. Groups of the 
leaders from these villages have been sent to one of the 
experiment farms for a week or two to see new systems 
put into operation. Their local agricultural instructor, 
the chief, the schoolmaster and other local worthies have 
gone with them. In other cases special attention has 
been confined to advice given in the village by normal 
field staff. Groups of farmers have been encouraged to 
meet together to discuss their farming methods and 
sometimes to form small farmers' co-operatives. The 
results of this group system of education have been 
much more encouraging than the individual holder ap
proach. Almost all Africans like working in groups and 
are more afraid of public opinion than the European. 
The coffee farmers' groups in the Masaka district have 
been particularly successful. The chief dangers are that 
the group relies too much upon the initiative of one 
man, who may die or go away, or that it purchases 

lorries or other expensive equipment without the tech
nical or managerial ability to run them at a profit. 

In recent years the use of farm groups has been sup
plemented by using the enterprising farmers among 
them as demonstrators instead of making use of the De
partmental experiment farms for this purpose. In Bu
ganda, in particular, it is seldom difficult to persuade a 
few enterprising farmers to try out a new implement, 
new seed or a new layout. They need some encourage
ment in the form of loan of tools, assistance with 
transport or other means, but they should not normally 
be paid for doing the experiment. Experience has shown 
that the ordinary farmer takes little notice of what he 
sees on an experiment farm, though the latter can be 
used to awaken interest in new ideas. He takes much 
more notice of what he sees "Mr. Mukasa" or "Mr. 
Nsubuga" doing. If the experiment is successful on Mr. 
Mukasa's farm it can be used as a demonstration for 
other farmers' groups to visit. In Uganda such farmers 
are only too keen to show other farmers what they are 
doing. 

At Ajeluk in the Teso district and N sangi in Buganda 
the village-group idea was extended. Government placed 
staff and expended considerable sums of money to make 
these places model villages. Though they have proved 
very valuable experimentally, particularly perhaps to 
show the Department what not to do, they have proved 
failures as demonstrations. The fact that Government 
spent much money on them has meant that farmers 
have assumed that measures adopted entail more capital 
expenditure or labour than the ordinary man can afford. 

Educational Methods of Instructing Native Populations of 

Africa in the Protection and More Efficient Use of Resources 
J. J. DEHEYN 

ABSTRACT 

For the native populations of central Africa the protection and more efficient use of resources means the 
improvement of methods of agriculture, stockraising and forestry. To achieve it we must work both on young 
people and adults. Education through the schools is aimed at the whole population, and particularly at future 
teachers and those who will later become Government officials responsible for propaganda and educational 
work among the rural population. 

In school syllabuses, ample provision must be made for agricultural training, in which intuitive methods 
and practical exercises must be used. Some of the latter must be carried out in the field. 

Adult education, which cannot be neglected, calls for a large trained native staff to reach the mass of the 
people. It will take the form of advice, demonstrations and even, if necessary, compulsion. Above all, a spe
cial effort must be made to convince the farmers. 

The effects of this propaganda must be supplemented by all possible means, including the circulation of 
pamphlets, press articles and instructional films. 

The education of African populations in the protection 
and more efficient use of resources is in practice confined 
to agriculture, stockraising and forestry. These are the 
only activities controlled by natives on a large scale. 
Whatever the importance of mining or industrial under
takings in Africa, the indigenous population is not 
responsible for their management, from which it is 
excluded by the unavoidable need for highly-trained 
technicians and the large capital invested in those inter
prises. 

'Original text: French. 

On the other hand, a high proportion of agricultural 
activities is exclusively in the hands of natives. 

To instruct natives in the protection and more efficient 
use of resources, we can work either through the schools 
or outside them. In practice the two systems are com
plementary and must be used in combination; in fact the 
one is inconceivable without the other. Action solely 
through the schools can hardly have immediate results 
and is inevitably to some extent confined to more or less 
theoretical subjects. On the other hand, direct action 
on people over school age or unable to attend school 
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requires well-trained staff, who can only be obtained 
from educational institutions. It must not be forgotten 
that any direct approach to the mass of the population is 
simplified and facilitated if some members of the popula
tion have already been introduced to such ideas at school. 

IMPORTANCE OF INSTRUCTION IN SCHOOLS 

Instruction in schools must therefore be regarded as 
the basis of the campaign and receive special attention. 

From the elementary school up it is essential to stress 
questions of soil conservation, forestry and game protec
tion, and the proper care of domestic animals. 

At this stage instruction is purely educational ; it is 
not intended as vocational training. If young pupils 
absorb almost unconsciously the main principles of agri
culture, they will be ready to adopt these later when they 
are given methodical instruction in them for vocational 
purposes. 

Even before primary school, in the kindergartens, an 
attempt is made to create a psychological attitude favour
able to such instruction by interesting the children in 
garden work appropriate to their age. 

In the third year of primary school, which in rural 
districts of the Congo begins at about 12 or 13, a com
plete course in agriculture and stock-raising is provided. 
The course is both theoretical and practical. The prac
tical lessons must not be associated with heavy field 
work but must introduce the children to the concrete 
aspect of the problem by observation exercises and 
experiments to demonstrate the theory taught. These 
various teaching methods in fact form a single process 
intended to make the child understand what he sees in 
his environment. A special effort is made to show him 
the importance of improving certain techniques and the 
inadequacy of some traditional methods. 

The official syllabuses stress that agricultural instruc
tion must from the start bring out the importance of 
humus in the conservation of soil fertility. 

Throughout their school life, boys and girls receive 
agricultural instruction centred mainly on the study· of 
basic principles--the necessity for humus and methods 
of conserving it ; the prevention of erosion ; reforestation 
and the choice of better species. The instruction must 
be illustrated at every stage by numerous demonstra
tions directly connected with the principles taught. 

By educating the children one acts on the rising gen
eration, and this is undoubtedly the best means of build
ing a better future; but it cannot be the only one. 
\Vhen the better management of the common heritage 
is at stake, we cannot afford to wait, and the adults also 
must be educated. This is a more difficult task, since 
they are much less plastic material ; but the educator 
cannot confine himself to tasks in which success is easy. 

DUTIES AND TRAINING OF TEACHERS 

Thus, in addition to the training at school which is 
required for all, skilled persons must be trained to work 
on the adult population as a whole. It would be utopian 
to attempt to work on the whole population without hav
ing a sufficient number of agents whose function it is to 
lead the masses and work on them continuously. 

Rural school teachers and native officials of the tech
nical services carrying out propaganda work in tribal 
areas are the obvious persons for this task of education. 
They are ideally suited to demonstrate to the inhabitants 
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the value of adopting methods worked out by research 
stations and by the competent services of the various 
governments concerned. 

The training of teachers deserves the fullest attention, 
as they have a specially important influence on the whole 
population among which they live as well as on the 
children they teach. It is for this reason that agricultural 
training is highly developed in teachers' training schools 
in the Belgian Congo. In the Belgian Congo the course 
in agronomy and stockraising is regarded as a basic 
course on the same footing as the courses in the vernacu
lar, French, mathematics and educational science. All 
schools training future primary-school teachers are 
properly equipped to provide intuitive instruction on 
both the theoretical and the practical level. 

The vocational training of native propagandists is 
also a vital problem. ·without their assistance it would 
be absolutely impossible for the European technicians 
to make large-scale major improvements in methods for 
agriculture and stockraising. The European staff is 
always too small in numbers to be able to reach all 
farmers directly. Moreover, the use of intermediaries 
who are well trained technically and also know the 
people because they belong to the people is an excellent 
form of co-operation. 

From the early days of European colonization of 
Africa, use has been made of agents to serve as inter
mediaries between the technicians and the natives. In 
the early days these valuable auxiliaries were trained by 
the agricultural experts, forestry experts and veterinary 
surgeons whom they assisted. Later this work was 
undertaken by the stations, which trained natives 
selected for their keenness but generally illiterate. Later 
the schools were given the task of training these auxil
iaries. The first school of this kind to be established in 
the Congo dates from 1907; it was attached to the Eala 
Botanical Garden and Agricultural Testing Station. 

TWO TYPES OF SCHOOLS 

The number of schools has grown and two different 
types have become necessary: schools for agricultural, 
veterinary or forestry assistants and schools for agri
cultural instructors, veterinary orderlies and wild-life 
wardens. 

It is an interesting fact that the need to establish 
schools on different levels has been felt everywhere. The 
schools opened in tropical Africa are of two distinct 
types. The first are responsible for training officials of 
high intellectual standing whom we call "assistants" and 
who are intended gradually to replace the European 
officials ; the others train assistants with less intellectual 
education, whom we call agricultural instructors, forest 
rangers or wild-life wardens. The schools of the first 
type are on the higher technical-education level ; those 
of the second give purely vocational training. 

In the Belgian Congo there are now three assistants' 
schools which have provided 167 students for various 
government services. 

Six other schools of this type will shortly be organ
ized. 

In this way the work of the European technicians is 
backed by native assistants. These assistants are in turn 
assisted by the instructors, veterinary orderlies and 
wild-life wardens. There are now 6,653 instructors, 
orderlies and wild-life wardens in all parts of the Bel-
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gian Congo, and an ever-increasing number are being 
turned out by the agricultural training schools. There 
are ten of these schools in operation and their number is 
to be considerably increased; five or six new institutions 
of this kind will be opened in 1950. 

The number of these various auxiliaries ( 6,820 for 
two million farmers) makes it possible to launch a mass 
propaganda campaign to improve agricultural and stock- · 
raising practices and so increase production while at 
the same time taking the necessary steps for the protec
tion and more efficient use of resources. 

METHODS OF AGRICULTURAL INSTRUCTION 

It is essential that the agricultural instruction given 
in all the schools for auxiliaries should be intuitive and 
backed by numerous practical demonstrations. The stu
dents must themselves carry out the various operations 
they will have subsequently to teach the populations. 
It is also important that they should go out into the field 
to see how the problems considered arise in practice and 
what must be done to find solutions adapted to the 
situation. 

Consideration is now being given to the organization 
of higher agricultural and veterinary education to train, 
not propagandists, but assistants for research stations, 
schools and laboratories. The effect of such education 
on the more efficient use of natural resources and their 
protection will be indirect and will make itself felt 
through the propaganda and education services. 

To ensure continued efficiency, it is essential that 
students trained by the schools should not be left to their 
own devices for too long. It is of primary importance 
that graduates of agricultural schools who are required 
by their duties to live in the "bush" in continual contact 
with a population which is by tradition, if not by nature, 
fatalistic, should continue to benefit from time to time 
from the influence of those who trained them. This can 
be achieved by regularly sending out tracts and pam
phlets. 

Nevertheless direct contact through courses and lec
tures will be more efficient. The Congo educational 
system provides refresher courses for graduates of agri
cultural schools. The courses are where possible held in 
the areas where the propagandists for whom they are 
intended work. These meet for a few days and attend 
lectures and demonstrations given by the Government 
officials under whose orders they work as well as by 
their former teachers. 

During these reunions the instructors find out how 
well the important points of the school syllabus have 
been remembered. The students' attention is drawn to 
points of special topical interest. These courses might 
be supplemented by lectures by experts on soil conserva
tion and the prevention of erosion. 

Courses on these lines for rural school teachers might 
also have excellent results. 

METHODS OF THE AGRICULTURAL PROPAGANDISTS 

This work is difficult. One must not forget the lack of 
understanding and absence of interest of the people with 
whom propagandists have to deal. Moreover, the propa
gandists sometimes recommend operations not sanc
tioned by custom; and farmers' universal suspicion of 
new methods is well known. 

The propagandists' work is frequently made possible 
only by an element of compulsion. This is justified by 
the aim of preventing impoverishment of the common 
heritage while improving methods of agriculture, stock
raising or forestry for the exclusive benefit of those who 
apply them. 

The period during which compulsion is used must 
nevertheless be as short as possible, and one must try 
to obtain an acceptance arising from reasoned conviction 
based on reflection, or at least the adoption of methods 
because they have been tested and become quasi
traditional. 

To obtain results, propaganda must be intensive. 
It is hopeless to try for rapid results by dispersing one's 
efforts over ~mmense areas. It is for this reason that in 
the Congo, in addition to the regular activities carried 
on throughout the territory, certain social groups have 
been chosen with the complete consent of all their 
members to be the subject of more intensive action. 
Every means is used to ensure that all the members of 
these groups are subjected to continuous propaganda 
carried out carefully and simultaneously in every field
hygiene, agriculture, organization, education, production 
and co-operation. It is hoped in this way to secure the 
rapid development of these groups towards a peasant 
agriculture-in the form in which it is known by peoples 
in an advanced stage of civilization-while conserving 
their own social organization and traditions. These 
groups, known as paysannats, will act as the leaven in 
the mass, and the standard of living attained by their 
members will serve as an example and gradually extend 
over the whole territory. 

The educational organization of the Congo also pro
vides for farm schools and practical agricultural instruc
tion centres. 

FARM SCHOOLS AND PRACTICAL CENTRES OF 

AGRICULTURAL INSTRUCTION 

The farm-schools are intended to train good fanners 
by academic methods by providing an apprenticeship for 
young people from the elementary schools. In practice 
it is found that only exceptional pupils are capable of 
benefiting from this type of education. The others be
come hardly better peasants than those who have not 
had the training. Unfortunately the farm-school idea 
neglects native society as a whole and deals only with 
individuals. The pupils trained by these schools are 
sooner or later faced by a dilemma : either to follow the 
principles they have been taught and dissociate them
selves from the clan or to integrate themselves with the 
clan and not adopt the methods they have learnt at 
schools. 

Having examined the way in which native propa- The farm school will not play a really useful part until 
gandists are trained, let us see how they can act on the it deals with a generation whose parents have alreadv 
mass of the population. been subject to intensive propaganda. This applies to 

The principal function of the agricultural assistants pupils in the paysannats. 
and instructors (also called demonstrators or propa- By "practical centres of agricultural instruction" we 
ganda agents) is to persuade all the farmers in a mean lecture courses, with demonstrations, organized 
particular district to adopt the recommended methods. for farmers. This type of education has no chance of 
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success except in populations which have reached a cer
tain level of development. 

Publications, pamphlets and Press articles are excel
lent adjuncts to a well-planned propaganda campaign 
but cannot suffice alone, in view of the state of develop
ment of the populations of Central Africa. 

It is out of the question to hope for far-reaching 
c'mnges in agricultural and stock-raising techniques by 
the use of cinema propaganda alone. Nevertheless this 
method must not be neglected a priori, and is best made 
an adjunct to the whole system of propaganda. The 
enormous distances between rural centres are not an 
obstacle to the use of this means of education. In the 
Congo, the department responsible for propaganda was 
able in 1948 to organize approximately 1,200 instruc
tional film shows attended by 1,300,000 spectators. 
Mobile cinema units, two to a province, are now being 
organized, and will tour the country in order to make 
better contact with rural communities. There is no need 
to emphasize the excellent results which may be obtained 
with well-chosen films in these circumstances. 
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Rural Education and Its Influence on the Conservation and 

Better Use of Natural Resources in Nigeria 

G. N. HERINGTON 

ABSTRACT 

The conservation and better use of natural resources in Nigeria are closely related to the problem of rural 
betterment. This must ultimately be achieved by the efforts of the village people themselves, but it can be 
fostered by a programme of education designed for rural life, In Nigeria, a Rural Education Branch of the 
Education Department has been established with this object in view. Its chief work at present has been to 
give teachers from the primary schools special training in school-farming practice and other rural subjects. 
By this means it is hoped to impart a "rural idiom" to education in the villages and give practical reality to 
all the subjects in the school curriculum. Over 500 school farms have already been established, but the 
extension of this work now depends upon an increase in the staff of the Rural Education Branch and the 
establishment of more Rural Education Centres. Although the work is primarily concerned with education 
in the schools, there are signs that its influences can extend beyond the school to the village people. The vil
lage school might thus become a village community centre and bring projects for rural betterment down to 
the village level. 

The people who live in villages-the farmers and fish
ermen, craftsmen and market traders-are the most 
numerous and the most important section of the popula
tion of Nigeria, for it is they who exploit the country's 
natural resources and are responsible for the production 
of most of the country's economic wealth. They are the 
people most in need of an education that will help them 
t•J conserve and make better use of their natural re
sources; on this account it is unfortunate that, of all 
sections of the community, they should be the most un
educated and the least influenced by new ideas and 
modern ways. The better educated classes are becoming 
more and more divorced from the land and estranged to 
village life. They entertain great hopes for the future of 

their country and demand that its development shall be 
largely in their hands. Their hopes cannot be realized, 
however, if they merely seek the benefits of modem 
civilization whilst neglec · the interests of the great 
mass of the peasants and vt gers, who are in reality the 
backbone of the country. Lord Hailey has written: 

"The extensive programme of development which has 
now become the outstanding feature of our Colonial 
policy has given prominence to many aspects of adminis
tration which, though by no means neglected in the past, 
nevertheless did not seem to make the same claim on 
our attention as they demand today. The expansion of 
labour inspectorates, the foundation of universities and 
technical institutions, the improvement in urban housing 
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and sanitation, the organisation of marketing, the stimu
lation of secondary industries-all these are now in 
progress or in active contemplation. It is natural that 
the public of a highly industrialized country such as 
ours should view these matters with special interest, 
and it is all to the good that they should do so. But the 
increase of primary production still remains the basic 
problem in any endeavour to improve the general 
standard of life in the Colonies." ( 1) 1 

The improvement of village life and the raising of the 
standard of living of village people is a problem of 
fundamental importance, the solution of which is both 
difficult and urgent. In a peasant community, where 
new ideas do not take root very readily, progress must 
necessarily be slow and gradual, requiring much con
stant and patient endeavour on the part of those who are 
trying to foster it. Moreover, improvements that are to 
be lasting must come from the efforts of the people 
themselves ; attempts to impose then; on the people are 
likely to end in failure. The use of 1mported machetes, 
the development of cocoa planting and the widespread 
use of cassava are examples in point. These have had 
marked effects on standards of living in the villages and 
they were improvements which, though introduced by 
strangers were spread by local enterprise. The people 
are ready and willing to adopt new methods when they 
are convinced of their usefulness and for this reason 
education might play a major part in rural dev~lopment 
by introducing new ideas and demonstratmg new 
methods. 

Unfortunately in Nigeria, as in Great Britain itself 
and in other British territories, traditional education did 
not bring to the villages the benefits that might have 
been expected from it ; indeed, it has sometimes had 
adverse effects on village life and village economy. In 
Nigeria it was early discovered that schooling and a 
knowledge of English led to wage earning employment 
in the towns and too often the village school was re
garded by parents and teachers alike as merely a means 
for qualifying thei~ children for work elsewhe~e, prefer
ably clerical work m a government office or w1th one of 
the trading firms. Children were deliberately sent to 
school to "learn book" and not to "learn work". In this 
way the villages were often by-passed by education. 
Children, whose parents could afford to send them to 
school, sometimes became unfitted for any useful work 
at home and had to seek employment elsewhere. Thus 
the life of the village remained untouched by education, 
whilst the children at school entered a strange environ
ment of desks, books and blackboards. 

For some years, both the Education Department and 
the Christian Mission (which are the voluntary agencies 
largely responsible for primary and secondary school 
education in Nigeria) have been fully aware of this un
satisfactory state of affairs. There has also been an 
increasing recognition of the part that education ought 
to play in rural betterment. The village schools should 
be closely associated with the life of the village people 
and should provide an education adapted to their needs. 
Instead of an academic or bookish curriculum, the work 
of the schools might be given reality and life from rural 
interests and activities. Village education should have a 
"rural idiom" described by H. M. Burton in the follow
ing terms: 

1 Numbers within parentheses refer to items in the bibliography. 

"Practical tasks, familiar things, the friendly frame
work-they sound so easy. The search for them and the 
wise use of them when found are the rural teacher's con
stant obsession. Perhaps one of the most attractive 
aspects of this rural idiom is its variety, matching the 
infinite variety of rural life itself. There are almost as 
many projects, methods, adaptations and combinations 
of the rural idiom as there are teachers using it".(2) 

It is evident also that little improvement can be 
expected from old-fashioned and discredited ideas or 
from inferior or poorly qualified teachers. Only those 
teachers with good qualifications, with ability and initia
tive and with a modern outlook towards education, are 
likely to be equal to this task. 

In 1937 the Directors of the Agriculture and Educa
tion Departments in Nigeria appointed an Education 
Officer, with eight years' teaching experience in govern
ment secondary schools and with practical experience 
and training in agriculture, to take charge of a new 
scheme, which it was hoped would help to bring this 
rural idiom into village education. At first the scheme 
was experimental and limited in scope, but the success 
it achieved on a small scale gave promise of far-reaching 
results, if opportunity came for its extension. This has 
been long delayed by the war and at present three Rural 
Education Officers and a small African Staff now con
stitute what has come to be known as the Rural Educa
tion Branch of the Education Department. 

Up to the present its work has been confined to the 
provision of special courses for primary school teachers 
in farming and elementary rural science, the object 
being to establish school farms in village schools through
out the country. These school farms (as distinct from 
farm schools) are not intended for the vocational train
ing of farmers or agricultural workers. They are 
intended for use as a practical background of interest
ing and purposeful activities for the whole of the school 
curriculum. A further important consideration is that 
farming practice on these school farms must be based 
on sound principles so that soil fertility shall be main
tained : otherwise the whole basis of this work would 
soon be jeopardized. 

Before this scheme was started, there had previously 
been school farms attached to many of the village schools, 
but they were almost without exception badly managed 
and were J.lSually regarded by the teachers as a means of 
raising food crops for their own use at the expense of 
the children's time and labour. The farm work was 
unrelated to the general work of the school, which still 
remained bookish and academic and, after a few years, 
the exhaustion of the soil by bad farming methods 
reduced the land to a low state of fertility. From the 
outset, therefore, school farming was in disrepute both 
with the children and with their parents. 

·without special training, village teachers could hardly 
be expected to be competent to manage a school farm 
on scientific lines, or effectively make agriculture and 
other rural activities an integral part of the school cur
riculum. Two training centres (now known as Rural 
Education Centres) were therefore established, one at 
Ibadan to serve the provinces west of the Niger and one 
at Umuahia to serve the eastern provinces, and the Mis
sions and Native Administrations were invited to send 
teachers for training. There was a tendency at first, on 
the part of some missions, to send only inferior teachers, 
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on the assumption that "any fool could be a farmer", but 
today it is realized that only the most capable teachers 
can benefit fully from the courses, or become successful 
as rural science teachers on their return to the schools. 

Each Centre can accommodate up to thirty teachers 
per year. They stay for the duration of the farming sea
son lasting about eight months. They live in a model 
village adjacent to their farms and married men are en
couraged to bring their wives and children, so that the 
women-folk may also benefit from instruction at the 
Centres. During the courses, the teachers receive prac
tical instruction in school-farming methods on their own 
individual farm plots, which they work themselves. Ex
cept in busy seasons (at planting or harvest time), most 
of the practical work is done in the early mornings from 
6 :30 to 9 :00 a.m. Later in the day, there are classes in 
agriculture, rural science, hygiene and simple economics. 
All instruction is built around a framework of practical 
activities derived from farming and gardening, the man
agement of small livestock, village sanitation, compost 
making, tree planting, the processing of farm produce 
and marketing. Similarly, surveying and land planning, 
farm calculations and book-keeping, form a practical 
basis for school geography and mathematics. Nature 
study and hygiene are also based on seasonal work in 
the farm or village. In many ways links can be made 
with some form of practical activity for nearly every 
school subject. Education thus receives new meaning 
and reality for village life. 

On returning to their schools to start this new project, 
it is only natural that teachers should encounter many 
difficulties. A few years ago there was a good deal of 
prejudice against manual work and this prejudice still 
persists in some areas. Local suspicions or cupidity 
were an obstacle to the acquisition of suitable land for 
the school farm. Opposition also came from members 
of the school staff, or from reactionary headmasters, 
especially when it was discovered that the school-farm 
produce was no longer to be their perquisite, but that 
strict account of its disposal was to be kept. Practical 
work is also more exacting and requires more careful 
planning and organization than teaching merely from a 
book. The "follow-up work" has therefore been an 
essential part of the work of the Rural Education Branch 
and now that over 500 school farms have been estab
lished, some of them in remote places and widely scat
tered, a great deal of travelling on the part of the Rural 
Education Officers and their assistants is involved. New 
farm plots must be planned and measured out and a 
suitable crop rotation suggested. The school time-table 
may need to be rearranged and headmasters, supervisors 
and school managers may have to be interviewed so that 
the new work can be explained and difficulties and mis
understandings removed. Whenever new school farms 
are started, the plans are submitted to the Department 
of Agriculture for approval, and indeed the success of 
the scheme has been largely due to the co-operation of 
the officers of the two Departments. Provincial Agri
cultural Officers as well as the Provincial Education 
Officers periodically visit and inspect the work of the 
rural science teachers, and copies of all comments and 
advice recorded in the school visitor's book are sent 
back to the Rural Education Officer. This enables a 
complete record of progress to be kept and conflicting 
advice is also avoided. Thus the programme of work 
laid down for each of the "approved school farms", as 
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they are called, is understood and carried out by all 
concerned. 

With so many school farms widely scattered over the 
southern provinces, it has become increasingly difficult, 
with such a limited staff, to carry out this follow-up 
work. Last year, and also in 1944 and in 1946, the 
course at Ibadan had to be suspended and this year at 
Umuahia a series of refresher courses has been sub
stituted for the normal course, to avoid any further 
increase in the number of approved school farms. Until 
more staff is available, a policy of consolidation rather 
than expansion must be adopted. It is hoped, however, 
that before long it will be possible to establish more 
Rural Education Centres: one for the Cameroons, an
other in W arri Province to serve the creek areas and 
possibly one or two more in the northern provinces. 
This will depend upon how soon more senior service 
staff will be forthcoming. Two members of the African 
staff are now in the United Kingdom taking university 
courses with a view to appointment to senior service 
posts on their return; many more are needed. The qual
ifications required for a Rural Education Officer must 
include practical experience in farming or gardening 
with a university training in agriculture or some related 
subject and experience in teaching, or a willingness to 
undertake it. Unfortunately, agriculturists who have an 
inclination for teaching and education are not easy to 
find, whilst educationists are often unqualified in agri
culture or rural subjects. 

\Vhen new Centres have been established, a consider
able expansion of the work will become possible, as well 
as closer supervision of existing work. Every school 
farm is a potential Young Farmers' Club and it is hoped 
that the organization of young farmers' clubs will be
come an important feature of the work of the Rural 
Education Branch. Much remains to be done to inte
grate more effectively practical activities with the ordi
nary subjects of the school curriculum. This requires 
constant thought and planning and the preparation of 
handbooks and other aids for teachers. 

It may be asked in what directions this work in the 
schools can help the adult population of the villages. 
The work of the primary schools is not intended for 
vocational training, either in farming or in any other 
profession. It is considered that education based on the 
children's natural environment and growing out of the 
life and activities of the village is a fitting foundation for 
work of any kind either at home or abroad. It might be 
desc_ribed as "education for life". Many children on 
leavmg school should be able to find opportunities for 
useful work at home and indeed it may well be that those 
with the most initiative and ability will be the ones who 
will choose to do this. A good foundation will also have 
been laid for vocational training at a later stage, or for 
further education in a secondary school. This is looking 
far ahead and results in this direction can hardly be 
assessed at present, but. it has already been found that, 
when the school farm lS well managed and the rural 
science teacher is capable and enthusiastic, the children 
also become keenly interested in this work. 

More immediate results can be noticed in the attitude 
of the village people towards the school. In some places 
the school farm has become a centre of interest and local 
farmers have come to the teacher in charge for advice 
about their own farming problems. In places where land 
considered unsuitable for farming was given to the 
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school, the people have been surprised to see better 
crops growing on the school farm than on their own. 
In the eastern provinces, where the maintenance of soil 
fertility is one of the greatest problems, people are begin
ning to realize the value of manure and, after seeing the 
method of making compost on the school farm, are 
beginning to conserve their own waste materials. It may 
he only here and there that such effects are seen, but they 
are a promise of more important advances in the future 
if this work in the schools can be given greater emphasis. 
The great problem has always been how to bring new 
ideas and methods into the villages; the village schools 
might well develop into community centres and become 
the spear-head for projects that Government Depart
ments and other agencies are trying to promote at village 
level. 

Co-operative enterprise, new methods and pro
grammes in agriculture and forestry, better health, im
proved diets and feeding habits and many other urgently 

needed developments might gain increased momentum 
from education designed for rural life. To e..xpect the 
village school to be the focus of this education may 
appear to some to be impracticable ; no doubt it is an 
ambitious programme for the schools, but its success 
might go far towards creating an indigenous rural cul
ture that would in itself improve the quality of life in 
the villages. This has been the way of approach to rural 
betterment in other countries, notably in Denmark, and 
given sufficient staff and financial support, it might in 
the long run be equally successful in Nigeria. 
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Importance of the Study of Agricultural Industries in an 
Instructional Programme Dealing with the Conservation 
and More Efficient Use of Natural Resources 

1 

JEAN KEILLING 

ABSTRACT 

I. Agricultural industries are directly concerned with the conservation and more efficient use of natural 
resources: 

For such industries the problem is to ensure long-term operation and continued returns. 
II. What action can be taken by agricultural industries with this objective in view? 

Before factory processing: by intensifying production through the promotion of better agricultural 
techniques so as to increase total yield per unit. 

After factory processing: by utilizing or processing by-products in a rational manner. 
In this field they have the advantage of being jointly interested with the farmers. 

III. Witb regard to instruction on the conservation of natural resources, agricultural industries can par
ticipate in two ways: 

In the economic field: competitions and comparisons between farmers. 
In the technical field: agricultural experts from the factory. 

They have the necessary means for action. 
Their interests should coincide with the general interest. 

I. AGRlCULTt.:RAL INDUSTRIES ARE DIRECTLY CONCERNED 

WITH THE CONSERVATION AND MORE EFFICIENT USE OF 

NATURAL RESOURCES 

For these industries the problem is to ensure long
term operation and continued returns. 

An analogy can be drawn between mining industries 
and agricultural industries. The latter may be con
sidered as exploiting, through the agency of farmers, the 
fertilit)' lode within the area from which their supplies 
are derived. 

In this respect agricultural industries can operate, 
either like a mining concern which moves on and leaves 
its fixed plant after exhausting the lode, or by main
taining, restoring or improving the fertility reserves of 
the soil by which they are fed. 

10riginal text: French. 

In the first case the agricultural industries have to 
employ light equipment which is inexpensive and easy 
to operate and are consequently unable to settle in one 
place. As a result the technical work done is superficial 
and, very frequently, the land is exhausted and the rural 
economy on which agricultural industry is based 
declines. 

In the second case the problem for the agricultural 
factories is how to induce farmers to achieve, both tech
nically and economically, a balanced exploitation of the 
fertility of the soil, and to organize such exploitation on 
a permanent basis. In this case the main object is the 
continuity and the intensity of cultivation: industry cre
ates and maintains the fertility of any given agricultural 
area to the same extent as it exploits it. Its prosperity 
goes hand in hand with the prosperity of the farmers 
and with the fertility of their soil. There is, obviously, a 
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common interest linking industrialists and agricultural
ists as such, and this will ultimately lead to better use 
being made of natural resources, especially of the soil. 

As soon as the idea of long-term operation is recog
nized as the predominant preoccupation of those in 
control of agricultural industries, permanent factories 
will be erected, their plans drawn up and all their deal
ings with the outside will he based on this consideration. 
For example, as regards the water which they utilize 
and pollute, it is obvious that their attitu.de would differ, 
in this instance, from what it would be if they had to 
move to another location after a few years. This is even 
more generally the case as regards all the waste-matter 
produced by agricultural industries. 

·when, strictly from the point of view of the immediate 
remunerativeness of agricultural industries, considera
tion is given to the various aspects of this problem, it 
will be seen that the opposition between the two ten
dencies can be, and very often is, a serious problem. 
On the one hand, inexpensive and flimsy buildings are 
replaced by larger and better-built factories, whilst on 
the other hand an increase in the size of the area from 
which the factory derives its supplies results in heavier 
transportation costs on the raw materials. 

Actually, to obtain the best results from the fertility 
of the soil, farmers must refrain from cultivating only 
one type of crop ; they must practice crop rotation on 
the same area so that the produce supplied to the factory 
is, for example, repeated only every three or four years. 
In the case of tree planting, the area must be replanted 
piecemeal ; in this instance systematic replanting is most 
important to ensure regular supplies for agricultural 
industries. 

\Vhether it be a question of the cultivation of annual 
crops or of trees which are planted at longer or shorter 
intervals, a factory operated strictly for extractive pur
poses is, obviously and as the figures will show, more 
profitable than a factory which concentrates on prolong
ing its own existence. This situation is very similar to 
that of timber concerns which also have to find a com
promise between a policy of exploiting the forests up 
to the hilt and a policy of maximum prolongation of 
their life. The results of the necessary and desirable 
compromise between the two tendencies are not neces
sarily those which are the most beneficial, at any given 
moment, either to the agricultural industries or to the 
farmers themselves. 

In so far as these two considerations can be per
manently reconciled the position of an agricultural sys
tem, which supports and enables an agricultural industry 
to thrive just as much as the latter supports it, may be 
made very stable. 

If an example were needed to illustrate this statement, 
one might well cite the sugar beet industry in northern 
Europe and the continuing prosperity which, since its 
inception, it has given the farmers in this region who, 
in the past century, have made steady progress. 

It is not our intention to try to determine how the 
interests of farmers and industrial interests should be 
mutually adapted for the common benefit of farms and 
factories. However, it must be pointed out that there 
exists, "de facto" if not "de jure", an economic combina
tion "farms + factories" which may, following the two 
hypotheses mentioned above, either continue over a long 
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period and promote prosperity, fertility and population 
and thus help to maintain and make a rational use of 
natural resources, or it may last for a few years only 
and thereafter find that its dissolution is accompanied 
by a diminution of the wealth of the agricultural area in 
question. 

II. WHAT ACTION SHOULD BE TAKEN BY AGRICULTURAL 

IKDCSTRIES TO COXSERVE NATURAL WEALTII? 

Agricultural industries may exert an influence on the 
conditions and trend of production either by their policy 
regarding the raw materials supplied to them, or by 
their policy regarding the by-products which they return 
to the soil, directly or through the farms themselves. 

\Vith regard to the produce itself, the factories lay 
down certain requirements as to the quantity and qual
ity of the produce they receive, process and refine. To 
satisfy these requirements, which depend both on the 
aims of and the techniques peculiar to the industry, the 
factories find themselves obliged to help and advise the 
farmers both on how to increase their output, and how 
to improve or maintain its quality. 

\Vhatever form their action takes, it always has a 
serious effect, since it carries the economic sanction of 
payment for the supplies furnished to the factory by the 
farms. Therefore it must be given lengthy consideration 
since the results, both long- and short-term, may be far
reaching. Allowance must always be made for the 
apparent opposition between the effort to realize a high 
temporary yield and the necessity, at least for the sta
tionary farmer, of not ruining the soil of his farm. 

In this matter those in control of agricultural indus
tries bear heavy responsibilities. 

As regards the restitution or disposal of industrial 
by-products, the problem has two aspects : 

In the case of polluted water, unless precautions are 
taken and unless they are previously purified, the dis
posal of such water may endanger the biological value 
of rivers and the purity of drinking water. As regards 
the actual by-products, waste matter which is useless to 
the factory but can still be utilized for agricultural pur
poses, it is important that they should be properly pro
cessed and fairly distributed among the farms which 
produced them. If they are given careless treatment, 
they will share in the deterioration of bacteriological 
conditions in the locality, and their unequal distribution 
would inevitably result in fertility and abundance being 
transferred from one section to another within the area 
from which the factories derive their supplies. In this 
matter the factory would be following the example of 
big urban centres of population whose organic waste 
matter enriches the outlying countryside at the expense 
of distant producer countries. 

Consequently, there are two lines of action \vhich can 
be taken by agricultural factories: 

( 1) Direct action with regard to the disposal and 
subsequent use of polluted water; 

(2) Indirect action, with regard both to products and 
by-products, taken through the farmers themselves. 

It is more especially through such indirect action that 
agricultural industries can take their place and play a 
not insignificant role in imparting instruction about the 
conservation and more efficient use of natural resources. 
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III. THE ROLE OF AGRICULTURAL INDUSTRIES IN AN 

INSTRUCTIONAL PROGRAMME DEALING WITH THE 

CONSERVATION AND MORE EFFICIENT USE OF NAT

l'RAL RESOURCES 

Agricultural industries can participate in both the 
preparation and the implementation of an instructional 
programme dealing with natural resources. 

Because of all the factors previously mentioned, the 
preparation of a programme should be given serious 
consideration both by agricultural industries and by 
public authorities. In the interest of the economic stabil
ity of the former, the instruction and advice given to the 
farmers should be directed towards maintaining the 
agricultural scheme, towards the conservation of the 
existing soil, preventing its erosion and preserving its 
fertility, and farming methods should take account of 
these considerations as they affect both private persons 
and the general public. Agricultural industries can, at 
the same time, arrange for the inclusion in the educa
tional and instructional programmes of the essential 
technical knowledge which helps their operations as well 
as their economic and technical relations with the pro
ducers, thus ensuring, indirectly, greater stability for 
the combination "farms + factories". Consequently, an 
.effort must be made to strike an equitable balance be
tween the various interests at stake: the farmers' inter
ests, the factory's interests and the interests of the com
munity. 

Factories can co-operate in the implementation of the 
programmes in two different ways: (a) comparative 
and economic ; (b) technical. 

(a) Through their produce and through the factory 
where it is processed the various farms can, with an 
instructional objective in view, be made to compete with 
one another in exhibitions and competitions which would 
give prominence to those which are managed best from 

the point of view of qualitative or quantitative produc
tion. When such exhibitions, which have a great educa
tional value, are held, stress should always be laid on 
results which promote the maintenance and improve
ment of conditions which will prolong the fertility of the 
soil cultivated. It would not be enough and it would 
even be unwise if such comparisons were to result in the 
emergence of farmers who beat the record for quick 
crops. It would be better to instil the precept of sus
tained longevity and fertility. 

(b) The technical aspect of this co-operation is even 
more important and should be more effective. Every 
agricultural factory can, by making use of its financial 
and material resources and its scientific equipment, en
courage and give effect to the idea of sending out an 
agricultural expert from the factory. He would be a 
link between the factory and the farms and could advise 
farmers on factory and technical requirements. The 
agricultural expert from the factory would counsel 
farmers so that their supplies, both as regards quantity 
and quality, would be used in the proper way. 

While this action, if directed in the right way, can be 
advantageous to both sides of the combination "farms + 
factories", it might, if taken only with a view to obtain
ing an immediate maximum yield and reaping a quick 
profit, endanger the longevity of the combine and be 
detrimental to the general interest. 

Hence, agricultural industries should be financially 
and technically associated in implementing this pro
gramme, to the extent that their directors agree to bear 
in mind both the general interests involved and their 
common interest with the farmers. With this reserva
tion the various permanent technical resources and 
human elements represented by the network of agricul
tural industries existing on the land could be employed 
to greater advantage and on a wider scale. 
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The CHAIRMAN :a It is a great honour for me to have 
been asked to preside over one of the plenary meetings of 
the United Nations Scientific Conference on the Con
servation and Utilization of Resources. The Conference 
has brought together an outstanding group of technical 
experts and scientists from scores of countries and its 
discussions have been held under the Chairmanship of 
persons of high renown in the world of science and 
politics. 

It also gives me great satisfaction to be among you at 
your work, because it signifies the realization of an idea 
in the development of which it fell to me to share, as 
Chilean representative on the Economic and Social 
Council, at six sessions. And my country from the outset 
gave its firm support to this lofty plan. 

The subject of discussion at the present meeting is 
"Resource Techniques for Less-Developed Countries". 
It was natural that this subject should figure in the Con
ference agenda. In a letter to the late Mr. John S. 
\:Vinant, then United States representative on the Eco
nomic and Social Council, President Truman suggested 
that he should propose to the Council the calling of such 
a conference and made the following important state
ment: "It is my hope that such a scientific conference 
would bring together all the new techniques of resource 
conservation and utilization, particularly for the benefit 
of under-developed areas, since the problems of these 
areas represent the hopes of millions of people for free
dom from starvation and for opportunity in life". 

The economically under-developed nations are the ones 
in greatest need of technical advances in order that their 
national effort should yield the best results. Hence the 
great importance of this Conference, planned by the 
United Nations, and of the inclusion in its agenda of the 
item with which we are now concerned. 

For a long time it was thought by some that the divi
sion of labour should be planned on a world scale. 
According to this economic theory, balanced prosperity 
would only be obtained by dividing countries into highly 
industrialized countries, producers of raw materials and 
agricultural countries. 

The putting into effect of this idea in the technical field 
presents us with a world divided into two parts: on the 
one side an industrial and manufacturing minority whose 
national effort realizes a higher yield and, on the other, 
a large majority \vho lack the technical improvements 
and whose production capacity is socially and historically 
backward. 

It should be remembered that any discussion on tech
niques has its vital human side. Any progress achieved 
in technique will have positive repercussions on the main 
objective of the United Nations, namely to ensure peace 
by continuously improving the standard of living of the 
peoples. 

We might also define technique as the sum of socially 
utilizable knowledge at a given moment in the history of 
production. From that point of view, human achieve
ment is multiplied by applying to production methods the 
standard of scientific knowledge existing in society at a 
given time. It is the progress of science which animates 
the productive process, and behind each advance lies the 
common heritage of human culture. There is nothing 
which belongs more properly to the international col-

'The Chairman spoke in Spanish. 

lectivity than scientific knowledge. Consequently, in 
spite of the secrets which a commercial structure imposes 
on the dissemination of technical discoveries, there exists 
the moral duty to give back to mankind what originally 
belonged to it. 

If we analyse the history of technical development in 
relation to the industrial countries, from the building of 
the first loom in England to the surprising transforma
tions of matter in contemporary chemistry, we are led 
to the conclusion that man's creative faculties have been 
applied mainly to the production of goods. The benefits 
have been expressed in quantity and quality. Man's 
productivity has been multiplied and his output raised 
infinitely higher by the exhaustive use of every type of 
fuel and means of power production. But at the same 
time there has been a constant discovery of new types of 
production, and therein lies the creative part of the 
process. 

Greater physical quantities of goods have not led to 
appreciable reductions in price levels. The potential 
reductions in prices have been absorbed by higher sal
aries, by the reduction of working hours and the financ
ing of social benefits. Technical development has enabled 
the national effort in those countries to obtain the high
est advantage and has raised the workers' standard of 
welfare. 

It is in the light of that dual aspect of the benefits of 
technical development that the social and human prob
lem which is our deep concern should be examined. 

Things have worked out differently in the under
developed countries, which include those of Latin Amer
ica. No country can avoid the historical epoch in which 
it is destined to live. The Central and South American 
nations, like many others, achieved their independence 
in the era called the Century of the Technical Revolu
tion. However, most of the benefits that century afforded 
were obtained through consumption and not production. 
The technical progress of the twentieth century had to 
come as an "import" to those countries, whose present 
standard of living is only understandable in terms of 
the nineteenth century. 

Such is the problem faced by these countries and areas 
and it has been the main preoccupation of many of us 
who have striven in the national and the international 
fields to bring about a radical change in this state of 
affairs. These peoples want to live the life of the age to 
which they belong and to shake off a past which still con
ditions their present collective existence, imprisoned in 
its backward economic structure. Great progress has 
been made, but it is entirely inadequate. There is 
evidence of much effort to make good use of the natural 
agricultural resources, especially for food production. 
International co-operation has been active in this task 
and there is much ground for satisfaction, for nothing is 
more urgent than to satisfy this primary human need. 

But the problem of which I wish to speak is a different 
one. In the main fields of production, the techniques 
which come to these countries express themselves in 
terms of quantity, not quality. The extraction of min
erals and other raw materials has increased ; foreign 
capital abounds and is very ready to promote this in
crease. The latest technological resources are used to 
increase the tonnage extracted and sometimes proper 
attention is not paid to safeguarding the reserves, in 
other words to the conservation of resources, one of the 
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main aims of the present Conference. And the real crux 
oi the problem is that the techniques stop at that point. 
The under-developed countries, the possessors of these 
r ch and abundant raw materials which are extracted 
'' ith all the help of technical progress, have not the 
benefit of all the latest processes of transformation. The 
mining countries, for instance, do not receive equally 
e:fective assistance in the concentration, smelting, re
fining, rolling and manufacture of their minerals. I must 
c·.mfess, however, that international co-operation has 
begun to make its mark in this respect and Chile, for 
instance, has obtained the help of international and gov
ernment credit institutions to develop her steel industry. 
But, generally speaking, all the technical processes which 
would affect the standard of living of the peoples of the 
under-developed regions do not reach those peoples and 
the share of prosperity which should legitimately be 
tl1eirs is "exported" to other countries, without fair com
pensation. Consequently, this partial, limited introduc
t:on of the latest scientific processes endlessly prolongs 
tle existence of an unacceptable standard of living in the 
t~ nder-developed countries. Yioreover, whilst in the 
1~ ighly industrialized countries advantage is taken of the 
], JWer cost of production to raise the population's level 
c f consumption, in the economically weak countries just 
<nd legitimate aspirations towards a better standard of 
I Ying are often shattered on account of world prices, in 
be fixing of which the producing country has no part or 
i lfluence. This may seem an aspect of the matter some
y:hat remote from the subject of this Conference but it 
r mst be kept in mind if we are to avoid being led astray 
I,,. the mirage of technique for technique's sake; if we are 
to succeed in regarding technical progress in the light of 
its real ultimate purpose: the material, spiritual and 
r wral progress of the human being. If the recent history 
c•f rubber, tin, copper, cacao, or other raw materials 
11·ere written, it would reveal that technical progress in 
e:-ctracting or producing them is not the sole determinant 
c•f the welfare or progress of the countries from which 
theY come. With the aid of the latest technical devices 
in the world, a copper-producing country, for instance, 
must export in 1949 550,000 tons of copper in order to 
he able to purchase abroad the quantity of goods (some
times essential for its livelihood) which it bought in 
I 948 with 400,000 tons. 

For all these reasons I think that international con
cern should concentrate on enabling the under-developed 
countries to benefit from those technical advantages 
,,·hich will serve to put a higher value on the work of 
those countries, and on enabling their peoples to obtain 
the greatest possible advantage from man's labour. Those 
countries are interested in obtaining qualitative as well 
2.s quantitative returns. They want techniques to be of 
assistance not only in extracting the products of the 
c·arth but also in transforming and working them up in 
1 heir own countries. They want technical processes to be 
1 he principal element in the defence of their natural re
~ ources, not a factor in exhausting those resources. 

I am confident that international co-operation will pro
ceed along the lines which I have indicated. 

Moreover, the bold initiative shown by President 
Truman in Point Four of his programme is based on 
these principles. His words have been clearly explained 
in that sense and only a few days ago his representative 

on the Economic and Social Council endorsed them in a 
speech to that great international body. 

I have just mentioned the proposal of the President 
of the United States to promote the economic develop
ment of the under-developed areas and countries. I 
think it may be of interest to refer briefly to what the 
United Nations is doing just now to give effect to one of 
the main items of that proposal, namely international 
aid to bring modern technical developments to the under
developed countries in order to enable them to make 
better use of their natural resources. 

It has been my function to attend and take part in the 
interesting discussions held during the last six weeks in 
the Economic and Social Council on problems related to 
the economic development of the under-developed coun
tries. Taking as a basis the studies and work done both 
separately and jointly by the United Nations Secretary
General and the administrations of the ILO, F AO, 
WHO, UNESCO and the ICAO, the Economic and 
Social Council has drawn up its vast co-operative pro
gramme of technical aid for economic development. This 
programme must be approved by the General Assembly 
before it can be put into effect. I do not doubt that it 
will be approved because in my opinion the Council has 
risen to a level of responsibility commensurate with the 
breadth and quality of the proposal of the President of 
the United States, which has inspired their task. 

Suitable machinery has been set up to guide, co
ordinate and supervise the programmes to be carried out 
by each of the organs and agencies in respect of their 
various activities : education, agriculture, health, indus
try, labour, etc. 

An equitable distribution of the funds to be obtained 
during the first year has been made amongst these organs 
and agencies, after careful study of their programmes, 
keeping in mind the possibilities of putting them imme
diately into effect and the greater or lesser urgency of cer
tain work. Guiding principles have been laid down for 
which both the agencies and the governments asking and 
receiving technical assistance must have due regard. 
And of these principles stress must be laid on those relat
ing to the question to which I referred at the beginning 
of my speech, namely, that the primary purpose of any 
economic development, and therefore of any measure 
tending to encourage it, is an increase in the productivity 
of natural and human resources, with the purpose of 
contributing to the establishment of higher standards of 
living for the whole population. 

The Economic and Social Council and the specialized 
agencies hope that a programme so carefully prepared 
will meet with an enthusiastic reception from most Mem
bers of the United Nations and of the specialized 
agencies, and that voluntary contributions from them, 
either in cash or material services, will reach a total sum 
of about 30 million dollars during the first year. 

For my part, I think that this hope is well founded. 
I also believe that in the future this sum will grow to 
unexpected proportions. There are certain great ideas 
which have a dynamic force of their own, giving them a 
strength and a truth which carry them far beyond the 
limits within which they were originally conceived. 
This idea is something of that kind, and it will find a 
ready acceptance in the minds of members of govern
ments and peoples; it will also be a forerunner of other 
forms of international co-operation in developing and 
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encouraging economic progress in regions which have 
not yet attained an advanced stage of development. 

I have ventured to speak these words before declaring 
the meeting open. Although I am speaking before you 
purely as a private individual and not as the representa
tive of any country or organization, I have not been able 
to forget that I am member of an international body 
whose task it is to achieve economic development, by 
promoting the spread of technical knowledge and making 
it accessible to under-developed regions. 

Nor have I been able to forget that I am a citizen of 
a country engaged in a bitter struggle to transform its 
economic structure and thereby to improve the standards 
of liv.ing of its population, and I have thought it neces
sary to differentiate between the conditions of tech
nique in one type of country and another. When doing 
this I remember the words of President Roosevelt: 
"This generation has a rendezvous with destiny." As we 
set to work and devote our efforts in the interests of 
countries which are economically weak, let us not forget 
that this rendezvous with destiny is also a summons to 
make it possible that some day all peoples of the earth 
may be able to live through history on equal terms. 

The first statement this afternoon, and that which will 
guide our discussion, will be made by Dr. Bhatnagar. 
Dr. Bhatnagar is one of the most outstanding scientists 
in India. He is at the same time a Professor and Sec
retary of the Government of India, a member of the 
Department of Scientific Research and Director of the 
Institute of Scientific Industrial Research. 

Dr. BHATNAGAR: The title of the discussion assigned 
to me makes me feel that perhaps I am not quite a suit
able choice. First of all, I am not a believer in the view 
that the resource techniques in developed and in un
developed countries can be different in essential prin
ciples for any very great length of time. Secondly, India 
occupies the fifth or sixth position in the industrially 
developed nations of the world, and as such she cannot be 
regarded as undeveloped in every respect. In fact, no 
country is "less-developed" in everything, and President 
Truman, in his great wisdom, has used-whenever he 
has written or spoken of the subject-the expression 
"less-developed regions" or "areas" rather than "less
developed countries". For it must be admitted that even 
in the most developed countries there can be regions 
which are comparatively less developed. 

Just like liberty itself, knowledge and the latest re
source techniques should be available to undeveloped 
countries. I have not the slightest doubt in my mind 
that the United States and the United Nations would like 
to see the torch of knowledge and resource technique 
burning clear and strong, until the whole world is illu
minated and obtains the benefits and advantages of this 
knowledge. The following significant lines inscribed 
upon the base of the Statue of Liberty, indicate the 
American purpose of life to any foreigner : "Give me 
your tired, your poor, your huddled masses yearning to 
be free, the wretched refuse of your teeming shore. 
Send these, the homeless, tempest-tossed, to me: I lift 
my lamp beside the golden door." I have no doubt that 
not only liberty but knowledge, which is an essential 
ingredient for world peace, will be made fully available 
in each and every nation under the sun. It is, however, 
obvious that certain resource techniques may be of spe-

cial interest to undeveloped regions and they may be of 
less interest to fully industrialized countries. 

For example, agriculture is comparatively speaking a 
minor industry in many industrialized countries. On the 
other hand, it is the major and in some cases the only 
industry in the less-developed countries which have very 
often also the biggest density of population. The con
servation and utilization of land and water resources of 
such countries are of the utmost importance to them. 

I shall naturally report on the history of resource de
velopment of India. India's prosperity has depended in 
the past on its agricultural operations. That is why India 
gave early attention to her irrigation system. India has 
22 big barrages, nearly three-quarters of a mile in length, 
which have been constructed across rivers, carrying 
water volumes of 300,000 to 2 million cubic feet per sec
ond. The length of the main canal and branches comes to 
about 100,000 miles, the width of some of these canals 
being more than 200 feet. There are some 1,800 smaller 
barrages and other important hydraulic structures such 
as aquaducts and syphons. Nearly 200 dams in earth and 
masonry, not exceeding 230 feet in height, have been 
constructed, while the number of tanks and wells for 
irrigation purposes runs into hundreds of thousands. 

Faced with the problem of building these engineering 
works in sandy beds and without any solid rock for 
foundation, India successfully developed and perfected 
the theory of construction of weirs in sandy foundations. 
India also developed a successful theory of the trans
portation of silt from its large rivers into canals as affect
ing the design of carrying canals and this has prevented 
these canals from being choked up. All this was good 
work and the technique adopted was of great benefit and 
immense profit to farmers, as only the minimum machin
ery was used and only human and animal labours were 
employed in the building of these inspiring structures. 
A resource technique based on the technology of undevel
oped countries was employed, but it has to be modified 
now in the light of modern knowledge. The primeval 
flow in the streams has now been used up and all future 
schemes have to be based on the storage of water avail
able during the rainy season, which up to now has gone 
to waste in the sea. Plenty of water for that purpose is 
available, and suitable sites also exist, but most of these 
will involve the construction of high dams as developed 
in some of the most advanced countries of the world and 
the old techniques will have to give place to modern 
methods as used in the most advanced countries. 

This state of affairs was reached in the United States 
much earlier than in India, as only few streams in 
the United States are fed by glaciers and carry large 
primeval flow as opposed to the rivers of India which 
mostly rise in the Himalayas. Thus, though, India had 
a much earlier start on the diversion and canal system, 
the United States had to develop the technique of design 
and construction of high dams. Special construction 
machinery had to be developed partly because of the 
shortage of labour, partly because it was physically 
impossible to construct some of these items by hand. It 
is therefore obvious that no under-developed region can 
afford to ignore the experience gained by workers in 
the more developed regions. 

I shall give as an example the construction of a 780-
feet-high dam on the Kosi River. This will be the high
est in the world. The site is in an earthquake area. 
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The river carries a high percentage of silt. Both the 
technique of design and construction would follow the 
experience gained on the Boulder dam. The construc
tion involves 10 million cubic yards of concrete placing, 
<md 5 million cubic yards of rock handling in a narrow 
and inaccessible locality. If attempted by the old meth
ods of manual labour, not only would that work take 
perhaps more than a hundred years, but it might never 
be completed. It has therefore been imperative for 
India to adopt a technique altogether different from the 
one she employed in the past. Similarly, on the con
struction of high earth dams we cannot ignore the de
velopment of constructional equipment, particularly 
equipment for transporting, spreading and consolidating 
the earth. Our past experience was limited to about 
100 feet of height, while earth dams are now being 
attempted to a height of 400 feet or so. 

It may be dangerous, however, to transplant any par
ticular construction technique, without precaution, from 
one country to another-particularly from a highly in
dustrialized country to another where hand labour 
is cheap and plentiful. The new technique must be 
adapted to the education of the labour force and the 
relative importance of manual labour and machinery in 
construction work. The use of local materials such as 
lime in place of cement may require consideration. 
Shortages of iron may necessitate the use of wooden 
poles. Most of the sites where hydro-power can be gen
erated are located in the Himalayas. This will involve 
abnormally long transmission lines for the conveyance of 
large blocks of electric energy to regions where it could 
be used. As it will become an item of very high cost in 
the scheme, special research will be justified to econo
mize the cost of transmission by the use of local materials 
for the manufacture of insulators and other items of 
construction. In a developed region this may be ac
complished by referring the problem of materials to an 
already established firm. 

Among subjects of especial interest for the less-de
veloped regions may be mentioned the following: 

1. Training and acquisition of technical personnel. 
2. Procurement of literature, equipment and ma

chinery. 
3. Establishment of channels which will enable for

eign and indigenous capital to flow into less-developed 
countries without the importation of conditions which 
may be considered humiliating by nations wanting this 
help. The United Nations can direct the financial 
agencies to solve these intricate problems in an honour
able manner. 

4. The application of knowledge which already ex
ists in order to improve the raw materials, local facili
ties, resources and techniques which are indigenous in 
less-developed regions. It must be remembered that 
the people honour the services of those who do not con
stantly ape the techniques developed in other countries, 
but try to improve the already existing techniques !O 
such an extent as to produce the best possible results. 

5. Progressive measures in the legal and political 
fields. Without this it is possible to stifle any technical 
or scientific activity on purely emotional grounds. 

Sometimes in the less-developed regions spectacular 
technical developments so capture the imagination of the 

administrators and laymen that any systematic work, 
without which planned progress is impossible, is rele
gated to a minor position. Quoting from the experience 
of those entrusted with the agricultural development of 
our country, it is well known that the introduction of a 
new variety of sugar cane with better yields of sugar, or 
the introduction of a wheat or cereal more resistant to 
frost or heat, gets much closer attention from laymen 
than the more systematic but less spectacular work, such 
as soil surveys, which may be considered a luxury and a 
waste of money. 

It should be the duty of those in authority to realize 
that much larger benefits are likely to accrue if their 
countries have useful and reliable inventories of their 
resources which are further classified in suitable cate
gories according to their innate possibilities of improve
ment, or of saving them from damage or loss. It is thus 
necessary to have broad soil surveys of the reconnais
sance type, utilizing all the dependable information al
ready available, even from empirical sources. Hydro
logical surveys of the surface water resources, and when
ever possible, of underground sources, and of drainage 
conditions, should also be simultaneously considered on 
a broad basis. Materials and machines required for the 
engineering techniques to be used for soil conservation 
will have to be purchased from outside. Local centers 
for the scientific study of the problems and methods for 
training men will have to be developed. Help from re
gions more developed than ourselves would be welcome. 

The economic and social aspects also deserve con~ 
sideration. Conservation and utilization of vegetable 
and animal refuse should be organized to the fullest 
extent, so that organic manures may be produced. Syn
thetic fertilizers will also have to be used, as in the more 
advanced countries. 

Techniques for developing fishing resources in unde
veloped areas have a very significant purpose. Fish is 
an excellent food and can be produced and multiplied 
at comparatively little cost. The marine fisheries of 
the countries in the higher latitude of the northern 
hemisphere are fairly well developed, but here also much 
further increase is possible, mostly from the herring, 
cod and haddock fisheries. In the tropical and sub
tropical waters, where the fish populations are less dense, 
pelagic fisheries offer the best opportunity. It has been 
estimated by Dr. Harold Thompson of Australia that a 
20 per cent increase over the pre-war yield is probable, 
of which two~thirds might be expected from cold and 
temperate waters and one-third from tropical and sub
tropical waters. According to some others, more than 
a 20 per cent increase is easily possible. In warmer 
waters there is great need for sustained exploration to 
reveal the presence and size of fish stocks. In such 
works international co-operation is essential for effi
ciency and speed in accomplishment. For instance, 
India, Pakistan and Burma could combine for an in
vestigation of the fishery resources of the Bay of Bengal. 
Similarly, other parts of the Indian and Pacific Oceans 
could be worked out jointly by the countries bordering 
on them. F AO is already planning to set up such in
ternational units for the development of fisheries, and 
one such unit, the Indo-Pacific Fisheries Council, has 
already been established for South-East Asia and 
Australia with its offices at Bangkok. 

The old exploratory methods with steam vessels were 
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slow, but now it is possible to locate the shoals of pela
gic fishes through serial surveys, and of midwater fishes 
through the more modern technique of echo-ranging and 
echo-sounding devices. In warmer seas, more powered 
craft and refrigeration facilities are essential for any 
large-scale development. Technical advice on conser
vation and processing is necessary. The provision of 
harbours, cold storage and quick transport facilities are 
also desirable. 

Fresh-water fishery resources of the tropical coun
tries are vast and in managed pond-culture lie great 
possibilities of future development. Fortunately, the 
empirical practices in China and India enable as much 
as 4,000 pounds of fish to be raised annually from an 
acre of pond area. But these practices require review 
and standardization. Experiments on the cultural pos
sibilities of the indigenous species of undeveloped areas 
should first he carried out before the introduction of ex
otic species is considered. Associations of fish will 
have to be determined according to their breeding and 
feeding habits. The problems of stocking ponds, ferti
lizing and harvesting them, need investigation so as to 
get ma.ximum production. 

Of no less interest is the mineral kingdom. In the 
modern exploration of minerals several new techniques 
are available for use. Of these the most important is 
applied geophysics. Gravitational, seismic, magnetic, 
electric and other methods have proved their utility in 
the field of prospecting for hidden mineral deposits. 
During the last few years a geophysical section has been 
constituted as part of the Geological Survey Organi
zation of India while the seismic and gravitational meth
ods have been used for over fifteen years by the oil 
companies operating in India. Similar explorations 
will be needed in other undeveloped countries. 

The development of atomic energy requires mineral 
raw materials, for example, minerals of uranium, thor
ium and beryllium. In the search for the first two, 
gamma-ray and beta-ray counters are proving of great 
help. A rare-mineral unit is now functioning under the 
Atomic Energy Commission and Geiger counters have 
been constructed and used in India during the past year 
or two. The appraisal of reserves of various useful 
minerals requires that the known deposits should be 
proved by drilling. Arrangements are now being made 
for the acquisition of drills and for training personnel 
in drilling techniques both for petroleum and for other 
minerals. India is prepared to have full facilities for 
oil firms to export oil on reasonable terms. This is a 
field in which most undeveloped countries will have to 
seek the aid of foreign firms. 

that by 1952 we shall have a personnel of some 250 
geologists and geophysicists; a Bureau of Mines has 
been set up, whose functions will include the improve
ment of mining, mineral beneficiation, organization of 
mineral industrial statistics to serve modern needs, and 
research on the utilization of minerals. The equipment 
of these organizations with modern tools for explora
tion and .research as well as the training of personnel for 
manning them adequately are part of our programme. 
I would now like to turn to the subject of scientific and 
industrial research. 

There is no field in which modern knowledge, ac
quired in the hard way, is more important than in in
dustry. \iVhile in the modelling of an industrialized 
country the scientist, the layman and the capitalist or 
the state may retain features which are determinable 
by regional com;iderations, no industry can be success
ful unless it employs the most up-to-date techniques. In 
the less-developed regions industrial expansion is pos
sible only if the system of transport and communication 
is efficient and modern. During the last war India sent 
out large quantities of engines, railtracks and wagons to 
the Middle East. After the war, industrial products and 
food transportation suffered heavily because of short
ages. In order to replenish their depleted stocks and 
for building an efficient transport system, India has just 
received a loan from the \iV orld Bank and one can expect 
increased productiqn in India as soon as her transport 
system improves. 

Fuel and energy also occupy a very prominent posi
tion. Perhaps the next in importance are building ma
terials, such as steel, cement, wood and concrete, and 
all under-developed countries have to manufacture or 
acquire these materials. The role of scientific and in
dustrial research in the denlopment of industry cannot 
be over-emphasized. In Germany, the petroleum short
age, for example, was overcome by the Fisher-Tropsch 
and other processes developed during the war based 
upon hydrogenation and liquefaction of coal and its by
products. As however our resources do not give us self
sufficiency in this important field the Government of 
India is seriously investigating the possibility of using 
synthetic petroL These processes may be of great eco
nomic and strategic interest to other less-developed re
gions also. In this field, India has to depend upon tech
niques developed in Gernmny and the United States, 
although modifications in the already known processes 
may have to be introduced in order to utilize our raw 
materials and by-products and to secure other economic 
advantages. Here again, regional considerations may 
demand greater production of petrol than waxes, this 
procedure may be just the opposite in countries where 
high melting point waxes have an easv market. 

The enforcement of a programme of conservation re- -
quires the adoption of scientific and systematic mining It is important for under-developed regions not to 
methods and the elimination of waste at various stages neglect scientific knowledge. They should give the great
in mining, handling and transport of minerals. Low- est possible attention to the development of resources 
grade and some marginal deposits have to be mined and by inculcating the spirit of research. It is well knmm 
brought to the surface and made fit for use by the utili- that substitutes developed by the aid of science helped 
zation of various processes of mineral beneficiation, such us greatly during the last war. Scholars therefore have 
as tabling, flotation and the use of heavy media, electro- to occupy positions of trust and responsibility in the 
static and electromagnetic operations, etc. And for the regions which we are striving to develop. The existing 
utilization of minerals in industry, research-both fun- fund of knowledge is the most easily accessible and suc
damental and applied-has to be undertaken. cessful bank. The less-developed regions must not onlv 

To achieve all these ends, India has now embarked on draw from it, but they should see that this bounty is 
a programme of expansion of her geological survey so constantly expanded by them as >veil as by those more 
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fortunate in natural material wealth. In planning the 
industrial, agricultural, mineral, metallurgical and food 
<:xpansion we should not forget the place and role of 
institutions for research and development. In India, 
deven national laboratories which will deal with the 
!'pecific industries, and general scientific subjects are 
being planned and developed on a really ambitious scale. 
,\nd universities and technical institutions are being 
organized to give effective aid to human betterment in 
t:Yery field. In sending scholars for training abroad, 
<~mploying foreign experts from developed countries, or 
exchanging professors from other countries, India has 
recognized that knowledge alone is the basis of profes
sional status in all fields. Our progress can be measured 
accurately only in terms of the knowledge which we are 
<tble to acquire, create and apply. 

In this Conference of the United Nations, which aims 
at bringing peace and plenty for all mankind, I cannot 
over-emphasize the role that knowledge will play. By 
the utilization of our expanding knowledge, scientists 
iav the foundation stone for the structure of world-wide 
uiiderstanding and co-operation amongst men. The 
responsibility for erecting this temple rests with the 
trustees of knowledge, namely the scholars, the engi
neers, the plain labouring men and the understanding 
·inanciers. It is obvious that the rate at which the less
developed regions may catch up with the developed 
regions will be a measure of the success of the United 
:\ ations Scientific Conference. 

I am deeply grateful to the organizers of this Con
ierence for the honour they have conferred on me by 
'tsking me to lead this discussion. There are many 
important speakers who will follow and we hope we shall 
have a very interesting discussion on the subject. 

The CHAIRMAN : Professor Bhatnagar has made a 
very important contribution to the work of this meeting 
by the statement he has just made. As Chairman of this 
session I now call upon Professor Albert Rhoad, of the 
fnter-American Institute of Agricultural Science in 
Costa Rica, who has had a lengthy experience of under
developed countries. Professor Rhoad has taught at 
Cornell and also in Brazil. 

:Y!r. RHOAD: Dr. Ralph Allee, Director of the Inter
American Institute of Agricultural Sciences, was to be 
here this afternoon to discuss his prepared paper on the 
subject of "Preparation of Scientific and Technical Per
sonnel for the American Tropics".b Inasmuch as he is 
unable to be here, I have been asked to take up this 
subject matter and I will do so briefly, rather than read 
his rather extensive paper which is available to all of 
yon at the Conference. 

There is no need to emphasize to this gathering that 
to implement or to put into action the very large body 
of experience information that thus far has come out of 
this Conference will require an ever increasing number 
of scientists and technicians. The training of this neces
sary personnel is a major problem in the less-developed 
countries, countries which, though very often rich in 
natural resources, must await the technological develop
ment of their resources before an appreciable increase in 
the standard of living is obtained. 

Training in the sciences and technology is expensive. 

"Mr. Allee's paper is printed as a background paper for the 
next meeting (2 September). 

Too expensive for many of the countries to construct, 
properly equipped and staffed, technical schools or insti
tutes to meet adequately the requirements of the prob
lems with which they are faced. How this obstacle is 
being met, is of interest. There are three general 
methods : the first is to import trained personnel to help 
staff schools and laboratories, such as they may be. This 
has given us excellent results in many instances, provid
ing the importee, that is the expert under contract, stays 
long enough to train nationals in his field who can 
eventually replace him or her. We usually consider 
that it takes five to fifteen years for an expert to properly 
train nationals to this stage in the less-developed coun
tries where facilities for educational purposes are not 
as abundant as in the higher-developed. This is true 
not only of those who go down to teach in the schools 
but also those who work under contract in the varions 
laboratories. 

I am speaking primarily of the agricultural labora
tories in Latin America, with which I am most familiar. 
These outside experts and scientists have made and are 
making great contributions to the technological develop
ment of countries by training personnel in the labora
tories and in the fields. That is usually the first step. 

The second is to send the most capable students 
abroad for special advanced training. This is a method 
widely used at the present in Latin America. There are 
far more students taking advanced work here in the 
United States and Europe than there are technicians, 
from these industrialized countries, working in the agri
cultural schools and colleges or experimental stations of 
the less-developed areas. 

This has its disadvantages : When the student returns 
to his homeland, and I refer primarily to the agricultural 
students, too many of them have been over-impressed 
with the gadgets they see, with the fine class of cattle, 
the wonderful breeding establishments, and so forth. 
Upon their return to their homeland, they are inspired 
to do great things, and having been greatly impressed 
with the things they have seen, they endeavour to apply 
them under their own conditions. Very frequently, this 
does not work out satisfactorily. There is a great deal 
of adjustment that a student must make when he returns 
to his homeland in applying what he has learned. This 
problem would be greatly eased, if, in our larger uni
versities, the students from abroad were impressed with 
the scientific principles and practices through which our 
perfected state of conditions, our perfected type of 
animals, or agricultural practices were achieved, so that 
upon returning .to their homeland they could apply the 
same principles to the crops, animals and other elements 
with which they must work, and with the class of 
animals or with other agriculture phases of work. In 
speaking of the American tropics, the students who go 
to the United States and European universities learn 
about and work with classes of animals and crops very 
distinctly different from those they must utilize when 
they return home. And it is no easy matter to make 
these adjustments. 

Six years ago, the organization of American States, 
what was then the Pan American Union, was called 
upon to establish an international institute of agricul
tural sciences located somewheres within the American 
tropics, where students from this area could go and 
do advanced work, learn experimental techniques and 

313 



UNSCCUR PROCEEDINGS: PLENARY MEETINGS 

work in a climatic environment and under the soil and 
vegetative conditions of their homeland. Inasmuch as a 
graduate school is a very expensive institution, it was 
visualized that this should be a co-operative, inter
American institute. In 1942 the Inter-American Insti
tute of Agricultural Sciences was established on such a 
basis, by a number of the less-developed countries. 

The Inter-American Institute of Agricultural Sciences 
is developing its program with resources from thirteen 
of the twenty-one Pan American countries. It is ex
pected that within a few years the other countries will 
ratify the international agreement that created the 
Institute and thereby become an integral part of it. 
This Institute receives students from all over the Ameri
can continent, many of them-most of them I might say 
-from the undeveloped countries. We feel we have 
been successful in developing a training program ade
quate to their need, and based on plants and animals 
with which they must work on their return to their 
homeland. In this way the adjustment that is so neces
sary when students are trained in foreign lands, under 
conditions not comparable to their homeland, is mini
mized. 

The CHAIRMAN: I now call upon Mr. G. F. Clay, 
of the United Kingdom. 

Mr. CLAY: I welcome this opportunity to take part 
in the discussion on resource techniques of special in
terest to the less-developed countries, for I believe that 
one of the most important contributions which this Con
ference can make is to obtain a clear appreciation of the 
conditions and problems which exist in the under-de
veloped countries, and of the limitations, human, physi
cal and financial, which, by the very nature of their 
under-development, impose severe restrictions upon the 
techniques and the scope of the efforts they can make in 
the development, conservation and utilization of their 
resources. 

I propose to limit my observations to land resources 
and the development of agricultural production-that is 
agricultural production in its wider sense, including crop 
culture, animal husbandry and forestry-and in so do
ing to draw upon the experience of the British colonies 
which cover a wide range of climatic and soil conditions 
and contain many races of the human population in vary
ing degrees of development, from the subsistence and 
tribal economy of the African peasant to the more highly 
developed social structure and education of the people 
of, say, the Mediterranean territories of Cyprus and 
Malta. When I say "more highly developed", however, 
I wish it to be realized that even in these territories the 
gap in the technical development in agricultural produc
tion when compared, say, with modern refinements in 
agricultural practice--of which we have had so many 
very illuminating accounts at this Conference and which 
are now being incorporated as standard practice in the 
farming economy of the Western world-is still cen
turies wide. 

I would deal first with the problem of the education of 
human populations in these territories and, if I might, 
discuss the evolution of the educational system in the 
British colonies, which has its application and its lessons 
to be dravvn, I feel, in this question of educating people 
to a consciousness of soil conservation and general con
servation, and its application in the training of indige-

nous people for leadership both in science and administra
tion. I am thinking now particularly of Africa, which 
I know best. It is now little more than fifty years since 
most of the African colonies came under our trusteeship 
or protection, and until the middle Twenties the educa
tional development of those territories rested mainly in 
the hands of missions. At about that time, however, in 
the middle Twenties, there developed an urgent desire 
by the people themselves to surge forward and it was felt 
that the resources of the missions, both from the point 
of view of finances and personnel, could not cope with 
the expansion which we must envisage in the devel
opment of the educational system in the colonies. 

At that stage, therefore, the state came in, in a partner
ship with the missions then established, and from that 
date we have gradually evolved a structure in the educa
tional system which has as its basis the development of 
a widespread scatter of primary schools in which the 
education is essentially in the vernacular, with English 
as a subject in the two or three top classes, from there 
proceeding to secondary schools which in many cases, 
have now become the function of the missions in the 
educational system, and finally, the development of uni
versity colleges ultimately aiming at university status as 
the peak of the educational system. 

I should like to pay tribute to the help in connexion 
with this work which we have been able to receive in the 
colonies from the institutions at home. For instance, in 
the development of university colleges and the attain
ment of university status of some of those colleges at 
later dates, we have had the full benefit of the Inter
University Council at home and have been able to draw 
freely upon the experience, the wisdom and the knowl
edge of the university authorities in the United King
dom. 

In many cases, we are developing university colleges 
aimed at serving regions rather than individual territo
ries. Mr. Rhoad himself has referred to the heavy ex
pense which is incurred in the development of training 
institutions for the training of scientific personnel. Our 
conception has been that a West Indian university, for 
instance, serving the territories in that area, a West 
African university, an East African university, and a 
Malayan or South-East Asian university would probably 
meet the needs of the colonies grouped under those 
categories. 

Having given that brief account of the development of 
the educational structure in the colonies, I should now 
like to refer to some of the difficulties which we have 
found in training particularly the scientific personnel 
necessary to serve their own people in their own coun
try. Originally the idea was, that in order to obtain an 
accelerated development of the educational leaders of the 
people, we should try to select limited numbers and de
velop the university status, rather than start at the bot
tom of the pyramid and work towards the top. I believe 
that up to a point that was necessary; and, with the 
assistance of the missions, it did give us quite a number 
of responsible indigenous people, well educated and able 
to exert influence on the people in general through their 
positions as leaders. 

However, with the increase in the numbers of the 
personnel required to carry out modern administration 
and modern development, we are now experiencing 
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difficulty in getting sufficient numbers coming through 
from the primary school up to the university standard. 
On the basis of my experience I feel that one of the 
essential things is to develop fully universal education, 
to develop fully the necessary complement of secondary 
schools from which to draw the personnel or the stu
dents who will come forward for university training. 

Another difficulty which we have experienced, and 
which I think is of interest, is this : \Vhile there is no 
such thing, in the colonies and in under-developed coun
tries generally, as a professional tradition-that is, there 
are no people whose fathers and grandfathers have been 
doctors or whose fathers and grandfathers have been 
lawyers-nevertheless we are finding it difficult to avoid 
the development of those special traditions and special 
privileges which we normally associate with certain pro
fessions in the more highly developed countries. We 
have therefore found-and this is probably true for 
financial reasons or because of the higher status in so
ciety or the easier conditions of life-that there is gen
erally a natural tendency among the students coming 
forward for higher education to choose the medical pro
fession, say, or the legal profession or the field of admin
istration rather than the hard work and the uncom
fortable conditions of travel associated with the profes
sion of agriculturist or veterinarian or forester. 

That is one of the problems we are at present con
cerned with. We feel, some of us, that if we are to get 
the full benefit of scientific training from the people, then 
we must obviously get the people for the universities 
who come from the tribes themselves. We feel, there
fore, there may be a case for the inception of some form 
of bonded scholarships on a tribal basis which will ensure 
that the tribes which need this trained personnel will 
send forward the requisite numbers, possibly to the 
secondary school, and then bonded for particular pro
fessional training. But that is one of the problems 
which we have found difficult in our development of the 
training of scientific personnel. 

If I may, I should like also to touch on the problem 
generally of education in the under-developed countries, 
and in so doing, possibly I might give two or three small 
examples of what happens in the absence of an educated 
people when certain agricultural developments are being 
pursued or attempted to be pursued. These are simple 
illustrations, but I believe they point to a moral and a 
lesson, to the great need in any conservation work to 
get an educated population, educated fully in the need 
for and appreciation of the benefits of conservation and 
utilization. 

First, I remember years ago, in what is a fertile area 
of East Africa, on volcanic soil eminently fitted for the 
development of an economic crop, such as coffee, we 
established by demonstration and by experimentation 
that we could grow satisfactorily a mild coffee. This 
was an area worked solely by the indigenous people, 
with no non-native enterprises whatsoever. The next 
step was to try to demonstrate to the people the benefits 
of this crop. We planted demonstration plots, but the 
people were told by the witch doctors of that area that 
the coffee plants were dancing at night, that it was 
"white magic" and consistently and persistently these 
crops were uprooted and destroyed. This was done 
purely because of the fact that these witch doctors had 
instructed the people. 

That is one example, and another example I might 
quote occurred in northern Nigeria, where I was dis
cussing with one of the local Emirs of that area the 
possibility of improving the goat population, aimed at 
producing milk, an essential requirement in that part 
of the world. The reply was given that goat milk gave 
them smallpox. 

These are purely local examples of the need for the 
general education of the people to a higher appreciation 
of the value of conservation, and I would stress that in 
the training of the youngsters in the villages, that in 
their curricula, apart from the classic subjects which 
were incorporated in their syllabi, we should by all 
means include-! said this the other day-some place 
for what one might call civics or better living. This 
could be done by talks, and by reference to what is 
happening in the wider field, in the other villages, even 
outside the country and by illustrations on the wall. By 
this we would inculcate in the people of the village a 
wider interest, a desire for improved conditions, and a 
suitable medium for the development of a conservation 
and utilization policy. 

That is, briefly, the point I wanted to make on edu
cation. 

Now I should like to turn briefly to the question of 
research, the tool which is obviously essential for the 
development of backward areas. I should like to make 
this brief point, which I think is important. We have 
been impressed at this Conference by the standard and 
the quality and the refinement of many of the research 
projects of which we have been informed through the 
admirable papers we have listened to and discussed. We, 
in the temperate regions in the western world, as a result 
of research in agriculture, have been dealing mainly with 
an established system of farming which has been de
veloped ever since the days of the enclosures and the 
industrial revolution, a system of farming which, by 
empirical means, has improved many of the methods 
used. We have since then, by research, tried to expand 
and satisfactorily expand many of the systems and meth
ods used, and we have since then by research embarked 
upon refinements in systems of agriculture, in systems 
of stock management, in breeding and feeding and so 
on. In the colonies and in the under-developed coun
tries, we are dealing primarily with a people who are at 
a subsistence level, whose farming system is subsistence 
farming. We have no wealth of experience, no accumu
lated knowledge as a result of empirical tests on sound 
farms of what are reasonable systems of farming with 
which to raise their standards of living. I believe, 
therefore, that in our approach to research in under
developed countries as a resource technique, we must 
avoid-and I think this is :Mr. Rhoad's point-bringing 
people back from these advanced countries and giving 
them the impression that they can embark immediately 
on the research and on refinement, and avoid doing 
what would be regarded in Western countries as simple, 
basic investigational work needed to build systems of 
farming fitted to their soil conditions. 

For instance, I would refer to the fertility status of 
tropical soils; we know little of that. We know little 
of more optimum soil management. We know little of 
the status of humus in tropical soils. We know. little 
of the composition, classification and character of the 
soils of these countries. Nitrogen study in tropical 

315 



UNSCCUR PROCEEDINGS: PLENARY MEETINGS 
--~~·------~------------

countries is quite different from that in temperate condi
tions. The maintenance of structure and the interpre
tation of many factors concerned in shifting cultivation, 
the establishment and development of better pastures, 
these are problems in which, in many cases, the results 
obtained in temperate countries have been assisted by 
research that cannot have any application in, and yet 
are vital to, the development to the full of the land re
sources of these territories. 

Therefore, I would make a plea that the development 
of research and experimentation is one of the most im
portant resource techniques, and one which must be 
developed on the basis of a simpler pattern than that 
which we have come to admire so much in more highly 
developed countries. 

I am constantly reminded of a statement made by an 
old professor of mine on forestry a quarter of a century 
ago. This professor said to his forestry students who 
were going out to the colonies that they must realize 
that the greater part of the work of a forestry officer in 
the field would consist not in the management of large 
forests, such as they saw in Europe, but of organizing 
the supply of fuel and timber on a tribal basis. That, 
I believe, is fundamental still in many of the under
developed countries. 

Another point I should like to refer to is the problem 
of storage. Here again, in Western agriculture we are 
concerned with crop driers and with grain storage and 
so on, whereas in the colonies and the under-developed 
countries we are concerned with storage under village 
conditions which will avoid the unnecessary losses which 
are such a normal feature of village economy in under
developed countries. 

Then, finally, I would say that in my view we have 
got to develop a technique in the laying down and test
ing under the varying conditions of pilot areas within 
which we can embrace the whole of our knowledge and 
try to work out patterns of land use and village co
operation which can expand the standards of living and 
the economy of the people of the colonies. 

Mr. Guillaume yesterday presented a paper dealing 
with many of the problems of under-developed countries, 
and he showed the different areas that can be handled 
by humans when working by hand, when working with 
oxen, when being assisted by mechanization, and when 
fully utilizing mechanization as a basis of production. 
These figures are significant, and in my view any attempt 
which we make to try and build a system of agriculture 
aimed at expanding the standards of living and at 
supporting the social structure which we wish to estab
lish in these colonies on the basis of subsistence farming, 
and expanding that by cash crops in one or two places, 
will never reach the level we are aiming at in these 
under-developed countries. 

I believe that by some means we have to encourage 
what would amount to a revolutionary change in the 
organization of the present producers in these under
developed countries, if we are to effect an expansion 
of production and proper conservation and utilization of 
resources in those territories. Therefore I believe that 
the technique of the pilot area taken to the village, 
rather than to the individual as a unit, is one of the most 
important problems which we still have to tackle. 

I could say a lot more, and there is a lot more to be 
said on the subject of under-developed countries, but 

those are some of the points that I think people should 
bear in mind in considering the problems of conserva
tion techniques which are to be applied in under-devel
oped countries. 

The CHAIRMAN: I now call upon Mr. Reyna
Drouet, of Equador. 

Mr. REYNA-DROUET :c I wish to avail myself of this 
opportunity to speak of the economic development of 
the countries of South America. In the course of the 
meetings which have been held here, reference has been 
made to the cultural development necessary to develop 
personnel which would be useful in the economic de
velopment of our countries. In South America and, in 
point of fact, in other places as well, it can be said that 
we have received a tremendous cultural heritage from 
Spain. Particularly in the Colonial Ages, we founded 
universities and colleges. Thereby we developed certain 
manual arts and the art of painting. We should not for
get that we also received certain elements of agricultural 
culture in the same way. In Ecuador, the University of 
Quito has prepared us for the present stage. But we 
also received a tradition according to which the Spanish 
colonizer made the natives of a country do the work. 
Because of this, we have been delayed in our economic 
development. That is also true of the remainder of 
South America. That is why we will have to catch up 
with the other countries. These peoples have a con
siderable cultural coefficient of a very high quality. 
Nevertheless, their economic development does not cor
respond to the cultural development of the cultural 
classes of the remainder of the American continent. I 
wish to stress again the fact that we have to catch up 
with the other peoples of the American continent. 

In our countries it has not been possible to develop 
private enterprises as they have been developed in other 
countries. The only way in which we can proceed is by 
planning the economy of our countries. In Ecuador, 
every effort is being exerted to catch up with the other 
countries in elaborating such economic plans. In these 
under-developed countries, we must actually raise our 
economy by means of a total planning of our economies. 
Taking into account private enterprise, this could pro
duce a type of mixed economy with the co-operation oi 
the State. Only in this way vdll it be possible for us, 
considering and facing our O\Vn problems, to utilize fully 
the techniques of the more developed countries. Only 
in this way will we be able to come from behind from a 
position in which our economic status does not cor
respond to our cultural status. All of these countries 
have to face their own problems in order to catch up 
with the other countries. 

I should like to make a few more comments in respect 
to personnel. Undoubtedly, the training of such per
sonnel presents problems which will have to be re
solved. They are being studied and they have been 
brilliantly discussed during this Conference. This is 
what we must do : we must find the means to ensure 
that this personnel •viii be qualified to use the tools that 
we have, to import in order to build the things we need 
to build and to reach the final objective which we have 
before us. Ecuador is exerting the maximum effort 
today, but she will have a lot to do to repair the effects 
of the horrible earthquake which recently took place. 

cMr. Reyna-Drouet spoke in Spanish. 
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However, vve will still progress, even against nature 
herself. 

SIR HAROLD HARTLEY: Without breaking the thread 
nf the discussion, I should like to take up a point which 
')r. Bhatnagar emphasized in his masterly survey of the 

FOR LESS-DEVELOPED COUNTRIES 

tion, \vhich is based on their educational system. It has 
added greatly to their efficiency and their happiness. 
Then there is the very important question of incentive, 
on which so many of these development schemes depend. 
Lastly, there is health and physique. 

resources and of the development that is taking place As regards diseases and pests, we have immediate 
in India. His survey showed a wonderful grasp of all cause for optimism. The last hundred years have seen 
',f the problems. He said that without systematic work, such an amazing development in the understanding of 
J )lanned progress is impossible. He referred to soil the causes of disease, particularly of the endemic dis
surveys, hydrological surveys and surveys of industries eases of tropical and subtropical countries. There 
connected with indigenous resources. From watching again, when you interfere with nature, when you try to 
Yarious developments, I am impressed with the need for change her ways, you must watch her reactions very 
this approach in order to develop a proper phasing. carefully. The possibilities of the adaptation of bacteria 
Without that, so many schemes go astray. to their environment and the development of more re-

A remark comes to my mind which was made by a sistant strains may mean that our present methods, how
great American surgeon, Alexis Carrell. He said that ever effective at the moment, will need modifications. 
one of the greatest dangers in the modern world was the New methods must be found to replace the old. We 
specialist and that the only safety lies in a synthesis of have embarked on new adventures, where vigilance and 
:;pecialists. research will be more than ever necessary. 

We have in this Conference our synthesis of special- As regards transport, steam transport made possible 
1sts, but I hope you will not think it too elementary if the nineteenth century, and transport must always re
I refer to what I call the limiting factors in agricultural main the key to development by making possible the 
production development so as to be sure that those exchange of commodities and the movement of individu
limiting factors are all being taken into account. I list als. The value of surplus crops and raw materials de
them as water, climate, soil, man-power and human skill, pends on the possibility and the cost of moving them. 
pests and diseases, transport, energy and power, and The transport engineer must find the best solution hy 
equipment and capital. road, rail and water, in terms of local conditions and re-

sources. Here I think you have one of the most impor-
\Vater clearly comes first; it is essential to all life. I tant factors in development, and not only in the actual 

think it is not untrue to say that hydraulic engineering development but in diversifying the life of the individual, 
is the key to many, if not most, development schemes in giving him that extra incentive and those new interests 
chese less-developed countries, and that the control of without which these development schemes will not 
water needs the most skillful planning. Water control succeed. 
'11erges into these wide issues: dams, water power, At other plenary meetings I spoke of the importance 
irrigation, drainage, flood control, methods of cultivation of energy and its utilization in power and heat. The 
ro prevent erosion and afforestation. mechanization of agriculture in this century is as im-

Climate is such an obvious factor as it determines the portant as the mechanization of industry was in the 
rate of growth of plants, depending on temperature, nineteenth century. Energy is needed not only to pro
,;unshine and moisture. But there is a point here which duce crops but to process them. This is the new feature 
I do not think has come up in this Conference and which which is bringing farming and industry into much closer 
has been developed by Major Markham in a remarkable relationship. 
book on Climate and the Energy of Nations. He shows If you take all those factors, it is clear that their inter
irom statistics how intense heat or cold makes larger relation makes a complicated picture, and success de
demands on the human system, that man's energy is at pends on their proper phasing in development schemes. 
its height in temperate regions. He poses the problem That is why I picked up Sir Shanti's point about the 
of how far science calf overcome the handicap of tern- need for this systematic work. The orderly solution of 
perature extremes by improving living conditions in these development problems in any area depends on a 
order that we may get the best results in those countries survey of the relevant factors : the natural resources of 
which are so productive but where you meet these tern- the country, its geography, its economic structure and its 
perature extremes. capacity both for production and consumption. The 

Soil has been dealt with at great length in the sec- limiting factors will then appear and the problems that 
tiona! meetings. It is such a complex assemblage of they present can be attacked in their proper priority. 
inorganic and organic material, both living and dead, It seems to me that such surveys are a matter of 
that it presents a very intricate and difficult scientific major importance, and that the value of them would be 
problem. But here science is just beginning to break in much enhanced if there were some clearing house to 
and unravel the problem. New discoveries are reveal- which the results could flow and be made available so 
ing the delicate balancing factors in the top few inches that each country might know the resources and paten
of soil on which fertility depends. But Nature is a most tialities of the others. In this way there would gradually 
exacting taskmistress. emerge a clearer pattern of how the world resources, 

As regards man-power and human skill, the pri'blem distributed as they are in such an accidental pattern, 
seems to me to be threefold. First you have education, can best be utilized to meet its ever-growing demands. 
which we have heard discussed so thoroughly this after- MR. BHATNAGAR: One of the limiting factors men
noon. I always feel that Denmark is the outstanding tioned by Sir Harold Hartley in his very interesting 
example of what education can do to raise the quality of lecture was climate. I an1 reminded of a story which 
agricultural output. Her farmers believe in co-opera- I think would be of interest to this audience. \Vhen 
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plans were being made to put a steel works in India, 
the European experts said that it was such a hot region 
that it would be impossible for any man to remain alive 
on the furnaces and that no steel plant could therefore 
be erected there. However, not only does India oper
ate one of the biggest steel plants in the British Com
monwealth, but it also supplies labour to manage the 
furnaces of many other countries, particularly in the 
Navy. The humorous retort which was given to the 
experts by Mr. Tata was that if the climate in India 
was so hot as described it would be possible to make 
steel more cheaply because less energy would be re
quired for its smelting. 

It is not necessary therefore to put too much emphasis 
on climate. These things should be examined in a bal
anced manner. Climate is, of course, a very important 
factor, but this air-conditioned room shows that climate 
can be controlled. In the great coking plant at Pitts
burgh in the United States there is hardly a man work
ing on the furnaces. The men operate in an air-condi
tioned room and, as a matter of fact, the whole operation 
is so neat that it can be carried on in a drawing room. 
By the application of science, climate can be conquered 
to some extent and those countries which have bad cli
mates need not feel very despondent on account of this 
factor. 

The CHAIRMAN : I now call on Mr. H. Carabafio 
of Venezuela. 

Mr. CARABANO :d We do not claim to give a solution 
to any specific problem in this statement but simply to 
speak of a question which we consider vital for coun
tries which, like Venezuela, are in a state of economic 
under-development. After the experiences we have had, 
the Conference has arrived at conclusions which under
line the problem and indicate what measures might be 
contemplated in co-operation in order to arrive at a so
lution, and we are convinced that our governments will 
try to find the best solution for the exploitation of na
tural resources. There is no doubt also that they will 
attach due importance to the techniques which have 
been outlined here; if the governments will follow a pol
icy of conservation on very specific lines, there will be 
very little left to do. 

Immediate action may meet with obstacles due to cir
cumstances which we have to try to foresee, and there 
must be a sufficient foundation of technical resources 
to make possible the carrying out of a programme of 
conservation. In the United States, for instance, the 
co-operation of the Department of Agriculture and the 
help of the soil conservation services are available, but at 
the same time it is also necessary to train technicians 
and scientists. There must be enough skilled men avail
able to carry out the developments. 

This question has been discussed in earlier meetings 
but is even more clearly evident at the present time. It 
is of such importance that it is unnecessary to insist 
upon it; much has been said about the various aspects of 
education in regard to the conservation of resources but 
we are under the impression that perhaps the role of the 
universities has been forgotten in this task. In my coun
try great efforts are being made to enable the universities 
to come out of their isolation and co-operate in these 

"Mr. Carabaiio spoke in Spanish. 

tasks. As proof of this we have recently set up a School 
of Manual Arts in Venezuela. We have introduced 
this attempt at specialization in an endeavour to ensure 
that our professional people have the necessary instruc
tion and orientation. Without specialization it is impos
sible to achieve sufficient efficiency in such a very spe
cific field. 

What I have said here about the necessity of break
ing through the wall of specialization must also be ap
plied to all forms of teaching, because in our opinion 
conservation is not only a special subject but also a gen
eral field of knowledge which should be inculcated into 
the minds of children by teaching them the various pos
sibilities of their environment. We think the universi
ties should assist in giving the young information about 
their responsibilities within their environment. The 
subject affects the family, the country and humanity as 
a whole, and we must work for a realization of this in 
order to do away with the ignorance which prevents 
improvement of general standards. Men are the best 
means of their own development although it is the pro
fessionals who have the greatest prestige, but the im
portance of the role of governments has not been suffi
ciently stressed. Governments must be enabled to assist 
more efficiently in these conservation programmes. We 
must recommend action and specific measures to govern
ments. If this question is to be solved for all the coun
tries of South America it will be necessary to mobilize 
all efforts and we shall also need the experience of for
eign countries. We hope to have the assistance of the 
eminent men who are gathered here to help us in our 
judgments for the greater benefit of all concerned. 

The CHAIRMAN : I now call on Mrs. Pinchot of the 
United States. 

Mrs. PINCHOT: On the opening day a delegate came 
up and congratulated me on the holding of this confer
ence in terms of a forty-year dream come true-and sug
gested it might be of interest to the participants to know 
something of the background of how it came to be called. 

Perhaps a short history may help to make clear why 
so many conservationists regard this particular Con
ference less as a dream come to fruition than as a noble 
opportunity side-stepped. That, in spite of the remark
able contribution it has made on the technical side. 

To condense that history in as few words as possible: 

In 1908, the then President, Theodore Roosevelt, 
called the governors of our forty-eight United States 
to consider the "preservation, protection and wise use of 
the natural resources of the nation." 

He pointed out that the conservation of natural re
sources is one of fundamental importance and drove 
home the basic truth "that the planned and orderly de
velopment of the earth and all it contains is indispens
able to the permanent prosperity of the human race." 

This Congress set forth in impressive fashion (and it 
was the first national meeting in any country to do so) 
the idea that the "protection, preservation, and wise use 
of the natural resources of the earth are not a series of 
separate and independent tasks, but one single problem." 
And, to quote again, "The various uses of our natural 
resources, are so closely connected that they should be 
coordinated and should be treated as part of one co
herent plan." 
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"Hitherto," said Roosevelt, " our national policy had 
been one of almost unrestricted destruction of natural 
resources," a policy that had led to the "exhaustion of 
these resources and unequalled opportunity for private 
monopoly." 

"In the past," he continued, "we have admitted the 
right of the individual to injure the future of the Re
public for his own present profit. The time has come 
for a change. 

"The sources of national wealth exist for the benefit · 
:)f the people and monopoly thereof should not be toler
:tted. 

"We regard the monopoly of waters, and especially 
the monopoly of water power, as peculiarly threatening. 
No rights to the use of water powers and streams should 
hereafter be granted in perpetuity. Each grant should 
l>e conditioned upon prompt development, continued 
beneficial use, and the payment of proper compensation 
to the public for the rights enjoyed; and should be for a 
definite period only. 

"\V e look upon these resources as a heritage to be 
made use of in establishing and promoting the comfort, 
the prosperity, and happiness of the American people." 

And in speaking of prevention of waste in the mining 
and extraction of coal, oil, gas and other minerals, stress 
is laid upon "their wise conservation for the use of the 
People" (with a capital P) "and to the protection of 
human life in the mines." 

Let me give you one instance of how the practical 
issue was posed in those early days. The national 
forests of America were being destroyed with unpar
alleled ruthlessness and rapidity. A large share of the 
blame for this condition was due to overgrazing on state 
forests by big absentee cattlemen whose animals de
stroyed the efforts of the small homesteader, who found 

· himself helpless to make a living. 
The issue, fair access by the little men to domestic 

natural resources, was won only after years of the 
hardest kind of hard fighting-fighting against every 
kind of pressure, financial, political, social, sometimes 
even physical, by the reactionaries of that period. 

Always you see the emphasis laid upon protection of 
the rights of the people marching side by side with the 
technology of forest management, development of water 
power, flood control, extraction of minerals. Always 
the purpose of conservation as defined by Gifford Pin
chot, "the greatest good to the greatest number for the 
longest time." 

A later North American Conservation Congress de
clared that the "movement for the conservation of nat
ural resources on the continent of North America is of 
such a nature and of such general importance as should 
become world-wide in its scope." 

Then Theodore Roosevelt pushed his understanding 
a step further. He proclaimed that "permanent peace is 
impossible unless the conservation of natural resources 
is assured." 

"No nation is self-sufficient in raw materials," he said, 
and continued, "the welfare of every nation depends 
upon access to the natural resources it lacks." 

"The world is beginning to understand that, instead of 
its being normal in the interest of one nation to see 
another depressed, it is normal in the interest of each 

nation to see others elevated. Fair access to natural 
resources from other nations is therefore an indispen
sable condition of permanent peace." 

And being a man of action, in January, 1909, a formal 
invitation went out from the President to fifty-eight 
nations to "join together in conferences on the subject 
of world resources and their inventory, conservation, 
and wise utilization." 

Some thirty of the countries, including Great Britain, 
France, Germany, Canada, Mexico and others, accepted. 
Most unfortunately for the cause of peace, President 
Taft who succeeded Roosevelt and whose failure to 
support conservation precipitated a major political re
volt, decided to recall the invitation. Wilson, Harding 
and Hoover, all three in turn, failed to act. 

In 1940 the conservation of natural resources as an 
"essential foundation for permanent peace'' was pre
sented by Gifford Pinchot before the Eighth American 
Scientific Congress meeting in Washington. A resolu
tion, passed without a dissenting vote, recommended 
to "the governments of the American Republic the ap
pointment of an Inter-American Conservation Com
mission cooperating with the Pan-American Union and 
representing all the Americas." This Commission "to 
be charged with the duty of preparing an inventory of 
world natural resources, and of formulating a general 
policy and specific program of action to promote the 
mutual conservation and prudent utilization of natural 
resources for the welfare of all nations, in the interest of 
permanent peace." Unfortunately the war intervened 
and the resolution came to naught. 

In 1944 Gifford Pinchot brought the matter up once 
more with President Franklin Roosevelt. He immedi
ately grasped the significance of the movement, wel
comed it with enthusiasm, and authorized Pinchot 
to draft a plan and work out a full agenda. 

After the death of Roosevelt, President Truman put 
the full measure of his authority behind the plan. And 
so, after forty-one years, the long delayed Conference 
is in existence. 

All of this background makes it the more amazing, 
the more tragic, that Man, for the service of whom 
all natural resources are developed, should not have 
been made the central theme around which this meeting 
was organized. 

Every true conservationist knows that man himself 
is a natural resource, the basic resource; that without 
man's energy, the energy of coal, of electricity, of oil, 
or atomic fission itself, is inert and meaningless. 

To side-step the human and political implications of 
conservation, to deal with it exclusively in terms of mate
rials, matter and technical processes, is to take a long 
step backward from where we stood a generation ago. 

Today some 600 scientists are assembled in what is 
perhaps the greatest scientific gathering, with the widest 
coverage, that has ever been held. Such a meeting, had 
it been permitted, might have been used as an un
paralleled opportunity for a thrashing out of the social 
issues upon which civilization, perhaps the future of 
the world itself, depends. 

Yet these subjects, although there have been many 
indirect mentions of them, have not only been rigidly 
excluded from the agenda, but the scientists have ar-
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The CHAIRMAN :a I declare open the fourteenth ple
nary meeting of the United Nations Conference on 
Conservation and Utilization of Resources. 

It is a great honour for me to have been appointed 
to preside over this plenary meeting of the United 
Nations Scientific Conference on the Conservation and 
Utilization of Resources. In taking up this important 
task and in opening the meeting, I wish to express my 
appreciation of the work of the members of the Con
ference and to express my faith in the results of this 
work which was undertaken under the guidance of the 
United States of America, and which has brought about 
a conference in which we have gathered together so many 
illustrious representatives of contemporary thought. 
Men and women from all parts of the world have placed 
their hopes in this important Conference. The outcome 
of our work is awaited by the world. 

Throughout these weeks of work, we have always 
been conscious of humanity's hopes which have been 
placed in us. Within a few days our meetings will come 
to an end, but the words that we have spoken will be 
entered in the records of human history. This Confer
ence has brought together at Lake Success technical 
experts, research workers, men of science, experienced 
people. \V e have had an exchange of ideas ; we have 
come together to share our experiences, to share the 
fruits of our labours in our several countries and our 
several domains. 

Thanks to the work of the Secretary-General of the 
United Nations, this important Conference has been 
possible. It may well be that what happens in the future 
will add to what we have achieved in this Conference. 
It may be that the contact that we have established with 
each other will lead to a new and valuable conquest, a 
conquest in the field of technique, in the field of the 
application of methods. It may be that it will lead to an 
achievement with respect to the raising of the standard 
of living of the people, an objective to which reference 
is made in the Charter and in the Declaration of Human 
Rights. 

These were the principles and objectives which the 
President of the United States had in mind when he 
first thought of this meeting and when he made it 
possible. When we have worked through our pro
gramme, we shall be able to affirm that a new route has 
been found for human progress in all sections of human 
activity. It is, therefore, a time of hope for all of us. 

The Charter of the United Nations states these prin
ciples very clearly. It may be that friendships between 
the peoples of the earth involve an exchange of the in
formation and experience which the different peoples 
have acquired. Millions of the children of the world are 
living, we are told, under very severe conditions. Vve 
have to do what we can to relieve this human suffering. 
In a spirit of solidarity and with foresight, we must 
consider the problems of the future. These values are a 
part of the democratic creed, the humanitarian creed in 
which we place our faith. Man, within the scheme of 
nature, is the protagonist of this great purpose of prog
ress. It is here that we must penetrate the secret of 
nature; we must discover those secrets and make use of 
the forces of nature. 

'The Chairman spoke in Spanish. 
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The value of this Conference has been proved by the 
fact that we have gone so much into this problem. We 
have considered the factor man in all the aspects of his 
life on this planet. It is man who clears the way through 
the shadows ; thanks to the ceaseless activity of his mind, 
he is able to unveil the secrets of the world and to exer
cise his creative will over nature. It is in this way that 
we can find a new basis for civilization and culture. It 
is for us human beings so to use our minds that we can 
hand over to our children a torch which will cast light 
on the road ahead. 

Our theme today, the agenda of this plenary meeting 
over which I have the honour to preside, is, therefore, 
of special importance. The speakers for this afternoon 
will make it much more clear than I am making it that 
our purpose is to relate man to nature in the proper way. 
This is an immense activity in which the United Na
tions itself is engaged through the General Assembly 
and through the Economic and Social Council. These 
bodies have adopted resolutions embodying this princi
ple, the principle of technical assistance, particularly to 
the economically backward countries. This coincides 
with Point Four of President Truman's programme. 
In 1948 the General Assembly of the United Nations 
had approved two resolutions, one for measures to be 
adopted at the next session for economic development, 
and the other resolution dealt with the question of more 
favourable conditions for economic and social develop
ment. 

These are among the basic objectives stated in the 
Charter, and now to this we have added the purpose of 
the Conference in which we are now engaged. We are 
meeting here, thanks largely to the initiative of that great 
leader of the American people. 

Labour and social welfare are elements which cannot 
be separated from the development of new techniques. 
They are the active principles at the basis of all the new 
legislation dealing with social welfare, social insurance 
and so on. The purpose is always to provide a sense 
of security. Insurance and maternity leave, healthy con
ditions in places of employment, the employment of 
minors, all these fall within the general scheme of social 
welfare which, as well as the question of conditions of 
agricultural and industrial labour, have been dealt with 
by the Government of my country, Uruguay. I mention 
this as our contribution to the solution of the problems 
of modern society. I mention them here now only be
cause they are a part of the general programme of 
which our agenda for today is also a part. 

Our children must be placed in a position where these 
values will receive a wider recognition and a greater 
measure of realization than they do today. You are 
meeting here as representatives of contemporary thought 
in the social and technical field. I now declare open the 
fourteenth plenary meeting of the Conference. 

Our first speaker will be Mr. Phelan, of the Inter
national Labour Office. The title of his speech will be 
"Techniques in the Recruitment and Training of La
bour". Before taking up his duties in the International 
Labour Office, Mr. Phelan was a highly placed official 
in the Canadian Ministry of Labour. It is a great 
pleasure to me to introduce Mr. Phelan as our first 
speaker this afternoon. 

Mr. PHELAN delivered the following paper: 



LABOUR AND PUBLIC HEALTH TECHNIQUES 

Techniques in the Recruitment and Training of Labour 

(for Less Developed Countries) 

VINCENT C. PHELAN 

Today it falls to my lot to discuss before you the 
associated problems of the recruitment and training of 
workers for resource development, specifically in their 
application to those areas of the world which are re
garded as under-developed in an industrial sense. 

It is my aim to sum up, as completely as time will 
permit, what the International Labour Organisation has 
learned through its thirty years of experience in the 
social and labour fields, to the extent its findings may 
have a bearing on the case in point. I might remark 
that I.L.O.'s experience in these matters has, of course, 
been gained through its Conferences and other interna
tional meetings, through observation of the industrial 
scene and through the experience of its field mission 
contacts. The tripartite character of the Organisation
made up as it is of Government, worker and employer 
representatives-has greatly enhanced the opportunities 
presented to the International Labour Office to observe 
in these matters. 

Perhaps the general proposition might be stated in 
this way: as of today, some countries, by comparison 
with others, are behind to a marked degree in the stage 
of industrial development which they have attained. 
These under-developed countries lag behind in the sub
stitution of power machines for manual labour, in the 
application of available scientific knowledge to problems 
of production: this situation is generally admitted to 
exist in several lands. 

I might just interpolate at this point that such a situa
tion is no reflection whatsoever on these countries termed 
"less developed" or "under-developed". Even among 
the industrial nations, the industrial revolution has not 
always moved forward at the same pace in all countries. 
The standards of living attained in all industrial nations 
are not precisely equal. Many reasons account for this 
fact-but I think it would be superfluous here to explore 
those reasons. My point is simply that in industrial ex
pansion, as in a good many other matters of human 
progress, it is too much to expect that developments in 
all countries will proceed at the same tempo. In other 
fields of human endeavour the so-called under-developed 
countries may proudly point out that their history bears 
witness to the fact that frequently their developments 
have stood out in front of those competitor nations now 
regarded as more advanced industrially. 

Recognizing under-development, friendly neighbours 
now propose to encourage and aid an accelerated rate of 
development in under-developed areas, to the end that 
a greater national dividend in those countries will result 
in improvement in living standards, while an improve
ment in world production, an increased flow of goods 
internationally, will lead to better living standards in all 
countries : the whole process will conduce to the ultimate 
aim of a happier world in which to live. 

To the extent that any move in the indicated direction 
may succeed, the common man in those nations now 
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backward in industrialization will be deeply and per
sonally interested in two directions : he will have a very 
personal interest in the resultant improvement in his 
standard of living; and he will have an equally personal 
interest in the part he must play as one of the myriad 
workers whose toil will be translated into the increased 
production which is necessary. 

It is not my task to treat with any prospective im
provement in the social well-being of the peoples of 
these less developed lands, but rather to treat with the 
phase of the case which I have mentioned second, name
ly, the anterior phase, which comprises those problems 
associated with bringing into the field of industrial work 
many scores of thousands, or even millions, of workers, 
most of whom are not now engaged in employment of 
the type to be offered by the new developments. These 
must be selected and trained into industry if any large 
scale development of resources is to be undertaken. 
Modern machines substitute for much manual labour. 
They increase the productive capacity of a given number 
of workers. But it is a truism to say that machines can 
not eliminate the need for workers, and in fact multi
plication of machines will serve to increase demands for 
skills. Hence the relevance, hence the importance of 
labour planning alongside other planning for resource 
development. 

This process of recruitment, training and subsequent 
employment will, of course, give rise to the same or 
similar problems as those traditionally associated with 
labour relations in areas already enjoying a high degree 
of industrialization. There will be found to be many 
characteristics in the human relations involved which 
are held in common as between less developed and more 
developed countries and their peoples. One of the 
plainly evident facts developed in International Labour 
Conferences is the large area in which spokesmen for 
dissimilar peoples and scattered geographical areas voice 
the same aspirations. In increasing the labour force in 
less developed countries, a narrow or short-sighted view 
might be that the same "headaches" will be experienced 
in human relations, as are so familiar in the more for
ward countries. But that is human nature. On the 
other hand, there is this advantage in the wide area of 
similarity of aspirations and outlook which will be 
found, specifically on the part of the workers : it will 
make it much easier to plan present developments when 
it can be assumed that in so many instances workers in 
under-developed countries will react in the same manner 
as their fellows in leading industrial nations. This fact 
validates much of the experience of older industrial 
countries in labour relations, as applicable to the coun
tries of newer developments. 

The International Labour Office at Geneva has made 
available for this Conference a paper giving much of 
the relevant background information upon which a 
program of recruitment and training for developments 
now to be projected must be based. 
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Also, there are set forth the practices and principles 
upon which long-term manpower planning should be 
founded. I might here refer directly to some of the 
main points brought out in the paper in question. 

First of all the paper outlines the difficulties of at
tempting to apply precise formulas to determine labour 
and skill requirements, in view of the existing lack of 
available information on probable needs. It emphasizes 
the importance of establishing systems of determining 
what labour will be needed, and particularly what skills 
will be required, by areas, from time to time. 

The document outlines the preferable methods of re
cruiting workers, whether for training or for immediate 
employment, and in this connection indicates the indus
trial and social advantages which accrue where it is 
found possible to channel the recruitment of workers 
through a well equipped and well trained public employ
ment service. Earlier methods utilized in less developed 
countries are stated to have led all too frequently to 
exploitation of the workers, and, indeed, there is much 
evidence to support this statement. 

Difficulties inherent in developing working forces, 
especially the needed groups of skilled workers, inherent 
in conditions frequently found in less developed lands, 
are gone into. Low health standards and absence of 
general education are cited as important difficulties. The 
need of developing the will to engage in wage-earning 
employment when that pursuit is not already a generally 
accepted tradition, is dealt with, as also is the necessity 
of workers learning to practice the voluntary self
discipline associated with industrial employment. 

While pointing out difficulties, the I.L.O. does not, 
of course, regard them as insuperable or perpetual bar
riers. In fact, seeing the thousands of people in these 
countries who underwent induction into modern indus
trial employment at an earlier stage, there is excellent 
reason for optimism. Moreover, both machines and 
industrial methods may well benefit at a later stage by 
the fresh outlook the newly developing countries will 
bring to bear on industrial production. 

On training, the I.L.O. points out the advantages-as 
well as the difficulties-of establishing technical schools 
to give pre-employment industrial training; of estab
lishing sound apprenticeship systems ; of establishing 
short courses for new employees ; and of giving training 
within industry. 

Methods of international co-operation in the recruit
ment and training of labour are all examined. Inter
national co-operation through permanent migration, 
through sending workers abroad for training, through 
"borrowing" workers from well developed countries : 
all these methods are outlined and assessed, and all are 
found to have application in some cases or other, and 
to constitute valuable aids in overcoming a shortage of 
skills. 

International Labour Conference Conventions and 
Recommendations are cited, and are recommended to 
Governments to curb exploitation of workers, to pro
mote good industrial relations, and as a most valuable 
assistance in developing effective national employment 
services and sound systems of technical education and 
other industrial training. 

So much for the general principles which may (and 
in some cases, must) underlie any system of recruiting 

and trammg workers for developments, especially in 
the long view. Now, it is to examine the application of 
these principles, specifically in the light of immediate 
problems of labour supply. 

Fom1ing its opinion from such information as is 
available, regarding labour supply and labour demand 
in relation to the development of under-developed areas, 
the I.L.O. has reached the conclusion that there is no 
over-all labour shortage in the world: that is to say, 
that there are a sufficient number of people available to 
do any reasonable quantity of new work projected for 
at least some time to come. However-and this is a 
very important modification-there will be found to be 
shortages of skilled workers on a very broad scale. Even 
those countries regarded as in the forefront in indus
trial development have experienced shortages of skilled 
workers since the war, and today do not possess sur
pluses of craftsmen. The situation is even less favour
able in under-developed areas, where large numbers 
never have acquired skills of the type now called for. 
To some extent-as in the case of South America
migration from abroad may be looked to, to fill in the 
gaps. In other areas-as in Asia where population 
is already abundant-the need of training workers into 
industry is clearly indicated. 

I should like at this early stage to note just what 
under-development means in a practical way when new 
projects are faced with the necessity of rather rapidly 
assembling a suitable force of workers to undertake a 
new project in a land where a great part of the popula
tion has not previously been accustomed to industrial 
employment-in an area where the minds of a great 
many people have not yet been "conditioned" to indus
trial employment. 

Those countries which have carried their industrial 
development the furthest have done so over a period 
of two centuries. Thus it was possible in these cases to 
expand gradually the field of employment, the propor
tion of the population engaged as wage-earners. The 
process being rather leisurely in retrospect, the problem 
more or less took care of itself. Gradually people from 
town and country were assembled in factories, where 
they learned by doing. Gradually existing standards 
controlling working conditions were built up. Trials 
and troubles in the process were frequent, but somehow 
today's standards were hammered out-and that without 
much advance planning. 

In the under-developed countries the situation is dif
ferent. There it is hoped to "catch up" within a fairly 
short while. Consequently, methods which were success
ful in other nations may not succeed in producing quick 
results. Therefore, planning in regard to the recruit
ment of workers, and their training, will be necessary 
on a scale not utilized in more fully developed coun
tries----certainly not utilized in earlier stages of industrial 
progress. 

The first point which seems to follow from these con
siderations is that wherever developments are being 
planned, a most important part of the planning should 
be the recruitment and training of workers. 

If a new industry undertakes a development here in 
the United States it may be found possible that much 
thought to the recruitment of workers may be left over 
until other plans are fairly well matured, and then by 
dipping into the lush supply of trained workers in this 
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country, an industry is able to start off with enough 
skilled workers (even if they have to be coaxed away 
from a competitor) without affecting the economy ad
versely. But in under-developed areas it will not be 
found possible to resort to such methods. If such meth
ods were engaged then either the new enterprise would 
find itself without skilled workers, or an existing indus
try would be denuded-an alarming result either way. 

Therefore, when, for example, surveys of known min
eral deposits are being made, when thought is being 
given to the accumulation of machines and tools, when 
properties are being surveyed and buildings planned, 
it will be found necessary to also give thought at one 
and the same time to numbers and types of workers to 
be recruited, whence they are to come, where and how 
they are to be trained. If labour planning be left over 
w a later stage, delays in the functioning of the new 
project are bound to ensue, or alternative plans which 
might have assisted in procuring workers will have been 
overlooked. 

Even the earliest labour planning, it will be found, 
must go beyond the mere mechanics of selecting and 
training new employees. Incentives, including rates of 
pay, should be plotted with a view to securing some 
enthusiasm for the development on the part of the men 
and women to be engaged in it. 

Then, assuming that a considerable portion of the 
workers to be engaged will be entering wage employ
ment for the first time, it will undoubtedly be found 
that there will be a tendency toward a high labour turn
over. To the extent possible, this should be anticipated 
and obviated. Excessive labour turnover is always ex
pensive to industry. In those areas where workers after 
receiving training are irreplaceable except by others like
'' ise tediously trained, there is every inducement to keep 
labour turnover to a minimum, for constant shifts in the 
early days of organizing a working force will retard a 
project. 

For instance, industrial safety is involved in labour 
turnover. It will be found that planning of safety meas
ures will pay big dividends. On this continent employ
ers have found that industrial accidents are costly to 
industry as well as to employees, and not infrequently 
increase labour turnover. In consequence employers in 
Canada and the United States have expended very large 
sums of money to reduce the toll of industrial acci
dents-and while I am not suggesting that employers 
have not had in mind at least some element of the human 
approach to the accident problem, they have found that 
accidents were just too costly to tolerate where they 
could be eliminated. In the under-developed areas the 
experience will be no different, except that it becomes 
doubly important in introducing large numbers of new 
workers into industry, to seek to impress upon them the 
need for working safely, and that they are being given 
the protection from accidents which has become com
monplace in most industries in this part of the world. 
And then, as I remarked in introducing this topic, the 
elimination of accidents will have a tendency to reduce 
labour turnover, for those not accustomed to industry 
are found to be more apt to shy off from jobs where 
the accident toll is heavy. 

Other arrangements also will facilitate recruitment 
and stabilize employment. Transportation, housing, 
recreational and educational facilities in some cases, and 
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the other factors common or fairly common in connec
tion with much employment in industrial countries, will 
be found advantageous or necessary to assist in recruit
ing and in stabilizing staffs, and should be introduced in 
relation to needs, bearing in mind the traditions and 
social customs of the locality. 

Now for the mechanics of recruitment and training, 
something by way of methods to be utilized-and I wish 
to speak first of industry as distinct from agriculture. 
Also, I speak of "labour" of various categories, but not 
of professional or technical workers, a phase of the case 
reserved for separate consideration. 

Plans for contemplated projects embrace irrigation 
for agriculture, hydro-electric and other power develop
ments, transport and communications, mines and other 
basic industries, including iron and steel. All will, of 
course, employ large numbers of unskilled workers, 
but there will be a certain minimum number of opera
tions which will require some degree of skill. This is 
unavoidable. 

It will be found necessary that careful analyses be 
made of the occupations to fit into each project. Job 
analysis will be of more than ordinary importance. In 
such a country as the United States, where trade names 
are reasonably well standardized and understood, and the 
work pertaining to a given trade is fairly well standard 
in practice, job analysis in reference to new projects 
may be substituted for by the excellent work already 
done in that field by the United States Employment 
Service and other Government agencies. But where 
most things are new, some start will have to be made in 
this regard so that skilled persons who can be located 
and trainees may be fitted into the general pattern with
out waste. 

I have already mentioned that there does not appear 
at the moment to be any inadequacy in the overall supply 
of available workers for new developments when world 
supply is considered. From the viewpoint of each coun
try to undergo development, the problems are of a 
different character than quantitive. The two immediate 
prime problems in recruitment to be overcome are, 
first, location, and second, the absence of skills. 

The problem of location will arise in either of two 
ways. Workers in ample numbers may be available 
within the country, but may not be near the project. In 
this case the problem arises of working out transporta
tion arrangements, either on a commuting or permanent 
removal basis. Most countries have some experience 
of their own to follow, in bringing the worker to the job. 
If not, the experience of the United States and Canada 
will be found useful, for in these countries distance has 
had to be bridged repeatedly. 

In other instances workers will be available abroad, 
but either permanent or temporary migration will be 
required. This would appear to be the situation con
fronting several countries in South America if projects 
of magnitude are undertaken. While migration presents 
problems all its own, these problems have been over
come repeatedly in the past, so that the trail is clearly 
blazed. Information reaching I.L.O. indicates no short
age of prospective immigrants for employment. In fact, 
as is well known, several Western countries are at 
present embarked upon schemes of migration for em
ployment, including some of the countries of South 
America. Migration within the Western world holds 
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this advantage for developments, that by careful selec
tion a variety of skills may be procured amongst immi
grants. 

If immigrants with the precise skills needed are not 
available, at least persons of working experience some
what comparable may be induced to migrate, and may 
be fitted into ne\v employment with only limited train
ing. Canada, among other countries, has had a good 
deal of success in this connection recently. vVoodwork
ing, boots and shoes, cotton textiles, and some other 
industries, to overcome labour shortages, engaged refu
gees specially selected in Europe. The particular refu
gees were selected on the basis of their experience and 
apparent aptitude. vVith less training than an ordinary 
beginner these people were able to acquire skill in 
occupations at first novel to them. On the other hand, 
trade tests made among refugees showed ·serious dif
ferences in trade methods between Central Europe and 
Canada, even in a common trade like bricklaying : hence 
the importance of job analysis. 

It is much easier, of course, to select immigrants for 
unskilled work in any part of the globe. Here the im
portant considerations reduce to physical fitness, intelli
gence, capacity for physical work and apparent aptitude 
for the task. 

Of course in Asia local applicants will invariably be 
more than sufficient to meet unskilled labour require
ments, and finding or producing the skills needed will 
be the task. 

In fact, the crux of the entire situation is really to 
produce skilled workers in the numbers needed. This 
will be found to be universally true. No matter how 
adroitly projects may be organized, there will be found 
to be a minimum requirement of skilled workers which 
cannot be substituted for. The I.L.O. finds that even 
in the advanced countries there is no surplus of skills
in fact there is a deficiency in some countries. There
fore two steps become necessary: first, to reduce to its 
barest minimum the need for extensive skill ( substi
tuting partial skill), and second, to meet this minimum 
need by resort to one or several expedients. Difficulties 
will be encountered, but unless these problems are over
come, developments will be retarded if not thwarted. 

I have mentioned that the planning of labour supply 
should be incorporated into the blue print for develop
ment at its very earliest stage. If this be not done, 
greater delays than necessary in building up a labour 
force are bound to be encountered. For instance, in the 
selection of machines and tools, where alternatives are 
available, those types should be selected for which it 
may be possible to find at least some workers qualified 
to set up, to operate or to repair. Within a project-and 
even within a country-there would be an advantage in 
standardizing on types which call for the same type of 
skill. This would simplify training. There would appear 
to be no advantage in selecting the most efficient types 
of machines unless it will be found possible to ensure 
their operation and maintenance. 

The greatest body of experience in rapidly assembling 
groups of workers for new projects arises in Vv orld 
vVar II. Anyone faced with labour procurement for 
new developments at this time could not do better than 
examine carefully the plans and expedients adopted in 
the United States, Great Britain, Canada and other 
\Vest ern countries during the >var. \Vith a steady drain-
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ing off of skilled as well as unskilled workers for the 
armed forces, these countries were able to accelerate 
industrial production to new high levels. With little 
time for preparatory work, new plants were set up, and 
workers were trained to use machines and tools. There 
was no time to train large numbers of workers through 
the time-honoured systems. It is not suggested that 
all the devices put into effect in the wartime United 
States or Canada, for example, would work if trans
planted to the Orient. It is suggested that the devices 
adopted here and elsewhere during the war furnish a 
lengthy and valuable experience, much of which could 
be adapted to conditions anywhere else, and some of 
which will have to work if skilled requirements are to 
be met. 

Different devices which are suggested, mostly on the 
basis of wartime experience, include the following: 

(a) Even in under-developed countries there are 
existing industrial undertakings, mechanized, and requir
ing a considerable variety of skills. Any study should 
start with an examination of any facilities they may hold 
to help new industries by training workers on the job for 
them ; and also of how these plants were built up in the 
first instance, how they expanded later, and how they 
met the existing shortages of skills. 

(b) In existing undertakings in these countries there 
well may be more skilled workers than are strictly 
necessary at the moment. For example, we found in 
Canada-and other Western countries had a like expe
rience-during the war that habitually fully trained 
machinists (or engineers, to use the British term) were 
engaged on occupations where some parts of the job 
might, in an emergency, be done by a person of lesser 
skill. It was frequently possible to make arrangements 
to transfer some of these skilled workers to new enter
prises, replacing them with quickly trained specialists. 
This gives a nucleus of skilled workers to the new enter
prise, without interference with the older plant. 

(c) Skilled workers who may have retired or left the 
trade, though still fit physically, may be induced to re
turn. This would be a small factor in countries with a 
small area of mechanized industry, but no possibility 
can be overlooked-and these older workers make excel
lent trainers of trainees. 

(d) Careful job analyses in the early stages of plan
ning will indicate the extent to which jobs may be 
"broken down", so that short training courses may be 
given unskilled workers, specializing them in one or two 
operations, instead of awaiting their complete training 
at a trade. 

(e) Reference has been made earlier to the possibil
ities of securing skilled workers permanently through 
migration. Where permanent migration is either not 
feasible or not desirable, it sometimes is possible to 
"borrow" skilled workers from abroad for a limited 
period, to operate newly introduced equipment, and to 
train local workers into the craft. A good part of the 
industry now operating in under-developed countries 
started in this manner. 

(f) Short courses of training of unskilled workers, 
to specialize them in one or two or three operations, will 
be found essential in any event. 

(g) Of course, as time permits longer processes of 
training vvill have their effect. Eventually vocational 



school graduates may be entered as apprentices, and 
after apprenticeship they will take their place in their 
respective national industrial life. But this is a long 
view proposition, and not one that can be counted upon 
for quick results. Nevertheless, visualizing constantly 
expanding economies, no time should be lost in laying 
the ground work for the future training of the necessary 
numbers of skilled workers. 

(h) For any type of worker, whether for immediate 
employment or for training, it will be found most eco
twmical and practical in the long run to give due weight 
to the two factors of physical fitness and apparent apti
tude for the job. Training costs money, and so does the 
introduction of a new employee into a job. To the 
extent that selections are limited to those who will 
probably "make good", costs will be reduced and proj
ects will be speeded. 

( i) Where an efficient public employment service ex
ists, it is the ideal agent for selection of the new em
ployees-and it can give much assistance in meeting 
shortages of skills. 'Where such a service does not exist, 
eventually it should and no doubt will be created to 
occupy the field. ·where a public employment service 
is not now skilled in these matters, or where an employ
ment service does not exist, much may be done to create 
m efficient institution by charging it with the responsi
bility for recruiting for resource development. There is 
much employment service experience to draw on in 
Britain, the United States, Canada and elsewhere. 

Expedients already outlined, or comparable devices 
developed on the spot, will be found necessary in order 
to assemble the needed skilled workers, or to develop 
skills through rapid training. After all the job is mainly 
to produce skill where too little exists-and to produce 
skill in a hurry. :.VIeasures calculated to produce an 
abundance of skilled workers for five or six years hence 
will not aid immediate developments. There is no world 
source from which skilled workers in sufficient numbers 
can be drawn. Therefore, skills must be developed "on 
the spot" by expedients, chiefly, as suggested, by spread
ing out workers already skilled over as large an area 
of industry as possible, and by "fractionalizing" skilled 
tasks so that specialists may be trained quickly to take 
over various portions of the job. The study I.L.O. has 
given the subject indicates that while it involves a multi
tude of difficulties, the task is not impossible. What 
has been done before, can be done again, and perhaps 
with previous experience to look to, can be done to 
even better advantage. 

Recruitment of unskilled workers should offer no 
serious ohstacles, even if involving some work-and 
occasionally considerable expense. 

I might just add a footnote on the factor of health 
as affecting all employees to be introduced into industry. 
Where relatively low health standards are found, it will 
probably be necessary to develop standards of fitness 
for admission to employment in an enterprise. It would 
be unfair to the enterprise and the employee alike were 
this not done. Health standards before hiring are today 
common enough, even in countries with reasonable 
averages of fitness. The introduction of health standards 
may reduce the available workers, but probably not 
embarrassingly so at first. It would be hoped that action 
by national governments and international organizations 
(and notably W.H.O.) would continue to raise stand-
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ards, so that as development expands, rejection of job 
applicants through low fitness would diminish. 

I now come to the problem of labour supply in rela
tion to agriculture. In those countries regarded as 
under-developed in the older parts of the world, the two 
agricultural problems found most frequently appear to 
be an under-supply of agricultural products for the 
general population and an over-supply of workers--or 
perhaps I should say an over-supply of people trying 
to make a living from the land. ·where this latter situ
ation is the case, there is no problem of labour short
ages : in fact, the problem is rather to find a means for 
some part of the present agricultural population making 
a livelihood in some non-agricultural pursuit. Resource 
development .should assist in time in diminishing over
population on the land. The question of production, of 
course, is one for experts in agriculture. 

In the under-developed areas, where it may now be 
proposed to open up new land and to develop it for 
agriculture, there appears to be only one answer on 
labour supply. Even the most modern machines ·will 
require workers, so that new land means new labour 
requirements. If the local available workers be in
adequate in point of numbers, migration seems to be the 
solution-and in agriculture a not too difficult one. 
Canada and other countries have had considerable post
war experience in inducing workers for agriculture to 
immigrate-and on the whole this experience seems to 
have been reasonably successful. It can be intensified, 
in the opinion of I.L.O., to meet the problems of agri
culture. In mechanized agriculture the question of 
mechanical skill will again arise, and so also will the 
question of technical agricultural kpowledge. By reason 
of being on a much smaller scale than the comparable 
problem facing industrial expansion, by reason of the 
inducements which may be available, and by reason of 
a relatively greater number of trained skilled workers 
already present in countries with unoccupied land, 
generally speaking, one is led to believe that a re-distri
bution of >vorkers will meet skill needs in large part. 
\Vith the aid of those already trained in agriculture who 
may be encouraged to come as immigrants, the problem 
can be met. 

A few general observations may be timely in conclu
sion: 

1. Back of all these remarks is the assumption that 
throughout we are speaking of free and independent 
labour-that recruitment will always proceed by con
viction and not by coercion. In the long run, coercion 
of workers into the job has not given results at all com
parable with freedom of choice on the part of the 
worker. We would hope that any element of coercion is 
repugnant to the very idea of expanding resource de
velopment in the interests of mankind-that it would 
be too ironic that such a benevolent program should 
have as a by-product any curtailment of liberty. 

2. At all stages, in putting forward any program of 
this nature, it must be remembered that it will be subject 
to adaptation to meet the traditions, whether social, 
economic or religious, of people affected, and only that 
system will work which fits in with the ideas which a 
people hold as part of their priceless heritage. 

3. In order to secure the greatest measure of suc
cess it will be found essential at all stages that the 
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relevant workers' trade union (where one exists) and 
the employers' organizations be consulted by Govern
ments, so that what may be decided may have the active 
support of the two parties at interest in industry. 

4. To secure popular interest and popular support 
it would be well, within each jurisdiction, that as ex
tensive publicity as local facilities may afford should be 
employed by Governments to educate workers into their 
new environment. Even in older and long established 
industrial economies this is found necessary. To allay 
prejudice and defeat false rumour, educational publicity 
will be found even more necessary and helpful in those 

The CHAIRMAN : \Ve shall now open the general dis
cussion on Mr. Phelan's paper. The first speaker in the 
general discussion is Mr. Santiago Antuna, of Uruguay. 

Mr. ANTUNA :b The progress of a nation comes 
fundamentally from within, and it is for the peoples 
themselves to conquer their own destinies. In this noble 
conquest it is one of the duties of governments to frame 
the social welfare schemes needed to equip their peoples 
properly for such an achievement. 

\:Vhen the President of the United States suggested 
the holding of this special international meeting for the 
exchange of knowledge and experience, the Scientif1c 
Conference on the Conservation and Utilization of Na
tural Resources convened by the United Nations, he 
assuredly thought that he was giving the world a 
wonderful and glorious opportunity for the real and 
effective mobilization of productive resources, and that 
he was thereby helping raise the standards of living of 
the world's peoples. Thus, Mr. Truman gave expression 
to the common concern of almost all the nations of the 
world, which are striving to produce more and better 
goods in order to overcome the economic insecurity 
caused by the disorder and confusion of these last trying 
years. 

My distinguished colleagues will now permit me to 
deal with what relates more particularly to my subject 
today-the consideration of the problem of the human 
factor from the fundamental angle of agricultural devel
opment. It is in this branch of social activity that we 
find the most primitive conditions of human life, con
ditions that make rehabilitation a necessity. 

As was very well said by the Chairman a few moments 
ago, while land is extremely important from the eco
nomic point of view, the human factor is no less im
portant, for it is the true dynamic force which operates 
the process of transformation. Nature is active in 
germination, but man by his work can direct that func
tion at will; the wind and the waters move freely with
out human intervention, but man can use these sources 
of energy and activity by holding them in check or 
unleashing them. 

Consequently, one of the most vital problems of pro
duction will be the development of an able and con
scientious human labour force. The solution of problems 
relating to individual needs and capacities is an effective 
means of increasing production. Improvements of the 
necessary machinery, and technological progress will 
also contribute to an expansion of production. Welfare 

bMr. Antuna spoke in Spanish. 
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countries not yet fully acquainted with the full impli
cations of a new industrial era. 

The I.L.O. is, of course, prepared to give very active 
assistance in these matters to its Member States who 
seek its help. Already some field missions to do this 
very job have been located by the I.L.O. in various 
parts of the world. In one form or another I.L.O. will 
make available to Member States the full value of its 
experience and study in these matters, and it goes with
out saying I.L.O. will act in closest co-operation with 
the United Nations and the specialized agencies in 
regard to the whole program of resource development. 

services, which are of undeniable social importance will 
make production more secure. All these elements of 
production, however, must necessarily be supplemented 
by an economic and social system established and con
ditioned by the determination to create a society of 
free men living and working on terms of equality. 

Among the young countries of America, Uruguay has 
felt that no real agrarian reform could be accomplished 
without stressing the essential importance of values 
represented by the human factor in the widest sense of 
the term. Often and in many places we will find agri
cultural communities whose members vegetate, bound 
hand and foot to their land or to an illusion-very often 
their only asset. They reject all external contacts and 
are unresponsive to the changes in their environment, 
to the hope of a prosperity which is tardy in arriving. 
They are communities which experience the same needs 
and suffer the same hardships and privations, are prone 
to the same doubts and, very often, fall prey to the same 
feelings of despair. 

I do not think I need adduce more arguments to 
demonstrate the urgent and imperative necessity for 
prompt and effective action, starting from the assump
tion that the present may be an opportune moment for 
attempting to transform the peasant's psychology and 
for bringing men's consciences and minds together in 
a common desire for improvement which will ensure a 
better use of individual efforts. 

It will be along these lines that the rural worker 
will achieve higher status. The agricultural worker 
must be made to understand how useless and misguided 
human efforts are when they are not directed towards 
a single supreme common purpose and when there is 
no union of all the factors directed towards achieving 
an identical purpose. If the agricultural worker is sure 
of finding the necessary assistance and advice at the 
right moment, a new awareness will be created within 
him. His vision of the problems will be widened; he will 
no longer live on the soil on which he works in igno
rance of his country's economic development, but will 
deliberately adjust his efforts to the latter. We shall 
thus succeed in producing citizens who are perfectly 
identified with the progress of the country in which they 
live, who feel they are taking part in their own develop
ment and who understand that they are themselves 
responsible for their own future. 

We shall then have given the human factor the special 
place which is its due. And we shall have forgotten the 
ancient error which consisted in looking at the land 



and placing man upon it as a superimposed factor. We 
shall then consider man as the central factor and the 
land as the background, the environment in which his 
life moves and his work develops. Let us not forget 
that, basically, the problem of the rehabilitation of the 
peasant is fundamentally an educational J?roblem. Edu
cation given to the child and the youth wdl ensure th:m 
a :'uture in which they will have a part; and educatiOn 
given to the agricultural worker will be an effective 
guarantee of agrarian reform. 

The extraordinary and transcendent importance of 
the social moral and health aspects of agricultural com
munities 'must not be forgotten, either. In particular, 
all the various economic processes of rural life are close
ly bound up with those of a ~ocial. character: The 
presence in many young countne~ hke those. m ~ur 
American continent of rural populat10n centres m whtch 
development has bee~. very pre~arious, where malm;
trition affords a propthous breedmg ground for heredi
tary diseases, where woman is merely a machin_e fo_r the 
reproduction oi the spec~es and infant mortality Is on 
the increase, really constitutes clear proof of failure to 
apply the means and solutions for dealing satisfactorily 
with these human and social problems. 

In the matter of giving guidance to the agricultural 
worker it must be borne in mind that it is not sufficient 
to talk 'to him about the economic or social advisability 
of making a change in his ways of work, his tech?ique 
or the planning of his labour. The very complextty of 
the problem and th~ variety of aspects. which it J?.ay 
offer will engender m the worker a feelmg of hostthty 
to the innovations suggested to him. It will be useless 
to sow seed in land that has not been properly prepared 
to receive and fertilize it. This has been and will be 
the reason for the failure of many efforts that have 
begun precisely at the point where they should have 
ended. This is one of the problems met with in some 
areas of this young America, which is entitled to seek 
the eminent place which is its due in finding a solution 
for this problem. 

It is thus necessary to create useful employment, to 
extend agriculture, to place stock-breeding on a selective 
basis, to establish irrigation systems in as many areas as 
require or are capable of irrigation, and to make the 
country-side attractive. To achieve this, however, it is 
absolutely essential that the worker should stay on the 
land on which he works. Through an exact knowledge 
of all rural activities in their relationships to the various 
ethnic, social, agricultural and climatic fc:ctors which 
may decide their success or failure, the vanous govern
ments in the world which are concerned for recon
struction and peace may now decide what action should 
be taken, so far as agriculture is concerned. Action on 
this level will have to be continuous, since it is absolute
ly necessary that knowledge should at all times have 
reference to actual conditions. 

A plan for agriculture and stock-breeding worked 
ot:.t with such objectives must at the same time afford 
the assistance to which the rural worker is legitimately 
entitled, assistance which may be summarized in these 
four fundamental requirements: 

(a) Attachment of the worker to the soil which he tills; 
(b) Facilities for su~plying the t;ecessary n;aterials 

for making the land whtch he occuptes productive, and 
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protecting his productive activities against the r:egative 
factors incidental to agriculture and stock-breedmg; 

(c) Reduction of production costs, and fair and un
hampered facilities for marketing produce; 

(d) Attention to the social, moral and health problems 
of the peasant family. Greater facilities for cul~ural ~nd 
technical assistance to producers through effective scten
tific and practical guidance. 

In view of these considerations and taking into ac
count the importance of the human factor, particularly 
as it concerns those points on which it is fundamentally 
connected with the objectives of this Conference, I 
should like to suggest for future international meetings 
such as the present the inclusion in definite terms of 
problems related to the human factor, without which 
there can be no progress and no prosperity. 

I shall transmit for the consideration of my dis
tinguished colleagues here present and for the decision 
of the Secretary-General of the United Nations t~e 
point of view which we delegates of Uruguay to thts 
Conference have emphasized in the various committees. 
This point of view, this proposal or, if you like, this 
conclusion may be summarized concretely as follows: 

That the human factor, as related to the social, tech
nical and economic aspects, is fundamental to the subject 
matter of any future Conference which will continue 
and develop the work initiated so auspiciously by the 
present Conference. 

Perhaps I may be allowed to say that we who come 
from Uruguay are glad to offer the contribution of a 
living experience, legal and technical, theoretical and 
practical. It is that experience which allows us to face 
the future, considering the human factor to be an essen
tial element of any plan aimed at the advancement and 
improvement of the living conditions of the peoples of 
the world. 

Similarly and in conclusion I should like to draw the 
attention of all the organs of the United Nations con
nected with the preparation of these international con
ferences to the evident need not to overlook in any list 
of subjects the problem of man as an essential factor in 
production. It is this factor which so often evokes bitter 
realities, but it is on human efforts and human hopes 
that all possibilities for the future in the better world 
towards which we strive must be based. 

The CHAIRMAN: I thank Mr. Antuna for his contri
bution to the debate. In the material submitted by Mr. 
Phelan and Mr. Antuna there are some points which 
are contradictory which we shall have to discuss. I have, 
however, to take note of such stern realities as the 
march of time and there are other speakers on the same 
subject on the list for today's meeting. I now call upon 
Professor de Vries of the Nether lands to give us the 
benefit of his opinion and experience. 

Mr. DE VRIES: I should like to add only a very few 
comments to what has already been said because I am 
in agreement with many of the views expressed this 
afternoon. Pre-war experience in Indonesia showed 
that when an industry was established it was not diffi
cult to recruit labour from the population, even if the 
individuals had not been in industry before, provided 
the right conditions were offered. We were able to find 
very good factory workers, probably because the Indo
nesians are very capable craftsmen by nature even when 
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they are peasants, and they adapt themselves very 
readily to industrial work. In the beginning the system 
followed consisted of recruitment and then education 
in the factory itself, but in later stages we introduced 
vocational schools and I do not think that these can 
be omitted after the first start has been made. The task 
of the vocational schools is to give the students there an 
idea of the kind of work which will be expected from 
them in the factory. There has therefore been established 
a system of rather close co-operation between the schools 
and the factories which has proved very useful. In this 
system boys first attend the school, then spend a month 
or so in a factory and afterwards return to school. This 
has led to very great improvements in the practical 
results of the vocational schools. 

In regard to agriculture, the problem is much more 
difficult as Mr. Antuna said. The work of a farmer can
not be specialized; it presents an integral problem in 
that he has to deal with a number of crops and a number 
of operations in regard to each crop, operations con
nected with soil, water and cattle. We found that agri
cultural schools were not a success. It has been said 
before in papers submitted to this Conference, but I 
should like to repeat that the best method of developing 
the knowledge of the farmer and helping him to adapt 
himself to changing conditions is to work mainly in the 
village where he lives and in the conditions under which 
he has to work. Our method, decided upon after much 
trial and error, is to work through the schoolmaster of 
the village elementary school. We take him from his 
village for some time and give him special courses in 
which he learns things which he can pass on subse
quently to the boys and the people of the village. Thus 
we concentrate our efforts towards agricultural improve
ment particularly on the boys and girls-the latter are 

usually the task of the schoolmaster's wife. Young peo
ple between sixteen and twenty years old are on the 
threshold of independent life and have proved in Indo
nesia to be the best material for the promotion of devel
opments in agriculture. This training must be on the 
basis of an elementary education given to them while 
they are young children. We found that it was difficult 
to give effective training without that elementary educa
tion, and to give elementary education without adult 
training resulted in much waste of effort. The combina
tion, however, leads to very good results which we hope 
to see become more widespread in the future. 

The CHAIRMAN : I thank Professor de Vries for his 
contribution to the debate and congratulate myself upon 
having offered him the opportunity to speak. I now call 
upon Dr. Clements, Chief of the Nutrition Section of the 
World Health Organization. He will submit a paper on 
the application of the principles of nutrition in the use 
and conservation of natural resources. Dr. Clements 
will also present a paper prepared by Dr. Wolman of 
Johns Hopkins University of Baltimore. Dr. Wolman 
is unfortunately unable to come to the meeting today. 
Before entering the \Vorld Health Organization Dr. 
Clements was Chief of the Nutrition Services of the 
Health Department of Australia and Director of the 
Australian Institute of Anatomy in Canberra. The 
theme of these papers is very interesting, as was the last 
subject. The Conference is looking at the problems of 
labour, whether its recruitment or its employment, from 
the human point of view, and in our consideration of 
natural resources we are now dealing with the place of 
man among those resources. 

Mr. CLEMENTS presented the following two prepared 
papers: 

Man as a Resource: A Problem in Conservation 

ABEL WOLMAN 

For centuries discussions on the importance of man 
as a natural resource have moved from philosophies of 
despair to unbounded enthusiasms as to his worth. 
Malthus was not the first to raise doubts regarding even 
the possibility of conserving man under the limitations 
of food supply which he envisioned. Many attempts 
have been made over these centuries to evaluate the 
economic significance of man in terms of dollars and 
cents or their universal equivalent. 

To this author at least, the decision as to whether man 
is worth conserving would seem to be one which answers 
itself, in any discussion of the conservation of natural 
resources. How to keep him alive, happy, well fed and 
well sheltered must, of course, be viewed realistically in 
relation to the availabilities of food, industrial proce~ses 
and technologic art. As a public health worker, the first 
objective of these varied efforts would be to reduce 
disease and to salvage lives. In laying out his task, 
however, the public health worker is immediately con
fronted with the issue as to whether the successful per
formance of this assignment will bring in its wake for 

the same population even greater difficulties than those 
from which it has temporarily escaped. \Vith this peren
nial dilemma in mind, he has frequently turned to 
strange conversion tables by which he may assay the 
economic value of human life. Although reference to 
this conversion is made herein primarily for historical 
purposes, it is perhaps axiomatic to point out that, in 
the long run, the sole purpose of conserving and utiliz
ing natural resources is to bring increased well-being to 
mankind. To assure to man the highest possible level of 
physical, mental and social well-being is an end which 
for our purposes needs no debate. It is an end which 
has been recognized explicitly by the constitution of the 
World Health Organization, for which the author now 
speaks, and it is implied in the basic Charter of the 
United Nations. 

From the standpoint of this Conference, however, we 
should like to consider human well-being not so much as 
an end, but as the means by which the natural resources 
of the world are most likelv to be conserved and 
developed. • 
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THE ECONOMIC VALUE OF HUMAN LIFE 

The economic value of human life was recognized 
very early. As Sigerist has reminded us recently, 
Simonds calculated as early as 1851 that sickness was 
costing the City of New Orleans $3,530,000 a year. A 
generation later, in 1873, Max von Pettenkoffer de
veloped this argument in his lectures on "The Value of 
Health to a City." He pointed out that if the city of 
l\f unich were to invest what was then an enormous sum 
--about 7,000,000 florins-to improve its sewage-dis
posal and water supply, and if it thereby decreased its 
death rate from 33 to 30 per 1,000, the capital thus 
i11volved would yield a profitable rate of interest. 

The work of urban sanitation which the early sanitary 
engineers achieved in vVestern Europe and North 
America has been reflected in the tremendous increase 
of productivity in those regions during the past century. 
It has led to the high standards of public health which 
many countries take for granted today, and has given 
rise to a new specialization-industrial health services. 
In this connexion, we must not fail to consider that the 
mental and social adjustment of the worker has a con
trolling influence both on his general well-being and on 
his ability as an economic producer. Modern industry is 
discovering the fact that wage incentives, mechanisms 
for collective bargaining and the like, while they increase 
output, do not provide a sufficient basis for human 
productivity, and that consideration must be given to 
the problems of the individual. 

In the development of the modern industrial economy, 
the assurance of a healthy, dependable and self-reliant 
labour force ranks in importance with the harnessing of 
steam and electricity, the discoveries of modern metal
brgy and chemistry, the invention of new means of 
transport and communications, and the devising of 
methods of mass production. 

In less favourable environments the necessity for 
protecting the health of workers has been demonstrated 
repeatedly in situations where modern techniques have 
been applied for the development of natural resources. 

An excellent example of the importance of protecting 
the health of the worker is offered in modern history by 
the failure of the French to build the Panama Canal, in 
spite of the fact that they had the enthusiasm, the tech
nical proficiency, the housing, the necessary food and 
even the mechanical equipment. It is worth recalling 
that their defeat was by yellow fever and other diseases. 
Vvhen the United States of America assumed jurisdic
tion over the project it was able to complete the Canal 
at a reasonable cost. Its ability to do so, however, was 
conditioned primarily by its recognition of the necessity 
of eliminating the mosquito hazards and of providing the 
primary elements of environmental sanitation. The 
record shows that its expenditures for health work and 
for the prevention of disease was less than 5 per cent 
::Jf the total cost of the project. 

In the first seven years of the Panama Canal Project, 
it is estimated that some 25,000 lives were saved, even 
though distinguished members of the staff unfortunately 
were killed by disease during the same period. Without 
these efforts the procurement of labour and its conserva
tion, the major essential for building the Canal, would 
have been impossible. 
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PUBLIC HEALTH AND ECONOMIC DEVELOPMENT 

In spite of this record and similar ones later reported 
herein, the principle that the health of a people is pri
mary in the development of resources has rarely been 
widely applied throughout the major sectors of the 
world. It is even rarer that the programmes for public 
health have been linked effectively with the programmes 
for economic development. 

That such linkage is not only desirable but almost 
necessary in commercial and industrial enterprises is 
best illustrated by the experience of one of the large 
commercial enterprises in the Caribbean region. The 
Medical Director of this company stated in 1947 that the 
officials of the Company realized that "sick employees 
are unproductive and that economic advance depends 
upon production, and therefore they are not only agree
able to, but insistent upon, medical and sanitary stand
ards that promote the human dignity and welfare of the 
labourer, protect his health, and provide optimal living 
conditions for himself and his family. They feel not only 
that it pays, but that in making these expenditures they 
are fulfilling a duty to their stockholders, by conducting 
a successful business for them." 

These examples may be multiplied in a number of 
directions to illustrate the principles implied, even 
though as already stated the universal application of the 
axiom still remains to be accomplished. No magic wand 
will bring these accomplishments into being, because it 
must be recognized that even the most advanced tech
niques, modern equipment and huge capital resources 
are not enough to insure the success of industrial or 
commercial enterprises, where the natural environment 
is unfavourable. 

·whether on the farm or in industry, the availability 
of a strong and reliable labour force is normally the 
critical factor in the success of the enterprise. 

Experience has indicated the justification of the state
ment made by a practiced observer that "In the light of 
present-day knowledge and the results of past experi
ence, when an area is to be developed, the health officer 
and his sanitary engineer, assisted perhaps by a psychi
atrist, should move in on the heels of the prospector, 
and not with the fever van and the undertaker after the 
damage has been started, as has all too frequently been 
the rule. vVith the mechanism available today for 
integrated approach to development no failure to make 
use of this technique can be tolerated." 

It is encouraging to be able to say that, when properly 
planned and intelligently executed, investment in the 
development of human resources benefits both the in
vestor and the region where the investment is made. 
'Vhen that work is done by means of foreign capital 
such intelligently planned investment is perhaps the only 
field where controversy does not arise. That it is pos
sible for such programmes to be intelligently planned 
and executed, as well as psychologically acceptable to 
the resident population, is perhaps well illustrated by 
the public health activities in Latin America in recent 
years by the Institute of Inter-American Affairs. The 
programmes are modest, they are not rushed into execu
tion, they are largely manned by indigenous experts 
only lightly supplemented by professional advisors from 
outside the countries, and they are increasingly financed 
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to a major extent by the local people. Such a pattern 
and its skillful and careful evolution might be studied 
with both interest and value by most workers in the 
field of public health as applied to countries other than 
their own. This experience indicates over and over 
again that it is possible to evolve ingenious techniques 
for salvaging lives, which are adaptable to the customs, 
psychologies and pocketbooks of the local people. The 
experience illustrates, furthermore, that the investment 
in the slow but effective development of a country's own 
human resources, provides not only for a lifting of its 
own standards of living, but may well be the best way 
of ensuring full participation by that country in the 
general advance toward more adequate standards of 
living elsewhere. 

THE UNDER-DEVELOPED COUNTRIES 

The examples given thus far have been drawn from 
experience gained by countries which possess both tech
nical knowledge and material resources. But some SO 
per cent of the world's people live in regions whose 
economies and social structures are only partly devel
oped, or are undeveloped. Moreover, those same regions 
possess an appreciable part of the natural resources with 
which this symposium is concerned. 

There is little accurate knowledge concerning the size 
and condition of the human resources of these areas. 
However, the principles which have been illustrated 
above apply with equal force to the 80 per cent of the 
world's population who live there. This fact has urgent 
implications. For example, Dr. A. Macchiavello, who 
has made studies of "human economics" in relation to 
Chile and Ecuador, states as follows : 

"The conclusions might be applied to the whole con
tinent. In this work we analyzed exhaustively the medi
cal, social and economic causes of the wastage of human 
life during pregnancy, childbirth, infancy, maturity, and 
old age, and attempted to make approximate calculations 
of what these losses in biological capital mean for the 
national economy. The worker's low expectation of life 
and the high infant and general mortality rates are the 
worst features. 

"Another uneconomic factor which has never received 
the consideration it deserves is the poor use made of 
human life. To give a simple idea of what that means 
we add a few calculations relating to Ecuador, expressed 
in dollars: 

"Losses due to short duration of life, 
calculated on an average of two years 
and a wage of $3.70 (or 5 sucres a 
day) 
"Premature loss of commercial value 
of human life (disablement, confine
ment in poor-house, insanity, lack 
of pension, etc.) 
"Interruption of productive capacity, 
based on absence from work, attend
ance in hospitals and out-patient de
partments, medical expenses, etc. 

$148,200,000 
(Sucres 200,000,000) 

$74,100,000 
(Sucres 100,000,000) 

$111,150,000 
(Sucres 150,000,000) 

"If the life of [Latin] American man were extended 
by five years of activity, if the general mortality rate 
were reduced by five per thousand and if absence from 
work diminished by twenty per cent-figures which 
could all be reached~at least $10,000,000,000 would be 
saved annually in Latin America, taking the average 
annual value of a man's work as $500." 

A similar situation may be found in some parts of 
China. For example, the reduction in agricultural ef
ficiency, due to hookworm disease, in certain critical 
parts of China has recently been set forth by Chang and 
his co-workers. The reduction in efficiency may vary 
from 50 to 90 per cent of the agricultural workers' per
formance. Here is an interesting example of a place 
where resources are available, but their use to maximum 
advantage is hampered seriously by a disease which 
establishes a vicious cycle of low efficiency, low produc
tivity, severe malnutrition, lowered resistance to disease 
and continued deterioration of performance. This vicious 
cycle illustrating, perhaps, the entire principle of the 
relationship between health and economics, is a special 
lesson of great importance in conservation. It is super
ficial and inaccurate to say that in these areas people 
live at a starvation level because of the unavailability of 
land. It is equally superficial to say that the correctives 
are hopeless, because time, education, changes in social 
practice, family controls, the mental hygiene of the 
individual are all required for the complete result. The 
skilled observer is aware that all of these elements are 
essential for ultimate success. He is equally aware, how
ever, that if no beginnings are made no end results are 
likely to ensue. He is also aware of the fact that the 
mere transfer of the Western World techniques, equip
ments and psychologies to the rest of the world, where 
life is cheap and starvation is common, cannot be done 
successfully overnight by sleight-of-hand. The transla
tion of effective principles into equally effective results 
offers one of the most challenging assignments to the 
public health worker and to the economist that the world 
has ever seen. 

OBSTACLES TO BE HURDLED 

Perhaps the main obstacles to the conservation and 
use of natural resources in major regions of the world 
may be grouped as follows: 

1. Climate: Heat with heavy rainfall; heat with in
sufficient rainfall; the effect of high altitude on human 
and animal life. The consequences of unfavourable 
climate include the presence of noxious insects, such as 
mosquitoes and locusts; insufficiency of water supply; 
imbalance of chemical elements in the soil; erosion, in
sufficiency of crops etc. 

2. Epidemic and endemic diseases: Not only the 
pestilential diseases like plague and cholera, but other 
diseases which tax the strength and productive capacity 
of a country just as severely, for example, malaria, the 
enteric fevers, yaws and parasitic diseases like schisto
somiasis, helminthiasis and trypanosomiasis. 

3. Conditions which are due mainly to low standards 
of living: Deficiencies of nutrition, for example, scurvy, 
pellagra, beriberi; diseases such as leprosy, tuberculosis 
and syphilis; and such conditions as low expectancy of 
life fostered by ignorance, poverty and filth and by the 
attendant high rate of infant mortality. 

4. Lack of technical information and skills: As has 
been stated above, there is far too little precise informa
tion on the nature and extent of the health problems and 
the human resources in many of the areas which we are 
considering. This handicap increases in importance with 
the shift of emphasis from foreign capital investment
which may have only a limited interest in the well-being 
of the community-to the effort by the countries them-
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selves to develop their natural resources and provide full 
opportunities for all their people. 

5. Lack of personnel: Another aspect of the same 
problem is the grave lack of technical personnel of all 
degrees of skill. 

POTENTIALS OF PUBLIC HEALTH CONTROL 

Climate in the general sense of the term underlies all 
the problems which are being discussed at this meeting, 
and the solutions proposed by other sections will help to 
increase human resources by raising the standards of 
living. It would be superfluous to describe here, in 
detail, the techniques and materials by means of which 
we can now solve most of the specific health problems 
described above. They range from spectacular new 
developments such as DDT and antricyde to the applica
tion of sanitary precautions which were known to the 
Minoan kings of Crete in the eighth century B.C. What 
is important is to emphasize that these techniques and 
materials are not too costly._ 

Malaria can be brought under control by residual 
spraying with DDT at an average cost per year of 15 
10 30 cents per person. Town water supplies require 
capital, it is true, but safe and abundant water from a 
municipal system costs less than unsafe water peddled 
m the streets. Ordinary privies which villagers them
selves can build will protect the soil and water in rural 
areas. Fundamental person-to-person and visual educa
tion can form habits of healthful living and support 
health services by effective popular demand. Such 
education can be carried out with a minimum of special 
skills and equipment. 

It has been argued that the countries where the need 
::or increased physical and social well-being is greatest 
must reserve all their resources for productive invest
ment. The history of the more fortunate countries 
counters this argument by demonstrating that the people 
of a country are its most valuable resource. Investment 
in the health of the people is not only a prerequisite to 
the successful development of natural resources, it is 
essential to the development of the productive capacity 
which characterizes the advanced economies. 

JOINT ACTION REQUIRED 

The \Vorld Health Organization is fully aware that 
the isolated efforts of international bodies do not always 
yield the maximum benefit normally to be expected. 
Their very specialization creates natural limitations in 
the face of the complexity of the problems of modern 
life. 

Because of these limitations and the benefits of close 
co-ordination of other international bodies, the World 
Health Organization has negotiated for the establish
ment of undertakings with the Food and Agriculture 
Organization in the areas of rural nutrition and hygiene; 
with the International Labour Organisation for the 
study of questions of industrial hygiene, tuberculosis, 
and health insurance; with the International Civil Avia
tion Organization in connexion with the various health 
problems of aviation; and with the United Nations Edu
cational, Scientific and Cultural Organization on the 
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important problems of common interest in the field of 
professional and public education. 

The Interim Committee of the World Health Organ
ization at its fifth session summarized the fact that co
operation with various international bodies should be 
continued "with special reference to the importance of 
emphasizing . . . that economic development without 
adequate health measures is necessarily incomplete, and 
that it is the right of people to expect that proper health 
measures be taken concurrently with such economic 
efforts." 

The investments in the health of the people have al
ways paid much higher dividends than were predicted 
at the initiation of those efforts. If wisely planned and 
conservatively extended there is no reason to believe 
the same results cannot be attained in many other parts 
of the world as have been exemplified in Western 
Europe and in the United States. One can be aware of 
both the difficulties and the obstacles in such a pro
gramme, without losing sight of the primary and lasting 
beneficient values for which one must strive. Nega
tivism in attitude and in action are sometimes effective 
in some areas of human enterprise, but the prevention 
of disease and the saving of lives does not appear to be 
one of such areas. 
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The Application of the Principles of Nutrition in the 

Use and Conservation of Natural Resources 

DR. F. W. CLEMENTS 

The previous paper in this series stressed the close 
relationship between a strong, healthy labour force and 
the successful use and conservation of natural resources 
of any area and gave examples of specific measures in 
the field of environmental sanitation that have resulted 
in improvement in the health and physical efficiency of 
labour forces. This paper deals with the place of nutri
tion in any programme involving the use of labour, with 
special reference to the tropical and subtropical areas. 

Emphasis has been given to the problems of tropical 
and subtropical areas, as these regions are among the 
last remaining reservoirs of undeveloped material re
sources. The nutrition problems of many population 
groups in these areas have already been the subject of a 
number of international conferences, so that to-day the 
extent of the problems is fairly well known. The suc
cessful development of the material resources in some of 
these areas and, in fact, the extension and even the con
tinuation of many existing enterprises depends, in no 
small measure, on the elimination of the nutrition 
problems. 

Several specialized agencies of the United Nations are 
interested in the problem of "food for health". UNESCO 
is now sponsoring a series of round-table discussions 
and seminars on the topic "Food and People". FAO 
places the emphasis on nutrition in relation to the 
production, distribution and consumption of food, while 
in WHO emphasis is on human nutrition in relation to 
the maintenance of health and the prevention of disease. 
F AO has stimulated study of nutritional problems in a 
number of tropical countries and has produced several 
reports which incorporate the results of recent investiga
tions. Free use has been made of F AO publications in 
the preparation of this paper, so that although it is pre
sented under the aegis of WHO it is in a sense a joint 
contribution. 

The dietary habits of a population are closely linked 
with the food production pattern of the area, for less 
than ten per cent of the food produced in the world 
moves in international trade and almost the whole of 
that flows from the New World to the congested, highly 
industrialized areas of Europe to assist in feeding a 
population which does not exceed 300 million. Indig
enous populations in tropical areas are almost wholly 
dependent upon locally produced food. 

A number of factors determine the types of food pro
duced in any given area. These include: the traditional 
food habits of the population, soil fertility, climate, and 
population pressure on land ; the last mentioned is 
probably the most important of all. These factors must 
be considered in any study of the nutritional status of a 
population. 

1 Numbers within parentheses refer to the Bibliography. 
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VALUE 

The food production and consumption patterns of the 
population of tropical areas fall into three major cate
gories, which, because they are so fundamentally differ
ent, will be considered separately. 

1. Hunting and pastoral: These communities usually 
have ample land over which to hunt or to graze their 
flocks and for these groups there is little or no popula
tion pressure on the land. In many of the areas where 
hunting is the major occupation the soil and climate do 
not permit of extensive agriculture and animal foods are 
augmented by wild roots, fruits, leaves and berries 
gathered usually by the women. Examples of hunting 
communities are : the Australian aborigine, some groups 
of New Guinea natives, pigmies. In general, they rep
resent an extremely primitive form of social organiza
tion which did not evolve beyond this type of economy 
at the same time as did other large population groups. 

The dietary pattern of a hunting community is char
acterized by high protein intake and because of this the 
mineral and vitamin consumption, with the exception of 
vitamin C, of the adult members of the community is 
probably adequate. Calories for energy are obtained al
most entirely from fat and protein. A clinical feature of 
the members of some hunting communities is the ab
sence of subcutaneous fat, suggesting that the energy 
expended in walking great distances hunting for food is 
just balanced by the caloric intake so that a surplus of 
calories is not available for storage as depot fat. The 
infants and children of a hunting community do not as 
a rule receive enough calcium or vitamin C. In these 
communities the supply of food is dependent upon the 
availability of wild animals or fish so that periods of 
serious starvation alternate with times of plenty. 

The Masai of Kenya are a pastoral tribe whose sole 
occupation is the tending of large herds of cattle, sheep 
and goats. Orr and Gilks ( 1) 1 studied the food patterns 
and physique of these people in detail and the following 
description is taken from their report: 

"The staple articles of diet are meat, milk and blood. 
The blood is drawn from the living animal by puncture 
of the jugular vein with an arrow. Various roots and 
barks are used to make infusions which are used either 
with boiled meat or with milk. The men, while in the 
'moran', or warrior class, subsist practically entirely on 
these articles of diet. The rest of the population, in 
addition to these four items, which form the main part 
of their food, eat also some bananas, beans, millet, 
arrowroot, maize, sugar and honey, as these are avail
able. The use of maize, which was introduced only a 
few years ago, is increasing. 

"For the greater part of the year there is no scarcity 
of meat, blood and milk, but in periods of severe 
drought, when, in spite of the large herds, the milk 
supply is inadequate, the consumption of these vegetable 



ioods is increased, and even the 'moran' may be com
pelled to supplement their meat and milk diet. 

"Berries are eaten by the warriors when on safari, 
i.e., on hunting or fighting expeditions. It appears also 
to be customary to send the pregnant women into . the 
bush to eat berries. The berries would make an insig
nificant contribution to the main constituents of the diet, 
but it is probable that they are of considerable impor
tance as an antiscorbutic addition." 

The total number of people in the hunting and pas
toral communities is small and represents but a fraction 
of the world's population. They have nutritional prob
lems which, although they may not be easily solved by 
local measures, are capable of solution by outside help 
hecause of the smallness of the populations involved. 

2. Primitive agricultural communities: The agricul
tural pattern of these communities is usually the bush
fallow rotation. In this method of farming the natural 
cover of the forest or grass lands is cut dovm and burnt 
and then one or two crops are planted. After these have 
been harvested the land is allowed to return to its former 
state and trees and grass grow on it again. This. is the 
bush-fallow period, which may extend up to ten years in 
some localities before the land is again cleared for crops. 
This type of agriculture is associated with the absence 
of population pressure on land. Mixed crops of tubers 
and greens, are augmented in some places with cereals. 
It is not customary for these peoples to keep large 
numbers of domestic animals and such protein foods 
as are eaten are generally the product of hunting or 
fishing excursions. On festive occasions domesticated 
animals may be killed. Communities with this primitive 
agricultural pattern are to be found in Central and 
South America, parts of Africa and the Pacific Islands, 
in fact, in most of the undeveloped parts of the world. 

Except in times of naturally occurring catastrophes, 
e.g., drought, ravages of insect pests, the diets are gen
erally adequate in calories. The mixed nature of the 
diet, containing as it does a number of different classes 
of vegetable foods, augmented occasionally by foods of 
animal origin, suggests that it contains sufficient pro
tein for adults. The outstanding deficiency is protein 
in a form easily digested and assimilated by infants and 
children, and the most constant clinical feature is the 
poor physique and lack of muscular development and 
poor muscle tone of the children from about six to 
sixteen years of age. Also the average height for age 
of these children is significantly less than those for 
children of the same age of Caucasian stock living in 
Europe and Korth America. Good muscle tone during 
the growing period and the attainment of the maximum 
body height are probably of limited clinical and eco
nomic significance but they are quantitative aspects of 
the protein adequacy of a diet and as such are guides to 
important body functions which depend upon an ade
quate protein diet such as growth and function of the 
ductless glands and the development of resistance to 
infection. 

Deficiencies of minerals and vitamins, with the pos
sible exception of calcium, are not usually a feature of 
this type of economy. Adults probably obtain enough 
calcium from leafy greens and other sources but it is 
doubtful if infants and children do, largely because they 
are unable to eat enough of the foods rich in calcium. 
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One of the most important observations of recent 
times is that whereas one article of diet may be the 
staple of this type of community, supplementary items 
such as leaves, berries, fruits and nuts are regularly 
consumed in sufficient quantities to provide a large per
centage of the daily intake of minerals and vitamins. 
In parts of the world where the traditional diet is of 
the mixed variety, some employers who have provided 
their labour with meals have supplied the local staple 
foodstuff and ignored the supplementary items, gen
erally with disastrous results. There are advantages in 
the use of local diets for local inhabitants but it is essen
tial to supply all the items of the diet. This is best done 
by the establishment of gardens under the care of local 
inhabitants, with instructions to grow everything nor
mally eaten by the labour force in the home villages. 
A large commercial enterprise now operating in a State 
in South America has followed this practice with out
standing benefit to the health of the employees and their 
families. 

The nutrition problems of these areas vary widely 
from serious undernutrition, with its attendant defi
ciency diseases, in Africa (2) (3), to adequate calorie 
intakes accompanied by low protein intake in New 
Guinea. It is significant that frank deficiency diseases 
seldom occur in communities living on the traditional 
diet. These diseases only make their appearance when 
the diet is altered by impoverishment of the soil, due 
to the introduction of bad farming practices or by an 
extensive change over to cash crops, or by urbanization. 
In these localities the traditional mixed diet has been 
exchanged for one purchased from the trade store and 
consisting mainly of cereals and an occasional tin of 
meat or fish. It is no longer possible for these people 
to obtain supplies of fresh supplementary foods. The 
clinical picture in these areas is one of extensive mal
nutrition affecting all age groups but especially the chil
dren. In these areas there is a high incidence of 
kwashiorkor, a disease of infants and young children 
which, unless recognized early and treated, terminates 
in death. Dr. Cicely Williams and others who have 
studied the condition in detail are satisfied that it is due 
to general malnutrition with a marked deficiency of 
protein. ( 4) ( 5) ( 6) 

Employment of the local population must be an in
tegral part of the plans for the development of the 
natural resources of an area but it is essential that the 
diversion of some of the labour force does not impair 
the health and nutritional state of the whole communitv. 
In other words, the unit must be able to spare the labour 
diverted from the normal processes of food production 
and the provision of shelter. The extent to which this 
can be done will vary widely, for in some areas the com
bination of conditions is such that the daily food needs 
are produced and gathered with the minimum of human 
effort and the community has considerable leisure time. 
It is obvious that labour for new projects could be with
drawn from this type of community without affecting 
the food production programme. In other localities, 
often in the same political unit, up to three times as 
many man-hours are required to produce the same quan
tities of food. Much less labour and possibly none at all 
could be obtained from this type of community without 
making special provisions. If the withdrawal of man
power for labour forces will impair the food supplies of 
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the community, the contemplated schemes must include 
the provision of new methods of food production which 
will both release the necessary labour and ensure ade
quate quantities of the right kind of food for all. 

There are nutritional problems in many of these un
developed areas now ; whether they can be solved de
pends on local factors, of which soil fertility is probably 
the most important. Where this is still good, agricul
tural and educational procedures can do much. Where 
the fertility of the soil has been lost, as in parts of 
Africa, the task is more difficult and calls for compre
hensive planning as is now being carried out in Gambia 
by the British Colonial Development Fund. (7) What
ever the local situation, it is important to appreciate 
that disaster can easily overtake any community in an 
undeveloped area if it suddenly becomes the centre of an 
enterprise and a careful preliminary study has not been 
made of the social customs and food habits of the people. 

( 3) The closely settled agricultural communities of 
Asia: Here population pressure over many centuries has 
led to monotype agriculture in which a high percentage 
of the arable land is used for the production of crops 
with a high yield of calories per unit area and hence the 
principal crops are cereals. Land is not available on 
which animals for food can be grazed. In this region 
up to 90 per cent of the population are peasant farmers 
who produce barely enough food for their own require
ments and thus there is never sufficient surplus of home 
produced food for the urban populations. The popula
tion has been increasing so rapidly in the last three 
decades that it is now necessary for China and India, es
pecially India, to import increasing quantities of food. (8) 

In its fundamental essentials this type of agriculture 
is not dissimilar to that in many parts of Europe, but 
with this important difference, the relatively high stand
ard of living of the European urban communities brings 
to the farmer sufficient return for his produce that he 
is able to import fertilizers for his land and concentrated 
feeding stuffs for milch cows and hogs. Even with this 
assistance Europe cannot produce its food needs and 
has to import up to 10 per cent of its requirements. 

The monotype agriculture of Asia, even under the 
most favourable circumstances, is characterized by ca
loric inadequacy with a low protein intake. (9) When, 
however, a food shortage occurs, sources of protein are 
quickly reduced and a large percentage of the population 
is forced on to a diet consisting almost wholly of rice 
or millet or wheat, or other foods poor in protein. In
fants and children in these communities also suffer from 
a chronic state of protein inadequacy with its attendant 
clinical manifestations. ( 10) ( 11) Mineral and vitamin 
intakes of large sections of these populations are well 
below standards considered by most authorities to be 
adequate. These are the regions where a disturbingly 
high number of cases of osteomalacia, a disease charac
terized by a softening of the bones, have occurred. This 
is primarily a disease of women who have borne many 
children and whose diet has not contained enough cal
cium to fulfil the demands of repeated pregnancies. 

The monotype diet of these areas is also likely to be 
deficient in vitamins and it is noteworthy that in these 
regions a considerably high incidence of vitamin de
ficiency diseases occur, especially beri-beri. 
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THE CLINICAL AND ECONOMIC SIGNIFICANCE OF 

MALNUTRITION 

The most frequently occurring deficiencies in the 
three categories of food production and consumption 
considered in this paper are calorie undernutrition and 
protein deficiency. To consider briefly the clinical fea
tures of these will repay the time spent, for it will 
provide a background against which to review the 
economic aspects of malnutrition. 

The science of nutrition had its beginnings in the 
eighties of the last century with the investigations of 
V oit and Rubner into the quantitative food consumption 
of individuals, and from their results they calculated 
calorie requirements for various types of workers. At 
the same time the significance of protein in the diet was 
recognized. The discovery of vitamins at the end of the 
second decade of this century and the realization of the 
importance of minerals in nutrition were responsible for 
the great advances in the production and use of these 
substances in the following twenty years. The wheel 
has now turned a full cycle, for during the last five 
years there has been a marked increase in the study of 
the problems of undernutrition and of protein deficiency. 
In part this was stimulated by the food shortages of the 
war and the years since, and the reports of the horrors 
of concentration camps, where men, women and children 
were slowly starved to death. In part it was the out
come of advances in fundamental research, particularly 
in protein metabolism. 

The description of the signs and symptoms of chronic 
starvation as seen and experienced in concentration and 
prisoner of war camps brought prominently before the 
world the fact that these clinical features were to be 
seen in varying degrees of severity in many parts of the 
world in times of peace; that is to say, some charac
teristics of the so-called normal appearance of many 
people in Asia, Africa and Central America were in 
reality signs and symptoms of chronic starvation. ( 12) 
(13) (14) 

The reports from prisoner of war camps helped scien
tists to understand more fully the appearance and atti
tude to work of many people in the undernourished 
tropical and subtropical regions. Leyton ( 15) studied 
the changes that occurred in soldiers when taken pris
oner of war and placed on a diet of 1600 calories after 
high calorie front line diets. The first change was loss 
of the natural feeling of wellbeing and an ever present 
hunger, with an abnormal and increasing interest in 
food. Then followed progressive mental and physical 
lethargy and an increasing disinclination to engage in 
physical effort. Keys has recorded that in undernutri
tion voluntary energy expenditure tends to be curtailed. 
In his experiments "the total daily energy expenditure 
at the end of semi-starvation was only about half that 
in the control period." ( 16) 

The problem of undernutrition and its effect upon 
the health and wellbeing of a community is demon
strated by another example from \Vorld War II. In 
the pre-war years it was generally recognized that al
though the diet of large sections of the English people 
was adequate in calories, it was suboptimal in some 
other nutrients. It was, however, considerably better 
than the diet of large population groups in Asia and 
moreover the people and authorities accepted it as satis
factory for health. The result of food rationing in 



England was to improve the nutritional value of the 
diet of these large sections of the population with the 
result that millions of people were better fed than they 
had ever been before and this was reflected in their 
general health, for of the wartime experience Magee 
( 17) was able to write, 

"One of the most conspicuous and surprising phenom
ena of the whole war was the way the health, vigour, 
and stamina of the population were maintained in spite 
of all the stresses of war." 

Furthermore, Friend and Bransby ( 18) found the 
children of the war years grew in height and weight 
at a more rapid rate than the children of the same ages 
in the same areas in 1938 and 1939. Nor was this con
fined to school children, for it was also noted in England 
that infants in the first year of life grew more rapidly 
during the war than in the years before the war. Rapid 
rate of growth per se is not necessarily a desirable fea
ture but in these circumstances it does mean that those 
children who grew in height more rapidly were receiving 
trore of those nutrients essential for growth, of which 
protein is probably the most important. Children whose 
protein intake is adequate have a better chance of 
reaching a state of wellbeing and optional health and 
good nutrition. 

The relationship of under-nutrition to resistance to 
infection is a confused picture at present and it is not 
possible to make firm claims that under-nutrition pre
disposes to infection except possibly in the field of 
tuberculosis. All the evidence available indicates that 
the nutritional state of a community is one of the most 
important factors in determining the tuberculosis rate. 
( 19) It was well recognized in prisoner of war camps 
that tuberculosis complicated the terminal stages of 
chronic starvation. 

The extra demands for nutrients in adolescence, a 
period of rapid springing up and filling out, are often 
not met, with adverse effects upon the general health, 
physique and nutritional status. This is also the time 
when tuberculosis first appears to any appreciable extent 
in the adult form. Most authorities see a close relation
ship between the two. 

Thus far emphasis has been placed upon under-nutri
tion and protein inadequacy. Deficiency of other nu
trients occurs in areas of semi-starvation in the tropics 
and subtropics. Gross deficiency leads to frank dis
ease, which, as a rule, so incapacitates the victim that 
he is no longer fit for work. More important, however, 
are the mild or subclinical forms, for they are less obvi
ous and more difficult to detect and the victims do not 
report sick but continue to work. Partial B thiamine 
deficiency is characterized by physical and mental 
apathy and considerably reduced output of work. Simi
larly, in the moderate stages of niacin deficiency, the 
victim has a greatly reduced interest in his work. 

From the point of view of the employer who draws 
his labour force from the under-nourished areas of the 
tropics, it is of interest to speculate how much of the 
lassitude, poor workmanship and low output per man 
unit is due to chronic under-nutrition, including de
ficiencies of some of the vitamins, and how much is due 
to tropical laziness. Is the so-called tropical inertia 
really a manifestation of deficiency disease? Part of 
the answer to these questions is to be found in the 
labour efficiency of well-fed white troops in tropical 
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areas during the war. Also, locally recruited units fed 
a balanced army ration, working as a labour force, 
were found to have a much higher output of work per 
unit than their civilian fellow countrymen who lived on 
ill-balanced diets. 

Further useful information is supplied by two widely 
separated investigations. On the practical side there 
are the studies of Kraut and Muller on the output of 
groups of German workers during the war, while Keys 
and his colleagues at Minnesota, in their long-term in
vestigations, have provided the scientific explanation for 
many of the observations made upon ill-fed labourers. 

Kraut and Muller, working at the Kaiser-Wilhelm 
Institute for Industrial Physiology, were able to make 
a long term study of a group of German workmen who 
were fed. entirely ?Y. their factory. (20) They were 
engaged m the bmldmg of an embankment and their 
task consisted in the dumping of debris out of railway 
trucks so that it was possible to make accurate meas
urements of the average amount of work done per man 
per hour. At first the workmen received rations for 
light labour and they dumped 1.5 tons per hour. When 
the rations were inc~eased to those of heavy labourers, 
the output of work mcreased to 2.2 tons per man per 
hour. That is an increased output of 5 to 6 tons per 
man per day for an increase of 500 calories at an 
increased cost of less than SO cents per man per day. 
During the following year, whilst the men were on the 
higher rations, the average gain in weight was 4 kg. per 
man for the year, showing that the extra rations for 
heavy work were not fully utilized and there was a 
surplus available for storage as depot fat. 

Since the termination of the embankment was urgent, 
the men were offered a further inducement by way of 
cigarettes, which were then in short supply. At first, 
2.5 tons per hour was the minimum production for 
which this premium was awarded; after several weeks 
the premium was graduated, the maximum being given 
for 3 tons and later even for 4 tons. Soon nearly 
every man was dumping 3 tons per hour, with the 
average at 3.4 tons. 

It is of interest to note that in the ensuing six months 
the 20 workmen lost an average of 3.5 kg. of weight, 
showin~ that the energy output was not balanced by 
the ration for heavy work but that the morale building 
effect of a commodity in short supply was sufficient to 
call forth the maximum endeavour from the men. 

From our point of view, the results of the period 
before the introduction of premiums are the most im
portant; work output was proportional to food intake. 

On the scientific side Keys has observed that mus
cular wasting is a prominent feature of under-nutrition 
and has suggested that it is probably due to actual 
shrinkage of the individual muscle fibres. It is impor
tant to appreciate that the heart muscle behaves in a 
similar manner to the skeletal musculature. In both 
acute and chronic malnutrition the heart shrinks in 
volume and weight, with corresponding reduction in 
output. As a result of these changes, motor functions 
deteriorate, with impairment of working capacity. Keys 
stressed the fact that "simple muscle strength, as meas
ured in a single maximal exertion, declines steadily 
but not as dramatically as does the capacity for con
tinued muscular exertions (endurance)." 
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The loss of weight of the German labourers in the 
period when premiums were offered was almost cer
tainly the loss of subcutaneous and interstitial fat. 

It is not enough for countries which wish to develop 
natural resources and reach a more advanced form of 
economy to concentrate their efforts upon the nutri
tional state of the labour force; the programme must 
extend throughout the whole community. The labour 
force forms an integral part of the community and 
future labour is drawn from the community. The adoles
cents this year are the workers next year and vigorous, 
healthy children can mean a vigorous, energetic labour 
force in the next decade. The sickly, puny children 
now to be seen in many villages in tropical areas will 
be the poor labour recruits for many enterprises in the 
next five to ten years. 

Nutrition is, of course, not the only factor needed to 
ensure a healthy community. Freedom from endemic 
and epidemic diseases is essential, but it is equally 
important that good nutrition should be part of a gen
eral health programme for the whole community. 

GOOD NUTRITION AS PART OF BASIC PLANNING 

The solution of some, at least, of the nutrition prob
lems of undeveloped and underdeveloped areas is essen
tial for the successful conservative utilization of the 
material resources. For some areas the programmes 
must be long term, for they will involve changes in the 
agricultural pattern and food habits and customs of the 
people. This applies particularly to the congested areas 
of Asia and in the impoverished parts of A £rica and 
Central America. In other regions where the primitive 
form of mixed agriculture still prevails it may be possi
ble to bring about the desired changes in a relatively 
short time. 

Whenever a project is to be undertaken for the con
servative use of natural resources, it is essential that 
with the surveyors and reconnaissance party should be 
medical personnel capable of obtaining information on 
the natural food production and consumption patterns of 
the local population and the nutritional adequacy of the 
diet. The latter should be correlated with the clinical 
picture of the population and with statistics of infantile 
and maternal mortality where these are available. 

The plans for the economic development of the areas 
must include plans for ensuring that the workers and 
their families obtain adequate quantities of the right 
kind of food. It should be accepted as the first working 
principle that the quantity of food provided for workers 
should be adequate for the type and quantity of work 
required ; miners need more than rubber tappers. The 
second principle should be that the ration should be 
built around the local diet unless the latter is so hope
lessly inadequate as to make this impossible. Importa
tion of food does not, as a rule, provide a satisfactory 
long-term solution to these problems. It may, however, 
be necessary, at least in the beginning, to import some 
high-calorie-yielding foods in order to boost the calorie 
intake of those workers needing extra calories. This 
should be a short-term expedient, the long-term projects 
should include the local production of even this food. 

The importation of large quantities of food and par
ticularly the change-over to another dietary is not a 
satisfactory procedure. It tends to lead to the destruc
tion of tribal life, as has occurred in parts of Africa, 
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or to frank deficiency diseases, as occurred in Nauru 
in the Pacific Islands. The introduction of foreign foods 
is a strong inducement to the farmer to change to cash 
crops so that he too can enjoy the new foods, again, as. 
a rule, with disastrous results. Foods purchased from 
the trade stores almost invariably consist of over
refined cereals, sugar and tinned meat which do not 
constitute a balanced diet. In general it can be accepted 
that a balanced diet purchasable from the trade store 
is beyond the purchasing power of these people. 

The public health man can only point to the problems. 
and suggest the broad general lines along which they 
might be solved. The actual solution will depend upon 
agriculturalists, technologists, social workers, etc. New 
crops may have to be grown and introduced to the 
population. Existing foodstuffs may have to be processed 
in a different way in order to improve their nutritional 
value ; for example, numerous conferences have recom
mended that rice should be undermilled and during and 
since the war some countries have increased the extrac
tion rate of flour. Or again, new foodstuffs may need 
to be synthesized and introduced to the population, food 
yeast may be but the forerunner of many similar 
products. 

That it is possible to improve the health and nutri
tional status of locally recruited workers in tropical 
areas by local measures such as better gardens, intro
duction of poultry and stud stock to improve the quality 
of the local herds, etc., has been demonstrated many 
times for farsighted industrial and commercial organi
zations, and the satisfying thing is that economically it 
is a sound procedure. The essential feature is a deter
mination on the part of the planners of the economic 
schemes to ensure that their efforts will result in the 
development of the country and not its exploitation, as 
has been the case too often in the past. 
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The CnAIR:'<IAN: The next speaker will be .Mr. Hud· 
!:.On, of the Food and Agriculture Organization of the 
United Nations. 

.Mr. HuDSON: I thank the Chairman for this oppor· 
lunity of referring to something which ha~ already been 
mentioned in the report of the last speaker. I shall not 
lake up more than a minute or two of your time. I 
simply wish to describe the combined operations which 
have at least reached the planning stage between the 
Food and Agriculture Organization and the World 
Health Organization. 

I was given the honour of going to India recently to 
:·epresent the Food and Agriculture Organization in 
discussing with the World Health Organization the 
uossibilities of undertaking these joint operations. The 
'vVorld Health Organization is engaged in some projects 
1 here in connexion with combatting malaria by the 
residual DDT treatment. It seems clear that by this 
treatment the health of the population will be greatly 
improved, and therefore the possibilities of agricultural 
production will be similarly increased-in other words, 
directly as a result of the better health of the people. 
As a result of these preliminary studies, it is now de· 
cided, I understand, that more extensive operations of 
a combined nature between the World Health Organi· 
zation and the Food and Agriculture Organization may 
be started quite soon. 

I was asked to speak to you about this simply to 
point out one of the further examples of how important 
it is that a problem such as this-a problem, namely, 
of conservation and of improving and increasing the 
potentialities for production-should be attacked in a 
joint manner. It is not sufficient to view it as a problem 
of health or to view it as a problem of agriculture; it 
must be approached from both sides. This is just one 
of the many examples that could be brought to your 
attention of how this important problem can be ap
proached in a collaborative spirit. 

The CnAIR:'<IAN: The next speaker will be Mr. E. 
Velander, of Sweden. 

Mr. VELANDER: Even though time is getting short 
I should like to take a few minutes to discuss Dr. 
Clements' paper, going back to the principles of nutri· 
tion. That paper emphasized the importance of the 
dietary pattern which is linked to local production, and 
it was said that all items of the traditional diet must be 
included. It was even proposed-as a part of any indus
trialization scheme-to establish gardens for cultivating 
the wild plants which the natives normally eat in these 
under-developed countries. 

I should like to ask whether there is not a more 
scientific alternative to this procedure. I feel that we are 
perhaps a little too prone to look upon food as thousands 
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of tons of certain staple products-wheat, potatoes, meat, 
butter, eggs, fruits, and so on-rather than as the con
veyor of certain compounds necessary for the biochem
ical factory in our bodies. Vv e need about four hundred 
grammes of carbohydrates in a day to supply some two 
or three thousand calories for the machinery. The 
choice is a matter of economy; carbohydrates can be 
supplied in many ways-by bread, potatoes, tapioca, 
and so on. But we also need about fifty grammes of 
proteins, with all ten of the essential amino-acids. That 
is already more difficult; because the quantity is so 
small, the protein source must be of high quality. We 
need some fat to keep the tissues oiled, and as a reserve, 
and a dozen or so of vitamins, plus some phosphorus, 
calcium and so on. It is not necessary to have just so 
much grain, so much meat, so much fruit and vege· 
tables, and so on. The body does not really care where 
it gets its material, and this is fortunate because an 
animal diet is very expensive. It requires about ten 
thousand primary calories per day from crop lands, as 
against about three thousand if we use the vegetary 
diet, because the bullock and the hog have a very poor 
efficiency as chemical factories. The same can be said of 
many plants as vitamin producers. Starving people 
are happy to have proteins and vitamins in any form in 
which they can get them, and I do not think that they 
will cling to their traditions if we offer them something 
else that can be more economically produced in less 
primitive ways than in a native garden or on grazing 
lands. 

Yeast has been discussed at this Conference and it 
may offer real possibilities, because of its enormous pro
ductivity. Yeast products are now more expensive than 
vegetable protein and fat, but may soon be cheaper than 
animal products. 

The question of totally synthetic food appears on the 
horizon. You all know about the German experiments 
during the war. They made about eight thousand 
pounds of totally synthetic oleomargarine a day out of 
carbon, water, and air. These synthetic fats are insuffi
ciently known, but it appears that in some cases they 
can be absorbed by the body just as well as natural fat. 
And it is well known that calcium can be absorbed by 
the body in almost any form. The vitamins can all be 
synthesized nowadays, and even the "animal protein 
factor" mystery may soon be unveiled. That essential 
factor may possibly be supplied by some molds. So far, 
protein cannot be synthesized, but it can be produced 
very cheaply. Urea-a purely synthetic nitrogen com
pound-is used to feed cows, and it appears that they 
can absorb urea as a nutrient. All this indicates that 
we do not have to cling to traditional foodstuff sources. 

Five years ago I went to Pasadena to see Dr. Henry 
Borsook at the California Institute of Technology. I 
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wanted to discuss with him the vitamin retention in 
various types of preserved foods. I was astonished 
when he said, "What is the use of retaining vitamins? 
You can apply them afterwards for a cent a day per 
man, and that is much cheaper than using expensive 
vegetables for vitamin production and complicated proc
esses for their retention." I was shocked, but I think 
that there is something to what he said. This Spring I 
had the privilege of meeting with Dr. Borsook again and 
I suggested that he should take up the matter at this 
Conference because I thought it was a more scientific 
way of solving some of the malnutrition problems. 
Unfortunately he is not here, since he had to be in 
Europe at this time. I have here, however, an issue 
of the California Institute of Technology publication, 
Engineering and Science, in which he has developed his 
ideas. He told me that this is no longer just a scientific 
theory but a large-scale practical experiment. It seems 
that Dr. Borsook has devised a concentrated, dehydrated 
vitamin-protein food which is very useful for correcting 
unbalanced diets. It is called "Multipurpose food". In 
Sweden we made experiments with something similar 
during the war. \Ve sent hundreds of thousands of 
portions of dehydrated soup to Norwegian, Austrian 
and other children, where protein and the B-complex 
were supplied by yeast, and it was found to be very use
ful nutritionally, even though the dry-weight quantity 
was small. Now, Dr. Borsook's multi-purpose food is 
being served in millions of portions from Alaska to the 
tropics, with good results, by a charitable foundation 
called "Meals for Millions". 

In his article Dr. Borsook says he makes this multi
purpose food out of soy-grit, for the protein, and syn
thetic vitamins-except vitamin C, which is not included. 
It has, of course, to be combined with bread, or another 
carbohydrate source. It is possible that in Sweden we 
could find a similar cheap source of protein in the rests 
from our rape seed, which is quite a new oil crop. In 
Norway, of course, fish residues would provide a very 
cheap and abundant source of protein, and as I have 
said, the vitamin should not cost more than one cent 
a day. The advantages of this kind of supplementary 
food are that it can be easily shipped by air, and easily 
stored. It is very cheap--about three cents a meal
and it may be that this purely scientific application of 
the principles of nutrition-which tell us that the body 
can accept protein, vitamins and minerals in almost any 
form providing they are in compliance with a few sim
ple rules-may offer a means of correcting diets which 
is preferable in many ways to methods for diet-correc
tion which rely only on production in the locality in 
question. 

The CHAIRMAN: I now call upon Mr. Blonde!, of 
France. 

Mr. BLONDEL :e I apologize for taking the floor after 
a description of such important developments. I felt 
however that no meeting at which population policy or 
work in under-developed areas was being discussed 
would be complete without a word from a French 
speaker. 

My personal experience is limited, since I have only 
known the territories of the French Union for twenty
five years. But I have behind me all the experience of 
our administrators, colonists and industrialists. 

•Mr. Blonde! spoke in French. 
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Their experience can, I think, be summed up as 
follows: 

Where human problems are concerned, there are no 
general rules--only special cases. It would doubtless be 
very convenient if everyone was five feet six in height 
but in that case, I should lose my head. 

\Ve must therefore take each individual case and con
sider how best to apply to it our ideas of the fullest 
possible development of life and health. 

If we take the countries of the French Union, we 
find a wide range of development between under-popu
lated and relatively poor countries such as Black Africa 
and over-populated countries which should be rich, 
such as the deltas of Tonkin and Cochinchina, with 
territories such as North Africa, where over-population 
is just beginning to make itself felt, in the middle of 
the scale. \\lhat is true of Indochina is not true of 
Africa. 

The French Government has of course endeavoured 
to develop health services in all cases. 

I have no need to remind you of the chain of Pasteur 
Institutes in French territories throughout the world, 
nor to tell you that these institutes have made a 
remarkable and sometimes vital contribution to the cam
paign against tropical diseases, particularly to the 
campaign against sleeping sickness and yellow fever. 

You all know that an increasing effort has been made 
to study the health of the different indigenous popula
tions over the past twenty-five or thirty years. You are 
also aware of the progressive development of hospitals 
and maternity homes, etc. Nor do I need to emphasize 
that educational problems have not been overlooked. 
Instntction was first given in the territories of the 
French Union by our missionaries, who have been re
lieved or rather "supplemented" by regular services of 
the administration. 

I do not stress these points, since, as I will never
theless remind you, this Conference has not been con
vened to study social problems. Its title is "Scientific 
Conference on the Conservation and Utilization of Re
sources" and we are therefore not concerned with social 
problems except in relation to the general problem be
fore us. 

How then do these social problems concern us? I 
should like to give a single example to indicate the need 
for caution in applying certain rules which we tend too 
readily to regard as general. 

In the work of our various Sections, the need for 
mechanization and rationalization with a view to in
creasing production has been stressed. The results 
achieved by rationalization in this country might lead 
us to conclude that this method should be universally 
applied. I am not sure that the results achieved would 
be equally satisfactory in under-developed countries. In 
a Section meeting I gave the following examples: 

In Indochina I am in charge of a coal mine, which 
employed 35,000 workers and produced 2,000,000 tons 
of coal before the war. Under pressure of events and 
also because the cost of labour has risen without any 
corresponding rise in output, we have reduced the 
number of workers by the use of large machines. The 
number of workers is now only 6,000. The local Gov
ernment has asked us to discontinue this policy, in 
view of the problem of finding employment for the 



workers thus released. The country has over-abundant 
reserves of man-power, and discharged workers are 
tnable to find employment, particularly because there is 
little or no specialization and workers cannot therefore 
be employed in operations for which machinery can 
be used. 

This seems to me to be a vital problem, which arises 
directlv from those we have studied in the course of 
this C~nference. vVe must bear in mind that solutions, 
which may be excellent in certain cases, may be the 
reverse in others. \Ve are, of course, in agreement on 
the final objective~to ensure the highest possible stand
ard of living for all men. But our experience in French 
territories leads us to ask that solutions, which other 
countries have tried out with success, should only be 
applied with the greatest caution and with particular 
attention to each individual case. 

The CHAIR~fAN: I wish to thank Mr. Blonde!, and 
others •vho have spoken, for their contributions to the 
debate. There has been a break-down in the amplifica
tion system and it may be that those who were hoping 
to hear in English have heard some other language in
stead. During the remainder of the proceedings we 
shall have consecutive interpretation instead of simul
~aneous, so I wish once more to remind speakers of the 
1imits on the length of speeches to which I referred in 
my opening remarks. I must ask speakers to be as brief 
as possible. They must remember that every word 
spoken is multiplied by two by the consecutive system 
of interpretation. The next speaker will be Mr. Reyna
Dronet, of Ecuador. 

Mr. REYNA-DROUET concluded his remarks on eco
nomic planning which were begun in the plenary meet
ing of 29 August and are reprinted in full there. 

The CHAIRMAN: I now call upon Mr. Aparicio G. 
Ranghel, of Colombia. 

Mr. RANGHEL: I was intending to speak in my native 
language, but I discovered that I must speak in English. 
Therefore, I apologize for my imperfect English. 

I am going to make a few brief remarks in regard to 
the question of the preservation of the principal natural 
resource which is man. I was very glad that Mrs. 
Pinchot brought this question forward yesterday as the 
preservation of man himself is most important. Man 
is really the principal and most valuable of all natural 
resources. I have a one-track mind, as is said in 
English, but my point is a practical one. It is all very 
well to discuss such subjects as labour, hygiene and 
the conservation of natural resources here, but I am a 
little afraid of what we are going to do in practice in 
our own countries. When the delegates return home 
from these meetings, they will have many ideas in mind. 

I should like to explain briefly what we are doing to 
preserve man himself in Colombia, not because Colom
bia is my country but because this explanation might be 
of some use to some of the other peoples of the world. 
First of all, we are trying to move the hundreds of 
people now living in bare lands and on the slopes of 
the Andes to better lands. That calls for the expendi
ture of a lot of money, but we are doing our best. 

Secondly, there is the matter of nutrition and health. 
In regard to nutrition we are trying to plan the grains 
to be used in the human diet, for example, the use of 
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soy beans. \V e are trying to make the farmers and 
peasants throughout the country grow soy beans so that 
their food will be varied. 

Education is very necessary for the preservation of 
man. We need education for the conservation of all 
natural resources. We are trying to educate the people, 
especially the future generations in the primary schools. 

vVith regard to conservation of natural resources, it is 
absolutely necessary, in my opinion, to form in each 
one of these countries a group of men who will be able 
to translate into practical terms all these wonderful 
things which we have heard about in these meetings. 
We need to train engineers, agronomists and field aides 
who will go out to the farmers and tell them how to 
carry out the work. \Ve are trying to do this now in 
Colombia by means of agricultural schools where we 
train agronomists and give them special classes in soil 
conservation. \Ve have simple and very short courses, 
sometimes lasting for only two or three months, in 
which we train the field aides. These field aides are 
very valuable, and I believe that for every agricultural 
engineer or agronomist we must have a thousand field 
aides. 

I am sorry not to be able to explain in more detail 
about these things, but time is short. I thank you for 
the opportunity you have given me to explain this much. 

The CHAIRMAN: As Chairman of this plenary meet
ing, I wish to thank Mr. Ranghel for his contribution 
to this debate. \Vith the words which we have just 
heard from Mr. Ranghel, we shall now end our meeting 
for today. I think the discussion that we have had this 
afternoon constitutes a very considerable headway in 
our work on the item which was on the programme for 
today. The number of suggestions that we have had 
put to us, the points made by the representative of the 
International Labour Office, the points made by Mr. 
Clements on behalf of the \Vorld Health Organization, 
all this, and the detailed debate certainly constituted 
a great contribution to the general work of the Con
ference. I would say the same of the contribution made 
by Mr. Antuna and by all the other members who 
spoke. 

Before I close this meeting I would say one further 
word, and I do so, I think, not only in my own name 
but in the name of all present. I wish to express my 
gratitude and admiration for the work of our Director 
of Programmes, Mr. Carter Goodrich, and for the work 
of our Executive Secretary. \Vithout these two I am 
sure that our work could not have been so effective, 
nor could it have ended so well as it is now ending. I 
would extend my thanks also to those who have helped 
us at our meeting this afternoon, and to the staff of 
the United Nations in generaL 

In closing this fourteenth plenary meeting of the 
Scientific Conference convened by the United Nations 
on the subject of natural resources I would again ex
press my faith in the fruitful outcome of the work of 
the Conference. I am sure that it will give satisfaction 
to the hopes placed in this Conference by men and 
women all over the world-hopes placed in this Con
ference which is meeting under the auspices of the 
United Nations and under the skies of the Americas, 
which is a symbol of democracy and freedom. 
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ABSTRACT 

1. As a first line of attack on labour supply problems associated with resource development, there is a 
need for more adequate information on prospective labour requirements, particularly indicating skills in 
demand. 

2. In the recruitment of workers, measures should be taken to avoid their exploitation. The preferable 
system of engagement is through public employment services, which should be developed further or estab
lished, as may fit the case. 

3. A thorough system of youth training should be developed, so that eventually all requirements may be 
met by young persons entering employment after a thorough background of instruction. 

4. Initial and continuing training for adult workers is feasible and desirable. 
5. All training should be aimed in the direction of specific requirements. 
6. Permanent migration; or temporary migration; or the training of workers abroad, frequently may be 

arranged on an international basis, and may be necessary to overcome a shortage of skills. 
7. The International Labour Office collects and issues much information on labour needs, especially in 

relation to possible migration. 
8. The I.L.O. is in a position to give field assistance, where Member States so request, in devising meas

ures to overcome labour shortages, to improve industrial training methods and to better develop employment 
services. A good deal of such assistance has been given or is being given currently. 

9. Numerous International Labour Conference instruments and I.L.O. meeting resolutions bear on meth
ods for recruitment and training of workers. 

I. INTRODUCTION 
Trained manpower is an essential component of re

source development. \Vithout labour and skill nothing 
can be done to turn natural resources to economic 
and social use. Thus, a sufficient number of workers 
must be available in the areas where their services are 
needed for resource development, and the workers must 
possess the proper skills for doing the work which will 
be required of them. This paper is concerned with tech
niques for recruiting and training the workers needed 
for resource development. 

The question of the availability of suitable workers 
for resource development is especially acute in eco
nomically under-developed areas, which are understood 
to include most of Latin America, the Far East, the 
Near and Middle East, and Africa; certain south-eastern 
European countries; and non-self-governing territories. 
(The expression "under-developed" refers only to the 
economic aspect of a country's development, and does 
not intend any reflection on the cultural stages of de
velopment of the country in question.) Most of these 
areas possess resources waiting to be utilized and share 
a relative deficiency in the technical know-how required 
to make good use of them. The shortage of skill of all 
kinds, combined with many other factors, constantly 
hampers both agricultural and industrial development. 
Moreover, so far as many of these areas are concerned, 
there is a further problem. A certain amount of quanti
tative population redistribution is necessary in order to 
ensure that workers are available where they are needed. 

II. EXTENT AND CHARACTER OF LABOUR AND 
SKILL REQUIRE:MENTS 

Labour and skill requirements grow out of the needs 
of resource development and increase as development 
proceeds. They are determined by each country or 
territory and by each industry and undertaking in re-
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lation to its own development plans. Thus, the planning 
of resource development provides an essential basis for 
estimating the extent and character of manpower re
quirements. The more precise and concrete the plans 
are, the more firm is the basis for manpower planning. 

Until comparatively recently, economic development 
can hardly be said to have been systematically planned. 
With one or two important exceptions, there has been 
a notable lack of co-ordinated advance planning for the 
use of natural resources in countries or areas through
out the world, whether under-developed or industrially 
advanced. In consequence, there has been little or no 
reliable information relating to the extent and character 
of labour and skill requirements. 

During the last ten years, however, the situation has 
changed. Many countries have mapped out long-term 
development projects. Almost all the existing plans 
embrace agricultural irrigation, hydro-electric and other 
power projects, transport and communications, mining 
and as well other basic industries, e.g. iron and steel. 
The mechanization of industry and agriculture is the 
main emphasis of the plans. Many of the projects have 
gone beyond the planning stage and have been or are 
being successfully executed. This is the case in under
developed areas as well as in industrially more advanced 
areas. In fact, the emphasis on systematic planning of 
development is, if anything, more pronounced in under
developed areas. This is heartening, for their own need 
is greater and at the same time their resources are re
quired for the raising of world living standards. In
formation summarized in publications of the United 
Nations, of the International Labour Organisation and 
of other specialized agencies indicates the type of 
development planning now being done. 

So far as labour requirements are concerned, the 
situation varies from one area to another. In some 



areas, for example in large parts of Latin America, the 
resource development scheduled for the next few years 
can hardly be carried out with the labour supply avail
able. Whatever may be done to mobilize the national 
labour supply, more workers will still be needed. In 
other areas, for example in large parts of Asia, the 
labour force is more than adequate for the resource 
development envisaged. 

The fact that certain under-developed countries and 
areas are faced with labour shortage links the recruit
ment problem to world migration problems. This inter
relationship is discussed in section IV. Moreover, in 
both types of areas (those with a sufficiency of national 
labour and those with a deficiency), the question of 
labour supply includes the problem of internal popula
tion redistribution required to mobiEze the national 
workers for resource development in general or for the 
execution of particular projects. This problem, which 
1s the essence of eliminating chronic under-employment 
in rural areas, must be approached primarily through 
recruitment policies. 

On the whole, it is probably true to say that at 
present the numerical size of the labour supply need 
not in itself be a major obstacle to resource develop
ment. It may be, and in some cases has been, difficult 
1 o find a sufficient number of workers for particular 
Jlrojects in remote areas. Or it may be that in the near 
future the size of the the labour supply may limit re
source development in certain countries and areas. At 
the moment, however, the gross number of workers 
available appears adequate for developments. 

However, it is necessary to emphasise two factors. 
First, while the labour force of most under-developed 
territories may be numerically adequate, it is not physi
cally adequate, owing to disease and malnutrition. 
Secondly, the supply of labour available for work con
nected with resource development depends on incentives 
which can be offered to induce men and women to 
work, to accept the habit and discipline of work, and 
to work regularly. Time and again, for example, it has 
proved impossible to obtain needed workers because 
it was impossible to offer them, in return for their efforts, 
a plentiful supply of consumers goods or other facilities 
or services at prices reasonable in proportion to their 
wages. This is a major problem of under-developed 
areas-and one whose solution vitally affects the supply 
of labour. 

Moreover, the labour supply available within these 
limits is not adapted to the demands created by mechan
ized resource development. Widespread illiteracy and 
the absence of any minimum general education mean 
that the workers available lack one important pre
requisite to any kind of skilled or semi-skilled employ
ment. On the other hand, all the under-developed areas 
urgently require a great variety of the skills indispen
sable for developing their power facilities, transport, and 
other basic industries and for technical improvements in 
their agriculture and mineral resources. To define the 
skills needed is, in most cases, to list all the skills enter
ing into mechanized production and organization. Most 
countries and areas engaged in such development indi
cate that they are totally lacking or very short in the 
supply of workers \vho can handle the preparation, in
stallation, operation and maintenance and repair of 
machinery of every kind, whether for power projects, 
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mining, agriculture, transport, iron and steel or other 
branches of economic activity. There is, in short, a 
notable deficiency of technical know-how in the areas 
planning or engaged in resource development projects. 

In practice, therefore, skill requirements are almost 
limitless in extent. The character of the requirements 
reflects this fact. Workers are needed in almost all, if 
not all, the skills and occupational categories which make 
up a trained labour force in any branch of mechanized 
exploitation of resources. Executive and administrative 
staff, scientists, technicians and skilled workers are 
especially scarce, of course, but the needs extend on 
down to include the most elementary skills connected 
with the use of machines. 

The information available to the I.L.O. on the extent 
and character of labour and skill requirements may be 
summarised in general terms : 

( 1) Despite a widespread advance in economic plan
ning of resource development, information on the extent 
and character of labour and skill requirements is both 
sparse and unreliable at the present time. 

(2) On the basis of the information available, it 
appears that-

( a) Granted a mobilization of national manpower 
for resource development (including meas
ures to fight disease and malnutrition, and 
the provision of effective incentives to work), 
the numerical size of the labour supply is 
not the major obstacle to economic develop
ment in most countries and areas at the 
present time ; 

(b) The vocational adaptation of the supply of 
workers to the exacting requirements of 
mechanised resource development appears to 
be the urgent problem to be solved in the field 
of manpower; 

(c) Skill requirements are extensive in number, 
comprehensive in scope and extremely varied 
in character ; 

(d) The most urgent requirements are for all 
kinds of workers capable of installing, oper
ating, maintaining and repairing machinery 
of all kinds ; 

(e) The most urgent skill requirements of this 
character are in the power, transport, mining, 
agricultural irrigation, construction and heavy 
manufacturing industries. 

One general conclusion emerges from the preceding. 
Lack of information is a serious handicap in the plan
ning of measures to remedy manpower and skill de
ficiencies. Consideration might therefore be given to the 
preparation of a manpower budget for resource develop
tnent. Such an inventory of labour suppiy and labour 
requirements could be prepared by or in respect of the 
areas concerned, on the basis of existing economic de
velopment plans and in conformity with the industry 
and other classifications used in these plans, and cover
ing periods of time corresponding to these plans. Even 
a simple start in this matter would be of assistance. 

The other general conclusions relate primarily to the 
recruitment and training of workers. These questions 
are dealt with in the succeeding sections. 
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III. METHODS OF RECRUITING AND TRAINING 
MANPOWER 

The recruiting and training of manpower for the 
development of natural resources must be approached 
in the light of the needs, traditions, and political, eco
nomic and social organization peculiar to each country 
or area. The techniques appropriate for solving man
power problems must arise out of this background in 
any given country or area or be adapted to it if they 
are to contribute constructively to economic develop
ment. Thus, under-developed areas are in a position 
not only to benefit from the cumulative experience of 
other parts of the world, but also themselves to develop 
new techniques of recruitment and training, and to 
enrich the world's experience while expediting their 
own development. 

A. TECHNIQUES OF RECRUITMENT 

Workers are recruited for development projects in 
a good many different ways, but direct recruitment by 
employers or their recruiting agents appears to be by 
far the most common. In some countries, certain trade 
unions act as recruiting agencies. In others, industrial 
or commercial guilds exercise this function. In still 
others, recruitment is undertaken by intermediary agents 
or private employment agencies who seek to bring to
gether the employer or management needing workers 
and the workers looking for employment. Finally, pub
lic employment services are playing an increasingly 
important role in the recruitment of workers. 

In non-metropolitan territories, recruiting has tra
ditionally been carried on and in many cases still is, by 
professional recruiters, possessing special knowledge of 
the labour supply and demand in their areas. These 
operations have been conducted, as a rule, on a profit 
hasis, under Government supervision in some cases. 
K ative chiefs or other Native authorities also play an 
important role between the recruiters and the workers, 
particularly in stimulating labour supply. Moreover, 
recruiting by workers themselves is common in a number 
of non-metropolitan territories, not only because satis
fied workers are the best recruiters in manv cases but 
also because workers are designated as labour jobbers 
and specially remunerated for the recruiting operations 
they perform. There is general agreement in theory, 
law and practice, however, that in non-metropolitan 
territories these forms of recruiting often have unde
sirable and disruptive results, particularly in so far as 
forced labour is concerned. Thus, the I.L.O. Conven
tion (No. 50) on special systems of recruiting workers 
laid down principles designed to obviate exploitation of 
workers through undesirable practices in recruitment 
in these territories. 

In both under-developed countries and non-metropoli
tan territories, it is common to find workers recruited for 
more skilled employment and training opportunities 
through family groups. For example, apprenticeship and 
other workshop training have been traditional methods 
of handing down skill, and the apprentices and other 
trainees have tended to be the next of kin or other rela
tives of the craftsmen. The employer sometimes recruits 
his whole labour force from this source. In such cases, 
vocational guidance and technical selection are apt to be 
entirely neglected. Finally, as in all countries, workers 
are frequently recruited for permanent employment 
through the training process. They are admitted to 

trammg and advance from that status to employment 
after satisfactorily completing a period of institutional 
or plant training. 

The preceding methods of recruitment, whatever may 
be their practical necessity, have several important de
fects. The facilities so provided are necessarily limited 
in scope. In these circumstances, neither the employer 
seeking labour nor the workers seeking employment are 
in a position to draw upon as wide an employment mar
ket as they might wish. Moreover, there is a risk, par
ticularly in under-developed areas, of the abuses asso
ciated with unregulated recruitment operations and 
employment agencies conducted with a view to private 
profit. Finally, since each such recruiting operation is 
organised in a particular interest, the general interest 
in the orderly recruitment of workers for resource de
velopment is not adequately safeguarded. The resulting 
unplanned distribution of the labour supply may hamper 
many parts of the economy of the country or area, lead 
to unnecessary hardships for the workers, and fail to 
produce the correct number and kind of workers needed 
for a particular project. 

The conclusion is that as soon as practical a public 
employment service should be developed to shoulder 
the burden of recruiting the workers needed for resource 
development, for public and private undertakings alike. 
This conclusion is generally accepted in under-developed 
areas as well as in developed areas. Substantial progress 
has been made in employment service organisation in 
Asia, Latin America and a number of non-metropolitan 
territories. The practical problem, however, is to build 
up and equip these employment services, where not now 
available, to carry out the rather specialized recruitment 
tasks imposed by large-scale development programmes. 
No time should be lost in providing these services with 
the functions, the machinery, the staff and the funds 
required for effective operation on the scale required by 
current development plans. Particular attention will 
have to be given to methods of operation of employment 
service in large and predominantly rural areas. India 
is experimenting with an interesting scheme for "mobile" 
employment offices. In certain sparsely peopled parts 
of Canada and the United States, experience of employ
ment service organization would be worth analysing. 
The Employment Service Convention and Recommenda
tion adopted by the 1948 Session of the International 
Labour Conference set forth, in some detail, the essen
tials of employment service organization. These stand
ards will certainly be of practical use in countries 
organizing or developing their public employment 
service. 

No discussion of techniques of recruitment would be 
complete without placing special emphasis on the ques
tion of incentives to labour. Compulsory labour is he
coming extinct: other incentives must be found. Ex
perience appears to indicate that higher wages are an 
effective incentive, even where material wants are now 
simple. But along with higher wages, increased supplies 
of consumers' goods, available at reasonable prices, are 
essential. The provision of attractive and suitable housing 
is also important, both for recruiting and retaining 
labour. The availability of education and training serv
ices, medical care and recreational facilities plays a large 
part in recruitment. Finally, the whole question of 
making people physically fit is a dominant element in 
widening the field of recruitment. The importance, 
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purely in terms of recruitment, of solving these prob
lems, and of working out their solutions as a co-ordinate 
part of recruitment, cannot be over-emphasised. The 
machinery of recruitment can do little unless the in
centives to work are amply attractive. 

B. TECHNIQUES OF TRAINING 

No matter how effective the techniques of recruitment, 
the underlying factor is the supply of skill. A recruit
ment policy cannot supply skill. The problem of skill 
is the crux of the problem of adapting human resources 
:o the requirements of mechanized agricultural and in
dustrial development. Education and training are the 
keys to the supply of skill. The techniques of skill 
development are thus bound up with the organization 
and operation of education and training schemes. 

General education is the basis for any kind of voca
tional training. The abolition of illiteracy and a nation
wide system of compulsory free education are therefore 
urgent necessities in meeting the labour requirements 
imposed by plans for developing natural resources. 
Delegates to the regional conferences of 1fember coun
tries of the I.L.O. have frequently called attention to 
the need for extending compulsory free education in 
Latin America, the Far East and the Near and Middle 
East. In all these regions and in the non-metropolitan 
territories, increasing efforts are being made to lay the 
educational foundation of technical progress. The funda
mental education project of U.N .E.S.C.O. is a clear 
indication of the international importance attaching to 
the elimination of illiteracy and the provision of a mini
mum general education to all peoples everywhere. 

The extent to which general education should include 
any kind of pre-vocational preparation is somewhat 
controversial. However, t\vo things may be said. First, 
education in a general sense is an absolute prerequisite 
to the formation of a modern labour force; technical 
training is not enough and, in fact, is not possible unless 
the trainee has already learned to learn. Secondly, some 
care should be exercised not to over-do the literary side 
of general education, thereby creating a surplus of 
would-he white collar workers and also tending to 
attach an unfortunate stigma to manual work. 

The conclusion would seem to be that pre-vocational 
plans should be worked out as a part of a co-ordinated 
educational programme. This would tend to prevent 
vocational emphasis from narrowing the educational 
horizon and to guard against premature specialization. 
At the same time, there would he ample lee-way for 
making education "practical" and "realistic", though 
keeping it from being perverted in a limited economic 
interest. 

While general education is a prerequisite, the funda
mental approach to the problem of skill development is 
the vocational training of young persons. Admittedly, 
present difficulties are appalling, but no emergency 
arrangement can fail to include the establishment of a 
sound scheme of youth training. The difficulties have 
to be faced sometime, and it is much better that this 
should be done sooner rather than later. 

There are two basic methods of training young per
sons-vocational education in specialized schools or 
centres, and apprenticeship. The two methods are not 
mutually exclusive; a combination of the two may be the 
most practical and successful means of preparing young 
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persons for many kinds of skilled or semi-skilled em
ployments. In fact, the present trend in youth training 
is to bring institutional vocational education and the sys
tem of apprenticeship much closer together. This makes 
for a simpler and more practical system, able to com
bine the recognized advantages of both institutional and 
supervised on-the-job training. 

A few essentials of any training scheme for young 
persons may be recommended on the basis of extensive 
international experience and of recent ~xperience of 
training in under-developed countries and areas. Firstly, 
the principle may be accepted that all young persons up 
to a certain age should be regarded as trainees, regard
less of whether their training is on-the-job or through a 
school or centre or other agency of training. Secondly, 
the training arrangements must be built in accordance 
with a systematic and co-ordinated plan, drawn up in 
the light of present and prospective labour and skill 
requirements. It is no use to plan one aspect or type of 
training or training for a particular project and to 
neglect the rest. Thirdly, public initiative on a large 
scale is an essential element in the planning, organiza
tion, operation and financing of any youth training 
programme. This is the only means of ensuring that 
the programme is adequate, and of safeguarding the 
different interests involved. Fourthly, the co-operation 
of employers' and workers' organizations, where such 
exist, must be enlisted if the programme is to be sup
ported as it deserves to be. Fifthly, training opportuni
ties in any one area should be developed according to 
the relative urgency of the needs. Subject to these 
priorities, the long-term aim should be to expand such 
opportunities on as wide and varied a scale as possible. 
Finally, methods of training should be decided primarily 
on the basis of the skill requirements of the occupations 
and industries for which the training is given, but also 
with consideration of the facilities available and the tra
ditional methods of training customary in the different 
countries and areas. 

In the light of these principles, the first steps in youth 
training programmes in under-developed areas begin 
to emerge more clearly. These may be stated somewhat 
dogmatically as follows: 

(a) The principle should be applied that all young 
persons under a certain age (fixed in the light of the 
national circumstances) should be in training, whether 
in school or in a special training centre, or employed in 
some industrial or other undertaking as an apprentice 
or in any other capacity. 

(b) Youth training should be planned on a unified 
basis in the light of the needs for trained manpower 
indicated through the manpower budget or by other 
means worked out in connection with the labour and 
skill requirements of resource development. 

(c) Public concern with youth training should be 
developed, organized and made effective with adequate 
public funds. 

(d) A national advisory committee and, wherever 
possible, local advisory committees, including represent
atives of economic development authorities and of 
employers' and workers' organizations (wherever these 
exist), should be established. 

(e) The development of youth training facilities 
should be planned in such manner as to ensure that all 
young persons within a given geographic area have 
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access to training and have reasonably varied training 
opportunities. 

(f) Training schemes for individual projects, areas, 
industries or occupations, should be organized with 
primary consideration to the skill requirements to be 
met through training. In addition, to be practical, they 
must take account, especially at first, of the facilities 
available in or planned for the region and of the tra
ditional methods of training workers common in those 
regions, industries or occupations. 

In almost all the under-developed countries and areas, 
the organization of the training of young workers in 
specialized vocational and technical schools or centres in 
a primary preoccupation at present. Recent action in 
the training field has been centred on developing an or
ganizational framework for specialized training in 
schools or other institutions and expanding the network 
of such facilities within the country or area. (So far as 
industrial training and apprenticeship are concerned, 
several of the recommendations of the 1946 American 
Regional Conference of the I.L.O. will be found to be 
generally applicable to conditions in under-developed 
countries.) 

In addition to specialized vocational school training, 
and formal apprenticeship, an expansion o~ systematic 
on-the-job training of young workers entermg employ
ment in a particular undertaking is urgently necessary. 
The aim of such in-plant youth training is two-fold: to 
obtain efficient job performance and also to broaden the 
young person's technical understanding of the produc
tive operations of the project and undertaking.as a whol~. 
The importance of these schemes can be readily appreci
ated when it is realized that the young workers affected 
by such training will supply an excellent source of re
cruitment for apprenticeship for more skilled workers 
or higher technical training. Morever, in-plant training 
of young workers tends to economize on such things as 
tools, machinery and materials, teaching staff, etc., and is 
therefore a practical forn1 of training in countries or 
areas lacking adequate training facilities of other kinds. 
A good many of the larger undertakings in Latin 
America and Asian countries and non-metropolitan 
territories organize the training of their workers within 
the undertaking or in special centres directly attached 
to the undertaking. This may be the practice partly be
cause there is no choice-because no other means of 
training are available, but it is also partly because train
ing conducted by the undertaking for the workers 
recruited by it has proved to be an effective form of 
training. To a large extent, the employers or manage
ments concerned will have to take responsibility for 
organizing this kind of training. But their task can be 
lightened if the Governments will provide technical and, 
wherever possible, financial assistance to ensure the 
maintenance of such training on an efficient and practical 
basis and on an adequate scale, and to induce employers 
to offer suitable opportunities for the training of their 
young workers. 

So far as agricultural training is concerned, the pri
mary problem at present is to develop a network of 
specialized agricultural training schools, adapted to the 
requirements of the different regions. Such schools, to 
be practical, must be organized on a productive basis, 
so far as possible, and linked with scientific agricultural 
stations or outposts, so that modern methods may be 

taught economically and through practical work. Spe
cial measures are also necessary to widen access to 
agricultural training schools and to encourage attend
ance at such courses. Initial steps include such practical 
measures as adequate transport arrangements for per
sons with the immediate area; residential units at or 
near each training centre ; and maintenance allowances 
for the trainees and, in many cases, allowances to their 
families. Where the schools operate on a co-operative, 
profit-sharing basis, their work can be done more 
economically and larger numbers of young people from 
poor families can make use of the facilities. 

Even these elementary parts of any programme of 
youth training sound ambitious in terms of the present 
situation, especially in under-developed countries. But 
they lack ambition in terms of the needs to be met. It 
may be suggested that they should comprise an immedi
ate minimum programme of action of youth training 
related to the development and use of natural resources. 

No training programme would be adequate without 
special arrangements for the vocational training and 
retraining of adult workers. This is especially true of 
programmes designed to meet the skill requirements of 
resource development in under-developed areas, where 
a large percentage of the adult population will be called 
upon to take a part in the technical process of turning 
natural resources to effective use. To some extent, the 
training of adult workers can be fitted into, or closely 
associated with, the arrangements for youth training. 
Special courses for adults are often organized in the 
youth training schools or centres set up by the Govern
ments or by private undertakings, for example, and 
on-the-job training is probably the most common form 
of adult training in all countries. Evening courses and 
part-time technical training for employed adult workers 
are additional means of supplementing on-the-job train
ing. On the whole, most under-developed countries 
have found that the main problem has been to promote 
the provision of systematic training of adults by private 
undertakings, and to develop adequate incentives to 
adult workers to take the training. This may involve 
technical and financial assistance from the Government. 
The State may then be called upon to play a more active 
role in ensuring training opportunities for adult workers 
and supervising the standards of training. 

The e..xpansion of training to enable young and adult 
workers to develop their skills and be promoted to 
higher posts is also an essential part of skill development. 
It is of special importance in under-developed areas 
where, for a variety of reasons, pre-employm~nt traini?g 
is apt to be somewhat meagre. Moreover, h1gher tram
ing makes it possible to fill the gaps in the national 
supply of technical skill; imported skills must be ~a~sed 
along to the local labour force through such trammg. 
Supplementary education and technical training has 
therefore to be made available on the widest possible 
scale, not only by the undertakings, which would nat
urally wish to develop an increasingly efficient labour 
force, but also by public authorities concerned with 
raising skill standards in general. Here again, provided 
there is an adequate network of youth training facilities, 
the provision of training for promotion (up-grading) 
is a relatively simple matter and can be based on the 
full use of existing facilities. Also, a main problem 
appears to be to provide incentives to the workers to 
take higher training. Money incentives, though im-
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portant, are not always the most effective, especially in 
certain of the under-developed areas. 

The organization of training for supervisory workmen, 
and especially of those instructing others, is an important 
part of training programmes aimed at meeting the skill 
requirements of resource development. Supervisory 
workers are in very short supply everywhere. In many 
under-developed countries and areas, supervisory posts 
have had to be filled almost exclusively by foreign re
cruitment. Naturally, methods of training supervisory 
workmen have to be closely related to the productive 
operations of particular undertakings. Nevertheless, the 
experience of France, Sweden, Switzerland, the United 
States and the United Kingdom is worth studying with 
a view to adapting it to the situation of under-developed 
countries. The "training within industry" method has 
proved practicable, with appropriate modifications, in 
different circumstances : the use of vocational school 
facilities and special training conferences for intensive 
training of foremen is also common. The main principle 
is not to neglect this specialized type of training. In a 
large measure, the quality of the supervisory workmen 
will determine the productive operations of any under
taking or project, and, in addition, there is a very great 
deficit of national supervisory skill in under-developed 
countries and areas. 

Adequate training for instructors is likewise a key to 
:he expansion of training services. Such instructors 
:1ave to be recruited very largely from the skilled and 
experienced supervisory and other key workers in the 
labour force. The question of their training is thus closely 
linked with the arrangements made for training super
visory workmen. The outstanding current problem is 
to organize, on a large enough scale, systematic courses 
for training men to train others. In doing this, it is 
often possible to utilize higher technical training insti
tutes (and it is one further reason for the development 
of such institutes in every country and area) and it 
is often necessary to borrow experienced instructional 
staff from abroad to help in launching the programme 
and training a "cadre" instructor staff. 

Each resource development area and project must 
have its own training requirements and goals. The 
above minimum programme cannot be more than a 
yardstick against which to measure what is needed 
and what is done. Special problems must be met by 
special action. There is a vast field for initiative in 
training. Systematic arrangements are needed to ensure 
that the results of this initiative are made known to 
other agencies and undertakings who could profit by the 
experience so gained. One task of the public authorities 
generally responsible for training in the country or 
area concerned might therefore be to make this experi
ence available in as practical and suggestive a form as 
possible. 

Once vocational training exists, there may be a prob
lem of allowing those trained to exercise their skills. 
In certain countries or areas (e.g., the Union of South 
Africa and Southern Rhodesia), European trade unions, 
fearing the competition of native skill, follow a policy 
which tends to restrict admission to unions and more 
skilled employments to persons of "European" race. In 
certain other countries (e.g., certain Latin American 
countries), higher skilled and technical jobs have, in 
practice, been reserved by private undertakings for for-
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eign workers: these countries have reacted in self
defense, e.g., by erecting a number of migration barriers 
to the entry of technicians and other skilled personnel. 
These problems have to be met before training schemes 
can play their full part in resource development. Surely 
there is room for all the skill that can be developed, 
provided there is a planned programme of economic 
development. This should be one guiding principle for 
national and international action. The mere existence 
of such problems, however, re-emphasises the need for 
working out training schemes in close co-operation with 
trade unions and for basing them on a profound knowl
edge of national labour and skill requirements. 

IV. METHODS OF INTERNATIONAL CO-OPERATION 
IN THE RECRUITMENT AND TRAINING 

OF LABOUR 
The preceding section dealt with national policy and 

techniques for recruiting and training wm:kers needed 
for resource development. The problems of recruiting 
and training labour for economic development must be 
attacked by each country and area: there is no substi
tute for such action. At the same time, international 
co-operation can greatly facilitate the solution of a 
number of immediate difficulties. 

Systematic arrangements for the international ex
change of information concerning techniques for recruit
ing and training workers for resource development is 
a first essential measure of co-operation. Such arrange
ments can help to overcome a lack of experience and 
knowledge. Through such arrangements, a practical in
ventory of existing techniques can be drawn up. It 
may be urged that such information should be collated 
and exchanged on a regional as well as an international 
basis, since the experience of one country often has 
special practical value for other countries and areas 
within the same region. 

Similarly, arrangements should be developed for the 
international exchange of information on the extent and 
character of manpower requirements. In particular, 
this exchange of information would have to relate to 
skill requirements. 

So far as the exchange of information on techniques 
of recruiting and training workers and on manpower and 
skill requirements is concerned, the I.L.O. is building 
up an international information centre at Geneva and 
also regional information centres (the first is being set 
up in the Far East) which will cover both of these sub
jects. The centres will be available to provide informa
tion and other assistance to Governments, international 
organizations and other bodies or persons concerned 
with recruiting and training workers. The practical in
fluence of these centres will depend, first, on their own 
efficiency, secondly, on the co-operation of those Govern
ments, international organizations, employers' and work
ers' organizations and individuals possessing the infor
mation required, and thirdly, on the use made of the 
centres by these bodies and persons. 

The migration of workers from industrially advanced 
countries to establish themselves in under-developed 
areas is also a method of international co-operation for 
meeting manpower requirements generally and in par
ticular for introducing into under-developed countries 
the new skills of mechanized production. Thus, from 
the standpoint of less advanced countries, immigration 
for settlement should be encouraged, provided that the 
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incoming workers are able to meet the labour and skill 
requirements of the country concerned and provided that 
these workers are willing to hand down their technical 
knowledge to the national workers of the immigration 
country. Where skill is scarce all over the world, these 
conditions are not easy to meet. But certain industrially 
advanced countries, anxious to promote development 
in other parts of the world, are encouraging the emigra
tion of technicians and skilled workers, even though the 
latter may be needed at home. This is a far-sighted 
policy. Though the motives behind it differ, it is a type 
of migration policy which can contribute to resource 
development, especially if it were applied more inter
nationally among the different industrially advanced 
countries, on the one hand, and the less developed 
countries, on the other. Thus, action to break down 
existing barriers to the migration of skill according to 
manpower requirements is a means of international 
co-operation which will certainly facilitate better use 
of the world's resources, including trained manpower. 

Migration surveys, technical and financial aid in eco
nomic development planning, advisory missions to study 
the obstacles to the immigration of the trained labour 
required, encouragement of consideration of the man
power requirements of resource development in bilateral 
or other agreements relating to migration, etc., are 
examples of tasks which international organizations can 
help to accomplish. The I.L.O., the specialized agency 
charged with assuming leadership on migration matters, 
has revised recently its Convention concerning Migra
tion for Employment and the related Recommendations 
in an effort to aid needed migration. It is also preparing 
a Model Migration Agreement which includes detailed 
provisions governing the conditions and criteria of 
migration, the recruitment, selection, introduction and 
placing of immigrants, equality of treatment for migrants 
with nationals, etc. Taken together these two documents 
set forth major principles of international recruitment 
through migration, whose application will certainly help 
to solve some of the special problems of recruiting the 
skills for world economic development. 

In countries or areas where the general level of skill for 
mechanized development is low, and training and migra
tion cannot immediately meet the deficiency of skill, 
foreign technical assistance is an essential means of inter
national co-operation. As a rule, foreign technicians, 
foremen and skilled workers are recruited from industri
ally advanced countries by Governments or private under
takings of less developed countries or areas to aid in 
introducing new machinery or methods of work, and to 
train nationals in these new processes, so that the latter 
may take over the full responsibility themselves. This 
method is satisfactory in spreading technical know-how. 
Nevertheless it has sometimes been difficult to recruit the 
needed experts on terms acceptable to the countries re
quiring their assistance, and to ensure that the technical 
kno·w-how of experts is effectively imparted to the 
national workers. The worst disadvantages of the bi
lateral arrangements for technical assistance is that such 
assistance tends to be expensive, for public authorities 
at least. In consequence, few Governments can afford 
to "borrow" the full number and variety of technical 
experts needed to facilitate their economic development. 
This suggests that neighbouring Governments in need 
of foreign technical assistance of a generally similar 

kind or kinds might combine on a regional basis to 
recruit and employ pools of technical advisers and ex
perts able to help solve common problems of economic 
development. 

Certain organs of the United Nations and most of 
the specialized agencies are now in a position to co
operate in the negotiation and carrying out of such 
arrangements. Some of them also provide direct tech
nical assistance through, for example, advisory missions. 
So far as direct assistance in the field of recruiting and 
training manpower is concerned, the I.L.O. is greatly 
expanding its practical services for this purpose. 

It is often impossible, for one reason or another, to 
meet skill requirements through national efforts, migra
tion or foreign technical assistance. A further practical 
means of developing trained manpower is through 
co-operative arrangements for sending abroad actual or 
prospective vocational instructors, foremen, skilled work
ers and other workers and trainees, to obtain instruction 
and training unavailable in their own country. Action 
along these lines has already been taken on a limited 
scale (for example, between India and the United King
dom and between the United States and Latin American 
Republics). This experience has indicated that arrange
ments for the exchange of trainees are one of the most 
practical methods for accelerating training, particularly 
in countries lacking an adequate number and variety of 
training facilities. At present there is a considerable 
demand that such measures should be widened to pro
mote greater opportunities (particularly for nationals 
of under-developed countries) to acquire abroad tech
nical skill needed for their own economic development. 
The LL.O. is therefore seeking to work out arrange
ments to promote the exchange of trainees. This will 
involve co-ordinated national and international arrange
ments: 

(a) To increase the number of technicians and skilled 
workers sent abroad for a part of their training, or for 
periods of work experience ; and 

(b) To expand the types of workers and the technical 
and skilled trades and occupations for which training 
and experience abroad is considered useful and practical ; 
and 

(c) To develop further international assistance in 
the negotiation and financing of such arrangements. 

The co-operation of neighbouring countries in or
ganizing training facilities also deserves special consid
eration. This type of co-operation can help to overcome 
some of the immediate difficulties which manv under
developed countries are now encountering in e~panding 
their own training facilities. Where neighbouring coun
tries with common resource development problems pool 
their assets to provide training for their nationals it may 
not only be financially and materially advantageous for 
the participating countries and more efficient so far as 
the training provided is concerned, but it may also lead 
to greater co-operation in industrial and agricultural 
development. In the first instance, such arrangements 
might be applied most practically in higher vocational 
and technical training institutions in neighbouring coun
tries with a common language and somewhat similar 
problems of skill development. But their scope need 
not be limited. In the American countries, for example, 
regional co-operation in the organization of training fa
cilities was emphasised at the last regional I.L.O. Con-
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ference of these countries. It was suggested that the 
co-operative arrangements should include regular train
ing courses for American workers in those American 
countries which are more advanced in a particular type 
of production. The following courses were proposed to 
ilbstrate the principle involved: 

(a) Training of workers in the cane sugar and de-
rivative industries in Cuba; 

(b) Training of workers in the wine industry in Chile; 
(c) Training of railway workers in the United States; 
(d) Training of workers in the meat industry in 

Argentina. 
International co-operation is also necessary to over

come another bottleneck in the distribution of technical 
skill--the lack of machinery, tools, materials and other 
eq t1ipment and supplies needed for training in modern 
industrial and agricultural methods. It may be recom
mended that Governments should enter into arrange
ments for making available, so far as possible, the 
machinery and supplies (including materials) needed 
for increasing the number and the activities of vocational 
training schools and workshops, and improving their 
equipment and methods. <Moreover it may prove useful 
for the Governments of under-developed countries in 
sc•me regions to make arrangements on a co-operative 
basis either directly with the country of supply or 
tl:<rough the intermediary of international organizations, 
tc arrange for the procurement of "hard to get" equip
ment and supplies, and particularly for methods of 
payment. 
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Finally, past experience suggests that international 
co-operation in recruiting and training manpower for 
resource development could be far more effectively co
ordinated. Action taken bv Governments and action 
taken by international org~nizations should form a 
whole, so that there are no deficiencies, gaps or overlap
ping in what is planned and done. The I.L.O. has taken 
the initiative in seeking to ensure the co-ordination 
of national and international effort in the manpower 
field. Such co-ordination is imperative to the end that 
in this essential field of resource development-trained 
manpower-no effort is ;vasted and progress is as rapid 
as possible. 
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1921. International Labour Code, Art. 298. 
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Vocational Training Recommendation, 1939. 
International Labour Code, Arts. 264-283. 
Official Bulletin, vol. XXIV, no. 3. 

Apprenticeship Recommendation, 1939. 
International Labour Code, Arts. 286-291. 
Official Bulletin, vol. XXIV, no. 3. 

Employment Service Recommendation, 1948 
Employment Service Convention, 1948 

Preparation of Scientific and Technical Personnel 

for the American Tropics 

RALPH H. ALLEE 

ABSTRACT 

Programmes for optimum use of our resources must be basically educational since the problem is broadly 
socio-economic and education of one type or another is our only approach to required changes in behaviour. 

The Inter-American Institute of Agricultural Sciences of Turrialba, Costa Rica, is operated by the Amer
ican States to develop a programme of research and teaching intended to reinforce and supplement national 
programmes of the member countries. Its programme is integrated around investigations concerning plants, 
animals, engineering and human relations, and functions co-operatively with national programmes. 

The teaching programme is flexible in order to meet the needs of the various areas and emphasizes edu
cation either not available or not feasible to supply in national institutions, and the development of methods 
as well as subject matter. Study opportunities are supplied to visiting scientists, advanced graduate students 
and those concerned with professional improvement. A series of symposia offers opportunity to clarify fields 
of work and provide education. An experimental communications service is working out means of increasing 
the flow of the world's knowledge to colleagues in the member countries. 

A proposed project is presented, the purpose of which will be to compensate to the extent possible for the 
disadvantages inevitably experienced by small population groups in supplying adequate scientific and technical 
education and training. 

Optimum use of our resources must presuppose meas
ures to promote their continual utility. This is a con
cept which is broader than wise husbandry. It poses 
an all-inclusive socio-economic problem susceptible to 
approach only on a broad educational basis. 

When a farmer attempts to make profits or merely to 
feed and clothe his family under the handicaps of a 
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primitive agriculture, he will exploit his soil. \:Vhen a 
community attempts to meet the living standards of the 
twentieth century with technology and institutions 
adapted only to the lower consumption rates of previous 
generations, that community will sacrifice rational use 
of its resources to present necessity. 

Nothing less than the application of technology to all 
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farming and rural life problems and the use of tested 
techniques in bringing about more effective rural insti
tutions will narrow the gap between consumption and 
sustained use of resources and also promote that faith 
in the achievement of higher standards which alone will 
permit a concern for the welfare of future generations. 
Wise use and conservation must be a process spreading 
through all activities. 

We are concerned here with the role of the educational 
programme in stimulating changes in human behaviour, 
related to use of resources-a basic consideration since 
our programmes must succeed or fail in proportion to 
the skill, the appreciation, and the devotion applied to 
them by those by whom and for whom they are organ
ized. Furthermore, the educational programme, whether 
it be centered on the student in an institution or on peo
ple in their communities, is one of the few manageable 
instruments of society. Basically, we have no other 
means of bringing about lasting changes. 

To limit our discussion still further, we shall treat 
with those aspects of educational programmes which 
appear to present most promise for dealing with agri
cultural and rural life problems from the standpoint of 
an international organization. The background and edu
cational approach of the Inter-American Institute of 
Agricultural Sciences will be outlined. Following this, 
a project will be presented representing differing ap
proaches to education for use of resources. 

International civil servants in general are starting 
down a road on which the signposts are of their own 
erecting. When this Institute was established a half 
dozen years ago, there was no readily available precedent 
for a research and educational centre operated by a 
group of countries for their mutual benefit. The field in 
which the Institute was to operate was as untilled as 
was much of the fertile 2,500 acres donated for the 
Institute's purposes to the American States by the Re
public of Costa Rica. 

International organizations are, like all institutions, 
mechanisms erected by people to serve their ends. They 
will be effective to the extent that they discover that 
which is appropriate to their capacities. 

Much of the background of social and economic 
problems is woven into the matrix of local and national 
cultures. Unfortunately we find few miracles of change 
ready for bringing about by the wave of a hand-even 
though that hand be guided by the accumulated wisdom 
of the ages concentrated in an international organization. 

From its inception in the deliberations of the Eighth 
Inter-American Science Conference in 1940, the legiti
mate scope of the Institute has been studied. Initially 
the relationship to national and bilateral programmes 
was emphasized. \Vith the rise of the United Nations, 
there has been a natural concern for effective co-opera
tion with specialized programmes of world-wide scope. 
The Institute, an autonomous entity reporting directly 
to the Council of the Organization of the American 
States, is ipso facto at a median position between the 
world programmes and those of purely national signifi
cance. Both its jurisdictional position and its geographic 
location place it outside the mold of national traditions 
yet within the area where a series of the world's most 
urgent problems occurs and where basic solutions must 
be sought. It should, as it has to date, maintain freedom 
to innovate, to cross-fertilize, and promote continuity in 

its field with a sense of co-ordination. Its task and 
hence its sphere of activity would seem to relate to 
cross-cultural conflict and the need for inter-human com
munication. In its entirety the Institute should be an 
experiment and a demonstration in the field of inter
human relations. Within these terms of reference, it 
must retain an attitude appropriate for the servant of a 
series of sovereign states. 

Better education must come about by the efforts of 
those who will give it-people in their homes and com
munities. Here and there we can ascertain a point at 
which they can be aided in this process by an objective 
force from outside their cultures. From these points of 
departure, the multifold solutions required may be stim
ulated to develop. 

The convention establishing the Institute has placed 
on it responsibility for developing and applying science 
to the welfare of agriculture and rural life. Its accepted 
mode of operation is through research applicable to wide 
areas, the training of personnel for member countries, 
and the promotion of that type of direct education for 
human well-being which has come to be called extension. 
The broad outlines of the job to be done are clear. The 
organization necessary to perform this job in a manner 
acceptable to the needs and desires of the people to be 
served must be subject to adaptation to changing po
tentialities within the member states and the avail
ability of services which can be performed to an opti
mum advantage by other international organizations. 

We are in a day of integration when disciplines must 
be applied as inter-reacting variables within unified 
problem areas. Physical, biological, and social con
cepts differ only in their degree of specificity-none 
stands alone. The universities, the privately endowed 
laboratories will, it is to be hoped, continue to concen
trate on advancing the fringes of our basic knowledge. 
To do so, they will specialize and proliferate. The public 
institutions, particularly institutions serving groups of 
people, must be concerned mainly with interrelations, 
with composite groups of facts that have pertinence in 
the lives of people. 

Facing this situation the early planners of the In
stitute realized that the pattern of organization must be 
such that the essential disciplines could be applied in 
unison. The programme was hence divided into the 
four realities of farming and rural life: plants, animals, 
engineering and human relations. To avoid tinkering 
at research and the following of inconsequential specu
lation, each research project is the concern of all four 
departments regardless of where leadership may be. 
Furthermore, each department is responsible for carry
ing its main projects through to a point where they have 
been proven or disproven under the exacting require
ments of the farm or community. This process will re
sult increasingly as the programme matures in co-opera
tive projects with research stations, schools of agricul
ture, extension services, production corporations and 
producers' associations. 1\ ot only is it necessary to 
employ all the disciplines, but research, demonstration 
and training must enter the picture as required. 

This approach precludes much of the usual curriculum 
building technique. It is obvious that no preconceived 
course will be best for all time for all students. Rather 
a framework of principles must be erected to which the 
Institute can adhere and around which it can manoeuvre 
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with consistency of purpose and effect. Flexibility must 
be maintained to gear teaching to students' needs-which 
means to the needs of the areas from which they come
seen as functions of the students' abilities, enthusiasms 
and professional opportunities. 

The Institute operates at the graduate level. That 
is to say, its educational function starts where actual or 
potentially feasible capacities of national institutions 
end. To date it has been necessary to serve several 
types of learners : 

1. Researchers, teachers, or administrators on vaca
tion or study-leave from their jobs come to Turrialba to 
learn a new technique, to improve their abilities in a 
general field of work, to make botanical or zoological 
collections, or merely to utilize the library, laboratories, 
the opinions of a varied group in order to mature their 
ideas or to prepare observations for publication. They 
come from many countries and bring a variety of ex
perience and abilities to the Institute community. 

2. Graduate students enrolled in universities come to 
T urrialba to conduct research for their doctoral disserta
tions. These are usually students who, because of the 
nature of their specialization or because of the condi
tions for which they are preparing, require facilities, 
supervision, and equatorial surroundings in order to 
execute a research problem valid to their life work. They 
usually serve as graduate assistants and add materially 
to the research and teaching potential of the Institute. 

3. Since few of the national institutions have sufficient 
demand for specialized training to justify maintaining a 
graduate school, there is a definite need for a centralized 
institution to prepare professionals in the various fields 
of agriculture and rural life. The Institute offers for 
this purpose a series of opportunities for recent gradu
ates or those in service who desire to spend from one to 
two years in concentrated study aimed at achieving 
greater professional competence, a broadened concept 
of their responsibilities, and personal advancement. 
Such students should have their basic undergraduate 
preparation completed. However, it is necessary to 
complete this preparation in some cases. The most 
successful method encountered to date has been to send 
the student to another institution where such studies are 
already highly developed. This process of managing 
the common use of existing educational facilities holds 
such promise that a projected programme for broaden
ing its use will be presented at the end of this paper. 

Supervised work in field or laboratory, library 
study, and seminar discussions largely replace customary 
formal courses. However, a composite series of dis
cussions and problems on scientific methods and a course 
in statistics are given by a social scientist and a geneti
cist, with collaboration from other members of the staff. 
All students, regardless of their previous preparation, 
appear to require a further grounding in ecology. Most 
of them also need opportunity to study a foreign lan
guage since no American will be able to consider himself 
educated in the future until he is competent in at least 
two of the four main languages of the Americas. Such 
competence is rare among university graduates. 

4. Although the symposium is not usually considered 
as a teaching device, its educational potential is great. 
Aside from deriving principles of procedure and pro
moting co-operation, the groups of men of like minds 
who meet at Turrialba teach each other. Limited ex-
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perience indicates that a series of symposia supplied with 
able consultants, meeting in places where creative work 
can be observed, adequately prepared for and followed 
up, may be of definitive importance in raising the com
petence of our scientists and technicians. Such sym
posia may, furthermore, tend to replace the larger, more 
general, and less effective regional or subject matter 
conferences. 

In addition to the above, the Turrialba programme is 
experimenting with the training of rural leaders of lower 
than university graduate level. Many rural programmes 
require the use of staff less well trained than they will 
eventually require. These aids should be trained dose 
to the area where they will work. The Institute is con
cerned with developing methodology for the use of 
others and with the training of supervisory personnel. 

During the current year, there is being added to the 
Turrialba programme a scientific communications serv
ice. This is an experimental programme to find out the 
most effective means of acquainting scientists, teachers 
and rural workers in general with the scholarly output 
of the world and of facilitating their obtaining material 
strategic to their work. By use of the Turrialba Journal 
and other existing outlets, colleagues in the member 
countries will be kept advised of the availability of in
formation most likely to serve their needs. Measures 
will then be taken to fulfil their requests by photocopies 
and otherwise. Theoretically, a central service of this 
kind could assure that all the world's knowledge would 
become available to every worker. How nearly one can 
approach this in practice will be determined. 

The above programme with such modifications as 
experience may dictate and with a reasonable amount of 
expansion will, it is believed, satisfy the need for cen
tralized services in the field of graduate and specialized 
education. It does not provide sufficiently for service 
to the broader and important fields of undergraduate and 
vocational education necessary to the improvement of 
agriculture and the well-being of rural peoples. 

Most will agree that the type of education which is in
timately related to the lives of people must be carried 
out dose to where they live. Agricultural education is 
of this nature at least through the undergraduate period. 
For instance, those living in the tropics may well seek 
the major portion of their more academic graduate edu
cation in temperate zone institutions. However, under
graduate education loses its efficacy if removed from 
the physiographic region or from the social situation in 
which the student must work and live. Vocational edu
cation, if the experience of countries in which it has 
been most effective can be followed, tends to be more 
productive when the trainee continues to live in his home 
during training. 

It is no accident that areas most in need of applying 
skill and knowledge to the use of their resources are also 
the least well equipped with educational facilities. We 
are faced with a woeful hen-before-the-egg complex 
which stands squarely in the road of any programme 
which may be devised. No amount of foreign special
ists or commissions of experts can substitute for train
ing and education in the areas where competent man
power is needed. 

From such data as are available it would appear that 
fifteen of the American countries are able to supply 
university education to less than one per cent of the age 
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group between 18 and 21. Their secondary schools 
enroll less than five per cent of those between 14 and 
17 years of age. As is the case in most areas of the 
world, the position of rural and agricultural education 
is even less favourable than these general statistics in
dicate. In this group of countries aggregating nearly 
50 million people, we have not more than 1,000 students 
receiving university education in agriculture during a 
given year. The number attending schools with largely 
vocational objectives is somewhat higher. 

If complete statistics were available they would prob
ably prove that the educational effort measured in rela
tive percentages expended is as high in these countries 
as in those that supply secondary education to 30 per 
cent of their youth and university experience for 5 to 
10 per cent of their young men and young women. It 
is an inescapable fact that small countries with relatively 
low per capita incomes cannot supply the education 
requisite to their needs. The solutions to this problem 
are being given earnest consideration by all the countries 
concerned and will involve many factors outside the 
scope of this paper. It is appropriate to present an ap
proach to the supply of scientific and technical personnel 
which has been under discussion at Turrialba and else
where in the inter-American system. As we proceed to 
implement our plans, the counsel of those throughout 
the world who may have faced similar problems will be 
invaluable. 

Integration of effort will be necessary. Otherwise our 
resources will not support the facilities required. This 
will imply some means of pooling our planning, organ
izing, and supervisory talents as well as common use of 
a few well-supported institutions by groups of countries 
with reasonably similar conditions and needs. None of 
us is ready to say that we know even the broad outlines 
of how such a pooling of resources can be effected. How
ever, there is an established tradition for working to
gether created by six decades of experience in the Pan 
American Union. Discussion of the problem with edu
cators from several countries also has emphasized several 
factors likely to be involved. 

It is believed that, for some time at least, existing in
stitutions can be used, thus avoiding the complex process 
of creating a new institution. Most countries will prefer 
to instruct the Inter-American Institute of Agricultural 
Sciences to supply additional services rather than impose 
on their neighbours. On the other hand, we must avoid 
developing at Turrialba undergraduate teaching which 
might even impede the process of supplying an essen
tially national type of education. No doubt the Turri
alba function would be confined to the pilot type of 
course purely for the purpose of training leaders and 
establishing method plus some expansion in the present 
process of routing students to institutions where particu
lar competency in a given field or fields exists or can be 
fostered advantageously. 

This programme, like all activities in the new field 
of international collaboration, must be conducted on 
an experimental basis. Continual study and evaluation 
of comparative results obtained by following our initial 
hypotheses will define our educational needs and indicate 
developments which should and could take place in the 
various countries for mutual benefit. 

Such an educational programme will be the subject 
of a symposium at Turrialba during the current year at 
which these plans will be made more concrete. It is 
now assumed that, until experience indicated changes, 
the initial project would have the following character
istics: 

1. Students would be registered in the Agricultural 
Education Service of the Institute. Thev would be 
required to have the academic qualificatio~s necessary 
for entrance into the institutions to which they were to 
be sent for undergraduate education. They would in 
most cases already have positions in an agricultural 
programme and be assured a reasonable opportunity to 
return to their work at an increased salary grade. They 
would be above average in scholarship and professional 
abilities and, generally, would be sufficiently advanced 
to be able to complete undergraduate work in less than 
the usual number of years. 

2. They would receive a period of orientation and 
testing at the Institute. In some cases this period could 
be minimized. In other cases the student would require 
a period of six months or more devoted to some or all 
of the following : 

(a) Concentrated practice of farm skills required 
in his field. 

(b) Learning to appreciate the relationship between 
skills and knowledge. 

(c) Learning to use a library. 
(d) Concentrated work on language (when neces

sary )-usually English. 
(e) Assuring the Institute authorities that they could 

recommend the student to a co-operating institution 
and providing opportunity for a systematic diagnosis 
for the guidance of the student, his instructors, and 
employers. 

3. During vacation periods the student would return 
to work on the farms or research projects of the Insti
tute, with the programme to which he will return eventu
ally, or at another more adequate job opportunity found 
for him. 

4. After completion of undergraduate work most 
students would return to their jobs permanently or for a 
period before continuing with graduate work. 

5. The students would be followed up both to assist 
them in adjustment to their work and to evaluate the 
success of the training programme. 
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On the Training of Technical and Scientific Staff for the 
Conservation and Utilization of Resources in Haiti 

1 

PIERRE G. SYLVAIN 

ABSTRACT 

The National School of Agriculture is the principal Haitian institution connected with the subject of 
this Conference. 

There are at present 49 students attending the School, all of whom were admitted on the basis of a com
petitive examination, having previously passed the first part of their baccalaureate. The course of study is of 
three years' duration and corresponds to approximately 210 United States University term "credits". 

The principal problems with which the School is confronted are those arising from inadequate laboratory 
work and reference material, and certain other factors which hinder the improvement of teaching staff. 
Among these factors may be mentioned political influence in regard to the appointment, promotion and dis
missal of professors, and the lack or insufficiency of research work undertaken by these technicians. 

In order to improve teaching at the School, it is suggested that closer collaboration should be established 
between the various science teaching institutions in Haiti as regards sharing their facilities and in certain 
cases even their teachers, that repeated trainee periods should be organized, that specialists should be trained 
in various branches that an administrative statute should be adopted to safeguard the teaching profession and 
lastly, that active international co-operation should be developed to facilltate exchanges of professors and 
research work. 

The conservation ancl utilization of resources is a 
<\ uestion of particular importance in countries where 
demographic pressure is relatively great. When per 
capita resources are limited, it is evident that in order to 
maintain an adequate standard of living, these resources 
must be conserved and utilized in the most intelligent 
manner. Training of technical staff for the exploitation 
of these resources should therefore rank among the pri
mary considerations of the Governments of such coun
tries. 

Haiti, an over-populated country, with an average of 
more than one hundred inhabitants per square kilometre, 
depends to a large extent on non-industrialized agricul
tural products and therefore needs a well-trained techni
cal staff to exploit her resources. 

Although Haitian journalists and statesmen had long 
heen proclaiming the need for technicians, it was not 
till 1902 that an institution for the training of technical 
personnel was inaugurated. Due to the private initia
tive of a group of young people, former students of 
higher educational establishments abroad, this institu
tion was founded under the name of School of Applied 
Sciences for the purpose of fostering in Haitian youth 
an interest in scientific studies and enabling them to avail 
themselves of their knowledge to enter the careers for 
which they are a prerequisite. ( 1) 2 Although at the out
set it was only intended to train public works overseers, 
mechanics and agricultural experts at the School, train
ing of this latter category of technicians was abandoned 
and it was not until 1924 that a Higher School of Agri
culture was founded. In this report we shall confine 
ourselves to a discussion of the School of Agriculture, 
the only institution whose principal aim is to train tech
nicians in the conservation and utilization of resources. 
We should nevertheless mention that the Polytechnic 
School offers a few courses connected with the subject 
of this Conference, although it does not train specialists 
in these branches. The other science institutions do 
not offer any courses bearing specifically on the con
servation and utilization of resources, 

10riginal text : French. 
2 Numbers within parentheses refer to items in the bibliography. 

STATUS OF HIGHER EDUCATION IN AGRICULTURE 

The School of Agriculture referred to above is now 
called the National School of Agriculture and is affiliated 
to the University of Haiti. This institution has been 
through so many reorganizations since its foundation 
that it would be impossible for us to discuss them in the 
space at our disposal. \Ve shall, however, mention the 
broad outlines of its development and the various names 
under which it has been known. 

The School was established by the Law of 25 Febru
ary 1924 under the name of Central School of Agricul
ture. It was at that time under the authority of the 
Technical Service of the Department of Agriculture and 
Labour (4), a body directed by United States techni
cians employed by the Government of Haiti to stimulate 
the agricultural and industrial development of the 
country. This Service was established on the same 
basis as similar institutions in the United States, its 
activities comprising experiments, teaching and agri
cultural expansion. (7) The initial stages were, how
ever, difficult owing to the almost complete lack of 
Haitian agricultural technicians. This explains why 
during the early years the majority of students obtained 
employment before tl1ey had completed their studies. In 
1928 only four students of the first batch took their 
diplomas. 

In 1931 all but one of the Cnited States specialists 
went home and the direction of the School was left en
tirely in Haitian hands. It was renamed Practical 
School of Agriculture and its curriculum was consider
ably modified. 

In 1943 another important re-organization took place 
and the present name of National School of Agriculture 
was adopted. An Experimental Station was attached to 
the School which, in addition to the training of agri
·cultural experts, undertook to conduct and direct re
search, experimental and extension work appropriate 
to a higher school of agriculture. 

The National School of Agriculture was affiliated to 
the University of Haiti when the latter was founded in 
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1945. Since, however, agricultural teaching is super
vised by the Department of Agriculture and not the 
Department of National Education which controls the 
University, relations between the two bodies have never 
been very close. All important directives concerning 
the School of Agriculture still emanate from the De
partment of Agriculture. 

The Law of 21 December 1946 which at present 
governs the School again modified its status. Under this 
law a Service of Agricultural Technique was created, 
one of its functions being to train agriculture engineers. 
The Experimental Station is no longer attached to the 
School and these two bodies are theoretically independ
ent of each other but as the Chief of the Service of 
Agricultural Technique is also Director of the School, 
this does not make much difference in practice ( 6). 

Let us consider briefly the functioning of this insti
tution. The School accepts only boarding students, and 
their fees are paid in full by the State. To-day there 
are 49 such students. Fresh students are not admitted 
each year but only every three years when a previous 
batch have completed their course. This rather unusual 
system seems to be due to the limited accommodation 
and the smallness of the teaching staff. The result is 
unfortunately that a young man wishing to take up an 
agricultural career may have to wait two years before 
entering the School. It would be desirable to admit a 
fresh batch each year even if the number of students is 
limited and if some of them have to pay their own ex
penses. It is unnecessary for the State to pay the fees 
of all future agricultural engineers whilst other higher 
schools do not enjoy this privilege. 

Students are admitted on the basis of a competitive 
examination and must have previously passed the first 
part of their baccalaureate. The baccalaureate examina
tion is held after twelve years of schooling or the equiva
lent. The diploma obtained is recognized by the French 
authorities as equivalent to their own. In certain years 
the number of candidates for admission is greatly in ex
cess of the vacancies, and this examination constitutes 
a severe test. 

The curriculum comprises the following subjects: 
Agronomy and Horticulture 
English 
Industrial Arts 
Bacteriology 
Botany and Plant Pathology 
Chemistry and Agrology 
Conservation of the Soil 
Rural Economy 
Entomology and Zoology 
Genetics 
Rural Engineering 
Agricultural Geology 
Rural Legislation 
Mathematics 
Meteorology 
Physics 
Veterinary Sciences 
Sylviculture 
Agricultural Statistics 
Agricultural Technology 
Zootechny ( 4) 

Taking into consideration the number of hours de
voted to lectures and laboratory work, the courses in 
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these various subjects correspond to approximately 210 
United States University term "credits". As we shall 
see later, however, instruction is deficient in regard to 
library work and the quality of laboratory work. 

The teaching staff at present consists of 19 professors 
or lecturers of whom six hold the Master of Science 
degree at American universities, one is an Engineer 
from the Paris Agronomical Institute, one is a Doctor in 
Veterinary Science of the Oka Agricultural Institute 
(Canada), four are graduates of the Haiti School of 
Agriculture, four are graduates of various other spe
cialized schools in Haiti and three have pursued ad
vanced agricultural studies in Haiti or abroad but do 
not hold university degrees. 

Since its foundation under the name of Central School 
of Agriculture the Institute has trained one hundred 
and five graduate agricultural engineers in addition to 
the large number of students who have studied at the 
school without graduating. Mention should also be 
made of the 154 graduate rural instructors trained be
tween 1931 and 1944 at the Teachers' Training Section. 
This Section did not have university status, but offered a 
number of courses in agriculture to students during 
their two years' course of studies. 

In spite of deficiencies and certain difficulties to which 
we shall allude later, the School of Agriculture has pro
duced technicians capable of rendering useful service 
to the expansion of agriculture and the management of 
State farn1s. Although at first the higher administra
tive posts in the Department of Agriculture were usually 
entrusted to graduates of foreign universities, the three 
present chiefs of the Technical Services of the Depart
ment of Agriculture are graduates of the Haitian School 
and have only made short journeys of advanced study 
abroad. 

Moreover, graduates of the School of Agriculture who 
have subsequently attended United States universities 
have frequently been admitted as graduates or have at 
least been treated as "seniors" or fourth year students. 

Nevertheless there can be no doubt that the training of 
agricultural technicians in Haiti still leaves much to be 
desired, if onlv because no specialists are trained and 
because of the' too small number of agronomists turned 
out by the SchooL Certain other defects in advanced 
agricultural teaching will be pointed out in a moment. 

NEED A~D PROBLEMS OF HIGHER AGRICULTURAL 

EDUCATION IN HAITI 

Laboratory W ark: Inadequate laboratory work is 
one of the weak points in the teaching at the National 
School of Agriculture. Most of the former students of 
the School who go to the United States for advanced 
studies although they are usually able to follow theoreti
cal courses satisfactorily, at first encounter difficulties 
owing to their lack of laboratory experience. \Ve need 
not emphasize here the importance of laboratory work 
in the training of technical personnel; it is particularly 
felt in Haiti where teaching has a general tendency to 
rely too much on book work at all stages of education. 
The School of Agriculture laboratories are poorly sup
plied and the funds allocated for their equipment and 
maintenance are insufficient. Budgetary appropriations 
for the present fiscal year only set aside an amount of 
8,400 gourdes or 1,680 dollars for teaching material in
cluding the purchase and maintenance of laboratory ap-



paratus and other school supplies. Students pay no extra 
fe•:s for use of these materials, since the budgetary alloca
tion is intended to cover all this expenditure. At present 
there are only 19 microscopes for 39 students, and the 
small number of teachers does not permit of the division 
of classes into too many sections. 

Library: Library facilities for such an institution. 
The Library contains under three thousand books and 
about twelve thousand bulletins and periodicals. The 
number of works which many students can profitably 
consult is limited since, as Haiti is surrounded by 
English- and Spanish-speaking countries, most of them 
are in foreign languages. In the absence of accurate 
statistics, we do not think it would be an exaggeration to 
say that only one quarter of the publications are in 
French-the language of the country-whilst much of 
the stock is composed of the bulletins of the United 
States experimental stations and of the Department of 
Agriculture. Most of the professors and a number of 
students read English well enough to consult these works 
profitably but students cannot be obliged to refer to 
works in foreign languages. 

The budget for the present fiscal year only allots 3,600 
gourdes or $720.00 for the purchase and binding of 
books (2). This scarcity of reference material is serious 
since one of the aims of every higher educational insti
tution is to teach students to work for themselves bv 
wnsulting reference material likely to help them t~ 
solve the problems with which they will be faced later on 
in their careers. 

Quality and improvement of Teaching Staff: The 
quality and improvement of teaching staff constitute a 
serious problem. It is often quite rightly said that a 
school is only as good as its professors. 

The teaching staff of the School of Agriculture is on 
the whole quite well trained, many of the teachers hav
ing taken advanced courses in universities abroad in 
addition to their studies in Haiti. A good teacher must, 
however, keep abreast of progress in his field and con
stantly improve himself by private studies and the ex
perience gained in the course of his work. It has to 
be admitted, however, that only a man of outstanding 
ability would be able to im:rease his technical qualifica
tions in the present state of higher agricultural instruc
tion in Haiti. 

A technician's career is precarious in a country whose 
politics afford no security of employment to agricultural 
engineers and specialists, and where prospects of pro
motion and working conditions in general are so un
attractive as to discourage the finest enthusiasm. The 
result is that with so uncertain a future, teachers often 
do not take sufficient pains to maintain the intellectual 
and technical standard indispensable to good teaching, 
and even if they concentrate all their energies in this 
direction, laboratory and library facilities render the task 
somewhat difficult. 

Owing to political circumstances frequently resulting 
i11 sudden dismissals or regrettable resignations, the 
teaching staff is renewed too often for the smooth run
ning of the institution. From January 1946 to date, 
the National School of Agriculture has had five direc
tors, two of whom were, admittedly, only appointed on 
a temporary basis. Of the 19 professors and lecturers 
at present at the School, only five were on the staff 10 
years ago. 
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Another factor influencing the quality of the given 
teaching at the National School of Agriculture is the 
lack or insufficiency of research work undertaken by the 
teachers. Anyone who has studied the question will 
agree, I am sure, that a good agricultural science pro
fessor should devote a certain amount of time to research 
\vhich obliges him to keep abreast of the latest develop
ments in his field and enables him to keep his hand in 
and to avoid the error of keeping his teaching on too 
theoretical a plane. Hence, although this report does 
not cover the question of research in the utilization and 
conservation of resources, we can hardly deal with the 
training of agricultural technicians without making a 
few remarks on this subject. 

Apparently the organizers of the School of Agricul
ture always intended that teaching should be accom
panied by some research work, for most of the professors 
were at the same time employed at the Experimental 
Station. These activities of the Department of Agri
culture were, however, gradually abandoned and the 
work of the stations now consists almost exclusively 
in the acclimatization of foreign species or varietie~, 
the maintenance of various nurseries, and the produc
tion of milk and animals for slaughter. Several experi
ments of value undertaken in the past in cotton selec
tion, maize improvement, the physiology of coffee, 
entomology and vegetable pathology have now been 
abandoned. Public opinion does not seem to appreciate 
the :ral}le of research even when problems of great eco
nomtc 1mportance are at stake. Although with a limited 
budget a first class experimental station cannot be aimed 
at, it is essential that genuine research should be under
tak~t?- not ~nly in order to solve certain problems of 
Hmttan agnculture but also to maintain teaching stand
ards and to instil in students a thirst for scientific knowl
edge. 

POSSIBILITIES OF IMPROVEMENT 

In the light of the foregoing remarks, we think that 
the training of agricultural, technical and scientific staff 
could be improved if the whole or part of the following 
programme were adopted. This programme, although 
planned for Haiti, could be applied to certain other 
countries at a similar stage of development and faced 
with the same type of problems. 

Collaboration between the various scientific teaching 
establishments: The insufficiency of laboratory equip
ment and reference material could be more easily 
remedied if there were closer co-operation between the 
various institutions teaching science. Although the 
University of Haiti was to some extent created for this 
purpose many of the institutions which compose it do 
not maintain any relations with one another. An agree
ment should exist between the Polytechnic School, the 
~ational School of Agriculture, the Teachers' Training 
College and the Faculty of Medicine to pool their labor
atory and Library facilities for the similar courses given 
by each of them. This system is in force in numerous 
universities with much larger budgets. The Polytech
nic School and the National School of Agriculture would 
even benefit from being located on the same campus as 
this would make for closer co-operation between the two 
institutions. It is desirable that teachers of similar or 
related subjects should have the opportunity of meeting 
frequently to exchange ideas on their problems. 

Organization of trainee periods: The majority of 
students entering the School of Agriculture come from 
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urban centres and consequently have not the experience 
of rural matters \Vhich would enable them to become suc
cessful agricultural engineers. This gap is bridged 
either by a series of practical studies carried out at the 
School or by a single trainee period of three months. 
Practical work is, however, limited by the amount of 
time available in the curriculum and by the fact that the 
School is situated on flat land where many species of 
importance to the country cannot be cultivated and 
where methods of cultivation suitable to sloping ground 
cannot be employed. It would therefore he desirable 
to devote one term. each year to a trainee period in 
agricultural undertakings situated in different parts of 
the country in order that students may familiarize them
selves with rural life and acquire practical experience in 
methods of cultivation which cannot be undertaken at 
the Station in the neighbourhood of the School. 

Training of Specialists: No effort is made to train 
specialists. The programme of studies is the same for 
all students, and the result is that the School turns out 
technicians with only a general agricultural knowledge 
since they have not been specially trained in any particu
lar branch. The field of technical knowledge has grown 
to such an extent during this century that it is indispen
sable to train specialists if it is desired to have available 
technicians capable of conducting certain undertakings. 
Moreover, forestry and veterinary medicine are no 
longer considered to form part of the agricultural curric
ulum, but are rather taught in specialized institutions. 
vVhile it may not be necessary at present to increase the 
number of technical schools in Haiti, it would be desir
able for the National School of Agriculture to add one 
year's tuition at the end of the present course of studies 
to enable those who so desire to specialize. A new 
diploma could be taken at the close of this extra year. 

Introduction of statutory rules of employment for 
teachers: In order to avoid too frequent changes in 
teaching personnel and to give teachers security of ten
ure and equitable promotion of a nature to encourage 
them to increase their technical knowledge, it would be 
desirable to introduce a body of proper administrative 
rules independent of all political considerations. Ap
pointments, promotions and dismissals of teaching per
sonnel should be based on a system similar to that em
ployed in the United States civil service. No institution 
can hope to retain highly qualified persons in its service 
unless they can be sure that they will not he molested 
for political reasons or at the whim or according to the 
likes and dislikes of their superiors. 

International Co-operation: International co-opera
tion can and should play an important part in the train
ing of technical and scientific personnel. 'Ve think it 
is necessary to lay special emphasis on this point in view 
of the nature of this conference. 

This co-operation could be achieved principally by 
the granting of scholarships, exchanges of teachers, the 
creation of international studv or research centres and 
the establishment by certain l~rge institutions of branch 
organizations in other countries. 

The granting of scholarships in certain countries, and 
especially in the United States, has become very wide
spread during recent years. It would be desirable for 
visits for purposes of study to be exchanged more often 
between certain countries, which although less advanced, 
possess more or less similar natural resources and have 

reached approximately the same stage of development: 
for example, technicians from the West Indies and 
Central America and even certain regions of Africa 
and tropical Asia, should be able to exchange visits. 

Many of these technicians had had occasion to visit 
large centres in the "Cnited States and Europe but are 
unacquainted with countries which could perhaps pro
vide excellent sources of inspiration in view of the 
similarity of their problems. Such journeys could be 
financed by international organizations if the institu
tions of the countries concerned were unable to bear 
the cost. Since under-developed countries are finan
cially unable to train all the types of specialists and 
technicians they may need, it would be desirable for 
groups of nations to found jointly establishments for use 
as centres of teaching and research by nationals of all 
countries in particular geographical regions. In this 
connexion, we welcome the foundation of the Inter
American Institute of Agricultural Science at Turrialha, 
where research work is carried on which could be put 

· to practical use in a large part of America. A small 
number of technicians also receive additional instruction 
in certain branches of agriculture at this Institute. ( 5). 
\V e hope that the countries concerned will decide to 
increase their contributions in order that this Institute 
may expand and extend its activities. 

International co-operation in the training of technical 
staff may also take the form of collaboration by the 
institutions of two different countries for this purpose. 
For example a number of United States universities give 
financial and technical assistance to institutions of other 
countries for the carrying out of a teaching or research 
programme in which they are interested. This is usually 
to the mutual benefit of each, since it enables the insti
tution of the more advanced country to extend the scope 
of its activities and to discover new subjects for research, 
whilst the other benefits from the help of technicians 
often better trained or more experienced. Such an ar
rangement exists between the College of Agriculture of 
the State of Iowa and the Department of Agriculture of 
Guatemala which have together undertaken a series of 
investigations on maize improvement at the Experi
mental Station of Antigua. 

The fact of the interdependence of peoples in the eco
nomic field having been firmly established, it is perfectly 
logical to ask for international co-operation to play its 
part in the training of technicians and specialists, one of 
the most important factors in the world economy. 
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Memorandum by the Societe haitienne d'Etudes scientifiquesl 
From the eco1wmic poi11t of <•icw, a nation is nothinp more 

t/wn a society of produurs. The most importm:t matcnal oj <~ 
nation the material to which it must gruc parl1cula1' attent~o.n, 
is its i1umm1 material, because it is on that material that all 1ts 
p •ssibifitics for the future depend. 

-!. C. Dorsaim>il 

The conservation and utilization of natural resources 
for a country like the Republic of Haiti, a task which 

i;- not only important but particularly diffi~ult because 
of the high degree of illiteracy of the populatwn. If they 
are to have results, any recommendations t!1at may l?e 
made concerning the numerous problems mvolve? m 
such an enterprise must be easily realizable, that ts to 
sav, they must be practically simple. They must also be 
a[)proved and supported l?Y the Governn:ent of the Re
public ; for any economically ?I_Id ;;o~Ial~y backward 
c•nmtry action by public authonttes ts mdtspensable. 

Some of these problems, such as the problems of. 
timber, erosion and water, are of primary urget~cy. 
Further, if agriculture is to be made fully prodnctrye, 
not only must a technique for the con_1plete and wise 
utilization of natural resources be apphed, but also an 
attempt must be made over .a? lar~e an ~rea as possible 
to improve the health C(~nd1twns II_l whtc~ the popula
tions of the rural areas hve and ra1se therr standard of 
living. In this connexion, we stress the importance of 
elucation from the point of view of saving natural re
sources and in the struggle against \vaste. One might 
go further and say that the _app~ication. of modern 
methods for increased productwn IS possrble only m 
areas in which the school, the demonstration and ex
perimental fanns and the co-operatives have given the 
best results. Our problems are so varied and in many 
cases so complex that \Ve might often be altogeth~r dis
couraged if we did not know that no country has hitherto 
succeeded in exploiting fully its natural resources. On 
the contrary, the retarded countries benefit from the 
progress achieved elsewhere, and may thus make use 
of the latest discoveries. \IV e must not forget that all 
modern methods and techniques represent nothing but 
an application of science. 

The group meeting: at Port-au-~r!I~C~ is. clearly_ con
scious of present agncultural p~ssilHltt1es m J:Iattr and 
of the inadequacy of the matenal means ayatlable ~or 
the exploitation of natural resources. The mformatton 
we advance here will perhaps provide material that may 
he useful in the discussion of similar problems arising 
for countries on the same social and economic level as 
the Republic of Haiti. Great opportunities can be of
fered in Haiti to capital investors interested in t~e 
operation of fisheries, the timber industry, hydro-electnc 
power the preparation of alcohol, the manufacture of 
sweet 'chocolate and preserves, the utilization of aloe 
and timber waste, the utilization of kelp and the work
ing of lignite mines. 

In order to interest the Haitian public in an under-

1This memorandum, prepared by Dr. Camil!e Lherisson, ~resi
dent of the Societe, represents the concluswns of a senes of 
discussions in which the following took part: Catts Pressoir, 
Hector Paultre Marcel Sicard, Camille Lherisson, R. P. Bet
tembourg, Ger~rd ~ouca_rd, Felix ~orne~lle, Pan;el Marc, l.!I
rick Duvivier, Valery Stcard, Luc1en Htbbert, Pterre Sylvam, 
Pradel Pompilus, R. P. Brierre. 

Original text: French. 
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standing of ti;ese proble1.n.s, the . S odete ha~tie1~ne 
d' Etudes scientifiques (Hattian Soctety for Sctentl~c 
Studies) has decided to maintain a perma~ent _commit
tee to studv them and will be glad to rece1ve trom the 
United Nations any documents that might facilitate the 
Committee's task. 

Surucy of the population of Haiti 
About four-fifths of the population of Haiti, the exact 

figure for which, failing a complete censu.s, is un~1!0W~t, 
are farmers. This large, rural populatiOn, whtch, m 
addition, is very prolific, has an area of 27,700 s:~uare 
kilometres on which to develop. The non-wlWliahle 
area of the country is considerable. In cer~a!n regions, 
the population has been reduced !o t~e ":mnmum s~cb
sistence level a circumstance whrch mdrcates the nn
minence of d~stitution for a large part of the inhabitants. 
For the Haitian, the field of emigration is not only 
limited, it is closed. One of the solutions of Haiti's 
demographic problem would be to improve the social 
and economic conditions for the development of the 
population and bring relief to ~he rural mas.ses ~ro.m that 
trio of diseases-yaws, malana and helmmtluas1~. B~ 
ensuring the normal evolution of a large proportion ot 
the population, we shall have found a remed}~ for r:ro
duction and consumption problems whose solution m1~ht 
largely modify the econ<;n~lic stagnation n?:V thre.a~en_mg 
the condition of the Haitian; for the Hatt~an cnns ~s a 
crisis caused by the progressive impoverishment of the 
urban and rural populations. 

The problems facing the urban populations are <l;S 
serious as those of the rural masses, and oftm thetr 
economic burden is heavier to bear. The youth of this 
section of the population is confronted by the problem 
of the lack of employment opportunity for the indi
vidual. 

In the towns as in the country there is a group of 
people economically independent of public departments 
who form the middle class: artisans, small and medium
scale tradesmen, grocers, commercial agents, brokers, 
commission agents and intermediaries, technical work
ers, professors, men and women teachers, advocates, 
medical doctors, engineers, notaries, pharmacists, den
tists, midwives, nurses, hotel-keepers, restaurant-keep
ers, hairdressers, photographers, undertakers, garage
keepers, chauffeurs, launderers, distillery managers, 
goldsmiths, bakers, cabinet-makers, skilled workers, 
shoemakers, tailors, blacksmiths, musicians, painters, 
pastors and priests, accountants, farmers, stenographers, 
typists, and commodity speculators. 

At Port-au-Prince the total number of persons be
longing to that class is about 10,000. If \Ye assume that 
each belongs to a family of six members, that makes 
about 60,000 people belonging to the middle class out of 
a population of 150,000. 

The trade union movement, the organization of which 
is of recent date in this cotmtrv, has a beneficent influ
ence on the development of that class. 

1'l,f edical and sanitary aspects of the question 
It follows from an analysis of production factors that 

the whole of the Haitian economy is based on the work 
of the farmers. Since the great mass of our population 
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lives in the country, the best means of attempting to 
raise the standard of living in Haiti and promote the 
country's economic recovery is, in the general interest, 
to improve the living condition of the agricultural 
worker. 

Our present production is proportionally reduced by 
the number of sick women and men. Human pathology, 
as complicated by the action of other scourges like rats, 
insects, plant diseases, erosion and soil conditions, 
absorbs a high percentage of the national energy, per
haps as much as the deficiencies existing in general 
education, and vocational and agricultural training. It 
is therefore on the diffusion of a sound knowledge of 
public health and of the treatment to be applied for the 
prevention and cure of parasitic diseases that the eco
nomic recovery of our country will largely depend. 

\Vhat are the diseases from which the farmers of 
Haiti suffer? "What is their origin and how are they to 
be remedied? The pathology of the peasant masses 
varies strikingly from one country to another. Besides 
clothing, housing and nutrition, a considerable influence 
on the health of rural populations is exercised by the 
nature of the environment, whether low-lying or moun
tainous. It sometimes happens that the chief sectional 
administration officers fail to send declarations of deaths 
to the competent civil registrar, and in present condi
tions it is not possible to require certificates of death 
in certain areas. It follows that no reliable statistics 
relating to deaths and their causes can be given. 

Our considerations are based on the general investi
gation carried out by the Payne Mission of the Rocke
feller Foundation into the "Causes of incapacity for 
work in Haiti" in which we took part from 1924 to 
1926, on the medical examination of several thousands 
of emigrants going from Port-de-Paix to Cuba, on a 
large number of autopsies that we conducted at the 
General Hospital from 1927 to 1929, on our experience 
of rural dispensaries at Kenskoff in 1928, Taifer-Laval
Prosy in 1929, Marche Lamarque (Nouvelle-Touraine) 
Berly-Laval in 1929, and on our experience of human 
biology in Haiti and the parasitological study of the 
country's main administrative departments. 

certain muscles in the lumbar area which is very sug
gestive of the clinical category of sciatica. The peasants 
are also exposed to traumatisms, serious prolapse, 
compound fractures and tetanus. Their ploughing in
struments cause wounds which become infected and 
degenerate into enormous ulcers. Women and children 
are too often employed on the transport of heavy burdens 
in mountainous regions and along our rough country 
roads. They carry wood, water, the produce of their 
harvests and building materials: metal plates, planks 
and the like. Such considerable efforts cannot but 
affect their health. The flattening of the bones of the 
cranium, the exaggerated curvature of the spinal column, 
the lesion or prolapse of internal organs, muscular 
cramps, migraine-all these have harmful effects on the 
organism (conformation of the pelvis in women) and 
on the individual's capacity for work This carrying 
of heavy burdens for long periods by undernourished 
individuals with only a few rare moments for rest exerts 
pressure on the back part of the thorax, impedes in
spiratory dilatation, heightens susceptibility to pulmonary 
and cardiac diseases, reduces the. oxygenation of the 
blood and prepares the ground for a chronic an~emia 
which can be corrected only with difficulty. Among 
women, such excessive strain often results in miscar
riages. Mothers do not rest long enough after childbirth, 
which in many cases takes place on the public highways. 
It is not unusual to see them up and about the day 
after their delivery, which is sometimes laborious and 
often carried out in frightful conditions with the assist
ance of uneducated village women. All these causes 
explain the defective growth of newly-born children, 
their relatively feeble resistance to disease and the high 
rate of infant mortality in the country which, according 
to Payne is about 67 per thousand amongst children of 
between one and four and 167 per thousand amongst 
children of under one year of age. The same causes 
explain the frequency of abdominal complaints among 
women. 

Generally speaking, agricultural work and long jour
neys on foot often oblige women to interrupt the breast
feeding of their children. The child is then subjected 
to an irrational and often inadequate feeding system 
which encourages digestive troubles, nutritional diseases 
and a cachexia which gives rise to serious organic dis
orders that develop slowly but are fatal to the child. 

Children of school age are themselves employed on 
various kinds of the most urgent seasonal work 

The diseases most current among our peasants are 
all infectious, avoidable, and capable of treatment by 
collective medicine and hygiene. 

The peasant's food habits have not improved since 
the time of slavery. Generally speaking, the peasant 
prefers quantity to quality in his food. While it may 
in some cases be said that his stomach is satisfied, the 
organism itself is not. An improvement in these defec
tive health conditions will only be possible when the 
ignorance of the masses has been conquered. That 
requires the co-ordinated and rational efforts of an 
adequate rural public health organization. The peasant 
does not eat butter or drink milk, and there is insuf- The intestinal disorders observed in our country 
ficient protein in his diet, which is based too exclusively districts are especially frequent in children. Most of 
upon carbohydrates. The consumption of fruits varies them result in dysentery or enteritis. Dysentery may 
from area to area. he caused by bacilli ( Flexner, Chiga). That is the 

While in some areas agricultural work may not in epidemic form known in Haiti as clwlerine and affecting 
itself be the cause of occupational diseases, its duration annually almost 26 per cent of our rural population. It 
and the overstrain that may result from it, especially in may be caused by an amoeba: the Entamoeba Hysto
the case of women and children, induce lesions which litica, which is fairly common in the North and affects 
are often very serious. Weeding under the hot summer between 10 and 20 per cent of our peasants according 
sun, the threshing of maize, the preparation of coffee- to area. Another form of it may be caused by an in
these are laborious operations which are frequently fusarium: the Balantidl:um Coli and another form by 
accompanied by an acutely morbid condition character- intestinal worms: the Anguillulae. 
ized by attacks of fever with headaches and pains in the The various kinds of enteritis are less serious, but 
joints and in many cases by a localized inflammation of they are also widespread and are caused by species of 
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lvf onilia; by the protozoa, Giardia, Chilomastix and 
Trichomonas; and by intestinal worms such as the 
Ancylostoma, the Ascaris and the Anguillulae. Enteritis 
is sometimes brought on by an unseasonal drop in tem
perature, by damaged food and by alcoholism. Amongst 
infants it is caused by ignorance of proper feeding 
methods or by premature weaning. In such matters 
there is a great work of medical assistance to be done
that of inculcating in mothers some of the principles of 
child-rearing, of which they are now entirely ignorant. 

Children are sometimes fond of earth, and it may be 
said that this habit is due to a shortage of certain food 
elements. The habit very often gives rise to helmin
thiasis resulting from the absorption of eggs or larvae 
and of worms contained in the earth. These intestinal 
p:~rasites are very common among us and cause many 
complaints, particularly amongst children, and contrib
ute a great deal to the enfeeblement of adults. The most 
common are the Ascaris, which often causes death by 
obstruction of the intestinal channels, the Oxyuris, the 
Trichocephalus, the Ancylostoma, the Anguillulae and 
the Tenia. In 1925, out of a population of 4,439 in the 
Carrefour, Riviere-Froide and Degand districts, we 
find that 38 per cent of the people were infested with 
the Ancylostoma, 43 per cent with the Ascaris and 58 
per cent with the Trichocephalus. 

Ancylostomiasis is a disorder common in the sugar 
and coffee plantations, etc. The number of persons in
fected by it is estimated to be 26 per cent of all the 
Haitian population examined. The frequency and seri
ousness of the disease vary considerably from place to 
place. The Cul-de-Sac Plain is free of this disease be
cause the larva of the Ancylosto-ma does not develop 
in saline ground. On the other hand, however, all our 
mountainous districts are infected by it. The disease 
was very well known in Santo Domingo under the name 
"stomach disease". The persons most exposed to it are 
those who have been in direct contact with warm, humid 
and larva-infected earth : growers of sugar cane, bana
nas, cacao, coffee, tobacco and rice. Levacher, in his 
Guide medical des Antilles, which appeared in 1847, 
says that 

" ... its appearance may be caused by the clearing 
of uncultivated ground, by the digging of channels, by 
warm and prolonged humidity ... by bad weather and 
a watery and vegetable food. The slaves were infected 
by eating earth and they committed suicide with the 
slow agony of Ancylostomiasis. 

"I have seen Negroes", says Levacher, "poison them
selves in this way and force their children to follow 
their example from the sole motive of resentment and 
with the sole aim of harming the interests of their 
masters by putting themselves and their families out of 
condition to work." 

Since that time, the extent of the inroads of Ancylo
stomiasis has remained unknown in Haiti, and it was 
only with the first attempts to penetrate our country 
districts by the Rockefeller Mission and the establish
ment of the first rural dispensaries that the Public Health 
Service began a campaign against one of the running 
wounds that impair the national energies. In order that 
such a campaign should be fruitful, it must be supple
mented by a series of sanitary measures. The platonic 
advice to wear shoes is in our environment insufficient, 
since the larvae scattered about on the ground in 
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excrement may infect even a person wearing shoes. 
The proportions of the evil attained by Ancylostomiasis 
will not diminish until the general conditions affecting 
the welfare of the populations are improved and public 
health system is developed. 

Goitre is a common disorder in our mountain districts. 
Pellagra is sometimes encountered, but is not frequent. 
Trachoma, according to Dr. James Hooker, U.S.N., 
affected about 16 per cent of the children examined 
during the investigation conducted by the Rockefeller 
Foundation. Smallpox, influenza and cerebrospinal 
meningitis have claimed numerous victims throughout 
the Republic, particularly in the North. 

A fairly common infection in the Despuiseau area of 
the great Cul-de-Sac Plain is the Boussarole or Pinta. 
It is characterized by the desquamation of the skin in 
patches, which assume various colours. Uncleanliness 
contributes to the development of this disease. Its cause 
is a Treponema. The disease develops slowly. The ex
posed parts of the body are the first to be attacked. The 
white and violet varieties are the most common. Several 
varieties mav be observed on the same individual who 
then assume~ a very curious mottled appearance. The 
disorder is accompanied by a disagreeable itch. The 
disease is not fatal, but it constitutes a very painful 
infirmity. 

Tuberculosis is fairly frequent in our country districts. 
Although not a tropical disease, it develops with ex
ceptional rapidity in our climate. In Haiti it recalls the 
type of the infantile tuberculosis of the temperate zones., 
According to information supplied by the Rockefeller 
Mission, its average incidence in our country districts 
is about 430 cases per 100,000 inhabitants. The develop
ment of the disease in our country districts may be 
explained by the absence of any specific immunity in the 
peasants, who are hence more susceptible to infection. 
The promiscuity of country life is another factor which 
plays an important part in the spread of tuberculosis. 

·when it is considered that a specimen of milk coming 
from the Taifer Rural Section contained exactly 
1,600,000 bacteria per cubic centimetre, whereas no 
more than 10,000 of them, without any pathogenic 
species, should actually have been found, when one 
considers that the adulteration of milk with water is 
common in our country districts and that even the 
springs are sometimes polluted by all kinds of excre
ment, it can easily be understood that typhoid claims 
numerous victims, particularly in the cold areas, in 
spite of the immunity acquired by repeated minor in
fections. This disease often develops atypically and is 
usually complicated by malaria. According to Payne, 
there are about 180 cases per 100,000 inhabitants every 
year. One can therefore easily realize the importance 
of protecting drinking water in a district like that of 
Kenskoff or Riviere-Froide, for example, where many 
families from Port-au-Prince go to spend their country 
holidays. 

Malaria has been known among us since the early 
days of the discovery of the island. Robertson and the 
Abbe Raynal give a very clear description of it. During 
his second voyage, Columbus was seized by a violent 
fever and remained for some time in a coma (typical 
symptom of malignant tertian malarial fever, caused by 
Plasmodium falciparum). It is what the doctors on 
Santo Domingo used to call the "pernicious cerebral 
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intermittent fever". Tertian and double tertian fevers those who are born there, irrespective of sex, are at
which are still called acclimatation fevers were frequent tacked by it almost as soon as they come into the world 
at that period. Today the infection is fairly widespread, and even though their fathers, mothers and nurses are 
and even at Port-au-Prince the number of cases has very healthy, or at least appear to be so.'' 
recently increased. Of 4,439 persons examined iX: v~ri- Since the time of Father Labat, these same conditions 
ous areas during the work of the Rockefeller M1sswn, such as we observed in 1929 not far from Port-au-Prince 
67 per cent had malarial parasites in the blood. ·when have existed in our country districts. An enormous per
\Vilson and Clark examined at Port-de-Paix 11,000 centage of our rural population of Haiti is infected with 
emigrants from various districts of the North and ya;vs. Unfortunately, we cannot give any positive 
:-Jorth-vVest who were going to Cuba to work in the estimate of the numbers affected. 
United Fruit plantations, they found that 23.50 per Agricultural work is undoubtedly th~ most re:':arding 
cent of them were malarial cases. Of 2,007 school chi!- of any that is available to the Repubhc of Ha1t1. The 
dren examined during the same period ( 1927), they very facts of the situation compel our attention. The 
found that 50.52 per cent of them had malaria. }iany greater part of the population of Haiti lives on agri
of these individuals displayed relative immunity, that culture and feeds the rest on the fruits of this labour. 
is to say that in spite of the presence of the parasite, A well planned attempt to achieve the physical impr.ov~
their cases had never culminated in a crisis. It is dif- ment of the peasant will prod?ce valuable results .w;t~m 
ficult to reduce the intensity of the infection in our a very short time. The e~tabhshment of a rura~ dtvlSlOn 
country areas. vVithout making use of larvicide fish, of the public health service to combat methodtcally the 
it \vill not be possible to destroy the larvae of the ano- causes of incapacity for work amongst the rural popu
pheles to any satisfactory extent. The peasants drink lation is a necessity, for the utilization of a strong and 
the \Vater of streams and use the stagnant pools to healthy labour force is important to our economy. The 
water their animals. One cannot put poisonous sub- mass of the rural population is still awaiting a whole 
stances like Paris green (composed of arsenite and series of rational measures indispensable for its develop
copper acetate) into such pools and streams. A person ment. That work of higher civilization, the medi.cal 
living in a malarial district can only protect his dwelling education of the masses, giving them better productwn 
by means of wire gauze and by using mosquito netting every day against empirical methods and exploitation 
during the night. He may also take prophylactic doses of by charlatans will bring in dividends which may change 
quinine in the evening at the time of going to bed. In the balance of our accounts and improve the economic 
that way the drug will have its maximum concentration and financial situation of the Republic of Haiti. 
in the blood at the time when the individual may incur "From the economic point of view, a nation is eco-
the risk of being stung by mosquitoes. nomically nothing more than a society of producers. 

Filariasis is encountered particularly in the Cui-de- The most important material of a nation, the resource 
Sac Plain and the Quartier-Morin area. Like all para- to which it must give particular attention, is its. human 
sitic diseases, it may exist in relatively healthy subjects material because it is on that material that all Its pas
without causing them any trouble. It usually causes sibilities' for the future depends." (J. C. Dorsainvil: 
repeated lymphatic pressures wh~ch are mo:e. or less La Crise ha'itienne. La Question de la Production. 
serious, and it sometimes results 111 elephanttasls. Quelques Vues politiques et morales, 1934.) 

A disease which is becoming a grave menace amongst The economic equipment of a given people begins 
us is leprosy. In the Artibonite district it is fairly fre- with the improvement of the phys_ical ~ondition~ pf th~ 
quent. \Ve have hitherto been unable to take any meas- individuals forming it. The physwlog1cal cond1t10n ot 
ure to prevent its spreading. The di~ease is the more the farming population should be our primary concern, 
serious since of all the treatments httherto advocated our first efforts should be directed to a study of the 
none has proved effective. means of improving this condition. The peas~nts con-

The commonest disease in our country districts is stitute the most numerous class, and on the1r health 
vaws. Of 2,564 persons examined in various districts depend their mental condition and social activities. :'-11 
i-Jear Port-au-Prince, the Rockefeller Mission found the commercial statistics of Haiti point to the concluswn 
that 78 per cent were infected with yaws. The disease that the peasants constitute the backbone of the Haitian 
is frequent in yout~. Of 3,289 case; .examined. by Dr. people. 
vVilson, Dr. Matl11s and Dr. Lhensson dur111g the In spite of the density of the popula~ion of Hait.i, 
activity of the out-patients' clinic org:anized at La Nou- there is a labour problem-that of 1mprov111~ t~e condl
velle-Touraine, Berly and Bongars 111 1929, 61.09 per tion of the agricultural workers and of rehevmg them 
cent were discovered to be children under ten years of from some of the miseries from which they suffer. The 
age. improvements that can be int:-ocluced in working ~ondi-

The disease beaan to appear in Haiti with the intro- tions in agricultural undertakmgs form only one sid~ of 
duction of the fir;t slaves in 1509. It was only in 1922 the question. \Ve have dealt at length on the medtcal 
that a beginning was made to apply rational and int~ns.ive problem and the physi~al conditio': of the peasants. It 
treatment in our country areas. The first descnptton remains for us to consider the soctal problems. 
of the disease was given accurately by Oviedo Y Valde::: Our rural population is er;tire.ly ignorant o~ . t.he 
in 1526 in his Histoire generate et naturelle des Indes. subject of savings, and has no mklmg of the poss1b1hty 
He called it "a terrible pustulous disease". Two hundred of independence for the ir:~ividual, sue~ as wou~d allow 
and thirty-one years ago, Father Labat wrote in his him to discuss the condttlons that mtght be Imposed 
Voyages aux Iles de l' Amerique as follows: upon him. Consequently he is left defenceless in the 

"The Caribs are very susceptible to yaws. This dis- hands of the manager of an agricultural undertaking. 
ease is peculiar to America, where it is indigenous. All Steps should be taken to establish agricultural banks, 
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to exempt the property of the family from distress 
proceedings and make it inalienable and to prohibit 
usurious loans. Villages must also be organized and 
exchange and trade facilities provided in the rural 
centres. Haitian capital must be induced to take an 
interest in the large agricultural undertakings which 
have hitherto been left to foreign capitaL 

Economic Problems-The Republic of Haiti is con
fronted by a certain number of economic problems 
which urgently require solution to enable means for 
social rehabilitation to be carried out. Some of those 
problems are the consequences of certain facts which 
we have mentioned and also of chronic inadequacies 
that have been aggravated by the international situation. 

Defects in agricultural equipment and transport con
s:itute acute problems. In certain areas the local roads 
and highv,ravs are in a deplorable condition. Our eco
nomic stru~ture must be reformed if the economic 
development of the country, its social progress and 
national security are to be placed on a sound and solid 
foundation. The execution of such a reform involves 
the suppression of all factors that may hinder plans for 
the development of natural resources. That is to say, 
some diversity must be introduced in agriculture and 
t:·ade; the one-crop system must be abandoned; regional 
industrialization must be developed. The solution of 
f1e economic problems also requires that a continuous 
effort should be made to effect the increasing application 
of technical progress in order to raise output to the maxi
mum. The development and co-ordination of the ad
ministrative bodies responsible for carrying out all the 
plans for the development of natural resources are just 
as important; nor is the school question less important. 
All this shows that economic problems, which are con
nected with so many others in this new country, are 
manifold, complex and profound, and that they cover 
all branches of the national activity. Teams of ado
lescents should be constituted and made familiar with 
existing conditions and problems, and the financial re
sources should he obtained to make possible the employ
ment of every person who has the technical ability to 
undertake and successfully to complete direct and 
positive action. The National Bank of the Republic of 
Haiti should be in a position to finance a programme 
for the utilization and conservation of natural resources. 
For its part, the Government should work towards the 
establishment of an Inter-American Bank, in accordance 
with the recommendations approved at the Eighth Inter
national Conference of American States in 1938. Such 
a bank would he able to assist in the agricultural equip
ment of the country. In matters of technical and scien
tific collaboration, American co-operation has always 
been generously offered to assist in attaining economic 
and industrial objectives. This type of co-operation has 
generally been provided by the despatch of technical 
missions, some of whose recommendations have already 
1 }een applied. One of those technical organizations, the 
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SCIP A, is at the present time rendering great services 
to the Republic of Haiti. 

As the result of a resolution adopted at the Eighth 
American Scientific Congress, there now exists a Pan
American Commission on Natural Resources and Soil 
Conservation which has as its fundamental purpose the 
rational utilization of natural resources, and which is 
called upon to render remarkable services to the coun
tries of America. 

We might say, in conclusion, that the problems 
facing us in Haiti present no difficulty of an exception
ally technical kind, and that with the assistance of the 
United Nations and the Economic Commission for 
Latin America, the Republic of Haiti will be able to 
direct its agricultural and economic activity towards the 
search for practical, fertile and encouraging solutions 
for the future. As has been said, 

"A rigid nationalism or regionalism does not con
tribute to strengthen the bases of collective well-being." 

It is upon a sincere and loyal collaboration, implying 
an acceptance of the fundamental values that dominate 
personal advantage, the interests of groups and the 
requirements of the moment, that the success of the 
struggle for the utilization and protection of natural 
resources will depend. 

ANNEX I 
Census Bureau 

Director: M. Raymond Doret 

Census of Port-au-Prince 
24 January 1949 

Population by Age Groups and Sex 

iV!en 
per 100 

Age Group Total Men Women Women 
~------------~··--··---·~-··-

Total population ......... . 
Under one year ......... . 
I to 4 years .............. . 
5 to 9 years .............. . 
10 to 14 years ............ . 

10 to 11 years .......... . 
12 to 14 years ........... . 

IS to 19 years ............ . 
20 to 24 years ............ . 

20 years ................ . 
21 to 24 years ........... . 

25 to 29 years ............ . 
30 to 34 years ............ . 
35 to 39 years ............ . 
40 to 44 years ............ . 
45 to 49 years ............ . 
SO to 54 years ............ . 
55 to 59 years ............ . 
60 to 64 years ...... . 
65 to 69 years ............ . 
70 to 74 years ............ . 
75 and over .............. . 
Age unknown ............ . 

142,108 
3,409 

11,025 
14,116 
16,869 
6,165 

.10,704 
16,437 
17,918 
4,480 

13,438 
15,613 
10,038 
10,369 
7,135 
5,418 
3,759 
2,565 
2,316 
1,713 
l.l8(J 
1,38.2 

840 

60,788 
1,695 
5,582 
6,584 
7,533 
2l30 
4,803 
6,439 
6,642 
1,487 
5,155 
6,401 
4,501 
4,489 
3,400 
2,443 
1,613 
1,041 

840 
561 
315 
310 
399 

81,320 
1,714 
5,443 
7,532 
9,336 
3,435 
5,901 
9,998 

11,276 
2,993 
8,283 
9,212 
5,537 
5.880 
3,735 
2,975 
2,146 
1,524 
1,476 
1,152 

871 
1,072 

441 

74.75 
98.89 

102.55 
87.41 
80.68 
79.47 
81.39 
64.40 
58.90 
49.68 
62.23 
69.48 
81.28 
76.34 
91.03 
82.11 
75.16 
68.30 
56.91 
48.69 
36.11· 
28.91 
90.47 
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ANNEX II ANNEX II 

Census of Port-au-Prince Census of Port-au-Prince 

24 January 1949 24 January 1949 
Population by Age and Sex Population by Age and Sex 

Age Total Men Women Age Total Men Women 

0 ••• ~ ~ • 0 •••• 3,409 1,695 1,714 51 ~ .......... 304 130 174 
1 .. ~ ........ 2,354 1,192 1,162 52 • •••• 0 ~ •••• 866 379 487 
2 ........... 3,140 1,604 1,536 53 . .......... 446 212 234 
3 ~ .......... 2,937 1,472 1,465 54 . .......... 509 222 287 
4 ........... 2,594 1,314 1,280 55 . .......... 935 379 556 
5 ............ 2,608 1,338 1,270 56 . ........... 463 201 262 
6 .. ~ ........ 2,724 1,301 1,423 57 . .......... 337 133 204 
7 ........... 3,025 1,397 1,628 58 • •••••• 0 • •• 506 187 319 
8 ........... 3,243 1,422 1,821 59 . .......... 324 141 183 
9 ........... 2,516 1,126 1,390 60 . .......... 1,305 447 858 

10 ............ 3,738 1,659 2,079 61 • •••••• 0 ••• 144 65 79 
11 ........... 2,427 1,071 1,356 62 . .......... 352 137 215 
12 ...... ~ .... 4,152 1,859 2,293 63 . .......... 262 95 167 
13 ........... 3,219 1,441 1,778 64 . .......... 253 96 157 
14 ......... '. 3,333 1,503 1,830 65 . .......... 749 230 519 
15 ........... 3,253 1,369 1,884 66 • •• 0 ••••••• 243 87 156 
16 ........... 2,976 1,264 1,712 67 . .......... 216 77 139 
17 ............ 2,935 1,203 1,732 68 . .......... 287 98 189 
18 ........... 4,015 1,429 2,586 69 . .......... 218 69 149 
19 ........... 3,258 1,174 2,084 70 . " ......... ~ 709 182 527 
20 ........... 4,480 1,487 2,993 71 . .......... 78 23 55 
21 ........... 2,596 1,047 1,549 72 . .......... 204 53 151 
22 ........... 4,299 1,603 2,696 73 . .......... 101 33 68 
23 ............ 3,494 1,316 2,178 74 . .......... 94 24 70 
24 ............ 3,049 1,189 1,860 75 . .......... 308 78 230 
25 . . . . . ~ ..... 4,622 1,935 2,687 76 .•...•...... 95 23 72 
26 ........... 3,160 1,272 1,888 77 . .......... 67 25 42 
27 ••••••• 0 ••• 2,348 930 1,418 78 . .......... 102 23 79 
28 ............ 3,609 1,429 2,180 79 . .......... 59 17 42 
29 ............ 1,874 835 1,039 80 . .......... 221 40 181 
30 ........... 3,837 1,696 2,141 81 . .......... 43 14 29 
31 0 ........... 889 427 462 82 . .......... 59 10 49 
32 ........... 2,023 896 1,127 83 . .......... 39 9 30 
33 • ~ ••• 0 •• ~ •• 1,871 855 1,016 84 . .......... 45 8 37 
34 ........... 1,418 627 791 85 . .......... 91 13 78 
35 ........... 3,312 1,507 1,805 86 . .......... 21 3 18 
36 ........... 1,620 685 935 87 . .......... 26 7 19 
37 •••••••• 0 •• 1,514 648 866 88 . .......... 23 2 21 
38 ........... 2,540 1,016 1,524 89 . .......... 38 7 31 
39 ........... 1,383 633 750 90 . .......... 73 16 57 
40 ........... 3,524 1,632 1,892 91 . .......... 4 1 J 
41 ........... 559 289 270 92 . .......... 12 12 
42 . . . . . . ... ~ ~ 1,592 741 851 93 ..... ~ ..... 5 5 
43 ............ ~ 832 428 404 94 ........... 6 3 3 
44 ... ~ ...... ~ 628 310 318 95 ........... 13 2 11 
45 ........... 1,984 883 1,101 96 . .......... 6 2 4 
46 ........... 761 366 395 97 .. . ~ ........ 2 1 1 
47 ........... 658 313 345 98 . .......... 9 1 8 
48 ............ 1,309 568 741 99 . .......... 4 4 
49 ........... 706 313 393 100 . .......... 11 5 6 
50 ........... 1,634 670 964 Age unknown . ... 840 399 441 

129,981 56,379 73,602 12,127 4,409 7,718: 
Total: 142,108 persons. 
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The CHAIRMAN : I declare open the fifteenth plenary 
meeting of the United Nations Scientific Conference on 
the Conservation and Utilization of Resources. 

I think perhaps it would be appropriate to say first a 
word of congratulation to ourselves on the number of 
the members of the Conference that have been able to 
appear this morning. I was afraid that the British insti
tution of the long weekend had made such inroads in 
this country that we might have found that it, combined 
with the fact that this is Labor Day, had resulted in a 
small attendance. However, I am glad to see that we 
have, if anything, more than usual. This is obviously a 
tribute to the interest of the subject and to the com
petence and distinction of the speakers. 

This morning we are going to hear the story of one 
of the great economic and social experiments of our 
time. The fact that many of us already know a good 
deal about the Tennessee Valley development does not 
detract, but rather increases, our continuing interest 
in it. 

Conceived in something approaching desperation, 
authorized as a result of political courage and imagina
tion of the highest order, executed by the people of the 
Valley itself under the guidance of engineers and techni
cians and social scientists of unusual competence and 
conscience, guided from the beginning by an adminis
tration that was able to combine sound executive prac
tices with adherence to democratic practices, the Ten
nessee Valley project is today a steadily increasing 
proof that political, social and scientific techniques can 
be successfully integrated for the permanent advantage 
of depressed humanity and the benefit of the nation. 

I am sure that I shall have the approval of everyone 
here if I say that any discussion of the work that has 
been done in the Tennessee Valley should involve a 
reference to the man who, in my opinion at least, above 
all others, made these developments possible. The late 
Senator George W. Norris, by his courage, tenacity, 
intelligence and integrity, provided the framework of 
legislative approval and popular support without which 
the TVA could not have been established. He ,,~as a 
great and good man, and generations of Americans vet 
unborn will rise to call him blessed. • 

In the circumstances in which we are met today it is 
quite obvious that the Chairman has a simple and clear 
task. It is to open the meeting, to present the speakers 
in their proper sequence, to provide an opportunity for 
pertinent. discussion and, w?en the time comes, to bring 
the meetmg to a close. Dd1icult as adherence to this 
self-denying regimen may be for the Chairman of the 
day, I shall do my best to confine myself to it. 

As yo~t will have seen from the programme, our first 
speaker rs a man who is eminently qualified to address 
us on the work of the Tennessee Valley Authority, 
Gordon R. Clapp. Mr. Clapp, who is the Chairman of 
the Board, is the fourth man to occupy that position. 
I think, perhaps, that it might be reasonable to refer to 
his three predecessors, because they were all men of 
distinction who contributed greatlv to the work that he 
is now carrying on. The first, a; you may remember, 
was Dr. Arthur Morgan; the second was Dr. H. A. 
Morgan; the third was David Lilienthal· and the fourth 
is our first speaker this morning. ' 

Mr. Clapp came from universitv administration to the 
Ten.nes~ee Valley Authority and rose through the or
gamzatJOn that has been set up under that Authoritv 
from one position to another, each of them representing 
an increase in responsibility and authorit\·. Beginning 
as Director of Personnel, he then became General Man
ager, and now he is Chairman of the Board. I think I 
may say that this case is not an instance in which a man 
is made Chairman of the Board to get him out of the 
way so that someone else can act as General Manager. 

As Chairman of the Board Mr. Clapp is in the most 
responsible position that is to be found in connexion 
with the whole organization, because it is the Board of 
three members which sets the policy under which the 
whole work of the TV A is carried out. 

Before asking l\1r. Clapp to address the Conference 
I think it would be appropriate to refer also to the fact 
that he is shortly being given leave of absence for three 
or four months to go to the Near East and to use some 
of the experience that he has gained here in an effort 
to advise on the solution of the problems that have 
developed there as the result of the great number of 
.t\rab refugees who have been displaced following the 
disturbances that have taken place in that part of the 
world .. In ~ebanon, Trans jordan, Iraq, Syria and other 
cot:ntnes 111 the . N ~ar East that prohlem is a very 
se;10us one, and I~ Is hoped that Mr. Clapp, with his 
Wisdom. and expenence, may find there an opportunity 
to prov1de a solution for the difficulties that have so far 
baffied all those who have attempted to solve them. 

I think that that is all that needs to be said by way 
of introduction to the meeting and to the first speaker, 
except to add that I feel that it would be best to run 
the three speeches together without interruption, and 
to confine the submission of questions or additional 
statements from members of the Conference to the 
period following the third speech. 

I call now upon Mr. Clapp. 
.:Vfr. CLAPP delive1'ed the following paper: 
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THE EXPERIENCE OF THE TENNESSEE VALLEY AUTHORITY 

The Experience of the Tennessee Valley Authority in the 

Comprehensive Development of a River Basin 

GORDON R. CLAPP 

ABSTRACT 

The goal of TVA, a federal regional agency created in 1933, is the full development of the Tennessee 
Valley area. The individual functions assigned to TVA are not new to the federal government, but these func
tions are integrated in a single agency in a manner that represents a new approach to resource development. 
The inter-relationship of natural resources is matched by an administrative organization authorized to con
sider a river system as a whole, to develop it to control floods, to create a year-round navigation channel, to 
produce electricity, to conduct fertilizer experiments and demonstrations, and to integrate these activities 
under a broad responsibility to develop or assist in the development of all the resources of the region. 

The methods of TV A are educational-not coercive. TV A relies in large part upon the cooperation of 
established local agencies of government. In terms of results, the integrated operations and developments have 
proven effective and more economical than if they had been undertaken separately. 

The lessons of TV A's experience are public property the world over. As a region husbands and uses its 
natural resources more wisely and more efficiently, the benefits to men, women, and children run far beyond 
the confines of the region itself, even beyond the nation. Economic developments built from a better organi
zation of natural and human resources by methods which emphasize decentralization of decision and action 
and local initiative increase human freedom. 

I. INTRODCCTION 

It is a privilege to report, on behalf of the TV A, the 
experience of the Tennessee Valley Authority to the 
delegates of this United Nations Conference. 

This Conference dramatizes the world's renewed in
terest in the more efficient management of its natural 
resources, of energy in all its forms and manifestations. 
To this end the task of the TV A is to continue its study, 
interpretation, work and action in the Tennessee Valley 
ior the advancement of that region. We believe that as 
the Tennessee Valley uses its natural resources more 
efficiently and by methods deliberately designed to in
crease the free choice of citizens having greater knowl
edge of the alternatives available to them, the benefits 
to mankind will run far beyond the Valley, far beyond 
the United States. 

The time may come when the value of the TV A as 
a helpful demonstration, inspiring emulation in other 
river valleys of the world, will be regarded as its most 
important contribution to human welfare. But you will 
understand why that objective has not been the guiding 
purpose of those who established the TVA or who have 
had a part in its work. The goal of the TV A has been 
and continues to be the full development of the resources 
and opportunities of the Tennessee Valley. But the 
lessons of TV A's experience are public property the 
world over. There can be no effective tariffs or embar
goes on the ideas, the engineering principles it illus
trates, or the democratic methods it has developed and 
applied in everyday practice. 

II. THE TWO MAJOR PROBLEJ\IS OF THE 

TENNESSEE VALLEY 

The TV A was expected to help the people of the 
Tennessee Valley bring about the full development of 
their natural resources for the general welfare of the 
region and to promote the national interest. This was 
to be done by correcting two fundamental errors which 
pervaded the physical setting, depressed the economic 

life of the region, and restricted the freedom of the 
people. 

For more than a century the Tennessee River had 
been identified as a stream of great undeveloped and 
wasted power, a potential inland waterway, a destroyer 
of life and property as it ran in flood year after year. 
American capital, private and public, passed it by and 
chose instead to invest in other regions. 

Those who urged the enactment of the TV A Act 
apparently believed that if the Tennessee River were 
conquered and its water power harnessed, the river 
would help transform the economic life of the region. 
This belief, this judgment called for investment too 
large and promised returns too long delayed to attract 
private capital; it required public funds and a faith in 
the human and economic values a transformed Valley 
would produce. Nothing less than the resources of the 
United States Government could reform the idleness 
and tame the destructive force of the river. 

The second error which plagued the region was close
ly related to, if not part and parcel of, the wasted river. 
The Tennessee Valley has more rainfall than any other 
region in the country except the Pacific Northwest. 
Because of its temperate climate it has a longer growing 
season than most other large areas of the country. It 
has abundant rainfall and a growing season in more 
effective combination than any other region of com
parable size in the country, without exception. But 
these priceless natural assets of moderate sunshine and 
abundant rain have been used too little. Sunshine, soil, 
water and human beings were not working together. 

The agriculture of the region emphasized cultivation 
of row crops, principally corn and cotton. There are 
many reasons why this was done; one reason was the 
lack of soil minerals, especially phosphate, required to 
nourish a grass and animal agriculture. Reliance upon 
corn and cotton left the land idle and uncovered during 
what could have been a winter growing season, the 
period of the heavy rains. Was ted rain and wasted 
sunshine were serious losses in themselves. In addition, 
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year by year, the fertility of the soil and the soil itself 
washed away. And the wealth of the soil captured in 
the corn and cotton was largely exported from the 
region never to return to the lands of the Valley. 

The raw materials which were produced from the 
land and the forests were exported to other regions to 
be made into finished products. This arrangement 
brought small return to the people of the Valley. In 
1933 the per capita income in the Tennessee Valley was 
only 40 per cent of the national average. The wealth that 
comes from human skills and machine production con
tributed to the income of other regions where the raw 
materials of the Valley were processed. Wasted water, 
wasted soil and sunshine depressed economic opportu
nity at home. This forced many men and women to 
migrate from the Tennessee Valley to work in the fac
tories of other regions; thus much of the human re
source of the Valley followed the exported raw materials 
their own kin had produced. 

These, in brief, are some of the problems of the 
Tennessee Valley which led to the creation of the TVA. 
These problems have a long history. In view of the 
record of the past sixteen years since the TV A began its 
work, a record I shall summarize in a moment, one may 
ask why the TVA was not created sooner. The answer 
to this question reaches far back into the history of 
conservation policy, the evolution of engineering theory 
and practice applied to the resources of water and soil, 
the economic and political conflicts that centered around 
the powers of government, and the human tendency of 
private interests to pre-empt piecemeal values in our 
rivers and streams. 

The TV A, as an engineering project, embraces navi
gation, flood control, and power. In the early days of 
this Republic the authority of the Federal Government 
to spend public funds to make rivers navigable was not 
recognized by the several states. Exclusive rights or 
franchises to make navigation improvements and operate 
boats were granted in some instances by the individual 
states to private business interests. The United States 
Supreme Court was called upon to settle this issue and 
it did so by interpreting the Constitution to grant this 
power over navigable streams to the United States 
Government. There followed a long period in which 
expenditures by the Federal Government for navigation 
improvements were made without regard to the effect 
of these improvements on the problems of flood control 
or the generation of hydroelectric power. 

Large-scale expenditures by the Federal Government 
for the control of floods is a relatively recent develop
ment. Floods were long regarded as a matter of local 
concern exclusively. Experience with flood disasters 
and the gradual development of engineering methods to 
control floods eventually brought this responsibility into 
the hands of the Federal Government. 

While these separate parts of our national policy on 
conservation were evolving, the place of hydroelectric 
power in public river developments was likewise a 
subject of great and prolonged controversy. The con-

1For a brief but authoritative analysis of the evolution of law, 
engineering, and national policy in conservation of water re
sources, see The Role of the Federal Government in the 
Conservation and UtiUzation of Water Resources, by James 
Lawrence Fly, one time General Counsel for the TV A. An 
address before the American Bar Association, 1937. Reprinted 
in Pennsylvania Law Review, vol. 86 (January, 1938) 274-294. 
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troversy persists to this day. But as long ago as 1909, 
a conservation committee appointed by President Theo
dore Roosevelt stated clearly, and prophetically, the 
compelling need for comprehensive and unified develop
ment of our rivers, including the development of latent 
water power. And for many years in the western 
United States power has been a common attribute of 
irrigation projects built and financed by the United 
States Government. 

During the first \Vorld War, spurred by the necessi
ties of national defense, and later in the 1920's the 
separate courses of public policy relating to federal 
responsibility and concern for navigation, flood control, 
and hydroelectric power began to merge. The develop
ment of engineering experience and ideas about how to 
get the greatest values from our streams supplied sup
porting fact for the farsighted vision of a long line of 
American pioneers in conservation. 

The problems of the Tennessee Valley marked this 
region as a good place to apply modern engineering 
theories to a whole river and combine that development 
with the inseparable problem of conservation on the 
land.1 

III. THE WORK AND PURPOSE OF THE TVA 

The work of the TV A began in 1933. In May of that 
year the Congress of the United States enacted, and 
President Franklin D. Roosevelt signed, the Tennessee 
Valley Authority Act. This Act created a government 
corporation which, in the words of the Chairman of the 
Committee in charge of this legislation in the House 
of Representatives, was "charged with the duty of con
stantly studying the whole situation presented by the 
Tennessee River Valley, and the adjoining territory, 
with the view of encouraging and guiding in the orderly 
and balanced development of the diverse and rich re
sources of that section." 

A more precise summary of the far-reaching purpose 
of the TV A development is found in Section 23 of the 
TVA Act: 

" (to achieve) in said Tennessee drainage basin and 
adjoining territory ... ( 1) the maximum amount of 
flood control; (2) the maximum development of said 
Tennessee River for navigation purposes; ( 3) the 
maximum generation of electric power consistent with 
flood control and navigation; ( 4) the proper use of 
marginal lands; ( 5) the proper method of reforestation 
of all lands in said drainage basin suitable for reforesta
tion; and (6) the economic and social well-being of 
the people living in said river basin." 

During the past sixteen years the Tennessee River has 
been stabilized by a system of dams to control floods, 
maintain navigation, and produce electricity. And on 
the land the people have been developing new farming 
systems which capitalize on this region's great asset
the partnership of sun and soil and heavy rainfall. 

TV A and the river: The Tennessee River has its 
principal headwaters in the Appalachian Mountains of 
Virginia and North Carolina. It is the fourth largest 
river system in the United States. The main river forms 
at Knoxville, Tennessee, where two of its major tribu
taries join. Its course goes southeast through east 
Tennessee into the northern part of Alabama. Here it 
turns north and west, crosses that state and swings 
north through western Tennessee and Kentucky. Some 
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630 miles from Knoxville it joins the Ohio River to States in the same period was 2.98 cents per kwh.; in the 
flow on into the .:Mississippi River at Cairo, Illinois. The TV A area it was 1.54 cents. The ever-expanding market 
watershed of the Tennessee River is about 40,000 square for power under the stimulus of low rates and the 
miles. The states of Virginia, North Carolina, Georgia, developing economy of the region continue to require 
Tennessee, Alabama, Mississippi, and Kentucky con- the installation of more and more hydroelectric and 
tribute to its waters and are in turn affected by its steam-electric generating plants in order to keep up 
flow. This is the river that once wasted its great power with the growth of the region. 
in destruction of land, property, and human life. Today Thus the Tennessee is the first large river system to 
the Tennessee River is the most completely controlled be completely controlled by multiple-purpose dams and 
major river system in the United States. reservoirs. The development was a pioneering project 

Since 1933 TVA has constructed 17 major dams and designed to provide more economical flood control, 
with 10 previously existing dams has integrated them more economical navigation, and more economical pow
into a single system (including some purchased from a er than could have been obtained by single-purpose 
private utility company and some owned by a private developments. The investment in the river was expected 
corporation but operated under TV A direction by agree- to stimulate and strengthen the whole region in the 
ment). mobilization and better use of its resources. 

The present system of 27 dams and reservoirs pro- What is the result thus far? 
vides nearly 11,7:2 million acre-feet of storage for flood The integrated development of the Tennessee River 
control at the beginning of the flood season each year. and its tributaries has provided cheaper flood control 
In the thirteen years since TVA's first constructed dam and more economical navigation facilities than could 
was placed in operation, the reservoir system has pre- have been achieved by single-purpose developments. In 
vented approximately $42 million in flood damage at one addition, the electricity sold from the same system of 
city alone (Chattanooga, Tennessee). On the lower Ohio dams brings the Government a return averaging more 
and Mississippi Rivers, the TV A system can reduce than 4 per cent annually on its investment in power 
flood crests by 2,7:2 to 3 feet, depending on the origin facilities. Those who wish to examine the facts behind 
of the flood. This provides protection in those basins this statement may wish to refer to TVA's Annual 
to 6 million acres of rich bottomland outside the Tennes- Reports and Financial Statements. Because the power 
see Valley and will lessen the frequency of flooding on system of the TV A, the largest integrated system in 
another 4 million acres. the world, is an important source of revenue and earn-

A 630-mile navigation channel has been created on ings, a brief summary of the scope and financial results 
which new traffic records are being set regularly. In of that operation may be of interest here. 
1948, the new channel carried more than 420 million In the fiscal year 1949, the TVA power system pro
ton-miles of freight. This was an increase of more than vided net operating revenues of $21,479,999 (after de
ten-fold compared with river traffic before TV A began preciation, and payments in lieu of taxes to state and 
to improve the river. Formerly, the major traffic con- local governments). This amount represents a return 
sisted of sand and gravel dredged from the river bed of 5 per cent on the net average investment in power 
and hauled short distances, and of forest products facilities. Liquidation of the power investment is as
moved by barge, chiefly in the lower sections of the sured through conservative depreciation charges includ
river. Now the modernized river, a chain-of-lakes joined ed in the wholesale rates received by TVA from munici
together by single lift locks, carries products of higher palities, rural electric cooperatives, neighboring utilities 
value, such as coal, oil, grain, and steel, and for longer and all others to whom TV A power is sold. The return 
distances-frequently between the Valley and the Mid- on the investment, after depreciation, certifies a financial 
dle Vvest. In addition to the substantial annual savings performance well beyond the original objective of a 
in transportation costs afforded by the new waterway, self-liquidating power system prescribed in the TV A 
it proved itself to be a valuable asset in supplementing Act. 
railroad facilities during the last war. At the end of the fiscal year, the total fixed assets of 

The same dams which control flood waters and pro- the power program amounted to about $510,400,000 and 
vide a channel for navigation also produce hydroelec- the net investment, after depreciation, was $431,400,000. 
tricity. The TV A electric power system now generates Of the total investment in plant in service, reinvested 
ten times as much electricity as the area produced in earnings represented about 25 per cent. Total earnings 
1933-almost 16 billion kilowatt-hours of energy an- equal 30 per cent of the net investment in power facili
nually for a million consumers over a territory of ties. The total investment in power facilities represents 
80,000 square miles. about 60 per cent of the original cost ($781 million) of 

Industries now use the power of the river anywhere the TV A multiple-purpose system devoted to naviga
within reach of a network of some 7,000 miles of high tion, flood control, and power. 
voltage transmission lines. In 1933, less than 3 per cent Over the period 1933 through 1949, the TVA power 
of the farms of the region had electricity; today more operations have provided revenues of about $368 mil
than 66 per cent are served through 144 municipal and lion. Of this amount, $156 million was paid out for 
rural electric systems publicly owned and supplied with operating expenses-primarily for wages, coal, and 
power by the TV A. Under a system of low retail rates, maintenance materials-and for payments in lieu of 
individual use has increased far beyond the national taxes to states and counties, and for payment of interest 
average. Last year the average annual use by a resi- on the TV A bonds owned by the Federal Government. 
dential consumer in the United States was 1,625 kwh. The remaining $212 million-$130 million in net in
(kilowatt-hours) ; in the TV A area it was 2,725. The come; plus $82 million provisions for depreciation
average rate or tariff for residential use in the United represents the amount which consumers of TV A power 
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have supplied, in addition to paying out-of-pocket op
erating costs, toward building the TV A power system, 
providing other miscellaneous assets, and repaying the 
United States Treasury.2 

But the fiscal significance of TV A electricity is not 
entirely revealed by these figures. Electricity in greater 
abundance on the farms and in the homes and factories 
Qf the Tennessee Valley has helped to spark a great 
·economic change. Per capita income in the Tennessee 
Valley, as one index of that change, is now 60 per cent 
of the national average compared with 40 per cent in 
1933. Higher incomes in the Tennessee Valley have 
contributed to the economic life of the nation. For 
example, that part of the nation's total of individual 
federal income taxes which comes from the seven Valley 
states has steadily increased. The cumulative increase 
from 1933 to 1947 has amounted to $2 billion additional 
revenues to the Federal Government. 

In 1933, individual income taxes from the seven states 
were 3.4 per cent of the total of such taxes in the nation. 
In 1947, they were 6.3 per cent of the total. Thus the 
states of which the Tennessee Valley region is a part 
are sharing more of the common burden of the costs 
Qf government. 

Rising incomes have increased the purchasing power 
of the Valley people for goods made all over the coun
try. Retail sales in the Valley, for example, increased 
from $272 million in 1933 to $1,405 million in 1946, 
an increase one-third greater than that in the entire 
T.; nited States. 

The development of electric power in the Valley, 
which has multiplied four times the number of resi
dential power consumers in the region and more than 
quadrupled the average use of electricity per customer, 
has provided an increasing market for electric appli
ances. In the 1949 fiscal year, consumers bought about 
$100 million worth of electric ranges, refrigerators, 
washing machines, water heaters, and other electric ap
pliances. Most of these products are manufactured in 
the North and East. The average consumer invested 
$2 in electrical equipment for every dollar he paid for 
electricity during the year. 

vVe estimate that in the past year the 144 municipal 
and cooperative systems which distribute TV A power 
invested about $50 million of their own funds during 
the fiscal year to expand and improve service. Much 
of this sum was expended for equipment manufactured 
outside the Valley region. 

TV A funds, from appropriations and power system 
earnings over the past 15 years, have contributed to 
employment and income in every state in the Union. 
Of $279 million used by TV A to purchase manufac
tured articles, ranging from generating units to nuts and 
bolts, $334 million was paid outside the 80,000 square 
mile area comprising the Valley and the power service 
area. 

The development of the Tennessee River, in addition 
to the main objective of flood control, navigation, and 
power, opened the way to vast recreation opportunities 

20f this $212 million in cash, $172 million has been reinvested 
in the power program in accordance with section 26 of the TV A 
Act. This $172 million provided power facilities or other power 
assets which otherwise would have required funds appropriated 
by the Congress. 

About $14 million was paid into the Treasury, directly or 
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which the people of the region are seizing upon to their 
pleasure and profit. By the end of last year, the people 
of the region had expended more than $16 million for 
recreation facilities, equipment, and services on the 
10 thousand miles of shoreline of the TV A reservoirs. 

During the calendar year 1948 alone, TV A dams 
received over 5 million visitors who came from all of 
the 48 states in the Union and many foreign countries. 
Recreational use of the TV A lakes has become an im
portant part of the other attractions in the region
mountains, national and state parks, historic sites, and 
scenic resources. The Valley now enjoys a recreation
travel business estimated at $175 million per year-an 
industry second only to its manufactures and agriculture 
in gross dollar volume. 

More, much more, could be reported to describe the 
benefits and underscore the financial feasibility of the 
Government's creative investment in the Tennessee Val
ley. But it is enough to say that the Tennessee River 
is no longer a constant menace to the land and people 
of the Valley; it is an asset-a tool useful to the people. 
It is a source of energy to raise productivity and in
crease its variety-all for a higher standard of living 
made possible in part by an inexhaustible resource, the 
water power of the river that once ran to waste. Thus 
one of the costly errors in the organization of the 
region's resources is about corrected. 

The TV A and the people on the land: The funda
mental error in the use of the region's soils, its abun
dant rainfall, and life-giving sunshine is also slowly being 
corrected in a far-reaching program of education and 
experiment. In this part of the story of the Tennessee 
Valley, I must go back again into one of the historic 
events which led to the creation of the TV A. 

During World War I a nitrate munitions plant was 
built at .Muscle Shoals, Alabama, and construction of 
Wilson Dam was begun. This dam was to produce 
power and with its lock was to make navigation possible 
over the historic Muscle Shoals in the Tennessee River. 
The nitrate plants were not used during the war, and 
Wilson Dam was not completed until several years 
later. This national investment on the Tennessee River 
remained idle except as its existence stimulated extend
ed controversy about the use and future development 
of the Tennessee River. Even before 1933 the Congress 
twice decided to establish a TV A over the protests of 
private interests which offered to buy these idle facili
ties. Presidential vetoes temporarily blocked the actions 
of the Congress. In 1933, when the TV A was estab
lished, Wilson Dam and the Muscle Shoals chemical 
plants formed the nucleus of the TV A program. 

The TVA chemical plants at Muscle Shoals have 
been modernized. They contributed heavily to the re
quirements of the United States and its allies for mu
nitions and other war needs during the recent war. 
These plants are now used, as they were before the war, 
to develop and produce new and improved fertilizers, 
mainly high-analysis phosphates and nitrates. About 
half a million tons of these new products of research 

through the Reconstruction Finance Corporation, to retire bonds. 
The remaining $26 million has been paid into the United States 
Treasury under section 26 of the TVA Act and has been re
g-ardecl by Congress, and recorded on TVA books, as an offset 
1gainst appropriations previously invested in the power 
system. 
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and experimental manufacturing have been distributed 
to practical farmers for use in test-demonstrations 
throughout a large part of the Nation. A million tons 
of TV A fertilizer materials have been sold through 
iarmer cooperatives at commercial prices. In addition, 
almost a quarter-million tons have been exported to 
foreign countries-under lend-lease and other arrange
ments-to bolster food production during and immedi
ately after the war. 

The fertilizer materials produced by TV A, made 
possible in part by the availability of large blocks of 
low-cost electric power from TV A dams, are significant 
for two reasons. ( 1) The processes by which they are 
produced are adding new knowledge to the technology 
of the fertilizer industry and pointing the way to more 
efficient, more highly concentrated products that cost 
less to transport and apply to the land. (2) The tests 
and demonstrations of the use of these new products 
on thousands of practical farms are helping farmers to 
build a more fertile soil under improved systems of farm 
management. 

More than 65 thousand farmers have participated in 
this program over the past 16 years. Their practical 
experience with these new mineral fertilizers, empha
sizing the use of phosphates in programs of soil im
provement, is showing the way to better farm practices, 
greater diversification, and more soil- and water-holding 
o:over crops. Row crops of corn, cotton, and tobacco, 
11·hich leave the soil unprotected against erosion, are 
coming down off the slopes to the flatter lands and 
IJeing replaced by pastures or close growing cover 
crops. More grain, more grass, and improved pastures 
have fostered a growing livestock agriculture that is 
IJringing new wealth and health to whole communities. 

In the 10 years ending in 1944, cover crops replaced 
row crops on a million acres-about one-twelfth of the 
\·alley's agricultural land. A million acres of land were 
terraced. Pasture increased by 700,000 acres. There 
11·as a nine per cent increase in the number of livestock, 
:md although the number of dairy cattle remained about 
the same, milk production went up 22 per cent. 

At the same time, progress has been made in improv
ing the water-holding capacity of the 14 million acres 
of forests and woodlands which cover more than half 
the Tennessee Valley area. Protection against forest 
fires has been extended to 7 0 million acres since 1933 
through the efforts of TV A, state forestry agencies, 
the United States Forest Service, and local groups 
working together. Some 140 thousand acres have been 
reforested, and another 60 thousand acres treated for 
erosion control by terracing and other engineering tech
niques. Over 173 million tree seedlings have been pro
~·ided from TVA forest nurseries for planting on eroded 
and abandoned lands. Modern forestry management 
has been promoted by persuading private landowners to 
:oet up practical demonstrations on some 200 thousand 
acres, including both large commercial forest holdings 
:mel farm woodlands. 

As electricity and machines have moved into the 
rural areas, as grass, pastures and livestock have sub
-;tituted more of the sun's energies for human back
breaking toil, the land has released a new surplus of 
human energy. Thousands of people within the Valley 
have found new employment opportunities in the towns 
and cities. More than 2,100 manufacturing enterprises 
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began operations in the Tennessee Valley and the TV A 
power service area between 1933 and 1946. These new 
enterprises were additions to the productive resources 
of the region and the Nation. Very few of these indus
tries moved from other areas of the country to the 
Tennessee Valley. The rate of increase in manufactur
ing in the Tennessee Valley \vas greater than that for 
the seven Valley states as a whole and considerably 
greater than the rate of increase for the Nation. 

These new private developments provided about 
290,000 new jobs. This is an increase of 123 per cent 
in the Tennessee Valley, compared with 73 per cent in 
the Nation. When related to manufacturing alone, the 
number of jobs increased 140 per cent, compared with 
98 per cent for the Nation. 

More than two-thirds of these new industries process 
native raw materials. These new plants are widely 
distributed throughout the region : one-third located in 
cities of more than 100,000; less than one-third grew 
up in communities between 5,000 and 100,000; more 
than one-third are in towns of less than 5,000 people. 

This, in brief, is the summary of physical and eco
nomic changes in the Tennessee Valley since the TV A 
began its work. The task of full development of the 
region is not finished; it is only well begun. 

IV. THE TVA AS A METHOD OF 

INTEGRATION AND DECENTRALIZATION 

The role of the TV A in Tennessee Valley develop
ment is two-fold. It has undertaken and carried out 
the program of physical construction and operation to 
put the river to work-a task of the Federal Govern
ment too great and too broad in scope to be accom
plished by private organizations or by state or local 
agencies of government. In addition, it has provided 
the unifying influence, the sense of cohesion and direc
tion essential to a comprehensive program for conserva
tion and development of all natural resources in a 
region. By stimulating the interest of state and local 
agencies close to the people it has opened new avenues 
for joint action-strengthening rather than weakening 
state and local initiative. A brief description of TV A 
as an organization and its methods of work will make 
this clear. 

In form, TV A is a Government corporation endowed 
with some of the flexibility of a private corporation. It 
is headed by a board of three directors appointed by the 
President and confirmed by the United States Senate. 
A general manager, appointed by the board, heads up 
the staff of the TV A, comprising civil engineers, biolo
gists, chemical engineers, experts in public health, for
estry, agriculture, etc. The individual functions assigned 
to the TV A are not new, but the TV A represents the 
first attempt in this country to integrate a concern for 
land, water and people into a single agency located in 
the region where the problems are. 

The TV A is dependent upon Congress for annual 
appropriations required to finance activities of public 
benefit; these are traditional functions of the Federal 
Government but they do not produce revenues for the 
TV A. Among these non-revenue-producing activities 
are flood control, navigation and research, experiments 
and demonstrations helpful to soil fertility conservation, 
industrial and economic development and the fuller use 
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of the resources of the Valley carried on in cooperation 
with more than a hundred state and local agencies. 

As the sole source of electricity for an entire region 
and to assure the taxpayers a fair return on their in
vestment the TV A is authorized by law to use its 
receipts from the sale of power in the conduct of its 
power business. This wise provision, customary in 
business and corporate practice, helps to make it pos
sible for the TV A to satisfy the requirements of its 
contracts to supply electricity for the expanding needs 
of the area and to serve new loads and new customers 
promptly. 

The TV A is fully accountable to the Congress and to 
the President for what it does and the way it performs 
its work. This accountability is achieved by full and 
complete audits of its financial records ; by hearings 
each year before the Bureau of the Budget acting for 
the President and by hearings before the Appropriations 
Committees of Congress ; by review and examination 
of all of its activities before Congressional committees 
and by periodic reports to Congress, the President and 
the public. The TVA is subject to an even more pene
trating scrutiny and accountability through its day-by
day life with the people and the agencies of the state 
and local governments in the Valley. 

The full development of a region for the benefit of 
human living depends as much upon the administrative 
or managerial resources of the region as it does upon 
the physical resources. The creation of the TV A estab
lished a new administrative resource in the Tennessee 
Valley. Our job in this respect is to see to it that the 
facts about the wise use of our resources of water, soil, 
minerals, and the factors of climate are discovered and 
made available to become a part of the everyday volun
tary decisions of people. 

Natural resources do not conform to man-made 
boundaries. The watershed of the Tennessee River, for 
example, includes parts of seven states. TV A has found 
the Tennessee River, and its watershed, a good develop
mental unit with many common problems and oppor
tunities. The fact that much of the developmental action 
must come from the separate state governments or 
institutions in several states has not proved an insur
mountable obstacle; on the contrary this circumstance is 
a fortunate guarantee of joint planning and consultation. 

The TV A uses the specializations of experts to an
alyze each part of the physical environment; it uses 
administration placed in the midst of a river valley to 
translate the ideas of experts into language and op
erating plans which citizens and laymen can understand 
and appraise, accept, modify or reject. Let me explain 
this method by a few examples. 

The operation of a water control system is a compli
cated assignment. A great many considerations enter 
into the daily, weekly and monthly decisions on the 
storage and release of water. The requirements of 
navigation may sometimes call for special water releases 
on short notice. Shoreline farmers, recreation interests, 
fish and wildlife experts, and malaria control people, 
all have a special concern in how water is regulated in 
the reservoirs. Sometimes the various uses of water 
and the management of reservoir levels for one objective 
or another seem at cross purposes ; more often, the 
conflicts may be found upon exploration to be more 
apparent than real. 
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The TV A, charged as it is with the operation of the 
system as a unit, has to resolve these conflicts in the 
most efficient and prudent manner. It cannot escape 
responsibility by referring the conflict to some other 
agency because no other agency shares control of the 
river's flow; on the other hand, having a staff of experts 
familiar with each special phase of the problem, the 
TV A is equipped to make judgments on the basis of 
all the factors involved. 

A similar problem of drawing unity from conflict 
arises in planning the dams. The genius of specialization 
lies in the precision with which a special part of a prob
lem may be analyzed. But specialized analyses, if they 
are to be understood and reflected in beneficial action, 
must be related to the logic and workability of schemes 
in broad context. 

The world of resources exists for people to live and 
grow in-not as pieces for experts and special groups 
to split up among themselves. A river system and the 
climate and terrain which give it being is a case in point. 
It is not difficult to imagine the confusion which would 
follow if one set of engineers attempted to develop a 
river for navigation, another set for power and a third 
for flood control. There would be endless competition 
for favorable dam sites, perpetual bickering over the 
storage and release of water, etc. But when one set of 
engineers, united under a single management, is charged 
with developing the river for all three purposes, plus 
a concern for every possible auxiliary benefit, the prob
lem is already half solved. Management can bring the 
flood control engineer, the navigation expert, the power 
engineer and other specialists together to pool their 
particular talents and knowledge. By this process a 
system can be devised to do justice to each purpose 
within the limits set by the engineering facts and estab
lished public policies. 

The impoundment of TV A reservoirs-changing a 
running stream into a series of slack-water lakes--posed 
a potential health hazard from the possible increase of 
malaria-bearing mosquitoes in an area where the disease 
was already common. But here again the application of 
expert knowledge and study to a problem involving 
many conflicting interests has resulted in a satisfactory 
solution. TV A's program of malaria control utilizes a 
number of methods based on combinations of biological, 
medical and engineering principles, including water
level fluctuation, "building out" mosquito breeding 
places through a process of diking and dewatering, con
trol of vegetation along reservoir margins and the use 
of larvicides. 

Both the incidence of malaria and the unit cost of 
controlling it have declined on TV A reservoirs. In 
1934, before the program began, tests on individuals 
living along one section of the Tennessee River showed 
that more than a fourth had malaria, and in some com
munities as many as two-thirds were afflicted. In 1947 
another check of more than 6,000 residents in malaria 
areas along TV A reservoirs showed just three cases
an incident of only five one-hundredths of one per cent. 

The multi-purpose dams on the streams of the Ten
nessee River system and the programs of soil and forest 
conservation on the lands of the Tennessee Valley region 
provide dramatic proof of the interrelation between dif
ferent aspects of resource utilization. Moreover, the 
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experience of TV A's integrated approach to regional 
development demonstrates that valuable by-products 
can be secured if planning and labor are harmoniously 
joined together with the forces of nature. 

In carrying out this responsibility in the Tennessee 
Valley the TV A has none of the powers of a unit of 
government except one-it can buy land by resort to 
judicial decision of the courts, land required in the con
struction and operation of its physical facilities. This 
power is also possessed by private utilities under our 
laws. The TV A has no powers of direction or super
vision over states, counties, municipalities or private 
citizens-and it does not covet such power. 

TV A constantly searches out opportunities to en
courage and stimulate local leadership working for a 
greater economic development in and around the local 
community. Later today you will hear a report from a 
leader of one of the many growing communities in the 
Tennessee Valley, Mr. Barrett Shelton of Decatur, Ala
bama. He is an outstanding, enterprising private citizen, 
a newspaper publisher and a free man. I hope the TV A 
has stimulated him. I know he has stimulated the TV A. 
In that report you may learn more about TV A's meth
ods than I could possibly tell you. 

As each community moves ahead and builds a strong
er economic base beneath its agriculture, its local com
merce and industry, the cumulative effect will achieve 
success for the whole region. A stronger region adds 
to the strength and the priceless diversity of the whole 
Nation. 

Vve view the full development of the Tennessee Valley 
as something more than mobilization of economic assets 
for the achievement of greater material rewards. The 
Tennessee Valley's greatest asset is its people, people 
who generally prefer to live there because they like its 
hills and valleys, its mountains and forests, its prevail
ing sense of community and the depth of the region's 
cultural roots and traditions. Characterize this as senti
ment and you miss the point. Because when men and 
women can find productive and satisfying work and 
exercise their initiative freely where they prefer to live, 
the results reach far beyond the dollar value of their 
labor. Under these circumstances people gain a new 
birth of freedom and the world gains new wealth in 
goods, ideas and human self-respect. 

The CHAIRMAN: I wish to thank Mr. Clapp very 
much for his interesting and most authoritative state
ment. I am sure that we could have found no one else 
to give us such a complete and clear picture of the 
administrative achievements of the Valley Authority 
and of the Valley people. We appreciate very much his 
presence here today and the most valuable contribution 
that he has made to our discussion. 

We are now to hear from a gentleman who has expe
rienced in himself and in his private life the effect of 
the work that has been done by the TV A. Mr. Barrett 
Shelton, a graduate of the Washington and Lee Uni
versity, has been for over twenty years the publisher 
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of the Decatur Daily in Dacatur, Alabama, in the centre 
of the area in which the TV A operates. In addition to 
that, however, he has been a leader in public affairs in 
both his local community and in the state in which he 
resides. However, he is even more interesting from 
our point of view for another reason: he is a convert to 
the TV A idea. As you will hear from him in a few 
moments, he is a sinner come to repentence. I hope that 
we shall hear from him the story of how this conversion 
took place and of the good life that he has been living 
smce. 

Mr. SHELTON delivered the following paper: 
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The Decatur Story 

BARRETT SHELTON 

ABSTRACT 

This is the story of Decatur, Alabama, a town of some 25,000 on the banks of the Tennessee River in the 
heart of the Tennessee Valley. It is the story of a town that was flat on its back in 1933, the year TVA was 
created. Decatur had one big industry, a railroad shop; it closed. Decatur's farmers grew one crop, cotton; it 
bled the soil and brought in only 5 cents a pound that year. Decatur's people were broke, disheartened, and 
all but finished. 

TVA came on the scene, but the people of Decatur at first were resentful. They wanted no government 
agency to tell them how to run their business. But TV A did not tell them how to run their business. It 
simply made opportunities available, and the people of Decatur, overcoming their early suspicions, took 
advantage of the opportunities. TVA made the Tennessee River navigable, a low-cost artery of commerce at 
their front door. TVA brought cheap electricity, way below half the cost of former years. TVA and cooper
ating agencies all but wiped out malaria, formerly a millstone that sapped all energy. TV A and the state 
agricultural college preached and demonstrated diversified farming-grain, hay, cattle and swine; not just 
cotton. 

These were the tools TVA gave the town of Decatur, as it gave them to other towns of the Valley. This 
is the story of how Decatur used those tools to lift itself up by its own bootstraps, to rise from the slough of 
despondency to the bright crests of hope, prosperity and, above all, enthusiasm for life itself. 

Ladies and Gentlemen of the United Nations Confer
ence: 

I am privileged to tell you the story of Decatur, Ala
bama, a town that has come from "nothin' to somethin' " 
in fifteen years of a working partnership between the 
Tennessee Valley Authority and the people of my town. 

It has happened to us, it can happen to you, if you 
have the courage, the intelligent determination and make 
the most of your opportunities. For TV A is not a 
magic wand. TV A would be helpless to activate com
munity progress without the brains and the energies of 
a free people. 

In the beginning I opposed TV A. I didn't know 
what it intended. I knew I wanted no government con
trol of my life, nor over the lives of my people. 

Throughout much of our lives the progressive citizens 
of Decatur had tried to better conditions. And it ap
peared that no matter in what direction they turned, 
the result was far from producing lasting good. 

Then 1933. Economic depression settled down on 
the United States, more pronounced if possible in the 
Tennessee Valley and in Decatur. 

The one major industry we had, which had kept 2,000 
men at work, closed. This railroad shop gave way to 
the truck and the bus and economic conditions. Decatur 
lost this industry completely. Another industry, which 
in earlier years we had brought from New England 
with considerable subsidy in money, went bankrupt. A 
third industry, manufacturer of full-fashioned hosiery, 
went to the wall from poor management and bad times. 
Seven of eight banks in our County closed. 

Our farm situation. We had only one crop in the 
Decatur area--cotton-and cotton was five cents a 
pound. Lands were selling for taxes, the people were 
ill-housed, ill-clothed and out of hope. 

So you can see that we were not interested in saving 
a dollar or so on our power bill. That would solve little 
or nothing. We needed jobs and opportunities for our 
people. 

Into this dismal, perplexed economic setting one late 
midwinter afternoon came David Lilienthal, then a 
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member of the board of directors of the Tennessee Val
ley Authority. Four of our citizens who had long been 
hopeful of improving conditions generally met him in 
conference. We were almost frankly hostile, for he 
represented to us another way of thought and another 
way of life. And our conversation might be summarized 
in this fashion, "All right, you're here, you were not 
invited, but you're here. You are in command, now 
what are you going to do?" 

Dave leaned his chair back against the wall and the 
twinkle of a smile came into his eyes, as he said gently 
and firmly, "I'm not going to do anything. You're going 
to do it." 

He went on to tell us something \ve never knew be
fore. He went on to say that TV A would provide the 
tools of opportunity-flood control, malaria control, 
navigation on the river, low-cost power, test-demonstra
tion farming to show how our soils could be returned to 
fertility, a fertility lost through land erosion, another 
wayward child of a one-crop system. He told us the 
river would no longer defeat man, but would become 
the servant of man. "What you do with these tools," 
he said, "is up to you." 

Dave Lilienthal had passed the task right back to us, 
right back to local control. He let us know that simple 
economics could be applied in the Tennessee Valley and 
that the faith, determination and sweat of the people 
would bring about the result we had eagerly sought for 
so many years. 

Later, Dr. Harcourt .Morgan, another member of the 
TV A board of directors, came to us and talked to us 
about lime and phosphate and legumes, and the relation
ship of people and land. He did not speak of great 
industry. Rather did he speak of the need for farm 
markets and farm processing plants and of increasing 
the value of our farm products through manufacturing 
processes. He opposed the tearing down of other sec
tions of the United States by seeking their industry with 
subsidy, the promise of cheap electricity and poorly paid 
labor. He told our people the simple story of making 
the most of what we had, of developing our own natural 
resources, of putting to work the little capital that we 
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owned, of growing our own indnstrv based upon the 
resources of the land. 

\Vhat was this? Dave Lilienthal and Dr. Harcourt 
::\Iorgan had promised us nothing beyond the tools 
which were to come from the waters of the Tennessee 
River and the land-building and health-building practices 
which were included in TV A at the direction of a wise 
Congress when this independent corporation of the Gov
ernment was created in the nation's darkest economic 
hour. 

\Ve decided then and there that the economic system 
we had followed had to be improved upon, and to im
prove i~ we had to pioneer an entirely new plan of 
economics. 

Our townspeople needed jobs, our farm people needed 
month-by-month pay rolls, rather than a once-a-year 
income secured from the harvesting of one crop. 

The old order, the old way of doing things had to 
change, or our people could never have the opportunities 
to which their efforts entitled them. 

First, we had to adopt this new thought given to us 
by the two members of the TV A board. We had to 
quit thinking of reaching into other sections of the 
U. S. and subsidizing industry to come into our section. 
Second, we had to begin in a small way to build toward 
a diversified agriculture and a diversified industry. We 
conic! never again, if our people were to survive, allow 
ourselves to be dependent upon a one-industry and a 
one-crop system. 

Our first step was to form our own Chamber of Com
merce, formed at a time when most people didn't believe 
it could be done. There was very little money. So, with 
considerable struggle, we got together some cash and 
more pledges amounting to $3,000 for the budget the 
first year. A man who had lost all he had in the crash 
of one of the industries we had brought to Decatur with 
subsidy became the first secretary at a salary of $100 
a month. 

\Ve then decided we were going to develop a cash 
market every day in the year for every farm product 
grown in the Decatur area. We were going to welcome 
industry, but not wait for it. We were going to develop 
our own farm processing plants. 

'vV e decided a packing plant would be the first venture 
and persuaded the local ice company to put in packing 
plant facilities when there wasn't as much as one wagon
load of hogs in our whole county. We are now produc
ing our own livestock to meet the demands of this 
market. 

\Ve then turned to milk, formed a little corporation 
with paid-in capital of $15,000, telling every stockholder 
to forget his investment, that he would never receive 
any return from his money anyway. What we were 
trying to do was establish a pay roll every two weeks for 
the farm families of our section. The first day that plant 
went into operation there was a total supply of 1,800 
pounds of milk. Today the production of milk pouring 
into this one plant peaks at 60,000 pounds and we have 
just started in this agricultural industry. What hap
pened to the stockholders? Well, they never failed to 
receive 6 per cent annually on their money and about 
two months ago that little plant paid stockholders a 
100 per cent dividend. 

Along about that time we got some help from the 
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outside. Navigation on the Tennessee River made it 
possible. Here you see is an exciting example of what 
can happen when a liability is changed into an asset. The 
Tennessee wasn't navigable before the creation of TV A, 
there \Yas no opportunity for a successful flour mill 
operation. Low-cost power didn't attract Nebraska 
Consolidated Mills Company to establish the Alabama 
Flour Mills at Decatur. Navigable water did it, plus 
the possibilities that flour could be produced at a cheaper 
cost per barrel owing to savings on freight. The impact 
of this industry on our section was tremendous. Farm
ers could grow grains because there was now a daily 
cash market. They could produce corn and wheat, and 
all the grains with assurance that they would sell their 
production. They could get cash for products for which 
previously there had been no market. 

Tennessee Valley Fertilizer Cooperative, a fertilizer 
mixing plant serving ten counties, was established by the 
people. Later, when we saw the possibility of selling 
seed commercially, this same organization put up a 
modern and efficient seed-cleaning plant. 

An alfalfa-drying plant has been built, another way 
of keeping our pledge that markets would be established 
every day in the year for every product grown in the 
Decatur area. 

These are specific illustrations of the forward-looking 
change which has taken place in the minds of our peo
ple. These industries, land builders and man builders, 
could never have been pictured in the minds of a defeated 
people, of a people who in the year before TV A saw an 
uncontrolled river flood and wash away the best soil, 
erode the back lands, wash crops, houses and barns 
clown an angry stream. 

You can see by now that the opportunities which 
were at hand in the development of the river and the 
region were being seized upon by our people with re
newed courage and confidence. VIe now knew that we 
couldn't be licked again, that what had been preached 
to us by TVA was the economic truth. 

A resident of a nearby town came into Decatur with 
an idea that he could build a market for poultry. We 
agreed with him and encouraged him to go forward. 
Today, that market though no more than three years 
old in our area is doing a $3 million business. 

Today there is a market for cotton, corn, wheat, live
stock, milk, timber, small grains, truck crops. Fifteen 
years ago we were dozing in the sunshine waiting for 
that once-a-year pay roll brought by cotton and wearing 
out our second finest resource, the land. Today the cash 
income from all farm products in the area surrounding 
Decatur is $43 million. Land building did it. Flood 
control did it. Navigation did it. Malaria control did it. 
TV A, with the other state and federal agricultural and 
health agencies, their teachings activated by an intelli
gent and determined people, did it. 

Let's stop here for an illustration of the value of 
malaria control. Did you ever have malaria? I have, 
the majority of my people have. Do you know what 
you want to do when you have malaria? Nothing. You 
want to prop your feet on your desk, or if you are not 
an office man, perhaps you'll take a day or two off from 
your job in industry or take out of the fields, just to get 
a rest. Malaria is restful-and nonproductive. Soon 
after the creation of TV A a nationally known manufac-



UNSCCUR PROCEEDINGS: PLENARY MEETINGS 

turer of full-fashioned hosiery bought a bankrupt hosiery 
plant in our community. The new company introduced 
physical examinations for all employees and found that 
35 per cent of all employees had malaria. Ten years 
later, after the TV A malaria control program had been 
in action, the figure had dropped below one per cent. 
Today, because malaria is completely controlled, this 
hosiery firm does not even require the malaria test in 
physical examination. And what happened to the peo
ple in that plant? \Vhy, they out-produce the employees 
of three other plants of this same company. That's what 
defeating malaria has meant just in this one illustration 
of how government can be helpful to people by making 
it possible for them to help themselves. 

Industrywise, our people have not been sleeping. Here 
again the pledge has been kept to never again be de
pendent upon any one major industry, or to seek after 
big industry alone. By the year 1940, there were 61 
firms manufacturing a product in Decatur, Alabama, 
employing 2,834 people with an annual payroll of 
$3,159,000. By 1944 the number of industries was 68, 
employing 6,908 people with an annual pay roll of 
$12,927,000. In 1948 the number of firms making a prod
uct had reached 87 and employment, off from the war 
peak, was 5,204, but the annual pay roll was $12,605,000, 
just a quarter of a million short of the pay roll total dur
ing the war. You see, through the years we have been 
putting together the industrial picture in sound fashion. 
vV e had sought after diversity of industry rather than 
bigness. 

Keeping soundness ahead of bigness in industry, you 
will be interested in a partial list of products now 
processed or manufactured in Decatur. These include: 
flour, brick, tile, meats, furniture, boxes, baskets, struc
tural and ornamental iron products, tanks, skids, septic 
and grease traps, poultry processing, felt hats, crude 
cottonseed and oil, steel ships and barges, dairy prod
ucts, aluminum fabricating, steel nuts and screws, con
crete pipe, copper tubing fabrication, cotton and rayon 
tire fabric. Once, a short time ago, we were dependent 
on one industry. 

Down through the years we have never hesitated to 
use the technical opportunities within TV A. In our 
considerations of types of industry needed in our com
munity, we have gone to TV A repeatedly to ask that 
the facts concerning such projected industry be assem
bled. I have said before and I say now that TV A has 
the most capable personnel with which I have ever 
come in contact, either in private or public service. No 
matter what department we sought out for advice on 
industrial or agricultural matters, we have always re
ceived willing and dependable factual assistance. The 
people in TV A have worked weeks and months on 
some of our requests, and never once has there been any 
directive issued to us. They have always told us, "K ow 
here are the facts, the decision on what you do with 
them is up to you." The decision was our own, this 
government corporation believes and practices commu
nity development at the local level. 

Just a moment on the electric picture. Have the 
benefits of electricity been made widespread? In 1939 
there were 3,800 customers in Decatur, in 1949 there are 
6,933. In 1938 they burned 12 million kwh. annually, 
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now they burn 120 million kwh. annually. In 1938 
the average sales price to the residential customer was 
3 cents per kwh. Today it is just above one cent
and our Electric Department made $182,000 net for 
the year closing June 30, 1949. You ask if the Electric 
Department pays any taxes. Well, the private company 
paid $7,500 annually in 1938. The municipal operations 
pay to the City of Decatur $28,000. Yet we have the 
second lowest residential rate in the U. S. 

\Vhat has happened in these fifteen years in the spirit 
of our people? Are we confident without being over-con
fident? Do we look toward the future with assurance? 

Let me give you three illustrations. Recently, a cop
per-processing plant decided to build a branch plant in 
the South. Two hundred seventy-four communities in 
eleven states were contacted. Do you know where that 
plant was located, an investment of $12 million? In 
Decatur, Alabama. Do you know what the difference 
was between that valued plant locating with us or else
where? The difference was in the spirit of the people
our confidence, our friendliness, our genuine interest in 
working with them on their problem, was the difference. 

Or let's look at this figure to prove what's happening 
in Decatur, Alabama, in this partnership between the 
people and an independent corporation of the Govern
ment. In 1933 there were 7,000 property owners listed 
on the tax books of our country; today there are 11,000. 
The assessed valuation has grown from $15 million to 
$22 million. The population of our town has grown 
from 12,000 to 24,000, and yet, the most significant 
change has been in the thinking of our people. V\T e 
have come from the status of a well-nigh beaten citizen
ship, merely existing, to a hopeful, exuberant, smilingly 
confident people, secure in the belief that, given the 
opportunities afforded through making the forces of 
nature the servant of man, and with intelligent deter
mination and sound application of the principles of 
economics, we could rise to heights of good citizenship, 
limited only by our own imposed limitations. 

Decatur today is a community of thirty-five churches, 
all instruments of a kindly Father above. Who guides 
and directs our every step, a young City whose people 
recently taxed themselves to build a new $1,500,000 
high school for our boys and girls, where the hand of 
the future has already shown us the necessity for 
doubling the capacity of our water system at a cost of 
$1,100,000, where our electric department is just com
pleting a $400,000 expansion program to be ready for 
the future, where our people are constantly at work on 
new plans to perfect a soundly begun economic system 
so that our people might have opportunities to earn 
better things of life. 

I would like to close with this summary. Senator 
vVilliam Knowland, of California, who came to the 
Tennessee Valley to see for himself what had been 
accomplished since the creation of TV A, returned to 
tell Congress that TV A was the greatest boon to private 
enterprise he ever saw. Or in the words of Dr. Sen, a 
visitor in Decatur from the Embassy of India, who 
viewed TV A as an improvement in an ever-improving 
democracy, or in my own way of answering visitors who 
come into our section of the Valley and ask, "vVouldn't 
this all have happened without a TV A?" And my an
swer to one and all is, "It didn't!" 
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The CHAIRMAN: Thank you very much, Mr. Shelton. 
For reasons which I indicated at the beginning, and 
which your paper has aptly confirmed, we had reason 
to expect an interesting, and indeed a fascinating, per
sonal report, and we have not been disappointed. Thank 
you most sincerely for the story that you told and par
ticularly for the admirable way in which you told it. 

We are now to hear from Dr. ·william E. Cole, the 
head of the Department of Sociology at the University 
of Tennessee. Dr. Cole is a graduate of Cornell Univer-

sity, where he received his Ph.D. In addition to his 
present work in the Department of Sociology at the Uni
versity, he is the Chairman of the State Public Welfare 
Commission. As a result, he is in a position to have a 
peculiar knowledge of the circumstances about which he 
will speak, and he is equally in a position to give us an 
authoritative interpretation of the facts with which he is 
acquainted. It is a great satisfaction and pleasure to 
introduce to you Dr. William E. Cole. 

Mr. CoLE delivered the following paper: 

The Impact of TVA upon the Tennessee Valley Region 

WILLIAM E. COLE 

ABSTRACT 

For reasons inherent in ascribing causes to social change and because many TV A program operations 
are cooperative with state, local and other federal age:1cies, it is difficult to measure precisely the impact of 
a regional agency upon the development of the Tennes3ee Valley area. The author's appraisal is made against 
the background of these limitations. 

TVA was established as a federal autonomous agency with authority to develop its decisions and policies 
within the region. This made possible first-hand understanding of regional problems and the development of 
machinery to deal with these problems on the ground. Much of the success of the various TVA programs has 
been due to this fact. 

Historically, one of the great problems of the Tennessee Valley has been the various imbalances which 
have plagued it. Unbalanced man-land ratios, poor balances between food crops and population, between 
people and jobs and imbalances in agricultural production have plagued its economy for a hundred years. 
Probably the outstanding impact of TV A upon the economy of the region has been its contribution 
toward the development of an improved regional economy with an improved balance between its vari
ous elements. This contribution is evidenced today in the greater use of improved skills in resource 
development and utilization, in the extensive use and application of electric power, in the development of rec
reation as a new resource by-product on impounded waters, in a diversified and improved agriculture and in 
the application of technical skills to the care of forests and the rebuilding of forest resources, with the states 
and local governments expanding their activities to me:)t the problems and opportunities of the developmental 
program. 

To the people of the Valley, TV A has come to signify the idea of progressive change toward the improve
ment and better utilization of resources. 

The Tennessee Valley Authority is now sixteen years 
old. It was created in 1933 as a government corporation 
designed to develop or assist in the development of the 
resources of the Tennessee Valley. TV A shares with the 
social security program and with the atomic energy 
development the distinction of being the greatest of the 
enduring activities of the Federal Government having 
their inception in the administration of our late Presi
dent, Franklin D. Roosevelt. 

It was with a great deal of pleasure that I agreed to 
describe the impact of TV A upon the Tennessee Valley 
region. I must, however, recognize that I will not be 
able completely and satisfactorily to discharge the obli
gation I have undertaken. 

For reasons inherent in social change itself, both in 
charting change and the assignment of causes to change, 
it is difficult to appraise the impact of developmental 
measures upon the people and institutions of an area.1 

To this general difficulty is added the fact that TV A's 
operations, aside from construction, power development 
and flood control in the river channel, are largely co
operative with other agencies. In these cooperative pro
gram operations, any attempt to gauge the contributions 

1For a comprehensive discussion of this point see: Maciver, R. 
M., Social Causation, Boston: Ginn & Co., 1942. 
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of one agency as against those of another will encounter 
difficulties. With the limitations in view, I can, however, 
address myself to the question : what has been the 
impact of TV A upon the Tennessee Valley, its resources, 
its people and their institutions? 

This is not the place to review the history of the area 
or to indicate why the region failed for so many years 
to achieve a satisfactory development of its resources. 
It is perhaps sufficient to recall that the Valley has been 
on the defensive for a long time. It is a part of the 
region which in the 1930's was dubbed "the nation's 
number one economic problem" and probably rightly so. 
It was at that time an area where soils were being rapidly 
depleted ; where forest resources had been largely 
destroyed. The river was not being utilized for naviga
tion; it was subject to periods of disastrous floods; its 
potential hydroelectric power was undeveloped. Popula
tion pressure upon jobs and resources was acute, and 
per capita income was the lowest in the nation. More 
significant, the people and institutions of the Valley 
were discouraged. They were well on their way toward 
getting a regional inferiority complex. In this setting 
and in a period of general economic depression, TV A 
was established by the Federal Congress on the recom
mendation of the President of the United States. 
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Several things about the legislation establishing the 
new agency immediately attracted the attention of the 
people of the Valley. These unique factors have been 
well summarized by David E. Lilienthal, formerly Chair
man of the TVA Board: 

A federal autonomous agency, with authority to make 
its decisions in the region. 
Responsibility to deal with resources, as a uniform 
whole, clearly fixed in the regional agency, not divided 
among several centralized federal agencies. 
A policy, fixed by law, that the federal regional agency 
work cooperatively \vith and through local and state 
agencies.2 

Mr. Lilienthal went on to state: 

TV A was created for the job of developing the re
sources of a single region as a whole. The limits of 
its responsibilities were fixed by the boundaries of 
nature, a watershed and its adjacent area.3 

TV A was thus in a position to understand and deal 
with problems of the Valley on the ground. It is still a 
source of pride to people of the Valley that the agency 
has less than a dozen employees in Washington, the rest 
being stationed in the area. The regional program has 
gained by the fact that administrative decisions are 
made in the Valley by persons increasingly familiar with 
all aspects of the regional economy. TV A was, by virtue 
of its organizing act, also in a position to approach one 
of the major problems of the area-that of a balanced 
resource development. 

The problem of balance has long been a concern of 
the South.4 Numerous writers have developed strongly 
the theory that regional development is the key to bal
ance and equilibrium. They point out that balanced 
development is desirable not only between and among 
the several diversified areas of the nation or a region, 
but also between industry and agriculture, between 
urban and rural cultures, and between and among the 
various groups of people making 1.\P the society, since 
the aim of a progressive society is to offer not only 
each element of the population but .each individual full 
opportunity. Students of regional problems indicate 
that a unified approach offers a medium and technique 
of total and balanced development. 

The Tennessee Valley area has long suffered from 
unbalanced man-land ratios, a poor balance between 
agriculture and industry. The region, as well as the 
entire South, has a population age distribution which 
results in a relatively low ratio of producers to con
sumers. The imbalance in age groups, incomes, and 
between the carrying loads of institutions and resources, 
has been repeatedly pointed out as a problem of the 
region.5 

The concept of balance appears to involve the develop
ment of an environment that affords the greatest use 
of human skills, which offers alternative opportunities 
and which tries to preserve and perpetuate the best of 
the value and cultural systems of both rural and urban 
peoples. If there is wide range of alternatives for choice 
of place to live, of johs, of freedom to move and to 

2Lilienthal, David E., TVA: Democracy on the l11arch, New 
York : Harper & Brothers, 1944, p. 153. 

3Lilienthal, David E., The Tennessee Valley, A Story of 
Change, 1946, p. 17 (Mimeographed). 
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adjust, people to a remarkable degree will effect an 
ecological balance in their activities. Balanced develop
ment of the resources of the area, through a unified 
approach, is both a philosophy and a technique. TV A 
has contributed to both as is evident when specific pro
gram activities are considered. 

The dominant geographical feature of the Tennessee 
Valley is the Tennessee River and its tributaries. TV A 
has brought the river under control. It has changed it 
from a liability to an asset. TV A's dams control floods, 
make a continuous deep-water navigation channel, pro
vide a nonexhaustible source oflow-cost electric power, 
and create a chain of beautiful lakes that attract tourists 
from all over the United States. TV A, an agency of 
the Federal Government, provided these things; it has 
been up to the people of the Tennessee Valley to use 
them. 

Electric power generated at the TV A plants is sold 
to the people of the Valley through agencies of their 
own creation. TV A does not ordinarily sell its power at 
retail but makes it available to local organizations which 
were willing and able to assume the responsibility of 
getting the power into the million homes, stores, 
churches, schools, and factories now using TV A power. 
In the urban centers, city governments, by choice of the 
electorate, buy power wholesale from TV A and dis
tribute it to the people. In the rural areas, the people 
have formed cooperatives for the express purpose of 
distributing TV A power. These are local public and 
quasi-public agencies created by the people of the Ten
nessee Valley as home-owned business enterprises for 
the purpose of using the great resource tapped by TV A. 
They have made it their business-not left it up to the 
Federal Government-to get the full benefit from this 
phase of TV A resource development. 

Has it worked? Would it have been better-faster, 
more efficient-for TV A to have taken complete re
sponsibility and not only to have generated the power 
but to have followed through and sold it directly to 
every one of the million customers? That is a hypo
thetical question but it has a hard, factual answer. First, 
the people of the TV A area are using 10 times as much 
power as they did when TV A took over in 1933. Sec
ond, not only are there more consumers of power, but 
each consumer is using more; the average householder 
is using more than four times as much power as he did 
in 1933. Third, the 140 cities and cooperatives that sell 
TV A power showed a net return of 10 per cent on their 
investment in 1948. 

The same dams that provided electric power make a 
navigable channel 9 feet deep and 630 miles long on the 
Tennessee River. Thus the people of the Valley ha.ve a 
low-cost highway for freight traffic. The channel is 
there. It is up to the people to use it. And they are 
using it. Navigation as a factor in the economic develop
ment of the Valley is just beginning to be felt. A new 
day has dawned for a number of river towns, as Mr. 
Shelton has indicated for Decatur, and important por
tions of the Valley's petroleum, industrial coal, and 
grain requirements are now moving by way of the 

'See: Odum, Howard W., and Harry E. Moore, America1~ 
Regionalism, New York: Henry Holt & Co., 1938, pp. 3-34. 

"This is well indicated in Vance, Rupert, All These People, 
Chapel Hill: University of North Carolina Press, 1945, pp. 
472-73. 
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nver. Four hundred and twenty million ton-miles of 
traffic moved on the river in 1948, which was about 
thirteen times the 1933 volume. Conservative estimates 
place the 1948 savings on this amount of traffic, over 
the next cheap form, at about $4 million. Estimates 
indicate the prospect of freight more than doubling with 
annual saving of $9 million. 

The same dams that hold back floods, provide electric 
power and make an artery of commerce have brought 
countless hours of pleasure each year to the thousands 
of fishermen, swimmers, boaters, campers and just plain 
idlers who know the value of leaving the cares of the 
world behind while they lean back against the trunk of 
a giant oak tree, gaze across the glistening waters to the 
forested slopes of the opposite shore, and relax-just 
relax. For recreation has turned out to be the great 
unearned increment of TV A's river control project. 
It is rapidly becoming a major factor in the life and 
economy of the area. 

At several of the earlier TV A projects, TV A built 
demonstration parks on the shores of the new lakes. 
Some of the parks were scarcely more than well-de
veloped picnic grounds ; others were complete with 
vacation cabins. In 1933 there was no such thing as a 
state park with vacation facilities in all the Tennessee 
Valley. In fact, several of the states had no public 
recreation areas at all and no agencies for developing 
any. TV A's demonstration parks served their purpose. 
They created among the people of the Valley a demand 
for new facilities-and the people through their state 
and local governments have satisfied their own demand. 
Today, just 15 years later, there are 30 public parks
state, county, and municipal parks-operated by the 
people of the Tennessee Valley on the shores of TVA 
lakes. In addition, there are more than 100 boat liveries 
operated for the public by private businessmen; there 
are boy scout camps, Yl\1CA camps, and hundreds of 
summer cottages. TV A did not build these. TV A 
simply showed the way with its small handful of public 
recreation areas at the start. The people saw what 
could be done, and they went and did it. 

I don't think anyone will ever know how many 
thousands of fishermen haye found new pleasure on 
TV A lakes. There was great fear when TV A first 
started building dams that the new environment would 
be fatal fo the fish. In fact, several fish hatcheries were 
built by TV A and placed in operation to stock the TV A 
reservoirs. The fears proved to be groundless. Several 
seasons of research by TV A fisheries experts showed 
that instead of declining, the fish population of im
pounded waters was multiplying, multiplying so rapidly 
that stocking was unnecessary and the hatcheries were 
closed. TV A reported its findings to the conservation 
departments of the several states in the Tennessee Val
ley. As a result, the state conservation departments 
responsible to the people of the Tennessee Valley 
eliminated the traditional closed season on impounded 
waters. This is perhaps a minor story; it is certainly a 
detail in the over-all picture of balanced development of 
the resources of the Valley. Yet it is a perfect illustra
tion of the way in which this federal agency, TV A, and 
the people, acting through their local agencies, can and 
do work together. 

Similar experiences have occurred in the field of 
forestry. More than half the Tennessee Valley is for-
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ested. Good forest cover is excellent protection against 
erosion on mountain slopes and steep hillsides-and 
erosion is one of our major problems. Well-managed 
forests can provide a continuing economic base for many 
Valley people. There are three ways a government can 
see to it that forest lands are properly used. The gov
ernment can own the forests, thus obtaining complete 
control; it can pass laws regulating use of forests ; or it 
can educate the people to good forestry practices. In 
the Tennessee Valley, emphasis has been on the third 
method-education. I grant that it takes longer, yet I 
am convinced it is the most effective, most lasting way. 

TV A engages in a number of activities aimed at con
serving and developing the forest resources, but let me 
illustrate the impact of TV A on the Valley in just one 
phase, fire protection. Fire is our worst forest enemy in 
the Tennessee Valley. Most fires are caused by careless 
people and by ignorant people. They can be prevented 
and they will be prevented if the people learn it is to 
their advantage to do so. One device TV A uses-and I 
suppose it is used elsewhere too-is the fire-damage 
demonstration plot, a small area of woodland purposely 
burned over each year to demonstrate the contrast with 
an adjacent unburned area. TV A, working with state 
foresters, encourages local organizations of farmers and 
timbermen to maintain such fire-damage demonstration 
plots throughout the Valley. This is education on the 
spot. It is much more effective than a textbook or a 
law telling a man ''You can't do that." 

Nearly all heavily forested areas of the Tennessee 
Valley now have locally organized fire-fighting brigades. 
These are local volunteers-farmers, tradesmen, woods
men-who have organized themselves to suppress forest 
fires in their communities. They get some financial help 
from TV A and their state government. It has taken a 
number of years to sell some of the communities on the 
value of forest fire protection, much longer than if the 
government had set up its own trained crews in each 
community. But the point is, when the action was 
finally taken, it was taken by the people whose resources 
were directly affected, not by some paternal agency on 
their behalf. The action was taken by the people because 
they had come to realize for themselves that it was 
desirable. 

Agriculture is the real backbone of the Tennessee 
Valley's economy. Two out of every three families live 
in a rural area. The main farm problem in the Tennes
see Valley in 1933 was soil depletion. Erosion was 
taking a very heavy toll. Depletion of soil minerals by 
overcropping too was taking a toll. TV A and regional 
agricultural leaders agreed that the key to the problem 
was mineral plant foods, primarily phosphate. But 
phosphate alone, simply tons of phosphate dumped on 
the same eroding hillsides, was not the answer. Educa
tion in the use of phosphate fertilizer, in the use of the 
fertilizer in a revised system of farming, was needed. 

The device selected by TV A and the state agricultural 
colleges to bridge the gap between scientific research and 
practical application, between the public experimental 
farm and the dirt farmer himself, is what we call the 
test-demonstration farm. We have thousands of test
demonstration farms in the Tennessee Valley; about one 
out of every ten farms is a test demonstration farm. 
These are not publicly owned farms but are normal, 
going farms owned and operated by typical farmers of 
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the region. Their purpose is two-fold : first, to test the 
effectiveness of new kinds of fertilizers being developed 
by TV A ; second, to demonstrate the proper use of the 
proper kinds of fertilizers in soil- and water-conserving 
systems of farming. The test-demonstration farmers are 
selected by their neighbors, not appointed by the gov
ernment. Notice that in this activity too, the emphasis 
is on education and on action by the people of the region. 

Are test-demonstration farms effective? Does the 
device work? Yes. Practices first tried out at state 
experiment stations and then tested and demonstrated 
on a large scale on the test-demonstration farms are 
being adopted generally by the other farmers of the 
Tennessee Valley. A primary need of agriculture in 
the Tennessee Valley is diversification. For generation 
after generation, farm after farm grew cotton, or corn, 
or tobacco-all row crops-little else. It was a one-crop 
system and it was mining the soil. The test-demonstra
tion program has preached and demonstrated diversifica
tion. According to the United States census of agri
culture, land in row crops in the Tennessee Valley 
decreased 19 per cent between the census years of 1935 
and 1945 while land in row crops in the United States 
as a whole was increasing. That is but a single index 
and I shall not bother you with more figures. It is a 
fact, however, that more and more land in the Valley is 
being put into pasture. Beef cattle and milch cows now 
graze in knee-deep pastures that but a few years ago 
were cotton patches. More and more fertilizer is being 
used. Sales of commercial fertilizers in the Valley have 
increased much more than in adjoining areas. We are 
far from solving our agricultural problem in the Ten
nessee Valley, but by now we do know in what direction 
the solution lies and, more important, we have a firm 
belief in our ability to achieve it. 

The states and local government have expanded their 
activities in order to meet the problems and oppor
tunities of the developmental program. New agencies, 
such as departments of conservation, have appeared on 
the state level. Some sixty or seventy communities have 
organized local planning commissions, which are being 
assisted by well-staffed state commissions. The univer
sities of the area have expanded their research programs 
in many fields relating to resource development, some
times with TV A assistance in the initial stages of 
expansion, often without such assistance. The region 
has made a start in promoting resource-use education in 
the schools and colleges. As a result of this expansion 
of functions and agencies, TV A has had as its partners 
in developmental activities such diverse institutions as 
the state universities and the land-grant colleges, the 
agricultural experiment stations, the engineering experi
ment stations, the state extension services, library boards 
and libraries, teacher-training institutions; state, county 
and municipal departments of health, departments of 
conservation and park administration; state and local 
planning boards and commissions, municipal power 
boards and rural electric cooperatives. These local 
agencies plus a score or more of federal agencies and 
bureaus with their specialized services make the program 
truly cooperative. 

Today to the people of the area the Tennessee Valley 
Authority has come to symbolize the idea of progressive 
change, a change toward the improvement and better 
utilization of resources, toward a better balanced econ-
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omy with higher incomes from more secure sources and 
a higher standard of living buttressed by better tools 
and knowledge for making a living and for coping with 
the problems of the region. 

This record of substantial accomplishment by an 
enterprise, which has its roots solidly in the area, has 
been a factor in bolstering the region's morale and has 
added a tangible element of regional identification. It 
constitutes a concrete demonstration that planning is 
compatible with our form of government; that the 
resources of the Valley can be developed and renewable 
resources rebuilt, that this can be done without destroy
ing existing institutions, and that these may be used in 
the interest of the people. There is now a recognition 
that the Valley has many natural advantages-among 
which are abundant rainfall, a favorable climate, and 
adequate mineral and soil resources and that the produc
tion patterns of the Valley's economy can be rearranged 
within the framework of these factors. From the 
regional program has come a confidence that the job of 
Valley resource development is not only possible but 
practicable and challenging. 

Identification of themselves with the regional program 
is particularly strong among the farmers of the Ten
nessee Valley and among the power consumers, power 
distributors and others closely associated with TV A 
program activities. The sense of belonging to the region, 
of being affected by it, of having a part in its develop
ment has been a major factor in the strength of TVA. 
This strength has not been confined to any single politi
cal party, or to political leadership, but is strongly 
embedded in the citizenship of the region. 

In addition to geographical features and natural and 
institutional resources, it is important to regional re
source development that the people have a collective 
consciousness necessary to sustain the individual and 
collective demands which are made upon them as the 
various aspects of the programs go forward. No matter 
what the potential resources of a region may be, the 
people must have the will to share in the development 
and utilization of them. The people of the Tennessee 
Valley feel this responsibility. It has been said that the 
Tennessee Valley Authority represents not government 
in the traditional sense of the word, but leadership. 
TV A has supplied the persuasive force of technical facts 
and technical skills. But more important, for the long
range outlook, the regional program has developed local 
leadership, initiative and enterprise. 

In spite of many accomplishments made by TV A and 
its cooperating agencies, there is still, as Chairman Clapp 
indicates, much "unfinished business" in the Tennessee 
Valley. The per capita income of the Valley still is 
only about 60 per cent of the national average; there 
are still acute problems of soil erosion and human ero
sion; a substantial number of farms are still to be 
electrified ; there is need to apply more fully and more 
extensively the fertilizer and agricultural test-demon
stration experiences; private enterprises and business 
corporations need to more fully utilize the data, studies, 
and opportunities which are now available; the people 
need a better understanding of the role of natural re
sources in their lives, and the schools and colleges need 
to give more aid to the people in the form of resource 
use education. 

The Valley has made a constructive use of the oppor-
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tunity presented by the TV A program. As you consider 
the significance of this regional program, it is my hope 
that you will here find something that will be of value as 
you attack the resource development problems of your 
respective nations and regions. 
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The CHAIRMAN: Dr. Cole, thank you very much for 
your valuable summary of the physical and human 
results of the work that has been done in the Tennessee 
Valley and of the work that still remains to be done. 
What you have said provides an admirable basis for 
discussion and we very greatly appreciate the work that 
you have done in preparing and presenting the paper to 
which we have just listened. 

The meeting is now open for individual contributions 
and in view of the time I think it would be well if those 
who have questions to ask or statements to make would 
limit themselves to not more than three or four minutes 
in each case. 

I call on Mr. Tunstell of Canada. 
Mr. TuNSTELL: I note from the information given 

in these papers that the Tennessee Valley is approxi
mately 50 per cent under forest cover. Presumably, 
with a territory which had sunk to a low economic level, 
those forests must have been sadly depleted, because in 
my experience with such communities, any tree that can 
turn in a dollar's income is going to be cut. 

I also observe that a certain amount of planting has 
been done. Some 175 million trees have been utilized 
for this purpose. The figure sounds large, but in fact 
175 million trees, with a thousand trees, or perhaps 
slightly better, per acre, works out to a rather small area. 
I think Mr. Clapp's paper said 140,000 acres. That 
reduced to miles is something like 200 square miles, 
which, in a total area for a valley of 40,000, is small 
potatoes. 

I am very pleased to note the apparent progress that 
has been made in forest fire protection. I can readily 
appreciate that it would be the first problem attacked as 
it is the big enemy of the forest. 

I am particularly interested in another remark to the 
effect that improvement along the lines of better forestry 
practices has taken the form of education. I should be 
very interested in hearing to what extent worthwhile 
results in better forest management are being achieved 
by the appeal along educational lines. 

The CHAIRMAN : I know it is unusual for a Chairman 
to intervene on occasions of this kind, but I think I shall 
do the unusual. 

Mr. Clapp stated that the Tennessee watershed cov
ered some 40,000 square miles. At some other point, in 
either his paper or in the paper of one of the other 
speakers, the statement was made that electricity was 
supplied to users over an area of some 88,000 square 
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miles. Is there any contradiction in this, or is there 
some explanation that is not immediately apparent? 

Mr. CLAPP: There is no contradiction. The area of 
the watershed is about 40,000 square miles. In the Act 
which set up the TV A, the TV A was authorized to 
reach its consumers through local bodies, municipalities 
and rural electric co-operatives, and so on, within trans
mission distance of the dams. As the transmission 
system has been expanded to meet the expressed prefer
ences of the communities within reach of its dams, the 
area served by electricity has not only included the 
Tennessee Valley but an area around it about again as 
large. 

The CHAIRMAN : I now call on Mr. Goldschmidt, of 
the United States. 

Mr. GoLDSCHMIDT: Mr. Clapp, the development of 
the Tennessee River has progressed to the point where 
that river is almost fully developed, and in that respect 
the Tennessee River is quite different from the other 
rivers in the United States, which have hardly been 
developed as much as 10 per cent. Could you explain 
what political or other reasons-since you have already 
explained that this was not done by dictatorial powers
made it possible for the TV A in sixteen years to develop 
this river so fully percentage-wise as against the relative 
undevelopment in other parts of the country? 

Mr. CLAPP: The Act under which we have our being 
as a TV A is an Act of Congress. That Act authorized 
the TV A, so far as the law was concerned, to fully 
develop the river. It asked us to file a report with the 
Congress which would lay out a plan for the development 
of all of the river and its tributaries. We did that; we pre
sented a plan. \Ve have gone to the Congress each year 
requesting appropriations in the form of capital with 
which to build the dams that were incorporated in the 
plan which was developed by us. 

As Mr. Goldschmidt has said, we have reached the 
point now where the major part of the river develop
ments has been completed. We still have some dams to 
build in the future. All of the dams that the main river 
calls for have been built, and most of the major dams on 
the major tributaries have been built. There are still 
places where dams can be built and will constitute good 
additions to the system for some additional flood control 
and hydroelectricity. 

Therefore, the specific answer to Mr. Goldschmidt's 
question is that we have been able to develop the river 
rather fully because the Congress has seen fit to honour 
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our recommendations and justifications for the need for 
it. 'vVe have been able to present them with a unified 
plan and programme, and we have been able to get 
financial and other results, as ·we have completed our 
dams in fairly quick order. 

I think another reason-a more obvious one-why 
the Tennessee River development has progressed more 
rapidly is because, compared with the Columbia, for 
example, or the l'vl issouri, it is a smaller system. 

The total amount of money that has been put into 
dams, locks, powerhouses and transmission lines as 
original cost is about 7 50 million dollars, while I do not 
believe that a 90 per cent development of the Columbia 
River can be accomplished for any such small amount 
of money. I think that another and, perhaps, the most 
important reason why this has progressed as rapidly as 
it has is that once the people of the Tennessee Valley 
began to understand what this agency was about and 
saw that there was no attempt on the part of the agency 
to push them around, and when they began to see the 
benefits that can accrue from this kind of a unified 
development, very little controversy about the desirabil
ity, advisability and feasibility of going forward with the 
physical development of the river arose within the 
Valley. The Valley presented a united front in its 
requests for authorizations and funds from Congress to 
invest in the development of the River, and the Ten
nessee \ c alley Authority was able to present a unified 
programme from which each project for which funds 
were needed could be selected and its relationship to the 
whole understood by those who were going to appro
priate the money. 

The CHAIRMAN : Those present who have taken part 
in the formal or informal discussions on valley develop
ments during the period of this Conference know that, 
from time to time, the view has been expressed that the 
Tennessee Valley Authority and the general arrange
ments that have been made in the Tennessee Valley are 
open to criticism on the ground of their authoritarian 
character. I wonder whether, in the light of what has 
heen said this morning-particularly by Mr. Shelton 
and Dr. Cole-there is any continuance of that view 
and, if so, whether those who hold it would like to 
express their opinions. 

In the absence of any response I take it that everyone 
has been converted. 

I now call upon the Executive Secretary of the Con
ference, Mr. Alfred J. Van Tassel. 

:VIr. VAN TASSEL: The Tennessee Valley, I under
stand, comprises some seven states and involves the co
ordination of the legislation of the peoples of those states 
-particularly, I think, of their legislatures. It has been 
suggested that this experience of the Tennessee Valley 
Authority is peculiar and applicable only to the United 
States, and that in general the problem is not met else
where. I should like to ask Mr. Clapp if he feels that 
the experience of the Tennessee Valley Authority in 
co-ordinating the activities of the several States con
cerned has an international application to other river 
basins of the world? 

Mr. CLAPP : That is a difficult question, and two 
weeks ago I might have thought it more or less an 
abstract one, but in view of the fact that I have com
mitted myself to a temporary assignment in another 
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part of the world it ceases to be at all abstract with me. 
I do not like to generalize on the subject or on the 
question. I do think that the experience of the Ten
nessee Valley Authority in looking at water resources 
as a whole, and in following water where it flows to 
assess its potential assets without regard to man-made 
boundaries, is an approach which in other river valleys 
will produce or create values which would otherwise be 
lost if those water resources were looked at piece by 
piece in unrelated parts. I think, too, that in the experi
ence of the Tennessee Valley in relating water to land 
and in relating both to the greatest possible benefit that 
can come to human living, there is certainly something 
which can be applied in the approach that is made to 
resource development in other river valleys of the world. 

However, for myself at least, I should not want to 
advocate carbon copies. I should not want to urge or 
even suggest that administrative forms be too precisely 
copied or considered. Let the administrative forms be 
developed to ensure unified study-unified analysis of 
resources and unified administration of them through 
whatever agencies may be most effective in the peculiar 
settings in which such an approach may be made. \Vhen 
one comes to international boundaries I think the ques
tion needs a great deal of study as to the precise appli
cation or adaptation which could be made of the 
Tennessee Valley Authority idea. 

What I am trying to say is that there is certainly no 
wisdom, in my judgment, in being doctrinaire on this 
subject. We must cut and try, but we must devise 
methods which will give us a unified look, a compre
hensive look at all related resources, and our administra
tive methods must not violate the integration of those 
resources. Our administrative methods should and, in 
my judgment, can only succeed if they rely primarily 
and heavily on the administrative capacities of existing 
institutions which are indigenous to the regions and 
under control in those regions. 

The CHAIRMAN : I think we have time for one or two 
more brief interventions. I call now upon IVIr. Zucker
man, from the United Kingdom. 

Mr. ZucKERMAN: It is not unusual for publicists to 
contrast the virtues or vices of planning with the bene
fits which are brought by private enterprise. For 
example, some of you may have read that, in part, the 
economic difficulties in which we in Britain find our
selves at present are the result of some of the planning 
to which we have been subjected. I would, therefore, 
say that it has been particularly interesting to me, as a 
member of the British delegation, to hear today that 
individual enterprise can flourish, thrive and grow under 
the rigours of the planning of the Tennessee Valley 
Authority. And may I also say that it gives me great 
pleasure to discover such a magnificent example of plan
ning in a country so full of private enterprise? 

The CHAIRMAN: I shall now call upon Mr. Erselcuk, 
of Purdue University. 

Mr. ERSELCUK: I understand that, in the year 1948, 
TV A made about $21,479,000. Is it possible for the 
TV A administration to make use of these funds in the 
expansion of power facilities other than hydroelectric? 
In other words, is it possible for TV A to build steam 
plants without asking permission from the Congress, so 
that it will be possible in the fnture to have a better 
power system in the area ? 
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Mr. CLAPP : It is possible, but not probable. It is a 
possibility under our law to use our earnings to build 
steam plants. But because it has involved major ques
tions of public policy, and because it also takes a lot of 
money, we have gone to the Congress in times past in 
order to have the money appropriated, and Congress has 
appropriated money for the construction of steam plants. 
\Ve are now building a large steam plant, we also built 
one during the recent war, and I suspect that we shall be 
building more steam plants as time goes on with moneys 
appropriated to us for that purpose by the Congress. 

The CHAIRMAN: I now call on Mr. A. Clark, of 
Rutgers University. 

Mr. A. CLARK: I am quite interested in the pos
sibility that some of the ideas that have been developed 
in the TV A might be applied to a Missouri Valley 
Authority or a Columbia Valley Authority or other 
valley authority. I should like to direct this question to 
Professor Cole. Have any studies been prepared which 
in any way represent generalizations which are applica
ble to other areas in terms of what might be called 
human or social engineering or adjustment, or must we 
in each case face a separate and unique problem in that 
n·gard? 

Mr. CoLE: I think that in each instance the studies 
h we to be made, and I do not see that you can apply 
the generalizations from studies made in the Tennessee 
\"alley. I believe that Feiner, in his book on the inter
national implications of TVA, did one of the best jobs-
not relating it to regions in the United States, but to 
other regions generally. I think that perhaps is the best 
source for application by a person who was looking not 
only at prospective valley authorities in this country, 
but also outside this country. 

The CHAIRMAN : As we have not yet had an oppor
tunity to hear from any of our friends from Latin 
America, I think we should make time for one question 
by Dr. Ranghel, of Colombia. 

Mr. RANGHEL: I was filled with admiration in hear-
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ing the statements by Mr. Clapp and Mr. Shelton. I 
certainly believe that the Tennessee Valley Authority is 
at present one of the greatest achievements of mankind. 
I should like to ask Mr. Shelton to explain to us a little 
further how they developed an interest on the part of 
the people in Decatur and how they developed the 
people's appreciation of the opportunities given to them 
by the TV A. In many of the countries of the world, 
especially in the under-developed countries, one of our 
problems is to develop an interest on the part of the 
people. Most of the people expect that everything will 
be done by the government. I should very much appre
ciate an explanation by Mr. Shelton. 

Mr. SHELTON: In the first place, the question is being 
asked of a newspaperman-and a newspaperman is a 
promoter by trade. One way of keeping the public 
interested in the various problems as they arise is simply 
to print the facts and keep them before the people. Of 
course, we have our own organizations that go over 
these questions-and in the United States, I imagine, 
there are more committees than anything else. It is 
through means of that sort that we keep interest alive in 
the problems with which all of the people are directly 
concerned. 

Mr. CoLE: Would you tell us just a bit about your 
planning organization, :Mr. Shelton? 

:Mr. SHELTON: We have had a city planning organ
ization for several years. We are not trying to be a big 
town, we are trying to be a good town and a sound town. 
We have our zoning laws which state how the water
front can be used, and certain areas devoted to agri
culture, certain areas to commerce and certain areas to 
industry. Our planning board meets about once a 
month, unless there is a special meeting of some kind. 

The CHAIRMAN : I think that in view of the im
portunities of the clock, we must now bring this meeting 
to a close. It will be recalled that this afternoon the 
same general subject is to be continued as a basis for 
discussion. 
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The CHAIRMAN: I declare open the sixteenth plenary 
meeting of the United Nations Scientific Conference 
on the Conservation and Utilization of Resources. 

In this plenary meeting we will continue the discus
sion of the integrated development of river basins. 

I will ask Dr. Gilbert White to introduce the subject 
for the symposium. 

Mr. WHITE: The symposium this afternoon is to be 
devoted to the problem of public policy in comprehen
sive river basin development. It is intended to be a free 
exchange of experience and opinion among the many 
experts in the field of natural resources who are gath
ered together in this Conference. No formal papers will 
be presented and no definite programme of discussion 
has been planned. For the most part, the men who are 
sitting around this table have participated in the eight 
preceding Section meetings which have dealt with the 
problem of water resources development. In those Sec
tion meetings, these men have recognized in various 
ways the tremendous opportunities for the development 
of water resources from the rivers of the world for the 
welfare of the entire populations involved. 

Their discussions have revealed, I think, the great 
complexity of designing any plan for a river basin 
development. It is an extremely difficult and delicate 
technical as well as a social operation to take full ac
count of the many possible uses and controls of water 
in even a small basin. All of us who were present at the 
discussion on the TV A development this morning have 
seen something of that complexity and difficulty. 

The uses which have been considered in connexion 
with promoting the healthy economic life of a region 
are navigation, irrigation, flood control, drainage, hydro
electric power, municipal and domestic water supplies, 
wild life conservation and recreation. There have been 
many plans submitted at the preceding meetings for 
land reclamation by flood control and drainage, and all 
of them have been examined in some detail. By way of 
initiating this round-table discussion, it is my duty to 
see if there are not some broad generalizations we can 
draw from the experience that we have reviewed in the 
preceding meetings, and then to outline for the partici
pants two questions which have seemed to those we 
have consulted as being especially basic questions of 
public policy. 

I think if we were to draw any single generalization 
from what the water and related land people have been 
discussing during the last two weeks, it would be this: 
That the idea of a multiple-purpose project, the kind 
of project which was described in the discussion on the 
TV A this morning, is widely approved and increasingly 
is being applied in the world today. It is, chronologi
cally speaking, a relatively new idea, and it now finds 
wide acceptance. We can say that the plans for the use 
and control of waters are being prepared more and 
more frequently so as to take account of all related 
purposes. The fact that electric power production can 
be combined with navigation and flood control and irri
gation in a single dam, such as the Hoover Dam on the 
Colorado and the Genissiat Dam on the upper Rhone, is 
now well established. To design and construct dams 
which do not serve multiple purposes where practicable 
would, I think most of us agree, be a public waste. It is 
an irreparable waste, often, to construct a project which 
does not serve this multiple purpose at the beginning. 

Once a site has been used, it may be destroyed for the 
larger purposes. 

The second generalization that I suggest we might 
draw is this: That increasingly resource technicians are 
recognizing that new water projects must be planned as 
part of a unified programme for entire drainage basins 
or regions, if the maximum public good is to result. 
That is, we are moving beyond the stage where we can 
be satisfied with undertaking one project on, say the 
Indus or on the Rhine without knowing its relation to 
other possible projects. During our meetings, the par
ticipants have developed a sort of non-Aristotelian logic 
in which they maintain that the sum of the individual 
parts is less than the whole in river basin development; 
that only as we undertake basin development on a 
unified basis do we get maximum results for the whole 
region. 

A third generalization which we may draw is that 
increasingly technicians concerned with resources are 
recognizing the many inseparable links between the 
development of water and the development of other 
natural resources. The extension of irrigated acreage 
in Indonesia, for example, is recognized as only part of 
the complex problem of land-use adjustment in that 
area of great population pressure. The generation of 
hydro-electric power in Western Europe is seen as sub
sidiary to the whole issue of competing fuels and of 
economic stability in that region. Torrent and avalanche 
control in the Mediterranean area is seen as being part 
forestry and part grassland management and part water 
engineering, and not wholly one. In this complex web 
of resource utilization, the persistent thoughtful pursuit 
of any one strand seems to lead inevitably to crossing 
and consideration of the other interwoven strands. And 
so drainage basin development, which we begin by con
sidering solely from the standpoint of ordering more 
properly the flow of water in a stream, branches out 
and takes in problems of land use. mineral conservation 
and fuel conservation. 

We have seen from a number of the reports which 
have been presented here a great many projects which 
are in progress or in prospect, in river basins across the 
world from the Yellow River down through the Ganges, 
the Tigris-Euphrates, the Nile, the Rhone, the Rhine, 
and the great rivers of the United States and South 
America. 

But it would be a mistake to think that these develop
ments, about which we have heard a good deal, are cer
tain to go forward either rapidly or on a very wide 
front. There are a number of obstacles. There is first 
of all the simple fact which has been noted here a 
number of times, that we do not know enough about 
basic phenomena of rainfall and stream flow and quality 
of water and the flow of silt in streams to be able to 
make really complete plans in many areas. 

There is the obstacle that so many of the comprehen
sive programmes which lie ahead are in regions in which 
it is now financially impossible for the populations in
volved to finance large-scale development, and it is un
likely that they will go forward without outside help. 
Some of our friends here may have more to say about 
that later on. 

Finally, there is the whole obstacle of the social re
organization and political education required to supple
ment the construction measures which, by comparison 
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with these problems of social engineering seem relative
ly simple. We have seen, for example, how the very 
elementary problem of overdrawing groundwater re
sources in areas such as Southern California or in the 
London basin of the Thames are allowed to assume very 
acute proportions before the governments and popula
tions involved are moved to take necessary regulatory 
and remedial steps. 

These are all obstacles-lack of data, the volume of 
capital required, the problem of social organization
but I would submit that there are two issues which are 
even more important in considering future development 
of drainage basins across the world. One of those is
sues is this: how do we gauge the value of river devel
opment? What estimate do we place on the effect, on 
the benefit to the community, whether the community 
be a restricted one of a town like Decatur, or the United 
States, or the great community of the world, as result
ing from developing a given river? That is one issue 
about which there is no unanimity of thinking among 
either policy makers or technicians of these United 
Nations. 

The second issue is one that came forward very clear
ly this morning: can we carry out a unified programme 
of river basin development of which we have been talk
ing unless we have a unified administration? Is it pos
sible, is it practicable either to plan or to construct or 
to operate a unified resources programme unless there 
is a unified administrative agency to see that it is done? 
Will it materialize if the responsibility is divided among 
a number of agencies? That is an acute problem in 
most of the nations which are represented around this 
table. It is an even more acute problem if we think of 
the great rivers which cross national boundaries. Later 
on we shall see a map which shows the extent of those 
rivers that are international in scope. Can we think 
realistically of comprehensive river basin development 
on international streams unless we have some sort of 
administrative unity on an international level? 

The two questions which are being proposed for dis
cussion as being, in the opinion of some of us, the most 
important growing out of the whole series of water 
sections are, first, how should we gauge the public 
value of comprehensive river basin development; and 
second, can we develop unified basin programmes with
out having unified administration? 

We shall consider the first question and move on 
from that to the second one when we feel we have ex
plored it with some care. 

I may say that we have around the table men who 
speak from experience in Israel, the United States, 
Canada, India, the United Kingdom; our Chairman 
speaks from very intimate experience with the problems 
in Iraq on the Tigris-Euphrates; from France, the 
overseas colonies of France, Indonesia, Egypt, Pakistan 
and the Netherlands. Facing across I see a representa
tive from Greece and a number who were with us this 
morning to discuss the TVA. All of them have special 
experience and ideas 'to contribute. 

I should like to open for your consideration the ques
tion of how we should gauge the public value of com
prehensive river basin development. 

"Mr. Aubert spoke in French. 

I ask Professor Jean Aubert, of France, to open the 
discussion. 

Mr. AuBERT :a I think that the programme which 
had just been outlined by Dr. White is a logical and 
natural corollary to the discussions which have been 
conducted on the technical level for two weeks. It had 
been finally stated that the financial aspect played a 
paramount part, and that if suitable financial arrange
ments could not be found, it would be very difficult to 
proceed. In a sense, financial considerations were 
paramount. 

Therefore, I shall bring forth a few financial con
siderations bearing mainly on the Compagnie nationale 
du Rhone, while drawing at the same time on the ex
cellent example of the Tennessee Valley Authority 
whereon important and interesting points were raised 
this morning. 

Two very different things were noticed about the 
Tennessee Valley Authority. 

In the first place there was the technical element. 
The work that was carried out in the Tennessee Valley 
again showed that dams could be made to serve several 
purposes. As Dr. White pointed out a few minutes ago, 
it would be unreasonable to build dams today for a 
single purpose. 

Nevertheless I would like to make a point on this 
subject: namely, that when a comprehensive project is 
being considered, one should strive to achieve a maxi
mum in the field of production of power, navigation, 
irrigation etc. However one cannot achieve the maxi
mum objective in all fields at the same time. For 
instance, electric power could be developed to the maxi
mum point, but some sacrifice would be entailed in the 
field of irrigation, or vice versa. 

This was very important from the financial point of 
view which was currently being considered. There were 
several alternative solutions to the development of the 
basin, and geographical and financial considerations 
had to be taken into account. If, for instance, a country 
was financially poor, it might find it convenient to 
develop certain sections which would yield immediate 
revenue. This is a question which depends on local 
conditions. In any case, it will be seen that from the 
very beginning, men concerned with its financing will 
have their say. I will not say that these men should have 
the final word, but their point of view should be made 
known to give a better balance to the programme from 
its very beginning so that it can be orientated in one 
direction or another. 

This leads me to the second element of the example 
of the Tennessee Valley Authority, which is certainly 
the most original and interesting element, namely the 
agricultural and human benefits which were derived 
from it. 

All that was said this morning about the human 
achievements was of great interest to us. I recall a 
visit I made in 1936 to the Tennessee Valley, and I can 
pay personal homage to the excellent methods that were 
applied, even at that time, to make the population under
stand the value of the project and to achieve that with
out coercion. Since human elements have a special 
priority in this field, we should pay a special tribute to 
the Tennessee Valley Authority administration for hav
ing understood so well and carried out that human 
element. 

389 



UNSCCUR PROCEEDINGS: PLENARY MEETINGS 

Moreover, the success of that endeavour depended 
on a certain number of elements. I cannot consider 
them all and so will limit my comments to its financial 
aspect. 

In the case of the Tennessee Valley, the State (the 
Federal Government) furnished the necessary funds 
for the project. I am convinced that the Federal Govern
ment will derive interest on the money invested from 
various sources. I will not dwell on that point, I will 
say simply that in order to incur expenses it is necessary 
to have the money. The Federal Government could not 
have undertaken such a project unless it had the means 
at hand and this is interesting for other countries which 
may not possess the same financial resources. It is not 
always possible for a government to derive the sums 
necessary for the execution of a project from taxation. 
It is likewise not always possible for the government to 
find somebody willing to lend that money. 

What is to be done when there is a lack of funds, 
since that is the problem, in my opinion, is of practical 
interest to a number of countries? 

It is in that light that I would like to say a few words 
with regard to our French experiment of developing 
the Rhone basin, which will demonstrate to you that it 
is possible to use a different type of financing and to 
resort to private funds, even for a comprehensive pro
ject carried out by an organization which is, to a certain 
extent, under the control of the State. 

France intended to develop the Rhone basin without 
spending money and without taxing the Public Treasury 
to the extent of a single franc. The starting point of 
that project is the law passed in 1919, which is there
fore not recent in date, and which combined three dif
ferent aspects: navigation, power and irrigation. 

Although the principle of that law had been estab
lished in 1919, when the idea of a comprehensive project 
first originated in France, for various reasons, the im
plementation of that project did not begin until much 
later. It was only in 1934, fifteen years ago, that the 
Compagnie nationale du RhOne undertook the project. 

What, then, was the financial principle on which that 
project was based? The financial principle was that in 
a comprehensive project, certain parts yield revenue, 
whereas others, on the contrary, involve expenditure. 
The sale of electric power yields revenue, whereas the 
development of navigation and, at least in the initial 
stages, that of irrigation, involves expenditure. The 
principle was that electricity, or in other words kilo
watt-hours, would be produced, and that they would be 
sold, not at low prices, as in the case of the TV A
and I admit that that policy is preferable-but at the 
market price, because if it is impossible to sell at low 
prices, then of necessity one sells at the market price. 

Consequently, from the initial stages, the Compagnie 
nationale du RhOne had decided that it would sell 
kilowatt-hours at the market price, that is to say, at the 
highest possible price, in order to obtain revenues for 
carrying out navigation and irrigation projects. 

In order to ensure the success of that plan, it had 
been necessary to draw up successive programmes each 
one of which was well balanced from the financial 
view~oint. 

The first programme carried out by the Compagnie 

nationale du RhOne covered the Genissiat Dam and 
various navigation projects, since irrigation was not an 
urgent problem at that time. The programme was 
drawn up in such a way as to convince private investors 
that the whole project was capable, in itself, of yielding 
revenue. And the fact was that the banks and the gen
eral public considered that the first programme was a 
paying project; the public bought the shares and paid 
money to the Compagnie nationale du RhOne. 

The navigation projects were started as soon as pos
sible, and the work on the Genissiat Dam was begun a 
little later. Experience has proved, now that the Genis
siat Dam is functioning and the electric power there 
produced is being sold at a very good price, that the plans 
had not been too ambitious. The first programme had 
proved to be a paying proposition and, I would even say, 
a profitable one. Now that the second programme, which 
covers the Donzere-Montdragon Dam and which in
volves both navigation and irrigation, is being carried 
out, it is easy to find willing investors for that project. 

Consequently, we can state that experience has shown 
our financia:J plan to be sound, and it will certainly be 
continued. 

We recognize the fact that our financial method does 
not enable us to achieve the degree of speed which 
characterizes the TV A; we must go much more slowly 
and proceed step by step. We cannot say in how many 
years we shall have completed the Rhone project, but 
we can affirm that that comprehensive project is pro
ceeding in a satisfactory manner, thanks to the financial 
method which was adopted from the beginning. 

Mr. WHITE: Professor Aubert has suggested that 
finances command and has indicated that, in the experi
ence of France on the Rhone, it has seemed wise in the 
circumstances to let the revenue from power production 
in effect set the rate and character of development. I 
think it might be interesting to shift over to the problem 
of development on another stream, the Nile, and to hear 
from one who has been concerned with that river: 
Dr. Ahmed El Samny El Sayed, of the University of 
Cairo. 

Mr. EL SAM NY: I should like to give a very brief out
line of the method of financing and planning basin 
development projects with regard to the River Nile in 
Egypt. 

The main purpose of the national policy of the Nile 
basin development is to utilize the valley according to 
its own logic. 'Egypt is an agricultural country and the 
lands are dependent entirely on the Nile for their irri
gation and fertility. The main aim is to provide adequate 
water during the low stage and to protect the highly 
developed sections of the country against high floods. 
Navigation, forestation and power development have 
been partially neglected in order to retain the water for 
irrigation. Although the country is trying to integrate 
all the water uses, yet it is impossible to obtain 100 per 
cent efficiency in all of them. The estimate of the bene
fits of all our projects has been based upon the increase 
in the size of the cultivated areas, which results in an 
increase in the country's wealth and, in turn, in our 
national income. However, the increase in cultivated 
land area has not kept pace with the increase in popu
lation, and this necessitates the use of the existing 
projects-for example, Aswan Dam and the barrages 

390 



THE INTEGRATED DEVELOPMENT OF RIVER BASINS: A SYMPOSIUM 

on the Nile-for power development, flood protection 
and navigation. The benefits from these projects in 
terms of irrigation-which was their original purpose
have been accordingly limited. 

I want to comment upon the matter of having a mul
tiple purpose served. One dam cannot be used to full 
efficiency for power and for flood protection, because 
retaining a certain head on the dam will cause silting 
of the reservoir, and this will prevent the lands from 
getting the silt, which is very useful for their fertility. 

Our new policy is to consider the physical and finan
cial aspects of the future projects to bring the water 
uses to the point of maximum benefit. The financing 
of these projects has been done by the National Govern
ment, which builds and maintains the structures. Their 
cost is not reimbursed in the form of extra taxes upon 
those who benefit directly from the projects. However, 
there are other benefits in the form of an increase in 
arable land, increased employment and the establish
ment of light industry, all of which serve to increase 
the country's wealth. 

Mr. WHITE: Dr. El Samny has pointed out that in 
Egypt there is a situation almost diametrically opposed 
to that in France: it is considered that the benefits from 
this irrigation development are sufficiently important 
so that the entire programme is financed by the Federal 
Go-:ernme~t out of the Federal budget. I think it might 
b·~ mterestmg to hear some other experience on this 
point, and then to invite questions and observations in 
regard to this situation. I should now like to call on 
Dr. De Vries, who is the Councillor to the Ministry of 
Overseas Affairs in the Netherlands. 

the factor varied from 1.7 to 2.1. The multiplier factor 
of 2 which was accepted in Indonesia as a practical rule 
therefore falls within the range of the results obtained 
from quite a number of theoretical experiments. In 
future it might be wise to try to fix that multiplier 
factor if there are enough figures and statistics avail
able for the purpose, but in circumstances where such 
data do not exist, the figure 2 might be accepted as a 
basis to start with. It might therefore be said that 
Indonesia comes between France and Egypt since we 
estimate it on a fifty-fifty basis. 

The CHAIRMAN: I call on Mr. Goldschmidt of the 
United States Department of the Interior. 

Mr. GoLDSCHMIDT: I wonder whether there is such 
a wide divergence here as a matter of practice. The 
Rhone development described by Professor Aubert was 
in fact underwritten by the people of France, both 
through State guarantees of the bonds and by guaran
teed markets for the power. I think that point ought to 
be made here, because otherwise people might get no
tions into their heads that multiple purpose development 
could take place in a purely private setup when it has 
public responsibilities to perform. I think I am right in 
saying that State underwriting of the bonds and of the 
output made this enterprise into something of a public 
enterprise even though the bonds were purchased pri
vately. In this country there are a number of public 
enterprises such as those of the City of Tacoma and of 
Memphis and a number of other cities where public 
undertakings are financed through private bond markets, 
through the sale of municipal bonds underwritten by the 
municipality and guaranteed by revenues from the pro
ject. I put in this caveat because I think it is important 
not to assume that such a large-scale undertaking as 
that described by Professor Aubert could be adequately 
developed as a private undertaking. 

Mr. DE VRIES: In Indonesia, and especially in Java, 
irrigation works have mostly been paid for with money 
from the central Government. However, the income to 
the Government from those developments has been 
assessed upon a part only of the total income if all the The CHAIRMAN: I see that the Secretary of the 
benefits of those works are taken into account. The Interior wishes to make a statement at this point. 
benefit to the Government came mostly from increases Mr. KRGG: I had not expected to discuss this subject 
in certain land revenue taxes which amount to about in view of the presence of all these experts, hut having 
10 or 14 per cent of the increase in crops from the land worked with experts for a long time I should like to 
that is better irrigated. Of course, attempts were made address myself briefly to this question. Even in this 
to assess as accurately as possible what the increase in country, where we think we have done a lot of work in 
crops would be-how many more quintals or hectares multi-purpose development, we have not yet reached 
of rice or other crops would be harvested. unanimity on the subject of what benefits should be 

If an undertaking had to be fully self-liquidating on counted and how they should be measured. I think 
the basis of this tax, it would mean that the benefit to that with respect to each project and each series of 
the community as a whole would be from seven to ten projects we should try to determine all the social bene
times as much as the benefit to the Government, and fits both economic and engineering and find the best 
this does not apply in a number of cases. So, by making possible way to measure them. \V e should then decide 
a study of various projects and finding out the best which ought to be paid for by the particular body using 
thing to do, we decided as a practical rule that 50 per them, the power user or the navigator, and which ought 
cent of the costs of the undertaking should be self- to be paid for by the general public. The fact that 
liquidating and could be placed on the capital budget of honest engineers might disagree about the value of 
the Government. The other 50 per cent comes out of power or navigation facilities should not deter us from 
invisible benefits in the shape of higher yields by some the attempt to measure the real benefits of these projects 
kinds of taxation and a higher national income. The as best we can and then reaching a realistic determina
practical rule, therefore, divides on a fifty-fifty basis tion whether a particular project should be carried out 
between direct and indirect benefits. or which project should take preference over another, 

That was long before the economic theory of the granting that no country in the world has enough capi
multiplier factor of the influence of additional national tal to exploit all its potential projects in any given period 
income on the total national income was studied. In of years. 
later years, especially in Holland, this multiplier theory Mr. WHITE: How would Mr. Krug set about cal
was tested in a number of cases and it was found that culating the value of some of the benefits which engi-
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neers and economists have been accustomed to call 
"intangible"? I recall a paper read at one of the Section 
meetings about ten days ago, from a department in the 
United States Government, which assumed, for in
stance, that recreation benefits were important but could 
not be evaluated. If you do not assign a numerical 
value to such benefits in calculating the total benefits to 
be derived from a project, do you not in effect neglect 
or ignore them? 

Mr. KRUG: Not necessarily. I recognize, with every
one here, that you cannot put a dollar measure on the 
value of a sunset over a beautiful lake. On the other 
hand, I think you can find ways of measuring the bene
fit to the people of a region in the existence of a beautiful 
lake to fish in and to look at, and on the shores of which 
cottages can be built. I think that these measures must 
be taken into account. I grant that in estimating values 
of that kind the degree of accuracy in the measure will 
be subject to a wide degree of judgment, and even in 
the case of the more concrete values the problem is 
not an easy one. My point is that you ought to put some 
kind of a tangible measurement on the benefits of a 
project as against its cost before going ahead with it. 

The CHAIRMAN : I think it would be very timely if 
we could now have the views of Paul J. Raver, the 
Administrator of the Bonneville Power Administration 
in the Department of the Interior. 

~lr. RAVER: It has always seemed to me that our 
experience in the Northwest at least has been that we 
have made great progress in the crisis method of ap
proach rather than under the system of a sound deter
mination of cost-benefit ratios. I think we are undoubt
edly moving in the direction of adopting cost-benefit 
ratios as a basis for rational programmes, particularly 
in the last couple of years, but I recall that Bonneville 
Dam, the first unit in the Northwest, was built as a 
result of the crisis of unemployment in the depression 
of 1933. Appropriations were made on the basis of 
making work for people who were out of jobs. The 
same thing was true of Grand Coulee Dam. Following 
that crisis, there was the crisis of the war which stimu
lated the completion of those great power developments 
in regard to which, so far as cost-benefit ratios were 
concerned, the experts believed that there would never 
be any use for all the power they produced. The crisis 
of the war brought them into being and then when the 
war was over we had the crisis of adjustment to peace
time economy. Much to the surprise of everybody, the 
population of the Northwest continued to grow much 
more rapidly than any of the experts had predicted so 
that we found ourselves faced with a very severe power 
shortage, which still exists, and which is resulting in 
a tremendous speed-up in the programme of construc
tion of dams for power to meet the present shortage. 
Incidentally, we had a crisis last year in the most dis
astrous flood that has ever hit the Northwest, and as 
a result there was a great scurrying around and revision 
of long-range plans to take care of flood control. 

Out of all those crises we have learned a great many 
things. One of them is, since we are discussing here 
how we can gauge the public value of a comprehensive 
river basin development, that sometimes it takes a crisis 
to make us realize that the measure is really a national 
measure and that while these projects are of tremendous 
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value locally and regionally they are also of tremendous 
value nationally from the point of view of security, 
employment or national income. If that determination 
can be made, and it seems that it can be made rather 
obviously when faced with a crisis, then the programme, 
it seems to me, should be considered as a sound pro
gramme. I think we have reached that point nationally. 
Looking at the whole Northwest development today, 
I am convinced that the change in attitude towards that 
development arose out of a national crisis which made 
it so apparent to everyone concerned that these river 
basins, and this one in particular, have such great na
tional value from the point of view of wealth and as 
tools for the creation of new taxable wealth and tax
able income and the creation of new job possibilities. 
The cost-benefit ratio is rather obvious. 

Mr. KRuG: If I may interrupt, I should like to say 
that it is obvious to Mr. Raver, but it has not been 
obvious to the Congress of the United States. If it had 
been, we would not be behind by three dams at this 
point. 

Mr. RAVER: I agree with that statement. 

Mr. WHITE: Certainly one implication of Paul 
Raver's statement is that we should not lay too much 
stress on expert calculations of the cost-benefit ratio. 
In Chicago we used to have what was known as the 
"Iroquois Theatre Fire Theory of Social Progress". 
Nothing was done in regard to regulation of fire escapes 
and construction of buildings until a couple of hundred 
people lost their lives in a very tragic fire. Then they 
took steps. That, in effect, suggests that we correlate 
the undertakings of some of our major efforts with 
crises which make the social values perfectly clear in 
the public mind and that without such crises we might 
not be able to obtain public approval. 

The CHAIR MAX: I now call on Dr. M. R. Bloch of 
Israel. 

Mr. BLOCH: I derive some comfort from the remarks 
of the last speaker which indicate that a crisis might 
have some benefit. I come from a part of the world 
which is well known for crises, from the time of Sodom 
and Gomorrah, and I think that the Jordan Valley 
has reached another crisis now. But, it is a bit different 
from the other river basins because it has its private 
ocean. It might be that this type of river basin is of 
interest because of its possibilities for other countries 
as well. It could certainly only be developed under pres
sure of a crisis, and crises we have had. 

However, I think it offers one further possibility. 
It offers mineral wealth through the use of sun energy. 
It is quite possible that, if the fresh Jordan river water 
should be diverted to the Negev for irrigation purposes 
and replaced by Mediterranean water, the Mediter
ranean water might be used for power production and 
also for the creation of a very considerable wealth 
which might be of importance to the whole world. 
This new water might bring some million tons of potash 
each year into the Valley. We might be able to get 
not only our power from it but, by the use of sun 
evaporation, we might also get this great mineral wealth. 

We have a considerable field for the use of sun 
energy in the Dead Sea which, at the moment, serves 
as a regulator for evaporation. In a dry year the evapora
tion automatically decreases and in a wet year it auto-
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matically increases. The same regulation might be used 
for the creation of a mineral wealth many times greater 
than that which we obtain at the present time. Up to 
the present time, this has been financed by private 
enterprises. Vve have not had the benefit, as the water 
power users have had, of a guaranteed market. In the 
case of mineral wealth, there was no guaranteed market 
in the world. It was really a market which could not 
be guaranteed and will not be guaranteed. Therefore 
it has been left mostly to private enterprise. 

I think it will be possible not only to harness the 
water power in the Jordan Valley but also to harness 
the sun power, thereby establishing a system of out
going water and of water returning to its source, and 
extract mineral wealth on a large scale. 

Mr. WHITE: Before calling on the next speaker, I 
5hould like to make a statement which I forgot to make 
at the beginning of the meeting. A number of the 
participants in this Section requested me to explain 
that they are speaking as individuals who have been 
invited to participate in this symposium and that their 
expressions of opinion on these questions are not to be 
considered as official statements. I apologize for having 
neglected that statement at the beginning of the meet
ing. 

I call on Mr. Hathaway of the United States. 

Mr. HATHAwAY: I rather gathered the impression 
irom Dr. Raver's remarks that the construction of the 
Bonneville and Grand Coulee projects, which were 
precipitated by crises, were not economically justified 
on a cost-benefit ratio·. I am sure that he did not intend 
our foreign colleagues to obtain the impression that 
those projects were not economically justified. 

Mr. RAVER: Our net revenue, over and above all 
expenses including depreciation and interest, for this 
year was $9,800,000. We have had a surplus like that, 
from power operations alone, at those two dams every 
year of operation since the first three years. The total 
surplus on a cost-accounting basis is in the neighbour
hood of $43,000,000. I am not trying to argue that 
dollars and cents form the basis of feasibility. In fact, 
our approach to the crisis method was the exact oppo
site. The broad gauge needs of a programme of this 
kind probably transcend the dollars and cents measure
ment of feasibility. However, I did not intend to imply 
that these two dams were not economically feasible. 

them with the other data available. But the way we do 
that at present cannot be considered as being very 
scientific; it is more or less just a matter of putting fig
ures together and then trying to argue around the figures. 
If some kind of internationally accepted standard could 
be developed which would enable these projects to be 
put in different classes so far as their desirability was 
concerned, that would be a very big and important prac
tical contribution. 

The CHAIRMAN: I certainly would support Mr. 
Raver's point of view that a crisis will enforce the ex
ecution of a project, no matter how costly it may be. 
In our country, we are faced with two problems
shortage of water and floods. These two problems, 
especially the latter, cause great damage, and public 
opinion has forced the government to carry out projects, 
':'hich, although they are all multiple purpose, are de
signed firstly to deal with flood control and irrigation. 
The other purposes of the project are delayed until 
funds are available to carry them out. 

Mr. KRUG: May I ask the Chairman whether in his 
country they promote flood control for everyone who 
wants it, regardless of its cost? 

The CHAIRMAN: We have two rivers in my country, 
and once these two rivers are properly controlled we 
shall have solved the flood problem for the whole coun
try. The Government has carried out one project for 
col!trolling the floods of the Euphrates, and they are 
gomg to carry out a project for controlling the floods 
of the Tigris. 

Mr. KRUG: Will these projects prevent flooding on 
these rivers at all times? 

The CHAIRMAN: Yes. I may add one thing, and 
that is that the Government is now protecting the land 
against floods as far as possible, and this is done at the 
expense of the Government. 

Mr. \V HITE: Dr. Ringers, formerly Minister of Re
construction in the Netherlands, wishes to speak. 

Mr. RINGERS: I have to admit that in Holland flood 
control has mostly been done in a crisis, the crisis of 
breaking dykes and so on. But, on the other hand, in 
working on the development of river basins, we still 
try to calculate the value of it, and the different figures 
we bear in mind are, firstly, power; secondly, irrigation; 
thirdly, drainage; fourthly, navigation; fifthly, water 
supply. Then there are a number of other figures such 

Mr. KARPOV: Of course, in the United States we can as flood control, sanitation and recreation. The last 
go ahead on any basis we please. Firstly, we have points cannot be so easily determined. We only calcu
money, and secondly, as Secretary Krug has also hinted, late these if it is necessary. 
all one has to do is to make it obvious to Congress, then For power, we have not very large demands, and 
we can go ahead. irrigation is only known to us in Indonesia. I know 

From the point of view of the representatives of that my Indonesian friends will tell us all we want to 
other countries which have, in many instances, to get know. Navigation, water supplies and drainage are 
the necessary money, or at least part of the money, points which we know very well and we always try to 
from the International Bank, the question raised by the study them and gauge the public value of the develop
Chairman is of the utmost importance. At present we ment. In the end, however, we have so much doubt as 
have not worked out standards which the representa- to the value of our figures that we cannot for the time 
tives of the various countries could put before the Inter- being bring them to a conclusion. We come to a con
national Bank, standards on the basis of which they elusion on the economic and social basis, but we go on 
could insist that their project was economically sound calculating the values and hope that on the basis of what 
or better than the others and, therefore, should have we have calculated in the past we shall be able to calcu
priority. Today, that is a question of putting all the late for the future. I believe I can give advice to 
data together and then more or less trying to compare everyone here and that is try to do that, for in the end, 

393 



UNSCCUR PROCEEDINGS: PLENARY MEETINGS 
-------------------------------------------------~---

you will be in a crisis if you always admit what every
body asks of you. 

Mr. AuBERT: Mr. Goldschmidt has just made an 
extremely pertinent remark in saying that the money 
contributed by the public to the Compagnie nationale 
du RhOne was subscribed because there was a State 
guarantee and because, indirectly, the State was more 
or less financing the work on the Rhone. 

I realize that the loans to the Compagnie nationale 
du Rhone were guaranteed by the State and that origi
nally the public would probably not have lent that 
money in the absence of a State guarantee. Neverthe
less, a ve:y ii_TIJ?Ort~nt factor is involved, namely, that 
the State m gtvmg Its guarantee took care that it would 
not be exercised. The State was willing to give the 
guarantee, but only with the quasi-certitude that it 
would never. have to pay out any sums, since giving a 
guarantee Without paying cost it nothing. Thus, the 
State was the first to verify that the various stages of 
the work of the Compagnie nationals du Rhone were 
indeed worth while. 

The State bided its time, and experience had shown 
that the first stage will pay for itself. Thus the State 
had not ex~rcised its .guarantee, and it might be said 
that, financmlly speakmg, the State had spent nothing. 

I would add that that was the situation when the 
Compagnie nationale du Rhone was started and that 
now the public has still more confidence, since it has 
seen that the first stage has paid for itself. The State 
con.tinues to gu~ra~tee the loans, but the Compagnie 
nat~onale du Rhone mvests them very easily, even more 
easily than the State. Thus, it might possibly be said 
that the Company is able to guarantee the loans to the 
State. I _woul~ not go so far as to say that, but the 
C ompagme natwnale du Rhone now has its own funds 
and that fact is due to its financial policy. ' 

Mr. WHITE: Mr. Szyfres, in charge of the water 
and hydraulic work in Uruguay, will speak next. 

Mr. SzYFRES :b I wanted to say a few words with 
regard to the use of water resources in Uruguay. The 
problem of the comprehensive development of river 
basins has .be~n .raised in the course of our meetings 
today. I wtll hm1t myself to my own country. In Uru
guay, this subject has been studied very searchingly. 
We ~ave studied very carefully the possibility of the 
multtple-purpose development of river basins. 

\Vi thin the framework of its financial possibilities, 
Uruguay of late has developed the use of its various 
rivers for purposes of electric power production, irri
gation, navigation, protection from soil erosion, etc. 
All these programmes were carried out by the State. 
However, our attention was mainly devoted to electric 
power and irrigation. ·while we did not neglect the 
other possibilities, we gave them secondary priority. 
The problem of electric power is of vital importance 
to my country because at present we lack solid and 
liquid fuel. Therefore, our energy resources are ex
tremely important to our national well-being, and elec
tric power produced from water was a stop-gap of the 
greatest importance. By resorting to this we avoided 
all the disadvantages involved in importing various 
fuels from abroad. 

bMr. Szyfres spoke in Spanish. 
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I ':lm glad to ha:'e attended these meetings under the 
ausptces of the U mted Nations, and to have participated 
in such an inter~sting exchange of views on questions 
of tremendous Importance to my country as well as 
to others. 

As regards Uruguay, I am unable to present details 
abot;t our prograi_Tin:es, as it would require a great deal 
of ttme. I must mdicate, first of all, that the potential 
resources of our rivers and river basins could reach the 
figure of 4 billion kilowatt-hours per year as far as the 
produc~ion of electric power is concerned. This figure 
IS con~Iderably ~bove the figure of present production of 
electnc power 111 my country. The potential resources, 
therefore, are far greater than the resources which are 
ac.tually worked at present. For example we have the 
Rto Negro as one of the main possibilities. We have 
only. two dams o_n this river. \V e could achieve a pro
ductton of electnc power of 500 million kilowatt-hours 
per year if t~e necessary development projects were 
earned .out. I?e cost of the development project so 
far earned out m the Rio Negro is 27 million dollars. 

\V e ~ave devel<?pe.d 3;long w~th the electric power 
productwn plant trngatton proJects which permitted 
us to reclaim about 200,000 acres of land. At the same 
time we are conduct~ng intensive. studies on a system 
of da~s and reservOirs on the R10 Negro in order to 
explOit all the potentialities of this river. 

We try to draw as much as we can on the experience 
of the TV A and on all the lessons which are to be 
learned from the success of this great endeavour. Of 
course, our work will be on a smaller scale. N everthe
l~ss, there are cert<:in achievements of general applica
tton, and we are gomg to stick by them. 

We h<_J.v~ another project with a potential production 
of ~0 mill.ton kwh. I?er year. Finally, we have a joint 
proJeCt WI~h Argentma for the development of the Rio 
Grande, wtth the possibility of obtaining 5 billion kilo
watt-hours per year. A joint technical commission with 
m~bers of ~ruguay and Argentina is conducting 
studie~ on the Implementation of this project. I am rep
resentmg Uruguay on one of these joint commissions. 

We have an irrigation project in Uruguay providing 
for the irrigation of 15 million hectares. At the same 
time we are devoting considerable attention to drainage. 

These data, which I am passing rapidly in review, 
are the main outlines of our future plans of river basin 
development. We feel that the tremendous achievements 
of .the United St~tes in this field show us the goal 
which may be achieved by other countries. The work 
which is contemplated in Uruguay in this field will also 
have repercussions in the field of international co
O_Perati~n, as. we have projects in common with Argen
tma. 1 here IS no doubt that such a new tempo in the 
field o~ international co-operation on this particular 
level wtll serve the cause of the United Nations. 

The results achieved by Uruguay so far have per
mitted us to cover 70 per cent of our energy requirement 
by hydro-electric power. Thus we are more and more 
able to make up for the relative economic backwardness 
of our country. There is no doubt that all Latin
American countries have to depend, in the first place, 
on their own natural resources in the industrial field if 
they want to succeed in the struggle for economic 
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development. However, while depending on our own 
resources, we have drawn heavily on the experience of 
other countries. 

The CHAIRMAN: I would now like to call on Mr. 
Sain of India. 

Mr. SAIN : How should we gauge the public value 
of comprehensive river basin development? 

The question presumes that the economic test in 
gauging the public value will be applied to the complete 
programme and not to each of the analytically separable 
parts. The more profitable elements of the plan will 
thus contribute to the less profitable. 

In my opinion, river basin projects must meet a 
general test of economic feasibility. This monetary 
check on costs and benefits is an important yardstick 
for selection of alternative projects, even if the rigid 
financial test of the past is not applied. 

Such an economic test is necessary to prevent the 
present generation from borrowing from the future 
more than the project is expected to pay. The present 
must justify that the project will not be a burden to the 
future generations. 

In assessing the benefits, no credit may be taken for 
the recreation facilities, but most others can be taken 
into account. 

Once the minimum return on the capital is assured, 
the aim should not, however, be to obtain the maximum 
net return to the exchequer. The guiding principle in 
river basin developments should be the greatest good 
for the greatest number, irrespective of territorial 
boundaries within the same country or the watershed 
limits. 

We all wish that ultimately this principle may be 
applied, taking this entire human race as the base, thus 
determining the feasibility of a project by the food and 
energy requirements of the whole world. Till this ob
jective can be achieved, in the face of so many conflict
ing ideologies, let us be content to think that each nation 
develops a portion of world's resources. To confine the 
use of the waters of a river strictly to its own basin 
would fall far short of this ideal. 

In the present temper of some of the countries, where 
ideologies sway more than economic considerations, a 
unified administration on an international level may 
only create deadlocks and delay the development, rather 
than help it. But a co-ordinating organization maY. be 
useful. Such an organization could not have any ad
ministrative responsibilities for developments for ob
vious resources. 

Mr. WHITE: We ought to come to the conclusion of 
the first question which we posed for ourselves this 
afternoon-the question of how we should gauge the 
public value of comprehensive river development. I 
notice that there are several who still wish to contribute 
to this discussion. I propose to call first upon Mr. 
William Warne, Assistant Secretary of the Interior, 
and also to ask whether any representatives from the 
Tennessee Valley Authority feel that they would like 
to comment on this problem in the light of statements 
made earlier; and following that we are to hear from the 
representative of the Philippines. 

ning debate in this country on that point, ranging all 
the way from strict dollar and cents accountability to a 
method which would completely submerge dollar and 
cents accountability in favour of some kind of social 
determination. It is most important, however, that we 
should devise a cost-benefit ratio and a method of 
measuring benefits because the problem of weighing 
the projects which are to come into construction and 
development in the United States is no less severe here 
than it is in other nations of the world. 

This year we are spending somewhere between 800 
million and 1 billion dollars on projects for watersheds 
that stretch from one coast of the United States to the 
other. These projects are for the most part projects 
that have been under way for some time; there are very 
few new units being begun this year. That does not 
mean that there are not many worthy projects that have 
been approved and adopted by Congress and which, 
presumably, may be developed some day. It does mean, 
however, that for the time being only enough money is 
being allotted out of the total national budget to satisfy 
the requirements of projects which are already under 
way and on which construction has already been begun. 

The order and chronology by which new developments 
come into the construction programme-whether the 
programmes of the Department of the Interior, the 
Corps of Engineers, the Tennessee Valley Authority, or 
of any other agency-is of the utmost importance to all, 
it seems to me, and the problem of defining the costs and 
the benefits and of giving some sign or indication of how 
priorities will be assigned to the projects that are clam
ouring to enter the construction field is with us now in a 
form that is almost like that which Dr. Raver described 
as a crisis method earlier. We have proceeded to justify
and one can do it on a very sound basis, no matter how 
the measurement is made--a much larger volume of 
work than is being financed at the present time in the 
United States, so I doubt very much whether our prob
lem is much different from that which has been de
scribed by some of the other representatives where they 
have projects which they believe are clearly justified 
with but insufficient means for tackling them at the 
present time. 

We also have projects that are justified from any 
standards of measurement that have been devised up 
to this time, but are not going forward now because 
a limited amount of funds is available to put into them. 
It is for that reason, I think, that it is very important 
here, as well as throughout the world generally, that we 
should devise and adopt a standard by which the pro
jects may be measured and their importance locally, 
nationally and in the entire world judged. 

Mr. WHITE: We shall now hear Mr. Filemon Rodri
guez, who is the manager of the National Power Cor
poration of the Philippines. 

Mr. RODRIGUEZ: In this discussion on gauging the 
benefits which will be derived from projects I should 
like to call attention to another factor. It is the need for 
developing the resources of any particular country. I 
should like to give as an example the development of 
water power in the Philippines. At this moment we are 
undertaking a programme of development where the 
value of the power which will be developed, computed 

Mr. WARNE: The question is as to how these values on the basis of the cost of similar power generated from 
should be gauged. We have had a continuous and run- fuel sources, is still below the cost of developing it by 
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such fuel sources. However, apart from the fact that 
the cost of the power to be generated by the hydro is 
lower than would be the cost if it were developed by 
fuel sources, there is the factor of developing our own 
resources. If we do not develop our water power we 
shall have to depend completely upon imported fuels 
which would have to constitute for an indefinite length 
of time a dollar drain on the resources of the country. 
By developing our water power we are conserving that 
foreign exchange and making it available for the acqui
sition of other things which the nation needs. Thereby 
we are contributing to the development of our resources, 
raising the productive capacity of the nation, and en
hancing the purchasing power of the the country for 
goods that it needs but cannot produce. 

}.fr. ·wHITE: I think that we should move on to our 
other question. Mr. Clapp indicates that he does not 
feel that he wants to add anything more to this dis
cussion. Mr. Menhinick of TVA, however, is prepared 
to speak. 

Mr. MENHINICK: I should like to second the state
ment of Secretary Krug who said that it was highly 
desirable that we assign tangible figures to intangible 
benefits. The Tennessee Valley Authority has not done 
that to date. We estimate the benefits of our navigation, 
flood control and power programmes, and those benefits 
exceed the cost of the projects so that we consider the 
projects justified. We are interested, however, in find
ing a sound basis for estimating the benefit of the in
tangibles. Vv e are working particularly on this matter 
of recreation, and we should be very happy to hear from 
others who are working on the same problem in the 
hope that we might pool our ideas and, between us 
perhaps, find some sound basis for estimating these 
intangibles. 

Mr. \V HITE: Vvater resource people certainly ought 
to be able to pool their ideas, ought they not? I think 
we should move to our second question in view of the 
usual hour of adjournment at 5.30. This question is 
one which flows naturally out of the first. Assuming 
that we have comprehensive basin development &s our 
ideal and that we have what is, if not perfect, at least 
for the moment a satisfactory means of determining 
what programmes we should undertake at what time
and we have heard a good deal about the question of 
timing-how do we go about administering these pro
grammes from the time of planning them, through the 
period of construction, and into the period of operation? 

\V e recognize that planning, construction and opera
tion may be carried on simultaneously in most of the 
great basins of the world. Can we develop unified basin 
programmes without having unified administration? 
Before calling on members of this group for comments 
I should like to show a slide which I think will give 
some weight to the international aspect of this problem, 
and which may interest us all in view of the very simple 
lesson which it gives. May we have the slide? 

This slide shows a simplified map of the world in 
which the land masses are shown in white and all of 
the major rivers which cross international boundaries 
are shown in black. No river is shown which does not 
cross an international boundary. For example, we find 
among the major streams-and I shall not attempt to 
enumerate all of them-the Ganges system in India 

and Pakistan; the Indus system in India and Pakistan; 
the Tigris-Euphrates, which drains across four coun
tries in that area; the Jordan ; the Rhone; the Rhine ; 
the Danube; the Niger; the Congo; the great rivers of 
South America-those draining into the River Plate; 
the Orinoco ; the Amazon ; and several of the great 
streams of North America-the St. Lawrence, the Rio 
Grande, the Colorado, the Columbia, and the Yukon. 

I should like to direct your attention to the great 
areas drained by these streams and to the fact that, if 
we consider that we are seeking integrated development 
of each of these streams on the earth's surface, then, in 
very considerable measure, the problem of administra- · 
tion is a problem of international, as well as of national, 
organization for doing the job. 

We shall now continue with the discussion. Dr. 
Ringers, would you care to begin the discussion? 

Mr. RINGERS: If you ask me whether we can develop 
unified basin programmes without having unified ad
ministration, I should first like to separate the problem 
into three points and to treat each of them on two levels 
-(a) the national level, and (b) the international 
level. The three points into which the problem can be 
broken down are the question of planning, the question 
of construction and the question of management of the 
river basins. 

As to planning, I believe I must answer your ques
tion with a definite "yes". Before doing that, however, 
I shall split up this question of planning into the dif
ferent things which have to be done for planning. First, 
there is mapping; then, soil investigation; thirdly, 
meteorological investigation; then there are the geo
logical features; and then comes the project, which can
not be done without a unified administration. After the 
project, we have to make an economic survey of the 
values of the country ; then, an estimate of costs and 
benefits; and, finally, we must see where the money is 
coming from. 

I believe that all these points require a unified ad
ministration. If you should try to accomplish them with 
different administrations, the plan would never reach 
any conclusion. 

I have discussed that first point both on the national 
and the international level. In either case, I believe, 
the planning has to be unified. Without unified plan
ning, there is no good plan. 

As to the second point, the construction-and now 
I am dealing with the question on the national level
it is possible to develop the basin without having unified 
administration. This morning, we heard an excellent 
account of the experience of the United States; on the 
other hand, my own country has some knowledge of 
unified administration and its benefits. It is not my 
place to talk about the American experience. As you 
know, however, we were faced with the problem of the 
reclamation of the Zuyder Zee. Many, many adminis
trations were working on the same plan : the provinces, 
the municipalities, the Catchment Boards and the De
partments of Finance, the Interior and Agriculture. 
We worked on it, I believe, for thirty years. There 
were always new plans. That was not only because so 
many were working on it, but because it was necessary 
first to have good equipment in order to do the work. 
In any event, our government understood that we had 
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to have a central service to do the job, and we have had 
very good experience with that. 

The last point has to do with management. That 
depends on the particular country and on the choices 
that it has. In many countries, there is already a unified 
administration for a river basin, and then there is no 
question. In the old countries, however, we have many 
administrations, each of which does its own job the 
best. In Holland, after construction is finished, we 
have the new municipality, which does its own work; 
we have the Catchment Board, which does the work of 
drainage and pumping and protection of the dykes; we 
have an administration for the public land. The old 
service, which built the project, is eliminated from the 
picture and goes on to its next job. 

I repeat, then, that for planning it is absolutely neces
sary to have a unified administration; for construction, 
I believe, it is the best thing; and, as far as management 
is concerned, we can do without it. 

As far as international basins are concerned, that 
presents a very difficult point, because you then come 
to the question of the independence of all the countries. 
As I have already said, however, I believe that, if a 
river basin which goes through many countries has to 
be developed, the planning has to be done on an inter
national scale by an international committee. How that 
committee is to be appointed is another question which 
has to be considered. We shall not have time to develop 
all the possibilities along that line, although we have 
some experience on that point: since 1830 we have seen 
the workings of the Rhine Commission, which was 
based on the Peace Treaty of 1815. This committee, 
however, had supervision over the work only to the 
extent that no land was to damage any other land. For 
instance, it had to take into consideration the height of 
the bridges, so that ships would have no trouble when 
they tried to pass under the bridges. But it had nothing 
to do with water pollution, water power and such 
matters. 

This shows that the collaboration of many countries 
is possible. I therefore believe that it is possible for 
planning to be done by an international committee ap
pointed by different countries. But there is no way of 
making the different countries accept this work. If the 
river passes through four countries and one of the four 
does not want to do this, we simply have to hope that 
many countries will come together and form some new 
country like the United States of America-the United 
States of Western Europe, for instance, or the United 
States of the Tigris and Euphrates-although I under
stand that bringing together the various States into 
what is now the United States of America was not so 
easy. 

In such construction on an international basis, there 
must be, as I have already said, an estimating of costs 
and benefits. At the same time, one must decide what 
each country is to do and the time within which it is to 
do it. There must be a treaty between the countries, 
and there must probably be some provision to the effect 
that, if there is any difficulty, a country can go to an 
international court for a decision. In the end, the man
agement will be conducted in the same way as in the 
case of the Rhine-that is, under the supervision of an 
international committee with members from the dif-

ferent countries. I say again that our experience indi
cates that that is possible. 

In regard to a unified administration, then, I say 
that we should have it only for the planning; that we 
should be careful as far as the construction is concerned; 
and that we should not have it for the management, 
but should have only supervision. 

The CHAIRMAN: Mr. Angus of the United Nations 
Economic Commission for Europe and a Programme 
Officer of the Conference has a statement. 

Mr. ANGUS: I should like to remind Dr. Ringers that 
the committee he has in mind already exists. We are 
working on this very problem of international co-op
eration in the development of river basins in Geneva. 
I agree that the problem can be divided into three parts, 
a problem of planning, a problem of construction and a 
problem of management. So far as planning is concerned, 
we have already attained a remarkable degree of co
operation; that of course is fairly easy, since you can 
get people to agree to do things if you cannot always 
get them to do them. 

On the constructional side the feeling so far is that 
the ownership of a plant should be vested in the coun
try on whose territory the plant is constructed, but there 
is quite a degree of co-operation in the actual construc
tion. For instance, there are plants under consideration 
in Austria which will probably be constructed inter
nationally in that equipment will be imported from 
countries other than Austria, labour will come from 
Italy, there will be entirely necessary contributions by 
the International Bank in the form of dollars, and so 
on. On the operational side, so far as we can determine 
at the moment, the opinion of the delegations to the 
committee I have referred to is that that operation should 
be left to the nation on whose territory the plant is 
built but that there should be a board with representa
tive members from other countries through whose terri
tory the river passes. 

One of our early difficulties in considering this prob
lem has been the fact that so far there is no common 
form or common basis of international agreements for 
the development of rivers and lakes which cross inter
national boundaries. During the past twelve months 
we in Geneva have been endeavouring to collect copies 
of all the agreements and conventions applicable to 
Europe in order to try to determine what common basis 
exists with a view to trying to persuade the various 
nations to adopt a common form for future work. If 
any of the delegates at this Conference are interested 
in the possibility of extending this basis of agreement to 
a wider sphere than Europe, I should be pleased to see 
them and discuss the point with them, or correspond 
with them afterwards. We are actively working on 
the matter and expect to place proposals in this field 
before the Power Committee of the Economic Com
mission for Europe in the near future. 

Mr. BLOCH : I should like to ask whether anyone has 
any experience, when river basins pass through different 
countries, of devising a procedure so that the political 
aspects are completely separated from the technical 
aspects? Is this possible, and if so how far is it possible? 
Can the technical people prepare the basis and make 
alternate plans on which afterwards the different po
litical interests are worked out and co-ordinated? 
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The CHAIRMAN : I see that Mr. Raul Sanguinetti of 
Uruguay wishes to speak. 

Mr. SANGUINETTI :0 I should like to say a few words 
with regard to the way in which Uruguay and Argen
tina approached a joint project which they wanted to 
carry out. We are studying a convention which has 
not yet been approved by the countries concerned, but 
nevertheless a committee has been created in the mean
time to deal only with the technical aspects of the prob
lem. It has studied the hydraulic, topographical and 
geological elements of the problem and has drawn up 
a preliminary plan. Both countries have representatives 
on this committee, and once the technical plans have 
been drawn up they will be submitted to both govern
ments, which will have to come to an agreement and if 
necessary introduce amendments into the technical plan. 

Mr. WHITE: Do participants feel comfortable about 
the idea that it is possible to get technical men together 
on data and plans for international basins and that it is 
not necessary to have a large degree of international 
administration in so far as the actual management of 
the works is concerned? I see that Mr. Hamid of Pakis
tan is prepared to speak on this subject. 

Mr. HAMID: In the case of international rivers where 
joint development is essential, the planning would have 
to be done jointly, and that would mean international 
commissions. The planning of works can be done in
dividually according to their location in each country, 
but control and management is a very important matter 
which can only be dealt with by an international com
mission. No other method can be devised to ensure 
proper management and equitable apportionment and 
regulation. 

The question arises in this connexion whether there 
should be unified administrative control within each 
country apart from the international commission. So 
far in my country it has been found that works have 
been progressing very well even without unified admin
istrative control, for the simple reason that it so happened 
that the technical services were better developed in the 
various departments than the civil side controlling law 
and order. Generally, it has been found from experience 
that in the case of unified administrative controls it is 
the civil side which gets in first because of its political 
influence and because of having to deal with law and 
order. This has hampered progress. We, however, 
have been getting on well with our technical develop
ments without unified administrative control. In the 
case of international rivers, where there is an inter
national commission, it may be necessary to have unified 
administrative control within each country, because the 
problems which have to be dealt with by the commission 
would have to be referred to various departments if 
unified control did not exist and that would make things 
very difficult. 

Mr. WARNE: Experience upon our border to the 
south might indicate a means of solution that could be 
used. Is there anyone here from the International 
Boundary Commission between the United States and 
Mexico? 

Mr. WHITE: I do not see anyone from that Commis
sion, but we have someone with experience on the other 

•Mr. Sanguinetti spoke in Spanish. 

border, Mr. Strome from Canada, and with him is his 
American counterpart on the International Joint Com
mission which deals with the waters flowing across the 
Canadian-American border. 

Mr. STROME: In making these remarks, I am speak
ing as an engineer who has served and is still serving 
on Boards under the International Commission, both in 
investigatory work and in actual operations. I should 
like at this time to repeat, and perhaps to expand briefly, 
an earlier statement which I made in regard to the 
manner in which boundary water questions are settled 
between the United States and Canada. The Boundary 
Waters Treaty between these two countries was signed 
in January 1909, almost fifteen years after the idea was 
first suggested at an International Irrigation Congress 
held in Denver, Colorado. The high purpose of the 
treaty is set out in the preamble which reads in part as 
follows: 

"To prevent disputes regarding the use of boundary 
waters and to settle all questions which are now pending 
between the United States and the Dominion of Canada 
involving the rights, obligations or interests of either in 
relation to the other or to the inhabitants of the other 
along their common frontier, and to make provisions 
for the adjustment and settlement of all such questions 
as may hereafter arise." 

Among the articles of the treaty is one providing 
for the establishment of an International Joint Com
mission composed of six members, three of whom are 
appointed by the Government of the United States and 
three of whom are appointed by the Government of 
Canada. 

This Commission was organized about three years 
after the treaty was signed, which would have been 
1912. It has jurisdiction and passes on all questions 
involving the use or obstruction or diversion of the 
boundary waters or waters crossing the boundary be
tween the two countries. Projects which might have 
an injurious or detrimental effect on the nationals of 
either country may not be initiated until they had been 
referred to the Commission for investigation and report. 
The governments of both countries are bound by the 
decision of the Commission. It was at first thought that 
the Commission would eventually split along national 
lines. As a matter of fact, in the thirty-seven years in 
which it has been operating, it has only split along 
national lines on one occasion and that was over a minor 
question of procedure. It has never failed to reach a 
decision on any matter brought before it and, in prac
tically every case, its decision has been unanimous. 

Therefore, we have an example of a voluntary arrange
ment between two nations, one very large and one 
comparatively small, which puts both on a footing of 
absolute equality. It has been said that these two coun
tries are joined rather than divided by the imaginary 
line which runs from sea to sea and across the Alaskan 
Peninsula, a total distance of some 4,000 miles. 

In conclusion, may I quote from a statement made by 
the late Lord Tweedsmuir. He said: 

"The International Joint Commission has, since its 
foundation, shown the world an example of the true 
machinery of peace which settles disputes before they 
arise and thereby perpetuates the unwritten alliance of 
friendship between two nations." 
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Mr. WHITE: I think it would be helpful to hear now 
from Mr. Weber of the U.S. Army Corps of Engineers. 
However, before asking him to speak, I should like to 
pose a question. Is it possible that, while there has 
been amicable settlement of issues that have arisen, the 
machinery of settlement and of agreement is such that 
the volume and tempo of constructive forward develop
ment has been smaller on the international sections of 
the stream than in the interiors of the respective coun
tries? One might have amicable arrangements which 
proceed slowly. They might proceed so slowly that you 
would have a great retardation of work. I was thinking, 
for example, of the St. Lawrence. 

Mr. WEBER: I shall try to cover that point as well 
as several others. 

There are a couple of points which I think might be 
of interest in regard to the International Joint Com
mission between Canada and the United States. The 
first point is that it has been true in this field of water 
development, just as in all of our civil affairs, that when 
two nations wish to get together in a matter of this type 
they must at some point relinquish some of their national 
sovereignty. This, in effect, has been done in the form 
of the International Joint Commission. The United 
States and Canada have, in effect, delegated certain 
powers irrevocably to this Commission. Those powers 
have had to do with decisions on certain questions 
regarding the use of the boundary waters and waters 
crossing the boundary. The two nations which joined 
in the Treaty reserved to themselves certain powers, but 
they set up the machinery for handling any conceivable 
question which might arise in the use or development of 
boundary waters. This machinery is known as the 
International Joint Commission, and it can be utilized 
upon application of either government in regard to any 
question which it considers timely or desirable of 
solution. 

There is always the question of speed to which Dr. 
White referred. Perhaps that is one of the most serious 
problems to be faced by any organization which attempts 
to deal with international problems. But I believe that 
the speed with which water resource development prob
lems can be solved by an international commission is 
entirely dependent upon the spirit in which the partici
pants face the problem. If they are unquestionably 
mutually desirous of reaching a prompt solution, they 
can reach a prompt solution by that method as quickly 
and as effectively as by any method that can be devised. 
The history of this Commission between Canada and the 
United States, over a period of nearly forty years, 
shows that most of the problems have been disposed of 
very promptly. Most of those problems have been rela
tively minor in scope. However, currently, there are 
several major problems facing the Commission. 

One of these problems is a very broad investigation of 
the water resource development possibilities of the 
Columbia River. It will require many years of the 
engineering investigations necessary to form the founda
tion for deliberations on that question. It is proceeding 
with considerable despatch, and it will prove very valu
able to both countries as a basis for the development of 
that great river for their mutual advantage. 

"Mr. Guillaume spoke in French. 

In a question such as the one regarding the St. Law
rence, to which Dr. White referred, the situation is a 
bit different. A very thorough investigation was made 
under the auspices of this international machinery. The 
investigation was completed and a report with recom
mendations was made by the Commission to the two 
governments. The delays, questions and problems in
herent in the St. Lawrence were not involved in the 
International Joint Commission's efforts but in the 
developments subsequent to the Commission's action 
and were attendant upon circumstances arising in each 
country in regard to the desirability of the development 
and so on. 

Mr. WinTE: There are several others who have 
indicated their desire to speak. The Chairman, I believe, 
wishes to say a few words on this point. We ought to 
recognize that while there are instruments of a certain 
character for international co-operation on such rivers 
as the Rhine and those on the Canadian-United States 
border, some of the great streams of the world which 
appeared on the map shown to us a while ago involve 
extremely serious problems which do not as yet have 
even a semblance of co-operation among the countries 
involved. 

The CHAIRMAN : It is admitted that in studying a 
comprehensive plan for the development of certain rivers 
of an international character, the agreement of all the 
countries concerned should be obtained, and their 
interests should be taken into consideration. This is 
particularly important for one development of ours, 
that of the Euphrates, but there is another river which 
is adjacent to my country, and that is the Jordan. Mr. 
Bloch has touched upon the subject of the development 
of the Jordan by diverting it to the Mediterranean; that 
is, outside the river basin of the Jordan. I should like to 
point out that the Jordan also has an international 
character, since its basin lies within four countries. I 
wonder whether, when considering the diversion of this 
water supply outside its basin, one should not consider 
the interests of the other countries within the basin of 
that river. I know that one of these countries, Trans
jordan, is now studying its own scheme for the 
development of its own land within that basin, especially 
in connexion with the fact that certain Arab refugees 
who want to stay in that country will have to be settled 
there and, therefore, Transjordan would require its full 
share of the water of the Jordan until its schemes are 
developed. This shows that rivers of an international 
character have to be considered in the light of the full 
interests of all concerned, and not in the particular inter
est of one or two countries alone. 

Mr. WHITE: Mr. Guillaume, head of the Division of 
Agriculture, Pasture, Forest and Wildlife for the French 
Ministry of Overseas Affairs, will speak now. 

Mr. GuiLLAUME :d I should like to speak very briefly 
on the experience acquired by the Niger Office in French 
West Africa in connexion with the development of a 
river basin and, in doing so, I shall give a personal reply 
to the second question that is being discussed today. 

The conception and organization of that Office were 
based on the principle of entrusting to a single adminis
tration, which is an emanation of public powers, the 
study and implementation of all technical, economic and 
social initiative involved in the development of all the 
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agricultural and, possibly, energy resources of a vast 
river basin, that of the Niger. 

Although the experience acquired is still fragmentary 
and incomplete, and cannot possibly be compared with 
that of the extensive TVA, it may be useful to recall it 
here. Nevertheless, I feel obliged to explain the nature, 
structure and plans of the Niger Office, before giving 
my fundamental conclusions on the matter. 

The Niger Office is a public institution, which has its 
own civil status and is financially autonomous; it is 
financed by investments from the overseas territories 
and has an administrative council composed of high 
officials of French ministerial departments, of high of
ficials of the general Government of French West Africa 
and the Government of Sudan, of experts and of rep
resentatives of the indigenous populations. It controls 
several services for general studies, agronomic research, 
new constructions, colonization, exploitation, adminis
tration and finance. 

The main work of the Office, which was conceived by 
the great French engineer Beline, consists in the reflood
ing of the branches of the left bank comprising the 
former internal delta of the Niger, which are at present 
dry; the reflooding would be made possible by the con
struction, at the point where the branches diverge, of a 
large dam, which was completed in 1947 and which has 
raised the level of the river upstream by approximately 
four metres. 

The rate of the work, which was begun in 1932, but 
which was considerably slowed down by the war, made 
it possible to cultivate, with the help of the neighbouring 
dam at J otuba, 21,000 hectares ( 52,000 acres) inhabited 
by 24,000 people who were grouped into co-operative 
associations for the technical activities and into coloniza
tion centres for their political and social life. 

The irrigable surface served by the dam is estimated 
at 450,000 hectares (over 1 million acres), with due 
account of the necessity of retaining a minimum flow 
for navigation at low water. The possibilities of rehabil
itation would be considerably extended and might reach 
approximately 3 million acres if a vast reservoir were 
constructed on one of the main tributaries of the upper 
river (Nianda), which would make it possible to raise 
the level at low water. 

The plan is at present being studied. It would have 
the following advantages, among others: 

(a) That of providing a considerable amount of 
hydro-electric energy ; 

(b) That of regularizing the navigation of the river ; 
(c) That of distributing agricultural hydro-electric in

stallations throughout the valley. 
The implementation of those plans in a territory 

which is still under-developed, which still has a primitive 
economic structure, since it lacks surplus man-power, 
and where, in fact, everything is still to be done, could 
not fail to involve errors of planning and execution. 
Practical experience has made it possible to correct these 
errors gradually, and I shall now give you some essen
tial information on the factors of efficiency and proofs of 
our success. 

On the administrative plane, or, in other words, on 
the organic plane, the work to be carried out was 
originally dependent upon an administrative service of 

the Government of French West Africa. That arrange
ment was extremely inflexible and all action was para
lysed by administrative formalities. 

The establishment of the Office in 1932 remedied 
those deficiencies, but the centralization of the organiza
tion in Paris was excessive, and the loss of contact with 
the local administration gave rise to many difficulties 
and conflicts of authority which hampered colonization 
in particular, and created an unfavourable atmosphere 
for the institution. The organic structure laid down by 
the Law of 1948 seems to be satisfactory. It reintegrates 
the Office within the economic, political and social 
system of French West Africa and also serves to retain 
the regular institutions of public power in the areas 
concerned. 

In the technical sphere, I may be obliged to mention 
several platitudes; we are, however, concerned with 
fundamental facts, and lack of success is often due to 
ignoring those facts. 

River basin management has to be preceded by pedo
logical and phytographical prospection and by extremely 
detailed topographical studies, the total cost of which is 
between 15,000 and 20,000 francs per hectare, in order 
to eliminate all land which does not fulfill the optimum 
conditions for development. 

In the second place, the development of agricultural 
techniques should be extremely detailed and should be 
carried out in the place where the colonists are to settle ; 
it is therefore essential to set up experimental stations 
two to four years before work can be begun in the 
interior. 

In the third place, in order that the colonists might 
have an adequate income and a satisfactory standard of 
living, superior to that of their country of origin, the 
semi-mechanization of the exploitation is necessary, in 
order that the area worked by a family should be about 
a dozen hectares. 

Finally, still in connexion with the technical sphere, 
it would seem that the industrialization of soil products 
on the spot is an absolute necessity, in order to set the 
maximum value on production and to facilitate the 
restitution of the by-products of the industry to the soil. 

In the social sphere, the difficulties encountered in the 
colonization of restored land, which seemed to be un
surmountable at the outset and sometimes seemed to 
jeopardize the future of the Office, have been overcome. 
More satisfactory living conditions, respect for the 
manners and customs peculiar to each race, the restora
tion of traditional social patterns and the maintenance 
of relations with the countries of origin are the proofs of 
our success. 

It is obvious that all those initiatives could not be 
carried out merely by co-ordinating the various services 
responsible for them. It seems to be absolutely neces
sary to provide for a joint authority and that is why I 
consider, for my own part, that the pattern of a single 
administration for the development of the Niger Valley 
is correct and useful. I would even say that it might be 
a first stage and a first step towards a wider organiza
tion, which would place the problem of the management 
of the Niger on an international basis. 

The CHAIRMAN : I call on Mr. Alexander Kalinski of 
Greece. 
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Mr. KALINSKI: I think that all previous speakers, 
when they insisted on "unified administration" in river 
basin developments, had in mind rather a local adminis
tration for each specific river basin, like the TV A. In 
such a case the unified administration for the develop
ment of the water resources of a specific area is recom
mendable and also feasible. 

But when one goes to the nation level, to the govern
ment level, the unification becomes more difficult, I dare 
say almost impossible. 

The reason is that water enters into too many branches 
of the national economy, of paramount importance, like 
agriculture, power, transport and housing. Thus it is 
not possible to have a single governmental instrument to 
deal with all those aspects of water utilization, which are 
so intimately connected with the development of other 
resources of prime importance like soils, fuels etc., which 
pertain to different governmental agencies. 

project, which would divert water from the tributaries 
of the Gunnison River through continental divide tun~ 
nels to the Upper Arkansas River. 

From Australia may be cited the proposal to divert 
the Snowy River water into the Murray River. 

In northern India, the waters of the Jhelum river 
were diverted into the Chenab, thus making Chenab 
waters available for the irrigation of lands in the basin 
of the Ravi river. These are similar projects in other 
parts of India. 

If each of these river basins were administered by an 
autonomous authority, the waters of each river would 
have been jealously guarded, making such diversions 
very difficult. 

Considering all points, the Government of India has 
recently sanctioned a special administration, called the 
Central \Vaterpower, Irrigation and Navigation Com
mission in the Ministry of Works, Mines and Powers. 

Without a National Authority for the co-ordination 
and control of water, this important resource may not 
be used for the best advantage, particularly when more 
than one State or province are concerned. The actual 
execution of works is a matter which could be left to 
local conditions in each case. 

Mr. \VHITE: I think we have time to carry this 
question of unified administration just one step forward. 
I call on Mr. Goldschmidt. 

The problem of having a unified control on the various 
water uses of a whole country or nation may be solved 
if one uses the legal concept according to which all 
waters are considered as a part of the public treasure, 
and as such they have to be administered by the State. 
The establishment of a governmental agency with the 
sole task of administrating the waters, i.e., releasing 
licences to the various branches of the economy, rep
resented by their responsible government agencies, to 
use a certain river, lake etc. for a specific purpose, will 
give the opportunity: Mr. GoLDSCHMIDT: With all respect to the excellent 

(a) Of examining in a co-ordinated way all the de- work of our colleagues around this table, I think we 
velopment possibilities. had better face up to the fact that as yet we have had no 

satisfactory solution to any international river problem. 
(b) Of settling conflicts that may arise between vari- I had thought of taking you on a little travelogue around 

ous branches of the economy on the exploitation of a the world along those rivers on the map, but I do not 
specific water resource. think time will permit it. 

(c) Of setting up limits to the activities and responsi- I say this entirely in my personal capacity. Those 
bilities of two or more governmental agencies interested rivers are not merely resources; they all represent prob
in the same water for different purposes. lems. For instance, we hear about the Indus as the 

For the accomplishment of such a task this body problem of Kashmir, but it is also a problem of develop~ 
should possess complete records of the water resources, ing the resources of the Indus, and particularly of those 
which means that the National Hydrologic Service international tributaries that can create great benefits or 
should be under its control. great havoc. The Nile is an international river that 

Mr. SAIN : Can we develop unified basin programmes affects the lives, or could affect the lives, of 18 million 
without having unified administration? people. There are about 4,000 years of water data on 

Experience in the Tennessee Valley shows clearly the the Nile, and as yet there is no effective international 
advantages of entrusting the entire management to a plan for its development. The Rhine River has had 
special organization, such as TV A, giving it full powers about 100 years of international organization, on which 
and good financial resources. a great deal has been done, as Dr. Ringers has told us, 

and yet Dr. Ringers complains about the quality of the 
It is not difficult to imagine the confusion which water he is getting in his country because of the pol

might have followed, had several sets of engineers, each lution upstream on the Rhine for which this inter
responsible to a different agency, attempted to develop national organization is inadequate. Moreover, on the 
the river for flood control, navigation and power. Rhine there is no way in which upstream engineering 

But the widespread use of TV A method may present can be developed jointly or co-operatively by the various 
certain serious drawbacks from the national point of countries. 
view. Now this problem is not only true of the Far East and 

It is well known that Mother Nature's distribution of Europe. Here in America we have international organ
water does not always coincide with her children's ization on the largest and longest undefended border in 
requirements. Economic expansion of large areas may the world. Yet on the Columbia River, this country 
be completely dependent on imported water supplies. started a development that was planned without refer-

The Central Valley of California and the Colorado ence to Canadian waters. In fact, the engineers have told 
Big Thompson projects may be cited as current cases me repeatedly that if there had been a truly international 
in point in the United States. The great Missouri Basin plan for the Columbia, the entire structure at Grand 
project includes several daringly complex water trans~ Coulee would have been different and perhaps even 
fers. Then there is the proposed Gunnison-Arkansas located in a different place. 
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As regards the St. Lawrence, everyone who reads the 
newspapers knows that thirty-seven years of inter
national co-operation with Canada have not yet pro
duced a St. Lawrence development. 

I am not suggesting that that was the work of the 
Commission, but I am merely suggesting that there are 
no international setups at present adequate to the task 
of resolving these river basin problems, and I am not 
going to suggest a solution to that problem. I am not 
suggesting international TV A's. I merely suggest that 
rather than justify our current international organiza
tions for river basins, we use the same forward, bold 
thinking that created the TV A in this country to find 
a solution to this problem of international rivers. 

Mr. \VHITE: Mr. Goldschmidt has not offered us any 
solutions. I am afraid we have drawn no clear-cut solu
tions from this whole discussion; but it was not intended 
to. It was rather intended to open up the issues and to 
expose great differences of approach, and also the many 
issues that countries share in common from one great 
basin to another. 

Certainly we have had agreement today that in 
developing comprehensive basic plans an effort must be 
made to take into account all benefits which accrue to 
the population involved. We have had no agreement as 
to how one should go about that and how one evaluates 
these very difficult intangibles. In fact, we have had 
some doubts submitted as to the practicability or advis-
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ability of attempting these precise evaluations. The sug
gestion has been made that perhaps situations of crisis 
will dictate decisions rather than precise cost-benefit 
ratios. 

We certainly have had no solution on the problem of 
administration, but there seems to run through the dis
cussion, I would say, a recognition that some sort of 
unified management is desirable-whether it is the kind 
of unified administration which has been developed on 
the Niger and which hopefully may lead to some com
parable international system there, or whether it is a 
continuation and expansion of some of the joint plan
ning that has already taken place on certain of these 
international boundaries. 

I think we would all recognize that our discussion this 
afternoon has been very largely in technical terms, but 
that each of us would recognize that behind the technical 
terms is a keen realization that it is the welfare of the 
people who inhabit these valleys which is our major 
concern, and which welfare in turn is the final gauge of 
feasibility and of efficient administration. 

I realize there are some around this table who would 
have wanted to contribute at the conclusion of this dis
cussion, but time does not permit it. With these words 
I should like to draw the discussion to a close and turn 
the meeting back to the Chairman. 

The CHAIRMAN: The meeting is adjourned. 
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The CHAIR:YIAN: I declare open the seventeenth ple
nary meeting of the United Nations Conference on 
Conservation and Utilization of Resources. 

We have on the agenda for today "Review of the 
Conference--A Symposium on Future Lines of Study 
and Directions for Progress". 

Out of respect for the work accomplished and the 
work you are going to do this morning, I do not i~tend 
to make any introductory speech. I shall ask our discus
sion leader for today, Mr. Carter Goodrich, to lead the 
discussion of the symposium. Nine members of the Con
ference have agreed to prepare statements. When they 
have delivered their statements, other members of the 
Conference who may so desire can speak. I will grant 
them three minutes, but my gavel will get nervous when 
that time is up. 

I now call on Mr. Goodrich, Chairman of the Pre
paratory Committee. 

Mr. GooDRICH: The members of this morning's sym
posium have the great privilege of reviewing the work 
of these three weeks and of attempting to draw from it 
indications of the most hopeful directions for progress 
in the wiser use of man's resources. They will try to 
convey something of the excitement and the human 
promise of the improved techniques that have been out
lined here. They will examine the obstacles to the appli
cation of these methods. They will indicate what seem 
to them as individuals the points at which further study 
is most needed, and the points at which there is the most 
pressing necessity for positive action. 

This is a large undertaking, and my colleagues wish 
me to say at the outset that we approach it with humility 
and with a full sense of our limitations. We are not and 
cannot claim to be the voice of the Conference. The 
Resources Conference has no single voice. For two 
good reasons it cannot have. In the first place, Mr. Chair
man, you and your colleagues on the Economic and 
Social Council did not commission the Conference to 
make formal recommendations. You did not invite us 
to attempt to advance knowledge by voting. You did not 
wish the experts gathered here to squander their time 
in the processes of drafting and necessary compromise 
that go into the formulation of generalized resolutions. 
They have had other work to do. The second reason is 
more fundamental. Those who have taken part in the 
Conference have done so not as political representatives 
but as individuals chosen for their technical or adminis
trative expertness and free to tell what they knew and 
what they believed. As scientists and experts, they are 
to be counted as belonging to that great unregimented 
intellectual union in which, as the humorist Mr. Dooley 
pointed out many years ago, "ivry mimber is a walking 
delegate." 

to discuss how much aid may be rendered, but as itself 
a step in technical assistance. vVhat we have been doing 
is technical assistance, but of a nature notably mutual 
and many-sided. The experts of every country, no matter 
how well equipped, have had things to learn as well as 
to teach; and participants from each of the fifty coun
tries have had significant contributions to make to the 
pool of knowledge and experience. The world's store of 
technical knowledge is indeed a great human resource 
which grows as it is shared. This Conference is an act 
of sharing. 

Because of the great importance for our problem of 
this store of knowledge, I should like to call first on a 
member of the panel who has direct responsibility for 
the fostering and application of scientific techniques in 
relation to programmes of economic development: Dr .. 
Bhatnagar. 

Mr. BHATNAGAR: When I was asked by the or
ganizers of this meeting to sum up and review my 
impressions of this Conference, I confess, I did not 
feel quite at ea.;;e, for I had heard from stray laymen 
who have graced the Conference with their presence 
conflicting opinions on the various aspects of our memo
rable meetings. 

I heard one lady for example say boldly that the Con
ference had been a complete failure. Fancy, she said, 
some hundred famous scientists of the world meeting 
and discussing all kinds of subjects under the earth 
without making any recommendations or even passing 
a resolution. What a waste of effort and money! I 
heard another lady contradicting the first one even more 
vehemently and saying what a wonderfully sane, well
thought-out and well-planned Conference it was; where 
intelligent men and women listened to and discussed 
subjects of the utmost importance in order to chew 
and digest the intellectual fare that was served and to 
convey to their fellow countrymen in every nation that 
was represented at the Conference, the gist of what the 
world is doing in an all-out effort to better the lot of 
man by the aid of science and technology. \Vhat an 
astounding confusion would it be if these six hundred 
scientists tried to draft resolutions acceptable to all of 
them and capable of being foisted on their respective 
governments and organizations. Not a single resolution 
would have been carried and the whole of their time 
would have been wasted in finding faults with the 
phraseology and punctuations in the many drafts which 
would have been framed. 

Somebody complained that there were far too many 
papers in the sectional meetings and immediately some
body contradicted by saying that in his opinion, there· 
were not nearly enough technical papers. But these are 
minor details in which people must differ. There is com
plete unanimity amongst all the delegations who have 

But if the first characteristic of scientists is their indi- attended the Conference that the whole meeting has. 
vidualism, surely the second characteristic is their co- been a grand intellectual treat from which results of 
operativeness. They are eager to share their methods lasting interests to all nations are sure to accrue. I asked 
and their results. This is shown wherever in the world some over-critical and somewhat difficult-to-please 
scientists are free to co-operate. It has been richly friends in the Minerals Section of our Conference and 
demonstrated in these meetings. The United Nations and they unanimously thought that this Conference has 
its specialized agencies are engaged in the organization succeeded in focussing world-wide attention as no other· 
of a program of technical assistance to the less-developed conference had done before on many aspects of the 
areas of the world which offers great promise for the great mineral industry so that a good deal of wastage· 
peaceful progress of mankind. In this programme the at present going on in this industry will probably be· 
present Conference has taken its place, not as a meeting diminished and in some cases even altogether eliminated .. 
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World statistics of mineral resources, presented by 
Mr. Pehrson of the U.S. Bureau of Mines, have brought 
out the fact that the known reserves of copper, lead, 
.zinc, tin and chromite will barely suffice us for forty to 
lifty years at the present rate of consumption. Vve are 
a little better off for aluminium and manganese ores. 
We have, for some time, been hearing of the fast deplet
ing reserves of petroleum, and though new discoveries 
in Arabia are heartening, there is no gainsaying the 
fact that we are using petroleum products at an acceler
ating rate and that an acute shortage may be felt fifty 
years hence if all the world uses motorcars and aero
j)lanes as much as the United States does. Only in the 
case of iron and coal does there seem to be no danger of 
depletion for several centuries to come. The position with 
regard to the base metals is, therefore, serious and calls 
for the adoption of all measures to conserve supplies. 

Advances in mechanization of mines and in the adop
tion of proper methods of working are of much im
portance to us. In India an average coal miner is said 
to produce barely y,J: ton of coal per,shift as against 
the 6 or 7 tons in the United States. Mechanization of 
mining and haulage can not only eliminate a lot of un
necessary drudgery but will also contribute to the reduc
tion of costs. We have learnt that the United States 
is now able to mine and beneficiate hematite ores con
taining SO per cent iron whereas in India we are still 
using 65 per cent ore. There is a lot of low-grade 
manganese ore in India, analyzing around 40 per cent 
manganese for which there is no market, and which, 
if mined, is often discarded and wasted. This and other 
minerals of comparatively low tenor can and should be 
beneficiated, adopting the latest techniques of milling 
practised in the United States. 

We have learnt in the Conference that important im
provements in the metallurgy of iron and steel are taking 
place, in the control of slag composition, in using high 
blast pressure and high top-gas pressure and in enrich
ing the blast with oxygen, these contributing to a larger 
output of iron and less coke consumption. The use of 
nearly pure oxygen for the blast, with a change in the 
design of the blast furnace, is a development which we 
shall watch with interest as a potential large producer 
of iron and steel. 

The papers on the light metals, aluminium and mag
nesium, as also titanium are of great interest to many 
of us as the raw materials-bauxite and clay, sea water 
and ilmenite-are abundantly available. Aluminium and 
magnesium are already being used in large amounts 
and we have been told that in a decade titanium will 
also be available in large tonnages. These metals are of 
great interest not only to countries possessing poor 
resources in iron, manganese, nickel and ferro-alloy ele
ments but also to others, since they are indispensable for 
the aeroplane industry and for transport in general. 

Beneficiation techniques and the recovery of useful 
materials from flue gases and fumes show ways of re
covering many useful minor materials of importance 
to industry. The common adoption of these all over to 
the world would help us in obtaining several of the less 
common elements and other useful products. 

Our difficulties in the way of learning and adopting 
recent advances in technology are due to lack of equip
ment and personnel. We need the aid of the highly in
dustrialized countries both for training our technicians 
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and for giving us the equipment needed for setting up 
new industries and processes. It is to the interest of the 
whole world that the technically backward countries be 
helped in order that at least from now on they can 
adopt approved methods of conservation and utilize 
their mineral resources wisely and without waste. 

The contacts which we have established have enabled 
us to know where one can tap for trained personnel and 
experts. Even before coming here we have been lucky 
in persuading some of the experts to come out and help 
us in India. The intimate contacts now developed have 
enabled us to secure many more helpers in the cause of 
our country's development from amongst the noted scien
tists of the whole world. I am sure what we have 
achieved already has been exceeded by other nations who 
may have participated in such a search for talent. 

What has impressed us most in this Conference is 
the cordiality with which scientists exchanged their 
views. This has paved the way for the removal of sev
eral misconceptions and wrong ideas about the methods 
of development followed in different countries. For 
instance, it is now realized, at least so far as the develop
ment of fisheries is concerned, that different regions 
have their special problems and that there are no stand
ard methods available which can be applied without a 
great deal of previous exploration and experimentation. 
In fact, it may be dangerous to generalize in this matter. 

Another fact which has emerged from the discus
sions inside the meetings and outside them is that in 
any resource development technique there is great 
need to study the human factor at the outset. In fact, 
it has been felt that gradual evolution from empirical 
traditional methods to more advanced techniques is 
likely to yield better and more lasting results than the 
revolutionary changes unrelated to the existing econo
mies of the nations concerned and the realities of life 
prevalent there. Can the other sciences suggest what 
methods to follow to overcome the natural inhibitions? 

In the Fish Section, the representatives of various 
countries met for a number of days and prepared a 
map of the latent fishery resources of the world. Simi
larly another map showing the existing resources of 
marine algae was prepared for the sectional meeting, 
on 1 September. The Section also considered the vari
ous measures that should be adopted for the develop
ment of fisheries, and a statement concerning these 
measures was recorded. You will hear the story in 
detail from one who is a fish expert. 

The Conference has made it possible to have a free 
exchange of information regarding the steps that are 
being taken in different countries for the conservation 
and utilization of land and water resources. Much of 
this information will be of great value to us in India 
and I am sure to those interested in other countries. 
Seldom has an opportunity been presented on such a 
large scale for a free and frank talk on the important 
subjects. Mention may be made, by way of example, of 
the important lead given by the main participants of 
this Conference on the need of organizing rural com
munities and interesting them in the conservation of 
resources and in the execution of programmes of im
provement through co-operative effort. We heard 
masters of their subjects from every land speak on 
problems of soil conservation and soil fertilizing and 
I have heard my country's representative resolve with-
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out the need of a resolution of this Conference that 
when he returns to India he will see that he is able to 
grow two blades of grass where even one grows with 
difficulty. One of the most inspiring events of the 
Conference was the fairy story of the Tennessee Valley 
developments told by persons who have been personally 
connected with the projects. A turbulent river has been 
tamed for the service of man and science and tech
nology have succeeded in transforming a curse of 
nature into a blessing for mankind. Some of us who 
had the privilege of visiting the TVA site and meeting 
one of its master minds, Mr. Lilienthal, were thrilled 
to hear the account once again as presented by Mr. 
Gordon R. Clapp, Mr. Barrett Shelton and Professor 
William E. Cole. These accounts show that a scientific 
application does not merely confer material benefits 
on man; it may profoundly affect the social and moral 
conditions and even alter the character of the peoples 
of a land. 

What has been done in the Tennessee Valley can be 
repeated and I am sure will be repeated in many 
valleys and in many lands. There is little doubt that the 
vivid impressions created in our minds of the achieve
ments of the Americans and other great nations will 
help us in quickening the pace of our progress. We 
hope that our Damodar Valley Authority, the D.V.A., 
which rhymes well with the T.V.A., will be a long 
poem of service and achievement just like the T.V.A. 
When we return to our countries we shall no doubt 
urge upon our governments and peoples to give science 
a greater and greater chance in the solution of our 
respective countries' economic and social problems. 

While it is granted that science, philosophy and 
religion may manifest themselves in their highest and 
most meritorious forms in the individual, and science 
conferences of this type which we have attended can 
be no substitute for the real work which is carried out 
in the laboratories and the libraries, it will have to 
be conceded that congregational worship has its uses 
and advantages. This congregation of scientists is like 
a congregational worship in which not only individuals 
but large groups of scientists have gathered together 
to pray and work for the bettterment of humankind by 
the aid of science. Recorded resolutions are often 
relegated to the wastepaper baskets and to cold storage 
in many a government and private organization ; but 
the resolves that we take as a result of personal contacts 
and convictions based upon knowledge are remem
bered, go deeper home and bear good fruits in time. 
Let us hope and pray that the lessons that we learned 
here at this Conference will be of lasting benefit to our 
countries and to humanity. 

Mr. GoODRICH : One of the most challenging state
ments made at any meeting of this Conference was 
that of the delegate who remarked that he was the 
only man trained in methods of soil conservation in a 
nation of three and a half million people, most of 
whom make their living from the soil. Nothing in the 
Conference has been more encouraging than the reports 
from your country, Dr. Bhatnagar, and from many 
other countries, of the rapid progress that is being 
made in the training of technicians in the various fields 
of resource work. 

This is a Conference of many diverse techniques. 
One purpose of this morning's meeting is to bring to 

the Conference as a whole the most significant results 
of the sectional meetings in which so much of the 
work has been done. You will have recognized that the 
speakers grouped around the table have played their 
parts in the various Sections. I call now on one who 
has been active in the Land Section: Dr. Isabella 
Leitch, of the United Kingdom. 

Miss LEITCH : I esteem it a great honour to be asked 
to have one of the last words here on behalf of the 
Land Section. 

First, I should like to say a word about the somewhat 
controversial subject, the design of the Conference. In 
the Section meetings, we have taken it as implicit in 
the work of the United Nations that the aim is the 
betterment of the lot of all men. We have not thought 
it necessary to elaborate that aim anew. We have not 
wasted time confessing our sins or those of our fathers, 
although we have not been unconscious of them. We 
have said, here is the present position, what is it best 
to do now? And we have sat down in our several 
groups to consider those things that lie to our hands 
to be done. 

Reviewing the work of the Land Section with the 
future in mind, I should say that the two main lessons 
of the Conference are the need for co-operative effort 
and the need to suit the end to the means as well as 
the means to the end. 

The good farmer must begin with a knowledge of 
his means, of what the climate, the water supply and 
the soil will permit him to do in the way of growing 
crops. So the water expert, the soil surveyors and 
the soil chemists should literally be first in the field. 
When they have given him his basic data, he must 
then plan his cropping system. There he needs the help 
of the forester, the agronomist and the plant breeder 
to make sure that he knows how to make the best use 
of his land; with the economist, these same experts will 
advise him about the most profitable of the possible 
alternatives in crop growing, and when he has decided 
what he would like to do, they will have further advice 
to give him about implements, fertilizers and seeds. 

I am very much content to leave all questions of the 
supply of the raw materials for the implements and 
the machinery, of the provision of oil or other source 
of power, where that is appropriate to drive them, and 
of the sources of supply and fertilizers in the hands 
of other Sections. But I must, on behalf of the Land 

· Section, enter a plea for help with the design and pro
duction of simple farm implements. The agricultural 
implement maker must unbend from the combine har
vester and other elaborate machinery which can be 
standardized through large-scale farming. He must 
diversify his interests and meet the needs of the small 
farmer who tills the soil under more difficult and more 
complicated conditions. 

At this point, we have to ask the farmer whether he 
has decided, in consultation with his advisers, to pro
duce only plant crops, or whether he will also carry 
animal stock. If he has decided in favour of animals, 
he still needs the help of the animal feeder and the 
animal breeder. I have deliberately put "feeder" be
fore "breeder" because just as the soil scientist and 
the agronomist map out the land for the plant breeder, 
so the man with a knowledge of the nutritional re-
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quirements of animals must come with, or just a step 
ahead of, the animal breeder. Genes for high produc
tion are of no use to plants or animals without food 
for high production. In the animals it is like trying to 
fuel an aeroplane with low-grade fuel oil. The crops 
a farm can carry will largely determine the stock it 
can carry. At this stage, you might think that the farmer 
was ready to launch a programme of production but 
nature is not beneficient. It is reared in tooth and claw, 
and help is still needed if maximum production is to 
be achieved and the control of worms that infest the 
soil, of weeds that choke the crops, and parasites and 
insects that prey upon them, and no less in the control 
of the endless diseases that menace the productive capa
city and the life of farm animals. And even then, when 
the entomologist, the parasitologist. the bacteriologist 
and the chemist have provided the necessary dusts and 
sprays and drugs, it may be apparent that production 
might have been still better if the forester had been 
called in to provide shelter belts against cold and wind 
or against heat and sun. There is. I believe, a great 
need for co-operation there. 

Then, all these things having been done, we come in 
due season to the harvest, and because it is in due 
season, we come to fresh problems. All agricultural 
production is to some extent seasonal, and the level of 
consumption that is ultimately attained depends greatly 
on being able to outwit nature, to stretch the cropping 
and breeding season and to spread the food supplies 
over the year. When the farmer has done his best, the 
expert in food conservation either comes to his help 
or takes over from him altogether. 

I can pay only a passing tribute to the food tech
nologist for the canning and drying of the seasonal 
surpluses of fruits, milk, meat and fish and for the 
conservation of residues like blood-meal, fish-meal and 
oil seeds. 

The problems of long-distance transport of foods 
and the provisioning of large cities are well in hand, . 
but a plea must be made for better means to conserve 
the hard-won produce of the farm on the farm. As an 
illustration, contrast the grain elevators which take 
charge of the very small proportions of all grain that 
moves into international trade with losses of perhaps 
only 1 per cent or 2 per cent with the wicker basket 
of the African peasant and the rough crate or bin which 
together hold perhaps 90 per cent of the world's total 
grain harvest and in which the loss may be 25 per cent 
or more. 

The wolves at the small farmer's door are the rat, 
the weevil and the moth, and they must be kept at bay. 

There is room for more research in every field and 
sometimes for more imaginative experiments. We need 
more skilled helpers everywhere. The worker must be 
kept informed of what is being done in other areas. 
There is need for more co-operation all along the line, 
but there is urgent need at the same time for a tempo
rary return to apparently simple problems, those of 
the small farmer who still tills a large part of the total 
farm land of the world. 

On the way to this Conference, a friend of mine 
who is an oil refiner, said he could see no point in bring-

a Mr. Jolain spoke in French. 
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ing together so many diverse interests as have met 
here. Before I left, he came to me and said, "I can 
now see the connexion between my oil refining and 
your 'bigger and better babies'." And yet, as far as 
I know, not even in the Land Section have we actually 
talked of "bigger and better babies". 

Mr. GooDRICH : The last speaker has said that we 
need the aid of the forest. Let us call at once on the 
forest for its aid. I take great pleasure in introducing 
Mr. J olain, of France. 

Mr. J OLAIN :n I think the main points resulting from 
the declarations and discussions we had in the Forestry 
Section of the Conference are the following: 

The forest is, with agriculture, one of the basic riches 
of a country. Soil conservation against erosion and 
the conservation of water in the soil are closely linked 
with the existence of the forest. 

Soil conservation against erosion is a fact known 
the world over. In many countries, either in mountains 
or in plains, various dispositions have been taken either 
to fight the existing erosion or to prevent eventual 
erosion. 

The conservation of water in the soil by means of the 
forest has been the object of many studies and also 
controversies, some people considering that the forest 
could consume more water than it retained. Whatever 
the truth might be, there is no doubt that the forest 
normally constituted, and especially the leafy forest. 
is an admirable water level regulator. 

This is why there must be equilibrium in a given 
country and also in the various districts of a country 
between forest and agricultural land. In countries of 
ancient development like France, the classification of 
soils into forest land and agricultural land was grad
ually carried out in the course of centuries. Each one 
occupies more or less the place it should, taking into 
account fluctuations due to economic, social, demo
graphic or other causes. 

Yet, one must consider that even in this case, the 
balance is not and will never be achieved completely 
for the reason that these causes vary so much. 

In countries in full development, one is even further 
away from this state of equilibrium. 

Furthermore, it looks as if certain regions of the 
globe, and I am thinking specially of the equatorial 
forest, are destined to be the world's forestry reserves 
and should be treated as such. 

We are thus led to formulate a first principle: 
1. There exists for each region considered indi

vidually an equilibrium between forests and agricul
tural land and the aim of each country must be to 
realize it effectively. 

A country must know how to make the best possible 
use of its resources. To do this, it must first know 
them, then know how to utilize them-in short, manage 
them. 

This management, in its broadest meaning, implies a 
complete and precise inventory of the various planta
tions, a study of the laws of growth, of the means to 
improve production in order to obtain constantly as 
good a production as possible in goods and money, not 
only without damaging the productive capital repre
sented by the forest, but while trying to increase it 
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within the limits permitted by the plantations and the 
ecological conditions to which they are submitted. 

A serious difficulty arises from the fact that, in 
forestry, capital and income are amalgamated. The 
income is obtained after a more or less long interval 
and most of the time not by the generations which 
helped to produce it. This has often been the cause of 
harmful abuses in exploitation. 

A country concerned with a good administration of 
its forest resources must observe the essential principle 
of the separation of capital and income by means of 
a comprehensive forestry policy and appropriate 
legislation. 

VVe can therefore say: 
2. A country must manage its forests; that is to say, 

after having surveyed its resources, it must choose, and 
decide upon, the methods which will enable it, while 
increasing its capital, to obtain the best possible regular 
income and it must adopt the policy which will enable 
it to obtain and maintain such results. 

The farmer having a yearly harvest can, up to a 
certain point, modify his farming policy, if he thinks 
it useful for economic reasons. 

This possibility does not seem to exist in the case 
of forests because of their very nature. Yet it does 
exist. The plantation cannot of course be modified but, 
in the course of formation, the production can be modi
fied in order to obtain certain categories of products 
which appear more readily salable at present or in the 
near future. 

It is also possible, when creating new forests, to plant 
varieties whose products are in special demand. In 
such a case, the part played by the government is 
paramount. It must give the necessary directives and 
encouragements. 

In tropical or equatorial forests, the problem is dif
ferent. The extensive exploitation of some rare species 
sparsely distributed must be replaced by a more con
centrated exploitation based on the utilization of new 
varieties. This represents vast possibilities linked with 
the discovery of new outlets and the creation, on the 
spot, of processing industries. 

It is also very important to recognize that wood 
industry and production are closely interdependent. 
Production must cover the needs of industry which in 
turn must utilize the products in the most complete 
and rational manner. Some progress has been accom
plished in this respect but much remains to be done : 
SO per cent of the wood exploited is not utilized and 
a greater proportion is even not exploited. One can say 
without fear of error tbat the world wood production 
would be more than sufficient if it were rationally 
utilized. 

VVe can therefore say: 
3. Production must take into account the essential 

economic needs of the country as far as wood is con
cerned and must be carried out accordingly, taking into 
account the composition and condition of plantations. 
Research must aim at the fullest possible utilization of 
wood. 

It is not enough to manage a forest; it must also be 
protected against destruction, the principal cause of 
which is fire. Excellent things have been written and 
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said here on protection against fire. Considerable work 
has been done in this respect all over the world and 
especially in this country. There is a great store of 
experience from which everyone can benefit. 

Let us simply take note of the fact that the necessity 
of organization appears to each one of us with a 
frightening clarity, but that, in most cases, its develop
ment is conditioned by financial considerations. Pro
tection against forest fire is expensive, but it is even 
more costly to repair the damages. Above all, protection 
is essential because fires systematically and repeatedly 
destroy the forests. 

Organization for fire protection must be sought by 
all possible means such as : research, expansion of the 
detection and fighting methods, propaganda to educate 
public opinion in mediterranean and tropical countries, 
changes in the customs and in the grazing methods. 

This direct and immediate action must be supple
mented by long-term measures. VVe could call these 
biological measures. They consist in creating in the 
specially vulnerable big forest areas either a single 
climax community for the whole region, or else a 
series of smaller "compartmented" climax communities 
scattered throughout the larger area. This can be done 
by introducing those species which are more highly 
resistant to fire and the ravages of insects, a factor 
which should not be minimized. 

Mr. GooDRICH: VVe shall continue on the side of 
organic resources. I ask the next speaker to discuss the 
problems of wildlife and fish. I call on Dr. M. Graham, 
of the United Kingdom. 

Mr. GRAHAM: I suppose that whenever people meet 
from all over the world-{:ertainly it was so in the 
Fish and VVildlife Section of this meeting-what ~trikes 
them most is the unity of their problems. The conser
vation of game, mammals and birds passes through the 
same stages, sooner or later, in the New VV oriel as in 
the Old. So, on 26 August we have Dr. Edward Gra
ham considering ownership of game for the croplands 
of the United States. Ownership has been good for 
game in Great Britain, as Mr. A. D. Middleton's paper 
showed. Then there are National Parks, needed as a 
final refuge of the larger animals, some of them dan
gerous; but the National Park is only an extreme 
example of a chosen best level of balance-an equi
librium point--one of many possible ones-between the 
natural pressure exerted by the animals and the pressure 
exerted by man. You can arrange to have all men and 
no game or vice versa, or you can have a balance at 
any intermediate level. 

To know how to achieve the balance you have to 
study the animal population, its rates of reproduction, 
of growth and of mortality, both natural mortality 
and man-made. Dr. Leopold's paper made that point. 
In all our organic resources, it is these processes, re
production, growth and mortality, that need to be stud
ied and assessed, if the resources are to be rightly used. 
That is the central technical problem of all wildlife 
management, and it applies, in slightly different form 
perhaps, to soil, forests and farm animals. Tidy think
ing is along these lines. 

But life does not stand still while specialists put 
their minds in order. And the last few decades have 
seen the slough of despond caused by over-exploitation 



engulfing ma~y of. the fi~est of o.ur natural resources. 
Particularly ts thts so m fishenes, where an over
fished stock by its property of giving, after a year or 
two, no greater yield--or less-for ~reater ~ffort, or 
for new inventions, indeed for everythmg that ts classed 
as intrinsically efficient-drives the heart o;tt. ?f t~e 
industry-and discourages youngsters ~rom JOtnmg. tt. 
To agitate, to study and to contend agamst over-fishmg 
comes naturally to men engaged in fishery research. 
This is our Dust Bowl-but it is technically much 
easier to restore than a Dust Bowl. \Ve have to join 
together to restore over-fished areas. That is all. If 
we cannot do that, posterity will not think much of us. 

In the Section there was no dispute about the neces
sity of dealing with over-fi~hing; but we worke~ m?re 
on the expansion of fishenes, such as the culttvatton 
of fresh and brackish water fish in warm climates. Here 
there is room for very great expansion. And, what is 
more it is almost on the door-step of many millions of 
peopl~ in tropical countries who are at present protein
starved. In some areas, such as the rice country, they 
can hardly hope ever to obtain flesh because the land 
is taken up for rice. The greatest skill in this art of 
pond-culture lies traditionally in China, secondly in 
India, and the first aim is to spread their methods round 
the world with suitable local modifications. We should 
build on ~hat we have. But new possibilities, such as 
the greater use of the various species of the fish c::lled 
Tilapia, were also mentioned. It was the mamfe~t 
opinion of the meeting on 24 Aug~st, that the po;;st
bilities for human betterment, by the mcrease of troptcal 
pond-culture, could hardly be exaggerated. At the 
same time we realized that success would depend on 
human cunning and tact in dealing with all the variety 
of ponds and lakes and lagoons and water~our;;es. Our 
skill must be no less subtle, though more sctenttfic, than 
the traditional fine discrimination of the Chinese mas
ters of the art. 

We would build on ancient skill but spread by 
scientific understanding. 

There is no doubt at all that another fruit of the 
section's labours could not have formed without this 
meeting at Lake Success, I mean this lantern slide. 
One of the virtues of this long-drawn-out Conference 
was that there was plenty of time for conversation o.ttt
side the sessions, and indeed before they began, dttrmg 
which we conjured up something that we could hardly 
have created individually. Dr. Harold Thompson, who 
could not get here, had boldly but carefully, perhaps 
too carefully, assessed the world's under-fished stocks. 
Out of conversations about his paper arose the plan to 
make while we were all together, this chart on which 
the ~ajor under-fished stocks, those of which we know, 
could be indicated, so as to show their probable extent, 
and their magnitude, roughly of course. The meeting 
on 25 August estimated the present world yield of 
marine fisheries at 20 million tons per annum, and we 
know that, because of its high quality, fis~ is of more 
value than the mere weight tells. Our estimates of the 
potential yield of the under-fished stocks varied, from 
Thompson's cautious 22 per cent increase of annual 
yield within measurable time, to a 100 per cent or more. 
Of c~urse, the sources need more surveying, as, by the 
way, do the substantial resources of the seaweeds. 

Now, of course, these stocks are not available for the 
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mere taking. They would not be "latent" if the:;: could 
easily be caught and marketed; and the meetmg on 
2 September discussed the main difficulties. 

Among technical methods to reduce the difficulties, 
pressing on with echo:res~arch ~s perhaps the ~ost 
important. But the mam dtfficulttes are not techmcal 
but human. Consumption research is urgently needed, 
in order that the product may suit the folk who need it, 
of which the womenfolk have more to say than the 
men. That is one end of the stick. And the enterprising, 
skilled fisherman at the other end, is an absolute neces
sity, to be fostered by development of methods that 
fishermen like and to which they are attracted by a 
good profit. The world needs that every master fisher
man can see his way to a satisfactory way of life: there 
are all too few of them, in some of the vigorous fishing 
nations, after the despondency induced by over-fishing. 

Indeed, in fishing, as in the whole of our life, a new 
pattern is needed. And here is a unity wider th~n the 
one with which I started. Dr. Detlev Bronk, m the 
opening meeting, spoke of Lewis Mumford's diagnosis: 
that society, to survive, must work to the pattern of 
nature, not against it, and fishery research workers .of 
the last decade or two have often wanted to exclatm 
"but I am not talking only about fish". In fisheries, 
modern inventiveness has brought us near to the end of 
our tether. Unco-ordinated, unseeing, not understand
ing, we can go no farther. The motives for our past 
activities are obsolete, for the future we can only hope 
to survive--let alone progress-if, with full under
standing, we meet human needs in the pattern of nature. 
From our failure to do so we have plainly reached the 
state of the Roman Empire as Gibbon summed it up, 
when he found four main causes for its decline: that is, 
with the exhaustion and misuse of natural resources, 
entwined with other evil symptoms, such as senseless 
strife within the body politic, and a rigidity that could 
not stand up to either the attacks of barbar~ans. or the 
impact of natural catastrophes. The connexwn ts easy 
to see : greed and grab naturally lead straight to 
quarrelling. 

To my mind the problem of fisheries is part of the 
general problem this Conference was called to face, 
and the problem of this Conference is part of the 
problem facing a precariously poised civilization. The 
right use of resources will perhaps form the greatest 
part of the new pattern that is due to take the place of 
our obsolete greed-society. 

Mr. GooDRICH: Thank you, Dr. Graham. Dr. Gra
ham has stressed, as have others, the unity of the 
problem of resources with which the Conference is deal
ing. We are reaching, perhaps, a ~arder tes~ of th~t 
unity as we move from the organtc to the morgamc 
resources. I call on Mr. Monture, of Canada, whose 
work has been mainly in the Section on Minerals. 

Mr. Mo~TURE: In the brief time alloted it is obvi
ously impossible for me to review in detail the delibera
tions of the Minerals Section embracing as they did 
some sixty-two papers and covering such a wide range 
of subjects as: 

Appraisal of world reserves and possible future 
requirements of mineral resources. 

Methods of mineral extraction, including the most 
efficient mining methods. 
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Methods of processing ores for the best recovery 
of the valuable metal and mineral products. 

Conservation by preventing wastage of metals in 
use from corrosion. 

Conservation by substitution and the use of metals 
in comparatively abundant supply for the more scarce 
metals. 
As a result of discussion, the following salient points 

emerged, which, although perhaps well known to many 
present, will bear repeating. 

1. Metals and minerals are irreplaceable natural 
resources. 

2. Consumption is increasing and will continue to 
increase as the world's population increases and the 
world's demands for higher standards of living in
crea~es and so long as the need for national security 
contmues, 

3. Insufficient knowledge exists on which to base a 
realistic estimate of the world's reserves of minerals. 
However, the general consensus was that given a world 
at peace and general price levels remaining as they are 
at present, no imminent shortages are anticipated. How
ever, because of the irregular geographical distribution 
of mineral deposits no nation is capable of supplying 
all of its requirements of the many diverse metals and 
minerals used in modern industry. There is therefore 
the greatest need for recognition of the necessity for 
freedom from artificial barriers of trade in these com
modities, and every encouragement should be given to 
the search for new deposits. 

4. Advances in mineral technology have been in
creased resources and reduced costs of production. The 
applic':tion of scientific knowledge has brought about 
many tmpro;~ments. To e~umerate. a few, prospecting 
has been facthtated by the mcrease m geological knowl
edge and geophysical equipment. Improvements in 
expl,osives and the rock drill have greatly decreased 
mmmg costs. 

5 .. Improved technology has improved the purity and 
quahty of metals and has also furnished additional new 
metals and alloys. 

6. It was generally agreed that the era of easy and 
accessible discoveries was virtually over. Future dis
co':eries wou~d n;ore and more depend upon the appli
catwn of scientific methods of prospecting coupled 
with detailed geological studies and research. However 
an optimistic note was sounded as to the outlook fo; 
future discovery since there are still large areas of the 
worl.d which, from the mining point of view, are only 
partially explored or mapped geologically. 

7. Generally speaking the grade of ore mined is 
decreasing. This is due in part to improved processes 
and methods that permit reduction costs. On the other 
hand discoveries of high-grade deposits are relatively 
rare. Cost of production is one of the more important 
factors in conservation and the increasing of our min
~ble reserves. Methods of reducing costs are therefore 
~mpo.rt~nt and. among these increasing mechanization 
m mmmg and tmproved methods of processing ores are 
of paramount importance. However, since the efficient 
operation of many of these methods requires skilled 
operators, a warning was sounded that mechanization 
should be undertaken only after a careful examination 
of conditions since, owing to their high capital costs, 

they must be operated continuously. This warning par
ticularly applied to those areas where the worker was 
not as yet sufficiently educated to acquire mechanical 
skills. 

8. Direct losses of metal due to corrosion and other 
?et~rioration cannot be directly assessed. However, 
md1rect .losses caused by .corrosion undoubtedly reach 
a~tou?dn~g figu.res. For thts reason prevention of corro
s!on IS h1~hly Important in any program of conserva
!tOn. Const~erable ~rogress had been made in develop
mg protecttve coatmgs and corrosion-resistant metal. 

9. In the field of substitution the use of the light 
metals, aluminium and magnesium, is steadily increasing. 
Because for many uses these metals possess physical 
ch.aracteristics ~hat ~ake them highly desirable for cer
tam purposes tt might be more correct to call them 
replace.ment metals. Titanium, although not yet pro
duced m commercial quantities, possesses qualities that 
would enable it to be used as a replacement of stainless 
s~eels thus conserving the more scarce metals, chrome, 
mckel, etc. However, considerable research will be 
required before its ultimate future will be known. 

In conclusion, although considerable information is 
available regarding methods of mining, processing, 
and smelting of ores, methods of manufacture, etc., no 
reliable or accurate estimate is possible regarding world 
reserves of mineral resources either actual or potential. 
The difficulty of making such estimate is only too well 
realized. Since cost of production and market price 
determine whether the ore shall be mined or considered 
rock, any change in either of these factors may increase 
or decrease such an estimate greatly. Technological 
advances in mining or treatment directly affect these 
costs as will national political policies of taxation on 
profits or proved reserves, the latter tending to dis
courage development and the proving up of reserves. 

Finally, mining is a highly speculative venture in
volving huge expenditures of capital. Political stabilities 
and national policy are often determining factors in 
the exploitation and development of mineral areas. 
Moreover, since the refining of metals requires huge 
quantities of fuel or electric energy as well as skilled 
labour, refineries are often erected where these are 
available and the ore shipped to these points for treat
ment. This fact poses a question as to the future devel
opment and exploitation of mineral deposits in certain 
of the now under-developed areas. Is duplication of 
presently existing plants justified solely for nationalistjc 
reasons? 

Nevertheless in spite of the difficulty of making an 
inventory of world reserves it is evident that the time 
has come when such an appraisal should at least be 
attempted and participants at this Conference might 
consider urging on their respective governments the 
growing need for such action. 

The bases of such a survey are well organized and 
competently staffed Departments of Geological Surveys 
and Mineral Resources in order that each country may 
at least have some idea of what potentialities for further 
discoveries exist within its confines. The personnel of 
such Departments should, in addition to making geo
logical surveys, carry out basic and fundamental re
search in geology, geochemistry and geophysics and 
their application to scientific prospecting. Statistical 
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studies and analyses of past rates of production, con
sumption and discovery might well be made. 

Information concerning the results of such work 
should be freely exchanged and some questions for 
which answers might be sought are: 

In the present state of knowledge what technical 
methods can be recommended for mineral explora-
tion? · 

How can present techniques be improved? 
What mineral research projects are being carried 

out at present in different countries and what results 
can be expected of them? 

What are the conditions of good international co
operation in research for increasing mineral dis
covery? 
It is not suggested that a formal organization need 

be set up for the exchange of information but that 
rather the barriers that prevent the fullest exchange 
of information on an informal basis be broken down. 

Only when this has been accomplished will we know 
the ultimate wealth of poverty of our mineral resources. 
I suggest it is not too soon to begin such a study. It 
may even be later than we think it is. 

During the last few decades the mineral industry in 
all its _Phases, from prospecting for ore to marketing 
the fimshed product, has made great progress. This is 
demonstrated by higher efficiencies, lower costs and 
better :vorking conditions. It is believed that in good 
part thts progress has been achieved by industrial re
search and development using, in co-operation, the 
advances made in many individual lines of science and 
engineering to further the industry as a whole. If the 
problems involved in the future development of the 
world's mineral resources can be approached in a spirit 
of true co-operation and partnership, the results al
ready achieved can be surpassed and multiplied many 
times throughout the world for the benefit of the whole 
of mankind. 

Mr. GooDRICH: Mr. Monture has stressed the need 
for international action in a way which is highly appro
priate to a gathering of the United Nations. The Con
ference has been much concerned with and mnch 
interested in the plans for economic development in a 
number of countries. The next speaker, Dr. Aguer
revere, of Venezuela, is one who has discussed his own 
country's plans before this Conference. 

Mr. AGVERREVERE: b My friends of the Venezuelan 
delegation and myself wish to tell all other participants 
in the Conference how grateful we are to them and to 
all those present here for this magnificent opportunity 
to learn the points of view of scientists and scholars 
from all over the world. \Ve are also grateful for this 
opportunity to exchange information on technical prob
lems. particularly as regards petroleum, which is one 
of the principal natural resources of my country. We 
wish to congratulate the planners of this Conference 
for their decision that no resolutions should be adopted 
at these meetings. \V e are glad that we have been able 
to exchange factual results of scientific research and 
tell each other of our experiences. Such an exchange 
of views and information is bound to be of value to all 

b Mr. Aguerrevere spoke in Spanish. 
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of us and therefore we do not need to pass resolutions. 
There are certain natural resources which are obvi

ously expendable; they are bound to run out at one 
time or another, such as coal, iron and petroleum, and 
therefore they have to be conserved. This conservation 
should apply not only to their extraction but also to 
their consumption and efficient processing so as to 
avoid any preventable losses by corrosion, wastage, 
leakage, etc. These ideas have been outlined at length 
at our Section meetings and it has become clear that 
in our efforts to conserve natural resources, at least as 
far as petroleum is concerned, we should not allow 
ourselves to be frightened by those who say that 
petroleum resources will be exhausted within five, ten 
or twenty years. That ghost has been laid; it is obvious 
that prospecting is finding and will continue to find 
ample new deposits of petroleum and other fuels ade
quate to fill predictable human needs for a number of 
years which is considerably greater than some of the 
pessimists believed a few years ago. 

In many regions of the world, and particularly in the 
Tennessee Valley, new over-all plans have been put 
into effect for the conservation of natural resources 
which have impressed the whole world. Here we see 
the conservation of natural resources as a totality, a 
unity, on the basis of a regional interrelated and inte
grated body over which there is a semi-governmental 
authority which puts the over-all plan into effect with
in the framework of democracy. This links up directly 
with the question of conservation of natural resources 
in general and participants are probably aware of the 
impression that it has created all over the world. 

In speaking of the conservation of natural resources, 
I am thinking now of the tremendous resources of 
natural gas which are available in Venezuela close to 
places of possible consumption. At present that gas is 
being burnt without being utilized, but we hope to be 
able to utilize it in the future for making electric power 
and as a domestic and industrial fuel. That, however, is 
a matter for future development. 

The countries of Latin America have grown and 
developed by furnishing raw materials to the industrial 
countries of Europe. On the other hand, the United 
States developed its own industries, and the develop
ment of their industries came directly after the achieve
ment of independence. The Latin American countries 
lagged behind; they continued their primitive economies 
which were based on the furnishing of raw materials, 
and they did not develop their own industries. We have 
to industrialize; that is what we are thinking of now. 
That is what we are working for now, but our indus
trialization should not be over-hasty. It ought to be 
progressive and well planned. We should work out 
those industries which are based on national raw ma
terials and which can benefit from limited customs 
tariff protection. This kind of industrial development 
would be a natural one in our countrv. It would not 
be accompanied by any economic dislocations, and it 
would not constitute a blind race towards a self-suf
ficient autarchy. We do not want that ; we are not 
thinking of that. We are thinking of economic inter
change all over the world. We attach more importance 
to progress and diversification in fishing and agriculture 
rather than to the development of industry. 
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On account of these circumstances, the countries of 
Latin America, and Venezuela in particular, constitute 
a true paradise for investments. The opportunities are 
multiple and tremendous. A country like ours, for in
stance, has virtually no debts, internal or external, and 
taxation is at a very, very low rate. Foreign exchange 
is in abundance, and mo~ey can go into the country and 
can leave the country at the choice of its owners, as a 
result of the wealth of the country. 

Therefore, this is a new frontier just as the Pacific 
Coast was one hundred years ago, the Pacific Coast of 
the United States which is now celebrating the one 
hundredth anniversary of its development. 

getting exhausted. At this Conference, however, it has 
been shown that with a reasonable amount of conserva
tive thinking and conservation by replacement these 
exhaustible resources may be made to last for genera
tions. It sounds indeed as a paradox that the real crises 
and the critical shortages may involve not the ex
haustible resources, but the renewable resources which 
the creative forces of nature give us again and again, 
year after year: I mean the products of the great 
biological synthesis that goes on in farm lands and gar
dens, in pastures and forests and, most of all, in the 
Seven Seas. 

Again and again, it has been emphasized that, if the 
population of the earth continues to increase at the 

Mr. GooDRICH : The next speaker, like the last, spent present rate, a critical, if not catastrophical situation 
a good deal of his time in the meetings of the Fuel and will be reached in fifty or one hundred years. There is 
Energy Section, but I know he has interests that range a race between two types of biological synthesis, the 
widely across the field of the Conference. I call on Mr. creation of new members of the human family, of new 
Velander, of Sweden. mouths to feed, new bodies to be clad, housed and cared 

Mr. VELANDER: It has been a most interesting and for and nature's photo-biosynthesis, whereby we, in 
instructive experience to follow the discussions of making use of the sun's energy and the biochemical 
this Conference. As a research man I am a sceptic but forces of nature, produce food, wood, fibres and other 
also an optimist. I have been much impressed by the necessities. Apart from a rational study of the increase 
tremendous need for additional data, improved methods in population, it seems to me that the most important 
and continued studies and better contacts which have and fundamental problem we have discussed at this 
become evident whenever interrelation and integration Conference is the question how far and by what means 
of resources have been discussed. We need much more we can speed up the photo-biosynthetic processes that 
knowledge before formulating resolutions. 'Widely di- supply us with our daily needs. 
verging and even partly contradictory statements have There is an enormous variation in the means of 
been made by specialists of high authority in different production we now employ. A bullock weighing 1,000 
fields. This undoubtedly is due to insufficient diffusion lb produces about 1 lb of protein and 1.5 lb of fat per 
and assimilation of information and shows the need twenty-four hours during his efficient period. In a 
of intensified documentation and implicitly proves the vegetable crop, for instance, soy bean or rape seed 
usefulness of this great Conference as a means of pro- which weighs, when harvested, 1,000 lb roughly 3 lb 
moting exchange of knowledge. of fat and 3 lb of protein are produced per day. There-

But the difference of opinion and the inconsistency of fore we cannot afford too much animal diet. 
thought often depend on inaccurate definition of funda- From some reports at this Conference we have 
mental terms and on a lack of uniformity in methods learned that speed of synthesis in monocellular organ
of survey. In the Fuel Section, there were almost as isms is incomparably greater. A crop of Torula ;:east 
many opinions in regard to the best way of defining weighing 1,000 lb--including 75 per cent water-ytelds 
the properties of coal as there were speakers. In the 4,000 lb of protein in twenty-four hours. A crop of 
Forest Section, it became evident that rather different Rodhotorula yeast, cultivated for fat production and 
methods are used in different countries for computing weighing 1,000 lb will give in twenty-four hours a 
the volume of wood in a standing forest and for esti- yield of 1,000 to 2,000 lb. In both cases, there is a 
mating the annual growth, or in other words, the large production of essential vitamins and, in both cases, 
production in per unit area and time. It is evidently the necessary area is not measured in acres of farm 
still more difficult to find uniform methods for survey- land but in square feet. If micro-organisms can produce 
ing agricultural land. protein, fat and vitamins "":ith a higher u~iformity an~ 

Many of these problems are dealt with in specialized at a higher rate than multicellular orgamsms, no acct
national and international bodies and have been studied dental market prices can prevent those processes from 
for decades. But we cannot afford to wait for a few ultimately taking the lead. These perspectives should be 
more decades before the specialists get all the wrinkles studied internationally. 
ironed out of the various proposals made. There is It is true that the yeast needs carbohydrate as food 
an urgent need for quick action in order to facilitate the and we come back to the question how can this carbo
development of new sources of production. Therefore hydrate be photosynthesized as quickly and as cheaply 
I think it is a most important task for the United as possible. If you get a better synthesis of carbohy
Nations, our highest authority on co-ordination, to pro- drates in a beet field than in a forest, there is no use 
mote quick decisions in regard to definitions and be in making sugar substitute out of wood. It may be that 
reasonably accurate, practically useful and immediately the green algae capable of an enormous production per 
applicable uniform methods of survey in regard to the unit of organic material can even beat the beets and 
most important natural resources. can be used to supply yeast food in competition with 

One of the most striking effects of our discussions conventional crops. Now, Mr. Chairman, I am aware 
has been to turn the whole problem of critical commodi- that this manner of thinking in carbohydrates, protein, 
ties upside-down. We have always been worried more fat and vitamins, instead of bread, meat, butter and 
or less about mineral deposits, including fossil fuel vegetables, this idea of changing our traditional methods 
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of feeding the world's population is very shocking to 
many. And still, in a couple of decades, we have become 
quite used to having alloys replace pure metals and 
synthetic plastics replace wood and natural fibres. Is it 
too unrealistic to expect that in another few decades our 
very primitive methods of producing food may be sup
plemented by industrialized and perhaps partly purely 
synthetic methods? 

Apart from the need for supplying fuel for human 
consumption, we have always been worried about the 
limitations of the world's supplies of industrial and do
mestic fuel. Hydro-electric power is an inexhaustible 
supply but limited in amount. Direct application of sun 
power seems far away. In a pinch, however, photo
synthesis might be used to supply also industrial fuel. 
In Northern countries, forest by-products in large 
amounts are used as fuel. In fact, the Swedish sulphate 
industry now is independent of fossil fuel and the sul
phite industry has cut its consumption in half by burn
ing the organic material in the refuse liquors. It has 
been estimated that the corn crop in the United States 
contains more calories than the entire production from 
the coal and oil fields. 

Apart from these possibilities to create fuel, however, 
it has been emphasized during the Conference that the 
world's coal resources are very large. It is true that 
some high-grade qualities used for the making of coke 
are getting scarce but, on the other hand, we have heard 
that a wide variety of less valuable coal types can be 
used to stretch the supply. The oil situation may get 
critical but already synthetic methods are in full-scale 
operation which will turn coal, and even very poor 
grades of coal, into high class liquid fuel. Even vegeta
ble crop or refuse can be made into liquid fuel. 

Efficient methods are being worked out for turning 
coal, also of lower grades, into gas which can be con
veniently transported in pipelines, just as natural gas 
from oil fields now is transported in this country in 
enormous quantities. During the war some hundred 
thousands of motorcars were operated on built-in gasi
fiers. We have also learned how country-wide electric 
high-tension systems have grown up, capable of utiliz
ing energy sources wherever they are located and of 
supplying energy wherever it is needed. In fact, you 
may say that while the raw calories at the mine and 
the kilowatt-hours at the power-station are very cheap; 
the main problem is to transport the energy as solid, 
liquid, or gaseous fuel or as electricity in the most 
efficient way to the point where it is best needed. 

In connexion with the whole problem of less-devel
oped as well as developed areas, I should like to draw 
attention to two important trends in our productive life, 
both accentuating the importance of transportation. One 
leads to concentration, one to dispersion. 

Firstly, large areas are now in a state of transition 
from self-supporting agricultural households to highly 
diversified communities. We cannot afford to have hun
dreds of millions of small-scale farmers trying to pro
duce just what they need themselves and always on the 
verge of starvation. The farmers must contribute to the 
economy of the community by exporting products, as is 
already the rule in highly developed countries and 
receive in exchange tools, fertilizers and seed. But this 
means mechanization, industrialization; concentration 
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into bigger, more efficient units. It also increases the 
need of transportation. 

Secondly, there is a trend in industry which is almost 
contrary. In the nineteenth century, industry grew up 
close to sources of energy, coal fields and water falls. 
This led to concentration and congestion with unfor
tunate social consequences. Now the nation-wide elec
tric power systems make it possible to spread out 
industry. All over the country-side, satellite industries 
grow up and also rather independent units in large 
production chains. This leads to more transport. But 
heavy industries also tend to be split up into steps. 
Whenever great amounts of energy are required per 
unit product, as in metallurgy and electrochemistry, pri
mary production units still are preferably located at 
coal mines and in water power regions and intermedi
ate products are transported to localities where living 
conditions are better and subsequent manufacturing 
steps are carried out where the emphasis lies on quali
fied human labour rather than energy. It is a method, 
if you like, to transport energy by truck, railway and 
ship in the form of chemical energy in a product instead 
of electrical energy in a wire. Secondary and tertiary 
factories are often highly specialized, materials and parts 
passing in and out through numerous consecutive links 
of production, alternately diverging and converging until 
final products can be delivered to the customers. This 
calls for still more transportation. But transportation 
here is not to be looked upon as a necessary evil. Trans
port systems of the most varied kinds should be inte
grated as parts of the productive machinery. Therefore, 
I think, one of our conclusions should be that in plan
ning for large-scale future development integrated 
transport systems should form one of the primary and 
fundamental factors as an indispensable means of pro
duction in agriculture as well as in industry. We have 
recently created in Sweden a Transport Research Com
mission. But that is far too big a job for a small coun
try like ours. It is a big job even for the United Nations. 

Mr. GooDRICH: The work of the Water Section was 
brought before the Conference in the remarkable sym
posium held yesterday afternoon. The next speaker was 
a member of that symposium. He need not confine him
self to its problems, but may tell us where he sees the 
most urgent need for action resulting from the delibera
tions of the Conference. 

Mr. GoLDSCHMIDT: This Conference has indicated 
clearly to me that the job ahead of us is to bridge the 
gap between what we know can be done and what we 
are doing. To be sure, as Dr. Woodward suggested, 
many of our scientists will continue to widen that gap 
by pressing steadily forward. They should be encouraged 
in that because this harnessing of sea and sun. this jug
gling of atoms may develop into needed additional re
sources that will affect the living levels of the peoples 
of the world. But we have far better evidence from our 
discussions, I maintain, that within the realm of the 
proved and the possible we are far short of matching 
our knowledge to the imperatives of the situation. 

Prudence dictates that we should not rely upon the 
vast potentialities of further scientific advancement to 
overcome growing deficiencies in resources upon which 
more and more people will have to depend. Prudence 
dictates that we put our present knowledge to work. 
While scientists seek new sources of energy let us make 
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use of their findings of yesterday and today to put to 
work the vast power of the St. Lawrence, the Nile, the 
the Niger, the Yangtze and all of the other unharnessed 
rivers of the world that are wasting to the sea. While 
they hunt new sources of food and fibre in what Dr. 
Woodward has called the fertile acres of the ocean, let 
us put their knowledge of the land to work-in con
servation farming, sustained yield forestry and crop
ping, and so on-to protect and build up the earth's thin 
skin of topsoil which is all that keeps any of us off the 
rocks, physically as well as financially. While they are 
finding substitutes for dwindling minerals, let us hus
band our lead, tin, zinc, copper and all the other metals, 
and use them wisely and equitably. 

This prudent course of action is not suggested to add 
further to a sense of poverty, defeat and uncertainty, 
for we have heard in this Conference ample evidence 
that poverty, defeat and uncertainty are the arch ene
mies of conservation and wise utilization of resources. 
Indeed, only a strong and widely shared sense of hope
fulness can form the framework in which people will 
build up and develop their resources rather than destroy 
them utterly. 

Conservation calls for tools, equipment and knowl
edge that cost time, self-denial and energy, and in these 
times self-denial and energy are currencies that are not 
found among poor and hopeless peoples. A farmer 
struggling to maintain his family may not be able to 
afford in his individual capacity the conservation prac
tices that his nation cannot afford to have him disre
gard. Similarly, a community or nation may not be able 
to undertake measures for resource development and 
education that the world cannot afford to have neglected. 

In the United States the poorer and less-developed 
areas are those where conservation practices have lagged 
lamentably. So, too, throughout the world the under
developed areas generally present the most serious 
problem to proper conservation. Populations press on 
resources precisely in those areas here and abroad 
that have lacked the tools of development, and where the 
people are poor, hopeless and uncertain. But because 
the practices of conservation are less advanced in under
developed areas the problem is not, I suggest, one for 
them to undertake alone. Resource misuse resulting 
from low living standards anywhere is a threat to peo
ple everywhere. Insecurity and depression, like disease, 
do not respect man-made boundaries. The problem of 
raising world levels of living in the interests of those 
who are here now, and in the interests of conserving 
resources for those vet to come, must be attacked on a 
world basis. -

Economic development, therefore, should be pushed 
in the hard places rather than in the easy ones-not 
where nature has made it profitable but, perhaps, 
where man has made it difficult. The results of this 
Conference suggest to me, further, the desirability of 
pin-pointing our principal efforts to specific places, of 
making co-ordinated and balanced attacks on the prob
lem of an area rather than spreading thin the quite 
limited resources at our disposal. 

This Conference has emphasized the interrelationship 
of resources and the need for co-ordinating attacks on 
resource problems. Not only must scientists and experts 
work together, but communities and nations must com-

bine to advance their solution. As in the multiple-pur
pose development of a river, many different types of 
expertise must be brought to bear on this problem. 
Interests must be balanced in the distribution both of 
costs and of benefits, and differences must be comprom
ised in favour of progressive development. 

Because this uniting upon objectives must transcend 
national boundaries, international co-operation-which, 
we have demonstrated, is so familiar to the scientist
must become a similar habit with the administrator, 
with the man in the street and with his representative 
in government. Such international co-operation will de
pend upon a general acceptance of gauges of feasibil
ity and project priority that are calibrated to world 
conditions, rather than confined to national economy. 
Indeed, development projects must be judged by new 
standards that will reflect their relative impact upon 
the well-being of the world. 

The successful resource development programmes 
of the two vastly differing river valleys of this coun
try, the Tennessee and the Columbia, have demonstrated 
for old and new areas, for heavily or sparsely populated 
ones, for wet and dry climate, that a bold programme of 
creating a sound balance of industry and agriculture 
will result in a chain reaction of development in which 
initial public investments are soon overshadowed by 
private activity. 

Without setting up those necessary gauges of project 
priority that I suggested would be needed, let me merely 
suggest that the key to the solution of the Middle East 
problem may be found in the Nile, the Jordan and the 
Litany, the Tigris and the Euphrates, as perhaps the 
key to the New England problem may be found in the 
development of the Connecticut and the St. Lawrence. 
The scheduling of a bold programme for the compre
hensive development of the valleys of the Middle East, 
based upon sound and well-known engineering practices, 
and upon the principle of spreading the benefits to the 
peoples of all countries and areas, raising their levels 
of health and education, would affect more than sixty 
million people directly and provide possibilities for 
more than half again as many more through power and 
irrigation and land developments, techniques known 
to the scientists here and now. 

The governments of these areas and of the world 
might well invest the relatively small sums necessary to 
start the job, to bring hope and stability to this vast 
area and to other areas of similar possibilities in Asia, 
Africa and Latin America. It is an effort that will re
quire the combined work of all of the United Nations 
and the specialized agencies particularly, and of scien
tists, engineers and people from all over the world. I 
trust that this Conference will give a further impetus 
to that effort and will therefore aid in the job of our 
generation: to make our resource practices conform to 
our knowledge of what can and should be done. 

Mr. GooDRICH: I am sure that members of the Con
ference will have been struck by the contrast in em
phasis as the last two speakers have drawn their lessons 
from the Conference. Professor Velander has stressed 
the need to extend the boundaries of our knowledge ; 
Mr. Goldschmidt has called for putting to use the knowl
edge we have. This, I think provides an appropriate set
ting for the contribution of the next speaker, Dr. E. De 
Vries of the Nether lands. 
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Mr. DE VRIES: I thank you, Mr. Goodrich, for this 
opportunity to say a few words at this stage of the 
Conference. The last two speakers have brought us 
back--and I am grateful for that, as it is more in my 
special field--to the land. I should like to add a few 
words on the relation between man and the land, as a 
further contribution to the subject on which Miss 
Leitch spoke to us this morning. 

Humanity is indeed-at least for the time being
fully dependent on a very thin layer of topsoil in the 
world. I might give the Conference these few figures: 
\Ve now cultivate 20 per cent of the total area of the 
land, with 30 per cent devoted to pasture land. Not all 
of this land is equally good, and much of the land is 
marginal. That is brought out in this figure : that at 
present 50 per cent of all human beings live on only 
S per cent of the land area of the world. 

This might lead us to two conclusions which would be 
completely different. One would be that it might be 
very easy to extend the 5 per cent to SO per cent, let us 
say, and that we then could feed ten times as many peo
ple as now. On the other hand, we might take the other 
conclusion, which I think we have to deny just as we 
have to deny the first one: that the fact that SO per cent 
of humanity is living in such a small area proves that in 
the long course of human history, in the human ecology 
on a global basis, mankind has found the best places 
to live, those places being for the most part the great 
river basins of the world, that outside those areas the 
possibilities for humanity are probably more difficult 
than where people are now situated, and that therefore 
we are up against a very difficult problem in finding 
food for future generations. 

I think that both conclusions would be too rash and 
that we can say with confidence that there is a possibil
ity of expanding food production in the future to a large 
extent, but that it will not be an easy task to do that just 
because there are such large areas lying idle or nearly 
idle. \Ve are up against nature here, and it is not easy 
to conquer nature and to harness it in this respect. 

One of the main future resources for future develop
ment, this Conference has shown, lies in the tropics, 
where the agriculturist may make use of the vast area 
of tropical forests. But we heard from Dr. J olain just 
a half hour ago that the foresters see the same area as 
the main reserve of the forests of the world. Here again, 
then, we come up against competition between agricul
ture and forestry as to the use of the land in the tropics. 
That means that we surely cannot use all of the land 
in the tropics for intensive agriculture; we must give 
some place to the forests and the forest products which 
we still have to use. 

But the problem is much more difficult than that of a 
mere abstract relation between man and land. There is 
a concrete relation between man and land, between the 
farmer and the soil which he works. At this point, I 
believe I again have to give one or two figures: At the 
present time, about one and a half billion people are liv
ing on the land, and the great majority of these people 
live in the great countries of Asia. As has been said this 
morning. and as has been said almost every day during 
this Conference, the great majority of these farmers are 
on the threshold of a new era. They have been living for 
many long years on their land; they have developed a 
type of agriculture which, if we speak again in terms 
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of human ecology, was very well adapted to the circum
stances. We have heard, for example, how the Chinese 
farmer has worked his land for many thousands of 
years and has retained its fertility. But this method of 
agriculture was within the limits of the system, within 
the limits of the tools the farmer had. This resulted in 
a very small-scale agriculture-about two acres on good 
land and perhaps three or four on land that was not so 
good-just enough to feed the farmer's family on a 
low-protein basis, on a basis that is not sufficient for 
the full development of human beings. 

These one and a half billion people, as I said, will 
come into a new era. They ask for development; they 
breed rapidly. Their first response to contact with 
world economy is a great increase in population; their 
second response is that they want development. I think 
that we have here a very difficult problem in human 
ecology. The whole world will want to give these peo
ple-and I repeat that there are about one and a half 
billion farmers-the opportunity to develop themselves. 
And as Dr. Bhatnagar said this morning, the wish is to 
do that in an evolutionary way, to do that without de
stroying many things in their own society which they 
want to retain. I think that science has to play a big 
part in bringing this about in these farmer societies, 
because that is my experience, and I think that most of 
the farmer societies in the Far East have to bring about 
the development of their economy. 

It has been said that that must be done on a village 
community basis. But to give you the magnitude of this 
problem, there are about two million villages in the 
world. And even if you do it through village communi
ties, you will have to do that through the leaders in the 
village and through the minds and hearts of the major
ity of the people in the village. I think this work can 
be done, but this work is a very difficult thing to do. 

How are we going to proceed to bring into these 
regions a real balanced development? How are we 
going to bring in better agriculture, better nutrition 
and industry, to see that these peot>le receive all they 
need for a decent life? I think that research is the first 
thing we want. This was stressed this morning by every 
speaker. I should like to take up some of the figures 
given by Dr. Velander this morning. I think,for my
self, that one of the revelations of this Conference is 
the possibilities of that food yeast he spoke about. The 
tropics are very well suited to produce carbohydrates. 
They may produce eight tons on an acre a year. Carbo
hydrate is a very good food, but without protein and 
without vitamins it means nothing. And one of the main 
painstaking problems for me has always been how to 
provide not only for the quantity of the food but the 
quality of the food. We can see that chickens, if thev 
eat cereals, produce eggs which retain only 10 per cer{t 
of the original calorie value. The best animal to do that 
is the dairy cow. She returns about 30 per cent of the 
original food in the high value of milk. But yeast can 
transform 60 per cent of carbohydrates into high valu
able proteins. Indeed, I can see here one of very good 
ways to bring about better nutrition in tropical countries, 
and I think that we all have to be grateful for the work 
that has been done, in developing this technique, which 
I think can contribute very much toward a better life 
among peoples who need it so much. 

So much has been said this morning about science 
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and the necessity of more research, that I should like built. If in the minds of its participants, it has succeeded 
to pass it over and proceed along the same line as was -as Miss Leitch has reported-in bridging for ex
stated by Mr. Goldschmidt, that what we also need is ample the gulf between oil refining and livestock nutri
the application of science. There, I believe that we have tion, I think we can claim that it was built well. 
to work out, among ourselves, in our national economy, The second theme has come out with particular clar
in our administration and the systems of education ity in the latter part of the discussion. It is this, can we 
within the nations, and by very intensive international so husband and so use the world's resources that the 
co-operation, new means to apply science to daily life, people of the world may look forward to increasing 
not only for people in highly developed countries but standards of living, or must we face the gloomy pros
also for people in so-called under-developed and less- pect of increasing misery because of resource depletion? 
developed countries. The question is not rhetorical and it is not an easy one. 

Here again, I think that we have a very pressing We have been warned of the wastes, past, present and 
problem in human ecology. If I have learned one lesson continuing, of irreplaceable materials, both in the more
in this Conference, it is this: that what we need is very developed and in the less-developed areas. \Ve have 
close co-operation between people in technical science examined the figures of current consumption. More
and people in social science, and social engineering and over, we realize that we must face steadily mounting 
education methods for the masses of the population all demands on resources both because of increases in the 
over the world. I think that to bring this about is one of world's population and because of increasing pressure 
the tasks which is really one of the biggest things for the world over for higher standards of consumption. 
the United Nations. Personally, I am very grateful Several speakers during the Conference have dealt with 
for the opportunity we have had here to see, at the the problem of population. They have agreed that the 
horizon, the possibility of this co-operation, and I think prospect for the next few decades is one of substantial 
that we ought to pledge ourselves not to let this Confer- increase, but they have differed sharply as to the rate 
ence remain merely as a very valuable and very inter- at which, in countries feeling the new impact of indus
esting stack of documents, but that we should see that trialization, the birth rate is likely to follow the death 
it is worked out. I believe that the United Nations is rate downwards towards some sort of equilibrium. Less 
already thinking about a programme to apply all we has been said of the increase of consumption standards. 
know and all which we still have to find out, into prac- No conservationist would wish every item in the present 
tice. standard of living in the United States-our extrava-

There is the question of technical assistance. I think gant use of woodpulp, for example-to be copied the 
that technical assistance in itself is a programme and a world over. But no conservationist and no humanist 
problem. We have to work on this problem and see how could deny or would wish to deny, the reality of the 
best we can work it out and, at the same time, we have surge toward higher living standards in every part of 
to do the job. I think that a second large new scheme the world-an increase indeed which forms part of 
is the one which requires a bold programme of the the stated objects of the United Nations. 
financing of this development. We cannot envisage that Is there hope that these aspirations for higher living 
every nation in itself has all the means to do all that has standards can be met? Can the books be balanced, as 
to be done; and it not only has to be done for the bene- one speaker put it, by increasing supply assets rather 
fit of that one nation, but it has to be done for the than by reducing needs liabilities? Mr. Chairman, I 
benefit of the world as a whole. I think that the new believe the Conference has an answer to that question. 
methods of international financing, and the benefits of In the technique, present and prospective of discovery 
that financing, should be shared by the whole world, be- and invention, of ingenious substitution, of the harness
cause they are things which are of the utmost importance ing of unused power, and of placing the use of replace
and urgency. able resources on a sustained yield basis, the experts 

I should like to repeat again that I believe the problem present at these meetings have pointed to ways by 
is of a magnitude which may baffle us, but the problem which the world could well provide higher standards for 
is so urgent that we have to deal with it. If I may more people. The answer of the Conference is affirma
summarize my impressions of this Conference in two tive. The technical means are at hand. 
words, I should say that it is to find a solution for ade- But the answer of the Conference-let me hasten to 
quate food and a decent standard of living for a new add-is also conditional. First of all it depends on the 
billion of people which are to be added to the two bil- condition of peace. And second it depends on a great 
lion that we have now. That is possible, but it is very variety of social and economic and political conditions. 
difficult. If someone were to say, on the opposing side, Again and again discussion in sections or plenaries has 
"It is very difficult," I should say, "It is possible and reached this point. Here is the technique and here is its 
therefore we have to endeavour to do it." promise, but the obstacle to its application lies in the 

Mr. GooDRICH : There are two themes which I should institutional arrangements. Its use calls for a decision 
like to recall in bringing the formal part of the sym- by the individual farmer or the owner of a wood lot, 
posium to a close. The first, which has been touched by the village community, by a great mining corporation, 
upon by almost every speaker, is that of the interde- by a government, by an international organization. 
pendence of resources. In a real sense, therefore, the re- Sometimes the improved method would benefit the indi
source problem is a unified one on which a common con- vidual owner even in a short run, but the obstacle lies in 
certed attack has been made. It is one which crosses ignorance, or ill health or lack of training. Sometimes, 
the lines of the sections and the still more numerous as has been pointed out for Indonesia and America alike, 
lines of the technical specialties represented in them. the obstacle is poverty of the farm. In other cases the 
This is the theory on which the Conference has been difficulty may be the failure of legal regulations to check 
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abuses which are the communities loss although the in
dividual's short-run gain. 

Speakers have recognized that government must 
often act as the protector of interests of the future, 
as against the interests of the present. They have given, 
to be sure, no magic formula by which government it
self is to balance present against future. But they have 
offered the suggestion that the rate of interest may often 
be the key problem to attack in resource development. 
Sometimes, as has been said this morning, the obstacle 
lies in barriers to trade, to the movement of capital, 
to the movement of technology. Finally, speakers have 
placed before us encouraging examples of great proj
ects, that looked at piece by piece, could not have paid 
their way, but planned and viewed as concerted wholes, 
have gone on to triumphant success. 

On these problems the Conference offers questions 
and a challenge rather than answers. As you will recog
nize Mr. Chairman, all of them fall within the field of 
interest of the Economic and Social Council at whose 
call we have gathered in this meeting. \Ve hope there
fore that the work begun here will continue within the 
framework of the United Nations as well as in daily de
cisions in the nations to which the members of the Con
ference will return. Some of it, we know will continue 
in the friendships of those who have worked together 
here. 

Mr. Chairn1an, the scientists and the technicians have 
spoken soberly but they have offered much. It is for us 
as individuals, for our nations, and for the international 
organizations to make this a world that can take advan
tage of the promise they hold out. That promise is the 
wise and abundant use of the world's resources for the 
enrichment of the life of mankind. 

The CHAIRMA~: I shall now grant three minutes to 
members of the Conference who wish to speak. I call 
first on Professor Hammond of the United Kingdom. 

Mr. HAMMO~D: During the discussion in the Land 
Section it was quite evident that a very large proportion 
of the land area of the world is range and grazing land, 
and when questions were asked during the discussion 
as to what could be done to increase their output, there 
was little information forthcoming, except the negative 
advice of reducing stock. That advice is not popular 
in large areas of the world, and there was a hint that 
we should go back to carbohydrates and yeast. I think 
that would go against the wishes of a very large propor
tion of the world. 

A very large area of this range and grass land lies 
in tropical and semitropical countries, and nothing in the 
way of fundamental research has been done for it as 
has been done for the comparable area in the temperate 
::limate. Research at stations such as Rothamsted, 
Beltsville and Cornell has given us a grassland hus
bandry which has been put into full effect in New Zea
land, where the output of grass is on the whole equal to 
:my cropping system in the way of calories and very 
much higher in proteins. That has come as a result of 
basic research on soils, manures, forage crops and ani
mals. I think the great need at the present time is for 
;imilar research stations to be set up in tropical and 
;emitropical areas to deal with the range grassland 
)roblem, not merely with cropping. The range problem 

'.Mr. Blondel spoke in French. 
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is a wide one and a very large one, and it is only by 
putting first-class scientists on to the job that we can 
really get the fundamental principles that are necessary 
to develop those areas. 

The CHAIRMAN : I now call on Mr. Blonde! of 
France. 

Mr. BLONDEL :" In the summary statements dealing 
with the work of the various sections, and particularly 
in the last statement of Mr. Goodrich, considerable 
stress was laid on the fact that this Conference mostly 
raised questions and that the answers were not always 
forthcoming. Therefore, it was stated that the work was 
bound to continue after this Conference, particularly 
through the exchange of views among the delegates 
present here and also through the influence that these 
delegates may exercise in their respective countries. 
The countries from which we come are democratic 
countries where public opinion plays an important part. 
It appears to me that the main conclusions reached here 
probably do not correspond with the ideas current in 
the public opinion in the various countries. There are 
often exaggerations and even errors in the statements 
made on the subjects about which we have spoken, and 
it appears to me it would be highly useful if a simple, 
clear and concise but precise summary of the main con
clusions reached by this Conference could be distributed 
widely in the countries that we represent so as to permit 
the correction of some of the popular errors to which I 
have alluded. With public opinion being better informed, 
this would enable us to get from the national organiza
tions the effort toward development and management 
that has b~en suggested by the delegates present. 
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studv of the capital needs of this country, and I want 
to a~sure one and all that this country (USA) can 
absorb all the capital that it can produce and save over 
the next thirty years and still not be adequately equipped 
for its own needs. But, if we want the development of 
under-developed countries, the impression that it is 
obliged to export capital must be eradicated at once. 

The second thing they pointed out was that a whole 
string of countries insist that there must be either 51 
per cent local control of capital, or no industrial com
panies at all. They pointed out forcibly that, since there 
was no local capital in those countries able to supply 
51 per cent of the needed investment there would be 
no development. These countries, so to speak, had pa
triotism without development, and were going to stay 
in that unsatisfactory position. 

I should like to point out that I am not sharing all 
the views of these people. I am merely describing the 
scepticism which is present with regard to the real de
sire of the under-developed countries to be developed 
and to create the climate in which it is possible. 

Their third point dealt with an authenticated story 
of a large North American company engaged in an 
effort to secure local capital. It had adopted the prin
ciple which, in my paper presented to the plenary meet
ing of 26 August, I said was the great American gift 
to the. world, that of large-scale distribution at low 
unit cost. It offered participation to local investment. 
The offered shares were thrown back. Local investors 
said: Your proposition is that we must wait three years 
and then earn 5 per cent, 6 per cent or 8 per cent; we 
can make 21 per cent at this moment. The local shares 
were turned back and the company was unable to ob
tain adequate local participation and start work. 

Then there was also an electrical equipment com
pany that had always had minority participation all 
round the world, but in Latin America their shares were 
turned back, because the North American company 
insisted on setting low prices. 

The essence of the question is whether the scientists 
are going to be allowed to aid development. This par
ticular group thought that, basically speaking, the sci
entists were not going to be allowed to have the neces
sary local conditions to assist economic development. 
They thought that the conditions described by Mr. De 
Vries, Mr. Goldschmidt and Mr. Goodrich would not 
be possible. They thought that basically there would be 
no local effort to change a certain feudal relationship 
regarding the distribution of income from any industrial 
development in certain countries. 

Finally, they cited something that is disturbing to so 
many people. They cited the fact that industrialization 
in very small amounts simply lowers the standard of 
living by inducing the rapid increase of population. 

Those were the five points. In fairness to the scien
tists, the laymen of the world should thoroughly under
stand that while everyone here is agreed that the ex
perts here have the techniques and methods to give all 
the people of the world a high standard of living, you 
may not be able to give your great gift to society over 
the next period of years because of unfavourable local 
economic and social institutions. 
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The CHAIRMAN: Mr. P. F. Jensen of Denmark 
wishes to speak. 

Mr. JENSEN: Several times during the Conference, 
the fact that we scientists are here as private indi
viduals and with no responsibility has been emphasized. 
Therefore, I should like to briefly summarize my im
pressions of this Conference as a private individual 
who has been attending the meetings for three weeks. 

This Conference has proved, I think, that there is 
hardly any lack of raw materials in the world. There 
is no lack of land to be cultivated; as a matter of fact, 
if all the available land the world over were cultivated 
with the same intensity as, for instance, the land in 
Mr. De Vries' native country there would, in my opin
ion, be such an over-production of food material that 
it would not be possible to get rid of it. Therefore, with 
proper use of the knowledge collected by scientists and 
technicians in the past the earth could easily support a 
much larger population than it supports at present and 
at a much higher standard of living. It is now the task 
of those people who have the responsibility, that is the 
politicians and economists, to bring that accumulated 
knowledge into use and in doing so raise the standard 
of living of hundreds of millions of people all over the 
world. I hope they will take the job seriously and rec
ognize their responsibility. 

The CHAIRMAN: Mr. Samuel of Israel wishes to 
speak. 

Mr. SAMUEL: Yesterday and today I have listened 
to a few remarks on the development of the Jordan 
River. Having been familiar with this plan for a long 
time, I should like to state that this development, which 
has been known as the Jordan Valley Authority, can
not and will not be undertaken without full under
standing between the State of Israel, Transjordan, 
Syria and the Lebanon. I express the hope that this 
understanding will be achieved in the near future. 

The CHAIRMAN: I call next on Mr. J. Edelman of the 
United States. 

Mr. EDELMAN : I am not here as a private in
dividual: I have a responsibility to my organization, 
which is the CIO, which operates a permanent stand
ing committee on conservation and regional develop
ment. In the last few months the work of that com
mittee has become more widely understood among the 
rank and file of our unions and is perhaps exerting 
some slight influence. Our interest in this particular 
problem is two-sided. We have many unions whicb are 
directly concerned with the development of resources 
from the standpoint of employment, examples being 
the fishermen of the Pacific and boatmen on inland 
vessels, to say nothing of course of workers in utility 
industries. 

On the other hand, however, our principal emphasis 
on this work is as consumers and as people who are 
interested in generally increased standards of living. In 
the earlier stages of the development of TV A, it was 
necessary, for instance, in order to get urban areas in 
the TV A region to use the power from TV A, to hold 
referenda or official elections in many of the munici
palities. My union took a leading part in educational 
work in connexion with such referenda. 



A union such as mine, which has considerable mem
bership in the South as well as in New England, has 
had personal experience of the enormous social values 
which are, it seems to us, a well demonstrated by-prod
uct of an intelligent application of scientific methods to 
the problem of the conservation and development of 
natural resources. 

In passing let me mention a project which my union 
is pushing legislatively, and that is to try to set aside 
through legislation some of the very few remaining 
redwood trees in California as a National Park dedi
cated to Franklin Delano Roosevelt. 

My particular union has been obliged to concern it
self, for instance, very actively with the whole question 
of power costs simply because of a geographical shift 
in location of our industry from one section of the 
country to another. In New England power costs are 
very much higher than in the South, and this becomes 
an economic problem for a union such as ours. How
ever, the point I wish to make is not so much to describe 
the work we are doing. We are just beginning on it. 

I should simply like to say one thing. I should like 
to put forward a very strong word of caution to the 
technicians and the experts here, for instance, who are 
offering us substitutes for conventional types of nutri
tion that from a political and public relations stand
point are, to put it in American slang, "dynamite". A 
worker would very quickly say: What do these high
brows want us to do, to produce more and not eat? 
Those things must be very carefully handled. 

The principal point I want to make is clear, and that 
is that scientific and technical knowledge is always 
needed; more of it is always needed. We do know 
enough now to understand that our job is the applica
tion of what is already known. All of this extraordinary 
and valuable information and knowledge which has been 
shown here will go to nothing unless we are able to ad
vance definitely in getting this whole problem into poli
tics. I mean by that, not ordinary partisan politics, but 
simply to get the underlying population to understand 
what this problem is and to bring it into the general 
arena of public controversy so that not merely legis
lative advances can be made but that at the same time 
you can take an additional step--build up a strong 
emotional sense, a sort of extension of the instinct of 
workmanship. to create a feeling and an esprit de corps, 
as it were, against the whole popular concept of natural 
resources as something which should be immediately 
and instantly raped, something of which this country 
has shown some dramatic examples. 

I think that ultimately meetings of this kind must 
extend their activities to popular education to enable the 
democratic peoples in each country to take effective 
action and to give practical expression to the scientific 
and technical knowledge which has been so brilliantly 
adumbrated at this meeting. 

The CHAIRMAN: This Conference was born in a 
vision of service, the same vision that inspired the Mar
shall Plan and the bold new programme of technical as
sistance to under-developed countries. 

Not out of a boyish desire to serve but stemming 
from a grown-up man's generous good will towards all 
mankind, we see the spirit of service and generosity so 
often met with in our host country. The basis is not just 
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sentimental; it is based on the idea of help to self-help 
and asking the recipient to be willing to give, the donor 
to accept. Behind it all is the desire to introduce knowl
ed.ge, "know-how", practical wisdom and applied 
sctence. 

You have been listening today to a most illuminating 
discussion-a review of documents as well as of 
speeches-and I am sure that you are all grateful to 
those who have spoken at this morning's meeting. I 
congratulate you upon the work accomplished. You have 
given freely of your knowledge to whom it may con
cern. You have received new knowledge and inspira
tion; you have acquired new friends in many foreign 
countries, men and women with whom you will be able 
to co-operate in the future. 

I congratulate you upon the spirit in which you have 
conducted your discussions, and from which I have 
noted that the nationalistic spirit has been absent. You 
have felt yourselves to be co-workers in a grand enter
prise. I congratulate you particularly upon having been 
exempted from the obligation to produce recommenda
tions and to present results before such and such a date. 
This Conference would have been entirely different had 
you been nominated as representatives of your govern
ments, for to be the representative of a government 
means, first of all, to be no longer a free man. There 
was great wisdom in President Truman's suggestion 
that the Conference be not composed of government 
representatives, and that you should not bother about 
recommendations. The Economic and Social Council 
had no difficulty in seeing that point of view. There was 
behind it faith in the importance of spreading knowl
edge and in the value of the exchange of ideas. 

You do not know how I, a representative of a gov
ernment although not speaking here in that capacity
and certainly a representative of a government anxious 
to co-operate with all others--feel when I am listening 
to your discussions. You have not been concerned with 
national prestige. You have not been concerned about 
the effect on public opinion in your home countries 
words spoken here might have. You have not had to 
confess the sins of others. You have made no reserva
tions. You have not even had to create or accept rules of 
procedure, and you have managed to do useful work 
nevertheless, for your work will stand. 

In your papers I have found the word "discussant". 
I have never in my long service as a participant in inter
national conferences and assemblies, at the League of 
Nations and at the United Nations, met that word be
fore. It will henceforth be my secret desire that I may 
some day be promoted a "discussant"-that is, a man 
free to take part in a common endeavour to find truth 
and nothing but truth. 

You are a lucky lot, you who have been able to work 
in that spirit. The United Nations would be an entirely 
different organization the day its conferences, councils 
and assemblies were meeting unhampered by national 
interests, or with those interests seen in the light of that 
greater integration which is needed and to which you 
have been pointing. As I say, there is a great difference 
between the outlook which obtained during the time of 
the League of Nations and that which exists now under 
the United Nations. 
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We still have an organ-a council-to look after the 
question of war. But I think the greatest difference is 
this: that the United Nations has recognized, and is in
creasingly recognizing, the impact of science and tech
nology on world conditions. We have established a 
group of specialized agencies, and it will be found that 
the basic elements in them are those of science. 

Your Conference has to be seen in that total setting. 
And I wish you could have told us, better than it was 
possible for you to do in the short time at your disposal, 
what priorities we who are working in the Economic 
and Social Council should give to the various problems. 
We have that problem of priorities over and over again. 
How shall we tell whether money is to be used for the 
fight against illiteracy or for a conference on soil ques
tions or for a conference on health questions? We are 
constantly compelled to take decisions on such matters. 

Some of you-perhaps all of you-have felt that the 
Conference could have done still better by creating some 
common clearing-house or clearing-houses for technical 
knowledge within the various fields of conservation and 
utilization, or by taking the initiative in regard to peri
odicals and other publications, or by voting resolutions. 
Well, if there be some pent-up energies, they are your 
property. Find for yourselves ways and means of giv
ing them a proper outlet, of exercising pressure on 
statesmen. And let me whisper to you that recommenda
tions may not be the way, that you may find quicker 
and more efficient ways and means of building what you 
want to build. Apply your scientific mentality to that 
task. 

I submit to you that behind this urge is a desire for 
better organization of science. President Truman, in the 
letter in which he instructed the United States repre
sentative on the Economic and Social Council to pro
pose the calling of this Conference, said that science 
itself had become one of the major resources of the 
world. Have you not felt that you might have liked to 
deal with that general question in its entirety? I make 
use of this opportunity, when I am Chairman of a meet
ing of many prominent scientists, to urge that that ques
tion be examined. I am not thinking in terms of the 
regimentation of science; I am asking that science 
should organize itself or should be organized scientific
ally. That is a sociological problem, and you should use 
what social science can be applied to that very task. 

We cannot go on having the problems of the world 
dealt with in this way: that we in the political and diplo
matic world throw the question to the experts, saying 
"You have the knowledge", while the experts throw it 
back to us, saying "You have the power". We get very 
little progress in that way. 

422 

The task of organizing science seems a frightful one. 
Still, it is coming, it is going on, you are beginning it 
yourself today. And one can see how very cautious they 
are in UNESCO, where they are trying to start it as a 
"liaison", and when they have created an association or 
a council or a scientific union or what not, they think 
that they have done something. But they are far from it. 

The social movement among scientists must have its 
finishing touch in reaching out towards the scientific 
organization of science in the jobs of mankind, knowing 
that we shall never reach this goal. The approach should 
not be individual, national or international. What then? 
Scientific. 

What is the vision? First, that all problems to which 
the scientific method, scientific mentality and scientific
ally acquired knowledge can be applied-that is, to 
which science can be applied-be treated under that 
angle. Second, that the question of organizing science be 
treated under that angle. Third, that we all, but first 
and foremost the scientists themselves, should have the 
vision of world organized science, and that they apply 
science to achieve that ever inspiring goal. 

The United Nations aims at promoting high ideals, 
expressly stated in the Charter. But the United Nations 
is not restrictive in spirit and still less monopolistic. It 
wants these ideals to grow and thrive outside the 
United Nations as well. 

Your work is now finished here, but neither the mem
bers of the Economic and Social Council nor the par
ticipants in this Conference will think that there is noth
ing more to be done. No. You have had your leisure 
now, your work begins from today. It will have to de
velop all over our little globe, for this Conference will 
remain a growing point. From this Conference will, 
without express recommendations, come initiative, ideas 
and inspiration. I trust that every one of you will act 
within his own field-! did not say, just within his own 
country-as such growing point. You will be under 
moral obligation to act as a sort of scientific mission
aries. Every one of you must have seen the impressive 
possibilities which science and technology offer man
kind. And please consider all countries as under-devel
oped countries. 

I have, as Chairman, been obliged to prevent resolu
tions and recommendations, but as a diplomat and as a 
Chairman I can easily circumvent that. 

I express the hope, and I believe I express the hope 
of all of you, that this Conference one day, in the not 
too distant future, will be called The First United Na
tions Scientific Conference on the Conservation and 
Utilization of Resources. 

I have had the last word; the meeting is adjourned. 



Concluding Addresses 

Tuesday Afternoon, 6 September 1949 

Chairman: 

Trygve LIE, Secretary-General of the United Nations 

Con eluding Addresses: 

Vijaya Lakshmi PA::-<DIT, Ambassador of the Government of India to the 
United States of America 

James THORN, President, Economic and Social Council of the United Nations 

Carlos G. LoPEZ, Ecuadorian Delegation to the United Nations Scientific 
Conference on the Conservation and Utilization of Resources 

Julius A. KRuG, Secretary of the Interior, United States of America 

423 



UNSCCUR PROCEEDINGS: PLENARY MEETINGS 

The CHAIRMAN : I declare open the eighteenth plen
ary meeting of the United Nations Conference on Con
servation and Utilization of Resources. 

Our first speaker this afternoon is Her Excellency, 
Madame V. L. Pandit, Ambassador of the Government 
of India to the United States. Madame Pandit does 
not need any specific introduction. She is, as you all 
know, one of the leading ladies in the world of today, and 
she is well known to everyone in the United Nations. 

Madame PANDIT: I am deeply grateful for your 
kindness in asking me to speak here today. In accepting 
this invitation I was conscious of the fact that as a 
person having no knowledge of science my claim to any 
association with such a distinguished gathering hardly 
existed. This thought inevitably came in the way of pre
paring what I should say, but in turning over in my 
mind the topic of the address, I felt that the enrichment 
of human life was an idea so vast in its conception that 
it ceased to be the monopoly of the scientist, and each 
individual, no matter how humble, might add his small 
contribution. 

Science today is undoubtedly everybody's business 
just as politics have become a part of the daily life of· 
the individual, and unless the relationship between 
science and politics is correct, there may be no life left 
which scientific knowledge can enrich. 

Man's main preoccupation through the ages has been 
the pursuit of happiness. Towards this end he has, at 
different periods, toiled, suffered and fought wars. 
This pursuit was not for a betterment merely in terms 
of physical well-being but in the creation of conditions 
which would enable him to fulfil the best in himself. 

In ancient times men did not think in terms of 
improving their lot. Greek thought is pervaded by the 
idea of a fixed order in the universe which kept things 
in their place, assigning to each its proper sphere and 
function. This scheme of things also implied degenera
tion from some earlier period of a golden age. There 
was no question of improving material resources since 
the forces of nature were deemed unchangeable-sub
ject only to the will of the gods. 

With the Middle Ages the idea of an original state 
of felicity gained ascendancy. There was no question of 
making the life of man happy in this world. Happiness 
could only be secured in heaven and only a small 
portion of the human race was predestined to be saved 
for the other world. 

Such views were both appropriate and relevant at a 
time when nature was supposed to function eternally 
in a particular manner, as a consequence of which 
the social order also conformed to a certain fixed design. 
but with the emergence of science the revolution in the 
minds of men began to take shape; and as science 
invaded the preserves of established ideas mankind dis
covered within itself the means of progress through 
the exploitation of natural resources. 

The mechanical age which science brought into exist
ence had, among others, two important results. (a) It 
gave promise of eliminating the disparity between 
wealth and want. and (b) it gave power to the dis
possessed peoples of the world to break the bonds of 
slavery. The common man woke from the slumber of 
centuries and demanded a minimum standard of living, 
housing, education and security in old age. This awak
ening is specially visible today in Asia-the home of 

more than half the human race-who have not so far 
been.enriched by any of the great discoveries of science. 

The past history of mankind gives ample evidence 
that enduring contributions to civilization have been 
possible only when men have been reasonably fed and 
clothed and enjoyed a degree of health; as Francis 
Bacon pointed out long ago, man's mental and material 
progress are inseparably linked with one another. The 
most important job that lies ahead of us, therefore, is 
that of human emancipation-the chance of full devel
opment for every human being, the opportunity for 
him to share actively in past achievements and con
tribute toward new ones. The lack of this is the reason 
for the unrest in Asia and Africa. The problem these 
continents pose is essentially a human problem and 
believing as I do that the conflict between the scientific 
and humanist approach is purely superficial, I dare to 
hope that it will be possible for scientists and humanists 
to work together thus making possible the conservation 
of this vast section of humanity-our greatest source 
of energy-from whom we may then expect contribu
tions for the enrichment of civilization itself. 

"Probably at no time in the world's history," says Sir 
Edmond Mallenby, "has the average citizen of this 
and of most other civilized communities felt so insecure 
against death by violence. At no time in the world's 
history has the same citizen had reason to feel so secure 
against death by disease." 

\Vhile science offers us unlimited power to create 
material wealth it has also given man the means of 
annihilating himself; and the greatest danger today, as I 
see it, lies in the creation of a situation which may lead 
to the employment of those means. The fear of war is 
the single most dominating characteristic of our time, 
and the common man judges things largely in terms of 
their capacity to hasten or avert war. Can we wonder 
that some aspects of the present situation confuse him? 
He interprets the duties of the scientist in terms of 
humanity as a whole. He is bewildered when he finds 
limitations being imposed on freedom of thought and 
investigation and is afraid that such tendencies might 
aid the destructive rather than the constructive aspects 
of science. He feels the time has come, when, in the 
interest of his own survival-in the interests of civili
zation and of humanity, science must have a morai basis. 

Because of its alliance with forces which do not share 
its idealism, science finds itself on the horns of a 
dilemma. On the one hand it seeks to conserve and 
create, and on the other its discoveries are utilized for 
purposes of destruction and death. Enormous possi
bilities for good or evil depend upon the choice that is 
now made, and the peoples of the world hope that the 
conscience of humanity, of which, by force of events. 
the scientists have become custodians, will enable them 
to make the right choice. The great objective of feeding 
and clothing mankind and of raising the standard of 
living has to be quickly fulfilled, for time moves rapidly, 
and even more swift are the emotions of those who have 
already waited too long for the bare minimum that 
human decency demands and has a right to expect. 

There has been and continues to be a time lag in our 
progress and in our thinking. In the words of Professor 
Zimmer: "Science has injected into the external world 
the dynamism of a torrent, whilst most men, in their 
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own thinking, keep to the tempo of the glacier. The 
result is the maladjustment we see around us." 

In the West, where science has made such rapid 
strides, we have to bring about an adjustment of mental 
attitudes, and in the East we have to remove the crying 
anachronism of vast populations leading lives steeped 
in poverty, in a world where a thousand secrets of 
mastering nature, of increasing productivity, of pro
longing life, of liquidating want, are practised and 
known. It is in the fitness of things that the United 
Nations should now offer, as it did recently in the 
meeting of the Social and Economic Council which 
met at Ootacamund, India, for helping the economic 
development of South-East Asia, its scientific knowl
edge to the East to redress the existing world imbalance 
in the distribution of material goods, services and skills. 

Perhaps it may not be out of place to say here that 
consistently with our geographical position in the Indian 
Ocean, we are doing as much as our resources permit 
-perhaps even beyond our resources-to advance the 
beneficent activities of science in that part of the world. 
The establishment of large-scale and fully equipped 
laboratories for the study of physics, chemistry, irriga
tion, electrochemical industries and technology in some 
of its important applications is clear proof of our 
determination to cultivate science both as pure knowl
edge and as ameliorative skill. In our plan to establish 
a vast network of research centres, we hope we shall 
have with us the good wishes and the co-operation of the 
scientists of the world. 

Looking upon the history of scientific achievement, 
my faith in its service to humanity, notwithstanding 
recent doubts and scepticisms, is not diminished. When 
dogmas bound the intellect of man, science fought 
valiantly and suffered nobly to secure for us the pre
cious heritage of free thought and now, when the 
heart of man is frozen with fear-fear of want, of in
security, of death swooping upon him suddenly and 
swiftly and in ways that may be fantastic and unpre
dictable-science must once again lead the crusade, not 
only because it has the means and the ability to do so, 
but also because many of the spectres which haunt us 
today have unfortunately emanated from its own 
creations. 

The CHAIRMAN: Madame Pandit, the audience has 
already thanked you, and I should like to add my 
personal thanks. We are very glad that you were able 
to come to Lake Success today. We know all the 
difficulties your country has to face, and on behalf of 
us all, I say that we are happy when we know that 
your country is able to overcome them, and we are 
happy when you are making progress in that vast part 
of the world for the betterment of all the people living 
in your country. 

Our next speaker has just come from the ninth 
session of the Economic and Social Council of the 
United Nations, which session dealt with important 
problems on technical assistance for economic develop
ment. He served brilliantly during the past year as the 
President of the Economic and Social Council and as 
the Chairman of its meetings. It gives me great pleasure 
to introduce Mr. James Thorp, High Commissioner 
for New Zealand to the Dominion of Canada and 
President of the Economic and Social Council of the 
United Nations. 
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Mr. THORN: I am very glad to have this opportunity 
to speak before this group of distinguished scientists 
and resource experts drawn from all over the globe. It 
makes me very happy to be able to bring greetings to 
this Conference from the Economic and Social Council 
over which I have had the pleasure of presiding this 
past year. I only wish that it had been possible for me 
to be with you throughout your sessions because I think 
that the subject with which you have dealt is funda
mental to the success of the United Nations. 

The first aim of the united Nations 01arter is peace 
or in its very words "to save succeeding generations 
from the scourge of war, which twice in a lifetime has 
brought untold sorrow to mankind". But this aim rests 
squarely on another major aim of the Charter, which 
is to promote special progress and better standards of 
life in larger freedom. These two aims are as dependent 
on one another as soil conservation and water control, 
as fertile soil and plant growth. Unless we can hold out 
to mankind, and I mean all mankind, a realistic hope 
of improved living standards, the world will never es
cape from the shadow of war. Without a sound eco
nomic base, the peace must necessarily rest on flimsy 
foundations. 

The job you have done here is exploring the means 
by which mankind can wrest more things to eat and 
wear and use from a stubborn earth is therefore as 
much a part .of the work of the United Nations as the 
deliberations of the Security Council. 

I have just come from a meeting of the Economic 
and Social Council, which is working to promote the 
economic and social advancement of people all over the 
world. 

Thus it is, that our meeting in Geneva which has been 
under way during your meeting at Lake Success has 
been a parallel attack on much the same problem. You 
have been discussing the ways in which mankind can 
secure a larger return now and tomorrow, from the 
earth's resources. But the development of one resource 
is dependent on the development of another, since one 
region of the world may have very different natural 
resources from another. Therefore, the interdependence 
between resources may be translated into the interdepen
dence of regions. Each region can develop and use its 
resources fully only in co-operation with other regions. 

This means that there must be trade between regions. 
To this end the Economic and Social Council has been 
working persistently through its various agencies to 
eliminate the barriers to the free flow of trade. To the 
extent we are successful in this sometimes disheartening 
task, we shall be contributing importantly to the more 
effective utilization of resources. 

Many of the current economic problems the Council 
has been concerned with are of immediate relevance to 
your discussions of resource conservation utilization. 
The world has made slow, but steady progress, towards 
the goal of increased production and, last year, we con
tinued generally to offset the war's devastation and 
reach levels surpassing those of the pre-war years. Our 
problem now is to make certain that we do not slip back, 
but rather that we continue this progress in the years to 
come. 

This means, among other things, that we must take 
steps to conserve our resources and not only in the long 
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run, but in the immediate future. For example, much 
of the increased lumber production of recent years was 
won at the expense of the future productivity of the 
world's forests. We must start now to adjust our rate 
of cutting to the rate of growth of our forests. But the 
world still needs large amounts of wood products. If 
total production is to be maintained without impairing 
the future yield of the forests, we must open up new 
forests and cut in all forests, old and new, at a yearly 
rate equal to annual growth. 

Along the same lines, soil scientists tell us that the 
contribution of some areas to recent record food outputs 
has meant "mining" the soil in those areas, robbing it of 
its fertility for the sake of current yields. But if we 
cannot continue to get food in the same volume from 
one area, we are going to have to open new lands to cul
tivation since there is no indication of any slackening 
in the world's need for food. 

We must also guard against those cyclic swings from 
boom to bust which have interrupted our efforts to in
crease production in the past and which have had such 
disastrous effects on the adoption of sound conservation 
practices. 

In the past boom times, for example, many farmers 
planted wheat on land that should have been left in 
grass. This resulted in destroying the fertility of the 
land and starting erosion. Then, in the depressions fol
lowing such booms, many of these farmers found that 
they lacked enough funds to undo the harm and restore 
fertility to the land. Dust bowls and wastelands were 
often the result of such practices. And what was worse, 
the cycle of boom and bust thus wasted those very re
sources which were necessary to increase production and 
raise standards of living. 

Perhaps no question so graphically underscores the 
one world concept as the problem of the conservation 
and utilization of the earth's resources. Wherever there 
are miners and minerals to be wrested from the earth, 
wherever there are farmers and tillable land, wherever 
there are floods, dust bowls and forest fires-there are 
basic struggles and problems common to all. If cattle 
disease runs rampant in Argentina, part of Europe may 
have to ration meat. And if wind erosion destroys the 
wheat fields of Australia this is equally a problem with 
repercussions in other parts of the world. 

The problem of resource use and conservation is one 
that crosses the frontiers of ideologies. The United 
States and the Soviet Union are both, in their different 
ways, committed to and embarked on extensive pro
grams of soil conservation. 

We in the Economic and Social Council are striving 
persistently, if not always with full success, to establish 
through the tools of diplomacy the sort of world in 
which the talents of you scientists and experts may be 
put to the fullest use. But we know that at every stage, 
we cannot go far without your help. I think there is 
fairly general agreement on this point. I think the best 
testimony that the United Nations is on the right track 
is the fact that we saw need of bringing you men and 
women together in this Conference. I am indeed very 
proud that this Conference was called, in response to a 
resolution of the Economic and Social Council. 

Certainly we will need the ideas, the aid and assist
ance of the men of science if we are to realize the aims 
of the Charter. We can scarcely hope to achieve "better 

standards of life in larger freedom" without intensive 
use of all we know about using the world's resources. It 
will be a herculean task to raise the standards of living 
of the vast masses of people of Asia, Latin America 
and Africa. In terms of what we now know, it would 
strain our present resources to the utmost to achieve 
even a modest increase in living standards for those 
people. 

But we cannot be assured of even our present re
source base for this job in view of the steady depletion 
of resources. Even before we get fairly started on the 
job of raising standards in the less-developed coun
tries, we are losing ground daily. 

Every acre of land that is washed or blown away, 
every mile of forest destroyed by fire or wasteful cut
ting, every water power site rendered unusable by silta
tion, every ton of minerals dissipated or left in the 
ground by wasteful methods, each cubic foot of natural 
gas that might be used for productive purposes allowed 
to disappear into the air--each of these wastes sets us 
back in our drive to raise standards of living through
out the world. 

We know how much ground we are losing in this way 
in the highly developed countries. For example, there 
are good estimates of the losses due to soil erosion, in 
such countries as the United States and Australia to 
cite two countries where this is a problem. But we have 
no such information for many of the less-developed 
countries. We do not know how fast unsuitable farming 
methods are destroying the best farm lands of Latin 
America, although soil scientists assure us that the rate 
of loss in that continent is high. The point is that we 
cannot afford to assume that a less-developed country 
is one whose natural resources are somehow more 
nearly intact and less depleted. 

Conservation, therefore, does not mean the hoarding 
of resources. It means the application of practices of 
wise utilization which you have been discussing here. 
It is now a wall set up for static defence against distant 
and doubtful dangers. A man who sees his house which 
represents the dream of a lifetime disappearing in 
smoke knows he needs a fire engine. Now, similarly 
for us, the Charter's pledge of increased living stand
ards may disappear in a muddy stream unless we realize 
the immediate and burning need for conservation. 

But conservation, however, necessary, is not enough. 
We need to find ways and means of getting more from 
the world's resources. Many scientists have emphasized 
the importance of ecology-of the relationship of living 
things to their environment. Man, it is said, has in
creased resource depletion by violating the laws of his 
environment, by destroying the balance of nature. I do 
not question the validity of many of the illustrations 
of this thesis, but it seems to me there has been one im
portant item left out of this analysis-namely, that man 
is the one living thing that has the capacity to do some
thing about his environment. 

Man's intervention destroys the balance of nature, 
true enough. But man is able to study the world and 
determine the means of returning a livable balance. 
Moreover, there are no fixed and limited sums of re
sources available to him to increase the world's output 
of goods and services. New horizons in the world supply 
of energy were lifted by the atomic chain reactor. Ex
perimental developments, no less exciting, give hope of 

426 



CONCLUDING A:ODRESSES 

vastly increasing the amount of food that an acre of may derive from such differences as the extent of trans-
land can produce. port facilities or a trained working force. 

Modern advances in science supply the big new factor The scientists and engineers from the highly devel-
in the relation of man to his environment. It is a factor oped countries will face fresh and exciting problems as 
that can refute the gloomy forebodings about man's in- they enter new lands with their knowledge and methods. 
ability to feed himself and increase the production of The scientists and engineers of the less-developed coun
other goods. But science is no such factor if it is left in tries will have, in a sense, a big educational job to do in 
the laboratory, or worse still, in the textbook. acquainting their colleagues from abroad with the 

A new era of peace and prosperity awaits mankind unique conditions which may make it essential to revise 
if modern techniques and science are applied to re- earlier conclusions. 
sources. The earth can be made to yield vast stores of I am sure that the more frequent collaboration you 
new wealth so that man can be provided with higher will engage in under an expanded United Nations pro
standards of living if waste of resources is halted and gramme of technical assistance will be pleasant and 
science and technology applied. stimulating. I trust that this Conference makes such a 

The scope of this problem is international. This hope a realistic one. 
means widespread sharing of scientific and engineering • It seems to me that many of the scientific papers dis
knowledge so that such capital expenditures will be put cussed at UNSCCUR provide a set of preliminary, 
to the best possible use. It is this second job of spread- working blueprints for working out certain vital phases 
ing scientific and technical knowledge which is the pri- of the United Nations programme of technical aid to 
mary job of your experts gathered here. We in the under-developed countries. 
United Nations have a special name for this sharing of This Conference is of course one of the first and most 
"know-how" to aid in economic development ; we call it important steps in such an expanded programme of 
"technical assistance" or sometimes "technical assistance technical assistance. I was pleased to learn that fifteen 
to the less-developed countries". senior scientists and engineers from less-developed 

\Ve have been debating this question in the session countries are commencing their studies under the United 
of the Economic and Social Council which has just Nations technical assistance fellowship programme at 
concluded. We have planned an expanded programme this Conference. It is a great pleasure to extend the 
of technical assistance through the United Nations and welcome of the Economic and Social Council together 
its specialized agencies to encourage the flow on a sys- with our best wishes for a successful and profitable 
tematic basis of technical "know-how" to and between visit. I am sure that it should be very profitable. 
the less-developed countries. One of the unique aspects of this Conference has been 

In a very real sense this Conference is technical as- the exchange of ideas and experiences between men of 
sistance. The exchange of technical information has, different countries and fields of specialization. And of 
I am sure. been of value to participants from all coun- course this exchange has been wider than the attendance 
tries. But I know that you have placed special emphasis at this Conference because you have had the benefit of 
on the problems of the less-developed countries and on papers received in advance from many authors who 
the aid which the results of the Conference might be to were unable to attend the Conference. 
them. Your contributions also have been oriented solidlv in 

At the same time, I am sure that participants from the direction of the practical economies involved. How 
the more economicallv advanced countries have been much do air surveys cost .relative to those carried out 
able to learn much f~om their colleagues in the less- entirely on the ground? How much return in tern1s of 
developed countries. But the less-developed countries increased yield can be obtained by using a new hybrid? 
have bigger jobs ahead of them because there is further What is the value of future returns to be expected from 
to go to achieve a more adequate standard of living. the use of sound soil conservation practices? You may 
This means that the scientists and engineers of the less- not have been able to get definite and quantitative 
developed countries have heavier demands placed upon answers to such questions in all or even most cases. 
them in relation to their number than their more nu- But, with your discussions oriented in such a direction 
merous colleagues in the industrialized or economically I am sure that your results will be of great practical 
advanced countries. Thus, the many excellent scientists value to the programme <;>f technical assistance of the 
and engineers of the less-developed countries are still United Nations. 
too few in relation to the need for their services. Yes, I think that without resolutions or majority and 

Accordingly, the scientists and engineers of the less- minority reports, you may be sure that your meeting will 
developed countries were among the first to hail the en- have a very important impact on the work of the 
trance of the United Nations into the technical assist- United Nations and particularly on its programme of 
ance field. They, more than anyone else, appreciate the technical assistance for many years to come. 
value of receiving from their colleagues in the more First, the proceedings of your Conference will be a 
economically advanced countries the results of work in major source of information on the techniques of re
larger and better equipped laboratories, and of more source conservation and utilization and in the relations 
extensive engineering undertakings. between them. These proceedings will be used by the 

At the same time, they know that substantial modi- scores of administrators and experts in your countries 
fications may be necessary before techniques developed who for one reason or another were unable to attend 
in industrialized countries can be transplanted to their this Conference. They will constitute a monumental ad
own. One set of obvious differences may be those aris- clition to the printed knowledge of those questions. 
ing from differences in climate and topography. Others Second, you have gotten to know each other, you have 
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reached across boundaries of countries and specialties 
for the better understanding of one another's problems. 
These are important benefits for you and the future 
work of the United Nations. But after all this is not 
precisely a peculiar contribution of t~is Co~fere~ce. 
You scientists were among the first mternatlonahsts, 
among the first to realize that man's hope lay in free 
interchange of ideas between countries rather than con
flict. The proceedings of such broad and splendid or
ganizations as the World Power Confere~ce and the 
various publications of the Food and Agnculture Or
ganization are no less important contrib~tions to. the 
technical assistance programme of the Umted Natwns. 

No I think the most important aspect of this Con
feren~e for the future work of the United Nations is 
that vou scientists and we of the United Nations itself 
and its specialized agencies have gotten to know each 
other as workers in this common project at United Na
tions headquarters. Every participant in these meetings, 
every author of a paper has contributed as directly to 
the future of the United Nations as a representative on 
the Security Council. 

I know this is not an entirely new experience to 
many of you who have contributed your time and tal
ents to the success of projects of such specialized agen
cies as the FAO and UNESCO, and I am sure, too, that 
all of you as citizens have felt deep concern for the 
course of the United Nations through the stormy seas 
of recent vears have read with alternating hope and 
fear of the suc~esses and setbacks of our organization. 
But now I fancy that you will follow ~he United Na
tions efforts to settle the clashes that dtsturb the peace 
with a more personal interest. 

Now for better or worse, you know and must feel 
more d~eply that we are members of the same family, 
players on the same team. Having carried on your de
bates in Council chambers at Lake Success and the 
committee rooms of the General Assembly, you are less 
likely to dismiss the .debates of this great forum of t~e 
nations as unrewardmg chatter from a somewhat dtf
ferent world. 

On the part of the officials of the United Nations, I 
hope that the echo of your constructive debates will lead 
the members of the political councils and commissions 
to seek more earnestly for wider areas of agreement. 

The Conference itself, the activities of the specialized 
agencies and of other organs of the Econ?mic and So
cial Council have demonstrated that there ts much more 
to the work of the United Nations than the more widely 
publicized clashes of the Security Council. 

But this is of course only one step along a long road. 
There is still a tremendous job to do to realize the aims 
of the Charter for economic and social advancement. 
You men and women and your colleagues are the trus
tees of human knowledge in many fields fundamental to 
victory in such a campaign. 

I am glad that we have gotten to know you and _YO_? 
may be sure that now that you have become more mtl
mate members of the family we shall not readily let you 
go. I think it was Shakespeare who advised that havi?g 
found good friends "to grapple them to thy soul wtth 
hoops of steel". Now that we know you and know where 
to come for expert knowledge, I think you must face 
the fact that you are in for it. In the great jobs that lie 

ahead, we will have many occasions to call on you for 
your help. This Conference leaves no room for doubt 
what the response will be. 

The CHAIRMAN: Mr. Carlos G. LOpez, of Ecuador, 
has asked to be heard. He has just a few remarks to 
make. 

Mr. LOPEZ: I have taken the liberty of asking the 
Chairman for a few minutes time to express on behalf 
of the Ecuadorian delegation two specific points before 
the closing of this most important Scientific Conference 
on the Conservation of Natural Resources. 

The first point has to do with the impressi~:ms we 
shall take with us of the importance of the Sectwn and 
plenary meetings .. Our attention has. be:n directed 
mainly to the learmng aspect through ~1stemng to what 

• has been said by members from the Umted States, frC?m 
Europe, from Asia, as well as from the other countnes 
of Latin America that are more highly developed than 
our own. 

The limited possibilities in Ecuador have allowed our 
delegation, or the present delegate at least, to make only 
a limited contribution to the Conference. However, we 
feel that we have learned a great deal of the necessity 
of conserving resources, which should be further accen
tuated in the future. Not only should we try for a more 
efficient development and utilization of our possibilities, 
but we should try to co-operate and C?-ordinate ~o the 
utmost with what is being done and wtll be done m the 
future by the rest of the countries throughout the 
world. 

The second point deals with the gratitude our delega
tion wishes to set forth in connexion with the most gen
erous contributions made by the majority of the coun
tries of the Americas towards relief in the greatest 
tribulation befallen Ecuador through the worst earth
quake registered in its history which took place just a 
month ago. 

I am quite sure that most of the participants here 
have read about and seen pictures of the great destruc
tion and devastation that took place, but allow me to say 
that what you have seen is just a mild reflection of what 
actually happened, as three whole provinces have been 
affected by this terrible event leaving thousands of 
people homeless and without immediate means of sup
port. 

From this you may judge how welcome have been 
the kind contributions from the governments and peo
ples of the American cou~tries, with the U~ited ~tates 
leading the benevolent actwn, and followed tmmedtately 
by the sister Republics of our continent. 

To all the citizens of the Americas we wish to express 
our obligation for the kindness shown in many ways so 
generously, I repeat, and at the same time so oppor
tunely. 

I thought that this occasion was the most appropriate 
for doing this, because the members her~. present cap 
transmit to their own peoples the recogmtwn of grati
tude by the Ecuadorians at this Conference. vVe request 
you earnestly to make this sentiment known, and we as
sure you beforehand our due obligations if you kindly 
comply with our petition. 

The CHAIRMAN: The last speaker is the very well
known friend of ours, the Secretary of the Interior of 
the United States, Mr. Krug. He has been with the Con-
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ference during the whole session. I know all of you will 
agree with me when I say that we are again happy to 
have Mr. Krug address the Conference. 

Mr. KRuG: I have enjoyed participating in this Con
ference. It has been an inspiring experience of what 
can be accomplished through a free interchange of 
knowledge and ideas towards the solution of the im
portant problems of the world. We all recognize it is in
deed a small start, but most important it is a start. It 
should encourage all of us to find the most effective 
plan for moving forward at an ever-accelerating pace. 

Certainly our meetings have demonstrated at least 
three important points : 

1. Interest in conservation and development of re
sources is confined neither geographically nor to spe
cific resources. 

2. The scientists and experts of the world have dem
onstrated here that it is possible to overcome differences 
in language and cultural background to reach a better 
understanding about what needs to be done to assure 
a decent standard of living for the people of the world. 

3. The bold, new programme that President Truman 
is advancing for the development of the under-developed 
areas of the world has vast support not only in these 
areas but in the world generally. 

We have heard alarming predictions of the increase 
in the world's population. We have viewed estimates of 
the staggering increases in food, energy and materials 
which will be necessary to provide for the living needs 
of the world's population. We have heard encouraging 
accounts of what can be done in the various specialized 
fields of resource development to meet these staggering 
demands. With some resources these accounts may be a 
little too encouraging. And so many have emphasized, 
these problems are not single, indivisible, world-wide 
problems which can be resolved on a world-wide basis. 
Rather, they are a host of regional and national prob
lems and the solutions for most of them must be found 
by the people of individual nations or at most groups of 
nations. 

For the most part. each nation or at best each region 
of the world is, and will continue to be, largely depen
dent upon its own resources for basic foods, materials, 
fuels and energy. For most things world trade can 
merely supplement local supplies and the economies are 
always weighted heavily against supplies of foods and 
materials that must come from abroad. 

On the other hand, these meetings have clearly dem
onstrated that knowledge, experience and ideas can 
readily be interchanged among the free nations of the 
world. The world cannot afford monopolies of tech
nologies which, when properly made available, can help 
every nation to find answers to its particular and special 
problems. 

Therefore, I think each nation must draw upon 
world-wide "know-how" and information to make the 
very best of what it has-that is the very essence of 
sound conservation. This Conference has demonstrated 
the appalling lack of, and the compelling need for, 
really effective interchange of knowledge regarding re
source conservation and development. It is up to all of 
us working through proper channels within our respec
tive governments to find the means of assuring this ef-
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fective interchange of knowledge among the nations of 
the world. 

While we take new hope and courage from the ac
complishments of these meetings, I want to re-empha
size what has been said here time and time again. There 
is no simple answer. No single TV A will supply des
perately needed food for India or China. No newly dis
covered ore deposits will be the economic salvation of 
South America or Africa. 

Resource development and conservation is the appli
cation of the detailed and specific knowledge of thou
sands of trained people in thousands of fields of enter
prise. It is only through aggressively pushing our work 
in each of these interrelated fields that we can achieve 
the desired over-all result-a decent and secure way of 
living for the people of the world. 

This Conference will have wide repercussions in re
source work for a long time to come-you have dropped 
pebbles in the pool and the ever-widening circles of the 
ripples will affect the lives of people on every continent. 

It has been said that this is a conference without reso
lutions and to be sure we have spent no time in chasing 
commas through multilingual texts. But we are not 
without resolutions for I am confident that each one of 
us has resolved to forward in his own way the great 
purposes of resource conservation, utilization and de
velopment which will mean so much to our people and 
their children. 

The CHAIRMAN: Thank you for your kind words 
about the Secretariat and the staff of the United Na
tions. I know that the staff of the United Nations are 
happy when they know that the delegations and the 
delegates are satisfied. We are just doing our simple 
duty, but I can tell you that we are happy when a con
ference is over and we know that you are going home 
and that you are satisfied with us. That is the best 
honour you can pay us. 

The first Scientific Conference on the Conservation 
and Utilization of Resources has come to an end. I was 
very glad that I had both the time and opportunity to 
come to your meeting and to preside over your closing 
meeting of what has been one of the most interesting 
and constructive sessions ever held at Lake Success. 
I congratulate you not only on the scope and variety of 
the subjects you have covered, but on the many different 
points of view which you have brought to bear upon 
them. Your proceedings have aroused great popular in
terest. The space which the newspapers have devoted to 
this Conference indicates a growing interest in the con
structive long-term activities of the United Nations. In 
addition to the newspapers, we have supplied the radio 
throughout the world with scores of reports on this 
Conference and interviews with its participants. 

I think that one of the most important results of this 
Conference has been to demonstrate to the peoples of 
the world that the United Nations is concerned with 
building the economic and technological foundations of 
international peace by enlisting the collaboration of the 
scientific and technical world. 

This exchange of ideas and experience through the 
United Nations will not end with the closing of this 
Conference. The proceedings of this Conference will 
be published, and its work will be available to the spe
cialists in the fields of development and conservation of 
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resources all over the world who did not have the 
chance to attend. 

One of the most important things about this Con
ference is that we of the United Nations and you, the 
scientists, have become acquainted. It is significant that 
Mr. Clapp was invited to speak at this Conference long 
before the Middle East Economic Mission was con
ceived and long before he was asked to head that 
Mission. 

I am confident that as progress towards a stable peace 
continues an increasing proportion of our work here at 
the United Nations will be devoted to constructive ef
forts for the economic development of the world and 
the raising of the living standards of its peoples. This is 
not a task which can produce results overnight, or even 
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in a short period of years. This task must be an example 
of collaboration not only between men and peoples of 
today, but between generations, and it must be under
taken in the broad spirit of human solidarity. In this 
task we shall rely to a very large extent on scientists and 
technicians for their help and advice, as individuals or 
small groups collaborating on specific projects and in 
conferences of broader scope such as this one. For all 
these reasons, we are very glad to have met so many of 
you here. It has been a stimulating experience and one 
which we intend to repeat. 

I thank you for coming here and for your hard work, 
and I wish to welcome you either here at Lake Success 
or at the new headquarters in Manhattan or at the other 
places belonging to the United Nations and its special
ized agencies where we can meet again. 
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