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THE WORLD FOOD PROBLEM 

SUBPANEL REPORTS 

Preface 

This compilation of the subpanel reports of the study conducted :by 
the President's Science Advisory Committee Panel on the World Food 
Supply is Volume II of a three volume report. Volume I contains the 
general description of the problem and the study recommendations of 
the Panel, and summaries of subpanel reports. Volume III is an assem
bly of resource papers either developed as a part of the work of the 
subpanels· or found to provide information considered especially 
appropriate and not otherwise readily available. 

T·he Panel organized the work 'around the topics considered to rep
resent factors of major importance in the description of and possible 
contribution toward the solution of the problems of the food supply 
and nutritional requirements for populations in the developing na
tions of the world. Each topic was studied by a subpanel composed of 
members of the PSAC Panel on the World Food Supply joined by na
tional and international authorities in the subject matter area. Eco
nomic evaluations and implications of results contained in this report 
are provided in Chapters 13 and 14. 

The subpanels had a total membership of 110 individuals. With only 
two exceptions, both for reason of health, every person invited to serve 
on these subpanels· accepted, and excellent cooperation was provided 
by officials of the Federal Agencies, universities, fooodations, and 
business concerns in making it possible for these key individuals to 
devote the necessary time to this study. 

Subpanel membership was distributed as follows: 
Department of Agriculture______________________________________________ 30 
Agency for ·International DevelopmenL ________________________ -'_________ 10 
Other Government Agencies_____________________________________________ 8 
lJniversities _____ ~ ________________________________________ ~____________ 36 
Ind~try ______________________________________________________________ 18 

Private Foundations____________________________________________________ 8 

While "there was consideraple communication between subpanels, 
some duplication exists in the reports. This is usually intended for 
emphasis. While presentations might have been refined even more 
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with a longer period for development of the subject, it is the consensus 
of subpanel members that the reports reflect their having utilized the 
best available information and that they have arrived at realistic con
clusions with regard to the suggested programs of action by the de
veloped and the developing countries. 
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1.1.0 Summary 

POPULATION AND NUTRITIONAL DEMANDS 

The prevention of 'malnutrition throughout the world through the 
provision of adequate diets for a rapidly expanding population is a 
task of staggering proportions. Solution of this problem is perhaps the 
greatest challenge facing nations of the world today. In the less de
veloped countries, it. was estimated in the Third World Food Survey 
of the F AO that at least 20 percent of the pqpulation was under
nourished (received too few calories) and about 60 percent received 
diets inadequate in nutritional quality. Protein-calorie malnutrition 
which affects preschool children primarily, is the most widespread 
nutritional deficiency. Malnutrition causes retardation ~f physical 
growth and developmen~ and recent evidence strongly suggests that· 
mental development may be impaired also. For. the malnourished 
child, mortality and morbidity are extrem~ly high and the common 
infectious diseases are ca~astrophic. 

Nutrition has a vital role in the health of adults as well as children 
and profoundly influences socio-economic and cultural development. 
Malnutrition leads to deterioration of physical fitness and mental 
efficien~y, to emotional and personality disturbances, and to reduction 
in the capacity to perform work. 

The most urgent needs in less developed countries are an increased. 
supply of calories and good quality protein. In some areas, specific 
vitamin and mineral deficiencies are prevalent and foods furnishing 
these nutrients" must be made available. Anemias, endemic goiter 
(iodine deficiency) and xerophthalmia (vitamin A deficiency) are fre-
quently encountered while beriberi (thiamine deficiency) and aribo
flavinosis are observed in some countries. 

The technological revolution, whic;h has brought about rapid and 
self-generating economic growth in the developed countries, has had 
one critically important ~ffect in the poor ones-a marked reduction in 
death rates. This decrease in'mortality has not, as yet, been followed 
by a decline in birth rates, and, consequently, it lias created an unprece
dented occurrence in the history of mankind-very high rates of popu
lation growth over areas of ancient settlements. The times required to 
double the population in most less developed. countries are 18 to 27 
years; they are 55 to 88 years in the most developed ones. The less 
developed regions now contain about two-thirds of the world's human 
beings. By the year 2000, if present rates of growth continue, there will 
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be more than four times as many people in the less developed countries 
as in the developed ones. 

If fertility does not change, and mortality continues to decline, the 
population of the world will increase from 3.3 billion in 1965 to 5.0 
billion in 1985, or by 52 percent. With a 30 percent decrease in fertility 
over the next 20 years, the world population would be 4.65 billion by 
1985, an increase of about 40 percent above 1965. The difference be
tween the high and the low figures is only 385 million persons, about 
the same as the uncertainty in the projected 1985 p~pulatiori of Main
land China. The difference, however, would rapidly widen in later 
decades. By the year 2000,. the high projection would give a world 
population of 7.15 billion persons, and the low projection would give 
6.0 billion. . 

By the year 2000, the population of India will have increased to 
such an extent, even with the low population projection, that the 
present area harvested for food crops would be only about three-tenths 
of an acre per person, about the same as in Egypt today. The situation 
will become more critical until 1980, before any likely decrease in the 
rate of population growth can have much effect. 

A reduction in the rat~ of population increase may be necessary to 
increase food production. Economic growth and social development 
are made much more difficult by a high birth rate, which results in a 
very high proportion of children in the population, approximately 
45 percent under 15 years old, and hence a heavy dependency burden 
on the producing adults in the society. Even if overall economic 
growth is taking place, rapid population increase minimizes improve-

. ment in per capita incOme, and, therefore, little increase in the ability 
to save for needed capital investment. 

There are good reasons to believe that human fertility in most of the 
less developed countries will decrease during the next few decades, but 
when and how much cannot be predicted. Surveys of the attitudes of 
husbands and wives show clearly the recognition of a desire to limit 
family size. Many couples want no more children than they already 
have, and would like to know better ways of preventing further births. 

However, the numbers of children desired are much higher than in 
developed countries, averaging four children per couple, which, with 
present and prospective levels of mortality, would result in a doubling 
of population every 30 to 35 years. The large number of children de
sired probably reflects an adjustment to high and unpredictable child 
mortality as well as a traditional community life built on family and 
kinship ties. 

Favorable attitudes to family limitation in t.he less-developed 
countries are much more common among couples who already have 
three or four living children. Availability of birth control means may 
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thus be tulimportant until the desired number 'of living children is 
secure. Low infant and child mortality and public awareness that 
mortality is low may be one of the necessary preconditions for reduc
ing the rate of fertility. 

We are faced with the apparent paradox that a reduction in mor
tality should reduce rather than raise the rate of population growth. 
If this is the case, reduction of malnutrition among children, by increas
ing the quantity and quality of food supplies, may be a key factor in 
solving the population problem of our time. 

The transition from high to relatively low fertility rates in the 
developed countries occurred in a much less favorable atmosphere for 
family planning than exists in the world today. The governments of 
developing countries are now endorsing population control policies at· 
a rate and in a climate of world approval unimaginable even a few 
years ago. The role of government in reducing fertility is to exhort, 
inform, and provide; decisions and actions must be taken by individual 
couples acting' in accordance with their perceived interests. Even so, 
the governmental task is iarge and difficult, requiring a high degree of 
organization, adequate financial and logistic support, great flexibility 
in meeting changing conditions, and continuing objective evaluation 
of results. Only a small proportion of people in the less developed 
countries have even moderately good knowledge of family planning. 
The poor and the uneducated need to learn what the well-to-do and the 
educated already know-that there are a number of safe, reliable, and 
simple methods of limiting the number of births. 

In computing the nutritional requirements of a popUlation, we must 
consider more than numbers. The distribution by age and sex and the 
average body size of males and females at different ages are especially 
important. There are marked variations in average body weights among 
different peoples. Data for seven Asian and seven Latin American 
countries show that the difference in body weight between the average 
Indian and the average Malayan is nearly 15 percent; between East 
and West Pakistan it is about 20 percent; the total range between 
Indians and Vietnamese at one extreme, and Uruguayans and Chileans 
at the other, is about 40 percent. The differences in body weight between 
the peoples of the Asian and the Latin American countries are probably 
partly genetic, but several kinds of evidence suggest that nutrition can 
be a determining factor in fulfilling genetic potential. Hence a sus
tained improvement in the nutrition of children in poor countries can 
be expected to increase the average body weight of adults 10 percent 
or more during the next two decades,with a corresponding increase in 
food needs. 
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Caloric needs of the world and of India, Pakistan, and Brazil were 
estimated from caloric requirements developed by the Food and Agri
culture Organization (FAO) of the United Nations .. In applying these 
requirements to populations of these three countries, it was apparent 
that the average body size of children and adults was less than that 
suggested by FAO. Accordingly, current estimates of caloric needs 
were calculated at two levels, one from the F AO standard weights, 
and the other, from observed average body weights of the populations 
of these countries. Lack of satisfactory data on body weight in these 
countries introduces uncertainties as to accuracy. In projecting caloric 
needs for the future, the assumption was made that children should be 
provided with sufficient energy to allow for normal growth to age 14 
(FAO child weights) and that the adult population would increase in 
body weight by three kilograms per decade. 

Protein requirements were estimated by the procedures proposed by 
the Joint FAO-WHO Expert Group on Protein Requirements (1965). 
Protein needs were estimated in terms of a high quality protein, i.e., 
egg, which is the F AO "reference" protein. These "reference" values 
were then converted to the intake of protein in the national diet of each 
country .. This· was done by determining the net protein utilization 
(NPU) of different foodstuffs in these diets. NPU is an index of the 
digestibility of protein and of the biological value of the amino acid 
mixture absorbed from the intestine. Protein requirements were ex
pressed as grams per kilogram of body weight for various age groups. 
The estimated increase in caloric requirements in 1985 over those of 
1965, based on high and low population projections are as follows: for 
the World, 52 or 43 percent, for India, 108 or 88 percent, for Pakistan, 
146 or 118 percent and for Brazil, 104 or 92 percent. The increase in 
protein needs in the next twenty years will be of approximately the 
same magnitude. 

With most national food patterns, average protein requirements 
will be available to the population as a whole if calories are supplied in 
sufficient amounts. Large problems exist in meeting protein needs in 
countries where single foods provide the main source· of food energy, 
or where food resources are not equitably distributed. Special atten
tion must be given to mechanisms of food distribution within a country 
and within households to assure adequate intake of protein by young 
and growing children and other nutritionally vulnerable groups. When 
food supplies are limited in quantit.yor variety, it may be desirable to 
fortify foods with proteins or amino acids to meet the requirements 
of vulnerable segments of the popUlation. 

The needs for thiamine, riboflavin and niacin are related to caloric 
intake. Accordingly, the relative increase in needs for the next 20 years 
will be approximately the same magnitude as indicated for calories. 



POPULATION AND NUTRITIONAL DEMANDS 9 

The recommended intake of these three vitamins were calculated as 
specified by the Joint Expert Committee of WHO-F AO. The needs for 
vitamin A and calcium were calculated also for the world and for 
India, Pakistan, and Brazil. 

If similar foods are consumed in the next 20 years, calculated re
quirements for protein and calories indicate that for the world as a 
whole will need 50 percent more food in 1985. India and Brazil will 
need twice as much food as was available in 1965, and Pakistan will 
need an even greater increase. In calculating the needs for food and 
commodities, the only losses taken into account were those involved in 
processing. Thus, in estimating future needs for foods, an unknown 
underestimate is introduced because caloric and protein needs are pro
jected at the consumption level without adjustment for losses from 
time of harvest through storage, transportation, marketing, home 
preparation and plate waste. 

It is clear that calories constitute the most urgent need for countries, 
regions and the world although this obviously may not hold for certain 
segments of the population. If caloric needs of a country are met with 
current national food supply patterns, adequate amounts of protein 
will be supplied for the population as a whole, despite the overall 
poor quality of the protein. In the interpretation of averages it should 
be emphasized that they do not reflect distribution of food to indi
viduals nor do they indicate the percentage or segments of the popula
tion receiving inadequate diets and suffering from malnutrition. 
Although a variety of foods may be available, some persons receive 
only a limited variety which may be relatively poor sources of protein. 

Reduction of fertility does not offer much hope for solving the' 
food supply problem by 1985 unless fertility decreases much more 
sharply than the projections have 'assumed; only 6 to 11 percent 
reduction of food needs is indicwted for the three countries or the 
world as a whole. Decreases in fertility can ma.ke a substantial differ
ence in the period after 1985. Increased production is the key to meet
ing the food problem of the expanding p?pulaJtion in the next 20 
years. 

In a ooordinated effort to comb-rut malnutrition throughout the 
world, national nutritional policies should be developed in associa
tion with food and agricultural policies. A need for education and 
training in nutrition exists at a.ll levels, in universities, agricultural 
colleges, primary and secondary schools, communities and rural areas. 
Personnel f'Or carrying out nutrition programs sh'Ould be sought from 
all possible sources. Regional training and research institutes should 
be established. Fellowships should be made available in the United 

. States and other developed areas for training candidates at the doc
toral and post doctoral levels. In the United StaJtes, steps should be 
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taken to stimulate career development in nutrition for foreign serv
ice. More collaborative programs should be developed between univer
sities of the United States and other developedoountries, and inst.i
tutions in the less devel'Oped areas. 

Aotion programs in' nutrition should be oOrganized in cooper,81tion 
with agricultural, health, educational and eoonomic agencies. Nutri
tional needs of the oount,ry must be determined first and then research 
and action programs should be tailored to meet these needs. Priorities 
should be given to relief of calorie-protein malnutrition but defi
ciencies 'Of vitamins and minerals should receive consideration also. 
Nutrition research is urgently needed :to further elucid8lte the ~iology 
and eft'eots 'Of malnutrition and the relationships oOf nutrition toO health 
and mental development. 

1.2.0 Introduction 

The Seriousness and magnitude 'Of the problems 'Of undernutrition 
and malnut.rition in the less developed countries dem'and immediate 
long-term planning at. national and international levels. Attention 
must be dirooted first to the most important aspeot 'Of the problem
protein-calorie malnutrition in preschool children who are the most 
vulnerable group 'and whose health may he seriously and irreparably 
aft'ected. Malnutrition in childhood is a maj'Or deterrent to future 
social and economic development of the countries aft'ected. The seg
ment of the population most seriously aft'ected by malnutrition is 
children of preschool age. It has been estimated that 'Of 667 million 
children under the age of 14 in the less developed countries oOf the free 
world in 1966, 269 million are malnourished. It is predicted that there 
will he 815 million children in this age group by 1975, of whom 329 
million will be malnourished.1 Other vulnerable groups that require 
81ttention are pregnant and nursing w'Omen. The whole world must be 
made aware of the gravity of the situati'Onand measures to relieve 
the present plight of the preschool children must be initiated without 
delay. 

In 1963, it was estimated in the Third World Food Survey that at 
least 20 percent of t.he population of the less developed areas was un
dernourished -and that some 60 percent received diets inadequate in 
nutritional quality.2 For the world as a whole, it was concluded that 
10 to 15 percent of the people were undernourished and nearly half 
suft'ered from hunger and/or malnutrition. These estimates were 
based on limited data and the exact incidence is unknown. In Asia, 

1 u.s. Agency for International Development. Food for freedom. Washington, 1966. 21 p. 
2 Food and Agriculture Organization of the United Nations. Third World Food Survey. 

Freedom from Hunger Campaign, Basic Study No. 11, 1003. 102 p. 
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Africa, and Latin America, the population is increasing at a rate of 
from 2.5 to more than 3 percent per annum. The average rate of in
crease in food production from 1958 to 1965 was 2 percent per annum 
with a reduction in the last tour years ot this period to about 1. percent. 
An increase ot at least 3 percent per annum in tood production will 
be needed to keep abreast ot population expansion.s Other important 
aspects related to nutritional deficiency in the developing countries 
are unequal distribution ot available tood, insufficient individual 
income to purchase tood and lack ot education in the proper choice 
and use ot tood. . 

Resources must be developed to meet the nutritional needs ot popu
lations throughout the world. The effort will require the concerted 
efforts ot the governments ot less developed and developed countries, 
international agencies, toundations, universities, industries and other· 
members ot the private sector. 

This report will be concerned with: 
(1) the role ot nutrition in physical and mental development of 

children and the maintenance of health throughout lite; 
(2) estimates of the current prevalence of malnutrition; 
(3) projections 'Of populations a;t five-year intervals from 1965 

to 1985 for the world and tor India, Pakistan, and Brazil; 
( 4) estimates of requirements tor nutrients and foods of these 

populations; 
( 5) programs of nutrition education, research, and action that 

will be needed to correct and eliminate malnutrition. 
The report will not consider programs of education, research, and 

action related to population control, although it is recognized that 
this is one ot the most important problems tacing mankind. 

1.3.0 The Impact of Nutrition on Health, Work ERiciency, and 
Social Attitudes . 

Inadequate nutrition is associated with suboptimal Eving and leads 
to a chain ot events that has been described as: "Deficient nutrition ~ 
lowered energy output ~ lowered production ~ bale subsistence 
income ~ meager education ~ decreased resistance to disease ~ 
high death rates in children ~ lower lite expectancy." 4 Raising the 
nutrition level according to this relationship would result in improve
ments at all links ot this chain. Nutrition cannot be considered only as 
it influences health, but also as it relates to human well-being and to 
socio-economic and cultural development. 

3 Sen, B. R. "Indicative World Plan for Agriculture Development 1965.-1975-1985," Food 
and Agriculture Organization of the United Nations, April 15, 1966. 

4 Food and Agriculture Organization of the United Nations. Survey of nutrition training 
for ~he Americas. n.p., 1961. 1 vol. (various paging). 

263-8880-67-3 
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1.9.1 Effects of lIfaltutdritioninAdults 

The serious effects of malnutrition on physical fitness and mental 
efficiency have been studied in starved populations and in volunteers in 
whom semi-starvation or deficiency diseases have been induced experi
mentally. Nutritional deprivation results in weakness, fatigue and 
inability to perform work. The individual becomes apathetic, 
depressed and lethargic. Emotional and personality changes occur fre
quently. In an experimentai Study of semi-starvation, subject~ com
plained of loss of ambition, narrowness of interests, depression, 
irritability, and emotional instability.5 The behavior of the group 
changed significantly during the' experiment. At the beginning, good 
hUmor and friendliness existed among the subjects. As starvation pro
ceeded, the ability to make rational decisions was lost and the subjects 
hecame increasingly submissive. Leadership and injtiative disappeared. 
During the period of rehahilitatio:ri~ the prevailing mood was one of 
rebelliousness and hostility. These behavioral changes have important 
socio-economic implications. . 

In population of workers "a poor diet resulting in undernutrition 
and malnutrition reduces working e~~iency by (a) decreasing re
sistance to disease, (b) increasing the rate of absenteeism, (c) caus
ing lethargy, lack of initiative and drive and (d) increasing accident 
rates." 6 In experimental studies and in field observations, it has been 
shown that provision of an adequate diet improves efficiency and gen
eral well-being and that these are reflected Ultimately in increased pro
duction. Increased caloric intake is needed if. the work output of 
semi -starved people is to be increased. The requirements for protein, 
vitamins and minerals vary less with actiyity than do those for calories 
but more protein may'be needed to improve physical strength. 

1.S.fJ Effects of Malnutrition in Ohildren 

Protein malnutrition in infants and y<:mng children is often called 
kwashiorkor, whereas caloric deficiency is referred to as marasmus. 
Kwashiorkor is an African term meaning the "displaced child" who is 
no longer breast fed and must fend for himself as a member of the 
family. This protein deficiency syndrome is·characterized by loss of 
appetite, apathy and peevishness, pigment changes in the skin and 
hair, and growth failure. The liver becomes enlarged and the digestive 
and other body enzymes decrease. The proteins in the blood fall to low 
levels and massive edema develops. 

Acute diarrhea can be a dangerous illness for well-nourished infants 
in the United States; for the weaned infants of the less developed areas 

IS Keys, A. B., and others. Biology of Human Starvation. Minneapolis, University of 
Minnesota Press, 1950. 2 volumes. 

6 Food and Agriculture Organization of the United Nations. Nutrition and Working 
Efficiency. Freedom' from Hunger Campaign, BasIc Stud.y No.5, 1962. 41 p. 
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of the world who are consuming a grossly inadequate diet, it can hasten 
the appearance of kwashiorkor, with an appallingly high mortality . 

. In many cases, decreased intake and poor absorption of food are inten
sified by infestation with intestinal parasites, brought on by poor sani
tation and the reduced resistance of the malnourished child. 

The common infectious diseases of childhood are catastrophic in the 
malnourished infant. In 1960, measles caused 0.2 deaths per 100,000 
population in the United States. In India in 1959, it caused approxi
ma;tely 20 deaths per 100,000 population and in Chile in 1960 it caused 
27.7 deaths per 100,000 population.7 These figures take into account 
only the deaths immediately related to the acute illness and do not 
pol1tray the deaths from severe malnutrition precipita;ted by measles 
which occur weeks or months later. Inmost reported studies of 
kwashiorkor, measles had preceded by a matter of weeks a fourth to 
half of the total number of cases.S 

In the United States, accidents account for more fatalities after the 
first· year of life than the next six causes combined. In the devel
oping countries, the mortality rate among pre-~chOoI children be
tween 1 and -4 years of age is 10 to 30 times higher than that in the 
United States, the large difference is 'attributable to malnutrition and 
complicating infections. In the adolescent and young adult groups of 
these nations, undernutrition oontributes to the' high incidence of 
tuberculosis. 

In the United States approximately 25 of every 1,000 liveborn 
infants succumb before the age of one year. Most of these deaths result 
from prematurity or congenital ,defects. In Southeast Asia, Africa, 
and Latin America, published infant mortality rates (generally under
estimates) are often more than 100 per 1,000 live births, most of the 
excess being a direct or indirect result of poor nutrition. Early 
weaning and the use of unbelievably inadequate substitutes for human 
breast milk such as rice water, clear broths, weak teas and coffee are 
theconimon underlying causes. 

Intrauterine infection or fetal undernutrition (usually from im
paired placental blood flow) may lead to serious curtailment of an 
infant's potential. for physical and mental development.9 Survivors of 
severe infantile malnutrition are physically dwarfed and there is 
evidence that mental capacity may be impaired.to 

7 International conference' on measles Immunization (six sessions). Amer. J. Dis. Child. 
103(3) : 211-531. Mar. 1962. 

8 Graham, G. G., and Morales, E., Studies In Infantlle malnutrition I. Nature of the 
problem In Peru. J. Nutr. 79(4) : 479-487. Apr. 19G3. 

9 Gruenwald, P., Chronic fetal distress and placental insufficiency. Biol. Neonat. 5: 215-
265, 1963. . 

10 Cravloto, J., De Licardle, E. R., nnd Birch, H. G., Nutrition, growth nnd neurolntegra
tive development: au experience in ecolOgiC study. Pediatrics 38 (2 [Pt. 2] 'Suppl.)·: M9-
372, Aug. 1966. 
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It has been shown experimentally that undernutrition of animals 
during pregnancy results in a per"lrUlnently reduced potential for 
growth.ll A very brief period 'Of undernutrition in early extrauterine 
life limits growth permanently; progressively longer periods of depri
vation are required for irreversible stunting as life progresses.12 The 
learning capacity of animals who have survived severe neonatal mal
nutrition has been shown to be permanently impaired 13 and chemical 
maturation of the central nervous system is altered.14 

Children that, survive severe malnutriti'On are stunted directly in 
onset.IS Head size and, almost certainly, brain weight are reduced and 
in one study, a parallel degree of mental retardation has been docu
mented, alth'Ough it is not certain tlO' what extent this resulted from 
environmental deprivati'On.I6 In .the Uni,ted<States, n'O correlati'On be
tween height 'and intelligence is demonstra:ble since the height 'Of 
most of the populati'On is determined genetically rather than nutri
tionally. In Central America and in Peru, hO\Vever, where sh'Oflt stwt
ure is 'Often a result 'Of early undernutriti'On, a oorrelati'Onbetween 
heig.ht and intelligence can be sh'Own oamong underprivileged chil-
dren.l1 . 

The relationship 'Of nutriti'On to physical growth arid development. 
is well kn'Own. In Figuro l.the growth of boys in five Far East ooun
tries is c'Ompared with ,the growth 'Of the lowest quartile 'Of boys in 
I'Owa. Malnutrition is an important facOOr in the markedly reduced 
rates of growth 'Of children in the Far East although genetic differ
ences :are undoubtedly important. The effects of malnutrition during 
the period 'Of growth will be discussed subSequently. Nutritional im
provement leads ,to an increase in height and weight, a decrease in 
childh~ morbidity and mortality and increased longevity .. 

11 Cbow, B. F., nnd Lee, C. J., Effect of dJetary restrI'ction of pregnnnt rats on body 
weight gain of the offspring. J. Nutr. 82(1) : 10-18, Jan. 1964. 

12 Widdowson, E. M., and McCance, R. A., The effeCt of finite periods of undernutrition 
at different ages on the composition and subsequent development of the rnt. Roy. Soc. Lon
don Proc. Ser. Bll)8(912) : 3129-342. Oct. 22,1963. 

13 Lat, J., Widdowson, E. M., and McCance, R. A., Some effects of accelerating growth 
III. BehavIor and nervous activity. Roy. Soc. London Proc. Ser. B153(952: 341-356. 
Jan. 3, 1961. 

u. Dobbing, J., and Widdowson, E. M., r.rhe effect of ·under nutritIon nnd subsequent 
rehabilitation on myelination of rat brain as measured by Its composition. Brain 88(Pt. 2) : 
357-366. 1965. 

15 Graham, G. G., Amer. Moo. Wom. Ass. J. 21: 727, 1966. 
16 Stock, M. B., and Smythe, P. M., Does undernutrition during infancy inhibit brain 

growth and subsequent intellectual development? AlfA Arch. Dis. Chlld. 38(202) : 546-552. 
Dec. 1963. 

11 Cravloto, J., De Licardie, E. R., and Birch, H. G., Nutrition, growth nnd. neurointegra
tlve development: an experience in ecologic study. Pediatrics 38(2 Pt. 2 Suppl.) : 319-372, 
Aug. 1966. 
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1.4.0 Prevalence of Malnutrition "Throughout the World 

The most widespread deficiency disease in developing countries of 
the world is protein a.nd calorie malnutrition. Other nutrition-related 
deficiencies commonly encountered are a.nenlla, endemic goiter and 
xerophthalmia, Rickets, pellagra, ariboflavinosis, beriberi and scurvy 
are less frequently seen (Table 1). 

TABLE l..:...-Diseases Due to Malnutritton 

Name of Disease 

KW88hiorkor and 
Marasmus. 

Protein and calorie deficlency_ 

Xerophthalmia and Vitamin A deficiency ____ . ___ _ 
Keratomalaeia. 

Anemias _______________ DeDciency of Iron, (ol1c acId 
or vitamin B12. 

EndemIc goiter ____ r___ Iodine deficieney ________ ~ ____ _ 
BeriberL_____________ Thiamine deDclency _________ _ 

Ariboflavinosls_ _______ RibODavin deDciency ________ !_ 

Pellagra _______________ NIacin-tryptophan 

deficiency. 
&:mvY---------------- Vitamin C deficiency ________ _ 

Rlckets ________________ Vitamin D deficlency ________ _ 

Manifestations 

Growth retardation, Impaired mental develop
ment, edema, enlarged liver, pigment changes 
in skin, low serum proteins, enzyme deDciency. 

Night blindness, destruction of eye with loss of 
vision, skin changes (hyperkeratosis.) 

Pallor, weakness, heart t'allure, low hemoglobin 
and red cell count. 

Thyroid enlargement, cretinism. 
Peripheral neuritis, central nerl"OUS system dis

turbances.heart disease. 
CheiloSis, glossitis, seborrheic dermatitis. 
Dermatitis, mental changes, diarrhea, inflam

mation of gastrointestinal tract. 
Hemorrbag«)s, 1ID.proper growth of bone and 

supporting tissue, anemia .. 
Improper bone growth, abnormal calcium and 

phosphorus metabolism, skeletal deformities. 

The predominance of protein-calorie deprivatIon, anemia, goiter 
and xerophthalmia suggests that international programs should be 
primarily concerned with these conditions and that regional programs 
should concentrate on other deficiencies that occur ~n specific areas. 

Few data are available to indicate the general incidence of mal
nutrition. Health and nutrition surveys have been carried olit but 
these have been limited to specific population groups and have 
neglected difficult-to-reach segments of the population. Comprehensive 
clinical and biochemical evaluation of nutritional status have been 
included in very few of these general, public health-nutrition surveys. 
The criteria used to establish specific deficiencies have not been well 
defined and methodology has not been standardized. Consequently, it 
is difficult to make meaningful comparisons of surveys from various 
parts of the world. 

The following should be considered in estimating the magnitude of 
nutritional deficiencies: 

(1) the incidence of spe~fic diseases is of primary importance 
but these often occur la.te in the course of malnutrition; 



POPULATION AND NUTRITIONAL' D~MANDS 17 

(2) biochemical analyse8 assist in identifying major nutritional 
problems but have not been applied widely; 

(3) general in/o'f"11liLtion on mortality and rrwrbidity among 
infants and pre-school children gives some indication of the nutri
tional status of these segments of the population. 

1 J.1 P1'otein~O o1orie M a1Jnutrition 
Isolated results, published since 1952, suggest that the prevalence 

of kwashiorkor and marasmus ranges from lesS than one to more than 
10 percent in pre-school children of developing countries. Criteria 
for identifying these extreme deficiency states have been established 
only recently, however, and the extremely high mortality rates in the 
1 to 4 year age group in developing countries suggest that moderate 
protein-calorie malnutrition affects at least 50 percent of these children. 
The mortality rate in the United Sta~ for ~his age group ap
proximates one per 1,000, while in some of the developing countries, 
reported rates are 10 to 30 per 1,000. Mortality st!),tistics rarely list 
nutritional disease as the cause, of death. High mortality in young 
children, however, is directly related to ch~nic protein-calorie 
malnutrition. ' 

1 JjJ Anemia 
Reliable statistics on the incidence of nutritional anemias are ra're. 

Even in the United States, information on,' iron,.deficiency anemia is. 
limited ,largely to studies of pregnant women and infants. In some 
developing countries recent studies indicate that ~ almost all children 
and pregnant women suffer from iron deficiency even though O/Verage 
hemoglobin levels are within the normal range.' In addition, there is 
ample documentation that anemias caused by deficiency of nutrients 
other than iron are important' iIi many are,as. 

In many countries, the high incidence, of chronic intestinal para
sitism, which leads to constant blood ',loss, complicates the picture. 
Thus, while dietary iron exceeds that needed to maintain normal 
hemoglobin concentration, these dietary levels may be inadequate in 
the presence of chronic loss of blood. There is urgent need to determine 
the actual incidence of iron deficiency in the less developed' countries 
and to clearly define the prevalence and, type of other anemias. 

1J.3 Goiter 
Endemic goiter is one of the.majornutritional deficiency diseases 

of the world. Recent estimates are that over 200 million persons suffer 
from it. Surveys have shown that it is a current problem in West 
Africa, Ethiopia, Central America" South America, Southeast Asia, 
the Himalaya re~on, an~ the Near East. 
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Studies of the relationship between excretion of iodine in urine and 
the prevalence of goiter suggest that measurement of excretion may 
be useful in evaluating iodine nutriture of a population. Comprehen
sive investigations of the relationship of iodine nutriture to cretinism, 
deaf -mutism, and mental retardation, as well as to goiter, are needed 
in areas where these health problems are common. 

The standard public health approach to prevention of goiter is the 
iodization of salt although iodine has been added to other food stuffs. 
Many areas with endemic goiter problems are isolated from com
mercial markets and the use of processeq foods is limited. Practical 
ways to add iodine to the diet of populations in the Andes, the Hima
layas, isolated areas of Africa, and the high jungles of Southeast Asia, 
are sorely needed. . 

144 Xerophthalmia 
Vitamin A deficiency leads to xerophthalmia and blindness. Despite 

the considerable variation in basic dietary patterns in the less devel
oped countries, vitamin A intake tends to be extremely low during 
certain seasons. Surveys based on estimation of vitamin A levels in 
blood indicated this deficiency affects more tha~ 20 percent of the 

. population of Brazil, Bolivia, Chile, Colombia, Ecuador, India, 

. Jordan, Korea, Nigeria, Pakistan, Peru, Venezuela, and Vietnam. A 
prevalence of 10 percent has been reported in Ethiopia, Malaysia, and 
Thailand. 

1 ¥ Other Deficiency Diseases 
There have been isolated reports of the prevalence of other de

ficiency diseases but no systematic studies. of their international 
incidence have been conducted. 

Pellagra still occurs but is not ordinarily a major problem even 
where com supplies more than 60 percent of the dietary calories. If 
poor crops reduce the availability of supplemental foods, pellagra 
may be a serious problem particularly in some parts of Africa. 

Isolated reports of beriberi and ariboflavinosis .continue to appear, 
especially in some parts of Southeast Asia. In the Philippines, beriberi 
ranks among the first five causes of death and in one province, the 
mortality from this disease exceeds 100 per 100,000 population.18 The 
incidence of ariboflavinosis is uncertain but many authorities consider 
it to be one of the most common of deficiencies. 

A health problem that is related to nutrition and has aroused public 
interest in recent years is dental caries. Data are incomplete but the 
role of fluorides in prevention has been established. 

18 National Science DevelGpment Boord. Food and Nutrition Research Center. Philippines 
health statistics, 1963, ManUa, 1963. 
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Vitamin C deficiency -and its clinical counterpart, scurvy, occur 
in isolated parts of the world but neither is widespread. Surveys indi
cate that significant deficiency of this vitamin is a problem in isolated 
population segments of a few countries only.19 

Vitamin D deficiency, rickets, is not a major world health problem, 
but is found in isolated population segments of most countries. 

No studies have been carried out in large population groups to 
identify deficiencies of vitamins such as vitamin Be, vitamin B12 and 
folacin. In some areas, vitamin B6 (pyridoxine) may be consumed in 
less than desirable amounts, but the clinical and biochemical signs of 
this deficiency require elucidation. 

Because vitamin Bu (cobalamin) occurs primarily in foods of ani
mal origin, it is probable that its intake is less than adequate in many 
countries. A few studies have shown that segments of the population 
in less developed countries exhibit symptoms possibly related ·to vita
min B12 deficiency. Since anemia is prevalent in these areas, it is rea-' 
sonable to suppose that a contributing cause may be lack of vitamin 
Bu. 

Folacin (folic acid) deficiency appears to be a minor problem in 
many of the less developed countries. Deficiency of this vitainin may 
be due to malabsorption caused, by parasitic infestation and other 
intestinal disorders as well as to an inadequate diet. The role of folic 
acid . deficiency in the widespread' anemias in these countries is 
unknown. 

There is need to carry out comprehensive surveys of the incidence 
of deficiencies of other vitamins such as pantothenic acid, vitamin E, 
and vitamin K and of minerals such as calcium, phosphorus, copper, 
selenium, magnesium, and zinc. Data are also needed on the amounts 
of these nutrients in diets. 

1.5.0 Growth and Characteristics of Human PopUlations 

1.6.1 Demographic Oharactemtics of Dev'eloped and Developing 
Oowntnes 

In the 25 years prior to the crop season of 1960-1961, total cereal 
production in the less developed countries of ·the world increased by 
42 percent, bu;tper capita cereal production declined between 2 and 3 
percent.20 In oontrast during the same time, cereal production in the 
developed countries increased 51 percent and per capita production 
increased by 26 percent. By the early 1960's, Latin America, Africa, 

19 Interd~partmentnl Co·mmlttee on Nutrition for Na.tlonal Defense (now the Nutrition 
Section, Office ot International Research, National Institutes of Health). . 

3) Brown, L. R., Man, land, and food. U.S. Dep. AlT. Foreign Agr. Econ. Rep. No. II, 
153 p.1963. 
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and Asia, which before World War II were exporters of cereals, had 
become importing regions, with net imports of more than 18 million 
tons. Only. the United States, Canada, Australia, 'and New Zealand 
were exporters. The deterioration in production capacity in the de
veloping countries may be even worse than is indicated' by these data. 
Cereal production has been increased, in part, at the expense 'Of pro
duction of 'animal and vegetable protein and "protective" foods, such 
as fruits and vegetables. 

The growing gap in levels 'Of living hetwoon the developed 'and the 
less developed countries is largely due to the technological revolution. 
This revolution has enttbled rapid and self-genemting eoonomic 
growth to occur in the developed countries, but it has had 'One critically 
important effect in the poor ones-a marked reduction in death rates. 

The reduction in mortality was not 'accompanied by a reductiQn in 
birth mtes, and consequently, it has created something unprecedented 
in the history of mankind-very high rates of -population growth over 
areas of 'ancient settlement. An in'Ordinately rapid rise in human 
numoors is perhaps the most sigriificant characteristic of most of the 
developing countries. It is commonly believed to be one of 'the basic 
causes of the widening economic disparity between the two parts of 
the world. 

IMany developing countries show average aru"ual ra,tes of popu
lation increase of 2.6 to 3.8 percent, two to three times higher than 
those in many rapidly growing Rnd sparsely inhabited developed 
regions.21 Populations in most less developed countries double in 18 
to 27 years; while 55 to 88 years are required in most developed ones. 
The lesS developed regions now contain about two-.thirds of the world's 
human beings. By the year 2000, if present rates 'Of growth continue, 
there will· be 'about four times as many people in' the less developed 
countries 'as in the developed ones. 

On an economic basis, a less developed country has 'a per capita 
Gross National Product.of less than $400, while a developed country 
usually has more than $480.21 Developing countries can be dis
tinguished equally well-by their birth rates which are, in 'almost all 
cases, more than 34 per 1000 popul1lition' per yearP Birth rates in de
veloped countries are less than 30 per 1000 ranging downward to 13. 

Because of high birth rwtes, the percentage of children in the 
, popul1ltion is also high in the less developed countries. The propor
tion of persons less than 15 years old ranges from 36 to 48 percent,21 
whereas in the developed countries thi~ proportion is rarely more 
than 34 percent and may be as small as 21 percent. 

III Revelle, R., Population and food supplies; the edge of the knife. Nat. Acad. Sci. Proc. 
56(2) : 328-351. Aug. 1966. 
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Although overall death rates are low in all developed countries, 
they are also low in some developing ones and moderately low in 
many others. Developed and developing countries therefore cannot 
be characterized by their overall death rates, but in 'almost all develop
ing countries, mortalities of infants under one year of age are higher 
than in developed ones. With very few exceptions, developing coun
tries can be defined as those in which more than 50 children out of 
every thousand live births die. before the age of 1. In developed 
countries infant mortalities are almost always less than 50! per 
thousand.22 

In the developed countries, most deaths of young children occur 
during the first month of life. But in many less developed ones, more 
children die between the ages of 6 months and 2 years than during the 
neonatal period.22 

In the developed countries, most human beings live to middle age, 
and cardiovascular diseases and neoplasms are overwhelmingly the 
most important causes of death. In the less developed countries, 
the principal killers are the diseases of childhood that result from a 
combination of infection and malnutrition. 

In the aggregate the developing countries occupy about the same 
land area as the developed countries, but they contain more than twice 
as many people. The average population density'of the less developed 
countries is twice that of the developed countries, although, densities 
in most of Latin America and Africa are low. On the average through
out these two continents, there are 12 to 25 acres per person. 23 Much of 
the land in the sparsely inhabited poor countries of Africa and Latin 
America is desert, barren savanna, or tropical rain forest, and thus 
uninhabitable, with present technology, by more than a few people. 

In Southeast Asia, Middle South Asia, Mainland China, and other 
East Asian less developed countries, human populations press harder 
upon the land. Here the average number of acres per person ranges 
from one to. three.23 These are the areas that contain more .than half the 
world's people, and most of its poverty and misery; yet even heFe, 
surprisingly enough, the population densities -are not as high, on the 
average~ as those of Japan and W~stern Europe. Evidently, the ratio 
of numbers of human beings to land resources is not as important as 
other factors in determining the differences between the rich and the 
poor countries. 

1.5.2 Uncertainties of Population Estimat~s 
1.5.2.1 Uncertainty in the Size of the Present Population. The esti
mate of '3.3 billion for the world's popUlation as of the middle of 1965, 

2'.l ReVelle, R., Ibid. 
ZI Revelle, R., ibid. 
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given in Table 2, is based on inadequate data for a number of countries. 
There are no recent censuses for many Asian, African, and Latin 
American countries. Uncertainty about the size of China's population 
contributes a possible error .of more than 100 million.24 Pakistan's 
population, according to one estimate,25 was undercounted by nearly 
8 million (7.6 percent of the .total population) in the census of 1961. 
The growth rate for Pakistan since 1961 is uncertain, but if the most 
proba.ble value of about·3 percent per year is accepted, the estimate of 
the present population is understated by another 5 percent. If India's 
population is assumed to be underestimated in. somewhat the same 
proportions as that of Pakistan, the error is more than 50 million. Tak
ing account of the possibility of errors of a similar magnitude for 
many other less developed countries, the paucity of data for others, 
and estimates of undercounts of 2.5 to 3 percent for some developed 
countries such as the United States, the possible error is an under
estimate of more than 200 million for the world as a whole. 

The population estimates and projections 'used in this report for 
Pakistan make allowance for an undercount w:p.ile those for other areas 
have not been adjusted because of the different sources adopted for the 
projections. 

1.5.~.1! Unce'rtainty in P'resent Rates of Population G'rowth . .of even 
greater significance to a study of the future relationship of population 
and food suppy is the rate at which the population is growing. Unfor
tunately, estimates of present growth rates for much of the world are of 
doubtful reliability or are simply not avail8lble. Greatly divergent 
values may be obtained by the technique used in estimates. For ex
ample, the rate of population growth for Pakistan is 2.1 percent per 
annmnif one accepts the rate implied by the censuses of 1951 and 1961, 
but about 3.2 percent if one accepts the results of sample surveys con
ductedsince 1962.·A population growing at a rate of 3.2 percent an
nually will be 12 percent larger at the end of ten years than a popula
tion of the same initial size growing at an annual rate of 2.1 percent. 

In this study we have accepted, as the assumed growth rate 'of the 
world population in 1965, the United Nations 26 estimate of 1.8 percent 
per year for the rate of growth from 1960 to 1964, but we have used 
other sources as a basis for estimating growth rates in Brazil, Pakistan, 
and India . .our estimate for Brazil is about 2.9 percent, for India about 

. 2.6 percent, and for Pakistan, 3.2 percent. 

~ Alrd, 1. S., personal communication. 
2G Brackett, 1. W., and Akers, D. S., Projections of the pepulation of Pakistan b.r age and 

sex, 1965-1986. Washington, U.S. Bureau of the Census, 1965. 
M United Nations. Statistical Omce. Demographic Yearbook, 1965. New York, 1966. 

Reference p. 103. 



TABLE 2.-Projected population and vital rates for the world, Brazil, India, and Pakistan: 1965 to 1985 

[Population data are in mlll1ons, vital rates are per 1,000 midperiod population. Although the data shown are not exact enough to warrant the distinction between beginning of 
the year and midyear figures, the projections for Pakistan relate to January 1 while those for other areas were intended to relate to midyear. The vital rates shown are averages 
for the 5-year period] 

World Brazil India Pakistan 

Year and series 
Total Natural Birth Death Total ~atural Birth Death Total Natural Birth Death Total Natural Birth Death 

increase rate rate popu- increase 
rate ' latIon rate 

increase rate rate popu-
rate lation 

popu- increase rate rate popu-
lation rate latlon 

rate rate 

------_._-- --------------------------------------------------

High series: 
1965 ______________________ 

3,308 18 34 16 81 29 42 
1970 ______________________ 

3,624 20 34 14 94 31 41 
1975 ______________________ 

4,005 22 35 13 109 32 41 
1980 ______________________ 

4,467 24 35 11 128. 33 41 
1985 ______________________ 

5,032 ----- ... ---- -------- -------- 150 ------ ---- --------
Low series: 

1965 ______________________ 3,308 17 32 15 81 28 40 
1970 ______________________ 3,599 17 30 14 93 27 37 
1975 ______ .., _______________ 

3,911 17 30 12 107 27 36 
1980 ______________________ 

4,264 17 28 11 122 26 34 1985 ______________________ 
4,647 ---- ------ -------- -- ------ 138 ---------- --------

Source: See text and appendix tables. 

12 484 27 41 
11 552 29 40 
9 636 30 40 
8 739 31 40 

-------- 864 -- -------- --------

12 484 23 37 
10 542 21 32 
9 602 24 33 
8 677 25 34 

-------- 769 ---------- --------

14 
12 
10 
8 

---- ... _--

14 
11 
10 
9 

--------

116 
137 
164 
198 
241 

116 
134 
153 
178 
211 

34 
36 
38 
40 

29 
27 
31 
33 

51 
51 
51 
52 

46 
41 
43 
45 

17 
15 
14 
12 

16 
14 
13 
12 
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The United Nations estimate of the world population growth rate 
assumes a rate of only 2.0 percent for Middle South Asia, an area com
prised of India, Pakistan and several smaller countries. The combined 
. populations of the smaller countries account for less than 10 percent of 
the total for the region. Had the higher rates for India and Pakistan, 
given above, been -used by the United Nations, the. growth rate for 
Middle South Asia would have been about 2.7 percent and that for the 
world about 1.9 percent. ' 

1.6.~.3 UnceTtainty in Future Levels 0/ Fertility and MortaZity. 
Future levels of human fertility and mortality are difficult to predict 
even when there is reliable information on current levels. Changes in 
fertility depend upon a wide array of factors, such as changes in the 
age of marriage, attitudes of married couples regarding family size, 
and the availability of contraceptives. A nurnber of countries have 
undertaken official programs to provide family planning information 
and devices to their populations, and other countries undoubtedly will 
undertake such programs in the future. Because these programs are 
comparatively new and generally rely upon contt:aceptive techniques 
of uncert~in effectiveness in the less developed countries, their impact 
on future levels of fertility cannqt be foreseen' with accuracy. It is 
quite possible also, that new techniques for controlling fertility will be 
developed in the foreseeable future,· the impact of which cannot be 
predicted. 

Mortality rates generally have declined in recent years and nearly 
all countries are committed in various ways, to further reduction. There 
is no certainty, however, that this commitment can or will be translated 
into markedly lower death rates. Population is already pressing hard 
on the food supply of a number of nations. Except for large shipments 
of grain from the United State~, Canada, and a few other countries 

. during 1966, death rates in India might have risen sharply. 
As food requirements increase, the changes that a country will be 

able to forestall a major famine by importing food from abroad will 
diminish. The decline in reserves, in countries with surplus producing 
capacity lessens the likelihood of meeting· a sudden increase in demand 
in less developed countries, such as that produced by drought or flood. 

1.6.3 Present and Fut'Wf'e Size 0/ Pop1ilations 
Estimates of the size of the popUlations of the world, Brazil, India, 

and Pakistan in 1965 have been used for two series of projections of 
future population at five-year intervals through 1985. (Tables 2, 3, 
and::4.) 
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TABLE 3.-Percentdi8tribution of the population of the world, Brazil, India, and 
Paki8tan, by age groUp8j 1965 and 1985 

World Brazil India Pakistan 
Age and series 

1965 1985 1965 1985 1965 1985 1965 1985 

----------~-I-----------------------
High series: Under 5 years __________________ _ 

5 to 14 years ____________________ _ 

~g ~ ~ ~::::::::::::::::::::::: 
65 years and over _______________ _ 

14.1 
23.7 
31.3 
25.9 
5.0 

14. 7 
23.1 
32.4 
24.6 
5.2 

16.9 
26.4 
32.2 
21.6 
3.0 

17.4 
26.5 
32:2 
20.4 
3.5 

16.2 
25.4 
32.7 
22.7 
3.0 

17.1 
26.1 
31.8 
21.4 
3.6 

19.6 
27.5 
28.3 
20.4 
4.2 

20.9 
28.8 
31.2 
16.2 
2.8 

All ages_______________________ 100.0 100.0 100.1 100.0 100.0 100.0 100.0 00.9 
================ 

Low series: 
Under 5 years __________________ _ 
5 'to 14 years ____________________ _ 
15 to 34 years ___________________ _ 
35 to 64 years ___________________ _ 
65 years and over _______________ _ 

14.1 1l.3 16. 9 14. 9 16.2 14.8 19.6 18.4 
23.7 21.9 26.4 24.7 25.4 22.6 27.5 25.4 
31.3 34.6 32.2 34.4 32.7 34.4 28.3 34.3 
25.9 26;6 21.6 22.2 22.7 24.1 20.4 18.6 
5.0 5.6 3.0 3.8 3.0 4.1 4.2 3.2 

------------------------All ages ______________________ _ 
100.0 100.0 100.1 100.0 100.0 100.0 100.0 99.9 

Source: See appendix tables. . 

TABLE 4.-Projected population of the worllj, Brazil, India and Paki8tan, 'by age 
group8, 1965 and 1985 

[Population figures in mUllons] 

World I Brazil India Pakistan 

Age and series 
1005 1985 Percent 1965 1985 Percent 1965 1985 Percent 1005 1985 Percent 

increase increase increase increase 
--------------------------

All ages: 
Hfgh ________ 

)~~ too. 52 ) roo 85 

)4M {: 78 

} "0 r lOS 
81 

Low ________ 4,647 40 138 70 58 211 82 
Under 5 years: " 

HIg"--••••.• ) {: 59 

) { 
28 100 

)m r 90 

} { 
51 122 

467 14 23 
Low ________ 

19 21 50 114 46 39 69 
5 to 14 years: 

r: HleL ••..•. ) 48 ) { 40 82 

}~ {~5 
83 ) { 69 118 

784 22 32 
Low ________ 

26 34 54 174 42 54 68 
15 ~o 34 years: 

High ________ 

)1.033 {"629 
58 ) { 

48 85 

)IM r 74 

} { 
75 127 

26 33 
Low_~ ______ 1,606 55 48 85 265 68 72 118 

35 to 64 years ___ 859 1,239 44 18 31 72 110 185 68 24 39 62 
65 years and over_ 165 262 58 2 5 121 14 31 117 5 7 42 

Source: See appendlx,tables_ 
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1.5.3.1 488umption.s for the Tl1'O Population Projecti0n8. Projections 
in the high series are based on th~ assumption that fertility will re
main at present levels. The low series was based on a decline in fertility 
levels. It was assumed that mortality will decline at the same rate in 
both series. No attempt was made to measure the impact of possible 
subsistence crises. 

For the high series it was not assumed that birth rates (e.g., hirths 
per 1000 total popUlation) will remain constant., but rather, that age
specific fertility, the probability that a woman of a given age will bear 
a child, will remain constant. Birth rates (and also death rates, when 
mortality is constant) under these conditions fluctuate according to 
the age-sex structure of the population. 

The level of fertility for the world in 1965 was obtained by assuming 
that a birth rate of 34 per 1000 population (about equal to that of 
Taiwan), given in the United Nations, Demographic Yearbook, 1965, as 
the average for 1960-64, applies .equally to 1965. A set of female age
specific fertility rates was obtained by slightly modifying a schedule 
of rates for Taiwan for 1960. These adjusted rates were used to estab
lish birth rates for the high series. For the low series, it was assumed 
that fertility will decline to 90 percent of the 1965 value by 1970, to 80 
percent by 1980, and to 70 percent by 1985. 

For the high series for Pakistan a model was constructed to reflect 
the assumed levels of fertility for East and West Pakistan separately. 
East Pakistan's birth rate was assumed to. be 53 per thousand in 1961 
while that for West Pakistan was placed at 50. The' expectation of life 
at birth was assumed to increase about 3.3 years per decade.21 

For the low series it was assumed that the intensified family plan
ning program introduced in 1965 would be gradually extended 
throughout the population. It was assumed thttt maximum effective
ness will be reached by 1972, at which time the fertility rate (sum of 
age specific fertilities) will have decreased 28 percent. It was assumed 
that after 1972 the family planning program would expand at the 
same rate as the population to be served, i.e., the proportion of the 
population practicing family plan,ning would remain constant. If this 
proportion continued to rise during the 1970's and 1980's our assumed 
growth rates for the latter part of the period would be too high. 

The Indian high series projections were prepared by the Institute 
of Applied Manpower Research in New Delhi.28 The average birth rate 
during 1961-65 was assumed to be 41 per thousand and the assumed 
1965 birth rate was also close to this value. The expectation of lon-

~ Brackill, J.W., and Akers,' D. S., Projections of the population of Pakistan by age 
and sex, 1965-1986. Washington, U.S. Bureau of the Census, 1965. 

28 Institute of Applled Manpower Research. Manpower aspects of educational develop
ment and national popul.atlon growth perspective. New Delhi, 1965. 
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gevity at birth was assumed to increase about 7 years per decade. For 
the low series, the percentage decline in fertility assumed for Pakistan 
was adopted . 

. For Brazil, the United Nations Commission for Latin America esti
mated the birth rate dur.ing the period 1959-61 to be in the range of 
40 to 43 per thousand. A birth rate of 41 for 1965 was used to establish 
the level of fertility for the projections. For the low series a modified 
version of the fertility model developed for Pakistan was .used to 
establish a schedule of fertility rates. 
1.5.3.'E Possible Range of Future Population Ske. The ~igh ~ri~ 
projections show a 52 percent increase in the pop~ation of the world 
from 3.31 billion in 1965 to 5.03 billion by 1985. The low series, 
projects a population of 4.65 billion in 1985, 'an increl:lSe of about 
40 percent above t.he 1965 figure. These numbers eorrespond to average 
annual growth rates of 2.1 percent and 1.7 percent;respectively. 

The difference between the high and low figures for the world popu
lation in 1985 is only 385 million persons, about the same as' the 
probable range of uncertainty in the projected popUlation of Mainland 
China in 1985.29 The difference would be much greater in later decades, 
if rates of increase were to persist beyond 1985. By the year 2000, for 
example, an annual rate of increase of 2.4 petcent, starVing with a pop
ulation of 5 billion in 1985 would result in a world pOpulation of 7.15 
billion persons, whereas an annual rate of 1.7 percent and a 1985 popula
tion of 4.65 billion would produce a world poptilatitm of 6 billion l:J~ 
the end of the century. . 

As Table 3 shows, the proportion of the world population in. th~ re
productive ages would increase slightly under t/lle high projecti9n, 
and by about 10 percent in the: low series. Consequently, the high 
series would give a slight increase in birth rates, even thQugh age
specific fertilities are assumed constant and the decline in birth· rates 
in the low series would be much less than the assumed decline in age
specific fertility. For the high series, the natural increase rate:increases 
5 to 6 per 1.000 during the projection period (Table 2). For the 
low series the assumed declines in the birth rate are just about offset 
by declines in the death rate. 

The high series for Brazil, India, and Pakistan show trends similar 
to those displayed for the world as a whole (Table 2). Growth rates 
for Brazil and India would increase to more than 3 percent by 1985 
while the growth rate for Pakistan would be about 4 percent. For -the 
low series the growth rate for Brazil decreases only slightly and in
creases for both India and Pakistan. For both the latter countries 
birth rates decrease during the early part of the period and rise 

lID Aird, J. S., personal communlcat1on~ 

263-8880-67--4 
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somewhat thereafter. This pattern stems from our assumed model of 
fertility reduction. 

The proportional difference in population size between our high 
and low projections for 1985 is greater in India and Pakistan than 
in the world as a whole; the high value for both countries being 
about 12.8 percent greater than the low one. The difference in 1980 
would be only a . little over 9 per~nt. By the end of the century, if 
the assumed 1985 rates of increase were t'O continue, the population 'Of 
the subcontinellt would be nearly 25 percent greater under the high 
pr'OjeCtion than the I'Ow~ The projected population of 'Over 1800 million 
persons in the Indian subcontinent under the high projection would he 
three times the present popUlation of the region and more than half 
the 1965 popUlation 'Of our entire planet. 

1.5-'1 Population Growth fbTtI1 Food Needs 
In terms of the need to increase food supplies, particularly in the 

less developed countries, these figures strongly emphasize the urgency 
of large-scale and effective action. If present trends continue, the 
P'Ossibility of ultimate improvement will be gravely reduced because 
'Of the enormously increased magnitude of the problems. By the year 
2000, the population 'Of India will have increased to such an extent, 
even with the low P'OPulati'On projection, .that the present area har
vested f'Or f'Ood crops W'Ould provide 'Only about three-tenths 'Of an acre 
per person, about the same as in Egypt today. The most critical situa
ti'On will occur ,about 1980, before any decrease in the rate of populrution 
gr'Owth can have much effect. 

1.5-'1.1 Eoonomic Effeots o/Rapid Rates of Population Growth. 
It is clear that no probable reduction in the rate 'Of population gr'Owth 
would be sufficient, during the next 15 t'O 20 years, to 'Overc'Ome· food 
deficits; but, because economic gr'Owth and social development are 
made much more difficult by rapid population gr'Owth, it may be 
equally true that a reduction in the rate of population growth will 
he necessary to increase food producti'On. 

We have already seen that a high birth rate results in a very high 
proportion 'Of children in the total P'OPulation, appr'Oximately 45 
percent under 15 years 'Old (Table 3), and hence, a heavy dependency 
burden on ,the producing adults in a society. Education, health, and 
other services put an equally great burden 'On the total nati'Onal income . 
.A high rate 'Of population growth also means that even a relatively 
high rate of ec'On'Omic growth results in very litile improvement in per 
capita income and in the ability to save for capital investment. The 
needed growth in agricultural and industrial production is thus 
severely inhl,bited. 
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In the developed countries, with their. low birth rates, t~ere are 
between· two and three adults (persons 20 years of age or older) for 
each child under 15. In the less developed countries, the number of 
adults is about equal to the number of children. During the next two 
decades, the proportion of children in the developed countries will 
probably diminish, and their absolute numbers will increase by only 
around 15 percent. In contrast, if fertility remains at present levels in 
the less developed countries, the proportion of children will rise, and 
their absolute numbers will about double (Tables 3 and 4). On the 
other hand, if fertility can be reduced by the amounts we have as
sumed, the number of children will increase by only one-half to two
thirds of what would occur if fertility remains constant. 

These possible differences in number of children have important 
implications for education. In Pakistan, for example, under the high 
projection the number of children of primary school· age-5 to 14 
years-will increase by 118 percent in 20 years (see Table 4, Appendix) 
or nearly 4 percent per year. This means that with an annual economic 
growth rate of 5 percent, and a constant fraction of national income 
going into education, the educational expenditures per child of pri
mary school age can be increased only 1 percent per year, or 22 percent 
in 20 years. Since less than half the children are now in school,' the 
proportion receiving a primary education in 1985 would still be less 
than 60 percent. The fraction of national income going into education 
will need to be doubled to ensure a primary education at the present 
minimal level for all the children, let alone to improve the quality or 
lengthen the period of schooling. 

With the low projection, the number of children of school age in
creases only 68 percent, or 2.6 percent per'year. With the same economic 
growth· rate of 5 percent, and a constant fraction of national income 
going into education, the educational expenditure per child could be 
increased by 62 percent over the 20-year period. By 1985, 80 percent 
of the children could be given a primary education. 

The poverty of the less developed countries gravely constrains not 
only their total educational expenditures, but also the percentage of 
income that can be alloted to education.The high proportion of children 
in the poor nations means that meager educational budgets must be 
spread very thin. The United States spends more on education each 
year than'the entire national product of India. In England and several 
other European countries, children of primary school age make up only 
about 14 percent of the popUlation, half the percentage in Pakistan. 
By 1985, the proportion of 5 to 14-year olds in the United States will 
probably be only two-thirds that in Pakistan. 
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Today's poorly educated children in the less developed countries 
will be tomorrow's job seekers. India's population in the age group 15 
to 34 will increase over the next two decades by 107 to 116 million, 
Pakistan's by about 41 million, and Brazil's by 22 million, a total· of 
170 to 180 million (Appendix Tables 1-4). This meansjobs must be 
created for about 100 million young persons entering the labor force 
for the first time. The total size of the labor force in these three 
countries will grow by roughly 200 million, or 70 percent. Nearly all 
this increase will come from persons who are already born; conse
quently, the magnitude of the employment problem in 1985 will not 
be much affected by changes in fertility levels during the next 20 years. 
1/ a capital investment of $l,()()O is required on thearvel'age to create a 
new job, then the total cumulative investment needed fur the three 
countries by 1985 would be about noo billion even to maintain the 
present very low per capita incomes. 

The proportion of the population in the age group 65 and over is low 
and likely to remain so. Our projections show that'these will be only 
about.4 percent of the population of India, Pakistan, and Brazil in this 
age group by 1985 ·compared to 5.6 percent for the world as a whole. 
More than 9 percent of the U.S. population is 65 or older. 

1.5.5 Prospective Ohanges in the Geographic DutrWution 0/ the 
W O1'ld's Population 

Although population projections for world regions consistent with 
the projections in Tables 2 and 4 are not available, the United Nations 30 

has prepared regional projections. Estimates for 1965 and 1985 for 
. the United Nations "Medium" variant (which corresponds fairly 
closely t~ the low series in our Tables 2 and 4) are given in Table 5. 
The United Nations data show the proportion of the world's popula.tion 
residing in less developed areas will increase from 69 percent in 1965 
to 74 percent in 1985. On a regiona:l basis, the percentages in Africa., 
Asia, and Latin America will increase while those in Europe, North 
America, and the USSR will decrease. 

The United Nations study shows an overall increase in world popu
lation of 45 percent by 1985 as ·compared with 1965. Latin America, 
with an increase of 78 percent, and Africa, with an increase of 68 
percent, are shown as the fastest growing. The United Nations' 
projected increase for Asia during the 20-year period is based on an 
assumed annual growth rate of only 2 percent, well below the growth 
rates we have used in Tables 2 and 4 for two of the three largest Asian 
countries, India and Pakistan. 

30 United Nations. Department of Social Affairs. Population Division. World population 
prospects as assessed In 1963. Population Studies No. 41, 1966. 
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TABLE 5.-:Projected population of. world regions according to the United Nations 
"medium" oariant, 1965 and 1985 

Area 

World.. ____________________________________ 
More developed I _______________ ~ ______ 

Less developed 2 _______________________ 
Africa _____________________________ 
Asia.. ______________________________ 

Latin America _________________ ----
Europe ______________ ~ _____________ 
North America ____________________ 
OceanIa ___________________________ 
U. S. S. R ___________________________ 

Population 
(in mllllons) 

1965 1985 

3,281 4,746 
1,032 1,256 
2,249 3,490 

306 513 
1,828 2,701 

245 436 
440 492 
213 283 
17 25 

231 297 

Percent Each area as a perc&tt 
change of the world total 

1965-85 1965 1985 

45 100 100 
22 31 26 
55 69 74 
68 9 11 
48 56 57 
78 7 9 
12 13 10 
33 

~I 
6 

44 1 
28 6 

I Includes Europe, the U.S.S.R., Northern America, Japan, Argentina, ChUe, Falkland Islands, Pam-
guay, Uruguay, Austm1i8, and New Zealand. . 

Z Includes Asia (except Japan), Africa, Latin America (except Argentina, ChUe, Falkland Islands, Pam
guay, and Uruguay), Oceania (except Australia and New Zealand). 

SOURCE: United N atioDs. Department of Social Affairs. Population Division. World population prospects 
as assessed in 1963. Population Studies No. 41, 1966. Reference on p. 134. 

1.5.6 How ShaTP a Decline in FeTtility Oan Be Empected in the Less 
Developed 0 ountTies? 

The assumed decline in rates of fertility in the low projections are 
chosen simply for illustration because they cannot be justified quanti
tatively with our present level of understanding. There are good rea
sons to believe that human fertility in most of the less developed 
countries will decrease during the next few decades, but when and how 
much cannot be predicted. We are able to identify, however, several of 
the factors involved. 
1.5.6.1 FactOr'S Affecting HWJn(J,n FeTtility. Fertility rates in nearly 
all human societies that practice agriculture fall well below the poten
tial of human fecundity; the direct constraints on population growth 
appear to be social ones, not' as Malthus first thought, starvation and 
disease. Birth rates in the industralized nations began to fall below 
the leve'ls in prim-arily agricultural nations about 100 years ago. There 
was a growing tendency to postpone marriage, to increase celibacy, to 
resort to abortion, and to practice contraception, in ·addition to the 
limitation of population by emigration. 

In recent years, rapid decreases in fertility levels have occurred in 
several developed countries; notably in eastern Europe and in Japan. 
Fertility rates were lowered by ·about 40 percent in Hungary between 
1954 and 1962, by 36 percent in Rumania between 1955 and 1962, and 
by 30 percent in Poland between 1955 and 1964. Japan experienced an 
even sharper decline-the decrease measured from the 1947-49 period 
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when fertility was exceptional high because of the post-war reaction, 
amounted to 55 percent. If from 1950, it is 44 percent. 

Conditions in these countries differ markedly from those in the less 
developed areas. Literacy rates were high, fertility was already being 
'controlled by significant segments of the population (fertility levels 
were about half those of many less developed areas even before the 
recent declines), and the people were strongly motivated to limit fam
ily size. Even Japan,:'with one of the lowest birth rates in the world, is 
no model of direct emulation by her Asian neighbors. In terms of in
dustrializatioJi,urbanization, literacy, and rapid social change, Japan 
differs profoundly from all other countries in Asia. 

Surveys of attitudes of husbands and wives concerning the number 
·of children "they would like to have show clearly that in the less 
. developed countries there is a desire to limit family size.3

! Many 
. couples want no more children than they already have, and would like 
to know bette~ ways of preventing further births. The average number 
of live births per woman in these countries is over 30 'percent greater 
than the desired number of children (Table 6). Only part of this 
difference can be accounted for directly by the deaths of children, 
though, as we shall s~e, high infant and child mortalities are an under
lying cause .of high reproductive rates. At the same time, these surveys 
demonstrate that the numbers of children desired by' married couples 
in most of the less developed countries are much higher than in the 
developed ones~ The unweighted average is four children per couple, 
which, with present and prospective levels of mortality, would double 
popUlation everY 30 to 35 years. 

Typically, in developing countries, half to two-thirds of the people 
want four or more children, while in most developed countries less 
than 25 percent want four or more. Most people in developed countries 
want two to four children; in the less developed countries they want 
three to five. In the developed countries, actual family size is slightly 
less than desired family size, while the reverse is true in less developed 
ones (Table 6). 

In Japan and Hungary, 95 to 98 percent of parents with four living 
children do not want more; 92 to 95 percent of those having three and 
76 to 8f) percent of those having two living children do not want 
another child. . 

In Jamaica, India, Ceylon, Taiwan, Thailand, and the Philippines, 
66 to 86 percent of women having four livip.g children, 45 to 71 per
cent of those having three, and 27 to 56 percent of those with two, do 
not want more. In Turkey, Pakistan, and Indonesia, all Muslim coun
tries, the percentages are smaller; 37 to 62 percent of those with four 

31 Mauldin, W. P., Fertilfty studies: knowledge, attitude and practice. Population Councll 
Studies in Family Planning No.1: 1-10. June 1965. 



TABLE 6.-Desired family size and actual fertility 

(1) (2) 

Country Population Average 
desired 
number 

of children 

Pnerto Rico ____________________________ Urban and rural __________________ 3.0 Ceylon _________________________________ RuraL ____________________________ 
3.2 Turkey ________________________________ Urban and ruraL _________________ 3.5 Thailand ________ : ______________________ Not avaIlable _____________________ 3.8 Jamaica ___________________ .• ____________ Urban and ruraL ________________ • 3.8 Taiwan _________________________________ Urban _________________________ ow. 

3.9 Paklstan _______________________________ Urban ____________________________ 
4.0 India ___________________________________ Urban and ruraL _________________ 24.1 ChUe ___________________________________ Urban ____________________________ 
4.1 Indonesia _______________________________ Rural _____________________________ 4.3 

South Korea ____________________________ RuraL ____________________________ 
4.4 

PhiUppines _____________________________ Urban and ruraL _________________ 5.0 Ghana __________________________________ U rban ____________________________ 
5.3 

Unwelghted. average ______________ ----_ ................ _ ...... ----_ .. _------- .. - ......... - ......... 4.0 
10 European countries • _________________ Urban and ruraL _________________ 2.7 Japan __________________________________ Urban and ruraL _________________ 2.8 United. States __________________________ Urban and ruraL _________________ 3.3 

1 Average for East and West Pakistau. 
2 Weighted average of urban and rural surveys in Mysore (1952), an urban/rural 

sample in Central India (1958) ~d a rural sarQple near Delhi (1957-60). 
3 Central India only. 
• Austria, W. Germany, Czechoslovakia, Hungary, Great BritaIn, France~ SwItzer

land, NorwaY,ltaly, Netherlands. 
, Hungary only. 
o Omitting countries with only an urban sample. 

(3) (4) (5) (6) (7) 

Parents with living children Excess live Infant 
Percent not wanting more- Averago births, mortality 
wanting number of living children live percent per 1,000 
40r more births per oftota[ . live 
children woman fertility births 

2 3 4 5 or more 

19 NA NA 87 93 4.9 39 45-51 
25 29 57 69 88 5.5 42 (53) 
42 5 23 44 66 5;8 40 (165) 
54 48 71 86 96 6.0 37 (U5) 
48 56 68 80 84 5.5 31 50 
62 24 54 76 88 5.8 33 (30) 
65 122 144 162 168 6.4 39 (160) 

21!8 327 342 a 75 385 5.4 24 . (140) 
68 NA NA NA NA 4.5 9 111 
66 17 23 37 41 5.9 27 125 
76 NA NA NA NA 5.7 23 (100) 
71 42 56 68 85 6.4 22 (73) 
88 NA NA NA NA 6.6 20 (113) 

1-

56 31 48 68 7D 5.7 0 32 86 
18 '85 '92 • 95 a 93 2.6 -4 25 
22 76 95 98 97 2.0 -40 20 
40 NA NA NA NA 73.3 0 25 

7 Computed from data given in tables 5 and 17 of Demographic yearbook, 1964· 
United Nations. Statistical Office. 

SOURCES: Columns (1) through (4)-Sample survey results reported in Popula
tion Council studies in Family Planning No.7, lune 1965. Column (5)-Cho, L. 1., 
Estimated refined measureS of fertUity for all major countries of the world. Demog
raphy 1(1): 359-374. 1964. Column (7)-Our estimates, based on data given in United 
Natlons.Statlstical Office. Demographic yearbook, 1964. New York, 1965. Table 19. 
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living children, 23 to 44 percent of those with three, and 5 to 22 per
cent of those with two living children do not want another child. 

A study of urban versus rural preferences in family size was made in 
Korea. Here the proportion of people in rural areas wanting five or 
more children was over four times as high as in urban areas (42 to 45 
percent against 10 percent); the proportion wanting four or more 
was more than twice as high (73 to 80 percent against 35 percent). 

The difference in desired family size between the developing and 
the developed countries can be understood only if we take into account 
the. cultural and social differences between the two groups of nations. 
Freedman 32 has given a perceptive discussion of the problem. He 
points out that much of the decline in European fertility resulted 
from the practice of coitus interruptus, a method of contraception 
which can be reinvented by each couple that has a strong parental 
motivation to limit the number of children. This and other "folk" 
methods of fertility control, for example abortion, were equally avail
able in the less developed areas, and past failure to use them extensively 
has been at least in part the result of social pressures for high fertility. 
Individual couples had many children because they wanted or needed 
them. A non-secular view of nature and a reluctance to interfere with 
"ways of divine providence" may also have played a role. 

High fertility has been an adjustment to high and unpredictable 
mortality and also has been of central importance in a community life 
built on family and kinship ties. In most pre-industrial societies, a 
wide range of activities involves interdependence with relatives and 
with children. These include economic production, consumption, lei
sure, assistance in illness and old age, and other activities covered' 
by nonfamily institutions in modern societies. 

Emphasis on the importance of male heirs leads to large families. 
Only one son may be needed for ritual or economic purposes, but it is 
common to .desire at least two for insurance against the death or inca
pacity of one. Families would have to' average about four living 
children to obtain two sons. 

Availability of birth control means is largely irrelevant until the 
desired number of living children is secured. Favorable attitudes to 
family limitation are much more common among couples who already 
have three or four living children. Thus, low infant and child mor
tality, and public awareness that mortality is low, seems to be one 
of the necessary conditions for an effective social policy for reducing 
fertility. The momentum o"f the traditional social structure may cause 
large numbers of births to occur long after child mortality has actually 
fallen. 

a Freedman "The Sociology of Human Fertillty", Current Social. Vola. 10-11, No.2 
(.1961-62). 
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A recent study in Cairo, Egypt, supports the idea that the experi
ence of infant or child mortality tends to raise fertility.33 Mothers 
45 to 49 years old were subdivided into ten groups according to five 
levels of educational attainment and according to whether they had 
experienced the death of one or more of their children. In each of the 
five educational classes, those women who had'experienced one or more 
child deaths had borne a considerably higher number of children than 
those who had not experienced such a death. Mothers of all ages who 
had lost one or more children tended to desire a larger number of 
children who would be alive when the mother reached age 50 than did 
mothers who had not lost a child. 

The relationship between mortality and fertility in less-developed 
countries is illustrated by an intra-country comparison of different 
districts in Ceylon, Mauritius, and British Guiana.34 In Table 7 the 
five districts with the highest pre-1950 mortality rates in each country 
are compared with the five districts having the lowest pre-1950 mor
tality. In all three countries, those districts with relatively high mor
tality and a low rate of natural increase prior to 1950 experienced a 
rise in birth rate in recent years. In Ceylon and Mauritius, the dis
tricts with relatively low mortality and a high rate of natural increase 
prior to 1950 showed a marked decline in the birth rate in 1960 and 
1964, respectively. In British Guiana, there are no data after 1955. In 
that year the birth rate for the low mortality districts was slightly 
higher ~han it had been in 1945-49, but the percentage increase of 
birth rates was much smaller than in the districts where the 1945-49 
mortality was relatively high. 

Heel' and Smith 35 have pres~nted a model which indicates that 
large-scale reductions in fertility are unlikely in the less developed 
nations unless these countries see a further substantial reduction in 
their level of mortality. 

In regions where the average mortality of children has been 
reduced, but is still relatively high, the vari'ance in mortalit~ will 
also be large and the parents' desire for a high degree 'Of "insurance", 
that at'least 'One son will grow to manhood may result in the mainte
nance of high fertility. Consequently, the net reproduction rate and 
the 'annual mte 'Of natural increase will be greater than where infant 
and child mortality 'are sufficiently low. Weare faced with the ap
parent paradox that a reduction in mortality will reduce rather than 
raise the rate of population grQwth. 

33 Hassan. S., Inftuence of chlld mortality on fert1l1ty. Paper presented at annual meet
ing of the Population Association of America, New York City, April 1966. 

M Frederiksen. H., Determinants and consequences of mortality and fert1l1ty trends. 
PubUc Health Reports 81(8) : 715-721. Aug. 1966. 
~ Heer, D. M., and Smith, D.O., The impact of mortality level upon desired famUy size. 

Paper presented at the 134th meeting of the American Association for the Advancement 
of Science, Washington, D.C., 1966. 
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TABLE 7.-Changea in birth ratea related to previous death ratea, and ratea' 
o! natural increaBe in three le88 developed countrie8 . . 

Ceylon Mauritius Guiana 

FIVE mOK MORTALITY DISTRICTS 

Pre-1950: 
BWh=~a~,~_~. ______ .. ___ ._ ••• _._ •.•• _ .. _ •• _____ ._ .. ___ .. ------.--1 
Death .... Ult~..,.' _______ •. ___ .• _. ________ •. ___ .• _______ . __ •••• __ .•• _ •• __ 1 

Natural iuerease rate •• __ ••••• _ •••• .: __________ •• _____ • ____ _ 
Post·1950 bWh rate ____________________________ •• _____ •• __ •• __ 

FIVE LOW MORTALITY DISTRICTS 

Pnr1950: 
BWh rate ____ • _______ • _______ ._. ___ • __ ••• _._ •• _ ••• _. ___ • __ 
Death rate_._. __ ••••• _._ •• __ • __ •• __ ._ •• ___ ._. ___ ._. ______ • 
Natural iucrease rate_ •• _. __ ••• _. __ • ____ ~_. ______ • ______ • __ 

Post·1950 bWh rate. ____ • _____ ._. __ •••• ________ •••• _._ ••••• __ _ 

1 Average annual rate per thousand for 1930-45. 
2 Average annual rate per thousand for 1960. 
8 Average annual rate per thousand lor 1946-49. 
4 Average annual rate per thousand lor 1964. 
'Average annual rate per thousand for 19M. 

135.3 
133.4 
11.9 

246.1 

140.3 
121.0 
119.3 
237.6 

139.0 
331.3 
87.7 

439.6 

844.3 
825.0 
319.3 
438.8 

800.2 
817.0 
319.2 
.' 42. 7 

343.8 
813.1 
330.7 
$45.4 

Souroo: Frederiksen, H., Deter:miuants and consequences of mortality and fertility trends. Public Health 
Reports 81(8):715-727. Aug. 1966. 

As mortality drops from an intermedi®te to a low level, the rate 
of natural increase should decline rapidly. Today, infant 'aIld child 
moItality in most 'Of the less developed. nations is at an intermediate 
level and ;that 'Of the developed na,tions Bit R low level. If, as Hear and 
Smith assume, parents want a 95 percent certainty that one of their 
sons will become a man, we can expect little reduction in the ra.te 
of population increase until infant and child mortality in the less 
devel'Oped nations approaches the level in the devell()ped ones. On the 
other hand, it may be possible to create chariges in social structure so 
that parents will n'O l'Onger feel compelled to seek such a high degree 
of 'aSsurance of the survival of at least one son to their old age. 

Even after taking into account the effects 'Of mortality in producing 
high fertility in underdeveloped areas, it is probably still true that 
the social norms prescribe a larger number of living children than is 
true of modern societies. Clan or tribal kinship systems enhance the 
value placed 'On children because they oontribute to the power or status 
of the group. Elements 'Of this effect 'appear in western societies among 
religious or ethnic minorities. Extended family systems, hi which 
many relSJtives live together, average higher fertility than the f.amily 
systems in which fewer social functions are carried out within the 
family unit. 
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lJj.6.~ Fertility Oontrol Programs in the Less De;veloped Oowntries. 
Declines in fertility in the West resulted from married couples 
deciding individually to limit the size of their families by ~Qrting 
to abortion and to "folk" methods of contraception ·that had been 
known for cent.uries. Organized society genel'ally frowned on these 
practices, law,S were passed against the sale and distribution of con
traceptive information and supplies, birth control movements were 
strongly denounced, 'and leaders of birth. oontrol movements were often 
jail~d. Nevertheless, as economies industrialized, as people moved from 
village to town to .city, and as the traditionally subordinate status 
of women was modified, the small family became the norm. The tran-

'sitionfrom high to rela;tively low fertility raifm occurred in a much 
less favorable atmosphere for family planning than exists in the 
world today. Confronted with high rates of population growth that 
are a major drag on economic development, the governments of de
veloping countries are now endorsing population oontrol policies at 
a rate and in a climate of world approval unimaginable even 'a few 
years ago. 

Among the nations tha.t have officially decided 00 foster family plan-. 
. ning are India, Pakistan, Mainland Ohina, South. Korea, Ceylon, 
Singapore, Hong Kong, Mala,ysia, Turkey, Egypt,Tunisia, Morocco, 
and Honduras. Taiwan has no formal policy, but the Government 
has given full cooperation to an island-wide program ·that has already 
reached a substantial part of the popUlation. In many otheroountries, 
at least the beginning of governmental interest is visible. These in
clude the Philippines, Thailand, Nepal, Afgh~nistan, Iran, Kenya, 
Ma,uritius, Chile, Colombia, Peru, and Venezuela. 

In the field of family planning, governmental programs must be 
. catalytic agents rather than the total effort. Formal policy state
ments at high governmental leveis are neither necessary nor suffi
cient to achieve a reduction in fertility. In some rapidly developing 
areas of Asia such as Singapore, Hong Kong, and Taiwan, wide
spread contraceptive practices predated official policy. The adoption 
of a birth control program doesn't ensure a reduction of fertility. 
The role of governments in reducing fertility is to exhort, inform, . 
and provide; decisions and actions must be taken by individual 
couples acting in accordance with their perceived interestS. Even so, 
the governmental task is large and difficult, requiring a high degree 
of organization, adequate financial and logistic support, great flexi
bility in meeting changing conditions, and continuing objective 
evaluation of results. 

Only a small proportion of people in the less developed countries 
have even moderate knowledge of modern methods of family.plan-
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ning; the poor and the uneducated need to learn what the well-to
do and the educated already know" that -there are a number of safe, 
reliable, and simple methods of limiting family size. Knowledge of 
contraceptive methods is much less widespread than the desire not 
to have more children. In recent surveys in India, only 11 to 15 per.
cent of the people in rural, areas near Mysore, and 28 to 43 peroont 
in villages near New Delhi, said they had some knowledge' about 
methods of contraception. In Japan, more than 90 percent of the 
people know a:boutthese methods. 

Among urban populations of the less developed countries, 6 to 40 
percent of persons interviewed had used some contraceptive method; 
in rural areas, they were used by 1 to 9 percent of the population. 

Among the most widely used contraceptives today are intrauterine 
devices and pills, methods that have several advantages over, those 
whiah were available ten years ago. Even these new methods may be 
inadequate, however, for poorly motivated or illiterate people, and 
in, developing countries, family planning programs may not be as 
effedtive as planned. Considerable research and technological effort 
is going into the, development of better birth control methods. This 
shoUld contribute a good deal to speeding up the adoption of family 
planning. 

Emphasis needs to be placed on birth controi education in the 
less developed countries. The importance of education is not simply 
iIi facilitating the dissemination of knowledge about ideas and means 
of birth con.trol. It is the more basic fact that educated people be
come involved with modem ideas and institutions. If the individual 
sees himself as part of a larger non-familial system, he begins to 
find rewards' in social and economic relationships in which a large 
number .of children may be unnecessary or even a hindrance. 

Equally fundamental for population control, as we have shown, 
is a continuation of the decline in mortality that has occurred during 
the last two decades, particUlarly a marked decrease in infant and 
child mortality. Reduction of malnutrition among, children as a ' 
resUlt of increased quality and quantity of food supplies may be a key 
factor in solving the population problem of our time. 

1.5.7 Population Oharaateri8tws A:lfeatmu Nutrition \ 
In computing the nutritional requirements of a population, we must 

consider more than numbers. The age and sex distribution are also 
important as are average body size of males and females Bit different 
ages. The level of physical activity, and the environmental tem
perature should be taken into account, but differences in these factors 
among most peoples, at least in the less developed countries, are not 
highly signifi~t (see Section 1.6.1). 
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1.5.7.1 Body Size. Available data on growth as measured by in
creases in body weight with age in Latin American and Asian coun
tries answer a few questions-and leave many unanswered, including 
the basic question of the relative importance of genetic and environ
mental factors such as nutrition on the mature 'body size of the 
people in these countries. ' 

There are marked variations in average body weights among dif
ferent peoples. The ranking by ,average body weight ,of males of 
ages, 25 to 29 years in the seven Latin American countries for which 
data are available is shown in Table 8. The average Uruguayan man 
weighs about 20 percent more than the average Northeast Brazilian 
man. A similar difference exists among the women of these countries. , 
An average Uruguayan woman 25 to 29 years old weighs 60 kg; an 
average woman from Northeast Brazil weighs 48.8 kg. 

Of the six Asian countries' for which average body weights are 
available, Malayan men are the heaviest (5p.1 kg.), even though they 
weigh less on the average than Dien in any of the Latin American 
countries. (Table 9.) Between the relatively small Indians and the 
large Malayans the average difference is nearly 15 percent; while 
between East and West Pakistan it is even larger, about 20 percent. 
The total range between Indians and Vietnamese at the small ex
treme (Table 9) and Uruguayans and Chileans'at the large extreme 
(Table 8) is about 40 percent. 

Data on body weight and caloric supply indicate a direct relation 
between nutrition and growth: the populations which, have the high-

TABLE S.-Average height and weight of males and females (25-29 years) and 
estimated daily calorie supplies for seven Latin American countries 

Country 

Uruguay __________________________________ 
ChUe __________________________ ; ___________ 
Venezuela _____ ' ____________________________ 
Bollvia ____________________________________ 
Colombia. ________________________________ ~_ 
Northeast Brazil. _________________________ 
Ecuador ___________________________________ 

1 Average of 15+ years. 
'Average of 20+ years. 

(1) Males (2) 

Height 
(ems.) 

Weight 
(kg) 

1168.1 70.0 
162.8 64.3 
164.2 62.4 
161.3 61~O 

1160.1 59.6 
1160.6 58.0 
2157.7 57.5 

(3) Females (4) (5) 
Estimated 

dally 
Height wei~ht calorie 
(ems.) (kg supply 

1959-61 

1155.5 60.0 3030 
151.9 56.4 2610 
152.5 53.0 2330 
151.0 M.O 2010 

1151.2 49.4 2280 
1150.4 48.8 NA 
2146.3 51.3 2100 

Source: Col~ (1)-(4): U.S. Interdepartmental Committee on Nutrition for National Defense. Surveys 
for each country. Column (5): World food budget 1970. U.S. Dep; Agr. Foreign Agr. Econ. Rep. No. 19, 
105 p. 1964 (except for Northeast Brazil where estimate is average obtained in Interdepartmental Committee 
on Nutrition for National Derense. NutrItIonal Survey of Northeast BrazH.) Washington, D.C., 1961. 
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TABLE g.-Height and weight oj males and Jemales (£5-£9 years), and estimated 
daily calor-ie supplies Jor six Asian countries 

Males Females Estimated 
dally 

Country calorie 
Height Weight Height we:r supply 
(ems.) (kg) (ems.) (kg 1959-61 

(1) (2) (3) (4) (5) 

Malaya ••••••••• ____ • _____ • ______ • _________ 161. 8 50.0 150.7 47.8 2,400 Thailand _____________________ • ____________ 161.0 53.2 151. 0 45.8 2,120 Pakistan 1 _______________________________ •• 
NA 50.6 NA 43.8 2,120 Burma •• __ • __________________ • ____________ 

16L5 49.9 150.7 45.2 2,170 Vietnam ___ • ___ • ___________________________ 
157.6 49.1 147.6 43.5 1,944 India ,_ •• _________________ •• _______________ 163.0 48.2 150.7 42.5 2,060 

1 Average for West and' East Pakistan; both males and females in West Pakistan are on the average about 
9 kllograms heavier than in East Pakistan. 

2 Age 20-21: ' 

Source: Colu.mns (1)-(4): U.S. Interdepartmental Committee on Nutrition for National Defense. Surveys 
for Thailand, BUrIna, East Pakistan, and Soutli Vietnami for India a weighted average of rural, semi-urban, 
and urban measurements was computed from data given by the India Council of Medical Research, "Re· 
port of 42d Meeting, Nutrition Advisory Committee," Hyderabad, December 1960. Data for West 
Pakistan were kindly contributed by Dr. Barbara. Underwood, Institute of Nutrition SCiences, Columbia 
University; for Malaya, average adult weights were given to us by Dr. E. B. Brldgforth, University of 
Texas, Galveston. Column (5): World food budget 1970. U.S. Dep. Agr. Foreign Agr. Econ. Rep. No.19, 
105 p. 19M (except for Vietnam, where estimate Is based on ICNND Survey). 

est matur,e body weights among the Latin American and Asian 
countries respectively, also have the highest estimated daily caloric 
supply. (Tables 8 and 9.) The difference in the body weight-caloric 
supply relationship befiw'een the popUlations of the two groups of 
countrieS, however, indicates basic' genetic differences between the 
peoples of the Asian countries and those of' the Latin American 
countries. 

A direct effect of nutrition on body size is suggested by a cOlnparisol1 
of data for rural, semi-urban and urban India. Urban males 20-21 
years old are 5.2 kg heavier than rural males; urban females are 3.75 
kg heavier than rural females. These differences in body weight are 
accompanied by differences in stature at the same age: urban men are 
5.60 cms taller than rural ones; urban women are 4.85 cms taller than . 
rural women36• The most probable explanation for these differences is 
the availability of more and better food in the cities, though one must 
cons~der the possibility that bigger people have migrated to the cities 
in greater numbers than smaller people. 

That nutrition can be a determining factor in fulfilling genetic 
potential. is strongly suggested by the change in body size of the 
Japanese people in the twelve year interval from 1948 to 1960; average 
body weight increased from 39.9 kg to 43.2 kg, a:verage height from 

3J India, Councll of Medical Research. Nutrition Advisory Committee. Report. 42nd meet· 
ing, Dec. 1960. 
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137.4 cm to 143.9 cm. Japanese children (1-19 years) increased in 
height 5.4 cms and in weight 2.5 kg. These increases accompanied an 
increase in animal protein il1 the diet from 13 grams to 25 grams per 
day.31 

The trend in the developed countries for people to be taller and 
heavier at maturity is probably largely due to improved nutrition and 
better medical care in childhood, though hybrid vigor may also be a 
factor. United States inductees during World War II were 1.7 cms 
taller and 4.9 kg heavier than the inductees of World War I. Inductees 
measured during 1957-58 were 1.27 cms taller and over 3.2 kg heavier 
than World War II inductees, thus making a total increase from 
1917-18 to 1957-58 of about 3.05 cms and 8.2 kg. 

Another example of the realization of genetic potential associated 
with imp-rovements in nutrition is that of the steady increase of the 
heights and weights of 5-, 8-, and 12-year-old children in Great Bri
tain from 1911 to 1953,except when the two World Wars had a retard
ing effect on growth. The weights of 5-year-old urban boys increased 
from 17.9 kg to 20.1 kg, that of 8-year-olds from 23.0 kg to 27.3 kg, and 
that of 12 year olds from 32.7 kg to 39.1 kg.38 

1.5.7 £ Sem distribution. There are more females than males in the 
developed countries, while the reverse is often true in the less developed 
countries such as India and Pakistan (see Appendix Tables 3 and 4). 
In both regions, more boys than girls are born, and there is an excess 
of males over females among children under 15. But iIi most developed 
countries the ratio of males to females diminishes among young adults, 
and usually becomes less than one to one in persons more than 40 years 
of age. For the age group over 40 years old, there are 15 percent fewer 
men than women in the United Kingdom, and 10 percent fewer in the 
United States. 

In contrast, the ratio of males to females for India and Pakistan is 
larger among adults 15-39 years old than among children, and con
tinues to increase up to about age 50. There are 13 percent more Indian 
men than women in the age group over 40 years old. For the entire 
population, India and Pakistan have, respecti'Vely, 6 percent. and 4 
percent more males than females, while the United States and the 
United Kingdom have, respectively, 3 percent and 6 percent more 
females 'than males. Brazil occupies an intermediate position; the ratio 
of males to females at all ages is close to one to one, but diminishes 
slightly with age. 

At first thought, i.t would appear that this difference in sex ratios 
would tend to raise significantly the nutritional requirements of the 

37 Sukhatme. P. V. Feeding India's growing milllons. New York. Asia Publishing House. 
1965.172 p. 

88 Boyne, A. W., Secular changes in the stature ot adults and the growth ot chlldren. 
In: Tanner, J. M. (00). Human growth. Oxford. Pergamon Press. 1960. 120 p. 
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less developed countries relative to the developed ones. Men need 
more calories per kilogram of body weight than women. Since they 
are usually about 20 percent heavier than women, the daily caloric 
requirement of 20-year-old men is 50 percent greater than that for 
women of the same age. and country. The difference decreases with 
age, but is still over 40 percent for people 60 to 70 years old. 

However, the countries that have an excess of males over females 
are also those in which there is a large proportion of children under 
15 whose nutritional requirements are much less than those of adults, 
and are about the same for both sexes. The higher ratios of children to 
adults more than compensate for the higher man to woman ratios of the 
less developed countries in determining average caloric needs. 

There is no single explanation for the excess numbers of men over 
women in India and Pakistan or for the observed' relation between 
male to female and child to adult ratios, but one important factor 
is probably the relatively high mortality among women of child
bearing age.89 As we have shown, a large proportion of children in a 
population results directly from high fertility. Poverty stricken 
mothers in the poor countries, worn out with child-bearing and child
raising, would/be expected to have a lower life expectancy, relative to 
men of the same age, than the young women of the developed countries,_ 
with their smaller number of children' and better living conditions. 
1.5.7.3 Income distribution and nutrition. Qualitative evidence that 
poor people in the less developed countries eat less and poorer food 
than richer people is easily found. A survey of nutrition in India from 
1946-1958 by the Indian Council of Medical Research describes middle 
class families 'as eating satisfactory diets, varied with milk, ghee, vege
tables and fruits,_ and low income groups eating mainly inadequate 
amounts of cereals .. 40 A direct positive correlation between per capita 
income and the intake of calories and protein was observed in a study 
of poor, pregnant women in India.41 The voluminous literature on 
malnutrition in children in the developing countries 42 is a literature 
describing the children of the poor. 

Quantitative data on the variations of caloric and protein supply 
with income level in the devel9ping countries are more difficult to 
find. 

311 For a diseussion of this and other explanations of the high male/female ratio in 
India, see: 

Gordon, J. E., Singh, S., and Wyon, J. B., Causes of death at di1ferent ages, by sex and 
by season, in a rural population of the Punjab, 1951-1959, a field study. Indinn J. Med. Res. 
53: 906-917.1965 and 

Potter, R. G. and others. A fert1l1ty dUferentlal in eleven Punjab vlllages. Milbank 
Memorial Fund Quart. 48 : 185-201. 1965. 

40 PandU., C. G., and Rao, K. S. Nutrition in India (1946-58). New Delhi, Indian Council 
of Medieal.Researeh, 1960. 

U Pasrieha, S., A. survey of dietary intake in a group of poor, pregnant and lactating 
women. Indinn J. 'Med. Res. 46(4.) : 605-609. July 1958. 

42 Progress in meeting protein needs of infants and presehool ehlIdren; proeeedings of 
an international eonierenee. Nat. Res. Couneil Publ. 843, 569, p. 1961. 
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In a study of 278 families in Chile 43 with average monthly incomes 
of about $80, the average daily energy and protein consumption were 
2212 calories and 68 grams, respectively. But the poorest 25 percent, 
with family incomes of less than $64 per month, consumed less than 
1770 calories and 50 grams of protein per person per day; the top 
25 percent, with monthly incomes greater than $95, had a daily intake 
of more than 2650 calori~s and 86 grams of protein. It appears that 
caloric intake varied almost directly with income, while the quality 
of the diet, as measured by the ratio of protein to calories, was some
what higher for the more well-to-do families. 

Similar results were obtained in a study in Northeast Brazil of 56 
families classified as very POOl', POOl', middle income, and well-to-do. 
The very pOOl' averaged only 1606 calories per day (~5 percent below 
the average of 1886 calories per day for all classes), the POOl', 1862 
calories per day (1.0 percent below the average of all classes), 
the middle income, 2028 (108.0 percent of the average), and the well
to-do, 2323 calories per day (123 percent of the average). Northeast 
Brazil is the poorest region of the country, and the average caloric 
consumption of 1888 calories per day is itself far below the average for 
all of Brazil. As in Chile, the protein consumption of the four classes 
shows a greater inequality with income than caloric intake. The very 
pOO1' consumed 15 percent less than the average of 51 grams of protein 
per day, while the well-to-do consumed 51 percent more than the 
average.44 

Data collected in Maharashtra State, India, during a National Sam
ple Survey in 1958 showed that as monthly per capita expenditures 
on food rose among families from 0-8 rUpees to 8-11 and 24-34 rupees, 
average daily calorie and protein supplies per capita rose from 1120 
to 1560 to 2530 calories and from 31 to 45 to 72 grams of protein, re
spectively.45 Other Indian data indicate that food represents over 90 
percent of. the total monthly expenditure for those households with 
incomes of 100 rupees per month 01' lesS,46 and at least in South India 
(Kerala, Madras, Mysore, and Andhra Pradesh), 77 percent· of the 
rural population during the late 1950's had monthly incomes per 
household under 50rupees.47 If an average household size of 5 to 6 is 
assumed for rural families, one can estimate from these combined 
data that about three-fourths of rural households in South India in 

43 U.S. Interdepartmental Committee on Nutrition for National Defense. Chile. Nutrition 
survey, March-June 1960. Washington, 1961. 357 p. 

«U.S. Interdepartmental Committee on Nutrition ·for National Defense. Northeast Brazil. 
Nutrition survey, March-May 1963. Washington, 1965. 294 p. 

411 Sukhatme, P. V. Feeding India's growing mUUons. New York, Asia Publlshing House, 
1965. 172 p. 

46 Food habits in Madras -state, Census of India IX (Pt. Xm), Madras, 1964. 
47 Rao, K. S., and others, Protein malnutrition in south India. World Health Organ. 

Bull. 603, 1959. 20 p. • 
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the late 1950's had food energy supplies of less than 1600 calories per 
capita per day, and protein supplies of 45 grams per day or less. 

The effect of income level on the quality of the diet is illustrated by 
data from Madras' on the daily consumption of pulses and vegetables 
as a function of income. At the low end of the scale, families with in
comes less than 25 rupees per month (22 percent of all households) 
consumed an average of 26 grams of pulses per person per day and 
48 grams of yegetables; families with monthly incomes of 26-50 rupees 
(43 percent of all households) consumed 30 grams of pulses and 57 
grams of vegetables per person per day; at the more affluent end of 
the income range, households with over,201 rupees per month (2.8 
percent of all households) ate more'than 54 grams of pulses and con .. 
surned 128 grams of vegetables per person per day.48 

"A detailed study of diet as related to income among urban communi
ties in the city of Vellore, state of Madras, India, during the 1950's, 
show~d that the poorest communities, with household incomes less than 
35 rupees per month, obtained an average of 1520 to 1650 calories and 
36 to 42 grams of protein per day. The highest income groups 
(monthly household incomes averaging $156 to $212) consumed 
about 2270 calories per person per day and 57 grams of protein.49 
, In the less developed countries, as elsewhere, the share of national in

e.ome received by the p~or and by rural people is smaller than their 
proportion in the population. A 1962 sample survey of all of India 50 

showed that rural households, which made up 81 percent of the tota1 
population, received only 68 percent of the national income, while the 
19 percent of the population who lived in towns or cities received 32 
percent. Half the national income (equivalent,to 122 rupees per month 
per average household 'of' 5 persons) was divided among less than 
a third of the total population, and the other half was spread among 
tnore than two-thirds. As a result, 50 percent of the rural famili~s in 
1962 had monthly incomes of less than 80 rupees and 25 percent re
ceived less than 52 rupees per month. It is apparent that poo~ families 
r~ived much less than the average food supply. 

1.6.0 Nutritional ~equirement8, Current and Projected 

J.6.1 Requirement8 for Oalorie8 
The current consumption of foods does not· represent an adequate 

intake of calories for the world's population. Inequities in distribution 
have led to an excess for some people and a deficit for others. More
over, the current rates of population growth in some countries exceed 

48 Food habits in Madras State. Census of India IX (Pt. XIB), Madras, 1964. 
411 Dakshinamurti, K., and Devadatta, S. C., Studies on the nutrition of urban population ' 

groups~ Indian Acad. Sct. Proc. 43(2) : 121-133., Feb. 1956. 
GO National Councll of Applled Economic Research (India) . AIl Indill. rural household 

survey, 1962. New Delhi, Publ. 1965. 2 volumes. 
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the current rates of increase in caloric availability. EvideI,loo of the 
severity of the caloric deficit among the poorest classes is the occur
rence of calorie-protein malnutrition in children of all of the less de-

. veloped countries. A less severe caloric deficit is evident in the small 
body heights and weights of the populations of these same regions. 

1.6.1.1 .A8sumptions. Body weight. In our estimates of the current 
caloric needs of India, Pakistan, and Brazil, and of the entire world, 
the caloric requirements developed by the Second Committee of the 
Food and Agriculture Organization of the United Nations served as 
a reference.51 In attempting to apply F AO standards to the popula
tions of the three selected countries, it became apparent that the adult 
"reference" male of 65 kg. body weight and the "reference" female of 
55 kg. body weight were not representative of the actual body weights 
available from nutrition surveys or other popUlation statistics. There 
were similar deviations in body size of children. Hence, it was decided 
to express the F AO caloric allowances for various age groups for 
currently observed body weights. and for F AO "standard" weights. 
Caloric allowances per unit of body weight, F AO standard weights and 
actual weights as determined in India, Pakistan and Brazil are shown 
in Table 5, Appendix. The standard body weights for children were 
derived from the F AO-WHO committee report dealing with protein 
requirements.52 Itis appropriate to acknowledge and to emphasize that 
the lack of more accurate data on body weights for these countries 
introduces uncertainties into estimates for caloric needs. 

Energy need8. Estimates of caloric needs in 1965 for India, Pakistan, 
and Brazil were calculated at two levels: ( a) the energy needs for the 
FAO reference standard weights (upper level); (b) the energy needs 
corresponding to actually observed average body weights (lower level). 
For the world as a whole, only the FAO standard weights were used, 
because actual measurements are not available for average body size of 
~he populations of most countries. (Tables 6, Appendix). 

Growth rate. In projecting caloric needs for the future (Tables 7-10, 
Appendix), the assumption was made that children should be provided 
with sufficient energy to allow for normal growth based on F AO child 
weights through the 10 to 14 year age group. For the world asa whole 
FAO standard weights were also used for older age groups; while for 

.. India, Pakistan and Brazil, observed adult weights were used for the 
1970 values. On the assumption that the adult populations in India, 
Pakistan and Brazil would eventually increase in body weight with the 
above caloric allowance for children, the projections for 1975, 1980 and 
1985 in these countries allow for an increase in body weight of adults of 

til Caloric requirements, FAO Nutritional Studies No. 1-5, 1957. 68 p. 
15:1 Protein requirements, report of a joint FAO/WHO expert group. FAO Nutrition Meet· 

tngs Report Series No. 37,1965.71 p. 
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3' kg. for each 10-year period. Experience in western countries and-' 
recent studies in Japan liS show that,wheil adequate calories and other 
nutrients' are available during childhood, the height and weight of 
adults will increase (See Section 1.5.7.1). 

In projecting caloric needs for the teenage group (age 15--19 years) 
in the three selected countries the allowance is 1~3 percent of that for 
the adult (age 20-30 years) in the male and 104 percent in the female. 
This is in accord with theF AO suggested allowances. 

Pregnancy. The caloric needs used for pregnancy and lactation 
, are th()se proposed by F AO and are included in the allowance~ forthe 
infant group. The allowance is based on the assumption that the nUDiber 
of pregnancies in each population is equal to 110 percent of the number 
of children less than one year old. ' 

AmlJient temperature. In the country projections, no adjustment has 
been 'made for environmental temperature. The, F AO caloric allow
I:).nces are based on an environmental temperature of 10° C. Mean en

, 'vironmental temperatures for much of the popUlation in selected coun-
tries (Pakistan, India, Brazil) may be as high as 30° C. The estimates 

, of caloric needs maybe as much as 10 percent larger than those pro
. posed by the F AO Committee which indicated that caloric allowances 
, should be reduced 0.5' percent for each degree rise in temperature be- . 
tween'10° and 30° C. There is good evidence, however, that the energy 
cost of work in hot climates is actually increased by as much as 10 or 15 
percent. U It has therefore been assumed that the lower energy needs 
during idle or non-work periods in a hot climate are cancelled by the 
higher energy needs when physical work is beingdQne. 

Age. Adjustments for age in caloric allowances for the adult popula- . 
tions are in accord with those proposed by F AO. 

FertWity rate. The projected daily caloric needs at 5-year intervals 
through, 1985 are summarized in, Table 10 for India, Pakistan, Brazil 
and the world. Per capita needs are slightly higher when projected on 
the, assumption that some decreases in the fertility rate will occur 
(low population projection). This would be expected since such a 
projection assumes fewer births and hence, a lower proportion of indi
viduals, with caloric requirements below the mean. The rise in per 
capita caloric need in 1975 and 1985. in the three countries is the result 
of the assumption that the body weight of the adult population will ' 
increase an average of 3 kg. per decade if the F ~O caloric allowances 
for children are provided. 

1.8.1 JJ Oo1oric requirements for India. The estimates of caloric needs 
with anticipated increases due tQ population growth are summarized 

q Japan. ,Koehu Eise1kyoku. Elyoka. Nutrition in Japan. Tokyo, 1964. 
M National Research Councll. Food and Nutrition Board. Recommended dietary allow-

ances. 6th rev. ed. Nat. Res. Counell Publ. 1146, 1964. 59 p. ' 
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TABLE lO.-Projections of Caloric Needs of the World and Selected Countr'tes for 
High and Low Estimates of Population Growth 1 

High projection Low projection 

Caloric needs Caloric needs 
P~fo~la. ' P~ula. 

ton 
(millions) Kcal/ Total (mUllons) KcalJ Total 

capita/day (billions) capital ay (bUllons) 

World: 
1965 •• __ ._ •• _________ ._._._ 3,308 2,354 7,787 3,308 2,354 7,787 
1970 ______ • _______ ._. ______ 3,624 2,366 8,571 3,599 2,373 8,540 
1975. __ • __ • ___ • ____________ 4,005 2,364 9,468 3,911 2,385 9,330 
1980 ___ ._. ___ ~ ________ • ____ 4,467 2,356 10,526 4,264 2,388 10,184 
1985_._._. ______ ~ • _________ 5,032 2,350 11,823 4,647 2,393 11,118 

india: 
1965. _____ • _____ • __ • _ ._. ___ 484 2,351 1,138 484 1,936 937 
1970 _____ • _____ • ___________ 

552 2,151 1;188 542 2,168 1,175 
1975. __ ••• _. __ ._ •••• __ ._ •• _ 636 2,206 1,404 602 2,247 1,352 
1980. ____ ._._._._ ••• _______ 739 2,202 1,627 677 2,241 1,517 1985 _______________________ 

864 2,264 1,955 769 ' 2,297 1,765 
Paldstan: 

1965._. ____________________ 
116 2,284 2M 116 1,836 212 

1970 _______________________ 
137 2,009 283 134 2,087 279 

1975. ______________________ 
164 2,133 349 153 2,177 334 

1980 _______________________ 
198 2,131 421 178 2,171 387 

1985 _______________________ 
241 2,171 523 211 2,203 464 

Brazll: 1965 •• _____________________ 
81 2,330 189 81 2,164 176 

1970 _______________________ 
94 2,299 216 93 2,306 215 

1975 ______________________ .:. 
109 2,346 256 107 2,369 252 1980 ________________ ' _______ 
128 2,342 299 122 2,376 289 

1985 __ • ____________________ 
150 2,399 360 138 2,446 339 

1 For the world as a whole the current and projected caloric needs are based on F AO caloric requirements 
and F AO standard body weights. For India, Paldstan, and BmzU the projections (1970-85) are also based on 
F AO standards for chUdren but on actual weights for adults with some increase in body weight anticipated 
as explatned in the text. The current lower level (1965) estimates of caloric need lor these 'countries are based 
on body weights as determined in these countries and FAO caloric allowances corresponding to these body 
weigh ts. The higher current estimates are based on FA 0 standard body weights. Derivation of c810ric needs 
Is given on pages 46-49, and in appendix tables 5-10. 

in Table ·10. The high projection (1970-85) assumes that the present 
fertility rate will prevail whereas the low projection assumes a decline 
in fertility by 28 percent, as indicated in Tables 2, 3, and 4 and Ap~ 
pendix Tables 1 and 3. The upper projection exceeds the lower by 190 
billion kilocalories daily by 1985, a difference of nearly 12 percent. 

The difference between the two estimates of caloric needs for 1965 
emphasizes the impact of affording caloric allowanceS in accord with 
F AO standard weights. as opposed to the estimated body weights. 
The high estimate can he partly justified if it is assumed that children 
provided with sufficient calories will grow at a rate equal to that of 
children in the developed countries. The low estimate is based on a 
caloric need for the average body weights determined by the Nutrition 
Research Laboratories in India. This low estimate (1936 kilocalories 
per capita per day) is in .close agreement with the F AO calculations 
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of current caloric availability in the Far East.55 The FAa survey 
placed caloric availability at the retail level at 2060 kilocalories per 
capita per day and assumed a loss of less than' 10 percent between retail 
level and actual consumption. If the lower estimate of current (1965) 
caloric need in India is accepted, we can calculate from Table 10 that 
by 1985, the need will rise by 108 percent if no decline in fertility 
occurs and by 88 percent if the assumed decline in fertility occurs. 
1.6.1.3 ,Oaiorio requirements for PaJcistan. The projected caloric 
needs for Pakistan are summarized in Table 10. If :present fertility 
rates persist, Pakistan's population will more than double by 1985 and 
current caloric needs (212, billion kilocalories per day) will increase 
by 146 percent. With dec,1ine in fertility rates assumed in Tables 2, 3 ' 
and 4, projected caloric needs in 1985 will still exceed current needs by 
~ much as 118 percent. Our estimate for the present caloric need of 
1836' kilocalories per capita per day for Pakistan is about 5 percent, 
below that for India. The difference is directly related to lower body 
weights utilized in the, estimate for Pakistan. The validity of the dif
ference, of course, restsupon the validity of the'available data on body 
weights. 56 ' 

A recent survey in East Pakistan reveals an average caloric intake 
of t 777 kilocalories for the urban popUlation and 2251 for the rural 
population.51 In over 50 percent' of the rural population however, the 
average caloric intake was only 1996 kilocalories per capita per day. 
These data are in close agreement with our estimate of current caloric 
need. 
1.6.1.4 Oalorio requirements for Br(J2,il. Recent estimates of caloric 
availab'ttity in Northeast Brazil range, downward from 2000 kilo
calories per capita per day.5s' Our low estimate .< corresponding to the 
most probable value of average body weights) of current caloric need 
for Brazil as a whole is shown in Table 10 as 2164 kilocalories per 
capita per day. A recent careful study showing that average caloric 
availability 'for the whole of Brazil at present is 2650 kilocalories per 
capita per day 59 emphasizes that food distrihution is of major impor
tance in estimating caloric availability for population groups. 

M Food and Agriculture Organization of the United Nations. Third World food survey. 
Freedom fro~ Hunger Campaign, Basic Study No. 11, 1963. 102 p. 

66 Our own estimates Indicate that adult body weights In India (see Table 9) are about 
the same as the average for Pakistan and approximately 5 kg. less than the omclal Indian 
figures. However, because of uncertainties In the data, we have used the latter In calculat· 
ing caloric and protein needs. ' 

G1 East Pakistan, Nutrition Survey, March 1962-January 1964, OIR-NS, NIH, Bethesda, 
Maryland,1966. 

GIl U.S. Interdepartmental Committee on Nutrition for National Defense. Northeast Brazil. 
Nutrition survey, March-May 1963. Washington, 196fi. 294 p. 

69 Food and Agriculture Organization of the United Nations. Third world food survey. 
'Freedom from Hunger Campaign, Basic Study No. 11, 1963. 102 p. 
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Assuming no. change in fertility, the calQric needs Qf Brazil will 
increase 10.4 percent between 1965 and 1985. With Qur postulated 
decline in fertility, the prQjected increase will be 92 percent.,The 
magnitude Qf the increase in calQric supplies req1.lired to' meet these 
needs will depend Qn whether Qr nQt· a mQre equitable distributiQn 
Qf calQries is achieved within the CQuntry. 
1.B.l.6 Oaloric requirementB for the world. There is no. precise method 
fQr estimating the bQdy size Qf a representative individual in any age 
grQUP in the WQrld's PQPulatiQn. In estimating current glQbal calQric 
needs we have assumed that adult males weigh 65 kg., adult females 
55 kg., and that children weigh as much as the F AO standards. The 
validity Qf these assumptiQns can be challenged but no. better baseline 
is available. Projections based Qn F AO standards are at least partly 
justified by the fact that much Qf the current wQrld's PQPulatiQn is 
suffering impairment Qf physical grQwth due to inadequate intake. of 
calQries and prQtein. 

With no. change in the fertility rate in the wQrld's popUlation and 
no. change in average body weights,the caloric need by 1985 will in:
cref18e about 5~ percent. With reductiQn· in fertility rate, the increased 
need is estimated at 43 percent . 
. The current need fQr calQries is 2354 kilooa;l'Ories,per oapitta per day 

Qr a total Qf 7,78'7 billion kilocalQries perday. The FAO Third WQrld 
FQQd Survey places current GalQric availability (retail level) at 2420 
kilocalQries per capita per day, a value that agrees closely ·with Qur 
estimates 'Of current need. ' . 

If we remember that poQr people in the less develQped oountries.ob
tain far less food than the average f'Or the population; that fOQd is 
distributed unevenly am'Ong countries, and that losses between retail 
availability and consumption are at least 10 percent, the close agree
ment between cal'Oric needs and supply allows Qnly two. 'CQnclusi'Ons, if 
we accept the validity 'Of thf} FAO estimates 'Of ,availability: (1) 
wQrld caloric needs .are less than Qur calculatiQns indicate; Qr, (2) a 
considerable porti'On 'Of the world's :Population is seriously under
nourished. We know the second conclusion is oorre(~t frQm other evi
dence, but we are inclined to. belie:ve frQm the scanty data Qn . body 
weights in Asia 'and South America (Tables 8 and' 9) that the first 
is also. 

Bef'Ore more .accurate estimates Qf cal'Oric needs 'Of the world's popu
lation can be made, it will be necessary to. 'Obtain adequate sta;tistioal 
inf.QrmatiQn fr'Om detailed surveys Qf structured samples 'Of all ethnic 
grQUPS in all countries. 

Cal'Oric needs of individuals are, to a major extent, dependent upon. 
physical 'activity. The F AO calQric requirement for the adult male 
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assumes that the day consists of rest in bed, non-occupational activity, 
and working activity each for 8 hours daily. The assumed caloric 
expenditures during these three periods are 1.05, 3.13 and 2.50 ~ilo
calories per minute, respectively. The overall rate of 2.5 kilocalories 
per minute during work assumes moderately light work in a standing 
position with occasional bursts of heavy manual labor. 

Again, before more accurate projootions of caloric needs are possibl~, 
data must be obtained on the energy cost of specific occupations and 
the distribution of the working population in various occupations. 

1.6.~ Requirement8 for Protein 
Foods currently available on a world basis furnish inadequate calo

ries and barely adequate quantities of protein for the. world as a 
whole, but due largely to inequities in distribution, vulnemble popu
l3Jtion groups in less developed countries have a high incidence of 
protein deficiency. Impaired growth and development and kwashior
kor are found in large numbers of children. It has been estim·ated, wi,th 
limi~d evidence, that a.t least one-quarter and perhaps one-third of 
the popul'3!tions of less developed countries are protein deficient.60 
In planning to meet the food needs of an expanding world popula
tion, high priority must be given to increased production and more 
equitable distribution of food sources of protein. With most present 
national food patterns, protein needs can be met if caloric sources are 
adequate and the composition of the diet corresponds to the national 
average. Neither of these conditions usually holds for the poorest 
groups in the population. 
1.6.~.1 A88umptions. In this section, 'an estimate is made of i·he pr'O
tein needs for the w'Orld and for India, Pakistan and Brazil, now and 
at projected five-year intervals until 1985. These estimates have been 
derived by pJ:ocedures proposed by the Joint FAO-WHO Ex
pert Group 'On Protein Requirements.61 Protein needs vary with age 
and body weight, as well 88 with the quality or essential amino acid 
content of dietary proteins. Our estimates are derived first in terms 
'Of high quality protein (i.e., egg, the F AO "reference" prot.ein). 
These values are then equa.ted to the p~in in food sources found 

" in the national food supply. This is done by determining the net pro
tein utilization (NPU) of these diets. The NPU is an index of digesti
bilityof protein and the biologic valu~ of the amin'O acid mixture 
absorbed from the intestine. 

Inf'Onnation on the quality of the pr'Otein in the food supplies of 
the world was derived from material incorporated in Table 2 of "The 

OOSukhatme, P. v., The worldi's food supplies. Roy. Statist. Soc. J. Ser. A 129(Part 2) : 
222-241. 1966. 

fl1 Protein requirements, report of a joint FAO/WHO expert group. FAO Nutrition Meet
ings Report Series No. 37 ,1965. ~1 p. 

'.-
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World Food Budget, 1970"; Tables 5 and 9 in ERS Foreign 88, 
"Food Balances for 12 Countries in ,the Far East 'and Oceania, 1959-
.61," and Table 8 of ERS Foreign 86, "Food Balances for 24 Countries 
of the Western Hemisphere, 1959-61". Data on NPU values for 
various food proteins have been listed in "Protein Requirements", 

. FAO Nutrition Meetings Report Series .#37, 1965. Based on these, 
the approximate NPU of various oommoditygroups was iflaken as: 
Cereals, 56; potatoes, oassava, etc., 71; peanuts,. 48; pulses, 46; vege
tables, fruits, 70; fish, 83; milk, and cheese, 75; eggs, 100; and meat" 
82. 

The weighted average NPU of the various oountries was then cal
culated according ,to the following formula: 

. Sum of (gms protein from each commodity x NPU) 
Sum of (gms protein from these sources) 

weighted 
avo NPU 

The' protein contribution of the commodity groups jn the world 
food supply was not listed in "The World FoOd Budget, 1970" as it 
had been in the food balances for individual countries. Accordingly, 
this was approximated to derive a weighted average NPU value for 
the world protein supply. 

It must be remembered that a weighted average NPU onlyapproxi
mates the NPU that would be obtained from a mixture of these pro
teins. It must also be remembered that this mixture of proteins is not 
likely to be representative of the diet of any particuiar segment of these 
popUlations. It represents only the national food availabIlity, not food 
consumed, nor the proportions found in. speCific 0 diet patterns. 

Dietary proteins must contain an adequate amount of each of the 
essential amillo acids to meet daily needs. Table 11 reoords the require"" 
ments of young adults fo~ these amino acids. These requireme~ts are 
met by approximately 19.5 gm of the FAO reference protein (150 gin 

. of egg). Table 11 also shows the miIiimal req~irements of infants' for 
essential amino acids. 

In assessment of protein needs of populations, it is necessary that 
requirements :for the essential amino acids be met for'all population 
segments. This is usually accomplished if protein intakes are adequate 
and if a significant proportion is derived from' animal sources. When 
dietary protein is obtained largely from one cereal or vegetable source, 
it may be 'necessary to consider other mechanisms for providing 
essential amino acids, particularly for nutritionally vulnerable groups. 
When a diet affords protein derived largely from wheat, the content of 

. the amino acid, lysine, is limited. Similarly, a rice diet may contain 
too little lysine and methionine. In corn, tryptpphan is found in limited 
,j,mount. Under such conditions, fortification of the chief food sources 
with. essential am.ino acids may ·be desirable to extend the phys~ologic 
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TABLE H.-Minimum requirementa of essential amino acids 

Essential amino acid 
Young men 

gmfdayl 
Young 
women 

gmfdayl 

Provided by Infants 
19.5gmFAO mg/kg/day 2 , 

protein 

Leucine _________ --------~---~-------___________ 1.10 0.62 1.72 
Isoleucine______________________________________ .70 .45 ,1.28 
Lysine ______________________ ~ ________________ '__ '.80 .50 1.39 
Thteon1ne __________ ;._.;. __________ ~______________ .50 .31 .77 
Trypophan. ________ .__________________________ .25 .16 .38 
VaUne __ ._ .. ____________________ ~________________ .80 .65 1.29 
Methion1ne ______ ~_ .. ___ ~________________________ 1.10 .29 , .56 
Cystlne __________ ~ ____ ..: _____ ~__________________ (3) .25 .45 
Phenylalanine____ _____________________________ 1.10 .22 .96 
Tyrosine _________ .;. _________ ' _______ .:____________ (4) .00,.60 
H1stidine __ ••• _~ _________________________________________________________________________ _ 

150 
, 119 

103 
87 
22 

105 
45 

(3) 

00 
(4) 

I Taken from: Swendseid. M. E., and Tuttle, S. G •• Essential amino acid requirements'of adult man. 
, Nat. Res. Council Publ. 843:323-330. 1961~ Reference on p. 327. 

2 Holt; L. E. and Snyderman; S. E., ,The amino acid requirements of infants. Amer. Med. Ass. J. 175(2): 
100-103. Jan. '14, 1961. ' 

a Spares methionine • 
• Spares phenylalanine. 

utilization of theavallable. protein. The details of fortification are' 
, discussed elsewhere (see Chapter 5). 

The protein requirement is expressed as grams of protein per kilo· 
gram of ,body weight for individuals of different ages from birth 
through adulthood, and allows for, individual variation in require
ments'so that needs will be met for all but a very small fraction of the 
pop:u1ation (2.5 percent);. , 

The added' requirements for protein during pregnancy were' not 
evaluated byF AO procedures which estimate the number of pregnant 
women as 110 percent of the number of infants less than one year of 
age and allow 6 grams of protein per day for six months of pregnancy. 
Instead, the needs d'uring pregnancy, and lactation were added by in
creasing protein allowance for infants from the FAO figure of 1.7 
gm/kg to 2.0. gm/kg. The protein needs of the age group' 0-1 year in 
the accompanying tables therefore, include not only the requirements 
of infants who are not breast-fed but also the additiJonaJ, protein 
requirementIJoj women who are either pregnant or lactating. 

Precise and satisfactory body weight data are not available on a 
world basis nor for the countries selected for determination of protein 
needs. Two types of reference body weights have been used. One is the 
standard adopted by the F AO group which for children was derived 
from data on Iowa, children. The other represents average weights 
measured and 'estimated for the respective countries. The projections 
of future protein needs are based orr F AO standard weights in early 
childhood but actual or estimated weights are used for older children 

',and adults. The projections, in addition, anticipate at maturity an 
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average gain in body weight of three kilograms per decade, from 1965 
to 1985 for the populations of India, Pakistan and Brazil. . 

In all analyses, two estimates of population growth are used (high 
and low projections-seepages 26-28). The high projection repre
sents an estimate of the ma:nimal future needs for protein, while the 
low indicates the lesser quantities· required by a smaller population 
of somewhat older average age. 

1.6.~.~ Protein requirement8 /01' India. The estimates of protein needs 
of India with anticipated increases due to population growth in the 
period up to 1985 are given in Tables 12 and 13. The high projection of 
population growth anticipates an· increase in population from 483 
million in 1965 to 864 million in 1985, a gain of 78 percent. The low 
projection represents a population growth of 59 percent. 

In Table 12 the total protein required by the population of India at 
five year· intervals at the high· and low rates of population growth is 

TABLE 12.-Projection of protein needs in term8 of FAD reference protein (1965-85)-

World: :I 1960 ________________________________________ 

1970 _____ ;. _________________ ~ ________________ 
1975 ________________________________________ 
1980 ______________ :. _________________________ 
1085 ________________________________________ 

Pakistan: 
1965 _____ :.. ___ .:. ______________________________ 
1970 ____________ ~ ____ :. ______________________ 
1975 __________ ;.. _____________________________ 
1980 ________________________ -_· ______________ 
1085 ____________ -' ________ ~ __________________ 

India: 1960 ________________________________________ 
1970 ________________________________________ 

1975 ________________________________________ 
1980 __________ ~ ____ ~ ________________________ 
1985. _______________________________________ 

BrazU: 
1965 ________________________________________ 
1970 ________________________________________ 
1975 ________________________________________ 
1980 __________ :.. _____________________________ 
198I.L ________________________________ ~ ___ • __ 

Protein 
(gms/capita/day) 

High 
population 
estimate 

35.2 
35.4 
35.4 
'35.3 
35.1 

233.1 
28.3 
29.5 
29.4 
30.3 

234.4 
30.1 
31.4 
31 .• 3 
32.4 

233.9 
33.1 
34.6 
34.3 
35.4 

Low 
population 
estimate 

35.2 
35.5 
35.9 
36.0 
36.2 

325.7 
28.7 
30.4 
30.3 
31.2 

327.6 
30.4 
32.2 
32.2 
33.4 

331.4 
33.2 
34.9 
36.2 
36.5 

Total protein needs 
(metric tons/day) 

High 
population 

estimate 

116,370 
128,295 
141,853 
157.628 
176,640 

23,829 
3.883 
4,832 
5,807 
7,283 

: 16, 647 
16,641 
19,976 
23,112 
27,985 

22,757 
3, 107 
3,765 
4,391 
5,317 

Low 
population 
estimate 

116,370 
127,922 
140,288 
153,638 
168,640 

32,974 
3.837 
4,657 
5,416 
6, 665 

313.332 
16, 484 
19,363 
21,819 
25,659 

32,651 
3,007 
3,720 
4,271 
5,060 

1 Protein needs were derived by consideration of protein requirements of various age and sex groups for 
each population. See Appendix Tables 11:"14. 

2 All World Data. and 1960 High Projections for Countries are related to FAO Standard Weights. 
3 In 1965 Low Projections are related to average weight of various age-sex groups In these countries. 

Later estimates relate to FAO Standard Weight hi chlldbood and actual average weigbt of adults, with an 
estimated 3 kg increase in weight per decade. 
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TABLE la.-Projection of protein needs in terms of food proteins consumed 1 (1985-85) 

Oms/capita/day 

World: 2 

High 
population 
estimate 

1961i. ••••••••••••• _ •••• _____________ •• ______ IS6. 7 
i970 •• _________ ._ .• __ •• ___ .~_ •. _____ • _____ .__ 57.1 
1976 ___ •• ______ .___________ ________ ______ ___ 57.1 
1980_._ • __________ ~_. _______________________ • IS6. 9 
i985_. ___ · ___ • ___ ._. __ ••• _ .... _______ . ____ •. _ 56. 6 

Pakistan: 
1965._ • ______ ._._. _____ ~_._ •• ____ ._._._ ••• __ 55.4:2 
1~70 _____ •• __ • ___________ • __ •. ___ • ___ ._ •• ;__ 47.3 ' 
I975_ ... ~._~_ ••••• ____ ~ _____________________ . 49.2 
1980_ ••• .'._ • ___ • ________________ • __ • ___ .____ 49.0 

. 1985_. ____ • ____________ • _________ " ____ • _____ 50.4 

India: . . . 
1965_. __ ·• __ " ____ ~. ___ •. ___ ______ __ ____ __ _____ 60. 4* 
1970 ___ •• _. _. ________________________ ._.___ _ 52. 9 
1975. ___ • __ __ ____ __ __ __ ________ ______ ___ ___ _ M 0 
1980 _______________ . _____________________ .___ _ 54. 9 

1985 _______ - _____ -_ --r--_______________ . __ .. 56.8 

BrazU: . 
1965 ________ . ______ • _______ ._ •••• _________ •• _ 52.22 

1970 ••• _ ••• _. __ ••••. _.;;_ ••. ·_ .•.• _. ___ • __ • __ ... . 50.8 
1975 __________ ._~~ _____ ._. ____ • __ .. _ .• ____ ._ 53.0 
1980_. ____ • ____________________ .____________ 62. 9 
1985 __________ • _______ ._ .•. ___ . ___ ._._______ 54. 5 

Low 
population 
estimate 

1S6.7 
51.3 
67.9 
68.1 
58.4 

42.9 3 

47.7 
50.6 
50.6 
52.0 

48.3 1 

53.3 
66.5 
1S6.6 
58.6 

48.3' 
51.1 
53.7. 
54.1 
1S6.2 

Total protein needs 
metric tons/day 

187,693 
206,928 
228, 795 
254,239 
284,903'v 

6, 832 2 
6, 471 
8,053 

.9,679 
12,138 

2V, 206 * 
29,195 
35,029 
4.0,548 
49,097 

4,245 J 

4,781 
5,792 
6, 756 
8, 180 

Low 
population 
estimate 

187,693 
206,326 
226,271 
247,804 
272,000 

4, 956 a 
6,394 
7,761 
9,026 

10,942 

23,391 3 

28,819 
33.970 
38,279 
45,016 

3,924' 
4,765 
5,722 
6,571 
7,783 

1 TheNPU 01 the protein in foods avallable is assumed to be 62 lor the WOrld, 60 for Pakistan, 67 for India 
and 65 for BrazU. 

J All'World Data and 1965 Higher ProjectIons for countries are related to FAO Standard Weights. 
81965Lower Projections are related to average weight of various aga-8ex groups In these countries. Later 

estimates.relate to FAO Standard Weight in chUdhood and actual average weight of adults, with an est!
. mated 3 Kg increase in weight per decade. 

recorded in terms of quantities of F AO reference protein. Present 
needs .are estimated at 13,332 metric tons per day, based on actual 
body weights, or ,16,647 metric tons based on F AO standard 'body 
weights which are substantially greater than those of average Indians. 
The estimated needs by 1985 would be 27,985 metric tons per day for 
the high and 25,659 metric tons per day for the low projection, in
creases of 110 percent and 93 percent, respectively, above the require
ments in 1965 based on average body weights used by the Nutrition 
Research Laboratories of the Indian Government (see footnote on 
page 48). The·table also presents estimates in terms of grams of pro
tein needed per capita per day. The higher values in 1975 and 1985 
reflect increases in projected body. weights. 

Table 13 presents similar projections based on food protein derived 
largely from cereal and pulse sources, with an estimated NPU of 57, 
an appropriate value for protein provided by the present food supply 
in India. On this' basis, the daily protein :needs will· increase from 
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23,391 metric tons in 1965 to 49,097 or 45,015 metric tons per day in 
1985 depending on population projection. The per ~apita needs for pro
tein which in 1965 were 48.3 gm/capita/day are expected to increase to 
56.8 gm/capita/day with the high population projection or to 58.6 gmI 
capita/day with the low projection by the year 1985. 

The detailed tables, including the data whereby these estimates 
were derived for various age groups of popUlations of India for the 
years 1965, 197'0, 1975, 1980 and 1985, are found in Table 12, Appendix. 

The values derived in these estimates can be compared with other 
observations. Food balances indicate a per capita supply of protein 
in India of 55.6 gm: per day in the period 1959-61, with 7.2 gm de
rived from animal food sources.62 This value is well in excess of the 
estimate of per capita protein need of 48.3 gm/day in this report. The 
supply value doeS not allow for food losses from retail level to con
sumption or for inequitable distribution. Sukhatme 63 in a study of 
866 households in one area of India (Maharastra) found that in 27 
percent. of- the households the flltake of protein was less than 29 gm of 
FAO reference protein per person per day. The actual prevalence 
of protein malnutrition in households is probably higher because of 
uneven distribution within the household. The value reported by 
Sukhatne, 29gm, approximates the value of 27.6 gm per capita per 
day of reference protein derived in the present studies of protein needs 
in lndia. Other indirect evidence of the probable existence of wide
spread protein malnutrition in India is afforded by the infant mortal
ity rate of about 140 per 1,000 live births (Table 6). 
1.6.2.3 Protein requirements for PakistOJn. The population projec
tions for Pakistan anticipate an increase from 116 million in 1965 to 
between 241 and 211 million in 1985. On these bases, the estimated 
present protein need of 2,973 metric tons per day in terms of F AO 
reference protein would increase to 7,283 or 6,565 metric tons daily 
by the year 1985 (Table 12, Pakistan). For dietary protein sources 
with anNPU of 60, the requirements are 4,956 metric tons per day 
in 1965 and 12,138 or 10,942 metric tons in 1985 (Table 13, Pakistan). 
The per capita requirement for protein would increase from 42.9 gmI 
day in 1965 to 50.4 gm or 52.0 gm per day in 1985 for the high and low 

-population projections respectively. 
The detailed data for'population components by age and sex at five 

year intervals are recorded in 'Table 13 (Pakistan), Appendix. 
Recent estimates of food supplies in Pakistan 64 indicate an avail-

6t u.s. Department of Agriculture. Economic Research Service. Foreign Regional Analysis 
Division. Food balances for 12 countries In the Far East and Oceania, 1959-1961. U.S. 
Dep. Agr. Econ. Res. Servo ER8-Forelgn 88,14 p. Aug. 1964. 

68 Sukhatme, P. V., The world's food suppl1es. Roy. Statist. Soc. J. Ser. A 129 (Part 2) : 
222-241. 1966. _ 

- «U.S. Department of Agriculture. Economic Research Service. Foreign Regional Analysis 
Division. Food balances for 12 countries in the Far East and Oceania, 1959-1961. U.S. 
Dep. Agr. Econ. Res. Servo ER8-Forelgn 88, 14 p. Aug. 1964. 
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ability of 55.7gros protein per capita per day with 10.9 gms from 
animal protein. . . 

A nutrition survey -indicated that per capita availability for protein 
was 57.5 gm per day in rural areas and 49.5 gm per day in urban areas 
of East Pakistan.65 These observations do not take household food 
losses or uneven distribution into account. Other evidence .demon
strates a high prevalence of protein mahiutrition in Pakistan. Infant 

. mortality rates are probably at least 160 per thousand live births 
(Table6). 
1.6.~.4 Protein requirement8 for Brazil. The population of Brazil was 
estimated to be 81 million in 1965. With the high projection of popu .. 
lation growth, it will increase to 150 million in 1985 and with the low, 
to 138 million. Accordingly, it is projected. that present needs for 
protein which are 2,551 metric tons per day will increase to 5,317 
metric tons or to 5,060 metric tons by 1985 (Table 12). These values are 
in terms of the F AO "reference" protein. When expressed in terms of 
the us~al sources of protein in the national food supply in Brazil, cur
~nt total protein needs are 3,924 metric tons per day. This value would 
~ncrease to 8,180 metric tons per day (high estimate) or 7,783 metric 
ton~ per day (I.ow estimate) in 1985. The corresponding increase in 
per capita protei~ requirement would be from 48.3 gm per day in 1965 
to 54.5 gm or 56.2gm per day, respectively, in 1985. Detailed calcula
tions of protein needs of Brazil are found in Table 14, Appendix. 

Most estimates of food availability in Brazil indicate that they could 
meet present protein needs. The U.S. Department of Agriculture 
estimated t~t 1959-61 supplies of protein were 65 gm per capita 
per day.66 Bitt there is a highly inequitable distribution of available 
food. Caloric and protein supplies are particularly ·short for the 
population of northeast Brazil. A nutrition survey in that part of the 
country in 1963 61 indicated an average protein intake of 51.4 gm per 
capita per.day,but in some sections consumption was as little as 37.8 
gms per capita. The existence of protein malnutrition is evident in 
the high prevalence of kwashiorkor and retarded growth of children 
in this part of Brazil. There are no acceptable data for present infant 
death rates in Brazil but in the early 1950'~ the infant mortality was 
probably 170 per thousand live births. 
1.6.~.5 Protein require'Tl1£nt8 for the world. The 1965 world population 
is estimated at 3.3 billion persons.Wi,th sustained rates of population 

eli Nutrition Survey of East Pakistan-March 1962-Janmlry 1964, U.S. Department of 
Health, Education and Welfare, Public Health Service, May, 1966. 

66 U.S. Department of Agriculture. Economic Research Service. Foreign Regional Analysis 
Division. Food balances for 24 countries of the Western Hemisphere, 1959-1961. U.S. Dep. 
Agr. Econ. Res. Servo ERS-Foreign 86, 29p. Aug. 1964. 

61' U.S. Interdepartmental Committee on Nutrition for National Defense. Northeast Brazil. 
Nutrltion survey. March-May 19.63. Washington. 1965. 294p. 
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growth the total will reach 5.0 billion by 1985 or 4.6 billion if there is a 
reduced rate of growth. On the basis of F AO standard body weights 
for children and adults, current F AO reference protein needs for the 
world are 116,370 metric tons per day. The needs for the two popula
tion projections are 176,640 and 168,640 metric tons per day in 1985 
(Table 12, World). When expressed in terms of protein supplies with 
an NPU of 62, current needs are 187,693 metric tons per day (56.7 gm 
per capita per day) and would increase to 284,903 or 272,000 metric 
tons in 1985. The projected need in 1985 would be 56.6 gm or 58.4 gm 
per capita per day on the basis of the high and low popula·tions respec
tively (Table 13). These data which assume no changes in average body 
weights indicate that world protein requirements will increase approx
imately 50 percent in the next twenty years. This is clearly a minimum 
estimate since as we have seen from our projections for Pakistan, 
India, and Brazil, the increase in the less developed countries is likely 
to be as much as 100 to 150 percent. 

The projections of protein needs derived in this report differ from 
other projections. The FAO Third World Food Survey 68 developed 
short term nutritional targets for 1975 for calories, total protein, and 
animal protein. The targets for total protein were derived on the basis 
ofa quantity of protein equivalent to 12 percent of caloric standards. 
On this basis, the target was 69 gm per capita per day for "low calorie" 
countries, and 75 gmper capita per day for the world as a whole, values 
much greater than the physiological needs for patterns indicated in our 
calculations. The USDA in its 1970 World Food Budget 69 suggests 
a .reference standard of 60 gm protein per person per day, presumably 
to be supplied at retail level, indicating that it' allows for loss and 
waste of food between the retail level and consumption.' In several 
studies, such losses have varied from 10 to 25 percent. 

Our projections of protein needs for the World, India, Pakistan, and 
Brazil represent best judgments derived from consideration of physio
logical requirements for food proteinaotually C()7l.Swmeti:. They do not 
represent requirements for protein supplie8. The estimates do not ' 
allow for loss of protein in production, storage, and preparation of 
foods, for wastage on the pla,te, or inadequate utilization of protein 
when caloric.sources are insufficient. Where these losses are large, as 
they are likely to be in most less developed countries, proportionately 
larger quantities of additional protein must be made available. 
Calculations of requirements for protein supplies' based 'on our esti
mates of physiological requirements must also take into account inevit
able inequities in distribution among households at different income 
levels, and within households. 

68 Food and Agriculture OrganlzaUon of the . United NaUons. Third world food survey. 
Freedom from Hunger Cantpalgn, Basic Study No. 11, 1963. 102p. 

81l World food budget 1970. U.S. Dep. Agr. Foreign Agr. Econ. Rep. No. 19. 106p, 1964. 
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1.6.3. Requirements for Vitamins and M iMrals 
Recommendations for dietary intakes" of four vitamins: thiamine, 

riboflavin, niacin' and vitamin A, and for one mineral, calcium, have 
been developed by Joint Expert Committees of FAO and WHO.'lO 'l1 

Current and projected needs for these nutrients have been estimated for 
the world and for three countries, India, Pakistan and Brazil for the 
two population projections. The values for body weights'used for es
timation of vitamin and mineral requirements are the same as those 
given in Tables 5 through 14 in the appendix. 

The recommended intakes for thiamine, riboflavin and niacin are 
directly related to caloric requirements 'l0 since all three of these vita
mins function in energy metabolism. The assumptions made for cal-

" culations of caloric needs are also applicable to the calculations of 
vitamin requirements. 
1.6.3.1 Thiamine. The thiamine intake recommended by the Expert 
Committee of FAO-WHO is 0.4 milligrams per 1,000 kilocalories 
which includes. an excess of 20 percent above minimum needs to allow 
for individual variation. In countries where the dietary supply of 
thiamine is more than 0.4 mgper 1,000 calories, little or no thiamine 
deficiency has been observed.'l2 It is desirable to maintain this level 
for all segments of the population. 

Thiamine in the diets of persons in many of the less developed 
countries is furnished priinarily by cereal grains. Since thiamine 
content can' be reduced by processing, it is important to consider 
methods of conserving thiamine in cereal products, or, if necessary, to 
enrich with thiamine after processing or cooking. 

Since thiamine needs are based on estimates of caloric requiremen.ts, I 

the relative increase in needs during the next 20 years will be the 
same magnitude as" for calories (Table 14). In all cases, the per capita 
intake is slightly higher when the fertility rate is decreased since the 
resulting population has fewer children and higher caloric require
ments. The estimate of thiamine need on a world basis indicates per 
capita levels approximately 10 percent higher than those in India and 
Pakistan. This is due to the small body size in these countries and the 
higher percentage of the population under the age of 15. 

1.6.3.~ Riboflavin 
Estimation of requirements is based on data from nutrition surveys 

and on depletion-repletion studies in which the intake of riboflavin has 
been related to urinary excretion and to the development of clinical 

'10 "Vitamin Requirements", Report of a joint FAO/WHO expert group, 6-17 September 
1965-F AO Headquarters, Rome. 

'1'1 Those for the vitamins, thiamine, riboflavin, niacin and vitamin A have not received 
final approval; however, they represent the most suitable values for the present report. 

'1lI Summary of Reports of Interdepartmental Committee on Nutrition for National De
fense, (presently Nutrition Section, OIR-NIH) 1956-1964. 
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deficiency. In general urinary excretion tends to be low when the intake 
of riboflavin is less than 0.44 milligrams per 1,000 kilocalories. 

The intake of riboflavin recommended by the FAO-WHO com
mittee is 0.55 milligrams per 1,000 kilocalories which is 20 percent 
above minimum needs. No increase in riboflavin is recommended for 
pregnancy or lactation except as related to caloric increases. 

Riboflavin is· widely distributed in the foods consumed in both less 
developed and developed countries. Legumes are an important source of 
riboflavin. Cereal products which are eaten in relatively large amounts 
in the less developed countries do not contain high concentrations of 
this vitamin. Since milling of grains reduces the riboflavin content, 
fortification of milled cereal products should be considered if other 
dietary sources of riboflavin are in short supply. Milk, eggs, meat and 
enriched cereal products are the major sources of riboflavin. Vegetables 
and fish are good sources, also. 

Riboflavin requirements will increase appreciably in' the three 
selected countries and in the world during the next 20 years. By 1985, 

. the total daily need, if there is no effective popUlation control, will be 
approximately 8 percent greater than if control plans are sucessful. 
The largest percentage increase during the.20-year period will be in 
Pakistan (Table 15). 
1.0.3.3 Niacin. The requirement for niacin is complicated by the fact 
that while niacin is available as such in many food products, man is 
capahle of meeting part of his requirement by conversion of the amino 
acid, tryptophan, to niacin. In addition, the availability of niacin in 
certain foods is limited. It is essential to determine whether the niacin 
determined by chemical methods is biologically available to man. 

1 Proejetions are based on F AO thiamJne requirements of 0.4 mg per 1,,000 C$lories. 

263-888 0-67---6 



60 THE WORLD FOOD PROBLEM-VOL.. IT 

TABLE 15.-Projections oj riboflavin needs, 1965-85 1 

Inella Pakistan BrazU World 
Population proJec-

tions (year) 
Mgfcaplta/ I ToW Mo/caplta/ I ToW Milca.lta/ I ToW Mgfca.lta/ I ToW day, kg/day day kg/day day, kg/day day kg/day 

1965 ______________ ' ___ 
1.1 515 1.0 117 1.2 97 1.3 4,283 

1970: IDgh ____________ 
1.2 6M 1.1 166 1.3 119 1.3 4,714 

Low ____ : __ ., _____ 1.2 646 1.1 1M 1.3 . 118 1.3 4,697 
1975: , 

High ____________ 
1.2 772 1.2 192 1.3 141 1.3 5,207 Low _____________ 
1.2 744 1.2 ,183 1.3 139 1.3 5,131 

1980: High ____________ 
1.2 895 1.2 232 1.3 165 1.3 5,789 Low ______ ' _______ 
1.2 834 1.2 213 1.3 159 1.3 5,601 

1985: High ____________ 
1.2 1,075 1.2 287 1.3 198 1.3 6,503 Low _____________ 
1.3 971 1.2 2M 1.3 186 1.3 6,115 

J ProJections based on FAO riboflavin requtrements of 0.55 mg. per 1,000 calories. 

The' FAO ExpeIij Committee has accepted the tenn, niacin equiva
lent, for expressing' requirements and has further indicated that one 
niacin equivalent is equal to either one milligram of niacin or 60 milli:. 
grams of tryptophan. 

The estimated requirement for niacin has been based primarily on 
experimental diets where niacin equivalents of 4.4 milligrams per 1,000 
kilocalories or less have been fed, either as niacin or a combination of 
niacin and tryptophan. Deficiency symptoms have been reported when 
intakes of less than, 4.4 mg. niacin equivalents per 1,000 kilocalories 
have been consumed 73 74 or when the total daily intake of adults was 
1ess than 9.0 mg. . 

A minimum requirement of 5.5 mg. niacin equivalents per 1,000 
kilocalories has been accepted with the recommended intake being 6.6 
ing. niaoin equivalents per 1,000 kilocalories. Calculation of actual 
niaoin intakes in popula;tions is not poss~ble because goOd infonnation 
on the tryptophan content of many foods is not avanable~ In general, it 
is assumed that tryptophan intake can be related to dietary protein, 
although there are some proteins that are low in tryptophan. No added 
requirement for niacin has been indicated for either pregnancy or lacta
tion other than, that associated with the increased caloric requirement. 

Factors affecting the availability of niacin in cereal products have 
be~n studied in several laboratories. Corn contains a bound fonn of 
niaCin which is not available under many conditions. In parts of the 

, ,'73 Horwitt, M. K., and others. Tryptophan-niacin relation in man .• T. Nutr. 60 (Suppl. 
1) : 43pp. 1956. 

7' Goldsmith, G. A., and others. Studies of niacin requirement in man. 3.' Comparatlv£!} 
efrects of diets containing lime-treated and untreated corn in the production of experimental 
pellagra. J. Cl1nical Nutr. 4: 151-160. 1956. 

John M
Rectangle



POPULATION AND NUTRITIONAL DEMANDS 61 

world where corn is processed with lime, such as Latin America, 
niacin becomes available and pellagra, which is due to niacin deficiency, 
is not a problem. Bound forms of niacin also occur in wheat and rice. 
An additional problem arises when the total amount of protein in the 
diet is less than that. required for other metabolic functions. In such 
instances, it is doubtful that conversion of tryptophan to niacin is a 
significant source of this vitamin. 

Niacin is extremely stable under most conditions and' even with 
prolonged cooking relatively little is lost. There is no evidence that . 
tryptophan is lost during storage so food proteins can be. considered 
as sources of niacin. 

The estimates for niacin requirements indicate that these will in-
, crease relative,to caloric needs during the next 20 years. (Table 16.) It 

can be assumed that if protein needs are met or exceeded, there will be 
an adequate supply of niacin from the conversion of tryptophan. 
1.6.3.4 V itam,in A. Hypovitaminosis A is a major problem in parts 
of Latin America, Africa, the Near East, and Asia. Studies in Brazil, 
Jordan, India, and Pakistan haye docum'ented vitamm A deficiency as, 
a major cause of blindness in children less than 5 years old. Symptoms 
of this deficiency are frequently 'associated with protein-calorie mal-
nutrition. , 

The lowest vitamin A intakes have been reported for the'Near East, 
but values in Asia and the' Far East are only slightly higher. The 
average vitamin A intakes in the United States and Western Europe 
are from 2 to 18 times greater than Ithose ih some areas of the Near East 
and Africa. 

Dietary sources of vitamin'A differ in the less developed and devel
oped countries. In the latter,. animal products containing pre-formed 

TABLE'16.-Projections oj Niacin Need8 1985-85 1 

India Pakistan Brazil World 
Population proJec-

tions (year) } 

Mg/eapita/ Total Mg/eaplta/ Total Mg/eapita/ Total Mg/eapita Total 
day kg/day day kg/day day kg/day day kg/day 

1965 _________________ 
12.8 6,183 12.:1 1,401 14.3 1,161 15.5 51,393 

1970: 
High ____________ 

14.2 7, 1M3 13.7 1,870 15.2 1,426 15.6 56,569 
Low _____________ 

14.3 7,755 13.8 1,844 15.2 1,420 15.7 56,361 
1975: 

IDgh ____________ 
14.6 9,265 14.1 2,304 15.5 1,692 15. 6 62,488 Low _____________ 
14.8 8,922 14.4 2,202 15.6 1,666 15.7 61,577 

1980: 
IDgh ____________ 14. 5 10,739 14.1 2,778 15.5 1,975 15.6 69,470 
Low ________ .. ___ 14.8 10,011 14.3 2,557 15.7 1,906 15.8 67,214 

1985: IDgh ____________ 
14.9 12,9IM 14.3 ,3,450 15.8 2,376 15.5 78,035 

Low_~ ___________ 15. 2 11,650 14.5 3,062 16.1 2,235 15.8 73,379 

I Projections b~ on l' AO niacin requirements of 6.6 mg. per 1,000 ealorles. 
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vitamin A and vitamin A fortified foods, such as margarines and 
milk, are available. In the less developed countries,vitamin A is 
obtained primarily from fruits and vegetables in the form of carotenes 
which are precursors of vitamin A. 

Vitamin A reqirements have been proposed in the F AO report in 
terms of retinol (vitamin A alcohol); the recommended allowance 
for adults is 750 micrograms of retinol per day. No increase in intake 
during pregnancy is recommended but a daily intake of 1,200 micro
grams retinol is recommended during lactation. This increased allow~ 
ance for the mother is recommended to provide for the needs of 
the infant during the first 5 months of life. In childhood, recom
mended intakes range from 300 micrograms of retinol per day (ages 
6 to 12) to 750 micrograms per day after the age of 16. In gen
eral, requirements are approximately 12 micrograms of retinol per 
kilogram of body weight per day for adults. For infants of 3 months 
of agE!, intakes of about 65 micrograms per kilogram per day are 
recommended. 

Since the dietary vitamin' A intake in India, Pakistan, Brazil, and 
in most sections of the world is primarily derived from carotene, two 
calculations have been made in projecting needs. The first is based on 
retinol requirements and the second on requirements if the dietary 
80urces of vitamin A furnish approximately 10 percent retinol and 90 
percent beta carotene. 

Requirements for vitainin A in India, Pakistan' and Brazil will 
ftpproximately double during the next 20 years if there is no reduction 
in rate of population growth and will increase 80 percent or more if 
population growth rate decreases. (Table 17.) Since vitamin A-con
taining foods are not widely used in these and other less developed 
countries, means of adding vitamin A to existing foods, such as cereal 
products, must be considered. 

It is probable that fortification of foods must be undertaken to meet 
vitamin A needs~ Vitamin A can be used in the form of natural foods 
rich in this vitamin, such as red palm oil, but in order to ensure con
trolled addition, synthetic vitamin A may be preferable. Emphasis 

, should be given to development of vitamin A fortified foods that can 
be produced on a commerical or semi-commercial basis in less developed 
countries and that have wide acceptance. In most countries, edible oil 

. products are not suitable carriers for vitamin A since they are used in 
small quantities and are produced on a restricted basis. Wheat flour, 
can be fortified with vitamin A which can be obtained in powder-like 
form. There is need for research on incorporation of this vitamin into 
other cereal foods. 
1.6.3.5 Oalcium. Calcium intake varies considerably throughout the 
world but there is no good evidence that calcium deficiency constitutes 



TABLE 17.-Projections 0/ Vitamin A Need81966-86 1 

India dietary needs Pakistan dietary needs Brazil dietary needs World dietary needs 

/'" 

Popnlatlon 
B·Carotene 00 per-

Retinol 
B-Carotene 00 per- B-Carotene 00 per. B·Carotene 00 per-

Retinol cent Retinol 10 cent Retinol 10 Retinol cent Retinol 10 Retinol cent Retinol 10 
projections percent percent percent percent 

(year) 

Meg/cap. Total Meg/cap. Total Meg/cap. Total Meg/cap. Total Meg/cap. Total Mcg[cap. Total Meg/cap. Total Meg/cap. Total 
Ita. day gmJday ita. day J 1:-. ita 'day .f.W Ita day I gm/ ita day gmJ Ita day 2 ~/J Ita day Fa~ Ita day J ~/1I dayJ day 

1965 •••••••••• 606 2M 2,402 1,163 liS6 68 2,316 268 001 49 2,881 194 621 2,057 2,468 8,164 
1970: 

Higb._ ••. 00li 334 2,368 1,308 li83 80 2,305 316 602 &7 2,384 224 625 2,267 2,483 8,009 
Low_._ ••• 610 331 2,422 1,313 &90 79 2,335 313 oM 66 2,t40 228 627 2,200 2,494 8,976 

197&: 
Hlgb ___ •• 603 384 2,300 1,&21 liSl 95 2,296 376 001 66 2,881 200 626 2;508 2,484 9,951 
Low. __ •. _ 620 373 2,4&6 1,478 ~ 91 2,357 361 609 65 2,355 267 633 2,479 2,&17 9,848 

1980: 
Higbe __ •• 602 446 2,a84. 1,761 &79 114 2,284 41i1 600 77 2,374 303 623 2,786 2,472 11,047 
Low ••• __ • 623 422 2,473 1,674 602 108 2,886 . 426 612 74 2,269 276 636 2,n4 2,627 10, 779 

1985: I) 

Higb. ____ 600 &19 2,379 2, OM ·&75 139 2,268 &46 &98 90 2,368 3M 620 3,121 2,400 12,379 
Low. _____ 620 4T1 2,400 1,891 695 126 2, 3M 496 615 85 2,441 338 638 2,968 2,539 11,799 

1 ReqUirements are given In 2 ways: (1) In terms of FAO reference vitamin A or Retinol, and (2) In terms of a diet wbtcb fumtsbes 00 percent of vitamJn A as B-carotene 
(provitamin A) and 10 percent as retinol. . 

I Expressed as meg. B-carotene. Meg=m1crogmm 
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a serious health problem, particularly when the supply of vitamin D 
is adequate. Dietary sources of calcium also vary widely. Milk and 
milk products are a good source for all age groups. In less developed 
countries, milk· products are not widely used, and except for nursing 
infants, calcium is obtained from cereals, leafy vegetables, and to a 
small extent from animal products. An Expert Committee of,FAO 
has developed an extensive report on calcium requirements.75 The 
report takes into consideration the different intakes of calcium among 
population groups and the ability of man to adapt to low intakes with 
no apparent undesirable effects. 

One health problem that is related to calcium is osteomalacia. Low 
c·alcium intake in association with repeated pregnancies is considered 
to be a major factor in this disease although evidence to support this 
conclusion is meager. Calcium deficiency occurs in infants; but is more 
often related to malabsorption secondary to diseases of the intestinal 
tract. 

Estimation of calcium requirements on a national or world basis 
is difficult due to wide differences in calcium intake found in popu
lations of. apparent good health. Many investigations of calcium re
quirements are based on metabolic balance studies and there is evidence 
to suggest that these studies are influenced markedly by past cal
cium intake. Thus, balance studies in developed countries indicate 
much higher requirements than in developing countries. While mean 
requirements may not be applicable to all segments of the world popu
la.tion, the F AO Expert Committee has developed some "practical 
allowances" which permit estimation of tota.}· calcium requirements. 
Allowances are given as a range of acceptable intakes for various age 
groups. Allowances for infants are 500 to 600 milligrams per day from 
birth to 12 months of age and increase to 600 to 700 milligrams per 
day for adolescents between the ages of 10 and 15. Allowances then 
decrease to 500-600 milligrams for the 16 to 19 year age group and to 
400 to 500 milligrams for adults. Intakes for pregnancy and lactation 
are estimated to be between 1,000 and 1~2oo milligrams per day. These 
amounts should be provided during the latter third of pregnancy and 
throughout lactation. 

Calculations for India, Pakistan and Brazil are based on the lower 
allowance suggested by F AO to give a more realistic estimate of cal
cium requirements. (Table 18.) The values for the three countries 
increase about the same percent as that for other nutrients. Calcium 
requirements in 1985 in Pakistan, for example, will be 2.1 times re
quirements in 1961 with the low popUlation projection and 2.4 times 
with the high projection. 

715 Calcium Requirements. Report of an FAO-WHO Expert Group. FAO Nutrition Report 
Series No. SO. Rome, Italy, 1962. 
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TABLE I8.-Projection of Calcium Need81985-85 1 

India Pakistan Bra.zU World 
Population 
projection 

am/capita am/capita (year) Total Total Total GmJcaptta Total 
day metric day metric metric ay metric 

tons/day tons/day tons/day t9ns/day 

. 1965. ________ 0.44 215 0.45 52 0.45 36 0.44 1,462 
1970: 

High. ___ .45 245 .45 61 .45 43 .44 1,607 
Low _____ 

.45 241 .45 60 .45 42 .44 1,596 
1975: 

Hlgh ____ .45 283 .45 73 .45 49 .44 1,774 
Low _____ .45 269 .45 69 .45 48 .44 1,735 

1980: 
High. ___ .45 329 .45 89 .45 57 .44 1,973 
Low ____ .45 302 .45 80 .45 M .44 1.884 

1985: 
Hlgh ____ .45 385 .45 108 .46 67 .44 2,219 
Low._ •• _ .44 340 .45 M .45 62 .45 2,083 

1 ReqnJrement is the lower value of the range of practical allowances of F AO. 

In countries where cereals are the principal source of calories, cal
cium intake is adequate if considerable amounts of pulses and nuts 
are consumed also. The ability to meet calcium requirements in the 
coming years will be associated closely with'the ability to meet caloric 
and protein requirements. In some of the less developed countries, 
careful selection of the limited variety of foods may be necessary to 
meet even the lower F AO practical allowances. 
1.6.3.6 Other Vitamins and Minerals. Vitamin O. Deficiency of this 
vitamin is a problem only in isolated segments of the population for 
a few countries.16, 77 There is a wide difference of opinion as to the 
amount of vitamin C that should be included in the diet for the 
maintenance of health. The minimum amount of this vitamin that 
will prevent scurvy (vitamin C deficiency) is about 10 mg. daily. 
Vitamin C has many important metabolic functions some of which 
may be deranged long before the development of clinical deficiency. 
Some investigators have suggested that vitamin C intake should be 
sufficient to maintain approximate saturation of the tissues which 
requi1:'6S an intake of 60 to 100 mg. a day. Recommended dietary allow
ances for vitamin C that have been adopted 'by various countries range 
from 20 mg. to 70 mg. daily. -

Vitamin C containing foods are available in most countries of the 
world. Although .fruit, pa~icularly citrus fruit, is generally consid
ered the most important source of this vitamin, many vegetables, 

78 Summary of Reports of Interdepartmental Committee on Nutrition for National Defense 
(Presently Nutrition Section, OIR-NIH) 1956-1964. , . 

n Schaefer, A. E., Observations froIn- exploring needs In national nutrition programs. 
Amer. J. Publlc Health 56(7) : 1088-1096. July 1966. 
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including potatoes and members of the cabbage family, are good 
sources of vitamin C. Fortification of food products or supplemen
tation of diets' with the synthetic vitamin may be desirable at times. 

Vif;a;rnin D. It is not practical to estimate vitamin D require
ments for: population groups. For infants and children, 300 to 400 
International Units of vitamin D per day will prevent the develop
ment of rickets. Few studies have been carried out on requirements 
of adults.' In most countries, an insignificant amount of vitamin D is 
consumed in food products. The vitamin is provided mainly by the 
action of sunlight on 7 -dehydrocholesterol in the skin. 

Rickets due to vitamin D deficiency has not been reported as a 
major world health problem in recent years. Isolated cases are found 
in almost every' country and are frequently associated with cultural 
patterns which do not permit children to be ~xposed to sufficient 
sunlight. 

I odine. Endem~c goiter (thyroid enlargement due to iodine de .. 
ficiency) is a major health problem in many parts of the world. Iodine 
intakes of 100 to 150 micrograms per day are recommended ~lthough 
evidence suggests that goiter is not a problem in areas where iodine 
intake exceeds 75 micrograms per day. The relatively' few dietary 
sources of' iodine make it difficult to propose changes sufficient to 
prevent goiter. Seafoods are good sources but are generally eaten in 
only limited amounts. When iodine is included in the ration of ani
mals, products such as milk and eggs -can be good sources, but in 
the less developed countries these foods are consumed in small quan
tities. The public health measure used most often in the prevention 

, of goiter is the iodization of salt. In some countries, there are tech
nical problems related to the iodization of salt, including the type of 
salt available and the means by which salt production can be controlled. 
Certain types of crude salt, or partially processed salt, are difficult to 

. use as a carrier. In the United States one part of iodine per 10,000 
is added in the form of potassium iodide. 

I ron. The amount of iron required for growth and the maintenance 
of health can be defined in terms of absorbed iron but is difficult to 
estimate in terms of dietary iron. More information is needed on the 
amount of iron ahsorbed from food, iron loss under normal conditions 
and iron lossassocia.ted with parasitic infestation. The latter loss is 
a significant problem in many less developed countries. Iron absorp
tion is influenced by the kinds of food in the diet and is increased 
when body stores of iron are depleted. 

Nutrition surveys in many less developed countries indicate that the 
iron content of diets exceeds by several .times the proposed dietary 
allowances for iron in the United States (10 to 15 mg per day for 
adults). Recent studies in A.frica report average iron intakes ranging 
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from 30 to 120 milligrams of iron per day 18 and in Latin America 
intakes range from of 25 to 60 milligraIlli? per day. The, amount of 
iron absorbed from these diets is not known. It is somewhat surprising 
to find that anemia is a major prdblem in most of these countries and 
in many instances seems to he due to iron deficiency. Most reports on 
anemia are based on hemoglobin levels and few data are available on 
the concentration of iron in tissues. Recently, the World Health 
Organization has undertaken a comprehensive evalution of iron 
. nutriture; information obtained should be of great value.'" 

Other Nutrients. Requirements for minerals and vitamins, other 
than those discussed above, cannot be estimated at the present time 
for the world or for specific countries. Dietary needs for vitamin Be 
are about 1.5 to 2 milligrams per day for. adults, but more informa
tion must be obtained on needs and dietary sources hefore recom
mendations for intakes by population groups can be developed. 

Daily diets that contain 3 to. 5 micrograms of vitamin B12 (if l' to 
1.5 micrograms is absorbed.} will satisfy minimum requirements. Vita
min Bn is found'in foods of animal origin. Since diets in most of the 
less developed countries are low in animal products, intakes may be less 
than adequate. More information on the vitamin B12 content of diets 
in these countries is needed. Some of the anemias that are known to 
be prevalent in less developed areas may be due to lack of vitamin B12• 

Data are insufficient to recommend a dietary allowance of folacin 
(folic acid). Folic acid compounds are present in many animal and 
vegetable products but information on the folic acid content of foods is 
meager. Folic acid intake appears to be inadequate in some segments 
of the population in many less developed countries. Deficiency causes 
macrocytic anemia, glossitis and diarrhea and occurs commonly during 
pregnancy. Deficiency of both vitamin B12 and folic acid can be due 
not only to dietary inadequacy, but also to malabsorption syndromes 
of varied etiology. 

Knowledge of requirements for pantothenic acid, vitamin E and 
vitamin K is incomplete. This is also the case for minerals such as 
copper, selenium, magnesium and zinc. It seems probable that many 
of these nutrients may be consumed in less than required amounts in 
less developed countries. This is an area for future research. 

1.7.0 Nutritional Requirements Translated into Terms of Food 
and Food into Agricultural Commodities 

1.7.1 Some Genervit Oonclusions 
The caloric and protein needs for various countries and the world 

have been translated into quantities of types of food that are equiva-

78 Summary of Reports of Interdepartmental Committee on Nutrition for Na.t1onal 
Defense (Presently Nutrition Section, OIR-NIH) 1906-1964. 
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lent to the projected needs .. These data bring out and highlight some 
urgent problems to be faced in the ·world food supply in the years 
ahead and suggest priorities for action programs to . anticipate these 
problems. 

Clearly, calories constitute the most limiting need for countries, 
regions, or the world as a whole, but not for some segments of the pop
ulation. Meeting caloric needs with current national food supply 
patterns will for the population as a whole result in an adequate quatn

tity of protein despite its overall poor quality/ however, this average 
fails to' show that in young children the quantity and quality of die
tary protein must be better than the average represented by such a 
statistic. We must also recognize that national food supply patterns 
may deteriorate in the attempt to meet the caloric needs of a rapidly 
growing population. It will be less difficult to increaSe the overall 
volume of calories than to increase the volume of milk, eggs, meat, 
fish, and other traditional sources of high quality protein. Improve
ment or even maintenance of dietary protein quality and quantity 
may require shifts to other sources of protein and changes in food 
habits. In efforts to increase protein ·availability, a critical challenge 

. is that of introducing improvements which will benefit the population 
groups that are in greatest need. 

Amino acid fortification of foods, the combination of cereal and soy
bean products in foods,. or the use of ,protein concentrates from oil 
seeds or fish may yield small benefits to the bulk of the population, 
but would be highly beneficial to vulnerable groups such as preschool + 

children. For example, wheat in India contributes·about 14 percent of 
the protein in the national food supply. If as much as 50 percent of 
this wheat could be fortified to raise its net protein utilization (NPU) 
to 75; approximating the NPU of milk, it would raise the average 
NPU -of dietary proteins in India as a whole from approximately 
56.6 only to 58.1. This would have the effect of lowering the total pro
tein needs of India by about 2.5 percent, but it might contribute signif
icantlyto vulnerable segments who largely utilized wheat for their 
energy and protein requirements. 

The real problem then is to bring the tremendous benefits that pro
grams to improve protein quality can achieve to the segments of popu
lation for whom protein quality and quantity are truly critical. 
Fortification programs, for exampl~,' can achieve great benefits for 
small groups, but only if the programs affe()t the8e per8on8~'Atthe 
same time, it should be recognized tha~.protein may merely serve to 
meet energy needs if caloric requirements are inadequately met. 

In planning action programs, we must recognize that, for the short 
term, family planning will not solve the food supply problem. Only a 
6 to 11 percent reduction of food needs by 1985 is indicated in the 
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projections for the three countries selected or for the world as a whole 
through successful family planning programs. (Table 20.) As we 
have shown i~ an earlier section, such programs are needed now, not 
only for benefit in the more distant future, but also to slow down rapid 
rates of population growth which seriously interfere with economic 
and social development. 

'For the next two decades, production is the key' to meeting the food 
problem of the expanding population. India will need at least twice 
as large a food supply in 1985 as was available in 1960, if similar foods 
are consumed. Pakistan will need an even greater scale-up in food 
supply. The world as a whole will need more than half again as much 
food in 19~5 as is now available (Table 20). ' 

The increases in food supplies shown in Table 20 for India, Pakis
tan, and Brazil are minimal for several reasons. They do not include 
an allowance for losses between retail level and consumption or for 
improvements in diets associated with rising per capita incomes 
(which are essential if agricultural productivity is to rise) and they 
assume an even distribution of food among, all income groups and a 
distribution according to physiological needs within households. The 
world figures should be increased because of these factors and because 
of the implicit assumptions that average body weights of the world ' 
population will not rise and that food supplies will be distributed 
according to the calculated needs among the rich and the poor 
countries. 

Distribution is now and will continue to be a key factor in meeting 
the protein-calorie needs of very large segments of the population. 
This study has emphasized critical problems in distribution between 
countries, within countries, and within the family. Because of mal
distribution, the true situation is far more disturbing than the figures 
in Tables 20-27 would indicate. ' 

1.7.~ Methodology Used in Oonverting Oaloric and Protem Needs to 
Foods and ,0 ommodities 

The quantities of foods needed td fulfill physiological requirements 
for calories and protein are based on projections of population growth, 
changes in population characteristics, and increase in body size, with 
and without changes in fe~ility rate, but are not adjusted for changes 
in income or ~o'r the much larger quantities of foods which must actu
allybe produced to compensate for losses from harvest to consumption. 

The basic source of data for food consumption patterns was the 
study "W orId Food Budget" 79 and publication on detailed analyses 
of food balances in the Western Hemisphere so and in the far East and 

'19 World food budget 1970. U.S. Dep. Agr. Foreign Agr. Econ. Rep. No. 19, 105p. 1964. 
80 U.S. Department of Agriculture. Economic Research Service. Foreign Regional Analysis 

Division. Food balances for 24 countries of the Western Hemisphere, 1959-1961. U.S. Dep. 
Agr. Econ. Res. Servo ERS-Foreign 86, 29p. Aug. 1964. 
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Oceania.81 The 1959-61 per capita caloric and protein contributions 
from the total available food supplies are listed in these publications, 
as are population figures on which they were based. 

The scale-up of different food quantities required to meet projected 
physiological needs for calories (Table 20) in different years repre
sents the ratio of the projected caloric needs (Table 10) to the 1959-

.61 caloric availability. Projected food quantities (Tables 21-24) were 
derived by mUltiplying the tons of various food groups available in the 
base period (summarized in Table 19) by the appropriate ratio from 
Table 20. The 1965 figures thus represent quantities of foods needed 
rather than amounts currently available; actual availability is likely 
to be quite similar, however. , ' 

The projected amounts of protein available for consumption if 
caloric needs are met (Table 25) were derived in a similar manner 
by multiplymg the figures for protein in the national food supplies 
in 1959-61 by the scale-up ratios for caloric needs. (Table 20). Pro
jected "protein surpluses" (Table 26) represent the excess of these 
projected availabilities over amounts required to meet physiological 
needs (Table 13-Protein) on an annual basis. It is assumed in project
ing these "surpluses" that all the food available could be consumed. 

This procedure obviated need to work with protein and caloric con
tributions of individual food groups beyond that which already had 
gone into the USDA-ERS study. 

The food groups used in the tables are reported on the following 
bases: .sa 

Wheat is shown as grain. 
Rioe as paddy or rough rice. 
Other oereals include com, barley, oats, rye, millet, and sorghum, as 

well as minor products such as buckwheat, quinoa, spelt and teff. 
Other starf)hy crops include potatoes, sweet potatoes, yams, cassava, 

and similar tropical root crops. This group of com~odities also 
includes bananas and plantains in countries which produce such crops 
abundantly. 

Pukes mnJ; nuts include beans, peas, lentils, chickpeas, and similar 
dry leguminous seeds. It also includes peanuts and soybeans in coun
tries where they are used for food. 

Sugar is basically raw cane and beet sugar. 
Vegetables and f'MlJits exclude commodities classified as other 

star~hy crops. 

81 u.s. Department of Agriculture. Economic Research Service. Foreign Regional Analysis 
Division. Food balances for 12 countries in the Far East and Oceania, 1959-1961. U.S. 
Dep. Agr. Econ. Res. Servo ERB--Foreign 88, 14p. Aug. 1964. 

82 For detailed definitions see: World food budget 1970. U.S. Dep. Agr. Foreign Agr. Econ. 
Rep. No. 19, 105p. 1964. References on p. 88-89. 
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Fats aJnd oils include butter (fat content), edible animal fats, ma
rine oils, a.nd vegetable oils which may be used For food. 

Meat, fish, and eggs include poultry meat and game, in addition to 
other kindS of meat .. Production of meat is generally on a carcass
weight basis. Production of fish is generally on landed-weight basis. 
Egg products are usually converted to shell-egg equivalent. 

Milk products include milk and milk products other than butter. 

1.7.3 Limitations in Inte!pre~atWn of Data (Tables 19 Through ~7) . 
The food projections are based on estimates of caloric and protein 

needs of various populations. Appreciable uncertainties exist in popu;. 
lation numbers and population characteristics. These in turn contribute 
uncertamty to caloric needs, and levels of physical activity add further 
tincertainty in estimating caloric requirements. Protein needs involve 
many similar unavoidable uncertainties. 

Extrapolation of these nutrient requirements to foods and commodi
ties introduces additional limitations in the data. Some commodity 
groups can be determined with fair accuracy, but others may be pure . 
guesses as to amounts available. This is most obvious for fruits and 
vegetables. Furthermore, the projections of minimum food quantities 
to meet physiological·needs of various countries or the world.repre
sent simp~e straight line projections of foods available in 1959-61. 
Obviously, food p8itterns will not remain static~ Foods consumed will 
shift with increasing popUlation pressure on . the land, improving 

. .. 

TABLE 19.-Total gro88 food balance8 (1000 m.tons) for 1959~1 for Brazil, India 
Paki8tan, and the World . (the8e figure8 repre8ent food supplie8 available at retaill)~ 

Brazil India . Pakistan, World 

Whest__________________________________________ 2,15311,030. 4, 370 168,381 
Com___________________________________________ 2, 380 ___ • __ ~ __ . __________________ . ______________ _ 
MUlets __________________________ ~ __________ .---- ______________ 13,768 ___________________________ _ 
Rlce ___ .: ___ ~~_~________________________________ 4, 146 44, 924 14,053 217,015 

Other cereals___________________________________ 51 5,174 1,138 124, 175 
Sugar__________________________________________ 2,955 11,463 , 1,278 51,868 
Starcl1y foods ____________________ ~_____________ 7,097 1,253 100 271,484 
PoIses, nuts____________________________________ 2,006 12,601 1,027 40,005 
Vegetables ____ .:________________________________ 952 12,951 2,178 } 244, 9$2 
Fnt1t __________________________________________ :.. 6, 074 8,305 3,704 
Meat ________________________ ~__________________ . 2,032 600 580 I 

'. Ffsh _______________________ ..: _________ ~ __ :..______ 200 2,585 1,320 
Eggs. ________ • ___ '-____________________________ ~ 2M 126 35 
Milk products ____ ~_____________________________ 3,963 20, 979 4, 1M 
Fats, oils __________ ~____________________________ 497: 1,560 326 

107,115 

199,836· 
25,468 

I Sources: ··World ·Food Budget 1970," USDA For. Agr. Econ. Rept. 19, Oct. 19M; "Food Balances for 
24 Countries of the WestemHemfsphere, 1959-61," USDA-ERS For. 86, Aug. 19M; "Food Balances for 
12 Countries in the Far East and Oceania, 1959-61," USDA-ERS For. 88, Aug. 19.M. 

2 Includes cane sugar to bring to "sugar" basts; 
10 . 
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TABLE 20.-Projected food quantitie8 to meet 'physiological needs for calories a8 
rompared to 1959-81 food supplies. Projections at retail/or Brazil, India, Pakistan, 
and the World. . 

[These figures repreoont ratios of proJected national needs for calories (Table 10, text) to 1959-61 aV8ilabUlty 
(as derived from per capita data for caloric ava1labUlty and population estimates.!)] 

Year Brazil India Pakistan World 

High population projection ________________ 1965 0.920 1.053 1.081 1.006 
1970 1. lao 1.336 1.443 1.206 
1975 1.341 1.578 1.778 1.332 
1980 1.565 1.830 2.144 1.481 
1985 1.883 2.199 2.663 1.6M 

Low population projecUon ___ •• ___________ 1965 0.920 1.053 1.081 1.006 
1970 1.126 1.321 1.423 1.202 
1975 1.31.0 1.520 1.699 1.313 
1980 1.511 1.706 1.974 1.433 
1985 1.771 1.985 2.363 1.564 

1 Source: "World Food Budget 1970", USDA For. Agr. Ecou. Rept.19, Oct. 19M; "Food Balauces for 24 
Countries of the Western Hemisphere, 1959-61", USDA-ERS For. 86, Aug. 1964; "Food Balances for 12 
Countries in the Far East and Oceania, 1959--61" , USDA-ERS For. 88, Aug. 1964. 

agricultural productivity, rising consumer income, and even with a 
. change in population makeup (such as in increasing percentage of . 
older people). Unless agricul~ural productivity can be rapidly in
creased, the proportion of vegetables, fruits and animal products is 
likely to diminish because of the need for increaSing the harvest of 
cereals, starchy foods and pulses to provide energy for rapidly growing 
populations. 

'In looking at consumption statistics and estimates of food gaps, 
we must remember that there is an important uncertainty in our esti
mate of the foods many people eat in many countries. This uncertainty 
is in the food from home production, barter, payment for work, and 
foraging. Such foods account for a sizable, if not the entire, amount 
available for those living in some traditional villag~ economies. This' 
uncertainty is minor in such countries as India and Pakistan where the 
land taxes are partly based on the size and composition of the harvest, 
regardless of how it is used, and consequently, farm f~od production is 
carefully estimated. But it may be more serious in other countries. In' 
addition to the non purchased food in rural areas, there is evidence that 
on the outskirts and even within larg.e cities, home-produced food is an 
important factor in the diets of the people.ss An attempt is made to 
take this into account in the conswnptiQn statistics but there is a lack 

. of research data from which reliable adjustments can be developed. 
Most of the published statistics on food consumption are, more 

accurately speaking, food availa:bility. For example, USDA food 

83 Money value of food used by households In the United States, spring 1965. U.S. Dep. 
Agr., Agr. Res. Servo :Food Consumption Survey, 196~66, PreUm. Rep., IIp. Sept. 1966. 
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balance sheets are estimates of food at retail, not a.t home. There are 
few useful data on the losses due to microbiological spoilage, insects, 
and rodents that must occur between retail and the home froin lack of 
refrigeration and storage facilities. Especially where foods do.. not go 
through commercial channels but are processed by rural households, 
large but unknown losses may occur because of poor facilities for 
storage in the home. Future requirements for food supplies (the 
quantities given in Tables 21 through 24) must be increased by an 
unknown amount beea use our estimates based on caloric and protein 
needs are at the individ'tUil consumption level and there is no satis- _ 
factory way of accurately adjusting these upward to account for losses· 

. from the time of harvest, through storage, transportation, marketing, 
preparation in the home, and plate waste. Still another uncertainty is 
introduced by the variable or unknown nutrient composition of foods 
within the food groups. 

Finally, it is well to remind the reader again of the need for caution 
in the interpretation. of averages. Data on average food supplies are 

TABLE 21.-Projecled annual gross food quantities needed to meet physiological need!, 
Jor calorie8, Jor. Brazil, 1966-1986 

[These figures (1000 m. tons) assume food patterns simIlar to foods aval.lable in Bra'llU 1959-61 (Table 19)] 

1965 1970 1976 1980 1985 

High population estimates: Wheat _____ "' ___________________________ 
1,980 2,433 2,887 3,369 4, OM Com __________________________________ 
2,190 2,689 3,192 3,725 4,482 Rice _________________________________ :_ 
3,814 4,685 6,660 6,488 7,807 Other cereals __________________________ 

62 M 76 89 107 Bugar __________________________________ 
2,719 3,339 3,963 4,625 6,564 Starchy foods ______________________ · ____ 
6,629 8,020 9,617 11,107 13, 3M Pulses, nuts ___________ .: _______________ 
1,846 2,267 2,600 3,139 3,777 Vegetables _____________________________ 

876 1,076 1,277 1,490 1,793 Frnlt ___________________ .. ..; _____________ 
6,588 6,8M 8,145 9,506 11,437 Meat __________________________________ 
1,869 2,296 2,725 3,180 3,826 Fish ___________________________________ 

267 328 389 4M M6 Eggs ___________________________________ 
243 208 3M 413 497 MUk products _______ . ___ .. ______________ 

3,646 4,478 6,314 6,202 7,462 Fats, olIs ______________________________ 
457 562 666 778 936 

Low population estimates: Wheat ______________________________ .:;._ 
1,980 2,424 2,820 3,253 3,813 Com _____________________________ .;. ____ 
2,190 2,680 3,118 3,596 4,216 Rlce _____ :. _____________________________ 
3,814 4,668 5,431 6,265 1,343 . Other cereals __________________________ 

52 M 76 86 101 
Sngar_~ ________________________________ 

2,719 .3,327 3,871 4,465 5,233 Starchy foods ________ .;. _________________ 
6,529 7,991 9,297 10,724 12,669 Pulses, nuts ___________________________ 
1,846 2,259 2,628 3,031 3,553 Vegetables _____________________________ 

876 1,072 1~247 1,438 1,686 Frnlt __________________________________ 
5,588 6,839 1,957 9,178 10,757 Meat __________________________________ 
1,869 2,288 2,662 3,070 3,500 Fish ___________________________________ 

267 327 380 438 514 :Jl:ggs ___________________________________ 
243 297 346 399 468 MUk products _________________________ 

3,646 4,462 6,192 5,988 7,018 Fats, olIs ______________________________ 
457 560 651 751 880 
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TABLE 22.-Projected annual grosslood quantities needed to meet physiological needs 
lor calories, lor India, 1965 to 1985 

[These figures (1000 m. tons) assume food patterns similar to foods aVailable in India in 1959-61 (Table 19) J 

1965 1970 1975 11l8O 11185 

High popnlation estimates: 
Wheat _______ ~ _________________________ 

11,615 14,736 17,405 20,185 24,254 Millets ______________________________ : __ 
14,.487 18,381 21,710 25,177 30,254 Rice __________________________________ -
47,305 00,018 70,800 82,211 98,788 

Other cereals __ .-i.-----------------____ 6,080 7,714 9,111 10,566 12,697 
Sugar __________________________________ 7,859 9,971 11,777 13,657 16,411 
Starchy foods __________________________ 

7,637 9,600 11,445 13,273 15,949 
Pulses, nuts ___________________________ ·13,269 16,835 19,884 23,000 27,710 
VegetabJes _____________________________ 13,637 17,303 20,437 23,700 28,479 Fruit __________________________________ 

8,745 11,005 13,105 15,198 18,263 Meat. _____ • ___________________________ 
632 802 947 1;008 1,319 

Fish ___________________________________ 
2,722 3,454 4,079 4,731 5,684 Eggs __________________________________ 

133 168 100 231 277 
Mllk products_.; _______________________ 22,001 28,028 33,105 38,392 46,133 
Fats, oDs ______________________________ 

1.643 2,084 2.462 2.855 3,430 
Low population estimates: Wheat _________________________________ 

11,615 14,571 16,766 18,817 21,895 Millets _________________________________ 
14,487 18,174 20,912 23,471 27,310 Rice ___________________________________ 
47,305 59,345 68,284 76,640 89,174 

Other cereals __________________________ 
6,080 7,627 8,776 9,850 11,461 Sugar __________________________________ 
7,859 9,859 11,344 12,732 14,814 Starchy foods __________________________ 
7,637 9,581 11,025 12,374 14,397 Pnlses, nuts ___________________________ 

13,269 16,646 19,154 21,497 25,013 Vegetables _____________________________ 
13,637 17,108 19,686 22,094 25,708 Fruit __________________________________ 
8,745 10,971 12,624 14,168 16,485 

Meat.,. ________________________________ 
632 793 912 1,024 1,191 Fish ____________________ ..;~ _____________ 

2,722 3,416 3,929 4,410 6,131 Eggs _________________________ ~ ________ 
133 166 192 215 260 

Mllk products _________________________ 
22,091 27,713 31,888 35,700 41,643 'Fats, oDs ______________________________ 
1,643 2,061 2,371 2,661 3,007 

useful for general comparisons and to indicate priority problems in 
national food needs. For example, the figures point to the need for na
tional efforts in food production and distribution rather than merely 
seeking new sources of certain nutrients. But:the averages do not reflect 
the actual incidence, numbers, or proportions of the populations that 
~re undernourished or malnourished. Throughout the world, within 
regions, within individual countries, and even in individual families, 
some eat better than the average, some worse. Sometimes this is a result 
of the unavailability of foods,.local custom, or taboo, but in most poor 
countries it is chiefly due to lack of purchasing power. 

Latin America is a particularly good example of this. According 
to the food balances 84 developed for this region by the USDA for 
1959-61, calories available at retail levels were about adequate but this 

M u.s. Department of Agriculture. Economic Research Service. Foreign Regional Analysis 
Division .• Food balances for' 24 countries of the Western Hemisphere, 1959-1961. U.Iil. 
Dep. Agr. Eoon. Res. Servo ERIS-Foreign 86, 29p. Aug. 1964. 
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,included a range from a high of 3220 per capita per day in Argentina 
(higher than the USA) to a low of 1970 calories in Guatemala. Latin. 
America as a whole averaged 66.1 grams of protein available per capita. 
per day, primarily because of the very high consumption in Argentina 
and Uruguay. Within the Latin American area, Brazil, as a whole, had 
an adequate national daily food supply, 2710 calories and 65 grams of 
protein (lh of the protein from animal sources) ; but within Brazil the 
problems of maldistribution are quite evident. People in the southern 
part of the country are relatively well fed like those in the River Plate 
countries, Argentina, and Uruguay, but diets are clearly inadequate in 
N octheast Brazil. The problem is compounded by the sizable propor
tion of foods high in calories but low in protein. For example, Table 19 
shows that the food supply of Brazil.included 10 million tons of sugar. 
and starchy foods while that of India included only a little more (14.7 
million tons) despite a six-fold greater population. 

TABLE 23.-Projected annual gr033 food quanJ,itie3 needed to meet physiological needs 
for calories, for PakiBtan, 1966 to 1986 

[These figures (1000 m. tons) assume food patterns sIm.ilar to foods available in Pakfsta~ In 1959-0-61 (Table 19)] 

1965 1970' 1975 1980 1985 

High population estimates: Wheat _________________________________ 
4, '124 6,306 7,770 9,369 11,637 Rlce ___________________________________ 

15,191 20,278 ' 24.986 30,130 37,423 Other cerea1s ______________ ~ ___________ 
1,230 1,'642 2,023 2,440 3,030 Bugar __________________________________ 
1,382 1,844 2,272 2,740 3,403 Btarchy foods __________________________ 

757 ' 1;010 1,245 1,001 1,864 Pulses, nuts ________________________ ~ __ 
1,110 1,482 1,826 2,202 2.135 Vegetables _____________________________ 
3,003 4,009 4,939 5,956 7,398 Fruit __________________________________ 
4, OM , 5,345 6,li86 7,941 9,864 Meat ____________________________ ~ __ ---

627 837 1,031 1,244 1,545 Flsh ________ ~ __________________________ I,m 1,905 2,347 2,830 3,515 Eggs ______ ~~ ________________________ ' __ 
38 00 62 75 93 M1lk products ________________ ., ________ 

4,001 6,009 7,404 8,928 11,089 Fats, oDs ______________________________ 
352 470 lS80 699 868 

Low population estimates: WheaL ___________ J ____________________ 

4, '124 6.219 7,425 8,626 10,326 Rlce ___________________________________ 
15,191 19,997 23,876 27,741 33,'lJ11 Other cereals __________________________ 
1,230 1,619 1,933 2,246 2,689 Bugar __________________________________ 
1,382 1,819 2,171 2,523 3,020 Btarchy foods __________________________ 

757 006 1,189 1,382 l,6M PUlses, nuts ___________________________ 
"1,110 1,461 1,745 2,027 ,2,m 

Vegetables _____________________________ 
3,003 3,953 4,720 5,484 6,564 Fruit __________________________________ 
4, OM 5,271 6,293 7,312 8,753 Meat. _________________________________ 

627 825 985 1,145 1,371 Flsh ___________________________________ I,m 1,878 2,243 2,606 3,119 Eggs __________________________________ 
38 00 59 69 83 Milk products _________________________ 

4,001 5,925 7,075 8,220 9,840 Fats,oDs ______________________________ 
352 4M liM 644 770 

2,63-888 0-61..--7 
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TABLE 24.-Projected annual grO$8 food quantitie8 needed to meet physiological needs 
for calorie8, for the ''World, 1965-1985 

[These figures (1000 m. tons) assume food patterns sImilar to foods available in the World iD HI60-61 
(Table 19)] 

1965 1970 1975 1980 1985 

High population estimates: Wheat ___________ ..' ____________________ 
184,546 203,067 224,283 249,372 280,186 Rice ____________________________ ..' ______ 
237,848 261,720 289,OM 321,399 361,113 Other cereals ___________________ ' ___ -' ___ 
136,753 150,479 166,200 184,792 207,626 Sugar _;. _______________________________ 
63,423 69,789 77;080 85,702 96,292 Starchy foods __________________________ 

297,546 321,410 361,617 402,068 451,749 Pulses, nuts ___________________________ 
44,832 49,331 54,485 60,580 68,066 

Vegetables, fruIt _____ ,:; _________________ '268,600 295,448 326,316 362,818 407,660 
Meat, tlsh, eggs ________ ' ________________ 

117,398 129,181 142,677 158,637 '178,239 Milk: products _____ ' ____________________ 
219,020 241,002 266,182 295,951: 332,527 Fats,olls ______________________________ 
27,912 30,714 33,923 37,n8 42,379 

Low popu1atlon estimates: 
Wheat. _______________________________ 184,646 202,394 221,084 241,290 263,lW8 Rlce ___________________________________ 

237,848 260,852 284,941 310,982 339,411 
Other cereals __ , ________________________ 136,753 149,980 163,830 178,803 195,148 Sugar ____ , _________________ ~ ________ ... __ 

63,423 69,657 75,981 82,925 90,600 Starchy foods __________________________ 
297,546 326,324 356,458 389,037 424,601 

Pulses, nuts _____________ .. _____________ 44,832 49,168 53,708 58,617 63,975 Vegetables, fruit _______________________ 
268,500 294,468 321,661 351,059 383,152 

Meat, fish, eggs __________ ---___________ 117,398 128,752 140,642 153,496 167,528 
Milk: products ______ ~ __ -_______________ 219,020 240,203 262,385 286,365 312,544 Fats, olls. ________ , _____________________ 

27,912 30,613 33,4;39 36,496 39,832 

TABLE 25.-Total protein availability per day in 1959-81 and projected protein 
quantities if calorie needs are met, for, Brazil, Ind1'a, Pakistan, and the world, 
1965-1985. 

[These:figures (in m. tons per day) assume food, patterns slmllar to foods available in 1959-61 and in amounts 
adequate to meet csJorie needs, (Tables 21:"24)] 1 

Year' , BrazU India Pakistan World 

AvaUable __ ~ __________ ' ___________ • _. ____ • __ 1959-61 4,586 24,003 5,158- 192, 735 
Projected: 

High popu1atlon proJectlon~ ____ ~ ______ 1966 4,219 25,275 5,576 211,238 
1970 5,182 32,067, 7,443 232,439 
1975 6,160 37,876 9,171 256, 723 
1980 7,177 43,925 11,058 285,441 
1985 8,635 52, 782 13, 735 320,712 

Low population proJectlon _____________ 11165 4,219 25,275 5,576 211,238 
1970 5,164 31,7f11 7,340 231,668 
1975 6,007 36,484 8,763 253,061 
1980 .6,929 40,948 10,182 276, 100 
1985 8,121 47,64:5 12, 188 301,438 

1 Source: Protein in 1959-61 supplies from .·World Food Budget 1970", USDA For. Agr. Econ. 
Rapt. 19, Oct. 1964; "Food Balances for 24 Countries of the Western Hemisphere,I95lHll", USDA-ERS 

. For, 86, Aug. 1964; "Food Balances for 12 Countries in the Far East and Oceania, 195IHll", USDA-ERS 
For. 88, Aug; 1964. 



POPULATION AND NUTRITIONAL DEMANDS 77 

TABLE 26.-Pr03ected annual protein surplU8es (1000 tom), if calorie needs are met 
with food patterm similar to foods available in 1959-61 for Brazil, India, Pakistan, 
and the world. 

[These ftgores represent the amounts the projected national protein supplies exceed needs for protein of 
similar NPU (Table 13) per annum] " 

Year Brazll India Pakistan World 

H.:tgh population projection •••••••••••••••• 1965 107 688 226 8,6M 
1970 147 1,048 3M 9,312 
1975 130 1,039 408 10,194 
1980 154 1,233 503 11,339 
1985 166 1,345 li83 13,070 

Low population projectlon ____ •• _. ___ ••• __ • 1965 107 688 226 8,6M 
1970 146 1,018 345 9,250 
1975 104 918 366 9,778 
1980 131 974 422 10,361 

- 1985 123 960 455 10,745 

TABLE 27.-Proiected protein surplus68 as percent of requirements for Brazil, India, 
Pakistan, and the world (These figures assume caloric needs will be met with foods 
similar to foods avat"lable in 1959-61) 

Year BrazU 

High population projectlon •• _ ••••• __ ._~_._ 1965 
1970 
1976 
1980 
1985 

Low population projectlon._. __ ~ ___ • _______ 1965 
1970 
1976 
1980 
1985 

1.704 SomePo88ibkAotionProirarns 
Possibilities for action programs include: 

India 

8 
8 
6 
6 
6 
8 
8 
6 
5 
4 

Pakistan World 

8 13 13 
10 Iii " ]2 

8 14 12 
8 14 12 
8 13 13 
8 13 13 

10 16 12 
'" 

7 13 12 
7 13 11 
6 11 11 

1. Fortification of specific foods with nutrients known· to be 
insufficient in the food supply of important segments of popula
tions. This could involve, for example, amino acid. fortification, 
vitamin A. fortification, or addition of iodide. 

2~ Intensive efforts to produce legumes and more nutritious 
cereals. 

8. In addition to the possibility of fortification of processed 
foods, countries should be encouraged to increase production" o"f 
foods high in vitamin A. ,which are already accepted in local food 
habits. These could include carrots, sweet potatoes and" yams, 
papaya, and mangoes. In other countries, acCeptance and pro-
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duction of high Vitamin A foods should be encouraged through 
educational programs which will demonstrate their value. 

1.8.0' Nutrition Programs in Developing Countries 

A national nutrition program is the primary responsibility of the 
government of the country. C~nsultation, where nec~ary and re
quested, with international or foreign national, agencies does not 
change this ,responsibility~ Nutrition planning must include develop-' 
ment of education, research and action programs. 

It should be emphasized that the ,child in its home is a member of 
a community and his state of health is influenced by the actions and 
events taking place there. Relief of ' malnutrition is, therefore, largely 
a social problem, and the solution depends not only on government 
action, but also on the efforts of the, people themSelves. An essential 
prerequisite to planning any proper program' is 'an understanding 
of the local situation. Preliminary investigations of the food producing 
potential, manpower, cutomary methods'of comnlUnication, local opin
ion and beliefs, and medical, agricultural, and educational ,reSources 
should be carried out~ Intermediate and,long-term aims should'be out;.. 
lined and plans made for meaSuring and assessing progress. 

The first step in a nutrition program, if the area is capable of food 
production, may 'be to encourage an increase and improvement of 
crops, including reduction of waste, that will make more suitable foods 
available, or will increase lllcoine from sale of cash crops so that proper 
foods may be purchased. If immediate improvement of agriculture is 
not feasible, foods must be im'ported or processed food mixtures can 
be used as supplements. 

1.8.1 Ourrent NutritionP1'oU7'U!T1UJ 
, Nutrition programs have 'been initiated in many less developed coun
tries ,with the assistance of international ,agencies, particularly FAO, 
WHO and UNICEF, governments'ofthe United States and of other 
developed' countries, foundations, and volunta:r:y agencies. Programs 
have included efforts to iricrease national, local and home food produc
tion, to improve distribution of food and to enhance nutrition knowl..; 
edge through education and training. Major emph,asis has been placed 
on provision of low cost foods for prevention of protein-calorie malnu
trition in pre-school children. Such protein-rich food mixtures as In
caparina in Central America, Pro-nutro in South Africa, Fortifex in 
Brazil and Multiple Purpose Food ill India have been prepared. Proc
essing ,of 'oil seed meals for use'as protein supplements has received 
considerable attention. The 'development of fish protein concentrates 
is under investigation in' the United States, Chile and Scandinavia. 
Supplementary feeding progra~s" including provision of school 
lunches, have been initiated in many areas. 
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F AO 85, 86 through its Freedom from Hunger campaign, World Food 
Program and many other activities has reported on the magnitude of 
the problem of malnutrition and has contributed to nutrition knowl
edge through expert committees, conferences and seminars and prep
aration of educa;tional materials. They. have participated in action 
programs by providing advice to governments and services of :stafI 
members and collaborating with UNICEF and WHO in applied 
nutrition programs. 

The activities of WHO in nutrition from 1948 to 1964 ha'\te been re- ' 
viewed in a recent publication.87 Assistance has been given in develop .. 
ment of national programs, in surveys and in training and education. 
Applied projects have been aided by providing advisors and fellow
ships and organizing seminars.s8 The WHO professional staff num
Ibe1'8 69 of which 58 are involved full 'or part time in planning and im
plementation of projects. A number of short-term consultants are also 
provided yearly. In the past 18 years, WHO has sponsored 652 fellow
ships. During the years 1~61-65, the average per year has been 45, 
largely for training in public health nutrition and applied nutrition 
projects. Since 1958, twelve meetings and seminars relating to applied 
programs have been sponsored by WHO, most of them in cooperation 
withFAO. . 

UNICEF initiated nutrition programs in developing areas about 15 
years ago, the major interest being the development and use of pro
tein-rich foods to combat malnutrition in childhood.s9 The FAO
UNICEF Joint Policy Committee in its Fifth Session outlined pre
requisites for developing, planning, and evaluating applied pro
grams.90 These programs have been established in 56 countries linder 
joint sponsorship of UNICEF, WHO, and FAO; some are just start
ing and some have been in action for about six years. 

In 1966, UNICEF initiated an evaluation of these programs and 
a, c()nsultant~visited five representative countries, the Philippines, In
dia, th~: Ivory Coast, Colombia. and Trinidad.91 .The programs are 
planned for rural areas and combine home food production, which in
cludes raising poultry Rnd small animals and developmeti.t of vege
table gardens, with feeding, education and demo~ration activities. 

811 The work ot the nutrition division, general statement. Food and Agriculture Organi
zation ot the United Nations, AprIll~ 1006. 

811 Indicative world plan tor agricultural development 1965-1976-198G. Food and Agri
culture Organization of the United Nations, April 11), 1966. 

87 WHO activities In nutrition, 1948-1964,\ World Health Organization, Geneva, 1965. 
88 Assessment at appIled nutrition projects. Addendum 3 : WHO Assistance to the Applled 

Nutrition Projects. United Nations Children Fund, U.N. Economic and Social Councll. 
December 1966. ' 

88 Tepley, L., J., Protein-rich foods, research: development . and testing. Protein Advisory 
Group (WHO,'FAO,',UNICEF) Geneva, August 1966. 

00 FAO-UNICEFJolnt Polley Commlttee.5th Session. Prerequisites for the development, . 
plannIng and evaluation programs, March 1965. 

111 Assessment of appl1ed nutrition program, James M. Hundley~ Document prepared for 
United Nations Childrens Fund Executive Board. Dec. 1966. 
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The national executive agency for the, program differs among the 
countries; the Ministry of Education or of Health, the Community 
Development'Agency (in India) or an autonomous independent agen
cy (Na~ional Institute of Nutrition in Colombia). UNICEF has al
located a total of $19.5 million to the projects from 1958 to 1966. In 
the past year, about $2 .. 5 million was expended. These funds have been 
Used for supplies and equipment,. vehicles for transport, fellowships, 
,costs for within-country training, remuneration for key national staff 
and provision of international experts· as consultants or advisors to 
the project. " 

It was the consultant's opinion 9\ that the applied nutrition pro
grams were capable of engendering serious, sustained and coordinated 
local interest and. national action' on nutrition problems. 

Agreement had' not been reached on the type of baseline survey for 
establishment of' needs to guide program design and evaluate prog
ress. Inadequate financing was a great problem, as were lack of co
ordination and cooperation in some areas. Staffing was inadequate at 
times. In some instances, feeding programs gravitated to a "stomach 

. filling" operation to the neglectof the primary purpose, that of educa~ 
ti01i and demonstration projects designed to improve food produc
tion and consumption in the home. Village people were not sufficiently 
involved. futernational experts were used as project executives rather 
than· advisors" Food production activities were not properly linked 
to normal agricultural production and commercial development 
schemes. In spite of difficulties, only two projects in the 56 countries 
were classified as failures, although some others were considered very 
w~. ' 

The pr~sent applied nutrition programs were so small tp.at only a 
very small . .fraction of the population has been reached. They' must be 
redesigned for urban a~as. Some countries are not ready for the pro-

. gram at their preSent stage of governmental development or their re
sources are too meager and there is a shortage of qualified personnel. 
It was suggested that international agencies develop a small, flexible, 
mobile, reserve of potential' project experts for programs in' each 
country. Such 'agencies should also conduct or sponsor a cost-benefit 
analysis of the various components of the program. 

Training of' personnei has increased as the result of the programs, 
both within a country.' for intermediate and low level training, and 
regionally for higher level training. Exchange of personnel among 
projects would be useful for additional training. Emphasis should 
be given to the development of voluntary groups such as mother's 
clubs,4-H Clubs, fanners clubs, cooperatives and ,similar organiza
tions. Foods produced as one phase of the program could be used not 
only in schools but in rehabilitation centers or in Qther programs in 
which mothers helped with cooking and feeding. ' 
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An applied nutrition·program is part of the national.policy in India 
and has been provided for in the new 5-year plan. There is evidence, 
although incomplete, that applied nutrition programs have an impact 
on fQOd habits, beliefs and practices. Part of the strength of the pro
gram in India is due to the Community Development Organization 
which is the coordinating agency. The country is divided into. 5,222 
blocks 'of which 222 now have applied nutrition programs. The pro
gram is evaluated periodically. Failures have occurred in. some areas. 

A national system of institutions. to train people to carry out ap" 
plied nutrition programs has been established in ·India and about 
28,000 persons have been trained. Three months certificate courses for 
agriculture, animal husbandry, home science and related types of 
work are scheduled to begin in the Nutrition Laboratory at Hydera
bad. These and· a. comparable course· for medical personnel, already 
in operation, should alleviate much of the· need for out-of-country 
training. The Nutrition Laboratory hopes to establish and test a. 
model, state-level nutrition unit as one.m~s of meeting future· needs. 

In the Ivory Coast, the applied nutrition program is built around 
food production, school feeding, nutrition education and demon
stration projects incIuding school gardens and poultry units. Food 
production is a bright spot in the program but the school feeding, nu-
trition education and demonstration aspects are weak. . 

In Colombia, the applied nutrition program began in 1960 but lit~ 
tIe progress was made 'until 1963 when· it was reorganized under the 
National Nutrition Institute. The program is. in operation in three 
states and is being extended into six of the· other 20 states in the coun- .. 
try. Baseline nutrition surveys are being or have been con.ducted. Pro
motion of the protein supplement, Incaparina, is one aspect of the 
program. Better approaches are' needed to reach the preschool child 
in. rural areas. From July 1964 to June 1965, some type of traitllng 
in food and nutrition was given to more than 40,000 persons. (In some 
,inStances this was only one ,demonstration.) .. . . 

The need for expansion~f applied nutrition programs can be illus..; 
trated in the Philippines where three rural· health· units with a, staff 
of four and only one vehicle serve a population of 60,000 people. 

The United States government·and governments of other developed 
countries are cooperating in' nutrition projects in various parts of the 
world. United States activities have been carned out through the 
Department of Agriculture, the FOOd for Peace Program, the' Agency 
for International Development 'and the Nutrition Section of the Office 
of International Research~ National Institutes of Health. 

The Nutrition Section of OIR, formerly the Interdepartmental 
Committee on Nutrition for,. National Defense (ICNND) has car-
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ried out nutrition surveys in 32 countries. Findings have been eval
uated and reports made to the governments of the respective countries 
with suggestions for remedial action. Nutrition programs (both re
search and applied) are currently underway under the direction of the 
Nutrition Section of OIR, either alone or in collaboration with AID, 
in a number of countries (Equador, Chile, Peru, Brazil, Taiwan, Phil
ippines, Jordan, Egypt, Nigeria, and most of the Central American 
countries) . 

Under Food for Peace, $2.5 billion of United States agricultural 
commodities have been distributed annually to less developed areas. 
In the recipient countries, only 2 percent of the preschool children 
and 15 percent of the 7-14 year age group .have received any of this 
assistance. Preschool recipients tota:l about 5 million and recipients in 
the school feeding program about 65 million. The number of children 
age 0-14 estim:ated. to be suffering from malnutrition is 269 mi~lion. No 
attempt has been made to evaluate the. impact of these feeding pro
grams on malnutrition and this should be done. The estimated cost 
would be $50,000 per country per year. 

The nutrition programs that have been initiated throughout the 
world thus far have been grossly inadequate to meet the needs of the 
population. The number of nutrition workers needed for a world wide 
program of significant impact would be many hundred or thousand 
times those currently available. 

1.8~ Sugge8m0rl8 for N~tional Nutrition Pi'ogra11Ul in Developing 
Oowntrie8 

1.8.2.1 Organization and Action Progf'{J,IffUJ. 1. Nutrition should be in
cluded in the overall planning for economic and agricultural de
velopment. Creation of a Food and Nutrition Section within the 
Ministry of Health or in some other ministry is desirable for ini
tiating, planning and coordinating It nutrition program. Councils 
on food and nutrition to advise the secretaries and administrators 
of agriculture, health, education, commerce and economic devel
opment and to coordinate activities can be useful. National nu
trition policies should be developed in assoc~ationwith food and 
agriculturol, policies. Local nutrition programs should operate in 
conjunction with hea.lth, educational and agricultural extension 
activitieS .. In countries where there are. food industries, the gov
ernment should enlist their cooperation in nutrition program~. 
Food standards should be established by the government so the 
nutritional adequacy of products can be evaluated. 

2. Nutrition surveys, local, regional or nationltl, may be needed 
to define problem areas and to assess the potentialities for action. 
To develop realistic goals and to plan for food and nutrition pro
grams for children, it is necessary to know present and projected 
size, age, and sex structure of the popUlation, average family size, 
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average income of different family groups, present levels and 
patterns of food consumption, distribution of food within the 
family unit, nutritional requirements for these persons, and local 
environmental and economic conditions pertinent to meeting nutri
tional needs. Initiation of action programs should not be held up 
for years, however, pending completion of surveys or definition of 
a detailed national policy. As a matter of fact, pilot project 
activities may help develop and improve national food and 
nutrition polices. 

3. Nutrition clinics should be established in connection with 
health services. Preschool feeding programs can often be planned 
in association with health centers. Nutrition and child care pro
grams should go hand in hand with programs for the control of 
diseases, environmental sanitation and food hygiene and studies 
on suitability and acceptability of new foods and diets. 

4. School lunch programs may be valuable in furnishing needed 
foods and in teaching the essentials of an adequate diet. It is 
recognized that in many areas there are no schools and a majority 
of the population is illiterate. Under these circumstances, com
munity feeding and education programs must be devised. 

5. Special projects for supplementary feeding of young children 
can be organized such as establishment of nutritional rehabilita
tion centers in urban or rural areas where mothers can participate 
and learn proper feeding practices. 

6. The applied nutrition programs of UNICEF can be ex
panded and adapted :to urban as well as rural areas. 

7. The importance of family planning should be stressed and ap
propriate programs should be initiated toimprove the chances of a 
good nutritional start for each child, to protect the health of the 
mother, and to best utilize the resources of each 'country. ,. 

1.8.2£ Programa 01 Nutrition Education and Training. The impor
tauce of nutrition in overall planning should be str~d. This can be 
done by advisors, of international or other agencies associated with 
technical assistance programs in developing countries. Education and 
training programs should be initiated for professional and auxiliary 
personnel and for the general public. There is need for nutrition train
ing at all levels: physicians, biochemists, public health nutritionists, 
nurses, social workers, technicians, agricultural extension agents, rur~l 
health personnel, school teachers and mothers, fathers, and children in 
the community. 

1. Food and nutrition research institutes should be organized 
in countries or regions to provide information, training and advice. 

2. Nutrition departments should be established in universities, 
agricultural colleges and. other institutions of higher learning. 
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Curricula should be organized and supported for training of phy~ 
sicians, nurses, dietitians, agricultural extension agents, social 
workers, technicians, public health personnel and teachers in pri
mary and secondary schools. 

3. Food technology labOratories should be established in one or 
more agricultural colleges. 

4. Programs should· be supported ·for training in food' sanita
tion, quality control, research and demonstration. Emphasis 
should be placed on the production, conservation.,and processing of . 
high quality protein .foods ,for the prevention .of protein-calorie 
malnutrition in early childhood.', , 

5. Scholarships should be made avallable by international agen
cies, governments and foundations for doctorate and.pOst doctor
ate training in nutrition. In some less developed countries, there 
are no professional personnel with nutrition training. In most in
stances, training of candidates at the doctoral level will have to 
be carried out in the developed countries or at regional centers ' 
in various parts of the world. A considerable amount of profes
sional training at 'intermedi8ite a:qd lower levels can be given in 
national and regional centers in the lessdevelope.d countries. 
Training programs, will require extensive support through inter
national, bilateral and multilateral agreements. The assistance of 
universities in the Uni,ted States and other <1;eveloped countries 
must· be obtained and their activities supported by long-tenn 
commitments. ' 

6. Nutrition . education for the consumer should be . planned . 
largely for mothers and housewives. 'This can be done in· health 

. centers for child care; when· such exist, and combined with pro
grams for the control of disease. When schools are available, they 
can be uSed for training. In some areas, agricultural extension 
workers, social workers and public health nurses, who are. work
ing at the village or rural level, can do much to promote nu.trition 
knowledge if they have been properly indoctrinated. Some type 
of community organization may be. used and simple educational 
materials must be prepared. The use of tape recordings, motion 
pictures and' television should be considered as one means of 
reaching large numbers of people with limited personnel and re
sources availa;ble. 

7. Personnel for assisting in nutrition programs at the local 
level should be sought from many sources including international 
volunteers. Young people with a good' education (not neceSsarily 
trained in nutrition) such as the Peace Corps in the United States, 
national volunteers, preferably recruits from the community', and 
national para-auxiliary workers, that, is, persons who can be 
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trained to do simple tasks under supervision are excellent candi
dates. F'Or many 'Of these volunteers, nutrition would be only 
one of their community responsibilities. 

National or regional teams can be established in conjUnction 
with a nutrition laboratory or institute to plan, guide and evalu
ate rural and urban community programs. 

8. International training units should be developed to provide 
short courses in the developing countries or in regional train
ing cen.ters which could be established in' Central and South 
America, Africa, and Asia. Two training centers that are cur- , -
rently functioning are the Central Food Technological Research 
Institute in, Mysore, India and the Institute of Nutrition for 
Central America and Panama in Guatemala' City. These are 
large multi-disciplinary centers for food and nutriti'On research. 
A number of other centers have potentialities for national or re
gional research and training centers if additional financial and 
technical assistance' is provided. 'Some of these, as' suggested in 
a recent report 92 are: Food Technology Department, Agricul
tural College, University of Sao Paulo, in cooperation with the, 
Institute of Technology, Campinas, Sao Paulo, Brazil; Institute 
of Food Science and Technology, Santiago, Chile;' Department 
of Food Science and Nutrition; University of Ghana, Accra, 
Ghana; Department 'Of Food Technology, American University, 
Beirut, Lebanon; Instituto Mexicana de Investigaciones Tech
nol'Ogicas, Mexico City; Agrarian University, La 'Molina, Peru; 
Taiwan National Uirlversity in Taiwan; Regional Research Lab-
oratory, Lahore, Pakistan. I" 

A partial, survey of nutriti'On training in' Latin America in 
1961 98 pointed out the importance and urgency of improving the 
training in nutrition for both professional and auxiliary, person
nel. Of 91 medical. schools in Latin America at that time, less 
than five had nutrition units. Few schools offered university level' 
training in Home Economics. There were eight,schools for diet~~ 
tians and only one for nutritionists. Nutriti'On was taught in all 
eleven schools of Public Health but the quality of the curriculum 
varied considerably. The Institute of Nutrition for Central Amer
ica and Panama 'Offered' a three-month special'traming course in 
nutrition, but could accommodate only a limited number of peo
ple. Little nutrition was taught in nursing schools and such train
ing was also needed for social, workers. Every country in Latin 

9J ScrImshaw, N. S., Increasing the produetlon and human use of 'protein. Advisory 
Committee on the Appllcatlon of Science and Technology to Development, 6th Session, 
Oct. '1966. 

81 Trulson, M.F., and Bengoa, 1. Mo, Nutrition training In the Americas. FAO-WHO
UNICEF, 1961.' 
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America has one 'or more schools of agriculture but they have 
done little to include t.raining in hum·an nutrition. Assistance is . 
needed in the form of equipment, teaching materials, and per
sonnel. Training in nutrition should be included in primary and 
secondary schools. Most 'Countries in Latin America have no per- . 
sonnel trained in food technology. Information on improvements 
in nutrition training in these countries since 1961 is not avail
able. The situation is undoubtedly much worse in Africa. 

1.8.2.3 Nutrition Re8earch Program8. The opportunities and needs 
for nutrition research in developing countries are numerous. Research 
and action programs can often be woven together with proper plan
ning and coordination. 

1. In all of the developing countries, there is need f'Or m'Ore 
complete and accurate census data and' vital statistics, for better 
estimates 'Of cr'OP and livestock production, and for m'Ore accurate 
estimates 'Of food losses and non-food uses. 

2. The nutritI'Onal status of the P'OPulatIon 'Of the developing 
areas has n'Ot been determined with accuracy. Even such simple 
inf'Ormation as height and weight f'Or various ages is not available. 

3. Data on food composition, especially food grown in tropical 
areas, must be obtained. 

4. Information is lacking on f'Ood consumption 'Of regions, vil
lages, individual families, and mernbers 'Of families. More needs 
t'O be learned ab'Out relati'Onships of food consumption to income. 

5. Search should be continued to elucidate the etiol'Ogy and ex
tent of nutriti'Onal disorders. ImproVed methods are needed for 
determining nutriti'Onal adequacy andf'Or early recogniti'On of 
nutriti'Onal deficiencies. 

6. Kn'Owledge 'Of relationships among m'Orbidity, m<;>rtality, and 
nutrition sh'Ould be increased. Investigati'On of. specific health 
problems and their relation to nutrition will be desirable in all 'Of 
the devel'Oping areas. S'Ome problems which require further 
study are nutrition during pregnancy and lactation, the eti'Ology 
'Of anemias and infant diarrhea which are extremely prevalent, 
and the relationships, 'Of nutrition to infecti'On and parasitic in
festati'On. 

7. Investig'8lti'On of rel8lti'Onships of nutrition to mental devel'OP
ment should receive high pri'Ority. in research in developing 
areas. In. these areas there is an 'Opportunity, als'O, to study the 
effects 'Of urbanizati'On and industrializati'On on health and nu
triti'On. 

8. The physi'OI'Ogical effects of diff~rent nutritional levels have 
been insufficiently delineated and information about physiological 
adaptati'Ont'Ovarious levels 'Of nutrition islimited. M'Ore data are 
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needed on caloric ~nd specific nutrient requirements for different 
occupations, in different climates and llD:der varying. states of· 
nutrition. 

9. Research in educational methods is essential to develop tech
niquesand media for influencing nutritional improvement in areas 
'Of high illiteracy. 

10. Factors affecting the acceptability of different foods and 
the many determinants of food habits require exploration. 

1.8.3 United State8 A88istance in Nutrition Programs in Develop
ing Oowntries 

In the ·United States, the importance of nutrition has nOt been 
appreciated in recent years. Food is abundant and of wide' variety and 

. most population groups have sufficient income to purchase adequate 
amounts. Deficiency diseases were' essentially eradicated about 25" 
years ago and since then we have' become complacent. No compre
hensive evaluation of nutritional status in the United States has been 
conducted. The limited information available indicates that certain 
segments of the population suffer from, or are potentially vulnerable 
to, pathologic states related to nutrient deficiencies, e.g. anemia, goiter, 
underweight, retarded physical growth, increased susceptibility to 
infections,or health problems in pregnancy. Obesity is a serious prob
lem and relationships of nutrition to degenerative diseases are receiv
ing increased recognition. More attention should be given to nutrition 
in this country for our own interests, as well as for the welfare of 
developing areas. 

1. The United States should assume leadership in a world program 
to combat malnutrition. In, our international programs for develop
ment and technical assistance in developing countries, nutrition should 
receive increased emphasis. 

2. The number of professional pel."!3onnel trained in nutrition in the 
United States is not sufficient to·meet the n~ds for expansion of nu
trition training in the medical schools, agricultural colleges,. and uni
versities of this country. With expansi'On of international nutrition 
programs, shortage 'Of personnel will become acute. Immediate steps 
should be,taken to stimulate career developmenf in nutrition for inter
national service. This activity should be sponsored by long-term com
mitments to permit competition with other career development fields. 
Training' should be provided in medical nutrition, nutritional bio
chemistry, dietetics, food technology, and all aspects of public healtli 
nutrition. 

3. In the developing countries, the need for persons trained in 
nutrition exists at all levels. Plans should be made, first, for fellowships 
in the United States or other developed countries to train outstanding 
persons who can· return as leaders to their respective areas. Special 
funds should be made available for this training by the United States, 
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and other developed countries, international agencies, and foundations. 
More regional training centers in nutrition should be developed in 
various parts of the world with assistance of the United States, other 
countries and international agencies. -

4. The universities in the United States should develop more col
laborative programs with the developing countries for training, re
search, and action programs in nutrition. Many universities are ,par
ticipating currently in programs related to food and agriculture hi 
developing nations but the number of programs which include nutri
tion components is relatively small. An effort should be made to 
identify and coordinate these international nutrition activities. Uni
versity participation will require federal funding -and other support 
on a long-term basis. -

5. Consideration should be given to the organization of nutrition 
teams either ih the United States or in international organizations that 
could be made available to developing countries for assistance in 
planning, training, and setting up action programs. It will be difficult, 
perhaps impossible, to meet requests until more trained personnel are 
available. 

6. Comprehensive planning for a total program to relieve malnu
trition in any given country has never been undertaken. It is almost 
impossible to' project total needs. The extent of the prdblem 'has not, 
been delineated and reliable sources on availability of personnel, funds, 
production potential, educational and community facilities, and many 
other aspects of the problem are not available. Estimates of the scope 
and cost of a program for a country, likewise, have not been attempted. 
But forapilot project in a small country, or a project in one -area of a 
large country, a budget of about $1.0 million yearly could provid~ the 
following: 

a. A baseline ~utrition~health survey and periodic, evaluation, 
$80,000 per year. 

b. Studies on nutrient composition' of native foods, $100,000 per 
year. 

c. Operation of pre'-school rehabilitation centers, $iOO,OOO per 
year. The cost assumes that a center for 30-40 children, with 
mothers learning at the same time, in six-week feeding pro
grams, could ,be operated for $10,000 per year, if local staple 
foods are available at low cost and a native dietitian operates 
the center. Ten such centers are proposed per 'country, each 
handling eight classes per year. 

d. Development and dissemination of information, $30,000 per 
year. This envisions an office staff of four people who would de
velop tapes for radio and elementary m-aterials for a semi
literate population, primarily mothers. 
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e. Training of indigenous personnel in the United States, 15 per 
year at the cost of $10,000 per trainee, $150,000 per year. 

f. Support of a country nutrition 'council, office,' institute, 'or 
agency, $100,000 per year. Such an office is essential for success. 
This level of funding would permit establishment of an office 
with a. director, supporting personnel, and operating budget' 
including 'costs of convening inter-agency personnel for ,na-
tional planning. ' 

g. Support for universities in the United States to effect adequate 
guidance and 'supervision. $500,000 per year. For the program 
outlined above, there will be need for direct United States uni
versity counterpart involvement if any real progress· is to be ' 
made. The amount allotted envisions that at least one university 
fanulty member will be assigned in the counterpart country for 
each of the above activities. There would likewise be need for 
counterpart personnel fr~m the country for assignment in the 
United States. It will be necessary, also, to assign United States 
personnel to the universities of the country. for in-country re
search and training. The $500,000 would support 15-20 faculty , 
members or their counterparts. ' 

If the United States developed pilot projects as just described in 10 
countries, the annual cost would approximate $10 million. 

7. The' cost of supplementary feeding programs in developing 
countries should be emphasized, namely, 5 to 10 cents per' child per 
day. In a moderate-sized country such as ~igeria with abOut 25 million 
children, the annual cost would be $450 to $900 million.' India has 
a pre-School population of over 78 million and a school popUlation 
(to age 19) of over 170 million. It has been estimated that food costs 
for supplementation of only 10 per cent of the vulnerable pre-school ' 
children, with currently available formulated food, to supply 10 gin 

. of. protein per day, would be more than $500 million per year.' . 
8. The operation of a number of nutrition projects in various parts 

of the world will require a central clearing house of' information for 
coordination and implementation of programs. This could be' done 
with a budget of $100,000 to $200,000 yearly. 

9. R~giohal seminars should be sponsored periodically to exchange 
information so that knowiedge and experienoo gained in one area can 
,be applied to another to resolve common problems. If three such 
seminars were held each year the cost would be about $150,000. 

10. Nutrition research is a vital part of a world-wide program to 
combat:malnutrition. The future costs cannot be estimated but it would 
be highly desirable to allocate at least $1 to $2 million yearly for this 
aspect of the problem. 



TABLE 1.-EBtimated and projected population of the world, by age and 8ez: selected years, 1965-85 

[In mDllons] 

19615 1970 1975 1980 
Age and series 

Both Male Female Both I Male Female Both Male Female Both Male Female Both sexes sexes sexes sexes sexes 

All ages: 

~:--~~====~==~:::::::::::: } 3,308 l,6M 1,654 { 3,624: 1,815 1,808 4,()()5. 2,010 1,005 4,467 2,247 2,220 5,032 
3,599 1,803 1,796 3,911 1,962 1,949 4,264 2,143 2, 121 4,647 

Under 1 year: 

~~-::=::=::::=:':==::::::: } 98 50 48 { 109 56 63 123 63 60 147 78 69 162 
100 51 49 106 54 62 119 63 66 116 1 t04 years: 

~:.-:==::::=:=:::::::::::: } 369 188 181 { 380 193 187 437 223 214 496 250 246 680 
366 186 179 384 196 188 411 207 204 440 

6to 91ears: 
II1gh ___ • __________________ } 

416 211 205 446 <J:l1 218 { 468 239 229 639 275 264 624 Low _______________________ 
446 227 218 472 241 231 516 

10 to 14 years: 

~~-:::=:::::::::~:::::::: } 368 187 181 408 207 201 438 223 216 { 
463 237 226 536 
440 226 216 470 

15 to 19 years: 

~~-:::::::::::::::::::::: } 309 168 151 361 183 178 403 206 198 434 221 213 { 462 
439 20 to 24 years _________ ~-~.,.-----.., 269 132 .. 127 393 166 148 366 181 176 399 203 196 433 26 to 29 years __________________ .:. 244 124 120 262 129 123 295 161 144 347 176 171 391 30 to 34 years ___________________ 222 113 109 238 121. 117 247 126 121 290 148 142 344 85 to 39 years ___________________ 

203 102 101 216 109 106 231 117 114 241 123 118 286 40 to 44 years ___________________ 
174 86 88 196 '98 97 208 106 103 226 114 111 236 46 to 49 years _________________ -_ 144 71 73 167 82 85 189 94 95 202 102 100 219 50 to 54 years ___________________ 133 64 69 136 66 70 159 77 82 180 89 91 193 66 to 59 years ___________________ 
114 66 59 '123 59 64 126 60 66 148 71 .77 169 60 to 64 years ___________________ 92 43 49 102 48 54 110 52 58 113 63 60 134 66 to 69 years _______________ .: ___ 
69 31 38 78 36 42 88 41. 47 96 44 99 70 years and over _______________ 96 40 66 111 46 66 127 63 74 146 61 

1985 

~I~ 
2,536 
2;340 

83 
59 

296 
224 

319 
263 

274 
240 

236 
224 
221 
199 
175 
146 
120 
110 
97 
83 
63 
46 

2,496 
2,307 

79 
67 

284 
216 

3 06 
62 2 

2 62' 
230 

22 6 
6 
2 

21 
21 
1 
1 
1 

92 
69 
40 

11 6 
09 
96 
6 
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8 
7 
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~ ~ ~ 0 
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~ ~ 0 
~ I:.:' k· 
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~ ~ 
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Source: The two series d11fer only with respect to fertility. The high series assumes that fertility wili remain constant at the level estimated for 1965. The low series assumes 
that fertility will decline to 90 percent of the high series by 1970, to 80 percent by 1980, and to 70 percent by 1985. Both series assume declining mortality~ To establish the level of 
fertility in 1965, an estimate of the total number of births in the world was obtained by applying a birth rate of 34 per 1000, given in the United N aUons, Demograph.lc Yearbook 1965 
as the average rate for the period 196()-64, to the estimated world population in 1965. A set of age-specillc fertility rates consistent with that number of births was obtained by ad-
justing slightly the fertility rates for Taiwan for 1960. These adjusted rates were then used to estimate births for the h'gh series.' . 

The age-sex structure for the 1965 population and for the survIvors at later dates of persons already alive in 1965 were obtained by summing projections by age and sex for world 
regions. For Africa, LatIn America, and Oceania the projected age-sex structure was based on distributions given in the United Nations, PrOfluional Report on World Population 
ProspecU, al A"e"ed I'll. 196'. For Asia the distribution was obtained by summing projections for China (Mainland), Pakistan; and Japan prepared by the Bureau of the Census, 
and projectl()Us for India prepared by the Institute of ApplIed Manpower Research, New Delhi. The resulting distribution was adjusted to reflect the population of Asia as a whole. 
Projections for North America were based on projections for the United States prepared by the Bureau of the Census; those for Europe were based on projections for western 
European countries appearing in Organization for European Economic Co-operation. DtmograpAfc TrentJ81956-16 In Wutem Eu.rope and tAe United Statu, and projections for East 
European countries prepared by the Bureau of theCensll:!!' The figures for the U .S.B.R; were prepared by the Bureau of the Census. 



TiBLE 2.-Eatimated and projected pop~ion oj Bram,by age aM 8ez: Selected year8, 1980::'86 

[Intho1lS8D.ds) 

1965 1970 1976 1986 

Age and series 
11180 d 

I-'-B-o-th---'--Male---'-p-emal--e-1--B-Oth-"'--Mal-e--r-p-ema}--e .I-B-o-th---:-Mal-e--rp-emal--e-I....;-B-ot-h---:--Mal-e----:-p- --:a-Oth-"""";"'Male---:--P-ema}-e-

sexes sexes sexes sexes sexes 
----------1---1---1·---1----1---·1---1---1----1--..,..--1------------------

All ages: 
High. ______________________ } 81,301 
Low ______________________ _ 

Under 1 year: 
High _______________________ } 3,037 
Low ______________________ _ 

1 to \I years: 
High _______________________ } 10,660 
Low ______________________ • 

6to 9 years: 
High _______________________ } 11,636 
Low ______________________ _ 

10 to 14 years: 

~:.:~:::::::::::::::::::::} 9,842 
16 to 19 years: . . 

.High ___________ . ____________ } 8, 274 
Low ____________________ _ 

20 to 24. years ____________ ..:______ 6, 931 
~6 to 29 years __________________ ~ 6, 8tili 
30 to 34 years _______________ ~___ 6, 149 

36 to 39 years___________________ 4,360 
40 to 44 years___________________ 3, 767 
46 to 49 years _______ '- ______ '"____ 3, Hi8 
GO to 54 years ____________ ----___ 2,678 
15 to 69 years _________________ .:_ 2. 053 

60 to 64 years___________________ 1,681 
66 to 69 years ___ ~_______________ 1,141 

70 years and over_______________ 1,279 

40,618 

1,542 

6,394 

6,862 

4,915 

4,109 

3,444 
2,907 
2,545 
2,181 
1,869 
1,M5 
1,276 
1,011 

770 
545 
1583 

40 783 {93, 970 46, 967 
, 93, 306 46, 618 

1 49" { 3, llO8 ,u 3,22! 

{ 
12.342 

6, 266 11, 959 

1, 796 
1,661 

6,292 
6,097 

5,774 13,171 6,661 

4, 927 11,510 . 6, 799 

4, 166 9,723 4, 866 

3, 487 8, 120 4, 030 
2,948 6, 776 3, 364 
2.004 6, 719 2.838 
2.179 6, 019 . 2,479 
1,898 4, 234 2.114 
I, 693 3, 628 1,193 
1,302 3,002 1; 478 
1,042 2. 402 I, 177 

811 1,832 899 
696 1,3lJ2 646 
696 I, 613 736 

47,013 109, 267 
46, fI88 106, fill 

1,713 4,116 
1,576 3,681 

6, 0lJ0 14, M8 
5,862 12,978 

6, 610 {16, 337 
14, 702 

6, 711 13,053 

4, 867 11,392 

4, ODD 9,667 
3,412 7,964 
2.880 6,640 
2,640 6,li9I5 
2.120 4,893 
1,836 4,096 
I, 624. 3,467 
1,226 2,814 

963 2,184 
706 1,600 
877 2,002 

64,737 
63,337 

2,108 
1,834 

7,427 
6,626 

.7,816 
7,492 

6,001 

6,739 

4, 776 
3,948 
3,296 
2,774 
2,412 
2.037 
1,703 
1,372 
I,OM 

762 
914 

64,li3O 127,770 
113,100 121,640 

2.008 4,838 
1,747 3,967 

7,121 17,24.8 
6,3113 14, 666 

7,621 18, 170 
7,210 16, 126 

6, 462 {16, 223 
14, 692 

6, 6Il3 12,939 

4t 793 11, 238 
4,015 9,413 
3;346 7,830 
2.821 6, 618 
2,481 6,472 
2,068 4, 762 
1,764 3,930 
1,442 3,267 
1,129 2.li76 

839 1,004 
1,088 2,462 

64,1113 
60,970 

2,480 
2,034 

8;817 
7,m 

7,766 
7,~ 

6,641 

6,656 
4,692 
3,879 
3,231 
2,709 
2,334 

.1,M3 
1,690 
1,238 

001 
1.116 

63,617 100.104 
60, li70 138, 466 

2,368 5,691 
1,933 4,326 

8, 431 20,447 
7,120 16,298 

8, 000 21, 626 
7,898 18, llil 

7, 467 18, 059 
7,168 16, 0'Z1 

6,398 {15, 113 
14,487 

5, li82 12, 796 
4, 721' 11, 089 
.3, 951 9, 281 
3,287 7,708 
2,763 6,39li 
2,418 .5,332 
1,987 4,677 
1;677 3,722 
1,338 3,009 
1,003 2.266 
1,336 2,994 

75,1l34 
69,679 

2.920 
2.219 

10,466 
8,342 

11,046 
9,271 

9,210 
8,174 

7,696 
7,377 
6,462 
5,67li 
4,622 
3,815 
3,16li 
2,631 
2,236 
1,824 
1,443 
1,067 
1,3M 

74, li70 
68,877 

2,771 
. 2,106 

9,931 
7,9M 

10,680 
8,880 

8,849 
7,863 

7,417 
7,110 
6.334 
5,614 
4,669 
3,893 
3,230 
2, 701 
2,341 
1,898 
1,l566 
1,198 
1,638 

Source: Prepared by the Porelgn Demographlo Analysis Division, Bureau of the Census, U.B. Department of Commerce. The high series assumes that fertility will remain 
constant at the level assumed for 1966. The low series assumes that fertility will deol1ne. Both series assume that mortality will deol1n~. 



TABLE a.-Estimated and projected population oj India, by age and 8e:1:: 8elected years, 1986-86 
[In thoUllaIlds] 

1965 1970 1975 1980 

Age and series 
Both Male _ Female Both Male Female Both Male Female Both Male Female Both 
sexes sexes sexes sexes sexes 

------------
" 

All ages: HIgh _______________________ 

}483,852 249,442 234,410 {titi2,371 284,864 267,rnt ' 636,283 328,304 307,979 738,811 381,405 357,406 863,722 Low _______________________ 
642,086 279,591 262,{o5 601,m 310,520 291,207 676,701 849,343 327,358 768, ti86 

Under 1 year: 

} 17,757 
HIgh ________ ~ __ :. ___________ 

9,000 8,661 { 20,990 10,771 10,219 24, 179 12,471 11,708 28,296 14,628 13,668 33,253 Low _______________________ 
17,100 8,821 8,369 18,521 9,553 8,968 22,015 11,381 10,634 25,305 

1 t04 years: HIgh _______________________ 
} 61,410 81,375 30,035 { 71,258 36, 513 M. 745 82,505 42,433 40,072 97,-113 50,113 47,000 114,889 Low _____ ~ _________ ~ _______ 

64,773 33,190 81, ti83 63,3/1t 32, ti89 30,775 75,068 38,787 36,331 88,924 
5t09years: 

HIgh _______________________ 
} 66,381 33,785 32,'646 75,345 88,676 36,669 { 88,702 45,652 43,050 103,513 53,470 50,043 122, 578 Low _______________________ 

78,9t5 40,630 38,315 79,894 41,011 88,383 94,871 
10 to 14 years: HIgh _______________________ 

} titi, 537 28,833 27,204 65,367 33,274 32,093 74,437 38,267 36,170 { 87,862 45,273 42,589 102,736 Low _______________________ 
78, 197 40,293 37,904 78,799 

15 to 19 years: 
HIgh. ___________________ ., __ 

} 47,737 24,533 23,204 54,694 27,936 26, 758 64,529 32,893 31,636 73,6M 37,911 35, 753 { 87,129 Low _______________________ 
77,545 20 to 24 years ___________________ 41,276 21,255 20,021 46,743 24,050 22,693 53,680 27,459 26,221 63, 551 32,434 31,117 72,765 25 to 29 years ____________ ~ ______ 36,464 18,746 17,718 40,253 20,768 19,485 45,718 23,561 22,147 52,710 27,002 25,708 62,628 30 to 34 years ___________________ 

32,605 16,816 15,789 35,344 18,255 17,089 39,292 20,321 18,971 44,835 23,153 21,682 51,895 35 to 39 years. ________________ ._ ,28,346 14,831 13, ti09 31,422 16,278 15, 144 34,410 17,815 16, ti95 88,474 19,931 18,M3 44,066 40 to 44 years ___________________ 23,700 12, 660 '11,130 27,128 14,241 12,887 30,457 15,799 14,668 33,567 17,393 16, 174 37,680 45 to 49 years _____________ : _____ 19,764 10, ti80 9,184 22,533 12,001 ,10, ti32 26,078 13,686 12,392 29,490 15,291 14,199 32, 642 50 to 54 years ___________________ 
16, 151 8,640 7,511 18,414 9,842 8, ti72 21,361) 11,354 10,011 24,934 13,056 11,878 28,334 55 to 59 years ___________________ 12,705 6, 757 5,948 14, 676 7,816 6,860 17,092 9,093 7,999 20,037 10,597 9,440 23,524 60 to,64 years. __________________ 9,489 4,967 4,522 11,109 5,865 5,244 13,170 6,962 6,208 15, ti35 8,199 7,336 18,845 65 to 69 years ______ ;..., ___________ 6,578 3,360 8,218 7,824 4,053 3,771 9,440 4,934 4,liOO 11,871 5,947 5,424 13, ti32 70 years and over _______________ , 7,862 3,752 4,110 9,271 4,525 4,746 11,239 5,6M 5,635 13, 859 7,«11 6,852 17,731 

1985 

Male Female 

------
446,091 417,'G,'U 
396,887 371,699 

17,188 16, 065 
13,080 12,225 

59,398 55,{o1 
45,974 42,950 

63, 50S 59,06ti 
{O,155 45,716 

53,118 49,618 
40,742 38,057 

44,935 42,194 
39,992 37,553 
37,487 35,278 
32,005 30,623 
26,627 25,268 
22,789 21,277 
19,536 18,144 
16,907 15,735 
14,659 13,675 
12,257 11,267 
9,624 8,721 
7,061 6,471 
8,002 8,739 

SOU1'C:&: The high series for India was taken from Manpenoer A,pecll 01 E4UCt1tfonal DneloP'flll1ll: Natfanal Populatlon-GrenotA Pe,.,peclitJe, Institute of Appl1ed Manpower 
Research, New Delb1, 1965. The low series was obtained by 8SSllIri1ng that indian fertWty will declfne by the same proportion as that assumed for the Serles D projections for 
Pakistan given in U.S. Department ofCommerce, Bureau olthe Census, ProJectfonl o/tIle .Po1>ulatlon 0/ Pakfltan, bp Aile and &z: 196B:-1986, by lames W. Brackett and Donald S. 
Akers, Washington, 1965. 



TABLE 4.-E8timatea and projected population oj Pakistan, by age and 8ex: 8elected year8, 1965-86 
[In thousands] 

1966 1970 " 1975 1980 

Age and series 
Both Male Female Both Male Female Both Male Female Both Male Female Both 
sexes sexes sexes sexes 

~I~ ~-----------
All ages: 

High.---------------------- }116,563 58,008 56,665 {136,893 69,781 67,112 163,665 83,405 80,260 197,565 100,M2 96,913 240;717 Low _______________________ 
133,898 68,251 65,M7 163,272 78,098 75,174 "178,477 90,002 87,575 210,615 

Under 1 year: " 
Hlgh _______________________ } 

5,147 2,631 2,516 { 6,160 3,151 3,009 "7,462 3,819 3,M3 9,204 4,714 4,490 11,409 
Low _______________________ 

5,046 2,581 2,465 5,719 2,927 2,792 7, 1M 3,669 3,496 8,687 

1 to4 years: HIgh _______________________ 

} 17.504 8.928 8,576 { 20,727 10.578 10.149 25.239 12.884 12,356 31,169 15,915 15,254 38,922 
Low _______________________ 

18.846 9.618 9,228 19,376 9.891 9,485 24,105 12.308 11.797 30.134 

5 to 9 years: High _______________________ 
} 17,224 8,750 8,474 21,172 10.791 10,381 { 25.338 12.922 12,416 31.075 15,852 15.223 38,684 

Low _______________________ 
22.651 11.500 11, 051 23,847 12.164 11,683 29.956 

10 to 14 years: High _______________________ 

} 14,582 7,419 7,163 16.924 8.596 8.329 20.848 10,623 10,225 { 24,997 12.744 12,263 30,721 
Low _______________________ 

22,251 11.344 10.907 23.576 
15 to 19 years: 

High----------------------- } 10,M8 5,445 5,103 14.407 7,332 7,075 16,730 8.498 8.232 20.619 10,507 10.112 { 24,739 
Low _______________________ 22,020 

20 to 24 years ___________________ 7,767 4,026 3,741 10,417 5,380 &,037 14,219 7,238 6,981 16,505 8,383 8,122 20,334 
25 to 29 years ___________________ 

7,335 3,809 3,526 7,659 3,972 3,687 10,265 5,302 4,963 14,000 7,126 6,874 16,240 
30 to 34 years ___________________ 

7,125 3,701 3,424 7,219 3,749 3,470 7,534 3,907 3,627 10,092 5,212 4,880 13,759 
35 to 39 years ___________________ 5,705 2,988 2,717 6,998 3,635 3,363 7,088 3,681 3,407 7,395 3,834 3,561 9,902 
40 to 44 years ___________________ 5,037 2,639 2,398 5,583 2,922 2,661 6,846 3,553 3,293 6,930 3,594 3,336 7,227 
45 to 49 years ___________________ 

4,177 2.184 1,993 4,892 2.5M 2.338 5,421 2,827 2,594 6.645 3,436 3,209 6,724 
50 to M years ___________________ 3,516 1,822 1,694 4,002 2,076 1,?26 4,688 2,429 2,259 5,193 2,689 2,504 6.364 
65 to 59 years ___________________ . 2,850 1,452 1,398 3,284 1,677 1,607 3,742 1,915 1,827 4,392 2,248 2,144 4.870 
60 to 64 yem __________ " _____ 2,257 1,117 1.140 2,560 1,273 1,2f{1 2,959 1.479 1,480 3,383 1,693 1,685 3,935 
65 to 69 years ___________________ 

1,741 825 916 1,903 909 994 2,171 1,045 1,126 2,525 1,227 1,298 2,907 
70 years and over _______________ 3,048 1,172 1,876 2,986 1,187 1.799 3,115 1,283 1,832 3,431 1,463 1,968 3,930 

1985 

Male Female 

------

122,690 118,127 
107,225 103,390 

5,846 5,563 
4,451 4,236 

19,878 19,044 
15,390 14,744 

19,738 18.946 
15,285 14.671 

15,667 15. OM 
12,023 11.553 

12,611 12,128 
11,226 10,794 
10,35'{ 9,977 
8,244 7,996 
7,000 6,759 
5,111 4,791 
3,741 3,486 
3,475 3,249 
3,270 3,094 
2.494 2,376 
2,005 1,980 
1,423 1,484 
1,730 2,200 

Source: Obtained by adding together data for East and West Pakistan given in U.S. Department of Commerce, Bureau of the Census, Projeet.icm8 o/tlle Populations of Pakf 
Btan~ btl Age and Sa: 1986-1986. A Met%lUre oftAe PotmUal Impact of a FamUt/ Planning Program. by James W. Brackett and Donald S. Akers, Washlilgton, 1965, pp. 36-39 and 
48-60. The high series assumes that fertll1ty will remain conatant. The low serles assumes that a govemm.ent sponsored famUy plannlng program will succeed in lowering fertility. 
Both series assume decl1n1ng mortaUty. . 
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TABLE 5.-Derivation of Calorie needs 
i 

FAO India Pakistan Brazn 

Age (fears) i 

Body. Caloric Body Caloric 
weight 1 allowance J weightS allowance 

(kg.) kcal/kg/day (kg.) kcal/kg/day 

o to 1 _______________ 
9 1128 7 '128 1 to 4 ________________ 

13 105 10 105 5 to 9 ________________ 
24 ·82 17 82 

10 to 14: Male ____________ 
40 68 28 68 Female __________ 
40 M 28 M 

15 to 19: Male ____________ 
60 60 48 66 Female __________ 
50 48 42 49 

20 to 29: 
Male ____________ 65 49 55 51 Female __________ 

55 42 45 44 
30 to 39: Male ____________ 

65 48 65 50 Female __________ 
65 41 45 43 

40 to 49: Male ____________ 
65 46 55 48 Female __________ 
65 39 45 42 

50 to 50: Male ____________ 
65 43 55 45 Female __________ 
55 36 45 38 

60 to 69: Male ____________ 
65 39 55 41 

Female __________ 
55 33 45 35 

70 and up: 
Male ____________ 

65 34 55 36 
Female __________ 55 29 45 31 

I WHO Tech. Report Series No. 301, Protein Requirements. 
J F AO Nutrltlonal8eries No. 15, Calorie Requirements. 

Body Caloric Body Caloric 
weight' allowance weight a allowance 

(kg.) kcal/kg/day (kg.) kcal/kgfday 

7 1128 7 1128 
10 105 12 105 
17 82 20 82 

30 68 32 68 
30 M 32 M 

46 65 50 72 
42 50 48 50 

50 63 62 40 
45 44 65 42 

50 51 62 48 
45 43 55 41 

50 50 62 46 
45 42 55 30 

50 46 62 43 
45 38 55 36 

50 42 62 39 
45 35 55 33 

50 36 62 34 
45 31 55 29 

I Body weights as detemllned in India by the Nutrition Research Laboratory. 
~ Body weights as detemlined' iD. PaIdstan, ICNND Nutrition Survey of East Pakistan, and personal 

data of Dr. Barbara Underwood. 
• Body weights are the average weights for 7 Latin American countries Usted in Table 8. 
• Includes the F AO allowance for pregnancy and lactation. 
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TABLE 6.-Caloric needs in 1985 oJ populati-On8 by age and 811X 

WORLD---(1965) ESTIMATE OF CURRENT CALORIC N1EEDS BArBED ON FAO 
REFERENCE BODY WEIGHTS AND CALORIC NEEDS 1 

Age (years) 
. Caloric 8ll0w-

Population B~Welgbt2 ance l (Kcal 
(mUUoDS) ( ograms) per kilograms 

per day) 

o to 1 _________ ~ ________________________ _ 
98 9 '128 1 to' '-_________________________________ _ 

369 13 105 6 to 9 __________________________________ _ 
418 24 82 

10 to 14: Male_. _______________ • ____________ _ 
187 40 68 Female _________ '-__________________ _ 
180 40 54 

15 to 19: 
Male •• ____________________________ _ 158 60 60 Female ____________________________ _ 

181 50 48 
20 to 29: 

Male_. ____________________________ _ 2li8 615 49 
Female ____________________________ _ 248 M 42 

30 to 39: Male ______________________________ _ 
215 615 48 Female ____________________________ _ 
210 M 41 

40 to 49: Male ______________________________ _ 
156 66 48 Female ___________________________ .. _ 

, 182 ,M 39 
liO to 59: 

Male ______________________________ _ 120 615 43 Female ____________________________ _ 
127 55 38 

60 to 69: 
Male_. ____________________________ _ 75 615 39 Female ____________________________ _ 

86 55 33 

, I 

40 615 34 
70 up: 

Male ••• ______ •• ___ • __ ~ .. _._ •• _____ ._ 
I'j6 MI ~ 

3,308 ~- .. -----..... --- ... -. ----_ .. __ ........ _--- .. 

Female ____________________________ _ 

Som. ___________________________ _ 

1 See Table I) for Information on derivation of caloric needs. 
'WHO Tech. Report Series No. 301. Protein Req1lirements • 
• FAO NutrltionalSeries No. 15. Calorie Requirements • 
• Includes tbe FAO 8l1owance for pregnancy and lactation. 

Caloric need 
In Kcalper 

day (bUUOWl) 

113 
lKl3 
819 

li08 
463 

li68 
383 

815 
569 

800 
474 

' 487 
347 

3M 
252 

'189 
158 

88 
90 

7.788 
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TABLE 6.-0aloric need8 in 1986 of population8 by age and 8ex-Continued 

INDIA-(1965) ESTIMATES OF OURRENT OALORIC NEEDS BASED ON FAO REFERENOE 
BODY WEIGHTS (UPPER ESTIMATE) AND ON BODY WEIGHTS AS DETERMINED 
IN INDIA (LOWER ESTIMATE) 

poeulS- BodK: (Upper) caloric Oaloric Body (Lower) caloric Caloric 
Age (years) ton welg t allowance Kca1 need, Kesl ~~t allowance, Kcal need, Kea1 

(thou- (kilo- per kllogram ~daY per kilogram. Mrday 
sands) grams) per day illioos) grams) per day illioos) 

o to 1 _______________ 
17,757 9 128 20 7 128 16 1 to 4 _______________ 
61,410 13 105 84 10 105 M 5 to 9 _______________ 
66,381 24 82 131 17 82 92 

10 to 14: Male ___________ 
28,333 40 68 77 28 68 M 

Female _________ 
27,204 40 M 70 28 M 49 

15 to 19: Male ___________ 
24,533 60 60 88 48 66 78 

Female _________ 
23,204 50 48 66 42 49 48 

20 to 29: Male ___________ 
((),OO~ 65 49 127 6li 51 112 

Female _________ 
37;739 6li 42 87 45 44 75 

30 to 39: Male ___________ 
31,653 65 48 99 6li 50 87 

Female _________ 
29,298 M 41 66 45 43 57 

40 to 49: 
Male ___________ 23,240 65 46 69 M 48 61 Female _________ 

20.314 M 39 44 45 42 38 
liO to 59: Male ___________ 

15,397 65 43 43 M 45 38 
Female _________ 13,459 6li 36 27 45 38 23 

60 to 69: Male ______ ~ ____ 
8,327· 65 39 21 M 41 19 Female _________ 
7,740 M 33 14 45 35 12 

70 up: Male ___________ 
3.752 65 34 8 M 36 7 

Female _________ 
4.110 65 29 7 45 31 6 

-=1: 
Sum _________ 

483,862 -------- --------.---... _- 1,187 __ _ _______________ 
936 

Kcal per capita 
per day __________ ---- ........... -- _ ...... __ .... - ---------........... --

2,352 ________________________ 
1,936 

See footnote 1 on page 96. 
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TABLE 6.-Caloric needs in 1965 of populations by 'age and 8ex-Continued 

PAKISTAN-(196S) ESTIMATES OF CURRENT CALORIC NEEDS BASED ON FAO REFER
ENCE BODY WEIGHTS (UPPER ESTIMATE) AND ON BODY WEIGHTS AS DETER
MINED IN PAKISTAN (LOWER ESTIMATE) 

POEula- Body (Upper) caloric Caloric Body (Lower) caloric Caloric 
Age (years) ton weight allowance Kcal need, Keal wei!ht allowance, Kcal need, Kcal 

(thou- (kno- perkU:m ~erday (kio- per kfiogram ~erday 
sands) grams) per ay ( lllions) grams) per day ( lllions) 

o to 1 _______________ 6,147 D 128 6 7 128 5 
1 to 4 ••• ____________ 17,503 13 105 24 10 105 18 
5 to D_. _____________ 17,224 24 82 34 17 82 24 
10 to 14: 

Male •• _________ 7,419 40 68 20 30 68 15 
Female _________ 7,163 40 64 18 30 64 14 

15 to ID: 
Male. __________ 6,445 60 60 20 46 6li 16 
Female. ________ 6,103 50 48 12 42 50 11 

20 to 29: 
Male ___________ 7,835 65 49 '21) 50 63 21 
Female._. ______ 7,267 56 42 17 45 44 14 

30 to 39: 
Male ___________ 6,68D 6li 48 21 50 51 17 
Female ___ • ____ 6,141 55 41 14 45 43 12 

40 to 49: 
Male ___________ 4,823 6li 46 14 50 50 12 
Female ___ • ____ 4,391 55 B9 9 45 42 8 

50 to 59: 
Male._ •• _ •• ____ 3,274 6li 43 9 50 46 8 
Female. _______ ~ 3,092 56 36 6 4li 38 5 

60 to 69: 
M~e------.---. 1,942 65 39 5 50 42 4 
Female •...• _ •• _ 2,056 56 33 4 45 35 3 

70 and up: 
Male ______ . ____ 1,172 6li 34 3 50 36 2 
Female •••• _._._ 1,876 55 29 3 45 31 3 

---Sum _________ 116,563 -_ ... __ ...... - --_ ....... _--_ ..... _ ......... 264 -------- ---_ ... _---------- 212 

Kcal per capita 
per day __ • _______ ---------- ----_ ... -.... _ ...... _ ......................... _-- 2,284 -------- _ ... ---......... _-_ ... _-- 1,836 

See footnote 1 on page 90. 
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TABLE 6.-Caloric needs in 1966 of populati0n8 by age and 8~Continued 

BRAZIL-(1965) ESTIMATES OF CURRENT CALORIC NEEDS BASED ON FAO REFER
ENCE BODY WEIGHTS (UPPER ESTIMATE) AND ON BODY WEIGHTS AS DETER
MINED IN LATIN AMERICA (LOWER ESTIMATE) 

POCula-

IS 
(Upper) caloric Caloric Bod& ~Lower) caloric Caloric 

Age (years) ton ht allowance Kcal need, Kcal wefg t owance, Kca.l need, Kcal 
(thou- (kj perkil~ Mrday (kilo- per kilogram &erday 
sands) ) per ay rufous) grams) per day illlous) 

. 
o to I. _____________ 3,037 9 128 3 7 128 3 1 to 4 ______________ 

10,660 13 106 15 12 105 13 
5 to 9 ______________ 11,636 24 82 23 20 82 19 
10 to 14: 

Male •• _________ 
4,915 40 68 13 32 68 11 

Female _________ 4,927 40 64 13 32 64 10 
15 to 19: Male ___________ 

4,109 60 60 15 60 72 15 
Female ________ 4,165 60 48 10 48 60 10 

20 to 29: 
Male. _.;. ________ 6,351 65 49 20 62 49 15 
Female _________ 6,435 55 42 15 55 42 19 

30 to 39: Male ___________ 
4,726 6li 48 15 62 48 14 

Female _________ 4,783 55 41 11 li{S 41 11 
40 to 49: Male ___________ 

3,434 6li 4tJ 10 62 46 10 
Female _________ 3,491 55 39 7 55 39 7 

60 to 59: Male ___________ 
2,287 6li 43 6 62 43 6 

Female _________ 2,344 55 36 II 55 36 II 
60 to 69: 

Male ___________ 1,315 6li 39 3 62 39 8 
Female _________ 1,407 55 33 8 55 33 8 

70 and up: 0 Male ___________ 
ll83 6li 34 1 62 34 1 

Female _________ 
696 55 29 1 55 29 1 

---Sum _________ 
81,301 ---_ .... _-- -------_ ... _- .... -_ ..... 189 ... _---.,.-... -------.. -------- 176 

Kcal per capita 
per day __________ ---- ... _---- -..:------ -----_ ... ---- ..... --- 2,330 --_ ... ---- ---------------- 2,164 

.see footnote 1 on page 96. 
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TABLE 7.-:-0aloric needs in 1970 by age and 8ez 

WORLD (19'70) PROJECTION OF CALORIC NEEDS FOR HIGH ANI> LOW ES.TIMATES 
(OF POPULAfrION GROWT.rH 1 

Bodii, Calorfc allow· po&ulatlon Calorfc need P08ulation Calorfc need 
Age (years) we1g t ance (Kcal up~r Kcal ower Kcal 

(kllo- per kll9i1'8Dl lem) &!rday level) ~erday 
grams) per day) (millions) lllions) (mlllions) ( IDions) 

oto 1. ______________ 
9 128 109 126 100 116 

1 to 4 _____ ._ •• ___ ••• 13 106 380 519 364 498 
5 to 9 __ •••••• _. ___ •• 24 82 44li 876 44li 876 
10 to 14: 

Male __ • _ •• _ ••• _. 4.0 68 "JI11 564 'JI!I 564 
Female._._. __ •• 4.0 M 200 614 200 614 

15 to 19: 
Male ____ •..•. ___ 60 60 183 661 183 661 
Female._ •••• _~. 60 48 178 426 178 426 

20 to 29: 
Male. ____ .'_ •••• _ 66 49 283 002 283 002 
Female_. ____ ••• 56 42 272 628 %12 628 

ao to 39: 
Male. __ •• ___ • ___ 66 48 230 718 230 718 
Female_._._ ••.• 66 41 223 602 223 602 

4.0 to 49: 
Male. __ • __ ~ __ • __ 66 46 180 m 180 m 
Female. _____ ._. 66 39 183 392 183 392 

60 to 69: 
Male __ •• _____ ._. 66 43 126 349 126 349 
Female. ____ • __ • 56 36 134 266 134 266 

60 to 69: 
Male. __ •..•.• __ • 66 39 86 215 86 215 
Female __ • ____ ._ 66 33 96 174 96 174 

70 and up: 
Male ••• ____ ~ •.• _ 66 34 46 101 46 101 
Female •• _._ .•• _ 66 29 66 103 66 103 

Sum._._ •..... ..... _ .. _---_ ... ..- .... _-----_ ..... --- 3,624 .8,1172 3,599 8,641 

Kcal per captta 
per day._ •• ___ • ___ . ' 2,366 2,373 -- ............... --.............. -----_ ......... ------ ........ ----- ----_ .......... -... -...... 

1 See Table 6 for sources of data and additional information. 
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TABLE 7.-Caloric needs in 1970 by age and 8e~Continued 

INDIA-(1910) PROJEQTIOl'l OF CALORIC NEEDS FOR mGH AND LOW 
ESTIMATES OF POPULATION GROWTH 

Body Caloric allow- Poruulation Caloric need PopulatIon C810rIc need 
Age (years) w&if!t anee (Kcal upper Kcal Gower Kcal 

per kilogram level) &Tfjday level) &!rday 
grams) per day) (thousands) llllons) (thousands) llllons) 

o to 1 _______________ 9 128 20,900 24 11,190 20 1 to 4_ ... _____________ 
13 106 71,258 ffI M.773 88 5 to 9 _______________ 
24 82 75.M.5 148 75,345 148 

10 to 14: Male ____________ 
40 68 33,274 91 33,274 91 

Female ______ . ___ 40 M 32,093 82 32,093 82 
15 to 19: Male ____________ 

48 66 27,936 89 27,936 89 
Female~ ________ 42 49 26.758 M 26, 758 M 

20 to 29: Male ____________ 
M 51 «.818 126 44,818 126 

Female _________ 45 44 ·42,178 84 42,178 84 
30 to 39: Male ____________ 

M liO 34.S33 95 34.S33 95 Female _________ 
45 43 32.233 62 32,233 62 

40 to 49: Male. ___________ 
M 48 26,242 69 26,242 69 

Female _________ 45 42 23,419 44 23,419 44 
liO to 59: 

Male ____________ M 45 17.658 44 17,658 44 Female _________ 
45 38 15.432 26 15.432 26 

60 to 69: 
Male. ___________ M 41 9,918 22 9,918 22 Female _________ 

45 35 9,015 14 9,015 14 
70 and up: Male ____________ 

M 36 4,525 9 4,525 9 Female _________ 
45 31 4,746 7 4,746 7 

Bum __________ 
.... _-_. __ .... _- ---------------- 552.371 1.188 542.086 1,175 

Kcal per capita 
per day ___________ ---_ ... _- ....... .................... --- ... __ ...... -.. -....... -----_ ..... ... .. _--------_ ...... ...... ----- ................. ..... -..... -_ .... _,.._ ...... 

1 See Table 6 for sources of .data 8.Ild other addltlona1lnformfLtlon. 
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TABLE 7.-Caloric needs in 1970 by age and sex-Continued 

PAKISTAN-(l970) PROJEOTION OF OALORIO NEEDS FOR HIGH AND LOW ESTIMATES 
OF POPULATION GROWTH' 

Body Caloric allow- POfuulation Caloric need P ulation Caloric need 
Age (years) 

w&if:
t anee (Kcal up~r Kcal wer Kcal 

per kilogram level) ~rday ~rdaY 
grams) per day) (thousands) ( illions) (thousands) ( ruions) 

o to 1 _______________ 
9 128 6,160 7 5,046 6 1 to 4 _______________ 

13 105 20,728 28 18,846 26 
5 to 9 _______________ 24 82 21,173 42 21.172 42 
10 to 14: Male ____________ 

40 68 8,595 23 8,595 23 Female ___ -_____ 
40 64 8,329 21 8,329 2J 

III to 19: Male ____________ 
46 65 7,332 22 7,332 22 Female _________ 
42 60 7,07l1 III 7,07~ 1~ 

20 to 29: Male ____________ 
liO 63 9,352 25 9.352 25 

Female. ________ 411 44 8, 'l24 17 8.724 17 
30 to 39: Male ____________ 

liO III 7,384 19 7,384 19 
Female _________ 45 43 6,833 13 6,833 13 

40 to 49: Male ____________ 
liO 60 5,476 14 5,476 14 

Female _______ ' __ 
45 42 4,999 9 4,999 9 

60 to 59: Male ____________ 
60 46 3,763 9 3,763 9 

Female _________ 45 38 3,lI33 6 3,lI33 6 
60 to 69: Male ____________ 

liO 42 2,182 5 2,182 5 
Female _________ 45 35 2,281 4 2,281 4 

70 and up: Male ____________ 
liO 36 1,187 2 1,187 2 

Female _________ 45 31 1,799 2 1.799 2 

Bum __________ 136,895 283 l33,898 279 

Kcal per capita 
per day _______ • ___ -.. --_ .... _ ... _--_ .. 2,356 -... _----------- 2,388 

:1 See Table 6 for90urce9 of data. and other additional informwtlon. 



POPULATION AND NUTRITIONAL DEMANDS 103 
TABLE 7.-Caloric needs in 1970 by age and 8e»-Continued 

BRAZIL-(1970) PROJECTION OF CALORIC NEEDS FOR HIGH AND LOW ESTIMATES 
OF POPULATION GROWTH 

Body Caloric allow- P°fuulation Caloric need POBulation Caloric need 
Age (years) ~!t anoe (Keal upper Keal lower Keal 

per kilogram level) ~erday level) ~rday 
grams) per day) (thousands) ( illions) (thonsands) illlons) 

o to 1 ___ • ________ • __ 9 128 3,608 4 3,227 4 1 to 4 _______________ 
13 105 12,342 17 11.959 16 

5 to 9 _________ :.. _____ 24 82 13, 171 26 13,171 26 
10 to 14: Male ____________ 

40 68 5,799 16 5,799 16 
Female _________ 

40 64 5,711 15 5,711 IS 
IS to 19: 

Male. ___________ 
50 12 4,856 17 4,856 17 

Female _________ 48 50 4,867 12 4,867 12 
20 to 29: Mate ____________ 

62 49 7,394 22 7.394 22 
Female _________ 

55 42 7.501 17 7.501 17 
30 to 40: Mate ____________ 

62 48 5,317 16 5,317 16 Female _________ 
55 41 5,421 12 5,421 12 

40 to 49: Male ____________ 
62 46 3,007 11 3,007 11 Female _________ 
55 39 3,955 8 3,955 8 

50 to 59: Male ___________ 
62 43 2,655 7 2,655 7 Female _________ 
55 36 2, 749 5 2, 749 5 

00 to 69: Male ____________ 
62 39 1,5« 4 1,5« 4 

Female _________ 55 33 1,660 3 1,660 3 
70 and up: 

Male ____________ 
62 34 737 2 737 2 

Female _________ 55 29 876 1 876 1 

Sum __________ ----_ ......... _- ---_ ..... _--------- 93,970 215 93,306 214 

Kcal per capita 
per day ___________ _.""------- -_ .. --_ ..... _ ... ------ -..... -... ------_ ...... 2,202 -... ---_ .......... ---- 2,241 

1 See Table 6 for sources of data. and: other addltJonallnformmt1on. 
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TABLE S.-Caloric needs in 1976 by age and sex 

WORLD-(19~5) PROJECTION OF CALORIC 'NEEDS FOR HIGH AND LOW 
!E'STIMATES OF POPULAlTION GROWTH 1 

Bodl Caloric allow- PO&ulatlon Caloric need pOgulatlon Caloric need 
Age (years) " W&o-t anea (Xcal upper Kcal ower Kcal 

per kilogram level) &1:rday evel) &1fjdaY 
grams) per day) (millions) Illlons) (millions) llllons) 

oto 1 ___ •••••••••••• 9 128 123 142 100 122 
1 to 4 •• _ •••••••••••• 13 106 437 5\/7 384 526 
5 to 9_._ ............. 24 82 468 921 445 875 
10 to 14: 

Male •• _ ••••••••• 40 68 223 fI11 223 fI11 
Female •• _ •••••• 40 64 215 549 215 549 

15 to 19: 
Male •••••••••••• 60 60 206 738 206 738 
Female.;. ••••••.• 60 48 198 475 198 475 

20 to 29: 
Male •••••••••••• 65 49 332 1,065 331 1,055 
Female ••••••••• 55 42 319 738 319 738 

30 to 39: 
Male.; •••••• _ ••• 65 4B 243 760 243 760 
Female. __ •••••• 55 41 235 529 235 529 

40 to 49: 
Male._ ••••••..•• 65 4.6 200 597 200 597 
Female ___ •••..• 55 39 197 423 197 423 

60 to 59: 
Male._ •••• ~ .•••. 65 43 138 384 138 384 
Female ••••••••. 55 36 147 292 14:7 292 

60 to 69: 
Male •••••••••••• 65 39 92 234 92 234 
Female •••• .:. •••• 55 33 100 192 100 192 

70 and up: 
Male_ •••••• : •••• 65 34 53 117 53 117 
Female ••• _. __ . 55 29 74 118 74 118 

Sum._ •...•••• _ ... _-_ ... _ .. _- ...-_ ....... -- ................. _-- 4,005 9,468 3,911 9,330 

Kcal per capita 
per day ••••••••••• ....... _------ -- ...... ----_ ... -........... ........... _--------- 2,364 ...-_ .. _ ....... _---- ... 2,3811 

1 See Table 6 for sourceS of data and! other additlonalinforDl8ltlon. 
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TABLE 8.-0aloric needs in 1975 by age and sex-Continued 

INDIA-(I975) PROJECTION OF CALORIC NEEDS FOR HIGH AND LOW ESTIMATES OF 
POPULATION GROWTH 

Body Caloric allow- p°fuulation Caloric need PopulatIon Caloric need 
Age (years) ~:t ance (Kcal upper Kcal (lower Kcal 

per kllogram level) ~rda.y level) &erday 
grams) per day) (thousands) ( Ullons) (thousands) illions) 

o to 1 _______________ 
9 128 24,179 28 18,821 21 

1 to 4 _______________ 
13 105 82,li05 113 63,364 86 

I) to 9 _______________ 
24 82 88,702 175 78,945 155 

10 to 14: Male ____________ 
40 68 38,267 104 38,267 104 

Female _________ 
40 64 36,170 93 36,170 93 

15 to 19: Male ____________ 
52 63 32,893 108 32,893 lOS 

Female_~ _______ 45 48 31,636 68 31,636 68 
20 to 29: 

Male __ ~ _________ 
liS liO 51,020 148 51,020 148 

Female _________ 
48 44 48,368 102 48,368 102 

30 to 39: 
Male. _____ · ______ liS 49 38, 136 108 38,136 108 
Female _________ 48 43 36, 566 73 36,566 73 

40 to 49: 
Male ____________ liS 47 29,485 80 29,485 80 
Female _________ 48 41 27, OliO 53 27, OliO 53 

riO to 59: 
Male ____________ 

58 44 20,447 62 20,447 62 
Female _________ 48 38 18,010 33 18,010 33 

roto 69: 
Male. ___________ 

liS 40 11,896 28 11,896 28 
Female _________ 48 35 10,714 18 10,714 18 

70 and up: Male ____________ 
liS 35 6,604 11 6,604 11 

Female __ • ______ 48 31 6,635 8 6,635 8 

Sum __________ ---_ .... _---- --_ ...... _ ... _ ... _------ 636,283 1,403 601,727 1,349 

Kcal per capita 
per day ___________ ---------- ...... _--_ ... __ ... _----- ... --_ .. _--- ....... _-- 2~206 --_ ... _--------- 2,247 

1 See Table 6 for sources of data and other addltlonallnforma.t1on. 
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TABLE S.-Caloric needs in 19715 by age and sex-Continued 

PAKISTAN-(1975) PROJECTION OF CALORIC NEEDS FOR HIGH AND LOW ESTIMATES 
OF POPULATION GROWTH 

Body Caloric allow· pO~uIatlon Caloric need p08uIatlon I Caloric need 
Age (years) W~!t ance (Keal upper Keal ower Keal 

per kliogram level) &erday level) ~er day 
grams) per day) (thousands) illions) (thousands) (illions) 

o to 1_. _____________ 
D 128 7,463 D 5. 719 7 1 to 4. ______________ 

13 106 26,239 34 19,376 26 
6 to 9 _____________ ._ 24 82 26,338 50 22,651 44 
10 to 14: Male. ___________ 

40 68 10,623 29 10. 623 29 
Female _________ 40 64 10.226 26 10,225 26 

15 to 19: Male ____________ 
50 63 8,498 27 8,498 27 

Female _________ 46 48 8,232 18 8,232 18 
20 to 29: 

Male __________ ._ 
63 62 12,640 36 12,MO 36 

Female _________ 48 44 11,944 26 11,944 26 
30 to 40: 

Male. ___________ 
63 51 7,688 21 7,688 21 

Female. ________ 48 48 7,034 15 7,034 III 
40 to 49: 

Male __ ---.. ---___ 63 49 6,380 17 6,380 17 
Female •• _______ 48 41 6,887 12 5.887 12 

50 to 59: 
Male __ ---------. 63 46 4,344 11 4,344 11 
Female ____ •• _ •• 48 38 4,086 7 4,086 7 

60 to 69: 
Male_. ____ ••• ___ 63 42 2,624 6 2,624 6 
Female _________ 48 36 2,606 4 2,606 4 

70 and up: 
Male __ • _________ 63 36 1,283 2 1,283 2 
Female •• _______ 48 31 1,832 2 1,832 2 

Sum __________ -_ ... _--_ ... _- -------_ .... _--_ ...... 163, 665 351 153,272 335 

Keal per capita 
per day __________ • -_ ............... -.. ...... -_ ....... _- ... -... -..... - ....... --_ ... ---_ .... "'" 2,133 ..._ ..... _-- ................ "" 2,177 

1 See :Table 6 for sources of data and; other additional Informa.tlon. 
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TABLE S.-Caloric needs in 1975 by age and sex-Continued 

BRAZIL-(1975) PROJECTION OF CALORIC NEEDS FOR HIGH AND LOW ESTIMATES 
OF POPULATION GROWTH 

Body Caloric allow- p°fuulation Caloric need Population Caloric need 
Age (years) weight ance (Kcal upper Kcal (lower Kcal 

(kilo- per kilogram level) ~er day level) ~er day 
grams) per day) (thousands) ( illions) (thousands) ( illions) 

oto L ______________ 9 128 4,116 5 3,581 4 
1 to 4 _______________ 13 105 14,547 20 12,978 18 
5 to 9--------- ______ 24 82 15,337 30 14,702 29 
10to 14: 

Male ____________ 40 68 6,601 18 6,601 18 
Female _________ 40 64 6,452 16 6,452 16 

15 to 19: 
Male ____________ 57 63 5,739 21 5,739 21 
Female _________ 52 48 5,653 14 5,653 14 

20 to 29: 
Male ____________ 65 49 8,723 28 8,723 28 
Female ________ o_ 58 41 8,808 21 8,808 21 

30 to 39: 
Male ____________ 65 48 6,069 19 6,069 19 
Female _________ 58 40 6,166 14 -~ 6,166 I 

14 
40 to 49: 

Male ____________ 65 46 4,449 13 4,449 13 
Female _________ 58 38 4,539 10 4,539 10 

50 to 59: 
Male ____________ 65 43 3,075 9 3,075 9 
~emale--------- 58 35 3,206 7 3,206 7 

60 to 69: 
Male ____________ 

65 39 1,816 5 1,816 5 
Female _________ 58 32 1,968 4 1,968 4 

70 and up: 
Male ____________ 65 34 914 2 914 2 
Female _________ 58 28 1,088 2 1,088 2 

Sum __________ 
o ------ .. ---

o ° 

........ -_ ...................... 109,267 259 106, 527 255 

Kcal per capita 
per day _________ ~_ ---------- -------- .... ------ ------------_ .. 2,346 --- ....... -------- 2,369 

1 See Table 6 for sources of data and add1tlonallnformation. 

263-888 0--67--9 



1.08 THE WORLD FOOD PROBLEM-:VOL. n 
/ 

TABLE 9.-Caloric need8 in 1980 by age and sex 

'WORLI).;....:(1980) PROJECTION OF CALORIC NEEDS FOB. HIGH AJND LOW 
ESfl'IMATES OF l'OPULATION GROWTH 1 

Body Caloric allow- PO&ulatlon Calorie need Population Caloric need 
Age (years) weight anee (Kcal 

~!:tf Kcal (lower Kcal 
(kilo- per kilogram . cia level) &trday 

grams) per day) (mDllons) crnuo~) (millIons) IDlons) 

oto 1 ___ •••••••••••• \ 9 128 14:7 170 - 119 137 
1 to 4 ___ •.•••••••••• 13 105 400 678 U2 li62 
li to 9 ____ ••••••••••• 24 82 li39 1.062 472 929 
10 to 14: 

Male._ •••••••••• 40 68 237 644 225 612 
Female ••••••••• 40 M 'Zl7 580 21li 551 

lli to 19: 
Male •••••••••••• 60 60 221 "Nt 221 797 
Female •• _ •••••• 50 48 213 lill 213 li11 

20 to 29: 
Male •••••••••••• 65 49 379 1,207 379 1.207 
Female ••••••••• li5 42 367 M7 367 847 

30 to 80: 
Male •••••••••••• 65 48 27l- 847 271 847 
Female •••• _ ••• _ 55 41 261 588 261 588 

4Otof9: 
Male •••••••••••• 65 46 218 646 216 646 
Female ••••••••• 55 39 211 f53 211 m 

50 to liD: 
Male •••••••••••• 65 f3 100 447 160 447 
Female ••••••••• 55 36 168 332 168 332 

60 to 69: 
Male •••••••••••• 65 39 97 246 97 246 
Female ••••••••• 5li 33 112 203 112 203 

70 and up: 
Male •••••••••••• 65 34 81 134 61 134 
Female ••••••••• li5 29 M 133 84 133 

Sum ••••••.••• ---- .. _---- ------------ '" --- 4,467 10,li25 4,264 10.182 

Kcal per capita 
per day ••••••••••• _ .... _------ --- -- .. ------'" ...... ... -... ----------- 2,356 -------------- 2,888 

I-See Table 6 tor. sources of data and other addlUonallnforma.Uon. 
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TABLE 9.-Caloric needs in 1980 by age and 8ez-Continued 

INDIA-(l980) PROJECTION OF CALORIC NEEDS FORRIGR AND LOW ESTIMATES OF 
POPULATION GROWTH 

BOOK, Caloric allow- PO&u1ation Caloric need POsu1ation Caloric need 
Age (years) ~o-t anee (Keal upper Keal ower Keal 

perk:ll~ level) &!rday level) &!rday 
grams) per day) (thousands) illlons) (thousands) illlons) 

o to 1 _______________ 
9 128 28,296 33 22,016 23 1 to 4 _______________ 

13 106 97.113 133 71,068 103 /; to 9 _______________ 
24 82 103.513 214 79,394 166 

10 to 14': Male ____________ 
40 68 41,273 123 40,293 110 

FeIilale _________ 40 64 42,S89 100 37,904 97 
16 to 19: Male ____________ 

62 63 37,911 124 37,911 124 Female _________ 
46 48 31S, 763 77 31, 763 77 

20 to 29: Male ____________ 
:is ro 69,436 172 69,436 172 Female _________ 
48 44 66,826 120 66,825 120 

30 to 39: 
Male ____________ :is 49 43,084 122 43,084 122 
Female _________ 

48 43 40,225 83 40,225 83 
40 to 49: Male ____________ 

68 47 32,684 89 32,684 89 Female _________ 
48 41 30,373 00 30,373 00 

roto 69: Male ____________ 
S8 44 23,633 60 23,663 60 Female _________ 
48 38 21,318 39 21.318 39 

00 to 69: 
Male ____________ 68 40 14,146 33 14,146 33 
Female _________ 48 35 12, 760 21 12,700 21 

70 and up: 
Male ____________ 

68 35 7,007 14 7,007 14 
Female _________ 48 31 6,862 10 6,862 10 

Sum __________ ..... _------- ... _-------------- 738,811 1.633 67-6,701 1,516 

Keal per capita 
per day ___________ 

_ ... -------- --------_ ... _----- -_ ... _ ...... _------- 2.202 ---- ............... _-- .. - 2,241 

1 See Table 6 for sources of data and other additional information. 
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TABLE 9.-Caloric needs in 1980 by age and sex-Continued 

PAKI8TAN-(IDSO) PROJECTION OF CALORIC NEED8FOR mGHAND LOW ESTIMATES 
OF POPULATION GROWTH 

Body Caloric allow- poru::ation Caloric need pon::;ation Caloric need 
Age (years) weight ance (Kca1 upper Kca1 ower Kca1 

(1dlo- per kilogram level) . &erday level) &erday 
grams) per day) (thousands) illlons) (thousands) illlous) 

oto 1 _______________ 
9 128 9,204 11 7,163 8 1 to 4 _______________ 

13 105 31,169 43 24,105 33 
5 to 9 _______________ 24 82 31,(115 61 23,848 47 
10 to 14: 

Male ____________ 
40 68 12,744 35 U,S« 31 

Female _________ 
40 64 12,253 31 10,007 28 

15 to 19: 
Male ____________ 

00 63 10,507 33 10,507 33 
Female. ________ 46 48 10, 112 22 10,112 22 

20 to 29: Male ____________ 
53 112 11),500 43 15,509 43 

Female _________ 
48 44 14,996 32 14,996 32 

3Ot'o39: 
Male ____________ 53 51 9,M6 24 9,046 24 
Female _________ 48 43 8,441 17 8,441 17 

40 to 49: 
Male _________ • __ 

113 49 7,030 18 7,030 18 
Female. ________ 48 41 6,545 13 6,545 13 

00 to 59: 
. Male ____________ 53 46 4,937 12 4,937 12 

Female _________ 48 38 4,648 8 4,648 8 
60 to 69: Male ____________ 

113 42 2, 925 7 2,925 7 
Female_~ _______ 48 35 2,983 6. 2,983 /) 

70 and up: 
Male ____________ 53 36 1,463 3 1,463 3 
Female _________ 48 31 1,968 3 1,968 3 

8um __________ -...... _ ..... __ ... -- .. -_ ........ _ .. _ .... _- ... 197,5115 421 178,477 387 

Kcal per capita 
per day ___________ ----_ ........... --------- .................. --_ .. _---_ .. _--- 2,131 ------ ...... ----- 2, 171 

16ee Table 6 tor sources of data a..nd other additional lnforma.tlon. 
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TABLE 9.-Caloric needa in 1980 by age and s6z-Continued 
BRAZIL-(l980) PROIECTION OF CALORIC NEEDS FOR HIGH AND LOW ESTIMATES 

OF POPULATION GROWTH 

Body Caloric allow- p°fuulatlon Caloric need pOBulatlon Caloric need 
Age (years) w&\f!t anoo (Kca.1 upper Kca.1 ower Kca.1 

pe perdliy) 
level) &trdaY level) cterday 

grams) (thousands) lllIons) (thousands) IllIons) 

o to 1 _______________ 
9 128 4,838 6 . 3,967 l) 

1 to 4 _______________ 
13 105 17,248 24 14,565 20 5 to 9 _______________ 
24 82 18,110 36 16, 126 32 

10to 14: 
Male ____________ 

40 68 7,756 21 7,434 20 
Female _________ 40 M 7,467 19 7,158 19 

15 to 19: 
Male ____________ 57 63 6,541 24 6,541 24 
Female _________ 52 48 6,398 16 6,398 16 

20 to 29: 
Male ____________ 65 49 10,348 33 10,348 33 
Female _________ 68 41 10,303 26 10,303 26 

30 to 39: 
. 

Male ____________ 65 48 7,110 22 7,110 22 
Female _________ 68 40 .1,238 17 7,238 17 

40 to 49: Male ____________ 
65 46 5,043 15 5,043 15 

F~male--------- 68 38 5,181 11 5, 181 11 
50 to 59: Male ____________ 

65 43 3,533 10 3,533 10 
Female _________ 68 35 3,664 7 3,664 7 

00 to 69: " Male ____________ 65 39 2,139 5 2,139 :; 
Female _________ 68 32 2,341 4 2,341 4 

70 and up: Male ____________ 
65 34 1,116 2 1,116 2 

Female _________ 68 28 1,336 2 1,336 2 

Sum ____ " _____ ----- ... _-- ... .. __ ...... -............... _ ...... _- 127,770 299 121,540 289 

Kcal per capita 
per day __________ .. -..... _ ...... _-- -----"'----- ............ ......... _----- ...... _ .. 2,342 ............... _ ........ -... _ .. 2,376 

1 See Table 6 for source of data and additional information. 
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TABLE to.-Caloric needs in 1985 by age and 8ex 

WORLD-(l985) PROJECTION OF CALORIC NEEDS FOR HIGH AND LOW ESTIMATES 
OF POPULATION GROWTH 1 

Bod Caloric allow- PO~ulatlOil Caloric need posulatlon Caloric need 
Age (years) t anca (Kca1 upper KcaJ ower Kca1 

per kilogram level) &1fidaY level) ~rdaY grams) per day) (millions) llllons) (mllllons) illions) 

o to 1 _______________ 
9 128 162 186 116 134 1 to 4 _______________ 

13 105 580 792 «0 601 5 to 9 _______________ 
24 82 624 I,m 514 1,013 

10 to 14: Male ___________ 
40 6S 274 7(6 240 652 Female. ________ 
40 64 263 672 230 li88 

15 to 19: 
Male ___________ 

60 60 236 851 225 808 
Female. ________ 50 48 226 M2 215 SUi 

20 to 29: Male ___________ 
65 49 419 1,335 419 1,335 

Female. ________ 55 42 404 933 404 933 
30 to 89: Male ___________ 

65 48 321 1,001 321 1,001 
Female •• _______ 55 41 309 698 309 698 

4.0 to 49: 
Male __ • __ •• ____ 65 46 231 692 231 692 
Female_. _______ 55 3D 225 481 225 482 

50 to 59: Male __ • ________ 
65 43 180 502 180 502 

Female _________ 
55 36 183 362 183 362 

6Oto:69: 
Male ___________ 

65 3D 109 276 109 276 
Female •• _______ 55 33 124 226 124 226 

70 and up: 
Male ___________ 

65 34 6S ·151 68 151 
Female. ________ 55 29 94 150 94 150 

Sum. _________ _ .. _. __ .... -- ----------_ .. ---- 5,032 11,824 4,647 11,118 

Kcal per capita 
per day ____ L ____ ---------- -----------... ---- ------_ .... ------ 2,350 ---... --_ .................... 2,393 

1 See (['able 6 fol'! sources of data and! other addttlonallnformatlon. 
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TA~LE lO.-Caloric needs in 1985 by age and sex-Continued 

INDIA-(I985) PROJECTION OF CALORIC NEEDS FOR HIGH AND LOW ESTIMATES OF 
POPULATION GROWTH 

Body Caloric allow- Po Caloric need PO~nl8tion Caloric need 
Age (years) weight anceKeal Keal ( ower Kcal 

(kilo- per kilogram level) ~erQay level) (berday 
grams) pe: day (thousands) ( llllons) (thousands) imons) 

o to 1 _______________ 9 128 33,253 38 25,305 29 1 to 4 _______________ 
13 105 114,889 157 88,924 121 5 to 9 _______________ 24 82 122,573 241 94,871 187 

10 to 14: 
Male ____________ 

4.0 68 53,118 145 4.0.742 111 
Female _________ 4.0 64: 49.618 127 38,057 97 

15 to 19: Male ____________ 
55 63 44,935 156 39,992 139 

Female _________ 47 48 42, 194 95 37,553 85 
20 to 29: Male. ___________ 

6l 50 69,492 212 69,492 212 
Female _________ 51 43 65,001 145 65,001 145 

30 to 39: Male ____________ 
61 49 49.416 148 49,416 148 

Female _________ 51 42 46,545 100 46,545 100 
4.0 to 49: Male ____________ 

61 47 86,443 1M 86,443 104 
Female _________ 51 4.0 33,879 69 83,879 69 

50 to 59: 
Male ____________ 51 « 26,916 72 26.916 72 Female _________ 51 37 24.942 47 24.942 47 

60 to 69: 
Male ____________ 

6l 4.0 16,685 41 16,685 41 
Female _________ 51 34 15,192 26 15.192 26 

70 and up: Male ____________ 
61 35 8,992 19 8.992 19 

Female _________ 51 30 8,739 13 8,739 13 

SUDL _________ ---------- ------------""'--- 863,722 1,955 768,586 1,765 

Kc8l per capita 
per day ___________ ---------- ------_ ... _------- -------------- 2,295 

1 See Ta.ble 6 for sources of data 8..Jld other addlt1onal1nformat1on. 
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TABLE lO.-Caloric needs in 1985 by age and 8ex-Continued 

PAKISTAN-(1985) PROJECTION OF CALORIC NEEDS FOR HIGH AND LOW 
ESTIMATES OF POPULATION GROWTH 

Body Caloric allow· Population Caloric need Population Caloric need 
Age (years) weif!t aneeKcal (upper Keal (low~r Kcal 

(k:1 • per kilogram level) per day level) per day 
grams) ,perday (thousands) (b1ll1onB) (thousands) (billions) 

o to 1 ••••••••••••••• 9 128 11,400 13 8.686 10 
1 to 4 ••••••••••••••• 13 105 38.923 53 30,134 41 
5to 9 ••••••••••••••• 
10 to 14: 

~ 82 38,683 76 29,957 59 

Male ............. 40 68 15,667 43 12,023 33 
Female ••••••••• 40 64 15, OM 39 11,553 .. 30 

15 to 19: .. 
Male ••• __ ••••••• 52 63 12,611 41 11,226 37 
Female ••••• _ •• _ 48 48 12,128 28 10, 794 25 

20 to 29: 
Male._ ••• _._ •••• -56 51 18.601 53 18.601 53 
Female •••• ___ •• 51 43 17,973 39 17,973 39 

30 to 39: 
Male __ ._ ••••• _ •• 56 50 12,111 34 12, 111 34 
Female._ •• _._._ 51. 42 11,550 25 11,550 25 

40 to 49: -
Male_. ___ • ______ 56 48 7,216 19 7,216 19 
Female •• ___ ••• _ 51 40 6, 735 14 6,735 14 

50 to 59: 
Male •• ___ •• _____ 56 45 5,764 15 5,764 15 
Female ••• __ ._._ 51 37 5,470 10 5,470 10 

60 to 00: 
Male ••• _. ___ ••• _ 56 41 3,428 8 3,428 8 
Female ••• __ •••• 51 34 3.464 6 3.464 6 

70 and up: 
1,730 i 

Male._. _____ •• _. 56 36 1,730 4 4 
Female _________ 51 30 2,200 3 2,200 3 

Sum ••. ___ •••• .................. -- ... ..,- ..... _ .......... -................. 240,717 523 210,615 465 

. Kcal per capita 
per day ••• _ •• _____ .. -.. _-_ ... _-- ----_ ... -.............. _ ..... _ ... _------_._- 2,171 -_ .. _---------- 2,203 

1 See r.rable 6 fOll sources of data and other addltionallnfor:ma.tion. 

John M
Rectangle



POPULATION AND NUTRITIONAL DEMANDS 115 

TABLE lO.-Caloric needs in 1985 by age and se3}-Continued 

BRAZIL-(1985). PROJECTION OF COLORIC NEEDS FOR HIGH AND LOW ESTI
MATES OF POPULATION GROWTH 

Body Caloric allow- Population Caloric need Population Caloric need 
Age (years) weight ance Kcal (upper Kcal (lower. Kcal 

(}dlo- per Wogram level) per day level) gerday 
grams) per day (thousands) (b1llions) (thousands) ( illlons) 

o to 1 _____ ~~. ______ • 9 128 5,691 7 4,325 5 1 to 4 _______________ 
13 105 20,44.7 28 16,298 22 5 to 9 ____ ~ __________ 
24 82 21,626 4.3 18, 151 36 

10 to 14.: 
Male. ___________ 40 68 9,210 25 8,174 22 
Female ____ ~ __ ~_ 4.0 64 8,84.9 23 7,853 20 

15 to 19: 
Male._ •••• ______ 59 65 7,696 30 7,377 28 
Female •• _______ 64 48 7,417 19 7,110 18 

20 to 29: 
Male.~_--- _______ 68 48 12,037 39 12,037 39 
Female_ •• ______ 61 41 11,84.8 30 11,848 30 

30 to 39: 
Male _______ • __ •• 

68 47 8,437 Z1 8,437 27 
Female ____ • ____ 61 40 8,552 21 8,062 21 

40 to 49: 
Male ___ • _______ • 68 45 5,796 18 5,796 18 
Female. _. ___ .... 51 38 5,931 14 5,931 14 

50 to 59: 
Male ______ •••• __ 68 42 4,060 12 4,060 12 
Female. ________ 61 35 4,239 9 4,239 9 

00 to 69: 
Male ____________ 

68 38 2, 510 6 2,510 6 
Female _________ 

51 32 2,764 5 2,764 5 
70 and up: 

Male. ______ • ____ 68 33 1,356 3 1,356 3 
Female_ • _______ 61 28 1,638 3 1,638 3 

Sum __________ -----... -... -- ---------------- 150,104. 362 138,456 338 

Kcal per capIta 
per day ___________ -_ .... _------ -_ .. _------- ... _ ...... - --- .......... -...... ----- 2,399 2,446 

1 See Table 6 tor sources ot data and other addit1ona.linlormatlon. 
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TABLE H.-Estimates of protein needs based on FAO Reference body weights 1 

WORLD-l965 

Age 

o to 1 __________________________________ _ 
1 to 4 ___________________ • ______________ _ 
5 to 9 __________________________________ _ 

10 to 14: Male ______________________________ _ 
Female. _____________ ~ _____________ _ 

15 to 19: Male ______________________________ _ 
Female ____________________________ _ 

20 to 29: . , 
Male ______________________________ _ 
Female ____________________________ _ 

30 to 39: 
Male ______________________________ _ 
Female. __ . _________ .: ______________ _ 

40 to 49: 
Male __ . __________________ • ________ _ 
Female._. _________________________ _ 

50 to 59: Male ______________________________ _ 
Female ____________________________ _ 

60 to 69: Male ______________________________ _ 
Female ____ " _______________________ _ 

70+: Male ______________________________ _ 
Female ___________________ • ________ _ 

Total ___________________________ _ 

Total: 

Population 
(m1l1ions) 

98 
369 
416 

187 
180 

158 
151 

256 
247 

215 
210 

157 
161 

119 
128 

74 . 
87 

39 
56 

3,308 

Protein Body weight 
required (grams FAO Reference 

per kilogram (kilograms) 
per day) 

2 \) 

1.06 13 
.94 24 

.86 40 

.86 40 

.77 60 

.77 50 

.71. 65 

.71 55 

.71 65 

.71 55 

.71 65 

.71 55 

.71 65 

.71 55 

.71 65 

.71 55 

.71 65 

.71 55 

-------------_ .... -_ ...... _-----------

FAO Reference Protein (metric tons per day) _______________________________________ _ 
FAO ReCerence Protein (grams per capIta per day) __________________________________ _ 
Protein oC NPU oC 62 (metric tons per day) _________________________________________ _ 
Protein of NPU of 62 (grams per capita per day) ____________________________________ _ 

See footnotes at end of table. 

Protein needs 
(metric tons 

per day) 

1,769 
5,082 
9,387 

6,419 
6,219 

7,290 
5,821 

11,809 
9,614 

9,899 
8,208 

7,204 
6,318 

5,514 
4,967 

3,442 
3,358 

1,841 
2,202 

116,369 

116,369 
35.2 

187,692 
56.7 
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TABLE ll.-Estimates of protein needs ba.sed 00 FAO Reference body 
weight:t 1-OOntlnued 

WORLD (1970) PROJECTION OF PROTEIN NEEDS 

Protein Hi~h3 High-level Low 3 Low-level 
Body required popu ation protein needs population protein needs 

Age weight ~amsper estimate (metric tons estimate (metric tons 
(kilograms) ilogram (millions) per day) (millions) per day) 

per day) 

o to 1 _______________ 9 2 100 1,965 100 1,809 
1 to 4 _______________ 

13 1.06 380 5,239 364 5,022 
5 to 9 _______________ 

24 .94 445 10,036 445 10,036 
10 to 14: 

Male ____________ 40 .86 207 7,138 207 7,138 
Female _________ 40 .86 200 6,907 200 6,907 

15 to 19: 
Male ____________ 60 .77 183 8,477 183 8,477 
Fl}male. ________ 50 .77 178 6,837 178 6,837 

20 to 29: 
Male ____________ 65 .71 283 13,065 283 13,065 
Female _________ 55 .71 272 10,609 272 10,609 

30 to 39: 
Male ____________ 65 .71 230 10,619 230 10,619 
Female _________ 55 .71 223 8,696 223 8,696 

40 to 49: 
Male ____________ 65 .71 180 8,293 180 8,293 
Female _________ 65 .71 183 7,138 183 7,138 

50 to 69: 
Male ____________ 65 .71 125 5, 759 125 5,759 
Female _________ 55 .71 134 5,224 134 5,224 

60 to 69: 
Male ____________ 65 .71 85 3,908 85 3,908 
Female _________ 55 .71 96 3,740 96 3,740 

70 and up: Male ____________ 
65 .71 46 2,113 46 2,113 

Female _________ 55 .71 65 2,522 65 2,522 

TotaL ________ ... _---_ ... _ ...... -- -_ ... _- ... _-- ... -... -"" 3,624 128,295 3,599 127,912 

Total: 
FAO Reference Protein (metric tons per day) _____________ 128,295 -------------- 127,912 
FAO Reference Protein (grams per capita per day) _______ 35.4 -------------- 35.5 
Protein of NPU of 62 (metric tons per day) _______________ 206,927 -------------.. 206,326 
Protein of NPU of 62 (grams per capita per day). _________ 57.1 -------------- 57.3 

See footnotes at end of table. 
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T~LE ll.-Estimates of protein needs based on FAO Reference body 
weightsl-Oontinued 

WORLD (1975) PROJECTION OF PROTEIN NEEDS 

Protein HighS High-level Low 3 Low-level 

Age 
Body required population protein needs population protein needs 

weight <trams per estimate (metric tons estimate (metric tons 
(kilograms) ilogram (millions) per day) (millions) per day) 

per day) 

o to 1 _______________ 9 2 123 2,215 106 1,906 1 to 4 _______________ 
13 1.06 437 6,023 384 5,295 

5 to 9 _______________ 24 .94 468 10,658 445 10,030 
10 to 14: 

Male ____________ 40 .86 223 7,674 223 7,674 
Female _________ 40 .86 215 7,382 215 7,382 

15 to 19: 
Male ____________ 

60 .77 205 9,471 205 9,471 
Female _________ 50 .77 198 7,626 198 7,626 

20 to 29: 
Male ____________ 

65 .71 332 15, 284: 331 15, 284: 
Female _________ 55 .71 319 12,472 319 12,472 

30 to 39: 
Male ____________ 65 .71 243 11,232 243 11,232 
Female _________ 1i5 .71 235 9,153 235 9,153 

40 to 49: 
Male ____________ 65 .71 200 9,216 200 9,216 
Female _________ 55 .71 197 7,708 197 7,078 

50 to 59: 
Male ____________ 65 .71 138 6,345 138 6,345 
Female _________ 55 .71 147 5, 748 147 5, 748 

60 to 69: 
Male ____________ 65 .71 92 4,259 92 4,259 
Female _________ 55 .71 106 4,139 106 4,139 

70 and up: 
Male ____________ 65 .71 53 2,450 53 2,450 
Female _________ 55 .71 74 2,889 74 2,889 

Total _________ ------------ ........... -... -_ ... _-.-- 4,005 141,853 3,911 140,288 

Total: 
FAO Reference Protein (metric tons per day) _____________ 141,853.1 -------------- 140,288 
FAO Reference Protein (grams per capita per day) _______ 35.4 -------_ .... _---- 35.9 
Protein ofNPU of 62 (metric tons per day) _________ ...: _____ 228, 795 -------------- 226,271 
Protein of NPU of 62 (grams per capita per day) __________ 57 .1 ---_ ... _-_ .... _---- 57.9 

See footnotes at end of table. 
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TABLE 11.-lJJstimates of protein neeil8 based on F A.D Reference body 
weight8 I-Continued 

WORLD (1980) PROJECTION OF PROTEIN NEEDS 

Protein High 3 High-level Low' Low-level 
Body required population protein needs population protein needs 

Age weight (grams per estimate (metric tons estimate (metric tons 
(kilograms) kilogram (m1111ons) per day) (m1111ons) per day) 

per day) 

o to 1 _______________ 9 2 14.7 2,651 119 2,147 
1 to 4 _______________ 

13 1.06 496 6,840 412 5,673 
5 to 9 _______________ 

24 .94 539 12,168 472 10,648 
10 to 14: 

Male ____________ 40 .86 237 8,145 225 7,736 
Female _________ 40 .86 227 7,795 215 7,406 

15 to 19: 
Male ____________ 60 .77 221 10,233 221 10,233 
Female _________ 50 .77 213 8,192 213 8,192 

20 to 29: Male ____________ 
65 .71 379 17,486 379 17,486 

Female _________ 55 .71 367 14,215 367 14,315 
30 to 39: 

Male ____________ 65 .71 271 12,529 271 12,529 
Female _________ 55 .71 261 10,175 261 10,176 

40 to 49: Male ____________ 
65 .71 216 9,977 216 9,977 

Female _________ 55 .71 211 8,239 211 8,239 
liO to 59: Male ____________ 

65 .71 160 7,388 160 7,388 
Female _________ 55 .71 168 6,548 168 6,548 

60 to 69: Male ____________ 
65 .71 97 4,485 97 4,485 Feinale _________ 55 .71 112 4,377 112 4,377 

70 and up: 
Male ____________ 65 .71 61 2,805 • 61 2,805 
Female _________ 55 .71 84 3,268 84 3,268 

TotaL _______ 
---------- ..... ---_ ....... - ......... -- ... 4,467 157,628 4,264 154,348 

Total: 
FAO Reference Protein (metric tons per day) _____________ 157,628 ... __ ............... _--- 154,348 
FAO Reference Protein (grams per capita per day) _______ 35.3 .. _------------ 36.0 
Protein of NPU of 62 (metric tons per day) _______________ 254,238 .......... _-- ...... _---- 247,803 
Protein of NPU of 62 (grams per capita per day) __________ StU ........... _-------- ... 58;1 

See footnotes at end of table. 
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TABLE 1l.-E8timate8 of protein need8 ba8ed on F AO Reference body 
weight8 1-Continued 

WORLD (1985) PROJECTION OF PROTEIN NEEDS 

• Protein High 3 High-level Low I Low-level 
Body required population protein needs population protein needs 

Age weight (grams per estimate (metric tons estimate (metric tons 
(kilograms) kilogram (millions) per day) (millions) per day) 

per day) 

o to 1 •• _____________ 9 2 162 2,910 116 2,095 
1 to 4 _______________ 

13 1.06 580 7,996 440 6,064 
5 to 9 __ • ____________ 24 .94 624 14,070 514 11,607 
10 to 14: 

Male. _________ ._ 
40 .86 274 9,429 240 8,249 

Female __ ._._ ••• 40 .86 263 9,030 230 7,001 
15 to 19: 

Male •. __ ._ ••• _._ 60 .77 236 10,921 225 10,371 
Female __ ._._ ••• 50 .77 226 8,693 215 8,262 

20 to 29: 
~ale._ ••• _ •• _ ••• 65 .71 419 19,3.50 419 19,3.50 
Female ••• ______ 55 .71 404 14,780 404 15,780 

30 to 39: 
Male •• _ •.• _ ••••• 65 .71 321 14,804 321 14,804 
Female._ .••• __ • 55 .71 309 12,082 309 12,082 

40 to 49: 
Male •• _ •• _____ •• 65 .71 231 10,674 231 10,674, 
Female_ •• _.:: ••• 55 .71 225 ~.766 225 8,766 

50 to 59: 
Male __ ••••• __ ••• 65 .71 180 8,293 180 8,293 
Female ______ • __ 55 .71 183 7,130 183 7,130 

60 to 69: 
Male __ • __ •• _____ 65 .71 109 5,016 109 5,016 
Female _________ 55 .71 124 4,857 124 4,857 

70 and up: Male ____________ " 65 .71 f18 3,156 68 3,156 
Female __ • ______ 55 .71 94 3,674 94 3,674 

TotaL _______ 
------------ 5,032 176,640 4,647 168,139 

Total: 
FAO Reference Protein (metric tons per day) ______ ._._. __ 176,640 ------... -----_ ... 168,139 
FAO Reference Protein (grams per capita per day)_ •••••• 35.1 -----------_ ... - 36.2 
Protein of NPU of 62 (metric tons per day)._ •• __ ....•••• _ 284,903 _ ..... _---------- 272,000 
Protein of NPU of 62 (grams per capita per day) _____ •.•• _ 56.6 ------------ ..... 58.5 

1 WHO Tech. Report Series No. 301, Protein Requirements. 
2 Includes 1.7 grams and kilograms lor infant protein requirement plus an allowance lor increased require

ments during pregnancy using F AO procedures. 
3 Bee population projection tables and lootnotes. 
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TABLE 12.-Estimates of protein needs based on FAO Reference body weight an4 
body weight as determined in India-Continued 

INDIA-1965 

Protein I 'Body Protein Body Protein 
:fopulation required \\~ight,l needs weight,! . needs 

Age (thousands) (grams per FAO Ref- (metric tons Iqqian data (metric tons 
kilogram erence per day) ~ilograms) per day) 
per day) (kilograms) 

o to L ____________ 
17,757 82 9 819 T 248 

1 to 4 _____________ 61,410 1.06 13 846 1Q 650 
5 to 9 _____________ 

66,381 .94 24 1,497 11' 1,060 
10 to 14: 

Male __________ 
28,333 .86 40 974 28 682 

Female _______ 27,204 .86 40 935 28 &5 
15 to 19: 

Male __________ 24,533 .77 60 1,133 48 906 
Female _______ 23,204 .77 50 893 42 750 

20 to 29: "-
Male __________ 40,001 .71 65 1,846 55 1,562 
Female _______ 37,739 .71 55 1,473 45 1,205 

8Q to 39: 
Male __________ 31,653 .71 65 1,460 55 1,236 
Female _______ 29,298 .71 55 1,144 45 936 

40 to 49: 
Male __________ 23,240 .71 65 1,072 M 907 
Female _______ 20,314 .71 55 793 411 649 

50 to 59: Male __________ 15,397 .71 65 710 1m 601 
Female _______ 13,459 .71 55 525 45 430 

60 to 69: 
Male __________ 8,327 .71 65 384 55 82S 
Female _______ 7,740 .71 55 302 45 247 

70 and up: 
Male __________ 3,752 .71 65 173 55 146 
Female _______ 4,110 .71 55 160 45 131 

TotaL _____ 483,852 -------------- .------------- 16,647 -------------- 13,326 

Total: 
FAO Reference Protein (metric tons per day) ____________ 16,647 -------------- 13,326 
FAO Reference Protein (grams per capita per day) _______ 34.4 -------------- 27.6 
Protein of NPU of 57 (metric tons per day) _______________ 29,206 ------------_ .. 23,290 
Protein of NPU of 57 (grams per capita per day) _________ 60.4 -------------- 48.3 

S'ee footnotes at end of table. 
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TABLE 12.-Estimates oj protein needs based on FAO ReJerence body weight and 
body weight as determined in India-Continued 

INDIA (1970) PROJECTION OF PROTEIN NEEDS' 

Protem I High-level Low·level 

Age 
Body weight required High popula- protem needs Low poC;:la- protein needs 
(kilograms) (mmsper tion estilnate (metric tons tionest ate (metric tons 

ilogram (thousands) per day) (thousands) per day) 
per day) 

o to I ............. 9 2 20,990 377 17,190 300 
1 to 4. •••...•••.••• 13 1.06 71,258 981 64,773 892 
lito 9. __ .... __ ._._ 24. .94. 75,34.5 1,699 7&. 34.5 1,699 
10 to 14.: 

Male._ .. _ .• _ •• 4.0 .86 33,274 1,144 33,274. 1,14.4. 
Female •••.. _. 4.0 .86 32,093 1,103 32,093 1,103 

15 to 19: 
Male ___ •• __ ... 4.8 .77 27,936 1,032 27,936 1,032 
Female. __ ._ .• 4.2 .77 26,758 865 26, 758 865 

20 to 29: 
Male._. ___ • __ • 55 .71 4.4.,818 1,750 44.,818 1,750 
Female ••• _._. 4.5 .71 4.2,178 1,34.7 4.2,178 1,34.7 

80 to 39: 
Male ••.. _ ••• _. 55 .71 34.,533 1,34.8 34.,533 1,34.8 
Female •• _ •. __ 4.5 .71 32,233 1,029 32,233 1,029 

4.0 to 4.9: 
Male ___ •• _ .• _. 55 .71 26, 24.2 1,024. 26, 24.2 1,024. 
Female ____ . __ 4.5 .71 23,4.19 74.8 23,4.19 74.8 

50 to 59: 
Male._. ___ •.•• 55 .71 17,658 589 17,658 689 
Female ____ •.• 4.5 .71 15,4.32 4.93 15,4.32 4.93 

60 to 69: 
Male._ •• _._. __ 55 .71 9,918 387 9,918 387 
Female ___ ... _ 4.5 .71 9,015 288 9,015 288 

70 and up: .. 
Male •••• __ •••• 55 .71 4.,525 176 4.,525 176 
Female_ •• _. __ 4.5 .71 4., 74.6 151 4., 74.6 151 

TotaL •••••..•• __ ••••• __ •• _ •• _ .•.••• _._. 552,371 16, 641 54.2,086 16,4.84 

Total: 
FAO Referenee Protein (metric tons perday) ••••• _._ .. ___ 16,641 ... _ .. -.. -....... ----- 16,4.84. 
FAO Reference Protein (grams per capita par day)_ •• __ .• 30.1 ..... __ ... ------ .. _- 30.4. 
Protein of NPU of 57 (metric tons per day) ____ .• ___ ... ___ 29,195 ... ------------- 28, 919 
Protem of NPU of 57 (grams per capita per day} •••••.••.. 52.9 -- .. ----------- 53.3 

See footnotes at end of table. 
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TABLE 12.-Estimates of protein needs based on FAD Reference body weight and 
body weight as determined in India-Continued 

INDIA. (1975) pnOJECTION OF PROTEIN NEEDS 

Protein High-level Low-level 
Body weight required High popula- protein needs Lowpopula- protein needs 

Age (kilograms) (grams per tion estimate (metric tons tion estimate (metric tons 
kilogram (thousands) per day) (thousands) per day) 
per day) 

Oto L._ .......... 9 2 24,179 435 18,621 333 
1 to 4_ •• _ •••.• __ .. 13 1.06 82,605 1,136 63,364 873 
5 to 9_ ••.•. __ ._._. 24 .94 88, 702 2,001 78,945 1,780 
10 to 14: 

Male _____ . ____ 
40 .86 38,267 1,316 38,267 1,316 

Female_ •..• __ 40 .86 36, 170 1,244 36,170 1,244 
15 to 19: 

Male __ •....•.. 52 .77 32,893 1,317 32,893 1,317 
Female •••.•.. 45 .77 31,636 1,096 31,636 1,096 

20 to 29: 
Male •••••..•.. 58 .71 51,020 2,101 51,020 2,101 
Female_ •..... 48 .71 48,368 1,648 48,368 1,048 

30 to 39: 
Male •• _ •• ; •••. 58 .71 38,136 1,570 38,136 1,670 
Female •••..•• 48 .71 35,566 1,212 35,566 1,212 

40 to 49: 
Male_ ••...• __ ~ 58 .71 29,485 1,214 29,485 1,214 

-
Female ••.... _ 48 .71 '1:1,050 921 '1:1,050 921 

50 to 69: 
Male •......... 58 .71 20,447 842 20,447 842 
Female ••••.• _ 48 .71 18,010 613 18,010 613 

60 to 69: 
Male_ ..•.•...• 58 .71 11,896 489 11,896 489 
Female __ ...• _ 48 .71 10,714 365 10,714 365 

70 and up: 
Male ______ . __ • 58 .71 5,604 230 5,604 230 
Female ______ . 48 .71 5,635 192 5,635 192 

TotaL. _____ .•• ___ ._. ___ ._ ...•• __ .. ___ ._ 636,283 19,967 601,7'1:1 19,363 

Total: 
FAO Reference Protein (metric tons per day) _________ . ___ 19,967 -------------- 19,363 
FAO Reference Protein (grams per capita per day) ___ . ___ 31.4 ... __ .. _- .... _----'"' 31.2 
Protein of NPU of 67 (metric tons pet day) ________ ...... _ 35,029 -_.,., .. _---- .. --- 33,970 
Protein of NPU of 57 (grams per capita per day) __________ 55. 0 ------ .. ------- 56.5 

See footnotes at end of table. 
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TABLE 12.-Estimates of protein needs based on FAO Reference body weight and 
body weight as determined in India-Continued 

INDIA (1980) PROJECTION OF PROTEIN NEEDS 

Protein High-level Low-level 

Age 
Body weight required High popula- protein needs Lowpopula- protein needs 
(kilograms) (grams per tion estimate (metric tons tlon estimate (metric tons 

kilogram (thousands) per day) (thousands) per day) 
per day) 

o to Lo ___________ 9 2 28, 296 509 22,015 396 
1 to4 _____________ 13 1.06 97,113 1,338 75,068 1,034 
5 to 9 _____________ 24 .94 103,513 2,335 79,394 1,791 
10to 14: 

Male __________ 40 .86 45,273 1,557 40,293 1,386 
Female _______ 40 .86 42,589 1,465 37,904 1,303 

15 to 19: 
Male __________ 52 .71 31,911 1,517 37,911 1,517 
Female • ..:. ____ 45 .77 35,753 1,238 35,753 1,238 

20 to 29: 
Male __________ 58 .71 59,436 2,447 59,436 2,447 
Female _______ 48 .71 56, 825 1,936 56,825 1,936 

30 to 39: 
Male __________ 58 .71 43,084 1,714 43,084 1,774 
Female _______ 48 .71 40,225 1,370 40,225 1,370 

40 to 49: 
Male __________ 58 .71 32,684 1,345 32,684 1,345 
Female _______ 48 .71 30,373 1,035 30,373 1,035 

50 to 59: 
Male __________ 58 .71 23,653 974 23,653 974 
Female _____ 48 .71 21,318 726 21,318 726 

00 to 69: 
Male __________ 

, 58 .71 14, 146 582 14,146 582 
Female _______ 48 .71 12,760 434 12,160 434 

70 and up: 
Male __________ 58 .71 7,007 288 7,007 288 
Female _______ 48 .71 6.852 233 6,852 233 

Total _______ ............ -- ...... -- ...... -.. --- -..... _ ........... 738,811 23,112 676, 701 21,819 

Total: 
FAO Reference Protein (metric tons per day) _____________ 23,112 ... __ .. _ ..... __ .... _ .. 21,819 
FA 0 Referen~ Protein (grams per capita per day) _______ 31.3 ------- _ .. -- ~ -- 32.2 
Protein or NPU or 57 (metric tons per day) _______________ 40,548 --------- ----- 38,279 
Protein or NPU or 57 (grams per capita per day) __________ 54.9 -------------- 56.6 

See footnotes at end of table. 
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TABLE 12.-Estimates of protein needs based. on FAD Reference body weight and 
body weight as determined in India-Continued 

INDIA (1985) PROJECTION OF PROTEIN NEEDS 

I Body weight 
Protein I Hlgh·level Low·level 
required High popula- protein needs Lowpopula- protein needs 

Age (kilograms) (grams per tion estimate (metric tons tion estimate (metric tons 
kilogram (thousadds) per day) . (thousands) per day) 
per day) 

oto 1. ____________ 9 2 33,253 598 25,305 455 
1 to 4. ____________ 13 1.06 114,889 1,583 88,924 1,225 
5 to 9 •• ___________ 24 .94 122,573 2,765 94,871 2,140 
10 to 14: 

Male_. ________ 40 .86 53,118 1,827 40, 742 1,401 
Female ••• ___ • 40 .86 49,618 1,706 38,057 1,300 

15 to 19: 
Male_. ________ 55 .77 44,935 1,902 39,992 1,693 
Female •••. _._ 47 .77 42,194 1,527 37,533 1,359 

20 to 29: 
Male •• __ •.••• _ 61 .71 69,492 3,009 69,492 3,009 
Female ••• ___ • 51 .71 65,001 2,386 65,901 2,386 

30 to 39: 
Male_. ___ ._ •• _ 61 .71 49,416 2,140 49,416 2,140 
Female._ •.••. 51 .71 46,545 1,685 46.545 1,685 

40 to 49: 
Male __ •• ____ ._ 61 .71 36.443 1,578 36.443 1,578 
Female __ • ____ 51 .71 33,879 1,226 33,879 1,226 

00 to 59: 
MaIe __________ 61 .71 26,916 1,165 26,916 1,165 
Female ••• ____ 51 .71 24,942 903 24,942 903 

60 to 69: 
Male ___ • ______ 61 .71 16.685 722 16.685 722 
Female._. ____ 51 .71 15,192 550 15,192 550 

70 and up: 
Male_. __ • _____ 61 .71 8,992 389 8,992 389 
Female •• __ • __ 51 .71 8,739 316 8, 739 316 

Total._. ____ ----- .............. "' .. _ ..................... ,.. .. _- 863,722 27,985 768,586 25,659 

Total: 
FAO Reference Protein (metric tons per day) __ • __________ 27,985 -------------- 25,659 
FAO Reference Protein (grams per capita per day) _______ 32.4 --------_ ...... _- 33.4 
Protein of NPU of 67 (metric tons per day)._ •• ___________ 49,007 ------_ ..... ----- 45,015 
Protein ofNPU of 67 (grams per capita per day) __________ 66.8 -_ ... _--- ...... -... -.... 68.6 

1 WHO Tech. Report Series No. 301, Protein Requirements. 
J Heights and weights as determined in India by the Nutrition Research Laboratories. 
3 Includes 1.7 grams per kilogram for Infant protein requirement plus an allowance for Increased require

ments during pregnancy using F AO procedure. 
t See population projection tables and footnotes. 
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TABLE 13.-Estimates of protein needs based on FAO reference body weight and 
body weight as determined in Pakistan 

P AKISTAN-I965 

Protein I Body Body 
Population required weight, I Protein needs weight, 2 Protein needs 

Age (thousands) grams per FAO (metric tons Pakistan (metric tons 
(kilogram reference per day) data per day) 
per day) (kilograms) (kilograms) 

Oto L ____________ 5,147 32 9 93 7 72 
1 to 4 _____________ 17,504 1. 06· 13 241 10 185 
5 to 9 _____________ 17,224 .94 24 388 17 275 
10to 14: ~ 

Male __________ 7,419 .86 40 255 30 191 
Female _______ 7,163 .86 40 246 30 184 

15 to 19: 
Male __________ 5,445 .77 60 251 46 192 
Female _______ 5,103 .77 50 196 42 165 

20 to 29: 
Male __________ 7,835 .71 65 361 50 278 
Female _______ 7,267 .71 55 283 45 232 

30 to 39: 
Male __________ 6,689 .71 65 308 50 237 
Female _______ 6, 141 .71 55 239 45 196 

40 to 49: 
Male __________ 4,823 .71 65 222 50 171 
Female _______ 4,391 .71 55 171 45 140 

50 to 59: 
Male __________ 3,274 .71 65 151 50 116 
Female _______ 3,092 .71 55 120 45 99 

60 to 69: 
Male __________ 1,942 .71 65 90 50 69 
Female _______ 2,056 .71 55 80 45 66 

70 and up: 
Male __________ 1,172 .71 65 54 50 42 
Female ______ . 1,876 .71 55 73 45 60 

TotaL ______ 115,563 ----- ------ --- ... ------------- 3,829 --------- ----- 2,973 

Total: 
FAO reference protein (metric tons per day)_ .. _ ....... __ . 3,829 -------------- 2,973 
F AO reference protein (grams per capita per day) __ ..... _ 33.1 ... ------------- 25.7 
Protein of NP U of 60 (metric tons per day) _ ... ____ ....... 6,381 -------------- 4,956 
Protein of N P U of 60 (grams per capita per day) . ____ ..... 55.2 --------_ ... _--- 42.9 

See footnotes at end of table. 
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TABLE l3.-Estimates of protein needs based on FAD reference body weight and 
body weight as determined in Pakistan-Continued 

PAKISTAN (1970) PROJECTION OF PROT.EIN NEEDS' 

Protein High-level Low-level 
Body weight required High popula- protein needs Lowpopula- protein needs 

Age (kilograms) (gmmsper tion estimate (metric tons tion estimate (metric tons 
kfiogmm (thousands) per day) (thousands) per day) 
per day) 

o to 1 _____________ 
9 2 6,160 110 5,046 91 1 to 4 _____________ 

13 1.06 20,727 2&'i 18,846 259 
5 to 9 _____________ 24 .94 21,172 477 21,172 477 
10 to 14: 

Ma.le. ________ 40 .86 8,595 295 8,595 295 
Female _______ 40 .86 8,329 286 8,329 286 

15 to 19: 
Male _________ 

46 .77 7,332 259 7,332 259 
Female _______ 42 .77 7,075 228 7,075 228 

20 to 29: 
Male _________ 60 .71 9,352 331 9,352 331 
Female _______ 45 .71 8,724 278 8,724 278 

30 to 39: 
Male _________ 50 .71 7,384 262 7,384 262 
Female. ______ 45 .71 6,833 218 6,833 218 

40 to 49: 
Male _________ 50 .71 5,476 194 5,476 194 
Female _______ 45 .71 4,999 159 4,999 159 

50 to 59: 
Malo _____ - ___ 50 .71 3,753 129 3,753 129 
Female ______ .:. 45 .71 3,533 112 3,533 112 

60 to 69: 
Male _________ 60 .71 2,182 78 2,182 78 
Female _______ 45 .71 2,281 73 2,281 73 

70a.nd up: 
Male _________ 50 .71 1,187 42 1,187 42 
Female _______ 45 .71 1,799 57 1,799 57 

TotaL _____ ---.-----_ ...... - .. ...... -----_ ........... -... 136,893 3,882 133,898 3,828 

Total: 
FAO reference protein (metrIc tons per day) ______________ 3,882 --_ .. __ ...... - ... ---- 3,828 
FAO reference protein (grams per capIta per day) _________ 28.3 ......... _--- ... _----- 28.7 
Protein ofNPU or 60 (metric tons per day) _____________ 6,471 ----_ .. _------- 6,394 
Protein of NPU of 60 (grams per capIta per day) __________ 47.3 -----_ ...... ---_ ... - 47.7 

See footnotes at end of table, 
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TABLE 13.-E8timate8 oj protein needs based on FAD reJerence body weight and 
body weight as determined in Pakistan-Continued 

PAKISTAN (1975) PROJECTION OF PROTEIN NEEDS 

Protein High-level I Low-level 

Age 
Body weight required High popula· protein needs Low popula- ! protein neexs 
(kilograms) (grams per tlon estimate (metric tons tlon estimate (metric tons 

kilogram (thousands) per day) (thousands) per day) 
per day) 

Oto L ____________ 9 2 7,462 134 5,.716 102 
1 to 4 ________ •• ___ 13 1.06 25,239 347 19,376 266 
lito 9 __ ~_ ...... _ .. 24 .94 25,338 571 22,551 508 
10to 14: 

Male •••••• _._. 40 .86 10,623 365 10,623 365 
Female _____ •• 40 .86 10,225 351 10,225 351 

16 to 19: 
Male .•• _. __ •• _ 50 .77 8,498 327 8,498 327 
Female ___ •• __ 46 .77 8,232 291 8,232 291 

20 to 29: 
Male __ ••••• __ • 53 .71 12,540 471 12, Ii40 471 
Female_ •• ____ 48 .71 11,944 407 11,944 407 

30 to 39: 
Male. _________ 53 .71 7,588 285 7,588 285 
Female ____ ••. 48 .71 7,034 239 7,034 239 

40 to 49: 
Male ______ ._._ 53 .71 6,380 240 6,380 240 
Female ___ • __ • 48 .71 5,887 200 5,887 200 

60 to 59: 
Male. ______ • __ 53 .71 4,344 163 4,344 163 
Female._. ____ 48 .71 4,086 139 4,.086 139 

60 to 69: 
Male __ •• ___ • __ 53 .71 2,524 95 2,624 95 
Female _______ 48 .71 2,606 89 2,606 89 

70 and up: 
Male. ______ • __ 53 .71 1,283 48 1,283 48 
Female._. ____ 48 .71 1,832 62 1,832 62 

Total _______ ----- .. -................ - _ ... _--- ..... _----- 163,665 4,831 153,272 4,648 

Total: 
FAO reCerence protein (metric tons per day) ______________ 4,831 -_ ................... _ .... 4, 648 
FAO reference protein (grams pet capita per day) _____ .. __ 29.5 -- ... -... -_ ... -............ 30.4 
Protein ofNPU of eo (metric tons pet day) ___________ . ____ 8,053 -"",,, .. _-- .......... -.... 7,761 
Protein of NPU of 60 (grams pet capita per day) __________ 49.2 .. -_ .. _--""-_ ......... 50.6 

See footnotes at end of table. 
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TABLE l3.-Estimates of protein needs based on FAO reference body weight and 
body weight as determined in Pakistan-Continued 

PAKISTAN (1980) PROJECTION OF PROTEIN NEEDS 

Protein IDgh-level Low-level 
Body weight required High popula- protein needs Lowpopula- protein needs 

Age (kilograms) (ftams per tlon estimate (metrIc tons tion estimate (metric tons 
Uogram (thousands) per day) (thousands) per day) 

per day) 

o to 1 _____________ 9 2 9.204 165 7,lM 128 
1 to 4 _____ ~ _______ 13 1.06 31,169 427 24,105 332 
5 to 9 _____________ 

24 .94 31,075 701 . 23,847 538 
10 to 14: 

Male __________ 40 .86 12,744 438 11,344 300-
Female _______ 40 .86 12,253 421 10,007 375 

15 to 19: 
Male ____ ~ _____ 50 .77 10,507 404 . 10.507 404 
Female _______ 46 .77 10,112 358 .10,112 358 

20 to 29: 
Male __________ 53 .71 15,509 583 15,509 583 
Female _______ 48 .71 14,996 511 14,996 511 

30 to 39: Male __________ 
53 .71 9,046 340 9,046 340 

Female _______ 48 .71 8,441 287 8,441 287 
40 to 49: 

Uale __________ 
53 .71 7,030 2M 7,030 2M 

Female _______ 48 .71 6,M5 223 6,M5 223 
50 to 59: Male __________ 

53 .71 4,937 185 4,937 185 
Female _______ 48 .71 4,M8 158 4,648 158 

60 to 69: 
Male __________ 

53 .71 2,925 110 2,926 110 
Female _______ 48 .71 2,983 101 2.893 101 

70 and up: 
Male __________ 53 .71 1,463 55 1,463 55 
Female _______ 48 .71 1,968 67 1.968 67 

TotaL ______ ---- ...... _ ...... -_ ... _- --_ ... _--------- 197,555 5,807 178,477 5,477 

Total: 
FAO referenee protein (metric tons per day) ______________ 5,807 -_ ... ----------- 5,416 
FAO reference protein (grams per capita. per day) ________ 29.4 ... _ .... __ ... _------- 30.3 
Protein of NPU of 60 (metric tons per day) _______________ 9,679 -------------.. 9,026 
Protein of NPU of 60 (grams per capita per day) __________ 49.0 -------... _----- 50.6 

See footnotes at end of table. 
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TABLE IS.-Estimates of protein needs based on FAO reference body weight and 
body weight as determined in Pakistan-Continued 

PAKISTAN (1985) PROJECTION OF PROTEIN NEEDS 

Protein High-level . i Low-level 

Age 
Body weight required High popula- protein needs Low popula- protein needs 
(kilograms) (grams per tion estimate (metric tons . tlon estimate (metric tons\ 

kilogram (thousands) per day) i (thousands) per day) 
per day) 

o to 1 ___ • __ • ______ 9 2 11,409 205 8,687 156 
1 to 4_. ___________ 13 1.06 38,922 536 30,134 415 
5 to 9 __ • __________ 24 .94 38,684 872 29,956 675 
10 to 14: 

Malo __________ 40 .86 15,667 538 12,023 413 
Female. ____ •• 40 .86 15,054' 517 11,553 397 

15 to 19: 
Male __ • ___ ••• _ 52 .77 12,611 504 11,226 449 
Female •••• __ • 48 .77 12,128 448 10,794 398 

20 to 29: 
Male •• _ •••• ___ 56 .71 18,601 739 18,601 739 
Female •• _. ___ 51 .71 17,973 650 17,973 650 

30 to 39: 
Male_. __ • _____ 56 .71 12,111 481 12,111 481 
Female._. ___ • 51 .71 11,550 418 11,550 418 

40 to 49: 
Male. _________ 56 .71 7,216 286 7,216 286 
Female. ______ 51 .71 6,735 243 6,735 243 

50 to 59: 
Male __ ._. _____ 56 .71 5,764 229 5,764 229 
Female •• _. ___ 51 '.71 5,470 198 5,470 198 

60 to 69: 
Male •• ___ ._. __ 56 .71. 3,428 136 3,428 136 
Femalo._. ____ 51 .71 3,464 i 125 3,464 125 

70 and up: 
Male._. ____ •• _ 56 .71 1,730 69 1,730 69 
Female ___ •• __ 51 .71 2,200 80 2,200 80 

Total _______ ----------- .... -.. -- ... _ ... _----- .... - 240,717 7,282 210,615 6,565 

Total: 
FAO reference protein (metric tons per day). _____________ 7,282 -------- ... ----- 6,565 
FAO reference protein (grams per capita per day) _________ 30.3 -- ... -- ......... _--- ...... 31.2 
Protein of NPU of 60 (metrlc tons per day)_. _____________ 12,137 --............ -_ .. _--- 10,942 
Protein of NPU of 60 (grams per capita per day) _______ • __ 50.4 ... _ .......... _---_ ... _-- 52.0 

1 WHO Tech. Report Series No. 301, ProteIn Requirements. 
2 ICNND Nutrition Survey of East Pakistan and personal data of Dr. Barbara Underwood. 
3 Includes 1.7 grams per kilogram for infant protein requirement plus an allowance for pregnancy using 

FAO procedure • 
• See populatIon projection tables and footnotes. 
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TABLE 14.-Estimates of protein needs based on FAD'referen::.e body weight and 
body weight as determined in Brazil 

BRAZIL-1965 

Protein 1 Bod~ weight 1 Protein Protein 
PopulatIon required AO needs Body weight I needs 

Age (thousands) msper reference (metric tons Brazil data (metric tons 
gram (kUograms) per day) (kUograms) per day) 

per day 

o to L ••••••••...• 3,037 32.0 D 55 7 43 
1 to 4. ____ •••••••• 10,660 1.06 13 146 12 135 
Ii to D •• _ •• _ •••••• _ 11,636 .94 24 262 20 218 
10 to 14: 

Male ••••••••.• 4,915 .86 40 169 32 135 
Female_ ••• _ •• 4,927 .86 40 169 32 135 

15 to 19: 
Male •••••••••• 4,109 .77 60 189 50 158 
Female ____ •• _ 4,165 .77 50 153 48 153 

20 to 29: 
Male •••••••••• 6,351 .71 65 293 62 279 
Female ____ ••• 6,435 .71 65 251 55 251 

3D to 39: 
Male •• _____ • __ 4,726 .71 65 218 62 208 
Female __ •• __ . 4,783 .71 55 186 55 186 

40 to 49: 
Male •• ________ 3,434 .71 65 158 62 151 
Female_ •• ____ 3,491 .71 65 136 65 136 

50 to 59: 
Male ___ • ____ •• 2,287 .71 65 105 62 100 
Female __ • ____ 2,344 .71 65 91 55 D1 

60 to 69: 
Male _______ ._. 1,315 .71 65 61 62 58 
Female. __ ••• _ 1,407 .71 65 65 55 55 

70 and up: 
Male. __ . _____ • 583 .71 65 27 62. 26 
Female_ •••••• 696 .71 65 28 55 i 27 

Total ____ • __ 81,301 -.. -....... __ .. __ ....... - ... _-_ ........ _---_ ....... 2,757 ...-_ ...... - ............. _--- 2,550 

Total: 
FAO Reference Protein (metric tons per day) __________ ._ 2,757 ---......... ----- ... _- 2,550 
FAO Reference ProteIn (grams per capita per day) _. ___ •• 33.9 ........ _--------_ .. 31.4 
Protein of NPU of 65 (metric tons per day) •••• _______ •.•. 4,245 ----------- ... -- 3,924 
Protein of NPU of 65 (grams per capita per day) __________ 52.2 _ ... ------------ 48.3 

See footnotes at end of table. 
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TABLE 14.-Estimates of protein needs ba8ed on FAO reference body weight and 
body weight as determined in Brazil-Continued 

BRAZIL (19'(0) PROJECTION OF PROTEIN NEEDS f 

Protein I High level Low level 

Age 
Body weight required High popula- • protein needs Lowpopula- protein needs 
(kilograms) <mmsper tion estimate (metric tons tion estimate (metric tons 

llogram (thousands) per day) (thousands) per day) 
per day) 

o to 1 _____________ 
9 2.0 3,508 63 3,227 58 

1 to 4 _____________ 13 1.06 12,342 170 11,959 164 
5 to 9 _____________ 24 .94 13,171 297 13,171 297 
10 to 14: 

Male __________ 40 .86 5,799 199 5,799 199 
Female _______ 40 .86 5,711 196 5,711 196 

III to 19: 
Male. _________ 50 .77 4,856 186 4,856 186 
Female _______ 48 .77 4,867 179 4,867 179 

~to 29: 
Male __________ 62 .71 7,394 325 7,394 325 
Female _______ M .71 7,501 292 7,501 292 

30 to 39: 
Male __________ 62 .71 5,317 234 5,317 234 
Femal~ _______ M .71 5,421 211 5,421 211 

40 to 49: Male __________ 
62 .71 3,907 171 3,907 171 

Female ______ • 55 .71 3,9M 1M 3,955 1M 
00 to 59: Male __________ 62 .71 2,655 116 2,655 116 

Female _______ 55 .71 2,749 107 2,749 107 
60 to 69: 

Male. _________ 62 .71 I,M4 68 1,544 68 
Female _______ 55 .71 1,660 65 1,660 65 

70 and up: 
Male. _________ 62 .71 737 32 737 32 
Female _______ M .71 876 34 876 34 

TotaL _____ ---_ .... _-------- ... _-------- ... _ ... - 93,970 3,107 93,306 3,097 

Total: 
FAO Reference Protein (metriC tons per day) __ . __________ 3,107 --------""'----- 3,097 
FAO Reference Protein (grams per capita per day) _______ 33.1 ------_ ... __ .. _-- 33.2 
Protein oC NPU of 65 (metric tons per day) _______________ 4,780 -------------- 4,764 
Protein of NPU of 65 (grams per capita per day) __________ 50.8 ... -........ _-----_ ...... 51.1 

See footnotes at end of table. 
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TABLE 14.-Estimates oj protein needs based on FAO reJerence body weight and 
body weight as determined in Brazil-Continued 

BRAZIL (1975) PROJECTION OF PROTEIN NEEDS 

Protein High-level Low-level 
Body weight required HIgh popula- proteIn needs Lowpopula- protein needs 

Age (kilograms) (fIams per tfon estImate (metriC tons tfon estimate (metric tons 
ilogram (thousands) per day) (thousands) per day) 

per day) 

o to 1 _____________ 
9 2.0 4,116 74 3,liSl 64 

1 to 4 _____________ 
13 1.06 14,548 200 12,978 178 

6 to 9 _____________ 
24 .94 15,337 346 14, 702 331 

10 to 14: Male __________ 
40 .86 6,601 227 6,601 227 

Female _______ 40 .86 6,452 221 6,452 221 
16 to 19: Male __________ 

67 .77 5,739 251 5, 739 251 
Female _______ 52 .77 5,653 226 5,653 226 

20 to 29: Male __________ 
65 .71 8,723 402 8,723 402 

Female _______ 58 .71 8,808 362 8,808 362 
30 to 39: Male __________ 

65 .71 6,069 280 6,069 280 
Female _______ liS .71 6, 166 253 6,166 253 

40 to 49: Male __________ 
66 .71 4,449 206 4,449 205 

Female _______ liS .71 4,539 186 4,539 186 
liO to 59: Male __________ 

66 .71 3,076 141 3,075 141 
Female _______ 58 .71 3,206 132 3,206 132 

60 to 50: Male __________ 
65 .71 1,816 84 1,816 84 

Female _______ liS .71 1,968 81 1,968 81 
70 and up: Male __________ 

66 .71 914 42 914 42 
Female _______ liS .71 1,088 45 1,088 45 

Total _______ -------------- -_ .......... _------- 109,267 3,766 106,527 3,719 

• 
Total: 

FAO Reference Protein (metric tons per day) _____________ 3, 765 ... _--_ .. -... ------ 3,719 
FAO Reference Protein (grams per capita per day) _______ 34.4 -------------- 34.9 
Protein of NPU of 65 (metric tons per day) _______________ 5,792 ...... ------------ 6,722 
Protein of NPU of 65 (grams per capita per day). _________ 53.0 --_ .... -......... _ ...... _-- 53.7 

See footnotes at end of table. 
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TABLE 14.-Estimates of protein needs based on FAO reference body weight and 
body weight as determined in Brazil-Continued 

BRAZIL (1980) PROJECTION OF PROTEIN NEEDS 

Protein High·level Low·level 
Body weight required High popula- protein needs Lowpopula- protein needs 

Age (kilograms) (grams per tion estimate (metric tons tion estimate (metric tons 
kilogram (thousands) per day) (thousands) per day) 
per day) 

o to L ____________ 9 2 4,838 87 3,967 71 
1 to 4 _____________ 13 1.06 17,248 237 14,565 200 
5 to 9 _____________ 24 .94 18,170 409 16,125 363 
10 to 14: 

Me.1e __________ 40 .86 7,756 266 7,434 255 
Female. ______ 40 .86 7,467 256 7,158 246 

15 to 19: 
Me.1e __________ 

57 .77 6,541 287 6,541 287 
Female _______ 52 .77 6,398 256 6,398 256 

20 to 29: 
Male __________ 65 .71 10,348 477 10,348 477 
Female_. _____ 58 .71 10,303 424 10,303 424 

30 to 39: 
Me.1e __________ 65 .71 7,110 328 7,110 328 
Female _______ 58 .71 7,238 298 7,238 298 

40 to 49: 
Me.1e __________ 65 .71 5,043 232 5,043 232 
Feme.1e _______ 58 .71 5,181 213 5,181 213 

50 to 59: 
Me.1e __________ 65 .71 3,533 163 3,533 163 
Female _______ 58 .71 3,664 150 3,664 150 

00 to 69: 
Me.1e __________ 65 .71 2,139 99 2,139 99 
Feme.le _______ 58 .71 2,341 96 2,341 96 

70 and up: Me.le __________ 
65 .71 1,116 52 1,116 52 

Female _______ 58 .71 1,336 55 1,336 55' 

Tote.1 _______ ............ __ ............... __ ... -------------- 127,770 4,391 121,540 4,270 

Total: 
FAO Reference Protein (metric tons per day) _____________ 4,391 -----------_ ... - 4,270 
FAO Reference Protein (grams per capita per day) _______ 34.4 _ .. _----------- 35.2 
Protein of NPU of 65 (metric tons per day) _______________ 6,755 ----------- ...... - 6,570 
Protein of NPU of 65 (grams per capita per day) __________ 52 ------------ - 54.1 

See footnotes at end of table. 
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TABLE 14.-Estimates of protein needs ba8ed on FAD reference body weight and 
body weight as determined in Brazil-Continued 

BRAZIL (1985) PROJECTION OF PROTEIN NEEDS 

Protein I mob-level Low-level 

Age 
Body weight required HIgh popula- protein needs Lowpopula- protein needs 
(kilograms) (grams per tlon estimate (metric tons tlon estimate (metric tons 

kilogram (thousands). per day) (thousands) per day) 
per day) 

o to 1 _____________ 9 2 5,691 102 4,325 78 
1 to 4 _____________ 13 1.06 20,447 281 16, 298 224 
5 to 9 _____________ 

24 .94 21,626 487 18,151 409 
10 to 14: 

Male •• ________ 40 .86 9,210 316 8,174 281 
Female _______ 40 .86 8,849 304 7,853 270 

15 to Ill: Male __________ 
59 .77 7,696 249 7,377 335 

Female _______ 54 .77 7,417 308 7,110 295 
20 to 29: 

Male __________ 
68 .71 12,037 581 12,037 581 

Female _______ 61 .71 11,848 513 11,848 513 
30 to 39: 

Male __________ 
68 .71 8,437 407 8,437 407 

Female _______ 61 .71 8,552 370 8,552 370 
40 to 49: 

Male __________ 
68 .71 5, 796 279 5, 796 279 

Female _______ 61 .71 5,931 256 5,931 256 
00 to 59: 

Male __________ 
68 .71 4,060 196 4,060 196 

Female ______ • 61 .71 4,239 183 4,239 183 
60 to 69: 

Male __________ 68 .71 2,510 121 2,510 121 
Female _______ 61 .71 2,764 119 2,764 119 

70 and up: Male __________ 
68 .71 1,356 65 1,356 65 

Female. ______ 61 .71 1,638 71 1.638 71 

Total _______ ---_ ...... ---_ ... _- ... ... _----_ ... _----- 150,104 5,208 138,456 5,053 

Total: 
FAO Reference Protein (metric tons per day) ____________ 5,208 ---------_ ... _-- 5,053 
FAO Reference Protem (grams per capita per day) _______ 35.4 -------------- 36.5 
Protein of NPU of 65 (metric tons per day) _______________ 8,180 -----------_ .... - 7,783 
Protein of NPU of 65 (grams per capita per day) __________ 54.5 ---_ ...... _------- 56.2 

1 WHO Tech. Report Serles No. 301, Protein Requirements. 
2ICNND Nutrition Survey Data for North East Brazil and other Latin American countries. 
3 Includes 1.7 gm/kg for infant protein requirement Rlus an allowance for pregnancy using FAO procedure . 
• See population projection tables and footnotes. 
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2.0 PROJECTED TRENDS OF TRADE 
IN AGRICULTURAL PRODUCTS 

2.1.0 Summary 

While most developing countries have increased their agricultural 
output, increases in production have not kept pace with rising con
sumption. This has been made possible by rising net imports from 
developed countries, largely on the basis of concessional sales from the 
United States. 

Increasing world food production is, in part, dependent upon hav
ing markets available to producers. It is through trade that world 
prices and market opportunities are reflected to food producers, thus 
providing incentives and means for expanding output. Many trade and 
agricultural policies tend to emphasize national self-sufficiency and 
to employ protective mechanisms which inhibit freer trade. 

If per capita food consumption and the quality of human nutrition 
in the developing free world are to rise at a more rapid rate than in 
recent years, a combination of the following, all of which appear to 
be possible, will need to occur in the developing countries: 

1. Decrease population growth rates. 
2. Increase agricultural production and productivity more 

ra pidly than 'at present. 
3. Increase per capita income more rapidly than current rates 

of advance. 
4. Accelerate commercial trade in food with some interim ex

pansion of food aid through increased participation of other de
veloped countries. 

The fundamental problem is how to achieve total economic growth
to raise productivity and increase the purchasing power of the people. 
To accelerate development, the agricultural complex of farms, indus
tries, services and public policies is of critical concern because: 

1. Improved productivity in agriculture is essential to self
sustained growth. 

2. Most developing countries have the potential for increasing 
both agricultural production and the ability of their people to 
acquire food. 

3. This sector employs more than 50 percent of the labor force. 
263-888 0-67-'-11 139 
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4. A substantial portion of the low income people are rural 
residents. 

Analysis of trade and agricultural policies of developed and develop
ing countries suggests that: 

1. Economic and technical assistance from developed countries to 
support more rapid economic development is an essential pre-condi
tion to improvement in human nutrition and living standards in de
veloping nations. 

2. To increase the rate of economic development and to improve 
world efficiency in agricultural production, countries and areas should 
concentrate on products in which they have or can develop a compara
tive advantage. This calls for freer trade, not for narrow national 
self-sufficiency or tightly protected regional trading blocs. Specifically, 
the United States should further liberalize its own tariff 'and quota 
policies on agricultural products and· should continue to press for freer 
access to the European Economic Community (EEC) and other re
gional trading blocs by non-members. To the extent that common mar
kets are a step toward freer trade to the world as well as to their mem
bers, they should be encouraged. 

3. Because food exports to developing countries on concessional 
terms will be required for some years to come to accelerate overall 
economic growth: 

a. Food aid and storage of reserve stocks of key foods should be 
the joint responsibility of the several developed nations. Most 
actual food aid will be bilateral but discussions and planning 
with respect to cooperation in the organization and financing 
of concessional sales should take place in a multi-lateral frame
work. 

b. Food aid should be administered to provide maximum incen
tives to the developing countries to increase production by 
investing in their own agriculture. (This may mean highe,r, 
not lower food prices in recipient countries. Food aid should 
not be used to depress prices received by producers.) 

4. United States concessional trade (food aid) should: 

a. Be conditioned on implementation of self-help requirements. 
b. Encourage reduction or removal of export taxes on agricul

tural products and taxes on imports of agricultural inputs in 
recipient countries. 

c. Be motivated by objectives other than that of disposing of 
surpluses. 

5. Ill; connection with United States aid and self-help policies, the 
developing countries should be encouraged to expand their food trade 
with one another as well as with the developed world. Reductions in 
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barriers to the movement of food and agricultural production inputs 
will encourage production, lower costs, and stimulate expansion in 
line with comparative advantage. 

6. EXlpansion of concessional sales over an indefinite period is not 
in the best interest of either donor or recipient nations nor is it physi
cally possible. Long-term, hard bases of trade are not established. 
Production capability of donor nations is expanded at the donor na
tions' expense, not on the basis of comparative advantage or viable 
markets. Recipient nations lnay use such imports as a crutch to avoid 
the consequences of unchecked popUlation growth, an unproductive 
agriculture, and irresponsibility in accelerating domestic economic 
growth. 

7. The United States and other developed countries should care
fully review their. import policies with respect to potential export 
commodities of developing countries to reduce impediments to in
creased consumption and imports. 

8. The world capacity to produce wheat may again in the future be 
larger than the economic demand for the crop. Thus, it is important 
that world price policies on wheat be set so that they can be competitive 
with feed grains. Further, if Canada, Australia, and Argentina are 
to continue to expand their wlllmt exports, these exports will prob
ably have to move in part on a (.'oncessional basis. The United States 
should not withdraw from the commercial markets and leave them 
to competitors while it provides most of the food aid. 

9. United States producers of major commodities have an important 
stake in the viable commercial world markets for products which can 
be used to meet international competition. Among these products are 
the 'coarse grains, wheat, cotton, and plant proteins, especially soy
beans. Our trade and agricultural policies must be such that the 
United States remains aggressive in the expanding commercial markets 
of the world: (a) to assure continued growth in efficiency and pro
ductivity in the United States and (b) to obtain the foreign exchange 
with which to buy commodities for which foreign producers have 
greater comparative advantage. 

10. East-West trade appears to be increasing; the ability of the 
developed to help the developing will be conditioned by the Eastern 
world. If the Eastern world is an active buyer in the commercial 
market, its purchases will likely take priority over concessional sales. 
Therefore, improved international intelligence concerning crop con
ditions and plans to buy and sell is needed to make complex inter
national marketing more predictable. 

11. International commodity organizations should maintain and 
intensify their efforts to forecast supply and demand conditions for 
their commodities and they should provide technical help to shift pro
duction to items presently or prospectively in short supply. 
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2.2.0 Introduction 

World food production could rise to levels adequate to feed al1 
people while malnutrition remained the unfortunate lot for many. 
Distribution within countries and among countries and people is not 
automatic. Trade is one means by which stocks abundant in one 
country are exchanged directly or multilaterally for goods and services 
of other nations. All of the trading partners stand to benefit from 
international trade, excuted in accord with the principle of compara
tive advantage. 

In this analysis we: 

-Describe the current food situation in the United States and 
the developed as well as the developing world with respect to 
trade, agricultural policy, and commodity trade agreements. 

-Present projections of world trade in agricultural products 
under differing assumptions with respect to growth. In essence, 
this is an attempt to forecast the magnitudes of trade potential, 
primarily in terms of cereal grain equivalents, on both con
cessional and commercial bases. 

-Suggest directions in which trade and agricultural policy 
should move if a primary objective is to accelerate growth and 
productivity in agriculture as a part of balanced development. 

2.3.0 Current World Trade and Agricultural Policies 

B.3.1 The United Btate8 
Important current United States agricultural policies and programs 

from the standpoint of international trade include: 

a. Aggressive efforts to expand commercial exports and develop 
foreign markets. 

b. Sustained initiative for multilateral action through the reduc
tion of tariffs and non-tariff barriers to trade. 

c. Programs and policies associated with reductions in domestic 
stocks of major surplus commodities. 

d. The closer alignment of United States prices of some farm 
products to prices in international markets. 

e. Changes in P.L. 480 and food aid programs. 
f. Import protection policies on certain agricultural products. 

Export expansion activities have been a significant factor in the 
doubling of United States exports over the past decade. Federal Gov
ernment programs of acreage diversion, concessional sales, and ex
pansion of exports have been instrumental in reducing stocks of 
wheat, feed grains and dairy products. However, cotton, tobacco, and 
peanut stocks continue at relatively high levels. In 1965, approxi-
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mately 57 million acres were diverted from production under various 
programs. Several features of the programs are discretionary, thereby 
permitting a certain degree of flexibility of response to meet changing 
supply and demand conditions. 

g.a.l.l Lower Market Prices. United States ma,rket prices for some 
farm products have been aligned more closely with prices in inter
national markets in recent years. Adjustments were first made on 
feed grains with subsequent changes for wheat and cotton. 

When direct subsidies of feed grain exports were stopped, the legis
lation was changed to provide "cooperators" with a combination of 
price support loans, price support payments, and diversion payments 
for voluntarily diverting acreage from production. These program 
provisions attempt to protect the income of cooperators, while at the 
same time making possible the reduction of support prices and lower 
market pr~ces. 

Wheat legislation has been modified to bring United States market 
prices closer to prices in world markets. At the same time, the mechan
ism for payment of export subsidies has been continued. Export pay
ments averaged about 30 percent of the export value in 1966 (Table 
2-1). 

TABLE 2-l.-Average per unit e::cport value and estimated export payment Jor selected 
agricultural commodities, JUly-June 1965-66 

Average export 
Commodity Unit 

Wheat (amln) 'R .. "h"l 

Cotton, nnl!l.nd pnt1n~ 

Rice, ml11l'd 
pI'annt!l 

1 Derived from quantities and values reported by the Bureau of the Census. 
2 Payment-in-kind. 

value 1 

1.62 
0.25 
7.26 
0.11 

3 Estimated differential between domestic market price and CCC export sales price. 

Average export 
P3Fmjent 

(pre} minary) 

20.48 
2.06 

21.84 
2.07 

Comparable adjustments in support prices and, in market prices 
in turn, have not been instituted for dairy products, rice, peanuts, or 
tobacco. During the past year, rice export subsidies have been sub
stantially reduced because of the sharp rise in international market 
prices. Export payments on dairy have been discontinued as domestic 
markets absorbed all output at market prices. 

12.3.1.12 P.L. 480 Ewports. Legislation recently l)assed by Congress 
makes several significant changes in the program. For example, the 
legislation: 

1. Authorizes sale and delivery of commodities not in surplus. 
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2. Emphasizes self-help by recipient countries in increasing 
food production. 

3. Directs that a transition be made from sales for foreign 
currencies to sales for dollars. 

The value of food shipments under P.L. 480 has been relatively 
stable, ranging from $1.53 billion to $1.67 billion over the past 5 years. 
More of the P.L. 480 slupments are now going to low income countries. 
In 1965, about 85 percent of the P.L. 480 slupments went to countries 
with 1960 per capita incomes under $200. Shipments under long-term 
credits have increased rapidly. In the past year, about two-thirds of 
P.L. 480 shipments were in the form of wheat, wheat flour, and grain 
sorghuns. Over 70 percent of wheat exports were made under P.L. 
480 (Table 2-2) . 

TABLE 2-2.-United State8 agricultural export8 of 8elected commoditie8, 1985 

Total U.S. Percent of Percentage of 
exports production exports under 

(mlllion dollars) exported 1 major Govern· 
ment programs 2 

Commodity 

Wheat and wheat 11our _____ • __ • _________ • ____ • _________ _ 1,184 55 70 
Feed graIns._._ .. ______ ••• _ •• ______ •• ____ •• _. __________ _ 1,134 16 7 Soybeans_ •• ___________________________________________ _ 348 
OUseeds and products ________ • _______ • _________________ _ 1,156 12 
Tobacco ______ ._. _____________ •••• ___ • _________________ _ 383 25 16 Cotton ________________________________________________ ._ 

486 30 23 Dry milk •• ___ • ________________________________________ _ 
126 43 49 

1 Based on 1965-66 data. 
2 Based on value data, Public Law 480 and AID. 
a Including bean equivalent of S'Oybeau on for export. 

Source: U.S. Department of Agriculture Economic Research Service. Foreign agricultural trade of the 
United States. 1uly and September 1966. 

Most of the P.L. 480 shipments have continued to be under Title I 
(sales for local· currencies). In several countries the local currencies 
held by the Federal Government far exceed the anticipated levels of 
United States local currency needs. 

~.3.1.3 East-We8t Trade. In 1963--64 imports of wheat by Commu
nist China and the USSR reached a peak of 20.6 million metric tons 
and were at a similar level in 1965-66. The United States has been 
largely excluded from direct participation in these sales. A significant 
factor that limited United States wheat exports to the USSR was 
the requirement that one-:-hal£ of the sales of wheat sold to these areas 
be shipped on United States flagships. This implies a freight cost about 
$4 per metric ton higher than for purchases from Canada. There have, 
however, been indirect effects of the Sino-Soviet Bloc purchases of 
wheaton United States wheat exports. 
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The expanded volume of East-West trade in industrial as well as 
agricultural products raises substantial trade policy questions for the 
Western world. 

~.3.1.4 Prices and Quantities. World export prices of agricultural 
products declined about 20 percent from the early 1950's to 1962. Price 
changes since 1962 have been mixed. Export prices of grains except 
for rice have remained near the 1962 levels (Table 2-3). 

TABLE 2-3.I-Average unit value of specified United States export commodities, 
fi8cal years, average 1950-54, annually 1960-66; and July 1965. and 1966 2 

[Dollars per metric tonl 

FIscal year Corn Wheat 3 

1950-54 average ________________________________ _ 68.92 78.05 1960 ___________________________________________ _ 
51.07 62.79 

1961 ___________________________________________ _ 
49.29 64.04 1962 ___________________________________________ _ 
49.00 65.76 

1963 _____________ • _____________________________ _ 
60.47 66.82 

1964 ____________________ •• _______ •••• __________ _ 53.65 65.81 
1965 ___ •• ____________ . _____ •• ________________ • __ 04.94 63.72 1966 ____ • ___ • ____ • _____________________________ _ 

54.69 60.04 
July: 

1965 _______________________________________ _ 
55.31 60.26 1966 _______________________________________ _ 
56.30 62.42 

1 Complled from official records, Bureau of the Census. 
% Calculated by dividing value by quantity. 
3 Includes grain equivalent of flour. 

Rice Cotton 

195.17 823.62 
160.22 532.80 
139.89 570.68 
143.93 596. 62 
148.40 582.62 
151.49 563.53 
157.11 555.41 
160.51 607.89 

164.24 586.43 
167.11 571.00 

This has contributed to an important continuing deficit in the United 
States balance of payments. Commercial agricultural exports ex
panded by $1.3 billion from 1960 to 1965 (Table 2-4) while conces
sional sales of agricultural products have made possible substantial 

TABLE 2-4.-AgricuUure's contribution to the balance-of-payments, calendar years 
1960-65 

[Millions of dollars] 

Item 1960 1961 1962 1963 1964 1965 
----------

Commercial agrIcultural exports ______________________ 3,361 3,423 3,483 3,972 4,595 4,699 
Plus: Imputed dollar export earnings from exports of 

agricultural prodUcts under speclfled Government 
programs 1 __________________________________________ 

128 163 163 217 328 363 
Total agricultural dollar earnings: actual plus imputed. ____________ w ______________________________ 

3,489 3,586 3,646 4,189 4,923 5,062 
Less: agricultural imports for consumptlon _____ 3,824 3,691 3,868 4,011 4,082 4,088 

Net contribution to the balance-of-payments attribu-
table to agricultural merchandise trade _____________ -335 -105 -222 178 841 974 

1 Foreign currencies and commodltles utilized In lieu of dollars by U.S. Government agencies abroad may 
be considered for balance-of·payments accounting purposes as a dollar expenditure flnanced by an equlvalen t 
commercial export of farm products. 

Source: Kruer, G. R: Agricultural exports continue to help balance of payments. U.S. Dep. Agr. Econ. 
Res. Serv. Foreign Agr. Trade of the U.S.: 47-52. September 1966. 
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United States procurement of foreign supplies and services with for
eign currencies. Returns from concessional sales in some rapidly grow
ing countries such as Israel, Spain, Taiwan, and Greece have been 
largely converted from P.L. 480 to commercial imports. 

B.3.1.5 United States Import Progra'ln8. The United States has a 
relatively liberal policy with regard to imports of tropical agricultural 
products. About one-half of their ~oricultural imports are free of duty. 
These are largely· the complementary imports, such as coffee and 
bananas (Table 2-5). The ad valorem equivalent of the other half of 
the commodities averages close to 10 percent. Some import quotas are 
imposed. The major ones are applicable to sugar and, under Section 
22 of the Agricultural Adjustment Act of 1933 as amended, to wheat 
and wheat flour, cotton, peanuts, and certain dairy products. (Table 
2-6). 

TABLE 2-5.-U.S. import duties on selected products 

Product 
Cattle, fresh chilled or frozen _ . _______________________ _ 
Goats and sheep (except lambs), fresh chilled or frozen __ _ 
Rice: 

Paddy___ _ _____________________ _ 
~illed ________________________________________ _ 
Broken ________________________________ _ 

Wheat: 
For mHling _ _ _ ________________________________ _ 
Flour _________________________________________ _ 

Corn for feed_ _ _ _ _ _______________________________ _ 

Vegetable oils: 
Peanut ________________________________ _ 
Olive __________________________________________ _ 

Soybean _______________________________________ _ 
COttonseed ____________________________________ _ 

Cotton (staple 1% inches +) (linters and staple under 1% 
inches enter tariff free). COffee _____________________________________________ _ 

Cocoa: 
lTnsweetened __________________________________ _ 

Sweetened (in barE! or blocks weighing 10 lbs. or more) 
Bananas____ _ _____________________ _ 

Tomatoes: 

TaTiffTate 

$0.03 per lb. 
$0.025 per lb. 

$0.0125 per lb. 
$0.025 per lb. 
$0.003125 per lb. 

$0.21 per bu. 
$0.52 per ewt. 
$0.25 per bu. 

$0.04 per lb. 
$0.0325-$0.0475 

per lb. 
$0.035 per lb. 
$0.03 per lb. 
$0.035-$0.0175 

per lb. 
Free. 

$0.0075 per lb. 
$0.01 per lb. 
Free. 

Natural_ 
Prepared or preserved ________________________ _ 

$0.015 per lb. 
_ 21 percent. 

Source: Corder, L., and Parisi, A. A. U.S. import duties on agricultural products 1959. U.S. Dep. Agr. 
Handbook 14.3, US p. September 1959. 
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TABLE 2-6.-U.S. import quotas, selected agricultural products 

VVheat _________________________________________________ _ 
VVheat products _________________________________________ _ 

Cotton: 
Long sta ple _________________________________________ _ 
Short sta ple _________________________________________ _ 
Cottonwaste _______________________________________ _ 
Cotton products ____________________________________ _ 

Peanuts ________________________________________________ _ 
Butter _________________________________________________ _ 
Dried skimmed milk _____________________________________ _ 
Dried whole milk ________________________________________ _ 
Cheddar cheese __________________________________________ _ 
Edam and Gouda cheese _________________________________ _ 
Blue-mold cheese ________________________________________ _ 
Italian-type cheese ________________________ ...; ______________ _ 

800,000 bu. 
4,000,000Ibs. 

45,656,420Ibs. 
14,516,882Ibs. 
5,482,509 lbs. 
1,000Ibs. 
1,709,000Ibs. 
707,000Ibs. 
1,807,000 lbs. 
7,000Ibs. 
2,780,100 Ills. 
9,200,400 lbs. 
5,016,999Ibs. 
11,500,100Ibs. 

Source: Corder, L., and Parisi, A. A. United States import duties on agricultural prod
ucts 1959. U.S. Dep. Agr. Handbook 143, 148 p., September 1959. 

One of the recent changes in United Stutes agricultural import 
policy for agricultural products was the beef import legislation of 
1964. This legislation applies only to fresh, chilled, and frozen beef; 
veal; mutton; and goat meat. Although the duties on these products 
were not changed, contingency quotas on imports were estahlished. 
These quotas are to be applied if imports are forec'ast to exceed base 
quotas by at least 10 percent. To date, meat imports have not been high 
enough for the quotas to become operative. 

Another important aspect of United States programs affecting im
ports has been the lowering of domestic support prices while protect
ing producer incomes with direct payments. Such programs are of 
special importance to cotton. In the past, when United States domestic 
prices were well above world levels, informal arrangements were made 
to restrain textile imports. The lower, current domestic market prices 
should discourage textile imports. Producer payments are also made 
to wool growers, but domestic prices of wool are maintained at levels 
higher than world prices by means of substantial import duties. 

Only a small· part of the world supply of sugar is sold at world 
prices. Most sugar is consumed in the countries where it is produced, 
and generally growers and processors are paid much higher prices than 
the world levels. Only· about 30 percent of world sugar production 
moves in international trade, mostly under negotiated or controlled 
price systems. During recent years, the world price of sugar has fluc
tuated from over 10 cents to less than 2 cents per pound. 

The United States sugar system invoives limitations on 'total sup
plies available to local consumers and the control of supplies by quotas 
allocated to foreign countries and domestic producers. Domestic grow
ers receive payments at a basic rate of approximately %0 cent per 
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pound of recoverable sugar. Domestic prices are maintained at rela
tively stable levels, which in most years are considerably higher than 
world prices. In August 1966 the New York spot, duty paid, price 
was 7 cents per pound, while the world market price dropped to 1.6 
cents per pound, f.o.b. Carribean. Sugar purchases from foreign coun
tries are made at United States prices less the duty of % cent per 
pound. 

~.,3.~ Other Developed 001JJntries 
Agricultural protectionism in many of the developed countries 

other than the United States has increased during the past five years. 
The EEC has adopted policies designed to give their producers rela
tively high prices and to insulate them from competition from im
ports. The United Kingdom continues to pursue self-sufficiency ob
jectives, and if European Free Trade Area (EFTA) countries should 
accede to the EEC -the scope of increased protection may be consider
ably enlarged. Japan, Canada, Australia, and New Zealand retain 
highly protective policies. 
~.3.~.1 EUTopea;n Eoonomio 00111!J1'l/Ul1'Lity. Coverage of the Common 
Agricultv.ral Policy of EEC now applies to approximately 90 percent 
of the agricultural production in the Community. In addition, agree
ment has been reached on provisions for financing the costs of agri
cultural programs and the level of common prices in the single market 
stage. These common prices are to become effective during the period 
November 1966 to July 1, 1968. 

The EEC system holds a price umbreUa over domestic production, 
permitting it to move into marketing channels a;t approximately the 
support price level without facing competition from imported prod
ucts. Imports are assessed a levy, which is sufficient to raise the price 
of the imported products to the Community level. Subsidies approxi
mately equal to the levy facilitate exports, and thus bridge the gap 
between the Community and world prices on exports as the levy does 
on imports. Foreign supplies are permitted to fill residual require
ments. With the implementation of EEC regulations, EEC prices of 
wheat, corn, cattle, and poultry would be from 40 to 70 percent above 
world prices of these products. Sugar would be supported at about 
$0.09 per pound (Table 2-7). In contrast·to the United States policy, 
sugar imports are purchased at world prices. 

The EEC has closely integrated agricultural price support and 
trade policy. Consequently, there is an almost complete absence of 
flexibility for policy makers to make adjustments in one without di
rectlyaffecting the other. This is one of the stated reasons that the 
Community has found it difficult to make offers in the Kennedy Round 
that would result in significant trade liberalization. 
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TABLE 2-7.-Estimated 1966 prices for selected products in countries participating 
in the European Economic Community if CAP policies were not implemented 
compared with world prices 

[PrIces in U.S. dollars] 

Product 

Wbeat ____________________________________ metrlc tons __ 
Barley _________________________________________ do~ ____ _ 
com __________________________________________ do _____ _ 
Poultry meat _________________________________ pounds __ 
Pork carcasses ________________________ bundredwelght._ 
LIve cattle _____________________________________ do _____ _ 

World 
price 1 

$60.00 
63.30 
62.15 

.27 
25.10 
21.00 

EEC 
Import 

$103.95 
88.55 
88.00 

(2) 
(2) 

30.05 

Ad 
Estimated valorem 

levy (equIvalent 
percent) 

$43.95 73 
25.25 40 
25.85 42 

.11 41 
6.08 24 
8.95 43 

I Assumed approxtmatelyequal to July-August 1006 levels, priCes in terms of EEC standard quallty· 
2 Considered as graln-derived products wItb no announced price objective. Levies are calculated on the 

basis ot feed price dIfferentials between the Community and world markets plus an element for protectIon. 

Source: ERS: FDTD: IMTB. 

The border treatment accorded agricultural imports into the Com
munity is generally non-discriminatory for temperate zone products 
among third country suppliers. Preferences, however, are granted to 
States associated with the Community. Among these are Greece, Tur
key, and 18 Associated Overseas Countries and Territories, largely 
former French Colonies in Africa. Association agreements with other 
European and African States are in various stages of negotiation. 

These preferences have substantial implic~tions for tropical prod
ucts. Discrimination has developed in the case of bananas, for exam
ple. Previous to the establishment of the EEC, Germany had a zero 
duty as does the United States; France had 20 percent; and Italy a 
50 percent duty, giving preference to their associated territories. The 
common· external tariff on bananas is presently planned to be 20 
percent. 

~.3.2.~ Other Oountries. Other developed countries have continued to 
push for increased self-sufficiency. For example, since the first part 
of the 1950's, the United Kingdom agricultural policies have employed 
deficiency payments to protect farm income with internal market 
prices permitted to reflect prices in international markets. Grants and 
subsidies are also made for such activities as fertilizer use. Deficiency 
payments and production grants and subsidies have been tremendously 
important to net farm income. Together they were equivalent to over 
60 percent of net farm income in 1963-64 and 1964-65. 

The United Kingdom degree of self-sufficiency for major products 
has increased. For meat, it has gone from 60 percent in the 1952-53/ 
1954-55 period to 68 percent in the 1963-64/1965-66 period. For grains, 
it has gone from 54 percent to 60 percent between the same periods. 

Bilateral arrangements have been emphasized extensively by the 
United Kingdom to give protection to internal markets and to restrain 
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any substantial increases in Exchequer expenditures for domestic agri
cultural programs. Further, increases in the protection offered to pro
ducers of grains and meats would be expected if the United Kingdom 
acceded to the EEC. 

Japan has had a very tightly controlled import system in terms of 
volume of commodities imported, as well as on the sources of the im
ports and monopolistic units handling imports. There has been sub
stantialliberalization in restrictions on imports of agricultural prod
ucts, but important restrictions remain. In addition, price support 
programs to promote maximum self-sufficiency and to support farm 
income have been continued. Producer prices are-generally well above 
prices in international markets. For example, producer prices for 
wheat are over $4.00 per bushel, while producer prices for rice have 
been over $12.00 per cwt. 

Generally, Canada and Australia have lower levels of producer 
prices than the United States. The general economic conditions in 
those countries, the dependence on international markets, and more 
limited national funds have dictated alignment of internal producer 
prices to prices in international markets. Even so, supplies and prices 
of international markets are not generally allowed to be fully opera
tive in domestic markets. While Canada, for example, has only a 
modest duty on wheat, all wheat imports must be licensed and licenses 
are not issued, resulting in feed grains entering Canada without a 
license. However, 'a program of feed grain subsidies is designed Ito 
prevent displacement of Canadian grain with imports from the United 
States. 

The Canadian Wheat Board is illustrative of the monopoly type 
boards utilized by other exporting countHes. All marketings of wheat 
in the Prairie Provinces are made to the Board which determines if 
a schedule of deliveries from individual producers is required and 
establishes the initial and subsequent payments to be made to pro
ducers. In turn, the Board handles all sales for domestic use and for 
exportation, engaging in commodity transactions with Communist 
Bloc countries as well as with private traders of other countries. 

~.3.3 Developing Oountries. 
Trade regulations relating to food in the developing countries in

cludea maze of exchange controls, tariffs duties, and surcharges, export 
taxes, quotas, bilateral arrangements, marketing board and State 
trading agencies, and import and export licensing requirements. 

Export earnings from the major tropical zone ·agricultural products 
are little higher now than during the early 1950's. A slow growth in 
vol ume has been offset by a decline in prices. In contrast, export earn
ings of temperate zone agricultural products are now substantially 
above the early 1950's, reflecting a much more rapid growth in the 
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volume of exports which has more than offset the decline in export 
prices. 

Both tropical and temperate zone agricultural export prices have 
shown a downward trend, although in the last year or so price aver
ages of temperate zone products have strengthened (Table 2-8). 

TABLE 2-8.-Change in agricuUural export prices for selected items during recent 
year8 1 

Annual change as a percent of 
average unit value 2 

Average deviation from trend 
line as a. percent of average 
unit value 

Commodity 

lO-year trend 17-year trend lo-year trend 17-year trend 
(1954-63) (1947-63) (1954-63) (1947-63) 

-0.3 -2.7 2.6 7.8 
-2.6 -3.6 4.5 9.1 
-1.1 -2.2 6.8 D.O 
-1.7 -2.4 7.1 10.2 
-8.5 -.2 7.2 25.7 
-7.8 -.6 14.9 20.0 

3.9 1.0 13.2 10.7 

1 Unit values per metric ton. 
2 Annual change is measured by trend coefficient in Y=a+bX. 

Source: Goolsby, O. H., Agricultural exports from temperate and tropical zones, changes in prices and 
foreign exchange earnings, 1947-63. U.S. Dep. Agr. Foreign Agr. Econ. Rep. No. 29 Mar. 1966. 

The year to yea.r fluctuations in prices of most of the major tropi .. 
cal products have been much grea;ter than those of wheat, feed grains, 
and other temperate zone products (Table 2-9). Most of the exports 
of the tropical zone products go ·to developed countries, where price 
and income elasticities are low. Also, storage and export policies of 
the developed countries have tended to minimize the price fluctuations 
of the temperate zone export products. 

Internal food prices in relation to other consumer prices were 
approximately at about the level of the mid-1950's during the early 
1960's in most of the developing countries (Table 2-10). In the last 
tw'o years, however, there has been a discernible increase in the rela
tive prices of food in most of the'developing countries of the Far East 
and Near East. Trends in Latin America and Africa apparently have 
been mixed. Increases in internal prices provide incentives for pro
ducers in several of these countries. 

Needs to maximize foreign exchange earnings and to minimize 
foreign exchange expenditures are the prime considerations dictating 
trade policies of the developing countries. Related considerations in
elude: (1) the separation in production, marketing, and consumption 
of the principal export products-such as coffee, jute, or bananas
from the food products-such as beans and grains-and, (2) the lack 
of financial resources to meet investment needs or to finance price sup
port programs. 
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TABLE 2-9.-Index of export prices of major agricuUural commodities 1 

[1957-59= 100] 

Year 

1947-51 average •• _. ______ . _____________________________ _ 
1952 ____________________________________________________ _ 
1953 _________________________________________ : __________ _ 
1954 ____________________________________________________ _ 
1955 ____________________________________________________ _ 
1956 ____________________________________________________ _ 
1957 ____________________________________________________ _ 
1958 ____________________________________________________ _ 
1959 ____________________________________________________ _ 
1960 ____________________________________________________ _ 
1961. ___________________________________________________ _ 
1962 ____________________________________________________ _ 
1963 ____________________________________________________ _ 
19M ____________________________________________________ _ 
1965 ____________________________________________________ _ 

1 Unit values per metric ton. 

Tropical 
zone 

commodities 2 

97 
113 
107 
119 
110 
104 
105 
9\) 

95 
94 
89 
87 
96 
96 
90 

Temperate 
zone 

commodities a 

125 
123 
123 
114 
108 
107 
108 
95 
97 
98 
96 
98 

103 
108 
104 

All 
agricultural 

exports 

110 
116 
110 
112 
106 
103 
106 

9\) 

96 
97 
93 
92 
9\) 

102 
100 

2 Includes rice (mllled), bananas, copra, peanuts (shelled), palm oil, coffee, tea, cocoa, sugar (raw), rubber 
(natural) , jute. 

3 Includes wheat, wheat flour, barley, com, bacon, ham, salted pork, powdered milk, butter, cheese, eggs 
(in the shell), soybeans, wool (greasy). 

Source: For major tropical. and temperate zone commodities, data developed to construct chart in: Gools
by, O. H., Agricultural exports from temperate and tropical zones, changes in prices and foreign exchange 
earuings,1947-63. U.S. Dep. Agr. Foreign Agr. Econ. Rep. No. 29. Mar. 1966. For all agricultural exports: 
Food and Agriculture Organization of the United Nations. State of food and agriculture. 1964-66 issues. 

TABLE 2-10.-Food prices relative to all prices in the Consumer Price Index in 
selected countries 

[1954-56==100] 

Country 1 

Costa Rica (San lose)__________________________________ 98 
Sudan__________________________________________________ 95 
IsraeL _ _ _____________ __________________________________ 97 

Thailand (Bangkok)___________________________________ 101 
Brazil (Sao Paulo) _ _ _ __________________________________ 104 
Venezuela (Caracas)_______ _____________________________ 93 
Colombia (Bogota) ______ _______________________________ 101 

Mexico (Mexico City)__________________________________ 100 
Taiwan_ _ ____________ ______ __ _______ _______ ____________ 108 
Iran____________________________________________________ 95 

Philippines (Mantla)___________________________________ 104 
Turkey (Istanbul)_______ _ __ ____________ ______________ __ 102 
India_______ _ __ _ ___ __ _ ___ _ __ _ _ ____ _ _ _ ___ _ ___ ___ _ __ __ _ _ _ _ 9\) 

Argentina_______ __ _______ _ _ ___ ____ _ _______ _ _______ _ __ ___ 118 
Pakistan (Karachi) __ _ _______________________________ __ 106 
United Arab Republlc_ _ _______________________________ 103 
NIgeria (Lagos) _ _______________________________________ 96 
ChUe______ ___ _ _ ___ _ ___ _ __ ____ ___ __ __ _ _ _______ _ ___ ___ __ _ 97 

I Arranged by rate of change in total crop output, 1955-63. 
2 Sudan, 11 months; Thailand, 10 months. 

Year 1963 

95 
98 
94 

105 
101 
96 

103 
9\) 

100 
9\) 

112 
107 
101 
113 
108 
107 
93 

107 

Year 19M Year 1965 

97 96 
101 s 102 
91 93 

106 2107 
105 98 
98 9\) 

110 106 
98 9\) 

103 105 
101 103 
117 112 
105 107 
101 104 
117 117 
111 113 
110 120 
93 92 

108 110 

Source: United Nations. Monthly Bulletin of Statistics XV(12), Dec. 1963; XIX(l), lan. 1965; and 
XX (5), May, 1966. 
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These considerations have led to: (1) agricultural product import 
substitution ·policies involving quotas, licenses, and relatively high 
duties on deficit agricultural products, thus enabling higher domestic 
prices for these agricultural commodities, (2) regulations that in
crease the internal prices of consumption and industrial goods gen
erally and agricultural inputs in particular, and (3) export taxes (or 
equivalent pricing devices) that reduce the internal product prices of 
basic domestic and export products to levels below prevailing world 
prices. 

In a number of cases, export subsidies are used, but in most caseS 
these relate to minor export commodities. In recent years, some coun
tries have also instituted subsidies on fertilizer and some other agri
cultural inputs, particularly in countries where food supply condi
tions have been critical. 

Marketing boards-such as the Wheat Marketing Board of Argen
tina-or State trading agencies-such as employed in Taiwan-ad
minister export and domestic pricing and trade policies for the prin
cipal export products. This form of trading reflects in part the 
emphasis in developing countries on national planning and initiative: 
Their activities are generally directed toward increased and stabilized 
foreign exchange earnings. The degree and extent of control varies 
widely. In some cases, it is largely assistance to exporters. In many 
cases, however, it involves complete control of procurement, pricing, 
and internal distribution. 

Export taxes and retentions are used in many countries on the prin
cipal export products to generate revenue and foreign exchange. Ex
amples include wheat, wool, beef, and mutton in Argentina; coffee 
in Brazil and Colombia; oil palm, peanuts, and other major agricul
tural exports in Nigeria; rice in Thailand; and jute, rice, peanut oil, 
and other commodities in India. 

Many of the developing countries also use bilateral arrangements 
as incentives to stimulate agricultural exports. Some-Turkey, Paki
stan, and the Philippines-have used barter arrangements. In other 
cases, bilateral arrangements with developed countries provide for the 
export of products at stabilized prices, often above world market 
prices. The United States, for example, provides an assured and profit
able market to certain countries for specified quantities of sugar. The 
United Kingdom employs similar arrangements. France has over the 
years offered certain preferences in their markets to products from 
their associated territories. 

Generally, tariffs are higher on processed products than on raw 
materials. The developing countries have increased their capacity to 
process both export and import products. This capacity is likely to 
increase, heightening the conflict with the needs of the developing 
countries. 
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For subsistence products, trade policies reflect a combined consid
eration of consumer prices, producer's incomes, needs for foreign ex
change, and the availability of regional supplies. 

Import licensing is prevalent, thereby making it possible for the 
Government to control the allocations of scarce foreign exchange. A 
combination of import quotas, exchange conversion rateS, and duties 
on grains are found in many countries-such as Colombia, Brazil, 
Ecuador, and Chile-where domestic supplies are not adequate. These 
restrictions result in higher domestic producer prices. 

With some exceptions, however, the level of . price supports for 
grains is lower in the developing importing countries of Asia, Latin 
America, and Africa than in the developed importing countries of 
Western Europe (Table 2-11). Generally, this is because the higher 
level of economic activity in the developed countries makes them better 
able to bear the costs of high price support programs. Also, the devel
oping countries are under greater pressure to maintain low consumer 
food prices because of low per capita income and unemployment. 

In those developing countries where domestic supplies of grain and 
other food crops are adequate, e:xport taxes and retentions commonly 
result in domestic producer prices below the world level. In the case of 
grains and related food crops, problems of assembling and- grading 
also have reduced export opportunities. 

As a result of the trade and domestic policies, the price of fertilizer 
and other production inputs in many of the developing countries has 
been high relative to the product prices for most food crops. For 
example, the ratio of fertilizer prices to rice prices in India in 1964 
was about 4 times that in Japan and about 2112 times that in the United 
Stares. (Table 2-12) . 

Economic integration in the developing regions has made greatest 
progress in Latin America. A General Treaty of Central American 
Economic Integration was signed in December, 1960. The Treaty pro
vided for the immediate establishment of a free trade area-, to be fol
lowed within five years hy a Common Market and Customs Union with 
a single external tariff. The latter has been accomplished for substan
tially all intra-regional trade, with the exception of the major agricul
tural products of the area. Most agricultural products are either 
exempt from free-trade treatment or subject to transitional restrictions 
of varying nature-and duration. 

A Latin American Free Trade Area was established in 1960. Prog
ress to date has been slower than in the Central American Free Trade 
Area. Under the terms of the Treaty, a free trade area is to be estab
lished over a transitional period of twelve years, while the ultimate 
goal implicit in the Treaty is the eventual establishment of the Latin 
American Common Market and -the economic integration of all of 
Latin America. Special provisions are m·ade for agricultural products, 
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TABLE 2-11.-Support prices for wheat in selected Title I and developed importing 
countries and exporting countries, crop years 1954--64-

[Dollars per metric ton] 

Country 

IMPORTING COUNTRIES 

Title I countries: 
Egypt· _________________________ " __________________ _ 
Yugoslavia _______________________________________ _ 
Chile· ____________________________________________ _ 
Pakistan __________________________________________ _ 
Tunisia ___________________________________________ _ 
Brazil' ____________________________________________ _ 
Turkey· __________________________________________ _ 
Morocco ___________________________________________ _ 
Colombia* ________________________________________ _ 
Greece ____________________________________________ _ 
1ndia _____________________________________________ _ 
Spain· ____________________________________________ _ 

Devtlloped countries: 
Denmark _________________________________________ _ 
United Kingdom _________________________________ _ 
Republic of South Afrlca __________________________ _ 
Belgium __________________________________________ _ 
Netherlands ______________________________________ _ 
Italy ______________________________________________ _ 
sweden ___________________________________________ _ 
West Germany ____________________________________ _ 
Japan _____________________________________________ _ 
Swltzerland _______________________________________ _ 
Finland ___________________________________________ _ 

EXPORTING COUNTRIES 

Argentina _____________________________________________ _ 
Canada t _______________________________________________ ' 

Australia _____________________________________________ _ 
United States _________________________________________ _ 
France & ______________________________________________ _ 

1954-58 
average 

i8.3 
148.1 

64.5 
63.9 
NA 
85.1 
91. 0 
NA 
NA 

103.5 
Z 56. 0 

96.6 

68.0 
80.9 
82.3 
{l3.0 
71.1 

107.3 
83.8 
97.9 
99.5 

153.6 
3 156. 5 

26.6 
60.8 
69.8 
74.6 
88.2 

1959-63 
average 

iO.4 
55.8 
62.6 
75.8 
99.9 
89.4 
67.5 
77.9 

111.3 
84.7 
78.4 
91.5 

70.5 
74.4 
82.0 
95.1 
86.0 
99.0 
92.8 

104.6 
110.7 
157.3 
160.9 

46. 3 
64.5 
62.1 
69.1 
80.1 

1963 

61.4 
64.0 
58.8 
76.1 
99.9 

115.4 
81.2 
79.0 

110.2 
90.0 
78.4 

102.5 

70.9 
73.1 
81.2 
97.4 
93.0 
98.4 

102.5 
110.6 
119.8 
160.2 
168.6 

53.3 
66.9 
59.2 
73.5 
87.0 

1964 

61.4 
82.6 
74.2 
76.1 

·80.1 
80.8 
81.2 
81.3 
87.4 
99.9 

103.7 
111.0 

70.9 
73.1 
85.5 
97.4 
99.6 
98.7 

106.6 
110.6 
124.9 
160.2 
187.4 

52.2 
63.9 
60.0 

163.2 
87.6 

• Comparability of prices limited because of fluctuations in exchange rates. Local currencies converted to 
dollars at the official exchange rate. The free or import rate was used for Brazil, Chile, Colombia, and 
Argentina; Spain until 1959; and Turkey untll1958. 

1 1957-58 average. 
2 1954-55 averagc. 
31956-58 average. 
t Final payment to farmers. 
5 To the basic price of $1.30 per bushel is added $0.70 per bushel for 45 percent of the crop consumed domes

tically and $0.25 per bushel for 45 percent of the crop exported. 
& Until 1962 prices after deduction of taxes; since then intervention prices. 
Source: International Wheat Council. World Wheat Statistics; International Wheat Council. Review of 

the World Wheat Situation, UI63/1964; Food and Agriculture Organization olthe United Nations; and U.S. 
Department of Agriculture, Foreign Agricultural Service. 

263-888 0-61--12 



156 THE WORLD FOOD PROBLEM-VOL. II 

TABLE 2-12.-Ratio oj jertilizer prices to wheat and rice prices jor selected countries 
and 1968, 1964 crop years 1 

Ratio of fertillzer prices to commodity price 2 

Commodity and country N3 Average' 

1963 19M 1963 1963 1964 
------

Wheat: 
United Arab Republic ____ .... _. 5.41 5.14 2.92 (I) 1.97 1.87 4.88 (') 
India __ .•.... __ . _ ...... _ .. _____ ._ 3.77 2.99 3.17 2.51 1.34 1.06 3.62 2.79 
Japan ______________ ... __________ 2.32 2.11 1.97 1.82 .81 .78 1.76 1.62 
Pakistan. ________________ .. __ . __ 2.04 1.75 1.48 1.26 .71 .61 1.81 1.56 
Spain._. ___ ._ .. _ .. _ ..... ____ .. _ .. 2.71 2.72 2.02 1.90 .66 .68 2.16 2.12 
United States. ___ ... _ ... ______ ._ 3.76 3.38 2.77 2.55 1.38 1.28 2.63 2.40 

Rice (paddy): I 
United Arab Republic ••.•....•. 7.16 7.16 3.86 (') 2.61 2.61 6.46 (') 
India .•. __ .•. _____ . _ ... _. ___ . _ .. _ 4.25 4.66 3.57 3.91 1.51 1.65 3.97 4.35 
Japan. __ .. __ .... '_. __ . __ .. ___ ... _ 1.59 1.51 1.35 1.30 .56 .56 1.20 1.16 
Pakistan ••. _ .•... _ .•..• __ •.. __ ._ 1.65 1.76 1.20 1.27 .57 .61 1. 47 1.56 
Phlllppines •. ____________________ (5) 3.20 (6) 2.56 (5) 1.42 (') 2.50 
Thailand ___ .... __ ............ ___ 4.10 5.25 3.31 4.32 1.85 2.22 3.56 4.55 
United States ................... 2.38 2.42 1.76 1.83 .88 .92 1.67 1.72 

1 Crop year is the year the crop was grown. Fertilizer, wheat, and rice prices used were for period fer· 
tllizer normally bought, and crops marketed. 

2 Ratios represent kilograms of increased production required to equal cost of a kilogram of fertilizer 
nutrient. 

3 Fertilizer prices used were prices to producers for principal kind of fertilizer used in the particular 
country. 

, Average based on N, PaOs, and K20 in ratios used per hectare of arable land as shown in table 35, U.S. 
Dep. Agr. Foreign Agr. Econ. Rep. No. 27. 

5 Not available. 
G M111ed rice prices converted to paddy, using coefficient of 0.66. 

Source: FDTD/EDB. Computed from data In Food and Agriculture Organization of the United Na
tions Production Yearbook, except U.S. Wheat price 1964-65 from U.S. Department of Agriculture, Eco
nomic Research Service. 

imports of which may be limited in order to regulate domestic produc
tion and supplies. For such agricultural imports as are required to 
meet domestic deficits, priority is given to LAFTA. members over 
third-country suppliers. In the industrial sector, particular stress is 
placed on regional integration of agricultural inputs such -as farm 
machinery, fertilizers, and pesticides. 

2.3.1,- International Oommwdity Trade Imtitution8 
A. broad network of international commodity trade institutions has 

developed, largely since the end of World War II. In general, these 
organizations were established to cope with situatioIl~ of excess supply 
and depressed prices; they are not now oriented to dealing with prob
lems of food shortage. Obviously, however, they will be affected by any 
worldwide campaign to increase agricultural production, particularly 
if shifts in production emphasis are involved; and their cooperation 
willibe needed. 

The organization of international commodity trade programs ranges 
from formal commodity agreements, through less formal arrange-
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ments, to the organized international commodity groups whose periodic 
consultations and confrontations aim to resolve issues and influence 
conditions to mutual benefit. Among the food commodities, interna
tional agreements of varying scope and effectiveness currently cover 
wheat, sugar, olive oil, and coffee. Proposals for other commodity 
agreements have been advanced but so far none have proven ·acceptable. 
International commodity group consultations embracing the leading 
producing and importing countries take place regularly, mostly under 
the leadership of the Food and Agriculture Organization (F AO), on 
rice; oilseeds, oils and fats; bananas; citrus fruit; and tea. There are 
also groups dealing with the various fibers and with rubber. GATT 
commodity groups on grains, dairy products, and meat and meat prod
ucts are also currently debating proposals, advanced under the Ken
nedy Round trade negotiations, for commodity trade arrangements. 

International commodity agreements have not been notably success
ful either in stabilizing prices or in influencing production. In the 
latter sphere, perhaps the most hopeful device which has been agreed 
upon is the Coffee Agreement's Diversification Fund, controlled by 
the International Coffee Organization and the contributing exporter 
country. Although the Fund is of modest potential proportions, it is 
a hopeful sign which conceivably could point the way in other com
modity sectors for an adjustment in cropping patterns. 

In the short term, concern with price and with oversupply, actual 
or feared, will continue to dominate the commodity policy of export
ing countries and of the international organizations to whom they 
look for remedial action. 

In a situation where some commodities are in world oversupply· 
while other are threatened with world shortage, a shift of produc
tion resources away from the overproduced items seems logical. Most 
of the commodities in oversupply, furthermore, do not qualify as 
"basic foods"; and some of these (e.g., jute and other soft fibers) face 
declining world demand. But any organized attempt on an interna
tional scale to adjust resource use must consider conditions of natural 
advantage and relative productive efficiency. Attempts to increase pro
duction for internal consumption at the expense of industrial crops 
for export will not always be in a country's best interests. The goal of 
international action, as well as of national agricultural policies, should 
be to encourage the production of those items for which natural con
ditions are favorable and for which there is ma.rket demand. This is 
the philosophy of the F AO's ambitious undertaking of an Indicative 
World Plan, now in preparation. 

The international commodity organizations, despite their somewhat 
narrow interest and orientation, have a role to play in any organized 
efforts (as contrasted to reliance on the working of markets to bring 
about change) to increase food production. This role will be mainly 
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in the statistical, analytical, and technological fields-in providing 
data and specialized judgments on specific commodity situations and 
outlook to better enable governments to reach purposeful national 
decisions and, possibly, to act in concert on the international level. The 
food-deficit countries in particular are apt to be more and more con
cerned with whether they should encourage exchange-earning produc
tion or production for internal use. 

In the immediate future, the international commodity bodies-com
modity study group~ as well -as the governing bodies of formal inter
national agreements-can assist by: (a) enlarging programs on the 
development of production and utilization statistics and projections; 
(b) preparing demand forecasts and relating these to the production 
outlook; (c) indicating the required levels of production needed; and 
(d) assisting member countries to improve their technology and bal
ance between food and non-food crops, considering their comparative 
advantage. 

2.4.0 World Trade In Agricultural Products 

<E.!".1 Projection to 1970 
The value of United States agricultural exports increased to $6.2 

billion in 196,5 and to $6.7 billion 'in 1966-more than double their 
average value during 1952-54. They are expected to increase to more 
than $8 billion by 1970 (Table 2-13). 

The export estimates for 1970 reflect primarily the import demand 
of the major market areas as indica;ted by projected production-con
sumption balances. It is assumed that within the next decade, sufficient 
flexibility will exist in the productive capacity of the United States 
to produce these quantities. The level of agricultural ewp01'ts within 
the newt decade will be determined more by United States policy 
regarding levels of concessional ewports than by the potential pro
ductive capacity 01 the United States. 

The projections distinguish between the commercial market and the 
concessional market. Most of the trade in the commercial market will 
continue to be between the developed nations (Tables 2-14 and 2-15). 
High levels of economic activity will foster trade despite the presence 
of trade barriers. 

Two-thirds of the world's popUlation live in the developing coun
tries. As populations increase rapidly in the developing countries and 
there is some increase in real per capita income, "demand for food 
probably will continue to outrun domestic production in the imme
diate future. Because of shortages of foreign exchange these needs 
are not likely to be filled except on concessional terms. 
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TABLE 2-13.-Value of total United Btates agricultural exports, average 1959-61, 
annual 1965, and projected 1970, year ended December 31 1 

[In millions ol dollars] 

Commodity or group 

Wheat and flour 3 ____________________________________________ _ 

Rice, mIlled _________________________________________________ _ 
Feed graIns ________________________________________________ _ 

Feed grains and products , _______________________________ _ 
Prepared leeds 5 __________________________________________ _ 

Ollseeds and products ________________________________________ _ 
Oilseeds _________________________________________________ _ 
Vegetable oils ____________________________________________ _ 
Ollcake and mlllM~al1_, ___ . ___ •• __ •. __ •. ________ .. ___ .• _ ••• __ •.• ______ _ 

AnImal ... rnil"i't" 

Animal fats and ovuf1 •.•••• __ •.•••.• _. ____ ._. __ .•• _ •• __ •. _. __ •••••• 1 

Hides and ~,,,ld"nJ .... ~_ •• __ .---------,-.- •• -- •• ---,------------,.-_" ___ 1 
Variety and vot ... h,,,e.r lmll!~ts., ___ . ______ ,---,---.. -- .. -- .. -----------1 

m_t 

DaIry nrnifllpt." 

Cotton 

on, ...... 

Othpr 

Total 

I Includes food exported for rellef or cbarity. 
2 Projected using 1964-65 prices. 
3 Excludes loreign wheat milled in bond lor export . 
• Includes rye grain. 
S Includes some hay and lodder. 

Average 
1959-61 

1,033 
123 
601 
571 
30 

578 
~9 
180 
49 

508 
178 
75 
76 
51 

128 
767 
372 
254 
137 
231 

4,604 

1965 Projected 
1970 2 

1,184 1,500 
244 330 

1,251 1,760 
1,168 1,630 

83 130 
1,167 1,590 

702 1,030 
278 200 
187 270 
707 850 
232 260 
109 110 
112 140 
58 60 

196 280 
486 740 
383 440 
313 320 
155 170 
355 460 

6,245 8,160 

Source: Historical data based on Inlormation in U.S. Department olAgriculture Economic Research Serv
ice. Foreign agricultural trade ol the lfnlte:i State3 (monthly reports and supplements). 

TABLE 2-14.-Value of export of United Btates farm products to maJor markets 

[In billions ol dollars] 

Japan. ________________ •• __ •• _. _______ • _______________ ._ 0.4 

Canada.. __ ._ •• _ •• __________________________ " __ • __ '_'" • 3 
European Economic Community ••.•• _________________ .9 

Other West Europe_ _______________________________ .6 
Communist countrIes_ • ___________________________ .____ .1 
Rest ol world_ _________________________________________ 1.0 

TotaL _________________________ • ______ • ___ ._ •• __ • 3.3 

Average 
1960-64 

0.6 
.5 

1.2 
.9 
.2 

2.0 

5.4 

1965 Projected 
1970 

0.9 1.4 
.6 .5 

1.5 1.8 
.9 1.4 
.2 .4 

2.1 2.7 

6.2 8.2 

Source: West, Quentin, "Foreign Supply and Demand Projections: Outlook lor U.S. Agricultural 
Exports", Joumal ol Farm Economics, vol. 48, No.5, Decemher 1966. 
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TABLE 2-15.-Value of total United States agricultural exports, calendar year 1965 
and projected 1970 1 

[In bUlions of dollars] 

Calendar 1965 

Commodity or group 
Com-

Total mercial 

Wheat and flour '. ____________________ 1.2 0.4 
Rice, milled __________________________ .2 .2 
Feed grains and feeds 3 ________________ 1.3 1.2 
Oilseeds, oileake, and products ________ 1.2 1.1 
.Animal products ______________________ .5 .5 
Dairy products _______________________ .2 .1 
Cotton _______________________________ .5 .4 
Tobacco. _____________________________ .4 .3 
Fruits and vegetables _________________ .4 .4 
Other ______________________ ~ __________ .3 .2 

Total ___________________________ 
6.2 4.8 

1 Projected using 1964-65 prices. 
2 Excludes foreign w,heat milled in bond for export. 
a Includes rye, grain products, and some hay and fodder. 
t Less than 0.05 bUUon. 

Government-
financed 
programs 

0.8 

--------------
.1 
.1 

(') 
.1 
.1 
.1 

(') 
(t) 

1.4 

Projected 1970 

Com- Government-
Total merclal financed 

programs 

1.5 0.4 1.1 
.3 .2 .1 

1.8 1.6 .2 
1:6 1.4 .2 
.6 .6 (') 
.3 .2 .1 
.7 .5 .2 
.4 .3 .1 
.5 .5 (') 
.5 .4 {c> 

8.2 6.1 2.1 

~.4.1.1 Developed Oountrie8. Population growth rates in the de
veloped countries which are commercial markets for United States 
agricultural exports, have been a little in excess of one percent per 
year. However, these countries have been enjoying a very high rate of 
economic growth and rising incomes. 

Rising incomes have promoted and will continue to promote an 
increased demand for livestock products.- A shift to livestock pro
duotion requires more land resources. Many 'Of the developed nations, 
particularly Japan, do not have the land resources to meet growing 
demands for both livestock products and food crops. The policy 'Of 
these nations has been to produce livestock using feed imports rather 
than to import livestock products .. This policy has increased import 
requirements for feedgrains and oilcake and this growth is expected 
to continue for the rest of the decade . 

. An important factor in the commercial market is the trade between 
the Free World and the Communist countries. China became a net 
grain importer in 1960 and has imported 5 to 6 million tons annually 
since then. The USSR imported 12 million tons of wheat in 1963 and 
9 million tons in 1965. Recently, the USSR entered into an agreement 
with Canada to purchase 9 million metric tons of wheat over the next 
three years. However, it is probable that the USSR will again be a 
net exporter by 1970. 

t2.4.1~ Developing Oountrie8. We assume that the high annual aver
age growth rate of 2.5 percent in these countries will continue during 
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the next four years, as programs to modify population growth are not 
likely to be effective within that period. 

Per capita income in these countries is increasing at a rate of al
most 2 percent ·a year. With rising income, people consume more and 
better quality food. Most of the improvement in per capitaconsump
tion has come from imports, as domestic production has barely kept 
pace with population growth. These imports have been mostly grains 
to increase the caloric intake of the people. The developing countries 
(including mainland China but excluding Argentina) were net ex
porters of 3 million metric tons of grain prior to World War II but 
probably imported around 33 million metric tons in 1966. 

Continued income growth and high population growth rates will 
tend to expand total food demand substantially and bring pressure 
for increased supplies. In some countries real food prices have risen, 
resulting in lower per capita consumption than would be indicated 
by the growth in income alone. 

The extent to which imports will rise to meet increased demands 
will depend on export policies of the United States and other sup
pliers, as well as the import policies of the governments of the devel
oping 'Countries. Also, a strong commercial market in the developed 
nations, and in the Communist countries, may be a limiting factor 
in the amount of food that may be provided on concessional tenus. 

Food aid probably will continue to make an important contribution 
to diet improvement, as well as to economic development in the devel
oping countries. However, considering the extent of nutritional needs, 
limitations on expanding food aid, and chronic balance of payments 
problems in these countries, the food gap eventually will have to be 
filled largely domestically and by improved trade among the devel
oping countries themselves. 

~.J".1.3 Wheat Outlook fO'r 1910. The major are31 for expansion of 
United States commercial wheat trade will be in Japan-where it is 
expected that per capita consumption of food will increase along with 
feed use, while domestic production declines. 

The importation of United States wheat by Western European 
qountries is apt to decline as a result of their tendency !toward!' se1£
sufficiency. Wheat imports by the developed regions will depend largely 
on price relationships between wheat and feed grain. 

The level of wheat exports to the free-world, developing countries 
will likely increase. If recent trends 'continue-population increasing 
at an alll1ual rate of 2.5 percent, total food production at 2.7 percent 
and per capita consumption about 0.5 percent-net imports of grains 
(mostly wheat) will increase to 27 million metric tons alll1ually by 
1970 (see Table 2-16). The United States would probably supply 
about 18 million metric tons. 



TABLE 2-16.-Wheat and flour (wheat equi",alent): Worla production., net traae, United. 8tateB e:cports, stock changes, and, aome8tio 
disappearance by regiot'W1, average 1959-61, 1964-65, and 1970 projecte4. 

[1.000 metric tons] 

1959-61 

Region 1 Domes-
Produc- Net U.S Stock tic dis-

tion trade! exports changes 3 appear· 
ance 

------------
Developed: 

United States ________ ._ 33.684 -16,012 ------- ....... 1,470 16.202 
Canada ________________ 10,764 -8,970 1236 -2,168 3,962 Mexico _________________ 

1,286 4 11 -88 1,378 
River Plate. ___________ 5,853 -1,947 81 -184 4,000 
Northern Europe ______ 22,442 7,748 1,680 346 29,844 
Southern Europe. ____ • 13,007 1,725 1,504 -498 16,130 
Eastern Europe ________ 17,091 5,300 1,369 282 22,109 
U.S.S.R_ •• ____________ 50,085 -5,285 0 -1,000 45,800 
South Africa_. _________ 719 226 24 9 936 
1 apan ______ •• _______ • __ 1,576 2,640 935 143 4,073 
Oceania _________ • ______ 6,447 -3,940 0 72 2, 435 

Developing: 
Central America and 

Caribbean ___ • _______ 24 891 394 2 913 
Other South America I. 1,951 3,250 1,000 93 5,108 
North Afrlca. __________ 4,144 2,328 1,936 -26 6,498 
West Central Africa ____ 22 435 138 0 457 
East Africa ____________ 151 208 16 0 359 
West Asia ______________ 12,660 1,003 1,521 341 14,222 
South Asia. ____________ 16,515 5,007 4,027 1,636 19,886 
other East Asia. ______ 210 1,608 1,091 -19 1,837 
Communist Asia ____ • __ 21,930 1,273 0 -1,044 24.247 

------
World totaL •• ______ • 221,461 -1.608 717.149 -633 220,486 

1 Countries included in regions are listed in World Food Budget, 1970 (2), p. 87. 
2 Plus indicates net imports; minus indicates net exports. 
a Plus indicates addition to stocks; minus indicates withdrawal from stocks. 
C Calendar 1964. 

Produc-
tion C 

35,126 
16,341 
1,800 

11,941 
27,948 
15,100 
17,862 
57,153 
1,072 
1,244 

10, 282 

26 
1,746 
4,168 

16 
145 

13,795 
16,369 

227 
22.500 

---
254,951 

1964-65 

Net U.S. Stock 
trade: exports changes· 

-19.510 ... _---_ ... _ ..... 2,232 
-11,816 6 544 

-380 25 NA 
-4,232 1 2,422 

2.548 988 -8 
1,081 403 -373 
6,059 1,418 NA 

413 46 1,000 
1 1 NA 

3,532 1,654 142 
-6,270 0 1,251 

1,588 347 NA 
3,872 2,055 NA 
3,433 2,194 NA 

747 191 NA 
205 4 NA 

2,212 957 NA 
8,973 7,724 -680 
2,341 1,245 NA 
5,120 0 1.000 

---------
-83 819,572 3.066 

• Includes transshipped wheat. 
S Includes BrazU. 

Projected 1970 

Domes-
tic dJs.. Produc- Net U.S. 
appear· tion trade 2 exports 

ance 
------

17,848 44,000 -23,700 .... _ .... _------
3,981 18,500 -14,000 0 
1,420 2,400 -400 0 
5,287 8,400 -3,100 --_ .. _-_ ... - ... 

30,504 27,600 6,400 900 
16,644 15,000 2,000 800 
23,921 19,000 6,500 1,800 
56,566 65,000 -3,000 0 
1,073 940 450 0 
4,634 1,000 4, 700 2,100 
2,761 11,000 -8,100 0 

1,614 30 1,500 410 
5,618 1,700 5,150 3,140 
7,601 4,000 3,700 2,000 

763 40 750 200 
350 180 500 30 

16, 007 15,600 2,500 920 
26,022 21,800 9,500 8,850 
2,568 200 2,650 1,650 

26,620 25,000 6,000 0 
------------

251.802 282,380 0 23.700 

1 Total1ucludes 226,000 metric tons whose destination is unidentified. 
8 Total Includes 313,000 metric tons whose destination Is unidentified. 

Domes-
tic dJs.. 
appear· 

ance 
---

20.300 
4,500 
2,000 
5,300 

34,000 
17,000 
25,500 
62,000 
1,390 
5,700 
2,900 

1,530 
6,850 
8,600 

700 
680 

18,100 
31,3 00 

940 2, 
:ij.000 

282.380 
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If per capita real income should exceed the expected annual rate 
of increase of almost 2 percent in the developing countries, a rise in per 
capita consumption of food grains of about 1 percent per year could 
occur providing there is no rise in the real price of food grains. If this 
occurred, with production increasing only at about recent trends, im
ports of grain could increase to 30 millions tons by 1970. Depending 
upon our food and agricul,tural policy and import policies of the recip
ient countries, our wheat exports to those countries could reach 21 mil
lion tons by 1970. 

There are indications that large imports of wheat into Communist 
China will continue. Recent contracts signed by Communist China re
veal that the sizeable purchases of recent years will :apparently be con
tinued as a matter of government policy. Eastern European countries 
will maintain approximately their present imports, which are currently 
supplied by n'On-communist countries. If the USSR achi~ves its wheat 
production targets by 1970, Eastern European countries probably will 
acquire most of· their import requirements from the USSR, their 
traditional supplier. 

If the USSR again becomes a net wheat exporter and in 1970 there 
are no major droughts in the large exporting 'Or importing countries, 
there is apt to be a more ,than adequate wheat supply to meet the effec
tive world demand. 

~-4.1.4 Rice Outlook fo1' 1970. The current tight rice supply situation 
is expected to prevail in 1970, resulting in some shift in consumption 
from rice to other food grains. Production in the major Asian rice 
consuming countries in the remainder of this decade is projected to in
crease less rapidly than population. 

Asian rice exporting countries are finding it difficult to maintain 
exports because of lagging production. Net exports from other coun
tries in East Asia are expected to drop from 1.6 million tons in 1964/65 
to 1.4 million tons in 1970. 

United States rice exports by 1970 are projected to increase to 2.1 
million metric tons, considerably above the 1964/65 level of 1.3 million 
metric tons (Table 2--17). This reflects a substantial expansion of our 
cash markets and an increase in the use of rice in food aid programs. 

~4.1.S Ooa1'se G1'ain Outlook fo1' 1fliO. The expected continuation of 
the recent growth in the demand for meat in the principal markets
Western Europe and Japan-underlies the projected d·emand for 
coarse grains. 

Rapidly changing feeding practices are apt to cause some further 
expansion in feed grain consumption per head of livestock and in
creased use of mixed feeds and protein supplements. There is evidence 
that grain is replacing potatoes in livestock raJtions in Northern Euro
pean countries. Large scale broiler production in many West Euro-



TABLE 2-17.-Rice (miUed); World production, net trade, United State8 export8, stock changes, and domestic disappearance by regionB, 
average 1959-61, 1964--65, and 1970 projected 

(1,000 metric tons] 

1959-61 

Region 1 Domes-
Produc- Net U.S; Stock tic dis- Produc-

tlon trade' exports changes 3 appear- tlon 
ance 

Developed: 
United States __________ 1,516 -1,022 0 74 420 2,387 Canada ________________ 

0 33 12 0 33 0 Mexlco _________________ 182 2 7 17 167 178 
River Platte ___________ 142 -16 1 -5 131 233 
Northern Europe ______ 82 464 111 12 534 78 
Southern Europe ______ 858 -200 11 -24 682 806 
Eastern Europe ________ 108 342 6 63 387 107 
U.S.S.R _______________ 144 447 0 0 591 331 
South Africa ___________ 5 47 17 0 52 0 lapan _________________ 

11,330 195 0 455 11,070 11,452 Oceania _______________ 
99 -55 3 0 44 117 

Developing: 
Central America and 

Caribbean ___________ 507 365 137 1 871 308 
Other South America '_ 4,166 -80 32 19 4,067 5,356 
North Africa __________ 924 -234 19. 6 684 1,323 
West Central Africa ____ 1,368 281 50 0 1,649 1,151 
East Africa. ___________ 935 108 1 0 I, C»3 936 West Asia ______________ 525 322 22 -21 874 647 
South Asia __ • __________ 44,144 1,116 251 1,204 44,056 53,555 
Other East Asla _______ 30.200 -1,109 175 75 29,016 35,579 
Communist Alsa _______ 59,537 -956 0 -3.006 61,587 62,400 

World totaL _________ 156, 772 50 855 -1,136 157, \/58 17 

1 Conntries included In regions are llsted In World Food Budget 1970 (2), p. 87. 
3 Plus Indicates net imports; minus indicates net exports. Where 1964-65 da~ were 

not available, data were approximated. 

1964-65 Projected 1970 

Domes- Domes-
Net U.S. Stock tlcdls- Produc- Net U.S. tic dis-

trade :I exports changes 3 appear- tlon trade 2 exports appear-
ance ance 

-1,372 0 6 1,009 2,784 -2,060 0 724 
46 50 0 46 0 37 65 37 
2 4 0 180 250 -13 2 237 

-36 0 13 184 200 -25 0 175 
447 122 -2 527 109 499 100 608 

-126 3 0 680 896 -110 0 786 
250 11 0 357 140 340 18 480 
250 0 0 581 800 -50 0 750 

70 55 Q 70 7 64 85 7f 
005 195 375 11,982 11,500 1,000 200 12,500 

-66 11 0 51 140 -109 10 31 

455 48 0 763 600 460 80 1,060 
-286 49 -297 5,367 6,500 -180 35 6,320 
-305 0 -1 1,019 1,800 -407 0 1,393 

380 157 0 1,531 1,700 450 100 2,150 
100 6 0 1,126 1,225 125 10 1,350 
380 87 0 1,027 1,000 3M 125 1,3M 

1,341 325 -332 55,228 58,500 1,775 460 60,275 
-1,581 173 0 33,992 39,200 -1,350 500 37,850 

-600 0 0 61,800 74,000 -800 0 73,200 
------

1,296 -238 177,520 201,351 0 2,060 201,351 

3 Plus indicates add1tton to stocks; minus Indicates withdrawal from stocks. 
• Includes BrazU. 
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pean countries as well as Japan is expanding rapidly. Swine produc
tion in these areas also is moving into intensive feeding enterprises. 

Beef production in Western Europe probably will continue to be 
tied in to the dairy enterprise with relatively little use of· concentrates 
since consumer preference for "lean type" beef will persist during 
the next few years. High prices for beef as compared to pork and 
poultry will encourage consumers to shift to pork and poultry. Enter
prises involving their production use more feed grains per pound 
of meat. If the price of wheat in relation to other feed grains is re
duced when unified grain prices become effective in the EEC on July 1, 
1967, increases in the use of wheat for feed would have a dampening 
efiect on feed grain imports. 

With domestic production of coarse grains lagging behind increased 
utilization, the United States can expect a substantial rise in net im
port requirements in our two major markets. For Western Europe, 
an increase is projected from 18 million tons in 1964/65 to 28 million 
tons in 1970. Japan's imports are projected at 10 million tons, more 
than double the 1964/65 level (Table 2-18). The United States will 
continue to be the dominant supplier of coarse grains with Argentina 
continuing a distant second. Projections 'for world trade in total grains 
are shown in Table 2-19. 

~.J,.1.6 Soybean. Outlook for 1970. The world demand for soybeans 
will continue to be strong to 1970. Total United States exports in 1970 
should reach 9.6 million tons of soybeans and 3.7 million tons of soy
bean oilcake and meal. The need for oil largely determines if a country 
imports soybeans or soybean meal. 

A substantial increase in Japan's livestock production is expected, 
plus an increased use of soybean meal as a substitute for fishmeal in 
mixed feeds. Imports of soybeans are expected to increase to 3.4 mil
lion metric tons by 1970, about three times the level of 1959-61. About 
3.0 million metric tons of this total is expected to come from the United 
States (Table 2-20). 

In Western'Europe, it is projected that by 1970,5.4 million tons of 
soybeans and 2.8 million tons of soybean meal will be imported (Table 
2-21). The United States should supply almost all of this amount. 

~.4.~ Projections to 1980 
The 1980 projections use the 1970 projections as a point of depar

ture. To simplify these projections, we will use grain as an indicator 
of food output and disappearance. Grains occupy over two-thirds of 
the world's harvested cropland; they provide over one-half of man's 
food energy supply when consumed directly and a sizeable part of 
the remainder when consumed indirectly in the form of animal prod
ucts. Gains constitute one-third of the value of world food trade. Also, 
data on grain production are more reliable' than data on most other 
crops. 



TABLE 2-18.-Coars8 grains: World production, net trade, United Btates export8, 8tock change8, and domestic disappearance by regions 
average 1959-61, 1964/65, and 1910 projected 

1959-61 

Region 1 Domes-
Produc- Net U.S Stock tic dis-

tion trade 2 exports' changes' appear-
ance 

Developed: 
United States __________ 135,551 -10,536 -... -------- 6,876 118,139 Canada ________________ 

11,010 -716 '971 -832 11,126 Mexico ________________ 
5,427 -111 112 -131 5,447 River Plate ____________ 8,935 -3,145 54 36 5,754 North Europe _________ 41,525 12,839 8,013 175 54,189 South Europe __________ 9,922 2,932 669 73 12,781 East Europe ___________ 42,018 621 343 386 42,253 U.S.S.R _______________ 47,599 .... 1.549 0 283 45,767 South Airica ___________ 4,824 -929 1 116 3,779 Japan __________________ 
2,603 1,750 732 -46 4,399 Oceanla ________________ 
3,033 -1,057 0 80 1,896 

Developing: 
Central America and 

Caribbean 7 __________ 2,124 68 
Other South 

113 -11 2.203 

America g ____________ 11,509 181 167 60 11,630 North Africa __________ 9,430 73 436 -318 9,675 
West Central Africa ___ 10.189 -7 47 0 10,118 East Africa ____________ 8,181 -54 43 0 8,127 West Asia._. ___________ 9,212 384 500 -332 9,928 South Asia _____________ 23,920 122 136 100 23,942 
Other East Asla ____ • __ 5,802 -384 232 16 5,402 
Communist Asia _______ 37,603 398 0 0 38,001 

---------------World totaL ________ 430,417 670 12,569 6,531 424,556 

1 Countries included in regions are listed in World Food Budget 1970 (2), p. 87. 
2 Plus indicates net imports; minus indicates net exports. 
S Fiscal year beginning July 1. 
, Plus indicates addition to stocks; minus indicates withdrawal from stocks. 

1004-65 

Domes-
Produc- Net U.S. Stock tlcdis-

tion trade 2 exports' changes' appear-
ance 

---

125,879 -17,275 ---------- -13,936 122,540 
11,677 -633 '2,060 -1,281 12.325 
8,231 -811 157 NA 7,420 
8,965 -5,134 4 -1,055 4,886 

48,353 11,719 7,580 NA 60,072 
9,887 5,987 3,098 NA 15,874 

42,069 • 2,000 204 NA 44,069 
53,134 g 1,483 0 NA 51,651 
4,854 -734 1 NA 4,120 
1.374 4,515 3,164 NA 5,889 
2,976 -751 0 -414 2,639 

2,053 325 71 NA 2,378 

15,702 437 81 NA 16,139 
9,391 -4 238 NA 9,387 
7,126 -70 39 NA 7,056 
6,206 22 44 NA 6,228 
7,767 236 403 NA 8,003 

26,945 122 190 NA 27,067 
8,131 -634 236 NA 7,497 

46,000 412 0 NA 46,412 
---------------
8446,720 g -754 17,600 -16,686 461,652 

shipments move to Western Europe. 
• Calendar year 1964. 
7 Includes Brazll. 

Projected 1970 

Produc- Net U.S 
tion trade 2 exports 

---------

170,300 -29,000 --- .............. _--
15,025 -550 0 
8,580 -50 0 

12,500 -5,500 0 
55.100 19.000 13.900 
10.570 8,500 4.500 
45,000 1,800 900 
62,700 -1,300 0 
7.400 -1,600 0 
1,400 9,500 8,000 
4,020 -1,000 0 

2,800 300 75 

17,650 600 75 
12,000 200 200 
12,000 100 60 
10,200 -300 50 
11,000 300 500 
28,600 1,000 1,000 
10,130 -1,300 250 
51.000 500 0 

---------
547,975 0 29,500 

• Includes intranslt shipments moving through Canada; about 90 percent of these 
8 Total includes 30.100 tons to countries unspecl1led. 
g Includes imports of 1 mfllion tons of com to countries unspeclfied. 

Domes-
tic dis-
appear-

ance 
---

141,300 
14,475 
8,530 
7,000 

74,100 
19,070 
46.800 
61,400 
5,800 

10,900 
3,020 

3,1 00 

17,05 o 
00 
00 
00 
00 

12.2 
12,1 
9,9 

11,3 
29, 600 

o 
00 

8,83 
51,5 

5 547,97 



TABLE 2-19.-Total grain8: World production, net trade, United State8 exports, stock changes and dome8tic di8appearance, by regions, average 
1959-61, 1964/65 and 1970 projected 

[In thousands of metric tons] 

1959-61 1964-65 Projected 1970 

Region Domes Domes- Domes-
Produc- Net U.S Stock tic dis- Produc- Net U.S. Stoclt: tic dis- Produc- Net U.S. tic dis-

tion trade exports changes appear· tlon trade exports changes appear- tion trade exports appear-
ance ance ance 

Developed: 
United States. ______ •• 170,751 -'1!l,570 ---------- 8,420 134.761 163,392 -38,157 -_ ... _ ... _-_ ..... -16,162 141,397 217,084 -54,760 ---------- 162,324 
Canada .• _____ • ___ .• ___ 21,774 -9,653 1,219 -3,000 15,121 28,018 -12,403 2,116 -737 16,352 33,525 -14,513 65 19,012 
Mexico ••••• _ •••• _ •.•••• 6,895 -105 130 -202 6,'992 10,209 -1,189 186 NA 9,020 11,230 --463 2 10,767 
River Plate_ ••••••• _. __ 14,930 --5,108 136 -153 9,975 21,139 -9,402 5 1,380 10,357 21,100 -8,625 0 12,475 
Northern Europe •••••• 64,049 21,051 9.804 533 84, 567 76,379 14, 714 8,690 -10 91,103 82,809 25,899 14,990 108,708 
Southern Europe •••••• 24,687 4,457 2,184 -449 29,593 25,883 6,942 3,504 -373 33, 198 26,466 10.390 5,300 36,856 
Eastern Europe •• __ ••• 59,217 6,263 1,718 731 64, 749 60,038 8,309 1,633 NA 68,347 64,140 8,640 2, 718 72,780 
U.S.S.R ••• _. __ •• ______ 97,828 -6,387 0 -717 92,158 110,618 -820 46 1,000 108,798 128,500 --4,350 0 124,150 
South Africa ••• ____ • ___ 5,548 -656 42 125 4,767 5,926 -663 57 NA 5,263 8,347 -1,086 85 7,261 
Japan ••••• ____ • ______ • 15,509 4,585 1,667 552 19,542 14,070 8,952 5,013 517 22,505 13,000 15,200 10,390 29,100 
Oceania ••• '._ •• ___ '._. 9,579 -5,052 3 152 4,375 13,375 -7,087 11 837 5,451 15,160 -9,209 10 5,951 

Developing: 
Central America and 

Caribbean. __ ••• ____ • 2,655 1,324 644 -8 3,987 2,387 2,368 466 NA 4,755 3,430 2,260 565 5,690 
Other South America •• 17,626 3,351 2,159 172 20,805 22,804 4,023 2,185 -297 '1!l,124 25,850 4,370 3,250 30,220 
North Africa _____ ._._. 14,498 2,021 2,391 -338 16,857 14,882 3,124 2,432 -1 18,007 18,700 3,493 3,100 22,i93 
West Central Africa __ •• 11,579 645 235 0 12,224 8,293 1,057 387 NA 9,350 13,740 1,300 440 15,040 
East Africa. ________ • __ 9,267 262 60 0 9,529 7,287 417 54 NA 7,704 11,605 325 90 11,930 
West Asia_ •• __________ ~ 22,397 2,609 2,043 -18 25,024 22,209 2,828 1,447 NA 25,037 '1!l,600 3,154 1,545 30,754 
South Asia ______ ._ ••••• 84,579 6,245 4,414 2,940 87,884 96,869 10,436 8,239 -1,012 108,317 108,000 12,'1!l5 10. 310 121,175 
Other East Asia __ ._ .•• 36,212 115 1,498 72 36,255 43,937 120 1,654 NA 44,057 49,620 0 2,400 49,620 
Communist Asia._._. __ 119,070 715 0 -4,050 123,835 130,000 4,932 0 1,000 134,832 150,000 5,700 0 155,700 

~I~r------
----------,-----

World totaL _________ 808,650 1 -888 4, 762 803,000 2 878,615 3 -499 38, 468 -13, 858 890,974 1,031,706 0 55,260 1,031,706 

1 Includes 226,000 metric tons of wheat for which destination is unidentified. 
2 Includes 1 mlllion metric tons of coarse grains for which destination is unident1fied. 

s Includes 313,000 metric tons of wheat and 30,000 metric tons of coarse grains for 
which destination is unident1fied. 



TABLE 2-20.-Soybeans: World production, net trade, United State8 e::cport8, m"u8hea, and availability, by regions average 1959-61, 
1965 and 1970 projected 

1959-61 

Region 
Produc- Net U.S. Crushed 

tion trade I exports 
---------

Developed: 
United States 2 ________________ 15,135 -3,443 -------- 10,876 
Canada _______________________ 168 297 362 450 
J apBn _________________________ 412 1,095 1,060 897 
Western Europe _______________ (I) 2,275 1,836 2,275 
Eastern Emope _______________ 224 127 11 334 

Developing: 
Latin America ________________ 166 -8 22 141 
Africa _________________________ 

10 13 22 22 
Asia (excluding Japan) ________ 10,405 -715 353 3,000 

World totaL ________________ 26,520 -359 3,666 18,895 

I Plus indicates net Imports, minus indicates net exports. 
2 Data for crop year starting Sept. 1 of the previous year shown. 
a Includes a decrease In stocks of 142,000 tons. 

[1,000 metric tons) 

Avails- Produc-
billty tion 
------

311,834 19,103 
465 100 

1,507 240 
2,275 (I) 

351 317 

158 405 
23 26 

9,600 7,593 
326, 303 27,874 

1965 Projected 1970 

Net U.S. Crushed Avails- Produc- Net U.S. Crushed 
trade I exports billty tion trade I exports 
------------------------

-5,775 -------- 13,036 '14, 348 30,000 -9,500 
344 432 558 534 250 

1,847 1,464 1,510 2,087 200 
4,001 3,673 4,001 4,001 (I) 

161 161 4M 478 475 

-32 39 333 373 720 
12 12 12 14 30 

-192 415 3,100 7,401 9,375 
342 6, 196 23,004 '29,236 41,050 

, Includes a decrease In stocks of 1,020,000 tons. 
5 Less than 500 tons. 

400 
3,400 
5,450 

400 

50 
0 

-100 
100 

-------- 18,500 
500 625 

3,000 3,100 
5,000 5,400 

375 840 

100 650 
25 25 

600 4,400 
9,600 33,540 

Avails-
billty 
---

20,500 
650 

3,600 
5,450 

875 

770 
30 

9,275 
41,150 



TABLE 2-21.-Soybean meal: World production, net trade, United States exports and availability, average 1959-61, 1965 and 1970 projected 
[1,000 metric tons) 

1959-61 

Region 
Produc- Net U.S. Avail~ 

tion trade 1 exports ablllty 
---------

Developed: 
United States 2 _____________________________ 8,496 -530 ---------- 31,957 Canada ____________________________________ 

354 29 188 383 
JI\nA.n 705 20 20 725 Europe _____________________________ 

1,788 462 292 2,250 
Eastern Europe _____________________________ 263 1 7 270 

Developing: 
Latin America ______________________________ 111 43 43 154 Africa_-_____________________________________ 

13 12 ---------- 1 
AsIa (excluding lapan) _____________________ 3,065 18 18 3,083 

---------World total _______________________________ 
14.195 37 568 314.823 

I Plus Indicates net imports, minus indicates net exports. 
Z Data for the crop year beginning Oct. 1 of the previous year shown. 

1965 

Produc- Net U.S. Avail~ Produc-
tion trade 1 exports ablllty tion 

---

10,238 -1,868 ...... _ ... _ ...... _-- 48,385 14.540 
439 28 226 461 490 

1,187 49 49 1,236 2.437 
3,145 1,660 1,455 4.805 4.244 

357 151 150 508 659 

262 55 65 317 009 
9 6 2 3 20 

2,437 32 32 2,469 3,458 

18,074 1,969 26,3b7 

3 Includes an in~ 1,n sf;o~s of 9,000 metric tons. 
4 Includes a decrease in stocts of 15,000 metric tons. 

Projected 1970 

Net U.S. Avail-
trade 1 exports ablllty 

------
-3,600 -_ ......... _-_ ... - 10,940 

120 400 610 
100 100 2,531 

2,195 2,500 1,039 
500 500 1,159 

100 100 009 
35 50 65 
50 50 3,508 

---------
100 3,700 26,451 

- -
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For the world, two sets of projections are made: The first assumes 
continuation of our 1960-70 trends (Table 2-22) and the second an 
approximation of what might be called an "Adjusted Trends" pro
jection for 1980 (Table 2-23). In both of these projections, the produc
tion and trade level of the United States for 1980 is the amount 
required to 'meet the net import needs of the rest of the world. In 
addition, for the developing, free-world regions projections are made 
under a static per capita disappearance situation, an improved con
sumption situation, and an accelerated agricultural production situa
tion (Tables 2-24 and 2-25). The improved disappearance situation 

TABLE 2-22.-Grains: Production, di8appearance and trade projection8 to 1980 
assuming 1960-70 growth rate8 prevail in the 1970's 1 

[1,000 metric tons] 

i Production Total graJns 

Region 
Wheat Milled Total Disap- Trade Coarse 

rice grains pearance 
---

Developed: 
United States __________________ -.................. _ ...... ...... __ .. _ ... _ ...... ..... _-- ... -_ ...... 2 273,009 195,941 3 -77,158 
Canada _________________________ 

31,001 0 20,588 52,489 23,866 -28,623 Mexico __________________________ 
4,463 343 13,582 18,388 16,561 -1,827 

River Plate _____________________ 12,080 282 17,463 29,825 15,660 -14,165 
Northern Europe _______________ 33,976 145 73,334 107,455 139,155 31,700 
Southern Europe ______________ 16,244 932 11,222 28,398 45,816 17,418 
Eastern Europe ________________ 21,197 181 48,251 69,629 82,001 12,372 
U .S.S. R ________________________ 84,021 4,442 82,642 171,105 166,848 -4,257 
South Alrlca ____________________ 1,227 10 11,382 ! 12,619 11,062 -1,557 Japan __________________________ 

631 11,616 754 13,001 43,491 30,400 
Oceania ________________________ 

18,700 197 5,350 24,337 8,076 -16,261 

Total developed regions ______ .. _-- ... __ ....... - 800,345 748,477 -51,868 

Developing: 
Central America and Carib-bean. _________________________ 

38i 710 3,691 4,439 8,104 3,665 
Other South America 4 _________ 1,476 10,094 27,149 38,719 43,880 5,161 
North Alrlca ___________________ 

5,800 3,508 15,212 24,520 29,251 4,731 
West Central Alrlca ____________ 73 2,113 14,064 16,250 18,514 2,264 
East Africa _____________________ 215 1,599 12,680 14,494 14,976 482 
West Asia _______________________ 

19,204 1,913 13,148 34,265 37,858 3,593 
South Asia _____________________ 28,733 77,859 34,186 140,778 167,655 26,877 
Other East Asia ________________ 401 50,671 17,634 68,706 67,991 -715 
Communist Asia _______________ 28,447 91,990 69,208 189,645 195,455 5,810 
Drllllng, excluding Communist Asia __________________________ 

55,940 148,467 137,764 342,171 388,229 46,058 

Total all developing regions ___ 84,387 240,457 206,972 531,816 583,684 51,868 

World total __ ~ ________________ ------- ... -- 1,332,161 1,332,161 ........... ---- ...... -.. 

1 Based-on 1970 projections presented by Quentin M. West at the annual meetings of the American Farm 
Economics Association, College Park, Md., 1966. 

2 Indicates amount of production needed in the United States to satisfy domestic disappearance at recent 
trends (1960-70 rate) and net import requirements of the rest of the world under 1960-70 growth rates in 
production and disappearance. 

3 Net import requirements of rest of the world. 
, Includes Brazll. 



TABLE 2-23.-Total grains: "Adjusted trends" projection of production, disappearance and net trade, to 1980 by regions. 

[1,000 metric tons] 

Wheat RIce Coarse grains Total grains 

RegIon 
Produc- Net Disap- Produc- Net Disap- Produc- Net Disap- Produc~ Net Disap-

tion trade pearance tIon trade pearance tion trade pearance tion trade pearance 
---------------------------------

Developed: UnIted States ___________________________ -___ 
51,500 -29,500 22,000 3,070 -2,020 1,050 234,400 -52,000 182,400 288,970 -83,520 205,450 

Canada _____________________________________ 
21,800 -16,500 5,300 0 50 50 20,000 -2,000 18,000 41,800 -18,450 23,350 

Mexico ______________________________________ 
3,500 -400 3,100 580 -90 490 12,000 -100 12,800 16,980 -590 16,390 

River Plate _______ ... ________________________ 11,000 -4,700 6,300 200 30 230 14,200 -5,900 8,300 25,400 -10,570 14,830 
Northern Europe ___________________________ 32,000 2,000 34,000 120 600 720 65,200 24,400 89,600 97,320 27,000 124,320 
Southern Europe ____________________________ 17,000 900 17,900 1,000 -50 950 11,300 16,500 27,800 29,300 17,350 46,650 
Eastern Europe ___________ .,. _________________ 

14,000 6,000 20,000 200 350 550 50,000 3,500 53,500 64,200 9,850 74,050 
U .S.S.R _____________________________________ 

75,000 -5,000 70,000 1,000 0 1,000 80,000 -2,000 78,000 156,000 -7,000 149,000 
South Africa ________________________________ 

1,300 500 1,800 20 80 100 11,000 -3,500 7,500 12,320 -2,920 9,400 
Japan _______________________________________ 

800 7,200 8,000 14,500 1,300 15,800 1,200 16,000 17,200 16,500 24,500 41,000 
Oceania _____________________________________ 

13,400 -10,000 3,400 200 -150 50 5,300 -900 4,400 18,900 -11,050 7,850 

------------------------------------
Total developed regIons ___________________ 241,300 -49,500 191,800 20,890 100 20,990 505,500 -6,000 499,500 767,690 -55,4QO 712,290 

------------
Developing: 

Central America and Carlhhean _____________ 50 2,400 2,450 750 600 1,350 3,100 1,000 4,100 3,900 4,000 7,900 
Other South America _______________________ 2,700 6,800 9,500 8,200 100 8,300 25,000 1,300 26,300 35,900 8,200 44,100 
North Africa ___________ • ____________________ 5,400 6,000 11,400 2,500 -500 2,000 14,800 1,200 16,000 22,700 6,700 29,400 
West Central Africa _________________________ 50 1,200 1,250 2,250 750 3,000 16,000 750 16,750 18,300 2,700 21,000 
East Africa __________________________________ 

200 600 800 1,700 200 1,900 13,500 -500 13,000 15,400 300 15,700 
West AsIa _________________ ~ _________________ 

19,000 5,600 24,600 1,500 500 2,000 12,500 2,750 15,250 33,000 8,850 41,850 
South Asla __________________________________ 

31,000 13,300 44,300 81,000 1,550 82,550 35,800 1,500 37,300 147,800 16,350 164,150 
Other East Asia _____________________________ 400 3,600 4,000 53,500 -1,800 51,700 18,100 -2,500 15,600 72,000 -:-700 71,300 
Communist Asla. ___________________________ 

28,000 10,000 38,000 90,000 -1,500 88,500 65,500 500 66,000 183,508 9,000 192,500 
Developing, excluding Communist Asia _____ 58,800 39,500 98,300 151,400 1,400 152,800 138,800 5,500 143,300 349,000 46,400 395,400 

------------------------------------
Total all developing regions _______________ 86,800 49,500 136,300 241,400 -100 241,300 204,300 6,000 210,300 532,500 55,400 587,900 

------------------------------------
World TotaL _____________________________ 328,100 ---_ ... _ ...... -- 328,100 262,290 ............. _---- 262,290 709,800 ---- ....... _-- 709,800 1,300,190 - ... -----_ ...... 1,300,190 
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assumes that per capita grain disappearance will increase at an annual 
rate of 1 percent. The accelerated production situation assumes that 
the annual rate of growth in grain production would increase to 4 
percent by 1975 and continue at that rate beyond 1975. In all of these 
projections there is the implicit assumption that although family 
planning will make some headway, it will not have much effect on 
population growth rates in the next 15 years. 

2.J".2.1 Recent -Trends. It is well to keep in mind the assumptions 
under which the projections to 1970 were made: normal weather, no 
worldwide conflict, continued economic growth, and a continuation of 
the current programs and policies affecting agriculture and trade-' 
both in foreign countries and the United States. 

If our 1960-70 trends continue in the developing, free-world regions, 
grain production would be expected to reach 342 million metric tons 

. by 1980, an increase of ~bout 2.7 percent annually (T·able 2--22). This 
rate of growth is just slightly better than the population growth rate. 
Production has been increasing at a slower rate than disappearance in 
the developing countries and the growing gap has been made up by 
increased imports. Net- grain imports would increase to 46 million 
metric tons by 1980. 

In spite of increased imports, per capita consumption in the diet
deficit countries has been increasing at a rate of only one-half of 1 
percent per year. Since the average per capita consumption is 10 per
cent below the recommended nutritional standard for calories, two 

TABLE 2-24.-Total grains: Production, disappearance and net trade, for developing, 
free world, 1959-81, 198J,.-85; projections to 1980 under aUernative growth 
assumptions 

[Mll11on metric tons] 

Estimates, alternative I assumptions Production Domestic Net imports 
disappearance 

1Q.1;\l..A1 199 212 17 
1ML.AJ; 219 244 24 
1070 2&9 287 28 
Alternative A -I!)S10 342 362 20 
Alternative R- -I!)S10 342 388 46 
Alternative rl. -I!)S10 349 395 46 
Alternative n .. 1QSlO 342 409 67 
Alternative're· -lORn 382 409 27 

I Alternatives: 
a. Production increasing at 1960-70 growth rate, per capita disappearance static. 
b. Production and disappearance increasing at 1960-70 growth rate. 
c. Adjusted trends-it is assumed that strong pressures for more emphasis on agriculture, including 

greater attention to agriculture in the AID programs of the United States will have positive effects. 
d. Production increasing at 1960-70 growth rate and per capita disappearance increasing at an annual 

rate of 1 percent. Should growth rates exceed projected levels, production and/or imports would 
have to be larger. 

4. Rate of growth in product on increasing to 4 percent by 1975 and continuing at that rate to 1980; per 
capita disappearance increasing at an annual rate of 1 percent. 
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TABLE 2-25.-Total grains: World production, di8appearance, and net trade, by 
regions, average 1959-61, projections for 1970 and projections to 1980 under 
alternative assumptions 

{Million metric tons] 
'. 

Region Production Domestic Net trade 1 
disappearance 

1959-61: 
UnIted States ______________________________ •••••• ___ 171 135 -28 
Other developed, free world _________________________ 163 175 10 
Eastern Europe, and U.S.S.R _______________________ 157 157 0 
DevelopIng, free world ______________________________ 199 212 17 
Communist Asia ____________________________________ 

119 124 1 

TotaL ____________________________________________ 
809 803 0 

1964-65: 
United States _______________________________________ 163 142 .-38 
Other developed, free world _________________________ 195 193 Neg. 
Eastern Europe and U.S.S.R _______________________ 171 177 7 
Developing, free world ______________________________ 219 244 24 
Communist Asia ____________________________________ 

131 135 5 

TotaL ____________________________________________ 
879 891 -2 

1970: United States _______________________________________ 
217 162 -55 

Other developed, free world _________________________ 213 230 17 
Eastern Europe and U.S.S.R _______________________ 193 197 4 
Developing, free world ___________ • __________________ 259 287 28 
Communist Asia ____________________________________ 

150 156 6 

TotaL ____________________________________________ 
1,032 1,032 0 

198o-"Recent trends" alternative: 2 
United States _____________ • ________________________ 273 196 -77 
Other developed, free world _________________________ 286 304 18 
Eastern Europe and U.S.S.R _______________________ 241 249 8 
Developing, froo world ______________________________ 342 388 46 
Communist Asia. __________________________________ 

190 195 5 

TotaL ____________________________________________ 
1,332 1,332 0 

19SO-"AdJusted trends" alternatIve: 3 United States _______________________________________ 
289 205 -84 

Other developed, free world _________________________ 259 284 25 
Eastern Europe and U.S.S.R _______________________ 220 223 3 
Developing, free world ______________________________ 349 395 46 
Communist Asia ____________________________________ 

183 193 : 10 

Total _____________________________________________ 
1,300 1,300 0 

1 Minus indicates net exports; plus indicates net imports. 
2 ProdUction and collS'.lmption increasing at 1960-70 growth rate. 
3 Assumes that the strong pressures for more emphasis on agriculture in le.ss-developed cOuntrIes,in

eluding greater attention to agriculture In the aid programs of the United States w1ll have positive efi'ects 
on agricultural production and consumption. 

• Made possIble by draining down U.S. stocks. 

John M
Rectangle
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decades would be required at the present rate of annual improvement 
to bring the national average diet of these countries up to the standard~ 
even with further expanded imports. 

A continuation of present production and disappearance trends 
for a decade and a half into the future would be an undesirable al
ternative. Food consumption per capita would still be below nutritional 
standards. It would mean increasing dependency upon the United 
States for food. The cost of our aid would continue to spiral and 
recipient countries would not be motivated to develop the eventual 
ability to meet their own needs. Nevertheless, present per capita dis
appearance might be maintained. If the per capita disappearance re
mains static and recent trends in grain 'production continue, import 
needs in 1980 would be only 20 million metric tons, less than current 
net imports (Table 2--24) . 

~.J,1!2 Improved Disappearance Levels. A reasonable objective 
might be for consumption in developing countries to reach the mini
mum nutritional requirement for calories within the next decade. One 
way to achieve this goal would be to multiply the level of food aid to 
these countries. 

If this objective were to be achieved with no improvement in food 
production trends in the developing countries, the net import gap 
would widen and reach a level of 67 million tons of grains by 1980. 
(Table 2--24). Also, no improvement in the agricultural sector would 
mean little, if any, acceleration in overall economic growth because 
a large share of the output of these economies comes from the agricul
tural sector. Thus, these countries could not afford to buy food and 
the increase in imports would have to be under a concessional program. 
This requirement would be over three times the recent levels of grain 
shipments under P.L. 480. 

Beyond 1980 this import requirement would reach such a level that 
the needs of the diet-deficit countries would exceed the United States 
capacity to produce food, over and above the amounts needed for do
mestic use and commercial exports. Product prices would have to rise 
to occasion such production increases. The diet-defiCit countries would 
become so dependent upon food aid that any interruption, even a dock 
strike, might have disasterous results. 

~.41!.3 Accelerated Agricultural Development. To reach the nutri
tional caloric standard within the next decade, and at the same time 
to begin to cut down the rate of increase in imports, grain production 
in the food-deficit countries would need to be accelerated from 2.7 
percent annually to 4 percent per year by 1975; the gross domestic 
product would need to rise at an annual rate of 5 percent. 

If this production goal were attained by 1975 and the increased dis
appearance situation were assumed, import requirements for grains 
could be reduced to 27 million tons by 1980. 
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Increasing the annual rate of agricultural growth to 4 percent is 
difficult but not impossible. A recent study of 26 of the developing coun
tries shows that 12 have achieved an annual increase in agricultural 
production of more than 4 percent.1 

Increased agricultural development on the part of the diet-deficit 
countries would provide them with an opportunity to expand their 
commercial export markets for agricultural products. Comparative 
advantage probably would lead many of the tropical countries to main
tain or even increase their imports of many temperate zone agricul
tural products. As these countries progress, they will be able to buy 
more commecial imports. Increasing agricultural production in the 
diet-deficit countries would not only help meet the food needs of these 
countries but also improve their financial ability to import commodi
ties on a commercial basis. 

1!.4.~.4 "AdjWlted Trends" Projection. The actual supply and dem'and 
situation for grains in 1980 will probably be somewhat different from 
any of the ahove three assumptions. The long-range outlook staff of 
the Foreign Regional Analysis Division of the U.S. Department of 
Agriculture has put together a first approximation of what is called 
an "Adjusted Trend" projection for 1980 (Tables 2-23 and 2-25). It 
should be kept in mind that the projected United States exports 
include both commercial exports and food aid. This set of projections 
is generally somewhat less optimistic than those of the Improved 
Oons'l1.lmption Level and Aaaerelated Agrimiltural Development. How
ever, we have assumed that the strong pressures for 'lJwre emphasis 011 

agriculture, including greater attention to agriculture in the aid pro
grams of the United States will have positive effects. Some of the 
other assumptions and considerations in making these projections 
follow. 

9J.4.9J.5 Whea.t. In Western Europe, projections are generally in line 
with supply and demand studies which we have had made in France, 
Germany and Italy. These projections reflect continued increases in 
production coupled with a decrease in per capita consumption, thus 
resulting in smaller net imports. In Eastern Europe, produotion will 
increase slightly faster than consumption 'and the USSR is expected 
to supply most of the import requirements. The only substantial in
creases in commercial markets for wheat will be in Communist Asia 
and Japan. It is assumed that for some time the former will continue 
to be supplied by Canada and Australia. There will be a continued 
increase in import requirements of the developing countries to im
prove per capita consumption. 

1 U.S. Department of Agriculture Economic Research Service. Foreign Development and 
Trade Division. Changes in Agriculture in 26 developing nations, 1948-1963. U.S. Dep. 
Agr. Foreign Agr. Econ. Rep. No. 21,134 p.1965. 
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With the decrease in the commercial market in Europe and the 
Soviet Union, further expansion of exports by Australia, Canada 
and Argentina implies that these countries will likely be involved in 
the food aid picture. Argentina probably would be involved only if 
some sort of World Food Fund, such as that now being studied in the 
UN, is inaugurated. 

The production and trade level shown for the United States for 
1980 is the amount required to meet the net import needs of the rest of 
the world. If there are shortfalls in production or the other major 
wheat exporters do not produce for food aid, the level of United 
States production and trade would have to be much higher. 

~42.6 Rice. These projections imply a reversal of the tight rice sup
ply; situation which is projected for 1970. They assume adoption of 
the new rice varieties being developed in the Rice Research Institute 
in the Philippines with resulting increased yields in both the rice im
porting and exporting countries. 

It is also assumed that the war in Viet N am will be terminated 
successfully and that this country will resume its status as a net ex
porter. Further, Mainland China will continue to export rice as a 
matter of policy. 

With abundant supplies, world prices for rice should be somewhat 
lower in relation to other grains so that Japan and other countries 
will continue to import rice. 

The United States will be exporting over 2 million tons in the early 
1970's. It is improbable that we will reduce rice acreage so there should 
be rice available for food aid to countries like India even though there 
may be a substantial increase in domestic production. 

2.42.7 Ooar8e Grain8. Commercial demand for feed grains should 
continue to expand rapidly in Western Europe and Japan. There 
should also be an expansion of the market in Eastern Europe. Rela
tively. new markets should develop in Latin America and West Asia 
where demands of the livestock industry in the Caribbean, Venezuela, 
Israel and Turkey exceed domestic production. 

Imports 'of coarse grains for food by developing countries should 
remain stable as increased production just about covers increased 
food requirements. However, some increase in grain imports for feed 
is expected to fill the needs of developing livestock industries, particu
larly poultry. 

With the projected expanding commercial market for feed grains 
and the abundant wheat supply, Canada and Argentina would be ex
pected to produce more feed grains for export. This is less likely for 
Australia which has a greater comparative advantage in wheat. The 
relative prices of wheat and feed grains will a,ffect developments in 
these three countries and will also determine how much wheat goes 
into feed. 
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fJ.4.fJ.B Total Grains. Under the "Adjusted Trends" assumption the 
import needs for grain in the developing free world countries would 
be 46 million metric tons, the same as the figure obtained using the 
1960-70 growth rates. However, both production and disappearance 
levels would be greater reflecting a higher level of economic activity. 
The expected annual rate of growth in per capita disappearance under 
this assumption is around 0.7 p.ercent compared to the 0.5 percent 
used in the 1960-70 trend asswnption. Gross domestic product would 
rise an average of 4 to 5 percent per year. Because of the expected 
higher rate in overall economic growth, the purchasing power to buy 
needed food would be greater and the financial ability of the country 
to import commodities on a commercial basis would be improved. 
Thus, under this assumption, relatively more trade probably would 
be on a commercial basis than in the "1960-70 trend" projection 
thereby requiring fewer concessional sales from developed countries. 

All import needs specified under each alternative need not be filled 
by concessional sales. A significant portion of exports to develop
ing countries is already on 'a _commercial basis. For example, consid
erable quantities of coarse grains are shipped to Latin America on 
a commercial basis. Some rice and food grains are also shipped on a 
commercial basis to 'other developing countries. Of the 24 million 
metric tons of net grain imports in the developing free world in 
1964/65, it is estimated that only about two-thirds were concessional 
sales from the United States. 

2.5.0 Pointing Directions for Agricultural and Trade Policy 

fJ.5.1. Implicatiorus for the Developing Oountries 
Per capita food consumption in the developing world has been in

creasing only a fraction of a percent a year. Levels of nutrition are 
inadequate. Rates of growth in per capita consumption of food must 
be accelerated if a wide range of objectives to which both the United 
States and the developing countries are committed are to have any 
chance of success. 

Recent rates of growth in the production of food in the d~veloping 
countries have been slower than those of consumption. The difference 
is being made up by an accelerating flow of food imports, a substan
tial fraction of which has consisted of concessional food aid. While 
t.he last two years have been abnormal because of the crop fail~res in 
India where two-fifths of the people of the non-Communist develop
ing world live, the lag in the rate of growth of production relative 
to consumption remains even when correction is made for these 
temporary setbacks. 

If present trends continue, even the present inadequate growth 
rates in per capita consumption in the developing countries can be 
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maintained only by an expanding flow of food imports from the de
veloped to the developing world. The growing· gap between produc
tion and consumption could be met in three ways. Either (1) the de
veloping countries would have to divert an increasing proportion of 
their limited foreign exchange earnings from capital goods and indus
trial raw materials to food purchases, or (2) foreign food aid would 
have to expand, or (3) indigenous .food production would have to 
increase at a faster rate. 

The problem of accelerating the rate of growth in per capita food 
consumption can be attacked in two broad ways. One is to attempt to 
reduce the rate of growth of population. The other is to increase the 
rate of growth of food availabilities in the developing world. The 
United States should use its influence and resources in technical as
·sistance and fund.s to promote population control measures in every 
conceivable way. However, the most optimistic estimates suggest that, 
at best, the growth in food demand resulting from population expan
sion cannot be slowed for at least 10 to 15 years. The population con
trol effort is an urgent one, but its impact in limiting food demands 
is probaply two decades away, and in any case, can deal with only 
part of the problem. We must, therefore, devote vigorous efforts to 
accelerating the rate of growth of food availabilities. 

Beyond a certain point, increases in per capita food consumption 
are likely to occur only ~a consequence of increases in the rate of 
growth of effective-money demand for food products. With few ex
ceptions, subsistence agriculture has not provided adequate nutrition 
for its practitioners. The economic development to which the develop
ing countries are committed requires a continuing expansion of the 
proportion of the population which is in non-agricultural pursuits. 
Improved productivity on farms will lead directly to some improve
ment in consumption by farmers of their own produce. But this im
proved productivity is very unlikely to. take place without the com
merci-alization of agriculture for which rising incomes are a necessary 
condition. 

There is extensive statistical evidence to document the fact that, in 
low income countries, a large fraction of any increase in incomes goes 
into food consumption. Indeed, we can reasonably estimate that total 
food demand in the developing world will grow at a rate approxi
mately equal to the rate of populrution growth plus one-half to three
fourths of the growth rate of per capita income. rrhe main reason that 
per capita food consumption has been growing so slowly is that the 
general rate of economic development has been inadequate. An in
crease in the growth raw of food consumption requires a substantial 
increase in the growth rate of per capita incomes in the developing 
countries. 

John M
Rectangle

John M
Rectangle
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There is an important implication in this conclusion for the policies 
of the United States and the other developed countries. These polir:ies 
cannot be f(){tU8ed narrowly on the food problem, alone. Economic.and 
technical assistance from the developed countries to support an ex
pansion of balanced economic developlnent is an essential precondition 
for dealing effectively with the world food problem. 

This analysis is based 011 the premise that the overall rate of growth 
will be accelerated in a substantial portion of the developing world to 
levels which will permit an expansion in the growth of food demand 
to something in excess of 4 percent per year (versus the present rate 
of around 3 percent). 2 If a 2% to 3 percent population growth rate is 
assumed, a growth rate for per capita incomes of 2 to 4 percent will be 
required as compared with an average current rate of between 1 and 2 
percent. This rate has been achieved in a few developing countries and 
seems to be within the range of possibility for several others. 
~.5.1.1 Alternatives. What are the alternative ways by which supplies 
can be provided to meet this growing demand ~ Tha impact of expanded 
world food consumption on world trade patterns depends upon which 
of three broad alternative strategies of the majority of ,the developing 
countries puruse. A first strategy would be to meet the expanded food 
needs primarily from sharply increased production and more efficient 
distribution in the developing countries themselves., This approach 
would include measures to increase yields, . t~ reduce losses in storage 
and transit from pests and contamination, and to improve distribution. 
We do not necessarily imply that individual countries in the develop
ing world should try to be self-sufficient in foodstuffs. Individual 
countries might concentrate on the production and export of food iteros . 
in which they had 'R substantial comparative advantage. This could 
radically increase the volume of trade in foodstuffs among the various 
developing countries. Under this strategy the developing countries, 
taken as a group, would attempt to meet their own expanded food 
demand out of an expansion of their aggregate food production. 

A second strategy would be for the developing countries to expand 
non-food exports to the developed world. The intent would be to meet 
expanded food needs by purchasing much larger quantities of 
food from the developed countries with the foreign exchange proceeds 
of their exports. There are many variants of this strategy. It· might 
involve attempts to increase markedly the traditional raw material 
exports of the developing world, including such agricultural exports as 
coffee, cocoa, cotton, and tropical fruits. Or it could involve a major 
effort by the developing countries to penetrate developed country mar
kets with new manufactured exports ill which these countries could 
develop competence. This strategy would call for meeting the incre-

I In this portion of the analysis reference Is to total food demand for which the Income 
elasticitY' of demand is higher than for cereals or grains as a separate component of total 
food.. 
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mental food needs of the bulk of the developing world from greatly ex
panded production of food in the presently developed countries and 
the sale of that food on essenti~lly commercial terms. 

A third strategy would be to accelerate the volume of food aid from 
developed to developing countries. 

For anyone developing country, and indeed for the developing 
world as a whole, the most likely strategy is, of course, a combination 
of these three. Nonetheless, in considering the directions in which 
United States policy should go, it is useful to distinguish these three 
strategies analytically to decide where major emphasis should be 
placed. 

~.5.1.2 Production in.erease, better distribution favored. A satisfac
tory long-term solution to the world food problem requires that main 
reliance be placed on increases in the production of food and increases 
in the efficiency of its distribution within the group of developing 
countries. 

The third alternative of an indefinite and growing reliance on food 
·aid is unattractive to both donors and recipients. From the standpoint 
of donors, the domestic surpluses which resulted in the main from 
domestic policies intended to support the incomes of the agricultural 
population are dwindling. The production hy the developed countries 
of large-scale agricultural surpluses to J>e used as food aid will require 
in the future the allocation of real resources to this purpose. While, 
for some years, the developed countries could produce enough extra 
food to meet the growing requirements of the developing world, the 
time is not too far distant when these requirements could not be sup
plied at reasonable cost. The developing countries, for their part, also 
do not want food aid to be permanent. They are deeply concerned about 
possible threats to their autonomy and independence of ·action. The 
recent interruption of food aid during the Kashmir dispute brought 
home vividly to Indians and Pakistanis their vulnerability in this 
kind of a situation. 

Food {Lid has a vital role to playas a transitional measure over the 
next decade, but we must move as rapidly as possible to a situation in 
which the developing countries are not dependent on it as a regular 
feature of the landscape. 

The strategy which calls for the developing countries, as a group, 
to attempt to meet their food demand by increasing their non-food 
exports to the developed world does not seem feasible over the next 
two decades. There may be individual countries, however, for which 
this strategy is both possible and desirable. Attention by both devel
oped and developing countries to improving the efficiency of world 
production by increasing specialization and trade is desirable. The 
growing effective demand for food in the developing world as a whole, 
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however, cannot and should not be met primarily by a trade of non
food exports for food imports. . 

The traditional agricultural exports of the developing countries 
such as cotton, jute, and the· tree crops (cocoa, tea, coffee), which are 
outside the basic food category', probably have limited possibilities for 
expansion. Some crops like cotton and jute are threatened by synthetic 
fibers and other substitutes. For others, such as coffee and tea, the in
come elasticity of demand in the developed countries is not promising. 
While we favor the maximum expansion possible in the marketing of 
these products to the developed world, this course alone is not likely to 
produce foreign exchange earnings of a magnitude that is in any way 
comparable to the food needs of the developing countries. As incomes 
in these countries rise, they may well have new opportunities to supply 
each other with larger quantities of commodities, hut, again this will 
not earn them the exchange needed to buy food from the developed 
nations. 

It is urgently important that the developing countries pay more 
vigorousnttention to the expansion of their potential for manufactured 
exports. Here, however, they face a dilemm·a in the short and medium 
term. Expanded production of manufactured goods in the developing 
world will require heavy investments for imports from the developed 
'world of both capital goods and equipment and of some key raw ma
terials. To the extent that scarce foreign exchange resources are used 
to purchase food from the developed countries, the expansion of in
dustrial capacity essential to the development of their long-run export 
potential will be inhibited. As they develop capital goods industries 
of their own, they may escape this paradox, but for the developing 
world, as a whole, this cannot be expected for at least two decades. 
Thus, there is serious danger that a policy of reliance upon trade with 
the developed countries for food will retard the whole process of eco
nomic development. 

Beyond this is the question of whether, especially for some of the 
larger countries, reliance on imports for a large and growing fraction 
of food supplies might put intolerable burdens on their transport, 
port., and storage facilities. To pursue this alternative would neces
sitate much heavier investments in very costly social overhead than 
they would otherwise be required. 

There are some powerful additiqnal considerations which raise 
questions as to the desirability of non-food development in the less 
developing world as a way of paying for food imports. The overwhelm
ing bulk of the population of the developing countries will, of neces
sity, continue to be rural for the next few decades no matter how 
rapidly industry grows. None of the larger developing countries en
gaged in major programs of industrialization has been able to pro
vide non-rural employment opportunities rapidly enough to absorb 
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even the natural increase in the labor force, let alone, draw the par
tially employed surplus population out of rural communities. If de
velopment is to benefit the majority of the population which lives 
outside the cities, rural incomes must rise. This can happen on a sus
tained basis only if agricultural productivity rises. 

2.5.1.3 Oould Improve Income Dwtribution. The potential contribu
tion which an all-out drive to improve agriculture can make to solv
ing the problems of income distribution and providing employment 
opportunities to the marginal elements in the population may be 
even more important than its contribution to the growth of gross 
national product. Efforts to solve the problem of unemployment 
by a search for labor intensive industrial activities or, by support 
of small scale "cottage" industries and handicrafts have in the 
main, failed. Rising agricultural incomes can bring dramatic im
provements in the rural employment situation. Actually, direct em
ployment in farming is unlikely to rise with improved productivity, 
though in some situations, such as where better irrigation makes 
multiple cropping possible, this may well occur. As has been demon
strated in Pakistan and elsewhere, however, many kinds of public 
works activities which are important to the improvement of agricul
ture and which have very substantial employment potential can be 
organized in the rural setting. These include bun ding, terracing, water 
control, and construction and maintenance of local roads. Beyond this, 
as agriculture makes the transition from subsistence to commercial 
farming, there is a rapid expansion in economic activities supporting 
agriculture such as marketing, distribution, packaging, and supply
ing of inputs which add to opportunities for employment in rural 
regions. As the money incomes of farmers rise, other kinds of small 
scale service and commercial activities for which subsistence peasant 
farmers cannot now pay begin to be economically viable in the coun
tryside. Thus, while a growing industrial sector is necessary for a 
prosperous agriculture, it is also true that without progress in agri
culture, all economic, social, and political problems remain very 
difficult to solve. 

Since the strategy of increasing food production in developing 
countries has so much to recommend it, what are the prospects for 
success ~ It is our conviction that the potential for increases in per 
acre productivity in the major food crops is high in substantial areas 
of the developing world. Exploitation of this potential will require 

. a major effort by each of the developing countries. It is not clear pre
cisely ,vhich areas in an ideal free trade world would have the maxi
mum comparative advantage in the production of each particular 
foodstuff. The capital-int~nsive agriculture of the developed world, 
however, does not necessarily have a significant advantage in effi
ciency over the optimal labor-intensive techniques which can be used 
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in developing countries. In summary, the strategy of promoting a 
major expansion of food production in the developing world, as 
spelled out elsewhere in this report, seems to be the most sensible 
course. 

~.5.1.4 United States Role. 1£ the above view is accepted, it follows 
that the United States should assist in promoting increased agricul
tural productivity in :the developing countries. It is important not to 
undertake modernization of agriculture in ways which will reinforce 
the tendencies which already exist in several developing countries to 
seek self-sufficiency across the whole range of their food requirements. 
The strategy proposed would be greatly strengthened by specialization 
by countries in producing food items for which they are particularly 
well suited and by a major expansion of trade in food commodities 
among the developing countries themselves. 

~.5.1.5 Process a Long One. The proposed strategy cannot be ex
pected to result in a sudden improvement in the agricultural perform
ance of the developing countries. A major transformation of agricul
ture is required and, while the beginnings of this are underway in 
some areas, it will be a long and slow process. Food aid will undoubt
edly have to be continued for a number of years. If thereis an tWcelera
tion in the rate of general economic development, bringing with it an 
increase in the rate of growth in food demand that is to be expected 
in such circumstances, the gap between this demand and the maximum 
achievable growth in agricultural productivity may widen before it 
narrows. To avoid conflict between short-term measures and long-term 
goals, it is imperative that food aid be used in ways which will not 
inhibit the growth of agricultural productivity in the developing 
countries. 

~.5.1.6 Food Aid Impact on Recipients. Food aid may influence the 
price behavior of agricultural products in the recipient countries. The 
governments of these countries, under strong political pressures from 
urban consuming groups, may be tempted to use food aid to keep 
market prices for food below the level required to provide adequate. 
incentives for their own agricultural producers. 

One of the key inhibitions to innovative investment by farmers in 
new agricultural techniques is the extreme uncertainty and variability 
of the prices of the major food crops. The subsistence farmer is rela
tively independent of these fluctuations, but the commercial farmer 
who goes into debt to purchase inputs may be wiped out either by 
bad weather or by unusually good weather which causes prices to 
plunge downward. Policies which stabilize the short-term price fluc
tuations of major food crops are important, but price stabilization 
programs are most effective when they are buttressed by a substantial 
accumulation of food stocks which can be drawn upon in bad years. 
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Appropriately designed rood aid can be used to support price stabiliza
tion policies by the building of food stocks in the recipient countries 
(where storage facilities exist or can be created at reasonable costs) 
or by using stocks held in the developed countries as a "buffer." There 
will probably have to be some carefully designed combination of these 
methods with the emphasis shifting steadily toward stocking in the 
developing countries as their storage capacity expands. 

Exploration of special temporary uses of food aid to support labor 
intensive rural projects is desirable. The governments of the develop
ing countries are frequently inhibited from launching such projects 
because they fear that the purchasing power created by paying even 
very low wages to large numbers of people for road construction, irri
gation, terracing, bun ding, and similar activities will generate de
mands for food that cannot be met and will trigger inflation. Fre
quently projects of this kind are necessary to the expansion of 
agricultural productivity but cannot be undertaken because their yield 
emerges slowly and lags behind the additional food demand they gen
erate. Situations of this kind provide an ideal opportunity to use food 
aid as a form of temporary capital investment in the improvement of 
agriculture. 

2.5.1.7 -.lVorld-Wide Exalwnge N eae88ary. Strategies suggested in 
support of national specialization and expanded trade imply, first, 
that productivity increases should be promoted as actively in countries 
that traditionally have food surplus such as Burma, Thailand, and 
Ceylon, as they are in countries which have recently been food deficient 
such as India and Pakistan. 

Second, countries should be encouraged to design agricultural de
velopment policies that will be consistent with the expansion of trade. 
Explicit tariff or quota barriers to agricultural imports should be 
shunned where possible and promotion for export should be given as 
much attention as needs of domestic markets. 

Beyond this, the developing countries should be a ware of the plans 
and policies of other. nations with whom they might be engaged in 
trade. Frequent consultation among agricultural planners of the de
veloping countries should be encouraged, possibly under the auspices 
of international organizations, so their plans and projections will be 
reasonably consistent with each other and opportunities for regional 
specialization and exchange will be recognized. 

2.0.2 I mpliaatio'M lor the Industrialized N ationB 
Citizens of the developed world have enjoyed sustained rises in 

income in recent years. As a result, they have been able substantially 
to increase their farm product consumption and to improve their diets. 
This demand has been met by a rise in hoth domestic farm output 
and in international trade in farm products. 
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It is highly probable· that growth of both income and population 
will continue in the developed countries sustaining a high level of 
demand for farm products. In Western Europe and Canada, however, 
most of the growth in demand will come from an increase in the 
quality rather than in quantirty of food just as has been true in the 
United States ill recent years. Thus, the increased demand in these 
countries will be largely for livestock products, feedstuffs, and fruits 
and vegetables. The United States can be expected to benefit from this 
trend because of our great efficiency in feed-grain production. 

The other developed countries of the free world show many of the 
characteristics of the United States. First, while they are not pri
marily agricultural, their agriculture is technically advanced and in
volves large capital inputs and makes relatively efficient use of labor. 
Second, most countries have an elaborate governmental or quasi-gov
ernmental structure to protect the income of farm producers from the 
impact of outside competition. Third, most developed countries view 
their domestic markets for food and fiber as a preserve for their domes
tic producers and engage in international trade in farm products only 
as a residual source of supplies or as an outlet for surpluses. 

There is little question that these policies tend to increase the cost 
of food and fiber to the developed countries by inducing high cost 
domestic production of farm products that might be obtained at a 
lower real cost through international trade. Countries that are rela
tively wealthy can afford this resource cost to protect their farmers 
and thus avoid or respond to the domestic political pressures brought 
by farm producers and allied interests. The developing countries can
not afford such resource costs, however, and some of the agricultural 
and trade policies of the developed countries work to their detriment. 

It is unrealistic to assume that the developed countries will with
draw substantial portions of their agricultural protectionism in the 
near future. It is hoped, however, that they will examine those policies 
which have a particularly adverse effect upon the developing coun
tries with a view toward modifying them. 

Three major policy considerations for the developed countries are: 

·1. Large-scale and vigorous attempts to adapt and transplant 
their advanced technology in agriculture to the production of food 
and fiber in the developing countries. 

2. The reduction of barriers to the markets in the developed 
countries for primary products from the developing countries. 

3. The international organization and financing of those con
cessional sales of food and fiber deemed necessary to deal with the 
population and economic growth problems of the developing 
countries. 
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~.5.-2.1 The Reiluction of Barriers to Markets for Primary Products. 
The developing countries should attempt to produce those products 
for international trade for which they have a comparative advantage 
and to use the exchange thus earned to buy those products which can 
be produced more efficiently elsewhere. This should give them the 
most products for their resources and the greatest political and eco
nomic independence. Such action however is obviously dependent upon 
the ~ vailability of export markets for their products and ,hard currency 
markets are largely in the developed countries. In general, the present 
policies of the developed countries. provide major barriers to these 
lucrative markets. 

First, the agricultural policies of most developed countries encour
age the production of products which are directly competitive with 
those produced by the developing countries. For instance, nearly every 
developed country has a policy to encourage and protect high-cost 
beet sugar production, thereby reducing the market for one of the 
products in which the tropical developing countries have a clear pro
duction advantage. Moreover, sugar usually has to be imported in raw· 
form, thereby removing the possibility of employing some of the ex
cess labor in the developing countries for refinement. The extent of 
such policies varies widely among the developed countries, but similar 
prpblems . can be cited in the protection of rice, oilseeds, cotton, and 
fruits. 

A second barrier to the markets of the developed countries is the 
high taxes andlor import duties levied by many of the developed 
countries upon products imported from the developing countries. 
These taxes are generally intended not so much to protect domestic 
producers but to generate revenue or alter consumption patterns. Ex
amples of such products affected by these taxes are coffee, cocoa, and 
tobacco. Duties discourage consumption and thereby reduce the market 
for products which could be produced more advantageously in devel
oping countries. 

Many developed countries have discriminatory trade policies favor
ing one or a few of the developing countries. Such arrangements are 
favored by nations receiving them, but, in general, they may distort 
production and trade patterns among the developing countries, en
couraging uneconomic production and adding to the exchange prob
lems of developing countries as a group. 

United States policies in regard to these factors are neither the most 
permissive nor the more restrictive. Because of our position as one of 
the world's major producers of farm products, we can hardly expect 
that other developed countries will take the initiative to reduce trade 
barriers to the products of developing countries. 

There has been heavy pressure from the developing countries for 
the developed countries to give them general trade preference. Some 
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kind of price stabilization for export products from developing coun
tries also is frequently demanded. If preferential treatment and price 
stabilization mean, as they appear to, price increases for farm prod
ucts produced by developing countries, it is doubtful that such devices 
:would prove either feasible or desirable in the long run. The demon
strated inability of such schemes to achieve effective production con
trol and the tendency to divert scarce resources to commodities already 
in excess supply in world markets suggest that other means of stabil
izing the export earnings of the developing countries should be sought. 
Actually, liberalization of trade relations among the developed na
tions may be fully as important as between the developed and devel
oping nations. 

2.5.2.13. The Organization 01 Oonoessional Sales. Some kind of well
organized, long-range program of concessional sales fro~ developed 
countries to developing countries should be a part of world food 
planning. 

Until very recently, the major concessional sales have involved com
modities considered as "surplus" by the selling country. This has meant 
that the developed countries tha~ are not major exporters of farm 
products have viewed this as a program for which they had no re
sponsibility. The sharp reduction in the stocks 4eld by the United 
States drastically changes this picture. A major effort should be di
rected to obtaining coordinated support from the other developed 
countries to finance a continuing program of concessional sales. Sev
eral considerations should guide this effort: 

1. The principle of comparative advantage should be considered 
in these sales as in normal trade. It makes very little sense for the 
wealthy countries to finance an expansion of high-cost grain produc
tion in Western Europe when grain for concessional sales clearly can 
be obtained at a lower cost from the Western Hemisphere and Aus
tralia. Similarly, it is unwise to encourage the production of high
cost dairy products in the United States to obtain dried-milk prod
ucts when expanded output might make them available more cheaply 
in Western Europe, the United Kingdom, or New Zealand due to 
better forage conditions and lower labor costs. 

2. The pre-eminence of the United States in the area of concessional 
sales means that we should encourage greater international planning 
and cooperation in these endeavors. In doing so, however, we should 
recognize that, while past surplus disposal programs have provided 
valuable experience, they are not models for future plans. 

3. The United States and Canadian grain stocks also brings to the 
fore new questions about the responsibility for stock-holding for con
cessional sales. 'Since such sales are by their nature unpredicta'ble and 
require variations in product flows not easily programmed into cur-
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rent agricultural production, a clear and consistent policy of stocks 
for concessional sales needs to be developed. . 

There are no clear economic reasons why such stocks should be 
financed and held exclusively by the United States ·and the other 
major exporting countries. Eventually, the developing countries 
should help finance a program for handling concessional sales that 
will isolate such stocks from normal commercia:! trade channels. 

~.5.3 Implications for the United States 
If the nature and the volume of trade envisioned in the foregoing 

analysis were to come about-that is, if there were to be a growing 
volume of both conventional trade and trade on concessional terms
the United States would experience a mixture of effects. 

Among the favorable factors would be the more nearly full utiliza
tion of our agricultural and agri-business resources. Sharp restrictions 
on the use of our agricultural capabilities are expensive and distaste
ful to farmers and to those who serve them. In 1966, the Federal Gov
ernment made direct payments to farmers which totaled about $3.5 
billions,a sum equal to approximately 25 percent of the net income of 
United States farmers, most of it in connection with programs which 
held out ·of production some 56 million acres of a total of about 350 
million acres of cropland. There is a deep desire of farmers to use 
their land and an equally strong wish on the part of the agri-business 
community to provide farmers with additional amounts of fuel, ma
chinery, fertilizer, processing, storage and transportation facilities, 
and a host of associated services. 

Any increase in commercial dollar exports would be helpful to 
agriculture, to our trade balance, and to the country generally. How
ever, if these resources are put to uses that involve little or no financial 
return to this country-as is often the case for those commodities 
moved under P.L. 480-then their release will result in an increase 
in cost rather than a reduction. Rather than pay the farmers for not 
producing the crops, we would be paying them for producing the 
commodities and adding both processing costs and a considerable 
outlay for transportation. Research findings generally agree that 
producing and donating is the more expensive. Some studies place the 
cost at about twice that of preventing production but other estimates 
are lower. In any case, it is safe to say that the unrequited transfer 
of increasi.ng quantities of United States farm products would add 
considerably to the present outlay. 

·There is an additional difficulty which the United States would en
counter if the projected trends were to come about. Our agriculture 
and agri-business complex would become heavily dependent upon 
special export outlets .. This would make curtailment or termination 
difficult even if the best interests of the United States and the recipient 
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countries indicate the reduction or the end of the program to be the 
best long-t.enn course. To terminate the program after we and they 
had both become reliant on it would be a jolt to the receiving nation, 
an economic shock to us, and a setback for this country in the councils 
of world opinion. 

The following actions should be taken to prevent the occUlTence of 
difficulties apt to arise from excessive food aid commitments~ 

1. Special agricultural exports should continue with the following 
principles, which are to be found in the new Food For Peace legisla
tion: 

a. Food aid should be associated with assistance in family 
planning. 

o. Special food aid exports should be held to a bare practical 
minimum. They should take into account the real needs of the 
recipient countries; whether these needs relate to commodities 
in United States government stocks, commodities which are not 
in stock but might be procured in the market, or production 
goods like fertilizer and insecticides that could help the de
veloping countries increase their own output. 

e. Food aid other than disaster relief should be considered as an 
interim program to buy the time needed for agricultural devel
opment tp occur abroad. It should not be looked upon as a long
range permanently-subsidized program which couples our ex
cess production capacity with the food needs of the developing 
countries. 

d. Food aid should be conditioned by the demonstrated intent 
of the receiving countries to improve their own agriculture. 

e. Food aid should be coupled with a very substantial increase in 
technical agricultural assistance supplied by the United States. 

2. Our agricultural production policies, and hence our foreign trade 
policies, should be related more closely to the principle of comparative 
advantage. Xhat is, each country should produce the commodities 
for which its costs are lowest and should trade these' products for 
others which are produced at low cost in other countries. 

a. In accordance with this principle, the United States should 
emphasize the production of those commodities which are or 
can be competitive in world markets or in United States mar
kets without protection: wheat, cotton, plant proteins, and 
especially soybeans. We should de~emphasize those commodities 
which can be more economically supplied by other countries, 
such as sugar and wool. In working out these adjustments of 
farm and trade policy, we should negotiate for and obtain 
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similar adjustments from other countries, many of which have 
agricultural and trade policies that depart further from the 
principle of comparative advantage do our own. 

b. We should, on the whole, 'avoid preferentia'l trading arrange
ments, giving as near equal treatment as possible to our 
trading partners. Some deviations from this policy are in
evitable, but they should be limited in number and scope. For 
example,· there is danger in giving trade preferences to the 
developing nations because it tends to· overstimulate their 
production of commodities for export at the expense of much
needed food production for domestic use. This would be to their 
disadvantage and ours. Trade preferences can result in un
economic production, a luxury the developing nations cannot 
afford and a threat to our own export markets. 
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·3.0 INTENSIFICATION OF PLANT PRODUCTION 

3.1.0 Summary 

Production of major food crops can be increased substantially in 
both developed and developing countries. Application of existing 
know ledge in the form of coordinated, crop-oriented research and 
production programs will be needed--especially in the food-deficit na
tions-if food requirements of the 1970's and 1980's are to be satisfied. 
Even under the most favorable circumstances, the interval between 
inauguration of such programs and their realization will be at least 
5 to 10 years. 

National programs such as the wheat programs of Mexico and 
Pakistan, the All-India Crops Scheme, and the Kenya maize pro
gram should be considered as models for developing similar programs 
in other countries. No campaign for accelerating food producti'On 
should be initiated, however, before accomplishment of applied re
search has shown that new plants can be adapted to practices under 
specific, local conditions. Application of genetic principles and plant 
breeding techniques will playa major role in programs for intensify
ing plant production. For the immediate future, advantage should be 
taken of present knowledge 'Of the ge~graphic adaptation of many 
of the world's improved crop varieties. They should be tested widely 
in areas where they are likely to prove useful. Special attention should 
be given to the following: 

1. Rice varieties from Taiwan that have been improved at the In
ternational Rice Research Institute which have short stature, stiff 
straw,and respond to high levels of fertilizers. 

2. Dwarf wheat varieties developed in Mexico which have wide 
geographic adaptation. 

3. Maize varieties and hybrids, developed ill tropical America and 
Southeastern United States, which appear to be adapted to areas of 
Southeast Asia and Africa. 

4. S'Orghum genotypes which have unusually 'wide ranges of geo
graphic adaptation. 

For the l'Ong-term approach, five major consideratioll.':I are involved: 
1. Attention to basic food crops that can be propagated rapidly

wheat, rice, maize, pulses, oil-seed legumes, sorghum, millet, potato, 
sweet potato, yams, cassava and banana. Attempts toward self-suffi
ciency in specialized, poorly adapted crops should be avoided. 

193 
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2. Substantial breeding efforts, in the regions and by the nations 
where the crops are to be used, should be encouraged. 

3. Establishment of organizations that can produce and supply 
adequate and dependable quantities of high quality seed. Generally, 
private enterprise has been much more effective than government 
monopolies in producing and distributing seeds of improved varieties 
or hybrids. 

4. Establishment of integrated national crop-oriented programs un
der unified leadership. 

5. Plant breeders must utilize high levels of soil fertility in breed
ing programs in order to develop plant types capable of converting 
large amounts of nutrients into end products of better nutritional 
quality. Attempts now being made to isolate cereal genotypes with 
a better balance of amino adds should be greatly expanded, especially 
the transfer of the genes opaque-2, or floury-2, or both, into maize 
varieties. These genes are capable of increasing the lysine content of 
maize' by about 100 percent and tryptophan by almost 65 percent. 

The. full potential of- improved varieties cannot be realized unless 
adequate quantities of mineral nutrients and water and protection 
from pests are provided. Use of fertilizers is probably the quickest 
and most dramatic way to increase crop yields. Doubling or tripling 
yields of some 'crops' by adequate fertilization is not uncommon. Re
sponse to fertilizers by improved varieties in the national wheat pro
grams of Mexico, India, and Pakistan have ranged from 17 to 30 
pounds of grain for each pound of nutrients applied compared to 11 
to 16 pounds for the locally grown varieties. 

The key to success in accelerated food production programs is the 
adoption of the "package of practices" approach including the use of 
new, high-yielding varieties, adequate fertilization and irrigation, and 
improved cultural and plant protection practices. 

Agricultural progress is being impeded in many developing nations 
by the following problems: 

1. Lack of personnel properly trained for effective participation in 
national crop-production efforts. 

2. Failure to emphasize yield concepts based on production per unit 
area per unit of time instead of fixed crop growing seasons. This is 
especially important in tropical and subtropical areas. 

3. Lack of capability of the United States in tropical agriculture 
commensura:te with the expressed willingness to respond to the needs 
of less developed nations in the improvement of their agriculture. 

4. An erroneous concept that agricultural technology can be trans
ferred from temperate to tropical areas as effectively as principles OT 
crop production. 

5. Donation of.food grains by the United States, or sale for soft 
currency, appears to have permitted some nations to hold down prices 
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of grain, or to adopt other policies ·which discourage production by 
their own farmers. 

In view of the potentials of tropical agriculture, it appears desir
able to establish one or more tropical research and training institutes 
in the tropics. Such institutes should be supported by an appropriate 
agency of the Federal Government,and be established on territory 
owned or controlled 'by the United States. They should serv; for re
search and training centers in tropical agriculture for citizens of the 
United !States and foreign countries. 

The practical limits to intensified plant production are likely to be 
economic and socio-political rather than biological. Economic and 
socio- political factors range all the way from deep-seated traditions of 
rural societies to policies of governments. Rural societies are slow to 
change and their traditions are difficult to attack directly; but govern
ments, by making appropriate policy decisions, can provide the im .. 
petus to bring about change. The formulation of agricultural policy 
giving agriculture the status, prominence, and priority which its im
portance demands is the first step in creating conditions for increasing 
production. Other policies-pricing, marketing, taxation, import-ex
port duties, allocation of public investment, regulation of private in
vestment, and wage scales-also nre relevant to the problem of achiev
ing maximum agricultural production. Agricultural policy should aim 
to achieve the greatest positive influence and to minimize the negative 
influence. 

3.2.0 Introduction 

Existing food deficits, and the possibility that these may further in
crease within the forseeable future, emphasize the critical need for in
tensifcation of plant production. That plant production can be in
tensified appears to be obvious from a comparison of yields between 
developed and developing countries, of current yields with those of a 
few decades ago, and of the rates -at which yields nre increasing in 
some countries. For example, yields of basic food crops, such as the 
cereal grains and potatoes, 'are from 50 to 350 percent higher in many 
of the developed courtries than in most of the developing ones. During 
the past decade and a half, increases in yields differ 'by the same gen
eral order of magnitude. Even in the most agriculturally advanced 
countries, average yields are much less than the theoretical limits 
based on absorption and utilization of solar radiation.1 

The United States has committed itself to help those countries which 
are in need and which are willing to do what they can to help them
selves. The ultimate aim should be to help the developing countries 
toward independent and continuous progress, and to help transform 

1 Loomis, R. S., and W. A. Williams. Maximum Crop Productivity: An Estimate. Crop 
Science, 3: 67-72, 1963. 
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them into advanced and continuously advancing' countries. A.t best, 
this must be an evolutionary process, one involving not only intensifica
tion of plant production but the overall problem of total economic and 
sociologic development. 

Can emergency measures alleviate the present food emergency quick
ly, while furnishing, at the same time, the ingredients of a developing 
systenl for 'preventing future emergencies ~ Perhaps there is no answer 
to this question, but marked improvements are possible. Emergency 
measures based on a series of unknowns are foredoomed to failure or 
worse; to advocate the use of agricultural materials and methods in 
any area without prior knowJedge of their suitability for that area is 
futile and can be dangerous. 

The extent to which massive action programs can make a quick, 
strong, and continuing impact on food production, -and the possible 
ways by which this can be done are considered in this report. 

3.3.0 Progress & Limitations in Production in the United States 

In recent years, agricultural produ~tion of the United States has in
creased while acreage planted to crops has decreased. The area 
planted to all cereals during the period 1948-53 was 81 million hec
tares, with a yield of 136 million metric tons. In 1964-65, 62 million 
hectares were' planted to these crops and the yield was 164 million 
metric tons. The key to such a high level of production lies in fertile 
soils, favorable climate,and the combination of desirable practices. The 
yield potential of improved varieties, for e:x:ample, can be realized 
only if adequate fertility, water, and pest control are provided. 

Over a 30-year period, corn yields have trebled but soybean yields 
have increased merely 60 percent (Table 3-1). The difference in 
progress in achieving higher yields with corn and soybeans 'bears 
examination. 

TABLE 3-1.-Trends in yields of corn and soybeans in the United States, 1931-65 1 

Years averaged 
Kilograms per hectare 

Com Soybeans 

HllU._~.~ 1,520 1,000 
104t.....t.~ 2,206 1,244 
1951-55. 2,690 1,345 
Hl61-6.~ 4,426 1,628 

1 U.S. Department of Agriculture. Agricultural Statistics (annual). 

In the 30-year period corn hybrids replaced open-pollinated varie
ties. Replacement started in the early 1930's, reached 50 percent by 
1943, and 90 percent by 1955. A.lthough hybrids gave increased yields, 
the rise in unit production was att.ributable to a combination of fae-
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tors. Hybrids provided the impetus which made other changes in 
production practices feasible. Hybrids responded more readily to 
fertilization, minimized lodging and dropping of ears, and tolerated 
increased plant populations, thus making profitable the practice of 
heavy fertilization. Hybrids also made profitable the use of more 
herbicides and insecticides for pest control. Average applications of 
nitrogenous fertilizers increased from 2 to 47 pounds per acre during 
the 30-year period. The combination of desirable practices provided 
the phenomenal yield increases. 

Soybean yield increases are much more modest. In contrast to corn, 
hybrid vigor cannot be used directly in soybeans. Soybeans are self
pollinated, and no method has been found to produce hybrid seed for 
commercial production. Development of varieties with improved yield 
potential has been limited to conventional breeding methods. 

-FertiliZer utilization by soybeans also imposes a barrier. When 
leguminous crops such as soybeans are inoculated with efficient nitro
gen-fixing bacteria, the plants obtain much of their nitrogen from the 
bacterial organisms. Application of nitrogenous fertilizers merely re
duces activity of the benefidial organisms and does not increase yield 
appreciably. The response to potassium and phosphorus fertilizers is 
also somewhat less than that for corn. Fertilization, particularly with 
nitrogen, is therefore not practiced extensively in soybeans. 

The factors responsible for increased yields in soybeans are largely 
attributahle to improved varieties and improved management prac
tices. Weed control, for i~stance, has been vastly improved in the past 
30 years. As in corn, the yield increases are 3!ttributable to a combina
tion of improved practices. The smaller increase in yields of soybeans 
is due to lack of hybrid vigor and lack of response to nitrogen I 
fertilization. 

The trend of increasing rice yields in the United States during the 
last two decades (Table 3-2) results from a combination of desirable 
practices. These practice~ include higher fertilization rates, improved 
water management, availability for the first time of herbicides effective 

TABLE 3-2.-Trends in yields (kilogram8 per hectare) of rice and wheat in 5 countrie8 
since 194-8 1 

Rice Wheat 

1948-53 1962-63 1963-64 196H5 1948-53 1962-63 1963-64 1964-65 

HrSl.!7.i1 1,570 1,MO 1,520 - ... --- ... --_ .... 740 950 490 880 
Tnili,:, 1,110 1,370 1,550 1,610 660 890 790 730 
Tltn".n 4,250 5,280 5,230 5,150 1,850 2,540 1,230 2,450 

1,380 1,510 1,720 1,680 870 820 830 830 
United Rt.ll.t.I!!'I 2,560 4,180 4,440 4,500 1,120 1,690 1,700 1,770 

1 Food and Agriculture Organization of the United Nations. Production Yearbook,I965. 
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for control of weeds such as E ahinoahloa spp., and the development of 
better varieties, especially those that mature in about 100 days, thus 
allowing a considerable part of the total acreage to produce a second 
crop. 

S.S.l Development of Germ Pla8m and Varietie8 With Superior Per
formance by Oonventional Plant Breeding Techniques 

The practice of hybridizing one parent with another which comple
ments its characteristics, and selecting from among the progeny those 
plants that carry the desir-able characteristics of each· parent has been 
of tremendous importance in improving varieties within the United 
States. Progress has been made to a varying degree in increasing quan
tity and quality of production in all crops. 

Much effort has been devoted to the adaptation of economic plants 
to specific environmental conditions. Tolerance to drought, severe win
ters, salinity, and poor dr·ainage are examples of improved adaptation. 
Development of soybean varieties that yield satisf·actorily at both 
shorter and longer photoperiods has allowed the profita;ble production 
of this crop in' regions south and north of the original areas of 
adaptation. 

In most economic species within the United States, the most readily 
attainable improvements have heen made through conventional breed
ing within the germ plasm available. Exploration for and introduction 
into the hreeding program of germ plasm carrying additional desir
able char·acters are required for further progress. 

The environment in which plants are produced has been altered in 
recent years' by high levels of fertilization, supplemental irrigation, 
and other improved practices. A great deal of success has been attained 
in developing varieties which can fully utilize such improved practices. 

GenetiG resist'ance to pests, a form of biological control, is usually 
the most economical control measure. In most field crops, the economy 
permitted hy genetic control of pests is particularly important. Con
trol of the many damaging species of rust that att·ack cereal grains and 
flax is the outstanding example of pest control. Excellent progress has 
been made in developing. varieties resistant to diseases in most eco
nomic species. Resistance to certain diseases, however, has not been 
found within avail~ble germ plasm. 

Genetic resistance to attack by insects has been studied for a short 
period of time, but good progress is being made. An outstanding ex
ample is resistance of winter wheat varieties to the Hessian fly. Sig
nificant progress has been made recently, in the development of 
resistance in alfalfa to the spotted alfalfa aphid and to the pea aphid, 
and resistance of corn to the European corn borer.2 Resistance to 

!l Painter, R. H. Lessons to be learned from past experience in breeding plants for insect 
resistance. IN: Breeding Pest-Resistant Trees. Proc. N.A.T.O. and N.S.F. Symposium 
Pergamon Press. Lonoon, 1966, pp. 8.49-362. 
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nematodes has also received attention recently. High resistance to the 
root-lmot nematode has been found in Korean lespedeza and in soy
beans, and resistant varieties have been developed. Alfalfa varieties 
resistant to the stem nematode have been released. Very recently, soy
bean varieties, which carry resistance to the soybean-cyst nematode, 
have been released. In many crops resistance to parasitic nematodes 
has not been found in available germ plasm. 

Gossypol in cottonseed restricts cottonseed meal from. being con
sumed by humans and other non-ruminant animals. Processing meth
ods have been developed for removal of gossypol but these are 
expensive. Recently, genetic stocks have been found that lack the 
gossypol-producing glands.3 The practicality of developing gossypol
free varieties still remains to be determined. 

Through interspecific hybridization, the coumarin content of sweet 
clover has been drastically reduced. Genetic strains of Sudangrass and 
forage sorghum with low prussic acid content have been used to de
velop varieties that minimize prussic acid poisoning of livestock. 
There are great potentialities for further improvements in this area. 

Dwarf plants can be used to increase production. They can be 
planted more densely and therefore utilize sunlight more efficiently. 
They also respond to high rates of fertilization for maximum produc
tion without the resultant tall growth which stimulates lodging and 
reduces efficiency of mechanical harvesting. Dwarf genes have been 
used with great success in grain sorghum. Semi-dwarf wheat varieties 
obtained from J'apan have short internodes of the straw without de
forming the head. Germ plasm from these varieties was used to develop 
a white winter wheat variety, Gaines, for the Pacific Northwest. Im
proved response to high levels of plant nutrients and yields up to 209 
bushels per acre have been obtained from this variety. This germ plasm 
has also been used to develop varieties with three times the normal 
yield in Mexico and shows great promise for use in achieving increased 
wheat production in Pakistan and India. 

Recently, dwarf corn inbreds have been released in the Southern 
United States. These inbreds produce hybrids with low ear placement 
which induces less lodging and adapts the plant to mechanical har
vesting. 

Quality has characteristically been sought in· such crops as wheat, 
where good milling and baking p~opertiesare essential and, in barley, 
where malting quality is important. In many important food and feed 
crops, such as corn and sorghum, minimum research accomplishments 
can be reported. Vastly improved instrumentation now permits more 
detailed studies of quality in plant products. Gas chromatography 
has expedited analyses of the fatty acids that constitute vegetable 

3 Hyer, A. H. iJreedlng for glandless cottonseed in CaUfornia. IN: Proc. Cotton Improve
ment Conf., MemphiS, 1966, pp. 202-208. 
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oils. Improved instrumentation also permits amino acid 'analysis. 
Amino acid composition determines the quality of protein for the 
nutrition of humans and non-ruminant animals. In corn, germ plasm 
has been isolated which greatly alters the characteristic balance among 
the amino acids. Amino acids such as lysine and tryptophan, which 
are characteristically low in corn, can be substantially increased. 

Plants can be improved only to the extent that desirable genetic 
characteristics can be identified and isolated in available germ plasm. 
This points up the importance of extensive world collections and germ 
plasm banks of economic plants and related species to permit vast 
screening programs for desirable characteristics. 

The ability of pests such as microbial pathogens and insects to mu
tate and develop strains that will 'attack previously resistant crop 
plants must be considered as a limitation in breeding plants for re
sistance to disease. The occurrence of new varieties of rust organisms 
that attack cereals has necessitated 'a never-ending replacement of 
the crop varieties that will cope with the new strains of rusts. Wheat 
varieties resistant to the Hessian fly have been' attacked recently by 
new strains of the insect. Pest control through utilization of plant 
breeding techniques requires 'constant vigilance and is a never-ending 
task. 

3.3.2 Utilization of Hybrid Vigor for Intensifying Plant Production 

The potential for application of heterosis, or hybrid vigor, in plant 
breeding was demonstrated shortly after the turn of the twentieth 
century. Since then vast plant breeding programs have been conducted 
to utilize hybrids. In crops where first generation hybrids can be used 
for commercial production, the first hybrids developed have yielded. 
approximately 25 percent more than the conventional varieties. Fur
ther improvements of parental stocks have frequently permitted pro
duction increases of 40 percent. 

The 11ybrid corn industry was made possible by the ease of removing 
the male flowers-the tassels-from seed rows. Few plants, however, 
bear male and female flowers separately. In certain normally cross
pollinated crops, plants exhibit a high degree of self-sterility. A. high 
incidence of cross-pollination occurs when 'self-sterile plants are inter
planted. Unfortunately, not many species exhibit a high-degree of self
sterility and this practice cannot be used extensively. 

Even when plants are not self-sterile, the interplanting method of 
hybridization has sometimes been used. In pearl millet, for example, 
successful hybrids have been produced by interplanting high-combin
ing inbred lines. A high proportion of seed harvested is hybrid due 
to chance cross-pollination. The small portion from self-pollination 
produces inbred plants which have low competing ability and are 
crowded out in the subsequent generation. This method has not been 
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used extensively as it is feasible only if a high degree of cross-pollina
tion occurs normally and if high rates of seeding are employed. 

Male-sterility, which is transmitted from one generation to the next 
in the cytoplasm or the fluid portion of the female sex cells, has been 
discovered in some crops. In the 1920's, cytoplasmic male sterility of 
onions was first used for the production of commercial hybrids. Cyto
plasmic male-sterility was subsequently found in maize. Although the 
onion technique was· used, there was one additional problem. Because 
corn depends on seed production in the commercial field, fertility must 
be restored when the hybrid is grown, or seed of non-sterile types must 
be blended with the hybrid seed. Fertility was restored by incorporat
ing in the male lines fertility restoring genes which overcome the ster
ilizing effect of the female cytoplasm. In the interest of eliminating 
the costly hand-emasculation operation, corn hybrids were rapidly 
converted to this system of hybridization. 

During the early 1950's cytoplasmic male-sterility and genetic fer
tility restorer genes also were found in grain sorghum. This led to 
rapid development of grain sorghum hybrids. More recently, this sys- . 
tern has been transferred to Sudangrass and Sudangrass hybrids are 
being developed. Also sorghum X Sudangrass hybrids have been pro
duced for livestock feeds. 

In the early 1960's, germ plasm was found for hybridization'in 
wheat. As wheat is normally a self-pollinated crop, difficulties may be 
experienced in obtaining a high set of hybrid seed. Because of higher 
seeding rates of the commercial crop, the cost of hybrid seed may be 
high relative to crops such as sorghum and corn. Nevertheless, the 
system is being investigated intensively at the present time. Planting 
of hybrid wheat can be anticipated by 1910. 

In those crops where cytoplasmic male-sterility has not been dis
covered, attempts are being made to develop hybrids through the use 
Qf germ plasm carrying genetic factors in the chromosomes which cause 
Ina1e-sterility. In the case of genetic male-sterility, the seed rows seg
regate for the male-sterile character and some means must be developed 
to eliminate the fertile plants sotha-t hybrid seed production 1S assured. 
Hand roguing has a heavy labor requirement and 'is expensive. Means 
of roguing adapted to mechanical means nre being investigated. 

In barley, a' gene has been located which renders the plant highly 
susceptible to DDT. If close linkage can be established between sus
ceptibility to DDT and -the ferti1ity gene, spraying with DDT would 
eliminate all fertile plants. Other means are being investigated, such as 
close-linkage of genetic factors for seed color with the gene causing 
sterility. Fertile and sterile seeds might then be separated by photo
electric devices. Incorporation of an extra chromosome carrying the 
fertile gene might permit sorting of fertile and sterile seeds by means 
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of kernel size, since those carrying the extra chromosomes are less 
plump. 

!.At present, limited use is being made 'Of genetic male-sterility to pro
duce commercial hybrids. It is being used for the production of castor
bean hybrids and, to some extent, spinach hybrids. It is being investi
ga;ted intensively in such crops as barley. Although the system is more 
cumbersome than that of cytoplasmic male-sterility, it' has a great po
tential in some of the major crops. 

Utilization 'Of hybrid vigor depends almost entirely on theav,ailabil
ity of suitable genetic characters. It is not economical to remove by 
hand the male flowers on most crops-particularly those crops in which 
the 'male 'and female components occur in the same flower. There is 
a strong possibility of finding cyt'Oplasmic male-sterility in normally 
cross-pollinated crops. In the normally self-pollinated 'crops, natural 
selection against self-sterility has been so intense that it is not likely 
to be found within a species. Only through crossing with ex'Otic species, 
as was done in wheat, can this factor be expected. Exotic species which 
will cross with domestic species have not yet been found for some 
of 'Our crops. Similarly, genetic male-sterility has not been discovered 
in some of the important crops-particularly those .that are self
pollinated. 

3.3.8 Breeding Systems To Broaden the Germ Plasm Base 
Improvement in crops through plant breeding is limited to the 

breadth of available genetic diversity. When desired charact.ers do not 
occur within the germ plasm ofa crop, this limitation, becomes critical. 
The plant breeder must then look to other sources to broaden the germ 
plasm base. Several avenues are available to tIle breeder. 

Alteration of germ plasm by irradiation has been practiced for 
some time. During the early history of plant breeding, X-rays 'and 
ultraviolet rays were utilized. Since the advent of nuclear energy, 
gamma rays and neutrons have been used. Various chemical mutagens 
are used also. 

Several types 'Of genetic mutations, which include alteration of single 
genes or breakage of chromosomes and rearrangement of the segments, 
may occur. Single gene changes which give genetic resistance to pests 
are sought. Experience has shown that the greatest progress can be 
made for characters that can be detected by screening large numbers 
of plants. Massive screening, for instance, has isolated oats that are 
resistant to Helminthosporium blight. Screening irradiat.ed Merion 
bluegrass has been used to find rust resistant plants. Disease resistant 
and superior plant forms have been developed through irradiation of 
peanuts. Except for isolated cases, success in inducing single genes to 
mutate to desirable fonns has been limited. 

Phenomenal results have heen 'Obtained through breakage 'Of chromo
somes and reassortment 'Of the fragments. As an illustration, leaf rust 
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resistance was transferred to. wheat frDm a weedy wild relative. Close 
linkage of the rust-resistant gene to undesirable characters precluded 
its use. ThrDugh irradiation, the chrDmosome was brDken, thereby free
ing the resistant gene from the undesirable genes and providing a 
high type Qf resistance to lea.f rust in wheat. Segments of rye chrQmQ
SQmes alsO' have been incDrporated intO' wheat leading to' germ plasm 
with higher protein and rust-resistance. The vast pDtential of this sys
tem Qf breeding has been realized Dnly to' a limited degree. 

The germ plasm base Qf certain crops has been greatly brDadened 
thrDugh the use Qf wide crosses--crosses amDng different species Qr 
genera. An early illustration was the develQpment 'Of HQpe wheat from 
crossing twO' wheat species. The stem rust resistance Qf that variety is 
still used in breeding prDgrams. SQme Df fhe wild species 'Of Da,ts cDI
lected in Israel are furnishing Dat breeders with an impDrtant sDurce 
Df rust resistance. 

Wild prQgenitors 'Of dDmestic crDps frequently are SDurces Df desir
able traits which nre nO' longer present in the dDmestic species. Many 
Qf tQday's impDrtant fODd crDpsare pDlyplDids Qf wild prDgenitDrs. 
Germ plasm frQmwildprDgenitors can be utilized to create 'artificial 
polyplQids by crossing twO' prQgenitDrs and doubling the chrDmDsDme 
number by chemical means. Crossing wild types with dDmestic strains 
is valuable because it facilitates transfer Qf desirable germ plasm frQm 
wild prDgenitors to' dDmestic crQPs. In SDme cases, the transfer has CDn
sisted Df genes fDr desirable characters; in Dther cases, it has resulted in 
the reCQvery Df cytoplasmic male sterility which is used to Qbtain hy
brid vigDr in dQmestic crQPs. 

The need fDr extremely large pDpulatiDns is one of the mDst seriQus 
limitations Df mutatiQn breeding. MDre than 99 percent Df the muta
tions are eCDnDmically undesirable. Even t hDugh a desirable change 
may 'have been induced in Qne character, nn undesirable effect is fre
quently noted in a secDnd. Progress can be made Qnly if vast pDpula
tiDns can be screened fDr the character in question . 

. Wide crDsses pose several seriDus prQblems. In SDme cases, hybrid 
seeds will nDt form. In Qther cases, extreme sterility results in the hy
brid plant. Various techniques are available to 'OverCDme these prob
lems but in some cases they are insurmDuntable. Despite these limita
tiQns, much prDgress has been made and there is great future pDtential 
in these methDds Df breeding. 

3.3.1,. Plant Nutrition and Fertilization 
Plant nutrition and sDil fertility research, with high yielding varie

ties, has set the stage fDr increased requirements of fertilizers. Rapid 
advances in fertilizer technQIDgy have kept fertilizer prices relatively 
low. This cDmbinatiDn has resulted in phenDmenal increases infertil
izer use and fDDd,. feed, and fiber prDductiQn . 

. 263-888 0-67-15 
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3.3.4.1 Plant Nutrition Research. Plant nutrition and soil fertility 
research involving all aspects of fertilizer use have been the backbone 
of the development of sound fertilization practices. These studies have 
involved hundreds of different crops over a wide range of soil and 
climatic conditions. In the early 40's the corn yields in the South
eastern United States were about the same as those of many of the 
developing countries today. Adaptive research involving plant breed~ 
iug, plant nutrition, crop management, and crop protection was used 
to increase yields of corn greatly. For example, in 40 experiments 
conducted from 1944 to 1952 in North Carolina, the average yields 
increased from 28 bushels per acre with no nitrogen, to 101 bushels 
per acre with 160 pounds of nittogenper acre. In 1945, a. vigorous ex
tension program was launched in cooperation with other State a.gencies 
and the seed a.nd fertilizer industry. The average corn yield before 
initiation of the program was 21 bushels. By the years 1950, 1958, 
and 1965 the yield had increased to 3'3, 44, and 70 bushels per acre, 
respectively. 

Soil and plant analyses ha.ve provided good aids to proper fertiliza
tion of crops. In many cases, soil analyses have been used to pinpoint 
deficiencies of various nutrients. Plant analysis has been further useful 
in adjusting and guiding fertilization programs. In most cases, Hs 
value has been in discovering areas of nutrient deficiencies. In recent 
years plant analysis has also been very useful in avoiding excessive 
use of nitrogen in such crops as cit.rus and sugar beets where excessive 
nitrogen in the plant may reduce quality. Plant analysis has also been 
useful in programming the harvest of sugar beets in California. 

Micronutrient fertilization, as such, is relatively new. This need for 
micronutrient fertilization has been brought about by increased crop 
removal of micronutrients from the soil, the use of high analysis fer
tilizers which contain smaller quantities of micronutrients as impuri
ties, and the expansion of agriculture into the less fertile soils. Micro
nutrient deficiencies are widespread and their correction is becoming 
an integral part of the fertilization program of many growers. Exam
ples are boron in alfalfa, zinc in corn iind tree fruits, and iron in fruits, 
ornamentals, grasses and sorghum. Soil and plant analyses have been 
useful in identifying deficiencies but research is needed to develop 
better diagnostic tools for sound micronutrient fertilization programs. 

3.3.4.f3 AdvOinces in Fertilker' Technology. Rapid advances in fertil
izer technology, including mining, manufacturing, handling, and dis
tribution systems, have kept the price of fertilizer to the farmer at a 
very 10'''' level. For example, from 1950 to 1961, fertilizer costs in
creased only 6 percent, while farm real estate values increased 70 per
cent, farm wages increased 52 percent, and farm machinery increased 
41 percent. Many agricultural authorities believe that development of 
the fertilizer industry represents the most important advance ever 
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made toward providing plenty of food for the peoples of the earth. 
In the continental United States between 1940 and 1966, the consump
tion of fertilizer increased as follows: nitrogen-13.9 fold; phos
phorus-4.2 fold; and potassium-7.7 fold. 

3.3.4.3 Soil and Water Afanagement. Research has shown that water 
can be used more efficiently if fertilizer is used also. In Texas, adequate 
nitrogen markedly increased the yield of coastal Bermuda hay. The 
amount of water needed to produce 1 ton of hay per acre was reduced 
from 18 inches with no applied nitrogen, to 3 inches with adequate 
nitrogen. The amount of water required to produce 1 ton of alfalfa, 
hay in Arizona was reduced from 7.7 to 5.4 inches by applying ade
quate amounts of phosphorus fertilizer. 

The potential of greatly increased crop yields due to improved va
rieties and production practices has renewed interest'in soil manage
ment to improve soil tilth and water infiltration. Research in Cali
fornia showed greater improvement in irrigation infiltration following 
the growth of fibrous grass crops as compared to legume crops. This 
work also indicated that the incorporation ()f mature grass crops or 
residues was more effective than that of the same crop in the succulent 
stage. 

3.3.5 Plant Protection 
Losses to insects, diseases, and weeds in the production of maize, 

wheat, rice, grain sorghums, soybeans, and potatoes in the United 
States from 1951 to 1960 have been estimated. as percentage of potential 
yield as shown in Table 3-3. Losses of this magnitude may be over
estimated but they are the best available estimates of the impact of 
pests upon potential production. Even if, estimated losses are twice 
as high as actual losses, they are of such magnitude that substantial 
improvements in pest control would 'be a major contribution toward 
intensification of plant production. If losses to pests could. be reduced 
by half, annual increases in production of maize, wheat, rice, grain 
sorghums, soybeans and potatoes, would be about 25 million metric tons 
at current levels of production. 

TABLE 3-3.-Estimated losses to insect, disease, and weed pests in production of 
selected crops in the United States, 1951-60 12 

[Percent 10ss1 

M!l.f7',A 

Wheat 
RII'A 

MI .. .,.hntn 

Soyl'll'!l.n 
PntAtJ\ 

1 Estimate based on full production with causes eliminated. 
2 Agriculture Handbook No. 291, ARS, USDA, 1965. 

Insects 

12 
6 

.4 
9 
8 

14 

Diseases Weeds 

12 10 
14 12 
7 17 
9 13 

14 17 
19 3 



206 THE WORLD FOOD PROBLEM-VOL. II 

Plant protection practices are probably as effective in the United 
States as any other country in the world. Revolutionary develop
ments in agricultural chemicals since 1945 have provided growers 
with highly effective, economical pesticides that have been used with 
increasing frequency for control of agricultural pests. For example, 
during the crop year of 1959, 4 million acres were treated with pre
emergence herbicides and 49 million acres were treated with post
emergence herbicides at a combined cost of $128 million. Insecticides 
are currently used at annual amounts in excess of 150 million pounds 4 

and fungicides are used as heavily on a few crops; although, the total 
acreage treated with these pesticides is considerably less than that 
treated with herbicides and insecticides. 

The average return measured as yield increase per dollar invested 
for these pesticides is usually considered to be about 5 to 1. Use of 
agricultural chemicals -for pest control during the last two decades 
has been one of the significant factors contributing to the "take-oft''' 
in yields of major crops in the United States. 

The advances made in pest control have been accompanied by some 
serious problems. UndE¥>irable side effects resulting from large-scale 
use of highly toxic, persistent chemicals, especially some of the syn
thetic organic insecticides, have become increasingly evident. Among 
these are the following: (1) contamination of the environment with 
residues, (2) storage of chlorinated hydrocarbon insecticides in the 
fat of animals including man, (3) toxic effects on desirable species 
such as predatory and parasitic insects, pollinating insects, fish and 
other wildlife, and crop plants, (4) emergence of resistant strains of 
pests, (5) resurgences of treated populations, (6) stimulation of weed 
growth, (7) nitrification lag, and (8) elevation of formerly minor 
pests to the status of major importance. 

The ubiquitous occurrence of residues of these biologically potent 
chemicals has been the cause of grave concern in the United States 
and else\vhere. Chlorinated hydrocarbon insecticides are stored in the 
tissues of plants and animals. They may be concentrated in food chains 
to amounts in excess of the concentrations of residues to which the 
organisms are exposed. rrhis feature creates some unique and im
portant problems. For example, fish in some of the streams of the 
lower Mississippi Valley contain residues of chlorinated hydrocarbon 
insecticides greatly in excess of permissible levels in meat and poultry. 

Absorption and translocation into plants of chlorinated hydroca.r
bon insecticide residues in soils has become a major problem. For ex
ample, aldrin used in soils of TIlinois for control of seedling pests of 
corll has been responsible for average increases in yield of more than 

4. Hall. D. G .• Use of insecticides in the United States. Entomol. Soc. Amer. Bull. 8(2) : 
90-92, June 1962. 



INTENSIFICATION OF PLANT PRODUCTION 207 

5 bushels per acre;5 but it is ep'Oxidized t'O dieldrin in soils, and resi
dues 'Of this material am'Ounting t'O as much as 1 p.p.m. may be present 
in s'Oils dev'Oted t'O c'Orn pr'Oducti'On.6 

Soybeans have the ability to abs'Orb and transl'Ocate dieldrin and 
'Other chl'Orinated hydrQcarbQn insecticides, into tissues and seeds aJt 
abQut 'One-tenth 'Of the amQunt 'Of residue in the SQi1.1 SQybeans grQwn 
in rQtati'On with CQrn in lllinQis, therefQre, may cQntain resid'les 'Of 
all' insecticide f'Or which there is nQ t'Olerance. Other 'Oil seed crQPS---
peanuts especially-and SQme rQQt crQPs such as carrQts, alsQ abs'Orb 
and translQcate relatively· high percentages 'Of chl'Orinated hydrQcar
bQn residues present in SQils. 

Residues 'Of fungicides, nematQcides, and herbicides have nQt; thus 
far, created any knQwn seri'Ous pr'Oblems. H'Owever, s'Ome 'Of the herbi
cides are highly tQxic tQ plankt'On and tQ fish. 

N'O acceptable evidence has been presented tQ sh'Ow that any hazard 
t'O man 'Or his livestQck is PQsed by the 'presence 'Of residues resulting 
fr'Om use 'Of agricultural chemicals. Nevertheless, their general 'Occur
rence thr'Ough'Out the envirQnment is cause fQr c'Oncern. This, plus the 
pr'Oblems created by resistance tQ insecticides in many p'OpulatiQns 'Of 
mQst 'Of the maj'Or insect pests, has made it QbviQUS that we can 11'0 

lQnger affQrd to rely as completely 'On the use 'Of chemicals fQr pest 
control as we have done fQr the last tWQ decades. 

Systems 'Of pest management based 'On the principles 'Of applied 
ec'OlQgy are being devel'Oped. The c'Oncept 'Of integrating 'Other tech
niques 'Of pest cQntrQl with chemical c'OntrQl measures is the subject 
'Of intensive research. This cQncept 'Offers the mQst 'ObviQUS possibility 
f'Or l'Ong-term s'Olutions to pest prQblems. It cQnsiders pest c'Ontr'Ol t'O 
be a pr'Oblem 'Of p'Opulati'Onmanagement· that can best be s'Olved by 
application 'Of the same basic ec'Ol'Ogical principles as th'Ose used in 
managing cr'Ops and wildlife p'Opulati'Ons. 

Research during the last decade has resulted in the discQvery of 
many exciting new· techniques, and the rediscQvery 'Of s'Ome 'Old ones, 
that sh'Ow great pr'Omise f'Or the m'Ore effective c'OntrQI 'Of pest species. 
The potential 'Of the male-sterile technique-dem'Onstrated in the classic 
example 'Of screw-worm eradicatiQn fr'Om the S'Outheastern United 
States-appears to be vast. Other especially pr'Omising tQ'Ols f'Or pest 
c'Ontr'Ol are. gametocides, chem'Osterilants, sex attractants, and micr'O
bial path'Ogens. More attenti'On is being dev'Oted to the use 'Of varietal 
resistance, predat'Ors and parasites, b'Oth indigenQus and exotic, and 
cultural c'Ontr'Ol measures than ever bef'Ore. 

G Bigger, J. H., and Decker, G. C., Controlllng root-feeding insects of <.'Orn. Ill. Agr. Exp. 
Sta. Bull. 716. 1966. 

, 6 Decker, G. C., Bruce, W. N., and Bigger, J. H., The accumulation and dissipation of resi
dues resulting from the use of aldrin in solls. J. Econ. Entomol. 58(2) : 266-271. Apr. 1965. 

'1 Bruce, W. N., Decker, G. C., and Wllson, J. G., The relationship of the levels of insecti
cide contamination of crop seeds to the fat content and solI concentration of aldrin, 
heptachlor and their epoxldes. J. Econ. Entomol. G9(1) : 179-181. Feb. 1966. 
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All of these techniques can 'contribute sUbstantially in reducing 
the tremendous crop losses caused by pests. For the forseeable future, 
however, we must continue to rely principally upon the use of con- . 
ventional chemical pesticides. 

3-4.0 Present Status ana Potential for Increased Production In the 
Developing Oountries Utilizing Ewisting Knowledge 

The critical need to increase food production in the developing 
countries requires that an immediate start be made. That food pro
duction can be increased by raising the efficiency of production on 
lands now under cultivation has been shown repeatedly by experiments 
in virtually an developing areas, and it has been done on a larger 
scale in many countries. Most of the developing countries have the 

" physical potential for increasing yields of their principal food crops 
by at least 50 percent. For example, India increased food grain pro
duction over 40 percent during the decade of 1950. This increMe was 
attributed to the following factors: 35 percent to additions of un~ 
irrigated crop lands, 22 percent to added irrigation, 18 percent to 
fertilizers and related management factors, and 25 percent to theap
plication of more la:bor from the growing labor source.8 At the close 
of the decade it became apparent that there was little more land that 
could be brought 'into production and that further increases in pro
duction would have to come from increasing the yields on those soils 
that were being uSed at low levels of management. This will most 
likely apply to many of the developing countries in Asia. 

Examples 'of the great disparity between crop yields of developed 
and developing countries are provided in the statistics for the period 
1948-64. From 1961-62 to 1963-64 yields of wheat in kilograms per 
hectare ranged from 1,985 in Europe and 1',560 in North America, to 
910 in Asia and 820 in Africa. They were intermediate in South Amer
ica and Oceania, being 1,250 and 1,260 kg/ha., respectively. The in
creases over the average for the period 1948-53 were greatest in Eu
rope ,and North America" where yields already were relatively high. 
In these two areas the actual increases were 500 and 400 kg/ha., re
spectively, as contrasted with 110 kg. in Africa and only 90 in Asia. 
Increases were intermediate in South America and Oceania, 180 and 
130 kg/ha., respectively. 

The story for rice is much the same as for wheat. Yields are de
plorably low where food is needed most. During the 3-year period, 
1961-64, yields ·averaged 'about 4,870 kilograms per hectare in Europe 
and,4,140 in the United States, but they were only 1,780 in South 
America and 1,740 in Asia (excluding mainland China). India, Paki-

S Lele, U. I., and Mellor, 1. W. Estimates of change and causes of change in foodgrains 
production, India, 1949-50 to 1960-61. Ithaca, N.Y., State CoIl. Agr., 1964.41 PP. (Cornell 
Int. Agr. Develop. Bull. No.2). 
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stan, and Burma are among the main rice producers in Asia, but 
yields in these countries averaged only about 1,500 kilograms per 
hectare, as contrasted with more than 5,000 in J apal1. Yields in the 
developing 'Countries are also low for other food crops, such as sor
ghums, millets, potatoes, pulses, and oilseed as shown in Table 3-4. 

TABLE 3-4.-Comparative yields of major food crop8 in 8elected countrie8, 1984-85 1 

Crop 
Kilograms per hectare 

Brazil India Japan Pakistan U.S.A. 

WheaL___________________________________ 880 730 2,450 830 1,770 
Maize______________________________________ 1,160 990 2,330 1,080 3,930 
Rice______ _ _______________________________ 1,520 1,610 5,150 1,680 4,590 
Sorghums and millets______ _ ______________ ____________ 990 2,560 990 2,580 
Potatoes_______ ___________________________ 6,000 8,300 17,800 7,700 20,700 
Sweet potatoes and yams__________________ 10,100 6,400 19,800 ____________ 9,400 
Dry bea.ns_________________________________ 620 2~ 770 530 1,360 
Dry peas__________________________________ ____________ 520 1,000 ____________ 1,730 
Dry broad beans__________________________ 370 ____________ 1,060 _______________________ _ 
Chick peas________________________________ ____________ 450 ____________ 550 ___________ _ 
Lentils_____________ _______________________ ____________ 370 ____________ 560 ___________ _ 
Soybea.ns__________________________________ 850 ____________ 1,110 ____________ 1,530 
Peanuts___________________________________ 1,440 870 2;070 980 1,760 

1 Food and agriculture organization of the United Nations, production yearbook, 1965. 

Substantial improvement in yields per unit area will require a 
radical departure from systems employed in traditional or subsistence 
agriculture. In such systems all production factors are in virtual equi-
1ibrium. Soil fertility has been reduced to a very 'low level, and this is 
often ,the production factor that is most limiting to yields. Varieties 
which perform be..c:;t under such conditions are those which have sur
vived under unfavorable natural conditions, often referred to as 
"status quo" varieties. These varieties generally have evolved as the 
result of centuries of unconscious selection through repeated harvest
ing 'and replanting survivors which ~have persisted under these ,adverse 
soil and climatic conditions. 

Selection and breeding, in wheat for example, have resulted in the 
development of improved varieties capable of producing slightly 
higher yields than their predecessors from 1,000 to 1,200 kilograms per 
hectare. This is about. the practical limit of improvement that can 
be achieved with "status quo" varieties. Obviously, such varieties 
cannot be relied upon for significant contributions to the hunger 
problem.9 

One of the great needs, if not the most urgent in nations with food 
deficits, is the rapid development of coordinated, crop-oriented re-

9 Qureshi, S. A., and Narvaez, Ignacio. Annual Technical Report Accelerated Wheat 
Improvement Program West Pakistan 1965-66. The Planning Cell, Agriculture Depart
ment, Government of West Pakistan, Lahore, 1966. 
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search and production programs in each of these nations. These pro
grams should have all relevant agricultural facilities and technical 

. personnel involved in a single national effort under unified leadership. 
The goal of such programs should be the rapidly increased preduction 
of each key crop-usually through increased average yields. In many 
countries, doubling or tripling production of basic grains within 5 
to 10 years is a realistic objective. 

3.1.4 M ewwo's Wheat ProfJrn:m 
The structure and the essential components of a successful crop pro

gram can be illustrated by cooperative programs conducted by the 
Rockefeller Foundation and the Government of Mexico which re
sulted in a substantial breakthrough in wheat production after 20 
years of intensive research.1o The wheat project of the Office of Special 
Studies, Ministry of Argiculture of Mexico, was initiated in 1943 
when national average wheat yields were 11 bushels per acre, and when 
Mexico was importing half of all the wheat it consumed. By 1964 
yields had climbed to 37 bushels per acre, a 3% fold increase. Mexico 
now has a surplus of wheat and is beginning to assist other nations 
by providing its high-yielding wheat varieties, by training young 
scientists, and by lending its own wheat specialists to lead programs 
elsewhere. 

Eight important components of this successful program ;'Yere: 
1. Ambitious objectives were established. The program was designed 

to eliminate Mexico's substantial wheat deficit of the early '40's by 
making every effort to raise production in the shortest possible time. 

2. Research was emphasized. In 1943 most of Mexico's wheat was 
grown during the dry season, under irrigation, to escape the ravages 
of stem rust. New varieties which were rust-resistant were developed 
and continue to be developed; they had short stiff straw to permit 
profitable use of high levels of nitrogenous fertilizers, and they were 
insensitive to photoperiod, thus adding considerably to their range of 
adaptation. Soil management, weed control, and irrigation techniques 
were developed. By use of two and sometimes three generations, or 
crops, a year, the research progressed rapidly. Although completely 
new varieties had to be produced, by 1954, 70 percent of Mexico's 
wheat acreage was planted with these varieties. Research was clearly 
prerequisite to increased production. 

3. In-service training was emphasized. About 700 nationals were 
locally trained to be proficient in techniques for crop production. Over 
40 graduates of Mexico's colleges of agriculture were given one or more 
years of local experience, working as members of the staff of the wheat 
project. A small fraction of these men stayed in research, but many 

10 U.s. Department of Agriculture. Economic Research Service. The 1964 western hemis
phere agricultural situatIon. U.S. Dep. Agr. Econ. Res. Servo ERS-Foreign 71, 63 p. Feb. 
1964. 
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others accepted positions in extension, in teaching, and in seed pro
duction, or with agricultural banks or industrial firms. 

4. Competent leadership was continuous. 
5. Outstanding and dedicated young scientists-graduates of 

. Mexico's agricultural colleges, 'lnost of 'whom had received additional 
field e((Jperience~were sent abroad for advanced studies, primarily to 
universities in the United States. This permitted development of the 
competent leadership needed to assume the direction for the wheat 
improvement work. 

6. As trained men became available, the research program was 
systematically broadened to all of the important wheat-growing 
regions, seed production was intensified through private growers and 
on government farms, and extension of varieties and practices was 
accomplished effectively by young men who had become proficient in 
wheat production techniques. 

7. Research and extension were combined. As the research team 
solved the problems limiting production, they demonstrated repeat
edly-at field days, on private farms, to national leaders, and to farm 
groups-that higher yields could be obtained and how to do it. There 
was little separation of research and extension; it was one unified 
program that "began instead on the research station and ended with use 
of the varieties and practices by-the farmers. 

8. Government and privatesector services and policies improved to 
encourage wheat production. Price supports were provided, farm 
credit became more widely available, extension services were expanded, 
and supplies of farm machinery, fertilizers, and agricultural chemicals 
increased. Wheat farming was profitable. Without the interest and 
support of leaders of the Mexican government, this record of unusual 
achievement could not have occurred. 

3,4.2 Pqkistan's Wheat Program 
An accelerated wheat improvement program, patterned after the 

Mexican program, was initiated by Pakistan in 1965 with the objec
tive of achieving a surplus by 1970. Results during the first year were 
highly successful in spite of abnormally low irrigation water and 
use of inadequate amounts of fertilizers.ll 

None of the varieties of wheat in Pakistan have short (about 30-40 
inches), stiff straw, and the capability of converting large amounts 
of plant nutrients into a heavy head of grain without lodging, so 350 
tons of dwarf wheat seed were imported from Mexico. This was multi
plied to about 16,000 tons in the first harvest. The dwarf seed was 
produced on 30 government farms and 2,500 privately owned farms. 
Average yields of the Mexican dwarf varieties were 3,226 to 3,411 

11 Qureshi, S. A., and Narvaez, Ignacio. Annual Technical Report Accelerated Wheat 
" Improvement Program West Pakistan 1965:-6-6. The Planning Cell. Agriculture Department. 
GoverDDlent of West Pakistan, Lahore, 196ft 
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kilograms per hectare, and 922 to 1,106 for native varieties. The aver
age amollllt of fertilizer used per hecf,.;'tre was about 78 pOllllds of 
nitrogen and 45 pounds of P 205, Among private growers, 38 obtained 
yields of more than 4,800 kilograms per hectare. 

Seed supplies of the two dwarf Mexican varieties will be multiplied 
again during t.he winter of. 1966-67 to about 600,000 tons of grain, half 
of which will be held for seed and the remainder will be sold for food. 
This will make ample supplies of seed available for commercial plant
ing in 1967. The production of dwarf wheats then will be limited only 
by the availability of fertilizers and the ability 'Of the extension service 
to teach the farmers to use the "package" of cultural practices neces
sary to obtain maximum yields. Proper cultural practices for the 
dwarf varieties are: high fertilizer rates-up to 138 pOllllds of nitro
gen and 40 pounds of phosphorous per acre; shallow planting depths-
11h to 2V2 inches; high seeding rates-90 to 100 pounds per acre; 5 to 6 
irrigations instead o£ 3 to 4; early harvesting to prevent shattering ; 
and adequate control of insect and weed pests. 

3.4.3 Oth~r Action Program.s 
Organized efforts should be made to relieve food shortages as quick

ly as possible by all available means and measures. Materials and 
methods on which massive action programs can be based are available 
for certain crops and for certain areas but not for others. Use of sev
eral superior, widely adapted spring wheats, produced in Mexico's 
cooperative wheat improvement programs, could help raise yields sub
stantially in many countries where their superiority over native va
rieties has been demonstrated in repeated tests. The superiority of 
certain germ plasm complexes of maize have been demonstrated. 
New varieties of rice produced at the International Rice Research 
Institute also have proved their value in some areas. Campaigns 
should not be initiated for the large-scale introduction of crop varieties 
into areas where they have not been adequately tested. But progress 
will be made by campaigns to utilize the best materials and methods 
available; even if they are not perfect, they should be used if they are 
significantly better than those now in use. 

Success in action programs for the introduction of better plant 
materials and better methods depends upon the following factors: 
competent and continuing leadership, good organization, effective 
cooperation by recipient nations, the provision of good seed, good 
cultural practices, adequate supplies of fertilizers, protection from 
pests, adequate price incentives to farmers, advisory services, and 
continuous experimentation and research. 

Aid programs should concentrate on basic food crops and produc
tion-oriented research and education. Efforts should be regionalized 
as much as possible, rather than being compartmentalized in individ
ual cOlllltries. The greatest immediate progress can be made by orga-
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nlzlng coordinated campaigns for utilizing unused materials and 
methods wherever their value has been _d~onstrated. The greatest 
permanent progress can be made by aiding the development of func
tionalscientists, educators, arid administrators in those countri:es in 
which food is in short supply. 

3.4-4- Plant Protectwn 
Pests-weeds, pathogens, nematodes, insects and mites, birds, and 

mammals--cause tremendous damage to crops in the developing coun
tries. Total losses of food grains in India amount to about 10 percent 
in the field plus 5 percent in sborage.12 A 15 percent loss would amount 
to about 13 million tons during 1963-64, or nearly double the food 
grain imports in India during 1965. • 
. The most reliable estimates of losses caused by pests have been de
veloped for insects. For example, losses of rice from five species of 
rice stem borers alone are estima;ted to range from· 3 to 95 percent in 
India,13 and four species cause 'an estimated loss of 3 to 20 percent in 
East Pakistan. 

Assuming that loss from rice stem borers in India amounts to 10 
percent, there is an annual loss of about 5 million metric tons per year. 
If these pests were controlled in India to ,the same extent las in Japan, 
the loss would be less than 500 thousand metric tons. 

The level of· effectiveness of the rice· stem borer control program 
in Japan, however, is probably unmatched for a major pest of a 
major crop.14 It is based on a nationwide forecasting system for 
rice pests established in 1941 and on a Plant Protection Act promul
gated in 1952. The latter established a, total of 130 positions for gov
ernment forecasters in the prefectural agricultural experiment sta
tions; 540 observatory stations manned by local forecasters; 2,166 
observation rice fields, averaging 1,460 heotares each, for determining 
the proper time for applying rice stem borer cOntrol measures; and 
pest control staffs totaling 10,866 personnel stationed at city, town 
and village levels, each operator covering an average of 300 hectares 
of rice fields. Insect control practices recommended are mandatory. 
Losses from rice stem borer have been less than 1 percent since 1955, 
when parathion became available in sufficient quantities for general 
use. 

13 Moseman, A. H., Pest Control-its role In the United States economy and In the world. 
IN: Scientific Aspects of Pest Control. Nat. Res. Council Publ. 1402, PP. 26-38. 1966. 

13 Israel, P., and Abraham, T. P. Techniques and Assessment of Crop Losses .by Rice 
Stem Bores in Tropical Areas. IN: Proc. Symposium on the Major Insect Pests' of Rice, 
The International Rice Research Institute, Los Banos, The Phll1pplnes, Sept. 13-18, 1964 
(Mimeographed) (Paper R,14 PP.). 

140 Yoshlmeki, M. A summary of the forecasting program for rice stem borer control lu 
Japan. IN: Proc. Symposium on The Major Insect Pests of Rice, The International Rice 
Research Institute, Sept. 13-18, 1964 (mimeographed) (Paper H, 22 pp.). 
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Chemical pesticides, used properly for control of major pests, have 
resulted in highly profitable increases in yields in the developing coun
tries. The principle of their use for pest control is sound and trans
ferable to developing nations. But, an attempt to initiate a chemical 
pest control program without an adequate amount of adaptive re
search· could be disastrous. For example, the Japanese encountered 
serious difficulties from. parathion poisoning among insecticide ap
plicators during the first few years of extensive use. The use of phenyl 
mercury acetate for control of rice blast in Japan is being discouraged 
because mercury residues are being accumulated in the human popula
tion. Where fish culture in rice fields is important,use of BHC (Ben
zene Hexachloride)' at rates required for control of rice stem borers 
could cause high mortality in susceptible species such as tilapia and 
tawes.15 Chlorinated hydrocarbon insecticides used on rice may be con
centrated in fish. In many countries of Southeast Asia, where fish pro
duced in rice fields constitu'te an important part of the human diet, 
insecticides may pose a serious problem. 

Indiscriminate use of chemical pesticides has often created problems 
more serious than those for which they were used initially. An example 
of the pitfalls involved in attempting to transfer chemical pest con
trol technology from one country to another, without the necessary 
ada ptive research, is furnished by the experience of the cotton growers 
in the Canete Valley of Peru.16 Major difficulties had developed within 
10 years after the initial use of synthetic organic insecticides for cot
ton pest control by the same methods as those recqmmended in the 
United States. Resistance had developed among pest populations and 
insecticides were no longer effective. Several species of little or no 
previous importanCe had become major pests, and disastrous crop 
failures resulted. The situation was corrected by passing legislation 
forbidding the use of synthetic organic insecticides in the valley and 
by returning to control methods based on use of biological control 
agents and cultural practices. 

Nevertheless, proper use of chemical pesticides offers tremendous 
possibilities for contributing to increased crop yields in developing 
countries. Research to adapt their use for pest control in such areas 
should receive high priority for short-term programs. The Japanese 
program for control of rice pests provides a model worthy of study 
by national leaders charged with responsibility for developing such 
pest control programs in developing countries . 
. The importance of agricultural pests is likely to increase in direct 

relation to improvement in crop yields because: 

15 Kok, L. T •• and Pathak, M. D. Toxicity of lindane used for Asiatic rice borer control 
to three species of fish. J. Econ. Entomol. 59,659-663.1966. 

• 18 Boza Barducci, T., Pro,blemas de Ia agricultura del Valle de Canete, Vida Agr. [Lima] 
36(430) : 511-525. Sept. 1959. -
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1. Intensification of agricultural production will tend more 'and 
more toward development of monocultures, multiple cropping, and 
shortening of rotations, all of which tend toward simple systems that 
are characterized by relatively violent· oscillations of pest populations 
rather than the comparative stability of more complex systems. 

2. The need for bringing additional land into cultivation will ex
tend crop production to areas where pest 'problems are more severe 
than in areas now being cultivated. 

3. Improved varieties will be bred to such high standards of uni
formity and will occupy such comparatively large percentages of the 
total area planted that changes in pests can result in heavy losses. 

4. Changing cultural practices, such as increasing levels of nitro
genous fertilization, irrigation, and closer spacing, favor the develop
ment of pest popUlations. 

5. Many pest species are extending their range and invading pre
viously uninfested areas. 

For solutions to long-range problems of pest control, effort should 
be directed toward developing pest management systems that are based 
on principles of applied ecology. The possibilities of integrating into 
such systems methods that do not rely upon the use of chemicals should 
receive high priority in long-range research programs. 

3.5.0 Research and Development for Improved Strains and New 
Crops in the Developing Countries by Application of 
Genetic Principles and Plant Breeding Techniques 

The ·application of genetic principles and plant breeding techniques 
will be a major factor in developing solutions to the problem of in
tensifying plant production. Consideration should be given to: (1 ) 
efforts which may be expected to have immediate impact, and (2) the 
long-range ·approach. Both should be initiated 'promptly, with em
phasis on the long-term approach and with the expectation that time 
and continued effort are necessary for meaningful results. 

3.5.1 Program for the I'fI1II1lIediate Future 

Emphasis should be placed on the widespread distribution and test
ing of improved crop varieties in areas in which they are likely to be 
adapted. There area number of greatly improved crop varieties and 
a substantial amount of superior crop germ plasm which could be 
quickly utilized-directly or with slight modification-to increase crop 
production rapidly in many areas of the world. Certain rice varieties, 
orginating in Taiwan, are short in st.ature, have stiff straw, and 'pro
duce high yields at high levels of fertilizer application. Improved 
versions of these varieties, developed at the International Rice Re
search Institute in the Philippines, are now under test in Thailand, 
Malaysia, India, Pakistan, and the Philippines. They may also have 
great value-directly or as breeding materials-in many areas of Latin 
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America, Africa, the· Middle East, other nations of Asia, and even 
in the United States. 

Wheat varieties developed in Mexico, in part with dwarf genotypes 
from Japan, are now serving 'as a basis of national production efforts 
in India,u Pakistan, and other countries. They may also have value in 
the Middle East, North Africa, and other parts of the world where 
they have not been exploited. 

Much of the corn germ plasm of the Western Hemisphere has been 
collected and classified and is available to plant hreeders· throughout 
the world. Much of this germ plasm has been evaluated for yield, dis
ease and insect resistance, and other agronomic traits. Yet utilization 
of this material has only begun. Certain varieties and hybrids de
veloped in tropical America have performed well in Thailand, the 
Philippines, and elsewhere as can be seen from results in Tables 3-5 
and 3-6. Some of the maize germ plasm from the Southeastern United 
States appears to be adapted to certain areas of India-especially when 
used in cross combinations with locally developed lines and varieties. 

TABLE 3-5.-Yields of maize varieties in yield trials in Nigeria 1952-62 1 

Location 

Variety Rainforest Southern 
Derived Guinea Average 

Savannah Savannah 
Wet Dry 

--------------------------1----,1----
Number of trials __________________________ _ 44 91 9 14 ___________ _ 

Yield (kilograms per hectare) 
Local varieties ________________________ _ 1,024 

1,411 
1,620 

1,510 
2,329 
2,329 

1,210 
1,847 
1,005 

964 1,309 
Mexico 5 _____________________________ _ 1,315 1,898 
Trinidad _____________________________ _ 1,283 1,903 

I Van Eijnatten, C. L. M. Towards the improvement of maize in Nigeria. Mededelingen van de Land
bouwhogeschool Wageningen, Nederland, 65-3, 1965. 

TABLE 3-6.-Increase in yields of improved varieties of maize over native varieties 
in Africa 1 

Amount of 
increase 

(kUoorams 
Countr1l or area per hectare) 

Dahorney ______________________________________________________ 354-382 

Congo Basin: Gandajika _________________________________________________ _ 
1[angaDlbi _____________________________________ ~ ___________ _ 

Rwanda-BurundL ______________________________________________ _ 
Rhodesia ______________________________________________________ _ 

Malawi: Central ____________________________________________________ _ 
Southern __________________________________________________ _ 

2,000 
2,300 
2,300 
1,560 

- 900 
685 

I Miracle, M. P. Maize in tropical Africa. The University of Wisconsin Press, Madison, 1966, p. 230. 

17 The Ford Foundation and Agricultural Development In India. The Ford Foundation 
Stair Document, 61 pp. New Delhi, India, 1965. 
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Some United States varieties and hybrids perform well in parts of 
southern South America (Chile and Southern Brazil, for example) . 

Sorghum breeding efforts are under way in India, Nigeria, East Af
rica, and in a number of places in Latin America but the impact of 
these programs still is localized. Certain genotypes of grain sorghum, 
unlike many varieties of maize, possess wide ranges of geographic 
adaptation. Preliminary tests suggest that in parts of the world many 
grain sorghum hybrids developed in the United States are more pro
ductive than the currently used local varieties. 

Pulses supply a major part of the vegetable 'proteins available for 
the human diet in the developing countries. For the masses of people 
to whom meat is not available, pulses often are the only sources of 
high protein foods. The major oilseed legumes, soybeans and peanuts 
are also a valuable source of protein. The area of pulse and oilseed 
legume production by region is presented in Table 3-7. 

TABLE3-7.-Area of pulse and oilseed legume production 1 

Latin 
America 

Near 
East 

Dry beans____________________ 5,410 145 
Dry peas_ ____________________ 160 10 
Dry broad beans _________ ~____ ____________ 250 
Chickpeas_ ___________________ 145 175 
Lentils________________________ 70 275 
Plgeonpeas 2__________________ 25 ___________ _ 
Cowpeas !:____________________ 25 ___________ _ 
Soybeans_____________________ ____________ 6 
Peanuts_ _ _ ___________________ 1,070 370 

I F AO Production Yearbook 1965. 
2 Average 1958-61. 

1,000 hectares, 196H5 

Far 
East 

Africa Europe North 
America 

8,300 I, 170 4, 200 630 
1,330 450 480 155 

15 340 770 ___________ _ 
10,680 400 380 ___________ _ 

950 220 100 ___________ _ 
2,550 100 _______________________ _ 

~ D2 n 68 
1,610 ____________ 10 12,530 

8,420 4,880 15 569 

The protein content of pulses is 22 to 26 percent on a dry-weight 
basis. The quality of protein in chickpeas, pigeonpeas, and limabeans 
is comparable to that of animal proteins. Proteins in most of the other 
pulses have high -amounts of lysine but are slightly low in the sulphur- ' 
bearing amino acids, methionine and cystine. The latter deficiencies 
are also present in the oilseed legume crops. 

Yields of pulses in the developing countries generally are low. 
Average yields of dry beans and dry peas in the Far East are 310 and 
520 kilograms per hectare, respectively, compared to 1,360 and 1,680 
kilograms in North America. Low yields are largely -attributable to 
inferior varieties, lack of fertilizer, inadequate control of insects and 
diseases, and poor management. 

A pulse research center has been established at Karaj, Iran, by the 
U.S. Department of Agriculture with funding from AID. Research 
includes variety development, pest control, and soil and water man-
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agement practices for dry beans, cow peas, chickpeas, lentils,and 
mungbeans. A second center is being established at New Delhi, India. 
Research there will he on chickpeas, pigeonpeas, mungbeans, and urd
beans, and on improvement of protein quality in pulses. 

The established programs are too new to permit reliable predictions 
of the potential production of pulse crops. Strains yielding 20 to 40 
percent more than commercial varieties have heen selected~ Scientists 
believe that production in all developing nations could he increased at 
least 25 percent by the application of proven practices; and that yields 
can be increased at least 50 percent within a period of 5 to 10 years. 

There is much interest in the potentialities of soybeans for devel
oping nations. Varieties contain about 45 percent protein on a dry
weight basis. Extraction of oil and removal of seed coats increase the 
concentration of protein in the remaining oilmeal.'and oilcake to about 
60 percent. By additional processing, concentrates can be made that 
contain more than 70 percent protein which is higher than that of meat 
on a dry-weight basis. One cup 'Of soybean concentrate, appr'Oximately 
170 grams, can supply the daily requirements 'Of protein, vitamins, 
and minerals for 'an average adult. 

Soybean producti'On is c'Oncentrated in the temperate regi'Ons 'Of the 
Orient and North America, hut data fr'Om yield trials in Venezuela, 
given in Ta;ble '3-8, show that varieties can' :be adapted to tr'Opical 
areas. The types grown in these areas 'are extremely sensitive t'O the 
length of daylight throughout the fl'Owering peri'Od. When gr'Own 
under the sh'Orter day length encountered in tropical zones, fl'Owering 
is stimulated ,at ian early date, plants are short, 'and yields are low. 
Great progress has been mnde in broadening the lateral belt in which 
s'Oybeans are 'adapted. C'Ombining tall growth and adaptation to short 
days has resulted in varieties that produce well in the latitude of north 
Florida. With an,adequate research pr'Ogram scientists believe that 
the belt of adaptation could he extended t'O include tropical zones. 

TABLE 3-8.-Yield of soybean varieties in Venezuela 1 
Yield, 

kUogram, 
Varieties per hectare 
Pennsoy _______________________ ~ __________________________________ 3,081 
~anta ~aria _____________________________________________________ ~705 
ImprovedPelican __________________________________________________ 2,692 
~andarin 8A _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 2, 587 
~ssoy ___________________________________________________________ ~425 
Israel 14974 _______________________________________________________ 2, 250 
Acadian __________________________________________________________ 2,247 
B.lr _____________________________________________________________ 1,930 
VVilson'Black_ _ _______________________________________________ 1,822 
lIernon 49 ______________________________________________________ 1,676 

1 Barrios, A, and Ortega, A. Comparaclones sobre el rendlmlento de 11 Variedades de 
Soya (Glycine mam). Agron. Trop., 13, 233-237, 1964. 
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Although soybeans obviously have a potential in many parts of the 
world, production in these areas will likely have to await the develop
ment of adapted varieties and processing facilities. Other edible leg
umes have a greater potential for supplying high quality protein in 
many of the developing countries. 

A suhstantial collection of millets exists in India, some of which 
have promise Tor many of the low-rainfall areas of the world .• 

Photoperiod, temperature, rainfall, and edaphic characteristics are 
important factors in determining geographic adaptation of crop spe
cies and varieties; of equal importance is the reaction of introduced 
varieties to diseases and insect pests. Usually the latter cannot be eval
uated critically until the introduced varieties have been planted on a 
large area and have been grown in the new environment for a period 
of years. 

The application of our present knowledge on the geographic adap
tation of many of the world's improved varieties of crop plants could 
be expected to make significant increases in world food production in 
the immediate future. 

3.5JJ The Long-Term Approach 
Five major steps must be taken in a realistic long-term approach to 

intensification of crop production by genetic improvement of plants. 
1. Attention must be fO()u8ed on basw food drop8 that can be r,apidly 

propagated, such as wheat, rice, maize, sorghum, millet, potato, sweet 
potato, yam, cassava, banana, pulses, and oilseed legumes. Other 
crops should receive attention by countries where the specific crops are 
important. 

Emphasis should be placed.on the improvement and production of 
crops best suited to the soils and climate of individual countries. At
tempts to become self-sufficient in specialized crops poorly adapted to 
the area should be avoided. The example of a recent attempt by a small 
country to develop a sugar beet industry, with sugar a glut on the world 
market, occurs all too frequently. 

In some regions, particularly in the tropics, animal production will 
continue to be important, yet relatively little attention has been given 
to forage crops or range management for such regions. A determined 
research effort is needed, including collection 'and improvement of 
forage grass and legume germ plasm, and their orderly evaluation 
(including grazing trials) . 

2. Subst([/fl,tial plant breeding etforts1nu8t be encouraged,primarily 
in the regions and by the nations where the crops are to be used. Al
though varieties of some crop species have wide geographic adapta
tion, improved varieties and hybrids developed in the temperate climate 
usually are of limited value for direct use in tropical regions, and vice 
versa, because of differences in day length, diseases, insect pests, and 
breeding objectives. Unadapted varieties, however, can make valuable 

263-888 0-67-.-16 
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contributions t~ gene pools for breeding purposes. Genes for resistance 
to crown rust and high protein content in oats from Israel have been 
transferred, with excellent results, to oat varieties for Florida, Georgia., 
Indiana, Iowa, Minnesota, Texas, 'and Wisconsin. Israeli wheats, vir
tually immune to yellow rust, are contributing to the control of this 
serious diseases of wheat in western and northern Europe. Israel's lo
cation, in the "fertile crescent" where there is an abundance of wild, 
disease resistant wheat, oats, 'and barley, puts its scientists in a unique 
position to supply new genetic combinations for control of cereal rusts. 
Utilization of the world's gene pools for breeding purposes offers al
most unlimited opportunities for intensifying plant production.18 

International research and training centers' should be developed to 
serve as headquarters for cooperative programs ·and to provide ad
vanced technical training.· The research program should include: (1) 
accumulation and evaluation of the world's germ plasm. for specific 
crops; (2) identification ·an.-d production of plant types which produce 
high yields 'at high levels of soil fertility; (3) research on prevalent 
plant diseases, development of plant resistance, and coordination of 
international studies; (4) research on prevalent insect pests, including 
development of varieties resistant to the insects, chemical control, and 
coordination of testing progr·ams; (5) weed control; (6) qualityeval
uation; ·and (7) coordinated varietal testing programs. 

National plant breeding programs are essential and should be fi
nanced by the country concerned. Such programs will be successful 
only if: (1) highly competent technical leadership is available on a 
continuing basis; (2) the breeding programs are oriented toward in
creasing the nation's average yields; (3) adequate financial support 
is provided; and (4) the success of the program can he measured by 
substantial increases in yields on the farms. These national programs 
should be backstopped by the regional centers for basic research. 

For each major crop in each national program there should be a cen
tral plant breeding and training facility, plus sufficient outlying test
ing stations to provide for the needs of the country. 

In those areas of the world where the improvement of cross-fertilized 
crops has reac'hedan advanced stage 'Of development, hybrids continue 
to provide higher yields and a ,more uniform product than do improved 
varieties or synthetics. But, it now seems clear that varieties themselves 
can be greatly improved through ·the application 'Of appropriate forms 
of mass selection and that synthetic varieties can be developed which 
are far superi'Orto most farmer-selected strains. 

For countries where there is a ,scarcity 'Of technically trained man
power, where distribution 'Of seed is a problem, and where credit gen
erally is not available, it would seem advisable to concentrate first on 

18 Science Journal 2,11-12,1966 (In section on development news). 
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the production of improved varieties and vari~tal crosses ra,ther than 
on conventional hybrids. 

Recent results obtained with maize in Mexico and Kenya should 
provide some guidelines to varietal improvement in developing nations. 
ICenya established a conventional breeding program in 1955. By 1963 
a double-cross hybrid had been developed which gave yield increases 
of 25 percent-about the same magnitude of increase as was obtained 
with 'the first hybrids in the United States. In 1963 a varietal hybrid 
was produced which gave yield increases of approximately 50 percent. 
With encouragement and support of the newly initiated cooperative 
program of the Agricultural Research Service, US:pA and AID, 
this hybrid was immediately placed in commercial production. Breed
ing procedures were modified that emphasized population improvement 
and varietal hybridization. This emphasis recognizes both short- and 
long-range goals. Under conditions prevailing in the developing coun
tries, rapid improvement in popUlations is feasible and such improve
ments will be reflected in their hybrids. The long-range objectives will 
also be advanced as any improvement in the varietal popUlations 
should result in an increase~ percentage of elite inbred lines that can 
be obtained from them whenever the production of conventional 
hybrids becomes desirable. 

The yield increases achieved and the acceptance of hybrids in ICenya 
has been significant as shown in Tables 3-9 and 3-10. The double-cross 

TABLE 3-9.-0omparative yield oj a double-cr088 hybrid and varietal hybrids oj corn 
in Kenya 1 

Year otrelease Typeotcom 
Yield In 

percent of 
local variety 

Local variety ____________ __________________________________ 100 
1963 _ _ _ _____ __________________ Double cross hybrid_______ __ ______________________________ 125 
1964__ _________________________ Varietal hybrid 611____________ __ __ ________________________ 142 
1985 ___ "_______________________ Varietal hybrid 611B____ __________________________________ 154 
1966_ _ _ _______ _________________ Varietal hybrid 612______ _ ____ _____________ _______________ _ 157 
1967 _________ .__________________ Varietal hybrid 613_, __________________ ,.____________________ 166 
1968_ _ _________________________ Varietal hybrid 614______ __________________________________ 194 

I Unpublished data from the Kenya Maize Research Program. 

TABLE 3-10.-Acres planted to hybrid corn in Kenya 1 

Year Large-scale Small-scale Total 
farmers farmers 

300 10 400 
33, roo 1, roo 35,000 

1D6!i 52,000 18,000 70,000 
HIM 50,000 50,000 100,000 
19672 100,000 350,000 450,000 

1 Third Annual Report ARB-AID Project "Major Cereals In Africa." 
2 Beed Is avallable from the 1966 crop to plant the estimated 1967 acreage. 
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hybrid was develO'ped frO'm a single variety, Kitale Flat White. Each 
O'f the varietal hybrids, 611-614, invO'lve crO'sses between Kitale Flat 
White x EcuadO'r 573. The crO'sses 611B~613. represent successive im
prO'vements within ithe Kitale variety. The hybrid 614 invO'lves im
prO'vements in bO'th parental types. 

The persO'nnel invO'lved with this develO'pment have had clO'se CO'
O'peratiO'n amO'ng the fO'llO'wing agencies: The Kenya Ministry of Ag
riculture, the Rockefeller FO'ul1datiO'n, the Kenya Seed CO'mpany, and 
the USDA/ ARS, and AID. The success achieved was dependent UPO'n 
the incO'rpO'ratiO'n·ofalI essential factors: (1) the develO'pment of im
proved types; (2) the availahility O'f research infO'rmatiO'n on prO'per 
time of planting, fertilizatiO'n practices, and weed cO'ntrol; (3) an effec
tive demO'nstratiO'n prO'gram; and (4) prO'vision of adequate facilities 
fO'r hybrid seed prO'duction and distributiO'n. 

Initially hybrid seed was sold as a package deal. The purchaser O'f a 
bag of seed was required to' buy fertilizer of the recommended formula
tiO'n and amount, and:to fO'llO'W additiO'nal prescribed cultural practices 

. including the recO'mm,ended time O'f planting ·and weed cO'ntrO'l. As a 
result O'f this cO'mbined apprO'ach the better farmers are achieving 
yields ranging up to' 10,000 kilO'grams .per hectare. If hybrids are ac
cepted at the 'present rate, it is predicted that by 19'68 half of the high
hind cO'rn area of Kenya will be planted to hybrid seed. 

ConventiO'nal hybrids, unfO'rtunately, have become a status symbol in 
many develO'ping cO'untries because this type of hybrid is used uni
versally in the United States. Many breeders lack sufficient backgrO'und 
to recO'gnize that varietal hylbridsare feasible O'nly when genetic di
versity is. available and that such diversity dO'es nO't exist amO'ng 
acceptable United States types. 

A maize imprO'vement prO'gram was initiated in MexicO' in 1943 and 
has continued to' the present. During this period a number O'f high
yielding cO'nventional hybrids and v,arieties have been developed. In 
recent years emphasis has been placed O'n the develO'pment O'f synthetics 
and synthetic crosses, sO'me O'f which have equalled O'r excelled the 
yields O'btained frO'm the best dO'uble crO'ss hybrids. In cO'ntrast to' the 
fullycO'O'rdinated prO'gram in Kenya, the full benefits O'f varietal im
prO'vement in Mexico have nO't reached the majO'rity of Mexican 
farmers. Seed prO'ductiO'n and distributiO'n in MexicO' has been thrO'ugh 
a gO'vernment agency which has failed to prO'duce either the quantity 
O'r quality O'f seed required by prO'gressive Mexican farmers. Mexico 
uses approximately 100,000 tO'ns of maize seed annually of which only 
abO'ut 14,000 tons are hybrid. HO'wever, a considerable area is being 
planted to advanced generatiO'n seed O'f imprO'ved varieties. It has been 
estimated that at present nO't mO're than half of the total maize area of 
Mexico is planted to imprO'ved seed. 
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3. Adequ.ate and dependable 8Upplies of high qwility seeds rrlJU;8t be 
readily available to the· farmer if the sttperior varieties are to be of 
valtu.e. As important as breeding, and often more difficult to establish, is 
an effective organization for the production and distribution of seed. 
Attempts by a number of nations to produce and distribute hybrid 
corn through government monopolies have failed, whereas production 
and distribution of hybrid corn seed by .private companies generally 
has been successful. Where hybrids are now feasible, or where any type 
of seed from large-scale, controlled hybridization is used, production 
and distribution of such seed should be placed in the hands of private 
industry. If, as a part of our effort to aid world food production, seed 
firms in the United States are to become more involved in foreign pro
duction and distribution (either directly or in cooperation with local 
organizations), consideration should be given to providing satisfactory 
investment guarantees by appropriate Federal agencies. 

4. Integrated natio1llJ.l crop-oriented progr(JJms rrlJU;8t be established 
wnder wnified leadership. The research program, of which varietal im
provement must be one important component, must be integrated with 
the Nation's training and extension efforts. Concerted efforts must be 
made to improve irrigation facilities and water use, to develop ade
quate supplies of fertilizers, and to obtain -adequate control of diseases 
and inseet pests. Fertilizer requirements must be determined for each 
variety in each season of each region of the country. Adequate agricul
tural credit must be available and the supply of all necessary inputs 
must he assured. 

The exact nature of each Nation's crop-oriented program will de
pend on available facilities and on the training of crop specialists. N a
tional programs which deserve study, as models, include the all-India 
crop schemes, Pakistan's current wheat program, Thailand's proposed 
national maize program,the Philippines' present effort to improve rice 
and maize production, and Mexico's programs which led to major 
increases in production of wheat, potatoes, maize, and sorghum. 

5. Plant breeders must be encouraged to develop plants adapted to 
high levels of soil fertility or to high levels of applied nutrients. It 
is ahundantly clear that crop production in the world cannot go up 
substantially unless adequate amounts of nitrogen, pJlOsphorus, po
tassium, and in some instances other nutrients are supplied; and un
less high levels of fertilizer produce greater grain yields instead of 
an increased ·amount of foliage. Plant breeders must be increasingly 
concerned with development of plant types which can convert high 
amounts of nutrients into grain instead of contenting themselves' with 
identifying the best combinations of variety and nutrient within exist
ing or commonly used plant types. Response to fertilizers also will 
depend greatly upon water management, spacing and other cultural 
factors, and control of diseases and insect pests. 
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Brc.cders engaged in quality improvement should emphasize nutri
tional qucility, and should be encouraged not to waste time and effort 
in selecting for certain milling and baking traits which have little 
relation to the nutritional value of the crop. 

The manner in which cereals are used varies from region to region. 
In the highlands of South America, for example, floury types of corn 
are utilized 'and it is often eaten while still green. In most of the 
humid tropics, flint corn is generally utilized because it is more re
sistant to insect attack than are the dent and floury types. In ,the 
United States and many other parts of the world, dents or semi-dents 
are desired, yet little is known about the nutritional quality of these 
various kernal types. 

Current efforts to isolate cereal genotypes with a better balance of 
amino acids should be greatly expanded. It has been shown that the 
genes opaque-2 and floury-2 increase the lysine content of corn grain 
about 100 percent and tryptophan almost 65 percent. Opaque-2 and 
floury-2 are single recessive genes and as such can be easily intro
duced into any type of corn through the use of appropriate breeding 
techniques. In rat feeding tests it has been found that genotypes 
homozygous 'for opaque-2 give a 3.5-fold increase in rate of gain over 
that obtained with normal cornalone.19 Comparable results have been 
obtained· with swine. In one experiment with Hampshire-Yorkshire 
cross-bred pigs averaging 30 pounds, normal corn was compared with 
opaqu~-2. The average daily rates of gain for a four-week period 
were 0.26 and 0.94 pound, respectively. In a second experiment, pigs 
weighing an average of 130 pounds were used to evaluate opaque-2, 
normal hybrid corn, and hybrid corn supplemented with soybean meal. 
In this trial, opaque-2 corn· of 11.2 percent protein was compared' 
with hybrid corn of 8.88 percent protein and the hybrid corn supple
lnented with soybean meal to 11.2 percent protein. The average daily 
rates of gain for a three-week period were 2.27, 1.50 and 1.94 pounds, 
respectively. On the basis of these tests, it appears that opaque-2 corn 
can supply the total protein requirement for swine.20 

Tests conducted in Guatemala ~vith children aged 2 to 6 years in
dicated that the protein value of opaque-2 corn is about 90 percent 
that. of skim milk.21 It has' been estimated that a daily intake of 300 
grams of opaque-2 corn, with adequate caloric needs provided from 
other sources, would 'meet minimum protein requirements of men 
weighing approximately 70 kilograms.22 

10 Proceedings high Lysine Corn Conference, Purdue University, June 21-22, 1966. Corn 
Re·fl.ners Association, Inc., WashIngton, D.C., pp. 12-22. 

29 Pickett, R. A. Opaque-2 corn in· swine nutrition. IN: Proc. High Lysine Corn Con-
ference, June 21-22, 1966, Purdue University, pp. 19-22. Corn Refiners Assoc., Inc., 
WashIngton, D.C. 

21 Bressarii, RIcardo. Protein Quality of opaque-2 maize in chlldren. Ibid, pp. 34-39. 
!!3 Clark, H. E. Opaque-2 corn as a source of protein for adult human subjects. Ibid., pp. 

40-44. 
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The most significant contribution of high quality protein maize to 
improved nutrition may be in those areas of the world where maize is 
an important part of the human diet; Such areas include much of 
Latin America, parts of Africa, southern and eastern Europe, and 
parts of Asia. 

Although much remains to be learned, the new varieties offer con
siderable promise 'Of improved nutritive value. If yields and other 
important agronomic traits are satisfactory, corn could be transformed 
from a poorly balanced to a well balanced source of food and feed 
for man and his domestic animals. 

Work on the incorporation of new genetic types into otherwise de
sirable maize varieties is now under way in most parts of the world 
where maize breeding is in progress, including Mexico, parts of Cen
tral -and South America, India, the Philippines, parts of Africa, east
ern and western Europe, and the United States. 

The search for improved nli~ritional characters in other cereals has 
either been initiated or is planned. Such projects include programs in 
Mexico for wheat and m'aize, in the Philippines for rice, and in India 
for sorghums and millets. AID-grants have recently been made to 
Purdue University for the study of both protein quantity and quality 
in sorghum, and to the Unive~sity of Nebraska for the study of pro
tein quantity in wheat. AID has made an additional grant to Purdue 
University for the incorporation of opaque-2 into Brazilian maize 
varieties and subsequent evaluation of their acceptability and l1utri
tion'al adequacy. A new laboratory is being installed at Beltsville, 
Maryland for the study of protein quality in cereals. In this program 
attention will also be given to the wild relatives of wheat and oats. 

3.6.0 Factors Limiting Progress in Developing Countries 

There is need for an immediate and widespread awareness of the 
following problems which are now restricting agricultural progress 
in many of the nations of the world: 

1. There are few people properly trained for participation in na
tional crop-production efforts. In most of the developing countries 
there is a serious shortage of qualified plant breeders-persons trained 
to conduct dynamic, useful, varietal improvement programs in the 
field. Many of the young men who have received advanced training in 
the United States or Europe have become specialists in the more basic 
field of genetics or in other fundamental areas. 

There is a similar scarcity of applied entomologists to cooperate 
with plant breeders in developing varieties resistant to insect pests, 
and to develop effective chemical control programs for species that 
cannot be controlled by means of varietal resistance or biological con
trol agents. 
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There are too few plant pathologists directly involved in the strug
gle to obtain plant resistance to the disease organisms-the only eco
nomical means known of controlling the most destructive diseases of 
most field crops. 

There are not enough soils specialists trained for, 'and interested in, 
cooperating with plant breeders for rapid identification of the appro
priate fertilizers and fertilizer levels needed for crop varieties in each 
season, iri each region, and in each country. This need is particularly 
acute in the tropics. 

Biochemists are needed to work with plant breeders in the improve
ment of quality of experimental varieties. 

Finally, there is a critical, shortage of crop specialists' to lead na
tional and regional crop-oriented production programs-persoris who 
can' integrate, stimulate, and coordinate work on varietal improve
ment, soil and water management, weed control, disease and insect 
control, training and extension. Persons who are equally aware of the 
need for credit, for a timely supply of fertilizers and other agricultural 
chemicals, and for production incentives are also needed. 

2. Yield concepts differ in, the tropics 'and in temperate climatic 
areas. In temperate climatic areas such as the United States, most 
plant breeders are concerned with production of maximum yields dur
ing a jW:Jed crop-growing seas011r-a season determined for some crops 
by the dates of first and last frost. In most regions of the tropics, par
ticularly where availability of water can be controlled, emphasis can 
and should be placed upon maximum yield per unit area per 'Unit of 
time. By growing two crops annUally maize yields per unit area per 
year ha:ve, in parts of Jamaica, Mexico, and South America, exceeded 
those of the United States. In the Philippines it has been customary, 
in many regions, for farmers to grow a single rice crop in 1'50 to 170 
days and yields of 3,000 to 4,000 kilograms per hectare have been ob
tained by good farmers. The International Rice Research Institute 
has found that maximum yield per day can be obtained with faster 
developing varieties that can be grown in 110 to 120 days. With control 
of water, three crops a year have been obtained for a total annual pro
duction exceeding 20;000 kilograms per hectare. Plant breeders must 
.be encouraged to strive for maximum yields per unit of time. Attention 
must be directed to the development of new cropping patterns for the 
tropical areas of the world, with maximum food production per day 
the goal in each situation. 

We need to recognize, however, that intensified production practices 
usually bring with them serious increases in insect populations and 
intensification of disease problems. This necessitates, therefore, the 
adoption of a complete production program designed to cope with 
anticipflrted increases· in. probiems of this nature. 
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3. Although the United States Government has indicated its will
ingness to respond to the needs of developing nations in the improve
ment of their agriculture, the United States has very little capability 
in tropical agriculture. It has no corps of agricultural scientists spe
cialized in tropical crop production and no first-class agricultural 
experiment stations in the tropical areas. The United States varieties 
of corn, wheat, rice, and other crops are generally not adapted to 
tropical latitudes. 

In recent years agricultural research in the United States has been 
oriented away from production and toward more basic and academic 
pursuits. Consequently, fewer of the nation's universities are now 
offering the type of training which equips either our own or foreign 
students for the type of service most needed abroad today. 

4. There is no Federal agency to which a developing nation can 
turn for the type of assistance needed in initiating properly oriented 
crop production programs-agencies which can offer first-class tech
nics;} leadership for the substantial periods of time so essential to 
success. 

AID has been able to offer advisors rather than leaders and then 
for pnly relatively short periods of time. Our assistance abroad has 
not resulted in the establishment of the research and training centers 
,now so vital to success of national programs in developing countries. 

The Rockefeller Foundation has been able to provide scientists 
abroad on a career basis, but it has not been able to supply more than 
a very small fraction of those needed. 

F AO primarily offers advisory services, rather than the leadership 
, for national programs that so often is necessary until a nation in need 
can prepare its own people for these responsibilities. 

In view of these needs it would seem desirable that one, or more, 
tropical research and training institutes, supported by an appropriate 
agency of the Federal Government, be established in the tropics on 
United States owned or controlled territory. Such an Institute should 
support research in depth on all aspects of tropical crop improvement 
and production and it should function as a training center in tropical 
agriculture for scientists from the United States and foreign countries. 

5. The supply of United States food grains, whether by donation 
or by sale for soft currency, appears to have permitted some nations 
to hold down the prices of grain, or to adopt other policies which 
discourage agricultural production. The United States must be careful 
that it does not seek to assist and encourage national crop production 
prograllls on t~e on~' hand while at the, same tjme through shipment 
0~.~~iI?- d~~ura.ge production by the farmers of the recipient country,; 

, . 
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3.7.0 Research on Improved Crop Production and Plant Protec
tion Practices for Developing Countries 

It has been assumed erroneously that agricultural technology can 
be transferred directly from the developed to the developing coun
tries. In many developing countries, the crop varieties and production 
practices that have evolved are those which will survive the existing 
conditions and still produce -something each year, although the yield 
potential is low. In the traditional agriculture of developing countries, 
these varieties and practices ara in equilibrium with the physical, bio
.logical, and social environment of the country. In order to intensify 
crop production, it is necessary to develop new. crop varieties which 
will have high yield potentials. Agronomic and plant protection prac
tices applicable to the environment of the given country must be devel
oped in order to maximize production of the new varieties. Hybrids or 
varieties from the 'United States rarely perform satisfactorily in other 
countries; and likewise, _ agronomic or plant protection practices can-

. not baused without some adaptation and modification. We can, how
ever, transfer principles of plant breeding, plant nutrition, soil 
management, and plant protection, and through applied research we 
can develop adapted varieties and sound cultural practices. This 
philosophy must permeate the thinking of- the agricultural leaders in 
both the developing countries and the aiding countries. The impor
tance of this philosophy is obvious in a long-term program and, even 
in a short-term program for immediate impact, it is essential that some 
preliminary adaptive research be initiated to precede large-scale ex
tension progra.ms. 

Attention should be -given to both short-term and long-term pro
grams for improved food crop production. The short-term programs 
are those-which can have immediate impact to meet emergency food 
needs. The long-term programs should be designed to improve crop 
production to meet dietary needs and to improve the economy of the 
country. 

3.7.1 Short-Te1'mProgram f07' Food P'l'odu.ction, 
In most developing countries where yields of food crops are low, 

the use of fertilizer is one of the fastest and most dramatic ways of 
increasing yields. Doubling or tripling of yields by adequate fertiliza
tion is not uncommon. In the Freedom From Hunger Campaign co
sponsored by FAOand the fertilizer industries in the United States, 
a modera:te fertilizer treatment -increased yields of food crops hy 
.74 percent. This increase was the average of 9,500 demonstrations 
carried out in 14 developing countries in Asia, Africa, and Latin 
Am~rica. The ratio of increased crop value to cost of fertilizer varied 
from 2.3 to 1 .. 0 for food grains and beans and from 10 to 13 for pota
toes. These demonstrations were carried out using the local vari~ty 
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and loca1 management practices. Results of this study also demon
strated that the use of fertilizer tended to encourage other improved 
production practices. Experience, however, has shown that a "package 
of practices" including new varieties, adequate fertilizer, and other 
inputs is the best "vehicle" for encouraging greatly improved produc
tion practices. It has also, demonstrated that the effectiveness of ade
quate fertilization is greatly enhanced by the use of high-yielding 
varieties and improved cultural and plant protection practices. 

Potato production in Honduras from 1951 to 1960 averaged 1,950 
kilograms per he~tare. Yields in experimental plots were increased 3-
fold by control of diseases and pests plus irrigation when needed; 
about 4-fold by the application of nitrogen; 8-fold by the application 
of phosphorus; and 8-fold by the application of potassium. When ade
quate amounts of all three nutrients were provided, with irrigation 
and protection from insect and disease pests, increases in yields were 
nearly 30-fold. The dramatic effects on yield by increasing levels of 
nutrients is shown in Table 3-11. 

TABLE 3-11.-Effect of fertilization on potato yields in HonduraB, 1981-89 1 

Treatment, kilograms per hectare Yield, kilograms per 
hectare 

N p K 1001-62 1962-63 

0 0 0 5,liOO 5,800 
80 0 0 8,700 10,000 
0 53 0 15,400 19,700 
0 0 66 17,100 17,900 

80 53 0 17,000 16,000 
80 0 66 18,800 18,000 
0 53 66 21,700 22.liOO 

80 53 66 26,liOO 32,400 

I Awan,'A. B. The effect of fertlUzatlon on potato yields. OErnA, 11, 18-21. 19M. 

An increase of 30 pounds of grain for each pound of applied nitro
gen was obtained in India when dwarf wheats, adequate irrigation, 

__ and improVed production p:ra,ctices were used.23 Under less favorable 
conditions the grain: nitrogen ratio may be between 10 and 20, but it 
is obvious that adequate fertilization is important and profitable. Also 
it is cheaper and easier for a country to import fertilizer than to import 
food. Even taking a ratio of 10 pounds of food per 1 pound of applied 
nitrogen, an additional annual application of 3 million tons of nitro- . 
gen would produce 30 million tons of additional grain. This is ,veIl 
above the present needs for world food aid. 

l!3 Under prevailing prices for wheat and nitrogen, only three pounds of wheat were 
reqnired to_ pay for one pound of nitrogen. Thus, the ratio of additional crop valne to 
ferttUzer cost was 11 to 1. 
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One other advantage of providing adequate levels of fertilizer for 
increased food grain production is that this program would also in~ 
crease the quantity and quality of straw and stover normally used as 
feed for. domestic animals. The application of' fertilizers _ to forage 
crops also offers excellent opportunities for increasing the quantity 
and quality of animal feed. So, one of the most effective ways to in
crease world food production would be to invest in strategically 
located fertilizer plants. 

When developing a short-term agronomic program, one should re
view local experimental data and make a brief survey of the -produc~ 
tion practices of a few leading farmers for indications as to the major 
factors limiting yields in a given area. Likewise, a, survey. should he 
lnade for possible improved varieties which have been developed or 
tested in other countries. Dwarf wheaits from Mexico and stiff-strawed 
rice varieties from Taiwan and the International Rice Research Insti~ 
tute in the Philippines are good examples of superior germ plasm 
which has a high yield potential, and which. appears to have unusually 
widespread adaptability. . 

In order to develop first approximations which can have immediate 
application, simple preliminary trials should be conducted on a broad 
spectrum of the varia'ble being studied. All other variables should be 
at an optimum based on current information. These preliminary trials. 
should be simple but should use good experimental field techniques 
and sound statistical design. After preliminary. trials, consideration 
should be given to more critical rtnd detailed experiments involving 
interacting effects of various production factors. The following types 
of trials should receive consideration: 

Variety Trials-Comparisons for adaptability-should be nlade on a 
wide range of improved high yielding varieties from other countries 
or areas with the best local varieties. This' should be done under the 
best known levels of fertilization and methods of irrigation, cultural, 
and plant -protection. 

Rate and Method of Fertilization-Nitrogen is the most commonly 
deficient nutrient and the one to which crops usually respond most 
readily. It should, therefore, receive the most emphasis in an applied 
research and demonstration program. The rates of application tested 
should be as much as 1.5 times the expected need to define the optimum 
point in the response curve. 

Clearly phosphorus and potassium are the next most com~only de~ 
ficient nutrients. Soil tests should be used to determine the extent and 
degree of deficiencies of nutrients. Potassium deficiencies even though 
not apparent .at first may become more apparent after years -of in~ _ 
t.ensive cropping. Zinc, iron, sulfur, manganese, and other trace ele~ 

1 ments are rarely deficient in annual food crops and their d~ficiency 
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can usually be observed and identified by the various abnormal appear
ances of above ground plant parts. 

Date and Method of Seeding Trials-Well-fertilized, high-yielding 
varieties often react differently than local varieties. Dwarf varieties ' 
of wheat introduced to India have earlier and more rapid seedling, 
and tiller development and appear to be favored by somewhat later 
planting. Also, dwarf wheats should not be planted as deep as is often 
done with primitive tools such asthe wooden plow. 

Frequerwy and Time of Irrigation-Water management may be a 
critical factor in achieving the ma.ximum potential fromwell-ferli
lized, high yielding varieties. For example, in India introduced dwarf 
wheats which have rapid seedling and tiller development appeared to 
require earlier irrigation for proper tiller development than the in
digenous varieties. Also, short, stiff-strawed varieties of various crops 
can be irrigated longer so' full grain development can occur without, 
the probability of lodging. 

Plant Protection Trials Involving Insect, Disease, and Weed Oon
trol----The nature of plant protection trials will depend upon the prob
lems revealed by review of existing local data and practices. 'Disease 
and insect control often take on new dimensions with the use of high 
levels of fertilizers and greater plant popUlation. Also, the losses 
due to poor or inadequate plant protection become more significant 
due to the increased yields. Cultural and physical methods of pest 
control offer a cheap and often effective means of control. This is 
especia;lly important in countries where chemicals !have not been tested 
or are net availa:ble to supplement other control methods.' Cultural 
methods which may give effective control for some species include time 
of planting, crop rotation, proper tillage, ,approved water management, 
and incorporation of crop residues. For example, delaying maize 
planting dates in areas of West Pakistan from the third week in July 
until the middle of August reduces stem borer infestation enough 
to allow for increase in yields of about 15 percent.24 Similarly, by 
planting maize only during May rather than throughout the extended 
period A'pril to September, Egyptian growers now control the Euro
pean corn borer, the sugarcane borer, and the lined sugarcane borer 
when formerly three to four applications of insecticide were required. 
Maize is now planted so the most susceptible stages of the crop develop 
at the time of lowest. pest populations. There is an annual saving of 
about 10 million dollars required for the program of insecticidal con
trol, and yields have improved dramatically since the adoption of 
the program. 

2~ Glll, M .. S., and Maan, M. A., Effect of sowing dates and manures on the yield of 
maize grain. West Pakistan Agr. Res. 1: 163-169,1963. 
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3.7.2 Long-Range AgTonomic and Plant ,PTotection Investigations 
The development of improved production practices is closely allied 

with that of breeding for improved crop varieties. In the breeding 
program, it is essential to develop and utilize the best production 
practices so that plant selection is made under conditions conducive 
to high yield potential. It is well known that the development of 
adapted high-yielding varieties provides greater yield potentials. 
High-yielding varieties ,also provide ·a mechanism for encouraging 
farmers to adopt improved production practices for any given crop. 
There is an obvious need ,for close cooperation and coordination among 
agronomists, pathologists, entomologists, agricultural engineers, and 
plant breeders. 

For long-range research programs, emphasis should be ·given to 
more critical and detailed trials on the interactions of various produc
tion factors such as iITigation levels, fertilizers, varieties, and pest 
control .. When diseases or insects are important, the magnitude of 
the interactions may become' even greater. In India a slight delay in 
the seedling development of sorghum, caused either by a preemergence 
weed control chemical or a slight deficiency of nitrogen or 'phosphorus, 
may C8lUSe a several-fold increase in stem 'borer infestation. This is 
true because most of stem borer damage occurs during the seedling 
stage. Such problems as this, which will be discovered in short-term 
studies, should receive continuing attention. 

Reconnaisance type surVeys made at the beginning of short-term 
programs for intensification of plant production Should he followed by 
more detailed surveys of' the following: land use, water resources, 
salinity problems and drainage hazards; and pests such as insects, 
diseases, weeds, rodents, and birds that might affect pr.oduction, har
vest, or storage of crops. Crop intensification often results in an in
crease in problems of water supply, drainage, and salinity. Methods 
of coping with these problems usually require community or national 
action and therefore must be comprehensive. 

In countries heavily dependent upon crops such as sugar, cocoa, 
rubber, banana, or coffee, the possi:bility of growing supplemental or 
alternative food crops should be investigated. In searching for such 
crops careful consideration should be given to crop 'adaptation, avail
~Lble resources, and hazards from pests. Emphasis should be given to 
well-adapted crops. rather than attempt to grow all types of crops in 
order to 'be self-sufficient. This philosophy is deeply ingrained in 
traditional agriculture, particularly where the village system has 
prevailed. Improvements in transportation have decreased 1;he need 
for "self-sufficiency" to the point that only those crops that are well
adapted to an area should 'be exploited. 
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Research on cropping sequences or rotations which will maintain or 
improve soil tilth while improving crop yields and equality are 
especially necessary. 

The possibilities of pest control through the utilization of biological 
control agents should be studied intensively. Biotic control agents 
make up n. major portion of the barriers to large increases in pest 

. numbers. Use of both indigenous and exotic species of parasites and 
predators is an extremely useful method of pest control. Classic ex
amples are the Vedalia beetle for control of cottony cushion scale and 

. Ohrysolina sp. for control of Klamath weed. Where effective, such 
methods provide long-lasting control without some of the adverse side 
effects often associated with pesticide use. 

Most of the new hybirds or dwarf varieties of cereals have a shorter 
growing season than the indigenous varieties. This opens up new 
vistas for multiple cropping. Also, with the development of tools for 
more rapid harvest and land preparation, the time between crops can 
be greatly reduced. This allows for further possihilities of multiple 
cropping. The possibility of keeping the land occupied continuously 
by growing summer annuals, such as soy.bean, in sequence with winter 
annuals, such as wheat, should receive intensive study. Methods ror 
intensifying. crop yields on a per year basis by adopting mUltiple 
cropping techniques should be feasible in many areas. 

3.8.0. Dissemination. of Information i~ the Developing Countries 

3.8.1 Orgfltnization 
Every developing country has an extension or similar organization 

to disseminate information through meetings, demonstrations, field 
days, publications, and visual aids. In many cases they may serve 
regulatory and service functions as well as educational functions. The 
pattern "Varies widely but generally involves- a pyramidal organiza-

. tion as one branch of the Ministry of Agriculture, and an effort is 
made to have it cover the country. Most frequently the link between 
extension, research and education, and the legal bases for the exten
sion organization are poorly defined or nonexistent. 

The a;bove "deficiencies" are frequently cited as reasons for failure 
to obtain more effective dissemination of information and the more -
rapid adop~ion of recommended practices by farmers. Many attempts 
have been made during the past 20 years, through technical assistance 
programs, to create or to improve existing organizational structures 
of extension-information services. For the most part these efforts have 
failed to produce substantial organizational changes or to improve the" 
effectiveness of extension programs. We believe, however., ~hat these 
objectives will 'be more readily achieved by focusing on the function 
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of extension rather than on organizations per se. Efforts to change 
organizational patterns are likely to be unsuccessful in most countries. 

Emphasis should be on the substance of the extension program. 
Efforts should be concentrated on identification of programs which 
have promise of showing substantial improvements in production. The 
traditional linking of extension with ministries of agriculture, or 
equivalent units of government; is so strongly entrenched that it' is 
usually futile to undertake to transfer extension functions from such 
ministries. A close relationship with colleges of agriculture is a more 
desirable arrangement. If the substance of extension is emphasized and 
if all resources which can contribute to achievement of program objec
tives are utilized, a closer linkage with the colleges of agriculture is 
more likely to emerge than if the problem is approached through 
organization. 

The keys to organization are effective leadership, competent tech
nical and administrative personnel, and flexibility to permit concen
tration of effort where the greatest response can be expected. 

3.8.e Per'80'1l1n.i3l 
Competent personnel is the key to effective extension work. The level 

of' preparation of the extension· agents who have direct contact with 
the farmer is far. too low. In most developing countries this point 
usually.is not recognized :fully. In attemping to provide general cov
erage of the rural sector with an extension force, there is a strong 
tendency to sacrifice quality for quantity. Moreover, this approach 
has been supported hy manpower studies that ·tend to define the need 
for. personnel in terms of a ratio of extension agents to farmers. 

The extension agent often lacks technical education and experience 
in practical agriculture. A sound technical ed~cation is the base upon 
which the development of extensiQn personnel should rest. Beyond 
the sound educationaf base, extension training can be broadened and 
updated on an inservice basis supplemented by short courses. In
service training programs should emphasize subject matter ~s well as 
methodolgy. Failure to emphasize subject matter in extensiQn train
ing programs has resulted in a waste of effort in many programs. 

The usual sharp differentiatiQn between the educational require
ments for extensiQn workers and those for research or teaching per
sQnnel should be discouraged. Terminal programs at the certificate 
and diploma levels, in schools of agriculture from' which extension 
personnel are usually drawn, should give way to a vertically inte
grated system 'Of agricultural education from which students can drop 
out at several levels to begin wQrk, but which they can reenter t'O ob- . 
tainthe higher levels of education required for more responsible 
positions. 
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3.8.3 E reterll1Wn Programs· 
The extension program consists of essentially two elements. First, 

there are the substantive elements or the specific changes, innovations 
or practices of the proposed program. Second, there are the methodo
logical elements for achieving the substantive elements. 

From a substantive standpoint, the program must fulfill the follow
ing conditions: 

1. It must be based upon sound experimentation and be fully proven 
by practical demonstration. 

2. It must offer a clear advantage to the user-it must be profitable. 
3. The advantages must be translatable in terms clear to the 

producer. 
4. Such factors as availability of new inputs which are required to 

make information useful and applicable must also be considered. The 
availability of credit, if needed, must be assured. 

5. The application must be reasonably within the reach of the popu
lation for which it is intended. 

6. The economic factors affecting the profitability of innovationer 
must be thoroughly understood. The test of effectiveness of these fac
tors should be profitability to the producer as well as benefit to the 
national interest. For many developing countries this means returns to 
labor. Unless a new system of production practices clearly results in a 
greater return to the farmer's labor it is unlikely to be adopted. Only 
when capital inputs make up an important part of the total package 
of production inputs do returns to capital become meaningful. 

7. Most important of the many economic factors to be considered 
are markets for commodities and fair prices to the farmer for his 
produce. The assurance of a cash market at a reasonable price is prob
ably the greatest incentive for the farmer. If off-the-farm inputs are 
to be used, the assurance of a cash market for his produce is essential. 

From the methodological standpoint, the program must be adapted 
to the capabilities of the field extension and supervisory staff and to 
the farmer group to which it is addressed. Full support of local lead
ership must be assured and the program must be defined in dynamic, 
imaginative, and sufficiently flexible terms so as to stimulate and chal
lenge the. local leadership, the farmer, and the extension staff. The 
field demonstration on farmers' fields, carried out by the farmers with 
the assistance of the extension staff, is the most effective extension 
technique. With the limitations of extension capabilities in most sit
uations, it will usually be advantageous to be highly restrictive and 
to direct the entire effort· toward the better farmers and those so sit
uated geographically that maximum response can be expected. This 
is important not only because it is a more efficient allocation·of limited 
resources, but also because at all times extension is on 'trial vis.:.a-vis 
the usual conservatism and skepticism of the farmer population. Con-

263-8880-'67-17 
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sequently ,the. test of usefulness of improved 'practices should be made 
on the oost possible terms. The scope of the program must be limited to 
the resources 'available for its implementation. A limited scale program 
directed by competent personnel and executed by a well-supervised 
corps of field agents will be more productive than a program of broader 
scope carried out withinadequate personnel and resources. Every ef
fort must be made to make every contact with the farmer and every 
demonstration successful. Single fail ures can negate numerous 
successes. 

The scope of the program must be realistic not only in terms of 
magnitude with respect to geographic area or number of farmers, but 
also in terms of the complexity and range of the new practices which 
are being introduced at anyone time. The program, however, should 
be so self-contained that no essential element is left out. For example, 
corn production improvement should include better soil preparation, 
use of better seeds, greater plant density, use of fertilizers, pest Control, 
drying and storage, and marketing. This approach is likely to be more 
productive than one which is focused on certain improvements by gen
eric types across the board-soil preparation, fertilizer use, or im
proved seeds. 

3.B.J" Relation to Research 
Effective and lasting results from extension programs must rest 

. upon a continuing research program. Changing methods of production 
create new problems which in turn must be solved. This means that 
extension and research must work closely together. The traditional 

_ separation in the developing countries of agricultural research and 
extension, and of both from the universities, is a serious impediment, 
not only to the process of extension 'Rnd a'pplication of research results 
but 'also in aehieving better orientation of research to the solution of 
practical problems. A continuing effort should be exerted by United 
States -agencies ,and institut~ons working in the developing countries to 
coordinate education, resea.rch, and extension activities. The mecha
nism for accomplishing this should be developed locally rather than be 
transplanted from one or another of the developed countries. 

3.9.0 Education 

Education will play a key role in the world's progress toward an 
adequate food supply. Two separate and distinct 'aspects must be 
involved. One will involve changes in political -and economic attitudes 
to ensure that policy decisions are compatible with and lend support 
to the objective: Agricultural progress. 

There must be a complete realization that outside support can pro
vide only short-term assistance; the final responsibility for continued 
progress is either population control or increased agricultural pro-
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duction. This must be the responsibility of the individual governments. 
Surveys within the United States show that the average salary level 

for agricultural scientists is lower than that for any other branch of 
science (Table 3-12). . 

TABLE 3-12.-Salaries oj 8cienti8te in the United States, 1966 1 

Selentiflc field 

ChemJstry ___________________________________________________ _ 
Earth sciences __________________________________________ .. ____ _ 
Meteorology _________________________________________________ _ 
Physlcs ______________________________________________________ _ 
Mathematics _________________________________________________ _ 
Agricultural sciences _________________________________________ _ 
Biological sciences _________________________ ~ _________________ _ 
Psychology __________________________________________________ _ 
statistics ____________________________________________________ _ 
Economics ___________________________________________________ _ 
Sociology •• _ ~ ________________________________________________ _ 
Anthropology ________________________________________________ _ 
Llngulstlcs ___________________________________________________ _ 
Others _______________________________________________________ _ 

I National Register of Sclentiflc and Technical Personnel, 1066. 

Lowest 
quartne 

9,400 
9,300 
9,800 
9,600 
9,300 
8,200 
9.400 
9,300 

10.200 
10,100 
9,200 
9,200 
8,200 
9,100 

Median 

12,000 
11,400 
11,700 
12,600 
12,000 
10,000 
12,000 
11,600 
12,800 
13,100 
11,300 
11,600 
10.000 
12,000 

Highest 
quartile 

16,100 
14,300 
14,300 
16,200 
16,600 
12,600 
16,000 
14,200 
16,000 
17,600 
14,600 
16,000 
13,000 
16,600 

The median salary of $10,000 was $2,000 less than the median for 
all scientists who responded to the inquiry for the National Science 
Foundation's National Register of Scientific and Technical·Personnel. 
It was $3,100, $2,800, and $2,500 less than that reported for economists, 
statisticians, and' physicists, respectively.25 This disparity is even 
greater in the developing countries, so much so in fact, that few scien
tists are attracted to agriculture as a. career. As long as this condition 
prevails the development and maintenance of the necessary corps of 
trained personnel will pose a very serious barrier to continued 
progress. 

The second aspect of educa.tion involves the development of scien
tific competence in all subject matter areas necessary for a progressive 
agriculture. On a short-term basis such competence maybe provided 
through assistance programs but these should be replaced by local 
competence as rapidly as it can be developed. 

S.9.1 Role of Universities of the United States 
The role of our universities clearly involves both the dissemination 

of knowledge and the accumulation of new knowledge. Modern de
mands on agricultural faculties of our universities are creating serious 
difficulties in the accumulation of new knowledge. National and inter
national educational programs have expanded greatly in recent years 
with nooorresponding expansion in faculties. The universities are 

1I6 National Science Foundation News Release 66-167, Dee. 28, 1966. 
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supplying personnel for many of these programs and these increased 
obligations have reduced the emphasis on local research. Such a 
situation may be tolerated for a short period but our own interests, as 
well as those of the developing countries, preclude this imbalance as a 
continuing policy. . 

Clearly, the most effective assistance which our universities can 
render in fulfilling the educational needs of the developing countries 
is to provide training at a level that these countries cannot provide for 
themselves. To an increasing extent this will involve training at the 
graduate level. It must be recognized, however, that graduate pro
grams designed for students of the United States may be poorly suited 
to the needs of foreign students. . 

3.9.2 Support Needed by the Universities 
The supply of agricultural scientist~ is inadequate to satisfy the 

needs of the United States and assistance programs in the developing 
countries. It must be recognized that the agricultural sciences have 
received neither the monetary rewards nor the public acclaim accorded 
the space program or molecular biology. As a result of these factors, 
plus the long-continued emphasis on "burdensome surpluses," the agri
cultural sciences have not attracted their fair share of new students 
and promising young scientists. This situation must be remedied if an 
adequate supply of competent manpower is to be available for foreign 
assistance programs. 

As a consequence of the lack of public interest in, and support for, 
agriculture neither faculties nor facilities are adequate for any major 
expansion in foreign assistance programs. Facilities for research and 
teaching can be expanded more rapidly than faculties . 
. The ever-increasing demands on agricultural faculties resulting 
from State, Federal and international programs place a serious strain 
on an effective teaching and research program. New programs have 
been accompanied by new funds but funding has usually been inade
quate for the support of additional personnel. T~is situation cannot 
continue without serious impairment of either teaching or research 
responsibilities. As the problems of world food production are national 
and international in scope, it seems appropriate that funding to cover 
the increasing intern'ational responsibilities' asked of our universities 
should be federal in origin. The long-term character of the problem 
must be recognized and assurance given of support for some specified 
time-period which will permit permanent staff additions. 

3.9.3 Support for Foreign Trainees 
Long-term improvements in agricultural production in the develop

ing countries cannot be achieved without an increase in adequately 
trained local personnel. In the past much of this training, at both the 
baccalaureate and graduate levels, has been provided within the de-
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veloped countries.' Modifications of this system appear desirable. As 
rapidly as local facilities become available, training through the bac
calaureate level should be provided within the country of geographical 
area. This will ensure a greater familiarity with local agricultural 
practices and an increased awareness of local problems. 

Graduate trairiing of foreign students in our universities has not 
been an unqualified success. The academic, training is, adequate but 
thesis problems are geared to our level of technology. In many cases 
foreign students appear to have difficulty, after returning home, in 
relating their classroom and research experience to action directed at 
the solution of local problems. This situation undoubtedly arises as a 
result of two limitations. First, the influence of instructors on foreign 
students in a classroom is relatively limited. Second, consultation with 
the student is largely geared to a consideration of plans and progress 
on the assigned research. problem. Little opportunity is available for 
consideration of problems of importance to agriculture in the student's 
home country. This is. inevitable as the advisor's time is limited and 
he cannot be expected to have the detailed knowledge of world agri
cultural and economic problems that would be required fore meaning
ful discussions of specific research needs. 

The adoption of a policy used successfully by the Rockefeller 
Foundation for many years could serve to increase the effectiveness of 
graduate training Qf foreign students. Under this system carefully 
screened candidates are provided fellowships to our universities for 
a period of 1 year, with, the p'ossibility of an extension for a second 
year. The appointment can be terminated at the end of the first year, 
for academic or other reasons, with no loss of face. If progress is 
satisfactory, the trainee may be permitted to complete the M.S. degree. 
Then he must return home and engage in agricultural research. His 
availability, as a candidate for further graduate training; will depend 
on his scholastic record and on the effectiveness of his research activi
ties at his home station. 

An additional approach would involve sending interested graduate 
students from the United States to foreign research centers or uni
versities for completion of research studies. This procedure is now 
being used to a limted' extent-by Illinois in Sierre Leone, and by 
Cornell in the Philippines. An expansion of this' program would: 
(1) broaden the training of students in the United States; (2) further 
the research activities of the country involved; (3) serve to stimulate 
interest in developing countries and overseas assignments; and (4) 
demonstrate the techniques and dedication required for effective re
search, possibly the most important oi all. 
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4.0 INCREASING WORLD SUPPLIES OF 
FOODS OF ANIMAL ORIGIN 

4.1.0 Summary 

One of the most complex ·aspects of the world food problem is the 
provision of sufficient quantities of proteins of adequate nutritional 
quality to foster good health and prevent protein malnutrition. Man 
traditionally has balanced his diet consisting largely of plant materials 
with foods of anim·al origin which contain essential amino acids, as 
well as fats, miner-als, and vitamins. In the opinion of the Subpanel, 
as well as other knowledgeable experts, providing adequate quantities 
of animal'products is one of the most effective ways to improve world 
protein nutrition. 

There is no shortage of animal protein in the world ·as a whole; 
however, supplies available in the developing countries amount to 
only 9 grams per person per day compared to 44 grams or more in the 
developed countries. The F AO short~term target for animal protein 
supplies for the developing countries is 15 grams and the long-term 
target is 21grams per person per day. These targets could be realized 
if maximum use were made of all available resources. 

The unique and important contribution that animals can make to 
the world food supply is often underestimated or overlooked by world 
food planners, presumably because of the belief that increases in. 
animal production can be made only by diverting to 'animals, foods that 
otherwise would be eaten by people. This approach ignores the fact 
that livestock consume great quantities of food such as forages, wastes, 
by-products, and even urea that cannot be eaten by man. Whether or 
not grains are fed to livestock generally is a question of economics. 
When it is profitable to do so, livestock producers feed grains; when 
it is not, they utilize other feedstuffs. 

There are over 3 billion livestock in the world and -an equal number 
of domesticated fow 1. Although 60 percent of these animals are in the 
developing countries, these countries produce only 20 to 30 percent 
of the world's moot, milk, and eggs. This low productivity is due largely 
to a failure to utilize scientific principles of disease control and animal 
husbandry in production processes. 

According to FAO data, world production of me3Jt, milk, and eggs 
has increased during the decade 1953 to 1963. Even in the developing 
countries, animal protein producti<:>n has kept pace with or increased 
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more rapi.dly than population .increases~ For purposes of the report, 
future world 'production of animal protein has been estimated, using as 
a guide our subjective evaluation of the various regions' resources 
,and potential for animal production, as well as the rate of increase from 
1953 to 1963. Predictions also assume that efforts will be, made to 
maximize production . of plant foods for human use. If reasonable 
progress is made in improving production, per capita supplies of 
,animal protein are expected to increase until about 1990. After that, 
if population 'increases continue, the per capita supply almost certainly 
will decline. 
, It was not,possible to quantify adequately the contribution that wild 
animals now make to the,world food supply. In Africa, which is richly 
endowed with wild animal species, they contribute a great deal to 
human diets and the potential for increases are great. Under certain 
natural conditions, wild animals produce more meat than livestock 
Rpecies. A great deal of research on wild animal biology and diseases is 
needed. Domestication of new species better adapted to tropical condi~ 
tions than existing livestock should be attempted. 

Animal diseases constitute one of the most important limitations to 
animal production' in the developing countries. Diseases capable of 
debilitating or destroying large, livestock populations still exist. The 
most important epizootic diseases of livestock ,are rinderpest, con
tagious bovine pleuropneumonia, hemorrhagic septicemia, foot and 
mouth disease, African horse sickness, African swine fever, hog 
cholera, Newcastle disease, fowl plague, trypanosomiasis, East Coast 
fever, and piroplasmosis. It will be impossible to develop productive 
livestock industries until these diseases are brought under some measure 
of control. Numerous parasitic, infectious, nutritional, toxic, metabolic, 
and organic diseases also cause losses by killing animals or reducing 

, their productivity. The incidence and prevalence of diseases and their 
morbidity and mortality are very high in the' developing countries. 

Animal diseases cause significant wastage of anim'al protein. Based 
on F AO estimates, a 50 percent reduction of losses from animal dis
eases in the developing countries, a realistic goal, could result in an 
increase in animal protein of 25 percent. Prospects for controlling the 
major livestock diseases are good, providing a nation desires to do so 
and is willing to implement long-term programs to accomplish this 
objective. This report recommends that international agencies take 
the lead by developing a world plan for the control of the major 
epizootic diseases so that all nations may contribute to this objective. 

In adequate livestock' nutrition is -a very important cause of low 
animal production in the developing countries. Adequate quantities 
of essential nutrients must he provided during all seasons of the year 
for efficient livestock production. Improved systems of harvesting, 
preserving, and storing feedstuffs must be developed to sustain animals 
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during dormant· seasons caused by cold weather, drought, -and other 
environmental conditions. Substantial proportions of the agricultural 
land of Asia, Africa, and Latin America are grazing lands. The pro
ductivity of these lands could be increased manyfold through the use 

, of improved pasture and range management techniques. Although 
there is a vast fund of knowledge about forages and range manage
ment in temperate regions, very little is known about tropical forages 
and range management . 

. Animals can use a wide variety of agricultural and industrial wastes 
and by-products. Unfortunately, many of these feedstuffs now are 
being wasted. Residues from the production of food grains, such as 
corn, wheat, rice, sorghums, oats, -and barley make useful feeds. 
Vegetable wastes, sugar beet by-products, cottonseed meal, gin wastes, 
extracted sugar cane, spent brewery grains, and molasses are suitable 
for animal feed. Animal by-products, such as meat scraps, fat, tank
age, bone meal, and even certain animal manures, serve as sources of 
nutrients. Oilseeds, such as peanuts, sesame, safflower, sOJlbeans; and 
their products, as well as palm and coconut,meals are highly nutri
tious and often are wasted or used as fertilizer in the developing 
countries. Residues from fruit processing industries are important 
sources of nutrients. Ruminants can utilize urea to partially replace 
dietary protein because microorganisms in the rumen convert it to 
protein. Wider use of this chemical could reduce strikingly the use 
of plant proteins for anim'al feeds. 

There is need for greater use of new tropical breeds of livestock and 
for development of additional breeds and st:rains that are resistant to 
the climate and diseases of the tropics. 

Adequate marketing, processing, distribution, and transportation 
systems, and the availability of manufactured i~puts and livestpck 
services are essential to a productive livestock industry. Adequate 
incentives, government policy, and land tenure systems favorable to 
livestick production -are needed. An understanding of traditions and 
social, political" and cultural factors that inhibit progress in the 
development of the livestock industries also are necessary before real
istic plans can be instituted. 

There is a critical shortage of manpower in the developing countries 
trained and experienced in the sciences and technologies underlying 
animal production. Existing schools in these countries offering training 
at 'the professional level in veterinary medicine and in animal hus
bandry must be strengthened. Subprofessional education to provide 
manpower for extension and regulatory 'animal science programs and 
commercial enterprises should be expanded~ Vocational training in 
animal husbandry should be expanded to promote widespread under
standing of scientific livestock production among individuals who 
manage and service livestock operations. 
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Knowledge of the biology and diseases of ,-animals in the tropics 
and of husbandry practices under tropical conditions is grossly in.; 
adequate. A great deal of research on animal diseases and parasites, 
feeds and forages, animal nutrition, physiology of animals, animal 
breeding, including the development of heat and disease resistant 
strains of livestock, and husbandry practices will be required to bring 
tropical animal production up to modern standards. International 
centers should be est-ablished to develop this inform·ation for both the 
humid and dry tropics. Another center devoted to research on epizootic 
animal diseases of the tropics is needed. National centers also are 
needed to adapt this knowledge to local conditions. 

The developing countries must be assisted in developing livestock 
extension and regulatory programs. In addition to advancing their 
own commercial interests, private enterprises can be highly effective 
in livestock extension programs. 

Education of students from developing countries in the animal 
sciences in the United States should be made relevant to problems that 
students will encounter when they return to their countries. Programs 
are needed to provide education for United States students who wish 
to enter careers in intern1ttionallivestOck development. Following the 
acquisition of specific disciplinary skills and some knowledge of the 
processes of international development and the social, cultural, and 
political aspects of the region in which they will work, tutorial experi
ence . in a developing country with skilled and experienced livestock 
development experts should be provided. A university that wishes to 
engage in international livestock development programs through its 
School of Veterinary Medicine or Department of Animal Science 
must make long-term commitments to these programs so members of 
their faculties can develop ooreers in international livestock 
development. 

4.2.0 Introduction 

The provision of adequate quantities of dietary proteins of proper 
nutritional quality is proving to be one of the more difficult aspects of 
the world food problem. Man has traditionally balanced his diet with 
proteins of animal origin; i.e., meat, milk, eggs, and fish, which have 
provided essential amino acids, as well as minerals, fats, and vitamins. 
Animal products also have contributed desirable flavor and structure 
to otherwise blanq. and formless diets. Provision of adequate quanti
ties of animal products is generally conceded to be the ideal way to 
improve world protein nutrition.1 

There is no shortage of animal protein in the world as a whole and 
the potential for expansion is great. Current supplies are adequate to 

1 Altschul, A. M. Edible seed protein concentrates: their role in control of malnutrition; 
Israel J'. Med. Sci. 1 : 471-479. 1965. 
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supply every person in the world with 20 grams per day; however, 
- distribution is such that per capita consumption is 44 grams in the 

developed countries of North America, Europe, Australia, and New 
Zealand, and only 9 grams in the rest of the world and the developing 
countries. The F AO short-term targets for the developing countries 
are 15 grams per person, and the long-term targets are 21 grams. The 
important question is how to provide the needy countries with the 
necessary high quality protein in the most satisfactory and economical 
manner. Evidence collected in connection with this study suggests 
that increasing animal production is a highly satisfactory way to 
provide some of these needs. 

The human organism does not distinguish between amino acids of 
plant, animal, bacterial, or synthetic origin so long as an adequate 
quantity of each essential amino acid is present. Meat, milk, eggs, and 
fish proteins are high quality because they contain a balance of the 
nine amino acids essential to man, while plant proteins lack· one or 
more essential -amino acids. For example, diets composed principally 
of corn, wheat, or rice are likely to be deficient in methionine, lysine; 
or tryptophan. Even oilseed proteins have relative deficiencies of cer
tain amino acids; i.e., soybean protein is low in methionine; cottonseed 
in threonine and available lysine; and peanuts in methionine, lysine, 
and threonine. Diets composed mainly of cerea~ grains must be supple
mented with foods containing the essential amino acids to meet human 
dietary requirements and avoid protein malnutrition. (For a discus-
sion of nutrition, see Chapter 1. ) ., 

Meeting the world needs for quality proteins is. complicated by the 
fact that human dietary habits are difficult to change. There is no doubt 
that human diets can be adequately supplemented with properly proc
essed oilseed meals, microbial protein, and synthetics; however, strong 
-preferences have developed for traditional foods. Consequently, people 
are extremely reluctant to accept what they consider to be aesthetically 
inferior substitutes. On the contrary, animal products are highly 
desired and are readily consumed by most people throughout the 
world; consequently, it is not realistic to ignore the potential for 
expanding the production of animal products to meet some of the 
world needs for high quality proteins. In the long-run, it may be far 
easier to increase animal production in certain areas than to alter food 
preference patterns developed over many centuries. 

The objective of this report is to evaluate the potential of animals 
to contribute to world food supplies in the context of world resources 
and total nutritional needs. The report examines the reasons animal 
production in the developing countries is inadequate to meet the needs 
of these countries and outlines steps required to increase· animal pro
duction throughout the world. 
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4.3.0 The Role of Animals in World Food Production 

Those concerned with planning for world food needs are often 
, skeptical of the contrib:ution that animals can make toward increasing 

world food supplies, arguing that increased animal production can 
be achieved only by diverting for animal use food that otherwise 
would he consumed directly by people. Their thesis is that it is waste
ful to feed animals because the yield in energy from the animal prod
ucts is only 10 to 30 percent as much as the energy fed; hence, it would 
be better to let people consume the food directly. 

This concept applies only if the entire diet of the animal is composed 
of foods eaten by people. Livestock thrive on many feeds, forages, 
wastes, by-products, and even chemicals that are not suitable for 
human food. They have evolved over the centuries as highly developed 
scavengers, utilizing all manner of plant, animal, and human wastes 
whether they obtain them directly from the countryside or in highly 
developed livestock operations in which by-products, wastes, and 
forages are processed and fed to them. Whether or not grains suitable 
for human use are fed to livestock is mainly a question of the, supply 
and demand for other uses and their cost. When grains are readily 
available at a low price, they are fed, sometimes in abundance; when 
they are not available at a low price, animals are provided other feed
stuffs, which generally cannot be used directly as human food. Produc
tive livestock systems can be developed whether or not large quantities 
of cereals are fed. 

1,.3.1 Utilization of World Grasing Lands 
Over 60 percent of the world's agricultural land is non-arable and 

suited only for grazing. Animals are the only practical means of utiliz
ing this resource for human food production. The productivity of 
these lands could be iinproved greatly if modern forage and range 
management techniques were utilized. Even land classified as arable 
will,. under certain conditions, produce a more valuable human food 
resource through the production of certain high yielding forages, such 
as alfalfa or Sudangrass, for use as livestock feeds rather than when 
it is used to produce cereal grains for consumption by people. The ap
plication of modern range management techniques also promises to 
convert some of the lands of the world currently considered to be 
waste lands into valuable producers of forages. 

J,,1J.g Utilization of Wastes and By-Products 
Animals utilize a wide variety of wastes and by-products of agri

cultural and industrial operations as food. Almost every food crop 
or food product has some utilizable waste or by-product associated 
with it. Most of these valuable products currently are wasted in de
veloping countries where animal proteins are badly needed. 
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The important food grains, such as corn, wheat,rice, sorghum, and 
oats, have large plant residues and mill wastes that . are extremely 
valuable sources of energy and protein, as are sugar beet pulp, bagasse, 
molasses, and spent brewers' grains. The animal industry generates 
a host of products that can be salvaged as animal feeds, such as meat 
scraps, tankage, bone meal, blood meal, animal fats, and even animal 
manures. Oilseed by-products, only part of which can be used in human 
diets, such as soybean, peanuts, saffiower, copra, palm nut, cottonseed, 
and coconut meals, are valuable animal feedstuffs. Even fruit residues 
can be efficiently utilized by various classes of livestock. 

4.3.3 Pro auction of Animal Protein from Urea 
The polygastric ruminants such as cattle, sheep, and goats,· unlike 

people and monogastric animals, can utilize non-protein nitrogen in the 
form of urea as a source of dietary nitrogen because microorganisms 
in their rumens convert these substances to proteins. Dairy cows have 
been . fed urea, ammonium salts, potato·starch, cellulose, and sucrose, 
and produced up to 4,325 kg. of milk containing 164 kg. of protein in 
u. year without any other source of protein.2 A beef calf weighing 290 
pounds gained an average of 1 pound per day until she weighed 930 
pounds, and produced a calf with urea as the sole source of protein.3 

Lambs fed urea have gained 0.21 pounds per day as compared to 
controls fed soybean protein, which gained 0.26 pounds per day. Urea 
is used extensively in the developed countries for dairy and beef feed
ing· and also is fed tosheep~Much more would be used if abundant 
supplies of feed grains were not available at low prices.U rea can make 
a significant contribution ·to ruminant· diets· in.developing countries 
having a shortage of protein feedstuffs. 

4.3.4 U8e of OerealB a8 Supplement8 to Forage8 in Modern Live8tock 
Feeding Sy8tems . 

The rate of. efficiency by which animals convert feed protein to food 
. protein is meaningless except as it relates to diets composed entirely 
of foods that can be consumed by people. In practice, even in the 
United States where grains are available in quantity at low prices, 
livestock rations include a high proportion of forages and by-products 
not generally consumed by people. ~n the Unifed·States,70 percent of 
an average dairy cow's protein intake is derived from forages, 60 per
cent of that of a beef steer, and 80-90 percent for sheep and beef brood 
stock. The use of small quantities. of cereal grains as livestock feed 
in modern nations makes it possible to use, at low cost in terms of food 
that could be consumed by peOple, large quantities of forages and by-

. products .that might not be used otherwise. An exampl~ of food grain 

II Vlrtanen, A. I., Milk production of cows on protein-free feed. Science 153· (3744). 1603-
1614.30 Sept. 1966. . 

II Moore, L.A., Putnam, P. A., and Bayley, N. D., Unpublished data, A,nlmal Husbandry 
DiviSion, USDA, Beltsvllle, Maryland. 
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consumption in one segment of the United States livestock industry 
illustrates this point. 

The input of protein from cereals and oil seeds and the output of 
milk protein of cattle under commercial· conditions are given in Table 
4-1. Total protein input has been corrected for proteins that are· not 
considered appropriate food for people. About 96 percent of the pro
teinfrom cereals and oilseeds was returned as milk protein. Had 
urea been used at recommended levels, the output of milk protein . 
would have exceeded the input of oilseed and cereal proteins by 40 
percent. 

TABLE 4-l.-Protein inputs from cereals and output of milk protein. (From a survey 
containing 1,600 cows producing 11,674 pound8 of milk containing 8.69 percent 
fat on 46 W i8con8in dairy farms) 

Source of Input 
Crode protein pounds 

Input Output-milk 

3,173 pounds of grains and oilseed concentrates per VAA .. 392 377 

1 Moore, L. A., Putnam, P. A., and Bayley, N. D. Unpublished Data. Anlmal Husbandry Division, 
USDA, Beltsville, Md. 

It is evident that under certain circumstances the use of small 
quantities of cereal 'and oilseed proteins for animal feeds may result in 
the production of a more valuable food resource in the form of beef 
and milk proteins than the plant protein consumed. 

4.3.5 Potential for Improvement in the Efficiency of Oonverting 
Plant to Animal Protein8 

The efficieny of converting crude· feed protein to food protein 
utilizing husbandry and feeding practices currently used in the United 
States is 3: 1 for milk, 4: 1 for broilers, and 5 : 1 for eggs. The' rate of 
efficiency for 450 kg. cow producing 13,500 kg. of 4 'percellt fat milk is 
estimated to be less than 2: 1, while that of a 1.8 kg. hen producing 365 
eggs per year is about 3: 1 when fed according to National Academy of 
Sciences, National Research Council standards.4 These data show that 
protein conversion efficiency rates are not fixed and are capable of 
being improved by scientific methods. ·A conversion ratio of 2: 1 is 
very favorable indeed when one considers that the exchange is made 
between vegetable protein of low value for milk protein of very high 
biological value. 

The efficiency by which animals convert total feed consumed to food 
is being constantly improved. Broilers are capable under carefully con
trolled conditions of converting 2.0 pounds of feed into 1.0 pounds of 

£ Byerly, T. C. The role of livestock in food production. J. Animal Sct. 25: 552-566.1966. 
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broiler (live weight). Swine can produce a pound of live weight from 
3.0 pounds of feed. The net loss of total nutrients with conversion ratios 
of this nature is small indeed if part of the diet consists of feeds that 
cannot be consumed by people. 

4.4.0 Inventory of World Livestock Resources and Potential for 
Development 

4..4.1 World Livestock Numbers 
The world has about one billion each of cattle and sheep, over a half 

billion pigs, about one-third billion goats, 100 million buffalo, QJld more 
than 130 million horses, 'mules, asses, 'and camels. Distributions of live
stock by areas is shown in Table 4-3. Cattle are the most important 
producers of animal protein, followed by pigs and poultry. Sheep, ' 
goats, and other animals are important in some areas and are found in 
almost all countries. 

Approximately 60 percent of the world's livestock are raised in 
developing countries; however, these countries produce only 20 per
cent to 30 percent of the world's meat, milk, and eggs. Livestock in 
these countries produce at a fraction of the level attained in developed 
countries. The striking difference in productivity of cattle in developed 
and developing nations for 1962 through 1964 is shown in Table 4-2. 

TABLE 4-2.-BeeJ and veal and milk production per year per head oj all cattle 
by regions 1 

Region Cattle Beef and veal Milk: 
(milllon) (kllograms) (kUograms) 

North America •• _ •• __ •• ___ •••• _________________ ._ •• _._ •• _._._ 114.7 74.8 570.7 Europe ______________________________________________________ _ 
117.9 62.9 1,134.2 Oceania •• ___ • ____ • __________________________________________ _ 
25.6 49.6 485.6 

Latin Amerlca ____ •• ____ • ____________________________________ _ 213.4 27.5 IG2.7 Near East ___________________ M _______________________________ _ 

32.9 20.2 201.6 Afrlca ___________________________ ~ ___________________________ _ 
112.5 13.9 87.1 Far East ____________________________________________________ _ 
235.7 4.5 64.1 

1 From Food and Agriculture Organization of the United Nations. 'Production Yearbook, Vol. 16, 1002, 
Vol. 17, 1003, and Vol. 18, 1964. 

The low productivity 'Of livestock in developing countries can be 
attributed to a number of factors, some of which have religious and 
cultural roots. The main reason that livestock are unproductive is 
the failure to use scientific principles of disease control and animal 
husbandry. If modern principles of genetics, nutrition, range and 
forage management, animal husbandry, and disease control were 
adapted to local conditions and applied, and if farmers were appro
priately supported by suppliers and processors, anim'al p'roduction in 
these countries could be increased greatly without wastefully com-, 
peting with people for food. 

263-8880-61-18 



Region 

World _____________ ~ ____________ ",-----------~----
World 2 _______ ~ ________________________ .: __________ 

Europe ___________________________________________ 
North America ___________________________________ 
Latin Americs _____________________________ ,, _____ 
Near East _________________ -__________ -----------_ 
Far :East __ ~ _______________________________ · _______ 
Africa _________________ ----_______ -______ ---------

Oceania- _______ ---____ -- ----------- - --- -- -- ------United States * ___ ~ _______________________________ 
U .S.S. R. 4 ____________ - ___________________________ 

Mainland 
China 4. 1 ______________________________ 

TABLE 4-3.-Av~r:age livestock numbers by regions 1 

[In million of animals] 

Cattle PJgs Sheep 

1952-54 1962-64 1952-54 1962-64 1962-54 1962-64 

798.7 982.0 336.5 546.4 823.0 1,000.4 
716.0 852.1 235.4 .3(17.2 719.3 807.9 
104. 7 111.9 OO.} U2.6 121.3 133.7 
1010 U4.7 60. 62.6 33.0 30.6 
169.3 2l3.4 64,6 84.3 128.0 129.3 
26. 7 32.9 .1 .1 106. 7 122.0 

201.3 235.7 23.7 39.9 48.3 64.4 
91.0 112.6 4.2 5.3 117.0 127.3 
21.0 25.6 1.9 2.5 159.0 210.6 
92.8 103.5 53.1 57.3 318 29.7 
59.6 84.8 34.4 59.2 97.7 131.0 

-------_ ..... _ ... 44.6 -----_ .. __ ... -- 180.0 ------------ 59.0 

Goats Butlaloes 

1962-64 1962-64 1952-54 1962-64 

300.4 354.9 74. 0 104.2 
258.1 294.6 00.4 82.2 
22.9 14.6 .6 ;5 
2.7 3.8 

312 39.1 
48.7 M.O 3.1 3.8 == 
00.4 82.9 65.3 78.5 
83.0 99.0 .4 ___________ _ 

.2 .2 
2.4 3.8 

20.0 6.6 
.... __ .. -------- 7.6 21.0 



Horses Mules Camels Livestock units • Percent increase 
Region 

________________ 1_1_962-__ 34_1 __ 1962-64 __ 1_1962-__ 34_ ~ 1052-34 1962-64 ~ 1962-64 ~ 1962-64 1962-34 11962-64 

World _____ ~-------------------------------------- 16.4 63.9 15.5 41.4 11.4 1,023.6 1,263.5 23.4 
World t___________________________________________ 55.0 47.3 13. 3 13.8 26.1 29.6 9.1 11.1 886.1 1,033.6 16. 6 
Burope___________________________________________ 16.1 10. 6 2.1 L 9 2. 9 2. 6 _________________ !.._ 138.0 146. 8 6. 4 
North America___________________________________ 4. 9 3. 6 1.8 1.0 __________ __________ __________ __________ 103. 2 112.3 8. 8 
Latin America____________________________________ 23. 4 22.1 6. 8 1.9 6.1 1.8 __________ __________ 191.8 241.3 22. 0 
Near BasL______________________________________ 2. 3 2. 7 .8 1.1 6.1 8. 2 3.8 4. 2 62.1 62. 8 19.2 
Far BasL _______________________________________ 4. 2 3.1 .2 .1 2. 0 2. 0 1.2 1.5 250.2 295.8 18. 2 
ACrlea____________________________________________ 3.0 3.3 1.6 1.8 1.8 9.0 4.1 5.4 no. 0 131.9 19.9 
Oceania __________________ .:_______________________ . 1.1 .1 __________ __________ __________ __________ __________ __________ 34. 2 42. 8 26.1 
United States ' __________________________________________________ ~___ __________ __________ __________ __________ __________ __________ 88.3 97.6 10.5 
U .8.8.R •• __________________ ~--------------------- 16. 4 9.0 __________ __________ __________ __________ __________ __________ 82. 5 107.3 30.1 
Mainland China 4, ,_______________________________ __________ f 20.0 __________ __________ __________ __________ __________ __________ __________ 122. 2 1 ___ . ______ 0--: __________ _ 

I 
I Data were obtained from FAO Production Yearbooks from 1953 though 1965. Sonie 

data were incomplete and sOme averages involved appromnations. . 
, Totals given are the sum of the regions and exclude the U.S.S.R. and Mainland 

China. 
a Included in North America. 

4 Not included in regional totals. 
I From FAO/WHO Anlmal Health Yearbook 1965. 
• Conversion factors used: Camels 1.1; buffaloes, horses, and mules 1.0j cattle and 

asses 0.8; sheep and goats 0.1. 
fAll equidae. 
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The thesis that low productivity of animals in developing countries 
is attri'butable to failure to utilize modern principles of disease con· 
trol and animal husbandry is well supported by the existence of many 
highly productive livestock units in these countries that have succeeded 
because modern methods have been adopted. For example, livestock 
operations in the so-called· White Highlands of Kenya developed 
during the Colonial era are highly productive and efficient. Many 
hundreds of herds and flocks of beef and dairy cattle and sheep equal 
or superior to the livestock of developed countries exist in this area 
tQday. One of the world's great large Holstein·Freisian herds is located 
on the equator near" N aivaska, Kenya. Similar examples are present 
in Rhodesia. 

The Republic of South Africa has developed an amazingly efficient 
and produotive li~stock industry even though the South Africans are 
confronted with most of the animal diseases and many of the adverse 
climatic factors present in the developing nations of Africa. A sizable 
portion of Australia lies in the tropics. The Australians have developed 
some excellent livestock operations· in these areas despite adverse 
tropical conditions. During the last two decades, milk production in 
Japan has been increased 400 percent as a result of adopting modern 
disease control and husbandry practices on a wide scale. Examples of 
highly successful individual livestock operations could be cited in 
most of the developing CQuntries. There is absolutely no doubt that 
we know the principles required to improve world livestock production 
and that these principles have been well tested under practical 
conditions. 

One of the encouraging s~ries in livestock development is the 
recent emergence of a significant poultry industry in Mexico. In 1954 
there was no such thing as a commercial· egg producing operation in 
that country. Today between 15 million and 18 million highly pro
ductive hens are maintained under excellent conditions of manage
ment-a significant development indeed. In 1958 a commercial broiler 
(poultry meat) industry was begun. Last year Mexico poultrymen 
marketed over 25 million broilers. Similar developments are occurring 
in swine production in Mexico. Rather than decreasing the availability 
of grains for human food in Mexico, the development of the poultry 
and swine industries stimUlated. the production of more grains, par-· 
ticularly the grain sorghums which are better adapted to many areas 
in Mexico than are food grain crops. Developments in the poultry and 
swine industry are the direct result of the establishment of effective 
disease control and husbandry practices," and in the latter case, a 
commercial feed industry utilizing locally grown feedstuffs. Outstand
ing individual poultry units are to be found in such widely separated 
places as Java, Peru, Venezuela, Nigeria, and Pakistan. Improvement 
in poultry production is more easily achieved than in other livestock 
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production because poultry scieneeis more readily transferaJble ·to 
non-temperate areas of the world. 

The foregoing e:x:amples amply demonstrate the soundness of the 
thesis that world livestock production can be readily improved by 
adapting the principles of veterinary science and animal husbandry 
to livestock production problems in developing countries. 

4-4.!B Trends in Livestock Produotion 
According to F AO d8lta, world production of meat, milk, and eggs 

has increased during the 1953-1963 decade (Ta;bles 4--4,4-5, and 4-6) 
even in the developing countries, where with few exceptions it has 
increased more rapidly than population increases. All classes of live
stock, except horses, increased in number during this period; more 
significantly, production of animal products increased more rapidly 
than livestock numbers. If these increases are real and not due to errors 
in data collection, they constitute encouraging evidence that results 
are being obtained from programs designed to improve the pro
ductivity of the world's livestock. 

4.4.3 Estimates 0 I World Animal Protein Production 
Realizing ,the shortcomings of available data, estimates of antici

pated production of animal protein are given in T·ables 4-10 'and 4-12. 
'rhe estim'ates a.re based on changes that were reported for the 1953-
1963 decade, an evaluation of resources and the ·potential for animal 
production in the various areas. Expected efforts to m,aximize produc
tion of foods that can be consumed directly by man are taken into 
account. A range of low, m~dium, and high estim'ates are given for 
each area and date. The low values are based on minimum expected 
increases in production while the high values are expected maximum 
increases. Medium figures are believed to be the most realistic conSider
ing the complex nature of the development process. 
Avera~ per capita production of animal protein over the world 

is expected to increase until about 1990. Then it is expected to decline 
even with the "low" population projections given in Table 4-11. The 
developing nations must stabilize their populations at a more rapid 
rate than is indicated in Table 4-11 if they wish to maintain or increase 
the amount of animal protein in their diets. Our estimates are inten
tionally conservative. Maximizing animal production, without reduc
ing plant food crops consumed directly by man, could result in in
creased supplies' of animal protein almost to the end of this century 
if populations increase as proj ected. 

4.4-4 Potential and Prospects lor I noreasing Production 
The potential for increasing world livestock production is great. 

Most of the major limiting livestock diseases are amenable to control. 
The productivity of the world's grazing lands, which constitute about 
two-thirds of the agricultural land in the world, can' be' improved 



Region 

TABLE 4-4.-Average meat productionJrom indigenous animals by regions I 

[In 1,000 metric tons] 

Boof and veal Pork 

1952-54 1962-64 1952-54 1962-64 

Mutton and lamb 

1952-54 1962-64 

Beef, veal, pork, 
mutton, and lamb 

1952-54 1962-64 

Percent increase 

I 
World____________________________________________ 20,857 31,500 17, 7~3 29,500 ~,017 6,000 42,617 67,000 57.2 
World 2___________________________________________ 19,87~ 26,561 13,300 18,280 3, M3 ~,563 36, 717 ~9, 403 M.6 
Europe___________________________________________ 5, 107 7,~17 6, 170 9,~73 823 990 12,100 p, 880 ~7. 8 
North America___________________________________ 6,447 8.687 5,220 6.027 333 '360 12,000 15,073 25.6 
Latin America _____ :..______________________________ 4,840 5,880 1,037 1,237 400 420 6,277 7,537 20.1 
Near East_ _ _ ____________________________________ 410 667 ____________ ____________ 380 M3 '190 1,310 65.8 
Far East_ _ _______________________________________ 850 1,070 600 1,220 495 547 1,945 2,837 45.9 
Afrlca ____________________________________ -_______ I, MO 1,570 143 160 395 523 1,878 2,253 20.0 
Oceania__________________________________________ 880 1,270 130 163 717 1,080 1,727 2,513 45.5 
United States 3___________________________________ . 5,959 8, OM 4,772 5,5M 319 M7 11,060 13,945 26.1 
U.S.S.R ... _________________________________________________________________ -___________ ---------_______ ~ _______________________________ --------___________________ :. ________ _ 
Mainland China 4________________________________ 2 ____________ 72 ____________ ____________ ____________ 74 ____________ 1 ___ . ______ . ___ ., __ .. ___ . __ .,_ ... _ 

I 
1 Data were obtained trom F AO Production Yearbooks from 1953 through 1005. Some 

data were incomplete and some averages involved approximations. 
2 Totals given are the sum of the regions. and exclude the U.S.S.R. and Mainland 

China. 

3 Included in North America. 
'Not included in regional totals. 



Region 

TABL;E 4-5.-Average milk production by region8 1 

JIn 1,000 metric tons] 

Goat 
I 

Sheep Buffalo 

1952-54 1962-64 1952-54 1962-64 1952-M 1962-64 1952-M 1962-64 

"otal Percent increase 

1952-54 l002-M 1952-54 11962-M 

World ••••• ~ •• _ •• ;. •••• ____ • ______ • __ ••••• _ ••• _ ••••• __ ••• _.. 323,333 8,233 6,867 15,600 17,434 355,833 ._~ •••• _ ••• _. ___ ._._ 
World 2. _ ••• _._ •• ______ • ___________ • ___ .________ 220,633 265,099 8, 566 8,067 5,567 5,800 13, /}()() 17,434 248, 233 293,100 18.1 
Europe _____________________________ .___________ 106, 633 133,733 2,000 1,967 1,867 2, 200 200 167 111,600 134, 767 20.8 
North America ________________ .________________ 61,700 65,467 _________ • _________ • ___ .______ __________ __________ __________ 61, 100 65,467 6.1 
Latin America _________________________________ ~ 16, 333 21,933 700 1,000 __________ __________ __________ __________ 17,033 22, 933 . 34. 6 
Near EnsL___ _________________________________ 4, 000 6, 633 1,933 1,700 2, 967 2, 000 1,133 1,400 10,000 12, 633 . 15.9 
Far EasL______________________________________ 12,467 15, 100 1,233 1,400 __ ~_______ __________ 12, 167 15,867 25,867 32,367 25.1 
Africa___________________________________________ 8,167 9,800 1,800 2, 000 733 700 _________________ ..:__ 10,700 12,500 16. 8 
Oceania ____________ • ____________ • __ .. ___________ 10,433 12,433 _ ••• _ ••• __ ••• _ •• ___ • _______ • _________________ '-~ _________ .___ 10,433 12, 433 19.2 
United States 3 __________________ •• ___ .________ 54, M4 57,096 ____ ... _____________________ ._ __________ __________ __________ 54, li44 0/,096 4. 7 
U.B.B.B.4 _______________________________________________________________________________ • ____________________________ • __________ __________ 62,767 ___________________ _ 
Ma1nland China 4 _____________ ._ •• _______________ _ ____________ •• ______ • ____ • ________ • _____________________________ •• __________________________________________ _ 

1 Data were obtained from FAO Production Yearbooks from 1953 through 1965. 
Some data were Incomplete and some averages Involved approximations. 

2 Totals given are the sum of the regions and exclude the U.B.S.R. and Mainland 
China. 

, Included in North America. 
4 Not included in regional totals. 
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through improved forage,water, and" range ,management practices. 
Yields of both feed grains and forages can be increased to much 
higher levels. Providing adequate diets to livestock during all seasons 
will result in marked increases in production. Non-protein nitrogen 
can be used to a much greater degree in ruminant diets, thus releasing 
proteins for other uses. Much better utilization of wastes, bYjproducts, 
and crop residues is possible. Shifts from animal to other sources of 
power will release resources to produce animal food. All of these 
increases can be realized by wider utilization of present technology 
and adaptation to the conditions in the developing countries. 

Increases in animal production also will be made possible as a result 
of research presently in progress. Major advances in disease and para
site control can be expected through the development of new drugs, 
vaccines, and biological control measures. Marked improvements are 
expected to result from research on animal nutrition, with more effi
cient fee~ng. practices constantly being developed. Progress in con
verting cellulose and even ligilin products into animal feedstuffs is 
worthy of particular note. Research on breeding and selection for more 
efficient and productive animals will result in marked improvements 
in productivity of all classes of livestock.' The development of new 
methods of food processing and preservation promises to contribute 
to efficient animal production. It is important, however, thatfunda
mental research in animal production and veterinary medicine be 
continued and expanded in developed countries if these advances are 
to be achieved. 

4.4.5 Animal Proi1uetwn in Latin America 
Latin America is endowed with an abundance of resources for live-

" stock production. Its agricultural land area approximates that of the 
United States, although a much larger proportion, i.e., over 80 percent, 
is grazing land. There are more than twice as many livestock units 
,(Table 4-3) in Latin America than· in the United Stat~ and Canad'a. 
Livestock numbers increased rapidly from 1953 to 1963, although 
increases in production per animal did not keep pace with the increase 
in the United States and Canada (Table 4-4, 4-5, and 4-6). Only 
one-half as much meat, about one-third as much milk, and one-fourth 
as many eggs are produced in Latin America as in North America. 

Animal protein supplies in Latin America have barely kept pace 
with population increases from 1953 to 1963 (Table 4-8). Slight 
decreases in production of animal protein per capita seem likely in 
the future based on current estimates of livestock production and 
population estimates. Either population control, improved animal pro
duction, or· a combination of both could increase per capita animal 
protein supplies substantially over those shown in Tables 4-10 and 
4-12 before the end of this century. 
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TABLE 4-6.-Average egg production from hem by regiom 1 

Mllllons of eggs Weight of eggs Percent Increase In 
(1,000 metric tons) weight ot eggs 

Regions 

1952-54 1962-64 1952-54 1962-64 1952-54 11002-6& 

World ________________________ '-____________ __________ 258,867 14,167 ____________________ _ 

World 2_ __________________________________ 182,357 212,616 9,770 11.851 21.3 
Europe ______________ .:.____________________ 55,333 84,100 3,053 4.673 53.1 
North Amerlca_ _ _________________________ 71,267 69,600 4,040 4,003 1.3 

Latin Amerlca____________________________ 12,633 18,700 687 1,000 45.6 
Near East________________________________ 6,067 5,633 303 277 -8.6 
Far East ______________________________ ~___ 30,433 25.533 1,357 1.333 -1.8 
AfriC8. _______________________________ '-____ 3,767 5,800 183 200 liB. 5 

Oceania___________________________________ 2,867 3,250 147 185 25. I) 
United States a ___________________________ 69,184 64;255 3.923 3, 791 -3.4 
U .S.S. R.4_________________________________ __________ 28,429 ________________________________________ _ 
Mainland China 4 _____________________________________________________________________ . __ • _____ •• __ • __ _ 

I Data were obtained from FAO Production Yearbooks from 1953 through 1005. Some data were incom-
plete and some averages Involved approximations. 

2 Totals given are the sum of the regiOns and exclude the U .S.S. R. and Mainland China. 
S Included In North America. 
4 Not Included In regional totals. 

TABLE 4-7.-Land me by regiom 1 

[In hectares] 

<>Total 
Arable Grazing agrtcul. 

tural 

Agricultural 
land (1964) 

Region Total 

Per 
person 

Per 
live
stock 
unit 

----------------------"-----1------1------1·------1-------------------
Million. Million, Millionl Milliom 

World. ____________ ~ _____ ._. _____________ _ 13, 570 1,457 2, 633 4, 000 World 2 __________________________________ _ 
10,3M 1,118 2,085 3,203 Europe __________________________________ _ 

493 152 00 242 
North Amerlca _______ •• ____ • __________ ._. 2,152 227 277 liM 
Latin Amerlca __ •••• _. ___ • __ •• ___ • ______ •• 2,053 96 415 511 Near East ___ • ___________ • ___________ • ___ _ 003 85 96 . 171 
Far East ______ • ____ • ________ •••••• ______ _ I, 314 275 154 429 
Africa_. _ ••••• __ • ________ • __ • ____________ _ 2, 496 248 . 603 851 
Oceania. __ • ____ • ____ • __ • __ ~. __ •• ________ _ 853 35 460 495 
United States S • __________________ • ______ _ 936 185 256 441 U .S.S. R. 4 _______________________________ _ 

2,240 230 370 600 
MaInland China 4 ____ • __ • _____ ~ ___________ _ 976 100 . 178 287 

1 Data were obtained from FAO Production Yearbook for 1965. 

1.2 
1.4 
.5 

2.4 
2.2 
1.2 
.4 

3.3 
28.9 
2.3 
2.6 
:4 

2 Totals given are the sum of the regions and exclude the U.S.S.R. and MaInland China. 
S Included in North America. 
4 Not Included in regional totals. 

3.3 
3.1 
1.7 
4.4 
2.1 
2.7 
1.4 
6.4 

11.3 
4.4 
5.6 
2.3 



. TABLE 4-8.-Changes in population and in estimated protein content of national average food supplies per capita 

W odd __________________________________ - ----- - --
World 2 _________________________________________ _ 

Europe ____________________ ~ ___________ - -- -____ --
North America _________________ ;. _______________ _ 
Latin America _______________ ~ _______________ ---
Near East ______________________________________ _ 
Far East _______________________________________ _ 
Africa _________________________________ ~ ---------
Oceania _________________________ ~ ______________ _ 
United States • _________________________________ _ 

2,542.7 
1,744.0 

401.8 
175.2 
173.1 
132.0 
~6.1 

162.4 
13.4 

160.3 

. People (millions) 

Percent increase 

3,162.0 
2,250.7 

436.6 
208.4 
229.0 
143.4 
968.7 
247.8 
16.8 

189.4 

I 
24.4 
29.1 
8.7 

18.9 
32.3 
8.6 

41.2 
52.6 
25.4 
18.2 

1 Based ou averages of countries With available data in FAO Production Yearbooks 
and weighted by population numbers. 

2 Totals given are the sum of the regions and e:s:clude the U.S.S.R. and Maiuland 
China. . 

Total protein 1 (grams per day) Animal protein 1. (grams per day) 

1 PA ... AAnt increase 
1962-64 .1-=-== __ .,..-___ 1 1952-54 

1952-54 11962-64 

1952-54 1962-&l 
Percent increase 

ID52-54 11962-64 

65.7 69.2 5.3 25.2 27.1 7.5 
81.7 86.4 5.8 37.6 43.7 16. 2 
90.2 91.0 .9 60.7 63.7 4.9 
66.5 69.9 5.1 25.7 25.6 .4 
84.1 97.1 5.5 13.9 17.5 25.9 
48.3 53.0 9.7 7.5 8.6 14. 7 

348.7 _ ....... _----- ----------- -----_ ... _ .. - 311.6 -----------------_ ... _-
93.9 94.0 .1 62.3 63.0 1.1 
90.2 91.0 .9 61.0 64.4 5.6 

3 Not included in regional totals. 
, Included in North America. 
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Livestock diseases greatly limit production, while livestock nutrition 
is generally inadequate, particularly in the tropics. The productivity 
of pastures could be improved through proper management practices. 
Improvements in marketing, processing, and distribution of animal 
products are needed especially. Mueh improvement is needed in the 
genetic potential of livestock, their ability to adapt to local environ
ments, and in reproductive efficiency. Governmental agricultural and 
price policies and farmer incentives need attention, as do means of 
providing seeds, fertilizers, and tools at more reasonable prices. Serious 
shortages of trained manpower exist in all spheres of the animal 
sciences. 

4-4.6 .A. n~rnal Prorl!uction in the Near E a8t 

Approximately half of the agricultural land in the Near East is 
arable and half is grazing land. There is twice as much arable land 
per person as in Europe and three times as much as in the Far East. 
This region oontains 2.7 hectares of agrieulturalland per livestock unit 
as compared to the world average of 3.1 (Table 4-9). 

TABLE 4-9.-Estimated number of people in millions 1 

Region 1062-M 10'll) 1080 1000 2000 

World. ____________________________________ 
3,162 3,574 4,269 5,068 8,965 World' ____________________________________ 
2,281 2,5« 3,097 3,780 4,506 Europe ____________________________________ 

437 454 4'19 liM 527 North America ____________________________ 
2~ 227 262 306 3M Latin America _____________________________ 
229 282 374 4B8 624 Near East _________________________________ 
143 166 206 281 301 Far East _______ :. __________________________ 
969 1,105 1,375 l,tlSO 2,022 .Africa _____________________________________ 
248 291 318 494 M6 Oceania ___________________________________ 
17 19 23 27 32 

United Btates a ____________________ ;. _______ 189 211 245 284 330 

1 Estimated populatiOns were adapted to above regiOns and countries from intermediate proJections. 
2 Totals given here are the sum or the regions and exclude the U .B.B.R. and MaInland ChIna. 
a Included in North America. 

All species of farm animals are represented in the Near East, with 
sheep and goats having greater relative importance. than in most 
other·areas. Total livestock units have increased at a slightly greater 
rate during the 1953 to 1963 decade than in the world as a whole 
(Ta!ble 4-3). 

Meat and milk production has grown more rapidly in the Near 
East in the last decade than in most other countries (Tables 4-4 and 
4-5). Egg produetion has . decreased (Table 4-6). Animal protein 
supplies per capita have increased more rapidly than population 
although the. average per eapita supply is only 17.5 grams per day. 

Increases in available animal protein apparently will keep up with 
population growth through the year 2000 in the Near East (Tables 
4-10 and 4-12). Animal production could be expanded significantly. 
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if both the science and technology of animal production are developed. 
Modern techniques for disease control, nutrition, breeding, forage 
production, processing, marketing, and distribution of animal prod
ucts must be adapted to local needs. The spectacular advances made 
by Israelserve as an example of what can he done. 

TABLE 4-lO.-Present and anticipated animal protein content of national average 
food supplies per person 

[Grams per day] 

Region and Range 1 1962-642 

World: Low ___ _ __ __ __ _ __ ______ ______ __ _ _ _ _ _ __ _ _ __________ _ 

MedIum.______________________________ 19.6 
High ____________________ ~ _____ ,.---- ______________ _ 

World: 3 Low ______________________________________________ _ 

MedIum.______________________________ 23.5 
High _____________________________________________ _ 

Europe: Low __________________________ • ___ • _______________ _ 

MedIum ••• ____________________ •• __ .___ 43.7 
Hlgh_ •• __ • _________ •• __ • ____ •• _. __ • ______________ _ 

North America: 
Low _____________ • __ •••• _. ________________________ _ 
Medium. ___ • _________________________ 63.7 
High. ___ • ________________________________________ _ 

Latin America: 
Low _______________ ••• __________ • _ _ _ __ _ _ __________ _ 
Medlum _____________________ •••• ____ • 25.6 
HIgh _______ • _________ • ___________________________ _ 

Near East: 
Low ________________ • ________ • ______ • _____________ • 

Medlum •• __ • ____ • _______ •••• _. ___ ••• __ 17.5 
High ______ Woo. _______ • ____ ~ _____ • ___ • _____ •• _____ _ 

Far East: 
Low _________ • _______________ • ____________ 0 ___ • ____ _ 

MedIUm. ______ • ____________________ .__ 8.6 
High •••• ________ • _______ •• _. _____________________ _ 

Africa: 
Low ____ • _________________________________________ _ 
MedIum. ______ ._______________________ 11.6 
HIgh _________________________________ 0 ____________ _ 

Oceania: 
Low ______ • _________ •• __ ••• __ •• ___________________ _ 
Medium. _______________ • _______ • ____ ._ 63.0 
High ____ ow _______________________________________ _ 

United States: • Low ______________________________________________ _ 
MedIum ____________________________ .__ 64.4 
ffigh ________________ • __ • _____ • ___ • _______________ _ 

1970 

15.7 
16.8 
21.1 

22.1 

23.6 
25.5 

43.5 
46.4 
49.4 

63.0 
67.1 
75.7 

22.2 
23.7 
25.2 

16.7 
17.8 
18.8 

8.1 
8.6 
9.1 

10.6 
11.3 
12.0 

63.5 
71.3 
79.1 

61.8 
65.9 
74.0 

1980 

17.3 
19.8 
23.7 

20.2 

23.2 
28.2 

43.2 
50.0 
56.8 

62.7 
71.3 
91.9 

19.9 
22.6 
29.9 

15.9 
18.0 
20.0 

7.1 
8.1 
9.1 

9.7 
10.9 
14.5 

64.0 
81.9 

117.1 

60.7 
00.2 
88.6 

1990 

16. 0 
20.2 
25.6 

18.3 

23.2 
29.9 

43.0 
53.2 
63.4 

61.9 
80.1 
99.5 

17.7 
23.3 
38.6 

15.0 
18.2 
21.4 

6.0 
7.1 
8.0 

8.6 
11.3 
18.7 

58.8 
84.5 

104.7 

58.8 
76.9 
97.9 

2000 

15.1 
19.8 
27.8 

16 • .8 

22.3 
31.9 

44.7 
57.2 
69.7 

00.1 
82.4 

104.8 

15.7 
22.0 
49.0 

14.2 
18.1 
22.9 

5.2 
6.1 
7.0 

7.4 
10.4 
23.2 

57.9 
83.7 

104.8 

56.2 
79.1 

102.7 

I The low values for the range are based on expected mlnlmum increases In production while the high are 
expected maximum increases and the medium are thought to be most likely. 

2 These averages are taken from Tables 4-4,4-5, and 4-6 except that the averages for the sum of the regiOns 
include Africa; ° 

3 Averages given are the sum of the regiOns and exclude U.S.S.R. and Mainland China. 
• Included in North America. 
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TABLE 4-11.-Estimated number of people in miUions using low projections 1 

Region 1002-64 1970 1980 1900 2000 

World _____________________________________ 
3,162 3,515 4,071 4,659 5,296 

World , ____________________________________ 2,251 2,532 2,004 3,493 4,046 
Europe ____________________________________ 

437 450 467 482 4.91 
North America ____________________________ 208 222 248 274 294 
Latin America _____________________________ 

229 278 362 429 514 
Near East _________________________________ 

143 164. 198 234 274 Far East __________________________________ 
969 1,108 1,340 1,587 1,866 

Africa •• ______________ ~ _____ --------- ---.:.-_ 248 291 367 462 579 
Oceanla ______________________________ :._ --- 17 19 22 25 28 
United States 3.. __________________________ 189 201 222 m 263 

1 Estimated populations were adapted to the above regions and countries from "low" projections furnished 
by Subpane113. 

2 Totals given bere are tbe sum olthe regions and exclude tbe U.S.S.R. and Mainland China. 
3 Included in North America. 

J".J".?' Animal Production in the F fIll' E OlJt 

The Far East, characterized by extremely dense human populations, 
supports more livestock units than any other region; e.g., nearly one
third of the livestock in the world. There is less agricultural land 
per person and per animal than in any other region (Twble 4-7). 
Productivity of animals is low, but they provide much of the draft 
power essential for plant agriculture and exist mainly as scavengers. 

Milk and meat production increased at a greater rate in the Far 
. East than the world average from 1953 to 1963, but egg production 
. decreased slightly (Tahles 4-4, 4-5, and 4-6). Per capita animru 
protein supplies increased in spite of a marked growth in population 
but are lower than for any other region (Table 4-8). After 1970 
supplies 'are expected to decrease even for low population projections 
(Table 4-10). Animal numbers would have to be increased several 
fold to improve supplies significantly in view of. the present small 
production and large popUlation. 

Considerable improvement in animal production is possible in the 
Far East und will come as a result of instituting modern disease con
trol and production practices, as well as needed marketing and proc
essing systems, coupled with favorable governmental agricultural 
policies and farmer incentives. 

J".J".?' J Prospects /01' IncreOlJing Animal ProdU(Jt-ion in India.. In
creasing production of animal products in India is highly complex 
partly because of the Hindu doctrine of ·a:hinsa which, in conjunction 
with legal constraints, restricts the slaughter of cattle. Oattle in India, 
however, make significant and multiple contributions to the economy 
of that country. Bullocks provide most of the draft power for agri" 
culture. Cow. dung is rural India's main cooking fuel, and cow manure 
is extremely important to Indian agriculture as an organic fertilizer. 
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TABLE 4-12.-Anticipated animal protein content of national average food supplies 
per person based on "Low" population projections 

(Grams per day] 

Region and range 1 

World: LOw _____________ ~" _ _ __ ___ _ __ ___ __ __ _ __ _ __________ _ 
Medium_______________________________ 19.6 
High _____________________________________________ _ 

World: a 
Low ______________________________________________ _ 

Medlum_______________________________ 23.5 
High _____________________________________________ _ 

Europe: Low ______________________________________________ _ 
Medium _______ ~_______________________ 43.7 
Hlgh _____________________________________________ _ 

North America: Low _______________________ ' _______________________ _ 

Medium_______________________________ 63.7 
High __________________________________ 1 ___________ ,_1 

Latin America: Low ______________________________________________ _ 

Medium_______________________________ 25.6 
High _____________________________________________ _ 

Near East: Low ______________________________________________ _ 

Medium_______________________________ 17.5 
High _____________________________________________ _ 

Far East: Low _______________________________________________ . 

Medium_______________________________ 8.6 
High _____________________________________________ _ 

Africa: Low ___________________________ ~ __________________ _ 
Medium ______ :________________________ IL 6 
High __________ -. _______________________ 1 _______ ----·-1 

Oceania: 
Low __________________ ------ -------- ___ 1 ___________ ._1 
Medium_______________________________ 63.0 
High_ --------- ------ ------- ___________ 1 ___________ ._1 

United States:' 
Low ---------------- -------.------- _____ 1 __ -------- '·-1 
Medium.______________________________ 64.4 
Hlgh ________________ " ____________________________ _ 

1970 

18.8 
20.0 
21.5 

22. 2 
23.7 
25.6 

43.9 
46. 9 
49.8 

64.4 
68.6 
77.4 

22.6 
24.0 
25.5 

16. 9 
18.0. 
19.0 

8.0 
8.6 
9.1 

10.6 
lL3 
12.0 

63.5 
71.3 
79.1 

64.9 
00.2 
77.7 

1980 

18.2 
20.8 
24.9 

20.9 
24.0 
29.2 

44.3 
51.3 
58.2 

66.2 
75.3 
97.1 

21;2 
24.0 
31.8 

16.5 
18. 7 
20.8 

7.3 
8.3 
9.4 

9.9 
11.3 
15.0 

66.9 
85.6 

122.4 

67.0 
76.4 
97.8 

J 

1990 

17.4 
22.0 
27.8 

19.6 
24.9 
32.1 

44.9 
55.6 
66.3 

69.1 
89.5 

111.1 

20.1 
26.5 
43,9 

16.1 
19.6 
23.0 

6.4 
7.6 
8.5 

9.1 
12.1 
20.0 

63.5 
91.2 

113.0 

68.2 
89.1 

113.5 

2000 

17.0 
22.3 
3L3 

18.7 
24.8 
35.5 

48;0 
61.4 
74.8 

7L2 
99.2 

126.1 

19.0 
26. 7 
59.4 

15.6 
19.9 
25.1 

5.7 
6.7 
7.6 

8.3 
lL6 
25.9 

66.2 
95.6 

119.8 

70.5 
00.2 

128.9 

1 The low values for the range are based on expected minimum increases in production, whUe the high 
are expected maximum Increases and the medium are thought to be most Ukely. 

2 These a.verages are taken from Tables 4-4, 4-5, and 4-6, except that the averages for the sum of the 
regions include Africa. 

3 Averages given are from the sum of the regions and exclude U .B.S. R. and Mainland China. 
j Included in North America. 

Much of the animal protein consumed by the Indians comes from 
cattle, largely 'in the form of milk. Cattle in India are partly scav
engers, obtaining most of their sustenance from roadsides, ditch hanks, 
or crop residue wastes. The slaughter of some cattle occurs in India. 
Tens of millions of people including pagans, Christians, and Moslems, 
as well as some Hindus, eat beef. The cattle problem in India is highly 
complex, and drastic recommendations to alter the present systems 
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should not be· implemented without thorough study of the conse- . 
quences. Nevertheless, it is important to work diligently'toward an 
appropriate solution of the cattle problem so that the ma.jority of 
India's cattle ma.y become truly productive. 

In spite of the religious dimensio~ of liv.estock pro~uction in India, 
It is neither necessary nor wise to discount animals as . important . 
contributors to India's needs for high quality protein foods. There 
is considerable potential' for increasing milk production and a place 
for a well-managed poultry industry, as well as for sizeable numhers 
of sheep and goats. Development of a significant live~ock industry . 
depends in part on the success of India's program to reduce the num~ 
ber, of cattle by 50 to 60 percent of her 175 million head that contribut~ 
very little to the nation's economy. Some succeSs is being achieved 
although admittedly it is modest. Castration of scrub bulls is practiced, 
and schemes to reduce reproduction in non-productive females may 
be yielding results. Public support for laws permitting the slaughter 
of cattle is developing .. Some knowledgeable Indians believe that the 
time is not too far distant when India's huge cattle herd will be 
brought into better balance with feed supplies. 

A great deal of livestock feed currently is lost because a high pro
portion of the plant residues and ·by -products generated by India's 
agricultural industries is ,poorly utilized or wasted. Foragepreserva
tion and storage systems are badly needed. Large quantities of hy
products such as'mill wastes and oilseed meals are allowed,to spoil, are 
destroyed by pests, or used as fertilizer. Although some of these prod
uets can be salvaged for human food, much is suitable only for 
animal use. If these products were used in conjunction with forages 
and urea, they would support a significant dairy industry. As agri
cultural practices are improved, the quantity of usable plant residues 
and by-products available for animal feeds will increase. The yield of 
forages from grazing lands in India also could be increased greatly 
if modern pasture and range management technology were employed. 

With the development of improved feeding practices and effective 
control of the major epizootic cattle diseases, improved br~eding prac
tices for milking animals will yield results. In some areas in India, 
the productivity 01 dairy cattle has been increased by the introduc
tion of high producing Holstein-Friesian, Jersey, Sindhi and Sahiwal 
germ plasm through artificial insemination. There is' a significant 
potential for upgrading indigenous cattle by this means. A program 
to improve dairy cattle should be accompanied by more widespread 
breeding of the high quality strains of Indian draft animals to pro
vide a continuous supply of bullocks for agricultural uses because 
those from high producing dairy cattle frequently are not suitable for 
draft purposes. The buffalo also offers potential for improving both 
meat and milk production. 
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A well-managed commercial poultry industry utilizing the most 
productive gen~tic lines, modern husbandry practices, and disease 
control techniques developed to utilize specific agricultural and indus
trial wastes and by-products will contribute significantly to the Indian 
food supply. Chickens can convert inedible oilseed meals and mill 
wastes, when combined with small quantities of grains, into nutritious 
protein which in many instances will exceed the nutritional value of 
the edible foods required in their diets. Some of the needed feed grains 
are available in India. The efficiency of poultry production systems 
might be increased if wastes were used to fertilize .fish ponds as is done 
in parts of Southeast Asia and China. More efficient disease contr91 
will increase the productivity of the important small poultry flocks 
that scave~ge for their nutrients. 

Sheep and goat meat is acceptable to many Indians. The production 
of these species would be enhanced by improved pasture and range 
management techniques and other methods. 

There is no question that animal protein productiori in India can be 
significantly increased. It will require considerable time. With the 
great need for high quality proteins, however, that nation cannot afl'ord 
to neglect _ any reasonable means of increasing its supplies of these 
foods. An evaluation of the quantities of feedstuffs that are being and 
can be produced suggests that these feed and forage resources could 
sustain a sizable and productive livestock industry that need not be 
competitive with people for food. 

#.-4.8 Animal Production in Africa 
Africa has a greater potential for livestock production than most 

other areas of the world. Its agricultural land area exceeds that of 
other regions, and there is .more acreage per person and per livestock 
unit than in all other regions except Oceania. There are 113 million 
cattle in Africa compared to 115 million in North America; 226 mil
lion sheep and goats compared to· 34 million in North America; and a 
total of 131 million livestock units compared to North America's 112 
.million (Table 4-3). In spite of high livestock numbers, production 
of meat, milk and eggs is low and has increased at a slower rate from 
1953 to 1963 than in the world as a whole (Tables 4-4, 4-5, 4-6). 
Animal protein supplies per capita are low, about 11.6 grams, and. 
probably have not increased as rapidly as population in recent years. 
Supplies of animal protein per person are expected to decrease (Table 
4-10) although they might remain fairly constant throught the year 
2000 if the "low" projections for population increases prevail. Rapid 
improvement in animal production is feasible and could lead to in
creases in per capita animal protein supplies ev~n if the population 
increases as expected. 

Africa's vast livesto,Ok· potential. is ineffectively utilized. It could 
be developed substantially if anima].' production technology were·. 
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widely applied. Disease control must be given high priority because 
a greater variety of serious animal diseases exist on this continent than 
in any other region. . 

Wild game as a source of animal protein in Africa deserves much 
more consideration than it has received. There is evidence that wild 
ungulates, with their differential, non-duplicating preferred diets, 
more flexible water requirements, and disease tolerance, make. more 
efficient use of the available forage and water than traditional live
stock species. 

4.J,..9 Animal Production in the Developed Oountrie8 01 Europe, 
N ortn America, and Oceania 

The developed countries of the world are characterized by a highly 
productive agriculture and a plentiful supply of animal protein. In 
1962 to 1964 these regions produced over 70' percent of the world's 
beef, veal, pork, mutton and lamb, but they have less than 30 percent 
of the people (Table 4-9). Production 6f animal products per animal 
unit is high in these regions (Tables 4-4, 4-5, and 4-6). From 1953 
to 1963, produetion increased much faster in Europe and .Oceania than 
in North America because of a greater demand for animal products 
in Europe. . 

Production of animal protein per capIta is expected to increase in 
all of. these regions through 1990 (Tables 4-10 and 4.-12). Oceania 
and North· America coUId produce large e'xcesses for export if foreign 

. demands and purchasing power provided the price incentives, and the 
balance of payments problem could be solved.. 

J,..J,..10 A~imal Production in the United State$ 
Meat production increased steadily in the United States from 1Y53 to' 

1963 (Table 4.-4) resulting in the highest meat consumption. per capita 
i:n the history of the country. Poultry meat production increased more 
than 50 percent in this period. Expected increases ih personal incomes, 
improved technology of production and distribution, and the capacity 
of the country to increase production of feed grains and forages indi
cate further increases inavaihibility of meat and animal products. 

Production per breeding unit has increased about 2 percent annually 
for the last 10 years. Further increases in efficiency of production 
through improved husbandry and feeding practices, more' effective 
disease and parasite control, improved breeding stock, and moreeffec
tive use of breeds and their crosses can be expected if market price 
incentives and research programs continue. Milk production has con
tinued to rise in spite of marked reductions in dairy cows. Fewer hens 
are producing many more /eggs. Meat animal~ :with ..leaner, .~ore de~ 
sirable carcasses and. heavier marketing weights are ·anticipated. 

The potential exists for increased feed grain.and.forage pro~uc1fion 
through impx:ovedmanagement of existing land and water resources. 

283-8880-61-19, 
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Animal production lends itself to multiple use of land which is 
receiving increased attention. 

Idle reserves of agricultural land can be used for 'increased produc~ 
tion of feed grains, pasture and forage, as well as for other crops. Only 
Oceania and Africa have more agricultura~ land per person and per 
livestock unit than the United States' (Table 4-7). Yields of feed 
grains and forages will rise and more pastures will be improved if 
economic incentives materialize. Gains through better range and pas
ture management should more than offset losses of laRd for other uses. 

4.5.0 The Role 01 Draft and Fiber Producing Animals in Food 
Production 

Although draft animals have yielded much of their role in agricul
ture to the tractor in the developed countries, they still are very impor~ 
tant sources of power in the developing countries and appear likely 
to remain so for 11 long time.5 Lord Linlithgow, when Viceroy of Inq.ia, 
observed that "the cow and the working bullock bear on their patient 
backs the whole structure of Indian agriculture." What was true in 
pre-partition India is still true in that country, Pakistan, and most of 
the countries of A.sia, the Far East, Near East, Africa, and Latin 
America. The tractor is finding an increasingly important place in 
land clearing and leveling operations in m'any developing countries 
and is being used on individual farms in sonie areas. However, draft 
animals still provide most of the 'agricultural power. In most of these 
countries man is the chief competitor of the draft animal as a source 
of power on farms. 

:Most draft animals are eventually consumed for meat. Draft cattle 
and water buffalo also produce milk. Wool, mohair, and other anima] 
fibers are important components of the economy in many regions and 
playa major role in clothing the inhabitants and providing a source 
of income from manufacturing and export. Most fiber-producing and 
draft animals are eventually consumed for meat. ' 

4.6.-0 Contribution of Wild Animals' 

It is not possible to quantify the contribution that wild animals cur
rently make to the world food supply. Many people throughout the 
world depend wholly or in part on wild animals for animal protein; 
Recent studies in Africa, Australia, Union of Soviet Socialist Repub
'lies, United States, and the United Kingdom indicate that in some 
areas the potential yield from wild animals is greater than if the same 
l~nd were used for livestock production. In other areas, food yields in
crease when land is shared hy domestic and wild sp~ies. It is practical 

II Ph1l1lps, R. W., Animal agriculture In the emerging natlons.~:I.n:r~()seman, A. H. (00.). 
Agricultural sciences for the developing nations. Amer. Ass. Ad,V(.::.Scl. Publ. 76, 1964. 
221 p., pp. 15-32. . ... ':.':' 
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and economically feasible to produce meat from wild species through 
game 'management and semidomestication. Research is needed to 
determine the optimum way to utilize wild animals for food produc
tion, whether or not additional meat producing species can be profit
ably domesticated, and how to develop suitable meth'Ods of harvesting, . 
processing, and marketing wild animals. Special attenti'On sh'Ould be 
given to determining the potential of sea mammals to· contribute to 
world pr'Otein supplies. 

4.6.1 Potential in Africa 
In Africa, which is richly endowed with great numbers 'Of many 

species 'Of animals, wild animals long have C'Onstituted an imp'Ortant 
source of food. In recent years, there has been a tendency to reduce 'Or 
eliminate the vast herds of wild animals in many areas to permit the 
development of traditional temperate-zone livestock farming, mainly 
with cattle and sheep. In Rhodesia hundreds 'Of th'Ousands 'Of wild 
animals have been killed to reduce the tsetse fly danger to livestoQk, and 
in East Africa there is' a sl'OW er'Osion 'Of vast 'herds 'Of plains animals 
as livestock operations encr'Oach 'On their ha"Qitat and poachers take 
their toll. Game animals, 'adaptedto local conditi'Ons, survive in 
a.reas in which livestock cannot because of disease 'Or environmental 
factors. But more importantly, in certain well-defined circumstances, 
wild game' 'produces more meat per acre than livesoock 'On the same 

Iland. The evidence comes fr'Om studies conducted on unimproved land 
under somewhat primitive management systems, comparing indigenous 
d'Omestic animals 'Of I'OW productivity with well-adapted wild species. 
The P'Oint is illustrated in the following example from. a study in 
Rhodesia.6 

An area of 50 square miles was studied which contained 16 species 
of grazing and br'Owsing animals, with a populati'On density of 76 
animals and a standing crop of 19,000 P'Ounds per square mile. The 
minimum annual cr'OP was calculated, harvested by shooting, and sold 
through commercial channels. The annual meat yield was estimated 
at 118,000 pounds with a value of 5,500 Rhodesian pounds. The same 
area, if developed f'Or use by cattle, with fencing, road, and water 
impr'Ovements, might have produced an estimated 95,000 pounds 'Of 
meat annually, with a net profit of 506 Rhodesian pounds compared 
to a net profit of 3,200 Rhodesian pounds for the game animal enter
prise. 

A combination 'Of grazing and browsing mammals under certain. 
circumstances makes better use of arid, semiarid, mountainous, and 
other marginal lands than would existing breeds 'Of livestock. M'Ore 
Ineat is produced per unit of land, and in general the habitat is main
tained in better condition at a lower cost than under present primitive 

fl Dasmam, R. F., and Mossman, A. S., The economic value of Rhodesian game. Rhodesian 
Farmer 30: 17-20. 1960. 
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systems of livestock production. Unfortunately, data are not avail
able to adequately compare game and livestock management systems. 

4:.8;3 Potential in Other Areas 
In the American tropics, there are habitats similar to those in 

Africa, but the number of wild species of grazing' and browsing 
animals is small. Native animals probably cannot equal domestic 
livestock in meat production. Since available evidence suggests that 
the same ecological niches exist in tropical America as in tropical 
Africa, the introduction of various African mammals to be used in 
various combinations with existing breeds of domestic stock might 
lead to increased meat production from lands not suited to intensive 
development as pastures for livestock. Unfortunately, this possibility 
is complicated by the fact that African wild animals serve as reservoirs 
for a great number of dangerous diseases and parasites not found 
presently in North and South America. Means must be developed 
to' obtain parent stock that is disease and parasite free before African 
animals can be used in Latin America. 
Th~ potential for exploitation of wild grazing and browsing animals 

in Southeast Asia is significant. Studies should be carried out in India, 
Indonesia, and other areas of tropical Asia, where wild game still 
exists in reasonable abundance, to determine their potential for meat 
production. 

4.6.3 Oontrol of Disease.s in Wild Animals 
Although very little is known about diseases of wildlife and their 

control, it is clear that different species of game serve as reservoirs 
of many important livestock diseases and parasites, including rinder
pest, hemoprotozoal infections, and foot and mouth disease. Livestock, 
on the other hand, are the source of many diseases that 'affect wild 
animals. Unfortunately, little correlation exists between disease pro
grams in wild animal and livestock species. To attain maximum utili-

, zation of all types of animals, wild 'and domestic, research on disease 
management and control must be carried out simultaneously. 

4.6.4 Domestication of Wild AnimalB 
The possibility of domesticating wild animal species should be 

investigated, especially to determine if certain wild species would 
be more useful than existing livestock for meat production, particu
larly in the tropical regions. Studies conducted to date suggest that 
many wild species are more heat tolerant, drought resistant, and 
resistant to diseases than are livestock. Some species are capable of 
utilizing plant forages that are of little use to livestock. Studies on 
the African eland and several species of small plains antelopes in 
Africa offer encouragement for rapid domestication of highly useful 
wild species. 
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4.6.5 Needs jM Wild Animal Ot:m8ervation Progra1n8 
Millions of dollars are spent annually to ensure effective utilization 

and preservation of wildlife species. In most of the developing coun
tries wildlife conservation receives very little support. Programs to 
preserve wildlife species and better utilize some of them as food for 
people should be supported. There is a special need to expand research 
on all aspects of the biology and diseases of wild animals. 

4.7.0 Animal Diseases 

4.7.1 World Live8tock Di8ease Picture 
Animal diseases (Table 4-13) constitute one of the most important 

limitations to the development of more productive livestock indus
tries. Epizootic diseases capable of killing or debilitating large popu
lations of animals -are largely uncontrolled in developing countries. 
The most important epizootic diseases of livestock are rinderpest, 
contagious bovine pleuropneumonia, hemorrhagic septicemia, foot 
and mouth disease, African horse sickness, African swine fever, hog 
cholera, Newcastle disease, fowl plague, trypanosomiasis, East Coast 
fever, and piroplasmosis. These diseases limit livestock production 
in susceptible species wherever they occur. It is impossible to develop 
a fully productive livestock industry in areas where epizootic live
stock diseases have not been brought under some measure of control. 

The greatest total loss results not from the spectaCUlar epizootic 
diseases, but from the many parasitic, infectious, nutritional, toxic, 

-metabolic, and organic diseases that affect livestock throughout the 
world and especially in developing countries where little attention 
has been given to animal health. They include hundreds of diseases 
and infestations such as brucellosis, tuberculosis, anaplasmosis, mas
titis, vibriosis, lumpy skin disease, bluetongue, parasitic infestations 

- that occur commonly throughout -the world, ~s well as diseases mOre 
-limited in their distribution such as Ondiri disease, N airobe sheep 
disease and Rift Valley fever. 

Accurate data are not available on the incidence or prevalence of 
various livestock diseases in developing countries, but there is no 
doubt that it is great. Efficient livestock production cannot exist under 

, these circumstances. -

4.7.B Tropical Animal Disease8 
Because most developing cop-ntries are in the tropics or subtropics, 

Inost of the livestock disease problems of ·these countries are signifi
cantly different from those of developed countries located in tem-perate 
climates. Although many principles of medical science and disease 
control developed for temperate regions apply to tropical problems, 
there is a critical deficiency in knowledge of tropical veterinary Inedi
cine. Work initiated and developed by some of the countries formerly 



TABLE 4-13.-Some oj the world's major animal diseases 

Disease Cause A.nbnals affected SusceptlbUlty of Principal Vectors Distribution Prevalence Control measures 
man reservoirs 

Hog cholera_ •••• _ Vims ___ • ________ Swine_. ___________ Not affected ••••• __ Affected animals •• Noue ••• _______ Worldwide ______ •• Enzootic or epl- Effective vaccines. 
zootlc. 

Fowl plague _____ _____ do _______ •••• Poultry __ ._. ___ ._. ••• _.do •••••• _ ••• ___ Affected blrds __ •• _ •••• _do _________ Worldwide except _ ____ do._ •• _________ 

United States 
and Australia. 

Foot and mouth •. ___ do_ ••••• _._._ Ru.mInImts, Rare, If at alL ____ Cattle, swine, ----.do .•• _ •••• Worldwide except _ ___ .do ••• ____ • ___ v. Vaccines (7 types) 
disease. swine. wild rumlnants. North America, immunity short 

Central Amer- duration. 
lca, AustralIa, 
New Zealand. 

Rinderpest. _. ___ •••• _do_ • .:. ___ •••• Ruminants, par- Not affected. _____ • Ruminants, par- ----_do ________ Africa, Asia __ ~ ____ Eplzootlc _________ Vaccine provides 
ticuIarly cattle ticularly wild- solid lifetime 
and buflalo. life. immunity. 

Contagious BOo Bacteria my eo- Cattle and ____ .do. ____________ Cattle _____________ _,;. ___ do __ • _____ Africa, Asia, Enzootic or epl- Vacclne, immu-
vine pleura- plasma. buflalo. Spain, Portugal. zootic. nity variable. 
pneumonia. Restricted move-

mentfrom 
Infected areas. 

Newcastle Vlrus ____________ Poultry ______ ._._. Rare (Conjune- Affected animals._ -----do- - ----.- Worldwide ________ • ___ .do._._ •• _._._._ Attenuated and 
disease. tlvltls). killed vaccines. 

African swine 
_____ do ___________ Swine ___ •• __ ••• ___ Not affected •• _ •• _. African wlld •• --.do .• ------ Africa, Spain, Eplzootic __________ Novacclne 

fever. porclne species. Portugal. avallable. 
African horse-

_____ do __________ • Equlnes ___________ _____ do _____________ None _____________ • Cullcoides _____ Africa, Asia Enzootic or epl- Effective poly-
sickness. Spain. zootlc. valent vaccine. 

Trypanosomiasis Hemoprotozoa __ Bovines, swine_ow. Not affected by All domestic ani· Tsetse tly ___ ._ Africa, south of Epizootic In 4 Control of Tsetse 
(Nagana). bovine or swine mals and many the Sahara. mllllon sq. mi. tly. Chema-

forms. game animals. of Central therapy. 
Africa. 

TrypanosomiasiS _____ do __________ Horses, dogs Not affected by Aftected species ___ Tabantds,pos- ASia, Sudan, Enzootic __________ Control of vectors, 
(Surra). cattle, cats, by this species. sibly ticks. Ethiopia. chemotherapy. 

buflalo, ele-
phants, camels. 



Trypanosomiasis _____ do ___________ 
Horses, mules, 

_____ do _____________ 
Wide variety do- Biting mes, South America, _ ____ do _____________ 

Chemotherapy. 
(Mal de cade- donkeys. mestic and wild vampire 
ras) •. animals. bats. Panama. 

Trypanosomiasis _____ do _______ : ___ Dogs, cats, pigs ___ Common in man __ Wild animals; Reeuduvid Mexico, Central Prevalent _________ Chemotherapy In 
(Chagas' dis- armadillos, bugs. and South some stages. 
ease). opossums. America. 

Hemorrhagic Bacteria (Pas- Cattle; buttalo ____ Not affected by Affected species ___ .. - ... _------ ...... _--- South and South. Enzootic or epi- Effective vaccine. 

~ septleemta. teurella) this species. east Asia, zootlc. 
Africa. t?;:I 

Rabies. __ ._. _____ Virus ____________ All mammals ______ Affected ___________ Affected animals ------ ................ _- ...... Worldwide except Prevalent in Several vaccines 

~ apparently British Isles, ASia, Africa, effective. 
asymptomatic Australla, New South America; 1-1 

in some wild Zealand. prevalent in a 
~ mammals and wlldille in North :j 

bats. America: prev- O 
alent in bats in .z 
Latin America. 

0 Piroplasmosis Hemoprotozoa __ PraetIeally all Not affected ______ Affected species ___ Ticks Practically world· Prevalent in Chemotherapy t:I;I 
(babesiasis). mammals with (Ixodidae). wide; B. Bovls Africa, ASia, somewhat effec-

~ speclflc Babesia eradicated from Latin America. tive; regular 
spp. North America. dipping against 

~ ticks. 
Anaplasmosis ____ _____ do ___________ Cattle; sheep; ____ .do __ • __ • _______ Wild animals __ • ___ Ticks; biting Worldwide ________ Prevalent _________ Control ticks; 

swine. flies. immunizing 
agent shows "'d 

t:I:f 
promise. 0 

East coast fever • ____ do ___________ Cattle _________ •• _. _____ do_. ___________ African buttalo ____ Ticks _________ East and central Enzootic or Control.ticks. l=' 
(Theileriasis) . Africa. epizootic. c:l 

§ 
Equlne enceph- 5 dist1net Horses; mules; Man affected by Birds and swine; Arthropods ___ North and South Sporadic or epi- Vaccine effective 

~ alltldes. viruses. donkeys. all types. rodents(?). America, zootic during in equines. 
Russia, Middle height of insect 
East; activity. 
Jap. B __________ 

Japan and east-
ern Asia, Indo-
nesia. ~ 

...:t 
~ 



TABLE 4-13.-Bome oj the world'8 major animal di8ea8e8--Continued 

Disease Animals affected Susceptibility of Principal Vectors Distribution Prevalence Control measures 
man reservoirs 

Rift Valley Cever_ Virus ____________ Sheep and cattle __ Man affected ______ Affected animals, Mostlymos- East and South Sporadic out- Vaccine avaUable. 
possibly old qultoes. Africa. breaks. 
world monkeys. 

Anthrax _________ Bacteria _________ Principally rumi- Man affected Affected animals Occasionally Worldwide ________ Sporadic epi- Effective vaccine 
nant, but all usually by and spores. biting flies. zootics. available. 
mammals. malignant 

pustular Corm. 
Bmcellosis _______ BacteriaB. Cattle, sheep, Man infected by 3 Infected animals._ ---_ ... _- ... --_ ..... _-- _ ____ do _____________ Variable from less Calfhood vaccine.-

aborlm B. goats, swine. Corms. than 1 percent tion; slaughter 
melftemu B. in developed . of reactors. 
sufi. countries to as 

much as 40 per-. 
cent in others. 

StreptothrIcosis __ Fungus _________ Cattle _____________ Man not allected __ Cattle _____________ Possibly ticks_ Chiefly west and Widespread in No effectIve con· 
central Africa. areas men- trol or treat-

. tioned. ment. 
Echinococcosis Helminthic Adult tapeworm Cysticercus stage Hydatid stage in --_ ............... _-_ ...... -- Latin America, Common in parts Antibelminthic 

(hydatidosis). parasite. in dogs. In man, sheep, man. Africa, Asia; of Latin Amer- treatment of 
cattle, and rare elsewhere. ica, Africa, and dogs; preventing 
swine in hy- AsIa. dogs access to 
datld cysts. offal. 

Salmonellosis ____ Bacteri8. ________ All mammals and Man highiy sus- All animals and -_ ......... _---_ .. _ .... _-- Worldwide ________ Sporadic ept- Antibiotic and 
poultry. ceptible to fresh anlmal demlcs in man; chemotherspeu-

many species. products, in- , common in tic treatment; 
eluding eggs. anlmals. sanitation. 
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having colonies located in the tropics must be C?ontinued and expanded. 
Progress in controlling animal diseases in the tropics will be inhibited 
as long as the present critical deficiency in knowledge of tropical 
animal biology and diseases exists. Research centers must be estab
lished in the tropics to study and develop techniques for effective 
control of indigenous animal diseases. 

4.7.3 Magnitude of L088e8 and Approache8 for Oontrol of Live8tock 
DiBeaBe8 

A preliminary estimate of the losses caused by animal diseases in 
the world was made by the F AO in 1962. Losses from animal diseases 
in countries in which' veterinary activities had been in progress for 
many years ranged between 15 percent and 20 percent of total annual 
production. In countries in which veterinary activities are less intensive 
and more recently establiShed, losses ranged comm'Only between 30 per
cent and 40 percent. There was no estimate of the loss in countries with- . 
out nn,imal health programs, which include many developing countries, 
but it was assumed that they were much greater. Based upon these 
estimates, which admittedly are conservative, a 50 percent reduction 
in losses from animal diseases,. a realistic goal, would increase the 
supplies of animal protein in areas of greatest need by 25 percent.'l 

No doubt great progress could be made toward the control of the 
world's major epizootic' diseases if t.he efforts of all countries were. 
carefully coordinated on a· worldwide control program. Reasona;bly 
effective tools are available to ~ontrol many of the major epizootic 
livestock diseases. Control measures for others. undoubtedly will be 
developed.. , 

'The first step should be to develop an acceptable worldwide control 
plan. This plan should be administered by a United Nations organiza
tion or an international agency and be sponsored by an international 
veterinary medical association' such as the International Veterinary 
Congress. The objectives would be to outline the steps required to 
bring the major epizootic livestock diseases under practical control, 
coordinate the activities of many cooperating agencies to maximize 
their effectiveness, and demonstrate to any non~participating nation 
how they could assist in the international disease control effort. 

4.7.4 Prioritie8 for Latin Americq. 
Foot and Mouth' Disease ('FMD), a highly contagious VIral infec:

tion of cloven-footed animals, is estimated to reduce cattle production 
in South America by 25 percent annually. The disease restricts exports 
of animal products because international marketing sanctions are 
imposed against animal food products from affected countries. There 
is little doubt that FMD in Latin America could be brought under 

'l' Pritchard. W. R •• Increasing protein foods through improving animal health. Nat. Acad. 
Sci. Proc. 66(2) : 360-369. Aug. 1966. 
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practical control, provided the countries involved truly desire to work 
together to control it and adequate resources are made available for 
the job. 

It is essential that FMD control in South America be based upon 
a well-conceived and coordinated continent-wide plan of action which 
has the support of agricultural and political leaders of all countries. 
Sporadic and piecemeal efforts by individual countries have been and 
will continue to be wasteful and have little hope of success. Epidemi
ological studies should be conducted during the initial stages of the 

. program. The first stage of control must involve a massive vaccination 
program. Only after the incidence of FMD is drastically reduced 
will eradication be economically or medically feasible. Eradication 
programs cannot be instituted without inten.sive educational programs 
and marked reduction in the incidence of the disease brought about 
by vaccination and other control measures. The Pan American Foot 
and Mouth Disease Reserch Center in Rio de Janeiro should be 
adequately supported and research on improved means to control 
FMD expa~ded. 

Rabies reportedly kills more than one million cattle in Latin Amer
ica each year. It is the most serious disease of livestock in many 
areas. Research is critically needed on the role of bats as reservoirs 
and vectors of rabies, on bat control, and on improved rabies vaccines. 
Massive livestock immunization programs will be required until 
progress is made in reducing reservoirs of infection. 

Reproductive dweases reduce the.reproductive efficiency of livestock 
in Latin America. The incidence of brucellosis, vibriosis, trichomoni
asis, and others is high. For example, prevalence rates of 40 percent 
have been .recorded for brucellosis. A high incidence of infection also 
occurs in 'people having contact with animals. Control and eradication 
programs should be instituted by governmental disease control 
agencies. 

Ewternal and internal para8ites directly cause extensive losses in 
livestock, and some also serve as vectors of diseases. In addition to most 
of the parasites of livestock present intemperate climates, many addi
tional tropical infestations occur which limit livestock produotion. The 
blood protozoan parasites and the tick Dermatobia hominis are espe
cially significant. More effective means of controlling parasites. and 

-tropical diseases are vitally needed. . 

~.7.5 Priorities for Africa 
Rinderpest, -an acute contagious, highly fatal, viruul disease of cattle, 

has swept through Africa on numerous occasions, sometimes nearly 
decimating the animal population. An inexpensive and highly effective 
vaccine is available. In 1961, Joint Rinderpest Project 15 was launched 
by the futer-African Bureau of Animal Health under the auspices 
of the Committee for Technical Cooperation South of the Sahara 



INTENSIFICATION OF ANIMAL, PRODUCTION 277 

(C.C.T.A.) now under the Organization for African Unity, the Euro
pean Economic Community, and the U.S. Agency for International 
Development. 

Phase I of the campaign began in 1961 in West Africa, covering 
areas from Senegal to Chad. In three successive phases, it will cover all 
of the countries of West Africa south of the Sahara and north of the 
Congo. To date, the campaign has been very successful with nearly 85 
percent 'Of the cattle vaccinated in areas covered, but it must be con
tinued and extended to the Sudan, Ethiopia, and Somalia before per
manent control can be expected. Project 15 is a model for future dis
ease control colla!boration in Africa and demonstrates how major 
problems can be solved on 'an international hasis. 

Oontagioua Bovine Pleuropneumonia (CBPP) is probably as serious 
and widespread in Africa as rinderpest once was, 'hut it is more in
sidious' 'and far less amena:ble to control. Project 16, initiated in East 
Africa by the C.C.T.A., with AID and United Kingdom support, is 
intended to develop a more effective immunizing agent, improve diag
nostic techniques, and define the epizootiology of the disease. This long
range study should r~eive continuing support and control measures 
insHtuted and vigorously pursued at the appropriate time. 

Trypanosomiasis (Nagana) is endemic ina 4.5 million square mile 
area 'Of Central Africa in which t:he tsetse fly occurs. Eradication of the 
tsetse fly prdhably would ena:ble Africa to stock an additional 125 mil
lion cattle. Elimination of the tsetse fly must be accompanied by devel
opments in other aspects of tropical science, or primitive 'methods of 
cultivation and overgrazing could destroy the ,land within a few de
cades. Research on tsetse fly control and on trypanosomiasis ,must be 
expanded. . 

Other tropical diseases, such as East Coast fever and other hemo
protozoal and tropical diseases, many of which are transmitted by 
arthropod vectors, severely limit livestock production in tropical 
Africa. There is a critical need to expand research on problems of 
tropical animal diseases and to develop the science and technology 
necessary for their control. An intern8ltional tropica:l animal diseases 
research center (manned by the world's most competent veterinary 
scientists) should be established at an early date to develop this needed 
body of knowledge. 

4.7 ~6 Priorities for Asia 
Hemorrhagic 'Septicemia of cattle and water buff~lo is the most 

serious livestock disease in Asia. Some years it destroys 'a million draft 
animals. An effective vaccine is available, but mechanisms to use it 
effectively must be established. 

Hog cholera is enzootic in many parts of Asia and causes serious 
. losses. The consequences are serious because pork is regarded as par-
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ticularly desirable by a large part of the population of Southeast Asia 
and the Far East. Native Southeast Asian and Chinese swine are 
adapted ,to the environment 'and are extremely prolific. Because little 
land is available to divert to pasture and 'because cereal grains are not 
available for animal feeding, these native swine, notoriously capable 
of existing as scavengers, can provide a substantial part of the human 
protein requirements. To take full advantage of their productivity, 
they must be protected from hog cholera. Although an effective vaccine 
is available, problems resulting from inadequate means to administer 
it and poor quality vaccines commonly occur. More effective veterinary 
services must be developed. 

Foot and Mouth Disease (FMD) is a serious and complicated dis
ease problem from the Mediterranean to China. In addition to the con
ventional A, 0, 'and C types occuring in Europe, Asia. is also amicted 
with Asian Type 1 and 'SAT 1. The urgency for controlling this dis
ease lies primarily in -the Middle East because the disease has been 
more severe in this area than in Southeast Asia or India. The new 
FMD virus types also threaten Europe through Turkey and Greece. 
It is in this area that a major control effort should 'be exerted im
mediately, and as ~urces become available, control can be pushed 
eastward toward India. The countries of the Middle East require im
medi3lteassistance in mass preparation and use of vaccines. 

Rinderpest has again appeared in peninsulaI:' India, which had a low 
incidence of the disease for several years. Outbreaks 'also have occurred 
in Laos, Vietnam, and Saudi Arabia. The latter threatens the nomadic 
herds 'and flocks of the Middle East and could extend eastward to 
Pakistan. Assistance is needed in the production and distribution of 
vaccines. Some areas also need help in using these products. 

Sheep pow occurs commonly in the arid pastoral areas of Asia. Death 
rates vary from 5 to 50 percent -and are generally less among haired 
sheep. Many areas need vaccination programs well coordirr~ted with 
nomadic movements. 

4.8.0 Animal Production Problems 

Livestock in nations needing the food produce ata much lower level 
than that achieved in developed countries. The high level of animal 
production in developed countries has resulted from the exploitation' 
of science and technology to increase the productivity and efficiency 
of the livestock industries. In developing countries, on the other hand, 
modern principles of animal husbandry have not been fully utilized, 
and in some, animal agriculture is practiced much as it has 'been for 
centuries. 

A vast and increasing fund of knowledge exists on nutrition, 
genetics, physiology, pathology, and farm management that is ap
plicruble to improved livestock production. 4nY nation that desires to 
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improve its animal protein production can do so if it is willing to apply 
pr~ent knowledge and to engage in research where 'adequate knowl
edge is not available. Livestock production can be increased without 
wasteful competition between man and animals for the same food 
supplies. 

The production of some classes of livestock can be improved with less 
effort than others. Poultry are rather easily improved because poultry 
science and technology are readily transferable from temperate to 
tropical countries, provided protection from adverse environmental 
factors is furnished hy proper housing. It is much easier to establish 
a highly productive beef cattle operation in the tropics than an equally 
productive dairy cattle unit because adverse environmental, nutri
tional, and disease factors 'affect milk production more than beef pro
duction. Milk marketing, processing, and distribution problems also 
can be highly complex. It is beyond the scope of this report to list in 
detail the conditions under which different kinds of livestock produc
tion would be most desira:ble for a particular situation. It is our ob
jectiVE) mainly to explore the principles involved and to pin-point some 
of the problems relating to the development of an efficient livestock 
industry. " 

4.8.1 Animal Nutrition 
Inadequate nutrition is one of the most important causes of low 

productivity of livestock in the developing countries. Animals, like 
man, have nutritional requirements which must be fulfilled. The needs 
for proteins, fats, and vitamins for livestock, as well as man, vary with 
age, sex, rate of growth, work performance, "and productivity. For 
livestock, the needs also are' determined by milk and eggs produced, 
disease, climate, "and other stresses. Animals are highly adaptive and 
survive in nearly any environment, but at the survival level of nutri
tion, productivity is low. In primitive systems of husbandry, changes 
in season and weather cause changes in feed supplies "which iIi turn 
cause nutritional levels to fluctuate from adequate to" inadequate. Mal
nutrition, because of deficiencies of minerals, proteins, or total calories, 
also is common. Native vegetation without improvement or proper 
management and without some supplementation of required nutrients 
can not sustain a productive livestock industry. The provision of ade
quate quantities of essential nutrients during all seasons of the year 
is essential to efficient livestock production. 

4.8.1.1 Fee.d Prese1'1Jation and Storage. Few 'areas of the world are 
endowed with the climate, soil, and rainfall to support year-round 
plant production. Consequently, improved systems of harvesting, pre
serving, and storing of plant materials are needed to provide food for 
animals during seasons of limited plant growth. This is basic to im
provement in livestock production~ Livestock producers in developed " 
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countries use hay, silage, crop residues, by-products, cereal grains, and 
root crops to sustain animals when fresh vegetation is unavailable. 
Feed preservation systems are almost nonexistent in developing coun
tries and large quantities of, animal feeds are .either used inefficiently 
or 'are wasted because they cannot be stored for fut~re use . 

.4.8.1.2 Pastwre and Ramge Management and Forage Production. 
, Substantial portions of the agricultural land in Asia, Africa, and 
Latin Am.erica are grazing lands (Table 4-7). They vary greatly in 
topography, altitude, soil type, natural fertility, tYPQ of vegetation, 
available water or rainfall, and climate. Many are desert, semi-desert, 
or subject to seasonal drought or flooding. Some are covered with ,trees 
or brush of little or no vallie, but which reduce or prevent efficient ani
mal use, while some are covered with excellent natural vegetation. All 
types of grazing land can be improved and managed for increased 
production. A highly developed science and technology of range man
agement has brought manyfold increases in the pi:oductivity of grazing 
lands, in developed countries. The development of new and improved 
forages, better use of present forages, proper fertilizati'On, water man
agement, and weed and pest control increase' the productivity of graz
ing lands and should be used more extensively in developing countries. 

Large quantities of native vegetation are not used at present. Fer
tilizati'On and reseeding 'Of large land areas are now feasible with air
craft, and techniques for destroying brush and trees in areas suitable 
for grazing are available. There is a strong possibility that the esti
mates of land suitable for grazing in Latin America, Asia, and Africa 
may be too small due to the limitations of earlier surveys and to new 

'technologies n'Ow used for improving land and crops. Rough areas 
unsuitable for cropping but previously limited by unsuitable or inade
quate vegetation can be made more productive. Improvements in trans
portation and in processing and distributing livestock products could 
bring new 'areas into livestock production. . 

.4.8.1.3 Tropical Range Management (JJJ1..(l Forage Research Needed. 
The range and pasture management technology of developed countries 
to a large extent is transferrable to temperate regions of developing 
countries. Although the principles apply to tropical regions, little of 
the technology is transferrable t'O these areas. Vety little is known 
about m'any of the tropical grasses and legumes especially about their 
potential as forage crops. Research is vitally needed on these forages, 
their productivity, chemical and nutritional composition, 'and agro
nomic and cultural practices under various tropical conditions. The 
payoff in increased food production may be great if the fe~ research 
programs underway in the tropics are an accura;te indication of the 
potential for improvement. For example, research in tropical Australia 
has revealed that by seeding a new improved tropical legume, Towns-
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ville lucerne, and applying 100 pounds of molybdenum superphosphate 
per acre, beef production per acre per year in one area has been in
creased from 20 to 270 pounds.s Thus, a 13-fold increase in productiv
ity resulted from the adoption of simple tropical range management 
techniques developed through research. 

In recent years considerable progress has been made in the develop..; 
ment of tropical legumes which when mixed with improved tropical 
forage grasses. increase their carrying capacity 50 to 100 percent. 
Production can be further increased with fertilizers. With these im
proved pastures properly managed, the tendency for humus to dis
appear in a few years is markedly reduced and the soils remain produc
tive for long periods of time. Hence, utilization of these tropical soils 
for livestock production not only results in the production of a valu
able food resource but also preserves the soil in striking contrast to the 
destruction that follows currently practiced cultivation techniques. 

4.8.1.4 Use of Supplements to Grazing. Natural forages, though pres
ent in adequate quantity, m'ay be deficient in one or more· essential 
nutrients. In the wet tropics, native forages often are low in proteins, 
while under certain climatic conditions the protein content may be 
adequate, but energy low. Deficiencies in phosphorus occur. widely 
among forages throughout the world, while deficiencies in molybde
num, zinc, copper, cobalt, iron or iodine are common. Such deficiencies 
must be identified and corrected if full utilization of feeds and forages 
is to be expected. Feeding animals bone meal, monosodium or disodium 
phosphate, and trace mineralized salt are supplementation techniques 
-that are effective in correcting certain deficiency conditions. 

Deficient pastures can be supplemented with preserved forages, as 
well as by-products such as 'Oilseed meals,mill wastes, bagasse,urea, 
molasses, and crop residues. This is often done in developed countries 
but may not be too feasible in developed areas. 

4.8.1.5 Utilization 0/ Wastes, By-Products, and Synthetic Mate
rials. Animals can use a wide variety of wastes and by-products of 
agricultural and industrial operations for food. Unfortunately, many 
potentially valuable by-products currently are wasted, exported, or 
used as fertilizer in developing countries because of the lack ofa com
mercial feed industry to process and distribute them to livestock pro
ducers. This is particularly true in Asia where animal protein supplies 
are in very short supply. 

The important food grains, such as corn and sorghums, have large 
plant residues which in developed countries constitute an important 
part of the animal food supply, particularly when preserved in the 
form of silage. However, when corn is harvested as grain, the cob and 

8 The Cunningham and Townsville Laboratories, C.S.I.R.O., Melbourne, Australia, pp. 84-
35,1965. 
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the stalk can provide the basis for an effective cattle ration, provided 
that adequate protein or nitrogen, vitamin, and mineral supplementa
tion is provided. The straw of wheat, oats, or barley; the hulls of oats 
or cottonseed; the stalk from which broccolli has been harvested; the ' 
wastes from vegetable and fruit processing; the pulp from sugar beets; 
the extracted sugar cane; the spent grains from the brewery; and many 
other plant materials are suitable for animal feed. 

The animal industry has a host of secondary products which can be 
returned to the animal feed industry for recycling in animal diets. 
Prior to the availability of soy protein for animal use, meat scraps 
and tankage were essential by-products for meeting animal protein 
needs, particularly those of swine and poultry. Bone meal was the pri
mary source of calcium and phosphorus. Animal fats were formerly 
converted to lard, or margarine or soap, but they now frequently serve 
as a source of energy in poultry or other animal rations. Although 
complicated by potential disease and parasite problems, animal manure 
and bedding may be salvaged to meet certain nutritional needs. As 
chemical fertilizers have become readily a vailable, there is less depend
ence upon animal manure for the maintenance of soil fertility, and in 
many instances, the disposal of manure has become a practical prob
lem. 'From a technical standpoint, it is possible to use animal feces 
as a nutrient for yeasts and bacteria used to synthesize protein for food 
for animals or man. 

Many areas in Latin America, Asia, and Africa are, or could be, 
sugar producers. Few crops equal the energy yield per acre of sugar 
·cane.Cattle can effectively utilize cane after extraction as well as the 
sugar and mollases. Cattle production is more likely to be"limited by 
lack of energy than by restricted protein in many tropical areas. In
deed, the availability of cotton seed or coconut meal, and especially 
when urea is us~d as a substitute for proteins, make it relatively easy 
to establish a cattle operation in connection with a sugar' plantation. 

Cotton is produced in quantity in many of the protein-deficienteoUn
tries. This crop yields cottonseed hulls, cottonseed meal, and cot
ton gin trash that can be used in cattle feeding. In some developing 
countries, cottonseed meal is used for fertilizer or is of such poor qual
ity that it is not acceptable to man or animals. Serious study should be 
given to purchasing fertilizer for crop production so the protein~rich 
meal could be used for human and animal feeds. 

Oil production from peanuts, sesame, safilower, soybeans, and other 
crops has increased rapidly, and meals from these and copra and 
paIm nuts are available in many developing countries. In some, modern 
solvent extraction plants have been built and high quality oilseed meals 
either are being or could be produced. Some of the extraction facili
ties are old and inefficient. The meals are of poor'quality, and in some 
cases, are burned rather than used as human or animal food or fertil-
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izer. Waste of these potentially valuable feeds must be eliminated. In 
many instances, it may be best to use them for food for people, while . 
in others, they may be best fed to animals. Some of these materials 
presently are wasted because local livestock producers are unaw~re 
of their value as animal feeds or they are improperly handled or stored 
and are wasted or become toxic. 

Brewery grains can be effectively utilized by cattle, swine, or poultry. 
However, in too many instances, the by-products of the brewing 

. industry are used inefficiently or wasted. 
Fruits are produced commercially in many tropical and semi-tropical 

areas where fruit processing is carried out, there are valuwble pulp 
residues which, in some countries, have led to the establishment of 
extensive cattle feeding operations adjacent to the processing facilities. 
This is especially true in citrus and pineapple producing areas. Coffee, 
coconuts, grapes, and various nuts all have residues suitable for ani
mal use. Improved methods of processing are leading to entirely new 
fruit and vegetable products and many major food processing plants 
are being established in developing countries. Even when whole fruit 
is marketed; e.g., bananas and citrus, large volumes of non-market
able fruit often are available. Both of these crops can be fed to animals, 
particuJarly ruminants. As this occurs, attention should be given to 
the use of wastes or by-products for animal feeds. 

4.8.1.6 Use of Urea in Ruminant Nutr/.:tioo. Non-protein nitrogren 
compounds such as urea can be directly utilized by ruminant animals 
in meeting their protein requirements. Feed grade urea, in appropriate 
amounts, can be converted by the rumen microflora to amino acids, 
which are then utilized by the animal in the synthesis of meat and milk 
protein. In all of the m-a.jor livestock areas of the world, urea is used 
to supplement plant proteins such as soybean and cottonseed meal, and 
at current prices it is replacing more expensive feed proteins. New 
technologies require new educational programs, and urea must be used 
with care. Properly used, it is recognized as one of the nutritional 

. break-throughs of this century. In some tropical areas, beef and milk 
production have been significantly increased by the use of urea com
bined with native silages and molasses. 

4.8.1.7 Use of Non-001lllJention.al Foods as Animal Feeds. For cen
turies, man has used microorganisms to produce cheese, cabbage and 
other fermented vegetables, and a variety of fermented beverages, but' 
interest in huge-scale microbial production of proteins is of rather 
recent origin. At the present time, serious attention is being given to 
the commercial production of high protein foods from algae, yeast, 
-bacteria, green leaves, grasses, and legumes. Current efforts to produce 
both edib~e fats from the catalytic oxidation of petroleum hydrocar
bons, and proteins and amino acids by microorganisms adapted to a 

263-8880-67-20 
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petroleum medium are attracting considerable attention. Fish, long 
recognized for their excellent protein quality, are being harvested and 
processed in greatly increased volume for both human and animal use. 

There are many technical problems to be solved before many of these 
products can compete economically with traditional plant and animal 
proteins as food for people. Man's food habits are not easily changed. 
The enrichment of rice, wheat, corn, or milk is largely a question of 
motivation and economies; however, man's preferences for specific 
foods such as white or yellow corn cannot be disregarded. Substituting 
wheat for rice is not acceptable to many who suffer from malnutrition 
or even starvation in certain parts of ·the world. The enrichment of 
grains with fish flour, chlorella, or bacterial protein certainly will meet 
with overwhelming resistance. Therefore, attention should, be given 
to the use of some of the novel or unconventional sources of protein 
and energy as animal feeds so that man may benefit from increased 
protein production. All of these-materials can be utilized by both mono
gastric and ruminant animals. In properly balanced diets fed to pro
ductive animals under optimum conditions, very little will be lost by 
feeding these products to animals rather than directly to people. 

4,.82 Water for LiJvestoclc 
The chief limiting factor in livestock production in certain areas is 

the lack of adequate quantities of water during dry periods. In many 
instances, the mortality of cattle in drought periods results largely 
from lack 'Of water, rather than lack of forage. For example, 'On a 3 
million acre ranch in tropical Australia, approximately one-third of 
the cattle have traditionally died during each severe drought. While 
there was sufficient water in the pastures, too many cattle gathered at 
a few watering areas, resulting in the destruction of vegetation for 
several miles from watering facilities. Cattle and calves died when 
forced to travel 5 miles out and 5 miles back each day to obtain both 
feed and water. After additional well-spaced watering areas were pro
vided, this problem was nearly eliminated. 

4,.8.3 AnitmnZ Breeding for Tropical Oondition.s 
Livest.ock developed in temperate climates, where adequate feed and 

sheU.er generally are available, are highly demanding in tenus of en
vironmentalrequirements and do not thrive under the adverse tropical 
and subtropical climatic ·and disease conditions prevalent in moot 
developing countries. Consequently, livestock in these countries can-

, not be improved solely by importing 'highly productive animals from 
the temperate zone. 

The indigen'Ous breeds of livestock in Asia, Africa, and to a lesser 
e~tent, tropical Latin America have evolved with 'anu'bility to survive
under the conditi'Ons present in these areas. Having been exposed to 
heat, diseases, parasites, and low levels of. nutrition for centuries, 
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only those capable of adapting to these factors have survived. Both 
domestic livestock and indigenous 'animals possess desirable genetic 
characteristics: productivity on the one hand, and resistance to en
vironmental factors on. the other. Animal breeders in developing 
countries should carefully blend tempemture zone and indigenous 
breeds to capture the foregoing characteristics 'and select for high 
produotivity, ·as well as resistance, in order to develop desirable strains 
and breeds for these 'areas. The success in the tropics of newly created 
breeds of cattle, such as the Santa Gertrudis, Brahman, 'Boran, Nandi, 
and others,attest to the soundness of this course of ·action. 

Indigenous breeds and strains of livestock also can be improved by 
selection based upon production testing such as resulted in the devel
opment of the Sindi 'and Sa;hiwal breeds. This method of livestock 
improvement, however, is wastefully slow when compared to cross
breeding which can incorporate into indigenous livestock desirable 
traits ;already well-established in improved breeds. These principles 
apply tOlall classes of livestock. 

In the long run, it might !be 'advantageous to introduce modern 
breeds of poultry and swine in developing countries as "production 
packages," i.e., the improved breed or strain along with a complete 
balanced diet and husbandry prac~ces which provide protection from 
adverse environmental factors, including diseases. The poultry indus
try throughout the world has developed on this basis in the last decade. 
Modern genetic lines of poultry ·are highly superior to indigenous 
breeds. It now is possible to protect them froni most environmental 
factors a.t low costS so that any nation capable of providing adequate 
feed for poultry can develop an industry nearly equal to the most 
productive in the world. The same principles may apply to 'commercial 
swine production although too little is known about indigenous breeds 
to evaluate their potential. 

4.8-4 Animal Reproduction 
As emphasized in previous sections, animal diseases, including. 

diseaseS of the reproductive syst.em, may prevent the establishment 
of pregnancy, m;ay termin·ate pregnancy, or may result in early death 
of the newborn. All of these situations may reduce the prolificacy of 
domesticated or wild animals. The efficiency of the reproduotive proc
ess of any species may be influenced by many factors other than 
disease. 

In the United Stwtes it is expected that approximately 70 to 80 
percent of healthy cows will become pregnant when inseminated with 
high quality semen or mated with a fertile bull. Under normal range 
conditions is. herd of beef cattle should produce from 80-90 calves per 
100 breeding females per year. In many areas of the world reproduc
tive rates of.40 calves per 100 cows are oommon, and the illunber of 
calves raised is even less. The reasons are many, but. investigation 
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often' ,shows thtllt lowered fertility is due to 'a lack of understanding 
of even the most hasie principles of the reproductive process. Females 
may not have 1Ill opportunity to mate because of a lack of proper 
numbers of males, or the use of males which are only partially fertile 
or even sterile. When artificial insemination is used, failure may result 
from poor quality semen or insemination of the feml9Je at the im
proper stage of the reproductive cycle~ The same principles are in
volved in swine and in sheep. There is little doubt that the use of 
fertile sires in accordance with improved breeding management prac
tices, improvements in managing females of 'breeding age in relation 
to the reproductive characteristics of the species, and an understand
ing of the normal reproductive processes could, in many cases, double 
'Or even triple the present reproductive rate. 

4.8.15 Marketing, Processing, Distrioutwn 
Meat, milk 'and eggs are highly perishwble and require complex 

marketing, processing, and distribution systems ,to span the gap from 
farm to consumer. In most developing countries t,hese systems are 
poorly developed or non-existent;.-oonsequently, animal products are 
not well-utilized 'and a gre&t deal of wastage occurs. Efficient mar
keting, processing and distribution systems are needed. The nature of 
,the systems required depends pretty much upon the state of develop
ment of the economies of these nations. 

4.8.8 Transportation, M anujactured Inputs, and· Live8tock S ervwes 
An efficient and productive livestock industry, like other segments 

of 'agriculture, requires adequate transportation from farm to mar
ket, an adequate supply of manufactured inputs (insecticides, fer
tilizers, farm machinery, feed supplements), and livestock services 
(marketing information, insemination services and veterinary 
services). 

4.8.7 Incentive8, Government Policy, arul Land Tenure 
Livestock raising must yield a profit to the producer before' a live

stock industry will, evolve; Government policy in relation to prices 
paid.and prices received is a major determinant lasro whether or not 
a livestock indust.ry can be profitably estahlished. Land tenure systems 
influence the quality and scope of livestock enterprises. Laws do not 
always favor rational utilization -of '3 nation's total agricultural re
sources, including forages and feeds. For example, many livestock 
men in certain Latin American countries do not &dopt improved man
agement praotices because in doing so they run the risk of haying 
their farms confiscated by land reform programs. This is a senseless 
w&ste because production could be greatly increased on their holdings. 

4.8.8 Oustom, Tradition, Social, Political, and OUltural Factors 
Technical innovations in the livestock industry will not be readily 
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adopted when contrary to cust.om, ,tradition, and political, social, and 
religious beliefs. Some cultural patterns can 'be changed, but others 
are so firmly entrenched that the probability of change is remote. It 
is essential that the nature of traditional land cultural practices be 
understood in order .to develop rational systems to overcome them. 

A good example of this point is the practice of overstocking graz.:. 
ing lands throughout much of Asia and Africa, which results in sig
nificant. lowering of production 'and a great deal of damage to grazing 
lands. Tradition, prestige, dowry for the bride, and a measure of a 
man's worth are cited as the reason more liveStock :are kept than the 
land will support. Tradition undoubtedly grew out of experience over 
the centuries that during extended periods of drought or epizootic 
diseases, herds with large numbers of animals were more likely to sur
vive and thus the large herdsman was able to rebuild his herd while 
those with few animals might lose them all. Present technology no 
longer. makes this practice necessary. However, the advantage of 
carrying fewer animals must be demonstrated before the practice of 
maintaining large herds will be changed. 

It once was believed th8lt nomadic pastoralists would not accept a 
sedentary system of livestock husbandry. It has become apparent dur
ing the last few years, however, -that many such peoples will willingly 
choose a sedentary life if adequate supplies of water, forage, and mar
kets become available. 

4.9.0 Research and Education 

There is a critical shortage of manpower trained and experienced 
in the sciences land technologies underlying animal production in the 
developing countries. Very little knowledge of 'animal production 
exists which is relevant to conditions found within these countries, 
most of which are lOC3Jted in the tropics or subtropics. There are too 
few skilled extensionists, and few effedt.ive mechanisms of extending 
new knowledge to anini:al producers. Regulaltory agencies often are in
adequ9Jtely staffed and incapable of meeting national needs. MOst im
portant' the scientific resources of most developing countries are not 
organized in effootive institutional structures; hence, most of these 
countries lack support from a highly' integrated institutionalized 
science that charaoteristizes agriculture in most developed countries. 
It is essential that such national insti.tutional structUres be developed. 
Continued growth. of any agricultural industry requires a sustained 
flow of new mputs which cannot be a.chieved by ;a series of infusions or 
transfers of segments of science from abroad. The development of 
effective indigenous institutions would be fostered:by close association 
.with counterpart American institutions 'that would help.guide their 
development and supply some of the skilled individuals required. 
Strengthening research and eduoational institutions in ,the developed 
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countries would increase their capabilities for contributing to the 
development of science and technology in developing countries. 

4.9.1 Education 
Manpower shortages exist in most developing countries at all levels 

of competence. There are approximately 164,000 veterinarians in the 
world,9 excluding Mainland China, with only about 17,000 located in 
these nations of greatest need. Even fewer individuals specifically 
trained in nutrition, genetics, physiology, and livestock management, 
the scientific components of animal husbandry, are available in these 
countries. In most developing countries, veterinarians not only supply 
the skills for animal disease control, but also those for animal hus
bandry. Education programs should be strengthened to increase the 
effectiveness of professionals both in veterinary medicine and animal 
husbandry. 

There is a particular rieed throughout developing countries to 
strengthen professional education in animal husbandry. There is no 
doubt that the veterinarian must continue to receive a great deal of 
education in animal husbandry to meet his professional obligation of 
promoting animal health and productivity as well as preventing and 
curing disease. On the other hand, there is a critical need for training 
individuals in animal husbandry with a thorough understanding of the 
complex interrelationships of animals, plants, soils and environment 
as well as a broad knowledge of agriculture including economics and 
management. It would'appear appropriate for colleges of agriculture 
and colleges of veterinary medicine in most developing countries to 
cooperate in developing curricula to fulfill this need and to provide 
the education required. Because veterinary medical schools over most 
of the world· have assumed the obligation for animal husbandry, they 
have a special obligation to society to see that this branch of animal 
science is developed to meet world needs for livestock development. 

A great number of schools attempting to provide training at the 
professional level in veterinary medicine and animal husbandry have 
been established in developing countries. It would be far better to 
assign available resources to fewer institutions to develop a. few high 
quality centers of education. Regional compacts to provide education 
in the animal sciences should be explored .by countries that cannot 
support teaching programs adequately in all these subjects. Profes
sional education programs in most developing countries should pro
vide students with practical experience with animals because most 
students who attend these schools have not had significant animal 
experience prior to entry. 

9 Steele, d. H., World need for veterinary training. Amer. Rev. World Health 14: 18-24. 
WR . 
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Technically oriented education in the animal sciences should be 
expanded to provide much of the manpower needed to implement 
extensioJ;l and regulatory programs, as well as to supply animal science 
know-how to commercial enterprises. One or two year programs of 
study beyond secondary school, combining formal programs of study 
in the animal sciences with practical experience in various facets of 
animal production, fit the need for training of highly valuable sub
professionals. Individuals trained in these programs serve a variety 
of needs such as assistants to veterinarians, livestock development 
officers, extension specialists, inspectors, inseminators, meat packing 
house or dairy plant operators, and animal nutritionists with commer-:
cial firms. Approximately 5 to 10 tiines as many sub-professionals are 
needed as professionals. -

Vocational and technical training in animal husbandry at the sec
ondary school level is one of the most effective ways of developing 
widespread understanding of scientific livestock production by the 
individuals that manage and service farm livestock enterprises. These 

- programs can be combiJ:1ed with traditional secondary education as in 
high school vocational agricultural programs in the United States or 
can be provided by schools devoted entirely to vocational agricultural 
education, as is done in many countries. The program should combine 
formal and practical offerings in the spectrum of animal science 
disciplines most needed in a particular country. 

l;.9.~ Needs in Research 
Knowledge of hiology, ecology and diseases of anima:ls in the tropics 

and husbandry practices under. tropicaJ conditions is meager. A great 
deal of research on animal diseases and parasites, feeds and forages, 
animal nutrition, physiology of animals, breeds 'and breeding, includ
ing the development of heat and disease resistant strains of livestock 
and husbandry practices will be required to bring tropical animal'pro
duction up to acceptable standards. It would appear to be unduly 
wasteful to create modern research laboratories with equipment, in
cluding the latest in computers, animal environmental chambers, iso]a
tion units costing many millions of dollars, as well as a large multi
disciplinary research staff,-modern libraries, and supporting facilities 
at many locations .. A more reasonable and economical initial a;pproach 
would be to est3Jblish two or three international animal science centers 
to serve both the humid and dry tropics. These centers should be closely 
coordinated with tropical agricultural research programs. Close asso
ciation with a tropical forage research program would be desirable. 
They would conduct research on all aspects of tropical animal science, 
including diseases, and focus particularly on important problems lim
iting livestock production in the tropics. As described elsewhere in 
this report, another _center devoted entirely to research on the epizootic 
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tropical diseases 'Of livestock should be established, preferably in tropi
cal Africa. 

National programs of research in animal husbandry and veterinary 
medicine should be established to respond to local research needs and 
to adapt the principles of animal science developed at international 
research centers and elsewhere to local problems. These programs 
should be closely related to educational institutions, extension programs 
and national regulatory agencies. . 

4.9.3 Ewtension Programs in Anim·al Soie'fWe 
Effective programs of extending innovations to producers in all 

a.spects of animal science are desperately needed in developing coun
tries. Extension prQgrams of organizations supplying supervised or 
directed credit such as the World Bank and commerical concerns such 
as feed manufacturers and distributors, milk processors, pharmaceuti
cal manufacturers, and packing plants are important and effective and 
should be encouraged and assisted' in every possible way. 

4.9.4 Role of the Private Sector in Livestock Dewlopment 
Governments should encourage more participation of the private 

sector in the promotion of livestock improvement programs. Livestock 
producer's assOciations, veterinary medical associations, breed im-

. provement aSsociati'Ons, ,professional organiz·ati'Ons and 'Others sh'Ould 
he stimUlated to expand and accel!3rate extension. programs. Active 
livestock organizations exist in' Mexico, Argentina, Colombia, Peru, 
and are present in most developing countries. In Ecuador, the Holstein
Friesian Association has done a remarkable job of introducing the 

. concept of cattle improvement to dairymen and is now expanding its 
efforts to other hreeds. It also is sponsoring improved health, feeding, 
and management .methods for its membership. The success of this 
organization results from enlightened leadership which· works closely 
with government officials to improve milk quality and solve distribu
tion problems. Also more favorable milk prices have been negatiated by 
this association. Such organizations can do much to resolve the prob
l(~ms of the livestock industries. 

J,..9.5 Regulatory Programs 
Regulatory services to control contagious diseases and enforce quality 

standards are essential to a profitable and productive livestock indus
try. Their main functions are to operate diagnostic laboratories, eradi
cate disease, operate quarantine programs upon which disease 
prevention schemes are based, and enforce quality standards. In many 
developing countries, these agencies must also produce vaccines when 
they are not otherwise available. They also enforce quality standards 
for drugs and vaccines used for livestock and attest to the quality and 
wholesomeness 'Of animal.products moving to consumers. These pro-

. grams should be staffed by highly competent individuals dedicated to 



INTENSIFICATION OF ANIMAL PRODUCTION 291 

the advancement of the animal industries. Regulatory programs should 
be closely coordinated with educational .research and extension 
programs. 

4.9.6 United States Education in the Animal Sciences for Studems 
. from Developing Oountries 

Generally, it is advjsable for students from developing countries to 
obtain education through the B.S. or D.V.M. degrees, or their equiv.a
lents in indigenous or accessible regional institutions. Graduate study 
in the United States should be made as relevant as possible to local 
problems confronting students when they return. Every effort should 
be made to provide the student with the principles of the discipline 
he is studying, some. of the techniques used in that discipline, and 
experience in the solution of problems similar to those he will encounter 
in his native environment. Ideally, the graduate student from the 
developing countries studying in the United States should return to his 
home country to conduct his thesis research under the direction of a 
skilled professor from the United States institution in which he 
studied. The international service faculty concept being developed in 
the United States -today will make this possible. 

4.9.7 Education of United States Animal ScientiBt8lor International 
Service 

Educational programs should be developed to better prepare United 
States students for careers in international livestock development. 
They should develop skills in an animal science discipline at the B.S., 
M.S., D.V.M., Ph. D., or p~-doctorallevel. Their education should 
contain courses on international development and studies in the area -
in which they wish to work, e.g., Latin America, Africa, or Asia. Fi
nally, they should spend one to three years with senior people working 
in the discipline in a developing country. Again, the international 
service faCl;tlty concept will make programs of this nature possible. 

4.9.8 University Oommiflment to International Livestock Develop-
ment 

Livestock development programs are inherently of long duration. 
Few programs can hope to yield -significant results in less than five to 
ten years. Long-term commitment of the university as represented by 
its school of veterina'ry medicine or department of animal husbandry 
is necessary. Individuals working in the program will be more effective 
if they can devote their lifetimes to the acquisition of the skills and 
experience relevant to international livestock development programs. 
The international service faculty concept will make it possible for the 
university and members of its faculty to make long-term commitments 
to international livestock development programs. 
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4.10.0 Conclusion and Reconunendtltions 

Prospects for expanding world animal protein production are good. 
Latin America, Africa, and the Near East can support major expan
sion of their livestock industries without wastefully competing for 
food that might be consumed. directly by people. Southeast Asia, too, 
could significantly expand animal production. The problem in India 
and Pak~stan is more complex. Pakistan can expand its cattle industry 
significantly by adopting modern animal science ~echnology. It is 
doubtful, however, that per capita supplies of ,animal protein can be 
increased significantly in view of rapid population increase. India has 
a special problem because of Hindu religious beliefs relating to cattle. 
Reduction of the number 01 non-productive cattle would be helpful. 
The expansion of efficient commercial dairies, poultry production 
units, as well as swine farms mainly utilizing wastes and by-products 
not now utilized, appears to be the best way to increase necessary 
animal proteins. There is little hope, however, that the dietary need 
of Indians for high quality proteins will be met solely by animal prod
ucts. Alternative plant or marine sources must be exploited. 

Inc~eases in world production of animal protein could, under favor
able circumstances, equal or slightly exceed population increases at 
least until 1990. It might be possible to accelerate estimated increases 
in animal production by maximizing efforts to control animal diseases 
and utilizing science and technology ·in production processes; how
ever, we do not consider this to be a likely prospect. 

To achieve high levels of production in the livestock industries 
of developing countries, an indigenous base of science and technology 
must be established that will furnish the sustained flow of innova
tions required to make continued development possible. Institutions 
that will provide appropriate education at all needed levels, create 
and extend new knowledge, and regulate livestock activities must be 
established and made to function effectively. These will take a great 
deal of time and effort; however, there is no doubt about the nature 
of the job that must be done. 

The following recommendations are ~: 
1. The unique contribution that animals make to the world food 

supply should be taken into account in the development of world 
food plans and action programs to reduce the world food deficit. 

2. Major efforts should be made immediately to control the world's 
major epizootic diseases of livestock. A coordinated worldwide plan 
of .action is needed, with the necessary research emphasized and sup
ported to ensure the success of control programs. An International 
Center for Tropical Veterinary Research should be developed in the 
tropics to devise effective cont~l measures for the major tropical 
animal diseases. 
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3. Programs to increase 'animal production, based upon long-range 
plans conceived after careful evaluation of each nation's total agricul
tural resources, and designed to exploit unique attributes of animals 
to contribute to that nation's food supply, should be instituted. Pro
grams to develop optimum genetic stocks of livestock for local con
ditions; measures to increase forage production and improve range 
and water management; steps to improve livestock nutrition and 
utilize local feeds and feedstuffs, particularly wastes and by-products; 
means to ilnprove animal husbandry and the industries and services 
that support livestock production, as well as disease control programs, 
should be included. 

4. Special efforts should be made to develop the educational, re
search, extension, and regulatory institutions which will provide the 
continuing mechanisms whereby a nation will utilize science and 
technology to increase animal production. Manpower needs in animal 
husbandry and veterinary medicine are particularly acute. Marked 
expansion of training programs at the professional, subprofessional, 
and vocational levels are needed. . 

5. International Centers for Animal Science should be established 
in the tropics at a very early date to develop a body of knowledge 
of tropical animal science and husbandry practices for both the humid 
and dry tropics. These centers would conduct research on animal 
nutrition and feeding, animal hreeding, environmental physiology, 
animal husbandry, and animal diseases, except for the epizootic animal 
diseases. They should be located in close proximity to and cooperate 
with tropical agricultural research centers. 
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5.0 INCREASING HIGH QUALI~ PROTEIN 

5.1.0 Summary 

la destinee des nations depend de la maniere dont elles se rtonrrissent . . . 
~Brillat-Savarin .. 

5.1.1 The General Protein Problem. and the Statistical Pa.radow 
Althpugh statistical surveys, based 'On t'Otal food available per \ 

capita, suggest that there is n'O pr'Otein sh'Ortage, there is . c'Onclusive 
clinical evidence that large numbers 'Of people, suffer fr'Om protein 
malnutriti'On. There is evidence t'O indicate that m'Ost 'Of the mal
n'Ourished are n'Ot getting the am'Ounts suggested by average figures. 
The'reas'Ons f'Or this apparent discrepancy are due to the fact that, 
clinically, the "average" level and type 'Of protein per capita de
termined from surveys is inadequate to meet the needs 'Of three sensi
tive gr'Oups 'Of any populati'On: prescho'OI children, pregnant women, 
and nursing m'Others. Protein needs of 'Children 'Of weaning age are 
high and unless these needs are satisfied, physical development and 
growth are impaired, and mental retardati'On may bea damaging 
consequence. In general, surveys fail to consider segments of a popu-

. lation, varia'ble in time, place, and number, which 'are under nutritional 
stress, due to sickness, special P'OVerty, 'Or crop failure. In additi'On, 
an 'Other, and very important factor, is the wide disparity between 
data based on surveys of actual production 'and the quantity actually 
available t'O the P'OPulation which may he reduced by vari'OUS types 
'Of I'Osses, by insects and rodents, po'Or transportati'On and 'O'ther fact'Ors. 

Each regi'On 'Of the W'Orld has 'available t'O it cert'ain foodstuffs; the 
pe'Ople wh'O live in each regi'On have specific f'O'Od habits and ~ab'Oos. 
Ch'Oice of a course 'Of acti'On f'Or a target P'OPulati'On is dependent 'On' 
assessment 'Of local pr'Oducti'On and distributi'On and pinp'Oint~g the 
requirements and the specific 'acceptability patterns of the popultition. 

5.1.tE The 001nplewity of the Problem 
Supplying adequate nutriti'On to a devel'Oping area is n'Ot an is'O-

'lated pr'Otein pr'Oblem. It inv'Olves the' control of the rate 'Of gr'Owt~ 
'Of P'OPulation, the creati'On 'Of a· fo'Od supply adequate in calories and 
essential nutrients including protein and, finally, technol'Ogical, eco
n'Omic, social"and 'Other fact'Ors inv'Olved in getting the needed foods 
and nutrients t'O the consumer. Hunger and malnutriti'On are 
symptoms 'Of the lack of economic devel'Opment. Therefore, atten-
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tion must be focused on total economic development polarizp,d around 
agriculture and full use must be made of the resources of the private 
sector and government in the target areas and in developed nations. 

5.1.3 Protein JYeeds of Grain ood Non-Grain Regions 
froper protein nutrition involves the provision of adequate calories 

and a proper amount 'Of pr'Otein 'Of suitable quality. The mass 'Of the 
populatIOn in developing countries gets most of its protein and most 
of its calories from grain. Thus, for these pe'Ople, the central protein 
problem is the provision of more protein by increase of agricultural 
production, by reduction 'Of the present enorm'Ous waste, by better 
distribution, by improvement of the nutritiO'nal quality of the grain 
protein by genetic means, and by fortification with the essential amino 
acid, lysine (whicb is low in all major grains) 'Or with protein 
concentrates from oil seeds and fish. 

A minority 'Of the pe'Ople in devel'Oping c'Ountries 'Obtain most of 
their calories from cassava and other starchy roots which are I'OW 
in pr'Otein. In these non-grain regi'Ons, there is n'O alternative to 
providing adequate additional foodstuffs that are rich in good pr'Otein. 

5.1.4 Time, Scale, (fIJl(/; Prioritie8 
It is imperative for programs designed t'O alleviate protein deficiency 

to' produce big results in a relatively short time. Since even the 
m'Ost vigorous efforts prohalbly will fall short of the goal, w'Ork 
sh'Ould be initiated pr'Omptly 'On ·any program which sh'OWS promise 
of P'Ossible significance. Nutritional programs, however, differ greatly 
in the speed with which they can be initiated and developed as well 
as in their ultimate impacts. Thus, what can be accomplished in a 
few years, apart from whatever agricultural, economic and social 
impr'Ovements may be feasible in a sh'Ort time, is extremely limited. 
The present donati'Ons 'Of grain and pr'Otein concentrate mixtures 
. (weaning foods), 'Of course, are having an immediate and important 
effect 'On protein nutriti'On. The special protein pr'Ogram which sh'OWS 
greatest P'Otential f'Or early results is central f'Ortificati'On of grain 
with lysine and/'Or 'Oilseed protein c'Oncentrates. Immediate eff'Orts 
to stimulate pr'Oducti'On and distribution 'by industry 'Of pr'Otein food 
pr'Oducts t'O meet local taste will have the greatest I'Ong-term impact. 

Eventually, all agricultural and n'Onagricultural methods 'Of pr'Ovid
ing adequate pr'Otein 'and cal'Ories will be needed in 'Order t'O fulfill 
the en'Ormous~ needs 'Of the increasing P'OPulati'Ons 'Of the world. These, 
in general order.of pri'Ority, time f'Or implementation, and probable 
success, 'are described and evaluated in the rep'Ort. 

5.1.5 . What the U.S. Government ShuuM Do 
.An assessment 'Of the 'Over-all pr'Otein needs 'Of the developing areas 'Of 

the w'Orld and a c'Omparison 'Of these with the resources 'Of the United 
States quickly demonstrate that 'Our abilities t'O feed these areas 'Of the 
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world are limited and diminishing. Although some may say that the 
problems are those of the areas themselveS, oiIr role as a leader of the 
free world and the desire to assure survival of our own way of life, 
dictate that we must not only help but lead'. Thus, whatever we do 
must stimulate greatly improved and expanded activity in the target 
countries themselves. Because the solution of the protein supply prob
lem cannot be separated from the overall food supply and distribution 
problems, the following principles should guide actions by the United 
States government: 

1. Help initiate and support a strong voluntary population control 
program in each country in which assistance is to be given. 

2. Increase to the greatest possible extent -available food-supply by 
improving production, preservation, and distribution of food and by 
taking action to reduce losses due to spoilage, insect pests, and rodents. 

3. Institute fortification of Food for Peace cereal grains with amino 
acids and/or protein concentrates. ' 

4. Stimulate protein fortification of grains grown in developing 
countries. ~ 

5. Meet the emergency needs of post-weaning children by increasing 
the donations of protein concentrate mixtures. 

6. Institute and support larg.ewscale programs to improve the protein 
nutritional value of grains by plant breeding and by development of 
low-cost sources of threonine and tryptophan. 

7. Stimulate and support industrial development and production of 
low-cost protein foods which utilize indigenous materials. -

8. Stimulate introduction of cereal and high protein crops in cassava 
areas and other areas where the major source of calories is low in 
protein. 

9. Stimulate local production and utilization of fish and their 
products. 

10. Encourage and support research. and development on processes 
leading to the production of protein from new sources such as single 

. cell and leaf protein. 
11. Encourage animal production in those areas where there are 

large quantities of inedible (by man himself) feed materials and lands 
which are unsuited for crops. 

5.2.0 Introduction 

A man seldom thinks with more earnestness than he does of his dinner. 
-Samuel Johnson. 

5.2.1 General 
Pasteur, Koch and others in the latter half of the 19th century made 

research discoveries which led to the control of communicable diseases. 
The conquest of these diseases has enabled man to defer death and to 
reduce infant mortality and has transformed the traditional pattern of 
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high birth and death rates into one of high birth and low death rates. 
This change ha,.q created disturbing and disrupting paradoxes through
out the world. The increase in man's reproductive efficiency has trans
formed the kinetics of demography from simple arithmetic additions 
to complicated geometrical progressions. An accelerating rate of popu
lation increase has resulted in. a progressive rise in the number of 
mouths to be fed which is not being matched by a comparable accelera
tion in the rate of food production. 

It is now well accepted that a reduction in birth rate and an increase 
in fo04 production must occur to avoid widespread starvation before 
the end of the century. The purpose of this report is to consider a 
speciaJ aspect of the world food problem-the needs for high quality 
protein 1 and the ways these needs can be met, for the short-term and 
for the long-term. This introductory statement will define the frame
work within which all protein produ,ctsr and alternative programs to 
alleviate malnutrition must be considered. 

5£.~ The Oomplewity of the Problem 
To make responsible and realistic decisions concerning protein 

. products and maJnutrition, it is imperative to lmow and to understand: 
1. The characteristics of different protein: products. 
2. The relationship 'of a product or program to the specific 

problem being faced. 
3. The time available to solve the specific problem. 
4. The 8cale or magnitude of the need. 
5. The special circumstances and needs of the target area and 

group. 
6. The resources, human and material, presently or potentially 

available from outside the target area (largely from the United 
States and Western Europe). 

7. The resources, human and material, presently or potentially 
available within the target area. 

Each country or regIonal problem must, therefore, be discussed in 
context. Yet, it has been a recurrent experience that most discussions of 
products and projects, at length and in detail, at conferences and 
symposia attended by those with a general interest in protein nutri
tion are quite irrelevant when a specific situation in a specific country 
is considered. 

The only practical objective for a program to improve protein nutri~ 
tion is to get an adequate amount of high quality protein into the 

'I A ldgh quality protein, Is defined as one whIch suppl1es all the essenUal amino acids 
(lysine, histidIne, tryptophan, methionIne, threonine, leucine, Isoleucine, valine, phen
ylalanIne) In near-optimal proportIons. The misleading term, Ilanlmal protein," Is often 
used to refer to such materials, because proteins from animal sources are usually com
plete, not because proteIns with the full complement of amIno acIds are exclusIvely de
rived from anImal sources. 
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maximum number of undernourished people within a certain limited 
time; projects aimed only at doing 80me good will not solve all of the 
problems. This objective cannot be achieved merely by deyising food 
products. Many other aspects of the problem, solutions to which must 
be evaluated and pursued by other disciplines 2 are involved, ranging 
from intensification of agricultural production of crops and of indus
trial production of vitamins and amino acids through the entire chain 
of processing, storage, marketing, an.d consumer acceptability of foods. 
Failure of any link in the chain means failure of the entire system. 
Thus, apart from the fact that protein problems are varied in them
selves, the steps needed for the successful attack in anyone area are 
very complex. For the most part, after this acknowledgment, we shall 
take the work of other subpanels for granted and focus our discussion 
on problems associated with protein nutrition. 

5.~.3 Type8 of Orise8 
1.< Long-range 
The impetus to the present consideration of world food supply has 

been the sense of impending urgency caused mainly by the current, 
rapid expansion in population. Unabated, this could leadto the ulti
mate and most widely discussed crises, i.e., large shortages of calories 
and protein culminating in mass starvation. The sharp increase of 
urbanization in the developing countries has been noted by the United 
Nations which states that as early as 1950, one-third of the world's 
cities with populations exceeding 100,000, were in Asia. This trend 
toward urbanization is by no means at an end.s 

2. Immediate Problems 
... and' it shall come to pass that when they shall be hungry, they shall fret 

themselves, and curse their king and their God, and look upward. 
-Isaiah 8: 21. 

It is important to realize, however, that a more immediate problem 
than mass starv8ltion, is the possibility of collapse of weak societies 
under the strain of local, even temporary,food shortages. The hypoth
esis that this will first strike cities, dependent on rural areas for food, 
is being borne out by experience in large cities of Asia where there are 
increasingly ominous rumblings. These disturbances, of cour~, are not 
attributable exclusively to protein shortage. Yet, protein shortage is 
a far more important element than popularly recognized. 

Furthermore, so far as adequate protein nutrition is concerned, 
there now exist immense and critical problems. Large parts of the 
developing world already have a grave shortage of high quality 
protein for the young, manifested by high death rates among infants 

J In this report, this refers to the expertise of the members of the other subpanels. 
3 Food and Agriculture Organization of the Uutted Nations. Population and food supply. 

Freedom from Hunger Campaign, Basic Study No.7, August 1962, pp. 19-21. 
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and pr~-school children and, as recently recognized may cause other 
long-term adverse effects such as t:etarded mental development.4 

5.~.4 The Time Faator 

The various kinds of crises and the approaches to resolve them differ 
in many technical respects, especially in the pressp.re to achieve ade
quate results within a certain period. A protein program cannot be 

. discussed meaningfully without consideration of the time in which it 
can be effective. This aspect is often wholly neglected in current 
thinking. . 

. For instance, it can be calculated that proteins from microorganisms 
and algae could supplement conventional sources of protein. However, 
many intricate problems must be faced before such potential new pro
teins can be expected to have any appreciable impact on the world pro-

. tein supply (see Section 5.13). There is no intention to belittle or to 
minimize the need to pursue worthwhile leads which are unlikely to 
produce quick pay-offs. It must be emphasized, however, that for some 
purposes quiak results are e88ential. Saving time, even when it is ex
pensive in money and involves waste, mistakes and duplication, may 
be more important than the more logicai and economical alternatives 
dictated by scien~ific and technological potential alone. 

5.~.5 Saale of Effort 
Another basic factor is 8aale. For instance, milk is a desirable and 

demonstrated source of high quality protein. But, in terms of the sheer 
volume of protein need in the developing world, the amount of milk 
protein available is extremely small. Trials of many protein products 
should be encouraged, if practical, so the potentialities and limitations 
of each can be determined by experience. But, it is folly to repeat past 
errors and to ignore or underemphasize the importance of scale in 
selecting alternative programs. 

Apart from increased production of cereal and certain American 
"giveaway projects" no program yet undertaken has supplied protein 
on a large scale to the segment of. a population whose needs are the 
greatest. There has been progress in understanding and in the develop
ment of products, techniques and programs which, on the basis of" 
pilot studies, offer possibilities for the future. There has never been a 
successful, massive attack on the ever-increasing world shortage of 
protein. Sl'ecial protein foods have been produced in various parts of 
the world ·but the hard fact remains that, to date, these foods have been 
marketed to those in greatest need in miniscule amounts. 

• T)J.ese are well documented· In National Research CouncH. Food and Nutrition Board. 
Pre-sehool malnutrition-primary deterrent to human progress. Nat. Res. Councl1 Publ. 
1282, 1966, 355 p.; and in Chapter 1. ot thls·report. 

John M
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5.~.6· Implicatlons of the Time-Soale P'l'eS8U'l'e 
There is a humanitarian need to produce significant results quickly, 

but the larger the goal and the shorter the time for achieving it, the 
more severe are the restrictions on how the job can be done, and the 
more limited are the choices among products and programs which 
offer hope for success. 

Those protein programs which are intended to be successful in the 
very short run, must be designed to accept existing societa~ conditions. 
Agricultural, techno~ogical, economic, or social changes must be lim
ited to those which are practical within the next few years and which 
make minimum demands on the present structure and fabric of the 
social order of those whom they are to aid. Rapid changes on a large 
scale in type of farming, in economic status, in food habits, in educa
tional lev~l, and in marketing mechanisms, 'are out. of the question 
on this time-scale. For the future, however, the catalysis of such 
changes is an essential goal, for which preparation must begin now, 
since lead-time for fundamental alterations in structure of traditional 
cultures is almost incredibly long. 

The short-term goal is not to achieve optimum protein nutrition; 
it is to get results where the danger is greatest, among young children 
in the cities. Unfortunately, the subsistence farmer will, in most cases, 
be largely (although not entirely) compelled to wait for general 
changes in rural structure and activity. By not recognizing the re
strictions on what can be done on a large scale in a short time, one 
runs the risk of accomplishing nothing if one tries to design a program 
that will have an impact on the entire population. 

The partial control of infectious diseases, which has triggered the 
increased growth of population and the threatening food crises, has 
occurred quickly and has affected a huge number of people. Malaria, 
for example, was largely eradicated in Ceylon and India by systematic 
spraying with DDT. These great and fast results were obtained (1) 
by action from the top; (2) by central decision and operation; (3) at 
low cost; and (4) without major changes in social structure. One pro
gram to improve protein nutrition, which has these characteristics po
tentially, is the central fortification of local food staples with amino 
acids or protein concentrates (which admittedly has difficulties, un
certainties and limitations not yet fully understood and resolved.) The 
exact substance and technique to be used for fortification will vary with 
the nature of the staple, how it is distributed and used, and many other 
factors. 

5.~.7 Varying Oi'l'cwrn8tanoes 
There can be no universal or simplistic solution to problems of 

protein nutrition. The variations and complexities are many and pro-
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found, and, consequently, every protein product and program must 
be, discussed in relation to specific circumstances as well as in relation 
to time and scale if practical results are to be achieved. 

Rice alone is the staple food of about half the entire human race.1i 

More than two-thirds of the population of the world customarily 
'depend ,on 'grains for caloric requirements.6 The problem, then, is 
whether adding modest amounts of protein concentra~ or amino acids 
to these grains can transform them into adequate sources of protein. 
For-a small fraction of the world's population, calories are obtained 
mainly from starchy roots such as cassava which contain very little 
protein. Such staples must be supplemented with larger amounts of 
high quality protein to effect the needed change in nutrition. 

Regions vary in other important ways, in their social and economic 
p~tterns, in the type of grain grown and the form in which it is eaten, 
in the protein supplements (fish, beans, or pulses) available locally, 
in the industrial' and commercial po§)sibilities, and in governmental 
facilities and effectiveness. 

In the cities, traditions have been modified by urbttn life so that 
food habits are relatively easy to change. Almost anywhere in the 
world, the situation in cities is radically different from that in the 
country. City residents are on a money economy and they purchase 
t.heir food; the poorest classes inevitably buy the cheapest source of, 
calories. City residents are reached by commercial distribution and 
promotion and are more. amenable to accepting alternatives in the 
food they eat .. 

There are important differences between types of farmers. Some 
live entirely on what they grow, so-called subsistence agriculture. 
Others produce cash crops and, being in a market economy, are a;ble 
and expect to buy some of their food. -

All told, to be successful, all protein programs must be accepted by 
the consumer.and·not require continuing government pressures on the 
consumers. In other words, protein programs must be market-oriented, 
i.e., eventually geared to the development of self-sustaining food pro
ducing, procesSing, and distributing businesses even if, in some links of 
the. chain, government subsidies and regulations will be involved. 
Each program must be designed to fit the needs and possibilities of 
a particular market and must be based on adequate knowledge of the 
local socio-economic situation and its possibilities. Unavoidably, then, 
the discussions of special products and programs must be related to 
particular markets and will ultimately depend on the rate of economic 
development. 

IS Food and Agriculture Organization of the United Nations. The state of food and 
agriculture 1966. Rome. 1966. 

41 Food and Agriculture Organization of the United Nati()ns. Produetlon yearbook 1962. 
Rome, 1962. 
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5.12.8 Government Mechanisms 
A final and important aSpect of protein problems is the question 

of what the United States Government can and should do with its 
limited resources of money, materials, knowledge, and manpower. 

Since American resources of all kinds are finite, American contribu
tions can be effective only if they have multiplier e~ects. There is little 
point to initiating an American program which, even if successful at 
first, cannot be carried on, improved, and expanded within a country 
utilizing that country's own resources. A program which depends 
mainly upon materials and management from the United States for 
survival and expansion is a bad program. Even a program which can 
be expanded with local resources only slowly and on a small scale is 
unsatisfactory if quicker and larger-scale alternatives are feasible. 
Every protein proposal must be considered realistically from the point. 
of view of its potential to become self-sustaining, particularly in terms 
of the development of local industry. 

Because of the heterogeneity of problems in time and space and the 
variety of ways local raw materials can be used to obtain food, many 
different alternatives for protein projects must be considered. There 
must be top-level administrative decisions on the division of neces
sarily limited resources among different types and locations, the pro
vision of resources essential for the success of each program, and the 
. target time and relative emphasis for each priority. 

Administrative organization and procedures must be provided which 
will insure that planning and policy, both here and abroad, be made 
quickly and concisely to .encourage participation by target· countries 
and by industry. The agendes responsible for the administration of 
these programs must be organized to provide accurate analyses of the 
problems involved in each area; to offer feasible and practical solu
tions, area by area; and to provide the necessary follow-up to insure 
t.hat the effectiveness of each program is evaluated, whatever the time 
required ,for evaluation. Administrative mechanisms in the target 
countries are equally important for the success because a certain 
amount of cooperation is essential for any program. 

5.3.0. A Condensed and Different Look at the Calorie and Protein 
in . the Diets of the World 

. Brevis esse lab oro obscurus flo 
(In trying to become concise I become confused) 

The diet of the world's population can be categorized generally on 
the source and calorie-protein ratio of food, and on the incidence of 
Kwashiorkor, a childhood disease caused by protein deficiency (see 
Table 5-1). 



308 THE WORLD FOOD PROBLEM-VOL. n 

TABLE 5-l.-The calorie-protein ratio of 3 general clas8e8 of diet8 1 

Calorie protein 
ratio 2 

Main source of food Characteristics of diet Protein condition 

LowesL ____________ Varied and balanced __ High in protein calOries of Could be surfeit of protein. 
animal origin. 

Intermediate ________ Cereals _______________ High in grain calories: 
WheaL _________________ Could be adequate except for 

sensitive groups (I.e., pre-
sch091 children). 

Rice ____________________ Less adequate than wheat; 
some occurrence of Kwa-
shiorkor. 

Com ____________________ Kwashiorkor prevalent. 
Highest _____________ Tubers and sugars ____ Low in grain calories, high Kwashiorkor widespread. 

in fats, tubers, or sugars. 

1 Based on isocaloric diets and assuming sufficient calories in each group. 
2 Legu:n!l3 tempar the protein c:>niitbn s) n3whlt ani are ulai in intern3:liate an:l 'lighest classes. 

However, in general, the protein situation of a population becomes worse as one moves from lowest to 
intermediate to highest. 

There are three classes of diets: (1) those characteristic of North 
America, Oceania, most of Europe, and other developed areas that 
contain relatively large amounts of animal protein; (2) those diets in 
which most of the calories are derived from cereals; and (3) those diets 
in which most of the calories are derived from fats, sugars, or tubers 
or some combination of these foods. Several points are made about 
the present and prospective supply of proteins in each of these general 
classes of diets. 

5.3.1 Diets With AnimaZProtein 
1. Only in populations with this class of diet is there no protein 

malnutrition at present. 
2. Animal protein will disappear last from these societies so research 

on reducing the cost and improving the potentialities of animal pro
duction is still justified. It might be well to concentrate more on land 
areas and feedstuffs that cannot be used directly as sources of food 
for humans. With improvements in food science, ruminants are likely 
to offer the best potential because grazing animals can utilize land that 
may not be suitable for cultivated crops. 

3. This type of society is accustomed to high esthetic levels and low 
monotony levels of food. Fortification of cereal grains probably will 
be less acceptable than new protein foods with the same quality as ani
mal foods. Increased emphasis on new protein foods acceptable to the 
consumer is recommended. This means improvement in the level of food 
science and technology and more rese'arch on protein sources. 

4. Since these societies are not in immediate danger, they can under
take more long-term research and will continue to be the exporters of 
protein, other foods, and technology. 
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5.3.2 OerealDieta 
1. The diets of people in sqme countries are· based primarily on 

cereals. Such countries should be encouraged, first of .all, to produce 
more cereal, to prevent losses and to' emphasize the production of ce
reals of highe~t protein content and quality and'second, to fortify 
cereals with amino acids or protein concentrates in ways least likely to 
change food habits. Whether f<?rtification or improvement of protein 
quality by genetic means should take priority depends on specific re
gional situations. Either approach has the potential to eliminate prob-
lems of protein malnutrition.' , 

2. These people strive for less .monotony of diet. They would prefer 
animal protein. but satisfying thi~ preference may not be in accord 
with the most efficient use of land and agricultural inputs-i.e., to 
consume the plant materials directly. Great effort should be given to 
the development of low-cost protein from other sources, including 
plants and fish. 

3. Legumes and pulses reduce the cost of protein (bypassing ineffi
cient animal conversion) because they permit more calories from 
plants and can make a substantial protein contribution. Any method to 
improve usefuhiess of. certain legumes and pulses such as beans, peas 
and, particularly, oilseeds by breeding, or by simple processing should 
be pursued. ' 

4. Low priority should be given to the improvement of animal 
component. 

5.3.3 Fat, Sugar, or Tooer Diets 
1. The people on these diets stiffer from a low level of protein intake. 

The first priority should be to correct this by increasing thepropor
tion of cereals, oilseed meals and fish in diets. This would mean dis
couraging any effort to increase tuber, sugar or fat calories unless 
concomitant provisions are made for increasing protein sources . 
. ;2. To subst~ntially increase supplies of low cost protein for these 

societies wiU·requiremore imagination- and innovation than for the 
other diet classes. Simple solutions will fail. The need justifies inten
sive effort to develop cheap concentrates from oilseeds, from fish, from 
leaf, and' by fermentation and to convert protein from these sources 
into acceptable foods. Since much additional research is needed, efforts 
to help these societies will be expensive. . 

3. Efforts to improve animal protein sources should be limited to 
obvious and simple procedures and should concentrate on the ruminant 
segment and possibly poultry production. 

Several generalizations can be made about the calorie-protein ratio 
of the diet. (1) If the rate of increase in per capita income of a society 
is greater than the rate of increase in the cost, of calories, a greater 
proportion of animal protein will be consumed. An' outstanding ex
ample of this is postwar Japan where rises in per capita income have 
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been paralleled by increasing demand for animal protein. With the re
verse situa;ti'On, i.e., a decrease in per capita income, protein consump
tion diminishes. (2) If the cheaper source of calories is not adequate 
in a society, starvation conditions will result in the absence of external 
aid. (3) In certain societies, the rate of increase in per capita income 
still exceeds the increase in the cost of calories but this proportion may 
not be maintained. One consequence of an increase in cost of food and 
an increase in percentage of per capita income spent on food could be 
a shift from animal to plant protein or an increasing calorie-protein 
ratio. 

6.4.0 Is There a Protein Deficierwy? 
Jamaica-"Sugar baby" disease 
Cameroons-uEnfant Rouge" 
Gold Coast of Africa-Kwashiorkor (Ga dialect)' 
Germany-Mehlnahrschaden 
Mexico-HCulebriIla" 
Central America-P-olycarenciI infantile 

Calculations of average protein consumption in many areas fail to 
reveal a great deficiency in the quantity of protein available. For ex
ample, it has been calculated that the per capita requirement in India 
is 48.3 grams daily,7 but food balance data indicate that the average 
supply in India is 55.6 grams daily.8 These data do not reflect the true 
situation since a major cause of morality among young children is 
protein malnutrition.9 Some years ago, Lord Boyd Orr, the first Di
rector-General of F AO, described this paradox simply and force
fully: "All I have learned about nutrition ... is this: If people are 
hungry, they need food. If they are ill-nourished, they need good 
food." 10 

With specific reference to protein, the problem can be stated in five 
questions: (1) Of the protein produced, how much is actuaJly con
sumed ~ (2) Of the protein available, how evenly is it distributed ~ 
(3) What is the quality of the protein ~ (4) How valid are the cal
culations of requirements for humans~ (5) Has protein malnutrition 
been observed ~ 

1. The losses of grains and food due to such things as rodents, in
sects, inadequate processing and microorganisms have been estimated 
and although the estimates vary widely, they are tremendous. These 
losses are known to be serious in the specific situations where measure
ments have been possible (see Chapter 10, Tables 10-1 & 10-2). 

2. It is obvious that people at the lower end of the economic spec
trum depend almost entirely on the cheapest source of calories. For 

'1 Chapter I, Table 12. 
!I U _s. Depa1"tment o-f Agriculture. Economic Research Service. Foreign Regional Anal

n;is Division. Food· balances for 12 countries In the Far East and Oceania. 1959-1961. 
U.S. Dep. Agr. Econ. Res. sel"V. ERS-Foreign 88, 14 p. Aug. 1964. Table 5. 

9 National Research Council. Food and Nutrition Board. Pre-school malnutrltIon
primary deterrent to human progress. Nat. Res. Councll Publ. 1282, 1966. 355 p. 

10 Cited in: Calder, R. Common sense about a starving world. New York, MacMlllan, 
1962.176 p .. 
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example, in those countries in which cereals are the staple, the very 
poor will consume more than the average amount of grain whereas 
the most affiuent will consume less (Table 5-2). Some individuals win, 

TABLE 5-2.-Theper capita calorie supply by expenditure level in Maharashtra 
State, India, 1958 1 , 

Expenditure In rupees' (monthly) ••• ____________ o-s 8-11 11-13 13-18 18-24 24-34 >34 
Total caJ.ories (dally)_____________________________ 1,120 1,660 1,850 2,190 2,440 2,630 3,340 
Calories derived from cereals_____________________ Q40 1,300 1,510 1,740 1,860 1,800 2,150 
Percent cereal caJ.orles olthe totaL_______________ 84 83 81.6 79.5 75.3 71.2 64 

I From: Sukhatme, P. V., The world's hunger and future needs in food :suppltes. Roy. Statist. Soc. 1. 
Ser. A 124(4): 463-525. 1961. 

2 1 rupee is equivalent to $0.13 U.S. 

therefore, not only consume less than the average amount of protein 
available, but will also consume low quality protein because a greater 
proportion is derived from cereals. 

3. The quality of protein is important because protein is the source 
of essentialamino acidsin the diet. From age 1 to 5, the daily protein 
requirement in terms of human or cow milk is reported to be 1.0-1.5 
gm/kg of body weight.u If a 10-kg child consumes 100 gm of wheat 
containing 12 percent protein he will consume 12.0 gm of protein daily, 
apparently an adequate amount of protein. Wheat, however, is defi
cient in lysine. A hundred grams of wheat suppJies only about 0.25 gm 
of lysine whereas a 10-kg child requires about one gram of lysine per 
day.12 The energy requi:r;ements could be satisfied with 250-300 gm of 
wheat but the lysine intake would not be adequate. 0 

4. The protein and amino acid requirements estimated by F AO are 
probably fairly accurllite for healthy children. But the results of field 
tests suggest that the protein malnourished child or the child suffering 
from infection has a greater protein requirement to regain normal 
health.13 Also, if an insufficient amount of food is consumed to satisfy 
ene~gy requirements, part of ingested protein win be used for energy, 
reducing the amount available for tissue repair and synthesis. 

5. Protein malnutrition can and indeed does exist in spite of cal
culated per capita consumption figures which' indicate no deficiency. 
Kwashiorkor exists as a disease entity. As Calder has written: "It may 
be true that our knowledge of absolute protein requirements may be 
more debatable than our measurements of over-all calorie require
ments, but some of us can put names and faces to satistics." 14 We must 

11 Food and Agriculture Organization of the United Nations. Human protein require
ments and their fulfillment in practices. proceedIngs of a conferenee In Princeton, United 
States (1955). Rome, 1957. 193 p. Referenee p. 99 and 105. 

12 Holt, L. E., and Snyderman. S. E., The amino acid requirements of infants. Amer. 
l\Ied. Ass. J. 175(2)1: 100-103. Jan. 14, 19·61. 

13 Scrimshaw, N. S., and Bressanl, R., Vegetable protein mixtures for human consump
tion. Federation Proc. 20 (1) Part III. Sup pl. 7 :80-88. March 1961. 

H National. Research Counell. Food and Nutrition Board. Pre-school malnutrlt1on
primary deterrent to human progress. 1966. Reference on p. 253. 
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recognize that average global figures may underestimate the food prob
lem and its acuteness in specific regions and that protein malnutrition 
cannot be considered in isolation. As Calloway and Spector have 
stated: 

To the general principles set forth--.that on' a fixed adequate protein intake, 
energy level is the deciding factor in nitrogen balance and that with a fixed 
adequate caloric Intake, protein level is the determinant-may be added a corol
lary. That is, at each fixed inadequate protein intake there is an individual 
Umiting energy level beyond which increasing calories without proteIn or protein 
without calories is without benefit. IS 

54.1 The Effect of Protein M altnutrition in Yowng Ohildren and 
Pregnant,and Nursing Women 

54.1.1 The Pre-School OhUd. Maurice Pate of UNICEF has pointed 
out that the death rate between ages 1 and 4 in developing countries 
averages 35 per 1,000 and, in developed countries, 1 per 1,000.16 These 
startling differences are due, to a large measure, to malnutrition. 

As stated in the general summary of the International' Conference 
on the Prevention of Malnutrition in the Pre-School Child: 

Malnutrition in the pre-school child is one of the world's most serious health 
problelIl8 in developing areas. Not only is it killing and maiming the children 
of today, but also, through physical, mental and emotional damage, it will handI
cap the society of 1984, the next generation . . . of those it does not kill, pre
school malnutrition permanently impairs physIcal growth and probably causes 
irreversible mental and emotional damage .•• 11 

Scrimshaw and his associates at INCAP have shown that cited fig
ures of protein requirements may be applied to the healthy child. How
ever, in the case 'Of the undernourished child, much of the time, more 
protein is required for repletion and associated good health. This is 
due to the high frequency of infection which depletes the child of 
protein through a decrease in appetite, a change in the food offered, 
decreased absorption and, invariably, an increased metabolic loss of 
nitrogen in the urine. Each period of depletion due to an infection 
is followed by a period two or three times longer in which there is 
need for additional protein to replete the subject.IS 

5.4.1.~ Pregnant 0JJUi Nur8ing Mothers. The minimal requirements 
for protein during pregnancy and lactation have been reviewed by 
Hegsted 19 and Blaxter 20 who point out and quantify the increased 

111 Calloway, D. H. and Spector, H., Nitrogen balance as related to caloric and protein 
intake In active YQun,g men. Amer. J. CUn. Nutr. 2(6) : 405-412. Nov./Dec. 1954. 

18 Pate, M., The challenge of the pre-school child. Int. Congr. Nutr. Proc. 6: 465-467. 
1964. 

11 National Research Council. Food and Nutrition Board. Pre-school chlld malnutri
tion-primary deterrent to human progress. Nat. Res. Council Pub. 1282, 1966. 355 p. 

18 Scrimsb'aw, N.S., Nutrition and infection. In: Brock, J. F. Recent advances in human 
nutrition. Boston, Little, Brown, 1961. 454 p. Pp. 3.75-388. 

19 Hegsted, D. M., Protein requirements. In: Munro, H. N., and AlIlson, J. B. (OOs). 
Mammalian protein metabol1sm. Vol. II. New York, Academic Press, 1964. 642 pp. 
135-171. 

20 Bluter, K. L., Protein metabolism and requIrements in pregnancy and lactation. Ibid, 
pp. 173-233. 
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needs of both mother and cliild. The ravages of poor protein nutrition 
of pregnant and nursing mothers have been vividly por~rayed by 
Calder 21 and there is no doubt about -the validity of the needs, the in
adequacy of the supply of protein, and the dire consequences. 

5..4.!! MalmJUtrition, Food Habfts and Taboos: ImplicationS of Pro
gramming 

... These are the beasts Which ye shall eat among all the 'beasts that are on 
the earth .... 

-Leviticus 11: 2. 

A successful attack on malnutrition is closely dependent on an 
understanding of the specific area, its people, and their social structure 
and culture. 

Much of our present knowledge of food -habits' is derived from re
search conducted during the World War II 22 by nutritionists and 
social scientists who, for the first time, worked together to' maintain 
and improve nutritional standards. 

It is now obvious that a multidisciplinary effort will be required to 
solve many of the food problems of the developing world. The social 
scientist is a necessary member of the nutrition team to help under
stand food practices and outline a meaningful program that will least 
disturb existing mores while improving food intake. 

Dietary habits are inculcated early in life. Food selection, in tradi
tional cultures, expresses a society's philosophy of life. As Brillat
Savarin, the eminent French gastronome stated: "Dis-moi ce que eu 
manges, je te dirai ce que tu es".23 

In the last decade, several companies have been active in various 
underdeveloped areas of the world and have utilized market research 
techniques to great advantage. The role of commercial ventures in 
changing food habits has been reviewed by Yudkin and McKenzie.24 

Meaningful recommendations for products, processes, or raw ma
terials cannot be made from the isolation of an office or laboratory 
thousands of miles from the scene of action. Field investigations by 
knowledgeable people are needed, particularly before any plan is made 
to introduce unfamiliar food into the diet of a traditional society. 

Many a scheme for solving a local nutritional problem has failed 
because proper attention was not given to existing habits and taboos. 
Dietary customs can be changed, but a change of this type requires 
time and a carefully prepared program of consumer education.25 

21 Calder, R., Food supplementation for prevention of malnutrition in the preschool child. 
NiLt. Res. Council Pub!. 1282: 251-257. 1966. 

22 BurgesS, A. (ed), Malnutrition and food habits, report of an international and inter
professional conference. New York, MaeM1l1an, 1962. 210 p. 

23 Brillat-Savarin, J. A., Physiologie du goUt. Paris, Just Tessiers, 1825. 
24 Yudkin, J., and McKenzie, J. C. (eds), Changing food habits. London, MacGibbon & 

Kee, 1964.144 p. 
25Blair, T. L. V., Continuity and change in African food habits. Food Technol. 20(6) : 

757-762. June 1966. 
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In summary, a'remedy for malnutrition, which involves a change 
in food habits, is highly likely to be ineffective in the short run. Even 
a long-range plan must be selected with an unusual amount of common 
sense, depending on the local situation, and must be carefully targeted 
and programmed. Reactions and results should be studied anQ. meas
ured at each stage so that the lessons learned will not be forgotten, only 
to be relearned in some other scenario. 

5.5.0 Nutritive Quality of Proteins 
IIP6.lT'E,08-pre.-emlnent 

-Mulder, 1838. 

The nutritive quality of a protein is dependent on its content of 
essential 'amino acids, i.e., those which cannot be synthesized by 
humans. If the exact requirements of humans for the essential amino 
acids were known at 'each stage of development and if these require
ments were uninfluenced by other factors, it would be a simple matter 
to evaluate the nutritional quality of a protein 'from its amino acid 
composition. 

The requirements, unfortunately, at different stages of development 
are not know accurately and these requirements are altered somewhat 
by the quantities of the other ,amino acids present. In addition, pres
ence of an amino acid in a protein as determined chemically does not 
mean that 'it has nutritive value because some proteins cannot be di
gested after being eaten. For these reasons, the nutritive quality of a 
protein must be evaluated from rates of growth or retention of nitro
gen in experimental animals. Data obtained for one animal species 
'cannot be used as the absolute requirements for another species, but 
as Hegsted 26 has pointed out, there has been good agreement between 
the observed protein requirements for most animals and man. 

The term "animal protein" is often used synonymously with "high 
quality protein". Animal protein should be used only as a ,designation 
of source of protein-the quality being dependent on the amino acid 
composition. Proteins from animal sources (milk, eggs, and meat) are 
high quality because they are composed of relatively large amounts of 
the essential amino acids. This aspect of quality is illustrated from a 
comparison of the relative amounts of essential amino acids in selected 
foods (Table 5-3). The amounts are compared, on a percentage basis, 
to those in egg which has an amino acid composition that is about the 
same as the composition required by man. (Egg is higher than neces
sary in methionine-cystine and is certainly higher in essential amino 
acid to nitrogen ratio.) Most proteins from animal sources contain 
excess amounts of lysine, trytophan, threonine, and methionine, of 
which one or more may be deficient in cereals and other vegetable 
products. 

lIS Regsted, D. M., Theoretical estli:nates of the protein requirements of chlldren. Amer. 
Diet. Ass. J. 83: 225-282. 1957. 
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Munro 21 points out that, in order to maintain nitrogen equilibrium, 
about 4 percent of the total energy consumed by an adult must be 
in the form of protein containing a balanced mixture of amino acids. 
If there is less than 4 perc~nt protein in the diet, sufficient food cannot 
be consumed to maintain nitrogen equilibrium because appetite (or 
lack thereof) will limit food intake. The protein content of foodstuffs 
that are important dietary staples in several areas of the world are 
given in Table 5-4. 

TABLE 5-3.-Percentage of ideal concentration of essential amino acids observed in 
typical protein8 (using egg a8 100 percent) 12 

[Percentage concentration in whole egg protein] 

Foodstuffs Histi· Throo- I Valine Leu· Iso- Lysine Mathi· ! Phenyl· Tryp-
dine nine cine Leucine oDine . alanine tophan 

----------
Beef. _ •• _________ • ______ • ___ 157 00 73 87 84 141 84 70 92 
Fish muscle _________________ 124 96 86 106 105 148 100 79 109 
Soybean meal, low fat. _____ 138 80 76 89 97 111 53 95 127 
Whole rice __ • __ • __ •• ________ 81 78 88 91 84 52 106 89 118 
Whole wheat ________ • _______ 100 67 62 78 64 44 78 91 109 
Cottouseed meaL ___ . ______ 128 61 69 67 64 57 53 107 118 
Whole com._. ________ • ______ 119 76 76 167 103 38 97 89 55 
Peanut flour __ • _________ • ___ 100 57 66 79 66 57 25 88 72 
Dried roast beans ___ • _______ 104 79 78 78 89 106 62 89 73 
Sesame meal ______________ • 106 81 67 70 63 38 53 78 93 

1 Data mainly taken from Hopper, T. H., Atnlno acid cOmposition of foodstuffs. In: Altschul, 
A. M. (ed). Processed plant protein foodstn1ls New York, Acadetnlc Press, 1958. 955 p. pp. 877-891. 

2 Data matnly taken from Heinz (H.l.) Company. The Heinz handbook of nutrition; a comprehensive 
treatise on nutrition in health and disease. Rev., 2d ed. New York, McGraw-Hm, 1965. 462 p. 

TABLE 5-4.-Representative protein content8 of variou8 major foodstuff8 1 

Protein content as-

Foodstn1l Grams per Percentage 
100 "nms oftotal 

edible por· energy con-
tion tent of food 

Cassava flour ___________________ • __ • ____________________ • __________________ ._ 1.5 1.8 
Plantalns._________ _______ _____________________ ______________________________ 1.0 a 1 
Irish potatoes. _______ • ____ • __________ •••• ___ •• _ •• _ •• _________________________ 2.0 10.7 
Milk ______________________ •• _________________ ._______________________________ a 3 20.6 
Wheat flour (70 percent extract} _______________________________________ • ____ ._ 10.0 11.4 
Fish, lean_. ___ •• ____ • _______ . ________ ._______________________________________ 19.0 37.6 

Soybean seed________________________________________________________________ 35.0 36. 6 
Rice, pollshed_______________________________________________________________ 7.0 8. 0 
Maize meal (86 percent extract} _______________ .______________________________ 9.5 10.5 

1 Mnnro, H. N., An Introduction tp nutritional aspects of protein metabolism. In: Munro, H. N., and 
Allison, 1. B. (eds). Mammalian protein metabolism. Vo1. II. New York, Acadetnlc Press, 1964. 642 p. 
Reference p. 8. 

'Z'I Munro, H. N., An Introduction to nutritional aspects of protein metabolism. In: Munro, 
H. N., and Alltaon, J. B. (edJS). Mammalian protelnmetaboIlsm. Vol. II. New York, Aca
demic Press, 1964. 642. p. Reference p. 8. 

a~88~67---22 
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5.6.0 Fortification of Cereal Grains 

. . . Grain shall make the young men flourish . . . 
-Zachariah 9: 17. 

Fortification of cereal grains or products is simply the addition 
of the limiting amino acid ( s) or protein concentrate (s) to the grain 
to improve the quality of the protein, i.e. to increase its nutritive 
value and to increase the protein quantity (in the case of protein 
concentrate fortification). 

5.6.1 Rationale of Oereal Fortification 
The fortification of cereal grains can be undertaken in many areas 

and, where feasible, it can have an impact in a short time on. large 
numbers of people. 

The basic rationale of cereal fortification is easily stated. Approxi
mately half of man's total dietary protein comes from cereal grains.28 

Moreover, cereals contribute nearly 80 percent 29 of the calories in 
the less developed regions (see Table 5-5). The 9 gm. of animal 
protein consumed per capita daily in the less developed regions of 
the world is only one-fifth that in the more developed regions. Some 
1.8 billion people of the world, which includes the hulk of the under
nourished people of the world, depend mainly on cereal grains for 
both calories and proteins.' Phillips has stated the general proposi
tion that countries that are low in calorie supplies are also low in 
protein supplies.3o Generally, if cereals, starchy roots, and sugar fur
nish more than two-thirds of the total calories, it is evidence of mal
nutrition in the population.s1 

According to the F AO estimate, about 20 percent of the people 
in the developing areas of the' world are undernourished (inade
quacy of the quantity of the diet, i.e., caloric intake; strictly appro
priate to adults, not to children) whereas about 60 percent are 
malnourished (inadequacy of the quality of the diet) .32 Need one cite 
statistics further ~ 

5.B.e 18 the Fortification of Oereal' Grains Nutritionally Sound? 
The question to be answered is whether fortification of cereal grains 

will improve the nutritional value for humans. Innumerable investi
gators have demonstrated that a cereal diet fortified with limiting 
amino acids fed to laboratory animals increased rate of growth or 

lIS Food and Agriculture Organization of the United Nations. The state of food and 
agrieulture 1964. Rome, 1964. References p. 108 and p. 118. 

lit Food and Agriculture Organization of the United Nations. Third world food survey, 
Freedom from Hunger Campaign, Basic Study No.ll, 1963. 102 p. Reference p. 33. 

30 PhillipS, R. W., Future programs for Increasing food production with reference to the 
preschool child. Nat. Res. Council PuM. 1282, 1966. p. 306. 

31 Food and Agriculture Organization of the United Nations. Third world food survey. 
Freedom from Hunger Campaign, Basic Study No. 11, 1963. 102 p. Reference p. 49-50. 

32 Ibid, p. 51. 
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TABLE 5-5.-Summary oj average per capita caloric and protein supplies in selected 
areas 1 

Calories de-
rived from 

Population Calories cereals, starchy Tolal __ I Animal 
Subregion and region (millions in diet roots, and tein, grams protein, 

in 1960) (average) sugar as per day i grams per 
percentage of day 
total calories 

F at East (region) (including China mainla.nd) ___________________________ 
1,603 2,060 81 66 8 

South Asia ________________________ 
534 1,970 78 60 7 

Southeastern Asia, mainland ______ 67 2,030 78 49 13 
Southeastern Asia, major islands __ 120 2,070 81 45 7 

Near East (region) ____________________ 132 2,470 72 76 14 
Africa (region) _________________________ 215 2,360 74 61 11 

North Africa ______________________ 27 2,260 76 66 16 
West and Central Africa ___________ 00 . 2,360 74 60 6 

Latin America (region) ________________ 211 2,610 63 67 24 
Mexico and Central America _______ 60 2,370 65 63 19 Medco ____________________________ -------_ ... _-- 2,440 65 68 20 
Central America ___________________ ------------ 2,130 71 68 14 
BrazU _____________________________ 

70 2,650 6t 67 19 
River Plate countries __________ --__ 25 3,040 64 96 55 

Western Europe _______________________ 322 2,910 55 83 39 
North America (region) _______________ 192 3,110 40 93 66 
Low calorie countries _______________ ~ __ 2,038 2, 150 78 68 9 
lllgh calorie countries _________________ 8116 3,050 57 00 44 

1 From data in Appendix Table 4, Food and Agriculture Organization of the United Nations. Third world 
food survey. Freedom from Hunger Campaign, Basic Study No. 11, 1963. 102 pp. References on pp. 88-93. 

increased retention of nitrogen. Tests with rats have shown that pro
tein of the common cereal grains can be made about equal to the quality 
of milk protein (casein), by fortification with lysine, threonine, and 
tryptophan.sa Corn requires lysine and tryptophan (this was first 
shown by Mendel in 1915; footnote 42, page 321; the others, lysine 
and threonine. Fortification with lysine, the first limiting amino acid, 
gives a marked but not optimal response in each case.S435 

The quality of protein may be determined experimentally with 
animals and is conveniently expressed as Protein Efficiency Ratio 
(PER).36 The PER for rats is the ratio of the weight gained to the 
protein consumed by weanling rats maintained on a diet containing 
the test protein at a prescribed level for 28 days. Casein is used as a 
reference and its PER is arbitrarily set at 2.5. For any experiment, 
all the values are adjusted to this arbitrary value so results will be 
comparable from experiment to experiment. 

33 Howe, E. E., Jansen, G. R., and Gllfallan, E. W., Amino acid supplementation of cereal 
grains as related to the world food supply. Amer. J. CUn. Nutr. 16(3) : 315-320. Mar. 1965. 

M Rosenberg, H. R., Amino acid supplementation of foods and feeds. In: Albanese, A. A. 
(ed). Protein and amino acid nutrition. Ed. 2. New York, Academic Press, 1959. pp. 381-
417. Reference p. 405. 

as Howe, E. E., and Gllfallan, E. W. Unpublished data. 
36 Chapman, D. G., Castillo, R., and Campbell, J. A., Evaluation of protein in foods. 1. 

A method for the determination of protein eftlciency ratios. Can. J. Biochem. Physiol. 
37(5) : 679-686. May 1959. 
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TABLE 5-6.-The effect of limiting amino acid8 on nitrogen balance in children fed 
three cereal grains 1 

Protein source 

Skim milk __________________ • ______ • _________________________ _ 
Com masa ___________________________________________________ _ 
CM +lysine+tryptophan ____________________________________ _ 

Skim milk ___________________________________________________ _ 
Wheat flour __________________________________________________ _ 
WF +lysine __________________________________________________ _ 

Skim milk ___________________________________________________ _ 
Rice _________________________________________________________ _ 
R+lysine ____________________________________________________ _ 

Intake
milligrams 

per kilogram 
per day 

454 
461 
464 

310 
328 
335 

317 
320 
320 

Nitrogen 

Absorbed 
percent of 

intake 

79.5 
74.8 
71.0 

SO. 3 
85.4 
86.0 

80.4 
76.9 
79.7 

Retained 
percent of 

intake 

18.6 
2.3 

17.8 

24.8 
8.2 

17.9 

28.1 
18. 7 
24.7 

1 Note: Protein fed at 2-3 gm./kg. body weight/day. From: Bressani, R., Improvement of nutritional 
statu5 in developing countries by improved food production: cereals. Int. Congr. Nutr. Proc. 1966. 
(pre print) • 

The pioneering work of the Institute of Nutrition of Central Amer
ica and Panama (IN CAP) , during the past 15 years, has demonstrated 
the potential efficacy of cereal fortification with amino acids or protein 
concentrates, or both.31 3S The experiences at INCAP have shown that 
proteins from a cereal diet containing sufficient calories do not cure 
protein malnutrition in children, but that rice, wheat, or corn fortified 
with limiting amino acids is effective (Table 5-6). Barnes, et a1.39 have 
also reported that the nutritional quality of a wheat farina diet may 
be improved if fortified with lysine. 

Acute protein malnutrition does occur in preschool children in areas 
in which the diet consists mainly of grains. Scrimshaw et al.40 have 
shown that a diet consisting of a vegetable mixture with a PER of 1.8 
(determined on rats) when consumed at 2 to 3 gm of protein per kg 
of body weight per day will initiate cure of kwashiorkor. Such a diet 
would also prevent kwashiorkor from occurring. Cereal proteins, as 
demonstrated by rat tests (Table 5-7), can be fortified with lysine 
with a resultant protein quality to equal or surpass the quality of the 
vegetable mixture used by Scrimshaw. Cereal and grains fortified 
with lysine would probably prevent kwashiorkor in a cereal grain-

31 Scrimshaw, N. S., and others, Supplementation of cereal proteins with amino acids. 1. 
Effect of amino acid supplementation of corn-masa at high levels of protein intake on the 
nitrogen retention of young children. J. Nutr. 66(4) : 485-499. Dec. 10, 1958. 

38 Bressani, R., Improvement of nutritional status in developing countries by improved 
food production: cereals. Int. Congr. Nutr. Proc. 1966. (Preprint.) 

at Barnesa, L. A., Kaye, R., and Valyasevi, A., Lysine and potassium supplementation of 
wheat protein. Amer. J. Clin. Nutr. 9: 331-344. 1961. 

4OScrimshaw, N. S., and others, all vegetable protein mixtures for human feeding. V. 
Clinical trials with INCAP mixtures 8 and 9 and with corn and beans. Amer. J. Cl\ln. 

"Nutr. 9 : 196-205. 1961. ' 
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TABLE 5-7.-Da'tiy intake of protein if a ch1,"ld consumes 100 calories per kilogram 
of body weight of the cereals fortified with lysine (quality of protein expressed (l8 

PER) 1 

Cereal grains 

Wheat _________________________________________ _ 
Com. _________ " _______________________ --- _____ _ 
Rice ____________________________ ~ ________ --___ _ 
Sorgh~:m.. _____________________________________ _ 
Millet _______________________________ ~ _________ _ 
Barley __ • _______ ~ _____________________________ _ 

,I From E. E. Howe, personal communications. 
J 0 l Cortlfied cereal. 

L-Lyslne Daily protein' 
HCI added Intake (grams 
(percent) per kilo-

0.1 
.1 
.05 

0.2 
.3 
.05 

gram) 

3.0 
2.4 
1.8 
2.3 
2.5 
3.4 

PERol 
fort1fled 
grains 

1.7 
2.0 
2.3 
2.2 
2.1 
1.9 

PERol 
original 
grains 

L3 
1.5 
1.5 
.7 
.7 

1.6 

consuming area if the children were fed adequate amounts of the 
fortified grains. Because the intake of lysine is suboptimal in areas 
where the children are known to be malnourished, it is reasonable to 
assume that enrichment of wheat, with lysine, coupled with a.dequate 
calories and vitamin enrichment, would improve the nutritional status 
of babies and children. It certainly would not be deleterious to any 
segment of the population. 

5.0.3 With What Should Diet8 High in Non-OereaZ Oarbohydrates 
A8 the Main Oalorie Souroe Be Fortified? 

The. pragmatic problem of whether to fortify diets high in carbo
hydrate with protein concentrates or amino acids (excluding questions 
of cost and availability) depends on whether the need in an area is 
for improved quality or simply for more protein. Diets in which cereal 
grains are the major source of calories may be fortified with amino 
acids or protein concentrates of either animal or vegetable origin 
with beneficial results. Where calories are derived mainly from sugar, 
cassava, or plantains, it is necessary to provide more protein,. fortifi
cation with one, two or three ammo acids will not suffice. 

S.OJ" Specifio Teohniques of OereaZFortifioation 
The exact technique of fortification depends on the grain (corn, 

rice, wheat, or others), on the state in which it passes through central 
facilities (whole grain or-flour), and on the cost. It is self-evident that 
fortification generally will be limited (in the short-term) to grains 
which are centrally supplied or milled, i.e., to populations'in urban 
areas on a money (rather than commodity-barter) economy. Cereals 
could also be fortified in local mills in rural areas if the program were 
given sufficient emphasis. Where cereals are marketed as whole grain, 
the choices are limited to materials that can be added in small quanti
ties, i.e. amino acid (s) and vitamins, if desirable. 
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For flours it is possible to improve the quality of the protein by 
amino acid fortification or by addition of protein concentrates-such 
as oilseed meals or fish protein concentrate (FPO). The limiting 
factor in flour fortification is the amount of oilseed meal or FPC that 
can be added without imparting off-flavor, color, or odor or impairing 
the functional quality of the flour. Another factor that must be con
si dered is cost. 

Fortification with lysine will not provide optimal protein nutrition. 
I.'or this to be achieved by amino acid fortification of cereals, the other 
limiting amino acids, threonine or tryptophan, would be required in 
order to make the cereal protein comparable in quality to milk protein. 

The data in Table 5-8 show the amounts of amino acids needed to ap
proximate the nutritional value of casein, the costs per pound of grain, 
and the equivalent amounts needed of fish protein concentrate and 
soybean protein as well as the respective costs of fortification for each 
method. Given the assumptions that have been made in Table 5-8, it 
can be seen that fortification with amino acids is cheaper than fortifica
tion" with soybean meal or fish protein concentrate. Costs will vary 
depending upon the particular circumstances and conditions but it 
is interesting to note that to fortify rice and wheat would cost 30 
percent more with FPC and 10 percent more with soybean meal than 
with amino acids. 

TABLE 5-8.-0omparison of cost l of fortification of cereal grains with amino acids, 
fish protein concentrate, and soybean protein. (This amount of fortification is 
required to make the protein quality of the cereals st"m~lar to milk protein, caesin.) 

Wheat Com Rice. barley I Millet 
sorghum 

Percentage of amino acid required •••• __________ ILMH 0.3 ILMH 0.2 2 LMH 0.2 2 LMH 0.45 
IThr 0.15 «Try 0.35 3 Thr 0.1 a Thr 0.18 

Cost of amino acids per pound or grain __ cents __ 0.53 0.27 0.35 0.72 
Percentage FPC - reqnired (9.7% LMH2 ) ______ 3.1 2.05 2.06 4.65 
Cost of concentrate _____________________ cents __ 0.77" 0.51 0.51 1.16 
Value as energy source ___________________ do ____ 0.09 0.06 0.06 0.14 
Net cost of amino acids in FPC J ________ do ____ 0.68 0.45 0.45 1.02 
Ratio of cost of FPC- cost of amino acids _______ 1.3 1.7 1.3 1.6 
Percentage of BBP ° required (6.4 percent LMH2). 4.7 3.1 3.1 7.0 
Cost of concentrate _______________ • _____ .cents __ 0.71 0.47 0.47 1.06 
Value as energy source ___________________ do ____ 0.14 0.09 .0.09 0.21 
Net cost of amino acids in BBP o _________ do ____ 0.57 0.38 0.38 0.84 
Ratio of cost of SBP ° cost of amino acids _______ 1.1 1.4 1.1 1.2 

. I These calculations are based on estimated costs of L-Iysine HC1, L-threonine, and L-tryptophan of $1, 
$1.50, and $2 per pound, respectively. The requirement of protein concentrate is calculated from its lysine 
content since each concentrate will supply an excess of threonine or tryptophan. The cost of FPC and BBM 
are assumed to be 25 and 15 cents per pound, respectively, and both are assumed to be 80 percent protein. 

2 LMH-L-Lysine Monohydrochlorlde. 
3 Thr-L-Threonine. 
« Try-L-Tryptophan. 
I FPC-Fish Protein Concentrate. 
e SBP-Soybean Protein. 
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Only about 2 percent 80ya flour (44-50 percent protein) can be 
added to wheat flour without imparting undesirable flavors to the 
bread, but if 80y protein isolates (.-.90 percent protein) are used, 
about 6 percent can be added.41 About six times more protein can be 
added as soy protein isolate but there is a cost differential. The cost 
of protein in the finished product containing the soy protein isolate 
is about twice as great. (Soy flour, 52 percent protein, about 12¢/lb. 
of protein, vs. soy protein isolate, 90 percent protein, about 39¢/lb. 
protein.) It may be possible to utilize several protein sources in a 
complementary fashion. This concept was first advanced by Mende1.42 

Mendel worked with lactalbumin fortification of Zein. 
<The program of fortification has another and a pragmatic aspect 

in relation to the time and scale of effort and availability. 
Table 5-9 presents data on the estimated amount of lysine and of 

FPC needed to fortify the 1965 shipments of Food for Peace wheat 
and 1966 shipments of wheat flour. 

Two points stand out in respect to costs. First, the differenCes in 
initial capital expenditures required and the differences in costs of 
the product. Additional points are that lysine plants could be made 
available readily and soon, whereas a large scale FPC operation of 
this type would require several years. Costs are given for 6 percent 
FPC, but these are in part meaningless inasmuch as 6 percent can
not be added to whole formed grain (nor can 1 percent, in all prob
ability) nor can 6 percent be added to flour without impairing the 

TABLE 5-9.-An example oj comparative C08t8 oj Jortification oj Food Jor Peace 
wheat 1 and wheat flour 2 with lY8ine and fi8h protein concentrate (FPC) 

L-Lysine HCl a FPC , 

Amount required_______ _______________________________ 32,500,000 lb_________________ 336,000,000. lb. 
Cost ••• __ • _____ ~_ _ ____ _ __ _ _ __ _ __ _ __ _ ___ _ _ _ ____ _ _ __ _ ____ $32,500,000______ __ _ _ _ _ __ _ ____ $84,000,000.7 
Capital expenditure_ _ ______ _____________ ______________ $16,000,000 'w _ _ _ _____________ $51,000,000.0 

Cost of 6 percent FPC_________________________________ ______________________________ $465,000,000 at 25 

cents per pound: 
Capital expenditure 6 percent FPC____________________ ______________________________ $260,000,000. 

11965 shipments of wheat 3XI010.1b. 
21966 shipments of wheat flour lXl091b. 
30.1 percent L-Iysine HCl required for wheat; 0.25 percent L-Iysine HCI required for wheat flour. Cost 0 f 

L-Iysine HCI, $1 per pound. 
( Calculated on basis of 9.7 percent L-Iysine HCI in FPC. 
I Based on cost ot FPC, $0.25 per pound. Estimate of $1,000,000 capital expenditure of $1,000,000 kg. 

lysine HCl per year. 
o Based on estimated cost. 
1 Based on the additIon of 1 percent FPC in whole wheat and 2.5 percent in flour. 

41 Berk, Z., Personal Communication. (Paper to be published in Cereal Chem., 1967.) 
42 Mendel, L. B., Nutrition and growth. Amer. Med. Ass. :T. LXIV(19): 1539-1547. 

May 8,1915. 
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flavor or functional quality of the flour. Obviously, if one could do so, 
a 6 percent level would add much more protein. 

5.6.5 Planning a Oereal Fortification Program 
In planning the fortification of cereals, one must realize that aver

age consumption figures do not reflect accurately the food eaten by 
individuals day by day and meal by meal. For example, legumes may 
be eaten with cereals on one day and not on the next. Healthy children 
may be given pulses, whereas they may be the first food withdrawn 
from the sick child who needs them the most, and thus the diet un
doubtedly will vary in protein adequ~y from day to day and meal 
to meal. Therefore, the only practical short-range approach to forti
fication is to transform the major source of protein-the cereals':"'
into the best possible source of protein. Ideally it would be desirable, 
if practical to do so, to transform by fortification cereal protbin into 
the equivalent of animal protein. 

Because the mother may not be aware that her child or family is 
malnourished, the provision of an adequate amount of protein in a 
cereal diet is highly desirable: Under such conditions, if the diet con
tains adequate calories it would also provide adequate protein. 

The basic problems in fortification of cereals without changing form 
relate to: 

1. Whether to fortify with vegetable protein or animal protein or 
a combination. With present technology, this is impossible except in 
the flour form. 

2~ The efficacy of amino acid or protein concentrate fortification 
has not been studied on a large-scale population basis. 

3. Central fortification can be initiated immediately at central dis
tribution or milling points or both but not when a farmer grows and 
mills his own grain, unless there would be a massive attempt at edu-
cation or extension. . 

5.6.6 Fortification of Oereal Grains During Oentral Proce88ing 
A step in the direction of central fortification has already been taken 

by the United States government in that all wheat flour shipped in 
the Foreign Donation Program is now fortified with calcium (Ca), 
iron (Fe), thiamine, rrboflavin, and nicotinic acid. The way has been 
opened for vitamin A fortification using a dry preparation. 

Thus central fortification offers an opportunity to fortify not only 
with an amino acid (s) but also with other nutrients such as vitamins 
and minerals. Further, the possibility of exacerbating a second limit
ing deficiency by correcting the first, as waS the case in Brazil and in 
other countries recently, when improved protein nutrition precipitated 
cases of blindness due to Vitamin A deficiency, would be a voided. Table 
5-10 is a tabulation of the nutrient content of the various cereals as 
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compared with the NRC, recommended daily allowances of age 1-3. 
The values are calculated for a child that consumes 350 gm of cereal 
grain per day. . 

From the data in Table 5-10, it is possible to calculate the quantity 
of each nutrient which must be added to each cereal to make it nutri
tionally adequate. These calculated values are shown in Table 5-11. 

From the above, the cost of such fortification may be estimated as 
shown in Table 5-12. 

TABLE 5-10.-Nutrient content 01 varioU8 cerea.'l8 

Nutrients per 350 grams of cereal grain Reeom-
J _____________ ~-----~-----~----~----~-------Imendoo 

Whole 
wheat 

Wheat 
flour Rice Corn M1llet Sorghum Barley 

dietary 
allow
ances 
(1-3 

years 
of age) 

--------------.J------J-------------------------
VIiamJ.n A micrograms _.. 0 0 0 1,800 0 0 0 Vitamin D micrograms t __ •• __________________________________ ~ ___________________________ _ 
Vitamin E mlcrograms ____________ ~- ______ ._ ________ 12 ___________________________ _ 

Thiamine mIllIgrams______ 1.8 .3 .2 L3 2.6 1.3 .4 
RlboflavinmlllIgrams_____ .4 .2 .1 .4 1.3 .5 .2 
Nicotinamide mllligrams__ 15 3. 5 6 7 8 14 11 
Vitamin B, mIllIgrams_ _ __ 3. 5 1.7 1.4 1.7 ___________________________ _ 
Vitamin Btl mIllIgrams____ .3 ________________ . ____________________________ ~ _______ _ 

Pantothenic add mIllI-grams. __________________ 5 3 _____________________________________________ _ 

Folic add mlcrograms_____ 140 28 25 __________ __________ 50 

Ascorbic acid mIllIgrams_ _ 0 0 0 0 0 0 0 
Caldum mIllIgrams_______ 160 55 85 70. 70 100 55 . 
Phosphorus mIllIgrams____ 1,240 330 330 000 1,100 1,000 660 
Magnesium mIllIgrams_ ___ 560 00 420 __________ __________ 600 
Iron mIllIgrams_ _ _________ 12 3 3 8 24 " 15 7 
Iodine mlcrograms ______________________________ ~ ________________________________________ _ 
Copper mllligrams________ 2.8 .7 1.7 _____________________________________ _ 

Potassium mIllIgrams_____ 1, 300 330 320 1,000 . 1,500 1,200 560 

t No values found for cereal grains. In many cases sunllght Is adequate. 

2,000 
400 
2 15 

.7 
1.0 
8 

21 
22.5 

25 
2 50 

35 
1,000 
1 800 
2 200 

7 
2 80 
ILO 

I Values set by FDA for chlldren 1 through 8 years of age. Cereal values from Watt, B. K., and Merrill 
A. L., composition of foods; raw, processed, preparro. U .8. Department of Agriculture, Agriculture Hand
book 8,100 pp. Rev. December 1963; and Heinz (H. 1.) Co. The Heinz handbook of nutrition; a compre
hensive treatise on nutrition In health and disease. Rev., 2d ed. New York, McGraw-Hill, 1965.462 pp. 

TABLE 5-11.-Fortification required per kilogram of Cereal Grain 

Vitamin Bl BI Nicotinic Bil Ca Fe I LYSine 
A (milli· (milli- (mIDi- (micro- (grams) (mIDi- (micro- (grams) 

(micro- grams) grams) grams) grams) grams) grams) 
grams) 

-----~---·I-------------------------
Whole wheat _________ ·___ 6,000 ________ 1.7 _________ _ 

Wheat flour.____________ 6,000 1.4 2.4 14 
Rice____________________ 6, 000 1.3 2. 6 7 
COrD-_____________________________________ . 1.8 3(1) 
Millett__________________ 6,000 _________________________ _ 
Sorghum________________ 6,000 1.4 
Barley__________________ . 6,000 .8 2.4 _________ _ 

Note.-Q,uestion mark is due to relative lack of BIt in cereal grains. 

7 
7 
7 
7 
7 
7 
7 

2.4 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 

80 
11 80 
12 80 

80 
80 

-80 
80 

1.0 
2.5 
.5 

1.0 
3.0 
2.0 
.5 



TABLE 5-12.-00st of nutrient fortification of cereal8 

Cost of fortification per kllogram of cereal grain (cents) 

Vitamin This- Ribo- Niacin VitamJ.n: Cal Fe I 
A mine flavin BlJ' 

--.-----------
Whole wheat_ ________________________ 0.018 0.0051 0.02 0.02 0.00002 
Wheat flour _ _ ________________________ .018 0:<0024 .0012 0.0042 .02 .02 0.0044 .00002 
Rice_ _ _______________________________ .018 :0022 .0078 .0021 .02 .02 .0048 .00002 Com_ ________________________________ __________ __________ < .0054 .012 .02 .02 ;00002 
Mlllet_'_______________________________ .018 _____________________________ _ .02 .02 .00002 
Sorghum_ ____________________________ .018 .0042 .02 .02 .00002 
Barley ________________________________ .018 .0014 .0072 _________ _ .02 .02 .00002 

Total 

Total 
(exclu- Lysine Kilogram Ton 
sive of (cents) 
lysine) 
---------

0.0631 0.221 0.284 $2.58 
.7742 .555 .629 5.61 
.7749 .11 .185 1.69 
.0654 .221 .286 2.60 
.0580 .665 ;723 (1.66 
.0622 .443 .l\O6 4. 67 
.0666 .11 .177 1.00 

Cost per 
chUd 

per year 

$0.36 
.80 
.24 
.37 
.92 
.65 
.23 

1 Projected addition of calcium has been l1mited to 1.1 gm.jk:g. which is the quantity 2 Niacin added to SUpply full requirement since availab1l1ty of that in com is ques· 
used at present in donations made by the United States government. tionable. 
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Thus, each of the major cereals may be made adequate as~the sole 
source of food for man at any stage of his development by proper 
fortification at costs of 23 to 92 cents per child per year. The cost per 
adult would be approximately twice this figure. 

5.6.7 Possible Guidelines for Establishing Action Progra'TlUJ to Meet 
Protein Deficit 

Each region of the world has available to it specific foodstuffs; the 
people who live in the region have specific food habits. Table 5-13 out
lines a possible procedure for assessing the nature of the nutritional 
problems existing in a specific locale. This table also outlines a possible 
method for choosing a course of action for a target population or a 
segment thereof. To help the reader, and by way of example, the tables 
consider options for supplementing the diet of the 1-5 year-old infant 
in a grain-cOnsuming population such as India. 

Three assumptions are made in developing, the outline given in 
Table 5-13: 

1. To meet a given specific crisis, any product available in the 
United States could be made available in the target area, subject 
only to food habits, taboos, processing and distribution restric
tions. Obviously, if too many places are involved, the hard ques
tion of priority and total availability of United States production 
must be raised. . 

2. On a short-term crisis basis, the ingredient (or ingredients) 
required is of no consequence, as far as the individual consumer is 
concerned, because either the United States government or the 
local government will purchase the material required' to supple
ment the dietary. 

3. On a long-term basis, the questions of cost and a:bility of the 
local :region to become self-sufficient in food production become 
paramount. 

It'is 'assUmed further that a coordinated approach to a given area 
will be made such that, in meeting an immediate crisis, the'foundation 
is laid for ongoing self-sufficiency. . 

The recommended courses of action are subject to the following 
uncertainties : 

1. The lack of precise knowledge concerning the requirement 
of hUmans for each dietary ingredient at different age levels and 
different physiological states such as inanition, disease and preg
nancy. 

2. Knowledge concerning the availability, quality and accepta
bility of various protein sources for human beings is not well 
established. In fact, blanket recommendations cannot be made 
which ignore specific local conditions. 
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TABLE s;..13.:-What do people eatf 

Calculate a:inino' acid/ealorie/vitamln/mineral intake 

'I, d~~:' t. 
. I 

_ L_ 
pr~r deficiency , " Evaluate cUnical reports 

Calculat:eamlno acid amounts.r~uired to bring to adequa~.lev~.for 

Other deficiencies 

Nursing 
supplement 

1- to 5-year-old 5- to 15-year-old :Pregnant female Activ~ adult 
infant adolescent 

Procedure if it ca1culat4l8 to be deficient 

G~riatr1cs 

Family will J6t change existIIlg Mother will use sJecial infant foods . 
eating pattern; chDd consumes or supplements 
adult diet ~:, ' -J , 

' .1 ' "f t 
Buys processed grains (fiour) Uses whole grains processed and/ Calculate least-eost supplement or 

,'I', ' or milled at home complete food to meet total 

r 
No extra 

calories 
available. 

, .. nutrient requirements subject to 

1 . 
.! restrictions of taste. palatabDity. ,f, 1_ ingredient avaDabDity. 

Extra calories Extra calories No extra 
regularly eaten. calories 
eaten. eaten. 

Summary or alter:pate courses to bring total nutrients to II adequate" levels for 1-year-old ehDdren in a target 
population that uses whole grain processed (mllled) at home 

Short term 

Condition 

Short term 

Long term 
action 

I 
I: : 

No extra ca10ries consumed. Extra calories ~vanable to meet 
requ1remems;~ . 

.Vitamln + mineral supplements 
. ,supplied . f'Vi=!~<l Vi:sru:ndl 

. '~ota1l:rient 

~r 
Supply extra 

food. If not 
eaten no 
obvious 

~lT 

New foods 
introduced 
tailored to 
local tastes. 

' . inadequate adequate 

Pro
' ~B t t· 
tebf Protein plus Protein 

~:ca:nt ' :In~,r. ~l and defilC,~ent 
lI~r Ifl'::~""Jaay ! 

. r Extra fat andl Extra fat and! I. Chen:ueal Amino acids 
or carbo- or carbo- sUllplements added at 
hydrate will hydrate will added at United States 
be consumed not be central or central 
if offered consumed United States distribution 

~t~ Nol_ E;~:Add p:mj' 
added at apparent nutrients to 
extra'-point wheat· 

+ . ~ Local protein and fat production ' . - -
stimulated. Consider oil seed . "",,' ',..-·fo.",,:--,~~'-'·,,:.· ~: "'l""'-.-.-:-: 
meal. fish flour, etc. Protein productioh stimulated 

locally and products tailored to 
fit local patterns of taste. cooking, 
processing, and distribution, DlJlI. 
starting local vitamin, :mb3emr, 
and amino acid production. 

3. There is not extensive experience of dealing with the twin 
problems of extrapolating animal data to humans and of extrapo
lating human data obtained in one region under one set of condi
tions to human beings in another region under another set of 
conditions. 

However, the abOve are not considered as bars to effective action, 
since on a practical basis, there is enough experience extant to ~ake 
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allowances for these uncertainties. Rather, these uncertainties suggest 
priorities for further study and experimentation which should be con
ducted once action programs are committed in a given area. 

The following priorities seem to be the critical ones in establishing 
a long-range solution for a specific population which has a demon
strable protein deficit: 

1. Local production of high-protein concentrates must be stimu
lated. 

2. Families must be persuaded to accept special supplements or 
foods for infants and young children. 

3. New processing and distributing techniques must. be devel
oped at the local level. This will make it possible to introduce 
specific protein supplements into the food chain needed to meet 
the total requirement of all age groups, particularly to meet the 
protein and energy needs of infants and children in the 1-5 year 
age bracket. 

It must be recognized that a muItipronged program is required to 
lead to any long-term solution of the world protein deficit. Further: 
priorities and continuing implementation must be planned so that 
adequate follow-through is provided. For example,' agricultural econ
omists should calculate carefully how much ad~itional soybean meal 
(or other protein) supplied from United States production would be 
required to develop long-term acceptance of a product until local 
production can be brought on-stream. At the same time, one must ask 
how much local production of a specific foodstuff it will be possible 
to stimulate in order to place that foodstuff into the local food chain 
so that it may be utilizable and acceptable on the long term, to the 
local population. In addition, while the various nutritional alterna
tives receive prime attention, one should recognize in a specific situa
tion that as much effort might well be expended in improving' 
distribution or processing. of materials already present as in importing 
materials from the United States. In any case, the consequences of 
catering to fixed food habits must be carefully assessed, because if 
people cannot be induced to change food patterns, the chances are 
reduced of finding a long-term solution to their basic problem. What
ever the approach, it must be an evolutionary one and one well 
thought out and studied by competent social scientists. 

More and more, it is clear from this discussion that the immediate 
response to a specific problem is almost certain to require the full co
operation and enforcement of the local government in order to ensure 
that, despite local food customs, the acutely deficient portion of ·the . 
popula.tion (most probably the young children) is reached. This 
problem is o-f the same order of complexity as the birth control pro
gram, but probably involves less social change to carry out effectively~ 
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5.8.8 ' P08sible Method lor Applying a Fortification ,Action Program, 
The examples that follow 'are based on linear-programming tech

niques commonly used in the feed industry and illustrates how one may 
apply these techniques for planning a.nd assessing the food needs for 
a specific population,alth'oughfor most countries, computer solution 
will not be required. Table5-14s1lDl1narizes the nutrient contribu
tions from principal foodstuffs available in overseas regions. A great 
deal of evidence exisfs which demonstrates that meeting a requirement 
for only one nutrient mayexacerba"te the requirements for all other 
nutrients. Therefor~ unless dietary levels for all nutrients are brought 
to adequate levels, it is possible that singly fortified, diets may 
not have a very significant 'effect~Table 5-15 lists the amino acid, 
caloric, vitamin and mineral requirements for a 10 kg~ infant. A spec
ific assessment of food cOl1snmption must be made for a given popu
lation. Then the quantity of ~ given protein concentrate or amino acid 

TABLE 5-14.-Nutrient comp08ition 'oj ingredient8 (amount per tOO grams oj each 
ingredient) 

Ingredients 

Components 

I 
Torula I Full rat Soybean Soybean Fish Fish 

Wheat Rice soybeans meal-50 meal-44 yeast i meal flour 
percent percent 

------------------
Protein (grams). ___________ .11.0 8.0 40.0 51.0 46.0 48.5 65.0 81'),0 
Energy (Kcalorfes)_" _______ M4 3M 331 228 228 273 375 375 
Fat (grams) _______________ 1.8 1.7 20.5 .5 .5 2.5 7.0 .5 
Fiber (grams) ______________ 2.9 10.0 2.1 3.0 7.0 2.7 1.0 1.0 
Calcium (grams) __________ .05 .05 .16 .2 .25 .5 4.6 5.5 
PhosphorUs (gramsoravaU· 

able) ____________________ .13 .11 .176 .22 .2 1.6 2.4 3.0 
Arginine (grams) ___________ .51 .6 2.48 3.1 2.8 2.6 2.57 3.16 
Glycine (grams) ___________ .765 .68 2.16 2.7 2.4 2.7 4.29 5.28 
Methionine (grams). _______ ' .13 ;14 .6 .75 .68 .8 1.00 2.34 
Methionine plus cystine (grams) _________________ 

.323 .23 1.192 1.49 1.34 1.4 2.07 3.28 
Lysine (grams) _____________ .35 .26 2.56 3.2 2.78 3.8 5.62 6.92 
Tryptophan (grams). ______ .153 .. .10 .52 .65 .58 .5 .48 .59 
Lencine (grams) ___________ .575 .51 _ ....... _---_ ... - 3.78 ' 3.4 3.5 4.16 5.0 
lsolencme (grams) ._. ______ .396 .32 ---------- 2.80 2.4 2.9 2.81 3.'46 
Phenylalanine (grams)_ •. __ .468 .31 -""'-------- 2.40 2.2 3.0 2.48 3.05 
P .A. pIns Tyrosine (grams) .82 .91 ---------- 4.00 3.6 5.1 4.31 5.4 
Threonine (grams)_. _______ .259 .26 _ .... _ ... --._- 1.00 1.8 2.6 2.32 2.85 
Valine (grams) ____________ .38 .43 ----- .. ---- 2.70 2.2 2.9 3.42 4.2 
Histidine (grams) ___ • ______ .187 .15 ---------- 1.22 1.1 1.4 1.43 1.76 
Vitamin A (l.U) __________ ... --- ...... _--- --- ... ---- ----_ ... -- ... - ------- .. -- ---------- -------- _ ..... --_ .... _-- _ .. --_ ......... 
Vitamin B(l.C.U) ___ • ____ _ ...... _------ ----_ ...... - .. ---- ........ -- ---- ... ---- ... --- ... ------ -_ .. _---- ------_ .. -- -----_ ...... 
Thiamine (milligrams) _____ .55 .07 .80 .60 .6 9.17 .066 --------
Riboflavin (mUlfgrams). ___ .04 .10 .211 .264 .264 4.4 .551 .678 
Pantothenic acid (milli-

grams)_ •• _______________ .5 .8 1.057 ~.32 1.32 8.1 .661 .812 
Niacin (mlliigrams) ________ 2.4 3.4 1.67 2.09 2.64 49.5 6.61 8.12 
Vitamin Bu (microgram!'.) __ ... --------- ---- ... --- ... --------- ... ------- ..... ------- ... -- -----_ ..... 6. 61 8.1 
Ascorbic acid (milligrams)_ 
Choline (milligrams) _______ 35.0 00.0 211.5 264.0 264.0 286.0 286.0 143.0 
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TABLE 5-15.-Daily nutr~ent requirements for l-year-Dld infant weighing 10 kilo
grama, receiving amino acids to supply D gramaper kilogram of body weight of 
protein per day and consuming DOD grama of food 

Nutrient 

Requirements as
I------~o;__------I Ml1llgrams amino 

a.efd per gram 
Amount per day Amount per unit 

of food 

Calorles_____________________________ 1,200 calories ________ ":',_ 6,000 calories per 
kllogram.. 

Calcium____________________________ 1.0 g___________________ 0.5 percent. 
Phosphorus_________________________ 0.5 g___________________ 0.25 percent. 

nitrogen 

Methionine_________________________ 0.34 g__________________ 0.17 percent _________ ~_ 107 (FAO 144). 
Methionine plus cystine_ _ __________ 0.64 g__________________ 0.32 percent___________ 200 (FAO 270). 
Lysine______________________________ 0.84 g _________________ • 0.42 percent _________ ._ 270. 
Tryptophan_ •••• __ •• _ •• ____________ 0.28 g ___________ .______ 0.14 percent._.________ 90.' 
Leucine ____________________________ 0.96 g __________________ 0.48 percent_. ____ • ____ 306. 
Isoleucine. _____ • ____ .______________ 0.84 g__________________ 0.42 percent___________ 270. 
Phenylalanine______________________ 0.56 g__________________ 0.28 percent___________ 180. 
Phenylalanine plus tyrosine_. ______ 1.12 g. _________________ 0.56 percent_ __________ 360. 
Threonine __________________ .,_:_____ 0.56 g._________________ 0.28 percent __ .________ 180. 
Val1ne ____ :_._______________________ 0.84 g__________________ 0.42 percent_ __________ 270. 
H1stJdine ________________ • ____ ~ __ :__ 0.36 g ___ o______________ 0.18 percent. 
Thiamine _____________________ ~_____ 0.7 mg_________________ 3.5 mg. per kg. 

Riboflavin__________________________ 1.0 mg_________________ 5.0 mg. per kg. 
Nlacln ••• _______________ ._:_________ 8.0 mg_________________ 40.0 mg. per kg. 
VJtamfn A _________________________ ~ 2,000 I. U ______________ 10,000 I. U. per kg. 
Vitamin D_ ________________________ 400 I.C. U _____________ 2,000 I. U. per kg. 

Vitamin Bu_________________________ 1 mcgIO._______________ 5.0 mcgm. 
Ascorbic acid _______________________ 35 mg_________________ 175 mg. per kg. 

that may be used without altering the processing or cooking or flavor 
characteristics of the foodstuffs may be determined. . 

5 .. 7.0 The Improvement of Protein Quality of 
Cereals by Genetic Means . 

• . . it is cbaracteristic of science and progress that they continually open new 
fields to our vision . . . 

-L. Pasteur. 

The application of modern genetics could achieve the equivalent 
of fortification with amino acids thereby obviating the necessity of 
producing, purifying, mixing, and extra handling of the foodstuffs. 
Development of a cereal ( s) with the desired amino acid balance, 
however, could well take an additional 5-10 years of concerted effort. 

A superior variety of corn (opaque-2), which has about the same 
protein quality as animal protein,43 44 has been under investigation. The 
corn contains about 65 percent more lysine, more tryptophan, and a 

43 Mertz, E. T., Bates, L. S., and Nelson, O. E., Mutant gene that changes protein 
composition and increases lysine content of maize endosperm. Science 145 (8629): 279-
280. July 17, 1964. 

'" Mertz, E. T., and others, Growth of rats fed on opaque-2 maize. Sclence 148 (3678) : 
1741-1742. June 25, 1965. 
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better amino acid balance than ordinary hybrid corn (see Chapter 3 
report for a discussion of this development). 

Young children fed this corn at 2 gms of protein per kg/day, retain 
similar amounts of nitrogen as children that are fed skimmilk.45 

These exciting findings point out the increased feasibility of attack
ing the problem of quality of proteins in cereals by manipulation of 
germ plasm. The work with corn should be extended to wheat and 
rice and other economically important grains. There has been little 
emphasis to date on selection of cereals for quality; instead, the 
demand has been for high yielding varieties. This fact, coupled with 
modern knowledge of nutritional requirements of animals and human 
beings should dictate an increased emphasis on breeding programs 
designed to select plants with proteins having an improved nutritional 
value. The ideal amount in any cereal would be that which would 
provide a balanced amino acid profile and an optimal protein: calorie 
ratio for a specific animal or human population. 

Resistance to pests and drought and high yields per acre will have 
to be combined with the better protein quality for this advancement to 
have its greatest impact. In addition, color may be an important factor 
limiting its inclusion in some human foods. . 

Nevertheless, the· potentialities of corn improved in protein quality 
by genetics are tremendous. The results with corn are indicative of the 
possibilities with other cereals. It could do away· with all of the prob
lems inherent in fortification with amino acids, i.e., such problems as 
mixing, extra cost and extra handling. It could affect markedly the 
requirements for soy protein and fish meal in swine and poultry feeds, 
thereby releasing more of these concentrates for human foods and it 
could markedly increase the contribution of protein in corn to the 
human diet. 

In summary, the discovery of the opaque-2 variety is one of the 
exciting developments of the 1960's which should be pursued and 
expanded in research efforts, both at the basic genetic level and at the 
field trial state. The goal should be large-scale commercial plantings 
within five years and development of adapted varieties for countries 
where corn is a staple in the human diet. 

6.8.0 Increasing Animal Protein Supplies 
. . . Who shall give us :flesh to eat? . .. 

-Numbers 11: 4. 

Proteins of animal origin are very' desirable in the human diet 
because: (a) in general, they are adequate in amino acid content to 
meet the presently known human requirements and (b) they have 

4S Bressani, R., Improvement of nutritional status' in developing countries by improved 
food production: 'Cereals. Int. ·Congr. Nutr. Proc. 1966~ (Preprlnt.) . 
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pleasing flavor and texture. Animal proteins '( including milk) do make 
very important contributions to our total protein supply, even though 
the amounts vary drastically from area to area. 

Many facets of the problem must be considered in reaching a decision 
as to whether animal protein supplies (excluding fish which are con
sidered in Sections 5.10, 5.11, and 5.12) should be increased in any 
given area. In considering this problem one must recognize: (1) That 
80me people do like food8, inoludingmuk and egg8, of animal origin. 
In certain areas, religious or other patterns prevent the consumption 
of certain types of animal products, but in this paper, only those areas 
where products of animal origin may be consumed freely or with a 
minimum amount of restriction are being considered. (2) That pro
teins from animal 80uroe8 have better quality than individual vege
table proteins. Meat, milk and eggs supply all the essential amino acids 
required by :man in single, unaltered products. ·Meats also supply cer
tain miD:erals and vitainins and are a particularly good source of 
vitamin Bu. (3) Thq,t generally the oonsumption of animal produot8 
deSired and purohased wul inorease as the eoonomio level inorease8. 
Arrayed against this, however,are some disadvantages of animal 
production. 

5.8.1 Di8advantage of Animal Produotion 
1. Human food cannot be produced as efficiently through animal 

production as when grains' are consumed by man himself. 
2. Animals may be fed' cereal grains and thus compete with man 

for food. 
3. There is more risk in producing animal products than in pro

ducing- plant produCts. After they have consumed a giv-en amount' 
of feed, animals may become victims of disease and parasites and 
may die before they can be transformed to edible products. Meat 
may be lost through spoilage after the animals have been slaughtered. 
More labor and cost are required to care for animals and to process 
and to produce animal products than are required for cereal grains. 

4. Animal production may compete with other types of food pro
duction for land use. In some areas, however, beef cattle and sheep 
may be produced on lands that are not suitable for other kinds of 
agriculture. Poultry production is not only efficient in terms of utiliza
tion of feed but requires little land. There are also other areas·w here 
the land used for anImal production might have alternate uses that 
are more profitable from the standpoint of both monetary return 
and total food production.' 

. 5.8.~ Evaluation of Animal Production 
Balancing the a~vantages against the disadvantages of producing 

anim~l foods for human beings ~dicates that the production of animal 

263-888 0-67-"-· 23 
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foods cannot be justified on an economic basis except in special cases. 
It is now evident that people are going to eat, if at all possible, what 
they want to eat including animal products and that every available 
source of food will be needed to solve the world's food problem and 
to improve the quality of life. The needs and means of increasing 
animal production must be considered in terms of potential and future 
economic demand. 

Certain factors, must be evaluated in any area in which increased 
animal production is contemplated: 

(1) When liv~stock populations are increased,· there must be an 
effective demand for that type of product. If production exceeds 
demand, there will be a surplus and the price will be depressed to 
a point where there is no incentive to produce the animal products. 
But when the quantities produced are too low, prices will increase so 
much that the population cannot pay for the commodities that are 
produced. In each area, therefore, a careful study must be made so 
production can be balanced with effective demand. 

(2) A study must be made of the potential of the land and the 
existing feedstuffs to sati~fy the needs of the animals. The land can 
support only a limited number of animals. An optimum number of 
animals will yield the greatest production. Greater numbers of animals 
will have slower rates of growth and reproduction resulting·in higher 
costs of production than if fewer animals were raised efficiently. It 
may be possible, therefore, ,to increase total production by raising 
fewer but better animals. 

(3) Competition for land use must be considered. Often land used 
to produce feed for animals or pasture for animals might return a 
larger supply of food grain or more money if used for the direct 
production of crops. It is also true that certain types of land may be 
improved to develop pastures, improved for future grain crops and 
at the same time improv~d for the. production of animals. There are 
types of land which a~ 'suited only for the production of animals, 
particularly beef cattle, sheep, and goats. 

(4) Disease and parasite problems must be considered. Certain 
diseases and parasites hamper greatly the production of livestock. 
These must be controlled before considering the increased produc
tion of animals. 

(5) Carcasses, milk, or eggs are not consumed immediately. Atten- . 
tion must be given to preservation and storage of these products until 
they reach the point of consumption. Means of preservation may be 
available to reduce waste, but it is also possible that the costs involved 

, may increase the price beyond the means of the needed populace and 
its effectiveness also may be lost. This question of loss in food products 
before they reach the hungry and malnourished human stomach is 
one which must be given careful consideration. 

" . 
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(6) Transportation and distribution must be studied. Normally, 
livestock products are produced more efficiently on a large volume 
basis. Transportation must be available to move the products to the 
points of distribution where they will be available to the human for 
consumption. . 

(7Y The animals to be produced must be efficient. Genetic improve
ments have greatly increased the capabilities of the animal to produce 
meat, milk, or eggs. At the same time, the most efficient types or strains 
of animals may not be adapted to climatic conditions and may not 
have the resistance to diseases or insect pests and parasites prevalent 
in given areas. 

5.8.3 Efficiency of Oonversion of Feed 
Phillips 46 and Wilcke 47 have pointed out that the contribution of. 

animals to the protein supply in the developing countries is very 
low (Figure 5-1). One must also consider the competition for food 
and feed between the human and animal in those areas of the world 
where food is not plentiful. One must recognize that the greater the 
percentage of food energy being supplied from animal products, the 
more land is needed to provide the food for each person (Figure 5-2). 
One must also recognize that the relative productivity of animal 
protein per acre of land varies with the type of plant grown and 
with the type of animal fed (Figure 5-3). The values of feed conver
sion by different anima-Is may be understated in this particular chart 
but one must face the indisputable fact that human food cannot be 
produced as efficiently when one turns to animal production as when 
grains are consumed by mail himself (Figures 5-3 and 5-4). 

The efficiency of· animals in converting feed to human food has 
. been calculated and varies according to the methods of calculation, the 

efficiency of particular animal~, and type of feed available. But the 
figures used here include all of the costs in terms of feed intake 
chargeable to the animal, including the cost of growing the animal 
to the point where it is capable of reproducing and, in the case of 
the young animals, the proportionate cost of maintaining the breed
ing flock or herd from which they are produced. It is .evident that 
the hen and the dairy cow are the most efficient in converting protein 
in feed -to human food products, followed by the broiler, swine and last, 
the beef animal (Table 5-16 and Figure 5-4). It must be recognized, 
however, that the ruminant can utilize feed that cannot be used 
directly by man and it is, therefore, salvaging this material and 
making it available to the human. It must also be recognized ,that the 

U Phlllips, R. W., Future programs for increasing food production with reference to 
. the pre-school child.· Nat. Res. CQunell Publ. 1282, 305-317. 1966. 

41 Wilcke, H. L., General outlook for animal protein in food supplies of developing 
areas. Advanc.in Chern. No. 57: 16-26.1966. Reference p.17. 
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Figure 5-1 
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~ilcke, Harold, General Outlook for Animal Protein in Food Supplies of 
Developing Areas; In: World Protein Resources, Adv. in Chem. Series 57, 
Amer. Chem. Soc., p. 17, Washington, D. C., 1966. 

animal proteins are far: higher in quality than the edible products 
consumed by the animals. 

In every area, there are foodstuffs not suitable for direct human 
consumption. Some may be spoiled. due to inadequate storage or 
preservation, some may be infected with insects or rodents, and some 
may be in a form that cannot be utilized by humans. Ruminants 
can play a very important role in converting inedible grasses and 
other forages into desirable food products in many parts of the world 
where this type of material is available. Poultry and swine may act 
as scavengers converting food products that, for various reasons, 
cannot be consumed .by man, into products very desirable to man. 
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Figure 5-2 A DIET CONTAINING MORE LIVESTOCK PRODUCTS 
REQUIRES MORE LAND AND FEEDS FEWER PERSONS (1) 
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(1) From Bean, L. H. WHO/FAE/UNICEF Protein Advisory 
Group News Bulletin No.6: 20-31 April 1966 

5.9JJ Oilseed Proteins 

150 

Liberal cost 

Liberal lncome 

. • • Then said Daniel to the steward . . . "Try thy servants,· I beseech thee, 
ten days; and let them give us pulse to eat, and water to drink. Then let our 
countenances be looked upon before thee and the countenances of the youths that 
eat of the king's food;" . . . And at the end of ten days their countenances 
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Figure 5-3 NUMBER OF DAYS OF PROTEIN REQUIREMENT 
(by a moderately active man) 

No. of days PRODUCED BY ONE ACRE, YIELDING SELECTED FOOD PRODUCT (1) 
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7. Rye flour (whole) (485) 
8. Wheat flour (white) (527) --1r-----+---_I_- Peas, spll'C:::i-i::=l---i-1150 

9. Rlce (white) (654) 
10. Rlce (brown) (772) 
11. Corn meal (773) 
12. Wheat flour (whole) (877) 
13. Beans, dry edible (1,116) --If-----+---_�_---t-t--t-J:==!--t-15CO 
14. Peas, split (l,785) 
15. Soybeans. edible (2,224) 

12!\n-"----4--~ ........ ----+-----,I----_+---_I_-C:::l-_t::_i___I ... 12$O 

2 3 4 5 8 7 9 10 11 12 13 14 

(1) From Bean. L. H. WHO/FAE/UNIEF Protein Advisory 
Group News Bulletin No.6: 20-31 April 1966 

appeared faIrer, and they were fatter in tJesh, than all of the youths that dId 
eat of the klng's food . . . 

-Book of Daniell: 3-16. 

The potential of protein for humans from present production of 
oil seeds equals the amount of protein now supplied by animal sources. 
Technologies exist and new ones are being developed rapidly to pro
duce from these proteins a wide spectrum of food products which in
clude flaked and extruded cereal protein mixtures, protein beverages, 
bakery products, desserts, spreads, and textured products. Only a small 
fraction of the proteins in oil seeds is consumed directly by humans. 
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Figure 5-4 

CONVERSION OF TOTAL FEED TO EDIBLE CARCASS 
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In the United States few soybeans are used directly for human food 
and hardly any cottonseed or peanut protein is eaten by human beings 
anywhere. One of the greatest opportunities for increasing the world 
protein supply, without increasing agricultural production, is to utilize 
the presently available oilseed resources directly for humans. 

About 70 percent of the world supply of proteins is derived from 
veget.able sources, mainly cereal graiIJ-s. The largest concentrations of 
proteins in vegetables are ·found in tlle oilseeds. The major oilseeds in 
terms of total protein are soybeans, cottonseeds, and peanuts-(Table 
5-17). The world production and distribution of these are given in 
Table 5-18. . 
~ 
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TABLE 5-16.-~eed protein required to produce, ~dt'ble protein frum certain anima.l 
8ource8 

lWlliODS of metric tons Ratio ot 

Food 
Edible 
protein 

(percent) 
J;'d~ 1-----:--------1 con;:dting 
(percent) Total Protein Feed ~~t;;;,na1to 

WOBtD 

Eggs , ___________ • ____________ _ 
Beef and veal' _______________ _ 
Pork '_. _____________________ _ 
Poultry 1

0 

_________ 

0 

__________ _ 

Cows milk ' __________________ _ 

BBGIONS or TBB WOBtD 

Beef and veal: a 

12.9 
16.5 
10.2 
18.6 
3.5 

23.49 
4.59 

12.50 
17.70 
22.93 

Europe ••• ___ • __ • __ •• _ ••••••••••• _____ •••• _ ••• ___ _ 
North America_ •• ________ • _______________ woo_woo. 

Latin America ___ •• ___________________________ • __ • 
Near East. ______________________________________ _ 
Far East __________ ••• ________ .•••• ______________ _ 
Afrlca _______________________ •• __ • __ • ____________ _ 
Oceania.,. ________________________________________ _ 

Pork: , 

food produced protein 
produced required protein 1 , 

12.4 
32.1 
29.2. 
7.3 

324.9 

7.2 
9.5 
6.7 
.7 

1.1 
1.6 
1.3 

L6 
5.3 
3.0 
L4 

lL4 

L2 
L6 
.9 
.1 
.2 
.3 
.2 

6.8 
115.4 
23.8 
7.7 

49.6 

4.3 
21.8 
8.0 
5.5 
4.4 

25. 6 ___________ _ 
34. 2 ___________ • 
20.5 ___________ _ 
2.5 ___________ _ 
4. 0 ___________ _ 
5. 8 ___________ _ 
4. 7 ___________ _ 

Europe___________________ ____________ ____________ 9.7 'L 0 7.9 • __________ _ 
North America _________________________ .:_________ 6. 2 .6 5.0 ___________ _ 
Latin America _____ • ____________ ••• _. ____ ••••• _ •• _ 1.2 .1 L 0 ___________ _ 
Near East ____ ' ____ ... _._. _________________ woo_woo ••• __ ._. ______ • _____________ ••• __ ••• ___ •••• _____ _ 

Far East ___________________________ ._ ____________ 1.2 .1 1.0 ___________ _ 
AfrIca ____________ • _________ • ______________ .______ .2 (. (2) .2 _ •• ________ _ 
Oceania ____________ • ___ • _______ • _______________ ._ .2 (.02) .2 ___________ _ 

Cowsmilk:' Europe __________________________________________ _ 
North America. _________________________________ _ 
Latin America_. _________ • ________________ • ____ :. __ 
Near East _______ • _______________________________ _ 
Far East ___________________ •• ________________ . __ _ 
AfrIca __ • ___________________________ ••• ___ ._ ••• __ _ 
Oceania_ - • ______________________________________ _ 

139.5 
65.8 
22.6 
6.7 

15.7 
9.9 

12. 7 

4.9 
2.3 
.8 
.2 
.5 
.3 
.4 

2L3 
10.0 
3.4 
1.0 
2.4 
1.5 
L9 

1 ThIs represents the number of metric tons of feed protein required to produce 1 metric tOll of edible 
protein. 

'From U.B, Department of Agriculture. "The world agricultural situation" review for 1966-0utIook 
for 1967. Foreign Agr. Eoon. Rpt. No. 28. 

I From Food and Agriculture Organization of the United Nations. Production Yearbook 1965. 

According to Abbott,48 pulses, oilseeds, and nuts supply almost 13 
percent of the world's protein supplies ranging from a high of 27 per
cent of the diet in India, probably about the same in mainland China, 
to as low as 5 percent in the United States and 1 percent in Argentina 
(Table 5-20). 

jJ Abbott, J. C., Protein supplies and prospects: the problem. Advance. in Chem. No. 
57 : 1-15, 1966. Reference p. 2. 



INCREASING mGH QUALITY PROTEIN 339 

TABLE 5-17.-Major o't1seeds 'Used as Jood 1 

World 
Protein on produc- Major Problems In 

SpecIes Botanical content, content, tion, producIng processing 
name average average 1,000 countries as food 

percent percent. metric 
tons 

Soybean __ ---_ GlycIne max ____ 42 20 235,000 United States, Antitrypsin 
Ch1na. factors. 

Hemagglutinin 
factor. 

Peanut _______ Arachis hypo- ZJ 48 '14,800 India, Senegal, Aftatoxln. 
gea. Nigeria. 

Cottonseed ___ Gossypium ____ -_ 30 30 120,600 United States, Gossypol, malvalic 
India, U.S.S.R., acid, aflatoxin. 
Mexico, United 
Arab RepubUc, 
Brazil, 
Paldstait. Sesame _______ 8esamum 25 50 a 1,500 Ch1na, India, Fiber, oxalate. 

Indieum. Sudan, Mexico. 
Sun1lower~ __ ._ HeUanthus 30 40 16,840 U.S.S.R., Argen- FIber'. 

anuus. tina, Uruguay, 
South Afr1ca, 
Turkey. 

Coconut __ --__ Cocus nucifer& __ '8 '65 U3,200 Philippines, Do. 
Indonesia, 
Ceylon, India, 
Malaysia. 

1 From :Milner, M., General outlook for seed protein concentrates. Advance. In Chem. No. 67: ffJ-(fJ' 
1966. Reference p. 64. . 

1 Estimated for 1965. 
1 (6). 
, Dried meats (copra) • 

. TABLE 5-18.-World production oj major omeeds 1 

Produetion 1961-(fJ (million metric tons) 

Region or country 
Peanuts 
(In shell) 

World production (excluding U.S.S.R.)_______________________ 14.1 
North America __________________ .____________________________ .79 
Latin America _____________________________________________________________ _ 
Near East ________ ~ _______________________________________ ~___ .23 
Far East_ ____________________________________________________ Ii. 99 

Africa_________________________________________________________ 3. 00 
India ____________________________ :.____________________________ ·4. '16 

Indonesia_____________________________________________________ .40 
Mexico________________________________________________________ .090 
Nigeria_______________________________________________________ 1.25 
Brazfi 2 ___________________________________________ ._________ ___ • fj8 

Cottonseed Soybeans 

20.6 
Ii. 42 
2.8 
1.94 
2.94 
.46 

1.60 
.002 
.77 
.056 

1. Iii 

31.0 
18.7 

.31 

.005 
1.29 
.030 

.43 

.016 

1 From Parpia, H.A.B., and Subramanian, n., Plant protein foods In India. Advance. In Chem. No. 
M: 112-132. 1966. 

'1960-61. 



340 TEE WORLD FOOD PROBLEM-:VOL. n 

In 1965, the estimated production of meats alone for the 44 major 
producing countries was 50 million tons.49 The total production of 
animal protein, including milk and eggs is estimated at 22 million 
metric tons for 1964 (Table 5-19). A cursory inspection of Table 5-17 
shows that the three major oilseed meals could provide more protein 
annually for man than is now available from animal sources. The 
basic problem is that almost all of the soybean, meal produced in 'the 
United States, one of the two largest producers in the world, goes 
into animal feed. 

5.9.1. Soybeans 

The United States has been increasing its acreage and production 
of soybeans. After extraction of the oil, most of the meal is used for 
animal feeds. The production and "disappearance" of soybeans is 
given in Table 5-21. 

TABLE 5-19.-World production Of animal protein in 196,f 1 

Protein production 
Commodity: (m,mon metric tom) Eggs ___________________________________________________________ 1.6 

Beef and veal____________________________________________________ 5.,3, Pork ___________________________________________________________ 3.0 
Po~tr.y _________________________________________________________ 1.4 

Cows milk______________________________________________________ 11. 0 

Total ____________ .:.. ____________________________________________ ' 22. 3 

1 Taken from Table 1S-16. 

Soybeans have been a source of protein for 'human beings for mil
lennia. In large parts of the 'World, soybeans are still processed or fer
mented by ancient techniques to make them suitable for human food. 
Today fOUT types of soy products are 'processed .. They are, in order 
of increasing cost, full-fat soy flour (42 percent protein), standard soy
'bean flour (52 percent protein), soy protein concentrate (70, percent 
protein), and soy protein, isolate (90 percent protein). Prices range 
from 12 to 40 cents 'a pound of protein. The full-fat product as well as 
the 52 percent protein product can be used in cereal protein mixtures, 
in beverages, in baked products, and, in some instances, in textured 
produots. Soy products have the 'advantage of low cost but these 
cheaper soy products still have the problem of poor flavor and often 
cause flatulence. 

The 70 percent protein concentrate has a high nutritive value be
cause practically all the protein is retained while' the phy~ologically , 
deleterious materials are removed during processing. It should 'have 
broader use becauSe it can be incorporated into textured products more 
easily. 

CII u.s. Department of AgrIculture, lIeonomlc Research Service. Foreign AgrI. :moon. Re-
pOrt No.2. 1965. . . 
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TABLE 5-20.-Per capita protein supplie8 in selected countries 1 

Sources 

Country Total 
protein Starchy Pulses, Meat Mllkand 

Animal Grain roots ollseedS, and milk 
nuts poultry products 

United States: 
Grams per day _____________ 92 65 15 2 5 32 24 Percent ____________________ 

100 70 16 2 5 35 26 
.Argentina: 

Grams per day~ _____ ~ ______ 08 57 34: 3 1 43 11 Percent ____________________ 
100 liS 35 3 1 44 11 

Pern: 
Grams per day _____________ 49 12 22 6 5 6 3 Percent ____________________ 

100 24 45 12 10 12 6 
India: 

Grams per day _____________ 51 6 30 -_ ..... --_ ..... - 14 1 ----------Percent ____________________ 
100 12 59 ........ -... _--.-- 27 2 -_ ... _------

Japan: 
Grams per day _____________ 67 17 31 2 13 3 1 

Pe~t-------------------- 100 26 46 3 19 5 1 

1 From Food and AgrIculture Organization of the United Nations. State of food aud agriculture, 19M. 
Rome, 19M. Ch. m. 

TABLE 5-21.-8oybeam: 8upply and disappearance, 1968-66 1 

[Million bushels] 

Supply Disappearance 

Year beginning 
Stocks Total Cmah· Seed ResidualS September Produe- Exports 

, tlon Sept. 1 supply ings 

---
1953 _________________ 

269.2 22.4 291.6 40.1 217.8 22.9 2.7 1954 _________________ 
34:1.1 8.1 34:9.2 57.3 241.4 23.4 4.5 

1951L ________________ 373.7 22.6 396.3 68.6 281.9 25.8 -1.0 
196EL ________________ 449.3 21.0 470.3 83.7 313.6 26.4 15.0 
1967 _________________ 

483.4 31.6 515.0 88.4 351U 29.5 3.4 19li8 _________________ 
680.2 42.8 623.0 105.0 ° 308.8 27.4 4.0 

1969 _________________ 
532.9 87.8 620.7 139.9 394.0 29.3 5.7 1960 _________________ 
555.3 51.8 607.1 134:.7 406.1 32.9 6.3 1001 _________________ 
679.6 27.1 706.7 149.4 431.4 33.5 14.1 1002 _________________ 
669.2 78.3 747.5 180.5 472.7 34:.4 13.9 

1963 __________ 0 _______ 

699.4 46.0 745.4 187.2 436.8 36.5 17.6 19M _________________ 
701.9 67.3 769.2 212.2 479.0 40.5 7.9 1965 t ________________ 
843.7 29.7 873.4 255.0 535.0 42.0 11.0 1966 6 ________________ 
860.0 30.0 890.0 ---------- -------......... ---------- --....... _----

Soybean 
oll 

exports 
(bean 
equiv-

alent) I 

7.1 
4. 

43. 
78-
72. 
84. 
00. 
65. 

111. 
107. 
103. 
125. 
93. 

5 
5 
5 
o 
8 
2 
4 
8 
o 
1 
2 
5 

----------
1 From handbook of agricultural charts, 1966. U.S. Department of Agriculture, AgrIculture Handbook 

325, 155 pp., October 1966. 
I Computed from unrounded numbers. Includes use for feed, direct use for food, and loss. 
a Based on actual yield of oll per bushel of soybean.s crushed. 
t Partly estimated • 
• Indicated Aug. 1. 

NOTE.-Data published currently by U.S. D~~rtment of AgriCulture, ERB, lats and oUs situation. 
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< The protein isolate, the most expensive product, can be spun into 
fiber or made into gels <and can be incorporated into sophisticated 
tex'tured products. Its disadvantages are higher cost and a lower nu
tritive value than the original protein because, in the process of isola
tion, protein is concentrated selectively. The methionine, for example, 
is much lower in the protein isolate. The limiting amino acid in soybean 
protein is methionine (See Table 5-3). This can be remedied by fortify
ing the soy protein with methionine 50 or other protein concentrates 
during the spinning and texturing operation. Products which simulate 
meat, fish,and poultry have 'been made from such material. 

Soybeans have not been grown economjcany as yet in tropical 
climates and are not a major crop in Central America, most of South 
America, Amca, India, and Pakistan. Attempts are being made now to 
determine whether or not soybeans can be grown in countries such as 
India.til Soybeans could perhaps replace other crops presently used 
for non-food products. On the other hand, considering the efficiency of 
American production, it may be more economic to produce this com
modity in the United 'States. 

Soy products could 'be used effectively in fortification of cereals, in 
children's foods, or in new foods. In areas where soy products are now 
unavailable, it may be practical to import soy products for use in foods. 
The potential of using and producing soybeans should be evaluated in 
are,!s where there is need. Research should ;beaccelerated on removing 
physiological and flavor factors in soybeans which may interfere with 
utilization as human foods. ' 

The necessity of increased production of soybeans specifically for 
human use cannot be overstressed. For instance, based ona reported 
1966 U.S. production of 626 million bushels of soybeans, each addi
tional one percent increase in production would yield 30.3 thousand 
metric rons of oil and 61.5 thousand metric tons of protein or enough 
protein to correct the <lysine deficiency of 1.0 million metric tons of < 
wheat. If soybean meals now being used for animal feed were diverted 
to human use, some substitute protein would be needed for monogastric 
animal feed. To encourage more production of soybeans by U.S. farm
ers, price support win be needed becauseth~ yields are small compared 
to corn, an alternate crop. 

5.9.~ OottOnBeea8 
The world production of cotton has not been increasing as rapidly 

as other sources of oilseeds (Table ,5-22). Production has lagged be-

110 There Is one problem with methl~nlne fottlllcatlon. Methionine < has an objectionable 
taste detectable at about 0.02 percent. The taste can be masked with van1l1a in liquids 
and presumably it could be masked also when used In solid foods. . 

111 Experimental 'plantlngs of soybeans in India have produced good yields. However, it 
should be pointed out that the use of land for alternative crops may be more economic. 
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TABLE 5-22.-Cotton: World production a~d consumption by areas, average 1955-59, 
annuaZ190Q-05 1 • 2 

[Mllllons of bales] 

Production Consumption 

Foreign Cree Foreign Cree 
Year beginnlng world world 

Aug. 1 United Com- Total United Com- Total 
States munist ~ world States munlst world 

Im.- Ex- Im.- Ex-
porting porting porting porting 
------------------

Average: 
19M-SIL _______ 13.0 4.6 12.0 14.2 43.8 8.7 16.0 4.6 15.0 44.3 1960 ____________ 

14.4 5.3 13.7 13.1 46.5 8.3 17.9 5.4 15.4 47.0 1961 ____________ 
14.4 5.0 14.5 11.2 45.1 9.0 17.8 5.7 13.3 45.8 

1962 ____________ 14.9 5.8 16.1 11.0 47.8 8.4 77.6 5.6 13.3 44.9 1963 ____________ 
15.3 6.0 15.9 12.9 lID. 1 8.6 18.4 6.0 14.6 47.6 

19M ____________ 
15.2 5.8 17.1 13.8 51.9 9.2 18.9 6.2 15.4 49.7 1965 2. __________ 
15.0 5.7 77.2 14.6 52.5 9.5 18.5 6.1 16.2 lID. 3 

1 United States in running bales; others in bales of 480 lbs net. 
2 F1'QlD. handbook of agricultural charts, 1966. U.S. Department of Agriculture, Agriculture Handbook 

325, 155 p. October 1966 • 
• Partly estimated. 

cause the textile industry now uses synthetic fibers as well as cotton and 
wool. Since the -major economic component of cotton is the lint, there 
probably will 'be only small increases in production of cottonseed unless 
new uses are found for cotton fibers. 

Another limiting factor in the use of cottonseed -as a source of pro
tein for non ... ruminants is gossypol, a polyphenol found in dark spots 
normally referred to as the pigment glan~ of tl1e seed. This poly
phenol is -toxic to man 'and must be destroyed, removed by solvent 
extraction, or inactivated 'by binding to other seed components. During 
processing, careful control of heat is. necessary to minimize loss of 
lysine. After processing, cottonseed meal contains 50 to 55 percent pro
tein which can be increased to 70 percent by extraction of soluble 
carbohydrates. 

About 10 years ago, a glandless variety of oottonseed was discovered. 
This year 15,000 acres of this variety were planted in Texas. The 
nutritive value of protein concentrate from glandless cottonseed is 
superior to that obtained from the seeds with glands presumably due 
to the a:bsence of toxic fac'tors. Further research on glandless cotton
seed and larger plantings of .this variety could provide larger amounts 
for human feeding. The efficacy of cottonseed protein in human feedihg 
has been demonstrated on a large scale in Central America-cotton
seed is u~d)n the INOAP protein mixtures, Incaparina. Its use in 
formulations . like Incaparina should be extended to other -weaning 
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mixtures where it can replace milk solids and some of the· soybean 
protein. 

The great virtue of cottonseed protein is that it is indigenous to 
protein-poor tropical areas of Africa, Asia, and Latin America (See 
Ta:bles 5-17, 5-18). . 

0.B.9 Peanut8 
Peanuts (groundnuts) are one of the leading agricultural crops of 

the world :for the production of lOil and plant protein. Not only are 
peanuts 'an important crop in this country, !hut they are grown in the 
warmer parts of all six continents. 

Although peanuts may be consumed directly by man, a:bout 65 per
cent o:f the world's peanut production is crushed for oil. Peanut oil 
comprises about 20 percent of the world's trade in edible oils and oil
bearing m3iterials. 

In India, 'after ,the oil is removed by crushing and solvent extraction, 
a meal remains which contains about 50 percent protein. Further treat
ment removes most of the carbohydrates, yielding a protein concen- . 
tra'te with more than 70 percent protein. In addition, a peanut lipo
protein (70 percent protein-30 percent lipid) may be produced which 
could be used in beverages. 

Peanut protein is deficient in three amino acids: methionine, lysine, 
and threonine (Table' ~). Peanuts probably would not be used in 
foods unless supplemented with amino acids or with other higher qual
ity protein to make up for the deficient amino acids. Peanuts are a more 
concentrated source of· protein than cereal grains so their use should 
be encouraged wherever possihle. Peanuts are indigenous to the Carib
bean Islands, to South America, and Africa. Large amounts are grown 
in India. The -addition of groundnuts to the world protein supply could 
measurably reduce protein malnutrition. 

One.of the difficulties with peanuts is the presence of aflatoxin, a 
mold metabolite, which is often prevalent because of the way in which 
the peanut is grown, harvested and stored. Considerable research is 
now underway, and this should be accelerated, on ways and means of 
removing aflatoxin from peanuts. Present development of peanut prod
ucts should not be impeded because c'areful handling and picking does 
reduce the aflatoxin content to manageable proportions. The increased 
use of peanuts in dietaries should be encouraged using careful means of . 
selection to assure freedom :from aflatoxin. . 

In all instances it should be understood that oilseed protein concen
trates involve ·aprocessing step. This processing is essential to render 
them suitable for human consumption. If it is not done correctly, the 
product may not be completely . satisfactory and the protein value may 
be reduced by overheating. The~fore, it is not sufficient to talk about 

* processed products from soy~ c<)ttonseed, peanuts, or the like. It is 
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necessary to talk about particular products meeting well-defined spec
ifications. Such specifications have been prepared by UNICEF for 

, cottonseed and peanut 'and soy products and no doubt will be refined as 
more information is available. 

5.10.0 The Fishery Protential of the Ocean 

• • • There's fish in the sea, no doubt of it, as good as ever came out of it • . . 

-We S. GHbert, Patience Acti. (1881). 

Taken as a whole, the se'as contain 'a tremendous potential for world 
feeding. Only a few dozen of the 20 to 25 thousand species of fish are 
used directly or indirectly as food by man. The potential, however, is 
but the beginning. In order to achieve even a part of this potential, 
large expenditures of money on boats and equipment to catch and proc
ess the fish will be required and this will ,entail time as well as money. 
The problem of whether acceptable fish are available off the coast of 
certain developing countries remains as does the acceptability of fish in 
some of these cultures. With concerted efforts 'and large expenditures , 
for boats, fishing gear, docks,and preservation equipment, it is esti
mated that in 5 to 10 years 'a suhstantial increase in harvest and preser
vation of the ocean's potential could be achieved. 

There is little doubt' that the potential productivity of fish is con
siderably larger than the 19()4 harvest of 56 million tons. Many species 
are not harvested today for lack of specialized gear and for lack of a 

, market; yet, many of these species 'are not only of nutritive value equal 
to that of the few that are presently caught, but exist in unknown 
although in probably vast quantities. The estimates of potential fish 
catch are many and vary widely, mainly due to lack of ,adequate data 
and understanding of biological processes in the oceans. It is important 
to be aware of their range and the reasoning employed to arrive at the 
estimates. Some, although made -quite recently by recognized ex
perts, appear to be too low, some others appear to lbe fantastically high. 
It is generally agreed, however, that the oatch of fish can be increased 
markedly. 

One type of estimate (by Graham and Edwards) was based on the 
potentially productive area of the continental shelves and the output 
per acre of known fishing grounds (Table 5-23). It was concluded that 
an annual harvest of 20 pounds of fish per acre was a conservative aver
age estimate for the known continental shelves, covering over 6 billion 
acres. This estimate led to a figure of 120 billion pounds of (presum
ably known and commonly used) fish per year, or 55 million metric 
tons. The estimate assumed that the catch of pelagic fish, not ,associated 
with the con~inental shelves, is negli~ble, and was only for bony fishes; 
whales, sha~~, and invert~brates were not included. It is significant 
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that at the time when Grahrun and Edwards 52 made this calcUlation, 
the Peruvian catch was very small. It is now 350 pounds per acre or 9 
million metric tons annually. 
TABLE 5-23.-Total BustainabZe annual fisheries harvest, a8 estimated by 'Various 

. author8 
1!Jst£matetJ total 

, su8ta£nable annual 
Mrt'Je8t in 

Author: million metric tons -GrahaDl and EdlVards 1___________________________________________ 55 
PfkeandSpiIbaus s_______________________________________________ 190 
Schaefer

8 
~______________________________________________________ 200 

Larktn'_________________________________________________________ 500 
Jresteven and lIolt S______________________________________________ 500 
(J.bapDlan e ___________________________________________________ ~ __ 2,000 
Schmitt' _____________________________________ ~----------------__ 2,000 

1 Graham, H. W .• and Edwards, R. L., Tbe world blomasa of manne fishes. In: Heen, E., 
and Kreuzer, R. (eds). Fish In nutrition. London, FishIng News, 1962. 477 p. pp. 3-8. 

:I Pike, S. T •• and Spllhaus,· A., MarlDe resources. A report to the Committee on Na.tural 
Resources of the NAS/NRC. Nat. Res. Counell Publ. 100-E: 1-8. 1962. 

a Sebaefer, M. B., The potential harvest of the sea. Amer. Fish. Soc. Trans. 94 (2) : 123-
128. Apri11965. 

'LarkIn, P. A.· What Is the potential of North American FIsheries? The Fish Boat 
10(7) : 21-23,1965. 

II Kesteven, G., and Holt, S. J'., A note on the fisheries resources of the Northwest 
Atlantic. FAO Fishery paper No. 7.1955. 

• Chapman, W. M., Ocean fisheries-status and outlook. Paper presented to Marine Tech-
nological SocIety, Wash,lngton, D.C., 1966. . 

'1 Schmitt, W. R., The planetary food potential. New York Acad. Sci. Ann. 118 (art. 17) : 
645-718. Mar. 6, 1966. 

Graham and Edwards also made another estimate of fishery poten
tial of 115 million metric tons of marine' fishes and in vertebrates 
annually. This second type of estimate is based on the production of 
plants in the sea. Kesteven and Holt estimated that the net production 
of plants was between ·12 and 15 billion tons of carbon per year; or 
500 billion tons of phytoplankton. If this plant matter is fully har
vested by herbivores and if a conversion efficiency of about 20 percent 
is assumed, the annual production of herbivores is 100 billion tons. If 
the conversion efficiences of primary and secondary carnivores are 10 
percent, then 1 billion metric tons of bony fish are produced, of which 
50 percent or 500 million metric tons might constitute a sustainable an
nual harves't.53 Based on the estimate that 19 billion tons of carbon are 
fixed annually into living matter in the oceans, it was postulated that 
2 billion tons of animals are available annually M that are "large enough 
and useful enough to form the basis of practical commercial harvest
ing." 55 A conversion efficiency of 10 pe~cent was used in this estimate 

lllI Graham, H. W., and Edwards, R. L., The world biomass of marine fishes. In.: Heen, E., 
and Kreuzer, R. (ede). Fish In nutrition. London~ FIshing News, 1962. 447 p. pp. 3-8. 

til Kesteven, G., and Holt, S. J'., A note on the fisheries resources of the Northwest At-
lantic. FAO Fishery Paper No. 7'.1955. ._ 

iii Chapman, W. M., Ocean ftsheries--status and outlook. Paper presented to Marhie Tech-
nolOgical SocIety, Washington. D.C., 1966. .. 

·-Schmitt, W. R. t The planetary food-potential. New·York Acad. ScI. Ann. U8-Cart. 17) : 
645-718. Mar. 6, 1965. 
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but it was assumed that some of the catch would be primary as well as 
secondary carnivores. 
. Of all the estimates, some of which are as great as two 'billion tons 
(Table 5-23), only the first estimate of Graham and Edwards ti6 for 
bony fishes will be realized in the near future. The catch of bony 
marine fishes was 40 million tons in 1964 or 75 percent of their estimate 
of potential annual yield. 

In' the past decade the fish catch has increased about 7 percent 
annually. At this.·rate of increase, the catch of bony fishes by 1969 
would be as great as Graham and Edwards ti1 estimate. It is generaJ1y 
concluded that this estimate is conservative and that the annual yield 
will continue to increase as new fishing areas and new stocks are' 
utilized. 

It is evident on the other hand that, if the catch of fishes continues 
to increase. at 7 percent annually, the estimated catches of 2 billion 
metric tons would not be realized for about 50 years. It is apparent that 
if the highly publicized potential of the oceans'is to.be utilized, there 
will have to be a significant improvement in the amount and type of 
fishing effort. This effort will have to include research and develop
. ment of new fishing methods for pelagic species and, ultimately, to 
ch-ange fisheries harvest from hunting and capturing to herding and 
cultivating. 

That marine and fresh-water fisheries could supply more protein and 
calories to diets in the lesser developed countries is discussed in Sections 
5.11.0 and 5.12.0. Fish now provide a significant source of protein in 
some countries as shown in Table 5-24 which presents some stat~stics 
on the per capita consumption of fish and fish products. 

5.11.0 Protein From Inland Fisheries 

FIsh-an animal that inhabIts water. 

-Dr. Samuel Johnson. 

'The growing of fish in ponds, in rice paddies, and in natural man
made impoundments represents a realistic means of rapidly providing 
large quantities of animal protein in tropical climates. 

Most of the inland fishery products are fishes'with an annual catch 
estimated at 15 million metric tons live weight. This estimate includes 
nonCOmIIierciallandings and is therefore greater than the 1964 fresh
water commercial catch of 6.6 million metric tons.58 In some countries, 
the fresh-water catch is a larger fraction (Table 5-25). ~e catch 
is derived froru natural waters and man-made impoundinents, from 

iii Graham, H. W., and Edwards R. L., The world biomass of marine fishes. In: Heen, E., 
and Kreuzer, R. (ed8). FIsh In nutrltlon. London,. FIshing News, 1962.447 p. pp. 3-8. 

SlIbld. 
lSI Food and AgrIculture Organization of the United Nations. Yearbook ot filShery statis

tics, 1964. Vol. 18. Rome. 196(}. 

263-888 ().-..67.......-24 

John M
Rectangle
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TABLE 5-24.-Per capita con8umption of :/iBh and fi8h product8 I 

FAO, USDA, Total 
1957-59 1957-158 animal Total 

Country edlble landed protein calories 
weight weight 19M-57 19158 

(Idlograms (kilograms (percent) (percent) 
per year) per year) 

Japan _________________________________________ _ 
'22 40 72 3.0 PortugaL _____________________________________ _ 

20 35 59 2.4 Norway _______________________________________ _ 
19 44 19 2.3 Sweden _______________________________________ _ 
18 20 12 1.2 

Philippines ________ •• ___ • _____________________ _ 
15 ' 24 NA 1.0 

Denmark. ____ •••• _____ •• _____________ ._._. ___ • 15 22 13 1.2 
Taiwan ________________ • ____ • _________________ _ 11 22 54 1. IS 
Ftnland_. _____________________________________ _ 11 14 11 .8 Spain _________________________________________ _ 

11 21 NA 1.4 
United Klngdom _____________________________ _ 10 19 9 1.0 Thailand _______________________________ • _____ _ 

0 28 NA 6.2 Greece ___ . ____________________________________ . 
8 14 16 .0 

l From' Christy, F. T., and Scott, A., The common wealth in ocean fisheries: some problems of growth 
and economio allocation. Baltimore, Johns Hopkins Press, 1966. 296 pp. Reference p. 19. 

, 22 kg. per year of fresh edible weight Is equivalent to about 9 g. of protein per day (based on protein 
oontent of 16 percent). 

harvesting natural populations, and from farming and culturing 
desired. species. 

6.11.1 U8age of the Oatch, 
Most of the catch is sold locally as fresh fish, with a minor, but 

increasing, amount processed as frozen fish. Fresh-water fish, for 
the most part, are used in the diet as a source of high quality protein. 

In the developing countries where there is no refrigeration, par
ticularly in Asia and offshore Pacific islands, fish are processed by 
old techniques and sold dried, salted, smoked, and' as sauce. These 

. methods of processing preserve catches in excess of the current demand 
for fresh fish and make it possible to transport fisheries products to 
distant markets. Fish too small to market fresh can be processed 
into fish sauce. The basic process consists of placing alternate layers 
of fresh fish and salt in a tank and allowing enzymatic autodigestion 
to proceed until a clear. liquid is produced. Sauces of this type are 
widely used over rice and other cereals to improve taste and to pro
vide supplemental proteins and vitamins. Sauces can be produced 
very easily which is one advantage over such products as fish protein 
concentrate (FPC), that require extensive processing equipment, al
though sauces that have a somewhat lower nutritive value and, a high 
salt content. 

5.11.~ Amount and Origin of the Oaten 
The inland fishery catch from rivers, streams, lakes, swamps, 

reservoirs, fresh·water ponds and brackish-water pO,nds, excluding 

John M
Rectangle
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TABLE 5-25.-Freah-water flsh (J8 percent o.f total flsh catch in 1962 1 

Country: Percent 
14a~dcnuna (1959) ____ ~ _______________________________________ ~ 40 
Indonesia _________________________________________________________ 4S 
Pakistan ___________________________________________ ~______________ 66 
India _____________________________________________________________ 84 
~and ______________________________ ~ __________________________ ~ 20 
Pbdlippines ________________________________________________________ 8 

Ja~---------------------------------------------------__________ 1 U.B.B.R. _____________________________________________ .. __ ~'_________ 10 
United States-___________________________________ .________________ 2 
West Germany _______________________________________ ...:___________ 2 
Ita~ __________________________________________________ ~---_______ 6 

1 From Christy, F. T., and Scott, A., The c()mmon wealth In ooean fisheries: s()me problems 
of growth and'economlc allocation. Baltimore, Johns Hopkins Press, 1966. 296 pp. Reference 
~a ' 

brackish bays and estuaries, is estimated at 30 percent of the world 
total. The annual catch from rivers and natural lakes varies from 
about 5 to 170 pounds per acre, with the average being about 20 pounde 
per acre. The overflow swamp fisheries along the great rivers of Asia 
'and Africa are more productive because most of the' crop cOrn l>e 
harvested as the annual flood waters recede. The catch varies, depend':' 
ing upon the extent and length of time the swamps are flooded, from 
30 to 400 pourids of fish per acre with the a.verage being 100 pounds 
per acre. The annual catch is 270 thousand metric tons from the-

,Mekong River Swamps, 3 thousand metric tOnS"from the Nile flood
fisheries, and 45 thousand metric tons from the Middle Niger.59 These 
catches will decrease as rivers are impounded for irrigation, power, 
and other purposes and as swamp lands are claimed for agriculture~ 
The total catch from all natural waters is estimated at 13.2 niillion 
metric tons or 88 percent of the total inland catch. 

The catch per acre in reservoirs ranges from 5 to more than 100 
pounds per acre, with an average of about 25 pounds'per acre. About 
5' percent of the total inland catch or 0.75 million metric tons come 
from reservoirs. 

More intensive fishing probably could increase the catch by 50 to' 
100 percent. The fish popUlations in reservoirs result from expansion 
of the riverine fish populations and often contain a large percentage of 
less desirable fish. Because of depth, the harvest of fish in most reser
voirs is difficult with the primitive methods presently in use. Better 
management techniques are needed for poisoning or eliminating unde
sirable species, for stocking with desirable species, and increasing pro
ductivity with nutrient additions, and improved harvesting methods 
could be used . to increase the catch significantly. Fishcultures have 

\ 

IS. Hickling, C. F., Tropical,1nland fisheries. New York, Wiley. 1961. 287 pp. 
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been developed for a variety of conditions and for different intensities 
of management. They are estimated to supply more than 7 percent 
of the world catch of fresh-water fish or about one million tons 
annually. 

6.11.9 Typea of Full, O'litture8 
Fish are cultured in many different environments and under many 

different conditions. Fishcultures offer one attractive means of 
increasing local supplies of animal protein in developing countries 
because relatively small amounts of capital are required and because, 
in some instances, fishcultures can be undertaken as a part of the 
improvement of agricultural practices. 

6.11.9.1 F'I'e8h-water Porul8. Annual production in fresh-water ponds 
varies from 25 pounds per. acre in low-fertility, unmanaged waters 
to more than 5 tons per acre in intensively managed tropical ponds. 
Production is dependent on the availwble fish feeds, the species of fish 
cultured, and the intensity of management. 

The available food supply is used more efficiently if a mixture of 
fishes with different feeding habits is cultured. The length of the 
growing period (when water temperatures are 60° F or above) also 
affects annual production; therefore, other factors being equal, yields 
are highest ill tropical areas. 

Unfertilised pond8: The lowest level of management consists of 
eliminating undeSIrable species and stocking desirable species of fish. 
Productivity is limited by .the fertility of the lands in the watershed, 
including that underlying the impoundment, and by the efficiency of 
food conversion of the stocked species. In areas of infertile land, the 
annual harvest from such ponds is low, seldom exceeding 50 to 100 
pounds per acre when harvested by nets and lines, or 150 to 500 pounds 
per acre when harvested by draining. The richer ponds may yield as 
much as 1,000 pounds per acre annually.60 

F 6'l'tilized pond8: The second level of management involves fertiliza
tion to correct nutrient deficiencies of bottom soil and water and the 
stocking of desira,ble species. The annual harvests from waters in poor 
land areas can be increased to approach or exceed the natural produc
tivity of waters from the richest watersheds. Average annual yields 
per acre for net and line fishing may approach 150 to 500 pounds and 
for draining may be as much as 1,000 to 1,500 pounds. 

Feeding and /e'l'tilization. with agricultural waste8: The third level 
of management is culturing a mixture of fishes and feeding and 
fertilization with agricultural wastes. The classical example is the. 
Chinese technique in which crop and animal wastes, weeds and grasses 

.. Huet~ M., Apercu de la piscIculture en Iudonesla. Bull. Agr. du Congo BeIge 47(4) : 
001-957. Aug. 1956.-



INCREASING mG:a: QUALITY PROTEIN 351 

fertilize the water and are also consumed directly by the fish. The pond 
muds which accumulate nutrients are removed periodically to be used 
as fertilizer for agricultural crops. Annual yields from this .type of 
fish culture ~ay be as much as 2,200 to 5,000 pounds per 'acre.61 

Feeding with grairu, 8eed meals or prepared fish leeds: The fourth 
level of management involves feeding selected species with prepared 
fish feeds such as grains, seed meals, fish meals, rice bran, waste rice, 
and materials containing high concentrations of vitamins. As little as 
1.4 to 1.7 pounds of food were required ·to produce one pound of fish 
when brook and brown trout were raised in troughs.62 In ponds, pre
pared foods 'were used to supplement natural foods, and 1.5 to 1.7 
pounds of food were needed to produce one pound of channel ca·tfish 
(lcttilurus"pwnctf1lAts) and as little as 0.7 to 1.0 pounds of food were 
needed to produce a pound of Tilapia mo88ambioa.G3 , 64 Certain species 
of fish are as efficient in food conversion as chickens, and more efficient 
t~n pigs, or other domestic animals produced for human consumption 
(T~ble 5-26). 

Supplemental feeding of fish may be one means of converting oil 
seed meals, such as cottonseed, and other wastes containing protein 
that are not suitable for human food into a useful and desirable food 
source. Meals unfit for human consumption and damaged grains pur
chased, on world markets are the basis for a productive pond fishery 
in Israel. 

Maximum annual yields obtained by supplemental feeding of fish 
in ponds vary from 1,000 to 16,465 pounds per acre.6G, 66, 61 

It must be remembered that "pounds per acre" is misleading at this 
level of management because part or all of the feed comes from an 
unknowti area outside the limits of the pond. 

5.11.9.tB Brackwh, watfN' Ponils. Most of the brackish water ponds are 
located in the Far East along the Asiatic mainland and in Japan, the 
Philippines, Formosa, and Indonesia. The annual production varies 
from 400 to 2,000 pounds per acre. Highest yields are from fertilized 
ponds and from ponds in which fish are fed supple~entally ,with rice 

a Lin, S.Y •• Pond culture of warm-water fishes. V.N.m./Cout. 7/Sec./W., 167, 1949. 
13 p. 

Q Schumacher, R. E., Experimental feeding of a pelleted trout food to large fingerling and 
yearllng brook, brown and rainbow trout, 1955-1956. Progr. Fish-Culturist 20(2) : 5'1-57. 
Apr. 1958. . 

.. Swingle, H. S., Experiments on growing channel catfish to marketable size In ponds. 
SE Game & Flsh Commissioners Ann~ Cout. Proe. 12: 63-72. 11)158, publ. 19'59. 

140 Swingle, H. S., Comparative evaluation of two tllaplas as pond-fishes In Alabama. 
Amer. Flsh. Soc. Trans. 89(2) : 142-148. Apr. 1960. 

«I De Bont, A~ F., Techniques de pisciculture. lnst. pour la Reeh. Sci. en Afrique Cent 
Rapp. Annu. 1949: 161-194. 

- Kawamoto, N.Y., Production during intensive carp culture In Japan.' Progr. Fish· 
Cultur1st 19(1) : 26-81. Jan. 1957. 

81 Pongsuwana, tr.. Production of' Tllapla mossamblca In an experimental pond at 
Bankhen, Thailand. Indo-Pacific Fish. Counell Proe. 6(2): 191-201. 1936. 
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TABLE 5-26.-EjJiciency of feed utilization of variou8 animaZ 8pecie8 per 1,000 g., 
of feed intake 1 

Species Llvewelght 
gain (grams) 

Energy gain 
(K calories) 

Protein gain 
(grams) 

Rat. ________________________________________________________ _ 
332 663 62 

Chicks. ____________________________________________ .. _____ :. __ _ 366 782 101 
PIgs----------------------------------------------------_____ _ 292 1,492 30 Sheep _ .. _____________________________________________________ _ 

'186 832 22 steers. ______________________________________________________ _ 
163 748 26 CatOsh t _____________________________________________________ _ 
715 935 118 Trout a ________________________ • __________________________ ~ __ _ 
576 608 75 

I Meyer, 1. II., and Nelson, A. 0., Emc1ency of feed utlllzation by various anlmalspeoJes fed slm11ar 
ratiQ118.1. Nutr. 80(4): 343-349, August 1963. 

2 Data reported in: U.S. Department of the Interior. Fish and Wlldlife Service. Annual report on sport 
fisheries research, 1963. Washington, D.C., 1963. ' 

a U. S. Department of the Interior. Bureau of Sport Fisheries and WUdllfe. CortJaud Hatchery Annual 
Report No. 31. 1963. 31 p. 

bran and seed meals. The principal species raised are milkfish 
(Ohanos), mullet (Mugu), and shrimp; Asiatic carps, common carp 
and tila pias are also raised in local areas. 

5.11.3.3 Flowing Water Oultwre8. In ponds, feeding and production 
rates are limited by the rate at which wastes ai-e eliminated from the 
water. A buildup of waste products in ponds can cause the loss of fish 
due-to toxic materials or oxygen depletion. In flowing water cultures, 
these problems are eliminated as wastes are removed by rapid flows of 
uncontaminated water. Where high quality feeds are available, pro
duction is limited by the temperature, quality, and flow of water pass
ing through the area containing the fish population. Under ideal con
ditions annual production is from 1 to 4 tons of fish per cubic foot per. 

, '. second of water flow. 
Production of trout has ranged from 5 to 35 tons or more per surface 

acre of raceway. Similaror higher yields in flowing water have been 
reported for catfish (Pangaaiua) in Thailand and for carp (,O'1lprin'U8 
carpio) as much as 500 tons per acre in Japan. Here again, produc
tion "per acre" of surface is meaningless as it is a function of the 
amount of feed supplied and the flow of water., It merely serves to 
point out that large amounts of fish can be raised in small areas pro
viding adequate water flow and, feed are available. 

Variations of flowing water cultures include raising fish in baskets 
or boxes suspended iii streams or in 'the surface waters of lakes or 
reservoirs. These are of local importance in some areas of Asia. 

0.11.3.4 Fish Oultwre itn, Rice Fields. There are approximately 197 
million acres planted to rice annually. Approximately 30 percent of 
this acreage is covered 'With water long enough for a combined fish-rice 
culture. Despite repeated attempts to popularize 'the combined cuiture, 
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the idea has not met with the approval of most rice farmers. Higher and 
wider dikes must be built around the field to'minimize erosion and a 
ditch must be dug in which the fish can survive when the field is dried. 
The fish also must be held In ponds and restocked into the second rice 
crop in many areas to grow them to marketable size. 

There are 150 thousand acres of combined rice-fish cultures in 
Indonesia, producing an average of 300 pounds per acre, a total of 45 
million pounds of fish. When supplemental feed is added, up to 1,000 
pounds per acre are produced. 

Wild fish grow in many paddy fields and the world production from 
this source is estimated at 150 thousand tons. Additional research upon 
suitable varieties of rice and suitable species of fish can increase yields 
for combined rice and fish production. 

6.11-4 Projected Future Demanil 
At present, the availability and production of fish in inland waters 

are inadequate to provide protein needs for the exiSting human popula
tions in Asia, ,Africa, and Latin America. In these regions, the avail
ability of all fishery products (marine and fresh-water) is approxi
mately 7 pounds per capita per annum. The total catch would have to be 
more than doubled to meet even minimum requirements for supple
mental protein. 

F AO has projected the probable demand for fish as food, allowing 
part of ·the increase for improved nutrition, as 40 to 45 million tons by 
1970, approximately a 30 percent increase over the present demand. 
It would appear that this demand will increase to at least 90 million 
tons by the year 2000. If the fresh-water catch were increased in propor
tion to the projected demand, it would have to increase from the present 
15 million metric tons to 40 million metric tons by 2000. 

6.11-4.1 Source8 of the Projected Oatch. From the rivers, natural' 
lakes and swamps which now produce 88 percent of ·the fresh-water 
catch, it is unrealistic to expect more than a 20 percent increase in 
sustainable catch, a maximum of 16 million metric tons. As pollution 
of many of these natural waters is increasing, the sustained yield in 
the year 2000 m~y actually be less than it is at present. Controlled 
fertilization of waters with eftluent from sewage treatment could be 
used to increase production. 

The catch from reservoirs could probably be increased to '0. sustain
able yield of 50 pounds per acre with intensive fishing effort and utili
zation of somewhat less desirable but presently unutilized species. If 
water supply requirements double by the year 2000 and the acreage 
of reservoirs doubles also, the estimated sustained yield from this 
source would be approximately 3 million metric tons annually. Where 
phosphate fertilization of reservoirs is economically feasible, the yield 
might be as much as 100 or more pounds per acre. The possibility of 
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increasing production through fertilization has not been considered in 
the projections. . 

From combined rice-fish culture, approximately 30 percent of the 88 
million acres in rice could produce an average of 100 pounds per acre 
or approximately 2.2 mill,ion metric tons. 

To moot the remainder of .the projected demand, 19 million tons will ; 
have to be produced from fish cultures (Table 5-27). 

$.11.1".e Requirement8 for New Poruls. To meet the demands as pro
jected will require a 19-fold increase in' production from fresh-water 
and brackish water fish cultures. The present world average yield 
per acre in pondcultures is approximately 450 pounds of fish annually. 
With no improvements in management, the "Present 5.2 million acres 
in ponds would have to be increased to 95 million to achieve the desired 
goal. . Phosphate fertilazation and supplemental feeding will make it 
possible to reach the goal with only 20 million acres of ponds. Present 
distribution of ponds is not proportional to needs in the developing 
countries (Table 5-28). One of the primary values of pond culture, 
however, is that ponds can be built and operated, where the food is 
most needed. They are especially valuable in developing countries 
where the catch must be consumed daily and locally because of lack of 
refrigeration and where there is a possibility of using the water for 
irrigation of gardens and other purposes. 

6.11.J".3 Requirernent8 for Fertilizer and Feed. Where phosphate fer
tilization of pond or reservoir waters is feasible, applications range 
from 20 to 50 pounds available P 20 S per acre. In general a pound of 
available P 205 should increase annual yields from 5 to 8 pounds. In 
some areas; other nutrients may be limiting and must be supplied to 
increase yields. . 

Where supplemental feeding with a seed meal, rice bran, or fish meal 
alone or in variQus oombina,tions is practiced, the conversion' of food 
added to live weight of fish average 2.0: 1, with the mOst efficient fish 
'converting 0.7 to 1.7 pounds of feed to 1 pound offish. If hays and 
waste organic residues are used as feed and fertilizer, the conversion 

TABLE.5-27.-ProJected production of fresh-water, fi8heries; 1984 production and 
estimated 8ustainable yield i~ SOO,! 

[Mlllion metric tons] 

1964 2000 

Rivers, swamps, and naturallakes ____________________ -:- ____________________ _ 13 16 Reservob's ______________________________________________ ;. ___________________ _ 
1 3 Rice-fish ·colture __ • ___________ ..: ________ ~-___________________________________ _ .02 2 FJsh coltures _______________________________________________________________ _ 
1 i9 

TotaL _____________________________ ~ ____________ .:.. ________ .:. ____________ _ 
IS (0 

/ 
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ratio ranges from 20 : 1 to 40: 1 for live weigllts of fish, emphnsizing 
the need for research on ways to utilize these materials more efficiently. 

5.11.5 Tilme Goals ilYf'Empa'ft8i/Jnoi Pond AreatJ 
. Adequate sites are available"'lVorld-wide for much greater expansion 
in pond acreage in both· brackish waters and fresh-waters than that 
which is contemplated. The immediate deterrent to expanding produc
tion in developing countries, in· addition to inadequate acreages in 
pond areas, is lack of trained manpower at allleveIs, from research to 
extension workers. 

If by 2000, research can provide the necessary management inputs 
and 15 million acres of ponds are constructed, the projected increase in 
yield of 15 million tons can be obtained. This projection is based on an 
average yield of 2,200 pounds per acre in 2000, about five times the 
present average yield (Table 5-28). An extensive program of pond 
construction would have to be initiated in Africa and Latin America if 
protein needs a:r;e to be satisfied locally. 

If the ayerage cost for pond construction is $500 per acre, then the : 
cost of new constructiQll from 1967 to 1975 would average $80 millions 
annually, and· from 1975 to 2000 would average about $200 millions 
annually .. 

5.12.0 Fish Protein Concentrate (FPC) 

. • . La mer, la mer toujours recommencee! 
':-Paul Valery. 

To produce and utilize FPC will require an investment in plants 
and in boats to catch the fish. The possibility of "Hoating" or "factory" 
FPC plants has been suggested. But these remain to be proven feasible. 
Developments of factories and plants for its· production, distribution 
and use can be achieved within a period of 5 years, given concerted 
effort (estimated to be several million dollars of initial capital invest- . 
ment for each megaration of FPC, see Section 5.12.1.2). 

TABLE 5-28.-Pre8ent and required fish pond areaa to meet needs 

Continent 
Millions of acres in ponds 

Present 1975 2000 

AsIatic, including Near East _____________ ..,____________________ 4.6 5.1 7 
Europe, including U.B.B.R___________________________________ 1.8 2.0 3 
AfrIca_________________________________________________________ .1 .2 2 Latin Ainerlca ________________________ ~_______________________ .1 .2 5 
North Amerlca_ ______________________________________________ 1.5 1.9 3 

Total. _______ ___ _ __ _ __ ___ ______________ ___ ___ _ _ _ ____ ____ 8.1 
9.4 20 



356 THE WORLD. FOOD PROBLEM-VOL. n 

Fish Protein Concentrate (FPC) is defined as any inexpensive, 
stable, wholesome product of high nutritive quality, hygienically pre
pared from fish. FPC is useful primarily as a protein additive for 
dietary staples and it must be produced in accordance with good food
handling practices in a manner that will not significantly lower its 
llutritive quality. If FPC is to be used by low-income groups, it must 
be inexpensive. The processing methods, ideally, should be relatively 
simple, safe, and·adaptable for species of fish in different regions. 

5.1~.1 The Potential FPO Resource 
5.1~.1.1 Introduction and Some Basic AssUmptions. It seems appro
priate to examine the estimates of fisheries resources and the amounts 
of FPC that might be manufactured, realizing that fish will continue 
to be a dietary staple just as it is today. This analysis will attempt to 
indicate how much FPC, how much protein, and how much fish are 
required to supply a given population's protein needs. 

This eStimate is based upon the following assumptions : 
1. The whole fisheries resource i~ composed of edible fish (in other 

words: . it will be assumed that the number of toxic fish in existence is 
either insignificantly small or that the toxicity in certain fish can be 
eliminated by suitable means) . 

2. Unless otherwise specified, all fish, sharks, and marine animals 
tlmt belong to other phyla and classes, such as whales, porpoises, 
squids, and mollusks contain about 16 percent by weight of protein. 

3. Gear, vessels, and manpow~r will be available to harvest the 
fishery resource. 

4. All fi8h oan be prooessed s'l!-ooessfully !nto FPO 'With a protein 
oontent of 80 peroent by 'Weight and a yield of finillhed FPO of 15 
peroent by 'Weight. On the basis of the low figures, chosen to include 
processing losses, 100 metria tons of fish 'Will yield 15 metrio tons of 
FPO equivalent to 1~ tons of 100 peroent protein. 

5. An average daily consumption of the 20 grams of pure prote~n 
supplied by 25 grams of FPC is a sufficient daily supplement of quality 
protein. 

6. A yearly ration for one person is 365 20-gram protein supple
ments or 9.1 kg of FPC. 

5.1~.1.~ Defonition of the "Mega Ration". For the sake of simplicity, 
a mega ration (MR) is defined as that amount of FPC (80 percent 
protein) that will provide 1 million persons with 365 20-gram portions 
of pure protein. 

One M R is, therefore, equivalent to : 

365 X 20 X 106 gm. =7.3 X 109 gm., or 
7.3 X 103 metric tons of pure protein, 
9.1 X 103 metric tons of FPC, or 
6l X 103 metric tons of fresh fish. 
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Bearing the above assumptions in mind and converting the various 
estimates of total specific 'fisheries resources entirely into FPC, protein 
quantities, or "mega-rations", certain equivalents can be obtained and 
these are summ:arized in Table 5-29. From these figures it will be seen 
that, irrespective of whether these are based on the somewhat theoreti
cal. predictions of global fisheries resources (Table 5-29), or the more 
concrete availability estimates of particular fish species closer to home 
(Table 5-30) ,the volume of FPC that can be produced and the number 
of diets supplemented (even after taking conservative material losses 
into account) is impressive. For comparison purpos~, the "mega
ration" equivalents of the total fishery harvest of 1964 for 11 princi
pal fishing nations is presented' in Table 5-31. 

TABLE 5-29.-Total sustainable annual jiaheries harvest and their "mega-ration" 
equifJalent8 1 as e8timated by fJarious authors " 

Estimated 
total 

sustainable 
Author annual 

harvest in 
mWJon 

metric tons 

Graham and Edwards t_____________________________________________________ l11i 

PDte and Spilhaus___________________________________________________________ 100 
Schaefer ___________________ ., _ _ _____ _______________ ___ ____ _ __ ________ _ _____ _ _ _ 200 
Larldn _ _ ___________________ _______ __________ ________ __ __ ___ _ _ _ _ __ __ ___ ______ liOO 
Xesteven and ·Holt_ _ _______ ___ ___ ___ __ _____ _ ___ _ __________ ____ ____ _ _ _ _ ___ ___ liOO 
'Chapman"_ _ __ ___ _______ _ ______________ ___ ___ _ ___ __ ___ ____________ ___ __ _ _ _ _ __ 2,000 
Schmitt_ _ _________ _ ___ __ _ __ _______ ________ ____ __ __ _ ___ _____ ___ ______ ___ _ _ _ _ _ 2,000 

Thousand 
mega-ration 
equivalents 

MRI 

1.9 
3.1 
3.3 
8.3 
8.3 

33.0 
33.0 

1 Mega-ration: 1 "MR" or mega-ratIon Is that amount of FPC (80 percent proteln)that provides every' 
day for 365 days 1,000,000 persons with 20 g. of pure protein. 1 MR=7.3X109g. FPC=9.1X103 metric tons of 
FPC=60.52X1()3 metric tons fresh fish. 

S See Table 5-23 for references. 

TABLE 5-30.-Estimated unutilized and untierutilized ,:fish stocks in U.S. coastal 
water8 and their "mega-ration" equivalents 1 

. Region 

Atlantic coast _______________________________________________ _ 
Gulf of Mexico _____________________________________ ~ _________ _ 
Pacific coast plus Alaska _____ .;. _______________________________ _ 

Estimated total sustainable 
annual harvest Mega-ration 

1---___.;-----1 eq~"t~nts , 
In mtlUons In mtlUons of 
of pounds metric tons 

420 
6,300 
6,4lI8 

.19 
2.4 
2.9 

3.1 
40.0 
47.8 

1 Mega-ration: 1 MR or ~ega-ration is that amount 0 f FPC (SO percent protein) that provides every day 
for3615days1,000,ooopersonswith20g.ofpureprotein.lMR=7.3X101g. FPC=9.1X103metrictonsofFPC= 
OO~1l2Xl()1 metric tons fresh fish. 
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TABLE 5-31.-Total sea harvest Jor 1961,. oj the 11 principal fi8hing nation8 and the 
mega-ration equivalent8 oj their catch 

Billion Inmllllon Numberof . 
Country pounds 1 metric ~le' tons ( ons) 

Peru _________________________________________________________ • 
20.13 9.1 150 1apan _______________________________________________________ _ 
13.97 6.4 110 China (malnland) ___________________________________________ _ 
12.79 5.8 96 U .S.S.'R _______________ • _____________________________________ _ 
9.87 4.5 75 United States _______________________________________________ _ 
5.84 2.7 45 Norway ____________________________________________________ _ 
3.55 1.6 26 Indla __ . _________________________________________________ • __ _ 
2.91 1.3 21 Canada _________________________________ ..; ____________________ _ 
2.67 1.2 20 Spaln ________________________________________________________ _ 
2.64 1.2 20 United Klngdont ____________________________________________ _ 
2.15 .9 15 Iceland ____ . __________________________________________________ _ 
2.14 .9 15 

1 Food and Agriculture Organization or the United Nations. Yearbook or 11shery statistics. 1964. Vol. 18. 
Ronte. 1965. 

2 That could be provided with 20 g. of protein dally Il11sh were converted to FPC. 

5.1~~ P1'ese'I'Vation of Fish 

The keeping qualities of foods in general, and of fish in particular, 
are related to water content. Thus, salting and sun-drying techniques 
were developed long ago for the conServation of fish and other foods. 
Another important reason for dehydration is reduction in weight and 
volume, reducing transportation costs of the dried products. Fish 
oils, fats and related compounds which are referred to by the generic 
term of "lipids" are of great importance because they become rancid, 
reducing both palatability and nutritive value. 

Preparation of FPC must then include removal of water and lipids 
from the raw fish. 

5.1~JJ FPO M anujactu'l'iJng Methods 
Most modern methods, currently in use or under development em-· 

ploy solvent extraction to remove water and lipids from the raw mate
rial, leading to the production of bland-tasting, light-colored protein 
powders. Most of these methods, are being used in the Western 
Hemisphere. 

Probably Jequal in importance are the much older or biological 
methods of fermentation and enzymatic procedures employed primar
ily in the Far East· for the production of flavorful fish sauces and 
pastes. (See 5.11.1.) 

There are, finally, the methods that have been classed collectively 
as "physical" methods, since they use a variety of honchemical tech
niques ,( such as high voltage currents) to assist in the separation of 
tissue components. 

5.1~.3.1 Ohemical M etlwds. Methods have been developed to concen
trate the' protein from two types of raw material: fish meal produced 
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either by conventional means or by equipment designed to protect the 
-fish tissues from excessive heat; and,raw fish. 

Fish meal extraction may be somewhat simpler than extraction of 
raw fish since the water content of meal is quite low and only lipids and 
odor--bearing compounds remain to be extracted. However, fish meal, 
in its normal method of preparation, is overheated and the protein 
greatly damaged for manufacture into FPC for human feeding. 

The extraction of protein from raw fish is complicated by the pres
ence of large amounts of. water and the restrictions as to the choice of 
solvent: water and lipids must be extracted either simultaneously or 
water extracted first and then lipids extracted. 

Solvents used for extraction should, ideally, have certain character
istics : They should be nontoxic, be available economically in pure 
form, be easy and safe to handle, constitute a low fire or explosion 
hazard, and be efficient in the removal of water, triglycerides, other 
lipids, and odor-bearing compounds without diSsolving, or reacting 
with proteinaceous components. They should have a low boiling point 
to allow for inexpensive desolvenization of the concentrate and avoid 
the necessity to heat the extracted material to excessive temperatures; 
solvent recovery, deodorization, and recycling should be feasible; and, 
should be inert for the usual construction materials. 

5.1~.3.~ Biological Methods. FPC produced by solvent extraction (a 
chemical method) , consists of intact proteins but the fish products pro
duced by most biological methods consist of a liquid mixture of protein 
breakdown products. Subsequent separation of the liquid containing 
proteins from the lipids is by simple physical means. 

Digestion of fish tissue can be achieved by fermentation, by deliber
ate introduction of living proteolytic microorganisms, such as yeasts, 
bacteria, or molds or by enzymatic reactions. Separation of the result
ing amino acid and peptide solutions from any undigested sludge can 
be carried out by decanting, filtration, or centrifugation. In the Far 
East, according to FAO, this type-of process is used to manufacture 
vast quantities of very popular pastes and sauces. But these products 
are expensive, produced under primitive conditions and are of minimal 
nutritive quality, and the large quantities of salt added to the ferment
ing mixture, as a preservative, make the food unsuitable for very small 
children and expectant mothers. Similar fermented sauces and pastes 
are also prepared from shrimp and other seafoods. In certain areas 
almost all food is eaten with some of these condiments added. 

The rate of production of such pastes and sauces is limited by the 
duration,of the fermentation process which may take months or years. 
Duration of fermentation is also influenced by the kind of fish, tem
perature, amount of added salt, and, in some processes, addition of 
bran and carbohydrates. 
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Fermentation or enzymatic products are strongly flavored, differing 
strikingly from the bland tasting solvent-extracted products. FPC 
can be prepared by biological procedures simply, requires no expensive 
or potentially toxic chemicals, and produces flavorful foods that are 
desirable. for many groups of people. If desired, a solid form could be 
produced. 

Many of the products manufactured by biological methods have a 
low pH and contain enough lactic acid to enhance storage stability by 
preventing bacterial spoilage. 

Apart from the traditional methods of the Far East, a number of 
quite different hiological methods show promise for producing FPC 
in the future. An example is the process developed by Dr. Victor 
Bertullo of the University of Uruguay in Montevideo. The process, 
patented in the U.S. in 1961, utilizes a proteolytic yeast that has the 
capacity to break down the protein of comminuted fish to an almost 
uniform liquid containing mostly proteins or protein breakdown prod
ucts with only tiny residues of bone and scale. Experiments with this 
material have shown that the amino acids and peptide can be separate~ 
by centrifugation from the sludge and oil. . 

Similarly, papain, trypsin and other proprietary enzymes have been 
used by workers in this country, Canada and India with interesting 
results. In sum, FPC made by biological methods is highly flavorful, 
whereas solvent-extracted FPC is bland and odorless and easily incor
porated into other foods. 

5.1~.3.3 . Physical Methods. These include processes involving elec
"trokinetic phenomenar-electl'oosmosis and the use of electric dis
charge-and thoSe involving heat transfer. Both instances, although 
promising, require much more research before practicality ean be 
appraised. 

At the present time, the solvent extraction of'protein from raw fish 
( a chemical procedure) is nearest to commercial reality. A process has 
been developed by the Bureau of Commercial Fisheries in the United 
States, and approved by a special advisory committee of the National 
Academy of Sciences-National Research Council, as producing a safe, 
wholesome, and nutritious product. The Food and Drug Administra
tion recently approved the distribution to consumers of FPC, pack
aged in one pound packages, processed from hake and hake-like fishes. 
Either the isopropanol process of BCF or the ethylene dichloride 
process developed by the Viobin Corporation can be used with FDA 
approval. 

5.1~.lf Oosts of FPO Production 
Detailed cost estimates for an FPC plant utilizing a 50 ton per day 

raw material input have been made.68 Such a plant can produce 15,000 

lIS Marine protein concentrate. U.S. Bur. Commercial Fish. LeaB. 584, Apr. 1966. 
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pOllllds of FPC per day on a 250-day per year basis, and would pro
duce 1,700 metric tons per year or 18.7 percent of one mega-ration. 
This plant would require a capital investment of about $900,000 and 
it is estimated that the cost per pound of FPC (on a fish-free basis) 
would be about 7.3¢ per pound. If we 'were to assume that the raw 
material cost 1¢/lb., the cost of the FPC would be . 13.9¢/lb. (80 per
cent protein). 

To produce one mega-ration, one would need a plant with a capacity 
six times the 15 ton plant described above. ,This would require a capital 
of about $2.5 million. The associated fishing vessels needed, two modern 
vessels, 120 feet long, would require an estimated capital of about $3.0 
million, in addition to dock facil~ties, etc. 

5.13.0 Single Cell Protein 

. . . All the nitrogen in the world found in dUIerent nitrogeneou8 compounds 
has its origin in the atmosphere, and ... by far the greater part of it has 
been formed through the activity of micro-organisms. 

-A. I. Vlrtanen. 

Single cell protein,produced by the culture of yeasts or bacteria on 
various substrates" particularly hydrocarbons, has recently attracted 
attention as one means of meeting the demand for new sources of 
protein. 

A major advantage of single cell protein is that it can be produced 
on a large scale independently of agriculture' or climatic conditions. 
However, as will be discussed, there are many llllsolved problems deal
ing with production, processing characteristics, and nutritive quality 
that make it unlikely ,that single cell protein will have a major impMt 
on malnourished popUl,ationsbefore 1971-1975., Furthermore, it is 
probable that the cost of single cell protein will be in the range of 
$0.20-0.40 per pound of protein, which is considerably above the pres
ent'price of protein from oilseed meal with 40 to 50 percent protein. 

5.19.1 Hydrocarbons and Oarbohydrate8 as Sub8trates 
A wide variety of bacteria and yeasts can be isolated which grow 

on various hydrocarbons as the ' sole source of carbon. In usual enrich
ment cultures, a relatively na.rrow spectrum of genera are obtained, 
but if standard culture collections are tested it is found that species 
of many genera can grow on hydrocarbons.69 In general, the straight 
chain hydrocarbons are preferred. Strains which can attack branched 
chain hydrocarbons are fewer and grow slower.7o Aromatic structures 
also are relatively more resistant to microbial attack. A great many 
organisms grow well on alkanes of chain length C10-C20. Lesser num-

«J Foster, J. W., Hydrocarbons as substrates for microorganisms. Antonie van Leeuwen
hock J. Microblol. & Serol. 28(3) : 241-274.1962. 

71 McKenna, E. J., and KallIo, R. E., Hydrocarbon structure: ita e1fect on bacterIal 
utlllzation of hydro'carbona. In: Heukelekian, H., and Dondero, N. C. (eds). Principles and 
application in aquatic ,microbiology. New York, WHey, 1964. 452 P. pp. 1-14. 
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bers are found which can use C2-010 hydrocarbons; only a few species 
are known to grow on methane. 

5.13.1.1 Yields from Hydrocarbons and Ootrbohydrates. In general, 
about one pound of dry cell ~aterial will be produced from one pound 
of hydrocarbon when C10-020 paraffins are used as the carbon source. 
The yield depends on the type of microorganism and the culture con
ditions. The amount of carbohydrate substrate required to produce a 
pound of cells is about twice as much as for paraffins. Yields ofa half 
pound of cells per pound of methane have been reported in the lay 
press, but unpublished sta.tements of workers in the fieid indicate that 
yields are the same as for other hydrocarbons. 

5.13.1.~ G08t OompariJJO'M for Power, Oxygen, and Sub8trate8. The 
oxygen requirement per pound of cells produced is about three times 
as much for hydrocarbons as carbohydrates (Table 5-32) because the 
hydrocarbons contain no bound oxygen. 

TABLE 5-32.-Material balance for production of single ceU protein from hydro
carbon and carbohydrate 

[In pounds) 

Process Substrate 02 needed Cells 

Carbohydrate {(,!'R'm 200 67 100 
Hydrocarbon {C'R'.\ 100 200 100 

Although the yield of cells per pound of substrate is more for the 
hydrocarbon process, the·yield of cells 'per pound of oxygen is consid
erably less. The economic implications' of this, can be seen 'from an 
analysis of the costs of substrate and oxygen in producing cells. The 
substrate costs and costs of cells produced from different substrates 
are shown in Table 5-33. 

TABLE.5-33.-Substrate cost for ceU production 

Substrate 

Sucrose (United States} ______________________________________ _ 
Molasses: (New Orlearis} ___________________________________________ _ 

(Now Yark) _____________________________________________ _ 
Soybean oll __________________________________________________ _ 
Kerosene (GUlf) _____________________________________________ _ 

DlstlUate No. 2 (Gulf)----------~------______________________ _ 

Cost 

Per hundred Per hundred Per hundred 
pounds pounds pounds, cells 

carbon 

$10.05 

1.75 
2.M 

12.00 
1.30 
1.23 

$23.00 

4.15 
6.03 

15.70 
1.52 
1.43 

$20.00 

3.50 
5.00 

14.00 
1.30 
1.25 
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In order to calculate the costs of oxygen, it is assumed that the 
carbohydrate process is operating at a power input to the ferment or 
agitator of 0.25 h.p./100 gallons and at atmospheric pressure with 
air as the aerating gas. The oxygen transfer rate under these conditions 
is ,about 40 millimols of 02/liter-hour, or about 1.28 gm Odliter-hour. 
The power costs to operate a continuous culture are approximately 
triple for the hydrocarbon process Crable 5-34), but the hydrocarbon 
process is more economical if power and substrate costs are added 
because the costs of power area small part of the total cost. 

TABLE 5-34.-Power cost of tOO-gal. fermentor for continuous culture with a power 
input of 0.25 hp. 

Process 

*~J>r~~~~~::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

Pounds of 
cells per 

hour 

725 
240 

Power cost 
dollars per 
100 pounds 

of cell 

0.13 
.38 

The calculations in Table 5-34 consider that the carbohydrate 
fermentor is operating at only one-third capacity. The costs should be 
compared with the fermentors operating at the same output rate of 
cells. To do this the oxygen supply capability of the fermentor must 
be increased for the hydrocarbon process by increasing the power input 
to the agitator. The relationship between oxygen supply capability, as 
reflected by the mass transfer coefficient, KLa, and the power input per 
unit volume, P IV, is 

KLa IX (P/V)o: 

where x has been observed to vary form 0.4 to 1.0.'11 As can . be 
seen from Table 5-35, the comparative economics of :the scaled-up 
hydrocarbon process depend strongly on the 'value of the scale-up 
exponent, x, which is not adequately characterized at present. 

In addition to agitation, there are other techniques for increasing 
the rate of oxygen transfer. These include using air enriched with 
oxygen, running the fermentor at pressures greater than one atmos
phere, and modifying the fermentor design to increase oxygen trans
fer. These possibilities have not been evaluated adequately to determine 
whether they are cheaper than the alternative consider in Table 5-35. 

In addition to the increased oxygen requirement, about twice as 
much heat is produced for the hydrocarbon process as for the carbo
hydrate process. If auxiliary mechanical refrigeration is required to 
lnaintain the temperature at about 30° C, the cost of cells produced 
in the hydrocarbon process might be increased as much as $0.50 to 

71 Richards, J. W., Studies in aeration and agitation. Progress in Industrial Microbiology 
3: 141-172. 1961. 

263-8800-67-25 
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$1.50 per 100 pounds of cells and the cost advantage shown in Table 
5-35 may be very small. 

TABLE 5-35.-00st comparison oj hydrocarbon and carbohydrate proceS8, showing 
influence of 8cale-up exponent 

Where x- 0.5 0.7 0.9 

Horsepower per 100 gaL _______________________________________ 2.25 1.18 0.83 
Power cost (dollars per 100 Ib) __ --------______________________ 1.05 .55 .39 
Cost for substrate and power hydrocarbon process ____________ 2.35 1.85 1.00 
Cost for substrate and power carbohydrate process ____________ 3.63 3.63 3.63 

Surface water could be used for cooling if organisms were used that 
grew at temperatures greater than 50°. No such thermophilic bacteria 
or yeasts that utilize hydrocarbons are known at present. There are 
thermophilic bacteria and yeasts that utilize carbohydrates and there 
may be undiscovered thermophilic microorganisms that utilize hydro
carbons. There has been l!ttle research on microorganisms that are 
adapted to high temperatures. Cooling with water is very cheap if 
water temperatures are sufficiently cooler than the process temperture. 
In much 6f the world, temperatures of surface waters are greater than 
30° C, at least during parts of the year. However, if the process could 
be,carried out at 50° C or higher, surface. water could be used readily 
for cooling purposes. 

5.1S-S M ethQJTL.e (JjJ a Substrate 
Methane is an alternative substrate for production of' single cell 

protein with an apparent advantage of low cost, even in comparison 
to other hydrocarbons. Low cost of substrate, in itself, is not sufficient 
justification as discussed in 5.13.1.2. Even though, methane is burned 
at many oil wells, once it has reached a market, it has a value similar 
to other hydrocarbons. If fermentation plants were constructed at the 
oil well, or gas well, there might be significant savings provided that 
water, ammonia, and other. necessary supplies, and transportation were 
also available. 

Methane has the advantage that it is "clean" in comparison to crude 
oil. There would be no problems with residues on the cells. Problems of 
mass transfer would be accentuated because the methane is a gas rather 
than liquid so a ,certain amount of it would be lost with the efHuent 
gas from the fermentor. 

Bacteria grow slowly on methane but this is not a major disad
vantage because the slow rate of growth can be compensated for by 
operating the fermentor at a higher cell concentration since, the rate 
of production of cells in a Continuous fermentation system is equal to 
the product of growth rate times cell concentration. 
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5.13.3 Oellulose as Substrate 
Cellulose is a less exotic substrate for microbial ,growth. It is readily 

degraded in nature in the soil or in the rumen of animals, but it is 
relatively resistant to attack by pure cultures of microorganisms in 
the laboratory. Rumen organisms are in large part obligately anaerobic 
and difficult to cultivate outside the rumen. It is not likely that a pure 
culture process to degrade cellulose at an economic rate will be devel
oped in the near future. It is possible that in a mixed culture process, 
involving an anaerobic first stage, cellulose could be degraded faster 
than in a pure culture. 

Another possibility is the chemical degradation of cellulose, possibly 
by acid hydrolysis. In the past this approach has foundered on the 
costs of acid. If an economic means of recovering the acid could be 
developed, a combination of chemical hydrolysis' followed by fermenta
t.ion might be practical. Possible means for recovering the acid include 
electrodialysis, ultrafiltration, or other novel separation techniques. 

Tremendous quantities of cellulose are available as waste paper, 
surplus and spoiled fruits and vegetables, bagasse, and as byproducts 
of various types of paper and wood production. At present they are 
discarded for the most part and, in fact, constitute a significant source 
of pollution. 

5.13.4' Fungi 
Despite considerable research,72 it appears that fungi are less suitable 

than either bacteria or yeasts as sources of single cell· protein. On the 
one hand they grow no faster and are less efficient in converting either 
nitrogen or carbon sources into protein; on the other hand they are 
considerably lower in protein content (about 15-30 percent by weight) 
than is generally the case for bacteria or yeasts (about 25-50 percent 
by weight). The cell wall of fungi is a greater fraction of the cell, and 
would presumably furnish only roughage. The problems arising from 
the production of toxic secondary metabolites are at least as great as 
for bacteria and yeasts. The only significant advantage that filamentous 
fungi. possess as compared to bacteria and yeasts is that they can be 
recovered from the fermentation broths by relatively simple operations 
such as string filtration, whereas for hacteria and yeasts more expen
sive means such as centrifugation will probably be required. 

Molds can be used as animal feeds 73 and this is one means of utiliz
ing a byproduct of industrial fermentations such as antibiotics pro
duction which would otherwise be discarded, constituting a nuisance. 

Higher fungi, such as mushrooms, constitute a desirable food, but 
as a protein source are likely to be far too expensive to consider on a 
worldwide basis. At present they are produced by fermentation 

'72 Gray, W. v., Mlcroblol protein for the space'tlge. Develop. Industr. Mlcroblol. 3: 63-71. 
1962. 

'72 Stokes, J. L. In: Altschul, A. M. (00). Processed plant protein foodstuffs. New York, 
Academic Press, 1958. 955 p. 
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means 74 by at least one American firm at a price of approximately $3.00 
per pound (dry weight) and used mainly as a flavoring material. 

5.13.5 Nutritive Value ofOells 
The literature indicates that, in general, the amino acid composition 

of single cell proteins is comparable to other plant proteins.15 The 
analytical data, unfortunately, do not distinguish between amino 
acids in the cytoplasmic protein and amino acids in the cell wall or 
capsular material which cannot be digested. 

It should be possible to obtain cells with the desired composition 
of amino acids from different strains of organisms. The protein in 
rumen bacteria contains as much as 15 percent lysine and as much as 
4 percent methionine + cystine.16 The composition of amino acids shows 
some correlation with the ratio of guanine+cystosine to adenine + thy
mine in the genetic material,TT suggesting that it might be possible to 
screen for particularly favorable strains according to phylogenetic 
patterns rather than testing random isolates. 
, Little information is available on the digestibility of bacteria or 

yeasts. Experimental work will be required to predict the effects of 
relatively high amounts of nucleic acids and componenq, of cell walls 
on the organism consuming the cells. It may be necessary to fractionate 
microorganisms before they can be used as food. One advantage would 
be that protein isolates could be produced with a 'better protein quality 
than the over-all protein of the cel1.'18 The less desirable fractions might 
be recycled in the system or used for animal feeds. 

One disadvantage of combining production of single cell proteins 
with petroleum refining processes is the necessity to wash the cells ex
tensively to remove any aromatic contaminants. Washing substantially 
incr~ses costs, so that feeds, such as paraffins obtained elsewhere in the 
refining process, and feeds ~ontaining oxygen such as ethanol, acetate, 
formic acid, are desirable. 

Different strains of microorganisms will probably have different 
organoleptic properties. It should be possible to find strains which 
have attractive tastes, although at present much effort is directed 
toward obtaining a tasteless product which can be incorporated into 
other food products. 

'1" L1tchfleld, J. H., Overbeck, R. C., and Davidson, R. S. Factors atrectlng the growth of 
morel mushroom myceleum In submerged culture. J. Agr. Food Chem. 11 (2): 158-162. 
Mar./Apr.1963. 

'IS c.f. Atsuka, S.-I., Ishii, R., and Katsuya, N., Utilization of hydrocarbons as carbon 
sources In production of yeast cells. J. Gen. Appl. Mlcroblol. 12(1) : 1-11. Mar. 1966. 

'76 Purser, D. B., and Buechler, S. M., Amino acid composition of rumen organisms. J. 
Dairy Scl. 49(1) : 81--84. Jan. 1966. 

n 8ueoka, N., CompoSitional correlation between deoxyribonucleic acid and protein. Cold 
Spring Harbor 8ymp. Quant. BioI. 26: 35-43. 1961. 

'71 Tannenbaum, 8. R., Mateles, R. I., and Capco, G. R., ProceSSing of bacteria for produc
tion of protein concentrates. Advanc. in Chem. No. 57: 254-260. 1966; 
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5.13.6 Price E8timates 
Available price estimates (generally unpublished) indicate· that 

single cell protein can be produced from hydrocarbons for about $0.10-
0.20 per pound of- cells, or about $0.20-0.40 per poun,d of protein. This 
is now more expensive than oilseed meal containing 40 to 50 percent 
protein. The price, however, would not depend on climatic and environ
mental conditions as would· an agricultural commodity. 

Low cost of substrate or product is not the only reason for contem: 
plating the production of single cell protein from hydrocarbons. The 
potentially large amounts available without disruption of the eco
nomics of petroleum processing, and the fact that the agricultural sec
tor would not be involved should also be considered. In some cases the 
cost of substrate, may be negative. The food yeast industry, for ex.ample, 
uses sulfite waste liquor or waste whey which would otherwise have 
to be disposed of at some cost. A low cost product can be produced 
which sells for about $0.10 per pound for feed grade and about $0.20 
per pound for human grade. 

5.13.7 Potential Requirements for Develop"ment 
Since the production of single cell protein involves the development 

of new technology and additional basic research in microbiology, food 
science, and nutrition, it is probably not reasonable to expect it to play 
a significant part in world protein nutrition before 1971-1975 or per
haps even 1980. Because considerable work remains to be done in this 
area, it may be wise to concentrate on producing single cell protein for 
human consumption rather than animal feed. The costs of development 
and production of processes for human food and animal feed would be 
similar. The acute need for protein and energy may in itself justify .this 
approach. 

To assess the contributions that single ('-ell protein could make to 
the problem of world food supply, it will be necessary to develop 
further basic information. In particular it seems apparent that the 
research outlined below must be initiated or extended. 

Oell grt>Wth and rec01Jery: screening programs for cells of high 
nutritional value, studies of the effects of culture conditions on the 
composition of amino acids, searching for thermophilic organisms 
capable of growing on hydrocarbons, metabolism of hydrocarbons, 
mechanisms of hydrocarbon transfer into cells, influence of mechanical 
design on the rate of mass transfer, correlations of mass transfer with 
power input at high power inputs, problems of scale-up, techniques 
for recovery and·separation of cell niaterial from culture broths. 

Processing and utilization: determination of composition of cells 
with particular reference to amino acids, biological availability of 
amino acids in various cell structures, production of protein· isolates, 
storage stability of products with reference to nutritional and organo
l~ptic qua1iti~, inco~poration. of producta·m textllt:edfoods. 
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Nutrition aM tomiaology in reference to huma1t8: utilization of 
protein under different physiological conditions, effects of ingestion of 

, nucleic acids and other nonprotein cell components, possible allergens 
in single cell protein, effects of unusual amino acids, use of single 
cell protein as the sole source of protein and as a protein supplement. 

The topics mentioned serve only as examples of the areas in which 
little information is now available and are not meant to be com
prehensive. 

It is not possible to estimate the cost of the basic research program 
required but it is probable that significant progress could be made by 
university groups in the U.S. and other countries in two to four years 
at a total cost of $10 to $30 million. In addition, industry would need 
to spend significant amounts of money to develop. particular processes 
and technologies. 

5.14.0 Leaf Protein 

Leaf protein is defined as the protein-containing material which 
can be isolated from leaves of plants and grasses by various extrac
tion techniques.79 In composition it approximates other plant pro
teins.so It deserves consideration as a source of protein primarily 
because the materials from which it can be made are frequently 
wasted, or at best fed to animals with the concomitant inefficient 
utilization of protein through the food chain. 

Almost all of the essential amino acids consumed by man are derived 
from amino acids initially synthesized in the leaves of green plants. 
There is some loss when. these amino acids are concentrated into the 
protein of seeds and tubers and a greater loss when the plant protein 
is converted into animal products for human consumption. 

The'composition of amino acids in green leaves is similar to that of 
animal protein except leaf protein contains only about half as much 
methionine as animal protein.81 . 

Leaf protein is utilized directly for human food 'as the leaves of 
green vegetables. This can be a . significant source of protein in the 
diet when leaves of high protein content, such as those of cassava and 
sweet potatoes, are consumed; especially in regions in which the tubers 
are staples in the diet because the tubers have a very low protein 
content. (See Table 5-4.) 

The leaves of cassava contain 7 to 8 percent protein on the green 
basis and 30 to 32 percent dry weight.82 From 200 to 500 grams per 

'1'9 Davys, M. N. G., and Pirie, N. W., Protein from ·leaves by bulk exfraction. Engineering 
190 (4923) : 274-275. Aug. 26, 1960; Chayen, I. H., and others, The isolation··of leaf com
ponents. I. J. 'ScI. Food Agr. 12(7') : 502-512. July 1961. 

Il) Wilson, R. F., and TlIIey, J. M. A., Amino-acid composition of lucerne and of lucerne 
and grass protein preparations. J. ScI. Food Agr. 16(4) : 173-178. Apr. 1965. 

81 Gerloft', E. D., Lima, I. H.,andStahmann, M. A., Amino acid composition of leaf pro
tein concentrates. J. Agr. Food Chem. 13(2) : 139-143. Mar./Apr. 1965. 

&I Terra, G .. J. A., The slgnlflcanee of leaf vegetables, especIally of cassava, in tropical 
'Ilutrition. Trop. Geog. Med. 16(2) : 9-7-108. June 1964. 



INCREASING mGH QUALITY PROTEIN 369 

person per day are eaten in some areas in the Congo and in Java, 
adding 15 to 35 grams of good quality protein to the diet. The leaves 
supplement the tubers which contain only 1 or 2 percent protein. 

A recent study in New Guinea· showed it was customary to include 
some green leaves in the diet.83 The sweet potato is the staple and 
its leaves are eaten frequently, though other leaves are used in some 

. places. In certain regions the soil is too poor to produce tubers, and 
there the sweet potato is cultivated for.its leaves alone. 

Leaf protein could be utilized in the human diet by: (1) encourage8 

nlent of the cultivation and use of high-protein leafy vegetables in the 
diet; and (2) large8 scale production of leaf protein concentrates and 
its introduction into the diet. Increases in the consumption of leafy 
vegetables also would be desirable because they contain vitamins, 
minerals, and other micronutrients. 

Leaf protein can be prepared by mechanically pulping the plant 
material and pressing it to expel the juice.s4 Approximately 40 to 70 
percent of the protein present in the leaf can be recovered in the press 
ju~ce. The remaining fiber may be used as animal feed. The protein is 
isolated from the press juice by filtration or centrifugation after it has 
been coagulated by heating to about 70° C. In addition to heating, 
acidification or treatment with salts can be used to coagulate the pro
tein prior to collection. A typical analysis of a leaf protein product,85 
after washing and pressing the collected protein is: water, 60 percent; 
nitrogen, 48 percent; lipid, 9 percent; starch, 2 percent. On a dry 
weight basis the product is approximately 60-65 percent protein. This 
pressed cake must be consumed within one or two days, or further 
dried, or refrigerated, to prevent microbial deterioration. 

The commercial production of leaf protein concentrates would re
quire large quantities of leafy material which, for the most part, do 
not now exist in the developing countries. Sources may become avail
able as canning factories and other facilities for the large scale proces
sing of food are established. A large potential may exist in the natural 
vegetation' of 'certain tropical areas. . 

The acceptability of the product as food is not well known. The press 
cake has a greenish color and a taste described as spinach or tealike.86 

Most of the pigments and flavor can be removed as is being done pres
ently on a semi-commercial basis in Israel, by alkaline extracti()n of 
the protein (the Chayen process), and by solvent extraction of the 
pigments from. the coagulated protein~ The protein residue is grayish 
and bland in taste. The Israeli press .cake is at present used in chicken 

83 Sorensen, Richard. private communication 1966. 
3cI Davys. AI. N. G .• and PIrie. N. W .• Protein from leaves by bulk extractidh. Engineering 

190(4923) : 274-2.75, Aug. 216, 1960; Chayen, I. R., and others, The isolation of leaf com
ponents. I. J. Sci. Food Agr. 12(7) : 502-512. July 1961. 

85 Pirie, N. W .• Leaf protein as a human food. Science 152(3730) : 1701-1705. June 24, 
1966. 

86 Ibid. 
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feed as a source of xanthophylls, and the protein is an incidental bene-. 
fit. The economics of the production of a bland product by solvent 
extraction to produce a bland protein probably depend on a market for 

. the pigments with the protein being a byproduct. 
It would appear from a cursory examination of the economics of a 

unit operated in a village (village unit), (see T'able 5-36) that the 
protein may not be any cheaper than that produced from oilseed meal. 
Leaf protein apparently is acceptable nutritionally but it does not ap
pear to be significantly better than oilseed meal proteins. There may 
be problems of digestion and utilization by humans.81 

TABLE 5-36.-(Jrude estimate ot economics ot production ot leat protein trom a 
"Village Unit" 

[Capacity of 2 tons per hour of feed and output of 60 kg. protein per hour] 

Operating costs: 
Power: 8 kw. hr. per ton on feed, or at 3 percent protein 

yield and .03 per kw. hr. _____________________________ $0. 008 per kg. 

Labor: 2 men at $0.15 per hour (village unit), with pro-
dUction of 60 kg. per hour____________________________ .005 

Heating to 70°, filtering, pressing, material, and power~___ .0081 
Labor: 1 man at $0.15_________________________________ .003? 

a'apitaZ 
Crusher. 

-------
.027 

Source of heat -$10,0001 3-year amortization; 8 hr. per day, 180 days per 
year =$250 per hour or 0.04 kilogram. 

Filter. 
Press. 

Leaf protein, as well as other protein flours or isolates, could best 
be utilized by developing a technology that would permit their 'use in 
foods. So cost of processing is at least $0.06-$0.07/kgm protein, if 
labor is taken at $0.15/hr. If labor is at $1.00/hr, then cost rises to 
$0.10-O.11/kgm for a product which is not stable. To dry it (other than 
in the sun) , may add as much as $0.02-.04/kgm. 

5.15.0 Algae 

The use of microscopic algae as a protein source has often been 
suggested ss and a great deal of work has been carried out on these 
plants, much of it with the aim of providing a food source during 
extended space flights. SD 

81 Henry, K. 1\1., nnd Ford, J. E., Nutritl,'e ,'alue of leaf protein concentrates determined 
in biological tests with rats and by microbiological methods. J. Sci. Food Agr. 16(8) : 
425-432. 1965; Waterlow, J. C., The absorption and retention of nitrogen from leaf protein 
by Infants recoverIng from malnutrltlon. Brit. J. Nutr. 16(4) : 531-540. 1962. 

88 Krauss, R. W., Mass culture of algae for food and other organic compounds. Amer. J. 
Bot. 49(4) : 425-435. Apr. 1962. 

Sf McDowell, M. E., and Leveille, G. A., Algae systems, In Conference on Nutrition In 
Space and Related Waste Problems, NASA SP-70, 1964. pp. 317-322. 
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Although the compositibn of algal protein is comparable in compo
sition to other plant proteins, the major question concerning its use 
as rood is economic. Early estimates of the cost of Chlorella were 
$0.25-0.30 per pound, about $0.60-0.75 per po.und of protein.Do 91 A 
recent estimate 92 was $0.06 per pound of algae (about $0.15 per pound 
of protein), but this was for a product, grown on sewage, that would 
not be suitable for human food. A credit against this cost, however, 
would be the water which would be reclaimed. A similar process has 
been described by the group working at Berkeley.93 

Though the economic factor is a major one, there are other unan
swered questions concerning the use of algae as a protein source for 
humans. These are concerned with digestibility, palatability, and 
toxicity.88 These problems could be avoided if algae were used as 
animal feed.94 

It would appear that the major contribution or microscopic algae 
to human nutrition would be through serving as an animal feed stuff 
produced during the process of reclaiming sewage and other waste 
streams, and in which a major part or the production cost would be 
borne by the water treatment process. 

00 l\Iilner, H. W., Algae as food. ScI. Amer. 189(4) : 31-35. Oct. 1953. 
91 Tamiya, H., l\Iass culture of algae. Annu. Rev. Plant Physiol. 8: 309-334.1907. 
Il!Il\Iattani, R. H. T., Personal communication (No. Amer. Avn. Co.) 
0: Golueke, C. G.,. and Oswald, W. J., Harvesting and processing sewage-grown planktonic 

algae. Water Pollut. Contr. Federation J. 37(4) : 471-498. Apr. 1960. 
114l\IcDowel1, l\I. E., and Leveille, G. A., Feediag experiments with algae. Federation 

Proc. 22 (6) Part 1: 1431-1438. Nov./Dec. 1963.' 
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6.0 FERTILIZER, SEED, PESTICIDES, 
AND MACHINERY 

6.1.0 Summary 

In this report, the quantities of fertilizers, seeds, pesticides and ma
chinery required to meet the food needs of the probable population of 
the developing world, outside of Mainland China, by the year 1985 are 
projected. The report cites capital needs, develops guidelines to be 
considered in providing these inputs, and discusses the principal prob
lems which are anticipated. The estimates were made as to the require
ments for increasing food production 9n land now in cultivation in 
proportion to population growth. The following are concluded: 

1. Fertilizer needed to double agricultural production in the devel
oping free world will increase from the 6 million metric tons used in 
1966 to 67 million metric tons per year in 1985. Increases to 11, 19, 28, 
and 40 million metric tons of plant nutrients per year, respectively, 
will be needed to provide food for the expected populations in 1970, 
1975, 1980, and 1985. It is anticipated that by the year 1985 capital 
totaling approximately $17 billion will be required for mining, manu
facturing, and distribution of fertilizer. It should be noted that imme
diate, as well as future, needs for capital are quite large. 

2. There will be large increases in intercontinental shipping and in
ternational trade in fertilizer and fertilizer raw materials, since ef
ficient nitrogen plants and potash and phosphate mining operations 
are large and complex. By necessity, these plants are located at the 
source of raw 'materialsand are not uniformly distributed around 
the world. 

3. Improved seed must be available and utilized by the farmers if 
production requirements are to be met. Food production can be doubled 
if 25 percent of the seed requirement flows through commercial chan
nels, provided that the use of improved varieties is coupled with .the 
other improvements in agricultural practices. The capital required 
for seed processing is relatively low, estimated to be approximately 
$300 million~ . 

4 .. Large increases in the use of pest~cides will be necessary to in
crease food production. All types will be needed: insecticides, fungi
cides, herbicides, nematocides, and rodenticides. At the present time, 
only 120,000 metric tons of these materials are used each year by the 
d..,v~lQping world, .exclllding Mainland' China. If food prod.uction is 
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to be doubled, this annual usage must increase to over 700,000 metric 
tons. To provide this quanti~y of pesticides will require $1..2 billion 
in capital for manufacturing plants and $670 "million for formulation 
and distribution facIlities. Pesticides should be manufactured largely 
in the developed nations, where skilled manpower, utilities, and raw 
materials are available, but beca~se of trade and monetary restric-

- tions and excessive nationalism this may not be possible. On the other 
hand, formulation of pesticides, a relatively simple operation, can be 
carried out locally. 

5. In the developing free world, more machinery is badly needed
not to save labor, but to increase productivity. At the preSent time, 
machine power available to the farmers .of Asia, Africa, and Latin 
America is only a fraction of the one horsepower per hectare utilized 
by the farmers of Europe and the United States. Lack of machine 
power makes it difficult to 'prepare seedbeds in an efficient and timely 
manner and to place seed and fertilizer accurately, both of which can 
contribute markedly to improved yields. Although there are one or 
two exceptions, there is substantial evidence indicating that a power 
level approaching 0.5 horsepower per hectare is needed for efficient 
agriculture. It is estimated that by the end of this century almost $2 
billion may be invested in plants to produce farm machinery for use 
in the developing free world. 

6. The optimum return on the investment and effort in food produc
and proper use of the agricultural inputs must be provided if food 
production is to be increased. The estimate of technical manpower 
cultural practices, including water 'management. Fertilizer accounts 
for most of the capital required to provide these inputs (two-thirds. of 
the farmer's costs), but it is an absolute necessity for improved yields. 

7. Adequately-trained manpower for the production, distribution, 
and proper use of the Agricultural inputs must be provided if food 
production is to be increased. The' estimate of technical manpower 
needed to produce and distribute these inputs in the developing free 
world is 75,000 university graduates or their equivalent by 1985. Ad
ditional specially-trained people will be required for research and 
extension. 

8. It is estimated that the cost of improved inputs-fertilizers, seeds, 
pesticides, and machinery-will increase from about $3 billion per year 
in 1966 to approximately $14 billion per year by' 1985, and this will 
make it necessary to provide credit to farmers on a scale many fold 
greater than is the case today. 

9. Research to adapt presently available pesticides to local use will 
be needed, as well as pioneering research· intended to create entirely 
new pesticides especially adapted for use in tropical areas. Research 
on minimum tillage methods and on harvesting and threshing equip
ment for paddy should be increased. Research, development, and 
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extension on seed technology 'are also needed, and work intended to 
define optimum systems combining all inputs is a necessity. 

10. The improyed inputs considered will be effectively used only if 
there is a massive extension eftort. The organization producing the 
inputs must accept some responsibility for providing- the information 
and technical services needed to insure their proper use. 

6.2.0 Introduction 

This report deals with the amount and kinds of purchased inputs 
needed for increasing agricultural yields per acre in proportion to the 
population increases up until the year 1985, and for further increasing 
yields to a maximum of 100 percent above. the present level, corre
sponding to population growth for some· undefined year near the 
end of the century. Table 6-1 gives the predicted populations of Asia 
(except Mainland .. China and Japan), Africa, and Latin America, at 
five-year intervals from 1966 until 1985. The assumption that yields 
per acre must be increased in approximate proportion to population 
during the next two decades is based upon a review and analysis of 
both past trends and future possibilities for improving food avail
ability in the developing countries through increased importations, 
increasing the acreage under cultivation, and improving yields per 
aere. 

As late as 1954, the developing free world was a net supplier of 
grain· to world markets, exporting almost 4 million metric tons in 
that year, or about 2 percent of their total production. Since 1955 the 
food deficit has grown rapidly and, in 1965, 16.5 million metric tons 
of grain were imported. 1 Obviously, this level of imports can be 
increased, but not indefinitely, since the combination of logistic prob
lems, production levels in the developed countries, and the problem of 
concessional sales make this increasingly impractical. These are dis
cussed in detail elsewhere in this report. 

T ABLE 6-1.~Populc;,tion data for the developing free world 1 

[MUllons) 

Year 

1900 ______ • _____________________ _ 
1970 ____________________________ _ 
1975 ________________ • ___________ _ 
1980 ____________________________ _ 
1985 ____________________________ _ 

1 United Nations high estimates. 

Asia 2 

1,060 
1,161 
1,318 
1,489 
1,677 

2 Except Mainland Ohina and Japan. 

Africa 

315 
348 
400 
463 
535 

Latin 
America 

253 
283 
330 
383 
442 

Percent 
Total 2 increa.'!6 

(cumulative 
from 1006) 

1,628 _____________ _ 

1,792 10 
2,048 26 
2,335 43 
2,654 63 

1 Handbo()k of Agricultural Charts 1966. U.S. Dep. Agr. Handbook 325, 155p. Oct. 1966. 
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Food production in the developing free world has increased during 
the last ten years at about 2.5 percent per year.2, 3 But the rate of in
crease in recent years has tended to decrease, although it is too early to 
determine' as yet whether or not this is only a temporary fluctuation 
or a definite leveling off. 

Examination of both F AO and USDA 2, 3 data indicates that most 
of the increases in production in the developing countries during the 
past decade have come from increasing the area of land 'llllder cultiva
tion, rather than, from increasing yields per unit of area. There are 
definite indications, however, that increasing production by expanding 
areas of traditional agricultUre is coming to an end, especially in Asia, 
where, according to the Department of Agriculture, 85 percent of the 
current nutritional deficit exists.4 Table 6-2 shows that during the 
seven-year periOd from 1950-51 to 1951-58, 'Asia increased its grain 
cropland by 14 percent, but was able to expand this area by only 10 
percent during the seven-year period from 1957-58 to 1964-65. Africa, 
on the other hand, increased its grain cropland by 10 percent and 12 
percent, ,respectively, during these two-seven year periods, and the 
comparable figures for Latin America are 19 percent and 28 percent.5 

Since 60 percent of the people in the developing countries reside in 
land-scarce Asia, our analysis is hased upon the conclusion that most 
of the needed increases in food production in the future must come 
from increasing yields on existing croplands. 

Sustained yield increases of the magnitude under consideration, 2.5 
percent a year or better, would constitute what Brown has termed 
a "yield takeoff," or the sudden transition from a near-static situation 
with respect to yields to a situation in which yields increase steadily 
each year. Most yield takeoff's have occurred in the developed nations, 
such as Japan, ,Australia, the United States, and the United King
dom, all of which experienced yield takeoffs twenty-five or more years 
ago. Yields in these nations are now increasing from a low of 1 or 2 
percent a year for Japan to a high of almost 3 percent for the United 
States. Since yield takeoffs in the past have required educated, alert 
farmers, capital, and a commercial system of agriculture, they will be 
extremely difficult to achieve in the developing nations.6 

This section of the report is intended to provide the basis for de
cisions concerning the inputs of fertilizers, seeds, pesticides, and ma
chinery required for similar increases in agricultural productivity in 
the developing nations. Emphasis is given to the necessity of includ
ing all of these inputs into the "package of practices" to be stressed. 

!l Handbook of Agricultural Charts 1966, U.S. Dep. Agr. Handbook 325, 155 p. Oct. 1966. 
3 Food and AgricultUre Organization of the United Nations, Production Yearbook. Vol. 

14,1960 and Vol. 19, 1965. 
4 World food budget 1970. U.S. Dep. Agr. Foreign Agr. Econ. Rep. No. 19, 105 p. 1964. 
15 Food and Agriculture Organization of the United Nations. Production YP.arbook. Vol. 

14, 1960 and Vol. 19, 1965. 
II Brown, L. R., Increasing world food output; problems and!, prospects. U.'S. Dep. Agr. 

Foreign Agr. Econ. Rep. No. 25,140 p. Ap.r, 1965. 
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TABLE 6-2.-Area in graim in the developing free world, 191,.8-53 1 to 1961,.-65 

Million hectares Percent increase 

194!3-53 ~ 1957-58 1964-65 1948-531- 1957-58- 1948-531-
1957-58 1964-65 1964-65 

-------------1----1----1----1---------
Asia: India _________________________________ 78.4 88.4 93.6 13 6 19 Pakistan _____________________________ 

15.3 15.8 17.8 3 13 16 
Indonesla. ___________________________ • 8.1 8.9 10.0 10 11 23 
Phillppines. __________________________ 3.3 4.9 5.1 49 4 55 
~Turkey _______________________________ 

8.2 11.8 12. 6 44 7 54 
Thailand ________________ ~ ____________ 

5.2 4.5 6.4 -13 42 23 
South Korea __________________________ 1.9 2.2 2.5 16 14 32 Burma. ______________________________ 

4.0 4.1 5.3 2.5 29 33 
Rest of Asia (excluding China and 

I 
Japan) ________ ---------------------- 1 2Ll 25.4 29.9 20 18 42 

Asia, subtotaL. --------~- --------: ,"'-. ----;;;;:;;- ---;;;;:;-1--1-4 - ---10----25 

~~ i • 

United Arab Republic (Egypt)_______ 1.8 . L9 1.9 6 0 6 
South Africa__________________________ 4. 4 1 • 5.1 6. 5 16 28 48 
Rest of Africa. _ ______________________ 38. 9 42. 5 47.1 9 11 21 

------___ 1 ___ 1 ___ ---
Africa, subtotaL ___________________ 45.1 49.5 55.5 10 12 23 

Latin America: BmzU __ ~ ________________ . _____________ 
7.4 9.5 13.5 28 42 82 Mexlco ________________________________ 
5.1 6.8 9.3 33 37 82 

Argentina ____________________________ 
8.4 9.7 11.5 15 19 37 

Colombla _____________________________ 1.0 1.1 1.8 10 64 80 Pem __________________________________ 
.6 .6 .7 0 17 17 

Rest of Latin Amerlca ________________ 5.7 6.0 6.4 /) 7 12 
------------------

Latin America, subtotal ____________ 28.2 33.7 43.2 19 28 53 

Total, developing areas _____________ 218.8 249.2 28L9 14 13 28 

1 Food and Agriculture Organization olthe United Nations. Production Yearbook, Vol. 14, 1960, and 
Vol. 19, 1965. (1948-53 Is an average of 5 years, 1948-59-1952-53, centered on 1950-51. Therefore, each 01 
the 2 time periods shown above Is a 7-year period.) 

6.3.0 Fertilizer 

The appropriate use of fertilizer is essential to achieve high yields, 
although no attempt has been made to assign the percentage of in
creased yields which might be attributed to fertilizer alone. Instead, 
the optimum approach to increased yields involves improvements in 
all essential inputS: fertilizers, seeds, pesticides, machinery, and water 
management in the case of irrigated plots. Very little fertilizer is now 
used in Asia, Africa, and Latin America. The total world-wide use of 
plant nutrients (nitrogen (N), phosphorous pentoxide (PZ0 5), potas
sium oxide (I{20» in 1965-66 exceeded 44 million metric tons, with 
about 6 million metric tons used in the developing countries. Less 
than 15 percent of the world's fertilizer is used in areas whose agricul
ture must feed half the world's people. 

263-8880-67-. -26 
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Control of soil acidity is absolutely essential if fertilizer is to be 
effective and if crops are to have optimum growth. Calcitic limestone 
and dolomitic limestone are usually used for the control of soil acidity. 
The effectiveness of other nutrients, especially phosphorous, is 
affected by high soil acidity. DepQsits of these and other sources of 
lime are scattered widely throughout the world, although they may 
not occur in some countries or may be located at -a considerable dis
tance from areas where applications are needed. Principal difficulties 
in the use of limestone are: (1) grinding to a fineness required to en
sure effectiveness, (2) transporting to the area where "acid soils occur 
and ultimately to tlie consumer, and (3) applying to the soil. 

Lime is likely to be needed on soils in areas where more than 30 
inches of rainfall are received annually. Rates of application of 10 or 
more metric tons per hectare are often required. Such quantities are 
difficult to transport and apply by the primitive methods usually used 
in the developing countries. 

An energetic educational and demonstrational program will be 
necessary in many areas to convince farmers engaged in traditional 
agriculture to adopt good liming practices. To illustrate the magni
tude of this problem, educational efforts in the United States conducted 
over a relatively long period of time have resulted in the use of only 
50 percent of the total amount of lime actually needed. 

6.3.1 Projected Needs 
The amounts of fertilizer required to increase agricultural produc

tion by various percentages, up' to and including 100 percent, was 
determined. For this purpose, the approach used by the Food and 
Agriculture Organization of the United Nations, known as the "yield 
value index," was employed.1 Essentially, the F AO method assumes 
that the level of fertilizer used is related to the yield of crops per 
hectare of cultivated land. F AO has used data from 41 developed 
and developing countries to produce a curve showing the average rela
tionship between fertilizer use and the yield value index of crop 
production, in which the yield value index is an approximation of 
productivity. With this curve, it is possible to estimate the quantity of 
fertilizer a country will need to attain a given level of crop production. 
(Figure 6-1.) The cumulative data for the developing countries indi
cates projected use of fertilizer from 6 million metric tons in 1966 
to 40 million metric tons by 1985. (See Table 6-3.) 

These projections are based" upon the requirement of agricultural 
production increasing at the same rate as is predicted for popUlation 
growth to the year 1985. It is assumed that the increased use of fertil
izer will be accompanied· by necessary and appropriate increases of 

7Parker, F. W., Fert1l1zer and economic development. In; McVIckar, M. H. (ed). Fer
tlllzer technology and usage; proceedings of a short course held at Purdue Unlversity. Feb. 
12-13, 1962. Madison, WIs., Soil Science Soclet;r of America, 1963. 464 p. pp. 1-21. 
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other inputs required for improved farming practices including seeds, 
pesticides, machinery, and water. It is further assumed that the in
creased production will come largely from increasing yields on lands 
already in production. The new lands that may. be added during the 
next two decades will contribute to the improvement of the diet be
yond the highly inadequate level available to many people today. 

6.3.~ 008t of Fertilizer Requirement8 
An estimate has been made of the capital required to provide the 

nutrients specified in Table 6-3. For this purpose, a ratio of 4-2-1 
was assumedfor;N, Pzo~; and KzO, -as these were used in the devol..; 
oping free world in a ratio of 4-2-1.2 in 1965. The total capital re
quirement' for mining or manufacturing, and distribution of fertilizer 
in the developing nations was estimated to be approximately $500 per 
annual metric ton of plant nutrients. It is recognized that this figure 
is higher than would be expected in a developed nation, but the value 
is thought to be realistic. The $.500 allowance includes warehousing, 
railroad cars or equivalent, vehicles, distribution outlets, and work
ing capital, as well as actual mines and plants, but makes no allowance 
for any developments in the infra-structure, such as port facilities, 
roads, or railroads which might be required. 

To increase the annual production of fertilizer 34 million metric 
tons by 1985 will require a cumulative investment of $17 billion in 
capital. The annual cost to the farmer will be approximately $9 billion 
(Table 6-3). It should be emphasized that a lead time of at least five 
years is required from the planning of the production plants to their 
completion. Projects for 1970 must already be under way; it is not 
too soon to begin programming for the needs of 1975. 

TABLE 6-3.-Fertilizer needed to increase agricultural production on acreage now 
under cultivation in Asia,! Africa, and Latin America by the percentages indi
cated 

Tonnage of 
Percent plant Percent 

increase in nutrients increase in 
agricultural needed fertilizer use 
production (millions of 

metric tons) 

-- -- ------------ 26 ---- -- --- -_ ...... _- ... 
10 11 80 
20 16 165 
30 21 257 
40 26 345 
50 32 440 
60 38 535 
70 46 645 
80 53 765 
90 60 885 

100 67 1,000 

I Except Mainland China and Japan. 
2 Actual consumption in 1966. 

Capital Total annual 
needed cost 

(Millions of United States 
dollars} 

... --- -_ ... --------- 1,300 
2,500 2,400 
5,000 3,500 
7,500 4,600 

10,000 5,700 
13,000 1,000 
16,000 8,400 
20,000 10,100 
23,500 11,600 
27,000 13,200 
30,500 14,700 
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6.3.3 Personnel Requirements 
Even though these amounts of capital are quite impressive, it is the 

judgment of the subpanel that it will be much easier to obtain the 
needed capital than to provide the necessary manpower. It is esti
mated that three skilled and five unskilled people are required for 
each thousand tons of plant nutrients that are produced and distrih
uted per year. Of the skilled personnel, approximately half would 
need to be college graduates or equivalent, while the remainder could 
be high school graduates or equivalent with on-the-job technical train
ing. This suggests that 50,000 college graduates woul~ be needed by 
1985 in the fertilizer and associated industries. 

6.3.4- The ProdUlJtion of Nitrogen 
Of the three primary plant nutrients, more nitrogen is used than 

either phosphorus or potassium, and nitrogen production requires 
more capital investment per unit of plant nutrient than either of the 
ot.hers. About 98 percent of all nitrogen fertilizers is made with 
ammonia (NHs) as an intermediate product. The remaining 2 per
cent is made from synthetic calcium cyanamide (CaCN2) and natural 
sodium nitrate (NaNOs). 

Ammonia is made by the combination of nitrogen and hydrogen 
under preSsure and over a catalyst, by the simple chemical reaction: 

N2+3~~2NHs 

The nitrogen comes from the air. The hydrogen can be obtained from 
any carbonaceous or hydrocarbonaceous material, such as natural gas, 
petroleum, or coal, ·by the action of steam over appropriate catalysts. 
Typical hydrogen-producing reactions are: 

C+2H20~2H2+C02 
C1L+2H20~4H2+C02 

Gaseous hydrocarbons such as natural gas are the .best and most eco
nomical raw materials to use, and liquid hydrocarbons such as naphtha 
are next best. The least desirable are solid carbonaceous materials 
such as coal, coke, and lignite, but they can be and are used. Even 
wood has been used in the past. 

Most of the ammonia produced in the world is made from natural 
gas by the action of steam and air by a process known as steam re
forming. The process is carried out in several stages and the overall 
chemical reaction is approximately as follows: 

7C1L+10H20 (steam) +4N40 (air)~16NH3+7C02 

Similar processes use liquid hydrocarbons and solid carbonaceous 
materials, but the production plants are more complex and more ex-
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pensive to build, and operating costs are much higher than if natural 
gas is the raw material. Therefore, a constantly. increasing percentage 
of the world's ammonia is being made from natural gas. 

The production of ammonia has undergone a tremendous techno
logical change in the past five years. This has been one of the most 
rapid and most dramatic technological changes in history. Its effect 
has been to reduce the capital and operating costs of ammonia plants. 
In the United States, the capital cost of a basic ammonia plant with 
a production capacity of 350,000 tons of ammonia per year would 
have been about $30 million in 1962, but in 1966 the capital cost of 
such a plant dropped to about $15 million. As a consequence of lower 
operating costs and lower capital charges, the production costs of 
ammonia have been reduced from $45 to $60 per ton in the older plants 
to $20 to $30 per ton in plants using the ''new technology". Figure 
6-2 shows a simplified flow chart for the production of ammonia. 

The lower production cost of ammonia, in the new plants has not yet 
been reflected in lower prices of fertilizer to the farmer, but prices 
should be lower in a few years as the "new technology" plants take 
over more and more of the world's production of a.mmonia. 

Ammonia is used directly as a fertilizer to a substantial extent in 
the United States and to a lesser extent in Europe, the Soviet Union, 
and Japan. On a world-wide basis, most of the ammonia is converted 
to solid fertilizers such as urea, ammonium. sulphate, ammonium 
nitrate, di- and mono-ammonium phosphate, ammonium chloride, cal
cium nitrate, and nitrophosphates. Figure 6-3 shows the product and 
process interrelationships of the principal nitrogen and phosphate 
fertilizers. 

Since natural gas is the preferred raw material for production of 
ammonia, the nitrogen fertilizer industry is more concentrated in areas 
where large quantities of natural gas are available at lo~ prices. 
The principal natural-gas-producing countries maked on the basis of 
gas produced and used for useful purposes are United States, Union 
of Soviet Socialist Republics, Canada, Rumania, Mexico, Italy, 
Venezuela, and France. In addition, vast quantities of gas are flared, 
particularly in the newly-developed, petroleum-producing countries, 
such as Iran, Saudi Arabia, Kuwait, Libya, Nigeria, and Venezuela. A 
recent United Nations study found that these six countries flared 1.6 
trillion cubic feet of natural gas in 1965, which would be enough gas 
to make 40 million tons: of ammonia (compared with the total world 
production of ammonia of 24 million tons in 1965) . 

Besides the six countries cited above, other developing countries 
with large reserves of natural gas include Iraq, United Arab Republic, 
Algeria, Indonesia, Pakistan, Burma, Brunei, Colombia, Peru, Chile, 
Argentina, and Bolivia. 
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FIGURE 6-2 

Process Flow Chart of Ammonia Synthesis 

Natural 
gas CH4* 

AmmOnia 

2 CH4 + H20 + N40 -72 N2 + 5 H2 + 2 CO 

(N40 = approximate formula for air) 

CO + H20-7 C02 + H2 

(so-called shift reaction) 

CO2 absorbed by alkaline medium 

(several processes in use) 

CO (traces) + 3 H2---7CH4 + H20 

(so-called methanation reaction) 

Recycle of unconverted 
~ nitrogen/hydrogen mixture 

7 CH4 + 10 H20 + 4 N40~16 NH3 + 7 CO2 
(overall chemical reaction) 

*Natural gas is usually largely methane. but may contain also ethane. propane. 
butane. higher hydrocarbons. carbon dioxide. nitrogen. hydorgen sulphide. and 
other gases. Ethane, liquefied petroleum gases (LPG). refinery off-gas, 
and light haphtha can also be used as feedstocks for the reforming process. 
With heavier hydrocarbons. partial oxidation processes would have to be used. 
which require higher capital costs than the reforming process. 

6.3.5. The Produotion of Pho8phate and PotOJJh 
The known and probable reserves of phosphate and potash are 

shown in Tables 6-4 and 6-5. It will be noted that the supply of these 
materials is quite ample for the foreseeable future, but that they are 
unevenly distributed geographically. For example, Canada is einerg~ 
ing as a major supplier of potash, while little, if any, potash is found 
in South America. 

Sulfur, used in the prepartion of available P 205, is currently in short 
supply, and prices are rising. The shortage has stimulated further 
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FIGURE 6-3 

Product Interrelationships of Nitrogen and Phosphate Fertilizers 

CALCIUM 
NITRATE 

r Lime 

HYdrocarb00j[ + Steam + Air 

Nitrogen + Hydrogen + Carbon Dioxide 

Nitrogen + Hydrogen 

Nitric Acid Air + Carbon Dioxide ---7 UREA 

1 ~ 
Nitro
Phosphates Nitrate 

Monoammonium Phosphate 
Diammonium Phosphate 

'I< 

.J, 
Calcium 

Ammonium 
Nitrate / 

Phosphoric acid + Phosphate Rock~Triple Superphosphate 

1'using sulphuric acid, hydrochloric acid, I or electricity (via elemental phosphorus) 

Phosphate Rock + Sulphuric acid --7 Single Superphosphate 

Hydrocarbon feedstock can be natural gas, ethane, liquefied petroleum gases 
(LPG), or light naphtha for the reforming process. With heavier hydrocarbon 
feedstocks, partial oxidation processes would have to be used, which require 
higher capital costs than the reforming process. 

exploration for elemental (Frasch) sulfur and is increasing produc
tion from other sources, such as iron pyrites and sour natural gas. It 
is likely that supply will again be in balance· with demand by 1970, 
but additional price increases are probable. Ultimately, other processes, 
such as the use of nitric acid for acidulation and the production of 
phosphates from elemental (electric furnace) phosphorous, will be
come more important. Technically, sulfur recycle is feasible also and 
would come into general use if the price of sulfur should rise from its 
present level of about $35 per ton to about $50 per ton. Thus, there is no 

'likelihood that sulfur shortages will do more than cause temporary 
dislocations and a modest increase in the cost of the finished product. 



PHYSICAL AND BIOLOGICAL INPUTS 387 

TABLE 6-4.-BBtimatetl free worUZ re8erves 0/ ph08ph(1,te 1 

BeaerveB 01 PlOt; 
(mnuOf1.8 of 

Oontinent: metric tonB), North America ____ , ________________________________________ ...;_ 2, 000 
Europe , ___ ..:...: ____ ~ __________________________________________ Negligible 2, 

A.si~ ____________ "-___ ..;_____________________________________ 1,000 

SonthAmerica-_____________________________________________ 200 
'AJ3ica _~_~_~_..;~ ___________ ~________________________________ 4,000 

1 (Estimated mlneab}(~, reserves under present economic conditions, allowing for mlnlng-
and refinery IO!lses.) , 

I Exclusive ~f Union of Soviet, Socialist Republlcs. 

TABLE ~5.-':'BBtimated. free world reserve8 0/ POW8",1 
Be,erveB 01 K,.o 

(mtRwns 01 metric 
Continent: ton.) . 

North America_..: _____ :.____________________________________ 8,000 
Europe _____ ;;.;'____________________________________________ 1, 000-10, 000 
'Asia _____ -.:.. _______ --------------------------------------- 1, 000 
South America____________________________________________ 25 

Atri~ ____________ ~-------------------------------------- 50 
1 (Estimated mlneable reserves ·under present economic conditions, allowing for mlning 

an(l refiner;y losses.) 

6.3.6 The Econo~ics of Fertilizer Production 
The econo~cs of large-scale operation are highly important in the 

manufacture of,fertilizer. Potash and phosphate mines and nitrogen 
plants must be quite large in order to be efficient. Mines should have 
an annual capacity of at least 500 thousand metric tons of K 20 or 
P 205 to, achieve the lowest cost. Modern, highly efficient, nitrogen 
plants have capacities of 1,000 metric tons per day or more, but un
doubtedly many less efficient smaller plants will be built to achieve 
compensating efficiencies in distribution within local areas or national 
boundaries. There is already a tendency toward relatively small opera
tions where liquid formulation is used. This procedure may have an 
influence on the present method of marketing and distributing 
fertilizer. ' 

The uneven distribution of natural gas, potash, and phosphate and 
the requirement for large plants and mines will pose major problems 
in international trade if the projected needs for ,fertilizer are to be met. 
In particular, the major need is a mechanism by means of which the 
fertilizer-deficit countries, such as India, can buy the fertilizer, since 
most of these countries in the developing world are perennially short 
of foreign exchange. 

6.4.0 Seed~ 

6.4.1 Recognition of Requirement. fm' Good Seeds 
There is ample evidence that' good seeds are required for .a highly 

productive agriculture. The importance of this input is illustrated by 
the fact that the Food and Agriculture ,Organization of the United 
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Nations has given a "seed rating" to characterize nations on their 
development, production, distribution, and proper use of better seeds. 
In a survey using rice, wheat, and maize as indicators, the most ad~ 
vanced nations were given a rating of "1" while those nations rating 
the lowest were given a rating of "4." In the "1" category are Japan, 
Taiwan, the Netherlands, and· Mexico; while Pakistan, Iran, and 
Jordan are in the "4" category . .r~ is interesting to note that the yields 
for.the nations with a "1" rating averaged 3,250 kilograms per hectare 
during the period from 1960 to 1962, while those rated "4" averaged 
1,400 kilograms per hectare for the same period. Nations rating "1" 
had almost 100 percent of their.grain cropland in .improved varieties, 
while those rated "4" had less than 10 percent in improved varieties.8 

The importance of good seeds is evident from the improvement in 
yields of selected crops in certain nations from 1948 to 1962. The N :00 
310 strain of sugar cane introduced into Taiwan in 1951 was being 
grown on 91 percent of the sugar cane cropland by 1957, with a conse
quent increase in yield exceeding 50 percent. In contrast, the unim
proved varieties of jute and chi<?kpeas grown in Pakistan, and of 
coffee and maize grown in Venez:uela, were not replaced with im
proved. varieties during the period from 1948 to 1962, and there was 
no increase in yields.9 In the state of Illinois, hybrid corn was intro
duced in 1933 and by 1945 was planted almost exclusively. During 
this period, yields increased 65 percent. 

It has been estimated that if 50 percent of the cropland in any given 
area is properly planted with an·iniprovoo seed, it is reasonable to ex
pect a 100 percent increase in yields for the entire area. It must, how
ever, be emphasized again that this yield improvement does not result 
solely from the use of an improved seed, but is dependent upon the 
adoption and use of improved practices of all kinds, including the 
use of more and better fertilizer, more pesticideS, more and better 
machinery, and better water management in the case of irrigated areas. 

6.4.~ Proce88ing. Plant Requirement8 
Empirical evidence indicates that the required 50 percent of the 

cropland will be sown in improved seed if 25 percent of the seed for 
the area flows through commercial channels. Table 6-6 gives an esti
mate of the number of plants, their cost, and the value of their output 
if 25 percent of the total seed requirement were to be provided com
mercially in Asia, Africa, and Latin America. Table 6-7 gives data on 
the number of plants, capital required, and costs to increase produc:
tivity by various percentages. 

It will be noted that by 1985, almost 1,000 seed processing plants 
will be needed, with each plant having an annual capacity of 3,000 
metric tons. Approximately $200 million will be required to construct 

8 Statintics DiviSion, FAO. Rome, and Special FAO "Seed Status" Inquiry. 
II Statistics DIvision, FAO, Rome, and Special FAO "Seed Stat'Js'" Inquiry. 
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TABLE 6-6.-Number of plant8, capital required for con8truction and annual operat
ing 'cost to 8upply £5 percent of the' seed requirements of the developing free world 
by areas t ' 

MUllons of United States 
dollars 

Area Number 
plants' 

Capihl Annual op-
needed erating costs 

to farmers 

Latin, AmerIca _____ ~_: ______________ ~_ ____ _ __________ ___ ______ 225 40 260 
As1a~ ______ • _____ • __ .t ___________ ~_____________________________ 1,075 225 1,170 
AfrICa ______________ • _____ ~ __ • __________ ~ ____ ,_ ___ ___ _ _ _ __ __ _ _ __ 175 40 180 

1---------1--------1--------, ,Total __________ ~ __ :. ______ .; ___ ~ __ • ______ ~ ____ _______ ____ _ 1,475 305' 1,610 

1 Cereals, oilsoods, and ptJ.ls~: Th~ aec~unt for more than 9li percent of all seed requirements. 
a 3,000 metric tons annual capacity. 

TABLE 6-7.-Seed rtquirement8 for increasing food production on acreage now in 
cuUivation ,in Asia,l Africa, and Latin America -by the percentage8 indicated 2 

MUllons of United States 
'Percent in· dollars 

crease in agrt. Number of 
, 'cultural plants I 

production Annual 
Capital needed operating cost 

to farmers 
" 

10 148 30 160 
20.' 300 60 330 
30 440 00 480 
'40 ,500 120 640 
50 740 150 810 
60 885 180 970 
70 ' 1,030 210 1,120 
80 1,180 240 1,200 
00 1,325 270 1,440 

100 1,475 300 1,610 

I Except Mainland ChIna'and Japan. 
:,Cereals, ollseeds, and pulses. These account for more than 95 percent ofall seed requirements. 

,,'33,000 metr:fc tons annual capae1ty. 

the~eplants,.,and the annual value of the output will be approximately 
$1 billion. While this, capacity is in addition to that now in existence, 
the differ~nee between additional capacity and total capacity is small, 

, since only a small percentage of the cropland in the area is now in 
improved varieties, and an even smaller percentage of the seed require
ment flo~s through commercial channels. 

6.4.3 JYature (JJ(I,(J ,Subtleties of the Seed Busirw88 
, ~here ares~veral special problems involved in providing seed which 

mnstbe,taken into account as programs are devel<?ped. These problems 
may be generally categorized under the headings of long-range plan
ning, critical timing, and marketing. 
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The production of seed is characterized by an inflexible time lag, 
at least four years in the case of hybrid corn production (one year each 
for increase of inbred lines, making single-cross parents, producing 
final-cross, and distribution to the farmer), and two years or more 
for increase of seed of open-pollinated varieties where field-crossing 

. is not required. Careful judgment must be exercised as to the amount 
and pedigree of a particular variety or hybrid chosen for increase of 
seed, as there is relatively little a seed producer can do to increase 
the volume after the program has'been started. 

A second important feature of seed production is the necessity of per-, 
forming technical tasks, such as detasseling of corn, roguing of cereals, 
and pruning of vegetables, at definite times during the growing season. 
The timing of these critical steps' is dependent upon uncontrollable 
environmental conditions, but they must be done regardless of rain" 
cold, or holidays. Seed is produced by growing plants, and there is no 
second chance for any particular, generation. 

Marketing of seed has several unique features. Farmers develop 
a preference for particular varieties through knowledge gained from' 
public and private extension efforts. These educational efforts may 
take the form of test plantingS in the area or by publicizing unique 
resistance to prevalent disease and insect pests. The farmer, however, 
has no way of knowing when he purchases the seed whether the seed 
producer did a professional job. in critical production practices and 
avoided mixtures with other varieties in the cleaning and bagging' 
operations. Most countries hav~.seed labeling laws to protect the con
sumer against fraud. 

In addition to the above gene:r;al factors there are unique and exact
ing demands for successful seed production of every crop species. Most 
vegetable seed, for example, must be produced under specific day
length and temperature conditions. If these conditions are not met, ' 
the plant will not flower. Harvesting procedures frequently present 
special problems in small seedeq crops, such as the grasses. Special 
machines have been developed ·to permit mechanized harvesting of 
many of these species. In tuberous crops, the storage conditions for 
seed tubers are critical; light, temperature, and humidity must be con~ 
trolled. These examples indicate that the seed producer must be fa-
miliar with the pecularities of each species that he handles. . 

Governmental agencies have not been successful in producing and 
selling seed due to the critical timing involved in performing neCes
sary roguing, detasseling, or inspection functions. The seasonal na-· 
ture of the job, with the corresponding necessity of long hours and 
solid work peaks during these p~riods, is not compatible with the oper- . 
ations of a typical public agency. Also, it is difficult for a governmental 
agency to commit its facilities for the necessary long-range plans. Pub
lic administrators are reluctant to commit resources for the time peri-
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ods necessary to build a soliq base for a, thriving seed enterprise. 
Marketing of seed can be "handled by public agencies through govern
'menfbanks or other public inStitutions, but the farmer has very limited 
choice of varieties in such a scheme. 

6-{-4 . Teclvnology for Seed Produx:tion arul DiBtribution 

, ,The provision of superi~J;' seed requires a continuing research pro
gram, not only for constant improvement in yields and quality, but 
also for genetic resistance' to plant pathogens, such as wheat rust. A 

, general rule is that the e~penditure for research should be about 10 
percent of the value of the ,seed. If so, $100 million would be required 
for, research on seed for' uSe in the developing countries by 1985, al
though this, figure may 'be somewhat reduced by the importation of 
seed technology from the developed nations. The costs given in Table 
6-7 allow for this research cost. ' 

. . . . 

,The development of hybrid Seed is generally done by the private 
companies selling the seed. On. ~he, other hand, open -pollinated varie
ties are generally developed by' public agencies. This difference arises 
because hybrid seed cannot be saved by the farmer, but must be pur
chased from a commercial supplier. The hybrid seed producer can thus 
absorb his development cost 'into his selling price, which is difficult for 
,the producer of an open-pollinated variety. This problem has led some 

, natiol\S to enact laws on "breeders' rights" to encourage seed firms to 
,undertake their own resear~h' by p~otecting them from competition 
from seed producers and distributors who do no research. 
~he production and d~stribution 'of seed requires technical man

power~ollege graduates or equivalEmt. Requirements have been esti
mated ,to be'about nine.technical men for each 3,000-metric-ton plant, 
or almost 10,000 such individuals by 1985. This estimate does not in
,clude the highly trained manpower required for research. After basic 
training in agronomy" the specialized know ledge needed to produce 
and distribute seed can be acquired rather quickly and easily. Seed 
companies in the developed nations could train technicians in a rela
tively short time in the basic operations involved in producing and 
handling both hybrid and open-pollinated seed. This training would 
be used most effectively if it were conducted where the seed is pro
duced. Possibly private seed companies could be encouraged to place 

" pilo·t s~ed installations in ,some o'f the developing nations with arrailge
JIients that as many people as possible be trained by the firm. 

No particular difficulty in providing the necessary equipment is 
anticipated if planning is adequate and sufficient lead time is allowed. 



392 THE WORLD FOOD PROBLEM........;.VOL. II 

. 6.5.0 Pesticides 

6.5.1 lmpo'ftance of Pest Oont'fol fO'f O'fopP'fod'lJJ(Jtion 

Alarge complex of pest species share man's requisite for food. These . 
include viruses, bacteria, fungi, protozoa, nematodes, insects, birds, 
and rodents. Weeds do not consume food directly, but reduce food 
production through competition with plants for nutrients, water, and 
sunlight. The direct loss of rood as a result of pests has been impossi
ble to determine accurately, but is known to be large, and the minimum 
estimates of world losses range from 20 to 30 percent of the total food 
produced. Highly germane ill: planning for increased agricultural 
production is the extensive and convincing evidence that pest problems 
are intensified as yields are increased through the use of more fertilizer, 
better seed, better water management, and other modern production 
practices. If the. maximum benefits are to be obtained from a system 
employing these production inputs, effective crop protection methods 
must be a part of the system. 

An example of the importance of crop protection comes from rice 
production in California. For.merly, weed control was obtained by 
maintaining a six-to-eight-inch depth of water. However, the develop
ment of selective herbicides has made it possible to control weeds effec
tively without the use of expensive water management techniques. 
When herbicides came -into. use, it was possible to reduce the water 
level in rice fields to approximately two inches, and shorter stemmed 
rice varieties could then be used which respond effectively to higher 
levels of .fertilization. In this case~ better methods of weed control en
abled rice growers to realize greater benefits from fertilizer because an 
improved seed type c~:mld be grown. 

6.5.t2 Ohemical Pesticide Requilrements 
Pests can he controlled either by biol'Ogical or chemical methods. 

Numerous examples of spectacular successes have been obtained from 
the use of biological methods. The success of the pliant breeders in 
developing rust-resistant. whoo.t has 'been a maj'Or factor in increasing 
wheat yields in this country, even tihough .the resistance effect is soon 
lost due to changes in the rust organism. This requires that there 
be a continuous search fQr new varieti~. The eliminat.ion of the screw 
worm in the southern United States was laccomplished hy male sterili
zation techniques, a remarkable achievement. In spite 'Of these suc
cesses, h'Owever, chemical agents remain the main weapons for pest 
control in mOst crops, and this will undoubtedly oontinue for the 
forseeable future in spite of the increasing and verydesira:ble explo
ration for germ plasm with biological resistance to insects. 

The use 'Of chemical pesticides increases very rapidly as plant pro- . 
duction is intensified. Table 6-8 sh'OWS pesticide use :and the yields of 
major crops for seven 'areas or nations. Two important observations 
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are the excellent -correlation between pesticide use and yields, and 
the extremely rapid rate'wt.which pesticide usage increases as agri
culture is intep.sified. The amounts of pesticides applied in Africa 
and India, where yields are generally low, amount to only slightly 
more than I,percent of the'quantities used in Japan, with i·ts intensive 
agrieli~ture and high yields. Ex9,rp.in3Jtion of available data also shows 
th'3.lt pesticide and fertilizer usages are closely correlated. There are 
linear relationships between Pesticide usage and yields, fel'ltilizer 
usage and yields, and pesticid~' uSage and fel'ltilizer usage on log-log 
plots.l~ These relationships we~e used in predicting pesticide re
quirements for .the various percenta~ increases in yields shown in 
Table 6-9. ' , 

TABLE 6-S.-Area8 and nations ranked in order of pe8ticide u8age per hectare and 
, in order of yieldB of major crOp8 1 

Pesticld~ use Yields 

Al'ea or nation 
Grams/ Rank 
hectare 

KilOgrams/ Rank 
hectare 

Japan_~_ ... ___ '. __ : __ ':' _________________________ ~~lo. 790 1 5,480 1 
Europe ____ .:. ____ ' _________________ .: ______ ~ - __ '___ 1,870 2 3,430 2 
'UnIted States. ____ ! ____________________ .. ___ ~___ 1,490 3 2,000 3 

4 1,970 4 
5 1,570 5 

Latin Ameriea ________________________ :._· ___ ~:__ 220 
Oceanfa ______________________________ .~ __ :._:.:__ 198 
India___________________________________________ 149 

6 820 7 
Afrlea~ ______ ~ ________ • _____ • _______ :.. __ .:~.,_____ 127 7 1,210 6 

'1 Food ari.~ Airlculture Organization o~ the UnIted NatIons.,Production Yearbook, Vol. 17,1963. 

TABLE ~9.-=-Pe8ticides needed' to increfUJe food production on acreage now under 
cultivation in Asia,· Africa,' a,n,d Lati'n America by the percentage8 indicated 

, 
, MiIllons 01 United States dollars 

Percent 
. Increase In Tonnage needed f?apltal Total annual 

agricultural (metric tons) -- cost to farmers 
pioduction 

Formulation 
, M.'8.nufacturing and 

dlst~utIon 

------ ... -----... --- 120,000 --_ .. "":-'----- ...... --- ---------_ ... _--- .. 580 
10 150,000 60 40 730 
20 195,000 160 80 950 
30 240,000 250 130 1,070 
40 285,000 3ro 100 1,390 
50 342,000 .470 240 1,670 
60 402,000 500 320 1,960 
70 475,000 , 750 400 2,310 
80 558,000 . 920 400 2,720 
90 640,000 1,090 580 3,120 

100 720,000 1,~O 670 • 3,500 

.1 Except Mainland China and Japan: 

10 L. L. 'Jansen, and W. B. Ennls, Jr., to be pnblished. 
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Linear regression relationships were calculated 'between pesticide 
usage and yields, fertilizer usage and yields, and pesticide and fer
tilizer usage for Japan, India, and the United Sb3ites for the years 
1952, 1957-58, and 196~63, using data from the FAOYearbooks. The 
regression equations were slightly adjusted ~ coincide with the 1963 
usages of the United States. Predicti'Ons of the quantities of pesticides 
required w meet requirements 'Of developing countries we~ecalculated 
from the equation 

log P = 2.575 log Y - 5.620 

in which P is the pesticide usage rate in grams per hectare and Y 
is the desired la verage aggregate yield in kg per hectare 'Of principal 
food crops (cereals, pulses; oilseeds, raw sugar, potat'Oes, 'sweet pota
toes, yams, cassava, 'Oni'Ons,. and tomatoes). Quantities of pesticides 
to meet the requirements f'Orrthe vari'Ous percentage increases in yields 
(T'able 6-9) are cumulative fuoo,ls 'Of-the required pesticide usage rate 
mUltiplied by the number 'Of .arable hectares for each of the develop
ing geographical areas specified. 

Significant correlations were -also found f'Or each 'Of the types 'Of 
pesticides-inseoticides, fungicides, herbicides, fumigants, and roden
ticides-as functions 'Of theWtal pesticide requirement. The prOP'Or
tional amounts of the various types change as the total requirement. 
increases. These relationships are shown. in Figure 6--4. When pes
ticides are used in small quant1ties, they are mostly insecticides with 
a small percentage 'Of ,fungicides. As the level 'Of usage increases. 
fungicides, herbicides, 'and fumigants become increasingly important, 
and inseoticidesare used relatively less, even th'Ough' the n;J:>solute 
amount being applied increases. . 

The use of herbicides is often'regarded as only a labor-saving meas-
,ure intended to reduce the cost of production in high-labor-cost areas 
such as the United States~' ReCent evidence indicates that the use of 
modern and highly selective herbicides may increase yields much more 
than can be achieved by manual or mechanical weeding methods. In 
the Philippines, when conventipnal mechanical weed control practices 
were followed by farmers; the average yield 'Of rice was 2,600 kilo
grams per hectare. When propanil, a modern selective herbicide 
especially adapted for use, on rice, was used for weed control, the 
average yield rose to 3,800 ki~ograms per hectare, an increase of 43 
percent. Similar results' ha ve . been obtained in West Pakistan and 
Brazil. If these favorablel'eSults can be duplicated in other areas, 
selective herbicides are likely to' be adopted extensively for rice pro
duction, even in areas having sufficient labor at low wages. 
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Figure 6-4 
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Approximate percentage contributions of different pesticide classes to the 
total pesticides requirement as the total requirement changes from approxi· 
mately 100 to 10,000 g/hectare. Based on data for India, the United States. 
and Japan, 1963. 

6.5.3 0 apital and Per80nnel Requirement8 
The production and distribution of pesticides will require a large 

capital investment and substantial increases in annual operating 
costs of farms. It is estimated ,that by 1985 a billion dollars or more 
will be required for manufacturing, formulation, and distribution 
facilities, and that the farmers' annual bill for purchased pesticides 
will be over $2 billion (Table 6-9). 

In addition to increased capital, an increase in technical manpower, 
estimated at 5;000 men plus a supporting staff, will be required for 
the manufacture, formulation, distribution, and regulation of pesti
cides in the developing free world by the year 1985. 

6.5.4 Re8earoh and Other Teohnologioal Requirement8 
It is essential that both adaptive and pioneering research in the 

field of pesticides be carried out locally by interdisciplinary re-
263-8880-67--27 
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search teams. In some cases, pesticides originally developed for use 
in the temperate zone will be effective. 

However, many pest problems of tropical areas are quite different 
from those of temperate zones, and these will require a substantial 
research effort intended to lead to entirely new crop protection mate
rials and techniques. 

The problems of regulation and other aspects of the safe usage of 
pesticides require special attention. In the developed countries, suf
ficient experience and background knowledge have been accumulated 
to provide a base upon which to establish guidelines for safe practices 
in the manufacture and use of potent pesticides. Even so, there are 
many hazards associated with the handling and use of those pesticides 
which are highly toxic to man, animals, and wildlife. Extensive 
educational programs will be necessary in the developing na~ions, and 
some of the more toxic pesticides, such as parathion, should be handled 
by. specially trained personnel until safety education is widespread, 
effective, and accepted~ The potent power of p~ticides to contribute 
to world food production must be balanced by their intelligent and 
safe use, if they are to be widely accepted. 

It will undoubtedly be much more efficient to manufacture pesti
cides in the developed nations where trained manpower, raw materials, 
and utilities are readily available than to manu'facture them in the 
developing nations where these requisities are not. available generally. 
RestrIctions on international trade and currency limitations may con
trol the extent to which this can be done. The capital requirements 
summarized in Table 6-9 are based on the assumption that the manu
facturing plants will be built in the developed nations. If, instead, 
they are built in the developing nations, the total cost might be 
twice as much. 

If pesticides are manufactured in developed nations, the formula
tion can generally be carried out efficiently 'on a local basis. With 
this system, pesticides can be shipped in a concentrated form and then 
be formulated locally to meet special local requirements. 

6.6.0 Machinery 

6.6.1 Importance of Machinery for Improved Orop Prod'lWtion 
Agricultural machinery is generally thought of in connection with 

the more efficient use of labor rather than as a yield-raising input. 
However, the low levels of mechanization in the developing areas of 
the world seriously handicap the farmers, and more power and better 
equipment are an essential part of any, program for increasing pro
ductivity in these areas. Table 6-10 shows data on the available horse
power per hectare of available land in Asia, Africa, Latin America, 
Europe, and the United States. Figure 6-5 shows the relationship of 
crop yields and horsepower per hectare for a number of nations and 

John M
Rectangle
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areas. Although this is a preliminary analysis, the data support the 
thesis that at least 0.5 horsepower per hectare is needed to achieve high 
yields. On this scale, it is apparent that the developing free world is 
far short of the power required for agricultural efficiency. 

TABLE 6-10.-Available hor8epower per hectare oj arable land and land under 
permanent crop8 

Tractor (riding) ________________________ • __ 
Garden tractor ___________________________ _ 
AnimaL __________________________________ _ 
Human __________________________________ _ 

TotaL ______________________________ _ 

1 Except Mainland China and Japan. 

Asia 1 Africa La.tin.1 United Europe 
America Sta.tes 

0.02 0.03 0.18 1.00 
.03 ___________ ____________ .014 
.09 .01 .05 ___________ _ 

.05 .01 .04 .003 

.19 .05 .27 1.02 

0.78 
.02 
.08 
.05 

.93 

There are a number of ways in which increased power' and more 
efficient machinery can contribute to better yields. One of the most 
important of these is seedbed preparation, which requires a higher 
energy input than any other operation. This is, in part, a question 
of good preparation, generally consisting of mouldboard or disc plow
ing, with secondary tillage by discing and harrowing. At the present 
time even animal drawn mouldboard ploughs are hardly used in Asia, 
Africa, and Latin America. Instead, the far less efficient wooden 
plough is used. Adaptive research on minimum tillage should be con
ducted concurrently with efforts to increase power to determine ways 
to reduce the minimum power requirements. 

Another way in which power c!ln improve yields is in timely seed
bed preparation. It has been estImated by A. A. Swamy Rao 11 that 
there is, in general, a loss in yield for many crops in India of about 
1 percent per day if seeding is delayed beyond the optimum period of 
10 to 15 days. If all of the bullocks in the Raipur district of India were 
put to work preparing the unirrigated paddy land with a wooden 
plough, it would require rubout 50 days. If the mouldboard plough 
were substituted, it would take about 27 days. These un irrigated fields 
cannot be ploughed until enough rain falls at the start of the mon
soon season to soften the earth. Because ploughing cannot be com
pleted quickly, seedbed preparation is inadequate or delayed in most 
fields in the district, arid there is a consequent loss in yields. 

In many cases, rapid seedbed preparation by mechanical methods 
makes double or triple cropping feasible, where it otherwise would 
not be possible. 

11 Agricultural Improvements and Power Development Center, Allababad Agricultural 
Institute, Allahabad,. U.P., India, unpubIlsbed report. 
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FIGure 6-5 
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Timeliness in seedbed preparation is less critical on irrigated lands 
unless there is a pressure to achieve double or triple cropping. This is 
perhaps one of the main reasons why Taiwan and Egypt, with only 
0'.3 and 0.4 horsepower per hectare respectively, are able to maintain 
high yields. In Taiwan, over 60 percent of the cultivated land is 
irrigated, while 100 percent is irrigated in Egypt. This contrasts with 
only 20 percent in India, where, in addition, many of the soils are 
particularly difficult to plough, requiring ' high power levels for seedw 

bed preparation. 
The extent to which accuracy in the placement of seed and fertilizer 

can increase yields is not generally realized. Tests conducted in India 
showed yields of maize increased 40 percent over conventional prac
tices through the use of an efficient machine which placed'the seed 
at the right depth in properly spaced rows and simultaneously added 
fertilizer.12 Sixty trials with grain drills averaged a 12.5 percent 
increase.Is These machines were operated by farmers for the first time. 

With increasing use of pesticides, it becomes important to provide 
equipment for uniform ,spraying and dusting. An operator with a 
single-nozzle sprayer activated by a foot-operated pump cannot dis
tribute pesticides uniformly. But a simple knapsack duster or sprayer 
powered with a two-horsepower engine can be used to distribute peSti
cides efficiently over twenty hectares per day. 

Increased power can also improve yields by facilitating more ef
ficient and timely harvesting and threshing. The Agricultural Re
search Institute of Gyogen, near Rangoon, Burma, has shown that 
a. yield of long-grain paddy decreases 2 percent for every day the 
harvest is postponed after the grain is ripe. 

6.6.~ Kinds of Machinery Needed 
The basic machinery units .. needed include tractors, ploughs, disc 

harrows, peg harrows, grain drills, planters, distributors, cultivators, 
sprayers, and threshing equipment. Substantial gains in efficiency 
could be made by providing more efficient machines to be drawn by 
animals. Reference has already been made to the substitution of the 
steel mouldboard plough for the wooden plough. Improved animal4 

drawn seeders, harrows, and cultivators are also needed. 
The number of tractors manufactured in Asia ( excluding Japan 

and Mainland China), Africa, and Latin America has 'been increas
ing in recent years, and this, of course, has led to their increased 
use. Some tractors were imported from developed countries. The num
ber of tractors in use 'increased from approximately 400,000 14 in 1955 

12 Allahabad Agricultural Institute. Agricultural Implements and: Power Development 
Center. Progress report No.2. Allahabad, March 1966. 

130n-the-Farm Evaluation Cum Demonstration of a 'Seed-Fertilizer Drill 1964-65, 
I.A.D.P., New Delhi, India, July 1965. 

U Wheel and crawler tractors, estimated average of 30 horsepower each. 
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. to approximately 900,000 in 1965, an average compound growth rate 
of more than8 percent per year. It is reasonable to assume, based upon 
past trends, that Latin America can achieve the minimum level of 0.5 
horsepower per hectare by 1986; Asia can go from the present 0.19 
horsepower per hectare to 0.33 horsepower per hectare by 1998; and 
Africa can move 'from 0.05 horsepower per hectare to 0.20 horsepower 
per hectare by·1998. It is evident that the farmers of the developing 
world are "power minded". There is a natural and universal human 
desire to escape from the drudgery of hand-labor. In addition, the 
capital cost of a tractor is actually less per horsepower than that of 
animals, as are the operating costs. In India, it is becoming common 
practice for one affluent farmer to buy a four-wheel tractor and gain 
full utilization of it by ploughing not only his own fields, but also his 
neighbors' fields for a fee. 

6.6.3 E8timated Machinery Oosts 
The cost of agricultural machinery is surprisingly low relative to 

the cost of other inputs, such as fertilizer, as compared to experience 
in the United States, both in terms of capital and in terms of the cost 
to the· farmer. Table 6-11 shows that the capital cost required to pro
vide manufacturing plants for the tractors, power tillers, power spray
ers,. power harvesting and threshing equipment, and animal equip
ment needed to achievQ the levels of power suggested in section 6.6.2 is 
approximately $1.8 billion. A more difficult problem will be the recruit
ment of approximately 10,000 college-trained engineers, or equivalent, 
who will be required by 1985 to develop, produce and provide for the 
distribution of the machinery. A much larger number of technicians 
to assist with the proper use and maintenance of farm machinery will 
also be needed. No estimate has been made of the requirement for 

TABLE 6-11.-Capital costs for the manUfacture and distribution of agricultural 
machinery for the developing free world 

[Millions of United States dollars] 

Latin 
America 

(20 years) 

10,600 
530 
530 

Asia 
(:t2 ycars) 

29,900 
930 
930 

Africa 
(32 years) 

12,300 
380 
380 

Total capitaL ______________________________ .________________________________________ $1,800 

1 Calculated at 100 percent of annual sales. This includes ancillary plants producing such components as 
tires, batteries, radiators, etc. 

John M
Rectangle

John M
Rectangle
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maintenance and repair facilities. Table 6-12 gives a detailed break
down of projected costs to the farmer of the machinery. It is estimruted 
that the annual cost to farmers will approximate $1.5 billion per year 
for the next few years and will increase to about $2 billion by the year 
1985. 

The large contribution to improved yields which can be obtained by 
use of agricultural machinery, along with the modest cost of these in
puts, surely dictates their inclusion in any balanced attack on the 
hunger problem in the developing nations. 

TABLE 6-12.-A summary oj retail costs by type oj equipment, area, and period 

[:Millions of United States dollars] 

4-year period ending 1970: 

Latin 
America 

Tractors_ _________ ___ __ _________ ___ ____ ___ ___ _ _ ___ ________ 550 
Power tillers__________ ___ ____________ __ ___________ __ ______ 50 
Power eqnipmenL____________ ___________ _____________ _ _ _ 950 
Animal equipment________________________________________ 200 

Total for 4-year period__________________________________ 1,750 

6-year period ending 1976: 
Tractors__ __ _ ___ _ __ ____ _ _ _ _ _ ________ ___ _ _ _______ _ _____ ____ 1,110 
Power tillers_________________________________ _____________ 70 , 
Power equlpment.________________________________________ 1,420 
Animal equipment_____ __ _ _ ________ _ ____ ____ ___ _ _ _ ____ ____ 300 

Total for 6-year period__________________________________ 2,900 

lo-year period ending 1986: 
Tractors_ ___ ___ ___ _________ _ _ _ ____ ____ ___ ___ __________ _ __ _ 2,890 

Power tl11p.t'!': 120 
Power equipment__________________________________ _______ 2,380 
Animal equipment_________________________ _______ ________ 510 

Total for IO-year period_________________________________ 5,900 

12-year period ending 1998: . Tractors _______________________________________________________________ _ 
Power tillers ___________________________________________________________ _ 
Power equipment ______________________________________________________ _ 
Animal equipment. _____________________________________________ ~-------

Total for 12-year period ______________________________________________ _ 

Total for the period_______________________________ _ ___________ 10,550 
Investment: 

Per hectare_ _ _____________________________________________ 110 
Per acre_ _ _ _______________________________________________ 44 

1 Except Mainland China and Japan. 
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29,870 12,290 
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6.7.0 Interrelationships of Inputs 

There has been emphasis throughout this report on the necessity to 
use all the production inputs in proper proportion in order to maximize 
yields of agricultural crops. While some physical inputs a,re more ex
pensive to provide than others, this does not suggest that ,these are 
relatively more important. The proper amount of each of the inputs 
will vary depending upon the conditions of each situation under which 
plants and animals are grown. Furthermore, it is not possible to 
accurately generalize as to 'the total annual cost of the inputs that will 
be required to ,reach various levels of food production throughout the 
world. 

Some attempt has been made·to interrelate the input needs and their 
cost for fertilizer, seed, and pesticides in Asia, Africa, and Latin 
America. This interrelationship is shown in Figure 6-6. 

It is emphasized that the data provided from this graph, can at best, 
only approximate ·the true situation. It does indicate the relative magni
tudes of the input components that need to be used in production and 
gives some idea of the costs of achieving the desired level of crop per
formance. Requirements in terms of amounts and costs of these three 
inputs have already been given separately and will not be reported 
here. The combined cost of fertilizer, seed, arid pesticides at -the level 
indicated and considered necessary in these countries by 1980 will re
quire a capital investment of approximately $12 billion. By 1985 the 
cost will have moved to about $18 billi,on. As indicated earlier, the 
major portion of these costs are in providing the needed fertilizer. 
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7.0 WATER AND LAND 

7.1.0 Summary 

1. The area of potentially arable land on the earth is -much larger 
than anyone has previously supposed, being 24 percent of the total 
ice-free area and considerably more than twice the land-that has been 
cultivated at some time during -the last few decades. It is more than 
three times the area actually harvested in any given year. 

2. More than half the potentially arable land, over 4 billion acres, 
lies in the tropics. Thirty percent of these tropical arable lands are 
in the humid tropics; 36 percent in the subhumid tropics where a season 
of abundant rainfall alternates with a relatively dry season; and 34 
percent in the semiarid or arid tropics. 

3. Outside the tropics' there are large areas of potentially arable 
land in temperate parts of North America and in Australia. 

4. In contrast to the principal areas of potentially arable land, most 
of the presently cultivated land is in the cool-temperate zone. 

5. The largest -areas of potentially arable land lie in Africa and 
South America which, outside the relatively small continents of 
Europe and Australia, have the smallest cultivated areas. 

6. The potential for increasing net cultivated area is very small 
in Europe and Asia and relatively small in the Soviet Union. 

7. In Asia, if we subtract the potentially arable land area in which 
water is so short that one 4-month growing season is impossible, there 
is essentially no excess of potentially arahle land over that actually 
cultivated. 

8. To increase food supplies in Asia, therefore, it will be necessary 
either to increase yields per acre or" to increase the gross harvested 
area through double or triple cropping, often, but by no means always, 
based on irrigation development. We estimate that the potential 
increase in irrigated area in the Indian sub-continent and Southeast 
and Southwest Asia is over' 200 million acres. The total cost of such 
development would probably be around $80 billion. 

9. In South America and Africa, we can be optimistic about the 
potential land and water resources. The limiting factors in agricul
tural development are not natural resources, but economic, institu
tional, and social problems. 

10. The very large disparity between popUlation size and potentially 
arable land in Asia, . on the one hand, and South America, North 
America, and Africa on the other, suggests that very large-scale inter-
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continental migrations, such as characterized most of the 19th century, 
might well become important again in times to come. 

11. Human migrations within different countries will almost cer
tainly be required in the crowded agricultural lands of Asia. The 
marginal productivity of agricultural labor is approaching zero In 
these countries. It will be quite difficult to apply modern technology to 
raise agricultural production without moving large numbers of people 
off the land into the cities. For this, as well as other reasons, agricul
tural development must be accompanied by general economic improve
ment and particularly by large-scale urbanization. 

12. The present technology for agricultural production is inadequate 
for the humid tropics and for most of the sub-humid tropics. New 
plant varieties must be developed and new methods of fertilization, 
pest control, soil conditioning, and water management must be found. 
Even the basic. data on soil properties and climatic conditions are 
scanty or lacking for most of this region. Hence, major emphasis 
should be given to research and development of agricultural tech
nology. 

13. The need to develop the agricultural potential of the humid 
and subhumid tropics is a long-range need. This suggests that in this 
problem we should concentrate on the' development of research and 
teaching institutions. It will also be important to increase communica
tion and coordination between different workers and to attempt to 
recapture what was learned from previous experiences. 

14. Problems of water management and the use of water in com
bination. with other inputs in· the arid and semi-arid regions should 
also be given higp. priority and may have a more immediate pay-off. 

15. In irrigation development, much more attention needs to be paid 
to ground water resources and their use, particularly in the Indian 
subcontinent. A test of the effectiveness of group.d water development. 
in the Gangetic plain of northern India should be given high p-.:iority 

16. Problems of water management and the interaction of water 
with other factors of production must be given special emphasis. 
Whenever irrigation removes the moisture ceiling on crop yield, other 
management practices such as fertilization, liming, use of improved 
varieties, and insect and disease control become more critical. Failure 
to follow through with all required practices can easily offset the 
advantages of irrigation .. 

17. Most major irrigation projects are concerned with only a small 
part of the total picture. Such projects normally are limited to storage 
dams, diversion structures, canals and laterals, and in some cases to 
tubewells. All involved in project planning, project authorization, 
and project operation should recognize the vital necessity of providing 
adequately not only for water but for all the inputs and processes 
that are required if an irrigation scheme is to make a major contribu-
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tion to the jncreased agricultural productivity of the nation. Only by 
providing in a timely manner all of the inputs required to make an 
irrigation project fully productive can the high cost of such projects 
be really justified. The information required for making intelligent 
decisions on location and magnitude of iITigation Pfojoots is generally 
inadequate in the developing nations. Training of personnel and pro
viding of organizational capability for planning and implementation 
of projects within the concerned nations needs more attention~ It is 
likely that these requirements may be more difficult to provide than the 
capital for construction. 

18,. While large amounts of investment capital are urgently needed 
for irrigation projects in the developing countries, e·ven more pressing, 
are the needs for hydrologic and engineering data and for highly
trained specialists who can analyze and plan such projects. The train
ing and organization of these specialists should be an important 
component of technical assistance from the developed countries to the 
developing ones. 

19. Agriculture, wherever it is practiced, is greatly affected by 
weather fluctuations from year-to-year. In the monsoon regions of 
South and Southeast Asia, improvement in long-range forecasting of 
the time of onset and intensity of the monsoon rains would be of great 
value to farmers. Much research is needed on the air-ocean interactions 
that drive the monsoons 'and this will require training of' many 
meteorologists and oceanographers. 

7.2.0 Introduction 

The Amazon and Congo basins together contain nearly a billion ucres 
of potentially arable soils under a climate with abundant rainfall and 
little or no dry season. About the same area of potentially arable soils 
exists in peripheral belts around these basins with a dry season six or 
less months long. Other sizeable acreages of potentially arable but 
presently uncultivated soils in the humid Tropics occur in Sumatra, 
some other Pacific Islands 'and in Australia. 

Thus, we have close to 2 billion well-watered acres today largely 
unused, except locally for shifting cultivation, with deep, friable soils 
on smooth terrain that would be easy to till. The principal soils in these 
vast areas lmfortunately are low in fertility for crop plants; the fer
tility of some of them, especially in South America, is so low that we do 
not know how to bring them to a sustained high level of productivity. 
Neither did we know 50 years ago how to do this with the very sandy 
soils in Florida. Today we do know how to manage these soils. It seems 
reasonable to 'assume that through research, ways can be found to make 
the infertile but otherwise favorable tropical soils acceptably produc
tIve. It was through research that the infertile sandy soils of Florida 
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and, for that matter, many other soils in the southeastern United 
States, were made productive. At the outset, they were as low in fertil
ity as many of the soils of the humid tropics. 

The available evidence, especially from the impressive research in 
Central Africa, supports the prospect that the humid tropics have a 
tremendous potential for food production. The Belgians, for example, 
before suspending their research in the Congo, had developed an oil 
palm which when properly grown yielded about 4,000 kg per hectare 
whereas the ordinary palm yielded· only about 500 kg per hectare. In 
the humid Amazon Valley, peppers have been grown successfully by 
several colonies of Japanese immigrants for at least 20 years. These 
peppers were grown on Yellow Latosols, which are indeed low in 
fertility by temperate zone standards. If peppers can be grown success
fully, cannot several other crops be grown ~ 

Potentially arable land unused today for' crop production is not 
limited to the tropical and subtropical areas of the world. In the United 
States and Canada, the soils on at least several hundred million unused 
acres are suitable for cropping and there are additional millions in 
southern South America and Australia. Moreover, with breeding of 
food plants that will mature in shorter and shorter periods and a 
persistent search for the best combination of cultural practices, crop
ping could be pushed farther north than it is today, and many more 
millions of acres thereby would become potentially arable. 

On a world-wide basis, therefore, soils capable, under good manage
ment, of producing food are not yet in short supply. They may not'be 
for a long time. Unfortunately, the large acreages of such soils are not 
where popUlation densities are high, also lacking are transport, indus
tries, and the institutions essential for successful, sustained agriculture. 

Stated in reverse, scarcities of arable soils in relation to population 
densities are regional in distribution rather than world-wide. Even 
within many Latin American countries, unused potentially arable soils . 
are scarce in some localities in relation to population while substantial 
areas of potentially arable soils still remain unused in other regions. 
But the principal shortage of arable land relative to popUlation size 
and growth rate is in Asia. Here multiple cropping and increases in 
yields must be the principal means for increasing food production to 
meet human needs. This will require irrigation development and im
proved water management as well as vigorous and sustained applica
tion of all other factors of agricultural production. The capital and 
operative costs will be high, and the required levels of technology and 
skill will need to be greatly raised. 

It is the chief purpose of this report to put these general statements 
on a more quantitative basis. 



WATER AND LAND 411 

7.3.0 The World's Potentially Arable Land 

One of the basic kinds of information needed to' consider problems 
of food and agriculture on a globalbasis is the quantity and geographic 
distribution of potentially arable land, and its ratio in different regions 
to the area of land already under cultivation. The agricultural poten
tial of any land area depends on three factors: (a) the physical, chem
ical' and biological properties of the soil; (b) the annual range and 
seasonality of temperature; and (c) the annual amount and seasonal 
distribution of precipitation relative to potential evapotranspiration. 
Several order-of-magnitude estimates have been made of the total 
world area that could be used for food production, but much previously 
unavailable data on soils and climate have been compiled during the 
last few years. Consequently, we have attempted to make more quanti
tative and detailed estimates than have hitherto been possible. 

7.3.1 Methods of AnalysUJ 
The climatic classification used was that published by Landsberg, 

et al. l Information on the geographic distribution of soils was taken 
from a world soil map,2 scale 1 :15 million, prepared by the World Soil 
Geography Unit of the Soil Conservation Service. On this map, the 
soils of the world have been aggregated into 13 broad geographic 
groups, and the distribution of each group has been delineated. 
Boundaries from the climatic map were superimposed onto the soil 
Inap and the acreages of the resulting soil-climate 'combinations, some 
200, were measured. Drawing upon substantial amounts of additional 
information on file in the World Soil Geography Unit, additional 
acreage estimates for each combination were made of soils (1) potenti
ally arable, (2) nonarable but with grazing potential, and (3) non
arable and without grazing potential. These estimates were tabulated 
for each of 22 regions, for seven continental land masses (Union of 
Soviet Socialist Republics was treated as a separate "continent"), 
and for the world as a whole, excluding Antarctica and Greenland. 

The ecological interpretation of the climatic classification was aug
mented with data on precipitation and evapotranspiration by C. W. 
Thornthwaite Associates.3 

Finally, and highly important to the analysis in this report, the 33 
Climatic types were consolidated into 17 agroclimatic regions. 

l Rodenwalt, E. (ed). 'Vorld maps of cllmatology, by H. E. Landsberg and others. Berlin, 
Springer, 1963. 

!I U.S. Defense Intelllgence Agency General guide for estimating significant soU charac
teristics for predicting the gamma hazard from neutron inducted activity. U.S. Dep. De
fense. 1963. 

3 C. W. Thornthwalte Associates, Average climatic water balance data of the con
tinents--Pal"t I, Africa; Part II, Asia.; Part III, USSR; Part IV, Australia; Part V, 
Europe; Part VI, North AmerIca (excluding United States) ; Part VII, United States; 
Part VIII, South America. Publications in Climatology, Vol. 15-18, C. W. Thornthwaite 
Associates, Laboratory of Climatology, Elmer, New Jersey, 1962, 1963, 1964. 1965. 

12.63-888 0-61-,-28 
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Potentially arable la;nd, includes soils considered to be cultivatable 
and acceptably productive of food crops adapted to the environment. 
All arable land has potential for grazing and, where not too dry, for 
forestry too. Agricultural technology equivalent to average United 
States agricultural technology is assumed. Soils already under cultiva
tion are included as well as others not now cultivated. Some soils will 
need irrigation, drainage, stone removal, clearing of trees, or other 
measures, the cost of which would not be excessive in relation to antic~ 
ipated returns. 

N on-arable land with grazing potential includes soils with severe 
limitations for growing crops requiring tillage but with at least some 
potential for grazing. Where not too dry, all of these soils have 
potential for forestry too. 

Non-arable land 'lJJithout grazing potential includes land (roads, 
cities, etc.) not available for cropping or grazing, and soils which 
without extreme reclamation measures have insignificant potentials 
for crop production and grazing. 

It must be recognized that at the level of generalization uSed'in 
the soil, climate, and agroclimate classification schemes, rather wide 
ranges of temperature, rainfall, soil properties and growing condi
tions exist. Much further refinement of the analysis here reported is 
possible for those parts of the world where more detailed quantitative 
data on both soil and climate are available. 

Unfortunately for large areas of the world the existing data are 
insufficient to permit the kind of detailed and refined analysis of agri
cultural and food production potentialities needed to guid~ national 
or international development policies. The lack of information is 
greatest for those parts of the world which, from this analysis, are 
believed to have the greatest long-range potentialities for greatly 
expanding world food production. Consequently the major conclusions 
stemming from this study are highly conditioned by interpretations 
based on the least a.dequate data. Further refinements that might result 
from a longer and more detailed'study of data from the more highly 
developed temperate regions of the world would not alter in any major 
sense the total world picture because the latter is dominated by the 
potentialities of the humid and sub-humid tropics for which the exist
ing data are least adequate. 

?,.3.~ Soils of the World 
The soils of the world are arranged and discussed according to 13 

broad geographio groups. MostQf these are made up of several classes 
of soils known as great soil groups. Many of the great soil groups are 
minor components of several of the 13 broad geographic groups, al
though the acreage is too small to' deserve mention in some of them. 
At least a few' areas of alluvial soils and Lithosols can be found in 
each of the 13 geographic groups. Similarly, some areas of ground-
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water poazol, half bog, humic gley, and low-humic gley occur in all 
areas with humid climates. At least some areas of solonchak, solonetz, 
and calcisol are to be found among most soils of dry areas. Table 7-3 
sets forth a brief description of each great soil group. In the other 
tables, the soil areas are identified by the numbers 1 to 13; these refer 
to the broad geographic groups discussed below. 

1. Tundra, Subarotic Brown Forest. Soils of this group occur mainly 
in the Arctic. They cover about 1,277 million acres, or nearly 4 percent 
of the ice-free surface of the world. Coldness alone is a limitation so 
severe that these soils are unimportant for food production in the 
world as a whole. They are little used except for providing browse 
for Arctic animals, some of which serve as food for the sparse human 
populations of the far- North. 

2. Desert, Red Desert, Sieroeem, Brown, Reddish Brown, Solon
oluik, Solonete, Soloth, Oaloisol. Soils of this widespread group cover 
about 5,261 million acres or about 16 percent of the land surface and 
15 percent of the arable land of the world. They extend across vast, 
dry areas in Africa, Asia, Australia, and smaller areas in North and 
South America. The most arid of these soils, as those in the Sahara, 
are totally devoid 6f vegetation, but between 50 and 75 percent of total 
area of these soils does provide some browse. The least arid soils 
(Brown, Reddish Brown) are suitable for dry farming, but the yields 
tend.to be low and the risks of failure high. Significant food produc
tion is limited to areas that can be irrigated. 

Most soils of this group are well supplied with plant nutrients, but 
they are low in organic matter and nitrogen and often the mineral 
nutrients are poorly balanced. With technically sound irrigation, 
nitrogen fertilizers are needed almost without exception. Potassium is 
usually abundant, but phosphorus is commonly low. Deficiencies of 
lnicronutrients-for example iron and zinc-are common. 

Soluble salts in detrimental amounts or excessive alkalinity, common 
to soils in many places in arid regions, are limitations that must be 
overcome and subsequently prevented if sustained high production 
under irrigation is to be realized. 

3. Ohemoeem, Ohestnut, Reddish Ohestnut, Bmnizem, Reddish 
Prairie, and H umio Gle:y. This group of about 2,030 million acres or 
6 percent of the land surface of the world contains nearly 15 percent 
of the arable land and includes the great wheat-producing soils 
(Chernozems) of the world and the great maize-producing soils 
(Brunizems) of the United States. Nearly all soils of this group occur 
chiefly in temperate, semiarid to subhumid regions and are used for 
farming and ranching. 

The physical condition of these soils commonly is favorable for plant 
roots and the nutrient supply generally is high and well-balanced. 
'Yet, favorable responses are obtained from fertilizers containing 
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nitrogen and phosphorus especially under the-more humid climatic 
conditions. Yields generally are not high as moisture, while sufficient 
for moderate yields, is insufficient for high yields except in the more 
humid areas. Yields, of course, can be increased substantially by sup
plemental irrigation, but research is pointing the way to increased 
yields without irrigation as well. 

In this group, mainly under subhumid climates, some soils are 
naturally wet. These need artifical drainage for the production of crops 
such as maize and wheat, but once drained they are highly responsive 
to good management and are highly productive. 

4. Nonaalcia Brown. Of relatively small total extent, 717 million 
acres or slightly more than 2 percent of the total and 3.5 percent of the 
arable land of the world, th~ soils of this group are common in those 
warm temperate and subtropical parts 'Of the world with a long dry 
season. A hardpan, while not everywhere present, is a common subsoil 
feature that restricts root penetration to 1112 to 2 feet; and, in many 
places, the surface soil tends to become hard and massive following 
prolonged drying. 

The soils are medium to relatively high in plant nutrients. They 
are moderately responsive to management, especially where they are 
free of a restrictive pan in the subsoil. Maintenance of good tilth is.a 
problem. Moderately high yields are possiDle where irrigation is com
bined with other good management practices. 

5. Podzol, Gray-BrownPodzolia, Brown Podzolia, Gray Wooded, 
Soils B'I"IJJfI- A aides, Ground-Water Podzol; Low-Humia Gley, and Hall 
Bog. This group, one of the more extensive, covers about 4,847 million 
acres or nearly 15 percent of the total and 10 percent of the arable 
land of the world. Soils of this group form a broad belt across the 
northern part of Asia, Europe, and North America, and they also 
occur near the tip of South America. 

They ·are leached of most of·the readily available plant nutrients 
and are acid in reaction. The dominant soils are sandy. For sustained 
production of common food crops, lime as well as nitrogen, phos
phorus, and potash are needed, and some minor elements, such as 
boron, may be needed too. 

All but a small proportion of the total area of soils in this group 
is still in forest. Coolness is a serious limitation for food crop produc
t.ion, and in many places the soils are excessively wet. Nevertheless, 
crop production is feasible in many places; the famous potato-growing 
section of Maine is an exam pIe. 

Along the southern fringe of the vast areas of this group of soils, 
particularly in Europe and North America, are some that are only 
moderately leached and are loamy or clayey (gray-brown podzolic, 
gray wooded). These also, being in a warmer climate, are highly 
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responsive to good management and with proper liming and fer
tilizing give high yields of forage and a variety of crops. 

6. Red-Yellow Podzolic. Soils of this group cover about 965 milli~n 
acres or nearly 3 percent of the total and 4 percent of the arable land 
of the world. The largest areas are in southeastern United States and 
southeastern mainland China. The soils of this group are highly 
leached and consequently are : quite low in plant nutrients. Commonly 
the soils are deep and . are penetrable by roots to a considerable depth, 
although the subsoil in numerous localities has a pan that restricts root 
penetration to about 2 feet. 

Without liming and fertilization with nitrogen, phosphorus, pQtash, 
and perhaps some minor elements, the productivity of these soils is 
low; but, with good management, including appropriate application ' 
of lime and fertilizers, herbicides, insecticid~, etc., the productivity of 
a wide variety of crops is high. In fact, it can be very high. 

7. Lato8ol, Grou'llll-Water. Laterite, Reddish-Brown Lateritic, Yel
lowish-Brown Lateritic. This extensive group covers about 6,177 mil
lion acres or about 19 percent of the total but includes one-third of 
the arable land of the world. It includes the principal soils of the 
humid and seasonally wet-dry tropics where temperatures are always 
favorable for plant growth and rainfall is adequate to abundant from 
about 5 to 12 months of the year. 

This group of soils, extensive under savannah as well as under 
forest, contains the most severely weathered and leached soils of the 
world. Their meager supply of plant nutrients is barely enough to 
support cropping for 2, 3, or 4 years, after which long peri0ds-6 to 
12 years or more-of fallow are necessary to restore their limited 
productivity.· The soils are almost'~universally low in'phosphorus, and 
they have the unfavorable tendency of "fixing" phosphorus fertilizer 
and thereby making it unavailable to plants. On the other hand, most 
of these 'soils are permeable to both air, and water, easJly penetrated 
by roots to great depths, easy to keep in good tilth, and have at least 
lnoderate water-holding capacity. Perhaps ~t least 75 percent of the 
total area has smooth topography suitable for the use of farm 
machinery. 

Many, perhaps most, of these soils are highly responsive and under 
substantially improved management can be made highly productive 
of a,. wide variety of food 'crops. While practical ways have not yet been 
found for bringing the most infertile soils of this group to a high level 
o~ productivity, research can be expected to find ways. 

Scattered throughout most areas where the soils of this group occur 
are some that contain laterite. This is iron-rich material which already 
has hardened into sheets of gravels or will harden irreversibly into 
such forms under drying. Commonly, soils with laterite have severe 
limitations for crop production. Such soils, while conspicuous and 
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widespread make up less than 10 percent of the total area of this 
extensive group. 

S. GrumJUsol, Terra Rossa. Only about S09 million acres, 2.5 percent 
of the world, is covered by the soils of this group, but they constitute 
5.5 percent of the arable land. The black soils (grumusols) are the 
more extensive. They occur chiefly in southern Asia, Africa, and 
Australia with lesser areas in the Mediterranean region and United 
States. 

The black soils of this group are high in clay, are plastic, and shrink 
and swell with the formation of vertical cracks that extend downward 
2 to 3 feet. While these soils are moderate to high in fertility, they 
are heavy to work, and maintenance of good tilth is a major problem, 
particularly without modern machinery. 

Because of their low permeability, these black soils are difficult to 
irrigate. Most areas are either flat or gently sloping, and many of the 
flat areas are wet for several months each year. Yields of food crops 
under primitive management are commonly low, but moderate to high 
yields are possible with improved management including the use of 
power machinery. 

The red soils (terra rossa) which also are moderate to high in 
fertility are moderately friable and hence easier to maintain in good 
tilth. In some places these red soils are only a foot or two deep. over 
limestone, a condition which restricts the soil volume available to 
plant roots. 

9. Brown Forest, Rendzina. The total extent of these soils is slightly 
less than O.S percent of the world soil-covered area, about 253 million 
acres. They contain a similar percentage of the arable land of the 
world. They occur mainly in Europe and United States. They have 
limestone or basic igneous rock at rather shallow depths, and a high 
proportion of the total area is hilly to mountainous. While these soils 
are high in fertility, their steepness and their shallowness are serious 
limitations to their use for crops requiring cultivation. They are, ho,v
ever, productive of pasture. . 

10 . .A n do. This group covers only about 0.2 percent of the world, 
about 65 million acres, one-fourth of which is arable. It is important 
in Japan, New Zealand, Chile, and on many islands. These soils, having 
formed in volcanic ash, are light; they weigh only about half as much 
per cubic foot as most other soils of the world. They are dark in color, 
quite acid in reaction, and have a high water-holding capacity. Even 
though high in· organic matter, they usually need nitrogen fertilizers 
for the production of crops, and they commonly have a high require
ment for phosphorus too. A high proportion of the soils of this grou.p 
are on forested mountains, but there are important exceptions. Where 
the climate is suitable, they, under good management can be made pro-
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ductive of pastures, and where their topography is suitable of a variety 
of food crops. 

11. Lithosols. The soils of this group cover about 6,132 million acres, 
nearly 21 percent of the world land surface, but comprise only about 
2.5 percent of the arable land. While they occur chiefly in the rather 
cold or arid mountainous areas of the world and hence are steep, 
they also occur in deserts, particularly in the Sahara, where the 
topogra phy is smooth. 

Lithosols are shallow over bedrock, commonly too shallow and stony 
for cultivation. They have an insignificant potential for the production 
of food crops, although where the climate is favorable they have some 
potential for pasture or forestry. (Within areas delineated as litho
sols on small scale maps, there may be inclusions of other soils which 
are arable. ) 

12. Regosols. Regosols, unlike lithosols, are deep, and, unlike most 
other soils of the world, lack the usual horizonation (genetically related 
layers) in the topmost few feet. They occupy nearly 6 percent of the 
total land but contain only about 2 percent of the arable land of the 
world. Regosols are uniform in soil characteristics from the surface 
downward to a depth of a'bout 5 feet or more, generally much more. 
Most are sands and most are in the arid parts of the world where sand 
dunes are common. 

The water-holding capacity of sandy regosols is so low that it is a 
very serious limitation to their use for crop production. Moreover, as 
lllost regosols are highly susceptible to blowing, the control of drifting 
sand is a problem in many places especially in deserts. The food pro
duction potential of regosols as a group is low although locally. they 
can be made productive by carefully controlled irrigation, fertilization, 
etc. 

13. All!uvialsoils. Perhaps a third of the world's population gets its 
. food supply from this important group of soils, which is conserva

tively estimated to cover about 1,468 million acres or between 4 and 5 
percent of the total ice-free land area. A.lluvial soils constitute 10 per
cent of the arable land supply. They occur mainly in relatively narrow, 
elongated areas widely dispersed throughout the world. This group 
includes soils that are still subject to flooding or were subject to flood
ing until rather recent channel deepening or shifting occurred. It does 
not include soils in old alluvium that now reflect strongly the influence 
of climate and vegetation. 

The fertility of different kinds of alluvial soils is directly related to 
the sources of the .alluvium. For example, alluvial soils from erosion 
products of sandstones, shales, and other detrital sedimentary rocks 
tend to be relatively low in fertility; whereas those from limestone, 
basalt, and other nutrient-rich rocks tend to be high. 
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Most of the large areas of alluvial soils al'Ong large streams are of 
mixed origin and well supplied with plant nutrients. The foremost 
management problem of such soils is water control, including drain
age, irrigation in dry seasons and protection from flooding. 

Alluvial soils vary widely in texture. The clayey ones are apt.to be 
difficult to drain and to till. 

Especially in dry regions, low 'areas are likely to be highly saline 
or alkaline; these limitations must be removed before the soils can be 
made productive under irrigation. 

Even though alluvial soils are unleached and therefore relatively 
fertile, high yields usually require nitrogen fer6lizer and some phos
phorus and potassium, or' both. The alluvial soils in 'arid regions are 
also likely to have deficiencies in zinc and iron that need correction. 

7.3.3 M ajar Olimates of the World 
The means and annual range 'Of temperature and the total quantity 

and seasonal distribution 'Of precipitation are the primary factors that 
determine the climate types used in this report. The 33 types identified 
in the tables are subdivisions of the five climate zones. These zones are 
based largely on annual mean temperatures and seasonal tempera
ture ranges. Certain generalizations concerning their -agricultural pro
duction characteristics and potentialities are given in the following 
paragraphs. 

Olimate Zone I. Polar and Subpolar clirnate occurs at high altitudes 
and at high eleva60ns in other parts of the world. Temperature condi
tions in this zone, which covers 4.3 percent of the land surface of the 
world, are so severe as to prevent plant growth except for sparse 
1ichens, mosses and tussock grasses which provide forage' for caribou 
and musk oxen. The land in this zone contributes virtually nothing to 
the world's food supply and will not in the foreseeable future. 

Olimate Zone II. The Oold-Temperate Boreal Zone extends north
ward to the Polar zone from approximately 50° north latitude in 
North America -and from 55° north latitude in Europe and Asia. It 
represents 15 percent of the world's land area but contains only Uibout 
1.5 percent of the total inventory of arruble land. Except for small 
coastal areas where oceanic effects modify the temperature, the length 
of the growing season is too short for the production of most culti
vated crops. Some forage crops and cool season food crops can be 
produced during the summer months when the days are long and 
the intensity of solar radiation is high. No extensive increase in the 
productivity of this region is likely because of the severe tempera
ture constraints placed on vegetative growth. According to Lands
berg, et al.,4 three different climatic types can be distinguished in 

4 Rodenwalt, E. (ed). World maps of climatology, by H. E. Landsberg and others. Berlin, 
Springer, 1963. 
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the boreal climatic zone. These are designated as II 1 through 11.3 
in our tables. 

Olimate Zone III. The Oool-Temperate Zone includes approxi
mately 22 percent 'Of the total land area. and nearly 30 percent of the 
arable land of the world. Most of this land is in the northern hemi
sphere where it occurs -largely in a. band lying between 35° and 55° 
north latitude. The amplitude 'Of the seasonal variation in tempera
ture and the amount 'and seasonal distribution of precipitation are 
the major climatic factorS that determine the agricultural productivity 
of regi'Ons in this important zone. Temperature conditions through
out the zone provide a growing season sufficiently l'Ong for the pro
duction 'Of a wide range of annual and frost-resistant perennial crops. 
In some areas multiple cropping is feasible by growing in sequence 
a wal'ln season and a cool s&'\son crop. Natural precipitation is ade
quate for full season crop production in roughlyha.lf the area of 
this zone. In the other half the lack of sufficient moisture during the 
growing season restricts the choice of crops produce~ or limits land 
use to grazing purposes or to areas where irrigation can be practiced. 
Considerable increases in food production are feasible from the land 

. in this climatic zone by improving production technology on land 
now under cultivation, by increasing the cultivated acreage, a.nd by 
irrigation in the moisture deficient areas. The cool temperate zone 
contains the major food surplus regions 'Of the world at the present 
time. In our tables this zone is subdivided into 15 climatic types, listed 
as III 1 through III 12a, in accordance with the definitions given 
by Landsberg, et a1.5 

Olimate Zone IV. The Warm-Ternperate Sub-Tropical Zone rep
resents a.bout 21 percent of the t'Otal land area. and roughly 17 per
cent of the world supply 'Of a.rable land. This zone dominates the 
two areas lying between 20° and 35° latitude in both the northern and 
southern hemispheres. Temperatures are sufficiently high to permit 
vegetative growth throughout the entire year in all but the high
latitude margins of this zone. The amount and seasonal distribution 
of precipitati'On in the various parts of this zone are the dominant 
climatic factors that determine its agricultural productivity. The 
great deserts 'Of both the northern and southern hemispheres li~ 
wholly or in part ill it. In the more humid parts 'Of the zone multiple 
cropping is feasible particularly in areas where the surface or under
ground water supply will permit supplementary irrigation to reduce 
the hazard 'Of a water deficit during the low rainfall months. In the 
drier parts of the zone, agriculture is limited to a single crop grown 
during the rainy season or to irrigated areas supplied with water 
frOIn watersheds often far removed frOIn the area to be cultivated. 

Ii Rodenwalt, E. (ed). World maps of climatology, by H. E. Landsberg and others. Berlin. 
Springer, 1963. 
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Food production in this part of the world can be substantially in
creased by raising yields per acre through improved production 
practices, by expansion of multiple cropping with supplementary 
irrigation, by increasing the area under cultivation through improved 
moisture conservation, and by full irrigation. Climate zone IV contains 
7 climatic types, listed as IV 1 through IV 7. 

Olimate Zone V. The TTopical Olimate Zone represents nearly 38 
percent of the land surface of the world and contains slightly more 
than one-half of the arable land. It is largely found in the region 
lying between 20° north 'and 20 0 south latitude. Temperatures show 
little or no seasonal variation and are sufficiently above the thresh
hold for vegetative growth to -permit continuous production of food 
crops. The agricultural productivity of this zone is determined not 
by any temperature constraints but by moisture supply and soil 
characteristics. Near the equator -large areas exist where the amount 
and seasonal distribution of precipitation are adequate for crop pro
duction in all months of the year. Both the 'annual amount and the 
seasonality of rainfall become less favorruble in areas farther reInoved 
from the equator, and annual crop production based on rainfall be
comes restricted to a progressively smaller number of months. 

Although the principal areas of current food deficit occur in the 
tropical zone there also exist in this zone the greatest potentialities 
for increasing world food production. The humid tropics contain 
nearly 16 percent of the arable land of the world. Although proven 
production technology is not presently available, this vast land re
source is ecologically suitable for food production on a year-round 
basis. A somewhat larger area in the subhumid tropics containing 
nearly 20 percent of the arable land supply has the ecological potenti
alities for at least 6 months of crop production each year. Because the 
total annual precipitation of this large region is on the average greater 
than the annual evapotranspiration, sufficient water reserves normally 
exist throughout the area to permit supplementary irrigation that 
would extend the cropping season to a full 12 months. The remaining 
parts of the tropical zone contain 17 percent of the arable land of the 
world. Both the amount and seasonal distribution of rainfall in this 
large region usually limit 'food produ~tion to a single rainy season 
crop. An additional short-season crop dependent on soil-stored 
moisture or supplementary irrigation from indigenous seasonal water 
supplies can often be produced. Year-round crop production in this 
region is dependent on irrigation based usually on water supplied to 
one area from another area. Extensive areas of grazing land particu-
1arly in the drier part of the tropical and sub-tropical zones have the 
potentiality of increasing the world food supply if animal and range 
I¥anagement production technologies suitable for the region can be 
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developed. Six climatic types, V 1 through V 5, are contained in the 
tropical climate zone. 

7.3.4 The A.groclimatic Regions of the World 
Temperature and available moisture are the two 'princip'1}l climatic 

factors that determine the agricultural and food production character
istics of the nearly 8 billion acres of arable land of the world., They 
determine either singly or in combination the number of months of 
the year during which -food crops can be grown with reasonable cer
tainty at a'cceptable levels of production. When temperature and mois
ture conditions are adequate for vegetative growth throughout the 
year, the ecological requirements for maximum food production are 
a vailable. If low temperature or moisture deficit or both prevent or 
render plant growth very hazardous in an area, say for 4 months each 
year, the area would be classified as an 8-month -agroclimatic region 
and designated as 8M if the constraint is caused by moisture deficit or 
8T if low temperature is the limiting factor during the remaining 4· 
months. 

Using the above system the 33 climate types from the 5 climate zones 
were grouped into 17 agroclimate regions. These are identified in the 
tabular sections of the report by numbers, from 0 to 12 representing 
the length of the growing season in months. A postscript Tor M indi
cates whether the constraint is caused by temperature or moisture. 
When all or part of the dry season is also cold, this is shown by a num
ber followed by T in parenthesis, which gives the total number of 
months during the year when temperature is not a limiting factor and 
thereby indicates the potential for double-cropping. Thus in the agro
climatic region designated 4M (8T), two crops colild be grown during 
the year if water were available for irrigation. 

The analysis reveals that 1.2 billion acres or nearly one-sixth of the 
arable land is found in an agroclimatic region which without irriga
tion will permit year-round food crop production. An additional 
0.43 billion acres representing 6 percent of the. arable land is found in 
an 8M agroclimatic region. In such areas two 'food crops per year are 
normally feasible and where sufficient water is available for irriga
tion, and the temperature· during the remaining 4 months is warm 
enough, crop production on a 12-month basis is possible. 

For an estimated 1.8 billion acres or· 23 percent of the arable land, 
insufficient moisture limits crop production to 6 months each year. For 
this 6M agroclimatic region a full-season crop during the rainy season 
can normally be followed By a short-seasOli food crop produced largely 
on the residual soil moisture. The yield level and certainty of the dry 
season crop are improved by selecting early maturing drought-tolerant 
crops and by the availability of even small quantities of supplementary 
irrigation water. As in the 8M region full 12-month production is 
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possible if an irrigation system has been developed and year around 
temperatures are sufficiently high. 

More severe and prolonged moisture deficits exist for the 4M and 
2M regions which contain 1.5 and 0.5 billion a'cres of arable land 
respectively. The 4M regions will produce one full-season food crop 
under normal conditions, but yields may vary widely from year to 
year because of variations in the amount and timing of rainfall. In 
the 2M regions the annual moisture supply and the year-to-year varia
tions are large enough to render crop production very hazardous. 
Short-season, drought-tolerant crops may be produced annually or 
alternate-year cropping with intervening fallow for moisture conser
vation may be pra'Cticed. 

For 0.35 billion acres of arable land the moisture supply is so low 
that no food crop production is possible without irrigation. In this 
region which contains about 4.5 percent of the arable land, indigenous 
water supply is so limited that irrigation must be based on water im
ported into the area. 

For 26 percent of the arable land of the world, crop production is 
limited by low temperatures alone. This constraint varies from a total 
year-round restriction in agroclim'atic region OT to the 4-month limi
tation in region ST. The intermediate categories of 2T, 4T, and 6T 
represent 0.11, 0.98, and 0.94 billion acres respectively. At present no 
remedial technology 'Can be applied extensively to couilteract the low
temperature constraint that characterizes these agroclimatic regions. 
Increases in food production from the arable soils of those regions 
depends on (a) the selection of short season varieties, (b) the produc
tion of crops that grow rapidly under cool conditions, and (c) the 
development of frost tolerant plants. 

7.3.5 Possible Increases in Oultivated Areas 
Tables 7-1, 7-2, and 7-4 show on a worldwide basis the number of 

acres of potentially arable land, the non-arable area that has some 
grazing potential, and the remaining area that can be used neither for 
crops nor grazing. In Table 7-1 these different quantities are given for 
each of the 13 great soil groups described in Section 7.3.2.; Table 7-2 
shows a similar breakdown by climatic zones; and Table 7-4 by agro
climatic regions. The quantity of potentially arable land in each conti
nent and each soil group is shown in Table 7-6. Tables 7-7 and 7-8 give 
a similar breakdown for the different continents by climatic zones and 
agroclimatic regions, respectively. (The Union of Soviet Socialist Re
publics is counted as a separate "continent" in these tables.) 
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TABLE 7-1.-Wbrld land area in different soil groups 

[In billions of acres] 

423 

PotentIally arable Grazing Nonarable Total 
Soil groupl 

I 

Acres Percent Acres Percent Acres Percent Acres 
------------

I. Tundra •• _ •• _________ • ___ 0 0 0 0 1.28 3.0 1.28 
2. Desert ______ ._. _______ •• _ 1.07 3.3 2.26 7.0 1.03 5.0 5.26 
3. Chemozem and bruni-zem ____________________ 

1.15 3.5 .70 2.2 .18 .5 2.03 
4. Noncalclc brown _________ .27 .8 .34 1.1 .10 .3 .72 
5. PodzoL __________________ .79 2.4 1.24 3.8 2.82 8.7 4.85 
6. Red-yellow podzoUc _____ .32 1.0 .40 1.5 .16 .5 .00 
7. LatosoL _________________ .62 8.1 1.76 5.4 1.80 5.5 6.18 
8. Gmmusol, terra rossa ____ .43 1.3 .27 .8 .11 .3 .81 
O. Brown forest, rendzina __ . .06 .2 .13 .4 .06 .2 .25 

10. Ando. ___________________ .02 .1 .03 .1 .02 .1 .06 
11. LithosoL _______________ .10 .6 1.02 3.1 5.52 17.0 6.73 
12. RegosoL ________________ .15 .5 .36 1.1 1.39 4.3 1.00 i 
13. AlluviaL_. ______________ .79 2.4 .43 1.3 .25 .8 1.47 • 

-----'--------TotaL ________ . _________ 7.86 24.2 9.02 27.8 15.60 48.0 32.50 

I For a complete listing or components of each group, see sec. 7.3.2. 

TABLE 7-2.-World land area in different climatic zones 1 

[In bllllons of acres] 

PerceIit 
---

3.9 
16.2 

6.2 
2.2 

14.0 
3.0 

10.0 
2.5 
.8 
.2 

20.7 
5.8 
4.5 

100.0 

Potentially arable Grazing Nonarable Total 
Climatic zone 

Acres Percent Acres Percent Acres Percent Acres Percent 

I Polar and subpolar _____ 0 0 0 0 1.38 4.2 1.38 4.2 
II Cold-temperate boreaL. .12 I .4 .47 1.4 4.28 13.2 4.87 15.0 

III Cool-temperate ________ • 2.24 6.9 2.46 7.6 2.48 7.6 7.18 22.1 
IV Warm-temperate sub-

tropical _______________ 1.37 4.2 2.08 6.4 3.38 10.3 6.83 21.0 
V Troplcal. _______________ 4.13 12.7 4.02 12.3 4.08 12. 7 i 12.23 37.7 

---
TotaL ________________ 7.86 24.2 0.02 27.8 15.60 48.0 32.50 100.0 

1 Excluding ice-covered areas. 

TABLE 7-8.-Briel Definitions of the Great Soit Groups 1 

Alluvial: SOils developing from recently deposited alluvium with little modifi
cation except for small accumulation of organic matter near the surface. With 
favorable climates and flood control, many of these soils have high potentlal 
for crops. 

Anao: Dark colored acid soils dominated by volcanic ash. Many areas are 
hilly and forested; smooth areas if well managed, are moderately to highly 
productive for farm crops. 

1 More complete definitions may be found in the following references: 
a. U.S. Department of Agriculture. Soils ana Men. U.S. Department of Agriculture 

Yearbook for 1938. 1232 pp. IIlus. Washington. 
b. Kellogg, Charles E. Tropical SolIs. Trans. 4th International Congress of SoU 

Science. 1 : 266-276, 19:;0. Amsterdam. (For Latosol) 
c. MoGraw-HilI Encyclopedia oj Science and Technology. McGraw-Hill Book Co., 12: 

,433-441. 1960. New York. 
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lTABLE 7-3.-Briet Definitions of the Great Soil Group8 I-Continued 

Brown: Brown soil, grading through light 'brown prismatic soil into a gray 
calcareous layer at one to three feet in areas of cool to temperate semi-arid 
grassland. The strongly sloping areas are used for grazing and the smooth areas 
can be used for cereal grains. Yields are moderate in moist years and very 
low in drought years. :Many are responsive to irrigation. 

Brown Fore8t: Dark brown, humus-rich soils grading through lighter colored 
soil to the parent material at 2 to 4 feet, developed under forest in cool and 
temperate regions. Where neither steep nor stony, they are highly productive for 
a wide variety of crops. 

Brown PodzoUc: These are similar to Podzol, but have brown acid surface 
soils rather than gray. They are developed under forests in cool temperate and 
temperate climates. Where not too stony and hilly, with adequate fertilization 
and water control, they are suitable for a wide range of fruits and other cool
season crops. 

Brunizem: Very dark brown soils in cool and temperate humid grassland 
areas that are a little more humid than Chernozem. They are highly productive 
of maize, other cereals, and forages. 

Oalcisol: Soils of semi-arid and arid regions with so much powdery calcium 
(~arbonate in them that rooting zones are relatively shallow. They are used 
mainly for grazing but smooth areas lacking hardpans respond to irrigation. 

Ohernozem: Deep, black, granular, organic-rich soils with calcium carbonate 
at 2 to 4 feet in subhumid temperate grasslands. They are naturaIly productive 
of the cereals, including maize, and several other crops. Yields can be improved 
with supplemental irrigation. 

Ohe8tnut: Dark-brown soils with calcium carbonate at 2 to 4 feet in subhumid 
to semi-arid temperate grasslands, intermediate between the Brown and Cher
nozem. Except in dry years they are productive of cereals, and smooth areas 
respond well to irrigation. 

De8ert: Light gray or brownish-gray soils low in organic matter developed 
under thin desert vegetation. Part of them have meager pasture; some smooth 
areas respond to irrigation. :Many have hardpans or are too stony and rough 
for farming. 

Gray-Brown Podzolic: Pale brown, acid, leached surface, soils with clayey 
subsoils, developed under deciduous forests in temperate areas. They are highly 
responsive to management, including fertilizers, for a wide variety of crops. 

Ground-Water Laterite: Gray or light brown leached surface soils underlain 
in depth with doughy laterite, which hardens irreversibly if exposed, and 
developed under present or earlier wet-dry tropical climates. Although highly 
distinctive, the total area is not large. Many areas are moderately productive 
for selected crops if kept in continuous cover to avoid erosion. Once the laterite 
hardens they are useless for cropping. 

Gray Wooded: Generally similar to Gray-Brown Podzolic but in cool
temperate forested areas. They are adapted to short-season varieties of cereals 
and other crops if properly fertilized .. 

Ground-Water Podzo~: Leached sandy surface horizons over dark brown 
sandy subsoils with water tables fluctuating between about 1 and 4 feet beneath 
the surface, in humid climates from near the Arctic to the Tropics, usually 
under forest or palms. With drainage, and fertilization that includes the 
secondary elements, they are moderately productive for crops. 

Grttmuso~: Black to 'brown, cracking clays, which mulch naturally at the 
very surface when dry, in warm to tropical climates with wet-dry seasons. 

'1 ,See footnote on page 423. 
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TABLE 7-3.-Brief Dejinition8 of the Great Boil Groups I-Continued 

The characteristic low micro-relief Is called "gilgai". With water control and 
heavy tillage machinery they respond to good management, especially for 
cotton and sorghum. 

'Half Bog: Dark brown peaty material, 6 to 18 inches, over gray mineral 
soil, maiply under swamp forest in cool to tropical humid areas. With water 
control, including drainage, and good management they are responsive to 
locally adapted crops. 

HUmic Gky: Dark colored, organic-rich surface soil over gray or mottled 
mineral soil, developed under grass or forests in cool to warm-temperate, humid 
or subhumid areas. With drainage they can be made into highly productive arable 
soils. 

Lat080Z: Deep, reddish tropical soils from moderately ,to highly weathered 
minerals, and highly permeable because of the low activity of the weathered 
clays, developed under tropical forest or woodland. (Many of them now have 
a cover of anthropic savanna.) Except for the very strongly sloping areas, many 
of these soils are hdghly responsive to good management, including fertilization 
and water control, for oil palm, sugarcane, rubber, maize, banana, and a wide 
variety of other crops. Now some are used under shifting CUltivation that de
pends on the return of the forest for rejuvenation between short cycles of cropping. 

Lith080Z: Thin, usually stony, soils over rock. They are found under a wide 
variety of climates and generally scrubby vegetation. Some are useful for grazing 
or forestry; a few spots have been developed for cropping with stone terraces 

. and hand labor. 
Low-Humic Gley: Light colored clayey or sandy soils developed under condi

tions of high water tables part of the year, in humid temperate to tropical areas, 
mainly.under forest or anthropic savanna. With drainage and fertilization, crops 
may be grown successfully. 

Noncalcic Brown: Light colored surface soils over brown or red clay-l'Iich sub
soils developed under thin forest in temperate to warm wet-dry subhumid areas. 
The sloping areas are used mainly for pasture but smooth areas are responsive 
to irrigation under good management. 

Podzol: Light colored acid surface soil over darl{ brown subsoil, developed 
under forest in cool or cool-temperate areas. Where strongly sloping, thin, or 
stony, the soils are used for forest; where not too cold, smooth areas can be used 
for potatoes, forages, and 1ft wide variety of cool-season crops. 

Reddish Brown: Reddish-brown surface soils with accumUlations of calcium 
carbonate at 18 to SO inches, developed in subhumid and warm ,to warm-temperate 
areas. Smooth areas are used for cereals, including wheat and grain sorghum. 
They are responsive to irrigation. Sloping and irregular areas are used for 
grazing. 

Redt'tish-Brou'm Lateritic: Thick dark-red or brown surface soils with clayey 
red subsoils of warm-temperate to subtropical humid areas under hardwood 
forests. The strongly sloping ones are used for forests or pasture. Smooth areas 
can be used for a wide variety of crops under good management that includes 
water control and fertillza,tion. 

Reil Desert: Light reddish-brown surface soil with red clayey soil beneath, com
monly calcareous, under desert vegetation in warm temperate to tropical areas. 
Smooth areas lacking thick hardpans are highly responsive to irrigation. 

ReiliUsh Ohestnut: Reddish-brown soils with calcium carbonate at 2 to 5 feet 
in warm subhumdd grassland areas. The smooth soils are used for cereals and 

'l See footnote on page 423. 
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lTABLE 7-B.-Briet Definitions 01 the Grea.t Soi~ Groups I-Continued 

cotton and the irregular sloping ones for grazing. With irrigation and water con
trol they are highly responsive to a wide range of additional crops. 

Reddish Prairie: These reddish soils of warm to warm-temperate grassland or 
savanna are intermediate between Brunizems and Reddish Chestnut. They are 
used for cotton, maize, and other cereals mainly. 

Red-Yellow PodzoUo: Light-colored acid surface soils with more clayey, acid 
sub solIs to a considerable depth, in warm-temperate to tropical forested areas. 
Except for the hilly soils used for forest, the others are hlighly responsive to 
management, which includes water control and fertilization, for a wide range of 
crops, such as fruits, cotton, tobacco, maize, vegetables, and forages. 

Regosol: Generally sloping young soils from unconsolidated sand, silt, glacial 
drift, and the like. They occur widely over the world under many conditions of 
temperature, raJinfall, and vegetation. Wi,th water control the smoothest areas can 
be used for crops. 

Rendzina.: Gray to nearly black surface soil overlying soft Limestone or marl 
under grass or mixed grasses and trees in humid to subhumid cool-temperate to 
warm areas. Except for hilly and stony areas, with good management they can 
be used for a wide variety of forages; cereals, and vegetable crops. In humid 
areas many are used for intensive grazing, especially by sheep and goats. 

Solonchak: Soils with charactenistJics dominated by the presence of soluble salts 
at the surface or within the soil, iri subhumid to arid areas under sparse, salt
tolerant vegetation. 'Vith abundant wa ter and good drainage many of the soils can 
be prepared for intensive farming under irrigation. 

Soronetz: Soils Wlith light or dark-colored surface layers underlain by hard, 
bighly alkaline prismatic clayey soil, in subhumid and semi-arid areas from 
cool-temperate to tropical areas. Commonly the soils are found as small areas 
of less than an acre to 10 acres in bodies of Brown, Chestnut, and similar soils. 
With good drainage and proper cheInical treatment they can be recladmed for 
the uses of the associated soils. 

Soloth: Thin, light-colored friable soil over dark-brown more clayey subsoils, 
under grasses or mixed grasses and trees in subhumid cool to warm-temperate 
areas. Commonly the soils are found in small areas of 2 to 10 acres within bodies 
of Chernozem, Gray Wooded, or other soils. With prop~r fertilization and tillage 
they can be made productive for the use of t!rops grown on the associated soils. 

Sierozem: Light-gray or brownish-gray soils grading into calcareous materials 
at 1 to 2 feet in cool to warm areas under thin grass and desert shrub. They are 
intermediate between the Desert and the Brown soils. Smooth, deep salt-free 
areas are used intenSively under irrigation where water is abundant. 

Sols Bruns Acides: Brown-colored acid sons of nearly uniform texture for 2 
to 3 feet in forested cool-temperafe climateS. Large areas are in forests but 
smooth areas are responsive to intensive management with fertilization for 
pasture, forage, and a wide variety of cereals and vegetable crops. 

Subarctic Brown Forest: Forested soils with acid organic surface layers under
lain with dark-gray or brown mellow acid soil, which is cool below 18 inches. 
Some have erratic permafrost. Smooth areas can be used for short-season forage 
and food crops and for cereals in the most favored places. 

Terra Rossa: Reddish-brown calcareous friable clayey loams, usually over hard 
limestone under Mediterranean climate and vegetation. Except for thin, stony, 
and eroded are!ls, the soils are well adapted to olives, vines, and a wide variety 
of food crops. 

1 See footnote on page 423. 
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ITABLE 7-3.-Brief Definition8 of the Great Soil Group8 1-Continued 

TUllulra: Dark-brown peaty material over gley horizons that are cold. These 
soils support mosses and very low shrubs in cold humid areas. Most Tundra so11s 
are underlain with permafrost, ,and are too cold for food crops; but in highly 
favored places where the soils slope toward the sun, grasses and a few short
season food crops can be grown. 

Yellowi8h-Brown Lateritic: Yellowish-brown friable clayey forested soils in 
humid temperate to tropical areas. E"Xcept for hilly and stony areas, these soils are 
productive under intensive management that includes fertilizers and water 
control. Many are used under sbifting cultivation. 

TABLE 7-4.-World land area in different agroclimatic regions and climatic· types 

[In billions of acres] 

ClImatic I 
Potentially 

I 

arable 
Grazing Nonarable 1 Total 

Agrocllmatic region type i 

1 

fPercent I Percent ~I Acres Acres Acres Acres Percent 

1 

I 
OT. 11 0 0 0 0 1.38 4.3 1.38 4.3 

112 .11 .3 .38 1.2 1.73 5.3 2.22 6.8 
Il3 ,--- 0 .06 .2 2.52 7.8 2.59 8.0 

TntJll .3 .44 1.4 ' 4.25 13.1 4.81 14.8 

III 0 .03 .1 .02 .1 .06 .2 
I115 .3 .12 .4 .07 .2 .27 .8 
Ill6 .3 .14 .4 .09 .3 .31 1.0 
1II9 1.2 .15 .5 .02 .1 .56 1.7 
I1IlO 1.0 i .45 1.4 .18 .6 .96 3.0 
III11 

I 

.09 .3 .24 .8 .73 2.2 1.06 3.3 

.98 3.1 1.13 3.6 1.11 3.5 3.22 10.0 

III3 ! .20 .6 .16 .5 .14 .4 .50 1.5 
1114 .37 1. i i .27 .8 .19 .6 .83 2.5 
1117 .26 .8 .10 .3 .11 .3 .48 1.5 
1118 .10 I .3 .16 .5 .04 .1 .30 .9 
1II9a. . 01 0 .01 0 0 0 .02 .1 

Tnt!ll 
'j 

! 

.94 2.8 .70 2.2 i .48 1.4 2.13 6.5 

RT lIIl 0 0 .05 .1 .08 .2 .4 

I1IlOa .07 ! .2 .10 .3 .02 .1 .6 
IIl12 

i 
.07 .2 .20 .6 .59 2.0 3.0 

TntJ'l.l I .14 .4 .30 .9 2.1 3.6 

OM(6T) I IIIl2a I .03 .1 . i .2 .4 

IV5 .11 .3 1.1 7.9 9.3 

OM V5 .07 .2 

3::'1~ 
3.5 1.38 4.3 

2M V4 .50 1.5 1.3 1.91 5.9 

4Mf6T) IV7a .03 .1 .3 .2 .17 i 
.5 

1 See footno·te on puge 423. 

263-8880-'61....--29 

John M
Rectangle
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TABLE 7-4.-World land area in different agroclimatic regions and climatic types
Continued 

Potentially Grazing Nonarable 
1 

Total 
Climatic arable 

Agroclimatic region type 

Acres Percent Acres Percent Acres I Percent Acres I 

4M(STl IV1 0-20 0.6 I 0.30 0.9 0.17 0.5 0.66 2.0 
IV2 

! 

.28 .9 .39 1.2 .27 .8 .93 2.9 
IV3 .17 .5 .35 1.1 .11 .3 .64 2.0 

Tntal . .65 2.0 1.04 3.2 ,55 1.6 2.23 6.9 

4M V3 .81 2.5 1.13 - 3.5 .58 1.8 2.52 7.8 

6M(ST) Ill2 .12 .4 .18 .6 .11 .3 .41 1.3 
IV4 .19 .6 .20 .6 .09 .3 .48 1.5 

.31 1.0 .38 1.2 .20 .6 .89 2.8 

AM V2 1. 50 4.6 .91 2.8 1.06 3.3 3.47 10.7 
V2a 0 0 0 0 0 0 .01 0 

'1'"ta] 1.50 4.6 .91 2.8 1.06 3.3 3.48 10.7 

SM(8T) IV6 .07 .2 .02 .1 .18 .5 

RM IV7 .43 1.3 .16 .5 • .94 3.0 

12 V1 .81 2.5 .88 2.7 2.94 9.0 

Total tempera-
7.3 ! lImitp.tl 2.32 7.30 22.5 11.67 36.0 

Total moisture 
lImitp.tl 3:64 11.1 3.36 10.4 10.23 31. 4 

~ 

temperature 
lhnitprl 2.28 7.0 4.06 12.7 7.67 23.9 

Total not climate 
limltAtl .81 2.5 .88 2.7 2.94 9.0 

Grand 9.05 27.9 15.60 48.3 32.51 100.3 

In Table 7-9, the quantity of potentially arable land on each conti
nent is compared with the presently cultivated area. By "cultivated" 
area we mean the lands designated by the Food and Agriculture 
Organization of the United Nations as "arable land and land under 
permanent crops ... including land under crops, temporary fallow, 
temporary meadows for mowing and pastures, market and kitchen 
gardens, fruit trees, vines, shrubs and rubber plantations." Within 
this designation there are said to be wide variations within reporting 
countries. The area actually harvested during any partiCUlar year is 
about one-half to two-thirds of the total cultivated land. 

Potentially arable land makes up 24 percent of the total ice-free 
land surface of the earth and considerably more than twice the land 
area that has been cultivated at some time during the last few decades. 
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TABLE 7-5.-Estimated carrying capacity of nonarable but potential grazing lands 

Estimated 
a, .......... 1 carrying ca- Production 

Agroclimatic region (billions of pacity acres (millions of 
acres) per animal tons) 1 

unit 

?T 0.44 50 0.88 
4'1' 1.13 20 5.65 
AT . 70 10 7.00 
RT .05 15 .33 

: (4T) .30 350 .09 
: (6T) .05 350 .01 

OM (ST) .35 350 .10 
nJlvf .IS 350 .05 
<;1M .99 100 .99 
4M(ST) .09 30 .30 

1.04 30 .35 
4M 1.13 30 .38 

.3S 25 1.52 
6M ________________ --- -- - -- --- .91 '(4) 2 2. 28(22.75) 
RM(RT) .07 25 .28 
RM .43 4~~;~ 1.08(14.33) 
12 .SI 3.24(40.50) 

Tnt.nl 9.05 24.53(95.51) 

I Assuming 1 animal unit is equivalent to 200 pounds ollive weight production per year. 
2 Numbers in parenthesIs give estimated carrying capacities and production under high-level technology 

involving fertilization and improved plant varieties. 

It is lnore than three times the area actually harvested in any given 
year. Several previous estimates of the worldwide quantity of poten
tially arable land have been made. ICellogg in 1951 estimated 4.5 bil
lion acres, but by 1964 he had increased his estimate to 6.6 billion.6 

-The figures given by other authors lie between these two values. Thus 
our estimate of nearly 7.9 billion acres is over 20 percent larger than 
any previous figure. . 

The largest areas of potentially arable land are in Africa and South 
America which, outside the relatively small continents of Europe and 
Australia, have the smallest cultivated acreage. In these two continents 
there are nearly 3 billion acres of potentially arable uncultivated land 
(not much less than the total presently cultivated area of the earth) 
and fewer than 600 lnillion cultivated acres. In addition, nearly a 
billion potentially arable, but not cultivated, acres exist in North 
America, Australia, and New Zealand. 

The potential for increasing net cultivated area is very small in 
Europe and Asia and relatively small in the Soviet Union. In Asia, if 
we subtract the potentially arable area in which water is so short that 
one 4-month growing season is impossible without irrigation, there 
is very little excess of potentially arable land over that actually 
cultivated. 

G Kellogg, C. E., Potentials for food production. U.S. Dep. Agr. Yearbook. 1964. pp. 57-68. 



TABLE 7-6.-Potentially arable land, by continents and 80il groups 

[In 108 acres and percent of total land area on that continent] 

AMca Asia t Australia Europe t North America I Bouth America U.B.B.R. 

~ Boil group 

Acres Percent Acres Percent Acres Percent Acres Percent A.cres Percent Acres t Acres Percent 1::1 
------------------------ I 

~ 1. Tundra ________________ (2) ---------- ---------- ----------- ---------- -------_ .. - 0 0 0 0 ... _---_ ... _-- -------... _- 0 0 0 
'2. DeserL ________________ 3.4 4.5 2.5 3.7 1.1 5.6 .3 2.1 .5 1.0 0.9 2.0 2.1 3.7 ~ 

t"I 
3. Chemozem and t::1 

Brunizem ____________ 30 0 1.2 1.8 .3 1.6 .3 2.7 4.0 7.6 1.8 4.1 3.9 7.1 
~ 4. Noncalcic brown _______ .2 .3 1.6 2.4 .2 1.1 .4 3.1 .2 .4 .1 .2 -----_._ ...... ...... -------- 0 5. Podzo!.. _______________ ---------- .5 .7 .02 .1 2.8 23.3 2.5 4.8 ---------- ---------- 2.2 3.9 0 
t::1 6. Red-yellow podzolic ___ .2 .2 .9 1.4 .1 .6 -----_ ......... --... -------- 1.9 3.6 .1 .2 ... _- ..... __ ... _- ----------7. LatosoL _______________ 10.3 13.9 2.5 3.7 .3 1.4 -_ ... -... ----- ---------- .4 .8 12.7 29.3 I'd 

8. Grumusol, Terra l:tJ 
0 Rossa __________________ 1.3 1.7 .6 .8 1.4 7.0 .2 1.3 .7 1.4 .2 .5 ---------- ---------- tl:I 

9. Brown Forest Rend- t"I 
zina __________________ .1 .1 .1 .1 0 0 .2 1.6 .2 .3 .1 .1 .1 .1 1::1 

10~ Ando _____ ~ ____________ 0 0 .1 .1 0 0 ---------- ---------"" 0 0 .1 .2 T 11. LithosoL ______________ .2 .3 .7 1.1 .1 .7 .1 .6 .3 .5 .4 .9 .1 .2 
12. RegosoL ______________ 1.2 1.6 .1 .1 .1 .4 .1 .5 .1 .1 .1 .2 -< --- ... _----- ---------- 0 13. AlluviaL ______________ 1.3 1.7 4.8 7.1 0 0 .1 .8 .8 1.5 .6 1.5 .3 .6 ~ 

---------------
18.2 TotaL _______________ 24.3 15.6 23.0 3.6 18.5 4.5 36.0 11.6 22.0 17.0 39.0 8.8 15.8 

~ 
1-1 

1 Omitting U.S.S.R. 
2 Blank space indicates soil group is not represented on the continent. 
30 indicates there is no potentially arable land in this soil group on the continent. 



TABLE 7-.7.-Potentially arable land, by continents and climatic zones 

[in lOS acres and percent of total land area on that continent] 

Africa Asia 1 Australia Europe 1 North America. 
Climatic zone 

Acres Percent Acres Percent Acres Percent Acres Percent Acres Percent 
----

Polar and subpolar .. __ .. ___ (2) _______ • ___________________________________ • _____ _ 30 0 0 0 
Cold-temperate boreaL ____ . ___ . __ ~ _______ . ___ _ 0.04 0.1 -_ .. _----_ ... ....... -_ .. _---- .1 .4 .6 1.1 
Cool.temperate ______ . ______________________ . __ 3.5 5.2 0.04 0.1 3.4 28.4 6.8 13.1 
Warm·temperate sub-

tropicaL________________ 1. 7 2.3 3.7 5.4 2.6 13.0 .9 7.3 2.8 5.3 
TropicaL ________ .. ______ 16.4 22.0 8.3 12.3 1.1 5.3 1.3 2.5 

TotaL ______________ _ 18.1 24.3 15.5 23.0 3.7 18.4 4.4 36.1 11.5 22.0 

1 Omitting U.S.S.R. 
2 Blank space indicates climatic zone is not represented 011 the continent. 
I 0 indicates there is no potentially arable land in the climntIc zone on the continent. 

South America U.S.S.R. 

Acres Percent Acres Percent 
----------------

---_ ... _---- 0 0 
----- ... _ .. _- -- ... ~---- ... - .6 1.1 

0.5 1.2 8.2 14.9 

2.1 4.9 0 0 
14. 2 32.7 ---------- ----------
16.8 38.S 8.8 16.0 



Agroclimatic region 

TABLE 7-S.-Potentially arable land in different continents and agroclimatic regions 
[In 10~ acres and percent of total land area on that continent} 

Climatic 
number 

Climatic 
type 

Afri 

Acres Per-
cent 

Acres Per
cent 

Australia Europe 1 North America. South America 

Acres Per- Acres Per- Acres Per- Acres Per-
cent cent cent cent 

U.S.S.B. 

----------·1-----1-----1------------------------ ---------1----1---
OT ___________________________ _ 11 o o o o 

1=====1====1========1=====1==== 
2T ___________________________ _ 

32 II2 
33 II3 

TotaL _____________________________________ • _______________ _ 

.5 
o 

.9 
o 

4T ___________________________ _ 
2 III 
7 III5 
8 III6 

.2 _______________________________ _ 

12 1II9 
14 HIlO 
16 IIIlI 

.7 

.0 

.4 

.9 

1.1 
o 
.5 

1.3 

TotaL ________________ -- ____________ ____________ ________ ________ 2.0 

6T ___ • ______________________ -_ 5 lll3 
6 1II4 
9 II17 

11 IIIS 
13 1II9a 

.0 0 

.0 0 

.9 1.3 

.2 .3 
o 

I----I----I-~-----~-------
TotaL ________________________________________ -- _______________ _ 1.1 1.6 o 

1.9 16.4 
.5 4.1 

o 

o 2.4 20.5 

.8 
1.7 
.8 
.1 

3.4 

.9 

1.5 
3.2 

1.5 
3.3 
1.6 
.2 _______________ _ 

6.6 
1====1== =======1===1===1 8T ___________________________ _ 

3 IIIl o o .02 .04 
1====1====1=== 1===1===1===1===1===1 

OM (4T) _____________________ __ 15 IIIlOa 
17 11112 ____ -________________ _ 

TotaL _________________________________________________ _ 

.05 

.2 

.1 _______ _ .6 

.4 .4 

.2 .3 
3.0 5.5 
1.2 2.3 
0 0 

4.8 8.5 

.1 .1 
2.4 4.4 

0 0 

2.5 4.5 

1-1 
1-1 



OM(6T) 18 I1112a --- .- .- .1 .3 .2 .3 

23 IV5 0.1 0.1 1.0 .1 .7 .1 .2 1--- .-

OM 31 V5 .4 .5 .2 .1 .4 !---- .-- 1---- ._- :04 .1 

30 V4 2.8 3.7 1.7 .6 3.2 i------·-- .- .3 .8 

4M(6T) 10 IV7a .2 1--- .- .1 .2 

4M(STl 19 IVI .2 .3 .7 .2 1.1 .8 .05 .1 0 0 
20 IV2 1.0 1.3 1.1 .9 4.3 .05 .01 0 
21 IV3 .1 .2 .3 .4 1.8 .6 1.4 

Tnt,,} 1.3 1.8 2.1 1.5 7.2 .85 .66 1.5 0 0 

4M 29 V3 5.1 6.8 2.8 .3 1.4 .3 .7 
4 III2 .03 .1 .9 .2 .5 

22 IV4 .3 .3 .3 .9 4.5 .4 .9 

'I'M,,} .3 .3 .3 .93 4.6 .9 .6 1.4 

27 V2 5.5 7.3 4.6 .1 .3 ----- ·-1--- .-- 4.0 13.7 I_ .- 1-----
28 V2a .04 .1 ·-1-----

'T'ntl'll 5.5 7.3 4.6 .1 .3 6.04 13.8 ------ .-

24 IV6 .9 2.0 

RM 25 IV7 0 0 1.9 .1 .5 .1 .2 0 0 

12 26 VI 2.7 3.6 3.0 1_' .- 7.5 17.2 

Tnt,,} 18.1 24.3 23.0 3.8 18.4 4.3 16.8 38.8 8.8 15.9 

Less than 4-month growing 
I':All.lInn 3.3 4.3 3.4 .8 4.3 .05 .7 1.8 1.4 2.3 

No climate restraint for one 
4-month p.rnn 14.8 20.0 19.6 3.0 14.1 4.25 16.1 37.0 7.4 13.6 

1 Omitting U.S.S.R. 
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TABLE 7-9.-Present population and cuUivated 1 land on each continent, compared 
with potentially arable land 

Area in billions of acres Acres of IRati .. 1 Population cult!· cult!· 
In 1965 vated 1 vated 1 to 

Continent (millions of Poten· Cultl· land per potentially 
persons). Total tially vated 1 person IambIc land 

arable (percent) 

(1) (2) (3) (4) (5) 
I 

(6) 

Arrlca •••••••••. __ .....••••••••• 310 7.46 1.81 0.39 1.3 22 
Asia •. __ • __ •• __ .. ___ ._ ••..•••••• 1,855 6.76 1.55 1.28 .7 . 83 
Australia and New Zealand .••• 14 2.03 .38 .04 2.9 I 2 
Europe ••••••••••••••••.. _ .••••• .445 1.18 .43 .38 .9 88 
North America ••••••••••.• _ •• __ 255 5.21 1.15 .59 2.3 51 
South America ••••• _ •• __ ._ ...... 197 4.33 1.68 .19 1.0 11 
U.S.S.R. __ .... _ ••••••••••••••.. 234 5.52 .88 .56 2.4 64 

TotaL •. _ ... _. _ •••• _ •••••• 3,310 32.49 7.88 3.43 1.0 44 

lOur cultivated area is called by FAO "Arable land and land nuder permanent crops." It includes land 
under crops, temporary fallow, temporary meadows, for mowing or pasture, market and kitchen gardens, 
fruit trees, vines, shrubs, and rubber plantations. Within this definition there are said to be wide variations 
among reporting countries. The land actually harvested during any particular year is about one·half to 
two·thirds of the total cultivated land. 

SOURCES 

Column (1): Revelle, R., Population and food supplies: the edge of the knife. Nat. Acad. Sci. Proc. 56(2): 
328-351. August 1966, and United Nations. Demographic Yearbook, 1964. New York, 1965. 

Column (2): U.S. Defense Intelligencc Agency General Guide for estimating significant soil characteristics 
for predicting the gamma hazard from neutron-induced activity. U.S. Dep. Defense, 1963. 

Column (3): See Tables 7-6, 7-7,7-8 of thIs chapter. 
Column (4): Table 1 in: Food and Agriculture Organization of the United Nations. Production Yearbook, 

1964. Rome, 1965. 

Of the total potentially arable land in the world, about 850 million 
acres or 11 percent of the total requires irrigation for even one crop. 
In the remaining nearly seven billion acres, at least one crop could 
be grown without irrigation, and over a considerable region, multiple
cropping is possible. Without irrigation, multiple-cropping could in
crease the gross cropped-area (the cultivated area times the number of 
crops) to 9.8 billion acres annually, about 2 billion acres more than 
the total arable land and about 3 times the presently "cultivated" 
land. The gross cropped-area could be increased an additional 6.5 
billion acres if irrigation water could be made available for double
or triple-cropping. The maximum gross cropped-area on the earth is 
thus 16.3 billion acres. 

All potentially arable land is also potential grazing land, and all 
that is not too dry can also be used for economically productive 
forestry. An additional 28 percent of the land area of the earth has 
some grazing potential, even though it is not potentia1ly arable. With
out high level technology, however, we estimatE; (See Table 7-5) that 
the total potential aIIDual production of this grazing land is only about 
24 million tons of live arumal weight per year, a relatively small pro
portion of present livestock production. 
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During the first ten years after World War II, the net harvested 
acreage in Asia (outside of China) increased about 2 percent per year. 
Since 1957-58, however, the rate of increase has been only about 1.4 
percent per year. While the rate of population increase has been 
accelerating, the rate of increase of harvested areas has been declining: 
This is probably related to the very low level of expenditure on water 
resources development, less than $2 per year per person, as well as 
to the relative scarcity of uncultivated land that could be cultivated. 
At this expenditure level, at least one hundred years would be required 
to bring an additional acre per capita under cultivation. In the same 
time span at present rates of population growth, there would be 16 
persons for every one,now alive. If population is to be matched by 
increases in cultivated area, annual per capita expenditures on water 
and land development must be increased more than fourfold. 

The rate of increase of cultivated areas is even lower in Africa than 
in Asia, but it is considerably higher in South America, averaging 
3 percent annually during the last 15 years and nearly 4 percent during 
the last seven years. 

7.3.6 Oosts of Increasing Net Oultivated Al'eas 
The costs of agricultural development in a new area are widely vari

able. Comparative data for several rather different projects are shown 
in Tables 7-10 and 7-14. The range in cost estimates is between $973 
per acre in Kenya for irrigation development excluding associated 
infrastructure costs, and $91 per acre for a ,resettlement scheme in 
Guatemala including infrastructure. This latter project even included 
costs of building urban centers and settling 1,000 merchants and their 
families. In two apparently similar irrigation projects ill I{enya and 
Sudan, the unit cost in I{enya was more than four times higher, in 
spite of the fact that infrastructure costs were included only in the 
Sudan project. 
Besid~ illustrating the spread of costs between development 

projects, Table 7-10 emphasizes the necessity to distinguish various 
components of cost in making the land productive and the substantial 
infrastructure costs associated with establishing a viable farming 
community. 

Some of the factors that prevent cost estimates from showing much 
uniformity are: 

(a) Physical factors. The condition of the land will determine 
the need for irrigation, drainage, land clearing and similar 
measures. The proximity of an available water supply and 
the difficulty of providing drainage have a major influence 
on unit costs. The productivity of the land determines the 
optimum size of an economic farm unit affecting unit costs. 

(b) Political aM social faotors. Overcrowding of newly settled 
areas may reduce unit 'family costs and accommodate more 
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people, but will ultimately lead to uneconomic management 
to the detriment of the settlers. Criteria for project feasibil
ity and preferred location are often influenced by other 
factors than maximum return on investment dollars from 
agricultural enterprises. 

(0) Eoonomio faotors. Allocation of costs in multipurpose proj
ects often is arbitrary. Also, the choice between various pro
portions of capital~intensive and labor-intensive develop
ment, depending on the level of employment and the capital 
available, will greatly affect monetary cost estimates. 

TABLE 7-1O.-Sample total project costs 

Country Acreage 

Kenya 1________________________________________ 30,000 
Morocco 2 ___________________________________________________ _ 

Ceylon 3 ____________________________________________________ _ 

Sudan ,________________________________________ 00,000 

Nigeria. 5 ____________________________________________________ _ 

Guatemala I 0__________________________________ 247,000 
Guatemala II 1_________________________________ 247,000 

Cost per 
acre 

$973 
572 
307 
218 
118 
91 
32 

Cost per Total cost 
family in millions 

$3,270 
8,400 
4,527 
1,617 

of dollars 

$29.2 

19.6 

22.2 
8.1 

United States B __________________________ ~'_____ 1,007,000 
612 1---,-----------1--------------

1 Kano Plain Irrigation Project. Includes dams, reservoirs, canals, flood control, land preparation, Power 
distribution, Source: Preliminary draft of Kano Plain Reconnaissance Study, U.S. Bureau of Reclamation, 
April and May 1966. 

2 Lower Moulouya Irrigation Project. Includes dams, canals, power, pumps, distribution, drainage, land 
prepraration. Source: Preliminary Project Lower Moulouya Irrigation Project, AID, Washington, D.C. 

3 Project unknown. Irrigation $196 per acre, clearing $111 per acre. Excludes domestic water, sanitation, 
fencing, homes. Source: Farmer, B. H. Pioneer peasant colonization in Ceylon; a study in Asian agrarian 
problems. London, Oxford University Press, 1957.387 p. 

'Kasha-el-Guba Settlement. Includes dams, canals, laterals, infrastructure. Source: Sudan Desk FUe, 
AID, Washington, D.C. 

I Source: Okediji, '0. 0., entitled "Some Socio-Cultural problems in tbe, Westeru Nigeria Land Settle· 
ment Scheme: A Case Study." Nigerian J. Econ. and Social Studies 7(3): 301-310. November 1965. 

e Sebol-Chinaja. Includes surveying, drainage, roads, houses, population nuclei, family transportatiou. 
Source: United Nations draft document, based on Government of Guatemala estimates. 

7 Same as footnote 6. Includes surveying, drainage, roads. 
8 Garrison Diversion, Missouri RIver. Includes storage, canals, drainage, roads for providing irrigation 

water to currently cultivated hind. Source: U.S. Bureau of Reclamation. 

Some of the components of development schemes that must be con
sidered separately .are resource surveys, roads, land clearing, irrigation, 
drainage, and settlement. 

Resouroe Inventory.-A first requirement of any project is an 
adequate inventory of the natural resources. Whereas this statement 
appears superfluous, an example may illustrate that such a require
ment, while obvious, is often overlooked. 

The expansion of the Riverton Project in Wyoming, built in the 
late 1940's and early 1950's, was to bring irrigation water to approxi
mately 100,000 acres. Included in this acreage were some 23,000 acres 
of flat topography of the Cottonwood Bench Section. Upon co~pletion 
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of the irrigation distribution system to Cottonwood Bench, it was 
found that this area consisted of an extremely sandy soil which, made 
agriculture economically untenable. Furthermore, the geologic struc
ture restricted drainage and would have resulted in a serious salinity 
problem had irrigation agriculture been introduced. Fortunately, the 
difficulties were discovered ,prior to bringing in settlers, so that per
sonal hardships to a new population were avoided. Much of the re
mainder of the land area was found to consist of sodic soils that were 
not economically reclaimable. A land reclassification made in the late 
1950's showed that about one-third of the land was not suitable for 
irrigation. As a result, some 75 families were moved to suitable home
steads on other projects in the west. 

The need for a soil survey before construction of irrigation works 
or other capital improveni~mts is clearcut. Equally important is an 
inventory of water resources and an estimate of the adequacy of 
the available water supply, both in quantity and in quality. The water 
resources of the world are discussed in general terms in Section 7.4, 
but .any specific project proposal will require an evaluation of the 
pertinent local conditions. 

Although pertinent surveys of soil and water resources are primary 
requirements at the mitiation of any reclamation project,it is apparent 
that an adequate resource inventory must include as well an evaluation 
of other resources, such as the availability of capital, trained man
power, and the technology needed to make the project successful. 

It is difficult to make meaningful estimates of the costs involved in 
surveys, especially when the range of conditions covered is as wide as 
in the present report. The average cost of soil surveys made in the 
United States by the Soil Conservation Service varies from 30 to 70 
cents per acre.7 Reconnaissance costs are as low as 15 cents an acre 
and detailed pre-engineering surveys cost about $1.00 per acre. 

Roads.-The need for access to farming communities, farm houses, 
and farm fields is self-evident. The cost of the roads may vary widely 
depending on topography and soil characteristics. IGingebiel 8 quotes 
an example of a saving of $81,000 per mile in the construction of a 
highway resulting from relocation following a soil survey. From the 
data on development projects in foreign countries, it ,appears that road 
costs can vary from 10 to over 30 percent of the project costs. In 
Guatemala (see Table 7-10), interior road costs accounted for $13 
per acre, and access roads for $17 per acre of the $91 per acre total 
project'cost; thus also, $30 of the $32 shown for land development cost 

't Klingebiel, A. A., Costs and returns of soil surveys. Soil Conservation 32 (1),: 3-6. 
Aug. 1966. 

8 Klingeblel, A. A., Costs and returns of soil surveys. Soil Conservation 32 (1) : 3-6. 
Aug. 1966. 
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is due to roads. In Turkey j) roads between farms accounted for $12 out 
of a total of $107 per acre for t,ertiary land development (irrigation). 

In general, road costs. are given in terms of cost per unit length. 
Data from five Latin American countries indicated a range from 
$37,000 to $133,000 per kilometer for paved roads and from $3,000 to 
$60,000 for gravel feeder roads. 

Land Olearing.-The costs for land clearing again vary widely de
pending on the original topography and vegetation as well as on local 
economic conditions. Records from Brazil indicate costs as low as $5.50 
per acre. In Argentina (Rio Dulce study) costs were $61 per acre, and 
in Venezuela they ranged from $220 to $360 per acre. 

Irrigation.-In discussing irrigation costs, a clear distinction must 
be made between the costs of developing a water supply, of distribut
ing the water to the land and of applying it to the land. The most 
variable of these cost components probably is the first one. But within 
a single project, the unit costs of applying the water may cover a 
wide range as is shown by an example from Israe1.1o 

, The project, initiated in 1949 and completed in 1961, contains about 
1,700 acres of land of which 1,250 acres are irrigated. Water is supplied 
from a canal to a 10,000 acre-foot reservoir built for the project. The 
cost for the irrigation system includes the cost of the reservoir but 
not that of bringing the water to the reservoir. The cost is broken down 
into three categories: the reservoir and main pipeline, the submains 
or pumping plant, and the field application system. 

On this one project, the cost of the field application system varied 
from $20 to $216 per acre, arid the total cost from $52 to $233 per acre. 
This illustrates the need for a detailed design before the cost of irriga
tion can be estimated with any degree of certainty. ' 

Drainage.-In discussing drainage a distinction must ;be made be
tween drainage of irrigated land to pr~vent waterlogging and saliniza
tion and drainage in humid areas to improve aeration of the ,root zone. 
The difference is not so much associated with the investment per acre, 
but with the fact that on an irrigated area drainage is a requirement 
for continued agricultural production, whereas in the humid area it is 
an optimal practice available ~or increasing production. As an exam
ple, one may recall that lack of adequate' drainage on the irrigated 
lands in West Pakistan has resulted in a significant reduction of the 
total irrigated area over time, with -over half of the area affected to 
some degree by a build-up of salinity. 

As in irrigation, one must distinguish between the main water dis
posal system and the' farm drainage system. Costs of the main outlet 

II u.s. InternatIonal CooperatIon AdmInIstratIon. Regional Irrigation practices leadership 
semInar, NESA region. Proc. 4: 118-120. 1962. 

10 Zimmerman, J. D. Irrigation. New York, WUey, 1966. 516 pp. 
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system vary drastically from one situation to the other. In the farm 
drainage system, one must consider the need for drainage or its re
quired intensity, the crops to be growll, the general topography, the 
soil characteristics and the type of system to be used-closed subsur
face or open ditch, gravity or pump, horizontal or well-type. 

Experience in the United States would indicate that where drainage 
is needed, costs ,from $100 to $300 per acre for gravity drains are 
common at the farm level. Main outlet costs generally run less than 
$12 per acre. Pump drainage often is more expensive. In irrigated 
areas, it is ,veIl established that drainage systems installed simulta
neously with the irrigation system are less expensive than those that 
are installed at a later date after difficulties have arisen. 

Settlement.-vVhatever capital investment is necessary to provide 
for roads, land clea.ring, irrigation, drainage and similar land ap
purtenances, the total cost of any development also must include the 
cost of providing homes for the settlers, as well as schools, services 
and market facilities. It is ~ifficu1t to quote meaningful figures for 
settlement costs because of the lack of precise definition, in most cases, 
of what is included. It is clear, hmyever, that cost figures will be 
strongly influenced by factors such as the extent of government sub
sidies, the involvement of the military,. the use of government-owned 
or expropriated land as opposed to purchased land, the distances from 
which settlers are moved, and the extent to which the settlers help 
themselves. 

From the last two entries under cost per family in Table 1-10, one 
may deduce that the settlement cost, made up of providing homes, 
population centers and family transportu,tion, was $2,910 per family in 
Guatemala. Similar costs amounted to $600 per family in Peru and 
Columbia, $1,113 in Argentina ana $1,111 in Venezuela, according to 
one set of sources.ll Another source records a cost of $1,080 per family 
for Ecuador, $2,520 for Colombia and $3,560 for Venezuela.12 

Administl'ation.-Another important item that must be considered 
is the overhead cost of administering an extensive development project. 
South American experience indicates that these costs are about 20 to 
25 percent of the total project costs although the variation is large. 
The Colombian project, for example, had an administrative overhead 
of only 15 percent, whereas in Chile it was 33 percent. 

7.4.0 Water Supplies for Irrigation 

Wherever there is arable land which experiences periods during 
the growing season in which evapotranspiration exceeds precipitation 

11 International Bank for Reconstruction and Development. Economic development of 
Venezuela. Baltimore, Johns Hopkins Press, 1961. 494 pp. 

13 Carroll, Thomas F. "Issues of Financing Agrarlan Reform: The Latin American 
Experience", World Agrarian Reform Meeting, Rome, Italy, June, 1966. p. 26. 
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by an 'amount greater than soil moisture storage, the opportunity to 
increase production by irrigation exists. Irrigation may be applied to 
the desert, where rainfall is totally inadequate for any agriculture, as in 
Egypt or Southern Iraq; it may replace or supplement rainfall agri
culture as in the dry farming regions of the United States; it may 
make possible mUltiple-cropping in areas where only single-cropping 
is possible because of wet and dry seasons as in Bengal; or it may serve 
as insurance against damaging, short-time sporadic droughts, as in the 
eastern United States. 

Adequacy of irrigation in terms of providing a full water supply for 
evapotranspiration potential is highly variable, ranging from spo
radic spreading of meager spring flood waters in the deserts of the 
Middle East tQ sprout a thin crop of wheat, to carefully controlled, 
optimal applications under the sophisticated technology of the south
western United States. Besides the temperate and subtropical deserts, 
large areas of subtropicai and tropical lands experience long, dry sea
sons where rainfall is nonexistent or exceedingly short. It is in these 
areas .that the use of irrigation could provide the basis for rapid ex
pansion of food 'supply through intensive, year-round cropping and 
could make attractive the use of increased fertilizer, pest control, and 
the other inputs of modern agricultural technology. 

'1.4.1 P1'esemZy Irrigated Laruls 
The origins of irrigation are buried in antiquity. History makes 

many references to the practice 'of irrigation. It is well-established 
that several once-flourishing civilizations were based upon the practice. 
Remnants of irrigation systems built hundreds and even thousands of 
years ago are present ,today. However, until about the beginning of the 
19th century, irrigation systems were small and most failed eventually 
because they did not provide for salinity control. Gulhati estimates 
that the area of irrigated land in the world was about 20 million acres 
in 1880. During the 19th century, larger and more sophisticated irri
gation projects were constructed mainly in India, Russia, the United 
States, and E'gypt, increasing t.he total area of irrigated'land in the 
world to about 100 million acres by 1900. Experience gained during 
the latter part of the 19th century in the planning, construction, and 
operation of irrigation projects together with continuing advances in 
civil engineering and in the agricultural sciences has led to a nearly 
fourfold increase in the world's irrigated area during the first two
thirds of this century. 

Of the approximately 3.43 billion acres of cultivated land in the 
world, about 0.38 billion acres or 11 percen't are presently irri
gated. Table '7-11 shows the acreages under irrigation in 44 countries. 
The small percentage of the world's arable land under irrigation sug
gests that irrigation agriculture plays only a minor role in the world 
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food budget. However, when the distribution of irrigated and arable 
land over the world is related to the distribution of world population, 
it becomes apparent that a large fraction of the earth's people, living 
mainly in diet:-deficient countries, are heavily dependent upon irri
gation for food. In these areas, increasing the food supply will require 
extensive irrigation development. On the Indian subcontinent, with 
one-fifth of the population of the world, water supply seriously limits 
agricultural production on 65 percent of the arable land and prevents 

TABLE 7-11.-Land area8 under irrigation in variou8 countrie8 compared with 
cultivated and total area8 

Continent and country 
Population Area iU'millions of acres Ratio of 
iniiiJ~gns 1---__ ------:----1 i~~r;:~e~ 
of persons Total Cultivated Irrigated (XlOO) 

(1) (2) (3) (4) (5) 

Africa: 
Sudan _________________________________ 14 620 18 b4 22 
Tunisia. _______________________________ 

5 31 12 ·.2 1.7 
United Arab Republic ________________ 30 247 7 ·7 100 

TotaL _______________________________ 
49 898 37 11.2 30 

Asia: 
Afghanistan ___________________________ 

(15) 163 (37) b9 24 
China (Mainland) _____________________ (730) 2,360 (500) b 132 27 
Cyprus ________________________________ 

1 2 1 1.2 20 
India __________________________________ 

483 810 402 "69 17 
Indonesia ______________________________ 

105 369 44 "14 32 
Iran ___________________________________ 

23 407 42 "12 29 
Iraq ___________________________________ 

8 111 20 09 45 
IsraeL _____________________________ •• __ 

3 5 1 1.3 30 
J apan _________________________________ 

98 92 15 "9 60 
Jordan ___________________ :.. ____________ 2 24 3 1.2 7 
Lebanon ______________________________ 

(2) 2 1 1.2 20 NepaL ________________________________ 
10 35 10 "3 30 

Pakistan ______________________________ 
115 234 71 '27 38 

Philippines ____________________________ 
32 74 28 "1 4 

Syria __________________________________ 
6 45 22 11 5 

China (Taiwan) _______________________ 12 9 3 "1 33 
Thailand ______________________________ 

31 127 25 "4 16 
Turkey ________________________________ 

32 193 64 "5 8 

TotaL _______________________________ 
1,708 5,062 1,289 296.9 23 

Australia __________________________________ 
11 1,900 38 "3 8 

Europe: Greece ________________________________ 
9 33 10 ·1 10 

Poland ________________________________ 
32 77 40 '~5 1 Spain _________________________________ 
32 125 52 "4 8 

Yugosla via ____________________________ 
20 i 63 20 •. 3 2 

TotaL _______________________________ 
93 288 122 5.8 5 

North America: Mexico ________________________________ 
41 489 27 ·11 41 

United States _________________________ 
195 2,320 458 "38 8 

TotaL _______________________________ 
236 2,809 485 49 10 
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TABLE 7-11.-Land areas under irrigation in various countries compared with 
cultivated and total areas-Continued 

Continent and country 
Population Area in mUllons of acres 

in 1965 
in mUllons 

Ratio of 
irrigated to 
cultivated 

of persons Total Cultiva.ted Irrigated (X 100) 

(1) (2) (3) (4) (5) 
: 

South America: I 

Argentina. ____________________________ 
22 585 74 "4.0 5 Bolivia ________________________________ 
4 272 2 -0.03 2 

BraziL _______ ~----------------________ 81 2, 105 47 c .9 2 ChUe __________________________________ 
9 184 14 "3.0 21 Colombia _____________________________ 16 293 6 - .6 10 

Costa Rica ____________________________ 1 13, .7 '.04 6 Cuba __________________________________ 
8 28 5 '.15 3 

Dominican Republic __________________ 4 12 2 " .2 10 EI Salvador ___________________________ 
3 5 1 • .01 1 Equador _____ • ________________________ 
5 67 5 • .3 6 Guatemala. ___________________________ 4 27 4 '.02 .5 HaitL _________________________________ 
5 7 1 - .1 10 Honduras _______________ • _____________ 2 28 2 • .05 2 

N icaragua _____________________________ 2 37 4 • .01 .2 
Pa.nama _______________________________ 19 2 '.02 1 Paraguay _____________________________ 

2 101 2 '.03 1 
'Peru ____________________________ : _____ 12 318 4 " 3.0 75 
Uruguay ______________________________ 3 293 6 -.2 3 Venezuela _____________________________ 9 226 6 c .6 10 

TotaL _______________________________ 193 4,620 187 13 7 

U .S.S.R __________________________________ 
234 5, 540 568 "23 4 

Grand totaL _______________________ 2,521 21,113 2,724 401.8 15 

SOURCES 

Column (1) Revelle, R., Population and food supplies: the edge of the knife. Nat. Acad. Sci. Proc. 56(2): 
328-351. August 1966. Numbers in parentheses are our estimates based on data given in United Nations 
Demographic Yearbook, 1964. New York, 1965, and on other sources. 

Columns (2) and (3) and reference (a) in column (4): Food and Agriculture Organization of the United 
Nations. Production yearbook, 1964. Rome, 1965. Numbers in parentheses are our estimates. 

Column (4), reference (b): Israelsen, O. W., and Hansen, V. E. Irrigation prinCiples and practices. 3d ed. 
New York, 10hn Wiley, 1962.447 pp. 

Column (4), reference (c): Greenshields, E. L. Water has a key role. U.S. Dep. Agr. Yearbook, 1964 .pp. 
75-96. 

Column (4), reference (d): International Commission on Irrigation and Drainage. Irrigation in the world, 
a global review. 1st ed. New Delhi, 1955.130 pp. 

Column' (4), reference (e): United Nations Economic Commission for Latin America. Water resources and 
their utilization in Latin America. United Nations Document E/CN 12/501, May 1959. 

Column (4), reference (f): U.S. Agency for International Development. Regional irrigation practices leader-
ship seminar, NESA region. 6th, Amman, Jordan, 1966. Country reports. . 

year-round, production on another 29 percent. Nearly two-thirds of 
the world population lives in diet-deficient countries· having less than 
half of the arable land but about three-fourths of the irrigated land. 
It has been estimated that by 1975 the total irrigated area in the world 
may exceed 500 million acres and that by the year 2,000 the area may 
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well approach 750 million acres.13 
14 If, as pl'edicted, the world popu

lation is over 6 billion in the year 2,000, then the ratio of world 
population to world area of irrigated land will be approximately the 
same as' at present. 

7 -4-.2 Estimates of Irrigation Potential 
Attempts to estimate the world potential for irrigation develop

ment, or even regional potentials, are highly speculative.· Each irriga
tion project, if it is to have any chance for success, must be based on 
fairly intensive study of available resources of land and water and 
should involve careful strategic planning for providing necessary 
infrastructure, settlement, and other inputs to production besides 
writer. Since World War II, hundreds of millions of dollars have been 
invested in irrigation projects which have been highly disappointing, 
if not outright failures, because lands or water were unsuitable or in
adequate attention was given to development strategy. 

Some very rough estimates of irrigation potential can be made by 
considering the amounts 'of potentially arable land in different geo
graphic areas under climatic classifications which have deficiencies of 
precipitation during all or part of the year, and comparing the esti
mated water needs with estimated river runoff in the same regions. 
River runoff (except for ground water flow to the sea) represents the 
equilibrium excess of rainfall less effective evapotranspiration; hence, 
the location of rivers in an area of climatic and soil potential for 
irrigation can provide at least an index of water supply availability. 
The combined total runoff of the 40 largest rivers has been estimated 
to be about 11,000 million acre feet per year. 

India-Pakistan. The land area (1,043 million acres) of the Indian 
subcontinent is subjected to extreme variation of rainfall ranging 
from a few inches in the north and west to more than 100 in Assam and 
Bengal and along the west coast of the peninsula. Almost invariably 
there is both a wet and a dry season with from 60 to 95 percent of the 
precipitation.falling during the summer monsoon, June to September. 

,The five large rivers of the subcontinent: Brahmaputra, Ganges, 
Indus, Godaveri, and Kristna produce an estimated 1,233 million acre 
feet annually. 

'India 15 reports 337 million acres net (368 million acres gross) ac
tually cultivated in 1962-63 with 63.5 million acres net (72.6 million 
gross) irrigated, an increase from 29 million acres in 1895 and 51.5 
million acres in 1951.16 

l:l Gulhati, N. D., Worldwide view of irrigatiou developments. Amer. Soc. Civil Eng. Proc. 
Irrigation &. Drainage 84 (IRa-Part 1) : Paper 1751, 14 pp. Sept .. 1958. 

14 Gulhati, N. D., Introduction chapter of FAO/UNESCO International Sourcebook on 
Irrigation and Drainage In Relation to Salinity and AlkaUnlty, Draft, M:ay 1965. 

III U .. S. Agency for International Development. Regional Irrigation practices leadership 
semInar, NESA region. 6tb, Amman, Jordan. 1966. Country Reports. 

·18 Indian Councll of Agricultural Research. Agriculture and animal husbandry in India. 
New Delbl. 19'5,8. 364 pp. 

263-8880-67----30 
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Our calculations indicate that 403 million acres are potentially 
arable, of which 266 million acres are under climatic types IV3, V3, 
and V4, and 116 million acres under type V2. The estimated ultimate 
irrigation potential is 187 million acres of which 142 million would 
be watered from surface sources and the remainder from ground water. 

Pakistan reported a potential for irrigation of 21.4 million acres 17 

in West Pakistan with perennial water supply and an additional 11.4 
million acres to be irrigated during high flow only. The White House, 
Interior Report 18 indicates that, with a planned program of ground 
water mining, first level development of irrigation supplies in West 
Pakistan would be available for 26.4 million acres, and, at the second 
development level, when the surface reservoirs are available, 29.7 
Inillion acres. The irrigation potential of East Pakistan is difficult to 
estimate. Plans were underway to irrigate 0.6 million acres with port
able pumps by 1964.19 About 11.3 million acres of agricultural land 
in East Pakistan are "normally" flooded each year. A 1959 recom
mendation of FAO 20 recomlnended 41 million acres for eventual irri
gation in the Lower Ganges and Brahmaputra basins, but some of this 
would be in India. Allocating this in pr9Portion to arable land (70 
million in the basin; 22.2 million in East Pakistan) would assign 
about 13 million acres to East Pakistan. Adding 187 million acres for 
India, 30 million acres for West Pakistan, and 13 million acres for 
East Pakistan, gives 230 million acres as an ultimate estimate of irri
gated land for the subcontinent. Our studies show 48.4 million arable 
acres in climatic zones IV2, IV3, IV5, and V5 in Pakistan and 25.2 
million acres in zone V2. Adding these acres to the corresponding ones 
in India gives for the subcontinent 314 million acres arable in cli
matic zones IV2, IV3, IV5, V3, V4, and V5, "and 141 million acres in 
zone V2. 

Eventual irrigation ,vater use for West Pakistan is estimated at 
106 million acre feet; 21 it might be 40 million for East Pakistan. 
Jain 22 reports 450 million acre feet eventually for India of which 150 
million was being used in 1966. In summary, for the subcontinent: 

17 U.S.C. Agency for International Development. 'Regional irrigation practices leadership 
seminar, NESA region. 6th, Amman, Jordan. 1966. Country Reports. 

118 White Honse-Department of the Interior Panel on Waterlt'lgging and Salinity in 
West Pakistan. Report on land and ,vater development in the Indus plain. Washington, 
U.S. Govt. Printing Office, .1964. 454 pp. 

II! U.S. Agency for International Development. Regional irrigation practices leadership 
seminar, NESA region. 4th, Ankara, Turkey, 1962. 318 pp. 

20 Agricultural, fisheries, and forestry resources of the Lower Ganges-Brahmaputra Basin 
in relation to human needs. Food & Agr. Org. United Nations Conf. Proc. 10th Session, Oct. 
31, 1959. Document 059/20. 

21 Agricultural, fisheries, and forestry resources of the Lower Ganges-Brahmaputra Basin 
in relation to hUman needs. Food & Agr. Org. United Nations Conf. Proc. 10th Session, Oct. 
31, 1959. Document C59/20. 

2!1 U.S. Agency for International Development. Regional irrigation practices leader"ship 
'tieminar, NESA region. 6th, Amman, Jordan, 1966. Country Reports. 
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Million 
acre8 Total land area ______________________________________ ~ _______________ 1,043 

Total arable area____________________________________________________ 480 
Land in irrigable classes except V2____________________________________ 314 
Land in class V2 _________________________________________________ " ___ ..; 141 
Ultimate irrigation potentiaL_________________________________________ 230 
Presently irrigated _____________________________________________ --____ 90 

Million 
acrojeet 

" perycar 
Annual runoff of major rivers _________________________________________ 1,233 
Present V7ater use____________________________________________________ 224 
Eventual V7ater use__________________________________________________ 596 

Southwestern Asia. This region includes Afghanistan, Cyprus, Iran, 
Iraq, Israel, Jordan, Lebanon, Syria, Turkey, and the Arabian Pe
ninsula, containing a total of 1,704 million acres with a population 
of about 107 million people. Estimates of total ~'cultivated" 23 and 
presently irrigated area are available for all the countries except those 
in the Arabian Peninsula (see Table 7-11) . 

There is considerable irrigation in Yemen, probably accounting for 
at least half of that in the Arabian" Peninsula. Of the countries for 
which we have estimates of irrigation potential 24 nearly half of the 
total area, "cultivated" lands cover 154 million acres; irrigated lands, 
28 million acres; irrigation potential is estimated at 71 million acres. 
These countries would account for the largest part of the irrigation 
in the region. Considering that some of the irrigation presently prac
ticed is quite sporadic and that the potential of the Euphrates-Tigris 
valley 25 is probably less than presently planned by Syria, Iraq, and 
Turkey, the three countries concerned, perhaps estimates of 40 million 
acres and 80 million acres for present and potential irrigation in the 
region would be reasonable. 

Irrigation Potential in Southeast Asia, South America, and Tropi
cal A lricla. The two cases studied, our climatic classifications, and the 
surface water supply as indicated by the runoff from large rivers, pro
vide a base of confidence for making very rough estimates of the pos
sibilities for irrigation development in other areas. While the estimates 
of our two case studies may:be somewhat optimistic, they do not appear 

23 In several countries about two-thirds of the "cultivated" land Is left fallow each year. 
2' Information on Irrigation potential in Cyprus, Iran, Iraq, Israel, Jordan, Lebanon, 

Syria, and Turkey. is contained in the following reports. 
,Regional irrigation practices leadership seminar, NESA region. Proceedings. 3d-6th 

1960-1966. 
Third-Lahore, Pakistan, 1960. 198 pp. 
Fourth-Ankara, Turkey, 1962. 318 pp. 
Fifth-New Delhi, India, 1964. 500 pp. 
Sixth-Amman, Jordan, 1966. 
Proceed,lngs of 3d issued by U.S. International Cooperation Administration; 4th-6th 

by U.S. Agency for International Development. " 
25 Annual runoff of the Tigris-Euphrates system Is about 50 m1llion acre feet. 
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impossible. Israel, for example, has developed an extremely efficient 
irrigation system and proposes to utilize 95 percent of surface and 
ground water within the decade. 

In Southeast Asia, South America and Tropical Africa, we have 
considered the potentially arable areas for those climates where irriga
tion would appear to be effective. Climate types selected for irrigation 
in these regions included III lOa, III 12a, IV2, IV3, IV4, IV5, V3, V4, 
and V5. This does not mean there are no other climatic zones for which 
irrigation is desirable. Although in India, consideration of climatic 
records, evapotranspiration, and soil moisture storage indicates that 
V 2 areas need irrigatiOli during the dry season, this does not seem to 
be true in South America, where soil moisture storage appears gener
ally adequate except possibly for V 2a climates. These latter climates 
are relatively limited (4 million acres in Brazil, none in the other 
regions) . The 25 million acre irrigation potential assigned to Southeast 
Asia is based on the gross area in zone V 3. The irrigated area could 
probably be doubled if irrigation in zone V 2 would also be profitable. 
Results of tabulations of land area, together with annual discharge 
of the major rivers, are tabulated in Table 7-12, where the data for 
India, Pakistan, and Southwest Asia are also shown. Out of a total 
potentially arable area of more than 3.2 billion acres, over 1.1 billion 
are in climatic zones where irrigation is necessary or desirable for 
effective agricultural development. The potential irrigated area is 
0.640 billion acres, probably about half the size of- the area in which 
irrigation is necessary or desirable. 

Irrigation would be necessary or desirable in most of India, Pakistan, 
and Southern South America, probably in most of Southwest Asia, and 
probably in about half of the mainland of Southeast Asia. It is ne~ded 
only in about one fourth of Tropical Africa and only in about 2 per
cent of Tropical South America. These figures should be compared with 
those given earlier in Section 7.3.5 where.it was shown that on a world
wide basis irrigation was necessary even to grow a single crop on about 
0.85 billion acres, and that a gross cropped area of 6.52 billion acres 
could be obtained by irrigation in addition to 9.8 billion acres without 
irrigation. Of course, any projection of irrigation potential without 
detailed survey information is speculative and estimates should be 
regarded as gross projections. 

7.4.3 Grownit Water 
In general, ground water reservoirs are integral with the contin

uous river system and are in dynamic 'balance with precipitation, 
evaporation, and drainage to the sea. Even so the amount in storage 
is relatively large. The volume of ground water stored at depths of less 
than one-half mile is estimated to be 3,000 times as large as that con
tained in all rivers. There are also extensive ground water deposits 
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which are not in dynamic equilibrium with the current surface 
hydrology but which have been stored from past ages. In the first 
instance, allowing for the impedance of the system, use of ground 
water for irrigation is reflected eventually in a reduction of the surface 
or the underground flow to the sea or in reduction of non-economic 
vegetation drawing on the water table; in the second instance, the 
water, in essence, is "mined" and is not replaced by nature within 
non-geological time spans. 

TABLE 7-12.-Estimates of irrigation potential in parts of Asia, Africa, and South 
America 

Climatic Arable Arable 
types area area in Potential 

Region benefiting Major river basins and annual (1()6 irrigable irrIgation 
from runoff (million acre-feet acres) climate (1()6 

irrigation per year) zones (in acres) 
1()6 acres) 
------

India (810 million acres)_ {IV'. V'. rdas. Brahms.nlta. Ganges 40' { 266 \ 
187 

V4 Godaveri, Kristna ________ 1, 233 
V2 116 

Pakistan (234 million {IV2,IV3,IVS }In~:g!s~~~~~~:~ _______ l, 127 86 { 
48 } 43 

acres). V5,V2 25 
Southwest Asia (1,704 IV1,IV2, Tigris, Euphrates ___________ 50 (1) (I) 80 

million acres). IVS,V3,V4 
Continental Southeast V3 Irrawaddy, Mekong -------- 2 (102) 25 

Asia (S11 million Salween ___________________ 690 
acres). 

Brazil (2,102 million V3,V4 Amazon, San Francisco, 966 10 10 
acres). Parana ______ ""' _____________ 2,679 

Tropical South America IV5, va, Orinoco, Magdalena _________ 549 a12 14 10 
less Brazil (945 mil- V4,VS 
lion acres). 

Middle South America va, V4, V5 
Parana ______________________ 

378 125 24 10 
(372 million acres). 

Southern South III lOs, III Parana, Uruguay, Bueno, 266 246 125 
America (913 million 12a,IV2, Valderia, Bio Bio, Negro __ 574 
acres). IV3, IV4, 

IVS, V3, 
V4,V5 

Tropical Africa (2,359 V3,V4,V5 Congo, Niger, Zambezi _____ 1, 520 967 250 ISO 
million acres). 

------
Total ______________ 7,673 3,225 1,101 640 

1 Not available. Our calculations of potentially arable land were not programed to give this information. 
2 Gross area rather than area ofV3 climatic zone is indIcated. 

Ground water supplies frequently may provide relatively fast and 
inexpensive development in contrast to surface supplies, as in the Cen
tral Valley of California, in southern Arizona, and in West Pakistan~ 
If the supply is to be permanent, the draft over a period of time must 
not exceed the replenishment. However, overdraft of ground water 
supplies may well be justified as a means of providing rapid develop
ment, especially if these are to be replaced by eventual development of 
permanent surface supplies. This will occur, unplanned, in southern 
Arizona if the Central Arizona project or some other long distance 
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transfer is completed, and, in Israel, where ground water overdrafts 
since about 1960, by deliberate action, have sustained a growing agri
cultural activity during the period of construction of the diversion 
from Lake Tiberias to the coastal valleys of Palestine. Ground water 
development, as in West Pakistan, may make extensive electrification 
feasible also, with consequent additional benefits to agriculture and in
dustry. In West Pakistan,26 cost of well development and electrifica
tion in former Punjab and Bahalwalpur was $41 per acre; capital costs 
of drainage, fertilizer, pest control and educational facilities raised 
this to $81 per acre. 

It is probable that extensive ground water supplies exist within 
those. heavily populated areas of the sub-arid world where surface 
supplies have been exploited already or where their rapid development 
is inhibited by the magnitude of the task or by international complica
tion; for example, in the Ganges 'Basin, other Indian subcontinental 
coastal basins, and Southeast Asia. An intensive effort should be made 
to identify potent'lia;l areas of available grownd ~vater, particularly in 
these areas of the W01U, and to assess their economic potentials. 

Ground water development should be planned conjunctively with 
surface water. The use of underground reservoirs by artificial recharge 
methods saves the cost of expensive surface reservoir development and 
avoids evaporation losses. 

Development of ground water reserves could provide the quickest, 
easiest and least expensive means to enhance water supply and develop 
food supplies in large areas of the world. Overdraft or mining in the 
earlier stages of comprehensive development can provide the economic 
iInpetus on which later, more comprehensive development lnight be 
founded but there must be foreseeable replacement from surface 
supplies. Emphasis should be placed on initiatimu development in those 
areas or in nearby heavily popUlated regions ~vhere ground ~vater re
sources are reasonably available. 

A criticallJ1'ototype for ground 'water develop1nent.-Priority con
sideration should be given to attempting to implement a critical size 
agricultural development prototype in northern India based on ground 
water. Recent success in West Pakistan in utilizing ground water which 
can be developed relatively quickly and inexpensively as a means for 
ra pidly increasing food prod~ction provides the basic guidelines for 
such an attempt. The probability of the existence of relatively large 
ground water supplies and the relatively high level of education and 
commerce suggest northern India, possibly in Utta Pradesh or Pun
jab, as the most favorable spot, probably in the whole world, to con
duct such an effort. Based on the Pakistan experience the area should 
be of the order of one million acres. 

20 White House-Department of the Interior Panel on Wa.terlogging and Salinity in 
West Pakistan. Rep.ort on land and water development in the Indus plain. Washington. 
U.S. Govt. Printing Office, 1964. 454 pp. 
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Introduction of relatively low-cost power for pumping into the 
developmental area will be essential; hence, one of the important con
siderations will be electrification, including availability of fuel re
sources or, possibly, nuclear energy. Success would require a definite 
commitment on the part of both the Indian central government and the 
concerned state. There is a great deal of talent in India and foreign 
technical assistance, while essential, might be kept to a relatively low 
amount. Based on the Pakistan experience, capital investment would 
be of the order of one hundred million dollars for the first prototype. 

Once confidence in the success of such an effort is established, ad
ditional areas could be developed and a fairly large area of northeast 
Indian and possibly East Pakistan might become involved. Success in 
agriculture, water resources, and electrification, possibly using nuclear 
energy sources, could generate effort toward a coordinated plan for 
the development of the surface supplies.of the Ganges-Brahmaputra 
basin before excessive ground water mining occurs. 

While the short-range objective would be to establish at least one 
region of economic criticality in agriculture, the long-range objective 
would also include the developlnent of other sectors of the economy. 

7.4.4 Oosts of Irrigation Developm,ent (see Table 7-14) 
Comprehensive cost data from Southwest Asia are scarce. Two proj

ects in Iraq, not including storage, provided diversion and canal fa
cilities for $127 per acre (Greater Mussaib) and $217 per acre (Kir
kuk). Recent costs of developing lands for sugar beet production in 
Iran and Iraq have been reported at $1,230 per acre and $975 per acre 
respectively. The cost of developing sugar refining facilities was about 
$1,000 per acre. In Greece, for a recent project, costs, including farm 
systems are reported at $362 per acre, and if sprinkling is used, $590 
per acre. Annual costs are $38 per acre and $68 per acre respectively. 
Cost data from modern projects in other similar areas of the world 
indicate that complete development at costs of less than $400 per acre 
is unlikely, thus an increase of 40 million irrigated acres would· cost, 
about $16 billion. 

In this arid region, it appears that about 2.4 percent of the total 
land area is now irrigated, but this could be raised to nearly 5 percent; 
about one-fourth of which would be supplied by the Tigris and Eu
phrates if their flows were utilized to the maximum possible extent. 

India 27 reports that the 19 million acres being placed under irriga
tion under the three 5-year plans beginning in 1951-52 cost Rs 13,-
100 million ($146 per acre). The estimated cost of irrigating 13.8 
million acres now planned is Rs 5,800 million ($89 per acre). In 
1956, costs for the 2 million acre Nagajunasagar project were estimated 
at $151 per acre net. Costs for the Rajasthan project are estimated by 

!!1 u.s. Agency for International Depelopment. RegIonal Irrigation practices leadership 
seminar, NESA region. 6th Amman, Jordan, 1966. Country reports. 
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the Central Water and P'Ower C'Ommissi'On at $134 per acre net. These 
c'Osts include 'Only reserv'Oirs and distributi'On canals. C'Osts f'Or well 
devel'Opment and electrificati'On were estimated at $41 per acre 28 in 
f'Ormer Punjab and Bahawalpur, West Pakistan. Capital c'Osts f'Or 
fertilizer, drainage, pest c'Ontr'Ol, and educati'On, research, and manage
lnent raised these t'O $81 per acre; c'Omparable c'Osts were $100 per acre 
to $110 per acre in the Sind. The estiInated c'Ost 'Of c'Oastal fl'O'Od pr'O
tecti'On w'Orks in East Pakistan is given by AID s'Ources as $84 per 
acre f'Or a 2.4 milli'On acre project. 

Including lateral distributi'On w'Orks and other investments, C'Osts in 
India may well exceed $250 per acre f'Or irrigati'On devel'Opment. In 
many areas 'Of the W'Orld, c.'Osts are c'Omm'Only higher than this, but the 
Indian pr'Ojects are large in size. Assuming $250 t'O $300 per acre, the 
capital investment c'Osts f'Or additi'Onal irrigati'On 011 the subc'Ontinent 
W'Ould be 35 t'O 40 billi'On d'Ollars. 

In the Indian subc'Ontinent, 47 percent 'Of the land is classified as 
arable and p'Otentially 22 percent may be irrigated. Presently 8.5 per
cent is irrigated. Present water use is ab'Out 18 percent 'Of maj'Or river 
fl'Ow, and this w'Ould be increased eventually t'O 48 percent. 

7 -4.5 Problem8 of 11'1'igation Development 
An inadequate water supply places inherent limitati'Ons 'On the pr'O

ductivity 'Of all 'Other agricultural inputs; Once a full water supply 
is pr'Ovided, producti'On inc:reases resulting fr'Om the interacti'On 'Of 
'Other inputs can he dramatic. C'Onsequently, the devel'Opment 'Of addi
ti'Onal supplies 'Of water by the c'Onstructi'On 'Of dams and canals and/'Or 
by drilling large-capacity wells can' pr'Ovide the basis f'Or a greatly 
increased agricultural pr'Oducti'On. On the 'Other hand, such pr'Ojects 
can create many pr'Oblems which, if. uns'Olved, may ultimately h'Old 
cr'OP yields far bel'Ow p'Otential levels 'Or may actually cause yields t'O 
decline. It must be rec'Ognized hy water engineers, agricultural scien
tists, devel'Opment planners, and g'Overnment p'Olicy-makers that devel
'Oping a water supply is but a small part 'Of the total input required f'Or 
agriculture if it is t'O bec'Ome pr'Oductive and permanently successful. 

Recent studies by.the N ati'Onal C'Ommittee 'On Water f'Or Peace sh'Ow 
that capital f'Or investment in water res'Ource devel'Opment in the devel
'Oping c'Ountries is relatively available, but manp'Ower and 'Organiza
ti'Onal capability within these c'Ountries f'Or investigating and planning 
at acceptable l'Oan standards greatly limits pr'Ogress. Increased atten
ti'On needs t'O be given b'Oth to the training 'Of qualified personnel and 
to establishing planning and generating .instituti'Ons within the c'Oun
tries with which we are c'Oncerned. The 'Organizati'On 'Of regi'Onal inter-

28 White House-Department of the Interior Panel on Waterlogging and Salinity in 
West Pakistan .. Report on land and water development In the Indus plain. Washington, 
U.S. Govt. Printing 'Office, 1964. 454 pp. 
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national land and water resource institutes has been suggested as a 
lneans of alleviating this difficulty. 
704.5.1 ResoU'rce Surveys. Irrigation project planning should be 
backed by an adequate inventory of the physical, economic, and human 
resources a vail able. Resoti~ces, of course, are not constant, but change 
with technological change and with the scope, timing, .and policy of 
development. Past irrigation developments in the developing countries 
have on the whole ;been disappointing. In part, this has been due to 
inadequate evaluation of resources. Most frequent mistakes have in
volved miscalculations of the 'Soil capacity; water supply, drainage, or 
capital requirements. 
7.4.5.~ Salinity and Drainage. Drainage and salinity problems have 
caused disastrous difficulties, and particular care needs to be given to 
these factors. Plans which contemplate the diversion and consumptive 
use of large proportions of the flow of major rivers should be ap
proached with care because water quality deterioration is inherent as 
dilution supplies are reduced and more saline drainage water is re
turned. Use of ground water may complicate salinity considerations 
also. Climate and water supply are highly variable and it is important 
that the etreets o£ variations, as well as averages, be included in 
calculations. 
7.4.5.3 H'llman Factors Must Be Oonsidered. Human resources are 
particularly important and many projects have been severely handi
capped because inadequate attention has been given to them. The 
availability of opportunities and incentives to farmers has been dem
onstrated to be a necessary element for success. In Israel, a highly suc
cessful agricultural developmept strategy has assured farmers of a 
reasonable income with the aid of a subsidy and price fixing program 
used to readjust income in their favor. Too frequently, irrigation in
vestment has been looked upon solely to increase the profit to the land
lord or the state with no increased share to the producer. This will not 
work. 

To obtairi the most efficient use of water, it is necessary to know
both in project planning and in operation-the existing conditions of 
soil, crops, climate, and farm management. There must also be com
munication and understanding between personnel of water'supply 
organizations and agriculturalists if water is to 'be delivered in 
a'mounts and at a frequency which conforms to crop needs. Water 
agencies should inform farmers as far in advance as possible of the 
expected seasonal water supply and of probable water delivery sched
ules so that farmers can make plans and obtain seeds, fertilizers, and 
other inputs required to achieve efficient use of the delivered water. 

At the farm level, irrigation facilities must be properly selected, 
designed, and operated if good use is to be made of the delivered water. 
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The right amount of water applied for the proper length of time and 
at a frequency which conforms to crop needs requires the attention 
of an informed farmer and those who advise him. Governments should 
develop specific programs to improve the utilization of existing irriga
tion schemes and to train farmers in improved irrigation methods. 
There are many areas where water could be used much more efficiently. 
Where water is scarce, farmers should be encouraged to obtain the 
highest yields per unit of water applied rather than use excessive 
water in the hope of achieving somewhat greater yield. This will re
quire in most cases some control of water use if the farmer is to forego 
possible yield gain to achieve maximum water-use economy. 

Development is constrained at present by the problem of large num
bers of people on the land. This cannot be changed rapidly, but the 
target should be intensification and advancement of technology as 
rapidly as is reasonable. A high density of rural population poses 
difficult problems in utilizing modern technology which is based, in 
part, on economies of scale in farming operations. Utilizing coopera
tives and arranging farm units in such a way that modern implements 
can be operated should be considered; farm implement size can be 
scaled down also, as in Japan. . 
7.4.5.4 Irrigation Research. A great deal is known about irrigation 
and agriculture and some countries have spent too much of their lim
ited manpower resources on "basic" research which is irrelevant or 
of remote long-range usefulness t-o the problems at hand. In develop
ing countries, irrigat~on research programs should meet the practical 
needs of development. This does not exclude basic programs designeq 
to solve future problems, but these should be consistent with long
term strategy. 
7.4.5.5. Irrigation Is Oapital-Intensive. Irrigation is very definitely 
a capital-intensive endeavor. It will not pay unless other inputs are 
also used intensively and the level of technology rises rapidly. This 
means that the economic success of irrigation development is tied in 
some measure to the development of other elements of the national or 
regional economy. Normally, projects will continue to require sub
sidy until some level of regional economic viability is reached. There
fore, the effort needs to be of critical size and scope. Under conditions 
in West Pakistan, project elements of a'bout 1 million acres were con
sidered to be the minimum critical size. 
7.4.5.6 Integrated Planning and Management. Why is it that after 
an irrigation dam and main canal facilities have been constructed, 
measures to use this costly water with high efficiency are often over
looked or minimized ~ There are several reasons. One stems from the 
fact that large dams and cannJs are impressive and create visible 
monuments to the accomplishments of governments and assistance 
programs. On the other hand, the extensive network of small distribu-
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taries, head ditches, properly graded farm fields, simple water control 
devices, irrigations scheduled in, accordance with the crop needs, and 
drainage systems are far less spectacular and may not even be visible 
at all to the" traveler or to the political leaders of a country. As a 
result, those measures necessary to achieve efficient utilization of de
veloped water supplies seldom receive the financial support necessary 
to Cftrry them out thoroughly enough to permit maximum crop pro
duction from the irrigation scheme. 

A second reason is that in the basic plans for irrigation projects, 
consideration is seldom given to the problems in the catchment or 
watershed area above the storage or diversion poin~ or to the prob
lems of water utilization and drainage beyond the lateral canals. 
Management of forest and range lands in the upper catchments of 
river basins plays an important part in the success of water develop
ment schemes. Public agencies should therefore provide for appro
priate coordination of watershed management and flood control meas
ures with water development schemes downstream. While, fortunately, 
there is now a growing recognition of the need to look upstream and 
solve the watershed problems and to look beyond the canal laterals and 
deal with problems of drainage, most projects still fail to give enough 
attention to the other basic inputs required for a productive and per
manently successful agriculture. 

In developing countries, the irrigation engineer is usually con
cerned with storage, diversion and conveyance of water. He is rarely 
involved even in the distribution of water to user associations, let 
alone to the farmer's fields. A fundamental part of engineering edu
cation for agriculture in these countries needs to be full recognition 
that an irrigation project is not complete until water has reaclled 
the last row of the last farm on a schedule in accordance with the 
needs of the crop, and any surplus has been taken care of by a suit
able drainage system. Not only the project engineers but government 
officials, legislators, and other policy makers need to recognize that 
so~nd water management is as essential as water development if 
costly irrigation schemes are to contribute SUbstantially to agri
cultural production. 

The sequence of processes required to achieve a productive and 
permanent irrigation agriculture is outlined in the chart on page 454. 
7.4-.5.7 Inareased KlJUJWledgeof Weather and Olimate. The practice 
of agriculture everywhere is highly dependent upon the weather. The 
farmer suffers extensive crop damage due to premature or late plant
ing or harvesting because of drought or flooding, especially in regions 
of dramatic wet and dry seasonal changes common in many heavily 
populated areas. Weather and climate need to have increased study 
with the view to improving prediction in specific years and possibly 
some eventual modification. Increased studies of the monsoon weather 
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of south and southeast Asia would appear to be important and 
promising. 

7.5.0 Water Management 

7.5.1 Water Alone is not Enough 
In many developing countries, the bringing of costly irrigation 

water has failed to increase crop production and in some cases, has 
actually decreased it, because of failure to recognize that water is but 
one of the essential inputs for successful agriculture. After the lack 

Chart 7-1 
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of adequate water is eliminated by irrigation, many other factors may 
then limit yields. For example, it has been found in Thailand that 
irrigation alone, without fertilizers, will often result at first in a strik
ing improvement in yields. But then, unless the supply of plant nutri
ents is soon increased, yields are liable to fall back to previous levels 
or to decline below them as the hitherto unused reserves of nutrients in 
the soil are exhausted by the increased crops made possible by the irri
gation. Inadequate water is often made a convenient scapegoat for 
which to blame any poorly growing crop, even though nutrient defi
ciency, pests, and other problems were concurrent or pqssibly dominant 
limiting factors. 

Figure 7-1 summarizes some of the inputs and processes required to 
achieve maximum crop yield in irrigation agriculture. Obviously, the 
quantity and quality of the water supply must be adequate, and the 
water should be supplied to farms in the amounts, and on a schedule 
which permits irrigation to be applied in accordance with actual crop 
needs. But it is equally important that the introduction of irrigation 
or the improvement of irrigation and drainage should be accompanied 
by a complete program of better cropping practices. All are essential 
if the full production potentials of the land and of the irrigation water 
are to be achieved and if serious disappointments and even ultimate 
failure of irrigated agriculture are to be avoided. 

Figure 7-1 

POSSIBLE 
PRODUCTION .... 

1 (IrrIgation on western farms. U.S. Dep. Agr. Agr. Info. Bull. 199, 53pp. July 1959. 
Reference on p. 49). 
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If crop yields are doubled or tripled by irrigation, the removal of 
plant nutrients from the soil is correspondingly doubled or tripled. 
This means that the crop must obtain more of these nutrients from 
either the soil or from applied manures and fertilizers. Plant require
m.ents for nitrogen are especially increased, accompanied by greater 
demands for potassium and phosphorus. The supply of the so-called 
microelements may a1so become limiting. 

Figure 7-2 shows the interaction between fertilizers and water sup
ply for both alfalfa and cotton. Increased water stress ~lad relatively 
little effect on yields when nitrogen was limiting but caused a marked 
reduction under high nitrogen levels. This figure also calls attention ,to 
the marked effect of water stress on alfalfa yield at both low and high 
levels of phosphorus. 

In many instances in the developing countries, very limited response 
and unfavorable economic returns from fertilizers and irrigation are 
obtained because of the poor quality of the local crop varieties. The use 
of low yielding varieties in field trials is most unfortunate because it 
discourages the farmers' adoption of practices which, with suitable 
plant varieties, would bring them great economic benefits. 

If high yielding varieties are used and high nitrogen and moisture 
levels are achieved, then several new problems are likely to arise asso
ciated with rank vegetative growth, including lodging, increased boll 
rot, and difficulty in controlling insects. The over-riding importallce of 
the interaction of all management factors is well illustrated by the re
sults of field trials in Alabama with seed cotton on the same plots dur
ing three successive years, shown in Table 7-13. 

In all cases, i'rrigation increased the yield of seed cotton, but clearly 
nitrogen fertilization was required to obtain any economic benefit from 
irrigation. The interaction of the two management factors is evident. 
Equally important is the fact that, with the higher moisture and nitro
gen levels, the loss of cotton due to boll rot increased significantly. 
For the highest nitrogen and irrigation treatment in 1959, the loss was 
estimated at 1,300 pounds per acre. Thus, when other inputs are avail
able for high yields, pest control is an essential factor for yield 
optimiza tion. 

Selection and breeding can be used effectively to provide crop 
varieties that will give high performance ,yhen grown with sufficient 
water and high nitrogen fertilization. This is illustrated with small 
grains where traditional wheat varieties if placed under high nitrogen 

,fertilization and given sufficient water may have' rank, vegetative 
growth, lodge badly, and be more susceptible to diseases and insects 
with only limited increased yield. New varieties developed specifically 
to utilize the high rates of nitrogen and water have short, stiff straw 
with yield potentials of 150 bushels per acre. 
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Figure 7 -2 (1) 
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(1) Fertility-irrigation relationships for cotton and alfalfa on a 
sandy Arizona soil. 

1 (Henderson, D. W., Hagan, R. M., and Mikkelsen, D. S., Water use efficiency in irriga
tion agriculture. In: American Potash Institute. Moisture and fertility. Washington, 1963, 
50pp. Reference on p. 46.) 

'i .5.~ Efficiency of Water Use 
Where water is scarce or expensive as it is in many areas of the world, 

irrigation project planners and farmers must strive to obtain maxi
mum crop production per unit of water. Crop yield per unit of water 
actually used by the crop plus unavoidable evaporation losses from the 
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soil is usually called the water use efficiency. Fertilization and other 
cultural practices which lead to high yields usually increase water use 
efficiency. 

TABLE 7-13.-Interaclion of nitrogen level, and irrigation on seed cotton yield, and 
boll rot incidence in Alabama 

Nitrogen, Irrigation treatments 1 
Year pounds per 

acre 
Ml M2 Ma 

o inche8 11 inche8 11'1 inche8 

lM7 0 2,101 2,191 2,212 
60 2,687 3,299 3,321 

120 2,614 4,052 3,967 
240 2,602 4,009 5,071 

';.8 incht8 6.8 incht8 

lQAA 0 2,607 2,744 2,789 
120 3,940 3,967 4,394 
240 3,903 4,461 :I 4,824 
360 23,840 4,304 25,336 

7.1 inche8 1t.8lnche8 

HIMI 0 2,171 3,480 3,222 
120 2,246 24,335 34,181 
240 2,151 24,405 34,313 
360 2,168 34,331 44,400 
480 44,221 
720 44,302 

1 M1: No irrlga.tion. M2: Irrigated at prescribed soil moisture tension. M3: Irrigated at lower tension. Total 
irrigation for season in parentheses. 

2 Boll rot lOss greater than 90 lb. per acre. 
3 Boll rot loss greater than 600 lb. per acre. 
4 Boll rot loss greater than 1,100 lb. per acre. 
Source: Bennett, O. L., and others, Interrelation of nitrogen fertilization and irrigation of cotton. Int. 

Congr. Soil Sci. Trans. 7 (vol. 1): 657-662. 1960. 

It is often thought that the use of fertilizers requires a parallel 
increase in water application. Unless the application of fertilizer 
results in denser foliage which provides a much more complete 
coverage of the soil surface and hence allows a higher rate of evapo
transpiration per unit area, no significant increase in water use is to 
be expected with increased fertilization. In many cases, vegetative 
cover is already sufficient, and the higher yields obtained with fertili
zer do not increase water use (Figure 7-3). Thus, fertilizers provide 
an important means of increasing crop production per unit of water 
applied. 

The sensitivity of crops to moisture stress varies widely over the 
growing season. For seed crops, the c~itical periods for water applica
tion generally are at the time of fertilization or fruit set, and at the 
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time of seed ripening or "filling". Thus in areas of limited water 
supply, response to irrigation depends greatly on the timing of the 
irrigation, and the best manage.ment system may not be that which 
maintains high moisture levels all season. Optimum production may 
frequently be obtained at a level of water application well below that 
required to meet the evapotranspiration potential. . 

In the Texas High Plains, for example, irrigation is accomplished 
by mining a limited ground water supply; the preferable irrigation 
scheme seems to involve a limited water gift far below that required 
to attain the potential evapotranspiration. Experiments at Bushland, 

FERTILITY 

Figure 7 -3 0) 

Water Use 
Efficiency 

--------------- Water Use -----
---- Yield 

(1) Fertilization and other cultural practices for top crop yield usually 
increase water use efficiency, because crop yields generally increase 
relatively more than crop water use. Any increases in water use 
accompanying fertilization are often negligible, as shown by this 
diagram. 

1 Henderson, D. W., Hagan, R. M., and Mikkelsen, D. S., Water use efficiency in irriga
tion agrlculture. In Amerlcan Potash Instltute. Moisture and fert11lty. Washington, 1963. 
50pp. 

&!83-S88 0-67.--31 
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Texas,29 summarized in the table below, were conducted with sorghum 
with different amounts of irrigation water. "\Vhen projected to an 
area of 30 acres with a total supplemental water supply of only 10 
acre-feet (120 acre-inches), the total production was much greater 
when the available water was spread with judicious timing over the 
entire area rather than concentrated in a part of it, even though the 
highest yields were obtained from the fully irrigated acreage. 

Results of field experiments on. sorghum to test limited supply of irrigation water 

Seasonal Water Yield Yield Response Yield 
irrigations use increase (pounds (pounds Acreage Dry Yield increase 

(inches) (inches) (pounds per acre)· per acre- Irrigated (pounds) (pounds) 
per acre) inch) 

0 113.2 3,367 --- ... -------- --------- .......... 0 30 101,010 --------_ ... --
4 18.1 5,750 2,383 595 30 0 172,500 71,490 
8 21. 6 6,537 3,170 396 15 15 148,560 47,550 

12 24.7 6,983 3,617 301 10 20 137,170 36,160 

1 Fromraln. 

Underirrigation should he used with great caution in arid regions, 
because of the danger of salt accumulation in the soil. At least during 
part of the year, the water supply must exceed ~he potential evapo
transpiration to insure that the salt is leached out of the soil. 

Additional Information on Capital Costs of Land and Water 
Development Given in Table 7-14 

Costs are extremely variable depending on the size and complexity 
of the project and what is included. Sonie information was collected on 
costs of projects currently under contruction or in various stages of 
planning. This is shown in Table 7~14. An attempt was made to classify 
projects into categories as follows: 

New Land in Areas Not Previously Settled. Includes both irrigated 
and unirrigated land. Costs under the very large Rajasthan project 
are relatively low, $134/ A. These were estimated several years ago and 
are probably on the low side. Most of othe other examples involving 
irrigation are from Colombia .and range from $86/ A to $1,230/ A aver
aging $460/ A. For very large irrigation projects (over 1,000,000 A) 
without extensive clearing and infrastructure, costs may be under 
$200/ A; and for smaller projects (10,000 A-100,000A) they may ex
ceed $1,000/ A. Costs for an irrigated sugar cane development in Iraq 
came to $1,310/ A without the refinery. . 

,Costs for developing a small rainfed sugar cane plantation in Hawaii 
came to $58/ A; development of large dry-farm grazing and cerealla.nd 
in Australia, $25/ A. Two large developments in Peru, including clear-

28 Musick, d •. T., Personal communication. 
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ing roads and community development, cost $125/ A and $200/ A, 
respectively. 

New Land in Settled Areas. Some projects reported" both new 
lands in settled and in unsettled areas; many included both lands not 
previously cultivated and supplemental irrigation for lands now irri
gated. Costs for the different types were not separable. Those whose 
sole or principal effort was oriented toward new lands to be placed 
under irrigation were assigned to this class. The weighted" average 
of those where areas were known was $400/A excluding a small com
mercial cane sugar venture in Iran. The average is close to those in
curred on the South Saskatchewan in Canada; with land leveling 
totals about $400/ A and sprinkler irrigation systems another $100/ A. 
While the range is from $230/ A to $720/ A, $400/ A appears to be a 
good average figure for medium to fairly large projects (10,000 to 
500,000 acres). 

Development of lands for community pasture (rainfed)" in Saskat
chewan (clearing smalI trees, plowing and disking) cost about $36/ A. 

Irrigation of Lands Presently Oultivated but Not Irrigated. Again, 
most projects included both supplemental irrigation for lands now 
irrigated" plus irrigation of lands now cultivated but not irrigated. 
Those which did not report supplemental irrigation of existing lands 
were classified in Group III. The weighted average cost was $325/ A 
for projects ranging from less than 10,000 acres to 2,000,000 acres. The 
latter is the large Nagajunasagar project in India where costs are 
reported at $151/A. Omitting this project the average rises to $581. 

Supplemental Irrigation for Lands Presently Irrigated. Almost all 
projects included areas of land not previously irrigated as well as sup
plemental irrigation, and costs were not separable. The weighted 
average cost for those using surface supplies was $320/ A. Except for 
a few high-cost projects in the United States, most fell between 
$200/ A and $600/ A. 

For the tirst large 1,000,000-~cre West Pakistan groundwater devel
opment, investment costs for wells, electrification and surface drainage 
are reported at $41/ A. Investment in fertilizer, plants, education and 
extension would raise this to $81/ A. Well costs only, without electrifi
cation, for the remaining 20,000,000 acres have been estimated at 
$23/A. These are for an extremely large project under favorable 
conditions. 

Ooastal Embankment fOT Flood Oontrol. This cost could be highly 
variable. For East Pakistan conditions where monsoon flooding sub
merges some 10,000,000 acres of agricultural land each year, capital 
cost of protection for approximately 3,000,000 acres is estimated at 
$84/A. 



Name of project, 
country, location 

TABLE 7-14.-Co,e" for ,elected water and land development project8 or propo8au 

River basin Remarks 

--------·1-----1------1--1---------------1----1-'----1-----1-----1--------

New Land In Area Not 
Predou81,l &ttled 

mRIGATION 

A. HuUaNo.2, Colom- V 
bla, 3° N., 75°30' 
W. 

B. Santander No.2, V 
Colombia, 7°30' 
N., 74° W. 

C. Bolivar No.1, V 
Colombia, 10° N., 
75~0' W. 

RR Magdalena __ (I) (:r) (oo) (oo) (0) (oo) (0) (0) (s) (0) (:r) MN 0.66 C 

RR 

Magdalena __ (,,) (,,) (oo) (:r) (0) ______ {o) (,,) (0) (oo) AO .80 C 

D. Atlantlco No.3, V ______________________ (0) (s) (s) (:r) (0) (:0) (0) (0) (,,) (:0) (:r) MN .85 C 
Colombia, 1030' 
N.,0050'W. 

E. Norte de Santander, V ________ Zulla. _______ (:0) (.) (:r) (:0) (0) (:r) (0) (0) (oo) (0) (oo) FM .62 FM 
Colombia, No.1. 

$555 6,430 $86 A 

5,240 42,500 124 _. __ __ 

12,300 40,000 308 EP 

55,400 45,000 1,230 E C 

12,100 52,500 230 EF 



F. Rajasthan Canal 
Project, India, 
28° N., 73° E. 

O. HaCt Tappeh Cane 
Sugar Project, 
Iran, 32° N., 
49°E. 

NO mRIGATION 

H. Waialua Agr. Co., 
Hawaii, U.S.A. 

I. Esperance, Aus-
tralla. 

1. Pirene-Satipo ENE 
Peru, 11" S., 
,75"W. 

K. Pomacocha-Tara-
poto Road, Peru. 

II 

New Land in Settled 
Area 

IRRIGATION 

A. South Saskatche
wan, Canada. 

IV 

IV 

V 

IV 

V 

V 

________ Beas ________ (0) (0) (:r) (:r) (:r) (:r) (:r) (0) (:r( (0) (:r) FM, 

NA -------------- (0) (:r) (:r) (D) (D) (0) 

NA Esperance (0) (:r) (0) (D) (D) (0) 
Plains. 

NA -------------- (g) (0) (D) (D) (0) (:r) 

NA -------------- (g) (D) (D) (D) (D) (A) 

(0) (z) (0) (D) 

(D) (0) (D) (0) 

(,,) (D) (0) (0) 

(.) (0) (D) (D) 

(D) 

(0) 

Co) 

(0) 

AO, 
MN, 
P 

FM 

FM 

AO, 
MN 

AO, 
MN 

.44 C 386,400 2,875,000 

.51 FM 27,500 12,600 

1.00 C 9 157 

.90 C 1,200,000 

.50 FM 100,000 500,000 

.12 FM 50,000 400,000 

III Varies South Sas- _________________________________ FM __ .. _ •• __ ••••• ____ • __ -----------

katche
wan. 

See footnotes at end of table. 

134 ______ Costs from "India 
Irrigation and Power 
Projccts". Central 
Water and Power 
Commission. 

1,310 A For sugar cane. U~t 

58 A 

25 A 

200 

125 ------

cost does not include 
$870 per acre Cor 
refinery. 

For growing sugar 
cane. Cost does not 
include depreciation 
on overhead. 

For grazing and 
cereals. 

Source: C.I.D.I.A.T. 

Do. 

300 __ __ _ _ Capital costs. Land 
leveling, $100 per 
acre more. Sprin
kling, $100 per acre 
additional. 

~ 
~ 
~ 

~ 
t::1 

~ 
t::1 
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TABLE 7-14.-Costs/or selected water and land development projects or proposals-Continued 

Name of rcroject, 
.. 

River basin ... .CI country, ocation G,) ! $ !I! § ~ b li 
i 'S bI) 

f '<I) .S 
a u ~ 
:=: ~. ~ 
0 al 0 0 

i 
.. 

a i;l 
~ ~ 0 

G,) '0 G,) u 

l- e; ... S e3 

E = ... 
e3 .CI i 1!3 G,) 

~ 
G,) ~ ~ 

r::I. Remarks -a ~ u ....... ~ 
.. 

'0 I g ~~ 
... ... ~ ~ .. ~ e3 :a ~ 

§ ~ e~ 
G,) u ;:: 

'StA ~ u ~ ~ ... 
u !:I Cl ~Cl g .9 .sa 
] 

... 
~ 

_0 ~ b e;,g G,) <D'O .c § i .~ ~ t= e3 -g~ 0' 

-< 
... 

r::.t Pot ~ ...:I 0 f4 Pot 0 ~ 

- - - - ------
B. Lower Moulouya IV RB MoulouYB ___ ( 0) (0) Co) Co) (0) AO, --.- .. FM $120,000 175,000' $685 EC 

River, Morocco, MN 
33°N.,8°W. 

C. East Ghor Project, IV RR Jordan .. ____ Co) Co) (0) (0) ( .. ) FM, 0.65 FM 20,100 30,000 670 A Llmited reservoir 
Jordan, 32° N., AD storage on local 
36° E. wadi. 

D. Moquequa Project, IV RB, Moquequa._ (0) (0) (0) (0) (0) OA .70 C 23,907 16,800 1,420 EC 
Peru, 17° B., RR 
72°W. 

E. Amarah Cane IV RB Tigris. ______ (0) (0) ( .. ) ( .. ) ( .. ) FM .53 FM 31,000 15,400 974 EC For sugar cane. Unit 
Sugar, Iraq, cost does not include 
32° N., 37° E. $1,OiO per acre for 

refining. 
F. Helmand Valley, IV RB Helmand ____ Co) (0) (0) ( .. ) (0) AO .77 FM, 100,000 430,000 230 EP Includes lands not 

Afghanistan, C prevIously settled, 
31° N., 65° E. or cultivated and 

supplemental supply 
for lands previously 
irrIgated. 

NO IRRIGATION 

G. Saskatchewan, II NA 8askatche- (10) --- ._- ._- --- -- ........ -- .... -_ ... - ........... _- -- .. --- ..... - -- ... ----- ........ 361 .. ... - .. -- Community pasture. 
Canada wan. 

John M
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TABLE 7-14.-C08t8 for 8elected water and land deulopment project8 or propoaa18-Continned 

-5 
.. 

~ t'A ,..,.. <D 
~ ~ ! ~ <D 

~ 
-;;; 

~ a Q ... .. .. <D ." .t:l 

~,..,.. ~ <l> 

Name ot Fo;0ject, River basin ~ ! ~ Remarks 
~ 

~ 
til) e § ~ ~ t3 rn .. ." 

country, ocatlon <D 'ti5 ~ ~ .t; Ji '0 J?l § g.g c:I tit 
~ 9 Ii:: d 

~ 
Co 'ti5 ~ ." =is N ,Q 

j 1 
0 Co 

~ 
~ ... 

~ 
<l> 

'8 til) '0 u ~ ~ 
0'.:1 ti '0 

~ f .a -I>- ~~ 
.. 

<D 

~ ~ i ~ 
u 

~ ~l i .s oS 

~ ~ j ~ a ~ ~ -;;;.8 
~ ~ ~ ~ :;s t~ be 0' 

0 &l 
.. 

~ 0 tll 0 0 ~ tll ~ 0 f;q Po. f;q ~ -< 0 Eo! 0 ~ 

- - - - - - - --
IV 

Supplemenlal Irriga-
tion to Lands Now 

Portlu Irrigated 

A. Rio Dulce, Argan- IV RS Rio Dulce ___ (0) (0) Co) (0) (s) (o) ( 0) (o) (0) (s) (0) AO, 0.93 C ------ ... -- 295,000 $265 EC Project has intensive 
tina, 28° B., MN, salinity problem. 
MON. P Includes lands not 

previously culti-
vated. 

B. Animas-LaPlata, IV RB Colorado ____ (0) (s) (s) ( .. ) (s) (.I) (0) (0) (0) (0) (0) FM .44 FM $78,971 72,120 1,095 EC Adds some lands not 
U.S.A., 37° N., previously cult!-
108° W. vated. Non-Federal 

cost $35 per acre ex-
cept sprinkling 
which is $85 per 
acre. 

C. Auburn-Folsom, III RS Sacramento: (0) (s) (0) (a) (a) (a) (0) (0) (0) (a) (0) FM .SO FM 146,175 413,400 3M EC Adds some lands not 
U.S.A., 39° N., OW Ban previously cult!-
1210 W. Joaquin. vated. 1962 price 

level. 



D. Dixie, U.S.A., III RS Colorado ____ (0) (0) (0) (a) (z) (a) (0) (0) (0) (0) (0) FM .73 FM 31,411 21,060 1,492 EC Includes lands not 
37° N., 114° W. previously culti-

vated. Non-Federal 
cost. Clearing, $10 
per acre, leveling, 
$100 per acre, ditch 
lining $100 per acre, 
on new lands. $30 to 
$38 per acre on pres-
ently irrigated lands. 

E. Savery-Pot Hook, III RS Colorado ____ (0) (0) (0) (0) (a) (0) (0) (0) (0) (0) (0) FM .26 FM 14,888 35,265 442 EC Includes additional 
U.S.A., 41° N., land not previously 
107° W. cultivated. N on-

Federal farm de-
velopment cost $35 
to $75 per acre. 

F. Rio Colorado, Ar- III RR Rio Colo- (0) (z) (0) (0) (0) (0) (0) (0) (0) (0) (0) AO ----- C 5,900 40,775 145 EP Includes additional ~ gentina, 39° S., rado. land not previously 
64° W. cultivated. to:3 

l".1 
G. Sao Goncalo, V RS Piranhas ____ (0) (0) (0) (a) (0) (0) (0) (0) (0) (0) (0) AO .16 C 14,459 125,750 114 EP ~ 

Brazil, 5° S., 

~ 38°W. 
H. Upper Pampanga V RS Pampanga __ (0) (z) (z) (a) (a) (a) (a) (a) (a) (a) (0) AO ----- FM 40,505 200,000 202 EC Includes some lands t::::I 

River, Philip- not previously 

~ pines, 15° N., cultivated. 
121° E. 

I. Lam Pao, Thai- V RS Lam Pao ____ (0) (z) (0) (a) (a) (a) (a) (0) (0) (0) (0) AO ----- FM 11,052 39,526 254 EF Do .. t::::I 

land, 16° 50' N., 
103°30' E. 

J. Me Tang, Thai- V RR Me Tang ____ (0) (0) (a) (z) (0) (a) (z) (0) (0) (0) (0) AO ----- FM 7,750 58,102 134 EF Do. 
land, 19° N., 
99° E. 

K. Lam Pra Plemg, V RS LamPra (a) (a) (a) (a) (a) (a) (a) (0) (0) (0) (0) AO ----- FM 8,300 27,669 299 EF Do. 
Thailand, 14° 30' Plemg. 
N., 102° E. 

L. Lam Nam Oon, V RS LamNam (0) (0) (a) (a) (0) (a) (a) (0) (0) (0) (0) AO ----- FM 13,885 56,284 246 EC Do. 
Thailand, 17° N., Oon. 
104° E. 

M. Artibonite, Haiti, V RR Artibonite __ (0) (0) (0) (a) (a) (0) (0) (0) (0) (a) (0) AO 86 C 19,200 80,000 240 EP Includes some lands 
19° N., 72°30' W .. not previously H::.-

0) 
cultivated. Esti- -...:r 
mates are 1950 costs. 

See footnotes at end of table. 
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~ 
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N. Tumbes, Peru, 30° V GW, Rio Tumbes. (0) (oo) (0) ( .. ) ( .. ) (0) (0) (0) (0) ("') (0) AO 80 0 $11,322 48,600 $230 EO Includes some lands 

40' S., 80°20' W. RS. not previously 
cnltivated. 

O. Rio La Villa, V RS LaVilla _____ (0) Co) (m) (,,) (") (0) (0) (0) (0) (0) (,,) MN, 59 FM 12,925 27,500 470 EP Do. 
Panama, 8° N., P 
80°30' W. 

P. Rio Sucio, El Sal- V GW, Rio Sucio ___ (0) (0) (0) (,,) (,,) ("') (0) (0) (,,) (0) (z) AO 90 0 3,920 10,800 365 EO Do. 
vador, 14° N., RR 
89°W. 

Q. San Lorenzo, Peru, V RS Plura (0) (II) (I» (0) (0) (9) <r) (0) (0) (0) (t) FM 70 FM 63,000 100,000 630 EF Includes 25,000 acre's 
5° S., SlOW. Buiroz not previously 

Ohlpilliro. cnItivated. Cost: 
$403/A for construc-
tion, $200/A for 
colonization. 

R. TJnaJones, Peru, V RS Chancay --- _.- --- .. - .. - --- --- --- --- --- --- FM 60 FM { 40,000 150,000 266 EF Supplemental Irrlga-
7° S.,80oW. ·L1uacano. 40,000 200,000 200 EP tion. 180,000 acre 

supplemental. 
20,000 acres new 
lands. 



S. Scarp I, West IV GW Indus __ ~ ____ (0) (0) (0) (0) ( .. ) (0) (0) (D) 
Pakistan, 31° N., 
73°E. 

T. Upper Indus, West IV GW Indus _______ (0) (0) (0) (0) ('") (0) (0) (D) 
Pakistan, 31° N., 
72°30' E. 

U. Wadi Arab Dam, IV BS Wadi Arab, (0) (D) (0) (0) (0) (0) (0) (0) 

Jordan. Jordan 
Basin. 

V 

Coastal Embankment 
jor Flood Control 

A. East Pakistan V NA Ganges ______ ( 0) (0) (0) ( .. ) (0) (0) (D) (0) 
22° N., 90° E. 

·Storage already exists. Includes some land not previously cultivated. 
tApparently includes other costs than irrlgatlon, but could be cost per gross area. 

(0) 

(0) 

( .. ) 

( .. ) 

.. RB=BCServoir storage; TB=tank: storage; GW=ground water; BB=run of river 
diversion; PB=pumped from streams; NA=Not applicable • 

• FM=fuUy modem; AO=animal power but fertWzer and pest control; MN= 
mechanical power, little or no fertilizer, or pest control; P=prlmltlve. 

c FM=fuUy mechanized; C=combination of modem and prlmltlve methods; P= 
primitive. 

It Assigned to irrlgation or agriculture if multiple purpose. 
• A=actual costs; EF=estlmated final costs; EC=estlmated costs at proposal or 

loan appllcation stage; EP=estlmated costs, prellminary study. 
f $37 per acre. 
I $40 per acre. 
"$50 per acre. 
i $50 per acre. 
I $50 per acre. 

(D) 

(0) 

(0) 

(0) 

(0) FM, ---_ ... FM 30,800 1.02~OI7 ! 
AO 

(0) P, .80 FM 483,094 20,896,000 
AO 

( .. ) AO .33 C 6,240 33,500 

(0) AO, .80 P 238,000 2,840,000 
P 

I; $20 per acre. 
I Plowing and dlscing, 3 passes, $16 per acre. 
m $60 per acre • 
.. $20 per acre. 
'Not included. 
p $100 per acre. 
(/ $70 per acre. 
r $30 per acre. 
• $40 per acre. 
I $17 per acre for both. 
.. $17 per acre. 
• $35.62 per acre for ripping subsoil. 
'" $25 per acre for both. 
'" lncluded but cost not specified. 
fI $62 per acre for rock raking. 

30 EF Tube wells and elec~ 
triflcation. 

41 EF Total capital costs. 
81 EC Total development 

costs including 
fertilizer, education, 
etc. 

23 EF, Cost of tubewells (no 
EC, electrification)' only. 
EP 

186 EC Supplemental water 
only. 

84 EF No water supply 
furnished. 
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8.0 TROPICAL SOILS AND CLIMATES 

8.1.0 Summary 

The developing nations,in. which food production is rising at a 
slower rate 'than human reproduction, lie largely in ·the tropics. In 
much of this region crops must be grown on soils often severely leached 
of nutrients and in association with pests whoSe depredations never are 
interrupted by winter. The region is characterized by a tradition
bound peasantry that often is controlled by a political system with its 
power base in cities which are not familiar or concerned with problems 
of farming and with measures needed for its improvement. 

In the tropics where general climatic and soil characteristics suggest 
a vast unused potential for food production, there are large areas of 
uncultivated or undercultivated land. To realize this potential two 
major deficiencies must be overcome: (1) deficiency of knowledge of 
tropical soils and of practical soil 'and crop management systems 
needed .for sustained high yields; and (2) deficiancy of technological 
and economic inputs of the kind and size now available to producers 
in temperate regions. 

Tropical soils range from highly-leached ones of the rain forest to 
alkali-saturated soils of the desert; from rich volcanic soils of Java 
through alluvial soils of. the Nile delta to impoverished soils of the 
Ancient uplands. 

On some of these soils, cultural methods similar to those of tem
perate zones have resulted in annual yields greater than those of tem
perate regions. In other areas, these same cultural methods have spelled 
disaster, sometimes resulting in eSsential destruction of the tropical 
soils. Unfortunately, temperate zone farming methods have usually 
been inferior to those used by indigenous cultivators in managing soils 
of the tropics. 

A common a~icultural system of the humid tropics is the slash and 
burn method. The forest is cut and burned, the soil is cultivated until 
the natural fertility is gone, then abandoned to forest. 

The local cultivators may be uninformed, but they do not lack in
telligence. They have made adaptations to the needs of the tropics. 
For example, some send their cattle to forage in the daytime, pen them 
at night, collect the manure, and put it on their kitchen gardens. Primi
tive farmers in some countries have for centuries used human manure. 

472 
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As a result, the soil in some places, especially in China, is reasonably 
fertile within walking distance or bullock -cart distance of the villages. 

In the United 'States the man in the street thinks science and tech
nology can save the hungry nations. In the past two decades, his con
gressman has reflected this feeling in the national foreign-assistance 
policy of "know-how, show-how." There are various difficulties asso
ciated with this policy, one of which Kipling stated as follows: 

"The end of the fight is a tombstone white 
with the name of the late deceased. 

And the epitaph drear: A fool lies here, 
who tried to hustle the East." 

Technology must be devised in each developing nation and vast 
efforts .must be made to learn what technology will work in the tropics. 
The United States should cooperate with interested governments to 
develop agricultural research and education institutes in several tropi
cal areas to focus on production, storage, processing,and marketing of 
food crops. 

8.2.0 Introduction 

Most of the nations having food supply problems lie in the tropics 
where food production and income have lagged far behind the increas
ing population. It is in the tropics where trained manpower by modem 
standards is woefully inadequate, where inputs such as fertilizer, im
proved seeds, insecticides and credit are often nonexistent, and where 
processing, storage, and transportation facilities are also lacking. 

In contrast many of the inputs known to improve food production 
are associated with environments and nations of the temperate zone. 
Sad experiences have demonstrated that these inputs often cannot be 
tranferred directly to meet the needs of tropical agriculture. This sub
panel was formed to examine some of the problems and opportunities 
of tropical areas and to suggest means of using principles developed in 
temperate zones for the improvement of tropical agriculture. 

There are some fertile soils in the tropics such as those derived from 
vulcanism in Java or those derived from silting in the Nile Valley. In 
vast areas, the soils are so infertile that native vegetation is able to exist 
beC3;Use of its compost and a rapid recycling of minerals. In some areas, 
subsistence farming depends largely on the method of slash-burn
cultivate-fallow. With this method, the land is cultivated only a small 
portion of the time. 

If a hungry nation is to have more food, it must either extract more 
food from its present cropland or expand food production on new land. 
In some countries a farmer can move only to ancient soils of low fer
tility which are intractable to limited resources of the peasant. Some 
soils are potentially productive with appropriate inputs of industry 



474 THE WORLD FOOD PROBLEM-VOL. II, 

and assistance from the government, provided other resources are de
veloped which can share the costs of transport and other services. 

Experience in developing countries shows that even the more infer- , 
tile lands can he made productive provided appropriate technological 
inputs are developed and applied. Highly sophisticated basic research 
is needed to realize the potential productivity of the tropical areas. 
Also required is an immense amount of adaptive research and develop
ment of cultural systems acceptable to native farmers. Local problems 
of producing food in the tropics demand local inventions. 

8.3.0 Characteristics of Tropical Soils and Climates 

The subpanel has confined itself to areas most commonly considered 
"tropical" by the general public. Deliberately excluded are regions 
subject to frost or regions which have a mean monthly temperature 
of less than 55° F. 

Except for effects of air currents from oceans' and deserts, most 
variations among tropical climates are associated with amount and 
seasonal distribution of rainfall. This fact is the basis of classifying 
tropical climates in Table 8-l. 

Except for the rainy regions, pronounced seasonality of rainfall dis
tribution is characteristic of tropical climates. In most places, length 
and intensity of the dry season are more critical criteria for appraising 
agricultural potential than absolute amounts of rainfall. 

Compared with temperate zones, the tropics receive a much larger 
amount of the radiant energy potentially available for photosynthesis 
per unit area, other factors being equal. Equatorial regions free of 
clouds would receive between 56 percent and 59 percent of the potential 
525,000 calories per square centimeter annually after correcting for 
losses within the atmosphere. This compares with 47 percent at 40° 
north, or south latitude. The difference is attributed to the angle of 
incidence of sunlight and consequent passage of light through a greater 
thickness of atmosphere and its distribution over a larger land area~··--- ~ 

Cloudiness reduces the amount of sunshine actually received in cer
tain regions. Hours of sunshine annually in different tropical regions 
range from as little as 20 percent to nearly 100 percent of what is pos
sible. Sunshine increases from wet to dry regions. A much larger 
part of sunshine received is available for photosynthesis in the tropics 
than in temperate zones because temperatures of the tropics are above 
the minimum for plant growth. 

Generally the degree of weathering and leaching of soils increases 
from the driest to -the wettest regions. With increased went-hering, 
amounts of plant nutrients in the mineral fraction decrease as does 
the capacity of that fraction to hold added nutrients in 'forms plants 
can use. Thus the organic-fraction-nutrient-supplying capacity of 
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TABLE 8-1.-Land areas of major climatic regions of the tropics 1 

(Millions of acres) 

Asia and Australia South North 
Tropical climatic regions Pacific Africa and New Ameri,ca America 

Islands Zealand 

Rainy climates. (9~ to 12 
months humid) _____________ 860 486 ------------ 1,484 111 

Humid seasonal climates. (7 
to 9~ months humid): ______ 678 1,233 23 1,423 127 

Wet-dry climates; (4~ to 7 
months humid) _____________ 366 1,592 131 242 187 

Dry climates . .<2 to 4~ 
months humid) _____________ 216 1,202 281 170 38 

Semidesert and desert 
climates. (Less than 2 
months humid} ____________ 324 752 242 46 17 

TotaL __________________ 2,444 5,265 677 3,365 480 

475 

Total 

2,941 

3,484 

2,519 

1,907 

1,382 

12,233 

1 Climatic regions adapted from H.E. Landsberg, H. Lippman, K. H. Patten, and C. Troll. 1963. Die 
Jahreszeitenklimate der Erde. Heidelberg Akademie der Wissenschaften, E. Rodenwaldt and H. J. Jusaiz, 
editors, Springer Verlag. 

dominant soils increases from wet to dry regions as do limitations due 
to drought. These relationships can be seen from results in Table 8-2. 

These generalizations do not infer that soils of tropical regions are 
uniform over large areas. Indeed, the local soil pattern is extremely 
complex in many areas and variety of tropical soil conditions proba:bly 
exceeds that of the rest of the world. 

8.3.1 Olimatic Regions 
Climatic regions 'are described here in terms of selected critical 

climatic factors and in terms of the general character of soil resources. 
The various kinds of soils -are described in more detail in subsection 
8.3.2, which follows. 

8.3.1.1 Reg'iows of Rainy Olimates. Tropical rainy climates (Table 
.. ... -B-1) are. ,regions in. which. the vegetation is dense, high rain forest. 

Short interruptions of rains are too little and too mild to favor de
ciduous plant species. Some grow in native forests, however, in areas 
with 2to21h months dry season. 

Throughout the region, native vegetation is dense, high forest with 
understories of species tolerant of 'low.·light intensity. Anthropic 
savanna has encroached on margins of the zone where the dry season 
is conducive to burning. Humidity is high most of the year 'and day
time tempe:J;atures range from 80° to 90° F. Both diurnal and seasOnal 
fluctuations of temperature are small. The inci~ence of cloudiness is 
high 'and sunlight energy available for photosynthesis is corre~ond
ingly reduced. Cropping is possible 12'months a year. A high propor
tion of the region is undeveloped. 

1!63-888 O-M--32 
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TABLE 8-2.-Acreages of principal kinds of 80ils by major tropical climatic regions 
[Millions of acres] 

Tropical cHmatIc regions 

Soil groups Semi-
Rainy HumId- Wet-dry Dry desert Total 

seasonal and 
desert 

------------
LIght colored soilS; base rich ______________ 11 17 241 934 520 1,723 
Dark colored soIls; base rich (Cherna-

zemic, Grumusols, RendzIna, Brown Forest) _________________________________ 
57 139 294 229 2.4 722 

Moderately weathered and leached' soils 
(noncalcIc Brown, Ando) _______________ 11 84 221 ' 186 14 516 

Highly weathered and leached soils (Lata-
sols, Lateritic, Red-Yellow PodzolIc) ___ 2,299 2,678 1,170 122 2.2 6,271 

Shallow soils and dry sands _______________ 201 259 , 419 378 830 2,087 
AlluvIal solls ______________________________ 

361 306 i 

175 58 13 913 

TotaL ______________________________ 
2,940 3,483 2,520 1,907 1,782 12,232 

Highly weathered and leached soils (Table 8-2) cO'ver almO'st fO'ur
fifths O'f the land in the rainy trO'pics. DO'minant SO'ils have the physic'al 
PO'tential fO'r excellent plant grO'wth if problems O'f SO'il fertility, pests, 
diseases, and similar factors can be sO'lved. 

SO'il fertility is an O'utstanding limitation in primitive agriculture. 
The much smaller 'area O'f mO'derately weathered and base rich SO'ils 
(Table 8-2) is significant in primitive agriculture that lacks inputs of 
industry. Native fertility O'f these soils is a majO'r factO'r in supporting 
prO'ductiO'n at IO'W rates, but by modern standards the rate O'f release 
O'f nutrients is inadequate fO'r even moderate rates O'f productiO'n. 

The 350 milliO'n 'acres O'f alluvial SO'ils are much more important. 
These relatively fertile SO'ils O'f the IO'wlands along rivers include rice
prO'ducing areas O'f humid trO'pical Asia and vast areas of unexplO'ited 
land alO'ng rivers O'f tropical rain fO'rests of SO'uth America and Africa. 

The acreage O'f truly recent alluvium is probably greatly exaggerated 
since soil estimates include older 'alluvial terraces with weathered, 
leached SO'ils. Nevertheless, the resO'urces O'f alluvial SO'ils is large. 

The cycle O'f plant nutrients thrO'ugh vegetatiO'n and back to' the SO'il 
is extremely important in primitive agriculture of the trO'pics. Forest 
fallO'w, whether in unorganized shifting cultivatiO'n O'r in planned rota
tiO'ns, is mO're effective in the rainy trO'pics than in O'ther climatic 
regiO'ns w'here drO'ught reduces its effectiveness. The large amounts of 
nutrients cycled thrO'ugh forest trees are shO'wn in Table 8-3. 

8.3.1.'2 Region8 of Humid SerMonal Olimates. With 21h to 5 dry 
mO'nths, these are regiO'ns where vegetatiO'n is green during the majO'r 
part of the year but where most species lO'se their fO'liage during the 
dry season. MO'st areas were prO'bably O'nce cO'vered by deciduO'us O'r 
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TABLE 8-3.-Amounts of dry matter and plant nutrients returned to the soil upon 
cutting vegetation of different ages in different climatic regions 1 

Pounds per acre 

Cllmatic region Kind and age of fallow 
Dry Phos- Calcium 

matter Nitrogen phoros Kaolin and Mag-
nesium 

---------
Rainy ________________ Forest, 40 years _____________ 300,000 1,634 112 731 2,.563 

Forest, 18 years _____________ 130,000 499 65 361 001 
Forest, .5 years ______________ 78,000 349 21 307 2,001 

Humid, seasonaL ____ Woodland, virgin.. _________ ._ 296,000 1,103 110 851 2,180 
Woodland, 6 years. __________ 42,000 277 24 155 336 

Wet-dry _______________ Woodland, unknown age ____ 00,000 .............. --... _- 45 153 441 
Savanna, 20 years ___________ .56,000 113 20 171 320 
Tall grass ___________________ 

3,000 15 .5 31 17 

1 Nye, P. H. and Greenland, D. J., 1960. The Boil under BhijUng cultivation. Commonwealth Bur. Solls 
Tech. Commun. 51. Harpenden, England. 

dominantly deciduous forests, the dominant species ranging to more 
than 75 feet high and understories containing mainly woody vines and 
shrubs with little grass. Most of the area has been subjected to dry
season burning over long periods of time, and a high proportion is now 
anthropic savanna where tall grasses that are not soil-improvers are 
prominent. 

Temperature, humidity, and cloud cover during the rainy season 
are similar to those of tropical rainy climates. Moisture is adequate 
for cropping during the long rainy season. In most areas, dry season 
crops can be grown with appropriate reduction in crop stand, control 
of weeds, and other moisture-conserving practices for part, if not all, 
of the dry season. Annual fluctuations of rainfall are large in absolute 
magnitude, and length and intensity of the dry season vary somewhat 
from year to year. However, rarely is the rainy season proper so short 
that crops fail. 

This is the largest climatic region of the tropics, a region of reason
ably dependable moisture in which a high proportion of non-irrigated 
agriculture is concentrated. Probably this is a consequence of at least 
moderate effectiveness of forest fallow in maintaining soil fertility, 
coupled with the effectiveness of fire as a tool to control plants that 
compete with crops. 

Table 8-2 shows that about three-fourths of the region has highly 
weathered and leached soils. They are like the soils of the same group 
in the rainy climate though large areas of anthropic savanna have lost 
organic matter. Loss of organic matter also resulted in the physical 
deterioration of soils and loss of nitrogen. 

Moderately weathered and leached soils and base-rich soils occupy 
greater areas than in regions with rainy climates. As in the rainy 
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climatic region, higher fertility is highly significant to primitive 
agriculture. It is less important under modern cultural methods. 

The dark-colored base-rich soils are mainly clays which have major 
physical limitations but high mineral fertility. Some of these soils 
have high pvtential for rice production. The large area of alluvial soils 
in Table 8-2 is probably inflated because older, more highly leached, 
soils on terraces are included. Nevertheless, the acreage isvery large 
indeed; the area of relatively fertile recent alluvium may rival the 

. combined areas of the principal corn-belt states. Many of the principal 
rice-producing areas of this climatic zone in tropical Asia are on 
alluvial soils. 

In primitive agriculture shifting cultivation maintains fertility on 
dom~nant soils. Table 8-3 illustrates that. cycling of nutrients through 
forest fallow is more effective, though smaller, than in the rainy 
climate. A very large area has been burned repeatedly,however, and 
reverts to savanna vegetation when returned to ~allow! 

Table 8-3 shows the relative cycling ineffectiveness of grasses and 
shrubs in the wet-dry tropics. The data give a crude though 'exag
gerated impression of ineffectiveness of fallow under anthropic 
savanna in this region. 

8.S.1.S Regions of Wet-DTY Olimates. In these regions, generally half 
of the year is dry. The region supports dry open deciduous woodlands 
with grass ground cover, open savanna with woody plants in scattered 
groves within grasslands, or grasslands with scattered woody trees and 
shrubs. 

Trees range to 50 feet in height. Fire, overgrazing, and other eff~cts 
of man's activities have greatly reduced the number of trees. 

The rainy season is long enough and intensive enough for at least 
one rainy-season crop. While cropping may extend into the dry season, 
the length of drought is too great for growth of any but drought
tolerant crops throughout the period. 

These are regions of drought hazard; both absolute amounts of rain 
and the times at which the rains begin and end vary from year to year. 
In some years, only 15 to 25 inches of rain may fall, aU in a four-month 
period. 

During the ra;iny season, cloudiness is somewhat less than in rainy 
climates, and sunlight energy for photosynthesis is correspondingly 
greater. Cropping occurs during the rainy season, and grazing is of 
much greater importance than in more humid climates. 

This is the largest region of the India-Pakistan subcontinent and of 
Africa. It contains much of the "game" areas of the latter. In tropical 
South America, it comprises 242 million acres-just one-sixth the si2;e 
of that continent's rainy-climate regions. 

Table 8-2 shows that soils of higher base status are major compo-
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nents though highly weathered and leached soils cover a greater area 
than any other kind in this region. Nitrogen is low and in many areas 
phosphorus is very low, although bases and phosphorus on some soils 
'are more abundant than in wetter climates. 

rhe climate is one of short and uncertain rainy season and is ha.z
ardous for cropping without special inputs for conservation of mois
ture or for irrigation. Alluvial soils are important in these areas and 
represent a resource especially well-suited to irrigation. 
B.3.1.4 Jl.egi0n8 of Dry Olimates. Here, where tropical thorn bush and 
thorn-bush savanna thrive, drought is the rule ra.ther than the excep
tion. "Short" and "uncertain" describe the rainy season. 

It was on the margins of this zone on soils of poor structure that 
the major British "ground-nut" project failed in Africa in 1949-50. 
During the first cropping season only 10 inches of rain fell, mainly 
within a very short period. Normal rainfall is 22 inches. 

Cropping during the rainy season is possible hut hazardous. Grazing 
is more common than in more moist regions. In fact, overgrazing often 
is a serious problem. 

The region is very extensive in Africa. It is also important on the 
India-Pakistan "Subcontinent where population pressure has forced 
agriculture into the zone. It is less extensive in South America. 

Base-rich soils dominate. The areas of highly weathered and leached 
soils are' ma,inly on very old land forms; many are relics of former 
more humid climates. Mineral nutrients are more abundant than in 
wetter regions, but nitrogen reserves are small. Salt is a problem in 
some low-lying areas. 

Physical soil conditions range widely, but generally soil tilth is a 
greater problem than in wetter regions. Some soils have physical char
acteristics that prevent tillage with hand-tools until the rains come, 
which may then fail before a crop can be planted and matured. 

Moisture is the first limiting factof, and without irriga,tion crop 
production is extremely hazardous. With irrigation and inputs of in
dustrial products, large areas could be highly productive. 
8 . .'!1.1.5 Regions of Semi-Desert aM Desert Olimates. Rainfall is not 
only low but highly uncertain. Vegetative cover ranges from sparse 
grass cover with thorn bush to barren land. Nomadic' grazing is prac
ticed. Cropping without irrigation is highly hazardous. Cloudiness and 
humidity are low. Diurnal fluctuations of temperature are very great, 
commonly ranging from 50° to 70° F. from day to night. Daytime tem
peratures are very high. 

The soils are light-colored, rich in bases, low in organic matter and 
nitrogen reserves. Many in low-lying areas are salty. Important areas 
could be very productive with water for irrigation and with fertilizers 
and other products of industry. Many are productive alt present as in 



480 THE WORLD FOOD PROBLEM-VOL •. II 

the Nile Valley. Without irrigation, the region has very lowagricul
tural potential. 

8.3.~ Tropical Soils 
In Table 8-2, acreages of broad groups of soils are tabulated by cli

matic regions. One notes that half of the aggregate area has highly 
weathered and leached soils inherently low in capacity to supply plant 
nutrients. These soils are abundant in regions where rainfall is most 
plentiful for production of. crops. High rainfall and stable land sur
faces that ha,ve not been rejuvenated by geologic erosion contribute 
to their condition. This is why primitive agriculture is often concen- . 
trated 011 steep land where erosion has removed weathered material 
or on alluvial soils of the lowlands which are rejuvenated by fresh 
sediments. The areas of these soils in' drier regions mainly are relics 
of a time when rainfall was more abundant. 

In ,primitive agriculture, .alluvial soils and dark-colored base-rich 
soils have special significance. In climates with adequate rainfall, these 
two groups have the greatest inherent fertility for exploitation by 
primitive agriculture with its lack of fertilizers and other modern 
products. These soils also have high potential for modern agriculture. 

Data relating to potential arable land of the different soil groups are 
summarized in Table 8-4 . .A total of some 3 billion acres of land is 
estimated as arable under a technology level equal to that now pra.cticed 
in the United States. 

These rather crude estimates are considered conservative in rela
tion to the physical and biological potentials of the soils. However, 
they do not take into account the ~nomic inputs necessary for de-

TABLE 8-4.-Acreage of different soil gro:ups and erude estimates of potentially 
arable areas 

Total area 
Soil Groups 

1. Light-colored hfl.'<A ri~h 

2. Dark-colored soils base rich (Chemozemic Grumusols, 
Tendzlna, Brown 'Fnr".<lO 

3. Moderately weathered and leached. soils (Non·Calcic 
Brown, Ando) 

4. Highly weathered and leached soils (Latosols, Lateritic 
Row-Yellow pnrlocnHp) 

5. Shallow & !llI.nrl~ 

6. Alluvial !lnil~ 

~1 

I Under technology equivalent to that of the Uuited States. 
2 Assumes the. application of irrigation water. 

(millions 
of acres) 

1,723 

722 

516 

6,271 
2,087 

913 

12,232 

Estimates of Potentially 
percentage of arable area 
land that is assuming 
potentially median esti-

arable I mates (millions 
(percent) of acres) 

210-30 330 

40-00 345 

25-50 190 

30-55 2,645 
5-15 190 

30-60 430 

4, 130 
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velopments such as land clearing, drainage or irrigation, roads, etc. 
A brief description of the characteristics of the soil groups listed 

in Table 8-2 follows: 
Highly-Weathered and Leached Soils. Dominant soils are deep,fri

able and permeable to air and water, with some notable exceptions 
like Ground-Water Laterites. If topography permits, they are easy 
to till and many are resistant to erosion. Erosion is serious, however, 
when the soils on bare slopes are subjected to torrential rain. 

The organic cycle is a major source of plant nutrients. Primitive 
cultivators have capitalized on this fact by cropping for only a few 
years before allowing the soil to return· to forest for regeneration. 

Accurate data on amounts of nutrients returned to the soil are scarce. 
One of the most comprehensive studies was done in Ghana and indi
cates that 10 tons of dry matter, 220 pounds of nitrogen, 12 pounds 
of phosphorous, 260 pounds of potassium, 200 pounds of calcium, and 
60 . pounds of magnesium are returned to each acre of soil annually 
under high forest. This is the primary mechanism by which soil fer
tility is maintained in a native enviroment. 

Table 8-3 lists amounts of dry matter and nutrients returned. to 
the soil after forest fallows of different duration on soils of this group. 
Typically, much of the dry matter and nitrogen is lost by burning, 
but mineral nutrients remain in the ash. 

Mineral soils are strongly acid and low in macronutrients such as 
nitrogen, phosphorus and potassium. They also may be deficient in 
the secondary nutrients, such as calcium, magnesium, and sulfur, as 
well as micronutrients such as zinc, boron, and molybdenum. 

In addition, the phosphorus in these soils is fixed in fornis plants 
cannot exploit rapidly enough for good production. Among the soils 
of the groups, those derived from basalt have the best physical condi
tions and greatest nutrient reserves in the mineral fraction. It is com
mon to find the best primitive agriculture on some of the highly
leached and weathered soils that have little potential for modern 
agriculture. 

Ground-Water Laterite occurs where iron from water originating 
in adjacent higher-lying areas has impregnated a layer at varying 
depths in the subsoil. When this laye.r is allowed to dry it becomes 
cemented irreversibly and effectively prevents penetration of plant 
roots. 

In many places hardened laterite is exposed on land forms that have 
been elevated by geomorphic processes in the distant past. All degrees 
of such iron impregnation exist and lower slopes commonly exhibit 
it to some degree. Other areas are too steep for cultivation with modern 
machines and if cleared and left bare are subject to serious erosion 
under torrential rains. 
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Crude estimates indicate that between one-third and three-fifths 
of the area of these soils is potentially arable and would be acceptably 
productive of food crops under agricultural technology equal to that 
of the United States. Equally crude estimates indicate that about 
one-fourth to one-half is neither arable with modern technology nor 
suited to grazing. 

Data on present use are not available, but areas not in productive 
use in South America and Africa are very large (Table8-5). AI] but 
the small arec't in dry regions is adapted to forests, and much of it is 
forested at the present time. 

, M oderately-Weathered and Leached Soils. Included in this group 
are (1) soils of the forest-grassland transition, analogous to non-calcic 
brown soils, and (2) soils from volcanic ash which have not been de-
pleted of nutrients. , 

Soils of the first category are by far the most extensive and are 
present in most of the area shown in Table 8-1 in regions having only 
two to seven humid months. The volcanic soils, which are sometimes 
called "Ando" soils, are associated with volcanic mountains, as in 
parts of the Andean slopes of South America and areas adj acent to the 
rift valleys in Africa. 

Though these soils coritain weatherable minerals from which plant 
nutrients are released slowly, they lack a supply of readily available 
nutrients adequate to support intensive production without fertiliza
tion. ' 

Only Ando soils of the high-rainfall areas haye the massive cycle 
of nutrients through vegetation which is so significant on most of 
the highly-weathered and leached soils. They are not, however, so 
likely to be deficient in micronutrients, nor do they fix phosphorous so 
strongly. 

These soils can ,maintain production at low levels for greater periods 
of time ,than can highly weathered and leached,soils. For efficient pro
duction beyond subsistence levels they require large inputs of fertiliz
ers and other management practices. Most of these soils occur in re
gions of short and uncertain rainy seasons. Consequently they are haz
ardous for cropping without special inputs for conservation of mois
ture or for irrigation. Crude estimates indicate 50 ~o 70 percent of the 
aggregate acreage is arable, most of it in Asia and Africa. 

Dark-Oolored Base-Rich Soils. This group includes the chernozemic 
soils of semi-arid and sub-humid grasslands, the dark tropical clays 
variously known as Regur,' Black Cotton Soil, and Grumusol, and the 
young Brown Forests soils and Rendzinas on calcareous material in 
humid regions. 

All have the advantage of high base status and relatively high con
tent of other mineral nutrients. Except for the Brown Forest soils, 



TABLE 8-5.-Tolal acreage by continents of different soil group8 in the tropical zone and e8timate8 of the areas potentially arable and potentially 
available for grazing 

[Millions of acres] 

Africa Asia Latin America Ua and New Zealand 
Soil Groups Total Total Total 

arable 1 grazing 
Grazing Total Grazing Total Arable 1 Arable l Grazing 
------

1. Light-colored soils; 
base rich _____________ 1,128 2160 300 200 280 40 204 250 80 191 240 50 1,723 2330 470 

2. Dark-colored soils; 
base rich _____________ 267 140 30 134 60 10 260 125 40 61 20 10 722 345 90 

3. Moderately weathered 
and leached soils ______ 40 20 10 211 135 45 197 15 80 68 20 10 516 190 145 

4. Highly weathered and 
leached solls __________ 2,437 1,200 500 1,220 270 660 2,514 1,135 180 100 40 30 6,271 2,645 1,370 

5. Shallow soils and sands_ 1,165 90 300 283 30 100 380 40 150 259 30 50 2,087 190 600 
6. Alluvial soils ___________ 198 105 15 420 285 50 295 40 190 -... -_ ... _ ..... ---------- .. _-------- 913 430 255 

---. ------------ ------ ~----- ----------
TotaL ______________ 5,235 1,715 1,155 2,468 860 905 3,850 1,405 720 679 150 150 12,232 4,130 2,930 

I Under technology equivalent to that of the United States. 
2 Assumes application of irrigation water. 
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they have low nitrogen reserves. The dark tropical clays and cherno
zemic soils predominantly are in regions where rainfall is concentrated 
in a two to seven months period and, therefore, they have problems of 
moisture deficiency. The dark tropical clays, a major part of the 
acreage tabulated in Table 8-2, are important soils in Africa and India 
(Table 8-5). They have poor physical conditions but are high in min
eral nutrients. In India, the chernozemic soils are of primary impor
tance. For the group as a whole, possibly two-thirds to three-fourths is 
arable using modern agricultural methods. . 

All'lllVial Soil8. These are fertile soils on the young sediments of 
large rivers. Where physical limitations of the environment permit, 
they are potentially very productive. In tropical Asia, they occur 
in rice-growing areas of relatively short to long rainy seasons. In 
South America, they occupy the flood plains of the Amazon, as well as 
terraces of other rivers predominantly in humid regions. In Africa, 
they are distributed along rivers in regions of both long and short 
rainy seasons. 

Estimates in Table 8-2 may include acreage in older terraces along 
rivers. On such terraces soils are weathered and leached. It is impos
sible to separate these from areas of recent alluvium on the small-scale 
maps from which estimates were made. Even if soils on recent allu
vium were only one-third of the tabulated acreage, they would repre
sent an area greater than the agricultural heartland of the midwestern 
United States. 

Light-Oolored Soils. These soils have moisture deficiency as a com
mon overriding problem and are relatively rich in mineral nutrients. 
All are low in nitrogen. Of the 1.7 billion acres tabulated, less than one
fourth would be arable if water were supplied. Approximately' one
third of the acreage has grazing potential though it is non-arable. 

Shallow Soils and Dry Sand8. The shallow soils and dry sands are 
mainly non-arable. They are either too shallow to bedrock or too sandy 
for cropping. The sands are mainly in the regions having low rain
fall; the shallow soils occur under all climatic conditions and most are 
steep as well as shallow. Some of these areas have limited grazing po
tential. 

8.4.0. Agricultural Systems in the Tropics 

Most systems of cropping tropical soils have evolved through cen
turies of trial and error by native cultivators. In general, they involve 
minimum inputs from outside the immediate area in which the culti
vator lives. 

A brief consideration of several agricultural management systems 
follows. Because of the size of tropical areas and their variability, the 
systems have many variations. 

John M
Rectangle
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8.4.1 Shifting Oultivation 
The term "shifting cultivation," which has scores of synonyms, re

fers to the practice of cutting. trees and other plants, hurning them, 
growing crops for one to about five years, and allowing a natural cover 
to return for five to 12 years to regenerate the soil. Centuries ago, most 
farmers in northern Europe followed this system which is still used in 
tropical areas. 'I 

Under heavy rainfall, soils are leached of plant nutrients not tied 
up in vegetation and animals. Large forest trees immobilize greater 
amounts of nutrients per acre than do grasses, and trees capture dust 
. from the air. Thus tropical Soils under forest normally are more 
fertile than those under savanna.1 , 2 

Nutrients captured by the plants are kept within the biological 
cycle: soil, plants, animals, and back to the soil. When they are 
released from decomposing plant remains, the live roots take them up. 

A system of shifting cultivation has the following advantages: 
(1) Ashes and proaucts of decomposed organic matter release 

nutrients and enrich the'soil. Among wild plants, some are much higher 
in . nitrogen, calcium, phosphorus, and similar plant nutrients than 
others. 

(2) Wild vegetation reduces common weed invaderS and interrupts 
the generation cycles of insects and diseases that hann crops. 

(3) The roots of growing trees stir the soil, and the canopy protects 
it from direct sun and beating rain. Microorganisms and small animals 
that decompose organic matter are stimulated. These effects make the . 
soil porous. 

( 4) Fire kills harmful organisms in the soil and destroys diseases 
and weeds. It also temporarily loosens the soil. The potential of trop
ical soils for crop production cannot be discerned from looking only 
at wild vegetat~on. More' and different nutrients are required by crop 
plants than by wild ones. 

Fallow trees -and shrubs differ widely in chemical composition and 
so do the soils. Thus, combinations of these effects vary greatly among 
soils. 

A scheme for seeding the fallow area with trees and shrubs that are 
best for the soil gives better results than simply allowing the whole 
mixture of trees to regrow when the land is abandoned. 

In Assam, cultivators of tropical soils under high rainfall use a 
special system of shifting cultivation with a short fallow cycle, which 
makes good maize and potato crops possible. Logs, branches, and other 

. 1 Nye. P. H. nnd Greenland, D. J. The 80n under 8hifting cultivatwn. 156 pp. 111us. Tech. 
Communication No. 51. Commonwealth Bureau of Soils. Harpenden, England. 1960. 

!I Jurion, F. amI Henry, J. De l'Agriculture itinemnte a l'Agriculture intend/Me. Institut 
National pour l'Etude Agronomique du Congo (INEAC) (Hora a~rie). Bruxelles 5, 1, rue 
Defacza. (In press.) 
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plant material are brought in frOIn steep slopes or other uncultivatable 
places 'and placed on the soil surface in beds about 3 feet wide and 12 
to 50 feet long. 

The woody mass is then covered with thin sods from between the 
beds just before firing. After the fire the beds are smoothed. Compost 
may be mixed with the surface soil. Commonly, the beds are laid up 
and down slopes as steep as 65 percent. There is some washing but 
little highly destructive erosion. 

In some of the areas where· this procedure is used increased popula
tion has necessitated shortening of the fallow period of the cycle. This 
process is making soils so unproductive that cultivators are forced 
into even more remote places. 

Prospects for gradual improvement are excellent provided local 
markets can be developed and appropriate fertilizers and plant varie
ties made available. 

In regions with plentiful land, such as central Africa, fields are 
laid out in corridors about 500 to 706 feet wide which may be one or 
more miles long. They are arranged to get maximum solar exposure. 
On hilly areas they are laid out roughly on the contour. 

With very good soil, five corridors could be in some stage of crop
ping while one is being cut and 10 to 12 are under regenerating forest. 
It is disastrous to this system to overlengthen the crop cycle where 
there is any dry season because coarse savanna grasses come in. Culti
vators cannot eradicate them· with their tools and the savanna burns 
each year. 

Possible Improvements of Shifting OUlti1Jation. Certainly the sys
tem could be greatly improved through the use of fertilizers provided 
research and testing reveals which ones should be used for various 
kinds of soil. The best mixtures will probably not be those most com
mon in temperate regions. 

Some tropical soils are high fixers of added phosphatic fertilizers. 
In these kinds especially, practical ways of using applications in the 
immediate proximity of the roots must be found to keep the amount . 
required to a minimum. Large pellets of mixed fertilizer placed a bit 
below and to one side of the seed may be best. 

The question has been asked of why fertilizers cannot be used to 
eliminate the need for natural fallow. Many millions of shifting culti
vators have no money to buy fertilizers which are expensive and far 
from the main centers, and there is no transportation system to carry 
them to the villages. For many villagers, all transport is by head or 
back over miles of hilly footpaths. More important is the fact that 
little is known about many of the soils used by shifting cultivators. 
To advise such people to use a specific kind of fertilizer is to gamble 
with their limited means. 
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A great deal can be done to supplement the natural fallow and mixed 
plantings with compost, manureS, and wood ashes. Here again, much 
depends on the kinds of soil and plants. Coconuts, for example, re
spond greatly to wood ashes whereas some other crops do not. 

8.4.~. Mimed TTee OTOPS 
As emphasized earlier, many soils in th~ tropics and subtropics 

should not be clean-cleared and plowed. Some steeply sloping ones will 
erode, and others are underlain with doughy laterite that becomes 
irreversibly hardened on direct exposure to rain and sun. 

Stahility in moist tropical forests usually is achieved hy natural 
dispersal of one' plant species among numerous individuals of- other 
species so that all are reasonably well-protected from disease and 
insect epidemics. Soil structure is maintained in a productive state 
by the ameliorating influences of shade, microclimate, root systems, 
and leaf fall on the soil complex. In mixed tree culture, clearings ar~ 
made in the forest and a mixture of crops grown in them such as 
hananas, oil palm, cassava, and maize. Some of the forest trees can 
be gradually replaced with nut and fruit trees. The natural shrub 
layer is often replaced with cacao or coffee. As with shifting cultiva
tion, mixed tree cultures can be improved with fertilizers, plant selec
tion, and pest control. 

Some Ground-Water Laterite soils are so thin over the doughy lat
erite that they harden after the trees are removed even without erosion 
to make the soil effectively thinner. There are beautiful mixed tree 
cultures along the Malabar Coast of India on Ground-Water Lat
erite soils that nave been used for many hundreds of years. Some
how the people learned that these soils should not be exposed hy 
clean-clearing. 

Forests can be thinned gradually and the trees replaced with food 
and industrial crops.' Large areas in the tropics and subtropics can be 
gradually changed from forests to mixed cultures without clean
clearing to avoid exposing soil to sun and rain for even a year. In . 
Ghana, two-thirds of the canopy of the original forest has been re.; 
placed by a shrub layer of cacao. 

With fertilizers, water control, and other modern management prac
tices, there are soils that should 'be clean-cleared prior to developing 
cacao plantations. But there are others where this is not practicahle. 
Both rubber and oil-palm plantings have been started under about 
one-half canopy. Then gradually the whole forest is replaced. Also, 
bananas and abaca can be grown successfully under one-fourth to one
half canopy. The determination of :mixed cultures best suited to 
different soils and climates is a promising aspect of research and 
testing for. improvements in tropical farming practice. 
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8'4·3 Flood ·Farming 
According to Popenoe 3 flood farming is successful in the wet 

tropics where rivers carry great volumes of sediments. "Many rice 
fields in Asia have been continuously farmed for centuries with little 
or no input of nutrients in the form of fertilizer." The blue-green 
algae in the water seem to fix the requisite amount of nitrogen. Rota
tion of flooded rice with dry land farming is popular in areas of 
tropical Asia where there is a long dry season. 

8.4.4 Livestock Enterprises 
Popenoe also cites a method of livestock farming commonly used 

in Africa called "foraging for fertility". During the d.ay,cattle are 
allowed to forage on range lands. At night they are penned in a 
small corral and each morning manure is collected for intensive food~ 
crop gardens. 

Minor element deficiencies in pastures on leached soils are important 
A high proportion of the animal health problems of the tropics have 
been attributed to minor element deficiencies. Often these are corrected 
by adding supplements to the animals' diet. An important limitation 
of livestock production in tropical areas is the lack of refrigeration 
or other storage and processing facilities. 

8:1,..5 Oon.fJolidation of Fragmented Holdings 
In many crowded countries individual farm families with five to 

si;x acres have their holdings in several scattered tiny parcels because 
of inheritance and marriage dowries. Modern productive systems of 
farming, especially those requiring water control, are practically 
impossible under these conditions. This problem is being solved in 
western Europe by consolidating areas of these parcels in to single 
individual farms in accordance with the number of acres held by 
each family and their productivity.'" 

The European experience serves only as a general guide in tropical 
villages with contrasting kinds of soil. There individual parcels are 
being consolidated into two or three separate holdings rather than 
one. This is done according to contrasting groups of similar soils. 
Only one may be suitable for cultivated plants. 

A technical service, including a basic soil survey, is necessary in 
large parts of India and other Asian countries. It is needed to bring 
about orderly consolidation of the tiny parcels in order to layout 
water control systems, terraces, irrigation lines, and drainageways. 

;J Popenoe, Hugh (Director, Cen.ter for Tropical Agriculture, University of Florida, 
Galnesvflle). The humid tropfcs--potentfals and problems. Reunion Internaclonal Sobre 
Problemas de In Agricultura en los Tropicos Humedos de America Latina 22 dy mayo, 
1966 (Llma)-7 junio, 1966. 

• Binns, Sir Bernard O. The consolidation of fragmented agricultural holflings. F AO 
Agricultural Studies No. 11. 99 pp. mUSe 1950. 
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Cultivators on many millions of acres of unirrigated soil can increase 
yields tremendously with a proper system of terraces at slight angles 
to the contour which provides optimum penetration and storage of 
water in soil during monsoons for cropping' during the following 
months. Terraces around the' individual parcels are ineffective and 
even damaging because concentrated water can cause ponding or 
erOSIOn. 

An excellent example of the benefits of terracing can be seen in the 
village of Mawdika near Hazaribagh in India. Part of the village 
lands consist of gently sloping, good-quality soils. Other areas are 
hilly and dissected, suitable only for growing coarse grasses to be cut by 
hand. A system of terraces was constructed on the good soils at slight 
angles to the contour. Excess water escapes through a grassed water
way into a stream. When the project was finished, individual culti
vators had a consolidated tract bounded by terraces on the upper and 
lower side and another tract of rough land .. These improvements alone 
doubled yields. With better varieties, proper fertilization, and im
proved pest control, production could be expected to be at least five 
times the original. 

Unless terraces are laid out properly, no benefit 'can be expected. 
Effective -land consolidation involves social as well as engineering 
problems. It must be done on the basis of soil surveys in which both 
technicians and farmers have confidence. The villagers must be assured 
they will not lose equity in the process. Some of their previous experi
ences with ideas brought in from outside have made many of them 
highly suspicious. The job can be done, and in many thousands of 
villages it must be done before significant benefits can be expected 
from fertilizers, improved varieties, and pest control. Otherwise water 
will remain a limiting factor in the essential combination for success. 

8.1,.6 Plantation Oropping 5 

Crops like bananas, sugarcane, fibers, cacao, rubber, coffee, and other 
crops are grown in large holdings in many places under a single 
administrative unit. Such organizations have potential for full appli
cation of mpdern technology with economies of scale. They require a 
high level of managerial skills and business acumen., The most suc
cessful units have research arms which seek combinations of practices 
to increase economic yield. 

Commercial plantations under a single or corporate ownership nor
mally require a large labor force. Although many follow enlightened 
labor policies, usually there is a sensitive social and political situation 
to contend with. Often local or government-owned plantations follow 
exploitive policies. Some' countries have developed plantations under 

II Grobman. Alexander. "Cropping Patterns in the Humid TrOllies". Cornell Latin Ameri
can Year Conference on the Hot Humid Tr()pics. 1965. 
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government administration and management with small holders who 
own individual parcels of land in the plantation. Only limited success 
has been attained under this system in very few countries. Probably 
the most successful of these are the small-holder rubber plantations 
in Malaysia and sugar plantations in· Queensland. 

The development of producer and marketing cooperatives is another 
approach to plantation agriculture. These have had only limited suc
cess for a variety of reasons. Lack of trained managers and admin
istrators is a big handicap. The reluctance of many governments to 
permit a grassroots {X)operative movement to develop is a serious limit
ing factor. Also, farmers themselves are suspicious of cooperatives 
because too often they have been imposed on them from the top with 
negative results. 

8.J".7 Nomadic Gathering. 
rrhis isa simple exploitation of natural plant resources rather than 

0. cropping system. However, it is practiced on extensive areas. In 
Lo.tin America, it has not reached the degree of exploitation that it 
has in some African countries; but it is important on both continents. 
Rubber collected by nomadic gathering produced 25,000met.ric tons 
in the Amazon basin in· 1962. Brazil nuts are gathered in Brazil, 
Bolivia, and Peru in amounts exceeding 55,000 metric tons. Chicle, 
palm oil and waxes are also collected nomadically . 

. 8.5.0 Potentials for Tropical Areas 

Judgments of the agricultural potential of tropical areas. are as 
varied as backgrounds of those who appraise it. They range from 
dismal pessimism to strong optimism. Typically, pessimistic view
points are documented· by records of actual performance including 

• failures of educated people with capital resources. Also cited are 
ineffectual struggles of peasant farmers against physical, biological, 
economic,· and political forces beyond their control. 
. Most commonly, optimistic projections cite tremendous basic re
sources of sunlight energy, water, and soil and what has been done 
on tropical soils used by people having full access to science and indus
try. They argue that human intelligence can find a way to harness 
the natural resources in the face of admittedly monumental obstacles 
as man has done elsewhere. 

It cannot be denied that basic physical resources for crop and animal 
production exist. Available .sunlight energy for plant growth in the 
humid tropics varies from perhaps 1.6 to 1.9 times that of humid 
temperature regions. These values fully discount offsetting effects of 
high inciden~e of·cloudiness in the humid tropics as well as seasonal 
limitations modified by day-length in temperate regions. The high pro
duction of sugarcane in Hawaii and Queensland, rice in Taiwan and 

John M
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Australia, African oil palm in places in the Belgian Congo and Indo
nesia are just a few examples of yields that can be obtained. 

As illustrated in Table 8-1, there are 2.9 billion acres on which rain
fall is generally a limiting factor in only one or two months of the 
year. Rainfall is adequate for good crop production' for five to 10 
months of the year on an additional 6 billion acres. 

Most of the arable land in the rainy, humid summer and wet-dry 
regions has fair to excellent physical properties but is low in plant 
nutrient reserves, including micronutrients.6 Most of it also has the 
capacity to fix some nutrients, such as phosphorus, in forms unavail
able to plants. Experiments have shown that fertilization in combina
tion with other needed practices gives good response of crops on these 
soils. ' 

It is known that no single practice, such as fertilization, is effective 
even on farms of Europeans in the Rhodesias.7 The average yields of 
corn for this region failed to reach 1,500 pounds (27 bushels) per 
acre prior to 1950 although fertilizers were used. Since 1955 the aver
age yield of all farms in the area has increased sharply. In 1961, they 
reached 3,000 pounds (53 bushels) per acre without irrigation. (Ex
perimental plots have yielded 10,000 pounds per acre.) This is not an 
isolated example on special soil resources but a massive improvement 
by many farmers. on soils that are weathered and leached. It'parallels 
the steady upward trend of dce yields in Japan since the 1880's and 
of crops in the United States since 1935. 

Such improvements are accomplished by putting together many 
practices in combinations that complement each other. In Rhodesia, 
the improvement involved development of corn varieties not only for' 
high yield but also for disease resistance, resistance to lodging, and 
capadty to respond to fertilization. It encompassed improved ferti
lization practices, including not only the macronutrients but also the 
micronutrients and placement, timing, and nutrient balance. It in
volved liming, which had previously been neglected and the careful 
return of crop residues to the soil for maintenance of physical condi
tions. It included weed control, insect control, and disease control as 
well as tillage, timeliness of operations and other practices. 

This development of sets of practices appears to be the biological 
key to exploitation of physical resources which are undeniably present. 
It is the knowledge of how to put such sets together for tropical con
ditions that is lacking in the strictly biological aspects of increasing 
production, not the basic principles of biology. Beyond this are the 

(I An estimate by Kellogg In 1964 placed the total arable land of Latosols and red
yellow Podzollc solIs at 2.8 blll10n acres and new arable land In the tropics at more than 
1.0 bllllon acres. 

'; Von Burkesroda, K. W. 1964. Fertilizing maize in Rhodesia. Potash Review, December 
1964. Subject 9. Cereals. 12 Suite. 

263-8880-67-33 
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enormous problems of economics, sociology, and education that'must 
be solved before people will be able to apply that which is known. 

Access to products of industry is an overwhelming problem. With
out these products, production cannot increase significantly. N everthe
less, the potential for enormously increased production is present in 
the tropics. IDtimately it is the will of the government and its people 
to develop policies and mobilize its resources and energies for agri
cultural production which will determine how much of this potential 
can be realized. If other economic activities are developed along with 
farming, all can share in the cost of services. 

8.5.1 Theoretical Potentials in Tropical Food Production 
Prior to the curreJ?t century, many successful systems of obtaining 

food were developed in the tropics in which man utilized the natural 
processes as much as possible. In such systems there was an equilib
rium of populations brought about by a stable cycle of the nutrients 
essential for life. The natural environmental components or systems 
of domesticated animals did much of the work of planting seeds, main
taining soil structure, preventing epidemic insects and disease, elim
inating limiting factors, gathering food products, and injecting 
protein supply, often converting as much solar energy into biological 
production as has been recorded for natural systems. The energy 
going into the work processes for each of these services is to maintain 
stability, i.e., reduc'e the fluctuations caused by natural changes in 
the environment. 

Net yields to man, however, were relatively small since much of 
the solar energy converted went into the necessary support of the 
natural system and animals. 

In contrast, large energy supplements of fossil fuel (or other out
side energy such as hydroelectric' or' nuclear power) are needed in 
modern industralized 'agriculture to replace the natural support 

, system. The energy from fossil fuel~ is used to till the soil, plant seeds, 
and moye produce and inputs to and from the farm. 

Such intensified agriculture requires an intimate input-output re
lation to an intensified industrial culture. This permits the purchase 
of insecticides, herbicides, work and machinery, means for storage of 
produce without spoilage or decay, and means for market export and 
import of parts and materiais from the industrial sector. New varieties 
of plants and animals must be bred and adapted to take advantage of 
the new services. 

1Vith the work done by the subsidy from outside fuel, more ca,ptured 
solar/energy may be routed directly into food rather than into work 
processes that maintain stability in natural systems. Where industrial 
means are available, intensified agriculture can displace natural sys
tems because there is adequate extra energy to produce higher net 
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yields. Without the inputs from industrialized culture, such systems 
cannot succeed, and if it is attempted, the workable older systems may 
be disrupted'or destroyed. 

The danger of such system disorganization is particularly great 
in tropical areas where some of the older systems are highly complex 
because some of the soils quickly deteriorate when the support system 
is altered and because the full availruhility of industrialized input
output resources is often remote. The cultivator in the tropics is deal
ing with a system of many parts each of which affects the others. 8 

The complex energy networks in natural systems ( see Volume III, 
Energetics of World Food Production) show the need for planning 
whole workable systems if one is to use a technologically advanced 
form of agriculture in the tropics. One should not tamper with sys
tem parts or inputs without providing compensating return fl~ws that 
produce positive and complete loops. There may be opportunities to 
upgrade existing tropical systems by using fossil fuels to overcome 
limiting factors that are not achieved in natural systems. These need 
to be added gradually so as to evolve .continually workable systems. 

8.6.<2 Irrigated SOillS 
The potential is enormous in the tropics for expansion of cultivated 

soils through water control and' irrigation 011 both presently used 
and unused soils. At present, about 4 million acres are under irrigation 
in Africa south of the Sahara and 8 million acres in northern' and 
northwestern Africa. The whole continent has a potential of about 
36 million acres, about the same as irrigated acreage in the United 
States in 1964.9 • 

In South America ,about 12 million acres are irrigated out of a 
. total of about 189 million acres of arable land. Many of the countries 
have good potential for expansion of irrigated soils. Peru, Chile, 
,Brazil, and Bolivia have a number of irrigation projects either being 
developed or planned. For the continent as a whole an additional 10 
to 20 million acres might be economically feasible to irrigate during 
the next decade. ) 

In Asia there also are excellent- possibilities for increasing the 
amount of land under irrigation. In India there are about 60 million 
ncres under irrigation, ahout 20 percent of the total cultivated area. 
The long-term objective of India's planners is to bring about 175 
million acres under irrigation. Similarpossihilities exist in Pakistan. 
The Brahmaputra-Ganges-Meghna River complex has the potential 

8 Kellogg, Charles E. Interactions in Agricultural Development. In "Science, Technology, 
nnd Development"--:-:U.S. papers prepared for the UN Conference on the Application of 
Science and rrechnology for the Benefit of the Less Developed Areas. Geneva. 1963. Vol. III, 
"Agriculture: pp. 12-24, U.S. Government Printing Office, Washington, D.C. 

9 Greenshlelds, Eleo L. Waste ha·s tl key role. In Farmer's World USDA Yearbook of 
Agriculture. pp. 75-96. 1964. 
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for irrigation of many millions of acres. Admittedly t.here are many 
major engineering problems in addition to the social and political 
difficulties involved, but the potential exists. 

The Mekong Riv.er Multination project in southeast Asia is a promis
ing development. Flood control and irrigation and drainage works 
now are under construction and in the planning stages. Ultimately, 
the acreage of rice under controlled irrigation will be doubled. To this 
are added possibilities of double-cropping hundreds of t.housands of 
acres now only single-cropped with an uncertain water supply. . 

8.5.3 The Principle of the lnter-Oontinent Transplant 
In the tropical forest system, stability is apparently /provided 

through competition and other interactions among herbivores, carni
Yores, fungi, and insects that keep the population level of each species 
regulated so that not too many of anyone species survive. Consumers 
and diseases thus play a role in maintaining stability under natural 
conditions. 

Any attempt to form plantations wit.h a native species is likely to 
disrupt the mechanisms operating in nature to . keep all species regu
lated at safe low levels; in other words, stability is destroyed. Efforts 
to develop Brazilian plantations with Brazilian rubber trees have re
sulted in epidemic diseases, destruction and financial disaster. 

Species, separated from their natural enemies, often grow phe
nomenally well when completely removed from the continent where 
they were part of a stable system. Brazilian rubber has done better in 
Africa and Asia than in Brazil. Monterrey pine grows vastly better in 
Australia than in its native California hut eucalyptus do just the 
reverse. They grow better in California than in their native Australia. 

A search for better yielding varieties might be guided by t.he princi
pal of inter-continent transplantation. The possibility of areas for 
transplant could be identified from a world soil map of about 
1 :2,500,000 scale with a uniform legend. 

8.5.1" The Semi-Dome8tication of a SY8tem of Tropical Ruminant8 
Harnessing natural animal herds of Africa has been suggested as a 

system that would be preferable to importing traditional domestic 
herds. A system of several game animals based on a moderate amount 
of diversity in feeding habits might provide a system that would be 
ideally suited where full energies for protection and intensified care 
are lacking. It may ultimately lead to an intensified agriculture based 
on genetic modification of these species. 

The stocks of the African range certainly are high, resembling the 
systems of the sea more than the usually low popUlations of animals 
of most terrestrial systems. These species carry their microbial sym
bionts, necessary to convert plant/yields into multi-nutritious mixtures 
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of food that enable these animals to produce meat. (See Chapter 4 for 
additional discussion on wild animals.) 

8.5.5 Some Tropical Experiences 
Dramatic examples of failures," and successes of agricultural pro

grams in the tropics can well serve as obj ect lessons. A few are cited 
below.1o The British "Groundnut Schemes" were a dramatic failure 
in the savanna of Tanganyika. The project, begun shortly after World 
War II, was designed to provide the United Kingdom with edible 
fats and oils which were in short supply. The plan involved complete 
mechanization of the operation from clearing the land to harvesting 
the peanuts from hundreds of thousands of acres at several different 
centers. After several years and $100 million expended, the project 
was liquidated as a failure. What went wrong? Many factors con
tributed to the disaster but a few stand out. In the first place the over
all planning proved woefully inadequate. Neither the soils nor the 

" climate were suitable for the crop. The unprotected soil washed badly 
during the rainy season exposing sub~illayers having poor structure. 
Clearing trees and shrubs was much more costly than anticipated, 
especially removing the roots for mechanized cultivation. Basically. 
it was a lack or understanding or the important ractors that needed 
to be considered in a crop production and marketing program . 

... 1\.. year or two after the British had their troubles in Tanganyika, 
the French proceeded to make similar mistakes in a peanut project 
in the Casamance Valley in Senegal. Here again,the idea was a mech-

"anized operation in which American equipment and methods devel
oped for Virginia were used on some 75,000 acres of wooded savanna. 
The clearing operation and deep plowing exposed subsoil which had 
poor structure and was relatively infertile. The tree roots which re
mained after clearing caused problems in mechanical cultivation. 

In contrast to the failure of the peanut projects, the intensive Gezira 
irrigation project in the Sudan is a success story.ll This project, 
planned early in this century, was launched as a three-way partner
ship of the government of the Sudan (then British controlled), a 
private company that provided management and some financing, and 
the farmers. It was preceded by research and pilot projects. At the 
present time, Gezira has some 70,000 settlers on 1.8 million acres. The 
entire cost of the scheme has been paid from the cottOll that was 
produced; the food and fodder crops belong to the settlers. 

10 Numerous examples of successes and failures of agricultural" projects in Africa are 
found in" "False Start in Africa". Rene Dumont, rrranslated to English by 'PhyUls Nauta 
Ott. Frederick A. Prnt>ger, N.Y., 1966. 

11 Policies for Promoting Agricultural Development. A report of a Conference on Pro
lluctlvlty and Innovation in Agriculture in the Underdeveloped Countries. David Hapgood, 
Editor, and l\Iax F. Millikan, Conference Chairman. Published by the Center for Inter
national Studies, Massachusetts Institute of Technology. 1965. 
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In the development of this project, some of the important factors 
taken into account were: 

,LAn area with the greatest potential for development was 
selected. 

2. The economic objective was evaluated and given priority. 
3. The inclusion of private ent~rprise, capital and management 

filled a crucial gap in capital needs and provided incentives. 
4. Experimentation with pilot schemes preceded actual dam 

construction. This provided the technical knowledge on methods 
of production and served to convert the farmers to the project. 

5. The scheme was made as simple as possible. Of the three 
crops. grown by the settlers, two (the food and fodder crops) were 
already grown in the area. The fact that only the cash crop, long 
staple cotton, was new to the farmers. reduced the burden of in
novation. It was known that there was a ready market for this 
cash crop. 

6. The social controls imposed on the settlers were designed 
to protect them against antisocial actions but not to suppress in
dividual initiative. The controls consisted of the planned family 
holding, tenancy rather than ownership, prescribed rotation, and 
a prohibition on mortgage and fragmentation. Organized services 
such as research station, seed farm, fertilizers, pesticides, ma
chinery for cultivation and pest control, and supervised credit 
and marketing made it easier for the indiyidual to obtain maxi
mum returns. Nonetheless each settler's returns depended on his 
own initiative and effort. 

7. The elimination of landlord control and land speculation 
prevented the scheme from benefiting only a few. 

The early experiences of the Belgian agriculturaJ scientists in the 
Congo are of interest. When they first arrived in the 1920's, they were 
shocked to find the primitive "Bantu system" (shifting cultivation) 
based on polyculture, a short period under crops and a long-term fal
low. It seemed logical to them that to improve yields, the "Bantu sys
tem" had to be completely modified. At several experiment stations, 
they performed experiments based on European techniques. They 
cleared all stumps, deep plowed, introduced short-term' grass or 
legumes in crop rotations, and used commercial fertilizers. But these 
European practices failed because they were not adapted to the local 
conditions. 

After the failure of these "modern" techniques, the research center 
at Yangambi reconsidered the "Bantu system" which alone seemed 
to protect and· regenerate the soils. The subsequent research over a 
period of 20 years concentrated on making improvements in the native 
system of shifting cultivation: systematizing the long time rotation 
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t.hrol1gh a corridor system, and introdu~ing in the crop rotation peren
nial cash crops such as oil palm, cocoa, coffee, and rubber. Field studies 
were initiated to introduce intensive cultural practices such as the use 
of mechanical equipment for some of the operations, green manures 
and chemical fertilizers. Unfortunately, this work stopped, pre
maturely when the Belgian Congo became independent and the 
Belgians left. 

In the Lake Aloatra area of north-central Madagascar there is an 
excellent example of what can be done with suitable agricultural prac
tices. For years, a French company on 1,500 acres of lowlands has 
produced an average of over 2 tons of rice per acre which is more than 
double the yield on adjacent soils. Success is attributed to good water 
management, use of improved s~ed, control of insects and diseases and, 
probably most important, weed control. Though some fertilizer is 
used, experience has shown that this is of secondary importance in this 
particular area. 

What can be done by small land holders is well illustrated in Tai
wan. Production of rice has increased, nearly 50 percent during the 
past 10 years. Most of the increase is from higher yields which have 
moved from about 2 to~s per acre to 3 tons per acre. Supplementary 
crops are also produced on a substantial portion of \ the same land. 
Use of improved seeds, fertilizers, pest controls, better agricultural 
tools and equipment, improved land tenure, and price ,incentives have 
contributed to the Taiwan success story. An example of an important 
industrial contribution in technical assistance is provided by the Shell 
Italiana experiment in rural extension an,d development which was 
begun in 1953 in a rural commune of 16 villages and 8,000 people in 
a mountainous part of Tuscany. The problems were those character
istic of subsistence farmers everywhere: smallness of farms; acute 
land fragmentation; limited techliical knowledge; lack of roads; and 
shortage of capital. In the first 10 years the total net farming income 
increased 154 percent. These methods and principles demonstrated at 
Borgo a Mozzano have been adopted on about 20 percent of Italy's 
agricultural land, and Shell has welcomed recent cooperation with the 
University.of Florence and F AO. By 1966, 204 agronomists from 59 
countries and 300 Italian rural extension specialists had attended 
courses at the training center at Borgo. 

8.5.6 Tropical Forest Potentials 
Information on the potential productivity of tropical forests is 

fragmentary despite the fact that the tropics include half of the 
world's forested area (Table ~6) . " 

Only one-sixth of the forests are now being exploited although 
nearly half of the total area of tropical forest is rated as accessible. 
The cui-rently unmanaged andunexploited tropical forests provide a 
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TABLE 8-6.-World jorest area by regions, 1958 1 

[Million acres] 

Region Total Accessible 
forests 

5,059 2,084 
620 467 

4,956 4, 127 

10,635 6,678 

Forest area 
in use 

·843 
180 

2,457 

3,480 

1 Exclusive of Mainland China and Mongolia which have a total forest area of 190 and 62 million acres, 
respectIvely. 

2 North Africa. Sonth Africa, Tnrkey, Near East, Japan, Korea, Mexico, Argentina, Chile, Uruguay, 
Austmlia, New Zealand. 

a North America, Enrope, and U.S.S.R. 

tremendous reservoir for wood in the future despite the present'lack 
of adequate technology, transportation, markets and information on 
productivity. Estimates 'Of current and potential productivity of tropi
cal forests are com'plicated by the lack of data on productivity and 
the uncertain status of land-use on the readily accessible and highly 
productive tropical forest land. 

Rural populations are invading forested land for cultivation of 
crops. Lands which will he more productive for either food or forage 
production will eventually be eliminated -as perm'anent sources of forest 
products. Need for food and forage-producing lands is expected to 
account for at least 1 billion acres o:f the 2 billion acres of 'accessible 
tropical forest. As transportation networks develop in the tropics, this 
shift in land use may be partially offset by improved accessibility to 
the 3 billion acres of currently inaccessible forest land .. 

The productivity rates of tropical forests are given in Table 8-7. 
These could he documented by an impressive list of literature citations 
but this is not considered necessary nor appropriate here. 

Estimates of mean annual increment in cubic feet per acre for the 
eight land categories used in Table 8-7 are those that might be reached 
over large areas. Estimates of current productivity are based on -an 
admittedly subjective blend of research results, reported mass experi
ence, and crude estimates found in the literature from Africa, South 
America, India, Malaya, Australia, New Zealand, Borneo, Indonesia, 
and the Philippines. Technology, levels of forest management and 
markets available in the tropics were considered in these values. 

The estima,ted ranges are conservative. The lower end of the scale 
represents a reasonahle level 'Of exploitation and a rudimentary level 
of forest management. It does not include unexploited tropical forests 
in which growth is being offset by mortality. The upper end of the 
range is based on yields achieved under a high level of exploitation and 
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TABLE 8-7.-Tropical forest productivity 

[Mean annual increment-cubic feet per acre] 

Current productivity Potential pro-
\ ductivity-

Land category realizable 
Mean Range maxima under 

management 

A. Wet tropics: 
1. With 2- to 4-month dry ~p.!I.~on 40 20-80 100-200 
2. With no dry AA!I.!::tm 50 aD-100 150-300 

B. High tropics: 
1. Cloud {orR'!t 5 0-10 15-25 
2. T. "I"v"tlnn a5 15-60 70-150 
a. Alto "I"no 0 0 

C. Dry 
1. n"""rt 0 0 
2. Short and intermediate """'''''''''' 0 0 
a. Dry woodlands and l'l!l.V!l.nna 10 tHO 20-40 

\ good forest management. Intensively managed tropical forests are in 
Malaya, . Nigeria, Trinidad, India, North Queensland, and Puerto 
Rico. The upper end of the scale on the range of productivity values 
does not include the well-documented but isolated successes reported 
on rain forest sites with certain Pin'U8~ Arauoaria, and Euoalyptu.'1 
spp. in intensively managed plantations. 

George Bauer's 1964 Unasylva article reports increments of 200 to 
600 cubic feet per acre for these plantations hut says, "It seems that 

_ the absolute maximum production from most rain forest species is 
about 150 cubic feet per acre per year, and on a routine scale in man
aged forest about a third of this is all that can be hoped for." Twenty
two pages later in the same issue, a note from Indonesia reports annual 
increments for Albizzia faleata of 1,400 to 2,000 cubic feet per acre. 

Ranges of realizahle maxima shown for potential productivity 
(Table 8-7) assumes a level of technology, level of forest management, 
and level of exploitation and markets comparable to those in the most 
intensively..-managed forests of Australia, New Zealand, South Africa, 
and the southern United States. The realizable maxima probably are 
not more than one-fourth to one-half of the theoretical biological 
maxima. They are, however, near the borderline of remote probability 
and bare possibility. 

The timetable for reaching the levels of productivity shown as 
realizable maxima will be determined by the broader timetable for a 
general upgrading of technology, transportation systems and the entire 
rural economics of tropical countries. 

The probable shift of forest production to sites now Classed as in
ferior in either inherent productivity or in accessibility has important 
implications for kinds of forests needed and for appropriate forest 
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management practices. Greatly increased yields as opposed to simple 
increases in exploitation, cannot be realized from the naturally devel
oped forests of the tropics. The species composition must be simplified 
to include only those species of potential utility and amenability to 
management. 

Despite dangers of insects, diseases, and site maintenance problems, 
natural forests must be partially replaced by forest plantations, if they 
are to be utilized commercially. Too many of the "natural" forests 
cannot produce yields that are profitable economically in spite of their 
great ecological success. 

Widespread use of planted stands may depend on the successful use 
of taungya, the system of shifting agriculture now used and misused 
in Africa and Asia. The agricultural aspect of taungya probably will 
govern its applicability. 

West Africa can support 2.5 adults and 4 children per acre of 
taungya. Some conditions for successful taungya are . land hungers;, 
stable soil suited 'for 'agriculture; nearby population that can adapt its 
fa~ing methods; a fast-growing and useful tree species capable of 
early site dominance; and finally,a well:-trained administrative staff. 
Without taungya the costs of clearing and planting may be 
prohibitive. 
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9.0 PRODUCTION INCENTIVES FOR FARMERS 

9.1.0 Summary 

Agricultural developm'ent, in the last analysis, depends on the pro
duction decisions and actions of farm operators. 

The factors that influence production incentives of farmers 'are of 
three types. Some flow from the general cultural, political and eco
nomic characteristics .of each country or region. Some are effects of 
policies and programs designed to serve agricultural development but 
not primarily to affect incentives. Some are programs undertaken 
primarily to influence farmers' incentives and decision-making. 

General cultural influen'ces include traditions' and values, social 
organization, and, particularly, arrangements with respect to land 
ownership and tenure. These affect primarily each farmer's degree of 
freedom of action. They determine whether he is under pressure to 
adhere to traditional ways or is free to innovate. In general, traditions' 
and v~lues are not subject to direct manipulation; instead they 
change under the'impact of new opportunities and new pressures. The 
la ws governing land ownership and tenancy determine the distribution 
of political power, and thereby influence policies and programs that 
can aid or inhibit agricultural development; they affect current pro
'duction decisions of farme~ by establishing the basis for division of 
the harvest and the sharing of production costs; they affect farmers' 
incentives to invest in farm improvement; they concentrate or divide 
decision-making on farm operations. The legal structure determining 
farm ownership and land tenure can and must be changed in many 
countries before the potential for agricultural developmet can be real
ized fully. 

The second set of influences arises from private or public progriims 
undertaken to speed the progress of agriculture but not aimed primar
ily at incentives. These programs include the development of markets 
for farm products, local outlets for farm supplies and equipment, the 
transportation system, production credit agencies, and irrigation facili
ties. All of these taken together determine the opportunities for farm
ers to adopt more produ.ctive methods. The availability of these facili
ties is a power~ul stimulus to farmers to use them and~they are the 
essential pre-conditions for the success of efforts aimed more directly 
at influencing the decisions of farmers. 
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The third set of influences includes programs undertaken primarily 
to increase production incentives. The most important of these are 
price policies and programs of extension education. Recent studies 
have verified the positive response of peasant farmers to price changes, 
at least with respect to the acreages devoted to commercial crops 
(grown primarily for the market) and of subsistence crops (grown 
for consumption by the fa~ family)· in regions that are already mar:
ket-oriented. There is little or no evidence that pricing can induce 
yield-increasing changes by' peasant farmers, but this observation is 
inconclusive because other pre-conditions for yield-increasing changes 
(the facilities listed in the preceding paragraph) were still lacking in 
the localities where the effect of price changes were studied. Where 
these pre-conditions are met and farmers are market-oriented, it is 
highly likely that price relationships w:ill be a very influential, factor 
in encouraging farmers to iilcrease yields. The unfortunate tendency 
in most developing' countries is to base pricing more on the need for 
low food costs in cities than on the production incentive needs of 
farmers. 

Programs of . extension education can have a substantial positive 
effect on the production incentives of farmers, once essentials such as 
markets for farm products, local outlets for farm supplies and equip
ment, and favorable price relationships exist. A broader comprehen
sion of the potential role of extension in developing countries is. re
quired if these programs are to have a maximum effect on incentives. 
Extension programs not only can "take research results to farmers" 
and "impart knowledge and skills," but also can substitute new pro
cedures for old traditions and values, overcome reservations about the 
risks and uncertainties involved in innovation, speed the transition of 
farmers from a subsistence to a market orientation, stimulate the de
velopment of local auxiliary serv)ces, and generally make agricultural 
planning more realistic and practical. 

Early in a country's agricultural development, attention needs to 
be concentrated upon the whole range of factors which influence farm
ers' incentives. Price policy is of great importance at this stage. At 
the very least, a farmer must remain solvent. He cannot be expected to 
produce for the market at a loss. But price relationships are pro
duction incentives only where farmers (1) have a considerable degr.oo 
of freedom of action without general or specific cultural restraints, 
(2) have production alternative opportunities available provided 
th~ough research and appropriate.off-farm services to distribute farm 
inputs and to market, process, and distribute farm products, and (3) 
are, in consequence, able to operate primarily in a market rather than 
a subsistence economy. Each of these pre-conditions requires much 
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additional attention in most of the countries of Asia, Africa, and Latin 
America .. 

9.2.0 Introduction 

Crucial decisions which affect both the am,ount and efficiency of 
agricultural production can be made only by individual farm opera-' 
tors. These decisi~ns are relatively few in a largely traditional agri
culture but become more numerous as agriculture advances. Farmers 
must decide what crops to grow, based on current and anticipated 
market prices; whether or not to use fertilizer and, if so, what kind 
and when; whether or not to purchase seeds and, if so, what kind to 
buy; whether or not to purchase pesticides, based on a judgment as 
to the severity of the loss if no counter steps are taken; whether to 
buy a tractor, and, if so, what kind,whether to do their own plowing 
or hire it done; whether or not to employ extra labor; and whether to . 
confine cash expenditures to what they can finance without borrowing, 
or to obtain credit. It is possible to make some decisions for farmers 
by administrative decree, but there are very narrow limits to what 
can be accomplished by this means~ The enormous variations among 
farm units in soil, micro-climate, and local price relationships, and 
the multitude of unpredictable problems arising from pests, disease, 
and weather require, even in socialist and other planned economies, 
that many decisions be left to individual farm operators. The question 
of what influences farmers' decisions becomes a topic of major impor
tance in our concern about the world's supply of food. 

While others have been seeking to breed more productive plant 
varieties, to find effective measures for combatting against plant and 
animal diseases, to devise more efficient farm implements, to manufac
ture and distribute fertilizers, and to create production credit institu
tions, social scientists have been exploring the factors that influence 
farmers in their decision-making. This paper is a report of some of 
their findings and hypotheses. 

t9.~.1 Production Incentives in PerslJective 
The discussion of production incentives for farmers that follows 

shouid be read with the importance of other requirements for agricul
tural development constantly in mind. We find Mosher's classification 
of these requirements useful. He points out first, that there are four 
elements of farming and that any measure intended to contribute to 
agricultural development must change one or more of these: (1) the 
biological production process of agriculture; (2) the behavior of 
farmers; (3) the physical farm; and (4) the nature, and the costs 
and returns, of the farm as a business. He also lists five essentials for 
agricultural development, among which the complementarity is so 
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high that all must be present in any locality before agricultural pro-
duction can increase. These essentials are: . 

1. Markets for farm products. 
2. Constantly changing production technology. 
3. Local availability of farm supplies and equipment embody

ing the new technology. 
4. Production incentives for farmers. 
5. Transportation connecting farms with markets for farm 

products and outlets ~or farm equipment and supplies. 
Mosher goes on to point out that in any locality in which all five 

essentials are adequate the addition of anyone or more of five accelera
tors of agricultural development can increase the rate of agricultural 
growth. These five accelerators are: (1) education for development 
(including extension education for farmers); (2) production credit; 
(3) group action by farmers; (4) land imi>rovement and expansion 
of the cultivated area; and (5) planning for agricultural development. 

Production incentives are one of the five essentials of. agricultural 
development in each locality before agricultural development can 
occur. 1Yithout adequute production incentives the other four essentials 
will have no effect. Conversely, without all of the other four, even 
very favorable production incentives will have no effect. The relevance 
of production incentives to Mosher's "elements"of farming is that 
they are aimed primarily at changing the behavior of farmers with 
respect to production. 

While we find this classification of the requirements for agricul
tural development useful, our analysis of factors affectirig production 
incentives in the pages that follow will demonstrate that these various 
"essentials" and "accelerators" are not unrelated. In fact, it appears 
that the presence of markets for farm products, outlets for farm sup
plies and equipment, and transportation facilities have, in themselves, 
a substantial effect on production incentives. Furthermore, two of the 
accelerators-extension education and production credit-can provide 
a similar stimulus. 

{)22 The Se1ni-OmnmerdalProdttu:tionof Food Grains 
This report has been prepared using the problem of semi-commercial 

production of food grains as a prototype. By "semi-commercial pro
duction" we mean 'production of commodities of which the farm family 
itself consumes a significant share. It is for farmers such as these, 
many of whom produce primarily for subsist~nce and only marginally 
for the market and use "innovations" to only a small extent, that the 
decision-making is most complicated. 

vVe have concentrated largely on production incentives for the food 
grains 'because these crops are of major importance to the world's sup
ply of food. 
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Semi-commercial production of food grains prevails in most of the 
"developing" world. The exceptional "islands" of highly productive 
plantation crops such as sugar, pineapples, cocoa, coffee, tea and rub
ber, and the similar "i~lands" of largely commercial general farming, 
pose fewer and less serious 'problems of incentive and are not trea-ted 
specifically. ' 

9.2.3 Factors Infouencing Fa'l'1neTs' Incentives 
The influences that are most widely recognized are: (1) prices of 

farm products, (2) land tenure arrangements, and (3) traditions. 
Other less universally recognized influences include: (1) the physical 
availability and quality of marketing channels for -farmprodu.cts, 
farm supplies -and equipment, production credit, information about 
improved practices,purchasable consumer goods,and irrigation 
water; (2) the local prices of farm supplies and equipment rela,tive to 
their quality; (3) tax structure 'and policy; (4) forms of local orga
nization; (5) personal support by extension agents, and (6) exposure 
to outside ideas and innovations. 

9.2.3.1 Injluerwes aTe Many, but Decisions aTe Sitngle. While the fac
tors influencing the production decisions of farmers are many, it is 
the toto]. effect of all factors that leads a farmer to adopt or to shun a 
new practice. In any single instance, factors that encourage the farmer 
to adopt -a practice are weighed against others that discourage him. 

Each factor entering into a decision can be depicted by an arrow 
pointing up (if the influence encourages adoption of a practice) or 
down (if the influence discourages or inhibits adoption of the prac
tice). The length of each arrow can indicate the measured or estimated 
strength of each factor and the division between "yes" and "no" can be 
depicted by a horizontal line. For ex~mple, if a farmer is influenced in 
'v hether or not to use fertilizer on a particular crop by (a) a fa vora'ble 
set of price relationships for farm products and for farm inputs, (b) 
a favorable land tenure situation, (c) a cultural setting that discour
ages change, and (d) a high cost of credit to finance the new practice, 
these influences and the strength of each might be depicted as follows in 
Figures 9-1 and 9-2. 

This example is based on only four influences. In actuality, of course, 
there are many others. Furthermore, this diagrammatic treatment is 
misleading if one infers from it that the length of each arrow (the 
strength of each influence) can be measured with exactness. It is not 
meant, to imply that the overall effect of all influences on farmer in
centives can be calculated and neatly predicted. Instead, it is used to 
indicate that the direction and relative strength of each influence are . 
important, and that for each decision concerning a new technique of 
production, the' effect of all influences is summed u.p in the farmer's 
mind to a single "yes" or "no" decision. 
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Figure 9-1 

a b YES 
c NO 

Since these influences combine into a single "yes" or "no" decision, 

the summation of their influence might be depiced as below, indicating 

that their net effect, in this case, is the adoption by the farmer of the 

new practices. 

a 

YES 
NO 

Figure 9-2 

b 

o ~ net favorable incentive 
YES 

NO 

9.2.3.2 Three Sources of InflW3nee on Produ.ction lneentives. The 
factors which influence farm production incentives are of three types. 

Type I. The first grolJp arises from the general political, social, eco
nomic, a.nd cultural setting within which farmers must operate. These 
are inherited from the past and modified in the present not primarily 
to affect agriculture but in pursuit of the general welfare of people 
living within the culture. General cultural values, provisions for the 
maintenance of law and order, monetary policy, family structure in
cluding the traditional roles of its different members, and general 
village culture are examples of Type I influences. Land tenure arrange
ments are of this type since they are usually established more to affect 
the distribution of power and to serve purposes of social justice than 
because of their effect on farmers' incentives. 

Type II. A second group of influences includes side-effects of poli
cies and progra~s adopted primarily to provide other requisites for 

• 
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agricultural development. Examples are the availability of new in
puts provided by research, the adequacy of access to markets for farm 
prod,ucts and to purchasable production inputs, and the availability 
of production credit. 

Type III. Finally, there are policies or programs aimed specifically 
at influencing farmers' decision-making. Prices and price policies, and 
extension programs are important examples of these. Tax policies may 
have the same effect. Land tenure policies can he redesigned specifi
cally for this purpose although, historically, they are Type I influences. 

These three types of factors ov~rlap and limit conditions of farmers' 
incentives to a relatively small area. -The following figures represent 
an attempt to graphically present the impact of these influences. 

Combining these three figures gives us a- representation of the com
plex of influences that together determine production incentives for 
farmers. 

9.2/" Side-Effects 0/ Efforts to Infl;uenae Farmers'InaentiAJes 
A.dditional explanation is needed regarding the dotted lines in 

Figures 9-5 and 9-6 above. The dotted lines in Figure 9-5 reflect the 
fact that measures undertaken' to affect farmers' incentives directly 
have side-effects that influence other parts of the society as w~l1. The 
location of < the two crescent-shaped areas IIIs1 and IllS:! in Figure 
9-6 indicates that some of these side effects influence other measures 
undertaken to accelerate agricultural development, while others in:
fluence the general political, social, economic, and cultural totality of 
the society. 

So far as the side effects-on other measures to improve agriculture 
areconcemed, they are generally favorable. They increase the -eco
nomic demand for ~and use of the larger production opportunities 
that the other measures for agricultural development provide. 

Figure 9-3 

Type I. Influences of the 
general political, SOCial, 

j economic and cultural 
setting. 

I. Every farmer is influenced 
by the general political, SOCial, 
economic and cultural setting 
within which he lives. The total 
influence of these factors is much 
broader than their specific impact 
on farmer incentives, but influences 
on farmer incentives are among them. 
(Influence on farmer incentives, 
Ii, is a sub-set of set I). 

.. 
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Figure 9-4 

Type II. Influences of other 
measures undertaken to spur 
agricultural development. 

Figure 9-5 

,..-- ...... , 
/' " / \ 

I \ 
I \ 
\ I 
\ / , / , ........ ~ 

Type III. Influences of measures 
undertaken specifically to 
infiuence farmers'incentives. 

II. Wherever measures such as agronomic 
research. irrigation, provision 
of new farm inputs, or production 
credit are undertaken, these (along 
with each serving its major objective) 
also have an influence on farmer 
incentives (IIi) through the facilities 
that they make available. 

III. The joint effect of Type I 
and Type II influences on farmer 
incentives may be either inimical 
to rapid increases in agricultural 
production, or they may simply be in
adequate. To achieve a net result 
favorable to rapid agricultural 
development, specific policies and 
programs can be adopted (and may 
be essential) to augment or intensify 
production incentives of farmers. 
The dotted lines indicate that in 
addition to their influence on farmer 
incentives such measures also affect 
other measures for agricultural 
development and the general po1itical
socia1-economic-cu1tura1 setting. 

The side effects on the general political, economic and cultural struc
ture of the society mayor may not be "beneficial" and, in any case, are 
certainly more complex. The distribution of landownership and the 
conditions of tenancy, for example, have a pronounced effect on the 
distribution of political power among a particular group of people. 
This effect may decisively affect public policy with respect to a wide 
variety of factors influencing the rate of agricultural development 
in addition to. its influence on farmers' incentives by increasing each 
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I 

Figure 9-6 
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Composite Impact of Influence from all 
Sources on Farmer Incentives 

farmer's share of the harvest. Even beyond this, land tenure arrange
ments may have important effects on non-agricultural-political goals 
in a nation if, for example, they broaden the base for citizen partici
pation in government. Serving goals of this nature may need to take 
precedence over its effect on the supply of food. 

In other words, the forms of organization of a society, its "institu
tions", can have a marked influence on the rate of agricultural develop
ment but they also have much broader social effects. These pervasive 
effects should be taken into account in development planning. The 
effect of institutions on food supply cannot be the only consideration; 
in s.ome countries, the immediate impact on food supply may deserve 
a lower priority than other consequences. 

9.3.0. The Nature and Impact of General Cultural and Political. 
Influences 

9.3.1 Some Aspects of Low-Technology Oultu'fes 
9.3.1.1 Traditions and Values. The function of tradition in any 
culture is not to promote change but to insure stability, continuity 
and predictability in human affairs. To ignore or violate traditions 
by the application of new inputs is a risky business. 

Habits, customs, and traditions change only when they are chal
lenged by the emergence of problems they cannot solve. They wither 
under the impact of new products imported by trade. They are modi
fied by the availability of new production techniques. When a farmer 
becomes concerned about a new problem, he will first try to solve it 
within the sanction of old traditions. Consequently, if a new practice 
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can have an old sanction, it is more easily introduced. Eventually, if 
problems remain unsQlved, the 'Old way weakens, and traditiQns change 
'Or are replaced. 

9.3.I.e Social Organizations. TraditiQn and social structure gQ hand 
in hand; SQcial structure is traditiQnal in its 'Own fQrm and functiQn 
and, in turn, prQmQtes the. continuance 'Of traditiQns. 

There is a large variety 'Of human grQupings, and each society has 
its distinctive cQmbinatiQns 'Of them. In mQst traditiona;l societies, the 
family and'clQsely assQciated grQupings of caste, clan, kin, and neigh
bQrs are PQwerful in their contrQls of members. In such grQUPS, it 
may nQt be enQugh tQ win 'One individual tQ a new idea 'Or a new 
practice. The attitude 'Of several influential members may have to be 
changed. 

9.3.1 /J Legitimation is Local and Personal. In premodern sQcie
ties with subsistence agricultural systems which prQduce only enough 
food fQr the farmers, their families, and neighbQrs, nQrms are particu. 
lar tQ the farmer, the family, and the local culture rather than general 
fQr the whQle natiQn. The cQncept of the prQper way to 'Operate a farm 
is contrQlled by the persQnal apprQval of individuals, nQt impersQnally 
by findings 'Of experiment stati'Ons 'Or tags 'On bags 'Of fertilizer and seed. 
CQnsequently, change agents mu_st becQme respected amQng the people 
with whQm they wQrk if they are to be effective. This is because it is 
not what is said as much as who says it that leads tQ acceptance 'Or 
rejectiQn 'Of a new practice. 

If a practice is frQwned 'On by a venerable sPQkesman fQr traditiQn, 
'Or derided by a member 'Of 'One's family 'Or village, the practice is usu
ally drQPped. Few perSQns in any culture can risk innQvatiQn while 

. being sCQrned by those tQ whQm they lQQk fQr apprQval and supPQrt. 

9.3.1.-,+ Pervasive Generallnfi.uences. Farmers are influenced in de
cisiQn making by many factQrs fr'Om the general culture. One 'Of these 
is maintenance 'Of law and order. Farmers are deterred frQm imprQv
ing their livestQck if the· animals are likely to be stQlen. A secQnd 
fact 'Or is the administrative efficiency of g'Overnmental services. A 
farmer is unlikely to make use 'Of credit facilities if the prQcedure fQr 
getting a IQan requires visits t'O several 'Offices which may nQt be 'Open 
'Or are staffed by 'Officials whQ treat the farmer as an'inferiQr-. Third, it 
is characteristic 'Of most lQw-technQIQgy econQmies that grQup welfare 
has a much higher value th~n individual freedQm. PeQple wh'O live 
clQse tQ the margin 'Of-subsistence cannQt aff'OrdtQ let 'One pers'On en
danger the grQup's precari'Ous balance. A fourth general influence is 
what F'Oster has called "the dQctrine 'Of limited gQ'Od"; the idea that 
the total amQunt 'Of gQQds and services available tQ a c'Ommunity is 
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rigidly fixed, so that if one person gets more, someone else must in
evitably have less. 

9.S.1.5 Infouences Having Specific Impact. Other cultural influences 
bear specifically on the making of particular decisions in farming. One 

~ of these is the tradition that the raising of each type of crop or animal 
is the exclusive responsibility of a specific group; one caste, or family
line, or clan grows vegetables or wheat; one and only one raises pigs, 
or chickens, or cattle. Another is the tradition in many regions that a 
tenant should share his harvest with the landlord but should bear the 
full cost of purchased inputs. A third is the tradition that livestock 
should be privately owned but grazed on public lands without regula
tion as to numbers; this makes for over-grazing,prevents improve
ment of pastures, and makes selective breeding or control of livestock 
diseases virtuoJly impossible. A fourth .such influence is food habits; 
some of these are strict taboos, preventing any consideration of raising 
pigs, chickens, or cattle; others are merely food habits of long stand
ing, such as the strong reluctance of many to substitute other grains for 
rice in their daily diet. 

9.3.~ Land OW1U3TShip and Ten't~re 
No single aspect of a culture has a greater impact on production in

centives of farmers than the set of arrangements (legal, customary or 
both) that each society has adopted for land ownership and tenure. 

There is an enormous literature on this topic which ranges from re
ports written by persons with a passionate conviction that one or an
other form of land ownership is ideal, to studies conducted by persons 
trying to achieve scientific objectivity, but there is as little unanimity 
of opinion among the latter as among the former. One difficulty in 
dra wing general conclusions on this subject is the almost endless va
riety of arrangements for land ownership and tenure found in different 
parts of the world or within a single country such as India. Our con
cern is with production incentives for farmers, and patterns· of land 
tenure affect them in several ways. Land tenure arrangements are part 
of any society's ,way of meeting other goals. They help achieve goals 
of social justice or income distribution, objectives of social stability, 
of individual or group "social security" in the current American mean
ing of that term, and of distribution of political power. Additionally, 
they serve. to strike a balance bebyeen individual needs for productive 
opportunity or employment, on the one hand, and sodal needs for full 
utilization, conservation, and improvement of land resources on the 
other. 

Three general conclusions can be drawn from the literature on land 
tenure. 
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First, no land tenure system (Jan be optimal with respect to one social 
obje~tive without being less than optimal with re8pect to others in the 
same society. 

Second, w land tenure sy8tem cam confidently be adjudged to be best 
in the abstract,. land tenure .~stem-s can only be judged within the CGn

teilJt 01 the other element8 01 particular culture8. Put another way, the 
"best" land tenure system for a particular country or region can only 
be judged in the light of currently prevailing circumstances such as 
land availnbility, non-farm employment opportunities, available 
agricultural technology, existing distribution of political power, rate 
of population growth, and social structure. 

Third, the optimum pattern of land O1J.mership and tenure for any 
given country 0'1' region change.'J O1Jer time with technology, popula
tion, alternative employment opportunities, and other facets of the 
local culture. To make appropriate changes possible, the legal arrange
ments for land ownership and tenure must either provide for consider
able flexibility or they must be revised periodically. While flexibility 
would appear to be preferable in an ideal sense, there are circumstances 
where periodic revision of legislation is not only more feasible but also 
more advantageous. Su~h revisions cannot be frequent, however, with
out disastrous affects on the rate of investment in agriculture. 

9.3.2.1 Major Type8 01 Land Ownership and Tenure. "W11ile specific 
land o"rnership and tenure arrangements vary enormously in different 
parts of the world, there are six general types, each associated with a 
different set of historical and contemporary influences. 

9.3.2.1.1 Tribal or Oommttnal Tenure. In this type, land is not 
"owned" by any individual or family. Each tribe or clan has a terri
tory within which it m::Ly assign plots·to individuals or families to cul
tivate, or families may be free to choose and cultivate plots not cur
rently claimed by someone else. No rent is paid. No sales of land take 
place. Cultivating families may be free to keep all they grow or may 
be required. to share their produce in any of a wide variety of ways 
with other members of the tribe. Plots may be reassigned periodically, 
or families may have hereditary rights to cultivate their plots. 

Tribal tenure tends to persist only so long as more land is available 
than the populat.ion needs for subsistence agriculture. It is not appro
priate for an agriculture in which farm inputs are purchased or in 
which appreciable amounts of produce are sold. 

The tribal tenure arrangement still characterizes large areas in 
Africa and is found in other isolated parts of the world. It must give 
way to other types if an exchange economy is to develop, but there is 
no consensus about the best way to achieve the transition. The world 
needs the food and other products that the extensive lands of Africa 
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could yield. To realize this potential, a radical shift in social patterns, 
of which tribal land tenure is only a part, will be required. 

9.3.~.1.~ Feudal and Semi-Feudal Tenures. The tenure system 
that exists in many forms is that in which one person collects rent or 
services from a large number of laborers or peasants who cultivate a 
given territory of land. This feudal or semi-feudal system, in many 
places, makes it a responsibility of the landlord to provide emergency 
rations.for his tenants and their livestock in lean years. This responsi
bility is frequently combined wiith his granting of credit to the tenants, 
almost always on terms more favorable to him than to them. The rent 
and/or services he collects from his serfs, tenants, or share-croppers 
may be regulated by custom or by law, but frequently is not, so that 
the trend is for the owner to collect all but subsistence requirements. 
Political as well as economic power usually resides with the land
owners. Where landholdings are very large, the reSUlting concentra
tion of political power usually supports a self-perpetuating oligar
chical form of government. 
. There is seldom much incentive for feudal landowners to increase 
productivity on their holdings. Ownership carries political power and 
social prestige and the measures necessary to increase productivity 
would (or so the landowners believe) undermine the system. As one 
writer has pointed out, "the marginal utility to the landlord of an 
increase in productivity is very small". 

This type of tenure exists· in an extreme form in many parts of 
Latin American and it is found in more attenuated forms in the Mid
dle East and South and Southeast Asia. 

9.3.~.1.3 Share Rental of Land. Scattered throughout much of 
the agricultural world one finds share rental of land in which a desig
nated part of each harvest goes to the landlord and the/remainder to 
the operating tenant. It involves two special problems in connection 
with agricultural development: the financing of production inputs and 
land improvement. In most cases, the tenant must turn over a fixed 
share of each harvest to the landlord but must bear the full cost of 
purchased production inputs. Under such circumstances, a tenant 
operator has, at best, a weak incentive to incur additional production 
costs in hope of a larger harvest. All of the additional cost is his, but 
he receives only a part of the additional rettttrrl/s. Where share tenancy 
persists in advanced agricultural economics, schemes for sharing pro
duction costs as· well 'as the harvest have been worked out between 
the tenant and the landlord. While isolated examples of this situation 
exist in the developing countries, the practice is not widespread. 

The other problem involved in share tenancy is insecurity ·of tenure. 
Within a feudal system each tenant has security of tenure but as soon 
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as rent-is paid wholly in kind or in cash this security disappears. Many 
countries have given certain classes of tenants security of tenure by 
legislation but in most places share tenants can keep farming the same 
land only at. the will of their landlords. Wherever this is true, share 
tenants have little· incentive to invest inland improvement since they 
have no assurance that they can reap the benefits of such invest~ents. 

9.3.~.1.4 Oash Rental of Land. The obligation of an operating 
tenant to pay a contracted cash rental per acre, instead of a share of 
the crop, has the substantial advantage over share tenancy that the 
entire increment in production made possible by use of improved 
methods accrues to him. The tenant's incent.ive to use purchased inputs 
increases because of this. It is primarily for this reason that cash 
tenancy is generally preferable to share tenancy. 

The problem of insecurity of tenure can arise under cash rental as 
well as under share tenancy. Again, the only feasible ways to solve 
this problem are legislation or long-term rental contracts. A few 
countdes' have legal requirements that the landlord reimburse a ten
ant for his investments in land improvement if the tenants' occupancy 
of the land is terminated. 

Under both share and cash tenancy systems, rental payments tend 
to approach the "economic rent",. leaving the tenant only enough 
for scant subsistence. Legal ceilings need to be set on rental payments, 
whether in the form of the percentage share of the harvest due the 
landlord or in the form of maximum cash rental per acre. 

9jJ~.1.5 O~oner-Operator8hip. This is the type of land tenure 
that most farm operators prefer, since it grants them maximum inde
pendence of action and security. An owner-cultivator system probably 
provides the strongest production incentives of any land tenure sys
tem. Each owner-operator receives the combined ·earnings of his labor, 
his management, and· the improvements in the land he cultivates. 
Thus, he has the maximum incenti.ve to increase current production 
and to inve~ in land improvement. He is free to change cropping 
patterns and methods of cultivation to the extent that local traditions, 
new technology, markets and prevailing price relationships may allow. 
He is in a stronger position to go counter to prevailing local traditions 
by virtue of his ownership. He is freer than any other type of farm 
operator to join with others in organizations to further their own in
terests, whether locally or nationally. This type of land tenure is 
found in most non-socialist parts of the wo~ld and, in varying de
grees, in some Communist economies. The proportion of owner
operators is increasing substantially, especially in Japan and Taiwan, 
but also in· India, Egypt, and other countries as a result of recent 
land reforms. 
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9.32.1.6 Socialist Forms of Land Tenure. It is a basic tenet of a 
socialistic society that the nation owns the land. While this is similar 
to tribal land rights, socialistic economies stress industrialization and 
this implies an intricate exchange economy for both agriculture and 
industry. Most socialistic economies nave tried with unimpressive 
results to organize agricultural production in a pattern similar to that 
of industry. This has involved large-scale collective or state farms, 
using various devices for allocating land and for collecting produce. 
The products are not looked upon as compensation to the state for 
use of the land. 

In view of the indifferent success of socialistic efforts to increase 
agricultural production, it cannot be said that an economically defen
sible and stable socialistic pattern of land tenure has evolved yet. 
Pragmatically oriented regimes in countries like Yugoslavia and 
Poland continue, to condone "anachronistic" and "capitalistic" land, 
tenure systems to protect their productivity. 

It would be premature to conclude that a dynamically productive 
agriculture cannot develop in a system where the state owns all land, 
but the institutional forms and procedures to make such a system 
effective have yet to emerge. 
(A sixth form of land tenure-cooperative farming-has been tried 
in many places, often with satisfactory short-term results, but this 
~ystem has not developed to a point where it can be considered as a 
major form of land tenure or of farm organization. Enthusiasm for 
it continues only in small regions where' special conditions support 
it.) 

9.3.t2.t2 Tenure Systems' Influence on Agricultural Productivity. 

9.3.t2.2.1 Distribution of Political Power. The most important in
fluence of tenure systems on agricultural productivity goes far beyond 
influences on the production incentives of individual farmers. Govern
mental policies and. programs affecting agriculture are most likely to 
offer opportunities only to farmers who have political power. If the 
tenure system concentrates this power in a few landowners, their 
interests will be served by governmental policies and programs. If the 
tenure system is such that owner-operators and cash and share ten
ants predominate, political power will lead to governmental policies 
and programs which serve the interests of 'the actual cultivators . 

. The whole complex of services which support agriculture, includ
ing sources of supplies and equipment, markets, credit, research, and 
extension edpcation tend to take a form consistent with the exist
ing type of land tenure. If services are designed'to serve large land-

. owners, they are inappropriate for or unavailable to owner-operators 
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and tenants. Only the wider distribution of political power can remedy 
this. 

9.3.~.2.~ Effects on Ourrent Production Der.:i8ions. Farm opera
tors, whether owners or tenants, are guided in their current production 
decisions by cost and returns to them. They cannot be expected to in
crease production if another person is to receive the profits. An owner
operator collects all proceeds from sales of his farm products and 
bears all costs of purchased inputs. A tenant never receives the entire 
proceeds from sales, since he must pay rent, and only in enlightened 
share tenancy arrangements (seldom found in the developing coun
tries) does the landlord bear a commensurate share of the cost of 
purchased inputs. Specific practices with respect to sharing costs and 
returns vary widely, but in most countries of Asia, Africa, and Latin 
America, tenancy limits drastically the income incentive to use pur
chased inputs. Where the landlords' share of the harvest is large 
and the tenant must bear most or all of the costs of purchased inputs, 
the tenant has little incentive to produce beyond· the point at which 
his share of the harvest gives him and his family their customary 
level of living Figure 9-3 on page 510 shows dramatically the effect of 
land tenure on incentives to use fertilizer in the Philippines. 

9.3.~.2.3 Incentives to Invest. Agricultural development requires 
more than the annual use of purchased inputs. It involves continuous 
investments to improve the land and to construct buildings, wells, 
fences, etc. An owner-operator has great incentive to make invest
ments because be can anticipate receiving the additional income that 
they make possible. A tenant knows that he will only receive part of 
the income that each improvement justifies and that he may, in addi
tion, have to pay a higher rental than at present .. Furthermore, -if he 
can be dispossessed at the will be of the landlord, he has no incentive 
at all to improve the farm. 

Even an "owner" may have a .limited incentive to invest in farm 
improvements if his title to his land is not clear. In many developing 
regions, cadastral surveys have not yet been undertaken, and the 
registration of land titles is still inadequate. 

9.3.~.~.4 Oorwentration or Dispersion 01 Decision Making. The 
use of purchase inputs in increasing amounts and continuous invest
ment in the land are crucial to the deve]opment of progressive agricul
ture. If decisions with respect to these have to be made jointly by two 
persons-a landlord and a tenant-this introduces an additional im-
pediment to rapid agricultural development. . 

9.3.3 001wlusions 
We can summarize what is "known" about the influence of the 

general culture of any region on the production incentives of farmers 
in the following propositions: 
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(1) Influences on a general culture which are grounded in tradi
tional beliefs and values can rarely, if ever, be changed by direct attack 
on these beliefs and values as such. Food taboos and the joint family· 
system are examples of this type of influence. 

(2) Most methods for changing the general climate of traditions 
and attitude work slowly. The most rapid effect is achieved by increas
ing the mobility of both people and goods through improving trans
portation and marketing channels for farm products, farm inputs, and 
consumer goods. 

(3) The doctrine of limited good and resistance to change which 
stems from communal living at the margin of subsistence, can be 
modified by local demonstrations of new practices that will increase 
over-all production so significantly that gains by some members of 
the community are clearly no threat to the welfare of others. 

( 4 ) Food preferences, as well as the idea of limited good, can be 
changed by improving transportation and marketing channels so that 
a wider variety of consumer goods, il).cluding food, becomes available 
locally. 

( 5) Inefficiency of government services can be modified by appro
priate administrative changes accompanied by a system of in-service 
training and by improved "upward communication" from field agents 
to high administrators who respond by revising policies and pro
cedures. 

(6) The total impact can be magnified by general education that 
widens the horizons of citizens, making-them aware of ways of think
ing and acting in other cultures and societies. 

(7) Under circumstances too variable and complex to be discussed 
here, community development programs, farmer cooperatives, and 
the expansion of the powers of local government can create the initia
tive needed to break the tradition of "waiting for the central govern
ment to help us". As such programs overcome local fatalism, they can 
improve maintenance of law and order and many other communit.y 
and governmental services. 

(8) Selected traditions and local forms of social organization can 
be utilized to adva'ntage in changing the general culture as it affects 
farmers' incentives. New interpretations of. old sanctions can fre
quently be found and extension agents can cultivate the approval of 
established community leaders. 

(9) Systems of land tenure influence the incentives of farm-oper
ators to increase production through: a) the way in which political 
power is distributed; b) their effects on current production decisions; 
c) their influence on incentives to invest in the land and in other capita] 
improvements; and d) their concentration or dispersion of decision
making. 
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(10) Security of tenure, or the legally-enforced right to fair com
pensation for improvements made by the tenant in the land and farm 
structures, is essential if a farnl-operator is to be expected to make 
investments that.will increase productivity. 

(11) If share tenants are to be expected to utilize purchased in
puts to increase production, the landlord must pay a fair share of 
the cost. 

(12) No system of land tenure is ideal in the abstract; only one 
flexible enough to allow changes to meet new conditions can be "best" 
for a particular region over long periods of time if agriculture is grow
ing in productivity and efficiency. 

9.4.0 The Influence of Production Opportunities on Incentives 

So far we have been discussing production incentives that flow from 
the general polit~cal and social culture: from traditions, values, and 
social structures that are not primarily concerned with agriculture. 

We turn now to a second group of influences that arise from activ
ities specifically intended to spur agricultural development. These are 
the Type II influences previously defined in this chapter. They in
clude the "essentials" of agricultural development: markets for farm 
products, locally available farm supplies and equipment, and trans
portation facilities. Additional stimulating factors are the availability 
of irrigation facilities, production credit, and additional arable land. 

Whereas the Type I influences affect each farmer's degree of freedom, 
to choose, Type II influences consist of concrete and available oppor
tunities to undertake specific innovations that can lead to higher agri
cultural production. These offer the farmer' choices among specific 
lines of action. 

The relevance of these factors is so obvious that extended discussion 
is unnecessary. Two points should be emphasized: (1) it is the local 
availability of each factor that affects a farmer's decision-making 
with regard to it and (2) complementarity of factors is so great that 
the benefits when all are available in the same locality are greater than 
the sum of benefits produced by each one in isolation. 

9.1".1 M arketsfor Farm Products 
Farmers adopt production-increasing methods first for those crops 

and livestock that can be'marketed locally. Most yield-inOTeasing tech
niques require the purchase of inputs, and the cost of these inputs will 
be incurred only to grow crops for which money will be received. 
Increased production that can be achieved through extending the cul
tivated area, or by increasing the number of livestock tended, will be 
sought beyond immediate farm family consumption needs only if 
there is a market demand for the surplus. 
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There have been numerous instances in which new crops have been 
introduced into a region, and ~ew techniques adopted to increase their 

. yields, simply because a cash market for them suddenly became 
available. 

9.4,.~ Farm Supplie8 and Equipnwnt EmlJodying New Technology 
The local ,availability of seeds, pesticides, fertilizers, tools and imple

ments, and sources of power provides farmers with the opportunity 
to use them and helps induce farmers to try them. New knowledge and 
skills are needed for their use hut there is incentive to learn how to 
use new inputs only when they are available. Once these inputs are at 
hand, and a few farmers begin to use them, a subst'antial "demonstra
tion effect" sets in. Higher production on his neighbor's fields is a 
strong inducement for a farm-operator to experiment with the new 
methods himself. 

9-4-.3 Trarn.sportation Facilitie8 

Studies of village behavior in Turkey and Guatemala have demon
strated that the citizens who innovate most readily are those whose 
"world" is not limited by the community but has been broadened by 
frequent contact with the cities. This same phenomenon has been 
observed, although not so well documented, in many other places. 
Personal travel to other places, visits to the village by sons, relatives, 
and friends who have moved to the city, and visits to the village by 
officials of governmental development agencies can all stimulate farm
ers to adopt.new methods. Studies in the Philippines have shown that 
visits to a village by exten~ion agents, credit agents, health workers, 
and other government employers increased four to tenfold after con
struction of a feeder road connecting it with a main highway. 

These effects of personal mobility are in addition to the role that 
transportation facilities play in moving farm products from local to 
central markets and production inputs from" centers of manufacture 
or importation to local outlets. 

9.4,.4 Produation Oredit 
Without new sources of credit, only a few farmers with access to 

markets for farm products 'and to supplies and equipment will adopt 
production increasing methods. Provision of credit through a system 
tailor-made to the· production needs of farmers through convenient 
local outlets provides an additional incentive to adopt improved 
practices. . 

9-4-.5 Imgation Water 
The effect of the availability of irrigation :facilities is not so much 

to increase production of crops already grown as it is to open oppor
tunities to grow new crops or to engage in multiple cropping. More-
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over, irrigation is essential in many regions to utilize both fertilizers 
and optimum amounts of soil moisture more effectively. 

9.4.6 Attractive Oonsumer Goods 
Does the availability of attractive consumer goods in rural markets 

cause farmers to increase production ~ The answer seems to be "yes'~. 
Bringing farmers more and more into the market economy is an 
important part of agricultural development. Attractive consumer 
goods that farm :families want act as a stimulus to produce a larger 
surplus above family needs to be sold for the money needed to pur
chase these non-agricultural goods and services. These goods are not 
placed in local markets primarily to provide incentives to farmers 
to increase production, of course, but their impact on farmers' incen
tives is very important. The desire to buy bicycles, radios,fiashlights, 
household equipment, clothing, etc. brings more farm products to 
market. 

9.5.0 Programs Undertaken Specifically to Influence Production 
Incentives of Farmers 

We come now to the Type III influences which are the programs and 
policies designed primarily to increase the incentives of farmers to 
increase production. The two that overshadow all others in importance 
are price policies and eilltension education. 

9.5.1 P'l'ice IncentJimes 
9.5.1.1 Intll()du.etion. In modern industrial societies the notion that 
changes in prices are important determinants of producer and con
sumer behavior is firmly grounded in economic logic and is confirmed 
by observation and ,analysis. In all such societies, whether they are 
relatively free or are rigorously.pocialistic, prices playa leading role 
in guiding decisions about agricultural production and in directing 
the flow of commodities through marketing channels. Indeed, the 
responses to price incentives have been so powerful that programs 
designed to support the incomes of agricultural producers by holding 
prices above normal market levels have typically induced the produc
tion of surpluses except where they have been accompanied by mar
keting quotas or restraints on resource use. 

A very important question in designing programs to achieve rapid 
growth of agricultural production in developing countries is whether 
peasant producers will respond to price and income incentives as do 
commercial farmers in industrialized countries. If peasant producers 
are unresponsive to price incentives, (a) the efficient functioning of a 
free market economy becomes virtually impossible, and (b) the effec-

263-8880-67-35 
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tiveness of price manipulation in achieving production or marketing 
goals in a planned economy is sharply reduced. 

9.5.1.1.1 Traditiorwl Thinking about Peasants' Price Respon-
8iveness. Many have postulated that peasant producers would be un
responsive or would respond perversely to price incentives. The argu
ment for a perverse response has rested typically on a hypothesis of 
limited economic aspirations, particularly for the purchase of goods 
coming from outside the self-sufficient family or. village economy. The 
implication of this hypothesis is that an increase in the price of farm 
commodities would allow peasant· producers to meet their limited 
needs for goods produced outside of the local economy with less effort 
and that a lower volume of farm products would be offered for sale. 

Another line of reasoning ieading to a similar conclusion is that 
under the conditions of extreme poverty which characterize large 
numbers of peasant producers, a rise in income is associated with a dis
proportionate rise in food consumption. Higher prices for food com
modities would, therefore, result in farmers retaining more of their 
production for their own use with the result that the marketed surplus 
would decrease. 

In situations where peasants are more fully in'tegrated into the mar
ket economy or where the pressure of food supplies is less intense, it 
is frequently argued that the high value placed on traditional patterns 
of production and consumption effectively dampens the response to 
price incentives. This argument is frequently coupled with references 
to the importance of ceremonial consumption. 

9.5.1.1.tB Peasants' Price .Responsiveness in Perspective. The 
seeming conflict between experience with respect to price responsive
ness of agriculture in the more advanced economies and peasant price 
responsiveness in other parts of the world grows out of failure to re'c
ognize the complex nature of the factors which influence farmers' 
decision-making. It is undoubtedly correct that many farmers in the 
developing countries are deterred from responding to price changes 
because their landlords receive a large share of the harvest but do not 
help pay for new inputs that might raise production (vector q, in Figure 
9-7). Many of 'them also live in extended families whose customs force 
them to share any increased production (vector b). Many of them live 
where there are few opportunities to spend increased income on con
sumer goods that they would like to buy if such goods were available in 
nearby markets (vector c). In these circumstances, it is clear that even 
a substantial price incentive (vector d) will elicit from the farmer a 
"no" response to suggestions that he adopt a new farming tech
nique. This does not indicate that the price, considered by itself, 
is not a positive incentive even to a farmer in such a situation. It 
merely means that among the complex of influences on farmers' 
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Figure 9-7 
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Lack of Positive Decision in Response to Even a Strong Price Incentive 

decision-making, the price incentive alone m~y be inadequate to over
come the combined effect of other influences. 

9.5.1.1.3 Unsound Price Policies. Unsound generalizations about 
agricultural price incentives frequently have led governments to adopt 
price policies intended solely to benefit industry and urban consumers 
on the assumption that prices "do not matter" to farmers. 

Several countries that export agricultural commodities impose sub
stantial export taxes on food and other farm com~odities either to 
hold prices to domestic consumers below world market prices or pri
marily for revenue purposes. Some countries have required peasants 
to sell part of their production at substantial discounts. Others have 
used commercial imports or commodities obtained through conces
sional food aid programs in a way that has held the prices paid to their 
donlestic producers below those paid to producers in the country from 
which food was imported. 

It is not surprising that such self-defeating agricultural develop
ment policies are employed in many of .the developing countries. In 
addition to fixed ideas about t.he response of peasant producers to price 
incentives, two other factors are involved. First, there is the hope that 
the availability of food and agricultural raw materials at low prices 
will encourage industrial growt.h. There is also the historical fact that 
the present developed countries followed agricultural policies empha
sizing low prices for food and agricultural raw materials during the 
early stages of their industrial development. In the United Kingdom 
the 19th century free trade movement was aimed at lowering the price 
of food and raw materials in relation to the price of manufactured 
products. In Japan agriculture was taxed heavily to finance industrial 
development. In Russia the collectivization of agriculture had as an 
important objective the extraction of surplus production from agricul
ture. In citing these examples, developing countries overlook the coun-
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tervailing forces that existed at the time these practices were formu
lated. England was primarily an importer of food and raw materials 
and an exporter of industrial goods. In Japan, while agriculture was 
being taxed, ·the government was simultaneously pouring substantial 
amounts into agricultural research and into general education, and 
Japan possessed such a high degree of social discipline and national 
purpose that farmers kept at their tasks under relatively unrewarding 
circumstances. Russia succeeded in industrializing but has not yet 
achieved comparable success in building a highly productive agricul
ture. Certainly, any developing country faces conflicting needs in try
ing simultaneously to industrialize and to increase agricultural pro
ductivity .. But one of the things it cannot afford to do is to ignore 
the considerable responsiveness of market-oriented farmers to price 
incentives. 

9.6.1.1.4 Need for Re8earch. When agricultural production de
pends entirely on the land and the labor of peasants, the possibilities of 
achieving a rapid growth in output are sharply limited. Modern tech
nical inputs such as new seed varieties, fertilizer, pesticides, and power 
equipment are now becoming available to farmers in some of the 
developing countries. These new inputs differ strikingly from those of 
tr.aditional subsistence agriculture in that they mU8t be purcha8ed 
from the non-farm :sector. A major effect of this new technology is to 
make farmers far more sensitive to price policies than in the past. 
Moreover, rapid popUlation growth has accelerated the growth rate 
of demand for agricultural. products in most developing nations to a 
level that is much greater than that which existed in the presently 
developed countries at a comparable stage in their history. This raises 
a serious question, therefore, about whether the rate of agricultural 
output required to meet this growth in demand can be achieved with
out direct encouragement to farmers through positive agricultural 
price policies. 

In undertaking studies of farmer responsiveness to prices, two cau
tions are in order. The first is to avoid the error of generalizing from 
one developing country to another, particularly on the basis of studies 
carried out in one region. The second is to consider the correlative 
operational force of influences other than price on farmers~ incentives, 
rather than to disregard them simply because they cannot be quantified 
for inclusion in econometric models. 

D.6.1.fd Farmer:s' Response to Price I'JUJentives 

9.o.1.fd.1 Ohange8 in Priee8 of Individual Orop8. Recently a sub
stantial body of data has become available on the responsiveness of 
acreages of individual crops to relative price movements in a number 
of major geographic regions or countries. This information is sum
marized in Table 9-1. The "elasticities" given in the table indicate the 
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TABLE,9-l.-Estimated short-run area price elasticities for selected subsistence and 
commercial crops in South and Southeast Asia 

.-"--~ -

Commodity Country Period Elasticity Remarks 

Subsistence crops: 
Rice _______________ India-Pakistan Il!!.h\ 1914-45 0.31 Irrigated. 

East Pakistan_ 1948-63 .05 Summer and winter. 
dn 194.8--63 • 12 Summer only . 

Indonesia (Java and Ma- 1951-62 .30 
dura). 

~ 1054-64 .10-.30 Typical. 
do 1954-64 .40-.60 High irrigated areas. 

Corn _______________ India-Pakistan li!!.h) 1915-43 • 23 Irrigated • 
~ 1954-64 .1<}-.30 Typical. 

, dn 1954-64 .30-.70 Major commercial areas. 
WheaL ____________ India-Pakistan (pnnl"h) 1914-43 .05 Irrigated. 

West 1944-59 .20 
Barley _ •. __________ India-Pakistan I lA-h) 1914-45 .39 
Millets. _______ • ____ dn 1914-43 .09 
Sorghum. ____ " _____ dn 1914-43 -.58 

Commercial crops: 
Cotton _____________ dn 1922-41 .72 American. 

dn 1922-43 .59 Domestic. 
India_ 1948-61 .64 
p"ldd<>n 1933-58 • 41 

Sugarcane __________ India-Pakistan li!!.h) 1915-43 .34 
Jute __ • ____________ T • .:I, 'D~l.l~., 1911-38 .46 

i~~i::~akistan (RAnaan 1911-38 .68 
India-Pakistan (Bengal, 1898-1938 .61 

Bihar, Arissa). 
East tld!tt.lln 1931-53 .60 

dn 194.8--63 .40 

Source: Summarized from original sources identified in Mahar Magahas, Aida E. Recto, and V. W. 
Ruttan, "Price and Market Surplus Relationships for Rice and Corn In the Philippines," Journal of Farm 
Economics, Aug. 1966, pp. 696, 698. 

percentage change in the crop acreage associated with a 1.0 percent 
change in the price of that crop relative to prices for competing crops. 

There are difficulties in drawing general inferences from these 
studies since: (a) different st8ltistical designs were used; (b) the 
relative price variable was defined in different ways; (c) the regions 
studied are notc9mparable; and (d) a majority of the information 
was collected in South and Southeast Asia. 

AtJ1'eage Response. Despite these shortcomings it is possible to con
clude that peasant producers responded to changes in the relative 
prices of individual commodities by reallocating crop acreages. 

The individual studies a'lso indicate that 'producers of crops nor
mally grown for sale such as cotton, sugarcane and jute (commonly 
called "commercial" crops) are more responsive to price changes than 
producers of crops that may enter directly into the consumption pat
tern of the farm families producing them even though part of the crop 
is sold. Producers of these latter, or "subsistence", crops, are typically 
more responsive to price changes in the major commerical regions of 
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a country than elsewhere. These areas are characterized typically 
by good irrigation, transport, and marketing facilities. In these re
gions the response elasticities are of roughly the same magnitUde as 
those found in studies of commercial farmers in developed countries. 
(See Table 9-2) 

Yield Re8ponse. Attempts to relate changes in yield in developing 
countries to price changes have not been successful. 'Vhile this may 
seem to imply 11, less optimistic view of the role of price as a develop
ment tool, studies may still demonstrate that price changes have in
duced positive yield responses in addition to area shifts. It may be that 
price incentives are effective only in localities where the farm supplies 
and equipment necessary to increase outptlt are physically available, 
where marketing channels for farm products are adequate, and where 
other influences which might oppose farmers' decisions to adopt. yield
increasing technologies have largely disappeared. 

9.5.1.~.~ Re8pon~e8 of Aggregate Output to Price. Information 
on the response of aggregate agricultural output to general price 
changes for agricultural products relative to the price changes of nOll

agricultural products is quite inadequate. Furthermore, it is not pos
sible to draw firm inferences on the response of agricultural output as 
n whole from data on the response of individual crops except in mono
cultur:e areas. It is entirely possible that individual crop studies nlerely 
indicate that land may be reallocated among different crops in re
sponse to relative price changes, but total output remains essentially 
unchanged. In densely settled areas, the responsiveness of aggregate 
output to price changes depends on the potential for increasing pro· 
ductivity per unit area. 

TABLE 9-2.-Estimated price elasticities of acreage (output) of individual crops, 
United Kingdom and the United States 

Commodity Country Period 

Barley ••.• _. ____ . ___ United Kingdom_.. 1924-39 
Beans __ • ___ ••.•.• _______ do. __ • ____ • __ ..• 1007-40 
Corn. "_' __ "'_"'_ United states....... 1909-32 
Cotton •• ___ ••••••• __ .... do __ •. __________ 1909-32 
Grains (all) _____ .___ United Kingdom_ __ 1924-39 
Oats _____________ •• ____ ._do __ .• __________ 1924:-39 

194.6-58 
Peas ____________________ .do •••. _____ • ___ . 1938-58 

WheaL • ____ •.. _.... United States •. _ .. _. 1909-32 
Do. _ •. __ ....... United Kingdom. __ 1924:-39 

I Short run. 
2 Longrun. 

Elasticity 

SRI LR2 

0.63 1.76 
.39 .53 
.10 .18 
.27 • 67 
.12 .52 
.11 .16 
.18 • 24-
.65 3.10 
•. 48 .93 
.33 . 46 

Source Year 

lones •• __ •• ___ .• __ 1962 
....• do .•.•.... ____ 1962 
Nerlove •...•. _ .... 1958 

..... do. _ •. _ .•• _ ••• 1958 
lones ...... _____ •• 1962 

_. ___ do ___ • ________ 1962 
__ .. _do ___ •.. ___ ••• 1962 

I·N~l'lnvA 
1962 
1958 

lones • 1962 
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Two types of information can be bl'~ught to bear on this issue in the 
absence of more carefully designed aggreg'J.te supply analyses. 

First, there a,re intercountry comparisons of the relationship between 
the prices of technical inputs such as fertilizer and the prices of farm, 
commoditieS, the amount of the technical input used, and yield per lmit 
area. Comparisons of this type usually illustrate that a reduction in 
the price of a technical input relath'e to the price of a product (or a 
rise in the price of a product relative to the price of an input) is an 
important incentive for increased production. The inferences that can 
be drawn from such data, however, are relatively weak guide~ to policy 
with respect to the prices of specific inputs. Inputs such as fertilizer 
must be available in local markets and the crop varieties available to 
farmers must be responsive to fertilizer inputs before price incentives 
can have any impact on ag-grega.te output . 

....:\. second type of information that is used to make inferences regard
ing the impact. of prices of inputs on prices of products are the yield 
response. and product. value relationships such as those illustrated in 
Figures 9-8, !)-9, and 9-10. Such data come from the records of ex
perimcnt. stations or from trials in farmers' ,fields. A number of studies 
support the view that when increased inputs of the type already used 
by peasant farmers (mostly land and lahor) yield Jow returns, the 
returns on a single new tcchnicn 1 input, such as fertili.zer, are also low 
unless there is simultaneous use of fertilizer-responsive. seed varieties, 
water conti'ol, and other complementary technical inputs. 

An inferences concerning the contribution of price incentives to 
ag-g-regate agricultural output rest on a very weak empirical founda.tion 
at the present. time. It does appeal' that prices of farm products, take'tI 
alone, are relatively poor incentives for achieying growth in total out
put in densely populated areas characterized by a traditional agricul
tural technolo~ry. The8e lstudiel5 relate price:+; only to aggregate output. 
They do not take account of the many other influences on farmers' 
decision-making: the availability, nearby, of yield-increasing farm 
inputs, the share of the landlord in the harvest, the impact of a joint
family systell1, the availability of efficient ma.rketing facilities, and all 
the others. These results do not say that favorable price relationships 
will not encourage farmers to increase yields. They do indicate that. 
favorable prices for farm products alone were not sufficient in the re
g-ions covered by the studies to bring about an increase in aggregate 
agricultural output. 

9.5.1.tE.3 Price Effect8 on lrlarketed St/;rplws. A complete evalu
ation of the potential contributions of price policy mnst consider not 
only the effect of prices on total agricultural production but also their 
effect 011 the quantity of food that is made available to the non-agri
cultural sector, the marketable surplus. 
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Figure 9-8 
Cumulative Costs and Returns of Fertilization of Rice 
(Peta) 1963 Dry Season. International Rice Research 
Institute. Philippines. 

Gross return 
from ferti
lization 
(Subtotal B) 

Fertilization 
costs 
(Subtotal A) 

Net return 
from ferti
lization 
(B-A) 

- tuta1 $0.00 $34.13 $68.25 $95.55 $115.95 $126.19 
- chan~e $34.13 $34.12 $27.30 $20.40 $10.24 

Cost 
- total $0.00 $15.95 $31.25 $45.36 $58.40 $69.74 
- change $15.95 $15.30 $14.11 $13.04 $11.34 

Net return 
- total $0.00 $18.18 $37.01 $50.20 $57.55 $56.45 
- change $18.18 $18.83 $13.19 $ 7.35 -$1.10 

Suflic.ient evidenee 011 chanp:es in marketable surpluses. in respOllse 
to price changes is not available and inferences have to be made from 
datu on the area elasticity of individual crops and on the eomnunptioll 
behavior of pensant producers in response to price and ineome changes. 

The evidence available at this time indicates that if the elasticity 
of output with respect to price is greater than zero the elasticity of 
marketable surplus will, under most conditions, also be positive and 
greater than the elasticity of output ... A. conclusion from this finding 
is that when output is rising sales can be expected to rise even more 
rapidly, but when output declines the supply marketed cun be expected 
to decline even more rapidly than output. 
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Figure 9-9 
Cumulative Net Return from Fertilization at Alternative Prices 
for Rough Rice (based on the fertilizer response reported in 
Figure 9.8). 
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Figure 9-10 
Implications of Tenure for Net Returns and Optimum Level 
of Fertilization of Rough Rice (based on the fertilizer 
response reported in Figure 9-9 and a price of $67. 00/1000 
kg. for rough rice). 

Owner-operator 

Landlord shares 
fertilizer cost 

Tenant pays cost 
of fertilizer 

o 60 
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(x = optimum fertilization level) 

9.5.1.3 Farm and RetaU Prioe Behavior. The relationship between 
farm and retail price is an important consideration in the design of 
agricultural price policies. If price incentives are to be effective: 
(a) prices at the retail or wholesale market level must be reflected 
back through the system to the producer; or (b) the government lnust 
intervene in the marketing process to guarantee producers incentive 
prices that are consistent with production object.ives. Major economies 
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can be achieved by increasing the technical efficiency of marketing 
services, thus reducing the costs that contribute to substantial differ
ences in prices between local and central markets. 

9.5.1.4 OonclusiorlJ3. 1. Peasant producers are about as responsive to 
changes in the prices of farm products customarily marketed relative 

. 'to each other, as are farmers in.more highly developed economies. 
2. Price-support, subsidy, or importation programs ,,,ith other ob

jectives (to reduce prices to consumers, for example) tend to be 
reflected rather rapidly in shifts in the acreage devoted to individual 
crops. 

3. Price incentives can be used as an effective complement to other 
policies to redirect production to achieve certain commodity targets. 

4. Favorable price movements can speed up the diffusion of new 
technology and the utilization of idle or less intensively developed 
resources. 

5. The only prices that affect a particular farmer's decisions are 
prices at his far1n. For this reason the impact of favorable central 
market price relationships can only affect those farmers who are con
nected with central markets through efficient transportation and 
marketing channels. 

6. Prices affect the incentives of only those farmers who: (a) sell 
part of their produce in the'market, (b) have access locally to pro
du~tion inputs at favorable prices and (c) know, or have access to 
means of learning, how to use these inputs, 

9.5.~ EwteMon Education 
Either a farmer operates by habit and tradition or he recognizes 

that he has alternatives, analyzes these alternatives, experiments with 
new methods, and tries to find the combinations of enterprises, cultural 
practices, and purchased inputs that maximize his net income. This 
statement is somewhat unrealistic as most farmers are somewhere along 
a continuum between the two extremes. 

9.5.~.1 Ooncepts of the Task of an EmterlJ3ion Service. Agricultural 
extension services have the task of moving farmers in the direction of 
more frequent and wiser choicemaking. The specific mission of an 
extension service varies with the state of farmer knowledge and the 
adequacy of other services to agriculture that are operating n 
the region. It is this fact that has given rise to the "rural vacumn" 
definition of extension responsibility: that the task of an extension 
service is to do whatever needs to be done in a locality that no one 
e1se is doing. This definition has some validity but is a very hazy 
concept on which to build a program. 

Three more definite concepts of the role of an extension service are 
widely held, One is that the task of extension is to "tell farmers what 
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to do." This concept is most widespread ,vhere it is assumed: (1) that 
farmers are incapable of making, or learning. to make, the crucial 
decisions that would lead to greater production; (2) that fanners 
are not responsive to price incentives; and (3) that a progressive agri
culture can be built on a system in which public planners and officials 
make the important production decisions and farmers follow instruc
tions. All three of these assumptions are fallacious and no progressive 
agriculture has ever been built on the basis of this concept. 

The second widely-held concept holds that the task of an extension 
service is "to take the results of research to farmers." This concept of 
extension has more to recommend it than the preceding one, since 
it'assumes that actual decision-making will be left to farm operators. 
But it is a gross over-simplification of the task of inducing farmers to 
adopt more productive practices. It gives centrality to only one (re
search results) of a much broader set of requirements for changed 
production practices by farmers, and it fails to place sufficient em
phasis on the procedures -by which It local extension agent can achieve 
his part of. the task of increasing production on farms. 

The third concept of extension is that it is "education": the im
parting of knowledge and the development of farmers' skills to 
put improved practices into use on their farms. This concept is the 
most appropriate of the three, partly because it leaves decision-making 
to farmers and partly because, while relying on research for knowledge, 
it does not limit extension to this aspect of the broader problem. The 
limitation of the "education" concept, however, is that it assumes the 
presence in each locality of all of the "essentials" for agricultural 
development: markets for farm products, local availability of sup
plies and equipment, adequate price incentives and appropriate pat
terns .of tenure, and transportation facilities. It is a concept that is 
appropriate in an already dynamic agriculture but which ignores the 
realities on which the "rural vacuum" hypothesis is based and the 
small but important grains of truth in the assumptions underlying 
the concept that extension agents must "tell the farmers ,vhat to do." 

9.5.~.1J. bnportant Role8 0/ Ewtension Worker8. No abstract definition 
of the role of an effective extension service is applicruble in all places 
and at all times, but the substantial role that extension can play in 
increasing production incentives of farmers is to be found in some 
combination of the yarious roles discussed in the paragraphs that 
follow. 

9.5.~.1J.l Encouraging Farmer8 to Innovate. Recall that the stage 
of agricultural development with which we are primarily concerned is 
that at which farmers are still producing largely for subsistence and 
only partly for the market. Most of them live in regions where tra
ditional patterns of social values and organization are still dominant. 
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Recall also that people living in such cultures tend to place confidence 
in pers0118 whom they know well, rather than in impersonal ideas on 
statistical generalizations. In such cultures, innovation is rare, and 
habit and tradition tend to dominate behavior. 

In such circumstances, one of the most important tasks of the exten
sion worker is to encourage the more venturesome farmers to try new 
methods. To do this, the extension worker must, of course, know about, 
and know how to apply, methods that will raise production. His big
gest problem is to persuade farmers to try. To do this he must estab
lish such rapport with the more venturesome farmers that they will 
have faith in the new practices because they luuve faith in the ewtension 
worker and will then try the practices in their own fields despite risk, 
uncertainty, and disapproval or derision of their family and neigh
bors. To fill this role the extension worker: (1) makes farmers a ware 
of alternative opportunities, (2) imparts the necessary knowledge and 
skills, and (3) gives the /a'f'1Tler emotionaZ support in his first ventures 
in innovation. 

9.5.~.~.~ Imparting Knowledge a;nd Skills. The product which 
the extension worker distributes is knowledge and skill, and he does 
not charge farmerS for it. He makes locally available knowledge and 
l:Jkill with respect to specific changed practices and "packages" of prac
tices that have been developed and proved to be economic througll re
search. The range of this knowledge and skill is small in the beginning, 
at the time when the extension worker's primary task is encouraging 
farmers to innovate. This range widens, and the agricultural knowl
edge and skills of the extension ,yorker must increase accordingly as . 
innovation becomes more common. When it widens to the point where 
the individual extension worker cannot encompass it, then he must 
depend increasingly on a corps of subject-matter specialists. 

9.5.~.2.3 Analyzing Farm Businesses. One of the more difficult 
new skills for a farmer to learn as he moves from production for home 
consumption to farming for the market is farm business analysis and 
management. Even in a highly dynamic agriculture, many progressive 
farmers find it profitable to use management consultants to help them 
analyze and plan their operations. At the stage with which we are 
concerned, farmers need such help even more. In these circumstances, 
an extension worker can help farmers, analyze their farm businesses 
and teach them to operate market-oriented enterprises. 

9.5.~.~.4 Reducing Risk 'and Uncertainty. A competent-extension 
worker can take an appreciable amount of the risk and uncertainty out 
of new innovations by farmers in his locality. He can do this by mak
ing sure that local field trials of proposed new practices are made 
before they are recommended to farmers for general use and by 
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noting the "local economics" of each practice in the light of local price 
relationships. 

9.5.2.2.5 StimulaUng Aumilia:ry Se1'm·ces. As extension personnel 
work with the farmers of a locality, they become aware of the gaps in 
the services locally available to farmers. There are many examples in 
the history of United States agriculture where extension workers took 
the initiative in getting farmers to organize seed associations, to join 
together in bulk purchases of fertilizers, and to organize cooperatives 
to purchase farm inputs or to market farm products. (These are ex
amples of the kind of efforts that gave ris~ to the "rural vacuum" de
finition of the role of extension.) 

These gaps also can be filled when an extension worker passes on to 
governmental research organizations information about special prob
lems and unmet needs of his locality or tries to get governmental credit 
organizations, seed supply agencies, or other services of government 
to serve his locality more helpfully. 

9.5.2.2.6 Participating in Planning for Development. In the last 
analysis, plans for agricultural development are only effective as they 
result in production increases on fwrmJJ. 1Ve speak frequently of in
volving farmers in the planning process. There is a similar need to 
involve extension workers. Farmers know some of their own needs but 
extension workers· know the needs of both the farmers and their 
localities. They may be more articulate than farmers about the strength 
and impact of existing traditions and values, about the efficiency of 
existing auxiliary services, and about the needs of their localities that 
are not being met. Because of this, they can make a substantial con
tribution to development planning. 

The various roles that extension workers can play in strengthening 
the incentives of farmers to increase production are seldom all per
formed by anyone individual. These roles are so varied that speciali
zation and division of labor among different workers may increase 
efficiency. Properly oriented and trained extension workers, however, 
can be important integrator8 of various influences on production incen
tives discussed throughout this paper. An extension service alone can
not substitute for the presence in a locality of adequate supplies of 
production inputs, markets for farm products, favorable price rela
tionships, or an appropriate land tenure system. 1Vhere these are 
present in a locality, however, a competent extension worker call 
accelerate the adoption of improved practices. Where essential factors 
are not present, extension workers can help identify 10calneeds and 
take steps toward getting them met. ' 
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, 
10.0 MARKETING, PROCESSING AND DISTRIBU

TION OF FOOD 

10.1.0 Summary 

The improvement of food storage, processing and distribution sys
tems in the developing nations is as important as increasing production. 
The encouragement of private investment to develop facilities for stor
ing, processing and distributing foods deserves a high priority. 
Governments of developing countries must provide a climate hospit
able to the kinds of private enterprises .that can stimulate change 
from a subsistence oriented fa,rming economy to a market-oriented 
one. 

In the subsistence farming economies of developing countries a small 
fraction of the food produced by a farmer gets into market channels 
outside the community in which it is produced. In the developed coun
tries, the farmer selects crops for production that are in greatest de
mand in the market place. One system emphasizes production of crops 

. to provide food for the farmer and his dependents, while the other 
system emphasizes production of crops that provide the farmer with 
the greatest cash return. The latter system encourages increased pro
duction, but it can operate only in conjunction with a highly developed 
marketing system. 

The factors that induce a change to a market-oriented agriculture 
are: (a) services that can be provided by government; (b) private in
vestment in facilities and' organizations to collect, store, process, and 
distribute farm products; and (c) consumers with money to buy the 
foods required to meet their nutritional requirements. 

The services provided by government for a market-oriented agricul
ture will change as marketing systems develop. In the early stages, 
minimal requirements are a usable transportation system, a simple 
system of quality and quantity identification, a means for communi
cating market information, and an official attitude that will encourage 
private investment. Later, more sophisticated regulations, market in
formation systems, and institutions for market research and education 
will be required. 

One of the serious problems inherent in a subsistence farming econ-
0my is the loss of valuable food after it is harvested. Losses caused by 
microorganisms, insects, rodents, and other factors are not accurately 
known, but distribution of 10 to 30 percent of some crops has been re-
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ported in certain areas. The reduction of such losses in grains by bet
ter storage facilities is an immediate necessity. As rapidly as possible 
improved food protection practices should be applied to highly per
ishable products such as fruits, vegetables, meats, and dairy products. 
The application of superior storage and preservation techniques will 
require a shift to large scale operation to be economical. Conservation 
of available foods by adaptation of existing procedures is a practical 
way to quickly increase world food supplies. 

The urgent need for high protein foods for preschool children, 
necessitates a major effort to develop, process, and distribute foods of 
this kind. The development, production and distribution of high pro
tein food products should be performed by grivate enterprise. Govern
mental and private organizations should collaborate oIi the 
development of model marketing systems that could gradually be 
expanded, developed, and adapted to less specialized foods for other 
segments of the population. 

10.2.0 Introduction 

Food requirements of an existing or a projected population and 
food production capabilities of a nation can be estimated with fair 
accuracy, both in terms of existing technology and anticipated de
velopments. A third factor that affects food supplies is the effectiveness 
with which the marketing system distributes available food to 
consumers. 

10.2.1 What is marketing 
In the United States the agricultural marketing system collects 

$37 billion worth of products from 3.5 million farms, and transports, 
stores, processes, and distributes these agricultural products to both 
domestic and foreign consumers. The system provides every United 
States citizen with a great variety of food, in adequate amounts, at 
desired times, and at reasonable cost. It performs this function through 
un orderly arrangement of processes and techniques operated by pri
vate enterprise, augmented by government services, and supervised by 
government agencies. The United States agricultural marketing sys
tem operates in an environment in which only 6 percent of the popu
lation lives on farms. After our farm p~oducts enter the marketing 
system an additional 10 million people are involved in transporting, 
processing, financing, selling, and delivering these products to con
sumers. Their services raise the value of agricultural goods to about 
three times the initial farm price. The marketing of farm products 
is based on a rapid and reliable system of market information and 
quantity and quality standards provided by federal and state 
governments. 

John M
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In the subsistence agricultural economy characteristic of the devel
oping countries, the services provided by the marketing system to the 
farmer and to the consumer are very simple. Adequate storage, proc .. 
essing, and distribution facilities are not available. The absence of a 
marketing system is as great a barrier to improved nutrition as poor 
agronomic practices. 

The alternatives available to correct the situation in the developing 
countries are (a) upgrading the subsistence farming system, or (b) in
creasing production and creating an adequate system of marketing. 
The second alternative is the only acceptable solution and promises 
the greatest rewards. It also promises to be costly and complex. Re
quirements will differ from country to country and the building proc
ess will require new skills, new investments, and new public and 
private institutions. 

10.~.~ Role of the Farmer 
In the subsistence agriculture practiced in India, 80 percent of the 

population is rural and 65 to 70 percent of the grain produced is . 
utilized locally. The farmer produces primarily to meet his immediate 
requirements and only secondarily to generate cash. In the developed 
countries farmers tend to specialize in crops that provide the greatest 
financial return. It is often only a coincidence if his crops provide food 
for his immediate consumption. 

10.~.3 Role of the OO'lUSumer 

The complexity of a marketing system is conditioned by many fac
tors. One of the most important is the consumer's ability to purchase 
the kinds and amounts of food needed to meet his basic nutritional 
requirements. In developing countries a large segment of the popula
tion simply cannot afford to buy the needed food. If consumer prices 
are maintained at levels based on ability to buy, the farmer has no 
incentive to produce much in excess of his actual needs. To encourage 
increased production, farmers must become market-oriented and a 
larger segment of the population must increase its purchasing power 
by increasing productivity in some non-farm activity. 

10.e.4 Development of Marketing System To Meet Needs 
Marketing systems must be organized to reduce waste and spoilage, 

to provide fast and effective distribution, and to provide modern 
storages that can serve as reservoirs both on a seasonal basis and for 
longer periods of time to smooth out fluctuations in annual production. 
Food protection practices employed within the marketing system 
should conserve existing supplies and promote innovations that will 
provide the consumer with dependable supplies of 'wholesome and 
nutritious food. 
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It is unlikely that a more effective marketing system will reduce 
food costs to the consumer .. The ability of the consumer to afford the 
quantity and quality of food needed will require an increased earning 
capacity. An alternative would be some sort of financial assistance to 
farmers or to consuiners, but such assistance would tend to dull the 
incentives built into a market-oriented agricultural economy. 

For the immediate future attention should be given to better pro
tection of presently produced plant and animal products. In the initial 
stages emphasis should be placed on preservation of food grains. 
Later attention should be given to more perishable products such as 
fruits, vegetables and meats. The food processing industry should 
concentrate on the development, production and distribution of high 
protein foods that will meet the needs of pre-school children. Innova
tions are needed to develop products with greater appeal for children 
and to develop the kinds of marketing plans that will create a demand 
consistent with actual need. Highly acceptable high protein- foods for 
pre-school children have not yet been, developed. Development of ac
ceptable products could serve as the catalyst for a growing food proc
essing industry and accelerate the development of other key parts of 
the marketing system needed for a market-oriented agriculture. 

10.3.0 Marketing Services Provided by Government 

"Marketing is as critical to better performance in agriculture as 
farming itself and should be regarded and developed as such. Govern
ment has the prim~ry responsibility for providing the essential ele
ments of the infrastructure required for an efficient marketing 
system." 1 

Among these "essential elements" for which government has a pri
mary responsibility in the early stages of a developing economy are a 
good transportation system, a market information system, a system 
of quality identification and public storages to supplement private 
storage. Government also should develop research and education facili
ties related to marketing and adopt policies that will encourage private 
investments in an effective system for assembling, processing, and 
distributing food supplies. 

These government responsibilities imply viewing food marketing as 
an essential and productive part of the economic system that "adds 
value" in the same sense as the production of food products on farms. 
Government should do everything possible through research, educa
tion, service, and regulation to promote the most efficient marketing 

1 Hapgood, D. (00). Policies for promoting agricultural development, report of a con
ference on productivity and innovation in agriculture in the underveloped countries. 
Caplbrldge, Center for International Studies, Massachusetts Institute of Teehnology, 1965. 
321 pp. 
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system at lowest possible cost. It should be recognized that greatly im· 
proved marketing services will be required to achieve the necessary 
enlargement of markets for farmers in most developing countries. 

Some food processing industries operate most effectively if they 
are located in rural areas. Government policies to encourage and facili
tate the development of essential marketing capabilities for assembly, 
'processing, and distribution of food materials can correct some 'of the 
rural-urban migration problems by providing employment to surplus 
rural labor. 

Governments of developing countries must give particular attention 
to the kinds of marketing services that are compatible with other seg
ments of the economy. Likewise, marketing services must be geared 
to the production and quality of raw and processed products ·and to 
the incomes, needs, and desires of the nation's consumers. The role of 
government in developing countries may be very different than that 
of the United States government during the frontier expansion period~ 
Governments of developing countries must work with private enter
prise and build on the existing structure of agriculture and commerce 
rather than create entirely new marketing facilities. 

10.3.1 DeveZopment 01 Trawportation System 
Roads, waterways and railroads are needed to move raw and proc

essed food products from field to factory, to' consumers and for the 
movement of production inputs (fertilizers, pesticides, fuels, and other 
supplies) to farms. Transportation facilities are a prime necessity for 
the development of specialization in production and in marketing. 
Some productive areas, in terms of fertile soils and favorable climatic 
conditions, are not being used advantageously because suitable trans
portation facilities do not exist. "A program of road expansion in 
Mexico resulted in a substantial increase in grain and fruit production 
in the regions the roads serve and has contributed generally to develop
ment." 2 

In the development of a transportation system, particular attention 
should be given to arterial and feeder roads, rail lines and waterways 
that will minimize costs of moving foods and supplies between pro
ductive agricultural areas and industrial communities. Very simple 
improvements such as the use of pneumatic tires on carts or the devel
opment of relatively primitive feeder roads may yield the greatest 
economic return per dollar of investment. 

10.3.~ Development of Systems for Quality Identification 
In a subsistence fanning economy farmers have relatively little to 

sell and produce is marketed and consumed locally. Visual inspection 

:I Finner, W. F., Problems in marketing. U.S. Dep. Agr. Yearbook of Agr., 1964: 581-584. 
Reference p. 582. 
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by the buyer is the only basis for determining the quality of produce. 
In a market-oriented economy the farmer and the consumer muy be 
.separated by great distances. The farmer must rely on others to market 

. his produce. An essential requirement of such a marketing system is a 
basis for communications between buyer and seller who may be sepa
rated by both distance and time. The produce may be changed in form 
by processors and pack~ged in containers that render visual inspection 
impractical. When any part of agriculture emerges from the subsist
ence level, government must develop a system O'f quality identification. 

There are different bases of quality identification including specifi
cations, standards, grades and labels. 

SpecificatioruJ are used to describe and identify specific attributes of 
products. They -provide detailed, ,technical descriptiO'ns O'f the product 
that is acceptable to' the buyer. In developing economies specifications 
may -consist of very general designations of a product, defining its 
attributes only broadly. 

Standards prO'vide for uniformity of specifications; they -are estab
lished by governmental agencies as minimum acceptability levels for 
trading O'r for health and sanitatiO'n reasons. 

Grades are used to group a supply O'f products according to defined 
ranges of attributes, specifications, or use characteristics. Products in 
each grade grouping generally are acceptable from a health and sanita
tiO'n standpoint. In contrast to standards, grades usually are the result 
of voluntary agreements between buyers and sellers. 

Labels provide quality infO'rmation -as an assurance to traders and 
consumers that minimum standards have 'been met. Labels also are an 
important aid to private firms in establishing product differentiation. 

The U.S. Department of Agriculture administers a number of laws 
that have been developed to' facilitate marketing processes. Some O'f 
these laws 'are permissive and other are mandatory. The Grain Stand
ard Act establishes official standards for grades of grain. It does not 
prohibit sale O'f grain that has not been graded, but requires that 
graded grain be inspected by 'an authorized person for compliance 
with specifications. Similar standards are provided for grades O'f fruits, 
vegetables, meat, poultry, and dairy products. An official inspection O'f 
meat and poultry for wholesomeness and 'adulteration is mandatory for 
movement in interstate commerce. Another law provides inspection 
and authorizes standards O'f quality and specifications for containers. 
The Warehouse Act licenses warehousemen storing agricultural prod
ucts and thus provides protection for producers whose property is 
being stored. A Seed Act requires labeling of agricultural seeds for 
kind and variety, weed seed content, and percent germination. 

Changes in quality identificatiO'n criteria and methods should be 
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gradual. There should not be abrupt. and complete rejection of criteria 
and methods currently used -for quality identifica,tion. 

The first standards that 'must be established by a government isa 
uniform system of weights and. measures. Other essential standards 
are sanitation and adulteration minimums designed to protect con
sumers from impure or unhealthy foods. Minimum moisture standards 
for grains can have a large and immediate impact by providing a basis 
for reducing grain spoilage in storage. 

The government must establish rules regarding the kinds of infor
mation put on labels. It must also provide a means for arbitration and 
settlement of disputes among buyers and sellers relating to standards 
and specifications. 

Grading services, such as those provided in the United States, may 
have a low priority in the early development of a marketing system. 
Grades that differentiate products in a very refined manner are useful 
if consumers are sufficiently -affluent to pay the higher prices that 
superior grades of produce demand. In some countries efforts to estab
lish a grading system for fresh meat have not been successful because 
consumers were either unwilling or unable to pay higher prices for 
the superior portion of the supply. 

Special attention to quality identification is necessary to compete 
effectively for export markets. More sophisticated grading systems and 
more restrictive standards may be needed for produce moving to ex-port 
markets than for produce intended for domestic consumption. Efforts 
such as the United Nations Codex Alimentarius Commission, designed 
to establish uniform international standards, should be encouraged to 
aid developing countries which depend on foreign exchange developed 
from agricultural exports. 

It is important that a government provide the integrity necessary 
in a marketing system by arbitrating differences that arise .in the 
marketplace. The government must consult with producers, processors, 
and consumers to determine the definitions and procedures that will 
fit needs in the marketplace. Quality identification should be viewed 
as an instrument to facilitate innovation on the part of industry (e.g., 
the development of brands of 'products) not as a restrictive instrument. 

Quality identification systems can improve consumer food stand
ards because buyers are provided with 'a method o'f communicating 
their choice to the producers. Quality identification functions as an ef
fective incentive to farmers by providing a pricing system that re
wards producers delivering the most desired grades, qualities and 
varieties of produce. Quality identification systems may reduce -food 
loss by enforcing minimum moisture standards for stored grain. The 
quality identification system may also be useful for the conduct of gov
ernment programs to accelerate agricultural development. 
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10.3.3 Development of Systems To Regulate and Monitor Food 
Purity 

Government agencies also conduct aetivities that directly . affect 
marketing systems and, ultimately, the welfare of the consumer. The 
regulation of agricultural pesticide use and the monitoring of agri
cultural products for toxic residues after they enter the marketing sys
tem are examples of this type of activity. 

In some developing countries the regulations ·affecting use of pesti
cides and the tolerances established for toxicants in raw products are 
patterned from the laws and 'practiees of developed eountries. While 
there is an obvious need for food free of toxic substances, great care 
must be exercised not to impose restrictions that are unrealistic. Edu
cational programs must be conducted to inform farmers of the dan
gers of improper use of pesticides before regulations are adopted. 
It may be desirable to consider the dangers of food shortages in com
parison with the dangers from toxic residues. 

Other regulations affect the kinds of food additives that are used to 
facilitate processing or to affect keeping quality of finished products. 
In some developing 'countries the use of hexane for extraction of oil 
from seeds is prohibited. This regulation prevents use of some modern 
processing techniques with oil seeds. 

While a certain amount of regulation is essential for maintenance 
of food purity and wholesomeness, these regulations should not be de
veloped 'at a pace inconsistent with other phases of the economy. Thus, 
the need for food and education among producers, processors, and con
sumers should be satisfied before comprehensive regulatory systems 
are' initiated. 

10.3.4 Development of Market Information System 
An important adjunct to a quality identifieation system is the devel

opment of market reports for eommunicating news to growers, process
ors, and distributors. Market information may consist of news about 
prices and supplies, production estimates, disappearance estimates, and 
other iI~formation necessary to coordinate production and marketing 
decisions. 

Market information c3lpabilities should be developed gradually. In
itially only basic kinds of information will be required. When agricul
ture moves from a subsistence orientation to a market orientation, 
information about markets and the dissemination of this information 
will become necessary. The eooperation of private and public agencies 
is essential for a satisfactory market information system. 

Initial attention should be given to the development of reliable 
estimates of production and supplies of food products on a national 
basis. This information will he essential for effective planning by both 
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private and public agencies. Daily or weekly reporting of prices and 
supplies in single markets should be initiated only when conditions 
make such refinement necessary. 

The availability and conditions of credit to producers may be sig
nifieant market information. In many developing countries farmers 
must deliver their produce to creditors as -a condition of obtaining 
credit. The government may need to give concurrent attention to pol
icies and programs related to credit and market news programs. To 
effectively-use market information, the farmer must have options to 
exercise in selecting the place, time, and buyer of his produce. 

The importance of confidence in market news 'and information re
ports cannot be overemphasized. Statistical methods and procedures 
used must be independent of government programs. Basic data must 
be collected and distributed on a completely objective basis. 

10.3.5 Public Storage 
As indicated elsewhere in this report, losses of grains after harvest

ing are extremely high in many developing countries. The quality and 
amount of available grain can be increased by providing proper stor
age. Construction and operation of storage facilities will also provide 
the basis for a more stable market by making it possible to avoid gluts 
and shortages. 

A joint public-private effort may be necessary to obtain the desired 
storage facilities. Initially the government might build public storages 
and provide technical assistance and other incentives to encourage 
private firms and farmers to improve their facilities for storing, dry
ing, and cleaning grain. For the long-term, storage facilities should be 
owned and operated by non-government agencies. 

1 0.3.6 Marketing Research and E duaation 
Research and education are important for the development of mod

ern marketing. In the early stages of development, ·total resources 
devoted to production may predominate, but this situation should 
change as demands on the marketing system increase. For balanced 
development of a developing nation's resources, a substantial invest
ment must be made in research and education related to processing and 
distribution. 

It is desirable that the concept of educational services be 'broad 
enough to include the small traders in developing countries. Initial 
educational efforts should be directed to understanding elemental mar
ket mechanisms followed by consideration of existing institutions and 
their members. 

Reorientation, through educational efforts to an emphasis on a low
price and high-turnover system will be needed before ·a satisfactory 
marketing system can be constructed. 
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Research can perform 'a vital role in identifying the bottlenecks that 
will arise in the emerging marketing systems. Primary attention 
should be given :to these problem areas. 

Another approach by government should be encouragement of an 
inflow of managerial talent from developed countries. Such people 
working at local levels can contribute to both formal and informal 
ed ucation in schools and industry. 

10.3.7 Enc()l(Jragmnent of PTilvate Investrment 
Because of urgencies that exist in the developing nations, their 

governments will need to become more involved in the development of 
markets and market facilities than might be desirable under more 
favorable circumstances. The most critical factor will be the business 
climate created by government. Factors conditioning this climate are 
confidence in stablity of government, integrity, official attitude toward 
development of private enterprise, and non-confiscation policies with 
respect to foreign investments and profits. Regulation of credit and 
sou.nd fiscal and monetary policies are examples of key requisites for 
creating a good business climate. 

Because a good business climate cannot be established easily in de
veloping economies, the United States and other developed countries 
may need to help create this environment. This might take the form of 
guarantees or insurance plans to protect selected foreign investments 
against losses. 

If·a government continues to perform certain functions after private 
investors are capable of taking them· over, private enterprise will be 
prevented from making improvements that are necessary for a dy
namic market economy. Government must assume an aggressive role in 
"priming the pump", but it should .not be the permanent supplier of 
the water. 

10.4.0 Marketing Services Provided by Private Investments 

Allocation of responsibility for certain parts of the marketing sys
tem to private enterprise and other parts to the government cannot 
be done on a formula basis. The marketing system can be wholly 
dominated by government as in R;ussia or Red China. It is apparent 
th3!t this domination has failed to motivate either individuals or orga
nizations to increase productivity. Presumably, a marketing system 
entirely devoid of government involvement also would not be in the 
best interests of a nation. Experience has indicated that some ,portions 
of the marketing system can best be performed by puhlicagencies and 
other parts by the private sector. In this section an attempt is made to 
examine the segments of the marketing system that private investment 
is able to handle best and some of the factors that condition this 
ability. 
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In a favorable economic and political climate, private enterprise can 
stimulate competition, reward innovation, and motivate a continuous 
search for better ways to utilize capital profitably. Where a hospitable 
climate exists for private lnvestment and CHipital is available, invest
ment opportunities tend to be developed rapidly and in a logical se
quence with respect to the needs of the economy. 

The facilities for collection, processing, and distribution of farm 
products in many developing countries are entirely inadequate to meet 
consumer needs in a marketing economy. So long as most farm prod
ucts are consumed locally and production is low, the system can handle 
the small surplus that reaches the market. 

If farm production were increased 50 percent as seems technically 
possible, and if food protection were exploited to conserve what is 
produced, the marketing systems would need to be expanded greatly. 
As demand for food increased, capital could be mobilized for invest
ment in the physical facilities required to meet domestic needs and 
export opportunities. Capital-cannot be attracted unless a receptive 
investment climate exists and there are good opportunities for suit
able, financial return on investments. 

The opportunity for an acceptalble return on capital invested in 
facilities for collecting, storing,and processing food is dependent upon 
the existence of domestic or export markets. The appearance of active 
markets will quickly be followed by the development of required phy
sical facilities and their presence will be further manifested in the 
form of an increased demand for farm products. The missing element 
'in this chain in developing countries is the low productivity and hence 
the low purchasing power of most consumers. Their needs for food can
not be transformed -to a demand because they lack money with which to 
purchase the needed food. 

Some developing countries have controlled markets for some agri
cultural products to depress food prices to levels the population 
can afford. The same countries have utilized foods from developed 
countries to keep prices at low levels. These measures have discouraged 
private investment in the marketing system. 

10.5.0 Post-Harvest and Post-Slaughter Losses in Developing 
Countries 

One of the functions of food marketing systems is the collection of 
produce from farmers, the processing and storage of these materials 
and, finally, the distribution of foods to consumers. It is important 
that the system operate efficiently and that food losses, both in terms 
of quantity and quality, be kept at a minimum. The nature and 
extent of these losses are important reasons for consideration of 
changes in the marketing systems and marketing techniques. 
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10.5.1 Oauses of F ooa Losses 
Losses in food supplies following harvest of crops and slaughter 

of animals occur because initial quality is poor or because of improper 
or inadequate treatment during the marketing process. The initial 
quality of food resources is affected by climatic conditions, produc
tion practices, the prevalence of insects and' diseases, and other 
factors. The extent to which the initial quality is retained is condi
tioned by handling, storage, processing, transportation, and distribu
tion procedures. Some of these factors are discussed below and \vhere 
possible, data have been presented to illustrate the significance of 
each kind of loss. 

10.5.1.1 Micro-organi8rnB. A large number of pathogenic bacteria, 
fungi, and viruses attack fruits and vegetables causing spoilage or 
blemishes after harvest. Following unfavorable growing conditions 
such post-harvest diseases may become unusually severe. Physiological 
disorders also cause storage problems. At harvest, most food grains 
are contaminated with a wide variety of micro-organisms. The organ
isms most likely to cause deterioration in grain are fungi that become 
active when the moisture content of the grain or the atmosphere is 
too high. Moldy grain is unsatisfa~tory for food or feed. It is costly 
to mill and it may contain toxic materials injurious to humans and 
animals. The viability of moldy grain is impaired, rendering it useless 
for seed purposes. The quality of oil and seed protein is affected 
when oil seeds become moldy. The high atmospheric temperatures 
and the high relative humidity of the wet tropics are particularly 
conducive to mold development. F AO has estimated that 1.0 percent 
of the world's grain production is lost from mold activity.s 

The rapid spoilage associated with highly perishable foods, such 
as. fruits, vegetables, meats, and other animal products, is also caused 
by micro-organisms. The extent of losses sustained by such highly 
perishable food is unknown for developing countries. It is probably 
yery large because facilities for short-term storage under refrigera
tion or long-,term storage by appropriate techniques are not available. 
Highly perishable foods tend to be consumed seasonally and locally. 
Animals may be moved long distances 011 foot and slaughtered under 
primitive conditions where there are no facilities for utilizing by
products. Lack of refrigeration commonly necessitates consumption 
of meat within 24 hours of slaughter. 

10.5.1.'E in8ects. In warm, humid climates insect infestations in grain 
may begin in the field, and additional species of insects appear after 
the grain is stored. Studies in I..Iouisiana have shown that 10 percent 

3 International Symposium on Mycotoxlns In Foodstuffs, Massachusetts Institute of 
Technology, 1964. Mycotoxlns In foodstuffs, proceedings. Cambrldge, Mass., M.I.T. Press, 
1965.291 pp. 
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of corn kernels may be infested at harvest time. After six months 
storage the infestation may increase to 17 percent, and after nine 
months more than 30 percent of the kernels may be attacked.4 The 
record of farm storage efficacy in developing countries is meager and 
contradictory. It is reported that Bantu tribes in Southern Africa 
have stored sorghum safely for four years in mud-plastered baskets. 
In Cameroun, farmers' storages for sorghum, peanuts, corn and beans 
were not infested until purchased food grains were stored in the same 
facilities.5 A study of grain storage in underground mud-brick ghattis 
of India showed that deterioration occurred in these structures.6 

Available data on storage losses in developing countries from 
insects can be divided into two categories: (a) estimates based on 
controlled experiments, and (b) estimates based on surveys and expert 
judgment. Losses based on experimental evidence obtained in different 
parts of Africa are shown in Table 10-1. Losses of a similar magni
tude have been reported for other tropical countries. Estimates of 
losses in India and Africa at different points in the storage and 
marketing system are shown in Table 10-2. Weight loss is the usual 
basis for reporting, but this can be misleading because in some cases 
insect fragments, frass, and other debris were not removed. The loss 
of rice in Sierra Leone, for example, rose from 25 to 41 percent when 
this correction was made. Some insect species preferentially attack 
the germ and thus destroy a disproportionate amount of nutrients. 
For these reasons figures in Tables 10-1 and 10-2 may considerably 
underestimate losses in nutritive value. 

10.5.1.3 Rodent8. Rats are a serious pest to the farmer and storage 
operator. Individual rats consume 20-30 grams of dry food daily 
and their caloric consumption is 6-8 times as great and food consump
tion 16 times as great as humans in terms of body weight. In addition 
to the amounts of food consumed, large quantities are contaminated. 
Rats feed on grains, dried fruit, peanuts, oil and many partially and 
fully processed foods. 

In India, rodents are reported to cause losses of up to 20 to 30 
percent of stored grains.1 

8 

Losses in other tropical areas range from 5 to 60 percent. In some 
regions losses fluctuate, depending upon sudden and unexplained 
rat population explosions. World-wide, it is estimated that 33 million 

• Floyd. E. H .• Oliver. A. D., and Powell, J. D., Damage to corn In Louisiana caused by 
stored-grain Insects. J. Econ. Ent. 52(4) : 612-615. August 1959. 

S NonveUler, G., Storage problems In North Cameroun (abstr.). Food & Agr. Org. United 
Nations Plant Prod. and Protect. Dlv. Grain Storage Newsletter & Abstrs. VII (3) 49. 1965. 

S Hapur. Grain Storage Research and Training Institute. Progress report (1958-62). 
India, Ministry of Food and Agriculture. 

7 Dykstra, W. W. Seminar on Rodents and Rodent Ectoparasites. WHO October 1966. 
Geneva, Switzerland. 

8 Ahlya. S. S. All about Rats. Farmer (Bombay). 12(10) : 3-5. October 1961. 
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TABLE lo-I.-Storage losses caused by insects for 5 crops in Africa based on 
experiments 

Commodity 

Com _______________________________________ _ 

Sorghum ________ . ___________________________ _ 

Beans ______________________________________ _ 

Peanuts ___________________________________ _ 

Rice (parboiled) (rough) ___________________ _ 

/I Based on results of untreated controls. 
& Insect fragments and trash removed. 

Weight loss II 

Percent 

23.1 
9-22 

& 7(14) 
8.8 
50 

& 19.7(23) 
20 

13.3 
6-7 
15 

4.5 
3.0 

& 25(41) 
& 4-5(14-15) 

Storage 
period Country 

months 

6 Kenya.1 

7 Uganda.2 

24 Nyasaland.3 , 

5 Southern Rhodesia.s 
12 Congo.3 , 

11 Tanganyika.S 

12 Congo.3 , 

5 Southern Rhodesia,7 
6 Uganda.7 

12 Congo.3 , 

12 Nigeria.s 

-------------- Gambia.9 

12 Sierra Leone.10 

12 West Africa. lI 

1 Kockum, S., Control of insects attacking maize on the cob in crib stores. East African Agr. J. 23(4): 
275-279. April 1958. 

2 Davies, J. C., Experiments on the crib storage of maize in Uganda. East African Agr. J. 26(1): 71-75. 
July 1960. 

3 Meeting ofspeciallsts on stored food products, Salisbury, 1957. London, C. C. T .A., 1958.200 pp. (Scientific 
Council for Africa South of the Sahara. Publication No. 31). 

'Hall, D. W. 1963. FAO Informal Working Bulletin No. 24, 176 pp. NALo. 
~ Cockbill, G. F., Investigations on the control of insect pests of stored grains and pulses. Rhodesian Agr. 

J. 50(4): 294-323. July/August 1953. 
S Tanganyika Territory. Department of Agriculture. Entomologists' report, 1937. Dar es Salaam, 1938. 

8 pp. 
7 Davies, J. C., A note on the control of bean pests in Uganda, East African Agr. J. 24(3): 174-178. January 

1959. 
8 Howe, R. W., Entomological problems of food storage in northern Nigeria. Bull. Entomol. Res. 43 (Part 

1): 111-144. March 1952. 
9 Hall, D. W., The quality of groundnuts from the Gambia with special reference to insect infestation. 

Colonial Plant & Animal Products 4(3): 227-235.1954 
10 Prevett, P. F., An investigation into storage problems of rice in Sierra Leone. Great Brit. Colon. Office 

Colon. Res. Study No. 28, 1959. 52 pp. 
11 Hall, D. W., Problems of food storage in tropical territories. Ann. App. Brol. 42: 85-97. February 1955. 

tons (3.55 percent of the 1961-62 production) of bread graIns and 
rice are lost to rodents each year.!! 

10.5.1.4 Mycotowins. Some species of fungi that normally occur 
on stored grain and oil seeds produce toxic substances that have been 
implicated in human and animal diseases. One such toxic materhtl 
is aflatoxin, a heptatoxin and a carcinogen to certain mammals and 
fish. It has been found in peanuts grown throughout the world, but it 
occurs most commonly where warm, moist post-harvest conditions 
prevail. This problem has limited the use of this protein-rich seed for 
food and feed purposes. It has created economic problems in develop-

9 Ling, L. Man Loses a Fifth of the Crops He Grows. Atlantic, Special Issue for FAO 
for Freedom from Hunger. 1961. 
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TABLE lQ-2.-Storage losses caused by insects for several crops in Africa and India 
based on survey data 1 

Place of storage and 
commodIty 

Apparent loss (in percent) 

Average number of Average 
damaged grains and weight loss 

kernels 

Storage 
period 

(months) 
Country 

---~---'----I---------I'-----I-------------
Producer storage: 

Beans__________________ 38-69__________________ 6 
Do__ _______________ 3.6 _________________________________ _ 
Do_________________ 80.7 ________________________________ _ 

Cowpeas_______________ 13.0 _______________ ' _________________ _ 
Do_________________ 81.6 ________________________________ _ 

Corn__ __ _____ __________ 0.3-30.6 _____________________________ _ 
Do_________________ ________________________ 20+ 
Do_____ __________ __ 30-50 _______________________________ _ 
Do__ _______ ________ 30 __________________________________ _ 

Do_________________ 45-75__________________ 20+ 
Do_________________ 91}-100 (30 and 40) __________________ _ 

Corn (cobs)____________ 5-10 ___________________ ~ ____________ _ 
Millet (finger)__________ 0 ___________________________________ _ 
Bulmsh (or pearl) ____ -_ 15. _________________________________ _ 
Sorghum__ ___________ __ 0.3-29.0.' ____________________________ _ 

l3.78- ------------------ 1-26 
Sorghum (unthreshed)_ 2.33___________________ 0-13 

2-62___________________ 3-13 
Sorghum_______________ 11-88__________________ 6-37 

6 Uganda. 
4 Northern Rhodesia. 

12 Do. 
4 Do. 

12 Do. 
12 Matabeleland. 
8 Ghana. 
5 
5 
7 

Dahomey. 
Togoland. 
Uganda. 

12 Northern Rhodesia. 
12 Ivory Coast. 
12 Matabeleland. 
12 Do. 
12 Do. 
9 North Nigeria. 
6 Do. 

14 Do. 
26 Do. 

General produce_______ ________________________ 5 _____________ _ India. 
Trader storage: 

Beans__________________ 35-44__________________ 6 12 Uganda. 
Corn___________________ 20_____________________ ______________ ______________ Togoland. 

Do_________________ ________________________ 6-10 6 Uganda. 
Do_________________ 16.7___________________ 4 3 Do. 

General produce_______ ________________________ 10-15 12 Zanzibar. 
Central depot storage: Com__ __ _ _ _ _ _ _ __ ____ ___ _ ______________________ _ 

Do ________________________________________ _ 
Do______ ____ _ ______ 35-38-________________ _ 

Rice (rough) __________________________________ _ 
Rice (milled) __________________________________ _ 

5-6 
12-19 

10 
11-12 

13 

11 Southern Rhodesia. 
24 Do. 
9 Uganda. 
9 India. 
9 Do. 

1 Source of data: Hall, D. W. 1963. FAO Infonnal Working Bulletin No. 24, 176 pp. NALo. Rice in India, 
A Techno-Economic Review. Mysore, Central Food Technological Research Institute, 1965. 27 pp. Report 
of the Working Group for the Fonnulation of the 4th 5-year Plan Proposals on Plant Protection, Ministry 
of Food and Agriculture, Government of India. 

ing nations which had good export markets,for peanuts and peanut 
meal for animal feed. No completely adequate solution has been 
developed for the aflatoxin problem. 

Toxins produced by fungi are important only when environmental 
conditions are favorable for growth of the fungi. Favorable conditions 
are generally high relative humidity and unsanitary storage situa
tions. Species of F'lMarium, Aspergillus and Penicillium have been 
associated with production of mycotoxins in cultures or on feeds. 
Strains of Aspergillus flavu8 produce aflatoxin at maximum levels at 
23 to 25 degrees C. A shift of 6 degrees will reduce toxin production 
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markedly. In addition to peanuts, mycotoxins have been found in 
cottonseed and rice among the food crops. 

10.5.1.5 Improper Maturity. Mandatory maturity standards are 
used for fruits and several other crops in the developed countries 
because immature produce has poor flavor and lower nutritional 
value. Immature grain and pulses have a high moisture level and are 
more susceptible to spoilage from micro-organisms. Immature grain 
may shrivel and be of low nutritional value. 

Over maturity also tends to increase susceptibility of plant products 
to spoilage. The importance of maturity is -particularly apparent in 
the case of peanuts. Peanuts that remain in the soil too long are more 
likely to be invaded by the fungi that produce aflatoxin. 

10.5.1.6 Meohanioal Damage. Bruising and other kinds of mechani
cal damage tend to accelerate deterioration in storage. For' example, 
hand picking citrus fruit, rather than mechanical clipping, facilitates 
the entry of 'fungi that induce storage diseases. Injury and cracking 
of seed coats of grain and oil seeds increase their susceptibility to 
invasion of insects and micro-organisms. Injury of this type may 
reduce viability of seeds to be used for planting purposes substantially. 

lO.5.t2 Significance of Losses 
In the developing countries, grains are the major food. In Asia, 

grains provide 70 percent of the food supply, in Africa, 45 percent, 
and in Latin America, 50 percent of the food supply. Potatoes, yams, 
cassava, pulses, and peanuts are the other important items in the food 
supplies of Africa and Latin America. 

Inadequate storage facilities and poor storage practices result in 
massive losses of grains from spoilage, contamination, and deteriora
tion. Surveys in India show minimum storage losses from all causes 
of 10 percent for cereals and oil seeds, 30 percent for pulses, and 12 
percent for rice.10 11 

If only half of the estimated world loss of food grains was pre
vented, it would represent an additional 55 million tons or enough 
to make the diet of 500 million people in developing countries adequate 
in total calories. 

Good storage practices could reduce these losses to 5 percent or 
less.12 Further reduction could be accomplished by prevention of 
spillage, better harvesting procedures to prevent grain breakage, and 
more prompt delivery of grains to storages. 

From a study of thousands of storage sites, the United States De
partment of Agriculture found that proper storage could maintain 

10 Riee in India, a teehno-economie review. Mysore, Central Food Teehnologleal Researeh 
Institute, 1965. 27 pp. 

11 Food and Agriculture Organization of the United Nations. Regional Conferenee for 
Asia and the Far East_ 

12 Faukner, Reed and Brown. Inereasing ml1l1ng returns of riee from paddy in India. 
The Ford Foundation, New Delhi. September 1963. 
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grain quality at a· high level at a cost of one cent per bushel loss in 
shrinkage, handling and deterioration per year. To keep losses at this 
level required an expenditure of five cents per bushel per year for 
maintenance, operation and fixed expenses. These data illustrate the 
cost and the effectiveness of proper storages and probably are indic~ 
ative of the results that might be achieved in developing countries. 

,A simple system for bean storage in jute bags fitted with a plastic film 
liner and treatment with ethylene dibromide would cost l~ss than 2 
percent of the value of the beans stored. . 

Another source of loss in developing coUntries is the use of primitive 
processing techniques. Primitive cane crushers leave up to 50 percent 
of the sugar in the bagasse. Hand-pounded rice has a high percentage 
of cracked kernels. In some areas of India a third more rice could be 
secured by replacing antiquated rice mills.13 

One of ,the most commonly quoted estimates of world-wide losses for 
all cereals, pulses and oilseeds is the 10 percent figure provided by 
FAO.14 A United Nations estimate gave losses as high as 35 percent in 
six Latin American countries from insects in stored cereals and 
pulses.15 An AID report from Brazil indicated losses of 15 to 20 per
cent in stored grains.16 Storage experts familiar With conditions in 
Africa indicate that one-third of the harvested cereal is lost to pests.17 

The shortage of suitable transportation and lack of refrigeration 
leads to poor utilization of locally produced truits and vegetables. In 
developing countries as much as 50 percent of the harvested fruits and 
vegetables are lost from spoilage in market channels. Losses of meat, 
poultry, fish and dairy products are not adequately reported, but 
indications are that they amount to 15 to 25 per~nt.18 

In one state in India where losses of fruits and vegetables range from 
25 to 60 percent, utilization of the material produced would supply an 
additiona'l3 ounces of fruits or vegetables per person per day.19 

13 Faukner, Reed and Brown. Increasing mUUng returns of rice from paddy in India. 
The Ford Foundation, New DelhI. 1963. 

14 F AO Expert Committee, 1946. Report Nu/Wa. WP 3. 
15.Joint ECLAIFAO Working Party. Agricultural reqUisites in Latin America [Rev. 1]. 

Lake Success, United Nations Dep. Econ. Affairs, 1950. 156 pp. (U.N. E/CN. 12/83, U.N. 
publications. 1950. II. G. 1.) 

16 Weitz-Hettelsater Engineers. Economic and engineering study·marketing facUlties for 
grain and tuberous crops (an economic survey for ETA). Weitz-He.ttel-sater, 1963. 2 
volumes. 

11 Hall, D. W. FAO. Informal Working Bulletin No. 24. 1963 . .Jordan, R. C. U.N. Con· 
ference on the application of Science and Technology for the 'Benefit of the Less Developed 
Areas. Vol. V, Geneva, 1963. 

lS .Jordan, R. C., New techniques for temperature control of perishable goods In transport 
and storage applicable to the less developed areas. In: United Nations Conference on the 
Application of Science and Technology for the Benefit of the Less Developed Areas. Science, 
technology, and development. United States papers. Washington, U.S. Govt. Printing 
Office, 1962-63. Volume 5. pp. 120-132. 

l' A community canning and food preservation project. Food & Agr. Org. United Nations. 
Expanded Tech. Assistance Program FAO Rep. No. 786, 1958. ' 

263--888 0-67--.37 
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10.6.0 Discretionary Channeling of Food Resources 

In many developing countries there are modem marketing systems 
being used to assemble, process, and distribute food products for ex
port. The development and maintenance of export markets required 
that valuable land, food, and processing capacity be allocated to pro
duce for exportation. Such markets play a key role in a developing 
economy by generating foreign exchange with which essential pur
chases can be made. 

In Argentina, grains are diverted to livestock production to sup
port large meat exports. A number of tropical countries use land that 
could produce food for domestic consumption to produce coffee, tea, 
cotton, sugar cane, and other crops for export. During the past f~w 
years, Taiwan has developed an industry for canning pineapple, mush
rooms, and asparagus. Exports from this industry are expected to 
produce approximately $71 minion in foreign exchange in 1966. 

While export use of a developing country's food product.ion poten
tial may limit domestic food supplies, there are important advantages 
inherent in the practice. One very obvious advantage is that it en
courages specialization in production of crops that are suited to the 
local soils and climate. A second advantage is that it earns foreign ex
change with which to further develop the economy. A third advantage 
is that the competition in world markets encourages the introduction 
and use of modem methods for production, transportation, pack
ing, processing, and distribution. 

Another discretionary use of food is the avoidance of certain foods 
because of customs or traditions. In India a segment of the population 
has religious objections to the use of meat or animal products except 
milk and dairy products. Nearly 10 percent of the bovine population 
is unproductive because of these local mores.l!O There is strong senti
ment against either use or destruction of such animals despite their 
contribution to the scanty food supply. Such traditional prohibitions 
against certain foods are not likely to be overcome easily even though 
starvation threatens. 

10.7.0 Food Protection Technology 
10.7.1 Importance of Food Preservation 

Preservation of foods that are now lost because of spoilage or waste 
would very significantly increase world food supplies. It is believed 
that the technology of food production that exists presently is adequate 
to meet world needs for many years. These techniques will need to be 
adapted to local conditions and special situations. Forceful programs 

:e Patel, J. S., Agriculture In India-needs & prospects. In: World Food Congress. 
Summary of proceedings on agriculture. Washington. D.C., 1963. 387 pp. pp. 59-76. 
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will need to be initiated· promptly" if the available technology is to 
be used effectively. 

Rural populations can subsist at some level on food produced locally, 
but urban populations depend upon the market place for their food 
supplies. The larger the urban population and the farther such popu
lations are from primary sources of food, the greater the need for 
modern food protection techniques. 

About 73 percent 'Of the rural population in India and 16 percent 
of the urban population live at a subsistence leve1.21 For these large 
segments of the population, processed foods now represent an unim
portant share of their food purchases. Thus, for roughly three-fourths 
of the population of India there is no immediate prospect for use of 
processing methods if they increase food costs. 

10.'7.~ Methods of Food Protection 
Foods are preserved by creating a physico-chemical environment 

wherein spoilage organisms cannot grow or by sterilizing the foods 
in sealed containers so that they cannot become recontaminated. A 
number of methods are used to establish an environment in food prod
ucts that i~ unfa vor~ble to spoilage organisms. 

10.'l·.~.1 Dehydration: Sun drying and artificial dehydration can re
duce moisture in foods to levels below which microorganisms cannot 
grow. Dry foods are relatively stable and provide a major part of the 
stored food supply throughout the world. Those preserved by natural 
field curing in the sun (for example, cereal grains and legumes) will 
constitute a major food resource in the future as they do I.1ow. 
Immediate attention must be given to preventing losses of such foods 
in storage and distribution by protecting them from rodents, insects, 
microbial spoilage, and spillage. 

Where dry foods are held in numerous small stores rather than in 
large centralized storages, application of technical kn'Owle<J.ge is 
difficult. Grain-handling-practices vary from conditions in the Yaqui 
Valley 'Of Mexico, where there is substantially no farm storage for 
wheat, to the subsistence-level rural economy 'Of India, where grains 
and pulses are kept on the farm in quantities amounting to as much 
as 70 percent of India's entire food supply. Traditional knowledge for 
keeping grain and legume supplies dry has been passed on by genera
tions of populations requiring such knowledge to survive. 

Dry food products can be preserved more efficiently in larger 
storages operated by the private sector of commerce, by cooperatives, 
or under government control. The value of larger holdings of food 
can justify the cost of training skilled operators and technicians in 
good handling practices and the use of pesticides. Capitalization 'Of 

21 Unpublished F AO data. 
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storage facilities and costs of rodenticides, fumigants, and other 
supplies must be met. 

Suitable packaging f'Or distributing f'Ood fr'Om st'Orage centers t'O 
consumers involves further costs, ultimately borne by consumers 'Or 
g'Overnmental subsidies. Grain and 'Other dry foods in developing 
nations are distributed t'O many small outlets. Small quantities are 
sold from open sacks or bags to be carried away by consumers in their 
'Own containers. Bulk handling of dry foods may be cheaper than han
dling food in individual packages if physical losses in transport can be 
minimized. Handling dry foods in bulk and distributing them to 
the ultimate consumers in inexpensive paper 'Or film packages are 
steps that might be taken to impr'Ove distribution 'Of foods in urban 
areas, thus reducing sP'Oilage and spillage and controlling adulterati'On 
and 'pilferage. 

10.7.~.e Refrigeration. Fruits and vegetables, animal and dairy prod
ucts, and sea foods are more perishable than dry foods. Refrigeration 
extends the shelf-life 'Of these foods and the distances over which 
they can Ibe conveyed to markets. Refrigeration inhibits development 
of microorganisms and also prevents insects from damaging foods. 
Mechanical refrigeration is used f'Or temporary protection of foods 
at reduced temperatures and for preservation 'Of foods by freezing. 
The kn'Owledge required t'O preserve most types 'Of foods by freezing has 
been well worked out and can be applied where appropriate. 

Refrigerated warehouses in the producing areas, refrigerated train 
and truck transport, and refrigerated storage facilities and display 
cabinets in the marketing areas could prevent substantial spoilage 
of perishable f'Oods. Unfortunately, the development 'Of a refrigerated 
marketing chain f'Or such products would be extremely costly and is 
applicable 'Only in limited areas in the developing world at this time. 

Refrigerated transp'Ort implies improved highways and rail sys
tems. Maintenance 'Of refrigeration systems f'Or trucks requires skilled 
mechanics whose availability in the near future is doubtful. Refriger
ated trucks traveling on roads that are poorly maintained will require 
extra attenti'On for maintenance. Liquid nitrogen refrigeration, under 
such circumstances, would have an advantage over mechanical sys
tems because of an inherently simpler maintenance requirement but 
its present high cost would. preclude its use. In one area in Brazil 
where the market can be reached by 'an 'Overnight haul, frozen beef 
carcasses are shipped in insulated trucks without refrigerati'On. While 
this method is obviously much less expensive than shipping by refrig
erated truck, it restricts severely the distance that can be reached fr'Om 
a food-producing area. 

As urbanization increases, refrigeration will become more widely 
used and economic forces will be brought to bear to reduce its C'Ost. 
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For example, in an important potato-grQwing area in India when only 
one cold storage unit was in operation in the early 1940's, rental of 
refrigeration space was $51 per metric ton per season. A second unit 
was introduced in 1946 and rental dropped to $45. Continued addition 
of more cold storage units reduced the cost to less than $23 in 1960.22 

10.7 Ji.3 Heat Sterilization. Heat preservation in hermetically sealed. 
containers (canning) provides a major means for food preservation. 
Costs, however, may be high. In many parts of the world, metal con
tainers are beyond the economic resources of a large fraction of the 
population. Glass containers can be made with native materials and 
labor in many regions of the world and can be used for preserving 
foods in place of metal containers. Glass breakage, however, may be 
a considerable factor of -cost. Some of this disadvantage might be 
overcome in areas where hand-labor could provide pads and bottle 
sleeves of native materials to cushion gl&Ss jars in shipping containers. 
New innovations, such as plastic containers, may prove particularly 
useful. 

10.7.~.4 Radiation. Radiation treatment to prolong storage life of 
perishable foods under refrigeration, to control insects in exported 
fruits and vegetables and stored grains, and to preserve perishables in 
hermetically sealed containers is technically possible, but not yet an 
efficient commercial reality. Recent studies suggest that harmful radia
tion effects may be transmitted by stable, toxic intermediate products 
in foods. The significance of these studies cannot be ascertained until 
extended feeding studies are completed. These and other problems 
indicate that radiation is not likely to have a significant application 
for food preservation in the foreseeable future. 

10.72.5 Fe'T"llWntation, Brining and Smoking. Fermenting, brining, 
and smoking are techniques known in most areas of the world. They 
were all developed. in prehistoric times and have been well advanced 
even in some aboriginal cultures. Modern technology has provided 
advances in control of these methods and an explanation of how they 
work. 

10.8.0 Utilization of Food Protection Techniques 

In developed countries losses of dry food resources are kept at rea
sonable levels by use of well designed and effectively operated, large 
storage facilities. Rodents are excluded or controlled with rodenti
cides, insects are controlled by fumigation with appropriate insecti
cides, and moisture is held at levels to prevent spoilage from 
microorganisms. Spoilage is con~roned by artificial drying, by deter-

U u.s. Department of Agriculture. Economic Research Service. Changes in agriculture 
In 26 developing nations 1948 to 1963. U.S. Dep. Agr. Econ. Res. Servo Foreign Agr. Eeon. 
Rep. No. 21, 134 pp. November 1965. 
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mining moisture content of each lot before storage, and by monitoring 
stored grain temperatures fot evidence of heating. Processed dry food 
products are packaged to prevent damage from insects and micro
organisms and to prevent spillage and waste in retail outlets or in 
homes. 

In developed countries, highly perishable fruits, vegetables, meats, 
dairy products, eggs, etc., are refrigerated, dehydrated, canned, 
pickled, or frozen to minimize spoilage and to facilitate distribution. 
In terms of the purchasing capabilities of consumers, the costs are low 
because the necessary kinds and amounts of raw materials are avail
able, and the knOWledge and physical facilities are available to process 
goods efficiently. Moreover, competition among food storage operators 
and among food processors and market outlets has resulted in an effi
cient, high volume operation that functions with low profit margins. 

In developing countries processed foods are a luxury beyond the 
purchasing capacity of most people. This situation exists for a number 
of reasons: 

( a) The proper facilities are not available to store, prepare, and 
. distribute processed foods in large quantities. 

(b) Large vol~me markets are not available to support a large 
and efficient food processing operation. 

(0) Dependable supplies of uniform and high quality raw mate
rials suitable for processing have not been developed. 

(d) Operational skills required to process and distribute proc
essed foods are not available. 

(e) High import duties designed to protect local industries result 
in increased costs for containers, processing equipment, etc. 

(I) Distrust among people is so prevalent that large scale pur
chases of raw materials w~thout quality standards would be 
impractical. 

The organization of the public and private sectors in developed 
countries to provide grain storage, food processing, food distribution, 
research and education cannot be applied unchanged to the develop
ing countries. Many of these programs and organizations involve ob
jectives and techniques that are too sophisticated and too expensive 
to warrant consideration in developing nations. In the sections that 
follow consideration has been given to the kinds of food protection 
techniques that should be applied in developing countries and the 
sequence of developments that could be programmed. 

10.8.1 Home and Oommunity Storage and Processing 
For the farmer in India who subsists mainly on the grain and pulses 

that he can produce and store, the immediate problem is to protect 
these food resources in sufficient quantities to last until the next har
vest. Rodent-proof storage bins are needed that will also provide pro-
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tection against insects. If the stored grains are not sufficiently dry, 
the storage must have ample ventilation. The small operator cannot 
afford much of an investment in storage facilities and it may be more 
effective to develop better designed and efficiently operated facilities 
for community use on a cooperative basis. 

Educational programs are needed to encourage the use of simple 
food. preservation methods such as dehydration by sun drying, pick
ling, and preserving with sugar. Greater utilization of these techniques 
could increase the variety and amounts of food available in communi
ties where shortages and surpluses occur seasonally. Some community 
canning projects have been initiated in India. In six communities in 
Uttar Pradesh, 45,000 pou"nds of preserved fruit were produced ,after 
the third year of operation.23 While this is a trivial amount of food 
relative to needs, it is illustrative of the kind of educational program 
that would encourage food conservation and protection. Moreover, 
such programs could absorb surpluses that cannot be disposed of 
profitably at local markets. 

10.8.~ Industrialization of Storage, ProcesBing, and Distribution of 
}foods . 

As agriculture changes from a subsistence to a market orientation, 
an opportunity is afforded for the markets to specialize and to expand. 
Local grain collecting stations ultimately must be established close 
enough to farms to permit delivery. The collecting agencies may be 
operated as a private enterprise or as a cooperative. In either case, 
management should be able to provide credit or payment for the grain 
"delivered. The village cooperative or the trusted merchant buying the 
~ grain will need a basis for their transactions with mrmers that will 
reflect quality and value of the commodity in larger markets. Factors 
such as moisture content and prevalence of insect and mechanical 
damage will be important characteristics to describe. The units of 
measurement will need to be established. The Government will 
be required to develop grades of grain and to describe these grades 
in terms of specifications that reflect the value of the grain for storage 
and for processing. The government will also need to adopt a system 
of weights and measures that can be used in regional, national, and 
international trade. With these services it becomes possible for grain 
or other products to be sold to remote markets" in terms of units of 
measure and quality criteria established by an unbiased third party. 
If the buyer and seller can relate prices to objectively determined qual
ity 'and quantity criteria, they can transact business even though 
separated by many miles. " 

At all stages in the post-harvest handling procedures, farm produce 
must be transported and stored in a manner that will keep losses and 

23 FAO Report No. 786. uA Community Canning and Food Preserving Project." 
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spillage at a minimum. There should be premium prices paid to farm
ers for premium quality produce and the storage. system should permit 
segregation in terms of quality until it reaches the processor or con
sumer. Such price incentives will tend to improve quality and the adop
tion of better farming practices. 

In areas where perishable products such as meat, fish, fruit, and 
vegetables can be produced, the marketing procedure will become com
plex. The first step in the development of such markets might involve 
transportation of surplus fresh· produce to adjacent communities. 
Utilization of more distant markets for perishables would require 
transportation facilities and refrigeration. Local and terminal refrig
erated storages can be used as markets expand to prolong the season 
of availability and to control the flow of produce that otherwise might 
cause gluts and excessive losses. Again, uniform and realisti<! quality 
criteria must be developed as it government service and utilized in a 
manner that permits buyers and sellers to conduct business with confi
dence. The same or similar quality criteria will be use~l to consumers 
to identify superior produce at retail levels. 

As economic conditions develop, commercial dehydration, canning 
and freezing plants can be constructed in areas where the quantity 
and quality of perishable products are adequate. Before industrial 
preservation can be developed, there must be reliable supplies of good 
quality raw material, adequate supplies of good water, processing 
equipment, packaging materials, fuel, waste disposal facilities, and 
proper storages for finished products. Distribution systems for the 
processed products must be developed and the consumer must be 
educated to use new and different foods. The development of fruits 
and vegetable varieties and better cultural practices to provide more 
dependable supplies may be major problems because processing qual
ity criteria are often very different than the quality characteristics 
desired for fresh market purposes. 

If costs of preserved foods are to be low enough to benefit a signifi
cant segment of the population in developing countries, the scale of 
operation must be large enough to keep unit costs low. Cost inputs that 
can be supplied domestically are generally inexpensive, but imported 
equipment and containers are usually costly. While governments may 
need to provide financial support or even operate processing plants 
in early stages, there is ample evidence that private enterprise will 
operate them more efficiently, particularly if there is competition for 
raw materials and for sales of finished products. 

Food preservation operations on a large scale have an important 
advantage in that by-products can be ·utilized. For example, the 
slaughter of individual animals for immediate sale of fresh meat 
results in the loss of blood, bones, and other useful animal products. 



MARKETING, PROCESSING AND DISTRIBUTION OF FOOD 563 

These materials are recoverable for food or feed products in large 
slaughter houses. Primitive equipJIlent for milling grain, for extracting 
cane sugar, or for pressing oil from seeds needs to be efficient to reduce 
losses and to permit utilization of byproducts. 

The marketing, processing, and distribution of processed foods 
require specialized knowledge and experi~ce. The development of 
personnel with technical training and experience needed in the devel
oping countries for food processing and distribution may be as diffi
cult as ,development of material resources. The kinds of knowledge 
and experiences that will be required include (a) production of ra.w 
materials for processing, (b) movement of materials from farm to 
factories, (c) processing procedures, (d) development of auxiliary 
supplies and services, (e) treatment and disposal of waste materials, 
(f) utilization of by-products, and (g) distribution and marketing of 
finished products. Such knowledge, in the developing countries is 
mainly limited to a few firms exporting such items as coffee, tea and 
bananas. 

Programs for technological training and institutions for basic and 
adaptive research must be developed if the needed expansion in food 
preservation and food distribution is to be a~complished. Attention 
also must be given to the development of mechanical skills that 
handicap the introduction of modern techniques on a large scale. 

10.9.0 Development and Marketing of New Food Products 

It is generally agreed that a major nutritional problem of develop
ing countries is the inability of pre-school children to obtain the proper 
quantities and quality of pr~teill. This problem has attracted the at
tention of numerous public agencies and a number of high protein 
foods have been developed specifically for young children. The nu
tritional value of these foods has been established in laboratories and 
hospitals. Several commercial organizations have been interested in 
the possibilities of marketing these high protein foods. The experiences 
of some of these commercial efforts have been well documented' and 
clearly illustrate the complexity of developing an entirely new food, 
constructing facilities for manufacture of such foods, and the develop
ment of consumer demand for such an unusual product. 

High protein foods have been developed for commercial distribution 
in Guatemala, Colombia, Peru, Brazil, Nigeria, West Africa, Hong 
Kong, and perhaps other areas. A number of high protein products 
also have been developed by institutions in India, but these products 
apparently have not been used for commercial purposes. There are 
some situations where commercial concerns have been interested in 
high protein foods only if manufacturing and distribution rights for a 
specific product could be held exclusively in a nation. Even with ex-
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elusive distribution rights it has been difficult to build distribution to 
a·point where these foods have had an important impact on the quality 
of food consumed by pre-school children. Most organizations that have 
attempted to develop a high protein food. business have been able to 
utilize an existing food distribution system, but there have been some 
attempts to develop a business with a' high protein food product 
exclusively. 

10.9.1 Oreation of High Protein Foods 
It has been demonstrated by a number of research agencies that nu

tritious mixtures of certain oil seed meals and CBreals can be prepared. 
These mixtures generally contain about 25 percent protein with the 
essential amino acids in proper balance. Vitamins and minerals' have 
been added in some instances. It has been demonstrated that children 
fed these high protein foods to supplement their normal diet will be 
cured of severe protein malnutrition. In view of the great need for 
more and better proteins in the diets of pre-school children and the 
demonstrated effectiveness of the protein mixtures from vegetable 
sourCBS, it would appear that foods of this sort should have important 
commercial possibilities. 

One of the first considerations in the development of a high protein 
food is the local availability and quality of protein-rich ingredients. 
Oilseeds are particularly use~ul as one ingredient because a high pro
tein residue remains after the oil is extracted. Oilseeds are commonly 
processed for animal feeds and are not handled with the care and san
itation considered necessary for human food. Such problems as exCBSS 
fiber, toxic substances such as gossypol in cottonseed meal, or aflatoxin 
in peanuts, or antitrypticfaetors in soybeans, must be anticipated and 
corrected. Care must be taken to see that the methods used are con
sistent with domestic food regulations. Another large volume ingre
dient in the mixtures will generally be a locally available cereal such 
as rice, wheat, corn, milo, etc. Certain vitamins and minerals may be 
added as needed. The blended ingredients must result in a palatable, 
acceptable, and economical food that is not too greatly different fro~ 
some important native food in appearance or form: 

Most of the high protein foods developed to date have been designed 
for consumption in the form of a biscuit, liquid or semi-liquid formula
tion and similar forms resembling foods already in use in the coun
tries involved. It is likely that formulation of high protein foods can 
be greatly improved by giving more emphasis to palatability, ac
ceptance by children, appearanCB, and methods of preparation in the 
home. It is also likely that high protein foods should be made available 
in a variety of forms to avoid monotony of diet. 
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10.9.~ Oollection and Processing of High Protein Food Oomponents 
The principal ingredients in high protein foods are selected because 

of their nutritional value, availability and cost. Sources of each ingre
dient will need to be developed and it will need to be ascertained that 
the nutritional quality' is reasonably uniform. Quality requirements 
of oil seeds and cereals as regards moisture content, varieties, insect 
damage and similar factors may be more rigid than local farmers are 
accustomed to meeting. This situation may require the processor to 
engage in grower education and to participate in the development'of 
quality criteria or government grades to serve as a basis for purchases. 

Some raw materials may have to be imported. There are only a 
few places where cottonseed meal is commonly available that has been 
treated to remove gossypol and soy beans can be grown only in the 
temperate climates. Government assistance will be essential so that 
these critical materials can be imported on a duty free basis. 

Special equipment will be needed for ingredient handling, storage, 
processing, blending, and packaging. An investment in manufacturing 
plants and storage facilities for raw and finished products will be 
required. Government assistance may be obtained in the form of 
reduced import duties on equipment and reduced taxes on capital 
investments. 

Without the proper manufacturing and marketing skills the food 
processing venture would have scarcely any prospect for survival. 
These production and marketing talents are unavailable in the devel
oping countries and even in short supply in developed countries. The 
people who would do the actual manufacturing and marketing work 
Inust be selected and trained from available nationals. A consortium 
of companies from the developed countries might. be able to provide 
the necessary management talent easier than a single company. Such 
n consortium would have the added advantage of greater knowledge 
of food processing and marketing in the event the initial venture 
should develop into a major food industry. 

10.9.3 Development of Oonsumer Demand 
The successful commercialization of a high protein food has not yet 

been accomplished even though the basic technology has been available 
to create and manufacture the kinds of products needed, and it has 
been demonstrated that such foods will fulfill a prevalent need. There 
are several organizations engaged in marketing high protein foods in 
developing countries, but none of these products has had a dramatic 
effect in alleviating protein deficiencies on the large scale that will be 
necessary. 

The programs follmved by the different commercial concerns to 
develop consumer demand have been similar. These programs will be 
described here because they illustrate how difficult it has been to 
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introduce new and needed foods in developing countries. These experi
ences clearly show that a huge gap separates our knowledge of food 
formulation and food marketing and our understanding of desires 
of uneducated, poor people in developing countries. 

Food ·processors interested in developing and marketing high pro
tein foods have first secured the support of local governments. This 
has been done to secure duty concessions applicable to the importation 
of equipment and ingredients, and tax concessions for the proposed 
business. In several instances the governments have made bulk pur
chases of the high protein foods for distri1;mtion to publicly supported 
children's institutions. In addition to the official support of govern
ment and its institutions, the products have been widely distributed 
to pediatricians and hospitals for research and educational purposes. 
In some cases international organizations, such as UNICEF, have 
supported product development financially and through educational 
nlaterial. 

Market development for the products usually has been directed to 
the urban areas of the developing' countries where there are retail 
outlets and where malnutrition of children is particularly serious. 
Attention has been given to attractive packaging, instructions for use 
by illerate people, package size and the possibility of deterioration 
of the product after the package is opened. Care has been ,given to 
ascertain that unit costs are within the consumer's purchasing ability. 
All conventional advertising media have been utilized, including 
posters, radio, movies, and publications. Demonstrations and educa
tional programs have been staged in mobile vans, in clinics, schools, 
hospitals, and other public places. Some campaigns have been pur
posely directed to upper or middle class segments of the population 
so that the product would not have the stigma of being known as food 
for "poor children". Changes have been made in flavors, and formulas 
have been modified to create a product with more appeal. 

The experiences of food processors with the development and mar
keting of high protein foods suggest that one of the great unsolved 
problems is how to formulate a product for which the demand is 
related to need. A greater impact might have been made initially in 
some cases if the foods had been distributed to children by the local 
government. On the other hand, a successful commercial development 
will provide a greater incentive to continue product development and 
promotion. Another factor favoring manufacture and distribution 
through private enterprise is the possible development of a financially 
sound food processing industry that can also produce and market foods 
for other segments of the population. 

A survey was conducted recently 24 in which 165 food processing 

2i Mtlner, l\L The need for food processing industry in developing countries. Talk before 
Food Industry Advisory Committee of Nutrition Foundation, May 11-13, 1966. 
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companies were queried about their interest in a study relating to the 
production and marketing of a high protein food in Peru. There were 
85 responses to the inquiry. All' indicated no interest in supporting 
such a study. The reasons for lack of interest were belief that (a) 
a poor profit potential must exist because consumers do not have 
nl0ney with which to buy a special food, (b) local governments would 
not permit business a profit from making and marketing fOQd for 
needy people, hence there would be no money for promotion, and 
( c) a little consumer demand and uncertain government' support 
would be available for such a project. The survey indicated that United 
States industry will require some substantial encouragement before 
companies will enter the high protein food production field on a scale 
necessary to meet immediate needs. 
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11.0 TRANSPORTATION 

11.1.0 Summary 

Because farming is inherently an activity that must be widely dis
persed over the land area of a country, agricultural development is 
heavily dependent on an equally widespread transportation system, 
Such a system is needed to move production inputs to farms and to 
Inove farm products to ultimate consumers, domestic or foreign. 

The transportation facilities of a country must be well-articulated 
in which each part of the system is efficiently linked to the next. The 
elements in such a system include a widespread network of access roads 
connecting farms with local collection points or market towns, inter
market and intercity highways or railways of heavier carrying ca,
pacity, major transport connections to seaports, adequate access to 
international seaborne trasport, and efficient terminal and transfer 
facilities between each of the links in the system. 

In general, the proportion of public expenditures that are devoted 
to improving and operating transport systems is as high (20 to 40 
percent) in most developing countries as it should be, but much greater 
effectiveness could be secured by better allocation of funds among 
different links in the system and by greater efficiency of administra
tion and operation. 

In almost every developing country the network of access roads be
tween farms and local market towns is still inadequate. It is usually 
the absence of roads that must be corrected. Maintenance of existing 
roads is also a major problem but, for the time being, the efficiency with 
which carriers are operated over these roads is of secondary 
importance. 

Intercity transport exists in most places and is accorded high 
priority in most current investments in transportation facilities, but its 
efficiency is usualy neglected and needs additional and major attention. 

Seaborne transportation is reasonably adequate and most additional 
future needs will probably be met by private investment and opera
tion. 

Greater attention needs to be paid to improving terminal facilities 
throughout the transportation systems of developing countries. 

In view of the high importnnce of a cornplete transportation sys
tem to agricultural development, emphasis should be placed on pro
viding a complete network of access roads in those regions that have 
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the greatest potential for increased agricultural production and on 
providing connecting links between such regions and major cities and 
seaports. The potential of a region for higher productivity depends 
as much on the availability of new farm technology and an adequate 
market demand for farm products as it does on inherent soil fertility 
or present production levels. 

11.2.0 Introduction 

Four facts define the crucial importance of transportation facilities 
in a program for increasing agricultural production. 

1. Agricultural production uses solar energy, through photosyn
thesis in plants. This solar energy is widely distributed over the sur
face of the earth and must be utilized where it hits the earth. Farms 
therefore, must be located wherever conditions of soil, moisture, and 
micro-climates are or can be made favorably and many intensive 
growing areas are likely to be remote from centers of consumption. 

2. Only in a stagnant, wholly subsistence agriculture, do farmers 
limit themselves to the use of resources that are found "naturally" on 
their farms: the existing chemical properties of the soil, tools and 
equipment that can be made by the farmer out of materials produced 
on the farm, sources of power that can be sustained by products of the 
farm, and the labor of the farm family. As agriculture progresses it 
must use more and more inputs purchased from other parts of the 
economy. In a progressive agriculture, farms are only the "assembly 
lines" utilizing fertilizers, pesticides, tools and equipment, construc
tion materials, and sources of power transported to the farm from fac
tories, oil refineries, seed multiplication farms and other suppliers 
of the inputs of progressive farming. 

3. If farmers are to utilize purchased inputs, they must sell farm 
products. These farm products must be transported to processors and 
ultimate consumers scores, hundreds, or thousands of miles away. 

4. If farm famil~es are to have incentives to increase production in 
excess of their own needs, there must be not only a market demand for 
their products but there must also be available, in each rural locality, 
desirable consumer goods that farm fmnilies would like to be able to 
purchase. These industrial products come largely from urban centers 
and must be transported to widely dispersed rural markets, within easy 
access of farm families, if they are to provide incentives for increasing 
agricultural production. 

Transport alone is not sufficient to increase the supply of food but it 
is one of the essentials to agricultural progress and its neglect can nul
lify all other measures designed to increase farm productivity. Cur
rent plans for increasing the output of food tend to focus on fertilizers 
and other farm inputs without considering the need to deliver the 
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inputs to the farm and to distribute outputs to consumers. In regions 
where the food problem is most critical, the transport capacity is often 
least able to move the required t()nnage of farm inputs and the facili
ties needed to move foods to markets are lacking, are too costly, or are 
too slow. 

Most of the developing countries are allocating a very large pro
portion of development resources to transportation. The percentage 
typically ranges from 20 to 40 percent of expenditures in the public 
sector. But planners usually have failed to relate rural transport in
vestments to-the specific needs of agriculture. The major effort usually 
has been on the more obvious need for intercity movement of industrial 
traffic. 

The relation between transportation and the ability to grow and 
market food has been demonstrated in many parts of the world. In 
Thailand, partially used jungle land was transformed into highly pro
ductive, prosperous farms along the -hundred-mile course of the 
Friendship Highway. Travel time was reduced from eleven hours on 
the old road to -three on the new. The production of sugar cane, vege
tables, bananas, and other fruits more than trip·led in three years and 
Thailand began to export corn to J apan.1 

In Bolivia, the highway from Cochabamba to Santa Cruz reduced 
travel time in the rainy season from several weeks to fifteen hours and 
provided a link between the country's food supplies and its consumers. 
Until then, the price of Bolivian rice was 50 percent higher than im
ported rice simply because the cost of domestic transport was high. 
The highway has largely eliminated the need for imports. 

In Costa Rica, before the Inter-American Highwa.y was constructed, 
driving beef cattle from grazing lands to San Jose customarily resulted 
in a 40 percent loss of weight, and imporlswere necessary t() satisfy 
domestic market demand for beef. With an all-wea,ther highway, it 
became possible to deliver cattle by truck-trailer units overnight and 
Costa Rica has become self-sufficient in meat.2 

Where transport has been included in a program containing the 
other ingredients needed for increasing agricultural productivity, the 
results have been uniformly rewarding. There are many examples, how
ever, where lack of transport has frustrated well-intentioned efforts to 
produce more food. In many agricultural areas, intensification of cul
tivation is inhibited mainly by 'the poor quality and high cost of rural 
mobility. Where access roads became impassable for several months of 
the year, input costs are high, marketing possibilities are uncertain, 
and incentives to accelerate production are low. It has never been pos-

1 Wislt Kasiraksa, "Economic E1feets of the FrIendship Highway," SEATO Graduate 
School of Engineering, Bangkok, 1963. 

: U.S. Department of Commerce, "Motor Transport in Middle America," World Trade 
Information Service, 4, No. 55-13. 
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sible to change traditional methods of cultivation and patterns of pro
duction until transport is adequate because transport is a means of 
moving ideas and information- as well as goods. 

Farmers in regions lacking transport are prevented from specaliz
ing in crops that offer the best return. In such areas each farmer, 
forced to meet all the needs of his family and livestock, tends to retain 
more food than he actually requires knowing that if supplies run short 
they will be difficult to replenish from other sources. Inaccessibility 
means that operations such as fertilization and application of pesti
cides are at the mercy of unreliable delivery schedules. Agricultural 
extension workers find it too time-consuming to visit the farms that 
are not on a hard -surfaced route.3 Fruits, vegetables, and other foods' 
that spoil readily cannot be produced because they require rapid trans
portation to markets. 

Some idea of the magnitude of the transportation task in a modern 
agricultural system is illustrated by the estimate that in 1964-65 94 
million tons of farm supplies and equipment were moved into the 
commercial farms of the United States 4 and 324 million tons of farm 
products moved from these farms to markets. 

Storage and processing facilities may enhance marketing to a greater 
extent than can be acqomplished by transport alone. The development 
planner must weigh transport along with all of the significant factors 
and combinations of factors capable of increasing agricultural output. 
This type of "systems approach" to agricultural development is essen
tial if the problem of feeding the world's people is to be solved. 

11.3.0 The Transportation "System" 

The critical dependence of a country's food supply upon the avail
ability and efficiency of transport ma~es it im-portant to define what 
is meant by a "transportation system" and the special requirements 
that agriculture imposes on such a system. 

A transportation system is any feasible combination of transport 
methods that provides an adequate and continous flow of goods between 
producers and consumers. In an agrarian economy, therefore, the con
cern, in a very real sense, is with a system of physical communications 
to and from each . individual farm-family unit-a network that 

3 A study in the Philippines revealed that visits by extension workers and personnel of 
other government agencies increased by 400 percent to 1,000 percent to barrios after 
motorable roads reached these villages. 

"Information supplied by Mr. James Vermier, Economic Research Service, U.S. Depart
ment of Agriculture. Of the 94 million tons of supplies and equipment 5.8 percent was 
machinery, 28.1 percent was limestone, 33.2 percent was fertilizer, 25.4 percent was fuel 
and lubricants, 2.1 percent was pesticides, and 5.4 percent was building materials. The 
total tonnage of farm supplies and equipment represented an average of about 2,600 
pounds per crop acre. 
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includes the interconnection of population centers but one that is far 
more complex and extensive. 

A transporation system has three general features: (1) a fine-mesh 
network of low-capacity routes blanketing each food-producing and 
food-consuming area; (2) a scattering of focal points within each 
of these networks that serve as collection and distribution centers; 
and (3) a loose network of high-capacity routes that connects the 
collection:-distribution centers with major cities and seaports. (Figure 
11-1) Each of these is an essential ingredient of any national trans
portation system, and the effectiveness is no greater than the system's 
weakest link. 

11.3.1 Networks of Acces8 Roads 
The critical importance of a fine-mesh transport grid is universally 

recognized for the population-dense, food-consuming areas but is 
almost completely ignored for the rural, food-producing areas. The 
objectives in each type of region are the same-equal convenience in 
marketing or acquiring products, whether it be the commuter going 
to work to sell his services, or the farmer taking his produce to market 
and picking up his supplies. In rural or urban settings, productivity 
will increase with efficiency of transport-the more the individual is 
isolated in a time sense, the less will be his incentive to produce or to 
purchase more than his minimum needs. " 

It is this fact that makes the rural transport network of such funda
Inental importance in the food supply problem. Farm operations are, 
by their very nature, geographically widespread. Unless it is reason
ably convenient for the farmer to exchange" surplus crops for con
sumer goods, he lacks an important incentive to exploit the full 
potential of his land. The lack of. an efficient rural transport net may 
be the real limiting factor in ~attempts to increase agricultural 
productivity. 

11.3£ LoaaJ, OoUeati()lf1,and Distributi()lf1,Points 
Local collection and distribution centers in towns may be regarded 

as storage and transfer terminals whose basic function is to provide 
an efficient coupling between the rural transport network and the 
external urban network. The terminal, if practical, should be for 
transfer rather than storage because all primary food products are 
perishable through deterioration, contamination, or spoilage. Storage 
is necessary for seasonal carry-over of local products, to implement 
price stabilization schemes, or to hold imported goods until they are 
needed by local consumers. 

11.3.3 Intermarket a;nd Intercity Transport 
The final link in a transportation system requirement serves to 

connect a country's regional economies and to link: the nation with the 
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avenues ()f world trade. In contrast to the rural network, which must 
consist predominantly of roads to accommodate a variety of low
density animal and vehicular traffic, the national network may consist 
of a relatively few routes with heavy enough traffic to justify the 
highly specialized equipment of modern highway, rail, air, and ma
rine operations. There is a great tendency to view these sophisticated 
systems as the answers to all transport problems, with the result that 
developing countries often find themselves with an expensive and 
poorly utilized main transport network that falls far short of meet
ing the basic transportation requirements of a predominantly rural 
economy. 

It is clear that the food transported on this primary national net
work will be no greater than that fraction of rural production which 
is marketed. The primitive state of rural transportation in most de
veloping countries would make it impossible ,to market more than 
a small fraction of the production. Except for a few countries whose 
highly specialized economies are based on only one or two products 
which are exchanged for all other goods that are needed or wanted, 
the capacity of intercity networks is not likely to limit agricultural 
productivity in the developing nations. The critical component of these 
networks is the efficiency of their extension into existing and pro
spective producing areas. Where this efficiency is low, it will not be pos
sible to 'provide the incentive for farmers to adopt improved farming 
techniques and to exploit the productive potentials that are possible 
through modern practices. 

11.3.1, OverseafJ Transportation 
For those highly developed regions where agricultural production 

is characterized by a high degree of specialization, ocean transport is 
often a major and critical extension of the internal transportation 
system. In some cases, the whole economy of such a region may be based 
on sea lines of communication. It is clear, however, that this cannot 
be true within the context of the problem we are concerned with here. 
In the first place, our initial problem is how to increase the food supply 
within the developing countries. In the second place, the improve
ment of agricultural productivity within these developing countries is 
necessarily a two-phase process. Phase one, with which we are pri
marily concerned, is predicated on internal trade within the develop-' 
ing region-the generation and exchange of local farm surpluses for 
those agricultural inputs and consumer goods that make the surpluses 
,possible and desirable. Phase two, the overseas export and import of 
related products, is generally a long-term result of highly successful 
phase-one operations under conditions· where intensification and spe
cialization have led to a fairly sophisticated agricultural economy. 
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Viewed in this light, our analysis Qf transPQrtatiQn in support of 
agricultural development need not be vitally concerned with overseas 
lines of communications. The initial dependence of any prQgram on 
t.his type of ·IQgistics win be small and can be expected to be met by 
existing privately financed shipping operations. Furthermore, in any 
areas where an increasing need for ocean transportation begins to 
develop, the demand trend can be anticipated far enough in advance so 
that again private enterprise can be relied upon to furnish the re
quired transport capability. 

The foregoing conclusion does not imply that one can forget about 
the Qverseas IQgistics prQblem entirely. It does have its critical 
compQnents and Qne is the iriterface between the sea and land-lines 
of cOommunication.Unless there is at least one gOQd deep-water PQrt 
facility that connects efficiently with the internal transportation net
work, a developing region is vulnerable to shortages of critical inputs 
no m.atter how much ship capacity might be available Oon the high seas. 
Vessel operators are reluctant to contract fOor calls that are likely to 
involve extensive delays; therefore, good port facilities are essential 
regardless of the volume of cargo tOo be handled. 

The best way to assure a good port facility is to project shipping 
requirements ~n a continuous basis even though this means small ton
nages per ship call. It is the long-term prospect of reasonably frequent 
calls that prQvides the business incentive necessary to attract capital 
and labor into port facilities and operations. There is no reason that 
this kind of scheduling should not be done as part of an agricultural 
develQpment program. It would be much more efficient to partially 
subsidize regular vessel calls and thus stimulate port, terminal, and 
trade development than it would be tOo try to conduct sPQradic sup
ply operations on an as needed basis through inadequate terminal fa
cilities. This latter procedure is Qften resPQnsible fQr the difficulties 
encountered in fixing SPOot charters for emergency shipments because 
vessel operators know their ships will have to spend an inordinate time 
in port. On the other hand, the economic opPQrtunity presented by a 
regular schedule of reasonably frequent future calls creates an environ
ment. where adequate terminal facilities can develop naturally. 

A final critical factor in overseas supply tOo developing countries re
lates to the form of the cargo. Distribution to the ultimate consumer is 
Ooften frustrated hecause the cargo is not packuged in the manner and 
qnantity in which finally it must be handled and nsed. For example, 
a ship-load of grain or fertilizer in hulk form would be an 
aweSOome thing if it were to appear suddenly in a port that. had neither 
b11 lk handling und storage facilities nor bulk transporters for inland 
distribution. By the time the material could be hand-sacked and taken 
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to individual farmers by whatever means available, its value in a 
physical or a .time sense could well have disappeared. 

Difficulties of this kind can be minimized by pre-packaging commodi
ties in units th~t are compatible with the manner in which they must 
be transported during the final phase of the journey to the farmer's 
door. Whatever the characteristics of the rest of the transport system, 
the whole process breaks down if this ultimate requirement is not met. 
Containerized operations, where truck bodies can be hoisted on or off 
the truck to and from rail C<'lrs or ships, is an ideal method for accom
plishing the desired purpose in those areas where the final road link can 
ttCcommodate the operation. This method has the added virtue of elimi
nating much of the handling difficulty, cost, and delay usually asso
dated with cargo transfer at the interface between different transport 
modes. Where the final transport link to the farmer's door is not suit
able for containerization, many of the same benefits can still be realized 
by careful pre-selection of unit loads that are compatible with the final 
mode of transport, whether it be A-frame, burro, or ox-cart. 

11.4.0 Planning the Transportation System 

There are essentially two methods of plann~ng an adequate trans
portation system. One is to specify a complete system. within the frame
work of general economic development goals and the other is ,to build 
transport facilities as demands arise. 

The specification of a "complete" system is undertaken with limited 
knowledge of the eventual agricultural and industrial mix in the coun
try. It is unlikely, even in a developed country, that one can predict 
the locations of future industrial plants, the demise of the old, or the 
exact location of various kinds of agricultural production. Over the 
years, plant locations and several types of agricultural production 
may shift among regions. One can anticipate rather accurately, how
ever, (1) that certain areas will continue to yield agricultural products, 
and (2) that industrial complexes will continue to produce industrial 
goods and services even though the products may change. These two 
generul pieces of information should allow reasonable overall planning 
of routes to meet a country's minimal transportation requirements. 

11,4.1 Prior Overall Planning 
.A. long-range planning approach has two great advantages. First, 

it provides a definite national transportation. goal; albeit, this may 
require periodic revision. It should minimize the local and regional 
political pressures that are inherent in almost any development pro
gram. Second, n long-range "comprehensive" transportatiOll plan, with 
a specific program of projects, can bring "ordering" to economic de
velopment .. A. reference to current experience in the United States is 
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illustrative. New and adequate highways almost always induce the lo
cation of light industry and major service industries in the adjacent 
area. This reduces the total transportation resources required in con
trast to 11 situation in which haphazard location of industrial plants 
might determine the need for and routing of new roads. 

11.1,-.2 Letting Demand Dictate OOn8t1'U(Jtion 
On the other hand, there is something to be said for simply allowing 

demands to specify the location of transport routes. This is true for 
both heavy industry and agricultural production since these involve 
the use of geographically fixed facilities that associate transportation 
requirements with specific locations. 

But there are at least two important limitations involved in al~owing 
demand to determine the structure of a developing transportation sys
tem. First, in the under-developed regions, the supply and location of 
transportation is likely to be 'based upon existing demands without 
consideration of future needs. In many countries, footpaths and beasts 

. of burden determined the original transport routes. To locate a modern 
road along such lines is generally a mistake. Second, to use present 
demand to determine transportation priorities disregards the fact 
that availability of transportation is itself a potent stimulus to 
development. 

11.4.3 Planning for Long-Haul Tran8portation. 
The choice of transportation systems for long-haul transportation 

from collection points of raw agricultural products to processing cen
ters and major distribution centers will depend on a country's geog
raphy and economy as well as the kinds of agricultural products in
volved. No general rule can he laid down for the optimal mix of rail, 
road, and waterways in developing nations. 

In Brazil, for example, the major roads linking agricultural and 
industrial areas are not uniformly all-weather roads, leading to fre
quent delays en route due to floods. Water transportation is inadequate 
for lack of fast, efficient, and dependable service. Decisions on the 
establishment of satisfactory long-haul transportation are very im
portant because costs are high and, once built, these links influence 
development for many years. 

Since there are many uncertainties in the process of socio-economic 
development, it is important to find ways to make the requisite large 
investments in transportation facilities while retaining a degree of 
flexibility to accommodate unforeseen eventualities. Long-haul trans
portation links must be versatile enough to accommodate different 
cargoes, initially agricultural, perhaps, and later a variety of manu
factured products_ The long-haul links must also be capable of adjust
ment to seasonal or other variations in demand. They must also pro-
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vide .for timely transfer of goods with a minimum of ' transshipment 
and delay. 

These requirements suggest the need for more attention in planning 
for two technologies of modern transportation: containerization and 
centralized rapid telecommunications. Recent experience with unitized 
cargoes and containers indicates that large savings can be achieved in 
transfer and turn-around time. Centralized monitoring of transport 
demand and vehicles can result in substantial economies and faster 
overall transportation" reducing unused capacity per' vehicle, and 
making cargo capacity available where and when needed. 

Thus, while the choice of long-haul transportation links may vary 
from country to country, it is possible to 'build flexibility into any sys
tem and thereby greatly increase its utility, both for the immediate 
needs of food production and distribution and for still undetermined 
requirements stemming from future economic development. \ 

11.4.4 Planning the Network of Acces8 Roads 
A system of transportation that connects only major cities, or ex

t.ends only from cities to lnajor rural market towns, is wholly inade
quate for agricultural development. The final linkage between' each 
farm and rural market town is as important as the rest of the system. 
The frequency with which this link is the last to receive attention or 
is overlooked entirely is an important element in the world food 
problem. 

In developing transportation within food-producing areas, the con
centration points must first he determined so that a suitable system of 
roads can be provided to connect them with the farms they serve. Such 
concentration points are both the. end of the first transfer and the 
beginning of the second. If the second means of transport is by water, 
it is just as important that the terminal be located on water as that it 
be accessible. to farms. If other methods of long-distance transfer are 
to be used, concentration points must he on a railroad or highway or 
where a plane can land or depart. The important objective is to inte
grate the network of rural roads with long haul transports. Similarly, 
products brought into a consuming area must arrive at a distribution 
point that is suitable for distributing products to retail outlets. 

Development and integration of the different stages of transporta
tion are necessary as a first step. It is also essential to coordinate serv
ices. Supplies must be at the concentration points in producing areas 
when the train or ship arrives to take them on the second leg of their 
journey and, conversely, tl1(~ second means of transportation must be 
ready when the products are available. All transportation services 
should be so coordinated in timing, operations, and equipment that a 
shipper can negotiate with a single carrier (regardless of the variety 
of transportation methods involved between origin and destination) 
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with assurance about rates, safe delivery, and reasonable adherence 
to schedules. 

11.5.0 Getting the Roads Built 

Altogether, the size of the roadbuilding task in developing countries 
is staggering. In agriculturally advanced Western countries, there 
are from 3 to 4 miles of farm-to-market roads per square mile of 
cultivated land. The mileage is smaller in grain-producing areas 
where fields are large and higher where farms are smaller and the 
topography difficult. In Britain, France, Japan, and the United States, 
the average is about 4 and in Taiwan and Denmark it is closer to 3. 
Tn India there is only about 0.7 of a mile of road per square mile of 
cultivated land. In Malaya it. is about 0.8 mile and in the Philippines 
about 1 mile. None of the developing countries that are most dependent 
on agriculture has sufficient rural access roads. 

The magnitude of the problem emphasizes the need for concen
trating efforts on local roadbuilding in areas that show the greatest 
promise of increased productivity. In India, for example, it is estimated 
that a million miles of roads will have to ·be built to satisfy the access 
needs of 580,000 villages throughout the country. Only 11 percent of 
these villages now have reasonably adequate roads and one out of three 
is more than five miles from a satisfactory road. 

Few, if any, regions which have a settled agriculture are wholly 
without. transportation facilities. Existing facilities may be limited to 
footpaths along. which persons carry headloads and along which 
laden beasts of burden---'bullocks, burros, horses, llamas, or camels
may move. These paths may be adequate for the relatively small 
amounts of marketed produce and purchasable consumer goods that 
characterize traditional, self-sufficient, subsistence economies. If the 
amount of marketed produce is to increase, and increased amounts of 
farm supplies and equipment are to be moved to farms, other cheap 
and efficient means of transport will be needed to link individual 
farms to market centers. 

Few regions of the world are as fortunate as the American Middle 
West where at the outset, before most of the land was settled for 
cultivation, the right-of-way for a public road was estahlished at one 
mile intervals along survey lines running east and west, and north 
and south. In the beginning, only the rights-of-way were established. 
At an early stage these were fenced, not by the government, but by 
each farmer where his land touehed a right-of-way. This was done to 
define his boundary, to control his livestock, and to keep other animals 
off his farm. Establishing a total grid of rights-of-way put every 
farm on what could eventually become a serviceable access road. 
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Over the years, farmers joined together to maintain a road along 
the right-of-way between their own farms' and the nearest market 
town. Later; local governments improved and maintained the roads, 
aided by grants-in-aid from state governments, in return for adhering 
to established standards of road construction and maintenance. A 
regular program of national grants-in-aid was established later for 
intercity and interstate highways. 

The first step in achieving an adequate grid of access roads is to 
determine where these roads should be and to secure the rights-of-way 
for them. Too frequently, roads are established where heavily traveled 
footpaths already exist without regard to present and future needs, 
current roadbuilding technology, or later costs of transport. These 
factors are usually considered for major highways but they are equally 
important for access roads. 

Another frequent determinant of the location of access roads is the 
willingness of present owners to "give" their land for the right-of
way. Access roads are so important that a poorly located one is almost 
always better than none. A system of access roads, however, is so 
important to future development that it is worthwhile to give early 
consideration to a total plan for access routes throughout a region, 
and to use the right of eminent domain to locate roads properly rather 
than to locate them haphazardly along old trails or where landowners 
are willing to donate a route. 

Departments of public works in developing countries tend to adopt 
minimum standards and requirements based on intercity needs or on 
similar standards in developed countries. As a minimum requirement, 
a road should allow the passage of wheeled vehicles during enough of 
the year to meet the anticipated minimum trarisport needs for five 
years. In the beginning, a right-of-way of 10 or 12 feet may suffice. 
Streams that can be forded need not be bridged at first, although 
culverts to prevent disturbing normal drainage and to prevent the 
formation of mud holes are important from the beginning. Surfacing 
the road can be accomplished gradually and piecemeal as local interest 
and requirements dictate. Establishing rights-of-way and opening 
even poor roads is preferable to waiting until a more advanced modern 
type of road can be financed and constructed. 

11.6.0 Financing and Operating the Access Network 

Although constructing and maintaining a grid of access roads to 
service an expanding agriculture involves considerable expense over a 
long period, in the beginning it requires more thought and policy
making than expenditure of funds. Subsequently, the rising produc
tivity associated with better access roads can contribute substantially 
to financing future road improvements. 
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Some financing is necessary even in the beginning a part from costs 
of survey, road location, and the acquisition of rights-of-way. 

The major expenses of developing access roads, before surfacing is 
attempted, are the purchase of materials for culverts and bridges. In 
many "community development" programs, the government will pro
vide part or all of these costs if the local populace provides the nec
essary labor. 

Eventually, substantial costs will be incurred for maintenance, road 
improvement, and for surfacing. While local communities may be able 
to help in the early stages of establishing roads, it is unrealistic to 
expect them to assume all of these later expenses. Since a constantly 
improving grid of access roads benefits manufacturers and distributors 
of farm inputs and consumer goods, as well as farmers, state and na-
tional grant-in-aid participation in improving and maintaining rural 
roads is justifiable. 

Even where most of the labor for building access roads is provided 
by local people, technical aid is required for surveying, specifying 
gradients, and locating and constructing culverts. Such technical aid 
by avoiding faulty design and construction in the beginning can re
sult in substantial savings later. 

The principle that government is responsible for the maintenance 
of major highways is well established. Governments usually do not 
accept this responsibility for access roads as soon as they should. Local 
people can be mobilized to build roads much more readily than to 
maintain them. Once established, roads are a general public asset and 
proper maintenance of all roads, minor or major, should be a public 
responsibility delegated to an appropriate technical agency. 

11.7.0 Management and Operation of the System 

The trained management that is required at all levels for any trans
portation system may be even more scarce than capital in developing 
countries. As a matter of fact, the degree of sophistication of available 
management may largely determine the mode of transportation and 
hence the investment decisions. 

Adequate management is required at three levels: (1) planning. 
(2) operation, and (3) maintenance. The same individuals may b~ 
involved at an levels, especially where a central government is respon
sible for both construction and operation. To give priority to roads 
rather than railroads is consistent with a scarcity of trained person
nel since it. is generally agreed that the operation and maintenance of 
roads require less sophisticated management than railroads. The op
eration and maintenance skins required for roads are closely connected, 
and a relatively low level of technical training is required for the con
struction and maintenance of a rural road system. 
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There is a choice to be made between low and high axle load specifi
cation in developing major roads. To increase the loa<;l limit from 10 
to 13 tons can increase costs (depending upon climate and soil con
ditions) by as much as 40 percent. The lower limits are to be preferred 
for "major-secondary" roads. These lower limit roads have three dis
tinct advantages: (1) construction costs are minimized, thereby con
serving limited capital; (2) smaller trucks are generally more avail
able and at lower initial outlays; and (3) given enforcement of capac
ity limits, initial maintenance costs will be reduced. Low load limit 
roads will require more rolling stock to move a given volume of goods 
and the variable costs per ton of goods moved would probably be 
higher than for high limit, larger vehicle roads, but the initial capital 
requirements would seem to dictate the lowest possible load limit road 
in the beginning. 

11.8.0 Vehicles for Transportation 

Developing countries frequently lack adequate numbers of trucks to 
distribute food products and bring supplies to the farm. A long-range 
plan for developing major and secondary roads must incorporate esti. 
mates of likely traffic, with the estimates based as much on the avail
ability of vehicles as on the quantities of food and other products to 
be transported. It may be that the successful development of a system 
of major-secondary roads is contingent upon a "vehicle assistance 
program." 

Successful development of major-secondary road systems requires 
investment in more than the roads and vehicles. Trucks need f\lel; 
distribution facilities must be established (including import facilities 
in many nations) ; service stations must be built; and meehanics have 
to be trained. All of these factors must be considered in a long-range 
plan if its goals are to be attained. 

Because of the bulkiness and relatively low value of most agricul
tural products, air transpo'rtation cannot 'be a major means of moving 
agricultural products in the developing nations. But airfields designed 
for use by small planes can be built with minimum capital require
ments wherever there is levelland. Where the distances are great, where 
traffic does not justify investment in roads or railroads, or where the 
climate and geography make road or rail construction difficult, air
planes can provide an economically sound supplemental means of 
transportation. Airplanes can be used to move critical supplies such as 
pesticides, animal drugs, and medical supplies. They are used now in 
the Andes to transport limited food, especially meat. 

Railroads offer an economical form of transportation, especially if 
a single railroad line is used to connect two major cities or to connect 
a major raw material region with a processing location. Railroads, are 
particularly well sui ted for the transportation of bulky products. 
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11.9.0 Integration with Marketing Facilities 

At the concentration points in producing areas, storage facilities 
may be required to accumulate products brought from the farms to as-
sure their availability in proper quantities and condition at the right 
time for further shipment. For some grains, milling or other facilities 
for processing may be essential. In short, these terminals must provide 
a method and place for transferring products from the first haul to the 
second and must maintain the condition and form of products for the 
second movement. (Figure 11-2) 

In consumer areas, food distribution centers and warehouses are 
needed to receive the products delivered by the long-haul agencies of 
transportation and, with or without further processing, to deliver the 
products in smaller lots to the retail points where they will be available 
to consumers. At each place where products are transferred from one 
method of transportation to another, the marketing facilities must be 
of suitable type and size, properly equipped and operated, and appro
priately located for efficient transportation and marketing. 

Transportation requirements are greatly affected by the form in 
which the product goes to m'arket. If livestock -and poultry are shipped 
live, different equipment with more capacity is required than that 
needed if animals are slaughtered in producing areas. Dressed meat 
shipments must be refrigerated which requires equipment that is also 
suitable for transporting other perishables. There are few alternate 
uses for vehicles designed to transport live animals and poultry. Can
ning or freezing reduces the need for speed in handling so losses from 
spoilage become ne~gligible. Processing sugar cane and beets into syrup 
for bulk transport simplifies transportation. Fertilizer in liquid form 
can be moved in tanks or 'by pipeline. Phosphate rock can be converted 
to phosphoric acid to reduce hulk. 

Recently an enterprising man wanted to ship meat from a livestock 
producing area in Africa to city consumers hundreds of miles away. A 
van container similar to a truck trailer, with liquid nitrogen for the 
refrigerant, was used to ship the meat by road to a river where the 
trailer was loaded onto a boat and moved to a dock terminal near the 
market and hauled by road to the city. The meat was retailed at a price 
which paid all costs. This illustrates that modern technology can be 
utilized to advantage in developing countries. Storage, refrigeration, 
and two methods of transportation were combined to accomplish the 
job and at a profit! 

Containerized vans facilitate the movement of products from one 
part of the transportation system to another-the van can be moved 
by road, rail, water, or air, and a constant environment can be main
tained, making it unnecessary to handle the cargo itself at transfer 
P?ints. These vans also serve as places of storage. The same container 
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can be used to haul refrigerated products in one direction and non
refrigerated in the other. It can be used for bulk goods, for packaged 
goods, or for liquids. Multi-purpose containers make it possible to haul 
a wide variety of products, even those requiring different temperatures, 
at the same time. "Unitizing" loads 'by means of pallets or pallet boxes 
is another important method for integrating transportation and sim
plifying handling of cargo. 

11.10.0 Cooperation Between Government and Private Industry 

To develop and operate an efficient, integrated transportation sys
tem is a major undertaking which must be planned jointly by 
government and industry. 

26~888 0-61-39 
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Government agencies must be responsible for building roads, air
ports, and port facilities; they must regulate rates and services; and 
they must establish safety regulations. They can assist greatly by 
standardizing shipping documents, simplifying customs procedures, 
and obtaining and disseminating information. In many situations, 
governments may join with industry in financing portions of the 
system. 

Despite this indispensable role of government in the development 
of an efficient transportation system, there remain many activities 
which all experience to date indicates are better performed by private 
initiative. The total job of developing and operating a transportation 
system that will maximize economic growth in the developing coun
tries is so great and challenging that it will require the contbined 
talents of government and industry .. If left· alone industry is likely 
to develop good parts of a transportation system, but not an integrated 
system. With complete government domination, initiative may be 
stifled. The job is too big and important to be left to either to 
accomplish alone. 

11.11.0 Appendix 

11.11.1 Proposal for a System Study of Transportation in Relation 
to Food Production and Distribution . 

The Subpanel has stressed the importance of transportation in food 
production and distribution. Transportation is a necessity although by 
itself it will not suffice to solve the food problem. Qualitatively, the 
. dimensions of the transportation problems are clear but from a 
planner's or investor's practical viewpoint, it is desirable to obtain an 
estimate of the gains in terms of increased production and improved 
distribution that might be expected from different. investments in a 
transportation system. 

The Subpanel believes that a systems analysis study of transporta
tion in relation to the food production and distribution problem is 
feasible and urgently required. The feasibility of a quantitative ap
proach is suggested by previous statistical and analytic work dealing 
wit.h parts of the overall problem. For instance, the minimum daily 
human requirements for calories and proteins can be calculated by 
age and sex; the yield from agricultural crops under different combi
nations of soils, fertilizers and farming teclmiques can be estimated 
accurately; and reliable figures are available on the feasibility and 
costs of developing, operating and maintaining transportation net
works for a variety of en vironmental conditions. 

In approaching the food transportation problem as a systems ques
tion, it will be necessary to devise a methodological framework, to 
define alternative systems design, and to define appropriate objective 
functions. Regional characteristics will have to be obtained for the 
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particular geographic areas· considered. The Subpanel urges that not 
one, but perhaps two or three, such systems studies be undertaken in 
order that a variety of conditions and issues may be considered which 
may be used for generalizations about the problem. 

Among the issues to consider are: (1) the establishment of numeri
cal measures for the potential amounts and kinds of food shipments 
from a particular area; (2) the trade-oft's between single and multiple 
mode transportation networks, each transportation mode having dif
ferent vehic.ular characteristics; (3) the trade-oft's involved in addi
tional storage points along the transportation network from 
production to consumption areas as compared to direct by-pass trans
portation; (4) the comparison between food processing at source of 
production and remote centralized processing; and (5) the trade-oft's 
between investments for higher yield food production through im
proved fertilizer and irrigation, and investments in high cash yield, 
non-food production from which purchasing power for food importa
tion can be derived. 

It is clear that a large number of factors,. including population 
density, enter into this problem; they need to be carefully sorted out 
through sensitivity. analyses. It is noted also that transportation can 
serve many economic and social functions, hence, design optimization 
and cost allocation present complex problems. For the purpose of the 
suggested studies, transportation is treated as a single-purpose, two
way system for the conveyance of farming inputs and farm products. 

11.11.~ A Suggested Transportation Program for India 
The most important transport program for Indian economic de

velopment inthe Fourth Plan would be to concentrate on the agricul
tural sector to permit the distribution of necessary farm supplies and 
to make possible the marketing of surplus foods. 

Eft'orts have been made in the past to build rural roads to the villages 
through the Community Development Program, but the limited results 
of this program are understandable. Road construction is only one of 
many requirements for rural development and until recently the other 
elements did not exist. There was no fertilizer or other inputs for in
tensive cultivation and no guaranteed prices to provide incentives for 
growers to buy and use these inputs. Even where roads were built, it 
was often the case that the roads were not useful and the roads fell 
quickly into disrepair because there was no compelling economic rea
son for their maintenance. 

The insistence of most Indian policy makers that improving rural 
transport was not important to food production was, strictly speaking, 
correct until now. Building roads is futile without the capability of 
producing for the market and without the market centers or price 
supports for making commercial farming feasible. 
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The situation has changed. Farmers have ·reasonable.assurance of· 
eno,ugh return to enable them to invest in seed and fertilizer. Supplies 
of these inputs are more available. 

It is now time to begin in e~rnest to get the roads built, the vehicles 
rolling, and the market centers established. The question is how to 
do this quickly and on a large enough scale to obtain results. 

India's local transport poses a problem of such magnitude and 
urgency that im)lrovements will have to be concentrated where agri
cultural prospects are best. Highway funds and vehicle supplies need 
to be made available specifically for market roads in the Intensive 
Agricultural Areas. In addition, help may have to be obtained from 
the outside for the foreign exchange cost of road machinery and motor 
trucks and to help defray the local costs of materials and labor. 

The total amount of foreign assistance required over a five-year 
period might be approximately $200 million. This sum, combined 
with matching funds, would make it possible to build 250,000 miles of 
basic roads needed in the Intensive Agricultural Areas. Access roads 
could be improved to higher standards as traffic demands warranted. 
Further improvements and maintenance could be financed by increased 
motor vehicles tax revenues and local resources generated by the eco
nomic activity resulting from the breakdown of rural isolation. 

The first step in the conduct of the transportation for food program 
would be for the Government of India to use foreign exchange for the 
importation of motor trucks, road machinery, and the parts and mate
rials needed to increase India's vehicle production capacity (Figure 
11-3). The rupee equivalent of aid money for trucks, road machinery, 
and parts. would then be credited to the Central Road Fund for rural 
road development. The Center would be expected to match these funds 
out of its own revenues in an amount equal to 25 percent of the grant. 
Matching funds could be financed by allocating to the Road Fund part 
of the diesel tax and other motor vehicle tax revenues levied by the 
Central Government. 

These funds would then be distributed among the states on the basis 
of population and area and augmented by a 25 percent state contribu
tion. Other stipulations for receipt of local road aid would include 
the designation of access roads eligible for aid as certified by Agricul
tural Development Boards and. Public Works Departments. 

Local governments would contribute to the cost of the program from 
their own resources in an amount equivalent to 10 percent of the aid 
received, or by the donation of right-of-way ill lieu of local cash 
contributions. 

Local governments would have to take the responsibility for market 
road planning and for the actual construction work. At the local 
level, groups of villages could initiate planning and established priori-
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ties under the village councils, or panchayats. These community de
velopment blocks could be brought together into a coordinated pro
gram with the districts providing technical and logistical services and 
supervision of the work. 

An important side effect of a local road program to support agri
culture would be to provide jobs and income for workers who are only 
partially or seasonally employed. Much of the construction and later 
the maintenance of the roads could be accomplished by labor-inten
sive methods. The program would provide some of the purchasing 
power needed to buy inputs for intensive cultivation and to pay for 
consumer goods. This purchasing power, added to the reduction in 
transport costs resulting from road improvements, could provide both 
the means and incentives for introducing commercial agriculture. 
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The high priority given to. agriculture in the Fourth Plan makes 
it essential to improve rural transportation ~s part of the package. 
Efforts to increase food output cannot succeed without parallel steps 
to provide access to fa.rm and market. 
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12.0 RESEARCH AND EDUCATION 

12.1.0 Summary 

Greatly expanded research and educational programs are vital if 
the world's hungry people are to be fed. Only through research is it 
possible to use United States scientific technology to produce new 
techniques, processes, and biological materials for developing nations. 
Only through vastly broadened educational programs will these na
tions be able to use this converted know-how.' 

Vital research and education programs not only provide the basis 
for increasing food production and nutritional quality of food but also 
are mandatory for effective family planning. Many environmental and 
social factors must be evaluated before effective programs relating to 
food supply and quality, and family planning can be implemented. 
Each society has different forces which affect the outcome of such pro
grams, and these forces must be understood~ Also, people must be 
taught the elements of family planning lest long-range programs fail 
to balance population and food supply. 

Leaders of the developing countries are seemingly una ware of the 
importance of research and education. This is also true of leaders in 
some countries higher on the development scale. Inadequate programs 
of technical assistance and lack of sufficient funds from more ad
vanced nations reveal this lack of understanding. Support of research 
and education is therefore hampered by shortsighted national policies 
and lack of national commitments. 

One reason some developing nations have failed to recognize re
search needs is that in the past the cultivation of new lands has pro
vided them with new sources of food. For mQst of the world's popula
tion needing food, especially those in Asia, new lands are scarce or 
non-existent. These people must now turn to research and education 
to provide the technology for increased yields on the land now in use. 

Some of those concerned with the world food problem reason that 
high-level technology of developed nations can be applied directly to 
developing areas. In a few cases they are correct. In most cases the 
plant varieties, animal breeds, and farming practices must be tailored 
to fit the environment. Most of the deve~oping nations have climates, 
soils, cropping systems, and harvesting, processing, and marketing 
techniques vastly different from those in the United States and Eu
rope~ Under these circumstances, United States technology cannot be 
transferred without extensive adaptive research. 

595 
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The-misconceptions of "know-how, show;.how" must be erased. The 
developing nations cannot be "shown how" until the "know-how" is 
suited to particular needs in terms of the social structure, the physical 
environment, and economic relationships. 

Although educational levels in the developing countries are· quite 
diverse, there are certain common deficiencies among them. First, 
populatons are highly illiterate. Most of the rural and farm populace 
cannot read nor write, and primary education facilities, although in· 
adequate, are not being utilized fully. The dropout rate among the 
few children who start school is high. _ 

Little direct help for problems related to food, agriculture, and 
nutrition comes from secondary and university educational programs 
which are highly academic and attract mostly non-rural students. Im
portant . as this academic orientation is in training agricultural 
students, it is inadequate when it fails to focus on the food-popula
tion problems of these developing coutries. 

Students sent abroad to the United States and Europe are interested 
mainly in traditional academic subjects rather than those relating to 
food and agriculture. Similarly, most United States scientists and 
students sent to the developing countries seem to be motivated by 
intellectual curiosity rather than a desire to help the people. 

The net result of all these educational deficiencies is a near void 
of trained and educated manpower in many of the developing coun
tries. The shortage is at all levels. Illiteracy limits the masses to 
the simplest of tasks and greatly reduces their opportunity to learn. 
A shortage of teachers, technicians, and other vocationally trained 
people is common. Scientists and engineers often must be imported 
from the more developed areas. 

Research is among the activities greatly handicapped by manpower 
shortages. The level and quality of research on food, nutrition, and 
popUlation control are closely related to the quality of education. Low 
salaries,. inadequate support, and poor facilities are contributing fac
tors to the limited quantity and quality of research. 

Research on nutrition and on food processing, marketing, and dis
distribution is especially lacking in the developing countries. Animal 
production and socio-economic factors affecting food production and 
marketing are also slighted as is research on family" planning. Even 
the crop production research, which has· received most attention, has 
been insufficient to produce few real breakthroughs in agricultural 
technology. 

During the past 25 years, the United States and other developed 
countries have invested time and money trying to help these develop
ing nations to improve their food production. In genera1,·technologi
cal and scientific inputs have been woefully inadequate. Programs 
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. have lacked continuity, organization, and long-range planning. Be
cause of these and other deficiencies, help from the devoloped world 
has had little effect on crop yields or food quality. 

Intensified extension efforts have been made in recent years to moti": 
vate cultivators in the developing areas to accept new and improved 
practices. In some cases, these efforts failed because research has not 
developed practices which farmers are willing to adopt.. In others, 
fanners lacked confidence in extension specialists or were not given 
social or economic incentives for change. There are notable exceptions 
which give hope for the future and provide guidelines for adaptation 
to other areas. . 

In a pilot program in Italy, television has been used to teach large 
numbers of illiterates to read and write at a fraction of the cost re
quired for the formal classroom approach. In other countries, films, 
radio, and comic strips are being used to communicate information on 
food, nutrition, and family planning. Initial successes suggest that 
these innovative techniques deserve extensive trial and could provide 
the needed tools for breakthroughs in general and extension education. 

The importance of developing regional or international research 
and training centers has been demonstrated. The International Rice 
Research Institute in the Philippines, the International Maize and 
Wheat Improvement Center in Mexico, and the Institute of Nutrition 
in Central America and Panama are examples of productive pro
grams. These successes should be used as the bases to establish pro
grams in selected problem areas elsewhere in the world. 

The· need to first understand the social patterns through which the 
people who till the land can be motivated has been demonstrated in 
pilot programs such as those in Peru and East Pakistan. One of the 
most successful efforts to bring a social and technological change is 
best illustrated by the extension program among farmers in Taiwan. 
Lessons from these innovative programs can and should be used 
elsewhere. 

The development of indigenous institutions for education and re
search should continue to receive high priority. Long-range funding 
must be available to pennit universities in th~ United States to work 
effectively with their overseas partners. Selected indigenous institu
tions in the developing countries should be improved to provide edu
cation and training for surrounding countries with similar ecological 
and problems. This should minimize the need to send students to the 
United States or Europe. 

Indus~ry can make a significant contribution to the research and 
educational efforts in the developing countries. Experience in the 
·United States and Europe has demonstrated the essentiality of indus
try involvement. Every encouragement should be given to couple the 
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efforts of public institutions and private industry in both research and 
education. 

The ultimate, long-term success of research and education rests 
with the countries in which these activities are carried out. Th~ United 
States and other developed nations must of necessity contribute signif
icantly in the initial stages of cooperative research and educational 
programs. As rapidly as the competencies and capacities of the indig
enous nations improve, they should be utilized in order that the de
veloping countries can assume the responsibility and leadership for 
their own research and educational programs. 

12.2.0 Introduction 

The problem of world hunger is large and very complex, requiring 
concerted efforts on many fronts including strong, viable programs of 
research and education. 

Research provides the basis for improved technology in food pro
duction, preservation, and utilization. Research is essential if effective, 
inexpensive, and socially . acceptable means of limiting population 
growth are to be developed and utilized. These . factors are basic to 
all other efforts to solve the problem of world hunger. Education is 
needed to convert the products of research into action. 

Education serves three main functions: (1) it eliminates illiteracy; 
(2) it disseminates research findings on which improvement in per 
capita food supplies depend; and (3) it provides skilled personnel to 
reinforce public and private institutions on which agricultural im
provemf:mt and family planning rely. 

Most nations facing serious food deficits have high levels of illit
eracy. This greatly restricts use of printed material as a means of com
municating information on food production and population control. 
Experience has shown, however, that information on family planning 
and on food supply can be disseminated effectively even where the 
population is illiterate, if there are other motivational forces. 

Furthermore, the urgency of the world food crisis dictates that man
kind cannot wait for long-range general education programs to solve 
this problem. More immediate benefits are likely to result from intensi
fied educational programs relating specifically to family planning and 
the supply of nutritionally balanced foods. 

Research and education have contributed substantially toward in
creasing food supplies in the developed nations. For example, a study 
made by Dr. Z.Griliches, a University of Chicago economist, showed 
an annual return of at least 700 percent from investment in research 
which led to the development of hybrid corn in the United States. l Dr. 

1 Gr1l1ches, Z., Research cost and social returns: hybrid corn and related innovations. 
J. PoUt. Econ. 66: 415-431.1958. 
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Griliches also reports an annual return of some 1,300 percent for each 
additional dollar invested in agricultural research and extension edu
cation within the United States.2.Few investments in the public sector 
ha ve returned such handsome dividends. 

Such success has motivated the United States to share its research 
and educational experiences with other nations. Through the Agency 
for International Development (AID) and its predecessor agencies, 
. the Federal Government has supported educational and institutional 
development programs in developing countries for more thall: 20 years. 
More recently, it has supported research efforts in the fields of agri
culture, nutrition, and family planning. Certain United States foun
dations have been involved in similar efforts for even longer periods. 
Some European nations also have made substantial investments in 
agricultural research and education in the developing nations during 
their colonial periods. Several of the United Nations agencies have 
continuing programs to support research and education on food sup
plies and nutrition. They, too, are now giving attention to family 
planning. 

All these efforts have contributed suhstantially to a better under
standing of the potential of research and education relating to food, 
nutrition and population in the developing countries. Some excellent 
opportunities now are available to build on these experiences if bold 
and imaginative programs can be supported adequately. 

Experience has shown, for example, that some technology from the 
more developed nations can be used in those developing countries 
whose climates, soils and crops are similar. The main problem is to 
test the technology and to have it accepted by the indigenous popula
tion of the developing nation, which is often steeped in tradition and 
unaccustomed to ready acceptance of new practices. 

Many persons assume that those countries to whom our help is 
directed can boost their food production, processing, and marketing 
simply 'by adopting our technology. Experience proved this a mis
taken assumption. As much technology cannot be transferred directly; 
some, not even with the aid of adaptive research. 

There are vast areas in the wet, humid tropics where the potential 
for food production is unknown. Expanded research and educational 
efforts may reveal that they are the world's major areas for increasing 
food production. 

Past experience has shown potent'ial opportunities for regional 
cooperation in obtaining needed research know ledge. Nations in similar 
geographic areas have common food supply problems, but each cannot 
support sufficient research to solve these problems. Cooperating teams 

!I Grlllches, Z., Research expenditures, education. and the aggregate agricultural pro
duction function. The American Economic Review; Vol. LIV, PP. 961-{)74, 1964. 
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of scientists located at well-equipped centers of specialization should 
be considered to meet these regional or area problems. 

These centers also would provide excellent opportunities to develop 
productive educational programs, particularly at the graduate level. 
Thus, they would serve the dual purpose of acquiring new know ledge 
and of providing the training needed by agricultural scientists .. 

Universities in more developed nations have trained thousands of 
students from developing countries. For example, up to one-third of 
the graduate students studying in some fields of agriculture in the 
United States are from outside this country. Unfortunately, the orien
tation of their training often does not prepare them well for the type 
of research and educational programs needed in their home country. 

Educating and training foreign nationals in more developed nations 
has led to another serious problem, the "brain drain" from developing 
countries. Many of the better students, whose original intentions may 
have been to help their own countries, do not return home, or, if they 
do, they do not remain there. They become dissatisfied at home because 
of low salaries, inadequate support, or failure on the part of their 
superiors to recognize their potential. Eventually they return to 
Europe or the United States. These scientists contribute to the more 
developed nations where they obtain employment, but their abilities 
are lost to their homelands. 

Other important lessons have been learned from past experience 
with technical assistance programs in food-deficit nations. 

Successful research and educational programs must have continuity 
of objectives, funding, and personnel. There are no effective shortcuts 
in building research and educational institutions, training indigenous 
manpower, and mounting coordinated research programs to develop 
new varieties, better breeds of animals, or improved practices. 

Institutions in the more developed nations which participate in 
international food research and educational activities must make long
term commitments. These commitments must go beyond "lending" 
staff for a six-month temporary assignment or admitting afew foreign 
students·to take the same courses of study and research as students of 
the developed nations. . 

Perhaps most significantly, the United States has learned that the 
developing countries, as well as those which are more advanced, must 
support research and educational efforts relating to population and 
food at far greater levels than has been in the case in the past. In 
developing countries, inadequate attention has been given to research 
and education. Furthermore, political interference, low salaries of 
teachers and scientists, and the low image of agriculture in these 
countries have drastically limited the potential contribution of research 
and education. 
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Our experience has demonstrated that research and education are 
basic links in the continuum which starts with new knowledge and 
. ends with advanced technology. Such technology can result in marked 
increases in the supply of quality food. The United States, through 
its scientists, educators, and institutions, is being challenged as never 
before to help struggling nationS develop manpower and institutions 
needed to feed themselves. 

The objective here is to identify the problems, needs, and potentials 
of research and education in food, nutrition, and population growth 
in the developing countries. Examples are given of contributions being 
made by agencies, foundations, and institutions of more developed 
nations toward solving the world food supply problem. Suggestions 
are made for needed action in achieving long-term, enduring solutions 
to problems of increasing the food supply and controlling population 
growth in the developing nations. 

12.3.0 Education in Developing Areas 

lB.3.1 Development of Human Re8ource8 
There is wide variation from country to country in development of 

human resources. Educational systems are in different stages of evolu
t.ion or development and meet their countries' needs with varying 
degrees of effectiveness. 

Illiteracy characterizes the developing countries where of the 1.3 
billion people living in these areas, an estimated 750 million of school 
age or older cannot read or write.s Thus, the written word is essen
tially eliminated as a means of communicating with nearly tpree
quarters of a billion people. Our present efforts are obviously inade
quate as there are 20 million more illiterates today than there were 
five years ago.4 

Harbison and Myers 5 grouped 75 countries in terms of four levels 
. of human resource development: Level I, underdeveloped;' Level II, 
. partially developed; Level III, semiadvanced;' and Level IV, ad
vanced. References to these levels are made throughout this report. 

Table 12-1 groups countries by the four levels with their popula
tions. Table 12-2 compares certain characteristics of countries on those 
levels. For example, it shows relationships between human resource 
development and characteristics such as the gross national product 
( GNP) ,median literacy, and the percent of popUlation involved in 
agricultural pursuits. 

Level I countries, comprised mostly of African nations, are charac-

3 Hoffman, P. G., World without want. In: Britannica Book of the Year, 1962. pp. 32-33. 
• What is UNESCO? Published by UNESCO, Paris, France, 1966. 
II Harbison, F., and Myers, C. A. Education, manpower, and economic growth; strategies 

of humau. resource developm-ent. New York, McGraw·H1ll, 1964. 229 pp. 
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terized by having an extremely small trained manpower force. In 
most of these countries, less than 1 percent of the indigenous popu
lation has a secondary educu.tion or its equivalent. Most of the edu
cated and trained indigenous personnel in Level I are employed in 
government services and in education. Foreign scientists and educators 
fill more than half of the high-level manpower positions. Educational 
conditions are underdeveloped at every level. 

I .. evel II, which includes such countries as Indonesia, Pakistan, 
mainland China, and parts of Latin America, is comprised of what 
Harbison and Myers call partially developed countries. Among the 
developing nations, they may also be called relatively advanced. 

As in Level I, there are wide differences among countries within the 
category. In general, however, they still depend on more advanced 
countries for much critically needed scientific and engineering man
power. With some assistance from advanced countries, they are able 
to supply most of their nontechnical high-level manpower such as 
teachers, managers, and supervisors. 

Though Level II countries are progressing toward economic and 
political maturity, they have not reached a climax in this develop
ment. They are still unable to develop enough strategic high-level 
manpower such as engineers, s(tientists and highly qualified teac1;lers 
to progress satisfactorily on the road to economic development. 

Nations in Level III comprise those termed semiadvanced by Harbi
son and Myers. In human resource development they are approxi
mately midway bet.ween the partially developed (Level II) and ad
vanced countries (Level IV). 

With the possible exception of scientific and technical manpower, 
Level III countries can provide practically all needed high-level man
power. Shortages persist, but there are enough scientists and engineers 
available for the countries to import ~nd adopt modern technology 
successfully without substantial external help. 

In education, Level III countries have progressed beyond those of 
Level II in quantity and quality of primary education. Principal 
problems are at the secondary and higher education levels. The system 
of higher education, however, brings Level III countries into the semi
advanced group. Noteworthy universities are in Mexico, India, Egypt, 
and Chile. 

The United States, United I{ingdom, U.S.S.R., or any other typical 
Level IV country have an advanced industrial economy. Such coun
tries make major scientific, technological, and organizational discov
eries and innovations. They have strong commitments to education 
and to human resource development generally. A significant charac
teristic is the relatively large supply of high-level human resources. 
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TABLE 12-1.-Countries grouped by levels of human resource development according 
to composite indez t 

1964 19M 
Country population 

(millions) 
Index Country population 

(millions) 
Index 

(Level I, underdeveloped) (Level lIT, semladvanced) 

Niger _______________________ 
3.3 0.3 

Mexlco ______________________ 
39.6 33.0 

Etbiopia ____________________ 22.2 .75 Tbailaud ___________________ 29.7 35.1 
MalawL ____________________ 3.9 1.2 India _______________________ 471.6 35.2 
Somalla _________ ~---------- 2.4 1.55 

Cuba _______________________ 
7.4 35.5 

Afghanistan ________________ 15.2 1.9 
Spain _______________________ 

31.3 39.6 
Saudi Arabia _______________ 6.6 1.9 South Africa ________________ 17.5 40.0 
Tanzania ___________________ 10.3 2.2 Egypt ______________________ 

28.9 40.1 
Ivory Coast. ______ ~ ________ 3.8 2.6 PortugaL __________________ 9.1 40.8 
Northern Rhodesia _________ 4.1 2.95 Costa Rica _________________ 1.4 47.3 Congo ______________________ 

15:3 3.55 Venezuela __________________ 8.4 47.7 
Liberia _____________________ 1.0 4.1 Greece ______________________ 

8.5 48.5 
Kenya _______ ~ ______________ 9.1 4.75 

Chile _______________________ 
8.5 51.2 

Nlgeria _____________________ 56.4 4.95 Hungary ___________________ 10.1 53.9 
HaUL ______________________ 

4.6 5.3 Taiwan _____________________ 12.1 53.9 
SenegaL ____________________ 3.4 5.45 South Korea ________________ 27.6 55.0 
Uganda ____________________ 7.4 5.45 

Italy _______________________ 51.0 56.8 
Sudan ______________________ 13.2 7.55 yugoslavia _________________ 19.3 60.3 

Poland _____________________ 31.2 66.5 

(Level IT, partially developed) 
Czechoslovakia _____________ 14.1 68.9 
Uruguay ___________________ 2.7 69.8 
Norway ____________________ 3.7 73.8 

Guatemala _________________ 4.3 10.7 
Indonesia ___________________ 103.0 10.7 
Libya ______________________ 1.6 10.85 (Level IV,·advanced) 
Burma _____________________ 24.2 14.2 
Dominican RepublIc _______ 3.5 14.5 
Bolivia _____________________ 3.7 14.8 Denmark _______ ~ ___________ 4.7 77.1 Tun1sia ____________________ 

4.6 15.25 Sweden ________________ ~ ____ 7.7 79.2 
Iran ________________________ 

22.9 17.3 Argentina_ • ________________ 22.0 82.0 
China (Malnland) __________ 686.0 19.5 IsraeL ______________________ 2.5 84.9 
Brazil ______________________ 

78.8 20.9 West Germany _____________ 56.1 85.8 
Colombla ___________________ 15.4 22.6 Finland ____________________ 4.6 88.7 
Paraguay ___________________ 1.9 22.7 U .S.S.R ____________________ 227.7 92.9 
Ghana ______________________ 7.6 23.15 Canada _____________________ 19.2 101.6 
Malaya _____________________ 7.8 23.65 France ______________________ 48.4 107.8 
Lebanon ____________________ 2.3 24.3 j apan ______________________ 96.9 111.4 
Ecuador ____________________ 4.9 24.4 Uhited Klngdom ___________ M.l 121.6 
Paklstan ___________________ 100.8 25.2 Belglum ____________________ 9.4 123.6 
1 amalca ____________________ 1.7 26.8 Netherlands ________________ 12.1 133.7 
Turkey _____________________ 30. 7 27.2 Australla ___________________ 11.1 137.7 
Peru ______ -_________________ 11.4 30.2 New Zealand _______________ 2.6 147.3 
Iraq ________________________ 7.0 31.2 United States ______________ 192.1 261.3 

1 The composite Index, developed by Harbison & Myers op. cit., is the "arithmetic total of: (1) enrollment 
at second level of education as a percentage of the age group, 15 to 19, adjusted for length of schooling, and 
(2) enrollment at the third level of education as a percentage of the age group, multiplied by a weight of 5." 
pp.31-32. 

19.3.2 Formal Eduoation 
Human resources are nurtured in many ways. Formal education is 

the most obvious way, starting with primary or first-level education, 
. continuing with secondary education, and then higher education 
including colleges, universities, and higher technical institutes. 

263-8880-61--40 
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TABLE 12-2.-0ertain educational and other characteristic8 of nations by level of 
human re80urce development 

Classification of countries 1 

Characteristic Levell, Level II, Level III, Level IV, 
17 under- 21 Partialll 21 semJ- 16 advanced 
developed develope advanced countdes 
countries countries countries 

Population (millions) _________ ~ __ . __ • ___ . __ • ___ 182 1,123 834 771 
Gross national product per capita (US$) _______ 84 182 380 1,100 
Percent of population active in agriculture _____ 83 65 52 23 
Median illiteracy 2. ________________________ : ____ 89.5 59.5 23.5 2.8 
Scientists and engineers per 10,000 population __ .6 3 25 42 
Percent of total population: 3 

All students ________________________________ 6.01 13.58 16.30 21.79 
1st-level students ___________________________ 5.59 11.90 10.80 13.35 
2d-level students _____________ • _____________ .36 1.39 4.64 5.51 
2d-Ievel students (vocational) ______________ .041 .15 .51 1.44 
3d-level stUdents. __________________________ .015 •. 14 .34 1.48 
Total2d and 3d levels ______________________ .42 1.68 5.49 8.43 
Public expenses on education as percent of 

national income __________________________ 3.7 2.1 3.1 4.2 

I See Table 12-1 for country listing. 
I Generally, literacy is reported for persons 15 years of age and older. The illiteracy figures are the latest 

reported by UNESCO and are for 9 countries in Level I; 18 in Level II; 19 in Level III; and 7 in Level IV. 
31st, 2d, and 3d levels approximate elementary, secondary, and college education in the U.S. system. 

,Source: From Harbison, Frederi·ek and Charles A. l\fy.ers. Education, manpower and 
economic growth; strategies of human resource development. New York, McGraw-Hm, 
W6.4. p. 38, and. from United Nations Educational, Scientific and Cultural Organization 
Statistical Yaeroook, 1965. Paris. 19165. 

In developing countries, the modern knowledge gap, overall low 
student enrollment, low enrollment and graduation of agricultural 
students in universities, and low rate of literacy are all concerns in 
formal education. 

The extent of problems is further emphasized when one considers 
a country's individual deficiencies as well as lack of qualified teachers, 
wide variations in curricula and standards, lack or shortage of text-. 
books and teaching aids, high percent. of student dropouts, overseas 
education, and the "brain drain". All are important factors strongly 
affecting the countries' food and population problems. 

The modern knowledge gap vividly portrays the present vastness 
and increasing complexity of t.he problem of education. 'Vith the rapid 
developments of knowledge in all disciplines, the educational lag of 
the developing versus developed nations widens. The less fortunate 
nations need the products of education, but, first and foremost, their 
people need an education. As stated by Channing: "He is to be edu
cated, because he is a man, not because he is to make shoes, nails 
or pins" ... 6 

11. Channing, WilUam Ellery. "Works of WUUam Ellery Channing," New Edltlon, American 
Unitarian AssociQ,tlon, Bostotl~ 1890, p. 19. 
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1~.3.3.1 Primary Education. Terms such as "meager" and "poor 
quality" best describe education in Level I (underdeveloped) coun
tries and Level II (partially developed) areaS. Not only is there a 
shortage of qualified teachers, but textbooks and teachil?-g materials 
are poor or do not exist. Furthermore, there are wide variations in 
curricula and standards since varied voluntary agencies or missionary 
groups operate many schools. Pressure of rapid expansion in the num
ber of schools and pupils at primary level make it hard to maintain, 
let alone improve, quality. 

Amid this situation is a high dropout rate. For example, enrollment 
in Brazil's primary schools in 1957 7 was: 

Percent of 1"·,ea:r enrollmmt . 
In OuUl4e 

Btale "ate 
Grade: capital, capftal& 

First ______________________________________________ _ lOO.O 100. 0 Second ____________________________________________ _ 
61. 1 35. 4 

Third _________________ ,. ___________________________ _ 47.2 22. 8 Fourth ____________________________________________ _ 
35. 1 12.7. 

The figures for Brazil typify the dropout problem in most countries 
in Levels I and II. They also emphasize the higher dropout rate among 
children who live in smaller cities or in rural areas. 

Even in Level II countries, few rural children are among those in 
primary school, for many . live too far from the nearest ~hool. Full 
primary education is available, in reality, only to those from larger 
towns and cities. 

Principal efforts have focused on increasing the number of class
rooms and teachers, but there has been too little concern with training 
t.eachers, improving standards,.:or developing instructional materials. 

For example, universal primary education of six years is near 
achievement in· Eastern and Western Nigeria (Level II). Yet these 
efforts are seriously hampered by poorly educated teachers. Even 
today, probably only 10 to 15 percent of all primary teachers in 
Nigeria have studied beyond primary school. 

In most of the developing countries there is a similar, though not 
always as severe, teacher qualification problem. Moreover, in Level I 
and II countries this situation will likely become worse rather than 
improve as governments push to extend primary education rapidly to 
all children in the compulsory school-age group. Amid high rates of 
population growth, numbers in this age group are increasing sharply. 

Compared with Levels I and II, countries in Level III offer primary 
education of better quality and quantity. In particular, effective 

'1 Inter-American Committee for Agricultural Development. Inventory of information 
basic to the planning of agricultural development in Latin America, Brazil, Washington, 
Pan Amerlcan. UDlOD~ 1964. 156 pp. 
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schooling in these areas is geared to varied needs of the maturing 
society in which rural areas and agriculture still play important roles. 
For example, special educational programs for rural areas. have been 
underway for some time in India, Mexico and other Latin American 
countries. Others have been started more recently in several African 
countries. Though many teachers still are not fully qualified, the per
centage of primary education teachers who are trained is said to have 
risen from 58 percent in 1949-50 to 65 percent in 1961. 

Most Level III nations have legal compulsory primary education 
for at least six years. Published enrollment figures show less than this, 
however, because of the unavailability of schools and teachers in rural 
areas. 

1£.3.3.£ Secondary Education. Like primary schools, secondary 
schools in Level I and II countries generally charge fees and are 
mainly used by. persons with above-average incomes. They are com
monly run by missionary organizations or private groups, the same as 
are primary schools. 

Typically, the secondary enrollment for Level I countries is only 
2.7 percent of the age group, 15 to 19. Comparable figures for Levels 
II and III are 12.4 and 27 percent. In all three levels, the demand 
far exceeds the supply of available secondary schools. This is true, 
despite deficiencies which in Level II, for instance, are even more 
serious than in primary education. 

Deficiencies in Level II are due, in part, to governments giving first 
priority to building primary schools and high priority to development 
of universities. Secondary education, in contrast, is largely offered by 
private, fee-charging institutions. As a result, nearly all countries on 
this level have woefully inadequate secondary education systems which 
are among the chief obstacles in the path of economic and social 
progress. 

However, some countries in Level II offer rather high-quality sec
ondary education designed to prepare students for higher education 
within and outside the country. In general, the curriculum is so aca
demically oriented as to provide little help or motivation for students 
concerned with food supply. Moreover, the stress is on foreign 
rather than local cultures and conditions, and few students can be 
accommodated. 

The teachers are usually exp~triates with fairly good teaching train
ing and as members of the "intellectually elite", they tend to move 
rapidly into high, government positions. The result is an acute shortage 

. of indigenous teachers-a situation that will long remain. 
Level III countries also are afflicted with a shortage of competent 

teachers, many of whom are still narrowly academic and mainly 
university-oriented. 
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The shortage of secondary school graduates is a giant obstacle to 
progress in food production and distribution. Technicians for labora
tory and field research often are lacking. Likewise, field men for agri
cultural and food industries are scarce due to the shortage of secondary 
school graduates. 

12.3.3.3 Higher Ed'ltcation. As one scales the educational heights in 
developing countries, the student population appears especially minute 
in relation to the nations' manpower needs, In terms of these needs, 
the proportion of students studying agriculture in higher education 
is- abysmally low as shown in Table 12-3. 

TABLE 12-3,-Students enrolled in higher-level institutions by field of study 

Item 

Level I, 15 Level II, 20 Level III, 211 Level iV,I' 
under- partially seml- advanced 

developed developed advanced countries 
countries countries countries 

Total (thousands) _____________________________ _ 
29 991 . 2.922 2,802 

Percent enrolled In: 
Humanities and fine arts __________________ _ 20.2 14.9 26.7 23.3 
Educatlon~ _______________________________ _ 

9.3 13.0 6.8 6.9 Law ______________________________________ _ 
16. 9 9.2 6.2 8.1 SocIal sciences _____________________________ _ 
15.5 11.7 16.0 16.7 

Natural sclences __________________________ _ 13.0 7.6 16.8 11.2 Englneerlng _______________________________ _ 8;2 24.3 13.3 14.5 
Medical sclences __________________________ _ 9.7 12.7 8.4 11.2 Agriculture _______________________________ _ 

4.9 6.0 5.0 2.3 
Not speclfied ______________________________ _ 2.3 .6 .S 5.8 

Source: United Nations Educational, Sclentlflc and Cultural Organization. StatIstleian Yearbook, 1965. 
Paris, 1965. 

College graduating classes in six Level I countries with a combined 
popUlation of 116 million in 1964 included only 144 agricultural stu
dents,S Moreover, the entire college student body in these six countries 
as well as the other nine in Level I includes only 5.6 percent studying 
agriculture. In contrast, about 20 percent are studying humanities 
and fine arts, Obviously, food supply has not been accepted as a prob
lem worthy of their study at the college level. 

1Vhatever one studies, costs per student are relatively high for 
college-level education in Level I countries as shown in Table 12-4. 
Contributing to this cost is the necessity of employing a high propor
tion of foreigners on the faculty and of importing teaching equipment 
and laboratory supplies. High costs lead qualified students to study in 
the United States, Europe, or in a neighboring country instead of 
pursuing third-level schooling nt home. 

Most developing countries consider their own universities essential 
to national prestige. They also cite drawbacks to students' studying 

Ii United Nations Educational, Scientific and Cultural Organization. Statistical Yearbook, 
1965. Paris, 1965. 
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TABLE 12-4.-Recurring Expenditure8 for Primary, Secondary, and Higher Education 
in different development group8 

Annual costs per student (US$) 

Category of education 
Levell, 5 Leveln,10 Levelln,12 Level lV, 10 

under· ~iallY semi· advanced 
developed eveloped advanced countries 
countries countries countries 

Primary _. ____________ . __ . _____________________ 19 45 101 170 Secondary ____ • _________________________________ 
229 155 235 263 

Higher ______ • __________________________________ 1,576 797 1,162 1,127 

Source: United Nations Educational, Scientific and Cnltural Organization. Statistical Yearbook, 1965. 
Paris, 1965. 

abroad; namely, students face readjustment at home after studying in 
a foreign environment, and some, lured by fine positions, remain 
abroad. Furthermore, in Africa which contains most Level I coun
tries, a major purpose of local universities is to stress importance of 
African studies and national needs. So they continue to maintain 
them despite great expense. 

In Level II countries, higher education is perhaps relatively more 
advanced than is either primary or secondary education. There are 
universities, higher technical institutions, and higher teacher-training 
colleges in most of these countries. Quality is often sacrificed for quan
tity, however, though there are exceptions such as Ghana, Jamaica, 
and Nigeria. 

In contrast to universities in India, Egypt, and other countries in 
Level III, the institutions normally are not yet overcrowded. The 
lack of students moving up from the secondary level holds back the 
pressure of students for entrance into universities. 

High enrollments in law, humanities, and art partly reflect the ori
entation of students toward employment in these professions and, to a 
lesser extent, toward the cultural traditions of the countries. However, 
the major reason for expansion of law, arts, and humanities faculties 
is that places for students in these fields are the cheapest to provide. 
For example, education costs per enrolled student are probably one
sixth to one-fourth of those in medicine, the natural or biological 
sciences, and engineering. 

One notes distinguished universities in countries such as Mexi~o, 
India, Egypt,and Chile. More than any single factor, the system of 
higher education brings these and other countries into the semi
advanced group, Level III. Yet quality of education in the semi
advanced group of nations is uneven and still far below the average 
in advanced countries, Level IV. 
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1~.3.3.4 Oversea1J Education and the "Brain Drain". In 1963-64, 
about 107,000 college students from Levels I, II, and III were 
engaged in studies abroad in 15 countries (Table 12-5). Approxi
mately half were studying in Europe. 

TABLE 12-5.-Numbers of 3-level (college) students from different areas studying 
overseas in 15 countries compared with the numbers studying at home (1963. or 
1964) . 

Area of student origin 1 

Area providing college training Level I Level II Level III 
countries, countries, countries, 

underdeveloped partially semiadvanced 
developed 

Europe (9 countries) __________ ~ _________________________ 6,001 20,700 22,626 
United States and Canada ______________________________ 4,664 22,423 18,314 
Other (4 countries)_~-------- ______ • _____________________ 2,002 6,742 3,069 

Total ________________________ •••••••.. _. _______ " _. 12,7ff[ 49,955 44,009 

Number receiving college-level training at home (thou-
sands) - - --- -- --- --------- --- ----- -l- - - --- - 000 -- -------

28 1.554 2,840 

1 See Table 12-:1 for listing of nations in the 3 development levels. 
Source: United Nations Educational, Scientific and Cultural Organization. Statistical Yearbook, 1965. 

Paris, 1965. 

Level I countries had about one-half as many students studying 
abroad as studying at home. Ratios for Levels II and III were 1 in 
30 and 1 in 64 studying abroad. 

In 1966, only 3,064 (3.7 percent) of the 82,709 foreign students in 
the United States studied agriculture. Engineering and the humani
ties were the leading fields of study (Table 12-6). The students' lack 
of emphasis on agriculture is probably related to their individual 
backgrounds. It certainly is not related to the food and agriculture 
needs of their respective countries. 

TABLE 12-6.-Fields of study Of foreign sh,dents in the United States (1965-66) 

Percentage 
Field oj study distribution 
Engineering _________________________________________________________ 21.9· 
I1uIDanities _________________________________________________________ 20.0 

Natural and physical ,sciences __________________________________ ._______ 17.6 
Social sciences _______________________________________________________ 14.9 

Business adIDinistration______________________________________________ 9. 6 
n{edical sciences_____________________________________________________ 5.0 
Education ___________________________________________________________ 5.1 
Agriculture _________________________________________________________ 3.7 

Source: Institute of International Education. Open doors 1966, report on inter- . 
national exchange. New York. 1966. Reference p.1S. 
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Table ·12-7 lists the numbers of foreign .students studying in the 
United States from countries having different levels of human resource 
development. The percentage studying agriculture declines as the 
level of development increases (from Level I to III). Like.:wise, of 
those studying agriculture, the percentage who are graduate students 
is greater in Level III than in Level I, a· reflection of the differences 
in university opportunities at home. United States institutions have 
contributed for many years to the education and training of foreign 
nationals concerned with the world food supply. Most likely, our 
contributions will be needed and wanted for some time. 

Two problems are inherent in United States-based training of 
foreign nationals, especially graduate students. First, the environment 
in which the student studies differs markedly from that in his own 
country. Frequently, research equipment is more modern than what 
the student will have when 'he returns home. Also, his thesis research 
problem may have little or no application to the solution of food, 
nutrition, or population problems at home. Social and economic en
vironments also are rather differe~t from his home country. 

TABLE 12-7.-Foreign students studying agriculture in the United States from 
countries varying in human resource development, 1985-88 

Region of students' origin 1 

Foreign students in the United States Level I, 17 Level ~.2(} Level 111,21 Level IV, 15 
under- parti y semi- advanced 

developed developed advanced countries 
countries countries countries 

Nnmber in all fields ___________________________ 5,215 13,948 26,087 22,081 
Nnmber in agricalture _________________________ 404 640 960 609 
Percent in agriculture __________________________ 7.7 4.5 3.7 2.7 
Nnmber of students specializing in agricalture: 

Graduate students _________________________ 106 340 750 332 Undergraduates ____________________________ 
277 265 172 196 Others _______________________________ ..: _____ 
21 35 38 81 

Percentage distribution of students specializ-
ing in agrlcalture: Graduate __________________________________ 

26 53 78 55 
Undergraduate~ ____________________________ 

68 41 18 32 Other ______________________________________ 
6 6 4 13 

TotaL ___________________________________ 
100 100 100 100 

1 See Table 12-1 for list of countries. Mainland China exclude:l from Level III group. 
Source: Institute of International Education. Open doors 1966, report on international exchange. New 

York, 1966. Reference p.13. 

A second problem is the "brain drain". Many graduates do not 
return to their homeland after completing their academic work 
abroad. Instead, they obtain employment in the United States or other 
developed countries. While 'contributing to the total world scientific 
manpower force, they make little impact on the food supply prob-
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lems in their native countries. The brain drain has been called "one 
of the great and neglected problems of our time" which robs 
developing countries of the professional and skilled manpower they 
need to bring hope to their peoples.9 

The significance of the "brain drain" in disciplines related to popu
lation and the world food supply is not well established. In one agri
cultural field (agronomy) a study 10 showed that 39 percent of the 
foreign students graduating from United States universities with a 
B.S. degree remained in the United States. During the same period, 
43.5 percent of those receiving an M.S. and 32.9 percent of those earn
ing the Ph. D. in agronomy remained here. The number from develop
ing countries was not reported separately, but it is likely that many 
of them were included among those who remained in this country . 

. President Johnson has endorsed a proposal that multinational insti
tutions be developed for advanced training in science and technology. 
Such institutions could provide prestigious centers for training and 
reduce the "brain drain" associated with students coming to the United 
States and other developed countries for their training.l1 

1~.3.3 ManpowerNeeds 
Progress of a developing nation. depends upon development of its 

people. Among the factors involved in economic growth, none is more 
important than the development of the human resource. Problems of 
building on human resources fit into two broad categories: (1) those 
related to shortages of high-level manpower with critical skills and 
competence, and (2) those related to under-utilized manpower. 

Underdeveloped (Level I) countries are unable to meet even mini
mum needs for local high-level manpower, and the needs on this level 
are critical. For the immediate future, underdeveloped (Level I) coun
tries need to train 1,000,000 persons as top-level administrators, pro
fessional personnel, management and business executives, and middle
level technici.ans for building and industrial programs, health services, 
education and supervisory positions in government and industry.12 

Foreigners also hold strategic technical positions in public services, 
top posts in private industry and commerce, and most higher positions 
in education. Non-native farmers produce most of the agricultural ex
ports. In East Africa (Kenya, Tanzania, Uganda), for example, the 
67,000 persons currently holding positions in the high-level category 

9 Mondale, W. F., The International Brain Drain Act of 1966. U.S. Congr. Rec. 112 : 
25438-25441. Oct. 13, 1966. . 

10 Seif, R. D. Correspondence. College of Agriculture, University of Illinois, Aug. 30, 
1966. 

11 Rowan, C. T., "Brain drain" hurts alliance for progress U.S. Congr. Rec. 112: 25649. 
Oct. 13, 1966. 

12 Harbison, F., and Myers, C. A. Education, manpower, and economic growth; strategies 
of human resource development, New York, McGraw·Hfll, 1964, 229 pp. 
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include nearly 23,000 Europeans and 31,000 Asians.13 Europeans com
prise 50· percent of the· total in the senior category-top personnel, 
administrators and managers and university graduate teachers. Asians 
make up 38 percent; Africans only 12 percent. 

In varying degrees, manpower needs also face countries at other 
levels of development. India, for example, a semi-advanced country 
(Level III), had less than 10,000 agriculture graduates of the 273,000 
holders of technical university degrees in 1961. During the next 15 
years this number will need to be increased to 125,000, according to 
Revelle 14 who also suggests that there 'Would be one agricultural uni
versity for every 5 million farmers. This means a total of 20 such 
institutions instead of the present seven. 

Table 12-8 provides an indication of India's manpower needs for 
food and agriculture. Revelle contends that the chief problem in build-
ing to levels shown in the Table 12-8 is the present acute shortage of 
potential faculty members. 

In addition to the estimates. in Table 12-8, Revelle projected that 
the number of persons with. a diploma level of training should be at 
least one to two times the number of persons with university degrees. 
This ratio would require 300,000 to 600,000 diploma holders. 

In addition to the above information, it has been suggested in Chap
ter 6 of this report that, if 50 percent of the agriculture acreage in 
developing countries were sown to improved varieties, an estimated 

TABLE 12-8.-Manpower needs tor agricultural development in India (include8 
per8on8 with B.S., M.S., or Ph. D. degree8) 

Agriculture (including animal husbandry and veterinary science) _____ 127,500 Engineering _______________________________________________________ 28,000 
Nutrition and food tecbnology _______________________________________ 15, 700 
Agricultural economics_·_____________________________________________ 10,200 
Public administration_______________________________________________ 7,500 
Mass communications_______________________________________________ 4,200 
Sociology, anthropology and iaw _____________________________________ 7, 500 
Resource conservation______________________________________________ 11, 700 
Forestry _____________________________ ~ ___________________ ~~---____ 16,500 
Fi-Sheries ________________________ ~_________________________________ 8, 500 

Earth science______________________________________________________ 2, 700 
Basic science_______________________________________________________ 15, 000 
lIumanities _______________________________________________________ 1,000 

Total _______________________________________________________ 256,000 

Source: Revelle, R. Notes on education for agriculture. New Delhi, Education Commis
sion, .1966. 

13 Harbison, F., and Myers, C. A. Education, manpower, and economic growth; strategies 
of human resource development. New York, McGraw-Hll1, 1964, 229 pp. 

14 Revelle, R. Notes on education for agriculture. New Delhi, Education Commission, 
19.66. 
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44,550 scientists and technicians would be needed for Latin America, 
Asia, Africa, Europe, and Oceania in the work related to such 
development. 

The additional trained manpower needs for pesticide production, 
formulation, and research are given in Table 12-9. This e~cludes 
technically trained manpower need~d in extension, sales and distribu
tion.Even so, the total number required is in excess of 11,000. 

The human resources needed to build a strong fertilizer industry in 
developing nations is predicted to :be 51,000 skilled and 85,000 un
skilled workers by 1977; 66,000 skilled and 110,000 unskilled workers 
by 1980.15 

Using Revelle's figures for India (Table 12-8) as a basis, the esti
mated needs for college-trained manpower (Table 1~10) were 
calculated. These calculations are based on the assumption that the 
needs for college trained manpower in relation to the size of the popu
lation in agriculture was the same in other developing nations as in 
India. This would indicate a need for more than a million college 
graduates. 

Reliable estimates of the numbers of college trained individuals 
currently working in developing countries are unavailable. In Level I 
countries, however, it is likely that less than 5 percent of the needs for 
college graduates are met. Assuming that comparable estimates for 
Levels II and III are 30 percent and 50 percent respectively, the total 
unmet college trained manpower needs are 438,000 persons .. Using 

TABLE 12-9.-Estimated requirements Jor technical manpower to implement expanded 
pesticides programs 

Asia ACrlca Latin America. Oceania 

R&DIJ~ R&D OtOOr R&D Otber R&D Otber 

Manpower tor production 
of pesticides (Cor 50 per-
cent production increase) __ 1,023 1,116 2M 288 275 300 165 180 

Manpower Cor formulation 
of pesticides (tor 50 per-
cent production Increase) __ lOS 324 28 84 30 90 18 M 

Adaptive pesticides research 
program (Cor 50 percent 
production Increase) _______ 952 1,904 609 1,218 DOt 1,008 168 336 TotaL _________________ 

2,083 3,344 901 1,590 809 1,398 351 570 

I Researcb and development. 

Source: Ennis, W. B. Correspondence. Agricultural Rese3rcb Service, U.S. Department oC Agriculture, 
Beltsvllle, Md. 

13 Nelson, L. B. Correspondence. Office of Agricultural and Cbemlcal De,·elollllll'nt, 
Tennessee Valley Autbor1t~, :Muscle Sboals, Ala., Nov. 18, 1966. 
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TABLE 12-10.-Manpower needs for agricuUural development in 3 human.resource 
groups 

Mangower needs 1 
Population in (t ousands) 

Region agriculture Total 
(milUons) 

In In other 
agriculture disciplines 

Level I, underdeveloped. _ •• ____ • ______________ 151 62 62 124 
Level II, partially developed 2 __________________ 248 102 102 204 
Level III, semi·advanced .. ____________________ 434 178 li8 356 

1 Includes persons with B.S., M.S., or Ph. D. degree calculated using the same ratio of manpower needs 
per million agricultural population as used by Revelle op. cit. 

2 Exciudes Mainland China. 

Source: Harbison, F., and Myers, C. A. Education, manpower, and economic growth; strategies of 
human resource development. New York, McGraw-Hill, 1964. 229 Pp. Revelle, R. Notes on education for 
agriculture. New Delhi, Education Commission, 1966. 

Revelle's "College to Diploma" ra.tio of 2 to 1, twice this number of 
additional sub-college trained people will be required. 

Trained personnel are needed to support family planning programs 
as well as those concerned with food supply and nutrition. Researchers, 
doctors, nurses and technicians will 'be required as well as formal and 
extension educators. 

12.4.0 Food Related Research in Developing Countries 

There is great diversity in food and nutrition research programs of 
developing nations and in the progress that has been made in recent 

. years. Some nations have made giant strides in developing long-range, 
sound research and teaching programs. Others have progressed little 
or have regressed due to civil strife, economic difficulties, or other 
internal problems. 

The size and quality of research programs are closely related to the 
number and quality of trained scientists. In Level I, for instance, 
.... t\..frica's emerging countries have woefully inadequate research under
way on population 'and food supply problems. Some research stations 
formerly manned by Europeans now operate at low-quality levels, 
while others have been abandoned. Most of the countries in Level I 
have virtually no native scientists. This void requires continued em
ployment of foreigners which, in turn, gives rise to an unstable and 
politically unpopular situation. Under these conditions, continuity of 
high-level research programs is impossible. 

In contrast, some coun~ries classed in Level III in terms of human 
resource development (Ta'ble 12-1 ) have made significant progress 
in expanding and improving their agricultural research efforts. For 
example, Mexico initiated a well-coordinated research effort under the 
administration of the National Institute of Agricultural Research. 
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This program has a central research group as well as a num'ber of 
regional research stations. 

Likewise, India· has made important progress in food and nutrition 
research. The Indian Council of Agricultural Research provides a 
nationwide coordinating body. The Indian Agricultural Research 
Institute in New Delhi and seven newly created state agricultural 
universities have excellent potential for research accomplishment and 
for supplying trained manpower. 

Both Mexico and India have a significant nun:rber of qualified 
scientists to organize and implement new research efforts. An increas
ing number of these scientists have received at least part of their 
university training at home. These nations and others in Level III 
depend less on assistance from scientists in more developed. nations 
than do countries in Levels I and II. 

Nevertheless, nations in Level III have serious population-food 
problems that need research. India, for example, has a population 
increase rate which demands extraordinary increases in food produc
tion. Research inputs at levels greater than in the recent past will be 
required to help these nations meet their food needs. Research on 
family planning has had little emphasis in relation to need. This has 
been due,· at least in part, to social and religious constraints on birth 
control. The possibility of widespread famine has led to a reconsidera
of these constraints and increased interest in research and education 
relating to family planning. 

1~.lr.1 National Oommitment8 to Re8earoh on Food Supply and 
Nutrition 

Most developing countries fail to recognize the potential contribu
tion of research to a balanced population and food supply. The small 
allocations of national resources to research seem discordant with 
the serious nature of the problem. 

Low economic and social status of farm people may account for 
national policies which have not encouraged the well-being of farmers. 
Inadequate research and extension to help these people is a con
sequence. 

There is a great misconception about the time lag between research 
discovery and applying technology to the. production and marketing 
of food. Likewise~ there is misunderstanding as, to nutritive require
ments of people in developing areas. 

Some governments have used research to meet food supply problems. 
For instance, the farsighted Mexican Government established a joint 
agricultural development program with the Rockefeller Foundation 
in the early 1940's. Other Latin American countries are participating 
in demonstrations of nutritionally superior foods. These examples are 
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encouraging and similar actiol1:s are being planned by other govern
ments in the developing nations. 

l~.lI'~ Organization and Admini8tration of Re8earch 
Many of the developing nations were formerly ruled by colonial 

powers, and their research organizations reflect- the pattern of the 
nation which ruled them. For example, food production research usu
ally is directed by a ministry or department of agriculture. Often 
there is a central research organization with a number of inadequately 
staffed field stations. Some larg~r nations have state as well as national 
institutes whose activities mayor may not be coordinated with the 
national organization. 

Compared with the more advanced nations, developing countries 
assign relatively little importance to university research, especially 
that related to food production, processing and marketing. The system 
involving a coordinated research program of government agencies and 
universities, so common in the United States, is virtually non-existent 
in developing nations. In fact, unIversities may be discouraged or for
bidden to conduct applied research. In countries where university 
research programs exist, they often must compete with those of gov
ernment agencies for operating funds. 

In some countries, the organization of subject matter and discipline
oriented research affects the overall coordination. For example, in 
some Latin American and in most Asian countries, animal science 
research is commonly under the direction of veterinarians in govern
ment agencies or veterinary ·colleges. As a consequence, there is little 
work on animal breeding, physiology, and nutrition. 

Political instability in several countries and consequent changes in 
organization and administration result in programs directed by poorly 
qualified persons. This discourages well-trained scientists and often 
leads to frustration or even abandonment of scientific careers. 

12.J".3 Re80urce8 to Oarry Out Re8earch 
1~.J".3.1 Trained h!anpower. Lack of trained and educated manpower 
is the most serious limiting factor to effective research on food
population problems. There is a need for scientists with advanced 
training to organize and plan effective research programs and for 
project leaders to guide their implementation. Supporting personnel, 
technicians, and field foremen who are sufficiently well-trained to 
carry out scientists' instructions are lacking. 

Manpower estimates for research personnel needed are greater in 
many cases than the entire output of indigenous agricultural colleges. 
The following data from a survey taken in 1959 in Brazil emphasize 
the trained manpower need.10 

11 Inter-AmerIcan Committee for Agricultural Development. Inventory of information 
basic to the planning of agrIcultural development in Latin America: regionD.l report. 
Washington. Pan American Union, 1963. 202 pp. 
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AgronomJsts _____ • ______________________________________________________ _ 
Veterinarlans ___________________________________________________ ." _______ _ 
Social workers ___________________________________________ -______________ _ 
Home economics workers ______________ .. ________________________ _ 

Total. ____ • __________ . _________________________ •. _____ • ____________ _ 

Persons now Additional 
employed persons needed 

3,004 
1,448 
1,455 

365 

6,599 

The number of additional professionally trained people needed was 
more than that employed in 1959. 

Attracting competent. personnel into the food and agriculture pro
fessions will continue to be difficult so long as salaries and support for 
research scientists remain low. Those with training to do research are 
often forced to take second or even third jobs to earn a livelihood. For 
example, on the faculties of five agricultural schools in Mexico there 
are 75 full-time professors and 114 part-time professors, most of whom 
have jobs elsewhere.17 This situation limits not only their productive
ness but their commitment and loyalty to their profession and mission. 

19.4.3.1J Facilities. Developing areas lack research laboratories with 
modern scientific equipment so essential. for effective research. The 
facility problem is especially critical in the tropics. To cope with high 
temperatures and high humidities special laboratory and storage rooms 
must be available. 

Equipment maintenance also is a serious problem. Effective com
mercial maintenance services are n6t available lOcally. Research 
budgets permit little or no equipment repair and replacement. Con
sequently, expensive equipment may lay idle for months, if not years . 

. ~ 
l1J.J".3.3 Financial Support. Generally, insufficient funding is the UIl-

derlying cause of inadequate research, manpower, and facilities. Since 
the return from research investment is not immediate, research is less 
likely to get government funds than are highways, industries, or other 
publicly supported projects. In the developing countries, a lower per
centage of the gross national product ordinarily is spent for research 
than in nations more advanced industrially and technologically. This 
is unfortunate since the relative needs for food and nutrition research 
in developing countries are greater. 

The budget and staff for Research Institutes in India (Table 12-11) 
and .for Latin America (Table 12-12) show relatively low financial 
support for research. The budget for India in 1960 was less than that 
currently supporting agricultural research in the State of New York. 
After taking into account differences in currency values, it is obvious 
that research efforts must be greatly expanded if India is to feed her 

17 IbId. 
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470 milliO'n peO'ple. Similarly, agricultural prO'blems facing Brazil and 
O'ther Latin American cO'untries need support far in excess O'f that 
currently available. 

Certainly, some -types of research are mO're CO'stly in developing than 
in develO'ped nations where gO' ods, services, and indigenO'us manpO'wer 
are more readily available. There are many cases where the CO'st O'f 
research will be less expensive than if it were dO'nein the United States 
or O'ther developed natiO'ns. In mO'st cases, it WO'uld be inapprO'priate 
to' do the research any place. except in the environment where results 
are to be applied. 

1~.4.4 Program Oontent and Orientation 
Perhaps the greatest deficiency in program cO'ntent and O'rientatiO'n is 

lack of cO'ncentratiO'n O'n prO'blems O'f foO'd supply and quality. Investi-

TABLE 12-11.-Budget and staff Jor agricultural research institutes and stations in 
India (1960) 

Type o( research units 

Item 
13 national 91-State 

research research Total 
institutes stations 

Budget in 1960 (US'" -n. _~ 7,184 3,061 10,245 

Staff: 
Ph. D. degree h"M" .... 226 63 289 
M.S. degree hnMpr1'l 704 384 1,088 
B.S. degree holders ____________________ 284 1,123 1,407 
O'thers degree hoMprc: 356 198 554 

Tot.!).1 1,570 1,768 3,338 
Foreign assistance research ;::htf' 91 34 125 

Source: Food and Agriculture Organization o(the United Nations. Regional Office Cor Asia and the Far 
East. DireCtory o( agricultural research institutes and experiment stations in ASia and the Far East. Bang. 
kok,1962. pp.I-12. Supplement, Bangkok,l963. pp.13-107. 

TABLE 12-12.-Annual budgets oj major national agricultural research institutes or 
agencies in several Latin American countries 

Research-
Country Year budget (US$-

thousands) 

AI'I'7t>nHna l00l-U2 9,225 
C'!olomhfll. .-- 1962 4,146 
"Rrs17f1 1962 3,950 
Venezuela. 1962 3,488 
M"yit"l\ 1963 2,100 
Penl 1962 777 

Source: Inter-American Committee (or Agricultural Development. Inventory o( information basic to 
the planning o( agricultural development in Latin America: Regional report. Washington, Pan American 
union, 1963. 202 pp. 
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gators often are engrossed in problems which personally interest them 
but which have little direct bearing on food problems faced by their 
countrymen. This is true especially in fields where increased food pro
duction might logically be a major objective of the investiga·tor. 

The reasons for inappropriate orientation are many. Few personnel 
in research have had any practical experience in producing, processing, 
or marketing food. They may share the antipathy of their countrymen 
toward manual labor and toward practical aspects of food production 
and distribution. They have probably received their gradua·te training 
in the United States or Europe and have done research projects ir
relevant to their local prdblems. They may be unable to apply prin
ciples they learned as students to solving applied problems in their 
home countries. 

Some research phases concerning practical problems relating to food 
and agriculture such as crop and animal breeding have received more 
attention than others. Researchers have recognized that genetic char
acteristics 'Of food plants and animals have great potential for affecting 
national production levels. 

Much less work has been done to develop food production systems 
involving crop culture, fertilizers, and protection from pests. Although 
there has been some research on animal diseases and their control, there 
is relatively less information on animal husbandry, nutrition, and 
physiology. 

Areas in which research work is virtually lacking include processing 
and marketing of food crops and the socio-economic aspects of pro
duction, marketing, and consumption of various food products. Like
wise, information on nutritional quality of various local foods and 
the nutritional status and requirements of the people is grossly 
inadequate. 

Little farm management research has been done to determine the 
best farm production and marketing systems that give ~atest yields 
of high-quality farm products a:t lowest cost. 

Until recently, support for family planning and population control 
research came largely from private sources. Now developed nations 
have taken the lead. Some developing countries are strong proponents 
of this type of research. India, for example, has been rather aggressive 
in pushing research and education on family planning.18 There is need 
for increased interest ill population planning by indigenous scientists 
from other developing countries. At least two major researchable 
aspects exist--one in demography and socio-psychology and another 
in the physiology of reproduction. 

18 Stycos, J. M., The outlook for world population. Science 146(3650) : 1435-1440. Dee. 
11,1964. 

263-888~67----41 
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The climatic regions a'bout which we know least are the humid 
tropics. The theoretical potential 'for 'food production is greater here 
than in temperate regions which currently produce most of our food. 
Long-term research is needed to realize this potential. Man must learn 
how to manage tropical soils and how to· grow crops on a sustained 
basis where rainfall rates are 5 to 10 times those of Europe or the 
United States. And he must learn to protect crops before and after 
harvesting from a myriad of pests. He must identify and expand the 
production of crop or animal foods with proven nutritional value. 

1~.1".5 Relatio'Mhip to Formal and Erotemion Education 
One of the most serious food and nutrition problems is the difficulty 

of getting research information to those who should use it. A closely 
related problem is informing r~search personnel of practical field 
problems which need solutions. These requirements necessitate coordi
nation and :frequent communication hetween research and extension 
staffs. 

In most developing countries, this kind of coordination is seldom 
demonstrated. Extension programs often do not have research infor
mation as their bases.- In turn, research scientists do not relate to the 
practical field problems so well known to extension personnel. 

Undoubtedly, the fact that research and extension programs are in 
general administrated through separate agencies accounts for some 
of this lack of coordination. Some have argued that a system similar 
to that of the Land Grant' Colleges in the United States must be 
followed to obtain coordination. There is evidence that this is not neces
sary; as an example, the rapid dissemination of research information 
relating to new wheat varieties in Mexico was done where extension 
programs are not administered through universities. 

India has taken steps to coordinate some of its agricultural research 
and university teaching and extension programs. Seven agricultural 
universities have been established on a regional or state basis. They 
11ave some responsibilities for research and extension. as well as for 
educating and training agricultural scientists. Five American uni
versities with financial assistance from AID have assisted the Indian 
institutions in their development. 

12.1".6 Relatiomkip to Industry 
Industries allied to production, processing, and marketing of food 

have made little impact on developing new technologies in food-deficit 
countries. Largely lacking is the close working relationship between 
research scientists in public institutions and those who develop and dis-

. tribute goods and services to food producers. Furthermore, there is not 
the confidence between farmers and those who supply fertilizers, seeds, 
and pesticides as in developed countries. New research findings are 
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not,as likely to be used by industry, and growers' acceptance is much 
. slower than in the United States. 

-There is great potential in coordinating efforts among researchers, 
educators, and industry personnel. Many examples can be cited where 
this cooperation has been highly productive; one is the relationship 
among plant breeders, certified seed cooperatives, and commercial 
seed companies. 

Likewise, the personnel in the food processing industry working with 
research staffs in govez:nment and university laboratories have im
proved processing methods and the nutritional quality of the food. 
Exploring the possibility of such relationships in developing nations 
is imperatiye. 

12.5.0 Extension Education 
Since World War II, remarkable progress has been made in estab

lishing extension education in the developing countries. At least 11 
countries have set up extension organizations since 1945.19 Developed 
nations, including the United States, have strongly backed this expan
sion through such organizations as AID and F AO. 

Generally, the newly formed extension programs have been disap
pointing. In most cases, they have had little impact on adoption of 
improved practices. 

Two major limitations have been: (1) an insufficient number of well
trained extension personnel, and (2) lack of effective means of com
municating with and motivating native populations. 

Numbers of extension workers (Table 12-13) are woefully inade
quate but numbers tell only part of the story. Lack of success also may 
be attributed to the over rapid initiation and expansion of extension 
education programs. In manpower-deficient nations not only were the 
initial staffs inadequately trained but also the urgent nature of some 
programs forced them to cope with ill-planned activities. 

Desire for maximum impact in minimum time encouraged the estab
lishment of new extension agencies which generally were administered 
independently of research institutes and agricultural colleges. This was 
not conducive to good coordination. 

Extension services have suffered from the misconception that all that 
is needed is to give toohnological knowledge to a populace eager to 
learn. This conclusion assumed that adequate research information 
was available to solve the food supply problem. It also assumed that 
existing extension techniques were adequate and that they could be 
applied effectively. Experience proved these assumptions wrong. 

The desire for a quick, easy solution to the problems of food, nutri
tion, and,population may have led to the emphasis on the "Extension 

II Proceedings of the International Conference of Extension Administrators. (Summary 
of Status), Brookings, South Dakota, July 22-August 23, 1965. p. 88. 
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TABLE 12-13.-Number of extension worker8 and farms served per worker 

Country 
Numoorol 
extension 

workers (1959) 

Farms served 
per worker 

India ___________________________________________________________________ _ 
48,579 
13,566 

392 
1.623 

328 
15,100 

913 (1954) 
445 (1960) 

1.395 (1952) 
1,010 (1948) 
6.438 (1950) 

lapan ___ - ______________________________________________________________ _ 
Argentina _________ ~ .. ______________________________ .. __________________ _ 
Phllipplnes _____________________________________________________________ _ 
ThaUand _______________________________________________________________ _ 
United States. ____ -___________ ~_ -_ ~ _____________ -______________________ _ 218 (1966) 

Source: Asian countries: Extension Education lor Agriculture and Rural Development, FA O. Bangkok. 
Thailand, 1963. Argentina: Informe del Cento Sudamericano de Extension Agricola, FAO, Rome, 1959. 
United States: Federal Extension Service, U.S. Department of Agriculture. 

Way"-to the neglect of other avenues of approach. There are no 
quick, easy solutions. Solidly based, long-term programs take years 
to develop. 

Extension has failed to meet its goals partly because of major 
obstacles in the developing countries. They include: 

(1) Traditions impeding progressive change. 
(2) Low status of agriculture and farm people. 
(3) Lack of appropriate credit institutions and farmer 

incentives. 
( 4) Little representation of farmers in the political power 

structure. . 
(5) Lack of understanding by national leaders of extension's 

potentials and requirements. 
(6) Inadequate protection from political interference. 
(7) Human resource deficiencies including illiteracy and poor 

facilities. 
(8) . Inefficient transportation and communications with isolated 

farm and rural families. 
(9) Lack of complete packages of improved production 

practices. ' 
(10) Extension personnel with insufficient training.in crop and 

animal management. 
The "know-how, show-how" concept has been no more successful in 

extension than in research. Extension methods so successful in de
veloped areas have often failed in the developing areas. Too often; the 
gross concepts of extension have been borrowed in toto from the United 
States or Europe. No adaptive research is done to discover and refine 
effective teaching and communicating methods for the developing 
countries. 

Experience has shown a number of characteristics which a farmer 
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education program must have if it is to succeed. Mosher has outlined 
these as follows: 20 

1. It must go to farmers where they are. 
2. It must be specific to farmers' present interests and needs. 
3. It must respect the fact that farmers are adults. 
4. It must be fitted into times when farmers are not too busy. 
5. The unit of instruction for teaching and learning must in 

most cases be a particular new or changed practice. 
6. It must be accompanied by immediate opportunities :for 

farmers to tryout the new methods taught. 
7. Each new or changed practice proposed must be technically 

sound and economically profitable. 
8. Farmers need encouragement to experiment. 

This set of guidelines, adapted to local conditions, will need extensive 
trial. 

12.6.0 Contributions of Developed Nations 

Since the onset of formal country-to-country relationships, the de
veloped nations have contributed to the economic development of de
veloping areas. During the past 20 years,.this technical assistance which 
has supported research and education programs on world food supplies 
has been., expanded. Also, institutional support has helped establish 
and improve universities and, to a lesser extent, research units of agri
cultural agencies. 

1~.6.1 OontributionB 01 the United States 

The United States has contributed to research and educational inputs 
on the world food problem for more than two decades through (1) 
Federal agencies including AID and its predecessors; (2) universi
ties; and (3) private foundations. 

1~.6.1.1 Federcil Agen.cies. AID and its predecessor agencies have 
contributed to overseas institutional development and programs uti
lizing research and education. Through direct agency projects as well 
as contracts with universities, they have helped establish and improve 
universities. Such institutional development is one of AID's most signi
ficant contributions. 

Federal agencies have also provided training for foreign nationals. 
For example, during 1953-63, about 72,000 persons received some train
ing outside their own countries.21 Some 2,500 were in programs under 
the auspices of universities that had contracts to assist in overseas 

:0 Alosber, A. T. Getting Agriculture Moving. Frederick A. Praeger, New York. 1966. 
,%1 U.S. Department of Agriculture. Yearbook of Agriculture 1964. Wasbington, D.C., 

U.S. Govt. Printing Office, 1964. 592pp. 
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institutional building. In 1966,70 universities had 110 contracts to aid 
institutions in 37 countries. 

Since 1962, AID has supported research through grants to universi
ties and through participating service agreements with government 
agencies. From the program's inception through June 30, 1966, a total 
of $37.2 million :was obligated.22 (This was 2.4 percent of the $1.5 
billion of technical cooperation funds spent during this period.) 
Some 40 percent of these funds aided projects in agriculture and rural 
development. Research on human nutrition and on family planning 
also received support. 

Unfortunately, funds for research" sponsored by AID have been very 
meager, especially in light of the critical problem of world hunger. 
In 1966, some $12 million was -allocated for all AID supported reo
search. Of this amount, less than $5 million was provided for agri
culture and related programs. In fiscal year 1967, only $9 million was 
allotted for AID's central research program of which less than $5 
million was applied to agriculture "and related activities. The allocation 
for fiscal year 1968 has been reduced further to less than $7 million 
for AID's central research fund~ With such a meager allotment, any 
Inarked impact from AID sponsored research is impossible. 

While AID-supported projects have made noteworthy contributions, 
many have had serious limitations. The greatest limitation has been the 
lack of continuity in programs, policies, and personnel. To be effective, 
un individual scientist should be -able to devote more time to a project 
than the two-three years' service so common on AID-sponsored con
tracts. Uncertainty of funding and lack of institutional commitments 
by the cooperating university or government agency in the United 
States accounts for much of this program weakness. 

The coupling of technical and capital assistance within AID has 
been especially detrimental to research and educational programs. 
Disruption of technical assistance because of political considerations 
has in specific instances greatly hindered programs. 

Recent Federal legislation gives AID authority to support United 
States universities in their international agricultural activities. Ap
propriations for this purpose would greatly expand the potential of 
United States universities to help increase the world" food supplies. 

Other United States agencies are lnaking significant contributions 
to the solution of world food problems. For example; in 1966 the 
Department of Agriculture had 300 professional people working on 
84 projects in 39 c~untries. 23 In addition to AID-sponsored projects, 

:: l\[oseman, A. H.; Science and Technology in AID as related to the War on Hunger, 
statement prepared for this subpanel. October 18. 1966, p. U. 

:r.I Drosdoff, l\Iatthew. "A Century of Technical Assistance to Other Nations." Interna
tional Agricultural Development. November 1966. No. 25. p. 11. 

John M
Rectangle
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the Department of Agriculture is involved in continuing research ef
forts relating to pest control, plant breeding, and soil management 
which have applications in foreign nations. Unfortunately, the De
partment of Agriculture has been restrained by Congressional direc
tion from working on food crops in foreign countries which may be in 
direct competition with those in which the United States has a strong 
export position. 

The Department of Agriculture research contracts supported by 
P.L. 480 funds make little direct impact on food supplies of recipient 
countries. This is due to restrictions on the use of these funds for 
research on problems of some benefit to United States agriculture. 

The 1966 Food for Peace Act has provisions for expanding research 
and educational programs to help developing nations feed themselves. 
The allocation of funds on a continuing basis could provide the 
long-term support for Department of Agriculture and university 
commitments. 

The Department of Health, Education, and Welfare has cooperated 
in carrying out nutrition studies and has supported family planning 
programs. Also, it has allocated funds for overseas research grants 
to support studies relating to food and nutrition. 

1~.6.1~ Foundations. The major philanthropic foundations have 
nlade noteworthy contributions to research and education in develop
ing countries. The Rockefeller Foundation, for instance, has an out
standing record of more than 20 yeal"!3' participation in overseas food 
and nutrition programs. In cooperation with local governments, sub
stantial progress has been made in carrying out research projects, 
developing institutions, and educating and training indigenous man
power. Among countries helped most by this Foundation are: Mexico, 
Colombia, India, Chile, the Philippines, and Nigeria. The Mexican 
success story related later in this report is evidence of the Foundation's 
contribution. 

The Ford Foundation also has a sizable program to assist in food 
and nutrition work.24 During 1952 to 1965, grants amounting to nearly 
$100 million were made for projects in agriculture, rural village 
development, and home economics. 

An interesting dwarf wheat project is sponsored by the Ford 
Foundation and the Government of West Pakistan. Stiff-strawed 
wheats developed in the Mexican-Rockefeller undertaking are being 
increased in an accelerated, seed multiplication program. 

In recent years, the Ford and Rockefeller Foundations have joined 
in initiating and supporting such innovative programs as that of the 
International Rice Research Institute in the Philippines which is 
recognized as the best equipped and staffed research institute in the 

21 See Ford Foundation annu~l repo~s of recent years. 
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tropics. This institute also trains young scientists, interested in the 
various phases of rice culture. 

The Kellogg Foundation 25 has supported the training of students 
from the developing areas and has aided nutritio~ research in several 
Latin American countries. 

1~.(j.l.3 United States Universities. United States universities have 
long had an interest in food and nutrition in the developing countries. 
In recent years, they have contributed greatly to overseas university 
development programs and have included research and educational 
projects throughout the world. 

The weaknesses of these programs are almost entirely related to 
the lack of long term funding. In some cases, the short period has 
been dictated by the cooperating country; in others, by the supporter 
which is usually AID or the university. . 

Dr. F. F. Hill, former vice president of the Ford Foundation, has 
suggested improvements in United States university overseas pro
grams.26 There must be a joint institutional commitment with a co
operating institution overseas "to mount sharply focused, long-term 
research programs" designed to improve the technology of food pro
duction. The arrangement should be adequately financed and suffi
ciently long-term to produce significant results. 

Research efforts should be concentrated on one or two food crops 
by teams of' scientists of closely allied· disciplines. Continuity of 
research efforts should be maintained throughout the project. 

1~.6.2 Oontributions of Other Developed OaunfJries 
During colonial occupation of newly emerging countries by Euro

pean nations, some food and nutrition research work was done in the 
overseas countries. Several well-equipped and well-staffed research 
stations were initiated and operated. European universities commonly 
accommodated selected students from developing areas. 

Collectively, France, Belgium, the Netherlands, Britain, and other 
European nations are currently training more foreign students than 
the United StateEl. Scientists from these countries also participate in 
overseas research institutes and universities. Where political stability 
permits, some of the former colonies receive technical aid. 

The United Nations offers research and educational assistance on 
food nutrition and population. It makes its contrihution through. 
agencies such as the Food and Agriculture Organization (FAO); 
World Health Organization (WHO); United Nations Educational, 

~ W. K. Kellogg Foundation. Anuual report, 1965. Battle Creek, Mich., 1965. Relerence 
pp.26-30. 

:l6 Hill, F. F. U.S. Land·Grant CollegelJ and the World Food Cri8i8: A Sugge8ted Program 
oj Action. Paper presented before the Division of Agriculture, National Association of 
State Universities and Land·Grant Colleges, Washington, November 15, 1966. 
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Scientific and Cultural Organization (uNESCO); and United N a
tions Intern·ational Children's Emergency Fund (UNICEF). The 
developing nations 'benefit from programs of these agencies without 
having to make proportionate financial contributions. 

The United Nations organizations commonly cooperate with recipi
ent countries or groups of countries. They have helped establish 
regional labor&tories or institutes and ,field stations relating to food 
production and nutrition. They also provide mechanisms for coordi
nating much of the research and educational &ssistance. 

For many' years, FAO has taken international leadership in 
programs to increase food production and has made significant con
tributions to country and regional research and training programs. 

In the field of nutrit;ion the interests of several United Nations 
agencies coincide. WHO, F AO and UNICEF support research and 
development progranis to determine where nutritional deficiencies 

. exist and how they might be alleviated. 
UNESCO has the major responsibility in all areas of education. 

During the past 15 years; 101 countries .h&ve benefitted from 
UNESCO's assistance. Besides. participating in the development of 
national educational programs, this agency' has helped establish and 
support regional centers of education and research. It has also spon
sored special conferences on topics of worldwide interest such as the 
extensive use of television, radio, and new classroom techniques for 
general and adult education . .21 

One major adv&nt&ge of the United Nations agencies as supporters 
and organizers of research and educational activities is their inter
national "&cCeptability." Recipient nations can seek assistance from 
the United Nations agencies without fear of political alignments. 
United Nations-sponsored projects are not apt to be disrupted by 
purely political considerations. This permits greater continuity of 
program and personnel which are so essential to teaching and research. 

12.7.0 Examples of Progress 

Examples of successful methods and projects in research and edu
cation clearly show that the steps to achievement must be taken·little 
by-little, 'bit by bit. Patience, painstaking effort, and perseverance 
are the active ingredients in the success stories which follow. 

le.7.1 Fowndation Pa.rtioipatitm 
The first example, the research and development program of the 

Mexican Government assisted by the Rockefeller Foundation, has 
made a most signiificant contribution to agriculture since it was 
initiated in the mid-1940's. 

2T Science and Technology for Development, Vol. VI. Education and Tralnlng, United 
Nations 1963. 
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The joint effort contributed to Mexico's unprecedented rate of 
increase in agricultural production-average wheat' yields grow from 
11 to 31 bushels per acre in 20, years. It supplied a pattern for devel
oping viable agricultural research programs in other colintries. It 
still furnishes varieties of wheat, corn, and other crops now used 
advantageously in other Latin American 'and Asian countries. A cadre 
. of trained agriculture scientists have been developed to carry on a 
well organized, national research program. 

Some key elements that contributed to the success of the program 
are: 28 

1. The program was initiated on request of the Mexican Gov
ernment but carried out jointly by Mexican and Foundation 
scientists. 

2. The program, including services of most of the scientists, 
has had continuity. It has been underway since 1943. 

3. The educating and training of young Mexicans was an inte
gral part of the program. Specialized and university training 
was given in the United States but practical experience was 
obtained on the job. 

4. The Foundation recognized American technology could not 
be transferred directly to solve Mexican problems. United States 
scientific techniques and knowledge were used in the development 
of new plant materials and practices needed in Mexico. 

5. The joint Mexican-Rockefeller program has served as a 
regional center to provide new plant varieties and cultural meth
ods to .scientists in neighboring countries. 

6. With leadership from Rockefeller scientists, the program 
became the prototype for similar ones in other countries. 

1. The Mexicans devised means' to hasten farmer adoption of 
new varieties and cultural techniques resulting from research 
efforts. 

8. Team approach was used to cope with significant problems 
facing researchers. As a result, a "package" of plant materials and 
cultural practices was developed. 

Appraising the cooperative program, Dr. J. George Harrar, presi- . 
dent of the Rockefeller Foundation, has said: "Perhaps its greatest 
dividend has been the development of outstanding young Mexican 
scientists and leaders. These men,' drawn from every economic and 
geographic sector of Mexico, trained over a period of years in Mexico 
and abroad, have again and again demonstrated the high quality of 
their abilities and their selfless dedication to national needs." 29 

1!8 Shaplen, R. Towa,rd the well being of mankind; fifty years of the Rockefeller Founda
tion. Garden City. N.Y., Doubleday. 1964,214 pp. 

"The President's Review, The Rockefeller Foundation, December 1964. 
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1~.7.~ Univer8ity Participation 
Another noteworthy program is underway at the University of the 

Philippines College of Agriculture on whose campus the Interna
tional Rice Research Institute is located. It is a graduate·research and 
education program that receives financial support from the Ford 
Foundation and has the cooperation of Cornell University (Figure 
12-1). 

Its unique feature is that all graduate students, Asian as well as 
American, conduct their thesis research in the Philippines. This gives 
the Americans experience in a tropical environment working· with 
Asian and American pr.ofessors. It also assures Asian students that 
their research will be done in environmental conditions comparable to 
those they will meet after graduating. In this case, the opportunity for 
indigenous development is emphasized. 

Turning to AID-sponsored university contracts, experience 'shows 
that short-term commitments have often' impeded progress toward 
goals to develop indigenous institutions. 

An exception is the North Carolina State University-AID contract. 
Its 12 year continuity has made a significant impact.on both training 
and research through institutions i.t assists; the Agrarian University 
i~ Lima, Peru, and that country's cooperating Ministry of Agricul
ture. Since 1{)61, the University's enrollment and budget have doubled 
and more than 150 Peruvians have earned M.S. or Ph. D. degrees. 
Capabilities exist for concerted efforts to further improve agricultural 
development. 

Another sign of progress at Agrarian University is the research 
financed partly byUNESCO, on fish and cottonseed meals. These sub
stances are now' being used successfully in edible flours and as food 
supplements. 

Through other AID contracts, the Universities of Missouri, Illi
nois' Tennessee, Kansas, and Ohio State are helping establish new 
agricultural universities in India. This is a stepping-stone toward 
founding such colleges in each Indian state. It is also an example of 
the potential of several universities working together in coordination 
on a problem too large for anyone of them. 

1~.7.3 FamiJJy.Planning 
India was the first nation to set up a national program in ~he field 

of faniily planning.3o Funds for this program were increased from 
$1.4 miilion in 1951-56 ~o'$56 million in 1961-66. Supporting research 
was allotted 25 percent· of the first five-year. allotment and 10 percent 
for the second period. Future plans call for a community "extension" 
approach to gain public acceptance of program goals. 

3fI Stycos, J. M., The outlook for world population. Science 146(3650): 1435-1440. 
Dee. 11, 1964. 
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Support of family planning has also increased markedly in the 
United States. Federal funds, for example, rose from $2.36 million 
in 1965 to, $25.3 million in 1967.81 A portion of these funds will be used 
to expand United States research on human reproduction, biology, 
contraceptive methods, and social and demographic factors in family 
planning. 

AID, the recipient of one-third of the 1967 fund allotment, is using 
much of its share for research and education in the developing coun
tries. In December 1966 its help in family planning encompassed some 
20 countries.82 Hopefully, this is only the beginning of a greatly 
expanded program. . 

12.7.4 EdU()atiOMl Programs 
1~.7.4.1 EducatiO'TU1.l Television. Television offers an excellent media 
for combating illiteracy in the developing nations. This means of mass 
communication will soon be available throughout most of the world 
or could be provided. The following story illustrates the tremendous 
potential of television for educating peop'le to read. 

An earnest, Italian teacher 88 has awakened nearly a million of his 
fellowmen from the sleep of illiteracy. His alarm clock ~ Ingenuity. 

Alberto Manzi, 42, still is "waking up" illiterate children and adults 
via his daily television show on Italy's state-run facilities. Daily he 
reaches some 200,000 persons who are "enrolled." However, three to 
four times that number follow the program regularly, according to 
estimates. Six lessons a week are now given-double the number since 
the project began six years ago. 

Students are taught reading, writing, simple arithmetic, and geog
raphy. 200,000 enrolled followers have been organized in groups 
around the country. In the countryside and in small towns, the local 
groups gather at TV sets in stores, coffee bars, or small factories. 
And they learn. 

Teacher Manzi has taught more Italians to read and write than 
any other teacher in history. Ironically, he is probably the lowest paid 
teacher per pupil in the world. His salary of $235 a month is that of 
an ordinary grade school teacher, but he gets a bonus of $3.20 per 
lesson. 

12.7 .4.~ Agricultural Education. Recently expanded and intensified 
programs of agricultural education also show signs of progress. For 
example, in 11 African countries the number of universities offering 

31 Population Orisls. Newsletter Issued by the Population Crisis Committee, Washington, 
Jan.-Feb. 1967, pp. 2-3. 

3:1 A8si8tance lor Family Planning Program8 in Developing Oountrles. AID, Washington, 
Jan. 1967. 

33 Long, James M. "Thousands learn to read, write via ItaHan TV" Associated Press. 
1966. 
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degrees in agriculture rose from none in 1952 to 17 in 1965,34 nnd'the 
number of agricultural graduates climbed from 3 in 1955 to 249 
in 1964. 

There is similar progress in Latin America.3s In 1939 there were 25 
faculties of agriculture teaching 2,750 students, 365 of whom grad
uated annually. By 1962 there were 54 faculties and 1,113 annual 
graduates. In Mexico, the number of professionals and technicians 
working in agriculture had increased from 1,197 in 1950 to 8,0-72 in 
1960.36 

These figures and those from· India and other Asian countries iive 
reason for optimism. In contrast, lack of solid progress in balancing 
food supplies and population growth suggests the rate of increase in 
education and manpower training is still too slow. The challenges of 
human resource development are just beginning. 

1~.'I.5 Nutrition 
Like Mr. Manzi, K. S. Lo 31 of Hong Kong used his ingenuity and 

talents to help his country develop-but in the business world of food, 
rather than education. 

Through his initiative, a milk substitute much cheaper than milk 
was formulated and marketed in Hong Kong in 1940 to bring better 
nutrition to the poor. The mission was accomplished, despite problems 
such as public prejudice against soy milk, lack of marketing informa
tion, and a three-year cessation of business operations which resulted 
from both problems. The two main problems were solved when the 
"milk" was marketed as a soft drink (Vitasoy), replete with metal 
crown instead of paper-cup-and-hood, and. the final product was 
subjected to high heat sterilization making it unnecesary for use of 
refrigeration for months. 

Spurred by the success of Vitasoy, private enterprise in Singapore, 
Malaya, and Thailand established soybean milk plants. In Indonesia, 
the Vitasoy firm helped UNICEF train technicians to operate a soy
bean milk powder plant. 

The Institute of Nutrition· for Central America and Panama 
(INCAP) in Guatemala City has conducted research for more than 
ten years on increasing protein intake where animal protein is scarce 
and expensive.3s This research has resulted in a number of vegetable 

a4 Food and Agriculture Organization of the United Nations. The state of food and 
agriculture 1965. Rome, 1965. Reference pp. 139-142. 

3$ Chaparro, A. G. Un estudlo de Ill. educaclon agricola unlversltarla en America Latin. 
Rome, Food & Agr. Arg. United Nations, 1959.208 pp. Reference pp. 24-2:;' (FAO estudlos 
agropecuarlos, no. 48). 

38 Venezlan, E. and W. K. Gamble • ..4. Review oj Mea:ican ..4.gricuztura~ Development 
1950-65. Cornell Int. Agr. Dev. Mlmeo 16. 1966. 

aT Lo, K. W. "Pioneering Soy Mllk In Southeast Asia." The Soybean Digest, Vol. 24, 
No.7, May 1964, p.18. 

38 Industrial Research and Development News, Vol. II, p. 27. 1967. United Nations 
Industrial Development OrganIzation. 



RESEARCH AND EDUCATION 633 

mixtures called "Incaparina" which are comparable in protein value 
to animal protein. "Incaparina" is used in a number of products such 
as hot beverages, soups, puddings, and biscuits. 

The vegetable mixtures have been distributed by UNICEF for 
children's food and are available commercially in the five Central 
American countries and Panama and in Brazil, Colombia, Peru and 
Venezuela. Acceptance on a massive scale, however, has not met early 
expectations. This emphasizes the need for consumer preference studies 
along with basic nutrition and food technology research. 

1~.7.6 Pilot Ewtension-Type Projects 
Amid unsuccessful ventures, extension has had a few marked suc

cesses. They include: (1) the program of the Academy for Rural 
Development at Comilla in East Pakistan and (2) an agricultural 
development project at Vicos in the Peruvian highlands.39 

. For its accomplishments, the first received worldwide recognition. 
In 1959 the Academy faced problems similar to those in hundreds 
of other rural regions. Cooperatives and extension service efforts had 
not been effective. Though improved practices were available, farmers 
were unwilling to accept them. A general hopelessness, a feeling that 
"nothing can be done", pervaded both farmers and bureaucrats. 

Farmers--the Academy learned-preferred the advice of village 
leaders to that of extension agents. Because of agents' ineffectiveness, 
a new technique was used to reach the people. Village organizers and 
model farmers were enlisted for a continuing, part-time training pro
gram at the Academy. When the leaders returned home, they taught 
their neighbors. 

The Comilla project motivated farmers to produce more efficiently. 
It recently has been expanded into other fields, including family plan
ning and educational reform. 

The second example of a successful extension venture is the agri
cultural development project on an 18,940-acre hacienda at Vicos in 
the Peruvian highlands. 

Cornell University anthropologists, in 1952, found 1,800 Indians 
living on a hacienda under true, traditional, feudal conditions. The 
University rented the hacienda, became the "patron" of the Indians 
and gained their support. The group of Indians was given some deci
sion-making opportunities which led to the appearance of new leader
ship. The new leadership accepted and promoted innovations such 
as modern methods of pest control. 

Economically, the project is a success. In 10 years the per capita 
income at Vicos rose from $40 to $259; the average for Peru as a 

:l9 Policie8 lor Promoting Agricultural Development. Report of an AID-sponsored Con
ference on Productivity and Innovation In the Under-Developed Countries, Center for 
International Studies, Massachusetts Institute of Technology, Cambridge, pp. 139-142. 



634 THE WORLD FOOD PROBLEM-VOL. n 

whole is $179. The project is also a social success. Local initiative and, 
self-government now prevail. 

Methods in the Vicosand Comilla projects are different but there 
are at least two common elements: (1) farmers were involved as much 
as possible in decision-making, and (2) the projects were distinct from 
bureaucratic structures. 

Extension should face its problems with confidence, armed with 
modern tools such as transistor radios, television and other new tech
niques. Extension workers should be encouraged by the potential for 
accomplis~ents in the enormous tasks that lie ahead. 

12.8.0 Requisites for the Future 

Past successes help establish guidelines for the future. Projects such 
as those described in the previous section give some idea of the requi
sites for future research and educational efforts to meet the impending 
food-population crisis. 

1~.8.1 Reoognition and 0 ommitment 
All nations, their leaders and institutions must recognize that the 

food-population battle cannot be won without research and education. 
This recognition must lead to greatly expanded commitments for 
research and education on a high priority long-term basis. 

The United States should move on two fro~ts to obtain a greater 
world-wide sense of urgency relating to food-population problelns 
and the need for research and education to solve them. 

First, in its dealings with the developing countries, the United States 
should help educate and orient their leaders to the' critical ne,cd for 
long-range research and educational programs. In jointly sponsored 
economic development projects, the United States. should make cer
tain that adequate financial support is given to these programs. Fur
ther, it should use its influence with international and regional de
velopment banks and credit agencies to encourage loans for facilities 
and equipment needed to carry on food-related research and educa
tional projects. 

Second, the United States must greatly increase its own commitment 
to food-related research and educational programs. This can be done 
only if there is a national recognition of the long-term nature of the 
world food supply problems and of the need for massive and continu
ous efforts to solve them. With appropriate long-term commitments, 
United States universities, government agencies, foundations and In
dustry can make research and educational contributions far in excess 
of the efforts of the past. 

1~.8.~ The Load Must Be Shared 
The burden of helping the developing nations increase their food 

production. and balance their food and population mcreases cannot 
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be assumed by the United States alone. Through the United Nations 
and other international organizations, the more advanced countries 
of the world must increase their participation proportionately to in
creases from the United States. Similarly, the recipient nations on a 
"self-help" basis must contribute to 'the fullest possible extent what
ever their resources will permit. 

The United States must continue its efforts to increase the contri
butions of other developed nations for the support of research insti
tutes, universities and innovational education projects concerned with 
the food-population problem. Also, pontinuing steps must be taken to 
coordinate United States efforts with those of other developed nations 
as well as with the United Nations. 

1~.8.3 Innovation-The Key to General and Ewtension Education 
Time is running out on the population-food supply squeeze. This 

prevents complete dependence upon conventional educational pro
grams to erase illiteracy and to motivate farmers and 'consumers to 
change habits, customs, and methods, even if financial resources, teach
ers, and facilities were available. 

New, cheaper and more quickly adaptable educational and com
munications techniques must be developed and applied. Present tools 
such as television, radio and programmed learning must be tried more 
extensively. 

There is need for more research on methodology. We know, for ex
ample, that extension methods used so successfully in the United 
States have decided limitations in the developing countries. Research 
and pilot projects will be needed to test extension teaching methods 
which fit more appropriately into the cultures of the developing areas. 
Likewise, innovative techniques must be developed to communicate 
with and motivate the illiterate. 

1~.8.4 Oon~inuity and Longevity 
The gaining of new knowledge through research, and its transmis

sion through education, requires continuity of program support and 
manpower. Furthermore, biological research takes time; five to ten 
years often being minimum periods before given projects begin to 
produce useful results. These facts dictate the situations and condi
tions under which research efforts are to be initiated. If there is no 
reasonable assurance of longevity and continuity, the chances of any 
particular project's succeeding are slim. 

There are several ways that greater continuity and longevity of 
United States efforts can, be obtained. For example, in initiating 
specific United States supported projects, realistic estimates should be 
made of the total time needed to implement the project. Insofar as 
practicable, initial contract arrangements should recognize this total 

263-888 0-61---42 
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time requirement. Where fiscal or other restrictions prevent obligat
ing funds for the entire life of the project-, a statement of intent to 
provide such.support should be made at the project's initiation. 

Continuity of personnel concentrating on research and education 
programs must follow continuity of funding. There are marked limi
tations to the contributions which short term assignees can 1nake to 
overseas programs. A major part of the United States contributions 
must be made by personnel whose prime responsibility is the inter
national food and population problems. Universities and United 
States government agencies must develop ongoing programs aimed 
specifically at the solution of the world food supply problem. Thus, 
some kind of "mission orientation" so characteristic of Land Grant 
Universities in the United States must be developed to attract compe
tent personnel to implement these programs. 

1~.8.5 Pr'oduation.P7Jus 
Adaptive research and educational efforts must continue to give 

emphasis to the production of plants and animals. Broad efforts in 
plant and 'anima'l breedings, cultural management and protection must 
be the first steps in increasing food supplies. The potentials for these 
increases have been demonstrated. 

The greatest percentage expansion should be in research areas con
cerned with improving food quality, processing and marketing food, 
and family planning. Protecting food from damaging pests also 
should receive high priority. 

Research on the sociological and economic aspects of the food supply 
must be given concentrated attention. For example, we must learn 
more about motiv-ating people with different cultures to accept new 
Farming or family planning practices. Studies are needed to deter
mine relative profits from different farm and food management prac
tices and to learn the most acceptable -and profitable systems of 
Farming and m·arketing for each area. 

1~.8.6 lruligen0U8 InstitutiO"llS 
The development and improvement of indigenous institutions for 

research, extension,and higher education must continue to receive 
high priority. Universities and institutes, whenever feasible, should 
be located to serve an extensive region or cropping system. Support 
from international agencies for university development is warranted 
and should be possible. 

Experience has shown the wisdom of cooperative arrangements 
whereby United States universities furhish scientists and educators 
to assist in the· development of· overseas universities. Characteristics 
of successful arrangements should include: 

(1) An initial long-range development plan for the indigenous 
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institution. The basic elements of the plan should be agreed to by 
the two universities and the supporting agency or foundation. 

(2) Sufficient assurance of longevity and continuity of funding 
to make possible the assignment to the cooperative project of top 
scientists and educators from the United States institution. 

(3) A long term (3-5 year) assignment for most of the United 
States personnel assigned to the overseas university. The staff could 
be supplemented by shorter term assignees with competence in critical 
areas. 

( 4) The arrangement for opportunities for selected students and 
faculty from the indigenous university to obtain advanced training 
in the United States. However, they should obtain only that part of 
their training which cannot be given at home. 

1~.8.7 Three-Oomp()1UJnt Team 
A'three-way partnership of government, universities, and industry 

must be developed with coordination, cooperation, and communication 
among the three groups. This has been one of the biggest deterrents 
toward a true "partnership." A further need is for industry to increase 
its involvement at all levels. In many of the developing nations, the 
universities, government agencies and industry have completely in
dependent· and sometimes competing programs. Ev~n communication 
among ·the personnel of the three groups is often lacking. 

Obviously the United States does not have the right or the respon
sibility to force better working relations among overseas universities, 
government agencies and industry. We can assist in improving these 
relationships, however. Working agreements between United States 
institutions anqagencies and their overseas counterparts should in
clude reference to the need for a coordin3Jted approach by the three 
groups. Also, there are opportunities for specific projects involving 
cooperative efforts of United States institutions, government agencies 
and industry. For example, the development, testing, and determina
tion of consumer 'acceptability of new food products provides such an 
opportunity. 

12.8.8 A 111 eeMnwm for Ooordination and Implementation 
A mechanism must be created to improve the coordination and 

implementation of United States efforts in food-population research 
and education. An example of Federal participation and funding for 
this total effort could be organized as shown ih Figure 12-2. This 
would require the establishment of some kind of organizational unit 
through which most of the funds would be provided for research and 
education on world food-population problems. It would require an 
advisory council from other agencies and organizations. 
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Focus and support would be provided for the following four ma,jor 
kinds of research and educational efforts, most of which are already 
underway but are poorly supported and coordinated: 

1. Overseas indigenous centers of specialization to focus on 
specific research and educational problems. The International 
Rice Research Institute in the Philippines is an example. 

2. Overseas university development programs-similar in in
tent to those already in existence. However, financial support, 
continuity and longevity of program would be greatly increased. 

3. Continuing support for United States universities which 
make long-term commitments for research and training in food-' 
population activities. 

4. Special short-term grants which would provide support for 
industry as well as universities and government agencies. 
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13.1.0 Introduction 

13.1.1 Projectio1l8 of Food Demand and Output in Developing Ooun
trie8 and Implicatio1l8 for Input Requirements and Overall 
Economic Growth 

There are certain relationships which exist between the demand for 
food and the overall demand for goods and services in any economy. 
In order for' an "effective demand" for food to exist, the means of 
buying the food-the purchasing power-must be available. In other 
words, aggregate income must grow at a rate which will permit con
sumers to purchase the projected food requirements. The parameter 
which relates the relative change for food demand to the relative 
change in income (or Gross National Product) has been coined the 
income elasticity of demand for food. It measures the percentage 
change in food demand as a function of a percentage change in overall 
income (GNP). Thus, if food demand were to increase by 5 percent 
following a 10 percent rise in GNP, the income elasticity of demand 
for food would be equal to one-half. 

Likewise, on the production or supply side, there are relationships 
which link food and agricultural output to overall production. The 
production of food crops necessitates the use of manufactured' inputs 
such as fertilizer, pesticides and farm machinery which must be 
imported or produced domestically. If they are to be imported, the 
economy must generate sufficient exports-and/or be able to rely on 
a net inflow of foreign assistance and private capital-to pay for the 
imports. If these inputs are produced domestically or paid for by 
industrial exports, the non-agricultural sectors must expand at rates 
consistent with the needs of the agricultural sector. In the same way, 
various non-agricultural sectors and activities are dependent on agri
cultural raw materials and, in some cases, food products. For every 
productive sector or activity, there is a set of input-output relationships 
which in a technological way link the whole set of inputs (such as 
raw materials, foodstuffs, capital goods, labor) required for any given 
level of output. 

Because of the. interdependence which exists between food demand 
and overall income, on the one hand, and between agricultural (food) 
output and total output (GNP), on the other, the world demand and 
supply of foodstuffs cannot be considered independently from overall 
economic growth. An attempt is made below to analyze the implica
tions of the findings of the various sub panels, first, from the demand 
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side (in Section 13.2.0), and, second, from the supply (production) 
side (in Section 13.3.0). 

13.1.B .A. Framework Jor Further Study 
Because of the inherent limitations of the Panel's aggregative 

approach which estimated the direct input requirements on a global 
scale, a framework for further study is presented in Section 13.4.0. 
The most important recommendations are (a) that a country-by
country approach be undertaken for at least the 5 or 6 major develop
ing countries, (b) that input-output information be used to estimate 
the direct and indirect input and investment requirements necessary 
to achieve the food targets, and (c) that explicit attention be paid to 
institutional, policy, and technical considerations at the microeconomic 
level which are eclip~ed under the global approach. 

13.1.9 The International Dimension oj the World Food Problem 
A major cop.straint to the growth of income in the developing world 

is the capacity to import. Solution of the world food problem 
will necessitate high import requirements for both food and other 
connnodities. 

The prospects for exports in the developing countries appear rather 
bleak. Improvement in the "terms-:of-trade" between developed and 
developing countries may be a precondition to achieving the desired 
nutritional targets. Section 13.5.0 is addressed to these questions. 

13.2.0 Relationship Between Food Denumd and Overall Growth 
in Developing Countries 

13.B.1 Requi,;ed Growtk.irtFood Demmnd 
The demand for food to meet certain minimum nutritional levels has 

been estimated in Chapter 1. On the basis of detailed demographic 
projectIons (by age distribution) and-minimum nutritional require
ments for calories, proteins and other nutrients, food needs to meet 
these requirements were projected for the period 1965-1985 for three 
countries (India, Pakistan and Brazil) and the world as a whole. 

The "needed" food projections can be used as the basis of a demo~ 
graphic theory of economic development which holds that a necessary 
precondition to development is a reduction in the mortality rate (par
ticularly the infant mortality rate).1 

A causal relationship between infant mortality rates and the fertility 
rate is postulated;_evidence is pre~nted indicating that the number of 
children desired in the developing world goes down as the infant and 
child mortality declines. It was stated that, "We are faced with the 
apparent paradox that a reduction in mortality should reduce rather 

1 The nutritional requirements are based partly on the amount anq killd of food neees~ 
tor lowering the (infant) mOJ,'tal1ty rates. 
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than raise the rate of population growth." 2 If this is the case, reduc
tion of malnutrition among children, by increasing the quantity and 
quality of food supplies, may be a key factor in solving the population 
problem of our time. 

In a sense, it is argued that a certain "critical" reduction in the 
mortality rate has to be achieved to lead to a reduction in the birth 
rate and the eventual "solution" of the world food problem. To achieve 
that reduction, nutritiona:llevels must grow at a "critical" rate in the 
absence of which mass starvation would result.3 

Acceptance of this thesis raises two questions : first, what is the 
"critical" rate of increase in food availability between now and 1985, 
and, secondly, what are the implications of this rate for the growth of 
overall demand ~ 

Detailed estimates of caloric protein and other nutritional requi.re
ments were calculated on the basis of "high" and "low" population'pro
jections for India, Pakistan, Brazil and the world as a, whole. Table 
13-1 summarizes the necessary growth in calories·and proteins between 
1965 and 1985 to meet the nutritional targets. It is concluded that 
"India and Brazil will n~ twice as much food as was available in 
1965, if similar foods are consumed, while Pakistan will need an even 
greater increase," 4 and that the need for protein in the developing 
countries will rise by 100 to 150 percent between 1965 and 1985.5 

There are difficulties in deriving the demand for foodstuffs for the 
developing nations as a whole from (a) projections for the three above
mentioned countries, and (b) caloric and protein requirements, ex
clusively. Clearly, the three countries selected account for a relatively 
large share of the population and of the income received by the de
veloping Nations. In 1965 these respective' figures amounted to 43.9 
and 29 percent, respectively, as shown in Table 13-2. 

It ought to be noted, however; that the combined per capita income 
of these three countries ($120) was lower than that of the developing 
Nations ($182). Yet, the per capita income levels of tropical Africa 
($107) and of the Far East (exclusive of Japan) ($129) are of the 
same order of magnitude as that of the three above countries and 
these areas account for a total population of 489 million (see Table 
13-3). The remaining parts of the developing world consist of the 
Near East (exclusive of Greece and Turkey) and Latin America (ex-

1I Vol. II, Chapter I, page 35. 
3 There Is a certain analogy between the above demographic theory of development on 

the one hand, and Lelbensteln's "critical minimum effort thesis" and "Big Push" theories 
which are mainly based on economic factors. The analogy Is that in each of these theories 
a critical (infant) mortality rate,' growth rate, Investment ratio. respectively. must be 
reached to permit self-sustalning growth. Anything short of these critical levels w1ll doom 
the developing world to a low-income (perhaps starvation) situation. 

~ Volume II. Chapter 1, page 9. 
'Volume II. Chapter 1, page 57. 
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TABLE l3.l-Caloric and protein requirements, India, Pakistan, Brazil, and World 
(growth rates required between 1985-85 to meet 1985 needs over and above 1985 
needs, in percentages) 

Calories Protein 

1965-85 growth- Annual rate, 1965-
85--Population 

1005-85 growth- Annual rate, 1965-
Population Population 85-Population 
projection . projection projection projection 

High Low High Low High Low High Low 

India-_______________ 108 88 3.7 3.2 110 93 
Pakistan ____________ 146 118 4.6 4.0 145 121 
Brazil _______________ 

104 92 3.6 3.3 i 
108 98 

World _______________ 
·52 43 2.1 1.8 52 45 

$ource : Adapted from Chapter 1. 

TABLE l3-2.-Population and national income mid-1985 

India •• ________________________________________________ _ 
Pakistan _____________________________________________ • __ 
Brazil __ ._. _______________________________________ • _____ _ 

Total ol3 above countries ________________________ _ 
Totalless developed world _______________________ _ 
Total non·Communist world _____________________ _ 

Pereentage of 3 above countries to total less developed world ________________________________________________ _ 

'Source: AID Statistics and Report Division. 

Gross National Product 

Aggregate 
(billion 1965 

dollars) 

49.2 
11.2 
22.0 

82.4 
284 

1,609 

Per capita 
(1965 dollars) 

101 
97 

270 

120 
182 
734 

29.0 _______________ _ 

3.8 3.4 
4.6 4.0 
3.7 3.5 

2.1 1.9 

Population 
(in millions) 

490 
115 
82 

687 
1,564 
2,193 

43.9 

elusive of Brazil) with per capita incomes of, respectively, $263 and 
$447 in 1965 and a total combined population of about 243 million. 
In these last two regions the main problem is not an overall food 
deficit but inadequate and unequal distribution. 

In conclusion, the Far East, tropical Africa and the rest of South 
Asia are in the same stage of economic development-on the basis of 
per capita income-as the three [base] countries studied. In general, 
it can be assumed that nutritional status is reflected in the level of 
per capita income. Thus, as Table 13-;-3 indicates, the food requirements 
calculated for India, Pakistan, and Brazil may be considered to be 
representative of those of the Far East, tropical Africa and the rest 
of South Asia. These regions and the three key countries account 
for 41 percent of the income and 78 percent of the population of the 
developing world.6 

• These percentaJres become 48 and 82 percent respectively, when the last group In Table 
1~ (Greece, Turkey. Spain, etc.) Is excluded. 
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TABLE l3-3.-Developing world: Gross national product, per capita income, and 
population mid-1965 

Gross na- ) Per capita 
tiona! product Income Population 

(in billions I (dollars) (millions) 
of dollars) • 

1. Near East (excluding Greece and Turkey)_________________ 23.3 263 88.5 
2. Latin America (excluding Brazil)_ __ _______________________ 69.0 447 154 
3. Far East___________________________________________________ 35.7 129 276 
4. India, Pakistan, Brazil_____________________________________ 82.4 i 120 686 
5. Tropical Africa_____ ________ ________________________________ 22.9 107 213 
6. North Africa_______________________________ ________________ 7.0 225 31.3 
7. Rest of South Asia_________________________________________ 3.7 100 37.0 
8. Greece, Turkey, Spain, Puerto Rico, and miscellaneous____ 39.9 534 78.4 

284 182 1,564 

The selection of an aggregrate figure for the rate of growth of food 
demand in the developing countries necessary to meet nutritional 
targets is crucial to deriving the implications for overall rate of 
growth and in testing its economic feasibility. The evidence presented 
so far permits one to determine a range consistent with the projec
tions of food requirements. From Table 13-2 and other evidence it 
would appear that such a range might be an annual compound growth 
rate of aggregate food demand in the developing world of 3.6 to 4 
percent over the period 1965 to 1985. These· rates imply a doubling 
and a 120 percent increase, respectively, in aggregate food demand 
in the developing world over the twenty-year period. It should be 
noted that the8e e8timates reler to final demand at the consumption 
level and are not adjusted for losse8 from time 01 ha1'Vest to storage, 
transportation, marketing, lwme prepa7'ation and plate wa8te. It is 
difficult to estimate these losses but it is not unreasonable to expect 
them to run as high as 25 percent of farm output.7 

13.2.~ Required Growth in Income 
Given the growth rates of food demand it is possible to say some

thing about the overall (GNP) growth rates consistent with the above 
range. In this connection it is important to remember that economists 
tend to related food demand to income causally. Here the causality is 
reversed: a "critical" rate of growth of food demand has tbeen esti
mated on demographic and nutritional grounds and the problem then 
is to infer the growth of income consistent with the "needed" food 
demand. 

There are two determinants .of food demand: the population effect 
and the income effect. At the same nutritional levels, a given rate of 
population growth will generate an equivalent rate of increase for 
food consumption. Increase in the per capita income level leads to 
an additional demand for food. The per capita income elasticity of 

fl See Chapter 10. 
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demand for foodstuffs measures the relative (percentage) change in 
food consumption to a relative (percentage) change in per capita in
come. Thus, the rate of change in aggregate food demand· is equal to 
the sum of the popUlation growth rate and the product of the per 
capita income elasticity for food and the relative change in per capita 
income. In symbols: 

f=p+EY 

where, f= (annual) rate of growth of aggregate food demand 
p= (annual) rate of growth of population 
f= per capita income elasticity of demand for food 
y= (annual) rate of growth in per capita income (GNP) 

There is empirical evidence available o~ the historical magnitude 
of f. During the period from 1950 to 1960, this parameter amounted to 
0.51, 0.80, and 0.80 in Brazil, India, and Pakistan, respectively.8 Of 
26 developing countries surveyed by the U.S. Department of Agricul
ture, 11 showed a per capita income elasticity of less than 0.60 with 
15 ranging from 0.60 to 0.80. It is clear that elasticity drops as per· 
capita income increases. Given the decline in t: as a function of per 
capita income growth, a reasonable global range for f for projection 
purposes (over the next twenty years) might be between 0.5 and 0.7.9 

The annual rate of population growth in the developing world (over 
the same period) is projected at approximately.2.7 percent. 

It is possible to derive a range of growth rates for per capita 
income and for GNP consistent with the magnitudes postulated above. 
These can be entered into the equation which can then be solved for 
y, the annual growth rate in income needed to generate the level of 
food demand desired between 1965 and 1985. Table 13-4 indicates the 
per capita income levels corresponding to a given f and f. Thus, if 
the desired rate of growth of foodstuffs is 4 percent, per capita income 
elasticity .6 and the rate of population growth 2.7 percent, per capita 
income would grow at a rate of 2.2 percent between 1965 and 1985. 

Table 13-4 shows clearly the sensitivity of the rate of growth of 
per capita income to assumptions concerning income elasticity and the 
desired rate of growth of foodstuffs. Thus, for example, if the latter 
amounts to 5 percent, the implied growth rate of per capita income 
would be 3.8 percent, assuming food elasticity to be .6 and popUlation 
growth rate to be 2.7 percent (see Table 13-4). The difference between 
the implications for income growth of a· target annual rate of growth 

8 U.S.n.A., Changes in Agriculture in 26 Developing Nations (1965). p. 4. 
II This kind of prediction is, of course, quite hazardous and hinges upon all kinds of 

implicit and explicit assumptions. One RSf:!umption which is made explicit here is that 
no SUbstantial change will take place between food and non-food prices. Two forces may 
operate in opposite directions to affect this last ratio. Agricultural development may be 
encouraged by the ratio of farm prices to non-farm prices gOing up as an incentive device. 
On the other hand, increased emciency in farm production may tend to reduce the ratio 
of farm prices to non-farm prices. . 
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of total food demand of 4 percent (.the example discussed in the previ
ous paragraph) and one of 5 percent (the case presented in the previous 
sentence) is dramatic. 

TABLE 13-4.-Per capita rate of growth of income (y) consistent with selected magni
. tudes of the income elasticity of demand for foodstuffs (E) and the rate of growth of 
aggregate food demand (f) assuming a rate of growth of population (p) of S.7 percent 
when f=p+EY 

Per capita. income elasticity of 
aemand Cor COOQ <e> 

0.6 0.5 0.7 
Percentage rate of . 
of growth of food den:and (f) 

3.6 1.8 1.5 1.3 

4.0 2.6 2.2 1.8 

4.4 
I 

3.4 2.8 2.4 

5.0 4.6 3.8 3.3 

The first case implies a 2.2 percent growth rate in per capita income 
as compared to 3.8 percent in the second case. These figures are equiva
lent to aggregate growth rates of GNP for the developing world of 4.9 
and 6.5 percent, respectively. 

It should be noted that the highest alternative projection of total 
food consumption needs (domestic disappearance) in the developing 
world between 1965 and 1980 mentioned in chapter 2 assumes a rate 
of growth of only 3.5 percent per annum. This last figure is very close 
to the range of values which was derived above from the "critical" 
nutritional targets estimated by the Subpanel on Population and Nu
tritional Demands in Chapter 1. 

In summary, it appears that the nutritional and demographic pro
jection calls for an annual growth rate of food demand of about 4 
percent over the next twenty years. This rate of growth, inturn, implies 
a growth rate of per capita income for the developing world of approxi
mately 2.2 percent and an annual rate of increase of GNP of approxi
mately 5 percent between 1965 and 1985. Thus, it might be concluded 
on the basis of the present analysis-looking at. the world food prob~ 
lem from the overall demand side-that a growth rate 01 aggregate 
GNP of 15 to 5.5 percent would be consistent with the "critical" food 
requirements. 

13.~.3 Feasibility 01 Required Growth Rate on the Demand Side 
A discussion of the feasibility of such growth rates for the developing 

world in terms of investment requirements, technological and institu
tional considerations, and balance of payments implications is under
taken in the next sootion. However, a few observations can already be 
made here. 
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First, the necessary growth of income (5 to 5.5 percent between 1965 
and 1985) derived above is higher than the historical experience for 
the developing world which averaged slightly above 4.5 percent over 
the last decade (see Table 13-5). Yet the difference does not appear 
unbridgeable in an aggregate sense. The acceleration in the grawth rate 
from about 4.5 ,to 5-5.5 percent which is required for, and consistent 
with, the food projections (on the demand side) does not appear im
possible on a priori grounds. 

TABLE l3-5.-Percent change in GNP and GNP per capita 1957-58 average to 
1964-65 average 

Developing countries 1957-58 1964-65 

TotaL_________________________________ ________________________________ 4. 7 2.3 

Latin America _______________________________________ ~_______ ________________ 4.4 1.5 
Near East __________________________________________________________________ . 5. 9 3.5 
South Asia ... _________________________________________________________________ 4. 4 2.1 

Far East: 
Including Indonesia _______ ._ ______________________________ ______________ 4.4 1.8 
Excluding Indonesia ____________________________ ~________________________ 5. 9 3.1 

Africa_ ____________________________ ______ ______ ______________________________ 3. 4 1.2 

Other (largely Spain and Puerto Rico)_______________________________________ 7.0 5. {} 

Source: Same as Table 13-2. 

Secondly, a number of developing countries have been capable in 
recent times of generating enough growth of income to permit food 
demand to increase at the 4 percent rate that will permit the food 
target to be achieved in the next twenty years. Developing countries 
were classified into two groups, on the basis of a study by the U.S. 
Department of Agriculture, depending upon whether food demand 
had increased by more or less than 4 percent annually between 1950 
and 1960. The first group consisted of 14 countries, including Israel, 
Mexico, Venezuela and Taiwan, all of which are well on their way to 
becoming developed nations. Among the remaining 12 cOlllltries which 
are . perhaps more representative of the developing world, food de
mand grew at only 3.4 and 2.4 percent in India and Pakistan, respec
tively, over the period 1950-1960 but at 4.4 percent in Brazil.10 

It can be concluded from these observations that the present growth 
of income in the developing world will have to increase from the 
present rate of 4.5 percent to about 5.5 percent to generate the means 
of purchasing the nutritionally required foodstuffs that will "solve" 
the "World Food Problem". 

It- is also clear that the GNP growth rate of 5.5 percent may be a 
necessary but hardly a sufficient condition to permit the ~ttainment 
of the desired nutritional levels. The present very unequal distribution 

10 U.S.D.A., Changes In Agriculture in 26 Developing Nations (1965), p. 4. 
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of income in large parts of the developing world will have to be 
improved if the poorer classes ar~ to have the economic means of pur
chasing more food per capita. This, in turn, will require major struc
tural and institutional reforms" in the marketing, processing, and 
distribution of food products along the lines suggested in Chapter 10. 
Likewise, as emphasized in Volume I, a proper "agri-climate" has to 
be achieved: 

Part of this agri-climate consists of the economic demand for farm products 
provided by the total non-farm industry of an economy and by export markets 
for agricultural commodities. It includes the efficiency of the total transportation 
system of the country as this affects the breadth of the market for all com
modities and services and the cost of transport. Another important part of the 
agri-climate flows from land tenure policies, price, tax and monetary policies, 
general and agricultural development policies, and the degree of farmers' partici
pation in the political process. Stin other aspects of the agri-climate are the 
traditions, values, and social organization of the general culture as these affect 
farmers' freedom and willingness to adopt improved methods, and the extent 
and nature of general education.l1 

A final comment might be in order concerning the method used to 
deduce the necessary growth rate of income. The latter was derived 
from the "critical" food target determined on non-economic (i.e., on 
nutritional and demographic) grounds. As was pointed out previously, 
food demand is usually assumed to be causally dependent on the level 
of income So that a low level of income would only" generate a low 
"effective demand" for food. On that basis -no real world food gap 
can ever exist in a strictly economw sense.12 A poor Indian earning 
only the equivalent of $0.28 (United States) a day 13 can spend at most 
about 25 cents on food considering his other consumption needs. The 
economw results of a low rate of growth of income for the developing 
world may be malnutrition or even famine and mass starvation. It 
is no wonder that economics has been called the "dismal science". 

However, a food gap in a nutritional sense can-----:and does--exist. 
The Panel estimated this gap as a starting point and the above analysis 
is an attempt to infer the economic implications from the standpoint 
of overall growth of demand. Given the present demographic trends, 

11 Summary of discuBsion of Agri-cZimate, Vol. 1, pp. 69-73. 
12 In this connection Lars G. SUlldberg has argued that, at present trends, it is extremely 

unlikely that the rate of growth of national income w1ll exceed four percent in the develop
ing world. Given this rate and assuming grain output in these countries to grow at a modest 
2 * percent, no worldwide food criSis w1l1 result. To quote hIm, "It seems fairly clear that! 
while a fall1ng rate of growth of grain output in the low income countries may create a food 
crisis for them, no really worldwide food crisis is likely to be forthcoming. Nor Is there 
much chance of any pressure on the productive capacity of the high Income countries." 
("International Trade in Grains: Projections and United States Pollcy". Review oj Eco
nomic8 ana Statlstic8, May 1966, p. 161). The above study exemplifies perhaps best 
the difference between an economic approach which assumes low historical rates of growth 
for the developing world to continue in the future and a nutritional-demographic approach 
which sets minimum crittcal food targets as a sine qua non 'to "solving" the world food 
problem. 

:13 This corresponds to the per caplta income level in India of $101 in 1965. 

263-888 0 - 67 - 43 
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the size of this food gap could become a nightmare for humanity if 
proper measures on the production and population control fronts are 
not undertaken immediately. Since there is a limit to the contribution 
which popUlation control can make to reducing this gap in the newt 
twenty yef1ll'8, the answer lies in a supreme eftort on the production 
side during this period. 

13.3.0 Relationships among Food Production, Input Require
ments, and Overall Growth of Output in the Developing 
World 

13.3.1 I ntrodAwtion 
Any national economy is made up of a set of interdependent pro

ductive and consuming activities or sectors~ The prevailing technology, 
given the relative prices of the factors of production, determines the 
input requirements per unit of output for any productive activity. For 
exa~ple, the production of a ton of food grains requires specific inputs 
such as certain quantities of fertilizer; pesticide, seed, farm machinery, 
and construction (roads, irrigation). These technological relations can 
be made explicit through the so-called input-output table' which 
indicates the input requirements per unit of output as well as the final 
demand components (final consumption by households, investme~t, 
government consumption and exports). for all sectors (industries). 
The gross output of any product can thus be broken down into one 
part which is used by other sectors (industries) as inputs to further 
production-the sum of· other industries' demands for the product in 
question is the total intermediate demarul--and another part which 
goes into satisfying the final demand components. Given this inter
industrial framework, an increase in the output of any single industry 
will entail direct as well as indirect demands on other industries. Thus, 
an increase in $1 million in the gross output of food grains will directly 
require a certain increase of inputs from the fertilizer industry. This 
increase in output of the fertilizer industry will, in turn, call for an 
increase in inputs from the power (i.e., electrical) industry, and the 
latter increase might call for additional inputs from still other indus
tries (such as hydroelectric construction and electrical machinery). 
These indirect effect8 are often larger than the direct effects. (See 
Tables 13-10 and 13-11 and Section 13.4.0.) 

Several subpanels attempted to estimate the input requirements to 
meet the needed increase in food output in the developing world over 
the next twenty years. It is estimated that food output in the lesser 
developed world will have to double between 1965 and 1985, implying 
an ·annual rate of growth of 3.6 percent. The subpanels calculated the 
direct input requirements for manufactured physical and biological 
inputs (fertilizer, pesticides, seeds, and agricultural power and equip-



ECONOMIC IMPLICATIONS 653 

ment)14 and, in a more qualitative way, tlie needs for water, transpor
tation, and some still less tangible inputs such as manpower education, 
and research. It is evident, of course, that the direct capital and input 
requirements in transportation and education are likely to be very 
large. An estimate of these requirements is essential to an assessment of 
the feasibility of any given rate oj growth of agricultural output. 

In addition, no attempt was made to estimate the indirect input 
requirements. It is clear that this last undertaking would have neces
sitated a country-by-country approach (at least for the major ones) 
as opposed to the global (aggregative) approach followed by the 
subpanels. The input-output (inter-industry) structures of countries 
can differ widely; hence, the need for ()owntry studies to estimate 
indirect effects. Given the paucity of reliable input-output information 
and the substantial amount of time and resources which would have 
been necessary to complete country studies, these could not be done by 
the Panel. It is, nevertheless, essential to keep in mind that the indirect 
input requirements and costs of doubling food output in the less 
developed world have in general been abstracted in this report. 

Another limitation of the approach followed by the subpanels is 
that the inputs required to double food output were derived for each 
input relatively independently of other inputs. For example, manu
factured physical and biological inputs taken as one input (because of 
the complementary relationships which exist on the production side 
among these inputs) presumed other inputs (such as transport facili
ties and water) to be available and vice versa. The difficulty lies in the 
fact that the presumed levels of complementary inputs are usually not 
explicitly stated. Thus, in a . sense, the Panel has adopted a "partial 
equilibrium" approach. 

It is important to understand the implications of this approach. 
It presupposes that-and can be strictly correct if-all inputs can be 
combined only in fixed proportions. While fairly strict complemen
tarity on the production side prevails for some inputs (e.g., as between 
fertilizer, pesticide and .seeds), there is, nevertheless, some scope for 
substituta('.nity among many inputs in producing foodstuffs. Within 
limits, labor can substitute for capital and water for fertilizer. 
Furthermore, even in those instances where inputs have to be used 
in technologically fixed proportions in the production of food, it is 
clear that these proportions are variable with the scale of output. 

What is needed both conceptually and empirically is a production 
function relating food· output to the various inputs. Production func
tions could be empirically estimated for major developing countries 
using time series and cross-sectional information. IS Clearly, such an 

HChapter 6. 
11 For an interesting first attempt at der1vlng such production functions statistically see, 

"The Impact of Selected Economic and Social Factors on Agricultural Output" by Ram 
Dayal (U.N. Research Institute for Social Development, Geneva, November 1966). 
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undertaking is a necessary step in deriving more detailed and concrete 
estimates of the economic feasibility of meeting the Panel's nutritional 
requirements in any given country. 

In a general sense, the question of the economic feasibility of attain
ing the desired food targets in the developing world can only be 
answered with the help of a multisectorial, multiregional model. Such 
a model would contain, for the major developing regions, a minimum 
amount of input-output information reflecting the structural and 
technological interdependence between sectors and, more specifically, 
between the food-producing sector, the rest of agriculture and the 
non-agricultural sectors. At the same time, this model wo~ld have to 
incorporate functions relating imports to the growth of these develop
ing regions. The prospects for the developing countries' exports and 
the net inflow of foreign assistance and private capital into the develop
ing . world will determine its capacity to import and, in turn. will be 
a major determinant constraining the overall growth of income. A 
model of the type described above and including producing and con
suming regions is, of course, a major undertaking requiring substan
tial technical resources. The Food and Agriculture Organization 
(F AO) is in the process of preparing such a model in its "Indicative 
World Plan for Food and Agriculture in 1975" (with perspectives to 
1985). If completed, this World Plan should be invaluable in per
mitting the full economic implications for both the developed and 
developing world of a given food program to be evaluated. 

A final problem in assessing the economic feasibility of achieving 
certain levels of food" output in the developing countries is that the 
choice of the combination of inputs used in the production process will 
depend (a) on the state of technology; and (b) on the prices (costs) 
of these inputs and on their contribution to the value of food output 
(in turn influenced by the prices of that output). Production decisions 
are made by farmers at the micro level-except in centrally planned 
economies~ It is essential, therefore, to go beyond the purely aggre
gative approach in evaluating the feasihility of a food program. 

For example, even if yield increases from fertilizer are very large 
in physical terms, inappropriate prices may prevent the use of fertil
izers by farmers. Given the abundance of labor and the scarcity of 
capital. in the developing world which is reflected by very low wages 
and high interest rates, it will take a long time before a high degree of 
mechanization in agriculture will be profitable. Prices of inputs reflect 
resource endowment and supply considerations, but can also be in
fluenced by government policy. The importance of appropriate policies 
(particularly price policies) in the agricultural sectors of the develop
ing countries as an instrument conducive to agricultural development 
cannot be overemphasized. 
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It has been quite impossible for the Panel to cope with all of the 
problems and factors mentioned above. These factors, some of which 
are elaborated upon in the following sections, must be kept in mind 
when reviewing the Panel's findings and recommendations. 

13.3.2 The Panel'8 Finding8 
The Panel's findings cover many diverse topics. In assessing the 

major economic implications of the food problem from the supply side, 
however, they can be broken down into three parts: (1) the historical, 
current and future production (and disappearance) projections made 
in Chapter' 2; (2) the estimates of irrigation, manufactured and bio
logical input requirements to raise the level of output by various 
multiples of current production made in Chapters 6 and 7; and (3) 
the subpanel reports dealing with the provision of a suitable economic 
(and institutional) environment and infrastructure within which these 
inputs can be used effectively. 
13.3:2.1 Production, Disappearance and Net Trade. Table 13-6, show;. 
ing production, disappearance, and net trade in grains for the develop
ing world, is based on information found in Cl}apter 2. Grains are the 
major source of man's food energy supply and serve as an excellent 
indicator of food output and disappearance. Table 13-6 differs from 
that found in Chapter 2 only in that projections to 1980 have been 
extended to 1985. 

TABLE l3-6.-Total grains: production, disappearance, and net trade, jor developing 
jree world, 1959-61, 196J,.-65; projections to 1985 under alternative growth 
assumptions 

Compounded annually Million metric tons 

Growth in Growth in 
Implied 

Increase in growth 
grain population per capita GNP 1 Grain Grain Net 

production consump.. production disappear- import 
tion anca 

---
1959 to 196L _______ ..... _ ......... _---- -_ .... _------- -- ..... -............ _- ._-... -_ ..... _ ..... 199 212 17 
1964 to 1965. ________ ............ -------. ---_ ...... _---- ---- ..... -... -- ... _ .. ------- ... -... 2i9 244 24 1970

2 
_______________ 

2.7 2.5 0.5 3.7 259 287 28 AI9SS ______________ 2.7 2.5 0 ------------ 386 416 30 Bl985 ______________ 2.7 2.5 0.5 3.7 386 447 61 Cl985 ______________ 3.0 2.5 0.7 4.2 403 460 57 DI985 ______________ 2.7 2.5 1.0 5.0 386 481 95 EI985 ______________ 4.0 2.5 1.0 5.0 466 481 15 

1 The per capita income elasticity for food implied in the Panel's projection alternatives D and E (e== .4) 
is somewhat lower than that usually fonnd in developing nations. This same elasticity was used to derive 
the corresponding GNP growth rates for the other alternatives. It should be noted that the implied GNP 
growth rates will be lower than the figures in Column 4 to the extent that the elasticity (e) is higher than 4. 

2 Projections to 1970 were based on 1960-70 growth rates. Snbsequent projections to 1985 use 1970 as the 
base period. This is consi3tent with the methodology or the Bubplnel. 

Source: Adapted from Chapter 2. 
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The Subpanel discussed several alternative assumptions regarding 
rates of production and disappearance of grains. In their judgment, 
. increases in output of 2.7 percent and 3 percent coupled with disappear
ance rates of 3 percent and 3.2 percent lead to values for net imports 
that are within the expected capability of world grain markets. Ac
cording to the Subpanel, however, these disappearance rates are too 
low to permit discernible progress toward better nutritional standards 
consistenh with the targets established in Chapter 1. A minimum level 
of increase, in per capita consumption, given a population growth of 
2.5 percent, is judged to be 1 percent or an overall disappearance rate 
of 3.5 percent. When this demand estimate is introduced into calcula
tions assuming a trend in food grain production of 2.7 or 3 percent, 
levels of net imports are generated which the Subpanel finds excessive. 

In summarizing the various combinations of production and dis
appearance rates, the subpanel suggests that a rate of growth in agri
cultural production on ,the order of 4 percent is possible. Such an 
increase would permit both the attainment of higher nutritional stand
ards and reduction in the need to rely on food imports. For example, 
a 4 percent rate of increase· in production coupled with a 3.5 percent 
rate of disappearance results in net imports in 1985 of 15 million tons, 
some 40 percent below current levels. 

Examination of the Panel's findings suggests : 
1. According to Chapter 1 a figure of 2.7 percent, which was used in 

Section 13.2.0 is likely to be more realistic than 2.5 percent for rate of 
population growth~ 

2. As the analysis of Section 13.2.0 indicated, it will probably require 
a rate of increase in per capita consumption of 1.3 percent to meet 
desired physiological nutritional needs instead of the 1 percent as-
sumed in Chapter 2. , 

Although the increase in food demand suggested in Chapter 1 (see 
Section 13.2.0) appea.rs to be small, the summed increases result ~ a 
disappearance rate of 4 percent (the sum of 1 and 2 above) annually 
as opposed ,to 3.5 percent. When the former figure is coupled with an 
assumed 4 percent increase in output, the result is a net import require
ment of 49 million tons in 1985. According to the subpanel, this is prob
ably within the capacity of world markets to supply, but it means more 
than doubling current imports to the developing countries. 

It is clear that an annual increase of 4 percent in agricultural output 
will be almost a necessity if a 4 percent growth in food disappearance is 
to be realized. The above point can be dramatically illustrate4by 
looking at Alternative D which assumes a rate of growth of grains 
output of 2.7 percent. In that case net imports will rise to nearly 3th 
times cun"ent levels. The subpanel suggests that imports of this order 
of magnitUde would exceed the production capacity of developed coun- . 
tries even if all presently idle crop land were to come back into use. 
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The foregoing analysis suggests a crude but fairly obvious rule of 
thumb for establishing necessary rates of increases in food production, 
i.e.,prodWJtion must increase at a rate approidmately equal to food 
disappearance. In the long run, a divergence of even one or two tenths 
of a percent leads to an absolute gap between availability and con
sumption that is probably unmanageable. 

In the following section, the Alternatives given in lines A and C of 
Table 13-1 have been selected for further analysis. Line A represents 
a level of demand that would ensure an adequate diet; it requires, 
however, a rather optimistic growth of food output. Line C, on the 
other hand, contains a somewhat more "likely" increase in output, but 
a demand projection that appears to be rather low in terms of meeting 
nutritional needs. Both A and C, however, result in levels of grain 
imports which appear feasible and generally consistent with the ranges 
of growth rates of food demand derived in Section 13.2.16 

TABLE 13-7.-AUernative projection8 on production, disappearance, and net import8 
of total grains in non-Oommunist developing 'World 1 

964 to 1965. ________ 1 
1 
1 
1 

98SA. ___ • _________ 
985B_. ___________ • 
985C ______________ 

Annual percentage growth rate 

Food, Total 
Food, People, r,er cap- produc-

produc- f~f~ ta con- tlon 
tlon sumptlon implled 

growth growth increase gt'owth, 
GNP 2 

-_ ........ ----... -.... --_ .. _ ... -............ ...... _------_ ...... --_ ... _-------
4.0 2.7 1.3 5.3 
3.5 2.7 1.3 5.3 
3.5 2.5 1.0 4.5 

1 This table used 1964-65 data as the base Cor growth proJections. 
: Assumed income elasticfty=0.5 Cor Cood. 

Food (mUlion metric tons) 
.. 

Produc- Disap- Net 
tlon pearance imports 

219 244 23 
480 534 54 
436 534 98 
436 485 49 

13.3.'2.'2 Input Requirements /01' 3.5 a'JUl 4.0-Percent Growth Rates 
for Agricultural Output. In Chapter 6, the Subpitnel on Manufactured 
and Biological Inputs has presented its findings in the form of capital 
inputs required to attain various additions to current agricultural 
yields and not just food yields. In the following exercise, the Sub
panel's figures for different levels of increase in agricultural yields 
have been used to obtain the rate of investment require~ for an annual 
increase in output of 3.5 percent and 4 percent, respectively (see Table 
13-8). These calculations assume that the increased production is to 
come primarily from increased yields per acre rather than by farming 
a larger area. . 

The estimates are admittedly rough in the light of the criteria dis
cussed in Section 13.3.1 above. Hence, it is difficult to determine exactly 
aggregate levels of fixed capital requirements for various time periods. 

16 Alternative C calling for a 3.5 percent rate of growth in tood demand and 4.5 percent 
in GNP is sUghtly lower than the derived range in Section 13.2. 
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TABLE 13-8.-Production capacity (capital stock) required to produce input3 for a 
8.6- and" 4-percent growth in" food 

[Billion dollars] 

Agricul
tural 

growth Total Increase In agricultural yield (percent) 
rate 

(percent) 

o 10 25 50 100 120 
3.6 

1965 1968 1972 1977 1985 
-------------1----1---------------
Additional capital stock: 

Fertllizer __ • _________________ • __ ._ •• __ •• _____ • _______ ._.__ 0.97 3.68 10.13 28.66 _______ _ 
Seed. ____________________________________________ -_______ ---____ _ .06 .10 .40 _______ _ 
Mechanlz:~tlon ___________________________________________ : -- _____ _ .27 .40 .67 _______ _ 
Plant protectlon ______________ . _____________ ._____ ________ .10 .30 .77 1.91 •• _____ _ 

TotaL._. __ •• __ • ____ •••••• .: •••••••••••••• __ •• ___ •. __ •. .1 1. m I 4.20 11.40 31.M •••• _ •• _ 
---___ 1 __ 1 ______ --

1967 1971 1976 1982 198! 

Additional capital stock: 
Fe:tUlzer_______________________________ __________ ________ 0.97 
Seed ____________________________________________________________ _ 
Mechanlzatlon __________________________________________________ _ 

Plant protectlon_______________________ __________ ________ .11) 

3.68 10.13 28.66 
.05 .10 .40 
.27 .40 .67 
.30 .77 1.91 

34.30 
.48 
.80 

2.29 

TotaL___ ____________________________ __________ ________ 1. m 4.20 11.40 31. M 37.87 

Source: Chapter 6 (capital required for 120-percent Increase extrapolated). 

Even the crude series of capacity requirements permit the derivation 
of the annual level of investment envisaged by the subpanel over the 
period 1965-1985. According to Figure 13-1, the (additional) annual 
rate of investment required for a 3.5 percent increase in agricultural 
output is approximately 300' million in the ea.r1y years, increasing to 
over 3 billion per year by 1985. A target of 4 percent would require 
nearly $4 billion of investment per year by 1985. 

Such rates of investment may at first seem extraordinarily high, yet 
they are quite consistent with rates of capital formation experienced in 
certain sectors of developing countries where little or no capital base 
has previously e~isted. For example, India increased its production 
ca.pacity in fertilizer by 264 percent during the period 1960--65; a 
further increase of 300 percent is anticipated by 1970. 

Significantly, in the absence 01 detailed information on the compo
sition of total investment in developing countries it is not possible to 
determim~ whether the estimated level of investment in fixed capital 
goods is feasible from an overall resource point of view. This is even 
truer when it is remembered tha.t only the direct capital requirements 
were estimated,11 About all that can be said is that the ratios of (1) 

11 In this connection, see the discussion of the direct and indirect input requirements in 
Sections 13.0.1 above and In Section 13.4 below. 



Figure 13-1 
APPROXIMATE LEVEL OF INVESTMENT IN FIXED PRODUCTION CAPACITY REQUIRED FOR A 
3.5 AND 4.0 PERCENT INCREASE IN AGRICULTURAL OUTPUT (BASED ON TABLE 13-3) 

BILLIONS OF 
DOLLARS 
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2.0 r-------~--------r-------~--------~~~--~~------+_------~--------~ 

1.0 r-------~--------~~~~~--------~------~--------+_------~--------~ 
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TIME 
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total investment to GNP and (2) investments in input such as fertilizer 
and seeds, related to total investment (needed to double yields) are not 
altered unreasonahly over the period. For example, assuming a 5 per
cent growth rate in GNP and an investment to GNP ratio of 15 percent 
in 1965 and 20 percent in 1985, the direct share of agriculturally-related 
industrial investment to total investment in 1965 is 0.7 percent, and 
in 1985, 2.2 percent (see Tahle 13-9) . 

Again, it should be reitera.ted that few inferences can be drawn from 
such global exercises. At a minimum, the analyses of investment feasi
bility require multisectorial, country-by-count.ry studies. Perhaps the 
best that one can say of the levels of investment envisaged in this re
port is that a priori they do not appear to be impossible of achievement. 

TABLE 13-9.-Ratios of GNP, total investment, and investment in fertilizers, seeds, 
" mechanization, and pesticides for developing. countries 

[hUllon dollars] 

1965 1985 

1. GNP _________________________________________________________________ " __ _ . 284 
2. Total Investment: 

15 percent of GNP __________ ________________ ______________ ______ ______ 43 
20 percent of GNP- ____ c _________________________________________ ~--- ______________ _ 

3. Investment In fertilizers, seeds, pesticides, mechanization __________ ~______ .3 

Percent of share of (3) in (2) ________________________________________________ _ .7 

tAssumlng a growth of 5 percent. 

'753 

151 
3.4 

2.2 

13.3.~.3 Land and Water Requirement8. A second type of capital in
tensive input required in many parts of the developing world for a 
significant increase in agricultural output is irrigation water and flood 
control. The analysis presented in Chapter. 7 indicates that, indeed, 
a large potential exists in a number of developing countries for in
creased utilization of current water supplies. For" example, the sub
panel estimates that in the In~ian Subcontinent and Southeast and 
Southwest Asia alone, present surface water usage can be doubled. 
Coupled with substantial groundwater development, they suggest that 
the ultimate irrigation poten,tial in terms of cropped acres is more than 
double the current irrigated acreage. Most of this increase would 
come from double. Or triple cropping. Furthermore, additional water 
could profitably be used to increase yields on lands now inadequately 
irrigated. 

While giving some indication of water development potential, the 
Panel made no projections regarding the rate of investment required 
to sustain various levels of increased agricultural output over the 
period 1965-1985. Although some statistics on the costs of different 
types of irrigation projects are presented, it was not possible to develop 
an investment schedule that would permit an examination of the 
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feasibility or productivity of proposed investments in irrigation facili
ties. It is safe to say, however, that the full irrigation potential of the 
developing coun,tries will not be realized by 1985. Even if authoriza
tion to begin all potentially feasible projects were to be "given immedi
ately, the physical and technical requirements of such an undertaking 
would be unmanageable. ¥oreover, given the gestation period of large
scale irrigation works, only a portion of the projects actually under
taken could be expected to reach fruition by 1985. Hence, the rele
vance of the figure of $80 billion for Asian water development found 
in the sub panel's report consistent with doubling food production by 
1985 is meant to suggest a broad order of magnitude. 

Although the Subpanel did' not develop material by which an invest
ment program could be formulated or judged, a number of useful 
points were made which bear reiteration and comment. 

The Panel has stressed at great length the effect of complementarity 
between inputs. Important physical and institutional interactions be
tween water and' other inputs exist. Water projects without fertilizer 
may not pay for themselves; fertilizer without new seed varieties is 
only marginally profitable; establishing appropriate incentives to 
farmers is difficult without an adequate system of markets. What is 
not true, of course, is that the ease or cost of establishing appropriate 
complementary relationships between factors is the same for all types 
of inputs. For example, in an open economy if production lags behind 
schedule, it is always possible to import fertilizer, plant protection ma
terials, machinery, and other required inputs. On the other hand, it 
is clearly impossible to import increased amounts of irrigation water. 
In general, irrigation projects can only be constructed at the point at 
which the water is to be used. Th~s suggests that, because of the intrinsic 
difficulty of carrying out successfully irrigation projects compared to 
the acquisition of other agricultural inputs, planning and developing 
the country's water resources must have a high priority in any agri
cultural development strategy. 

Secondly, the world's experience with large-scale irrigation proj
ects is somewhat ambiguous. As the subpanel notes, investments of this 
type require an unusual amount of planning and followthrough in 
order to be successful. By contrast, ground water development and low
lift surface pumps have had a substantially better record in terms of 
contributing to rapid increases in output by farmers. The subpanel 
recommended, therefore, that highest priority in the country's water 
resource development program should be given to the above kinds 
of projects. 

The rapidity with which additional groundwater supplies can be 
developed is indicated by the experience in West Pakistan where, from 
a base of approximately 5000 cubic feet per second, the yearly rate 
of increase in pumping capacity (public and private) averaged 45 



662 THE WORLD FOOD PROBLEM-VOL. II 

percent during the period 1960 to 1965. This rate of increase was a 
highly significant factor in producing a 4.9 percent growth rate in 
major crops over the 1960/65 period. Current plans call for even 
higher investment levels during the Third Plan period (1965-1970). 
For West Pakistan, nearly 13 percent of the total Third Plan alloca-
tion ($0.7 billion) has been earmarked for irrigation and flood control. 

But such opportunities do not exist in all areas, and generalizations 
based on the Pakistan experience to areas outside the northern part 
of the Subcontinent are unwarranted. In fact, such case studies seem 
only to underscore the necessity for a much more dis aggregated ap
proach to a meaningful discussion of the production side of the food 
problem. 

13.4.0 A Framework for Further Study 

~fuch of the previous discussion in this report (and of the other 
subpanels') has been global in nature. It has relied upon relatively 
simple analytical techniques, and on numbers which can, at best, be 
described as first approximations. At the level of aggregation that was 
used, the strongest statement that could be made was that a 4 percent 
growth in food supply could not be judged as impossible in terms of 
total investment requirements. The corresponding rate of growth of 
GNP requiredto achieve the above target was found to be of the order 
of 5-5.5 percent which, again, appears within the realm of the possible. 
Nevertheless, the global approach abstracts from a host of micro con
siderations which could Seriously endanger the actual feasibility of 
the type of investment program discussed above in a specific develop
ing country. 

It is clear that no definite answers on feasibility can be given with
out much greater attention to specific regions. Ideally, a detailed 
analysis should be carried out for each of the developing countries; 
in practice, however, analyses of 5· or 6 key countries-primarily the 
large Asian nations--could help to remove much of the uncertainty 
inherent in global estimates. We strongly recommend that this be done 
as a second phase of the general study. 

A few additional comments will highlight why such country studies 
are so crucial. The global approach used above, in which national data 
on such items as gross national product, investment, and food require
ments are all summed together for all countries, is like the familiar 
problem of trying to add apples and oranges. To be more explicit, In
dia is the largest of the developing countries under review, and' alone 
contributes about one-third of the total current world food deficit (ex
cluding mainland China) .18 At the same time, India's per capita in
corne and gross investment rates are among the lowest, and her balance 
of payments among the most constrained in the entire world. Thus 

18 U.S.D.A., The World Food Budget, 1970. 
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what may appear reasonable for the developing world as a whole 
may in reality be very unreasonable for one of the key countries. 

In addition to the questionable procedure of aggregating over unlike 
countries, a second limitation (already discussed in Section 13.3.1) in 
the approach followed in this and other subpanel reports is that only 
the direct resource requirements of increasing agricultural output 
were considered. In addition, no division was made between the domes
tic and foreign exchange components of the investment bill. 

Both of these factors may be extremely important, as can be illus~ 
trated with the case of fertilizer. The cost figures given in the previous 
discussion are based only on the necessary direot stocks and flows be
tween the chemical and agricultural sectors. If fertilizer plants are to 
be constructed and utilized, however, there must be adequate invest
ments (or imports) in such sectors as electric power, ,marketing, the 
transportation network, and the petroleum sector. It has already 
been pointed out that to analyze fully all of these requirements will 
necessitate some form of intersectorial analysis on an individual coun
try basis.19 

Two examples will illustrate the points just made. In Table 13-10 
and 13-11 are shown selected data from the United States economy. 
Table 13-10 indicates the direot sectorial requirements (in terms of 
dollar of inputs per dollar of output) to increase the final consump
t! "n of various products by $1. Thus the $0.15 figure for crops would 
include items such as seeds, and the $.11, the necessary direot expan
sion of the food processing industry required to permit crop consump-

".on to grow by $1. In Table 1a=-:11, the indireat requirements have been 
'. d.ded as well-often resUlting in a doubling of input magnitudes. In 
the case of manufacturing inputs to crops the coefficient goes from 
0.002 to 0.018. Thus, while agriculture's direct requirements for ma
chinery may be low, a growth in agricultural output has second-order 
and higher-ord.er repercussions, i.e., there must be an increase in steel 
production to make the lathes, to m.ake the tractors, to produce the 
output. 

Without going into the full intricacies of input-output analysis, one 
conclusion is clear. By only concentrating on the direct output and 
capital cost requirements, the subpanels may have significantly under
estimated the total investment requirements of a 4-percent growth in 
agriculture. Whether the economies of the developing world can sus
tain both the direct and indirect investments needed for a rapid expan
sion in food supplies cannot be answered with the information thus far 
developed. 

A related issue concerns the foreign exchange requirements connected 
with the 4 percent agricultural growth. A number of countries find 
themselves more constrained by the availability of foreign exchange 

J. See for Instanee H. Ghenery and P. Clark, In:terindullt1ll 1!lconomiclt .. W1Iey. 1959. 
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TABLE 13-10.-Matrix of input-output coefficients, United States, 191,.7 
[7 Interacting sectors] 

I 

Live- Food Fibre Other Ene~y Trade 
stock Crops process- manufac· and an and 

products Ing turing manuCac- transpor- services 
turing tation 

I 2 3 4 5 6 7 
---------------

I. Livestock products._ .•..•... 0.0692 ------_ .. _- 0.1915 
2. Crops ...•...••.•••••••...... .3967 0.1539 .1134. 
3. Food processing ...•. __ ...•.• .1210 .0053 .2066 
4. Fibre processing ••••••.....•• .0001 .0041 .0042 
5. Other manufacturing ..•••••• .0121 .0587 • ().;''i6 
6. Energy and transportation .. .0330 .0147 .0307 
7. Trade and services __ ••••••.. .0468 .0392 .0562 

I Less than 0.000005. 

0.0236 (I) 

.0659 0.0025 

.0223 .0163 

.3196 .0114 

.0696 .4373 

.0169 .0373 

.0441 .0550 

0.0001 
.0004. 
.0055 
.0013 
.1342 
.0873 
.0534 

0. 0006 
0003 

.0043 

.0016 

.0761 

.0371 

.1310 

Source: Karl Fox, "The Food and Agricultural Sectors of Advanced Economies" in T. Barna, Structural 
Interdependence and Economic Development, MacmllIan, 1963, pp. 60-61. 

TABLE l3-11.-Inverse matria:, United State8, 1.91,7 
[7 interacting sectors] 

Live· Food Fibre Other Energy 
stock Crops process· manufac· and and 

products lug turing manufac- transpor· 
turing tation 

1 2 3 4 5 6 

------------'---
I. Livestock products •......••• 1.1100 0.0028 0.2699 0.0489 0.0094 0.0034. 
2. Crops •••••••..•....•••.••.•. .5100 1.1859 .2952 • i44.4. .0176 .0055 
3. Food processing ...••••••••.. .1765 .0120 1.3093 .0554 .04.11 .0148 
4. Fibre processing ••••••••••.•• .0067 .0098 .0138 1.4751 .0314 .0071 
5. Other manufacturing •••••••. .1250 .14.18 .2026 • 22M 1.8237 .2800 
6. Energy and transportation .. .0638 .0282 .0723 .0469 .0822 1.1115 
7. Trade and services ...••••.•• .1064. .0656 .1305 .1050 .1260 .0877 

Trade 
and 

services 

7 

---
0.0032 
.0043 
.0110 
.0058 
.1731 
.0551 

1.1664. 

I The number greater than Ion the diagonal should be interpreted as follows: To consume for example. 
1 unit of crops, requires than unIt plu8 the intra·sectoral requirement. 

Source: Same as fI'able 13-W. 

than by domestic savings.20 This factor may be particularly important 
in the case of fertilizer. Given a lead time of 3-5 years in fertilizer 
plant construction, imports may be . the only solution-at least in the 
short run. An optimal rate of fertilizer importa,tion in terms of the 
overall economy depends on an examination of the country's export 
capability, of a,vailability of foreign aid, and the net inflow of 
private investment. Even if countries decide to 'produce fertilizer 
domesticaliy, there also may be foreign exchange difficulties, since the 
industry tends to be very capital intensive requiring a high direct 
and indirect foreign exchangecomponent.21 

:3 See H. Chenery and A. Strout, "Foreign Assistance and Economic Development", 
American Economic Review, September 1966. 

:1 In Pakistan, a fertiIlzer Industry currently based on natural gas stm requires the 
importation of Inputs equal to about 5 percent of the total value of output. See R. Sol1go 
and J. Stern, "Export Bonus, Export Promotion and Investment Criteda," Pakistan De· 
velopment Review" Spring 1966. 
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Finally, there are a number of problems concerned with projects, 
phasing, and policy, which are crucial to an assessment of a country's 
ability to increase its agricultural output. With regard to projects and 
their phasing, the irrigation input offers a good example. If one ac
cepts the $80 billion figure estimated by the subpanel, for the full 
development of the irrigation potential, difficult questions still remain. 
What projects are required to sustain a 4 percent rate of growth be
tween now and 1985 ~ Can these projects be implemented with sufficient 
rapidity given planning and construction lead times? Since the $80 
billion so dwarfs all other cost estimates, these are not questions to be 
dismissed lightly. 

At the policy level there are also many unanswered questions, as 
was pointed out in Section 13.3.1. Given the rapid rates of farmer 
adoption implied by the fertilizer requirements, are subsidies either 
necessary or desirable? What internal price structure is required to 
assure that fertilizer can be used profitably on food crops ~ Should an 
individual country try to be self-sufficient, or should it trade for its 
food? What is the appropriate mix of inputs and outputs for a given 
country? 

In short, only a much more detailed analysis of the larger of the 
developing countries can provide an adequate basis for a final judg

~. ment of feasibility on both the technical and cost aspects of the food 
problem. 

13.5.0 The International Dimension of the World Food Problem 

It has been shown that the developing world may well have to grow 
at a rate of between 5 and 5.5 percent over the next twenty years to 
permit the nutritional targets to'be reached. The above range would, 
at least, be consistent with the necessary growth of GNP on the demand 
side. It was not possible to derive the aggregate growth rate on the 
production (capacity) side consistent with the required increase in the 
domestic output of foodstuffs in the developing countrie8. The above 
range repr:~sents a jump over the 4.5 percent rate which prevailed in 
the last decade. 

Furthermore, it has been shown that even if the developing world is 
capable of achieving a rate of growth of food production equivalent to 
the desired rate of growth of food demn,nd (i.e., 4 percent) , net imports 
of food grains of 54 million metric tons would still be required (see 
Table 13-7). This last amount is almost 2.5 times the 1964-65 level of 
net imports (23 million tons). 

A reliable source has projected the exports (excluding petroleum) 
of the developing countries to grow, in the next ten years, at an annual 
rate of 3 percent. These projections reveal dramatically the balance of 
payments pressures to which the developing world is likely to be 
subjected. 
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It is, therefore, essential to examine some of the elements which are 
affecting the capacity to import of these countries. 

Much of the discussion on the world food problem has 'been centered 
on what developing countries could do to improve their situation. This 
has generally been approached from the point of view of increasing 
each country's food production for domestic consumption, and thus 
either (a) -raising the nutritive level of its own people, or (b) expand
ing its food production for domestic consumption enoug:h to keep pace 
with its expanding population, to prevent further d(~terioration in 
its already low levels of nutrition, or to improve dietary adequacy and 
quality. 

It has been recognized from time to time that as long as agriculture 
in developing countries is the main occupation of most of the popula
tion, it is also the major source from which developing countries can 
earn the foreign exchange to speed up their economic development, 
raise their output and standards of living, and eventually become ex
porterS of products other than those derived from the farm. Many na
tional development plans stress expansion of exports of farm products 
to help pay for increased imports of needed industrial goods. 

For many countries simultaneously to try to increase agricultural 
exports tends to over-supply the international demand, and to reduce 
the prices of farm products relative to industrial products. As a con
sequence, the "terms of trade" for agricultural countriBs have shown 
a downward trend ever since the early 1950's. 

In world trade, the price index of industrial exports increased from 
100 in 1948, and again in 1952, to a level of nearly 110 by 1964. Prices 
of agricultural exports declined from an initial average of 105. in 
1948, (with a temporary rise to 120 during the Korean War) to a: low 
of under 85 in 1962, and a rebound to about 90 in 1964. World prices 
of indWltrial products, compared to those of farm products, were more 
than 22 percent higher in 1964 than they had been a decade earlier. The 
short crops of 1966 and early 1967 temporarily turned up farm prices 
of export grains, but with normal rainfall and growing conditions the 
relatively low prices of farm products in international trade will no 
doubt reappear with the 1967 harvests. 

When the prices of agricultural exports are examined regionally, 
however, considerable disparity in movement is seen between regions. 
(Figure 13-2) 

With the average prices in each region for 1957-59 taken as 100, 
a general downward trend after 1948-52 is clear, with a tendency 
to flatten out from 1960 onwards in most developing regions. There 
were some differences between regions, however. 

A continuous and almost unbroken decline occurred in average Af
rican export prices, flattening out after 1962 at an average level for 
1963-65 of about 82 percent of the 1948/52 average. The Near East 
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Figure 13-2 
AVERAGE PRICES OF AGRICULTURAL EXPORTS BY REGIONS 
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showed a similar decline, though with a very slight improvement :from 
1962 to 1965, and a 1963-65 average only about 75 percent o:f that in 
1948/52. The Far East, with rice more important in its agricultural 
exports, showed a more stable export price level with a decline o:f only 
12 percent over the same period. 

Latin America had a quite different movement, with export prices 
in the mid-1950's about the same as in the 1948/52 period, but dropping 
sharply from 110 in 1958 to 88 by 1961, and then recovering in the 
early 1960's to' nearly the 1955/57 level. (This difference in returns 
may reflect the greater importance of animals and meat in Latin 
American exports than in other developing regions.) 

263-888 0-67-44 
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The two highly developed regions of Western Europe and North' 
America showed substantial declines in agricultural export prices from 
the 1948/52 average to 1960, declining from 117 to 97 for Western 
Europe, and from 120 to 95 for North America. Both showed increases 
thereafter to 1965 back to 102 for North America, while i.n Western 
Europe the increase was to 110-possibly reflecting the effect of the 
European Common Market on European export prices of farm 
products. 

Summing up: Prices of agricultural exports as a whole declined 
from the 1948/52 average in all regions. In 1965 they were lower 
than in 1~48/52, except in Europe and Latin America, and also were 
lower in 1965 than in 1955 in every region except Europe. Part of this 
decline in export values, however, was due to generally declining prices 
for raw materials after the Korean War period and to sharply declin
ing prices for· beverages and tobacco in all the developing regions, 
though with some strengthening in the 1960's. In Weste-rn Europe and 
North America, however, prices of beverages and tobacco trended 

. sharply upward after 1956, and by 1965 were far above any other farm 
product group-at 132 percent of the 1957/59 average in Western 
Europe~ and at 112 percent of 1957/59 in North America. 

In exporting regions such as Latin America, the Near East, and 
Africa, the beverages and tobacco group had dropped to three-fourths 
of the 1948/52 prices in the early 1960's, and in 1965 had recovered 
only to 91 percent in Latin America and the Far East, 90 percent in 
the Near East, and were still at 76 percent in Africa. 

During the period 1956 to 1965, costs of marketing and distribution 
in the United States went up more sharply than did prices at the 
farm or in international trade; and in a number of European countries, 
retail costs of food went up even faster, as shown by the cost-of-living 
reports of the International Labor Organization. Although farm 
prices generally declined from 1965, retail prices of food in several 
major countries increased as fonows from 1958 to 1965 : 22 . 

Percent 
Untied States____________________________________________ 16 
Untied Kingdom ____________________________________ ...... __ 15 
Germany __ ...... _____ .... ____________ ~______________________ 25 
France ________________ .. ____________________ .. ___________ 43 

Coffee, an important income-earner for a number of developing 
countries, is an especially notable case, with marketing costs in de
veloped countries rising so fast as to more than offset the increase 
in production and price declines in exporting countries. (Sources of 
data: Statistical Abstract of the United States 1963; 1965; and FAO 
State of Food and Agriculture, 1966.) Thus, while United States 

::2 Year Book 01 Labour Statistics, 1965, International Labor Office,· Geneva, I). 613. 
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imports of coffee increased considerably from 1950 onward; prices 
dropped so steadily that net United States payments for coffee im
ports had a marked downward trend after 1957, as shown below: 

United States Total value 

Year 
coffee imports Average price per year 

per year (cents per (million 
(million pound) dollars) 
pounds) 

1950 ____________________________________________________ _ 2,442 «.6 1,092 
19S5 ____________________________________________________ _ 2,602 52.6 1,370 
19S7 ____________________________________________________ _ 2,773 49.8 1,376 
19S8 ____________________________________________________ _ 

2,684 43.9 1,171 
19S9 ____________________________________________________ _ 3,094 35.7 1,097 
1960 ____________________________________________________ _ 2,943 34.4 1,003 
1961 ____________________________________________________ _ 2,984 32.4 964 
1962 ____________________________________________________ _ 

3,266 30.5 900 

The sale of over 3.2 million pounds of coffee to the United States 
in 1962 brought coffee exporters only 72 percent as much inoome as ' 
the sale of about 2.8 million pounds in 1957, or of 2.6 million pounds 
in 1955. . 

During the post.-war period, there has been a m'Rrked tendency·to 
reduce the propol'ltion which the farmer receiv~s of retail prices. Par
ticularly noticeable are products which move through international 
trade, -but such declines are also evident in the farm-retail gap in the 
domestic marketing of United 8t'3Jt.es farm products. With shor,t food 
supplies fn late 1966, United States farm prices strengthened to 107 
percent of the average price a decade earlier (1957/59=100). But 
wholesale prices of food rose to 110 percent, -and retail prices of food 
to 115 percent of what they had been in the same base period-an 
advance in prices twice as much at retail as rut the farm.23 

The short crops of 1965/66, due to unfavo~able weather both in 
Asia and the United States, sharply reduced stocks of wheat and rice 
and led to a general worldwide advance in farm prices, especially 
marked for wheat and rice. 

The temporary gains in prices due to the short crops .of 1965/66 
do not appear sufficient to indicate any break in the general unfavor
able trend for the exports of the developing countries summarized 
above. 

The importance of changes in the terms-of-trade of :the develop
ing countries can be illustrated by pointing out th3Jt a 10 percent de
cline in their terms-of-trade would be ·approximately . of the same 
order of magnitude as total United· St.ates f,oreign eoonomic aid in 
one year. In other words, such a worsening of their terms-of-trade 
can negat.e entirely the positive effects of United States assistance 
from the standpoint of their balance of payments. 

23 Mnrketlng and Transportation Situation, U.S. Department of Agriculture, February 
1967. 
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It is of the utmost imp01'tO!fUJe from the developing cowntries' point 
of view to in01'eOlJe emp01'ts 01 irulustriaZ prod'U(]t8 as well as agricul
tural products, lor only 80 coo they earn the loreign ewchange with 
which to pay lor the ewtra food they need, or to help establish 01' ew
pand non-farm industries. Such industries could help them earn 
increasing foreign exchange :for their economic development 'as a 
whole, or for speeding up agricultural development by importing more 
pesticides, fertilizers, machinery, or the equipment with which to 
manufacture inputs needed on the farm. 

If the developing countries are ever to become more highly devel
oped, it will be in large part by jncreasing their manufacturing and 
other non-farm industries and infrastructure, reducing the heavy ex
cess of manpower on their farms, finding markets abroad, and eventu
ally adopting labor-saving techniques both on farms and in factories 
so that both oUJtput and consumption per person can be increased as 
it has in the developed countries. In this process they will develop the 
internal production and buying power to buy and use .the varied tech
nical methods of increasing farm production recommended by many 
of the technical panels. But if that is to happen, developed countries 
. and their business, legisl8ltive -and industrial leaders will need to 
recognize that worldwide industrial development can take place only 
if the total volume of production and trade expand, and that in that 
expan~ing trade increased exports by developing countries of both 
:farm and non-farm products, which means increased imports by the 
developed countries, are an important and essential part of the devel': 
opment not only in world overall totals but in activi,ties by each count.ry 
concerned. 

Real awareness of this principle would lead to much more readiness 
of business concerns and officials in developed countries liJo help de
veloping countries speed up ,their industri'al activities9,s well as their 
agricultural ones. 

The meetings of the UNCTAD (the United Nations Conference 
on Trade and Development ) have provided developing countries a 
forum in which to express their frustration at the box in which they 
are caught as a result of their difficulties in finding export markets, 
and have stimulated some further transfers of funds to these countries 
to help offset their foreign exchange shortages. But these are only 
pnlHatives, not cures. The developed countries need to face this prob
lem squarely, admit the need of a general two-way expansion in trade 
to stimulate economic development, and educate their legislators and 
their businessmen to more positive support to increased output in de
veloping countries, industrial as wen as agricultural, and to increased 
mutual1y-beneficial trade on a global basis. Only so can the brave words 



E.CONOMJ)C IMPLICATIONS 671 

for increased food production in developing countries become a real
ity-when increased food production is part of a worldwide expanding 
economy, industrial as well as agricultural. 

13.6.0 Conclusions. 

The main conclusions which can be derived from this analysis stand 
out clearly. 

Food consumption in the developing world will have to grow at 
approximately 4 percent annually over the next twenty years to meet 
the critical minimum nutritional targets. Since the developing world 
is already a large net importer of grains, balance-of-payments con
siderations make it imperative that the rate of growth of food pro
duction in these countries be of the same order of magnitude as that 
of food demand. Even under these conditions, i.e., with both food de
mand and p:roduction in the developing countries growing at 4 percent 
annually, it is estimated that net imports would amount to 54 million 
tons in 1985 as compared to 23 million tons in 1965. (See Alternative 
A in Table 13-7.) Whereas this level of net imports for 1985 appears 
feasible, it is clear that even a small difference between the rate of 
bYI'owth of food demand and that of production in the developing 
world could result in import requirements which could not be met even 
if optimistic assumptions are made with respect to the future course 
of (a) exports and net private capital receipts and (b) foreign 
assistance including food assistance. 

The rate of growth of income in the developing world consistent, 
on the demand side, with the desired growth in food consumption is 
calculated to be of the order of 5-5.5 percent. It is not possible to de
rive the growth rate of income, on the supply (production) side, 
which is consistent in an input-output sense with a growth rate of food 
output of 4 percent. Yet, it appears probable that a rate of at least 5.5 
percent might well be called for.24 ' 

The growth in both GNP and food production in these countries 
necessary to "solve" the world food problem is higher than the histori
cal experience in the recent past. A jump from the present 4.5 percent 
growth rate of income in the developing world to 5.5 percent will be a 
very difficult but not an impossible task. 

It is evident that the feasibility of such food and overall income 
targets can ultimately only be evaluated on the basis of a disaggre
gated, multisectorial framework for at least the major developing 
countries. 

The Panel has estimated the capital investment required to achieve 
the agricultural production targets over the next twenty years for 
manufactured physical and biological inputs as well as in a more quali-

24 It is, of course, clear that In an ex-post sense these two growth rateS-on the demand 
nnd supply sldes-bave to be equal. 
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tative, way for water, transportation and some still less tangible in
puts much as manpower, education and research. Since only the direct 
(and not the indirect) input and capital requirements were cal
culated, and these for only 80me of the inputs, it is not possible to 
make a final determination of the feasibility of reaching the desired 
growth objectives. The most that can be said, given the level of ag
gregation of this study and the information available, is that a dou
bling of food production in the developing world by 1985 does not seem 
to be impossible of achievement. 

In any case, gigantic efforts will be necessary in the developing 
countries not only on the investment front but also on the institutional 
front. to attain the desired food and income levels. The developed 
world, in turn, will have to assist in the next twenty years with the 
provision of a high level of econOlplc and food assistance and private 
capital and, perhaps even more important, with the creation of an 
environment more favorable to the growth of the developing countries' 
exports. 

The World Food Supply Problem is perhaps the greatest challenge 
of our time. A great deal of technical information has been gathered 
by the Panel. It is strongly recommended that the above work be fol
lowed up by a detailed economic evaluation of the world food situation. 
Such study could be conceived along the lines suggested in this chap
ter.25 It would have (a) to be country-oriented, at least for the major 
countries; (b) to use a disaggregated multisectorial approach in order 
to derive the direct and indirect input and investment requirements 
(to ascertain the feasibility of food production targets from the stand
point of the availability of domestic capital); and (c) to consider 
carefully and explicitly the balance-of-payments situation to estimate 
the import capacity. 

This type of economic study of the World Food situation-outlined 
above-should not duplicate existing efforts (such as the F AO "World 
Food Indicative Plan") but make use of them. It is impossible to over
emphasize the social importance of such a study. 

2$ Sections 13.4 and parts of Section .13.3 may be particularly relevant In this connection. 
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14.1.0 Summary 

This report and the data in the accompanying 20-year projection of 
India's foodgrain and fertilizer demand and supply (Appendix I) 
cover a wide range of foodgrain production -alternatives. The Govern
ment of India targets, caUing for 152 million tons in 1976, are com
pared with an Alternative "A," aiming 'for foodgrain self-sufficiency 
by 1971, ,an Alternative "B" premised on self-sufficiency by 1976, 'and an 
Alternative "C" hased merely 'On continuation of the historical growth 
rate of foodgrain production. During the critical per.iod 1964 .to 1976, 
these alternatives show the following compara-tive results: 

1971 Annual 1971 fertilizer Annual yield 
production growth, consumption inCrease, 

(mllllon tons) 1967 to 1971 (mllllon tons) 1964 to 1976 
(percent) (percent) 

Government targets ____________________ 120.0 8.2 4.10 5.0 
Alternative A __________________________ 113.5 6.8 4.25 .... --------------Alternative B __________________________ 105.0 5.0 3.27 4.0 
Alternative C __________________________ 94.5 2.4 2.00 1.9 

Alternative "B" calls for tripling 'of the historical rate of increase in 
yield per acre (1.32 percent per year 'for 1954-64), but with the s;dvent 
of intensive cultivation areas, high fertilizer dosages, and improved 
seed varieties, it is certainly within reach teohnologically provided all 
the necessary farm inputs are made available in -a ·balanced and timely 
sequence. Nevertheless, it calls for effort on a scale that has not been 
paralleled elsewhere in the world over so short a period. For this reason 
Alternative "A," even though technological'ly feasible, was not con
sidered realistic. The need for 5.8 million tons of foodgrain imports in 
1971, under Alternative "B," is partially offset by the 1.0 million tons 
per year lower ferti'lizer import requirement. 

All data in the summary table covering the agro-industry projection 
to 1986 are premised on reaching foodgrain self-sufficiency by 1976, and 
thereafter essentially maintaining self-sufficiency for another '10 years. 
In the capital cost estimates shown below, it is also assumed that 
fertilizer self-sufficiency in nitrogen and P 201) will be achieved before 
1986. Over the 22-year period 1964-86, a rough estima·te of all agro
industry capital costs (excluding infrastructure and "agri-business"), 
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comes to a total of $30.3 billions (an average of $1.38 billions per 
year), with the following breakdown: 

1964 to 1986 
u.s. bUlions 

Irrigation (new and improved) ________________________________________ 11.20 

Farm machinery and equipment_______________________________________ 6.48 
Roads andtrucktransport ____________________________________________ 5.30 

Fertilizer plants______________________________________________________ 4. 08 
Fertilizer marketing and farmer credit_________________________________ 2.90 
Seed processing, pesticides, etc.________________________________________ 0.37 

Total _________________________________________________________ 30.33 

The summary t'able indicates ·the tremendous market potential which 
India's agro-industry represents, but these levels are not likely to be 
achieved unless: 

(a) Sufficient foreign capital is attracted to cover the foreign ex
change component of the $30 'bIllions capital investment, 
roughly estimated to he $7.25 billions or $330 millions per 
year; 

(b) The f3irmer is provided with sufficient economic motivation to 
increase all-India fertilizer application from 3.8 Kg/Ha to 
69 Kg/Ha; 

«(;) 'rhe indicated farm inputs, 'and especially ever-improving 
seed varieties, become a vailahle to permit more than doubling , 
of foodgrain yields, from 683 Kg/Ha to 1435 Kg/Ha. 

With a population growth rate of almost 2.8 percent per year dur
ing the 1975-85 period, India's population of 854 million in 1986 will 
be 81 percent higher, than in 1964; together ·with a 19 percent increase 
in per capita 'foodgrain demand (based on nutrition requirements), 
this results in a 115 percent increase in human foodgrain demand. 
For complete self-sufficiency, this requires a 136 percent increase in 
foodgrain production, to a level of 187 million tons by 1986; the pro
jection falls slightly short of this goal. 

As the summary twble indicates, the annual population increase in 
India is expected, to double, from 11.8 million in 1964 to 23.6 million 
in 1986, unless the assumed 11 percent decline in 'birth rate is con
siderably bettered. 
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SUMMARY TABLE 

India agro-industry projection to 1986 

Agricultural year. ending in 
June of year-

1964 1976 1986 

Population _______________________________ ~ ___ millions__ 472 648 854 
Annual increase ______________________________ do____ 11.8 18.0 23.6 
Annuallncrease __________________________ percent__ 2.50 2.78 2.77 

230 

= 
349 

355 409 

Gross natioual income 1 ________________ billion rupees__ 139 
Per capita income l __________ -' ____ rupees per year__ 295 

Humanfoodgmindemand __ kilogramsper capftaperyear__ 143.6 161.1 170.3 
Ounces per person per day_________________________ 13.9 15.6 16.5-
Million metric tons per year________________________ 67.8 104.3 145.4 

Local foodgrain supply_. _________________ mill1on tons__ 60.1 104.1 143.3 
Foodgrain imports and stocks ____________________ do____ 7.7 .2 2.1 
Land utilization: 

Gross area sown __________________ million hectares__ 156.1 166.0 172.0 
Allocated to foodgra1ns ____________ ~ __________ do____ 116.3 123.5 123.5 
Intensive food grain cultivation ______________ do _______________ _ 22.0 42.0 

Harvested foodgrain productlon. _________ million tons__ 79.4 135.5 184.4 
Foodgrain yield. ___ Moo_Moo_kilograms per hectare__ 683 1,097 1,435 

Fertilizer application: 
Intensive eultlvstlon __ kilograms NPK perhcetare _____________ _ 90 12.5 
General cultlvation __________________________ do____ 3.8 35 42 
Foodgrain average ______________ ~ ____________ do____ 3.8 45 69 

Fertlllzer demand ________________________ million tons__ 0.60 6.81 11.06 
Nitrogen nutrienL __________________________ do____ 0.43 3.88 6.30 
PsO, nntrienL ______________________________ do____ 0.12 1.96 3.17 
K:O nutrienL ______________________________ do____ 0.05 0.97 1.57 

Pesticideappllcation _____ --------------thousand tons__ .24 100 2154 
Orams ________________________________ per hectare__ 149 600 900 

Seed requirement ________________________ million tons__ 5.0 5.3 5.5 

.23 0.27 
1,000 1,750 

Farm machinery and equipment 
horsepower per ~ectare__ 0.19 

Truck transportation ______________________ thousands__ 250 
Per 1,000 people____________________________________ 0. 53 1.M 2.05 

Irrigated land (net) __________________ mWion hectares__ 26.4 37.0 49.0 
Percent of cultivated land______________________________ 19.4 26.6 34.5 

1 At 1948-49 constant prices. 
2 Insecticides 50 percent, fungicides 30 percent, herbicides 20 percent. 
3 Increase equivalent to $280 mllUon per year or 66 uat per acre per year. 

Percent 
increase. 
1964-86 

81 
.......... --_ .. _ .... _ ... -
---_ .. _ ....... ----

151 
39 

19 
19 

115 
138 

... _ ........... -... --_ ... 
10.2 
10.5 

... _- ... -... -... ----
132 
110 

... _------- ... --
1,000 
1,715 
1,740 

........ _---_ ..... --

........ _ ... _---_ ... -

..... _---- .. ----
540 
490 
10 

42 
600 
287 
86 

... _----------

4 For foodgrain and fertilizer; assumes 160,000 miles new and improved roads in intensive agriculture 
area. 

14.2.0 Introduction 

The subpanel reports presented in Chapters 1-12 cover a wide range 
of agricultural sciences 'and technology. They deal with these on a 
regional as well as on a global or macro-regional basis, particularly 
with Asia, Africa, and Latin America as 'a group .. Among the regional 
evaluations, India, Pakistan, and Brazil have been given special atten
tion in view of their importance in a demographic sense and, as a 
result, some differentiation in statistical treatment or methodology has 
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been introduced for these countries. By and large, the translation into 
specific agricultural inputs such as fertilizer, pesticides, and farm 
machinery is based on world-wide or United States experience factors, 
or on those of individual countries, where a particular technology is 
in -an advanced stage; pesticide application in Japan is an example. 

On February 2nd, 1967, President Jolulson, in his message to Con
gress, stressed the importance of India's immediate and longer-term 
food supply problems, and the PSAC Panel agreed that a more special
ized study of India's. foodgrain problem was fully warranted. For
tunately, a twenty-year projection of India's foodgrain and fertilizer 
demand 'and supply had recently been developed for the India Com
mittee of BCm (Business Council of International "Understanding), 
and it was believed that some of the technological data in the PSAC 
subpanel reports might be applied to this framework. This chapter is 
the result of this collruborative effort. 

In addition to a series of graphic presentations of India's foodgrain 
problem, this chapter includes an up-dated (March, 1967) version of 
the 20-year projection or "agro-industry" model. This model attempts 
to portray the major variables which can affect foodgrain and fertilizer 
demand 'and supply; consequently it can be used for projection of 
alternative courses of action by a change in underlying assumptions. 
Several alternative projections have been developed, but these repre
sent neither 'a forecast of what will happen, nor a Government of India 
(GOI) plan. They are simply premised on the assumption that Indian 
foodgrain self-sufficiency is a desired objective, that technology is 
sufficiently advanced to accomplish this in the not-too-distant future, 
and that the time element can vary depending on how fast the necessary 
policy and investment decisions can be implemented. 

The agro-industry model and projection in their present form are 
. considered adequate for broad exploratory planning and evaluation, 

and for illustrating a useful and consistent methodology. Further 
refinement is necessary, however, if they are to be used for precise cost
benefit studies or the formulation of more specific plans and policies. 
For example, capital costs and their associated foreign exchang~ com
ponents represent only rough approximations and require detailed 
analysis; the impact of varying rates of growth in the agricultural 
sector on the total Indian economy and on per capita income also 
deserve further and careful evaluation. 

Translation of human foodgrain demand to needed farm inputs 
together with associated capital costs, has been limited to the "agro
industry" aspects of India's food supply problem. It does not deal with 
"agri-business" in the sense of processing, storing and marketing of 
food products or the formulation of protein and other additives; it 
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deals rather with the agronomic aspects, such as land and water man
agement, and the economics of crop cultivation in relation to fertilizer . 
response. 

Many of the charts which follow should prove helpful in measuring 
the degree of progress being made, while at the same time permitting a 
comparison with past performance. They should be instructive for, 
those in the United States who are interested in. following India's 
agricultural achievements. 
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14.3.0 Chart Presentations 

INDIA'S POSITION IN THE WORLO POPULATION EXPLOSION 

WOR.LD GROWTH 
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FIGURE 14-1 
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14.3.1 India's Position in the World Population Emplosion 
India's ~hare of the world population in 1965 was 15 percent and is expected to increase 

to almost 1'8 percent by 1985 (Figure 14-1). It represents about one third of the popula
tion of the 96 "AALA" countries (Asia, Africa and Latin America, exclusive of mainland 
.China and Japan). India's population of 487 mUUon, together with those of Pakistan (115 
mlllion), Indonesia (105 mlllion), and Brazil (81 million), co-mprise 50 percent of the 
"AALA" population In 1965, with the r.emaining 92 countries averaging about 9 million 
people each, less than 2 percent of India's population. 

India's population is expected to double in 26 years from 487 million in 1965 to 975 
mUlion by' 1991. The world's population is expected to double in 32 years, while In the 
AALA countries as a group, population is expected to double in 27 years. 

India's population growth ra:te, which averaged 2.1 percent during the period 1950 to 
1965, reached a level of 2.4 percent by 1964, and is expected to Increase further t() at least 
2.1 percent per year before the impact of population controls causes this rate to decllne; 
this subject is dealt with In further detail in the follOwing section. 

During the past 15 years, an average of almost 9 million more people have been added 
to India each year; this figure wlll double (1.8 mlllion more each year) by 1976, and 
triple (27 million additional people each year} in the mid-90's. Under these circumstances, 
India's ablllty to take care of feeding its growing population cannot be taken for granted; 
guidelines are needed to help India select the optimum course of action to meet this urgent 
problem. 
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1".3.2 How Soon Wilt P&pulation Oontrols Take Effect' 

!In the PSAC 'Subpanel reports, there are "high" and "low" estimates for India's vital rates 
(.See Chapter 1). The "high" series, based on data from the Institute of Applied Manpower 
Research in New Delhi, shows virtually no decHne in birth rate; this l'esults in a population 
growth curve l!orresponding to the "high" variant shown for India on Figure 14-2, in 
which the compound growth rate reaches 3.15 percent per year in the 1980-84 period. 

The medium" variant shown for India gives greater recognition to the impact of birth 
controls, and is the oosis underlying· Figure 14-1 as well as the accompanying 20-year 
projection. It corresponds to the following assumed progression in vital rates per 1000 of 
population. : 

1960 to 1964 ____________________________________ _ 
1965 to 1969 ____________________________________ _ 
1970 to 1974 _____________________________ ~ ______ _ 
1975 to 1979 _______________ ~ ____________________ _ 
1980 to 1984 ____________________________________ _ 
1985 to 1989 ____________________________________ _ 

Birth rate Death rate 

40.2 
39.8 
39.0 
37.6 
36.0 
35,0 

16.5 
14.0 
12.0 
10.0 
8.4 
7.8 

Spread 

23.7 
25.8 
27.0 
27.6 
27.6 
27.2 

Compound 
growth 

(percent) 

2.42 
2.62 
2..74 
2.80 
2.80 
2.76 

By 1985, the above progression results in a population of 837 million compared to a 
figure of 864 mUllon, had the "high" variant 'been used. The 10 percent decline in birth 
rate in the "medium" variant is, of course, short of Government of India targets, but is 
nevertheless judged to be a sound basis for long-range projections of food demand, until 
Ii stronger downward trend in birth rate is clearly discernible. 

Equally important is the question of when a turning point in population growth rate is 
I1kely to be reached. The "plateaus" shown on Figure 14-2 do not occur untH the spread 
between birth rate and death rate begins to stabilize or decllne, as the above table Ulus
trates. This does not mean that population per se deClines, since birth rates will continue 
to be much higher than death rates for the foreseeable future. However, with the con
tinuing decrease in mortaUtYfates, the only way to reach a turning point is for birth rates 
to decrease even faster. As the figure indicates, it is not expected that population controls 
w1ll have such an impact on growth rates much before 1985, either in India or the world 
as a whole. 

263-888~7----45 
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HOW DOES FOOD DEMAND RELATE TO POPULATION 6ROWTH 
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1".8.8 How D068 Fooil Demanil Relate to Population Growt"'" 
Other things 'being equal, It Is reasonable to expect that fO'od demand will tend to' increase 

in direct proPO'rtion to PO'Pulation grO'wth. If such were the case, it would be enough to 
look at the top third of Figure 14-3 to note that by 1985, world food demand based on the 
"high" ·population growth rates in Figure 14-2 WO'uld be 52 percent higher, while India's 
food demand will have increased by 78 percent O'ver 1965. Use O'f the "medium" growth 
variant would result in a 72 percent increase In India's food demand by 1985, showing 
that this change is by itself not overly critical. 

In the middle third of Figure 14-3, the PSAC study shows that other things are not 
equal. As India's birth rates and death rates undergo change, population age groups and 
body weights change also, and with it, per capita nutritional needs. By 1985, the caloric 
need per person is expected to 'be 18 percent greater than in 1965, inereas"ing from 1936 to 
2280 calories per day; together with a 78 percent populatiO'n increase, this means a 108 
percent increase in fO'od demand for 1985 over the base period 1965. 

In the lower third of Figure 14-3, per capita income is introduced as a new variable. 
This variable can act temporarily as a constraint, if the ability to purchase food does not 
keep pace with per capita increase in calO'ric need. In the long run the two must be closely 
related, since any econO'mic improvement means more food intake, which in turn means 
faster bO'dy growth and higher calorie need. In the accompanying 20·year projection (Table 
14-1, Appendix 1), human foodgrain demand was first evaluated in relation to per capita 
income, and this indicated that by 1985, per capita demand would be 20 percent greater 
than in 1964, as shown by the lower dotted Une on the chart. When combined with popula
tion increase, tO'tal human fooograin demand in 1985 Is 110 percent greater than in the 
base year 1964. The daily caloric needs shown abO've were next translated to a foodgrain 
basis by assuming 72 percent of the Indian caloric diet to' consist of foodgrains; applied 
to the same population base, thi!,! resulted .in the "nutrition" related line on the lower third 
of Figure 14-3. As the two curves indicate, per capita income is the controlllng factor 
during 1964 to 1979; thereafter, it is likely to be caloric need. If so, then by 1985 food
grain needed fO'r human consumption will be 105 percent greater than in 1964, cO'mpared 
to a population Increase O'ver this same period of only 76 percent. 
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14.8.4 Measuring the Dimen8ions of India/s Foodgrain Problem 

The India foodgrain demand flgures on Figure 14-3, expressed as ·percentage increases 
over a base period, are shown on Figure 14-4 in physical terms, namely, kilograms per 
person per year. One curve represents human foodgrain demand related to per capita 
income, while another curve shows this demand in relation to caloric or nutritional needs. 
It is convenient to know that 1,600 calories per person per day in the form of foodgrains 
is equivalent to 166 kilograms per person "per year, or roughly, 16 ounces per person per 
day.) 

The measure of India's foodgrain problem is simply the difference between either." of 
these two curves and the net local supply of foodgrains available for human consumption, 
on a per capita basis. Any gap between the two must be made up either by foodgrain im
ports or by increased local production. 

Historical production data for the period 1950 to 1965 and preliminary estimates for 
1966 and 1967 are shown on the chart in terms of net local supply per capita by applying 
appropriate disappearance factors (22 to 24 percent for seed, feed, and loss) to recorded 
data on harvested production.1 By adding foodgrain imports and stocks, also on a per 
capita basis, the total supply and human consumption line on Figure 14-4 is obtained. 

Despite the large variations in local supply per capita for individual years, the his
torical trend line seems to have flattened out in the 1960 to 1964 period. Drought condi
tions in 1966 and 1967 have caused local supplies to fall well below even this trend Une, 
calling for greatly increased imports to' satisfy foodgrain demand. In fact, on the basis 
of preliminary production estimates of 78 million tons for 1966-67, local supply is equiva
lent to only 115 kilograms per person, or 32 kllograms below income-related demand. 1'0 
close this gap would require 16 mimon tons of foodgrain Imports, but actual imports are 
likely to be. about 13 million tons, resulting in a 'Per capita consumption 7.4 percent or 
108 calories per day below nutritional needs. Since this is an average figure, certain seg
ments of the Indian population will fare a great deal worse. 

If India's foodgrain production continues to grow at no more than its 14-year trend Une 
rate of 2".36' percent per year (see Figure 14-5), per capita local supply will decline due 
to an even faster growtb rate in population. Tbis would result In tbe dotted Une projection 
on Figure .14-4 which, if continued unchecked, would create a gap between foodgrain 
supply and demand of 50 kilograms per person in 1986. Foodgrain imports needed to close 
this increasing gap, together with tbeir approximate import value, would be as follows: 

1971 ____________________________________________________________________ _ 
1976 ____________________________________________________________________ _ 
1981 __________________________________________________________________ ~ __ 
1986 ____________________________________________________________________ _ 

Millions 
of tons 

15.3 
24.0 
32.5 
42.8 

Billions 
of U.S. dollars 

1.07 
1.68 
2.28 
3.00 

Obviously, this provides a strong economic motive for increasing India's foodgraln 
production by more ~han 2.36 percent per year, and the charts which follow deal with 
the technological inputs and feasibility of substantially increasIng food production growth 
rates above this trend line level. 

"1 See Table 14-4, Appendix II for detail on disappearance factors. 
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1,J.3.5 Are Indio,'8 Foodgrain Production Plan8 ReaU8tio' 

If foodgrain self-sufficiency Is defined as satisfaction of human demand (related to 
either income or nutrition), together with elimination of foodgrain imports, the demand 
curves on FIgure 1,4-4 and India's population numbers on Figure 14-1 can be used to 
determine exactly the foodgrain production needed for self-sufficiency in any desired year. 
Figure 14-5 indicates that self-sufficiency so defined would require a foodgrain production 
of 113 m1llion tons in 1971; self-SUfficiency in 1976 would require a production of 136 
million tons; and in 1981 and 1986, respectively 160 and 187 million tons. 

With a hypothetical production in 1967 of 87.4 mtl110n tons as a base, the chart indi
cates that self-sufficiency by 1971 (Alternative "A") would require a foodgraln production 
Increase of 6.8 percent per year. Deferring self-sufficiency untU 1976 (Alternative "B") 
would require production to grow by 5 percent per year over a 9-year period. The Govern
ment of India target for 1971 Is stated to ·be 120 or 125 mlllion tons, but even the lower 
figure would require a.production increase from the same 1967 base of 8.2 per year during 
the period 1967-71. (Government figures, from a hypothetical base of 90 mlllion tons in 
1966, are equivalent to a growth requirement of 5.9 percent per year.) 

On a cursory examtnation, achievement of a growth rate of 5 percent per year In food
grain production over the next {) years should be technologically feasible, but in practice, 
even this will require extremely well-coordinated resource planning and timely investment 
and pollcy decisions, to assure both the avallabilltyand effective utilization of the neces
sary agro-industry inputs. Growth rates higher than 5 percent per year cannot be regarded 
as realistic, even though they may be technologically feasible. . 

The charts which follow deal basically with the physical and technological inputs re
quired to achieve a 5 percent per year growth untU 1976, followed by maintenance of 
virtual Self-sufficiency for another 10 years. They do not represent a forecast so much as 
a series of guidellnes for measuring progress toward that goal. For this purpose, Figure 
14-5 also indudes an Alternative "C," representing simply a projection of foodgraln 
production at the trend line growth rate of 2.36 percent per year. This is equivalent to 
achieving a production In 1986 of 134 millIon tons, 53 milUon tons short of that needed 
for self.sufficiency, but 55 million tons or 10 percent higher than actually produced in 
1964, the last so-called "normal" harvest year. 
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14.3.6 The Principal EZements 01 Lana Utilization 

India's arable land, amounting to 163 mlll10n hectares or 393 mlllion acres, is roughly 
50 percent of Its total land surface. On the -basis of 1965 population estimates,Indla's 
position in terms of arable land per person and precentage utlllzation for foodgrain Is 
as follows: 

Unlted States _____________________________ -------------------__________ _ 
Africa _______________________________________ ' ___________________________ _ 
Latin AmerIca ____________________ ~ ___________________________ -----------
IndIa _____________________ :.. ____________________________ -________________ _ 
Asia (excluding China and Japan) _______________________________________ _ 
J apan ______________________________ ~ ___________________________________ _ 

Acres per 
person 

2.35 
2.00 
1.04 
.83 
.79 
.15 

Foodgraln 
cultivation 
(percent) 

34.1 
22.1 
41.4 
71.3 
61.6 
72.8 

India, Ilke most countrIes In AsIa, is not endowed with as much arable land 1>er capita 
as are the developing countries Qf Africa and Latin America. Moreover, most of it is 
already under cultivation. The lowest land per .capitavalue is in Japan. It is Indicative of 
the effort needed hi that country to feed the population and it goes .far to explain the 
strong steps which Japan has taken to control population and to Increase agricultural 
yields. 

India's net. area of cultivated land in .1964 of 136.3 mllUoil hectares was increased by 
multiple cropping to a gross area sown of 157.5 m1lIion hectares; of that, 116.3 mllUon or 
74 percent was used in foodgraln cultivation. In Figure 14-6, this land utilization Is 
projected as follows: . 

Additions to-

Net cultivated area ___________________________________ ~ _________________ _ 
Multiple ·cropping ___________ ~ ____________________________ :. _____________ _ 
Gross area SOWD~ ________ ~ _____________________________________ ._. __ ._~ __ 

Foodgraln areas SOWD_. ___ • ___________ • _________________________________ _ 

Percent of gross ____________________ ._. _______________________ • __ ~. ___ •• __ 

Million hectares per year 

1956-63 

1.00 
0.34 
1.34 
0.79 

59 

1963-86 

0.28 
0.38 
0.66 
0.55 

84 

Irrigation and intensive cultivation (including, multiple cropping) must provide for 
future, growth hi fooograin production. Figure 14-6 is based on extending the "package 
program" strategy of intensive .cultlvation by roughly 2 m1lIion hectares per year, to' a level 
of 42 milIlon hectares by 1986. Anything less would make It dlmcult, if not Impossible, to 
achlev,e and maintain foodgraln self-sufficiency. 

Since intensive cultivation requires assurance of efficient irrigatiQn, the Figure 14-6 
projection is based on the following irrigation assumptions: 

Additions to-
Mnllon hectares per year 

1956-63 1963-86 

Gross irrigated a_a 0.56 lA4 
Net lrrigated ArPA .41 1.00 

This would provide 22.6 million hectares of land 'Under new irrigation by 1986, Increased 
via multiple cropping to a gross figure of 32.8 million hectares. The additional 9.2 million 
hectares of assured irrigation needed for intensive cultivation are assumed to come from 
substantial improvements to about one third of currently irrigated areas. 

The above projections represent 'neither a forecast nor a Government of India'program. 
They Simply provide a firm base,from whiCh to evaluate other technological Inputs. Even 
though It calls for more ,than dou.bling the annual increment of newly irrigated area, it Is 
considered a minbnum goal for strategic land utlllzation, if foodgraln self-sufficiency is 
to be achieved. 
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14.6."1 How Fast Oan Ind.la'a Foodgra4n Yields be Increased. 

On the basis of 5~year averages. centered on 1954 and 1964~ the data on Figure 14-7 
show that India's food grain yields increased from 603 to 688 kilograms per hectare.1 With 
land allocated to foodgrains over this period increasing by 1.04 percent annually. it was 
sufficient for yields per hectare to increase by 1.32 percent per year to achieve a 2.36 
percent growth rate in total foodgrain production (as previously shown on Figure 14-5). 
If this growth rate were to be sustained during the period 1964 to 1986. foodgrain yields 
wOldd have to increase to 1,042 kllograms per hectare by 1986; with land area increasing 
only 0.44 percent annually, this would require an increase in yield per hectare of 1.91 
percent per year. 

If ,foodgrain self-sufficiency is to be achieved by 1976, yields would have to increase to 
1,097 kilograms per hectare, requiring a compound annual increase of 4 percent per year 
over the period 1964 to 1976; this represents a tripling 01 the historicaZ rate. 

After 1976,' yield per acre increases for main-tenance of foodgrain self-sufficiency would 
be about 2.8 percent per year, corresponding to anticipated population growth rates. This 
lower rate of Increase would be possIble because necessity for foodgrain imports wlll have 
been eliminated by 1976, if the 4.0 percent annual increase during the earlier period is 
realized fully. 

Government of India plans call for 152 milllon tons of production by 1976. If the gross 
food grain area of 123.5 mlllion hectares projected for that year is correct, this would call 
for a yield increase to 1,235 kilograms per hectare in 1976, requiring a 5 percent per year 
increase over the period 1964 to 1976. In the light of experience in India and elsewhere, 
it is questionable whether foodgrain yields can be increased that rapidly; in fact, many 
wlll even question the practical feasib11lty of achieving a 4 percent annual yIeld increase 
over the next nIne years. 

1 All yields are shown on a "mllled rice" basis as generally reported in Indian statistics; 
for world-wide comparisons, a multiplying factor of 1.22 can be used to obtain all-India 
yields on a "paddy" or "rough rice" basis. 
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U.S.s The Promi8e 01 Improved Seed Varietie8 and Fertilizer 
The FAO (Food and Agriculture Organization, United Nations) has devised a yield value 

index plotted against fertilizer use in kilograms per hectare, to serve as an indicator of 
what the total pacKage of imllroved technology can do towards increasing foodgrain yields. 
This is based on world-wide experience, and is shown on Figure 14..:.s as the uppermost of 
several guidelines.1 

Individual regional experiences can dUrer greatly from the world-wide curve. For 
example, the lowest line on Figure 14-8 represents the composite fertlllzer-yield response 
for All-India foodgrain seed varieties used in 1963. As indicated, a peak yIeld Index of 150 
is reached at about 58 kilograms per hectare~ after which there is actually a yield decline. 
Thus, in the absence of more exotic seed varieties with a better response to fertilization, a 
50 percent yield increase is the overall maximum which can be expected. 

The next higher curve represents the fertilizer-yield response for Sonora Wheat 63. 
based on recent experimental results in India. Sonora 63 can utilize higher fertilizer dosages 
and the response curve reaches' a peak yield-index of 208 at 116 kilograms of fert1l1zer 
per hectare. In the accompanying 20-year projection, it was assumed that Ii. 100 percent 
increase in yield per hectare could be achieved in 1976 by all crops used In intensive culti
vation areas; the assumption was premised on the use of new seed varieties, assured irri
gation, and a 90 kilogram per hectare fertlllzer application. The response curves used in 
the projection after 1976 are speculative, but are assumed to be technologically feasible. 

A combination of all new inputs. together with their appropriate or speculative yield 
responses, are shown in Table 14-3 Appendix I of the 2()..year projection. These data are 
plotted on Figure 14-8 and labeled accordingly. Each point indicated by a year shows the 
yield Index and average tert1Uzer application assumed to be achievable in that year. For 
example, In 1976 the yield Index of 171 Is consistent with the 1097 kilograms per hectare 
yield In 1976 shown on Figure 14-7 for Alternative "B." By 1986, the inputs assumed to 
be available are no longer sufficient to maintain foodgrain self-suffichmcy and 2.1 million 
tons will have to be imported as shown in Table 14-1, Appendix I. 

The importance of Figure 14-8 Is that it places the achievement of specific and desirable 
time-yield objectives in a framework which also indicates the technological disparities 
which need to be overcome. It emphasizes that: 

(a) fertilizer alone Is by no means enough to achieve foodgraln self-sufficiency; 
(b) adequacy of irrigation is an absolutely essential component; and 
(0) the promise of new seed varieties in conjunction with the other two inputs i8 the 

best hope for a yield "break-through." In fact, development of new varieties with higher 
fertillzer responses than exist today is essential and deserves the highest priority if food
grain self-sufficiency is to be maintained beyond 1976. 

1 For convenience in making comparisons. the yield index at zero NPK fertil1zer was made 
equal to 100, by dividing the original F AO curve by 0.8504. 
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1".8.9 Mea8urfng the Economfc LimU8 to Hfgh Fertilizer IntensUy 

Even if the physical and technological inputs are available to meet a desired foodgrain 
production objective, the farmer must be given sufficient economic motivation to purchase 
the more costly inputs involved. Of these, fertilizer is the most important component of 
his budget at th~ increased intensity levels called for. Potentially it is also the most re
warding if used in conjunction with improved seed varieties and pesticides, provided the 
correct price relationships between fertilizer and fooograins are estabUshed. 

Figure 14-9 and Figure 14-10 which follows, should greatly simplify the problem of 
determining how much the farmer is likely to increase the intensity of fertilizer applica
tion. In Figure 14-9, the conventional fertilizer response curve showing total grain yield 
for a given seed variety has been mathematically converted to a marginal response line. 
Thus, for the new Sonora 63 wheat variety (corresponding to the line for 1976), the mar
ginal response line shows that the first kilogram of NPK/hectare nutrient applied pro
duces 17 kgs. of grain, while at 116 Kg of NPK/hectare, the last or marginal kilogram pro
duces no additional grain. If the price of fertilizer nutrient happens to be 3 times the price 
of Wheat, the chart shows that it does not pay the farmer to use more than 96 Kg/hectare 
of NPK, since the marginal kilogram applied (for 100 percent nitrogen content) produces 
only 3 kilograms ot grain-just enough to cover the cost of the fertilizer. If appropriate 
correction factors for a lower than 100 percent nitrogen content are applied, the economic 
limit moves upward 1 and 9'2 Kg/hectare becomes the farmer's limiting intensity for 
fertilizer containing 57 percent nitrogen as shown. Any other prevailing price ratio can 
be similarly plotted for determining economic limits. 

The marginal yield concept used in Figure 14-9, also simplifies the problem of develop
ing a response curve reflecting the average for a large variety of crops. For All-India 
seed varieties used in general cultivation during 1962 to 1964, the following result is 
obtained: 

Rioo ___________________________________________________ _ 
WheaL ________________________________________________ _ 
J'OWBr __________________________________________________ _ 

Bajra __________________________________________________ _ 
Maize _________________________________________________ _ 
RagL __________________________________________________ _ 
Barley _________________________________________________ _ 
Millets ____________________________________ • ___________ _ 
PuIses _________________________________________________ _ 

TotaL ___________________________________________ _ 

Weight 
(percent) 

43.4 
14.8 
D.5 
4.4 
5.3 
2.3 
3.D 
2.4 

14.0 

100.0 

Yield for first 
kilogram 
NPKI 

14.5 
10.0 
10.5 
10.5 
14.5 
D.O 

18.5 
13.0 
13.0 

213.0 

Kilogram per 
hectare NPK 
at marginal 
yield =0 

55 
50 
73 
67 
63 
60 
67 

358 
358 

358 

I Yield for 1st kilogram=(2) (Peak yield response)+(kllogram per hectare NPK at peak), with "peak" 
defined as the intensity beyond which total yield declines; basic response data derived from information 
supplied by the Indian Statistical Institute and by W. David HopPer olthe Rockefeller Foundation. 

2 Average. 
3 Assumed average. 

As the line on Figure 14-9 for general cultivation indicates, the All-India averages 
above can be plotted to show that 42 Kg/hectare is the farmer's economic limit for existing 
seed varieties cultivated, when fertilizer contains 57 percent nitrogen and the price ratio 
is 3: 1. 

Marginal response lines on Figure 14-9 for intensive cultivation represent averages for 
crops cultivated, and were used as a basis in the accompanying 20'year projection for the 
years indicated. These lines reflect a continuing and assumed improvement in seed varieties 
and an associated increase in fertilize·r response. 

1 Determined by dividing the price ratio by the Correction coemcient: 3.0/0.83=3.6 for 
57 percent N. 



WILL THE FARMER. UTILIZE HIS FULL PRODUCTION POTENTIAL 

6 

" 
+t----------r----------~--------~---~-,~~~~--------~---------+----------i--------.--;----------i 

" 

2 )CAV •• IIt!! HSI!. 

o 10 60 70 90 100 110 120 110 I~ 160 170 180 

TOTAL FERTILiZeR APPLII!O- ""5 NPI( PER HeCTARE 

1. Figure 14-10 



POPULATION AND FOOD PROBLEMS OF INDIA 699 

1-1.3.10 wm the Farmer Utilize BiB FuU Production PotentiaJt 
In Figure 14-9 the economic Ilmlts which should deter the farmer from over-appllcation 

of fertillzer for a given seed or crop variety are establlshed. Figure 14-10 attempts to 
broaden the question of economic motivation to determine how far the farmer can be 
Induced to move toward either maximum production or maximum net Income. It assumes 
that other environmental conditions are Imch that the farmer Is fully responsive to changes 
In profitablllty. 

In Figure 14-10 the marginal response lines in Figure 14-9 have been further converted 
to an average response Une, and for convenience these have also been corrected to refiect 
the anticipated average nitrogen content of NPK for Individual projection years. Lines 
for maximum total yield and maximum net Income can be plotted by apprOpriate use of 
basic data from Figure 14-9. 

It Is obvious that maximum production potentials can be more closely approached by 
lowering the fertll1zer to foodgraln price" ratio, but the cost of doing so may be prohibitive 
if the level of fertll1zer intensity Is already high. For example, a decrease in the price 
ratio to a level of 2: lin 1976 (=Sonora 63 wheat) would permit the intensive cultivator 
to increase his fert1l1zer dosage from 92 to 100 Kg/hectare thereby decreasing average 
foodgrain yields from 8.5 to 8.0 Kgs/Kg NPK, but raising his total fertll1zer response 
from 782 to 800 kllograms per hectare. This represents an increase in yield of only 2.3 
percent and hence the change in price ratio would seem entirely unwarranted. Moreover, 
at the 3 : 1 price ratio, the farmer's net return on his fertil1zer cash outlay is 183 percent, 
determined as follows.: (100) (8.5-3.0) +3.Q, which assumes that the farmer Is already 
ImtDciently motivated to use the full 92 Kg/hectare of NPK, and has allowed for asso
ciated Increases In costs such as for pesticides and speciallzed farm machinery. 

For the general cultivator nut endowed with such exotic seeds, nor indirectly subsidized 
by the availab1Uty of assured irrigation, a 3: 1 price ratio should permit economic use of 
42Kg of NPK/hectare as shown on the figure for achieving maximum net income. However, 
the average foodgrain yield obtained is only 6.9 Kg/Kg NPK resulting in a net return of 
only 130 percent. To "real1ze the same 183 percent return shown above, the general culti
vator might be motivated to use no more than 24 Kg of NPK/hectare~ Average foodgraln 
yields would then increase from 6.9 Kgs/Kg NPK to 8.5 Kgs, but total fertlllzer response 
would fall from 290 to 204 kilograms per hectare, a 30 percent decrease. Alternatively, by 
lowering the price ratio to the general cultivator to a level of 2.5: 1 (by raising foodgrain 
prices, by subsidizing fertll1zer prices, or by some combination of both), the figure indi
cates that the general cultivator might be Induced to use 40 Kg/hectare to achieve the 
desired 183 percent return," and at the same time to increase overall net income from 
fert1l1zer usage by 36 percent which would help pay associated cost increases. 

The returns cited above are those for an owner-operator. For a tenant farmer who does 
not share fertilizer costs with his landlord, the actual returns could be only a small fraction 
of the total. Sharing the fert1llzer cost might preserve the level of return but cutS' the 
tenant farmer's net income in half. These conditions would mil1tate against the full 
potential use of fertll1zer and show the need for a ftexible pricing pollcy geared to specific 
local conditions. 

The examples above lllustrate how the format of Figures 14-9 and 14-10 can be used as 
guidellnes for agricultural pollcy, planning, and pricing decisions. They provide a direct, 
simple, and consistent methodology to the ~mpl1cated question of fertll1zer response and 
associated economics of foodgrain cultivation, without ignoring any of the principal 
variable Involved. It is, moreover, a conceptual approach 1 which can be used by the ex
tension worker and fertil1zer salesman to motivate the farmer to Increase yields which In 
turn would meet the objective of utllizing India's production potential to its fullest eco-
nomic extent. " 

1 Derived from data BUppl1ed "by Alan S. Manne (Stanford University and U.S. Aid Mis-
sion, New Delhi). " 
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TAB~E 14-1.-The capital cost oj achieving joodgrain 8elf-8ujficiency 1 

Capital cost 
1---------------1 Contribution 

to (oodgrain 
Physical increase 19M-86 

SPECD'IC I' AR:&I INPUT5-roODGllAINS 

US$-millions 

22 years cu
mulative 

Annual 
average 

US$per 
annual 

ton added 

production. 
million tons 

per year 

Increase in gross area SOWD.. _______ • _________ .--------________________________ 14.7 million hectares __________________________________________________ • ________ _ 7.8 

}27.4 
Increase in net Irrigated area.-- •••• __________ ._______________________________ 22.6 million hectares ______ .___________ 0,800 445 _____________ _ 
IrrIgation bnprovements. _________ -----------________________________________ 0.2 million hectares ______________ • ___ 1,400 64 _____________ _ 

Increase In fertillzft use to 42 kg. per hectare: 

Nitrogen capacity ____ ---•• -----•• --___ ----___________________________ .___ 3.37 mUlion tons _____________________ _ 
PzO. capacity •• ------.--_. _________ • _________________ .___________________ 1.75 million tons ____ . ________________ _ 

Use o( improved seed and 125 kg. NPK per hectare: 
Additional nitrogen capacity _____________ • _______ •• __ • ___________________ 2.18 million t.ons •• __ .. ________ • _____ _ 
Addltfonal PzO, capacity. __________ • ____________ ..:______________________ 1.13 m1llion tons _____________________ _ 
Seed processing plants ______________ •• _. ____ • ____ • _________________ ._____ 0.0 millIon tons ______________________ _ 

Subtotal (or specUla inputs above______________________________________ 105 mUlion tons per year addttlonal 
. (oodgrain. 
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1,520 
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ASSOCIATED CAPITAL JNVESTIrlENTS 

Increase in pesticide use ___ • _ •••• _ •• _______ •••• __________ • ____ • __________ .___ 130 tbousand tons •• _________________ •• 

Farm machinery and equipment: 
Direct farm investment-._. ______ ••••• ___ •• ____________________ • ____ ••• _. 0.08 bp per hectare_._ •• ____ • ___ • ___ ._._ 
Manufacturing plantL ________ • ________________________________________________________________________________ _ 

Fertllizer mixing, storage and retail outlets ________________ • _________ • __ • _____ 8.44 mlUion tons _____________________ _ 

Working capital: Fertilizer in ventofY ___ •• ____ • __ -__ •• _________________ • ________ • _________________________ -_______________________ _ 
Farmer credlt-____ •• _________________________________________________________ .. __________________________________ • 

Road network for intensive cultivation areas. _______________________ •• __ .____ 30,000 miles (new) _____________________ } 
80,000 miles (improved) ______________ _ 

Road transportation: Foodgrain and fertilizer ________________________________ 1.5 million trucks ____________________ _ 

Total capital cost: Foodgrain cultivation ____________________________________ 105 mlllion tons ______________________ _ 

Associated cost for nonfood grains: . 
Additional nitrogen and P,O, capacity __________________________________ 1.36 + 0.71 million tons. _____________ _ 
Fertl11zer marketing (including credit) _______________________________________________________________________ • __ _ 

Total capital cost_ • _________________ .________ __ _ __ _ _____ __ __ _ _ _____ _ ___ _ _______ .------________________________ _ 

1 ~able description on page 702. 
:I Reduction in preharvest loss = 15 percent of net added production. 
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1,f.3.11 The Oapital 008t 01 Achieving Fooilgrain 8eZI-8utfl,ciency 
Table 14-1 portrays the various agro-industry inputs needed for foodgrain self-suffi· 

ciency in terms of their capital costs, including working capital, where this is a large 
factor. These are definitely "order-of-magnitude" figures and any iml1v1dual item could 
be off by 50 percent, or even more. In total, however, such inaccuracies tend to offset each 
other and the table can be used to compare overall capital costs with the potential benefits 
which can be gained. 

Over a 22-year period from 1964 to 1986, a 105 million ton per year gain in foodgrain 
production and virtual self-sufficiency can be achieved at an estimated overall capital cost 
of $29 b1l1ion ; with non-foodgrain production, the total comes to $30.3 billion. For food
grains, this averages $1.32 billion per year, eqUivalent to a capital cost of $276 per annual 
ton of production. These figures relate only to agro-industry and farm imputs, including 
directly associated fertilizer and foodgrain transportation. They do not include capital 
costs for post-harvest food storage, food processing and marketing; nor do they include 
infrastructure items such as rural electrification, power plants, railroad and harbor faclU
ties, some of which w1Il undoubtedly contribute to achieving the projected results. 

A rough guess would be that, at most, 25 percent of the capital items would originate 
from foreign sources, so that the foreign exchange component over 22 years is $7.25 bllUon. 
This would require $330 million per year of new foreign investment in the form of equity 
and loans for capital equipment. 

It was shown earlier that, if India's foodgrain production were to increase at no more 
than the historical rate of 2.36 percent per year, the increase in production by 1986 over 
the base period 1964 would be only 55 m1lIion tons or sUgbtly more tba,n 50 percent of the 
105 m1l1ion ton increase projected for 1986. Under these conditions, 43 million tons of 
foodgrain imports would be required at a foreign exchange cost of about $3 billion for 
that one year. Thus, from an addltlonal investment of $3.5 bl1lion of foreign exchange for 
capital Items (assuming $3.75 billion was needed to produce the 55 ml11ion ton increase), 
an annual import saving of $3 blllion can be achieved. 

With the above data as a starting point, it would seem desirable to refine the vari01lS 
assumptions to a point where a credible economic study can be made to determine what 
terms can be offered to attract the large amount of foreign capital required. Full recog
nition would have to be given in such a study that some foreign exchange wlll continue to 
be needed for imports of potassium (~O) rock phosphate, 'S1llfur, and possibly ammonia 
to meet shortfalls in local fert1lizer supply. 

IWhlle it is obvious from previous charts that major farm inputs are complementary to 
e/llCh other, some attempt has been made in Chart 11 to attribute certain foodgrain incre
ments to specUlc inputs. This would seem to indicate that benefits gained per dollar of 
capital cost could. be ranked in this order: 

11. Pesticides 
2. Improved seed + fertilizer 
8. Fertilizer alone 
4. Irrigation 
5. Farm roads & trucks 
6. Farm equipment 

'However, pesticides are not as essential without (2-) and (3), and these in turn are 
meaningless without (4); similarly item (5), wm reduce post-harvest losses and <.'()Uld 
spell the differen,ce, but only if sufficient f.oodgrain has been produced in the first place. 
Actually, all physical inputs are needed in the proper and timely combination, if foodgrain 
self-sufficiency is to be achieved. 

Finally, even If the investment climate is sufficiently improved to attract the needed 
foreign private capital, no self-sufficiency program will succeed without the following 
human prerequisites: 

(a) .Trained agricultural scientists to develop and test ever-improving seed! varieties, 
by local applica,tion research on an extensive scale . 

.(b)1 Extension workers, feril11zer salesmen, village distributors and. credit suppliers, 
,properly instructed to teach,and motivate the farmer in utilizing the new agrieultural 
tnputs most effectively. 

(c) Government leaders, economic planners and businessmen with the foresight 
and authority, mobllized on an emergency footing, to make the appropriate and timely 
!planning and investmentdecl,sions 1n agriculture, as well as' population controls. 



14.4.0 Appendices 

APPENDIX. I 

TWENTY-YEAR PROJECTION OF INDIA's FOODGRAIN AND FERTILIZER 

DEMAND AND SUPPLY 

(March 31, 1967) 

Adapted and u'pdated from Series No.. 66-10 (Dec. 16, 1966), prepared for the 
India Committee .of the Business Co.uncil for IIlIternatio.nal Understanding 

TABLE AI -l.-SO-year projection of India foodgrain demand and supply (projection 
series 67~S) 

Agricultural year ending in year-

Line 
Num- Historical Projection 

ber 

1956 1964 1967 1971 1976 1981 1986 
----

rOODGRAIN DEMAND 

(RELATED TO.INOOME) 

1 Population, Mar. 1 
mlllions .••• 395.1 471.8 500.0 565.4 647.5 743.4 853.5 

2 Compound growth 
percent per year •• __ 1.82 2.24 2.52 2.66 2.75 2.80 2.80 

3 Natlonalincome 
bllllonrnpees. ___ 104.8 139.1 155.6 185.li 230.1 284.0 348.8 

4 Compound growth 
percent per year __ •• 3.45 3.60 3.80 4.50 4.40 4.30 4.20 

5 Income per capita ••• mpees .••• 265 295 306 328 355 382 400 
6 Compound growth 

percent per year .••• 1.58 1.33 1.22 1.78 1.60 1.46 1.36 
7 Income elasticity of food graln 

demand ••••••••••••••••••••• --..... -... 0.71 0.65 0.63 0.60 0.55 0.50 
8 Growth in per capita demand 

percent per year .•.. ...... ---- 0.95 0.79 1.12 0.96 0.80 0.68 
9 Human foodgrain demand 

kilograms per capita •.•• 133.1 143.6 147.0 153.6 161.1 167.6 173.3 
10 Human foodgrain demand 

million tons .••• li2.6 67.8 74.8 86.8 104.3 124.6 147.9 

rOODGRAIN SUPPLY 

(MILLION TONS) 

Pro-
11 Local foodgraln production .Actual Jected ".A" "B" 

(Table AI-3) ••••••••..•••.•. 66.9 79.4 78.0 87.4 113.5 106.3 136.5 158.8 184.4 
12 Postharvest loSses (17.3 per· 

cent) •••...•••••••••...•••••• 11.6 13.7 13.5 15.1 19.6 18.4 23.4 ZT.li 31.9 
13 Required for seed (43 kilo-

grams per hectare) ••••••••••• 4.7 li.O 5.1 li.l li.2 li.2 li.3 5.4 li.li 
14 Required for cattle feed 

(assumed) .... _._. ___ •• __ • ___ 0 .6 .8 .9 L7 1.7 2.7 3.2 3.7 
--

lli NetlocaIsupply Cor 
huriian consumption_ •• liO.6 60.1 tiS. 6 66.3 87.0 81.0 104.1 122.7 143.3 

See notes at end of table. 
703 



704 THE WORLD FOOD PROBLEM-VOL. n 

TABLE AI-l.-SO-year projection oj India Joodgrain demand and supply (projection 
series 67-S)-Contin'l!ed 

Agricultural year ending In year-

Line 
No. Historical Projection 

1966 1964 1967 1971 1976 '1981 1986 . 

J'OODGBAIN SUPPLY 
(MILLION TONs)-contlnued Pro-

Actual Jected. uAu "B" 
16 From (or to) reserve stock ••••• 0.6 1.4 ....................... -_ ..... - (0.2) ------'*' ------- ---_ ...... - ...... _ ... _--
17 From foodgrain imports. _______ 1.4 6.3 13.0 8.5 0 6.8 0.2 0.6 2.1 

-- -----,--
18 Total supply for human 

123.31 consumption .• _________ 62.6 67.8 71.6 74.8 86.8 86. 8 104.3 145.4 

-------
19 Percent ot demand (related 

to Income) _____ •• ____________ 100 100 95.7 100 100 100 100 99.0 98.3 
20 Percent of needs (related to 

nutrition). __________ • _______ -----_ ... 99.4 92.6 96.8 911.2 95.2 96.9 100 100 
21 Net local supply (line Ill) 

kilograms per capita ____ 128.0 127.4 115.2 130.2 1&3.9 143.3 160.7 165.1 167.9 

J'OODGBAIN NEEDS 
(BELATED TO NUTRITION) 

22 Total nutrition needs 
calories per capita per day ___ ..... _---- 1,936 2,032 2,160 2,225 2,220 2,280 

23 Foodgraln needs at 72 per· 
cent _____ .calories . per day ____ ..... _---- 1,394 1,463 1,655 1,602 1,598 1,641 

24 Equivalent ounces per 
person per day __ • ______ • ... -.- ..... - 14.0 14. 7 15.6 16.1 16. 0 16. 4 

25 Equivalent kilograms per 
per capita per year_. ____ ----- ...... 144. 6 .161.8 161.3 166.2 165.8 170.3 

26 Foodgraln needs 
million tons •• __ --.--- ... 68.2 77.3 96.2 107.6 123.3 145.4 

NOTES 
Line 3: At 1948-49 constant prices. 
Line 17: To meet Income-related demand through 1976, and nutrition needs in 1981 and 1986. 
Line 22: Based on PSAC Panel report, using average of lower estimates. 
Lines 24 and 25: Using 3.518 calories per gram of food grain: 1,600 calories per da., equals 166 kilograms 

per year and 16.04 oz. per day. 
"Altand "Bit: See p. 675; 

TABLE AI-2.;...-SO-year projection oj India land utilization (proiection series 67-S) 

[Areas in mlllions 01 hectares] 

Line 
No. 

1956 

1 Gross area sown_____________ 147.3 
2 Net area under cultivation___ 128.8 

3 Area added by multiple 
cropping_. _____________ • __ • 18.6 

4 Percentongrossarea ___ .____ 12.6 

5 Area allocated to food gmlns. no. 5 
6 Area allocated to other crops. 36.8 

See notes at end of table. 

Agricultural year endinlt in year-

1986 

172.0 
142.0 

30.0 
17.5 

128.5 
43.5 



Line 
No. 
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10 

11 

12 
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14 
15 

16 

17 
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20 

21 
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TABLE AI-2.-SO-year projection of India land 'Utilization-Continued 
[Areas in mUllon! of hectares) 

Agricultural year ending in year-

Historical Projection 

1956 1962 1964 1967 1971 19;6 I 
1981 1986 

- ------
22.0 I 

! 

Intensive cultivation area 
(gross) ._ •• _________ • ___ • ___ 

-.- .. -..... - ------ ... i -------- 2.0 12.0 32,'0 i 42.0 
Balance of gross area sown ••• -----_ ....... 1····_·' 'I , .. -•••• - 158.3 141.0 144.0 187.0 I 130.0 

Percent irrigated. __ •• _ •••• _ 19,4 17.5 16.0 16.0 
Million hectares lrrigated •• -------- .1 30.7 24.5 23.0 22.0 21.0 

Gross area reqnlrlng 1rr1ga-
I 

tIl)n ••••• _ ••••••• _. __ • ____ ._ 25.6 .28.4 ' 30.2 32.7 36.5 45.0 M.O 63.0 
Net area Irrigated._ •• ,. ••••••• 22.8 24.8 26,4 28.5 31.5 37.0 , 43.0 49.0 

! 

Multiple cropping area 
Irrigated ••••••••••••••• _ ••• 2.8 3.6 3.8 4.2 5.0 8.0 11.0 14.p 

Percent on area,llne 3 •• __ • 15.1 17.6 17.9 17.9 19.6 29.6 33.6 46.7 
Gross area irrigated (percent 

on gross area) ••••• _._ •••••• 17.4 18.2 19.2 20.4 28.4 27.2 32~0 36.6 
Net area lrrlgated (percent 

on cultivated area) •••.•. _ •• 17.7 18.3 19.4 20.8 22.9 26.6 30.5 M.5 

SUMMABY 19M TO 1986 

Newly lrrigated area (net) ••• 22.6 million hectares. 
Via major irrigation ••••• _ 17.0million hectares == 42.0 million aeres at$ 200 per aere ... $8,400,000, 000. 
Via tube wells, etc ••••••• 5.6 million hectares=13.8milllonaeres at $100 per acre = $1,380,000,000. 

Intensive cultivation area 
(gross) •• _ ••• _. __ • -----_ •••• 42.0 million hectares. 

Intensive cultivation area 
(net> __ ._ ••••••• __ ._._. __ ••• 31.8 million hectares. 

Newly lrrigated area (net) ••• 22.6 million hectares. 
Addltlonallrrigatlon needed. 9,2 mUllon hectares ==22.7 mUllon acres at $60 per acre=$I,360,OOO,OOO. 

NOTES 

Line 11: Sum ofllnes 7 and 10, with 100 percent assured lrrigation for intensive cultivation area. 
Line 23 obtained by upgrading 35 percent of 19M irrigated area at 30 percent of cost for major lrrigatlon. 

TABLE AI-3.~90-year projection of food-grain yieldB and fertilizer application 
(projection8erieB 67-9) 

Line 
Agrieulturalyear ending In year-

No. 
1971 Actual 1967 1976 1981 1986 

1964 
--

I Gross area sown.MM hectares_ ••• 157.5 160.3 163.0 166.0 169.0 172. o 
2 Allocated to foodgralns 

MM hectares •••• 116.3 118.7 121.0 123.5 126.0 128~ 5 
3 NItrogen content of NPK 

percent •••• 71 65 60 57 57 5 7 

INTENSIVE I'OODGBAIN CULTIVATION 

4 Gross area allocated 
MM hectares •••• 0 2.0 12.0 22.0 32.0 42. o 

5 Total NPK applled 
kllogams per hectare •••• -------- SO" '15 90 110 1 25 

See notes at end of table. 
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TABLE AI-3.-20-year projection. of fooagrain yield8 and fertilizer application 
(projection 8erie8 07-2)-Continued 

Line 
Agricultural year ending in year-

No. -
Actual 1967 1971 1916 1981 1986 

1964 
--' ---

6 Fert1llzer response 
kUograms foodgraln per 

·1 
kUogram NPK •••••.••• 1---, 9.1 8.4 8.6 8.9 9.4 

7 Basic foodgratn yIeld at 0 NPK- ! 
kUograms per hectare •••• 

--------, 
761 ! 761 761 761 76 

8 YIeld increase due to fertilizer _____ ........ _---- 455 630 744 979 1175 
9 YIeld increase due to IrrIgatlon ____ 500 525 550 600 650 

10 Total foodgrain yIeld 
kUograms per hectare ____ -----.. - .. 1,716 1,916 2,085 2,340 2,586 

---
11 Foodgraln productIon 

MM tonL __ -...... _--.. 3.4 23.0 45.9 74.9 108.6 

GENERAL I'OODGJUIN CULTIVATION 
AUern- AUem· 

12 Gross area allocated aUlJeA aUlJeB 
MM hectares ____ 116.3 116.7 109 109 101.5 94.0 86.5 

13 Total NPK kilograms per hectare_ 3.8 7.5 23 14 35 42 42 
,14 Fertilizer response 

kUograms foodgrain per 
kllogram NPK.. _____ •• 11.1 10.5 3.7 9.6 7.6 6.9 6.9 

15 Basic loodgratn yield at 0 NPK· 
kilograms per hectare. __ •• ______ Ml Ml i 630 630 617 603 586 

16 Yield increase due to fertilizer. ___ • 42 79 200 134 266 290 290 
---

17 Total foodgratn yield 
kilograms per hectare •• _. 683 720 830 7M i 

883 893 876 

18 Foodgratn productIon 
MM ton."! ••• _ 79.4 84.0 90.5 83.3 89.6 83.9 75.8 

SUMMARY (rOODGlU.INS) 

19 Total foodgraln production 
MM tons_woo 79.4 87.4 113.5 106.3 135.5 158.8 184.4 

20 Compound growth 
Percent per'year •• ,._ -------- 3.25 6.75 5.01 3.61/4.97 3.22 3.03 

21 A v erage foodgrain yield 
kilograms per hectare ____ 683 736 938 879 1097 1260 1435 

22 Compound growth 
Percent per year ___ : -----_ ...... 2.43 6.25 4.54 3.18/4.53 I 2.81 2.M 

23 NPK appllcation 
i 

Intensive cult1vat1on •• ~_. _______ --_ ....... _-- 0.100 0.900 0.900 1. 980 3.520 5..250 
24 General cultivation. ___ . ______ 0.445 .875 . 2.507 1.526 3.553 3.950 3.635 

---
25 Total MM tons _______ ~_. __ • __ 0.445 .975 3.407 2.426 5.533 7.470 8.385 

---
26 Average NPK applled 

kilograms per hectare_. __ 3.8 8.2 78.2 20.0 44.8 59.3 69.1 

NOTES 
Lines 6 and 14: Corrected lor N content of NPK and obtained from Ftgures 14-9 and 14-10 of guidelines 

report. 
Line 9: Based on Increase from 30 percent to 100 percent Irrigated; increasing eflectiveness from 50 per

cent in 1964 to 80 percent in 1986; and a response factor of 1000 kgs per hectare at 100 percent efficiency. 
Line 15: Decllnes as higher yielding crops are shifted to Intensive cultivation ama. 



POPULATION AND FOOD PROBLEMS OF INDIA 707 

TABLE AI-4.-eO-year projection of fertilizer demand and supply (projer.tion serie8 
07-e) 

Agricultural year ending In year-

Line 
no. 

Actu8I 
1971 

1967 1976 1981 1986 
1964. 

Alter- Alter-
natlveA nativeB 

-------------
FERTILIZER DEMAND-MM TONS 

1 NPK applicatlon-Foodgralns (Table AI-3) _____________ .; _______ 
0.44l.i 0.175 3.407 2.426 5.533 2.470 8.886 

2 Area allocated to other crops-MM hectare ____________________ ~ _____ 
41.2 41.6 42.0 42.0 42.5 43.0 43.5 

3 Total NPK applied-kilograms per hectare . __________________________ 
3.8 10 20 20 30 40 50 

4 NPK appllcation-Qther crops. ____ 0.154 0.416 0.840 0.840 1.275 1.720 2.175 
5 Total NPK application-All crops __ 0.500 1.391 4.247 3.266 6.808 9.100 11.060 
6 Average NPK applied-kllograms 

per hectare _____ .; _________________ 
3.8 8.7 26.1 20.0 41.0 54.4 643 

7 Nitrogen content 01 NPK-Percent_ 71 65 60 60' 57 57 57 

--= ------------
8 

Total N demand ___________________ 
0.426 0.004 2.548 l.go9 3.880 5.240 6.300 

9 Totlll PIO I demand _________________ .121 .326 1.138 . .875 1.002 2.633 3.173 
10 Total K,o demand: ________________ 

.052 .161 .561 .432 .006 1.317 1.587 

11 Total NPK demand __________ .500 1.391 4.247 3.266 6.808 9.100 11.060 

--= -----------
12 Government demand targets: 
13 

N ______________________________ 
........ -....... 1.000 2.400 2.400 5.000 _ ........ __ ... _-- ---...... _--

14 
P'OI ____________________________ 

...... -...... -...... .370 i 1.000 1.000 3.000 .......... ----- ... ----- ... --
15 

K,O ____________________________ : ________ 
.200 .700 .700 1.500 .......... ------- ---..... ---

1---------_._-----
16 

Total NPK __________________ : ________ 
1.570 4.100 4.100 9.500 --------

NITROGEN SlJPPLY-MM TONS 
C~~fI 
Tom 1 

17 Local plants In operation (9) ________ 0.219 0.360 0.440 0.440 0.470 0.626 --------
18 Plants being constructed or im-

plemented (8) ____________________________ ---"" ... --... .700 .790 1 840 .989 ... ......... ---
19 Plants with preliminary approval (4) ________________________________________ -... -----... ________ ----ow-wi .300 .462 _.- ... ------,----
20 Reasonably firm local supply______ .219 .360 1.230 i 1.230: 1. 700 2.03~ 
21 New locations under discussio.n (4)_ ._--... _-- _ ......... --.. ... _--_ ....... 

••• ----- I 
.680 .800 -----------------,--------

22 Possible local nitrogen supply. _____ .219 .360 1.230 1.230 2.380 2.837 : ________ 

-------------= 
23 Possible local P20asupply-MM tous. 0.108 0.160 0.280 0.280 0.380 0.460 .. -..... --~-

= --= ----= --
24 Imports required: 
25 N ______________________________ 

0.207 0.544 1.318 0.729 1.500 ------_._ ... --------
26 

P,O •••• _________________________ 
.013 .100 858 • liDO 1.582 -.... ---_ .......... -_ ........ ----

27 KIO • ___________________________ .062 .161 .1161 .432 .966 ---------- ------- ... ------------------
28 Total _________________________ .272 .871 2.737 1.7116 4.MB ....... _----" ... --.------

I Capacltles corresponding to Indicated 1976 productfon. 



APPENDIX II 

STATlSTICAL DATA UNDERLYING CHART PRESENTATIONS 

TABLE All-I.-Statistical data-population (series 67-9) 

Midyearpopulation 
(billions) 

I Population (millions) 

World: 1900 __________________ _ 

1930 __________________ _ 
1950 __________________ _ 
1960 __________________ _ 
1965 __________________ _ 
1970 ________________ • __ 
1975 __________________ _ 
1980 ___________ :.. ______ _ 
1985. __ ._. ______ • _____ _ 
2000 __________________ '_ 

AALA countries ': 

U.N. 1 

1.650 
2.000 
2.515 
2,977 
3,281 
3.639 
4. 059 
4.551 
5.091 
6.994 

1966 ______________________________ _ 
1970 ______________________________ _ 
1975 ______________________________ _ 
1980 ______________________________ _ 
1985 _____________________ • ________ _ 

PSACt 

3.308 
3.624 
4.005 
4.467 
5.032 

L628 
1. 'T92 
2.048 
2.33lS 
2.654 

Midyear Mar. 1 

India: 1950 , __________________ _ 
357.7 355.4 

1951. __________________ _ 363.4 361.1 1952 ___________________ _ 
369.6 367.0 1953 ___________________ _ 
37tH 373.0 1954 ___________________ _ 
382.9 380.2 

1955 __ • ____________ • ___ _ 
390.2 387.5 

1956 ____ •• ___________ " __ 397.8 395.1 
1957 ___________ • __ • ____ _ 405.8 403.0 1958 ___________________ ~ 

414.3 411.4 ' 
1959 _________________ • __ 423.3 420.3 
i960_ •• ____ •••• __ •• __ • __ 432. 7 429.7 
1961_ •••••• ___ ••••• _ •• _. 442.7 439.2 
1962 •• __ •• __ • __ ._ •••• __ • 453.4 449.8 
1963_ •• ____ • _. _________ _ 464.3 460.6 
1964 _______________ • •••• . 475.5 47L8 

1965' ____ ••• ___ ••• ____ ' •• 487.5 483.6 
1966 _____ ._ ••••• ___ . _. __ 499.8 495.6 
1967 _ ••• _._ •• __ • __ ._._ •• 513.1 509.0 
1971 •••• ____ ._._. __ • ___ _ 570.0 565.4 
1976 ___ ._._. _._ • __ •• _. __ 652.7 647.6 1981 __________ •• _______ _ 

749.4 743.4 
1985 _______ •• __________ _ 836.9 830.2 
1986~. _. ___ • ___________ _ 860.4 853.6 
1991_ ••••• ____ ••• ______ _ 984.9 977.0 2000 ____ •• ___________ • __ 

1,237.6 1,m.7 

1 United Nations (U.N.) data represent "high" variant derived from January 1967lssue of "Annals", 
American Academy of Political and Social Science. 

'PBAC data represent "hlgh" series (Vol. II, Section 1.5-1.5.0). 
J U liLA" countries comprise Asia, Africa and Latin America, excluding ma1n1and China and Japan • 
• Source of historical data: "India Agriculture In Brief," 7th edition, May 19155, published by Govern

ment of India. Ministry of Food and Agriculture. 
I Projections based on vital rates Intermediate between "high" and "low series" In Vol. II, Chapter 1. 

Text accompanying fig. 14-2 of this Ohapter indicates actunlprogression and compound growth rates used. 
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TABLE AII-2.-BtatiBtical data-Foodgrain production and consumption 

AU quantities in·milllons of metric tons. Sources: "indian Agriculture In Brief," 7th editlon, May 1965, and "FertWzer Statistics 1964/65," published December 1965. Series 67-2 

Foodgrain production Disappearancesl Net local supply Total supply for 
From human consumption Mar. 1 

Agricultural year ending In (to) From population 
June of year stock Imports (mWlons) 

Cereals Pulses Total Seed Feed Losses MM tons KUogram MM tons KUogram 
per capita per capita 

---------------
Historical: 1950 •• __ - _______________________ 

49.21 9.49 58.70 4..04 0 10.16 44.50 125.3 -----_ .. _- 2.16 46.66 131.4 355.1 

1951 ____ ------- ----------------- 44.44 8.69 53.13 4.15 0 9.19 39.79 110.2 (0.59) 4.80 44.00 121.8 361.1 
1952 ____ -------- - --- --__________ 4/).00 8.58 53.58 4.26 0 9.27 40.05 109.1 (0.62) 3.93 43.36 118.1 367. o 1953. ___ ---_____________________ 

50.27 9.31 59.62 4.37 0 10.31 44.94 120.3 0.48 2.04 47.46 127.0 373.6 
1954 ____ -. ___ a: ~ ____ -___________ 59.26 10.48 00 •. 74 4.48 0 12.06 53.20 139.9 ~0.20) 0.83 53.83' 141.6 320.2 19M ____ - _______________________ 

57.28 10.94 68.22 4.59 0 11.80 51.83 133.7 0.75 0.60 5:i:tS 137.2 387.5 
1956 ____ --- ___ • _________________ 

M.82 11.03 OO.8t.I 4.71 0 11.56 50.58 128.0 0.60 1.39 52.57 133.1 395.1 1957 ____ - _______________________ 
58.32 1l.li4 69.86 4.76 0 12.08 53.02 131.6 (0.86) 3.63 55.79 138.4 403. o 

1958. _ • _____ - _ ---___ - ______ •• _ -_ 04.75 9.55 .. -64.30 4..81 0.06 11.12 48.31 117.4 0.27 3.22 51.80 125. II 411.4 
1959_. _. ______ -_________________ 

63.99 13.14 77.13 4.86 0.15 13.34 58.78 139.8 (0.49) 3.86 62.15 147.S 420.3 
1960 ____ - ___ -------_____ - _______ 64.87 11.79 76.66 4.90 0.23 13.26 58.27 135.6 (1.40) 6.13 62.00 144.3 429.7 
1961 _______ ._. __________________ 

69.33 12.70 82.03 4.94 0.33 14.19 62.57 142.6 0.17 3.49 66.23 150.8 439.2 1962 ____ - _______________________ 
70.96 11.75 82.70 4.96 0.41 14.31 63.02 140.1 0.36 3.64 67.02 147.0 449.8 1963 ____________________________ 
67.01 11.44 78.4/) 4.99 0.47 13.56 59.43 129.0 0.01 4.55 63.99 138.9 460.6 

1964 ____ -_-_____________________ 00.56 9.87 79.43 6.01 0.56 13.74 60.12 127.4 1.37 6.27 67.76 143.6 471.8 
Prelimlnary estimates: 1965 ____ ---____________ • __ • _____ 

76.02 12.38 88.40 5.05 0.71 111.29 67.35 139.3 (4.00) 7.00 70.35 145.5 483.6 
1966 ____ - ___________ • ___________ 

.......... ------ ---------- 72.30 6.08 0.65 12.50 64.07 107.1 4.00 11.00 68.m 139.4 495.6 
J967 - ___ - _______________________ ----- ... ---- ---------- 78.00 5.10 0.78 13.49 58.63 115.2 ---------- 13.00 71.63 140.7 509.0 

Projection "B": 1 
1967 ____ -------_________________ ----- .. -.. -- ---- ........ _- 87.4 6.1 0.9 15.1 66.3 130.5 -------~--

8.5 74.8 147.0 509.0 
1971 ________________________ •• _ ---------- ---------- 106.3 6.2 1.7 18.4 82.0 143.3 -----_ ..... - 5.8 86.8 153.6 565.4 
1976 ____ - __________________ • ___ ......... --_ ...... - -------....... 135.5 5.3 2.7 23.4 104.1 160.8 -... -------- 0.2 104.3 162.1 647.5 
1981 ____ -----.-.-. __ ••• __ • ______ _._------- ---------- 158.8 6.4 3.2 27.6 122. 7 165.0 ........ ------.. 0.6 123.3 165.8 743.5 
1986 ____ -•• _______ • ___ ._ •• __ ••• -------... -- ---------- 184.4 6.1'i 3.7 31.9 143.3 167.9 ---------... 2.1 14/).4 170.3 853.5 

Projection fI CU: 2 
1967 __ ._-.--__ ._._._._. ________ • 

.... _-------- ---------- 86.0 6.1 0.8 14.9 65.2 128.1 ...... -------- 9.6 74.8 147.0 509.0 
1971 _________________ •••• __ • ____ 

..... -----.. -- ---------- 94.4 6.2 1.4 . 16.3 71.5 126.6 ---------- 15.3 86.8 153.6 565.4 
1976. ___ --_______ • _______ • __ • __ • .... _-_ ... _--... -... -------- 106.1 6.3 2.1 18.4 80.3 124.0 ---------- 24.0 104.3 161.1 647.5 
1981 ____ - ______ •• ____ ._. _. ______ _ ............ ----- 119.2 5.4 2.4 20.6 90.8 122.1 ---------- 32.5 123.3 165.8 743.6 
1986 ____ --____________ • ________ • _._------- 134.0 5.5 2.7 23.2 102.6 120.2 ---------- 42.9 14/).4 170.3 853.5 

1 Developed In Table AII-4, Appendb: II. 2 .As used In FigureS 14-4 and 14-5 of this Chapter report. 
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TABLE AIl-3.-Statistical data-foodgrain yield8 and fertilizer use 
(Source: Historical data, same as table 2. Series 67-2) 

Gross area sown Food- Food- Approximate fertlllzer use 
(millions of grain grain 
hectares) pro- yield 1 

ductlon (kilo-
(m11lfon grams N NPK NPK (kilograms 

All crops Food- tons) per per hectare) 
grains hectare) 

------
Thou- Thou-

Historical: sand Band 
tons tena 1950 _____________ 

_ .... _------- 98.8 58.70 594 ----_ ..... _-- ..... _---- ..... ----_ ... _------ ---------1951 _____________ 
131.9 00.7 53.13 549 ---------... --- ... -_ ... -...... ---- ...... ---_ .. _--------1952 _____________ 
133.2 00.8 53.58 OM ---------- -----_ .. _-- -- ... -.. _-----_ ... --------1953 _____________ 
137.7 101.9 59.62 585 58 64 0.46 19M _____________ 
142.5 108.8 69.74 641 89 105 0.74 1955 _____________ 
144.1 107.9. 68.22 632 95 121 0.84 1956 _____________ 
147.3 110.5 00.85 605 lOS 131 0.89 1957 _____________ 
149.5 111.1 69.86 627 123 154 1.03 

1958 _____________ 
145.8 100.4 64.30 588 149 184 1.26 

1959 _____________ 
151.6 114.6 77.13 673 172 :~4 1.48 1000 _____________ 
152.8 115.7 76.00 663 229 a04 1.99 1001 _____________ 
152.3 113.1 82.03 725 212 :294 1.93 

1962 ___ . __________ 
156.1 115.3 82.70 717 292 :J84 2.46 1963 _____________ 
156.7 116.0 73.45 676 360 -186 3.10 1964 _____________ 
157.5 116.3 79.43 683 426 599 3.80 

Prel1m1nary 
estimates: 

1965 _____________ 158.7 117.5 88.40 752 492 711 4.48 1966 _____________ 
159.5 118.1 72.30 612 600 840 5.28' 19611 _____________ 
160.3 118.7 78.00 657 -----_ ... _-- ""'----- ... _- .... ... __ .................... _-_'II1II ....... ----

Foodgrains 

All crops (kilo-
NPK grams 

per 
hectare) 

Projection B: 3 
1967 _____________ 

160.3 118.7 87.4 736 904 1,391 975 8.2 1971 _____________ 
163.0 121.0 106.3 879 1,959 3,266 2,426 20.0 

1976 _____________ 
100.0 123.5 135.5 1,007 3,880 6,808 5,533 44.8 

1981 _____________ 
169.0 126.0 158.8 1,260 5,240 9,190 7,470 59.3 1986 ______________ 
172.0 128.5 l84.4 1,435 6,300 11,060 8,885 69.1 

Projection C: 3 
1967 ~ ____________ 

160.3 118.7 86.0 725 '780 , 1,200 .., ....... _--_ ....... ----------1971 _____________ 
163.0 121.0 94.4 780 , 1,200 , 2,000 ....... _---_ ..... -_ .... __ ...... _ ... -

1976 _____________ 
166.0 123.5 106.1 859 , 1,850 , 3, '250 ......................... - -... -.... ------1981 _____ • _______ 
169.0 126.0 119.2 946 '2,700 , 4,750 ................... _ ...... _ ..... -- .... _- ... 1986 _____________ 
172.0 128.5 134.0 1,043 • 3,700 • 6,600 .................... _- ........... -- ............ 

, On a. "milled rice" basis; for approximate yields on a. "paddy" basis, multiply by 1.22. 
J As developed In Tables AI-3 and AI-4, Appendix I. 
I As used In :Figure 14-7. 
, By interpolation of alternative "B" results plotted against foodgrain production. 
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TABLE AII-4.-Disappearance factors (series 67-B) 

Beetl regulrefmne. Percent 0/ Seed IlluatTatlfJe (mUllon toni) 
area ./dl~ram' (MaZed Rice Bat") 

per ectare Foodgraln production ••••• 
Rice ••••••••••.•. -.---. 30 li6 Foodgrain lU'ea mflIlon 
Other cereals •• _ •• _._ •• 40 Z7 hectares •• _._ ••••••••• _._ 
pulses. _ ••• -.---.-••• -. 21 62 Seed requirement._. __ •• ___ 

Total •• -._-._ ••• _. __ • 100 43 Average 
Percent of productlon. __ • __ 

Feed requirement, (assumed): 
Increasing from 0.1 percent of production in 1958 by 0.1 percent each year. 
Increasing to 1.0 percent ofproductfon in 1967. 
Increasing to l.6 percent of porductlon in Ion. 
Increasing to 2.0 percent production in 1976 and onward. 

PoBtAaTfJeBt IOllu: 
A"umed 100B" (percent) 

MlUedrlce baSis: WeigAt 
(percent) 

Proce8sing Storage 
and and 

handling fJutB 

1984 
7tH 

116.3 
6.0 
6.3 

19'16 1986 
135.6 184.4 

123.5 128.5 
6.3 5.5 
3.0 3.0 

Milled rice_. __ •• _ ••• _._._._._ 43.4 
Other cereals ••••••••••••• _ •• _ 42.8 
Pulses •••••• _._ •• _ •• .;. __ •••• _. 13.8 

o 10 
12.5 10 
14. 0 10 

7.3 10 
}

TOtal postharvest loss: 7.3+ 
10.0=17.3 percent on mllled 
rlcebasls. 

Paddy or rough rice basis: 
Paddy rice=l.6Xwelght ofmllled rice, hence production increases 1 (0.6) (43.4) or21.7 plU'ts hywefght 

to 121.7 parts by weight. Adjusted weight percentages for above crop pattern are as follows 

Paddy rice (65.1/1.217) •• _. __ • 
Other cereals (42.8/1.217) • ___ _ 
Pulses (13.8/1.217)._ •• _. __ •••• 

TotaL. _______ • __ •• _ •• _ 

Weight 
(percent) 

53.4 
35.2 
11.4 

Postharvest disappearance (illustrative Cor 1976): 

AB.fUmed IOBBU (percent) 
Processing 

and 
handling 

33.3 
12.5 
14.0 

23.8 

Storoge 
and 
fJmB 

6.7 
10.0 
10.0 ITOtal postharvest loss, 23.8 

+8.2-32.0 percent 2 on 
--- paddy rice basic. 

8.2 

Milled rice basls 3.0+2.0+17.3-23.2 percent on harvested production. 
Paddy rice basis (3.0+2.0)/1.217+32.0=36.9 percent on harvested production. 
Indian statistics 8re generally based on a 12.5 percent postharvest disappearance factor, applied to 

production on a mllled rice basis; this Is equivalent to 28.1 percent on a paddy rice basis, as follows: 
(12.5+21.7)/1.217=28.1 percent. 

Total disappearance: 
If preharvest losses due to pests, blights, etc. are assumed to be 10 percent on harvested production, 

total disappearance Is: (36.0-HO.0)/1.10=42.6 percent of potential production (in 1976). In 1986, this 
Is assumed to increase to (36.1+18.6)/1.185-46.0 percent, If pestICide application remained at 150 g. 
per hectare, as in 19M. 

1 Standard 33.3 percent conversion loss. probably includes some allowance for pest and storage loss. 
2 Also obtained directly: (17.3+21.7)/1.217=32.0 percent. 
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agricultural policies of __ -: __ ,.. _ -: ___ ~,..-- -'_;' _________ ,.. _____ ___ _ __ _ 148, 155 
cost of agricultural development in ____ ..,-------------------------- 461 
cost of water andlanddevelopment in_,.. ____ :.:. _______________ ~ _ _ _ 463-464 
fishery. catch 357-358· 
producer prices in ____________________ ,.. _ _ __ __ _ ______ _ _ _ _ _ __ _ _ _ __ 150 

production of ammonia fertilizer 384 



INDEX 721 

Canada-Continued p.ce 
production, disappearance and trade of agriQ1,llturalcomniodities __ .:__ 162, 

164, 166-171 
protein supply of. __ ..: ________________ ~_ _ _ ______ _ __ _ ___ _ _ _ _ ___ _ _ 334 
as source of potassium ____ -- ____________________________ .,; __ ~_ _ _ _ 385 
trade in grain ______________________________ ;.OO, 20, 144, 150, '160,175:"177 
value of agricultural imports from U.S____________________________ 159 

Canadian Wheat Board _________________ .,; _______________________ .,;_,;. _ 150 

Capital a~sistance, 8ee Economic assistance. . 
Capital-intensive: 

·agricultural development ________________________ ,;. __ "' ________ '-___ 436 
irrigation projects __________ ~ ______________________________ '-__ _ _ 452 

. Capital investment: 
for agricultural developmenL __________________________________ 448-450 
in developing marketing systems _______________ ~ ________________ 30,549. 
effect of rapid population growth on ______________________________ 28-30 
for farm machinery __ :.. __________ "' _____________________ ~ ______ 400-402 
for fertilizer _____ _ _ _ ______ _ ________ _ _ _ _ ___ _ __ __ ___ __ _ _ __ ____ _ _ _ 382 

to increase agricultural production _________________________ 657-660,671. 
for land settlement _____ -___ __ _ __ ____ _ _ __ ____ __ ___ ___ _ _ _ __ _____ _ 439 
for land" and water development __________________ .;. _ _ _ _ 460-469," 660-662 
for pesticides:.. _________ -- __ ,;._.,; _____________ ~ _____________ 393, 395, 402 
requirements for, in Indi8 _________________________________ 676,678, 702 
for transportation program for Indis ___________________ ..;_________ 590 

Capital investments: 
direct ______________ ~"_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ . _ • ______ ... _ _ _ _ _ _ _ _ _ _ 663-664 
indirect __________________ . _ . _ . _ . __ " ___________ . _ _ _ _ _ _ _ _ _ _ _ _ _ 663-664 

Carbon, production of in oceans_____ ____ ________ __ __ _ _____ __________ 346 
Carnivores, food conversion efficiency in oceans _________ . _ ~ _ . _ . _ _ _ _ _ _ _ 346 
Carotene, "8ee Vitamins, vitamin A. 
Carp, production of. _____ .:. ______________ .,. _________________________ ~ 352 

Carrots, 8ee Vegetables. 
Carrying capacity, of animals in agroclimatic regions _______ . ____ ,;. ____ ..:_ 429 
Cassava: 

asbasic food crop_______________ _ ___________________ ._._ __ __ 219 
in food requirement projections _____________________ ..: ____________ 70-71 
protein content of _______________ ._. _____________________ 315,368-369 

Catfish, production of. _________ ~ _ . ___ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 351-352 

Cattle, see Livestock . 
. Cellulose. ____ . _______________ . ___ . _. _____________ . _____ ._._ ._. _ 258,365 
Census data, need for. _____________________ . _. _________________ . _ _ 86 
Central American Free Trade Area ____ ._._. _____ ._ ____ ____ __ _ _ _ __ __ 154 
Central Food Technological Research Institute________ __ _ ___ ____ _ _ __ __ 85 
Cereals: " 

amino acids in ______________________________ • ___ . _______ 315,317,328 
byproducts in poultry feed;.. ________________ ..: __ . ___ ._. __ ~ __ 249, 28D-:-283 
caloric con tent of __________________________________ . _ _ _ _ _ _ _ _ _ _ _ 328 
cost of fortification_.,. ____ .• ______________________________ 320-321,324 
in"diets_;.. _______________________________________ 308-309,316-317,341 
effect of fortification on protein quality _____________ ._._._._._._ __ 319 
exporters· of ___________ " ____________________________________ ._._ 20 
fat content oL __________ . ___ . _________ ._._ __ __ ______________ __ 328 
as fish food supplements;.. ______________________ • _ __ _ _ __ __ _ _____ 351 

in food requirement projections, fortification of. _ 284, 305, 308-309, 316-329 
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Cereals";';'Continued Pase 
in high protein food products_~.: ____ • _________________________ ._ 564 
imports of-_ . ________ ..: __ ;.. ___________________________________ 160-161 
increased production to supply foo<i requirements __________________ 19,77 
increased requirements for, in India ____________ .:. ___ ~ ___ 675-679,686-702 
in livestock feeds ________________________________ 163,165,249-250,283 
losses to pests, in marketing channels__ _ _ _ _ _ _ _ _ _ _ __ _ _ _ 550-552, 554-555 
losses to pests in production oL __ _:------------ 198,200,203,205,210,220 
market quality standards for ____________ ~___ ____________ ________ 545 

mineralcontentof_~ ____ _:--.-.-------...;-----.------_:-------- __ 323,328 
price· support· of ________________ ...; ____ ...; ___ _ _ __ __ _ _ _ _ _ _ _____ _ _ _ __ 154 
production, disappearaIl;ce,· and trade in_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 158-177, 655-657 
production of, in response to price changes ______________________ 527-528 
protein production peracre ____________ ' ___ .___ __ __ __________ ____ 336 
as protein source ________ ~ ________ .., ________________ :.. _______ 51, 54, 341 
selection for nutritive qualityoL ____ ' _______ ~____________________ 330 
as sources of calciuIn __________ : _________ :.._ __ _____ __ __ _______ _ __ 64 
as sources of vitamins ___________________ _:------------------- 58-60,62 
vitamin content oL ______________ , _________ ~ __________________ 323,328 
wastes andbyproductS in animal feeds___________________________ 281 
yields in India.:. _____ '- _________________ .:..-- _______________ :---- 208,223 

Cereals, barley: 
costs of fortification __________________________________________ 320,324 
EEC prices on ____________________ .: ___ _ ____ ___ __ _____ _ _ __ ____ _ 149 
hybridization of ______________________ • ______________________ 201-202 

Cereals, com: 
absorption of insecticides by ____ ., _______ :.:. _____________________ 206-207 
aminoacidsin~ ____ _:----------------------:..--~---------.:.-;51,315,317 
breeding for improved quality ______________ ' ___________ 199-200,224-225 
costs of fortification ____________________ ,.. ________________ .:. ____ 320, 324 
EEC prices on ____ ,..---- ______ :.. ______________________________ 148-149 
effects of fertilizer on yields _______________________________ 197,204,223 
effects of hybrids on yields __________________ .:.. _____ 196-197,204,216-217 
export prices oL ____ ~- __ ..,.c ____________ :- ______________________ 145, 151 
hybridization oL ____________________________________ 200,204,221-222 
import duty on _______ _: _ _____ _ _ _ ____ _ _ _ __ _ ___ ___ ___ __ ___ _ _ ____ _ 146 
improvement of, in Rhodesia __________________________________ 491-492 
insect control on _______ :..____ _ _ _ _ _ _ _ _ __ __ _ __ _ _ ________ __ ______ _ _ 231 
Kenya's improvement program ________________________________ ,221-222 
Mexico's improvement program _______________________________ 221;....223 
niacin in ___________________ "' __ :.. ________________ ' _______________ 60-61 
protein content of. _.., _________________________________________ 51, 315 
in shifting cultivation __________________ :.. _____________________ 485-486 
yields in selected countries ___________ :.. ________________ 196,204,209,216 
zinc deficiencies in____ ___ _ _ _ ___ _ _ _ _ ___ _ _ _ _ _____ _ _ _ _ _ ____ __ _ ____ 204 

Cereals, maize, 8ee Cereals, com. 
Cereals, millet: 

al$ basic crop for developing countries____________________________ 219 
collection of varieties in India _____________ .:.. ___________________ 219-225 
cost of fortification oL _______________________________________ 320,324 
,hybridization of ______________________ ~ ______________ ..,__ _ ______ 200 
yields in selected countries _________ ,.. _____________________ ,.. _____ _ 209 

Cereals, oats: 
resistance to Helminthosporium blight __________________ ..,________ 202 
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Cereals, rice: Page 
amino acids in. ______________________________________________ 51, 315 

as basic crop for developing countries____________________________ 219 
costs of fortification __________________________________________ 320, 324 
development project in production of- _ _ _ _ ____________ _________ _ _ 493 
development of varieties oL "'1_ _ ____________ _____ __________ __ ____ 215 
effects of fertilization on yields _______________________ ,-__________ 197 
exports oL ________________ .;. ________________ 143,145,151,153,159-160 
in fishculture _________ -' ______ ~ _______________________________ 351-354 
flood farming of _____________________________ - ___ - ___ - ___ ____ _ _ 488 
in food aid ___________________ '__ __ _ _ _ _ _ _ _ _ _ _ _ _ _ ___ ___ _ _ _ _ _ _ ___ _ 163 
import duty on ______ ' ______________ ,.___________________________ 146 

international commodity agreements on ________________ :... _________ ' 157 
losses caused by poor processing_________________________________ 555 
mycotoxins in__ _ _ __ _ _ _ _ _ _ ___ _ _ _ _ __ _ _ __ _ _ ____ _ _ _____ ______ _ __ __ 554 
pest losses and controL ____________________________ -,_218-215, 231-232 
polished, protein content of ___________________ ,. _ ___ __ ___ _ _ _ __ _ _ _ 315 
potential for production oL ____________________________ .::________ 478 
price in relation to fertilizer _______________ .:. _ __ _ ___ _ ___ _ __ _ _ __ __ _ 156 
producer price in Japan.;. ____ , ________ :..:.. __________ ~ ____ -..;---_____ 150 
production, disappearance and trade..; ____________ :..._ 168-164, 170-171, 176 
production in selected countries _______ ~ _________ .:. _____________ 163,497 
projections of U.S. exports _________________________________ ,. _ _ 16S-:164 
significance in world 'nutrition ______ ~ ___________________ ,._ _ ___ _ _ _ 306 
transportation of, in Bolivia____________________________________ 573 
weed control in ______________________________________________ 392,394 
yields in selected countries _____ ~ ___________ ;.. _______ ..: __ 208-209,490-491 

Cereals, sorghum: 
as basic crop for developing countries ________ .:____________________ 219 
breeding for dwarfing and quality ___________ .. ____________ .:_ 199,224-225 
costs of fortification of- ____ .:.c __ .." _________ .:. ____ .:. __________ :... ___ ._ 320, 324 

,effects of amount of irrigation water on yield oL ____ , ____________ 459-460 
hybridization of, ____ ~.:. ________ ;.. _______________ ~__ _ __ __ _ _ __ ___ _ _ 201 
improvement of varieties __ ;. ___ .,. _____________________________ .,._ _ 217 
iron deficiencies in_ _ _ _____ _ _ __ __ __ _ __ _ _ _ _ _ ___ ____ ___ __ _ _ __ _ _ _ _ _ 204 
Mexico's production· improvement program ______ .,. _____ .:. _ _ _ _ _ _ _ _ _ _ 223 
prussic' acid in ___ . ______________________________________ . ____ .,.__ _ 199 
yields in selected countries ____________________________________ 209, 217, 

Cereals, wheat: 
adaptation to photoperiod by plant breeding ____________________ 198,218 
as basic crop for developing countries____________________________ 219 
breeding for quality ____ :.:. ___________ .,. _____________ 199,209-213,224-225 
costs of fortification ___ ..;, __________________________________ .320-321,324 
EEC prices on ____________________________________ -,___ _ ______ 148-149 
exports oL _______ "'- ______ -" ________ , __________ 143-145,151,153,159-163 
flour, protein content of.,.. _____ ;.. _ _ __ __ _ _ ____ _ ___ _ _ __ ___ __ _ ___ _ _ __ 315 

hybridization 201-202 
, imports oL ___________ ..: ____ ,. ________________________ 144,146-147,150 

international commodity agreements on _____________ ' _____________ ,. ,157 
Mexico's Wheat Program:.. ____________ 210-211,216,223,225,230,627...:.629 . 
inniultiple cropping system_.,. _______________ .:. _______________ ~;.;.._ 233 
Pakistan's Wheat Program ___________________________ 211,...212,216,223 
pest control in ________________________ ,_ __ __ _ _ __ _ _ __ _ __ __198, 200, 392 
price of in relation: to fertilizer ___________________ .;..;.;.. ___________ ,.: 156 
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Cereals, wheat-Continued Page 
producer price in Japan _______________________________________ ,.. 150 

production, disappearance and trade oL ________ 161-163, 170-171, 175-176 
as protein source ________________________________ .,. _________ 51,68,311 
stocks of in U.S _____________________________ :.._________________ 142 
support prices oL _ _ _ ___________ _ ____ __ ________________________ 154 
yields in selected countries ________________________________ 208-212,229 

Ceylon: " 
birth and death rates in __________________________ :.. ____________ _ 
costs of agrj.cultural development projects ______ "'.:._-: ____________ :-_ 
desired family size in _________________________________________ ~_ 
mortality of infants in ________________ .,. ______________ .:. __________ _ 
protein supply oL _________________ .,. ________ ~ _________________ _ 

Chagas disease, see Diseases, animal,trypanosomiasis. 

36 
436 
33 
33 

334 

Chayenprocess ______________ ~_____________________________________ 369 
Cheese, import quotas on ________________________________________ .: 146-147 
Chemosterilants, for insect controL ________________ .., _______ .:. _ _ _ _ _ _ _ _ _ 207 
Chickens, see Poultry; 
Chickpeas, see· Pulses. 
Chicle ___________________________________________ ...:..: _______________ " 490 " 

Children: 
development of high protein food products for _______ ...: __ 18,83,89,563-564 
malnutrition in ___________ ,.. ________________ ., _________ :.. __ 10, 13-14, 312 
preschool, mortslity rates oL ___________________________________ 13,17 
protein supply from wheat diet__________________________________ 311 

Chile: 
adult height and weight in______________________________________ 39 

area 442 
corn yields from improvedvarieties _______ ., ___ ..: _____________ Jf____ 317 
cost of administration of development projects ____ -'_:.. ____________ .,. 439 
desired family size in ________________________ ..: _____ -' __________ __ 33 
food"prices in ______________________________ ";.,______ ________ _ ___ Ip2 
~gher education in_ _ _____ __________ ____ _______________________ 608 
import policies oL__ _ _ _ __ _ _ __ __ _ __ _ _ ___ _ ___ __ _ ______________ __ _ 154 

irrigation projects 493 
land cultivated in---__ __ __ _____ _ _ _ _ _ __ _ _ __ __ ___________ ___ _____ 442 
land irrigated in ______________ :.. _____ _ _ __ __ __ __ _________ _ ___ ____ 442 
mortality of infants in ______ ~ ________________________ :..__________ 33 
population of- ______________________ .:. __________ ..,. ____________ .:._ 442 
soil types in:..____ _ __ __ _ _ _ _ _ _ __ _ _______ _ __ _ __ ___________ _____ _ _ _ 416 
support prices for wheat______ _ _______ __________________________ 155 
xerophthalmia in_ ____________________ _________________________ 18 " 

China: 
area of..! ___________________________ ,;. __ "_ __ __ _ _ __ ___ ________ __ __ 441 
fishery catch of _____________________________________ ~---- 349; 357-358 
imports of grain ________________________ ;.. _______ ..,. _____ ..;.~_ 144,160,163-
land cultivated in _______________________________________ .;. ____ ..;. _ 441 
land irrigated in ___________________ :.. ___________ .:. ____________ '___ 441 
marketing system in _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 548 
population oL _____________ .:. ______________ " __ • __ .;.___________ ___ 441 
population density, in __ .:. ___________________ ~ _______ .;.___________ 21 
soil types· in _________ ..: ______ ,.. _______________________ :-_________ _ 415 
trade·in rice:.. _____________________________________ ... _________ ___ 176 

Ohlorella, cost of production of-_____________________________________ 371 
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Page 
Chrysolina sp ____________ :..___ __ _ _ _______ _ _ __ ___ _ __ ________ _ _____ _ _ _ 233 

Citrus, see Fruits. , 
Climate, modification and agricultural productivity____________________ 453 
Climates, tropiQal, characteristics of ________________________________ 474-484 
Climatic regions, forest production in ______________________________ 498-499 
Climatic regions, of tropics ________________________________ .,- _______ 475....;479 

Climatic zones, aee a180 Agroclimatic regions: 
cold-temperate boreaL ___________ :-..; ____________ • -' ____ 418-419,423,431 
cool-temperate __________________________________________ 419,423,431 
grazing land in ___________________________________ ' _______ 423,427-428 
nonarable land in _______________________ ;.. ________________ 423,427-428 
polar and subpolar ______________________ .. ___________ -' ____ 418,423,431 

potentially arable land' 423,427-428,431-433 
tropical climate _____________________ ..; ________________ 420-421,423,431 
warm-temperate subtropicaL _______________________ .;._..; 419-420,423,431 

Cloud forest, productivity 01. ___________________________ ... ___________ 499 

Cobalamin deficiency, see Diseases, vitamin B12• 

Cobalt, see Micronutrient deficiencies. 
Cocoa: 

exports oL ______________________________________________ 151, 179, 181 
import duty on____ _ _ _ _ ___ _ _ _ _ ___ _ _ _ _ _ _ _ _ __ _ _ _ __ _ _ __ __ _ _ _ _ __ _ _ _ 146 
in shifting cultivation_ _ _ _ _ _ _ _ _ _ _ __ __ _ _ _ _ _ _ _ _ _ _ __ _ _ __ _ _ __ _ _ _ _ _ _ _ 497 

Coconut ________ ..; _______________________________________________ 339,486 

Coffee: 
alternative food crops for__ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ __ ___ _ _ _ 232 
exports oL_____ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ __ _ _ _ _ _ ___ _ _ _ _ _ _ _ 151, 153, 179, 181 
growth _______________ 487,489,497 
imports oL ________________________________ ;.. ________________ 146,669 
international commodity agreements on___________________________ 157 
trends in prices oL ______________________________________ .,- 151,668-669 

Coffee Agreement Diversification Fund _____ ~ _______________________ .:. _ 157 
Colleges, aee Universities. 
Columbia: 

adult height arid weight in ______________ :- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 39 
areaof ______________________ .:.________________________________ 442 

cost of agricultural development in _____________________________ 439,460 
cost of settlement projects in.,.___ ______ __ _ _____ _ _ _ __ _ _ ____ _ _ ___ _ _ 439 
cost of water and land development in ________ ,. _________________ 462,465 
evaluation of nutrition programs in_.:. _______________ .:.____________ 81 
export taxes on coffee_.:..":' ____ :-__________________________________ 153 
financial support for research in _____ ~ _____________ .:._____________ 618 
food prices in_ _______________________________________________ 152 
import policies oL _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 154 
land cultivated in _________________________________ '_____________ 442 
land irrigated in _________________________________________ ~ _ _ _ _ _ 442 
population oL _______________________________________________ .:. _ 442 

private livestock organizations in________________________________ 290 
protein food products developed for _______________________ ..;______ 563 
support prices for wheat_____ _ _ _ _ _ _ _ _ _ _ __ __ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 155 
xerophthalmia in_ _ _____ _ _______ __ _______ _ ______ __ _ _______ _ _ ___ 18 

Common Market and Customs Unit, Latin America_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 154 
Communication, need for, in marketing _________________________ 544, 561, 581 
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Paie 
Communist Asia, production, disappearance, and trade of agricultural com-

modities __________________________________ 161-162, 164, 166-171, 175-176 
Communist world, cotton production in______________________________ ·343 
Community ·development, cost of in development projects __________ :..._ 462-469 
Comparative advantage ___ -:- ______________________ 158, 182, 186-187, 189-190 
Concessional sales, 8ee Food aid. 
Congo, agricultural development in ______________ :... ___ .,..'-_. ___________ 496-497 
Congo River, arable land in basin oL ______________ ~ ________________ ~· 409 
Consumer, need for purchasing power of ___________ :.. ___ :-______________ 541 
Consumer demand, for protein food products ________ ~ _______________ 565-566 
Consumer goods, influence on production incentives ______________ 523,572,575 
Consumer protection, government responsibility for ___ ..:. ______________ 546,562 
Contagious bovine pleuropneumonia, s.ee Diseases, anhrial. 
Copper, 8ee Micronutrient deficiencies. 
Copper deficiency, see Diseases, mineral deficiencies. 
Copra, see Coconut. 
Corn, see Cereals. 
Costa Rica: 

area of ___________________ - _____ - _ - ___ - _____ -:"' __________ ._____ __ _ 442 

effect of highway construction on agricultural production___________ 573 
food prices in ______________________ ._ ___ __ _ _ ___ _ _ __ _ ______ ___ _____ 152 
land cultivated in __________________________________ ~ ______ .,..___ _ 442 
la.nd irrigated iu __________________________________________ ~____ 442 
population of _______ ;.. ___ .- _____________________________________ ._ 442 

Cottage industries ___________________________________ ..:_ _ ___ ____ _ _ __ 182 

Cotton: 
development of project in Sudan for _____ -:- _____________________ 495-496 
exports of ________________ -:- ________ .:. _________ 143,145, 159-160, 179, 181 
imports of ____________________________________ . __________ .;.___ 146-147 
insect control in Peru ____________________ .:. __ ____ __ _ ____ __ _ __ _ _ _ 214 

interaction between water and fertilizer in production oL _______ ,._ 456-458 
production of, in response to price changes __________ -: ___________ 527-528 
stocks of in United States ________________________________ ...:______ 142 

support prices 147 
world production oL ______________________________ .:. __________ 342-343 

Cottonseed, 8ee Oilseeds . 
. Cottony cushion scale ______________ - _ _ __ __ _ _ _ __ _ __ _ _ ______ _ _ ____ __ _ 233 
Coumarin_ __ __ ___ _________ _ _ __ ___ _ _ _ _ _ _ _ __ _ _ __ ______ ______________ 199 

Credit, influence on production incentives ___________________ 507,510,513,522 
Crop production: 

alternative food crops to supplement monoculture_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 232 
concentration on adapted basic crops _____________________ ~ -:' _ __ _ 219,232 
effects of fertilizer on _____ 198-199,203-205,210-211,223,230,288,380-382 
effects of soil acidity on ___________________ '-_ ____ ______________ _ 380 
effects of soil management on _____________________________ . 205,232-233 
effects of water on_..; _________________________________ 198,205,223,232 
importance of farm machinery in ______________________________ 396-400 
importance of multiple cropping __________ ;.. ________ ~ ___ 226,233,475-480 
improvement by plant breeding _______ 197-204, 209-210,212-213, 215-225 
increased requirements in India _______________ ., ____ .:. _ _ 675-676, 678-702 
losses due to pests _____________________________ ., _____________ 205,213 
need for data on _____________________________ .:. ________ .:.____ _ _ __ 86 
need for regional research centers ______________________________ 212,220 
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Crop production-Continued Page 
need for research in ______ 209-210,212,219-225,227-228,232,233,619,636 
package approach to _____ 197,204-205,210-212,223,229,232,236,379,392 
pest control in_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 198, 205-206, 208, 220, 223,226, 392-395 
potential for increasing _______________________________________ 208-225 

rate of increase of in West Pakistan______________________________ 662 
role of transportation in ______________________________________ 572-575 
in United States _____________________________________________ 196, 204 

Crop production programs, influence of food aid on____________________ 227 
Crop production specialists, need for_________________________________ 226 
Cuba: 

area of_______________________________________________________ 442 
land cultivated in ____________________________________ :.. ____ ..;___ 442 
landirrigatedin_______________________________________________ 442 
population of _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 442 

Culebrilla, 8ee Diseases, kwashiorkor. 
Cyprus: 

area of ___ ------------------------------------~------------___ 441 
landcuUivatedin______________________________________________ 441 
landITrigatedin_____________________________________________ 441 
populationof__ ______________________________________________ 441 

Cystine, 8ee Protein, amino' acids ____________ ,.._:.________ __ __ _ _ ____ _ __ 52 
Cytoplasmic male-sterility in plants ________________________________ 200-203 

D 
Dahomey, corn yield in_____ _ _ _ __ __ __ _____ _ __ __ _ _ _ __ _ ______ ______ __ _ 216 
Dehydration of foods ____________________________________ 557-558,560-561 

Demand: 
forecasts _______________________ :. _____________________ ._ _ _ _ _ _ __ _ 158 
for goods and services ____________________________ 184-185,643,651-652 
projections of, for fish _______________________ ... _ _ _ _ _ _ _ _ _ _ _ _ _ __ __ _ 353 

Demograpbic characteristics and food problems ____________ ' _________ 19-21 
Denmark: 

fish in food supply oL__________________________________________ 348 
mileage of access roads in _____________ .:._________________________ 582 
protein supply of______________________________________________ 334 
support prices for wheat________________________________________ 155 

Dental caries, flourides for prevention oL_____________________________ 18 
Dermatobia hominis_ _ _ _ ______ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ __ _ _ _ _ __ _ _ _ _ ___ __ __ _ 276 

Diarrhea, see Diseases. 
Diet: 

composition of- _____________________________________ 307-310,316-317 
fishin________________________________________________________ 348 
leaves as source of protein in __________________________________ 368-370 
proteinsin____________________________________________________ 341 
relationship of income to _____________________________________ 309-311 
supplementation with FPC_ ___________________________________ 357 

Disappea.rance: 
estimates of agricultural commodities _________________________ ._ 158-:-177 
of grains _______________________ :-__ _ _ __ _ _ _ _ __ _ __ _ _ _ __ 175-177,655,657 

Diseases: 
anernia ___________________________________________ 16-17,19,66-67,86 
ariboflavinos~ _____________________ ~ ___________________________ 16,18 
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Diseases---':Continued :Page 
beriberi ____ ~ _________________________________________________ 16;18 
diarrhea ___________________________________________________ 12,67,86 
endemic goiter ______________________________________ ~ ______ 16-18,66 
folacin deficiency _ _ _ _ _ _ _ _ __ __ __ _ __ _ _ _ _ _ __ _ _ _ _ _ __ __ __ ___ _ ___ _ _ __ 19 
glossitis ___________ :.. _ _ _ __ __ _ _ __ _ _ _ __ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ __ _ _ _ _ 67, 
infectious _____________________________________________ .21,86,301,305 
kwashiorkor __________________ 12-13, 16-17,5~56,307-308,310-311,318 
marasmus ___________________ ' _______________________ -' _____ .;. __ _ 16-17 

measles, incidence of mortality compared in Chile, United States and 
India ____________ :.. ____________________ , ___________ ..:._________ 13 

mineral deficiencies_ __ _ _________________ __ __ ___ ___ ___ ____ _ __ __ _ 19,64 
pellagra_, _______ ' ________________________________ ...: ________ .;._ __ _ 16, 18 
rickets _____________________________________ -, ______________ , 16, 19,66 
scurvy ____________________________________ :., _______________ 16,19,65 
tuberculosis _______________________________________ '_____ _ _ _ _ __ _ 13, 
vitamin deficiencies_ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ __ _ _ _ ____ _____ _ _ __ __ ___ __ _ 19 
vitamin Be' deficiency __________ -, __ _ _ __ __ __ __ ___ _ _ __ ____ _____ _ _ _ 19 
vitamin Bl2 deficiency ___ ___ __ _ _ ___ __ ____ __ _ _ _ __ _ __ ____ __ ___ __ __ 19' 
xerophthalmiR __________________ .:. ____________ ..:._ __ ________ ___ 16, 18,61 

Diseases, animal: 
affecting humans _______________ ' _________________________ 272"::'274,276 
Mrican'horse sickness ________________________________________ 271-272 
Mrican swine fever __________________________________________ 271-272 
anaplasmosis ________________________________________________ 271,273 
anthrax ______ ~ _______________________________________ ._ _ _ _ _ _ _ _ _ 274 
bluetongue ________ ~ ___ .;. __ ...: ___ ~ _______________________ ..:~_______ 271 
brucellosis ___________________________________ ~ ______________ 274,276 
causative agents ___ ,. _________________________________________ 272-274 
contagious bovine pleuropneumonia ______ -' ____________ .,. ____ 271-272,277 
control of, for animal production improvement _______________ ~---- 254, 

258, 261-263, 267, 270_278, 292-293 
East Coast fever _______________________________ ~~ _________ 271; 273, 277 
echinococcosis___ __ _ _ _ _ _ _ _ _ __ _ _ ___ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ 274 
equine encephalitides _______________________________ ~__ ______ ___ 273 
estimate of world losses to ___________________ '-__________________ 275 
foot and mouth disease ___________________________ .,. __ ..; 270_272,275,278 
fowl plague_...: _______________________________________________ 271-272 
hemorrhagic septicemia ______________________________ .,. ____ 271,273,277 
hogcholera~ ____________________________________________ 271-272,277 
lumpy skin disease ____________________________________ :..________ 271, 
masUtw _______________________________________ ~______________ 271 
Nairobi sheep disease: ________________________________ ..:. _ _ _ _ _ _ _ _ _ 271 
need, for information on tropicaL __________ 271,275,277,289-290, 292-293 
need for research centers in tropics _____________ 275,277,292-293,289-290 
Newcastle disease ____ ~ __ 1 ____________ .;.;~ _______ ..; __ ..:. ________ :.. ___ 271-272 
Ondiri disease~ _ _ _ _ _ _ _ _ ___ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ __ ___ _ _ __ _ _ ___ ___ _ ___ 271 
production limitatioDS ____________________________________ 271-:-278,332 
pyroplasmosis _________________ .;. ____________________ -' _____ ..: __ 271, 273 
rabies _____ ~:.. _________________________________________ ..; __ ~ __ 273,276 
Rift Valley fever ___ .- ______ ..; _________________ .,. ___ ..; ________ .,. __ 271,274 
rinderpest __________________________________ .,. ______ ,. _ 270_272, 276, 278 
salmonellosis_.,. ___________ .. ______________________ .,. ___________ ;...-:. 274 
sheep pox ___________ , _____________ .,.' _________ .,.' ____ :.. __ .:. ______ -' __ .,. 278' 
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Diseases, animal...;...-Continued Page 
species affected__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 272-274 
streptothricosis___ _ _ _ _ _ _ __ __ __ _ _ _ _ __ __ _ _ _ _ _ _ _ ________ __ _ _ _ _ _ _ _ _ 274 
trypanosomiasis _________________________________________ 271-273,277 
tuberculosis_..; __ ..:. __ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ __ ___ _ _ _ _ _ _ _ _ _ _ __ ___ _ _ _ __ _ 271 

vibrios~ ______ ~ ____ ~---------- ___ ---_----------------- ______ 271,276 
wild animals as reservoirs oL_______ _ ____ _ _ _ ____ __________ _ __ _ _ __ 270 

Diseases, plant: 
boll rot ____________________________________________________ .., 456, 458 
of cereals and flax _______________________________ 198,200,203,210,220 
control by breeding __________________________ 198,200,202-203,210,220 
control by fungicides _____________________________________ 206,394-395 
Helminthosporium blight on oats..:___ __ ___________ __ __ __ ____ _____ 202 
losses due to, in United States __________________ .;._______________ 20., 

need for scientists 226 
problems in forest management _______________________ '___ _ _ ____ __ 500 
problems in tropi cs _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 226 
rust ___________________________________ ~ ____________________ 202, 392 

Distribution: 
of animal products _______________________________ '258, 262-263, 280, 286 
problems of food ______________________________________ '_ _ _ _ _ _ 180-182 
problems of income____________________________________________ 182' 

Dominican Republic: ' 
area of_______________________________________________________ 442 
land cultivated in ____________ ..:_________________________________ 442 
land irrigated in ____________________________________________ ..: :. _ 442 
population of ______ ..:. __________________ • ______________________ ..:. 442 

Draft animals, see Animals, draft. 
Drainage: 

in agriculturaldevelopment _______________________________ 435-438,451 
cost of, in development projects _______________________________ 462~469 

Drought, plant adaptation to _______________ ..:._______________________ 198 
Dry farming, soils suitable for _____ ,.._________________________________ 413 
Drying, of fish _____________________________ .,. _____ • _ _ _ _ _ _ _ _ _ _ _ _ _ _ 348, 358 
Duties _________________________________________________________ 146,186 

E 

East Coast fever, Bee Diseases, animal. 
Echinochloa spp _____________________________________ ~_ _ _ __ __ _ _ __ __ _ 198 

Echinococcosis, Bee Diseases, animal. 
Economic assistance and economic development______________________ 179 
Economic demand for food _________________________________________ 178,332 

Economic development: 
demographic theory 01- _______ .,. ______________________ :..._--- ____ 644-'-645 
and food demand ____________________ -. ____________ .;.. __ __ _ _ _ _ _ _ _ 179 

Economic feasibility, of increasing food production ________ ~--..;------- 649-652, 
654,660,662-665;671-672 

Economic growth: 
effects of rapid population growth on ______________________________ 28-aO 
relation toJooQ production __ ~ __________ • _________ -:- ________ • ____ 65~655 

Economic' model, need for multisecoorial, . multiregionaL __ .. _ .. _ _ _ _ 654, 660, 662 
EconomiQs: 

factors in agricultural development ___________ ._ .. ______ .. ___ ... ______ 492 
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Economics-Continued Page 
need for research in, in developing countries ____________ -: __ -: ____ 619, 636 
role of in extension programs _____ ,... ______ ;.________________________ 235 

, Economy, components of a nationaL ____________ .;. ____ :.. _____________ 652-65~ 
-Ecuador: ' 

adult height and weight in _________________________ :...'- __________ _ 
cost of settlement projects in_.:. _____ :.. _________________________ ~ __ 
import policies oL _____________________________________ ~ _______ _ 

private livestock organizations ' 
xerophthalmia in ______________________________ .:. _______ :. ______ _ 

Educa tion: ' 

39 
439 
154 
290 

18 

centers, need for __________________________________ 59g.:..600, 611,636,639 
in changing food habits _____________ :.._..;__________________________ 313 
costs of ______________________________________________________ 607-:-608 
effects of rapid population growth on _____________________________ .28-30, 
extension, 8ee Extension. . 
formal in human resource development ____ ~ ____________ .;. _______ 603-611 
functions oL _______________ ~ ____ ...: _______________ ..: ____________ 598, 604 
lack of agriculturaL _______________ ~----------~ __ 607,609-610,612-613 
level of, related to GNP andpopulation ________________________ 601,604 
need for in agriculturaldeveiopment_.:.. _____________ ,..._'____________ 234, 

236-239,453,492,607,610,63'{';-639 
need for in animal production ________ .,. __________ ~ ______ 287-289,291-293 
need for continuity in programsof _____ -. __ .:. ________ :.. ___________ 600,624 
need for in developed countries __ .;. _____ ..: _______________________ 623-62\l 
need for in developing countries ____ -: ______ 238-:-239,600-601,611-614,632 
need for in marketing _________________________________________ 542,547-548 
need for in nutrition programs ______ .:.. ________ :- _______ ..: _____ 78-81,83-86 
need for ili pest controL ___________________________________ ·______ 396 
primary,' status oL ________________________________________ -" __ . 605-606 
secondary, status oL _______ ,... __________ -' __________________ -: _:.._ 606-607 
status of in countries of world _____ ~ _______ 601-603,608-611,623,631-632 
television nl_.;.______ ____ _ __ _ _ __ __ __ _ _ __ __ _ __ _ _ _ __ _ ____ _ _ ___ _ ___ _ 631 
university, status of ______________________________________ 607,631-632 

Eggs, ,8ee Animal products. 
'Egypt: 

higher education in _______ ;. ___________________________________ _ 
owner-operator land tenure in _________________ . ________________ _ 
seedbed preparations and irrigation in ____ . ___________________ ~ __ _ 
support prices for wheat ____________________ .,..;._ .... ____ :- __ -: ____ _ 

EI Salvador: ' 

608 
517 
399 
155 

area of __ .;. ____ :.. _______________________________________ ;. ___ ' ____ . 442 
cost of coastal embankment for flood controL ____ ..;________________ 468 
land CUltivated 442 
land irrigated in ______________________________ ~_______________ 442 
popUlation oL ___________________________________ .:. ____ ._______ 442 

Elasticity, of demand for food _________________________________ 643,647-649 
Electrification and ground water development _______________________ 448-449 
Employment, problems oL ____________________________________ 30, 181-182 

Endemic goiter, see Diseases. 
"Enfant Rouge," see Kwashiorkor. 
Entomologists, need for _ _ ___ _______ _ ______ __ ___________________ ____ 225 
Enzymes, use in fish preservation __________________________________ 359-360 
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Ecuador: areaof _____________________________________________________ _ 
land cultivated in .... ____________________________________ ;,. _______ _ 
land irrigated in ____ ;. _________________________________________ _ 
population of ________________________________ . ________________ _ 

Equine encephalitides, eee Diseases, animal. 
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Page 
442 
442 
442 
442 

Erosion control, cost of in developmenfprojects _____________________ 462-469 
Ethiopa: 

cost of irrigation development in ___________________ ~------------- 465 
endemic goiter in ________ . _____ ._ __ __ _ _ _ _ _ __________ _ _ _ _ _ _ _ _ _ _ ___ 17 
xerophthalmia in_ _ ___ ___ __ _ _ _ _ _ _ _________ __ _ _ __ __ _ _ __ ___ _ _ _ __ _ 18 

Eucalyptus ____________________________________________________ ;. 494,499 

Europe: areaof __ ~ ______ ~_________________ ___________________________ 441 
broiler production in _______________________________________ -_ 163, 165 

desired family size 33 
diet composition. in __ . ________________________________ -: __ _ _ _ _ _ _ _ 317 
fertility rates, changes in _____________________________________ -: _ _ 31 
grain yields in __________ . ________________________ -: __________ -:_ __ _ 208 

horsepower availability for food production in ________ ~ _____ ;... ____ 396-397 
land cultivated in ___ -" _________________________ .:. ________ :..._ 434-435,441 
land irrigated in___ ____ __ _ ____ __ _ __ _ _ __ _ _ _ ________ __ _ _ _ _ _ _ _ _ _ _ _ 441 
land potentially arable in _____________________________________ 429-434 
livestock populations in _______________________ • ______________ 252-253 

livestock production 163. 165 
mortality of infants in _____ -:- ________________________ ,.___________ 33 
personnel in agricultural programs oL _________________________ .;. 612-613 
pesticide use and yield improvement in___________________________ 393. 
phosphate reserves of_:_ _ ___ __ _ _ __ _ _ _ _ _ _ _ _ _ _ _ __ ___ __ ___ __ _ _ ___ __ 387 
population oL ____________________ ~ ___ _:------- 30-31,261,263,434,441 
potassium reserves oL _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 387 
production of ammonia fertilizer in______________________________ .384 
production of animal products _____________________ 256-257,259,267,338 
production, disappearance, and trade of agricultural commodities____ 162, 

164, 166-171, 668 
projected needs for fish ponds_ __________ __ ______ __ __ __ __ __ _ _ __ _ _ 355 
projections of animal protein supplies in. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 262, 264, 267 
soil types in _____________________________ ._. ______________ ;.._ 414,416 
trade in wheat _________ .:. _____________________ ._ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 175-177 

European corn borer _________________ . ___________________________ 198,231 
European Economic Community (EEC) ________________ . ___________ 148-149 

effect on farm export prices _________________ . ___________ . _ 668 
import duty on bananas_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 149 
price of feed grains_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 165 
value of agricultural imports from United States_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 159 

European Free Trade Area_________________________________ _________ 1~8 

Evapotranspiration_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 411"':'412, 420, 439-440, 443, 457-459 
Exportation, transportation requirements for ________________________ 576-579 
Export payments (subsidies) for agricultural commodities_______________ 143 
Export prices, of agriculturalcommodities ______________ 145,150-152,666-669 
Export taxes on agricultural commodities___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 153 

Exports: 
of manufactured goods to meet food needs ____________ , _____ 179,181-182 
of nonfood crops to meet food needB _______________________ 179-181,556 

263-888 0 - 67 - 48 
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Exports-Continued Page 
projected growth of in developing countries _____________________ -'_ 665 
quality identification system for_______ ________________________ 545 
of U.S. agricultural commodities ___________ 142,158-160, 162, 164, 166-169 

Extension: 
influence on production incentives _____________ 507-508,520,522,532-535 
in Mexico Wheat Program ____________________________ '-_ _ ___ ____ 211 
need for functional emphasis___ ______ _ ___ _ ____ ____ __ __ __ _ _ __ 233-234 
need for personnel in____ ____ ___ __ __ _ _ _ _____ 234,287,289-290,293,355 
in relation to research and education ________ .. _____________ .. 235-236, 620 
status of, in developing countries ______________________ 621-623,633-634 
successful programs in ________________________________________ 633-634 

Extension programs, requirements for ________________ .. _____ .. _ _ _ 235-236, 622 

Extension services: 
functions oL ____ .. -' __________________________ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 532-535 
influence of transportation on___________________________________ 574 

F 
Family planning: 

benefits of ________________________________________ 24,28-30,68-69,83 
andfoodaid__________________________________________________ 189 
need for research in __________________________________ 619,629,631,636 
size desired in selected countries ________________ -' _ ____ _ _ _ _ __ _ _ _ _ _ 33 

Farm machinery: 
cost increases in United States__________________________________ 204 
horsepower availability in relation to crop yields ________________ 396-398 
horsepower availability in selected regions ___________________ 396-397,400 
need for in crop production ________________ ~---------- 390-391,399-402 
need for in developing countries ___________________ 396-401,676,679,701 
need for in livestock production_________________________________ 286 
projected capital investment for _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 400-401, 658, .660 
use of in Japan________________________________________________ 452 
use of tractors ___________________________________________ 268, 399-400 

Farm management, need for research in, in developing countries________ 619 
Fats: 

international commodity agreements on_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .157 
livestock·needsfor ___________________________________________ 279,281 

supply of in diets______________________________________________ 309 

Feed: 
byproductsas _______________________ 248-249,258,265,281-283,292-293 
cereal crops as_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ 248-250 
forages as ___________________________________________ 248-249,265,293 

micro-organisms in production of _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 283-284, 365, 371 
preservation and storage of- .;. _________________________________ 279-280 
ureaas _________________________________________________ 249,281,283 
wastes as ___________________________ 248-249,258,265,281-283,292-293 

Feed grains: 
stocks of in United States ____________________________ .;._________ 142 
trends in export prices of-______________________________________ 151 
values of U.S~ exports oL ____________________________________ .:. 15g....;160 

Fertility: 
of animals, see Animal reproduction. 
soil, see Soil fertility. 
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Fertility rates, 8ee also Age-specific fertility: Page 
adjustment of caloric requirements for ___________________________ 46,69 

changesin _____ ..;.~------------------------.:.---.:.--------- _______ 31-36 
estimates of in selected regions _______________________________ 24,26-:-27 ' 
relation to infant mortality ____________________________ -'- _____ 33,36,38 
relation to social structure __ .., ______________________ ~ ________ - __ ..; 34-36 

Fertilizer: 
application based on soil and plant analysis ________________ -: _ _ _ _ _ _ 204 
factors influencing farmers to use _______ .:. _________________ - 508-509,519 
farm. machinery, for applying ________________________ -:- _______ :.. __ 399 
need for in livestock production __________________ ~--..;----- 280-281,286 
personnel required to supply.:. __________________________ '- ______ 383,613 
price oL ____ :'_.;. _:.. _____________________ .,. _______________ : _ 154, 156, 204 
production of in India __ ":' ____ '- ____________________ .:. ____ ..:________ 658 
projected costs of capital investments for ___ -: ______ .:. 384,658, 660, 66~664 
quantity used, inworld ___________________________ ..,_~___________ 379 

requirements for developing countries_~ ___ .:.38o_382, 675-676, 678,694-702 
reserves and production oL ___________________________________ 383-387 
subsidies on imports oL _______ -: _____________ , _____ ":'____ _______ _ _ 153 
transportation of _______ .:._ __ _ _ ____ _ _ _ _ __ ______ __ _ _ __ ____ ____ __ _ 586 

use of, in crop production ______ .:. __ 197,205,228-231,393-394,456-459,486 
Fertilizer technology, improvements in_":, __________ '-__________ ____ _ _ __ 204 
Finland: ' " 

fish in food supply of- _____ ..: ____________________ '____ __ ____ ___ __ 348 
protein supply of __________________ -: _____________ ~ _______ .:. _ _ _ _ _ 334 
support prices for wheat ______________________________ ..,_________ 155 

Fire, as a means of plant controL _____________________________ 477-478,485 
Fish: ' 

annual catch ,in fresh waters __________ :.. _____ --' ________________ 347-350 
annual catch in oceans _______________________________________ 357-358 
effects of pesticides on.:. __________________________________ 206-207,214' 
lipids in _____________________________ .., ____ ' _______ ,___ _ ___ _ __ ___ 358 
preservation of ___________ -'- __ :.. ____ :.. _______________________ 348,355-361 
projectionsof catch ____________________________ ~--- __ 345-347,353-355 
as sources of protein _____________________ -' ___________________ 309,315 
taste of different products ____ :.._________________________________ 360 
toxicity in ______ "" ____ "" _______________ '" _______ .:. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 356 
utilization of, in animal feed____________________________________ 284 

Fishculturc _____________________________________________________ 350-355 

Fishing, need for rescarchon methods________________________________ 347 
Fish meaL _________________________________________ .:. ____________ 328,358 
Fishpastes _____ ~ ______________________ ~---------------- ________ 358-359 
Fish protein concentrate (FPC) _________________________________ 78,355-361 
Fishsauces _______________________________ ~ ______ .:. _________ ~ 348,358-359 
Flatulence, in soybeans _______ ..: ________________ .:. _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ 340 
Flax, rust on_.:. __________________________________________________ 198,200 

Flood control: 
coordination of plans for _________________________ ..; _____ :.;________ 453 
cost of in development projects _________________________________ 462-469 

Flood farming, system of in tropics _________________ ..,_.:.______________ 488 

Folacin' deficiency, ~ee Diseases. 
FQlaDin requirements, see Vitamins. 
Folic acid deficiency, see Diseases, folacin deficiency. 
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Food: Page .. .. from micro-orgamsms ________________________________ 361-368,370-371 
prices of ________ ~ __________ -: ___ _ __ _ _ _ _ _ _ __ _ ____ _ _ _ _ 152,154,668-669 
world losses of due to pests ____________________ .,________________ 392 

Food. acceptability, need for information on_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 87 
Food aid: 

distribution of- _________ ,.. ____________ 82,142-146,158,174,180,187-188 
fortification of cereals in ____________ ~__ __ ___ _ __ __ _ _ _ _ __ _ _ _ ____ 321-322 
ofgrain ____________________________ ~ _______________ 163,174,176-178 
to India _____________________________________________________ 24,180 

influence on crop production programs:.. __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 227 
multilateral arrangements for _____ ...:____ _____ _ ____________ _______ 185 
needfor______________________________________________________ 183 
toPakistan _________ ~ ______________________________________ ~-- 180 
for public works ___ .;. ___ • _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 184 

in relation to farmers' prices____________________________________ 183 
Food availability, in relation to economic growth______________________ 645 
Food chains: 

efficiency in conversion __ .., _______ - - -- ---- - --- -- - _____ - ____ 346,351,355 
pesticides in __________________ .., _________________________ 206-207,214 

Food consumption, 8ee alao Food demand: 
alternate projections of in developing countries_ ___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 457-458 
per capita in developing countries _____________________________ 177-179 

Food conversion: 
efficiency. of in ani~als ______________________________ 351-352, 354-355 
efficiency of in oceans____________________________________ ______ 346 

Food demand: 
in developing countries ___________________________________ 158,161,163 
estimates of increase in ______________________________________ 178,647 
growth in _______________ -:- ______________________ 179,644-652,665,671 
mathematical expression of. _ _ _____ _ _ ________________ __ _________ 648 
relation to nutritional requirements _____________ ., ______________ 643-644 

Food habits •• __________________________________ 306,313-314,325,331-332 
Food imports. ______________________ ,:". ____ ~_ _ _ _ _ _ _ _ ___ _ _ _ _ ____ _ _ _ 177-181 

Food needs, see Food requirements: 
alternatives for meeting __ . ___________________________________ 178-181 

FoodforPeace _______________________________________________ 82,189,321 

Food processing, food losses due to__________________________________ 310 
Food production: 

neededincreasesin __________________________________ 654-657,665,671 
in nutrition programs ___________________ .., ___________________ 79-81,84 
per capita in developing countries _____________ ,. _______________ 177-179 
potential of tropical areas_ - __ '7 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 490--;497 
relation to economic growth ____________________________ ..: __ 643,652-655 

Food requirements, 8e~ also food consumption: 
action programs for supplying_________________________________ _ 77 
limitations in projections of. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 71-73 
projections for BraziL _________________________________ 69,71-73,75-77 
projections for India __________________ 69,71-72,74-77,675-676,687-702 
projections for Pakistan __________________ :.. ____________ 69, 71-72, 75-77 
projections for World ______________________________________ 69,77,165 

Food reserves and food aid _______________________________ 183-184,187-188 

John M
Rectangle
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Foods: Page 
need for children of speciaL__________________________________ 327 
use of oilseeds in __________________________________ ... _ ... _ ... _ 336, 342-344 

Food supply: 
distribution _ ...... _ _ 44, 48-50, 55-56, 69 
projections oL __________________________ ;.. _______ 165,170-:-177,457-458 
in relation to family planning ______ ... _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 68-69 

Food taboos, see Food habits. " 
"Food technology, in nutrition 'programs ___ ;.. ___________ ..: ______________ 86-87 
Foot and mouth disease, see Diseases, animal. 
Forage crops: " 

advantages of fertilization oC;.__________________________________ 230 
as livestock feed ___ :.. _____________________________ 248-249, 265, 285, 292 
supplementation with cereals iIi livestock feed ______ ;.. ________ 249-250,283 

Forages: . 
need for research on ______ ..: ______________________________ 219,280-281 

Ford Foundation ________________________________________________ 625, 629 

Foreign exchange: 
from agricultural exports _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 556 
control of:..___ _ _ _ _________ __ __ _ _ _ _ _ ___ __ _ _ ____________ '__ __ ____ 154 

in developing countries_.:. __ ~ __ _:_--------:..------ 151,153, 158, 178-:179,670 
need for in industrialization _______________________________ 181,663-664 

Forest fallow ____________________________________________________ 476-477 
Forest trees, nutrient cycles in __________________ ;.. ____________ -- 476-477 
Forests:" " 

area of by regions_____________________________________________ 498 
elimination of, forfood production ___________ -' _______ _:_------ ____ .;." "498 
potential productivity of tropical ____________________________ ";.. _497-500 
soil fertility in_.;. ___________________________________________ ...,.__ _ 481 

Fortifex ______________ ' ___________________________ " ... __ _____ _ __ __ _ __ _ 78 

Fortification: 
with amino acids ______ :... ________________________ 51, 68, 77, 317':"'321, 324" 
of cereals ______________________________________ ... 305, 308-309, 316-329 
costs of cereal ________ :... _____ ... ____ ... __________ ... _________ ... __ 320-321, 324 
effect olon nitrogen balance_..; ... ______ ,-: _______________________ ..:~_ 318 

"with fish protein concentrate _____________ .., ____________________ 320-321 
with iodine ______ ;.. _____________________________________ :.._ _ _ _ _ _ 77 
planning a program of cereal _______ :- __________________________ 322-323 
techniques of "cereaL _____________________________________ .;...; __ 319-322 
use of soybeans in ________________________ .., __________________ 320,342 
with vitamins _________ .;. ____________________________________ 62,66-77 

Fowl plague, see Diseases, animal. 
FPC, see Fish protein concentrate. 
France: 

import duty on bananas__ ___________ ___ _ ___ _ _ ___ ___ _____ _ _ _ _ __ _ 149 
mileage of access roads in _________________________________ .;. ___ -:_ 582 
production of natural gas in _________________ .:.___________________ 384 
research and education programsin___________ ____ _ __ _______ ___ _ _ 626" 
trade in wheat ___________________________________________ 155, 175-176 
trends in retail prices offoods ___________________________ ..,_______ 668 

Freedom From Hunger Campaign_ _ ________ _______________ __________ 79 
Fruit:' 

iron deficiencies in_____ _ __ _ _ _ _ __ ___ _ _ _ _ _ _ _ _ _ _ ___ _ _ _ _ __ __ _ _ __ __ _ 204 
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Fruit-Continued Page 
. losses in marketing channels _______________________________ 550-551,555 
market quality standard for ______________________________ ~______ 544 
as source ofcellulose__ __ _ __ _ _ _ __ _ __ ___ __ ___ _ _ _ _ _ _ _ _ _ _ _ __ ____ _ _ _ 365 
as source of vitamin A_ _ _ _ ____________ ______ __________________ _ 62 

, as source of vitamin C _________________________ :.________________ 65 
utilization of byproducts in poultry feed__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 249, 282-283 
values of United Statesexports oL ________________ , _____________ 159-160 
zinc deficiencies in ______________________________ ..; _____ ..;_ _ __ _ _ _ _ 204 

Fruit, bananas: 
as basic crop for developingcountries __________________________ 219,230 
exports of _______ .;. ___________ , ____________ ..; _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 151 
growth oL ______ ..; __________________________ .:.. ________________ 487, 489 
import duty on____ ____ ___ __ _ __ _ _ _ _ ___ _ _ _ ___ __ __ _ _ _ __ _ _ __ _ _ _ _ 146, 149 
international commodity agreements on__________________________ 157 

Fruits, citrus: 
international commodity agreements on__________________________ 157 
overfertilization oL___ ___ _ _ _ _ _ _ _ _ _ _ _ __ __ __ _ _ ___ _ _ _ _ _ _ _ _ _ _ _____ _ 204 

Fumigants, see Pest control. 
Fungi, 'see Micro-organisms. 
Fungicides, see Diseases, plant, control. 
Fusarium _______ ..; ______________________________________________ '_ _ _ 553 

G 
Gametocides, for insect controL________ _ __ _ __ __ __ __ ________ __ ____ __ _ 207 
General Treaty of Central American Economic Integration, Latin America_ 154 
Genetics, plant, see Plant breeding. 
Germany: 

import duty on bananas _____________ ' _____________ -_____________ 149 
trade in wheat __________________________ , ____________________ 175-176 
trends in retail prices of foods_.., ____ ..;____________________________ 668 

Germ' plasm, see Plant breeding. 
Ghana: 

cacao in mixed tree crop system____ _____ _ _____ _ __ __ __ _____ ___ __ _ 487 
desired family size in_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 33 
higher education in _________________ ..;__________________________ 608 
mortality of infants in __ ..; _________________________ ..:. _ _ _ _ ______ __ _ 33 
soil fertility, in forests ________ '-_________________________________ 481 

Glossitis, see Diseases. 
Goats, 8ee Livestock. 
GOiter, endemic, 8ee Diseases. 
GossypoL _____________________________ ~ ____________ 199,339,343,564-565 

Government: 
agricultural' policy ____________ -:- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 142-158 
participation in Mexico Wheat Program_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 211 
policy in animal production ___________________ 261,263,265,286,290-291 
policy, influence on production incentives _______ 513,516,518-:-520,525-526' 
role of, in developing protein food products _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 565-566 
role of, in developing transportation systems_ _ _ _ _ _ _ _ 583-584, 587-588, 590 
role of, in marketing ____________________________________ 542-548,561 
role of, in research and education___________________ _ 615-616;637-639 
role of, in seed production____________________________ _ ______ 390-391 

Grades, in marketing_..;__________ _ _________________________ 544-545,561 
Grapes, see Fruit. 
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Grass: Page 
iron deficiencies in_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 204 
productivity of, in tropics_______________________________________ 477 

Greece: . 
area of- _. _______________________________ .;. ______________ ..: _ __ _ _ _ 441 
cost of irrigation development in_________________________________ 449 
fish in food supply oL ___________________ :-______________________ 348 
GNP of ____ ...; _____________________________________________ ..; _ _ _ 647 
imports in:...: _________ "- ________________________________________ 146, 149 
land cultivated m:.. _____ ._ ___ _ _ _ ____ __ _ _ __ __ __ __ _ _ ___ __ _ _ __ _ __ _ _ _ 441 
iand irrigated in~ ________________ '______________________________ 441 
per capita income oL __________ .:. ____ :.. ____ ,.. ________ ...:_-:________ 647 
population of ___________ ...: __________________________ ..; _______ :- _ _ 441 
support prices for wheaL__ _ _ _ _ __ __ __ _ _ _____ _ _ _ __ ___ _ _ _ _ ___ __ _ _ _ 155 

Gross national product (GNP): 
of developing nations ___________________________________ "- _____ 646-647 
and educatiori ______________________________________________ 601

7
604 

fraction of, in capital investment _____________ ..; ______ -: _________ 658,660 
increases in, to meet food demand ________________ :- ____ 174,643,649-651 
required growth-of, in developing countries:-________________ .:.. __ 665,671 

Groundnuts, see Oilseeds, peanuts. 
Ground water: . 

cost of development oL _______ ._________________________________ 448 
. extent 'of reserves of ________________________________________ ;.. 446-447 
for irrigation development ____________________________________ 446-449 
use of, in Texas ________________________________________ .;.______ 459 

Guatemala: 
area of ______ ._ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 442 

cost of agricultural development projects _______ :- _ _ _ _ _ __ _ _ _ _ 436-437, 439 -
cost of roads in _____________________________ ...: _______________ :..__ 437 
cost of settlement projects in _____ :- _____________ ..: ______________ 435,439 
distribution of food in__________________________________________ 75 
land cultivated in __________________________________ ..;._.:._________ 442 
land irrigated in ________ ... ___________ ... __________________ ;.. _ _ _ _ _ _ _ 442 
population' of _ _ ___________ . ______________________________ ~ _ _ _ _442 

protein food products developed for ____ -' ___ - _______ - - ___ :.. ___ ...: __ ...: _ 563 
Guiana, birth and death rates in _______________________________ ._____ 36 

H 
Haiti: 

areaof _____________________________________________________ ~ 442 

cost of irrigation development in_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 467 
land cultivated in ________ ""_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 442 
landirrigated in _______________________________________ " _ _ _ _ _ _ _ 442 
poptilation of _______________________________________ . _ _ _ _ _ _ _ _ _ 442 

Hake, as source ofFPC ________ .____________________________________ 360 
Hardpan, in soils _____ :- __________ -'___ ___________________________ 414 

Hawaii: 
cost of agricultural dcvCIopment ilL _ _ _ _ _ _ _ _ _ _ _ _ __ __ _ _ _ _ _ _ _ _ _ _ _ 460 
cost of irrigation development in________________________________ 465 
cost of land development in_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 463 
cost of sugar cane development project in __ .:..______________________ 460 
yield of sugar canein__________________________________________ 490 



738 THE WORLD FOOD PROBLEM-VOL. II 

Page 
Hay _______________________________________________________ 205,280-281 

Helminthosporium blight, resistance of oats to _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 202 
Hemagglutinin factor _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 339 

Hemorrhagic septicemia, see Animal diseases. 
Herbicides, see Weed control. 
Herbivores, food conversion efficiency in oceans_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 346 
Hessian fly, control by plant breeding ______________________________ 198,200 
Heterosis, see Plant breeding. 
Histidine, see Protein, aIilino acids. 
Hog cholera, see Animal diseases. 
Hogs, see Livestock, swine. 
Honduras: 

areaof_______________________________________________________ 442 
land cultivated in____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 442 
land irrigated in ____________________________________ . _________ ..: 442 
population of _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 442 
yield increases in potatoes _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 229 

Horses, see Livestock. 
Hungary, fertility rates in__________________________________________ 31 
Hybridization, see Plant breeding. 
Hybrid vigor, see Plant breeding. 
Hydatidosis, see Diseases, animal, echinococcosis. 
Hydrocarbons; 

cost of microorganism production on ___________________________ 362, 364 
in fertilizer production_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 383-384 
microorganism production from _______________________________ 361-362 
utilization of, in animal feed ____________________ "_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 283 

Hydrocyanic acid, see Prussic acid. 
Hypovitaminosis A, see Diseases, xerophthalmia. 

I 

Iceland, fishery catch oL _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 357-358 
Illiteracy _____________________________________________________ 28-30,603 

Import licensing, to control foreign exchange___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 154 
Import policy, agricultural of United States _________________________ 146-148 
Imports: . 

of agricultural commodities by EEC ___________________________ .,._ 149 
of agricultural commodities by selected countries ____________ 146-147,285 
of grain _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _160-161 

Incaparina ________________________________________________ 78,81,343,633' 

Incentives: 
in agricultural produ:ction _____________________________________ 507-535 
in animal production _____________________________________ 261,263,286 
influence of markets on ___________________________________ 572,575-576 
quality identification systems as _________ " ________________ .,. _ _ _ _ _545, 561 
relation of prices to farmers_____________________________________ 151 

Income: 
d~tribution___________________________________________________ 182 
effect on food consumptioll ____________ 42-44,69,72,163,179,309-311,331 
effect of on food demand __________________________________ 643,645-649 
per capita, in developed countries ________________________ -':.,. _ 20; 160, 645 
per capita in developing countries ___________ 20,161,163, 178, 179,645-649 
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India: Page 
adult height and weight in_________________ _______________ 39 
age-distribution of population in_________________________________ 25 
all-India crop schemes____________________ _______ _ _____ 223,225 
areaof ___________________________________ ~ ______ ~ _________ 441,447 
calcium requirements for ____________________________________ 58,64-65 
cost of agricultural development in ________________________ 450,460,461 
cost of water and land develop men t in _ _ _ _ _ _ _ _ _ _ _ _ .;. _ _ _ 449-450, 463, 465 
crop losses due topests __________________ .:.__________ ___ ___ 213,232 
desired family size in__________________ _______________________ 33 
draft animal use in ____ .:____________ ________ _ __________ 263,265,268 
estimates of irrigation potentIal oL ________________ 399,443-444,446-447 
exp::-rt taxes on agricultural commodities_________________________ 153 
farm storage of grains and pulses in_____________ _ __ 551,557 
fertility rates____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 26 
fer~ilizer production in________________ _________________________ 658 
financial support for research in____________ ____________ 617-618 
fishery catch of_______________ _______ ___________ _ __ 357~358 

food aid to____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 24, 180 
fooddemandin_______________________________ _______ __ 650 
food prices in__________________________________________________ 152 
food requirements for _________________ 69,71-72,74-77,645-646,675-711 
forest management in __ :_________________________________ _____ 499 
fresh-water fisheries in ________ ~ __ _ _ _ _ __ _ _ _ _ _ __ _ _ ___ __ _ __ 349 
GNPof ____________________________________________________ 646-647 
ground water development in _________________________________ 448-449 
higher education in ___________________________________ ~__ __ __ _ _ 608 

improvement of cereal varieties in _________ 199,215-217,219,225,231,255 
improvement of livestock production in_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 263-266, 285, 292 
improvement of poultry production in __________________________ 266,285 
increased food grain production in _________________ 208-209,216,223,229 
influence of religion on food resources ______________ ,.._:-__________ 556 
land arable in _________________________ ..; __________________ .,. ___ 28,447 
land cultivated in ________________ ..: ___________________ , _________ ..; 441 
land irrigated in_______________________________________________ 441 
mixed tree crop systems in______________________________________ 487 
mortality 'of infants in_ _ _ _ _ _ _ ___ _ ___ __ __ _ _ _ __ __ _ _ _ _ _ __ _ _ _ _ _ ___ _ 33 
nutrition programs in _____________________________ .:._ _ _ __ __ ___ _ _ 81 
owner-operator land tenure in ____________________________ o_______ 517 
per capita income oL ________________________________________ 645,647 
personnel needs for in agricultural programs_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 612 
pesticide use and yield improvement in__________________________ 393 
population oL _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 441 
potential for wild animal production___ __ _ _ _ _ _ _. _ _ __ _ _ _ __ __ __ _ _ 270 

, preservation of food by canning in_______________________________ 561 
price of fertilizer in relation to commodity_____ ________________ 156 
primary education in____ __ __ __ _ _ _ ___ _ _ _ _ _ _ _ _ _ _ _ _ _ ___ _ _ _ _ ____ _ 606 
production of oilseeds______________ _______ _ _______________ 339,442 
projections of caloric requirements for _____ ' _______________________ 45-48 
projections of population in_______ _ ________________________ 22,24-28 
proj~ctions of protein requirements for _____________________ 50,53-55,68 
protein food products developed for__________ _______________ 563 
protein supply in ________________________________________ 3lO, 334, 341 
pulse research center in ___________________________ ,.._ ________ __ 218 
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India-Continued Page 
ratio of extension workers to farmers in ____________ ,______________ 622 
refrigeration in potato preservation _________ :-__ ______ _ _ __ _ _ __ __ __ 559 
relation of research to extension__________________________ ______ 620 
research and education programs in ___________________ :- ____ 619,629,631 
role of cattle in ______________________________________________ 263-265 
rural population in ___________________________ .:._________________ 541 
status of agricultural research in_________________________________ 615 
storage losses of food in ______________________________________ 551"':555 

,.sugar in food supply of_________________________________________ 75 
support prices for wheat________________________________________ 155 
trade in rice_ ________________________________________________ 176 
transportation program for ________________________ -: __________ 589-592 
variations of rainfall in_ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 443 
vitamin requirements for ___________ .:.__________ _ _____________ 58-62 
water runoff in ________________ .: ____________________ '_______ __ _ _ 447 
xerop 11 thalmia in _______ - _ - __________________________ :- _ _ _ _ _ _ _ _ _ 18, 61 
yields of major food crops in ______________________________ 208-209,229 

Indian subcontinent: 
area of ____________ ' ______________________________________ '. _ _ _ _ 443 
water needs in ___________________ ..; __________________________ 441-445 

Indicative W,orld Plan_:- _________________________________________ 157,654 

Indonesia: 
area 441 

'desired family size in____ _ _ __ _ _ _ __ ___ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ ____ __ _ _ _ 33 

fish production ' 349, 351, 353 
land cultivated m _________ ...,____________________________________ 441 
land irrigated _________ 441 

, mortality of infants in _____________ .;.____________________________ 33 
population of ____ ;. _:- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ 441 

, potential for wild animal production __ ~__________________________ 270 
produ.ction of 339 
soybean milk ,in _____________________________________________ .:. _ 632 
yields of oil palin in ______________ .:..:. __________ '-_________________ 491 

Industrial production, relation to food production_ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ ,643 
Industrialization: 

in developing countries_.:. _____ -: _________________ ~ _________ 181-182,670 
need for in modern agriculture ________________________________ 492-493 

Infan tdiseases, 8ee Children. 
Infant food requirements, see Children. 
Infant mortality: 

,developed countries_..,__ ___ __ __ _ ___ __ _______ __ ___ __ __ ___ ___ __ __ _ 21 
developing countries ___________ ... -- ______________ ... _ ________ ___ __ 21 
relation to birth controL __ .:. ____________________ :... _______________ 35,38 
reduction of in relation to economic growth _____________________ 64~645 
relation ,to malnutrition _____________________ .1. __________ ... ___ ... __ 38 

Infectious, diseases, see Diseases. 
Insect control: 

biological controL _________ ... _________________________________ 206, 233 
cultural controL _____ ~ __________________ ~ ________________ "'-___ __ 231 
with increased irrigation__ _ _ _ _ _ ___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ____ __ _ _ _ 456 
insecticides in livestock production ____ ~ _____________________ :. _ _ _ _ 286 
insecticides requirements for ____ ~ ___ .:. __________ .:. _____________ ~ 394-395 
insecticides, undesirable side-effects of ____________________ ... _ 206-:207,214 
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Insect control-Continued Page 
insecticides, usein United States ___ .:. __________________________ 206,214 
need for scientists trained in_ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 225 
by plant breeding ________________________________________ 198,200,207 
problems in tropics ___ .:. _______ :.. _"_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 226 
in storage facilities _________________________ - _________________ 559-561 

Insecticides, see Insect control. 
Insects: 

food losses due to______________________________________________ 310 
losses caused by in marketing channels_ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 550-554, 558 
losses due to in India__________________________________________ 213 
losses due to in Pakistan _________________________ ~_____________ 213 
losses due to in United States___________________________________ 205 
problems in forest management__________________________________ 500 

Institute of Nutrition for Central America and Panama ______ 85,312,318,343 
Inter-continent transplant, principle oC _ ______ ___ _ __ _ _ _ _ ____________ _ 494 
International Coffee Organization _______________ "_ _ _ _ _____ ______ ____ _ _ 157 
International commodity agreements ___________ ~ ____ "" ______________ 156-158 
International Rice Research Institute ______ " 176,212,215,225,226,230,625,639 
Intestinal parasites _______________________________ "':" _ _ _ _ _ _ _ _ _ _ 13, 17, 66, 86 
~oo: . 

deficiency, see Diseases, endemic goiter. 
fortification of foods with __________________ .;. _______________ 77, 323-324 
requrrements__________________________________________________ 66 
in soils, see Soils, micro-nutrients. 

Iran: . 
area of ______ "_.:. __ _ __ _ ___ _ _ _ _ __ __ __ ___ ___ _ __ _ _ _ _ _ __ _ _ _ __ _ _ _ _ _ _ _ 441 

cost ofsugarcaile development project in_________________________ 460 
cost of water and land development in ____ '- ____________________ 449," 463" 
food prices in _______________________________________________ .:. _ 152 
land cultivated in______________________________________________ 441 
land irrigated 441 
population oL_ _ _ _ __ __ _ __ _ _ _ __ _________ __ _ ___ _ _ _ ___ _______ ___ _ 441 

production of natural gas in_____________________________________ 384 
pulse research center in __________________________ :-______ __ 217-218 
use of improved seeds in_~______________________________________ 388 

Iraq: 
areaof _______ ~_______________________________________________ 441 

cost of sugar cane development project in________________________ 460 
cost of water and lanL1 development in _________________________ 449,464 
land cultivated in_____ _________ ____ __ _ _ _ _ __ _ __ _ ___ __ _ _ __ __ __ ___ 441 
population oC ____________________________________ ,. _ ___ __ _____ 441 

Ireland, protein supply oC __________________ ,.-__ _ __ __ _ _ _ _ _ _ _____ _____ 334 
Iron: " 

in cereal fortification_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 322-324 

deficiency, see Diseases. 
deficiency in crops, 8ee Micro-nutrient deficiencies. 
requirements ____________________ -' ___ ~ _________________________ 66-67 " 

Irradiation, in plant breeding ______________________________________ 202,203 

Irrigation: 
in agricultural development ____________________ "':" _ _ _ _ _ _ 435-438, 450-454 
cost of development of _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 435-439, 449-450, 462-469 
efficiency" of use of _____________________________ ..: _ _ _ _ _ _ _ _ _ _ _ _ _ 457-460 
and evapotranspiration ________________ :- _ _ 420-422, 439-440, 443, 457-459 
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Irrigation-Continued Page 
ground water for in West Pakistan ______________________ .,. __ 461,661-662 
historical record of_____ _ __ _____ ____ __ __ __ __ _ _ _ _ __ __ _ ___ _ __ _ __ _ _ _ 440 
increased requirements for, in India ________ -: ___________ 676,691,700-702 
influence on production incentives_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ 522-523 

,'need for 'research on problems oC________________________________ 452 
one of inputs for agriculture ___________________________________ 454-460 
land areas by continent and country under ______________________ 440-443 
needed on arable land _______ -: ________________ 421-422,434-435,441-443 
potentialoC ____________________________________ 443-446,493-494,661 
in relation to seed bed preparation_,.. ___________________ .;._________ 399 
water supplies for ____________________________________________ 439-454 

Isoleucine, see Protein, amino acids _________ .,.________________________ 52 

Israel: 
areaof_______________________________________________________ 441 
cost of irrigation development___ ___ ____ __ ______ __ _ _ _____ ___ __ _ __ 438 
damaged grains in fishcultures_,.._________________________________ 351 
efficient livestock operations in__________________________________ 262 
food prices in__________________________________________________ 152 
ground water development in____________________________________ 448 
imports of agricultural coinmodities______ ______ _ _ __ _____ _ __ _ _ ____ 146 
improvedoatsin __________________________________________ :____ 220 
land oultivated in_____ __ __ _ _ __ _ __ _ _ _ _ _ _ _ _ _ __ _ _ __ __ _ _ _ _ _ _ _ _ _ _ _ __ 441 
land'irrigated in__ _ ____ _ _ _ _ _ __ __ _ _ _ _ _ _ _ _ _ _ ___ _ __ __ __ _ _ _ _ _ _ _ _ _ _ _ 441 
leaf protein in chicken feed______________________________________ 369 
population oL_____ __ __ _______ ___ _____ __ __ ___ _ _ __ ___ __ __ _ __ __ __ 441 
trade in grain-: _________________________________________ ~---- 176-177 

Italy: ' 
agricultural development in _____________________ ..: ____ _ _ _ _ _ _ _ _ _ _ _ 497 
fresh-water fisheries 349 
production of natural gas in_____________________________________ 384 
trade in wheat ___________________________________________ 155,175-176 
use of television in education in__________________________________ 631 

I vory Coast, evaluation of nutrition programs in_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 81 

J 
Jamaica: 

desired family size in___________________________________________ 33 
higher education in______________________________ _____________ 608 
mortality of infants in__________________________________________ 33 
multiple cropping of corn iJL_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 226 

Japan: 
agricultural policies oL _______________________ . ____________ 148, 150, 155 
areaof_______________________________________________________ 441 
broiler production in _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 165 
desired family size in __________________ ·_____________________ 33 
effects of nutrition on popUlation height and weighL__ _ _ _ _ _ _ _ _ _ _ _ _ 46 
farm implement use in ______________________________________ - _ _ 452 
fertility rates in_______ ____________________________________ 31 
fish in food supply oL_____________________ ________________ 348 
fishery catch oL ____________________ · _________________ 349,351,357-358 
land cultivated in_________________________ _______________ 441 
land irrigated in ______________________________ ,_________________ 441 
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Japan-Continued Page 
livestock opera tiona in...: _______ . ____________________ - _ - ___ .,. .,. __ .,. _ _ 254 
mileage of access roads in. ___ .,. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 582 
mortality of infants in _________________ ...;________________________ 33 
owner-opera tor land tenure _ _ _ _ _ _ _ _ _ _ _ 517 
per capita income and food consumer____________________________ 309 
pest control iti.:.. _________________________________________ 213-214,393 
population of. ________________________________ - ________ - ________ 21,441 
price of fertilizer in____________________________________________ 156 
price policies in ______________________________________ ~ _ _ _ _ _ _ _ 525-526 
production of ammonia fertilizer in _________________ ...: _ _ _ __ __ _ _ _ _ _ 384 
production; disappearance, and trade of agriculturalcommodities____ 159, 

162, 164, 166-171, 175-177 
protein supply ____________ .,. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 341 
ratio of extension workers to farmers in _______ .;._~_________________ .622 
soil types _ _ _ _ _ _ _ _ _ _ _ _ _ 416 
source of dwarf wheat varieties ________________ ~ _______________ 199,216 
use of improved seeds in _________ ...:______________________________ 388 
yield of major food crops in _________________________________ -,._ 208...,.209 

Java, poultry production _ _ _ _ _ _ _ _ _ 254 
.Jordan: 

area _____________ 441 

cost of coastal embankment for flood controL_____________________ 469 
cost of water and land development in ___________ "'-_ _ _ __ _ ____ __ __ _ 464 
improved seeds in______________________________________________ 388 
land cultivated ________ 441 
land irrigated in __________________ :.; ___________________ .:.__ _ _ ___ _ 441 
population oL ___________ ;.. ____ . ___________________________ .,. _ _ __ _ 441 
xerophthalmia in _______ . _____________ .:. _________________________ 18,61 

Jute- ____ ...:_...: ___________ ...: __________ ...: _______ " __________ ...: __ 151, 153, 181, 527 

K 
Kellogg Foundation _______ ...: _______ ~ ________________ .;. ______ .;. _ _ _ _ _ __ _ 626 
Kennedy Round _________ ~ _______________________________________ 148,157 

Kenya: 
corn improvement program in _____________________________ 221-222,225 
cost of agricultural development projects _______________________ 435-436 
cost of irrigation developmenL" ________________________________ 435,465 
foreign personnel in agricultural programs oL ___________________ 611-612 
livestock operl~,tions in_ _ _ _ __ _ _____ __ _ __ _ _ __ _ _ _ __ _ _ __ _ _ _ _ _ _ _ _ _ _ _ 254 

Keratomalacia, see Diseases, vitamin A deficiency _ ;. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 16 

Klamath VVeed ___ ~------------------.;.---------------------------__ 233 
Korea, xerophthalmia in_____ _ __ ____ _ __ _ ___ __ _ __ ______ _ ___ ______ _ ___ 18 
Korean lespedeza, control of root-knot nematode_ __________ _________ 199 
Kuwait, production of natural gasin_________________________________ 384 
Kwashiorkor, see Diseases. 

Labels, in marketing ___________ "'- _____ -:- ___________________________ 544-546 
Labor-intensive, agricultural development _________ .;. __ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 436 
Lactation, see Pregnancy. 
Lakes, production of fish in ___________________________________ 349,353-354 
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Latin America-Continued Page 
oilseed production in_____________________________________ ______ 339 
per capita income oL ________________________________________ 645,647 
personnel in agricultural programs oL _______________________ ~ __ 612-613 
pesticides_____________________________________________________ 393 
population density, in__________________________________________ 21 
potential for wild animal production ________________________ ;,.____ 270 
prices internal for agricultural commodities __________________ ~____ 151 
primary education in____ __ _ _ _ _ __ __ __ _ ___ __ _ _ __ __ _ _ _ _ _ _ __ _ _ _ __ _ _ 606 
production of animal products _____________________________ 256-259,338 
production, disappearance, and trade of agricultural commodities_ _ _ _ 162, 

164, 166-171, 176-177 
projected needs for fish ponds___________________________________ 355 
projections of animal protein supplies in_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 258, 262, 264 
projections of population in __________________ .,. _______ 22, 3O-3i, 261, 263 
seed and processing plant requirements in_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 388-389 
trend of farm export prices from _______________________________ 667-668 
universities offering agricultural education in______________________ 632 
use of fertilizer in ____________________________________________ 228,379 
xerophthalmiain______________________________________________ 61 

Latin American Common Market__________ __________________________ 154 
Latin American Free Trade Area __________________________________ 154,156 
Leaching, of soils in tropics _______________________________________ 474-475 
Leaf protein, as food·source _______________________________________ 368-370 

Lebanon: 
areaof __________________________ ~____________________________ 441 

land cultivated in____ __ _ _ _ _ _ _ _ _ _ _ __ _ ___ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 441 
land irrigated in_______________________________________________ 441 
population of_________________________________________________ 441 

Legumes, as source of protein_ __ _ __ ___ __ _ _________ _ _ _______ _ __ ______ 309 

Lentils, Bee Pulses. 
Leucine, 8ee Protein, amino acids. 
Leveling, cost of in development projecL_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 462-469 
Libya: . 

production of natural gas in ______________________________ -'______ 384 
protein supply of- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 334 

Lignin, as livestock feed____________________________________________ 258 
Lime, to reduce soil acidity ________ .;. _________ ~ ________________ ------ 380 
Limited good, doctrine oL __________ .,. _________________________ 513-514, 520 
Lipid, content of leaves _____________ ':"' ____________________________ '__ 369 
Lipids, extraction of -in FPC preparation ________ .;. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 358-359 
Lipoprotein, of peanuts ________________________________ ..; _ __ _ _ __ _ _ _ _ _ 344 

Livestock: 
,buffalo, potential for improvement oL _______________________ ,-_ 265,268 
bullocks __ ~·_.,. _______________________________________ 263, 265,268, 397 

cattle, areas suitable for production______________________________ 331 
cattle, EEC prices on___ _ _ 148, 149 
cattle, productivity of in regions world __________________ ,. ____ 251,267 
cattle, role of in India ________________________________________ 263-265 

diseases, 8ee, Diseases, animal. 
efficiency of food conversion in_ .. __________________ 249-251,333,337,352 

import duty on __ ~-------------------------------~-~------_-- 146-147 
imp,ortation of, into developing countries ______________________ ~ _ _ 285 
need for water _________________________ :- ____________ ..:. __ _ _____ _ 284 
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Livestock-Continued Page 
nutrition requirement'3 oL _____________________________ .. ____ H, 279-281 
population of species by regions_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 251-253, 261, 265-266 
production, need for data on____________________________________ 86 
production of, in selected countries _______________________ 165,254,262 
production, use of grains in ___________________________________ 163,165 
production of protein per acre __________ :-________________________ 336 
sheep, areas suitable for production 01- ______ ...,____________________ 331 
swine, increased gains from improved corn genotypes ___ ,____________ 224 
urea and forages as protein feed source_ __ __ _ __ ___ _ _ ____ _ _ ___ __ ___ 249 
prussic acid poisoning ______________________________________ .;. _ _ _ 199 

,as source ofpower _______________ ~ ________________ .;.____________ 268 

Lumpy skin disease, see Diseases, animal. 
Lysine, Bee Protein, amino acids. 

M, 

Machinery, farm, see Farm machinery. , , 
Madagascar, rice production in ____________________________ ~______ __ 497 
Magnesium: ' 

cycles of in forest trees~ ____ ~ _ , ________________________________ 477,481 

, deficiency, see Diseases, mineral deficiencies. 
deficiency insolls ________________________ .., _____________ ~ __ .;. __ __ 481 
requirementS_:- _ .,;'_ ' ______________ ' ______________ .;._~__ _____ __ _ ___ 67 

Maize, see Cereals, coni. 
Malawi, com yield from improved varieties __________________ .. .,. ______ :- 216 
Malaya: 

forest management in .. _______________ -: ____________ .... __ .... _ _ _ _ _ _ _ 499 
height and weight of adults in __ ;.. _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ 39 

, mileage of' access ,roads in ____ .. ___ .., __________________ :.. ___ .. _ .. _ _ _ _ 582 
soybean, milk in _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 632 

Mal~Ysia: ."... lmproved rIce vafletles In___ __ _ ____________ __ __ __ __ __ __ __ __ __ __ 215 
privat~govemment ownership of rubber plantations _________ .. ____ .. 490 
xerophthalmia in:.. ______________ .. _ .. _ .. _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 18 

Mal de caderas, see Diseases, animal, trypanosomiasis. 
M81~female ratio, in human population __ .;, ___ • .:. _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 39-42 
Male sterility: 

for insect controL ________________ ..:. _____ '- ____ .;, _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 207 
in plants ____________ ~ ______ ~ __________ w: ________________ 200-202,203 

'Malnutrition: 
in animals _______________ :.. ________ :-.;. _________________________ 14,279 
in children _____ .:. _ .. ,- _____________ .. ___ ~ _ _ ____ _ __ __ __ __ _10, 12.:.-14,312 

diseases caused by, see Diseases. 
effects on health, work efficiency, and social attitudes _________ 12, 30~304 
extent 'of __________________________________ ,- ___________ 10, 17,82,316, 
prevention oL _________ .. _______ ~ __ .... ____ .. __ ..; ____ .. ______ :'" _.. 7~79, 564 
protein in pregnant women and nursing IDothers~ _______________ 31~313 
relation to income leveL __ ..: ______ ~ _________ .:. .. ____ . .;. _' _____ . _____ 42-44 
relation to infant mortality ________________________ ..: ____ . ______ 38,310 
relation to irifection___________________________________________ 312 
relationship to protein quality _.;._ .. ~ _________ • ___ ., __ .:.____________ 392 
in urban areas~ _______ .:..; _____________ ..: _______ .:.._,!,, __________ ,-__ 303 

Malvalic acid, in cottonseed ___________________________________ ..,_-'__ 339 
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Management: "Page 
in crop production _______ 198,204.-200,210--213,223,229,232,236,379,392 
of fresh-water fisheries _______________________________________ 349-355 
in livestock production ________________________________ "____ __ __ 251, 

254.-255,256,258,261,262--263,267,280--281,293 
of tropical forest _______________________________ ~ __ __ _ _ _ _ _ _ 497-500 

Manganese deficiencies in crop"s, see Micronutrients, deficiencies. 
Mangoes, see Fruits. 
Manpower, see Personnel. 
Manure, see Animal wastes. 
Marine, see Oceans. 
Marketing: 

and agricultural production ____________________________________ 507,521 
of animal products ____________________ 258,262-263,286,333,549-550,555 
consumer's role in ____________________________________________ .:_ 541 
foodlossesin _________________ ~ ________ ~ _____________________ 549-555 
of high protein food products _____________________________ -'_:-_____ 566 
influence on production incentives __________ 510,520,522,531, "532,572,576 
information system in _____________________________________ 542,546-547 
quality identification system in _______ .: ________________ 542,543-546,561 
refrigeration in __________________________ .:. ___________________ 585,586 
research and education in __________________________ 542,547-548,619,636 
role of government in ____ -' ________________________ .. ______ 542-548,561 
role of private enterprise in ____________________________ 548"';'549,561,562 
ofseed________________________________________________________ 390 
storagesin ______________________________ 542,547,554.-557,559-563,575 
in a subsistence economy _______ ________ _ ________________ _ ______ "541 
system in United States________ _____ _ _ _ _ _ _ _ __ _ _ _ ____ __ _ _ _ ___ _ _ _ __ 540 
transportation in ____________________ 543,555,558,562-563,572-574,575 

Marketing boards ___ ~ _______ __ _ _ _ _ _ _ ___ _ _ _ _ _ _ _ _ __ _ _ _ _ ___ _ _ _ _ _ _ __ __ _ 153 
Marketing centers, need for transportation to ____ .:. _________ 575, 580, 586-587 
Mastitis, see Diseases, animal. 
"Mauritius: 

birth and death rates in _____________________________________ ..; _ _ _ 36 
protein supply of_ _________ _ _ _ _____ _ _ _ _ __ _ __ _ _ _ ___ _ _ _ _ __ _ __ _ _ _ _ _ 334 

Measles, see Diseases. 
Meat, see Animal products. 
Meat scraps, see Animal byproducts. 
Mehlnahrschaden, see Diseases, kwashiorkor. 
Mekong River, irrigation project 01._________________________________ 493 
Methionine, Bee Protein, amino acids. 
Mexico: 

area of_ ___ _ ___ __ ___ _ _ _ _______ ._ ______ _ _ _ _____ ___ _ _ ____ _ _ __ __ _ 441 
corn improvement program in ______________________________ 221-223,225 
diet composition in_ _ _ __________ __ _______ _ _ _______ _ __ ____ _ _ _ __ __ 317 
financial support of research in__________________________________ 618 
food demand in ____________________________________ ..:_ _____ __ _ _ _ _ 650 

food prices 152 
higher education in_______ _ _ _ ______ _ __ _______ _ ______ _ _ _ ___ __ _ _ __ 606 
improved seeds in ________ .. ________ _ ___ _____ _ _______ _____ _ __ _ _ __ _ _ 388 
land cultivated in_ ..... _____________________ • ______ .,. __ .,. _____ ... _.,. .. _.. 441 
lanq irrigated.area in_ .. _________ -- ---- - .... - -. -- ----- - -- - .... -- -.,.- .,..,... 4il 
multiple cropping of corn m_. ___ ..... _ .. ______ .. _-: .. __ .... __ ~-- ... _.......... 2~6 

263-088 0 - 67 - 49 
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Mexico-Continued Page 
population of _ _ _ _ __ __ __ ___ __ _ __ _ _ _ _ __ _ _ __ __ ___ __ ____ __ __ _ _ _ ___ 441 
potato improvement program in__ ________________ ____________ ___ 223 
poultry operations in_______ _ _ _ ____ __ _ _ _____ _ _ _ __ _ ___ __ ___ _ _ _ _ _ _ 254 
primary education in _____________________________ .;. _ _ __ _ ___ ___ _ _ 606 
private livestock organizations in________________________________ 290 
production, disappearance, and trade of agricultural commodities____ 162, 

164, 166-171 
production of natural gas in _____________________________________ · 384 
produetion of oilseeds ____ '.;, _ ,.__ __ _ ___ __ _ _ _ _____ __ _ _ __ _ __ _ _ _ _ ____ 339 
sorghum improvement program in_ _ __________ _______ ___ ____ __ ___ 223 
status of agrieultural researeh in _______________________ 614-615,617,620 

.. . swine operations in_ _ _ _ _ _ _ _ _ ___ _ _ _ _ _ _____ _ _ _ __ __ _ _ _ _ __ _ __ _ _ _ _ _ _ 254 
transportation system in_______________ ____ _____ ________________ 543 
universities offering agricultural education in______________________ 632 
wheat production in _________________________ 199,210-211,213,216,230 
wheat storage in____ _ _ __ _ ____ _ __ __ ___ _ _ _ ______ _ __ ______ _ _ ____ _ _ 557 

~exieo VVheat Program __________________ 210-211,216,223,225,230,627-629 
Micronutrient deficiencies ____________________________ 204,230-231,281,481 
Micro-organisms : 

control of, in storage facllities _________________________________ 559-560 
cost of production for food ____________________________ 362-364,367,371 
in fishpreservation _______________________ ~ __________________ 359-360 
food losses due to_.: __________________________ 310,550,552-554,557,558 
production of for feed ________________________________________ 283-284 
production of for food ____________________________ 328,361-368,,370-371 
toxic metabolities oL__________________________________________ 365 

Milk, Bee Animal products. 
Milkfish__________________________________________________________ 352 
~illet, see Cereals. 
Mill wastes, Bee Plant wastes. 
Minerals: 

content of in cereals___________________________________________ 323 
fortification of foods with _____________________ :. ________ :-________ 564 
requkementsof ______________________________________________ 67,329 

requkements supplied by soybeans_______________________________ 218 
Mohair, Bee Animal products. 
Moisture, in agroclimatic regions, Bee Agroclimatic regions. 
Molasses, see Plant bypro ducts .. 
Molybdenum, see Micronutrient deficieneies. 
Monsoons, need for studies of _____________________________________ 453-454 

Morocco: 
. cost of agricultural development projects _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 436 
cost of water and land development in_ _ ______ __ _______ ______ ____ 464 
support prices for wheat________________________________________ 155 

Mortality: 
infant, relationship to birth controL _____________________________ 35,38 
relation to malnutrition in children _____________________________ 38,310 

~ortality rates ______________________________ . ______________ . ______ - _ 24 
estimates of ________________________________ .;. __ _ _ __ _ ___ _ ______ _ 24 
of preschool children, in selected countries ______________ 13,17,21,33,312 

Mules, Bee Livestock. 
Mullet ____________________________________________ ~----__________ 352 

Mutagens, in plant breeding ______________________________________ 202,203 
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Page 
Multiple cropping _______________________________________________ 434, 440 
Multiple purpose foocL _____________ :__ _ ____ _ __ _ _ __ _ __ _ _ __ _ _ _ _ _ _ _ __ _ _ 78 

Mungbeans, see Pulses. 
Mushrooms, as· food source_ _ __ __ ____ __ ________ _______ ___ ______ _ ____ 365 
Mycotoxins _____________________________________________________ 552-554 

N 

Nagana, see Diseases, animal, trypanosomiasis. 
Nairobi sheep disease, see Diseases, animal. 
Natural gas, production of in selected countries ___________ :...___________ 384 
Nematodes, control by plant breeding __ :... __________________ ..::.:.:.:.,:.._..;.:.. __ 198-199 
Nepal: 

areaof ____ ~------~------------------------------------_______ 441 land cultivated in ______________________________ :..._______________ 441 
land irrigated in__ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ ___ _ _ __ _ __ _ _ _ _ _ _ ___ _ _ _ _ 441 
population oL ____________ :... _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 441 

Netherlands: 
improved seeds in _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 388 
research and education programs in________________ ______________ 626 
support prices for wheaL ________________________________ ..:______ 155 

Newcastle disease, 8ee Diseases, animal. 
New Guinea, sweet potatoes in food supply __________________________ :... 368 
New Zealand: 

agricultural policies of ___ ..,; ___________________________________ :.. __ 148 
exports of cereals from ____________________________________ :... _ _ _ _ 20 
forest management in _______________ ~_____ _________ _ ______ __ __ _ 499 

land areas in tropical climatic regions____________________________ 475 
land cultivated in ____________________________________________ 434-435 
land grazing in tropics by soil groups_____________________________ 483 
population of _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 434 
potentially arable land in ___ -_________________________________ 429,434 
potentially arable land in by soil groups__________________________ 483 
protein supply of _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 334 
soil types in ____________________________________ :...______________ 416 

Niacin, requirements, see Vitamins. 
Niacin-tryptophan deficiency, see Diseases. 
Nicaragua: 

areaof_______________________________________________________ 442 
land cultivated in_____ _ _ _ _ _ _ _ _ __ __ _ ___ __ __ __ _ ___ _ __ __ __ _ _ _ _ _ _ _ _ 442 
land irrigated in____ _ _ _ _ _ _ __ _ _ __ ___ _ _ _ _ __ _ __ __ _ _ _ __ _ _ _ _ _ _ __ _ _ _ _ 442 
population of _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 442 

Nicotinic acid, in cereal fortification_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 322-324 

Nigeria: 
corn yield from improved varieties ______________________________ .:. 216 
cost of agricultural development projects in_______________________ 436 
export prices on peanuts and oil palm____________________________ 153 
food prices in _______________ :.. ____________________________ .:._· ___ " 152 
forest management in_ __ ________ _____ ___ _______ ___________ _____ 499 
higher education in ___________________________________ .:. _ _ _ __ _ _ _ 608 
poultry production in_ _________ __ _______ _ _______________ _ _____ _ 254 
primary education in _______________________________________ :..__ _ 605 
production of natural gas in_____________________________________ 384 
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Nigeda-Continued Page 
production of oilseeds in__ _ _ _ _ __ __ ___ _ _ _ _ _ __ ___ _____ _ _ _ __ __ _ __ _ _ 339 
protein food products developed for______________________________ 563 
sorghum yield from improved varieties in _______________________ 217,225 
xerophthalmiain______________________________________________ 18 

Nitrogen, see Fertilizer. 
cycles in forest trees _________________________________________ 477, 481 
and irrigation _______________________________________________ 456-458 
retention of fortified foods ____ 0 ___________________________ • ..: __ 317-318 

Nomadic gathering, systems of in tropics ______________________ ;..______ 490 
North America: 

area of_______________________________________________________ 441 
composition of diet in ____________________________________ .:._____ 317 
export prices _______________ .: ____________ 0 ________ ~ ___________ 0_ _ 668 
fertilizer reserves of __ . _ __ _ _ __ ________ __ __ __ __ _ _ __ __ __ __ __ __ _ _ __ 387 
land areas in tropical climatic regions_ _ __ ____ ____ __ __ __ __ ________ 475 
land cultivated in~ ___________ . ___________________________ 434-435,441 
land krigated in ___________ .______________________________ _____ 441 
land potentially arable in _____________________________________ 429-434 
livestock populations in ______________ 0 ___________________ 252-253,266 
populationof _______________________________________________ 434,441 

production of animal products _________________________ 256-257,259,267 
production of oilseeds ____ 0 _______ 0 ___ • _ • _ __ _ __ _ __ __ _ __ _ _ __ _ __ __ 339 
projected needs for fish ponds____ ___ __ __ __ ________ ___ _____ __ _ ___ 355 
projected supplies of animal protein in_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 262, 264, 267 
projections of populations in __________________ ... _________ 30-31,261,263 
protein production of cattle in_____ __ __ __ __ __ __ _____ _____ __ __ __ __ 338 
soil types in ___________ • _____________________________________ 413-414 

wheat and rice yield increases in_________________________________ 208 
Norway: 

fishery catch oL _________________________________________ • ___ 357-358 
fish in food supply of ______ 0 _______________________________ ._ _ _ _ _ 348 

Nuclear energy, for agricultural development__________ __ _ _ ____________ 449 
Nutrients: 

cycles in forest trees __________________ ~ ___________________ 476-477,481 

plant, lee Fertilizer. 
Nutrition: 

animal, improvement of. _____________________________ 261,279-281,293 
need for research on _____ . _________________________ 0 _______ 86-87,619 

plant, see Plant nutrition. 
protein in _______________________ 302-307,314,330,335-345,366,368,370 
relation to income leveL _______________________________ ~ ________ 42-44 
relation to mental development ____ . ____________________________ - 86 

Nutrition programs: 
in developing countries _________________________________________ 79-83 
evaluation of ____________ . _______ 0 ____ 0 _________________________ 80; 88 
planningof ________________________________________ 78,88-89,325-329 
relation to societal conditions _______ ._. _____ • _________________ 305,313 
role of United States in ________________________________________ 87-89 
training centers for ______________ ._ _ _ __ __ __ _ _ _ ___ __ ____ _ ___ __ __ 85 

Nutrition surveys _________________________________________ 16,79-80,82,88 

Nutritional requirements: factorsaffecting _____________________________________ ~ _________ 38-42 
need for data on __________________________________ . _______ 87,325-326 
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o ~age 
Oatmeal, protein production per acre______ _ __ __ ________ __ _ _ _ _ _ _ _ _ _ _ __ 336 
Oats, see Cereals. 
Oceania: 

fish processing in _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 348 
land areas in tropical climatic regions____________________________ 475 
livestock populations in __________________________________ 252-253; 266 
need for personnel in agricultural programs of- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 612-613 
pesticide use in____________ ___________________________________ 393 
production of animal products ________________________ 256-257,267-338 
production, disappearance, and trade of agricultural commodities____ 162, 

164, 166-171 
projected populations in ____________________________ ':. ___ ·'3o-:.31,~ 26'i~ 263 
projected supplies of animal protein in _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 262, 264, 267 
wheat and rice yield increases in ___________________________ o ____ ~_ 208 

Oceans, fishery potential of __________________________ 0 _____ 345-347,356-357 
Oil palm: 

export prices in Nigeria________________________________________ 153 
in mixed tree crop system _________ :... ________________________ ._____ 487 
in shifting cultivation _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 497 
yield of ______________ ~ ______________________________________ 411,491 

Oils~ edible, in food requirement projections____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 70 
Oilseeds: 

absorption of insecticides by _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 207 
export oL ___ ~_____ _____________________________ :.. ___ 143,159-160 
as fish food supplement______________________ _ _________ 351-352,354 
in high protein food products __________________________ 68, 218, 564, 632 
import duty on ______________________________________________ 146-147 
international commodity agreements on _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 157 
as livestock feed supplement __________________________ 165,250,265,283 
losses to pests in marketing channels_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 205, 550-552, 554 
mycotoxinsin __ :... _______________ ~------------------------- ___ 553-554 
need for production of _________________________________________ 77,342 
oil content of- _ _ ___ _ _ _ _ _ __ _______ _ __ __ __ __ _ _ ____ _______ __ _ __ __ 339 
as poultry feed supplement _______________________________ 249,282-283 
processing as food _______________________________________ 339,342-344 
protein content 01- ____________________ -:- _________ 218,309,315,336-345 
protein production . per acre __________________ .., _ _____ ___ __ _ ____ __ 336 
world production of __________________________________________ 339-341 

Oilseeds, cottonseed, gossypol in ____________________________________ 199,343 
Oilseeds, peanuts: 

amino acids in___ ___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 315, 344 
as basic crop for developing countries __ ._____ _ __ ___ _ _ _ _ _____ _ __ ___ 219 
"groundnut" project, British___________________________ _ ___ 479,495 
stocks of in U.S_________________________________ 142 
yields in selected countries ______________________________________ ' 209 

Oilseeds, sesame meal, amino acid composition oL_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 315 
Oilseeds, soybean meal, amino acid composition of- ____ ... _________ ' _ _ _ 315 
Oilseeds, soybeans: 

adaptation to photoperiod by plant breeding ____________________ 198,218 
as basic crop for developing countries___ _ _ ____ _ ___ __________ __ ___ 219 
control of nematodes___________________________________________ 199 
effects of fertilizer on yields _______________________________ .;._ _ _ _ _ 197 
in mUltiple cropping system ___________ o_____ __ ____ _________ _____ _ 233 
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Oil seeds, soybeans-Continued Pap 
nutrient composition 01-________________________________________ 328 

production, disappearance and trade 01-____________ 151,165,168-169,341 
yields of different varieties ____________________________________ 218-219 
yields in selected countries ________________________ 196-197,209,217-218 

Oilseeds, soy products, types oL _____________________________________ 340-341 

Olive oil: 
import duty on__________ __ __ ___ ___ __ __ __ _ _ _ ___ ______ __ __ __ _ _ _ _ _ 146 
international commodity' agreements on _____ ..: _.:. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 157 

Ondiri disease, 8ee Diseases, animal. 
Osteomalacia, Bee Diseases, mineral deficiencies. 

p 

Packaging, for product shipping and marketing ______________ 579,581,586-587 
Pakistan: 

adult height and weight__ _ _______ _ __________ ___ ___ ____ ______ ___ 39 
areaof _____________________________________________________ 441,447 

cost of agricultural development in ... ___________________________ 448,461 
cost of coastal embankment for flood controL _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 469 
cost of fertilizer in_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 156 
cost or irrigation development in_~ ____________________________ 448,450 
crop production in ___________________________ 208-209,211-212,394,662 
desired family size in_,._________________________________________ 33 
draft animals 268 
extension programs in___________________________________ _______ 633 
fertility rates in_ __ _______ __ _ _________ __ ____ ____ __ _ __ ___ ______ _ 26 
fisheriesin____________________________________________________ 349 
foodaidto ____________________ ~ ____________ ~__________________ 180 

fooddemandin_______________________________________________ 650 
food prices in ____________ , ____ '____ _ _ _ _ _ _ _ _ _ _ _ __ ___ ___ ___ ___ _ _ _ _ 152 
food requirements for _____________________ -:- ___ 69,71-72,75-77,645-646 
G~Pof ____ : _______________________________________________ 646-647 

development of ground water in _______________________ 447-449,661-662 
improved seeds in ____________________________________ '_ _ ______ _ 388 

improved wheat and rice varieties in----------.o:---- 199,211-212,215-216 
infant mortality in _______________________________ ~-- ___ __ _ _ __ __ 33 
irrigation potential oL _______________________________ 444, 446-447, 452 
land cultivated in ______________________ :.. _______________________ . 441 
landirrigatedin_______________________________________________ 441 
per capita income oL ______________________ .:. _________________ 645; 647 
popUlation of ________________________________________________ 25, 441 
population estimates, in _________________________ ~ ___________ 22,24-28 
potentially arable land in__ __ __ ____ __ __ __ _ _ _ _ _ __ __ ____ _ __ _ _ _ _ _ _ _ 447 
poultry production in __________________________ .:. ___ :..________ ___ 254 
projections of calcium requirements for __________ :.. __ :.: ____________ 58,65 
projection of caloric requirements for _ ___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 45,48-49 
projection of protein requirements for _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 50, 53, 55-56 
protein supply .• "; 334 
rice losses due to pests ____________________________ ~.:._.:_.:. _____ 213,231 
support prices for wheat _________________________ ~ _____ .:._:._,.---- 155 
vitamin requirements for _______________________________________ 58-62 
waterrunoffin________________________________________________ 447 
xerophthalmia in _____________________________ ,:,_-,' ______________ ' 18-61 
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Page 
Pakistan, West, Third Plan oL______________________________________ 662 
Pakistan Wheat Program _________________________________ 211-212, 216, 223 

Palm nut, Bee Oilseeds. 
Pan-American Foot;and Mouth Disease Center________________________ 276 
Panama: 

area of ____ ' ____________________________________ .:___ __ _ _ _______ 442 

cost of coastal embankment for flood controL_____________________ 468 
land cultivated in ____________________ '_ __ _ _ _ ___ ___ _ __ __ ___ _ __ _ __ 442 
land irrigated in _____________________________________________ :.;.. 442 
population of ________________________________ , ______ '_ _ _ _ _ _ _ _ _ __ 442 

Pantothenic acid deficiency, Bee Diseases, vitamin deficiencies. 
Pantothenic acid requirements,' Bee Vitamins. 
Papain, in fish preservation ___________________________________ ~ _ _ _ _ _ 360 
Papaya, Bee Fruit. 
Paper, waste as source of cellulose___________________________________ 365 
Paraguay: ' 

areaof_______________________________________________________ 442 
land cultivated in_____ _ _ __ _ _ _ _ _ _ _ ___ _ ___ __ _ ____ _ _ ___ _ _ __ __ __ __ _ 442 
land irrigated in __________________________________ '___ _____ __ __ _ 442 
populationof_________________________________________________ 442 

Parasites, animal ________________________________________ 258,270,276,332 
Pea aphid, control by plant breeding_________________________________ 198 
Peanuts, Bee Oilseeds. 
Pellagra, Bee Diseases. 
Penicillium _____________________________________________________ :.. _ 553 

Personnel, need for in: 
agricultural programs ________________________________ 611-614,616-617 
animal production _________________________ ~ _________ 287-289,291,293 
developing high-protein food products ___ ,.. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 565 
extension ___________________________________________________ 621-622 
fertilizer production ___________ ~_ __ __ __ ___ __ __ _ ___ _ __ __ _ ___ __ _ _ _ 383 
fisheries_ _ _ _ _ __ ____ _______ ______ ___ _____ __ ___ ___ _ __ __ ___ _ __ _ _ _ 355 
food processing and distribution ________________ ,__________________ 563 
irrigation development ____ ..; ___________________ ~_ _ _ _ _ _ _ _ _ _ _ _ _ _ 450-455 
pest control___ _ _ _ __ _ _ _ _ _ _ _ _ _ _ __ __ __ __ _ _ _ _ _ _ __ _ _ __ _ _ _ _ _ _ _ _ __ _ _ _ 395 
research ____________________________________________________ 616-617 

seedproducuon_______________________________________________ 391 
teaching ____________________________________________________ 605-607 

Peru: 
areaof_______________________________________________________ 442 
cost of agricultural development in______________________________ 461 
cost of settlement projects in____________________________________ 439 
cost of water and land development in _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 463, 464, 468 
cotton insect control in____ _ __ _ _ ___ ___ _ _ _ __ ___ _ _ _ _ _ _ _ _ _ _ __ _ __ __ _ 214 
extensionprograDlsin__________________________________________ 633 
financial support of research in ______ ~___________________________ 618 
fishe~ catchof ______________________________________________ 357-358 
high-protein food products in ___________________________ , ______ 563,567 
high-protein food products developed for ________ .; _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 563 
irrigation projects in_ _ _ ____ _ __ __ ____ ____ ________ __ _ _ __ ____ _____ 493 
land cultivated in ____________ . ________________ ;..________________ 442 

landirrigatedin ____________________ ~----------------------____ 442 
Dlalnutrition in children of. _______ ,~_ .. __ ....... _______ .. _ ... _ .. ~ ___ · ........ _ 14 
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Peru-Continued Page' 
populationof_________________________________________________ 442 
poultry production in_ _ _ _ _ _ __ _ _ _ _ __ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ 254 
private livestock organizations in ___________________ ~_______ _____ 290 
protein supply oL ___________________________________________ 334,341 
research and education programs in_ __ _ _ _ _ __ _________ __ __ __ __ __ __ 629 
xerophthalmiain______________________________________________ 18 

Pest Control, see also Insect control; Diseases, plant control; Weed control: 
in improving crop production _________________________________ 392-395 
need for in future ____________________________________ 214-215,220,232 
need for personnel in _________________________________ 225-226,395,613 
need for research in _______________ .:. __________________ 395-396,619,636 
problems in tropics_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 226 
in storage facilities ___________________________________________ 559-560 

Pest control, pesticides: 
equipment for application oL___________________________________ 399 
manufacturing of ____________ .., _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 396 
need for ____________________________________ 208,214-215,220,231,392 
in preventing storage losses _______________________________ 555,557-560 
projected costs of ________________________________ 393,395,402,658,660 
requirements for, in Asia, Mrica, Latin America, and India ______ 393-395, 

676,678,701-702 
return from use oL __________________________________ 206,214,392-395 
undesirable side-effects oL _____ . __________________ ;. ________ 206-207,214 

Pesticides, see also Insect control; Weed control; Disease plant control. 
Pest ~anagement-------------------------------------------- ___ 207,215 
Pests; . 

biological control oL _________________________ 198,200,207,220,233,392 
cultural control oL _ __ __ __ __ ______ _ _ __ _ _ __ _ _ ___ ______ _____ _ _ ___ 231 
losses in marketing channels __________________________ 550-555,557-558 
losses to, in India__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 213 
losses to, in Pakistan_ _ __ ____ __ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ 213 
losses to, in United States______________________________________ 205 
losses to, in world______________________________________________ 392 
plant breeding for control oL _________________ 198-200,207,219-220,392 

Phenylalanine, see Protein, amino acids_______________________________ 52 
Philippines: 

area of_______________________________________________________ 441 
beriberiin____________________________________________________ 18 
cost of irrigation development in _________________________________ · 467 
desired family size in,.;__________________________________________ 33 
food prices in__________________________________________________ 152 
fresh-water fisheries in _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 349 
fish in food supply oC__________________________________________ 348 
fish production in _______________________________ ~ ______ .:. _ _ _ _ _ _ _ 351 
graduate training in ___________________________________________ .:. 239 
land cultivated in ____________________________ ~ _ _ __ _ _ __ _ ___ ____ _ 441 
land irrigated in __________________________________________ - - - - -
land tenure and fertilizer use ________________________ :.~ ____ .:. _____ · 
mileage of access roads in ______________________________________ _ 
mortality of infants in _________________________________________ _ 
nutrition programs in ________________________________________ -_ 
population of _____________________________________ ,.; __________ _ 
price of fertilizer ______________________________________________ _ 

441 
519 
582 

33 
81 

441 
156 
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Philippines-Continued Page 
production of cereals in___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 215-216, 223, 226, 394 
protein supply of______________________________________________ 334 
ratio of extension workers to farmers in_ _ _ _ _ ________ ____ _ _ __ _ ___ _ 622 
trade in rice _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 176 

Phosphorus: 
availability in soils _______________________________________ 481, 486, 491 
cycles in forest trees _________________________________________ 477,481 

Phosphorus deficiency, see Diseases, mineral deficiencies. 
Phosphorus fertilizer, see Fertilizer. 
Photoperiods, adaptation to, by plant breeding ______________ 198,210,218-219 
Pigeonpeas, see Pulses. 
Pigs, see Livestock, swine. 
Pineapple, see Fruit. 
Pine, Monterrey, transplant of from California_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 494 
Pinus, management of in tropical forests_____________________________ 499 
Pirosplasmosis, see Diseases, animal. 
PL 480, see Food aid. 
Plantains, protein content oL _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 315 
Plant analysis, as aid in crop fertilization_____________________________ 204 
Plantation cropping, systems of in tropics ___________________________ 489-490 
Plant breeding: 

of barley, for malting quality___________________________________ 199 
of corn for improved protein content- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 224, 309, 329-330 
for crop production improvement _____ ~ 197-204,209-210,215-225,232,456 
for disease controL __________________ 198, 200, 202-203, 210, 216, 219-220 
for dwarf plant production ____________________________ 199,210,231,233 
emphasis on, in developing countries _________ ~___________________ 619 
6fforage crops ____________________ ~ ___ ~----------------------- 219 
germ plasm alteration ________________________________________ 202-203 

germ plasm, availability of de~irable ___________ 198-200,202-213,215-225 
hybridization, in improving plant varieties__ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ 198-204 
for insect controL _______________________________ 198,200,207,216,219 
in Kenya's corn improvement program _________________________ 221-222 
for lowered coumarin in sweet clover_____________________________ 199 
for lowered gossypol in cotton___________________________________ 199 
for lowered prussic acid________________________________________ 199 
in Mexico's corn improvement program_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 221-222 
need for scientists trained in ______________________________ 220,223,225 
for nematode controL ________________________________________ 198-199 
polyploidy in _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 203 
of pulses __________________ -' _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 217 
requirements for national programs in___ __ __ _ _ __ _ __ _ _ ___ _ _ _ _ _ _ __ _ 220 
of sorghum_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 217 
variety trials, need for ___________________________________ .,. _ _ _ _ _ 230 

Plant byproducts: 
as livestock and poultry feed ______ 248-249, 258, 265-266, 281-283, 292-293 
molasses, for micro-organism production_______ _ _ __ __ _ _ _ _ _ _ _ _ _ _ _ _ _ 362 

Plant diseases, see Diseases, plant. 
Plant genetics, see Plant breeding. 
Plant nutrients, see Fertilizer. 

importance of research on ____________________________________ 204,223 
Plant pathologists, need for_________________________________________ 226 

Plant protection, 8ee Pest control. 
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Plant protein, Bee Protein. 
Plant wastes: Page 

in fish culture ____________________ ~ __________________________ 350-351 

as livestock and poultry feed__ _ _ _ _ 248-249, 258, 26S-:266, 280-283, 292-293 
Poland: 

area of ____________________________________________________ "_ _ _ 441 
fertility rates in_ ______ ____ _ _ _ _ _ __ __ ____ __ __ __ __ ____ ______ _____ 31 
land cultivated in___ ___________ ____________________________ 441 
land irrigated in_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 441 
land tenure in___ ___ __ __ __ __ __ ________ __ __ __ ___ ______ ____ _ __ _ _ _ 518 
populationof ______________________ ~------------------- __ ~____ 441 

Polycarencil infantile, see Diseases, kwashiorkor. 
Polyploidy, in plant breeding_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 203 
Ponds: 

fresh-water culture of "fish in_ _ _ _ ___ __________ __ __ __ __ __ __ ____ __ _ 348 
production of fish in ___________________________ .:. _________ 348,350-351 
projections for new fish_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 354-355, 

Population: 
changes in geographic distribution_ _______ __ __ _ _ _ _ __ _ _________ __ _ 30 
by continents _______________________________________________ ~ 434 
density in selected countries_ _ _ _ _ _ _ _ __ __ __ ___ _ _ __ ___ _ _ _ _ _ ___ _ ___ 21 
projections 01- _______________________________________ 21-31,261,263 
related to education and GNP _______________________________ 601,604 

Population and animal protein supplies _____________________ 255,258,261-264 
Population control, need for research in_ _ __ _ ________________ _ ___ _____ 619 
Population growth: 

effects of rapid ________________________________________ 28-30,647-649 
in India _________ ~ __________________ .. ______________ 676-677, 680-685 
in selected countries _________________________________ 20,22,24,27,656 

Port facilities, need for adequate_ _ _ ______ __ _ ___________________ _____ 578 
Portugal, fish in food supply oL_____________________________________ 348 
Potash fertilizer, 8ee Fertilizer. 
Potassium, cycles in forest trees_____________________________________ 481 
Potassium fertilizer, 8ee Fertilizer. 
Potatoes: 

as basic crop for less developed countries_________________________ 219 
in food requirement projections __________________________________ 70-72 
losses due to pests in India__________________________________ ___ 205 
Mexico's production improvement program_______________________ 223 
protein content 01- ____________________ .:.____ ________________ __ _ 315 
shifting cultivation oL _______________________________________ 485-486 
yields in selected countries ____________________________________ 209,229 

Poultry: 
feed, use of leaf protein for_____________________________________ 369 
food conversion efficiency of- _____________________ 249-251,333-337,352 
iInportation of, into developing countries_________________________ 285 
potential for improvement of production in developing countries____ _ 266, 

279,285 
production of- __________________________________________ 254,338, 340 
protein production per acre_____________________________________ 336 

Poultry products, 8ee Animal product~. 
Power supply, cost of in development projects____________________ 462-469 
Pregnancy: 

in animals, 8ee Animal reproduction. 
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Pregnancy-Continued Page 
calcium requirements during __________ .. ______ . ___ .. _________ .. _ _ _ _ 64 
caloric requirements during ___ . _________________________________ 42,46 
niacin requirements during______________________________________ 60 
protein requirements during ________________________________ 42,51,312 
riboflavin requirements during_ _ _ _____________ ______ ____________ 59 
Vitamin A requirements during .. ____________________________ .. _ .. __ 62 

Preservation of animal products ___________ 258,262-263,280,286,332,559-560 
Preservation of fish ____ .. _____________________________________ 348,355-361 

Preservation of food: 
by dehydration in ____________________ '- _____ .. ______ .. _____ 557, 56D-561 
by heat sterilization _____________ .. ____ ... _______________________ ..,. 559 
in marketing system _______ .. ____________ .. _ .. ____ .: .. 541:-542, 547~ 549-563 
by radiation in_ .. __ .. _______ .. __________________________ .. ______ 559-560 
by refrigeration _______________ ~ _________________________ 558-560, 562 

Price, systems for sugar _______________________________ .. __________ 147-148 
Price supports ____________________ .. __________ .. ______________ 143,147,154 

Prices: 
of agricultural commodities by EEC __________________________ .. 148-149 
effect of food aid on _________________________________________ 183-184 
influence of, on marketed surplus_ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 529-532, 654 
influence of quality identification systems on _____________________ 545, 561 
international of farm products_ _ _ _ _ ________ ________ ________ __ ___ 143 
as production incentives to farmers ________________ 212,508,510,523-532 

Private enterprise: 
in developing protein food products ______________________ :..._______ 566 
in developing transportation system ________ ...... _ .. _ .. _ _ _ _ _ _ _ _ _ _ _ _ 587-588 
inclusion in agricultural development _____________________ .. _ _ _ _ 496-497 

Processing, see also Preservation. 
of oilseeds for food' ___________ .. __________________ .. ___________ 344-345 

Processing plants: 
advantages of large scale __________________________ .. ___ .. __ 555,562-563 
forfish ___________ :... ______________ .. _ .... __ .. _ .. ___ .......... _ ........ _ .. ___ 355-358 
for high,.protein food products ____________________ .. ___ .. ______ .. _ _ 565 
foorseed ____________________________________________ .... _ .. ___ 388-389 

Production: 
estimates of grain ____ .. _______ .. _ .. ____________________ 158-177,655,657 
potential of fresh-waters __________________ ...... _________ ...... ___ .. 353-355 
potential of grazing animals in agroclimatic regions ________ ...... ___ 429,434 
potential of oceans ______ .. _________ .. ___ .. ____________ 345-347,356-357 
potential of tropical forests ___________________________________ 497-500 
potential of tropics ____ :.. _____ ' ____ .... _____ .. __________ .. _________ 492-493 
relationship of agriculturat"output to overaIL_____________________ 643 
of vegetation in tropics _______________ ' _______________________ 477, 481 

Production function, need for empirical estimate of in national economy _.. 653 
Production inputs, economic considerations of.. _________ :... __ ~ _____ :.._~___ 661 
Pro-nutro ____ .___________________________________________________ 78 

Protein: 
animal, projected supplies of, by regions ________ 255,258,261-264,266-267 
content of cassava_ _ _ __ _ _ __ ____ _ _ _ _____ _ _ __ _______ _ __ __ _ __ __ _ _ _ 368 
content of fish_ .. _ _ _ _ _ _ _ _ _ __ _ __ __ _ __ _ _ _ _ ___ _ __ __ __ __ __ _ _ __ ____ _ 356 
content of foodstuffs _________ ~ __________________________ :... _ __ _ 315, 328 
contentofleaves ____________________________________________ 368-369 
content of soi1seeds __________________________________________ 339-340 
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Protein-Continued Page 
content of pulses ___________________________ .. ___ _ _ _ __ _ _ _ __ _ _ _ _ _ 217 
content of sweet potatoes_______ _____________ __________ __ _ ____ __ 368 
F AO reference ___ ~ ___________ ~ ______________________________ 50, 54_57 
local production oL____________________________________________ 327 
microorganism production oL ____ -" ____________ ·283-284,361-368,370-371 
net protein utilization (NPU), definition oL _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 50 
in nutrition programs ________________________________________ 302-307 
nutritive quality oL ___________________________ 50,68,314_315,317-318 
production of by animals ________ .: ____________________ 249-251,338,340 
production per unit area of land ______ :..__________________________ 336 
production of in world ________________________________________ 338,340 
quality, of animal products_____________________________________ 331 
quality, effect on nitrogen retention ____________________________ 317-318 
quality, improvement by genetic means_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 309, 329-330 
quality of related to amino acid composition______________________ 200, 

, 216,224_22~302,314-315 
supplements in livestock feeds _________________________ 163,249,281,283 
supply ofindiets ____________________________ 308-311,316-317,338-341 
supply of selected countries of world _____________________ 55-57,334,341 
USDA, reference standard_ __ _ _ __ _ _________ __ ___ ___ __ ___________ 57 

Protein, amino acids: . 
composition of foodstuffs _____________________________________ 315,328 
composition of leaves___________________________________________ 368 
composition of in microorganism ___________________________ 366-368,371 
con ten t of _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 50, 302 
fortification of foods with ____________________________ 51,68,77,317-322 
requirements __________________________________ 51-52,302,314_315,329 

Protein, amino acids, cystine in pulses __________________________ ...,_____ 217 
Protein, amino acids, lysine: 

content in pulses__ ____ _ _ _______ __ __ ___ _______ ___ __ _ __ _ _ _______ 217 
incorn _________________________________________________ 200,224,329 
deficiency in plantproducts ___________________________________ 314,344 
fortification with ________________________________ -' __ 317-318,323-324 
in protein nutrition of children__________________________________ 311 
in rumen bacteria__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 366 

Protein" amino acids, methionine: 
defiCiency in plant products ___________________________ 21'7,314,342,344 
in protein of leaves____________________________________________ 368 

Protein, amino acids, threonine: , 
fortifica.tion with_ _ __ _ _ _ __ __ __ ______ ______ _ ___ ___________ _ _ _ __ _ 317 
in peanuts ____________ ..: ___ . ________________________ '______ ___ __ _ 344 
in plant products ________________________________________ 313,317-318 

Protein, amino acids, tryptophan: ' 
conversion to niacin ____________________________________________ 59-61 
incorn _____________________________________________________ 200,224 

and opaque-2 in corn___ _ _ _ _ _ _ __ _ __ __ _ _ _ __ _ _ ___ _ _ _ ___ _ _ __ _ _ _ _ _ __ 329 
in plant products__ ___ _ ___ ___________ ____ _ __________ __ __ ___ _ _ _ _ 314 

Protein-calorie malnutrition, prevention oL ________________________ ~ _ 78-79 
Protein deficiency, prevalence oL____________________________________ 50 
Protein efficiency ratio (PER) _____________________________________ 317,319 
Protein intake, relation to income leveL ______________________________ 42-44 

Protein malnutrition, 8ee Diseases, kwashiorkor. 
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Protein requirements: Page 
adjustment for age _______________ .;. ___________ .;._________________ 50 

adjustment for body weight_____________________________________ 50 
conversion to foods and commodities _____________________________ 69-77 
projections for BraziL __________________________________________ 50, 56 
projections for India _____ .;. _______________________________ 50,53-55,68 
projections for Pakistan_~ ___________________________________ 50,55-56 

projections for World ____ .~---------------------------------- 50,56-57 
Protein requirements and calorie requirements _____________________ 50 68,70 
Protein-rich foods _____________ .;. ________________ 78-81,89,304,563-567,632 
Protein sources: 

animal products &8 ________________________________ .;. _________ 51,68,71 
cereals &8 __________________ . __________________________ ~ _____ 51, 54. 70 
fish as __________________ . ____________________ ... ..:. ________________ 68, 347 
oilseeds as ____________________________________ . ________ 68-70, 335-345 
pulses as _________________________________________ .;. ___________ 54,70 
vegetables as _______________________________________________ 51,70-71 

Puerto Rico: 
desired family size 33 
forest management in _________________________ .:.________________ 499 

GNP' 647 
per capita income 01- _____________________ ____________________ _ 647 
mortality of infants in ____ :.. __ _ ____ _ __ __ _ __ _ ___ _____ _ _ __ ___ _ _ _ _ _ _ 33. 

Pulses: 
amino acid composition 01-_____________________________________ 315 

as basic crop for less developed countries_________________________ 219 
improvement of yields ________________________________________ 217,218 
increased production to supply food requirements__________________ 77 
losses to pests in marketing channels __________ -:- ________________ 551,552 
production of, in response to price changes________________________ 528 
protein content of________________________________________ _____ 217 
protein in diets supplied from __________________________________ 54.341 
protein production per acre_____________________________________ 336 
yields in selected countries _____ .:. ______________________________ 209,217 

Pyridoxine deficiency, 8ee Diseases, vitamin Be deficiency. 

Q 
Quinoa, 8ee Cereals. 

R 
Rabies, 8ee Diseases, animal. 
Radiation, in food preservation______________________________________ 559 
Radio, for information dissemination in nutrition programs_____________ 88 
Railroads, in marketing __________________________________________ 543, 585 

Rats, see Rodents. 
Reclamation projects, in agricultural development_____________________ 437 
Refrigeration, need in food preservation ____ 550,555,558-559,560,562,586-587 
Regula tory programs:· 

animal production ________________ :- ___ -:- _____________ -:- 287,290,292-293 
pest controL__ _ _ _ _ _ ___ _ _ _ _ _ __ __ _ _ _ ___ ____ __ __ ___ __ __ _ _ _ _ _ _ _ _ _ _ 396 

Religion: 
effects on livestock production_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 263, 265, 286-287 
influence on food resources____ _ _ _ _ _ _ _ _ _ _ _ ____ _ _ __ _ _ __ _ _ _ _ _ _ _ _ _ __ 556 
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Rental, of land, 8ee Land tenure. 
Research: Page 

in developed countries ________________________________________ 623--629 
financial support for _____________________________________ 617-618,637 
need for, in agricultural programs of developing countries___________ 228, 

600-601,614-621,634-639 
need for, in animal production~ ___________________ 287,289-290,292-293 
need for continuity in programs of _________________ 600,614,624,635-637 
need for facilities to perform ____________________________________ ·617 
need for, in fisheries ______ ~· ___ .:. ___________________________ 347,353,355 
need for, in food preservation and distribution __________________ 360,563 
need for, on forage and range management _____________ :- ________ 280-281 
need for, in irrigation__________________________________________ 452 
need for, in marketing _____________________________ '"- ______ 542,547-548 
need for, on micro-organisms ___________________ :- __ '- ______ 364,367-368 
need for, in nutrition _____________________________________ 78,86-87,89 
need for, in pest controL _____________________________________ 395-396 

Research: 
need for, in price policy _____________________________ ...; _ __ __ _ __ _ _ 526 
need for, in seed production _________________________ .;;_________ __ 391 
need for, on soybeans __ ~ ____________________ ...;________________ __ 342 
need for, on tropical forests ___________________________________ 498-499 
in relation to extension and formal education_.: __________________ 236,620 
relationship of public- to private-supported _____________ .:.. _______ 620-621 

Research centers, need for ____________________________ 227,599-600,629,636 
Research and edUcation, returns from undeveloped countries __________ .598-599 
Research programs, organization and administration 01- __ 616,618-620, 363-639 
Reservoirs, production of fish in_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ 349-350, 353-354 
Resource surveys: 

in agricultural development _______________________ 436-437,443,446,451 
in irrigation development ______________________________________ ~ 451 

Restorergenes ______________________________________ ..;_____________ 201 

Retinol, 8ee Vitamins, vitamin A, sources 01-__________________________ 62 
Rhodesia: 

corn yields in _______________________________________________ 216, 491 
development of modern agriculture in __________________________ 491-492 
livestock operations in_________________________________________ 254 
wild and domestic animal prodUction compared _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 269 

Ribofla.vin deficiency, 8ee Di8eases, ariboflavinosie. 
Riboflavin requirements, Bee Vitamins. 
Rice, 8ee Cereals. 
Rickets, 8ee Diseases. 
Rift Valley fever, 8ee Diseases, animaL _____________________________ 271,274 
Rinderpest, 8ee Diseases, animal. 
River basins, water runoff from major________________________________ 4~7 

Rivers, production of fish in _____________________________ . _____ 349,353-354 

Roads: 
access, construction 01- _______ _______ :- ___________ . _____ 582-583,590-591 
access, planning for __________________ :.. _________________ '-_ 581-582,590 
in agricultural deve1opmenL __________________________________ 437,439 
cost of in development projects ________________________________ 462-469 
financing and operation 01- _______________________________ 583-584,590 
in industrial development __________________________ ~- __________ 579-580 
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Roads: Page 
need for, in marketing ____________________________________ 543,575,581 

Rockefeller Foundation _____________ ~ _ 210-212,222,227,239,615,625,627,628 
Rodents: 

control of, 'in storage facilities_ _ _ _ _ _ _ _ _ _ _ ___ _ _ _ _ ___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 559 
food conversion efficiency of rats_________________________________ 352 
food losses due to ________________________________________ 310,551-552 

Root-knot nematode, control by plant breeding________________________ 199 
Rubber: 

growth of on plantations __________________________________ 487,489,497 
harvest by nomadic gathering..: ____________________ ~______ _ _ _ _ _ _ _ 490 
in mix tree crop system ____________ -'____________________________ 487 
need for alternative food crops ________________________ ~_________ 232 
in shifting cultivation_ _ _ _ _ _______ _ _ _ _ _____ _ _ __ ___ _ _ _ _ _ _ _ _______ 497 
transplant of trees from BraziL_________________________________ 494 

Rumania: 
fertility rates in_ _ __ _ _ _ _____ __ _ _ __ _ _ _ _ _ _ _ _ _ _____ __ _ _ _ _ _ _____ ___ 31 
natural gas production in_______________________________________ 384 

Rumen bacteria, amino acids of- _ _ _ _ _ _ _ _ _ _ _ ________ __ __ _ _ _ _ __ _ _ _ _ _ _ _ 366 

Ruminants, see Livestock. 
Runoff, annual from major river basins ________________ -'______________ 447 
Rust diseases ___________________________________ 198,200,202-203,210-220 
Rwanda-Urundi, corn yields from improved varieties___________________ 216-

s 
Safilower, see Oilseeds. 
Sahara, soil types in_~ ____________________________________________ 413,417 
Salaries, of agricultural scientists______ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . 237 
Salinity: 

adaptation of crops to _________________________________________ 198,232 
in agricultural development _______________________________ 437-438,451 
in irrigation developmenL___ ____ ____ ___ ___ ___ _ _ _ ____ ________ __ _ 451 

Salmonellosis, see Diseases, animal. 
Salt, as iodine source ________________________________________________ 18,66 
Saudi Arabia, natural gas in__________________________________________ 384 
Savanna: 

anthropic ____________________________________________________ 475,478 

forest productivity oL___________________________________________ 499 
·productivity of, in tropics ___________________ :._ __ __ __ ____ __ __ __ __ _ 477 

Schools, see Education. 
School lunch programs ________________________________________ 78,81,83,89 
Screw worm_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 207, 392 

Scurvy, see Diseases. 
Seed: 

farm machinery for planting _____________________________ .: _ __ __ _ 399 
government production and marketing oL __________________ 223,390--:391 
need for improvement oL ________________________________ ..: _____ 387-388 
private production and markcting ____________________________ . __ 223,391 
production and harvesting problems of _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 390-391 
production, research needs for____________________________________ 391 
projected costs of capital investment for ___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 658, 660 
requirements for developing world _________________________ 223, 388-389 
requirements for India _______________________________ 675-676,694-702 
requirements for processing plants_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 388-389 
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Selenium deficiency, see Diseases, mineral deficiencies. Page 
Self-help, policies and food aid ______________________ ..;._ ___ _ _ _ _ _ _ _ _ ___ 144, 189 
Self-sterility in plants _____________________________________________ 200-203 
Senegal, peanut project in ___________________________________ :._ __ _ __ 495 

Sesame, see Oilseeds. 
Settlement, in agricultural development. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 437, 443 
Sewage: 

use of algae in reclaiming__________________________________________ 371 
use in fishculture______________________________________________ 353 

Sex attractants for insect controL_____________________________________ 207 
Sheep, see Livestock. 
Sheep pox, see Diseases, animal. 
Shifting cultivation _______________________ 425,476,478,485-488,496-497,500 
Shipping, see Transportation. 
Sierra Leone, graduate training in_ _ _ _______ __ __________________ __ __ _ 239 
Silage, as feed ____________________________________________________ 280, 283 
Singapore, soybean milk in_ _ _ _ ____ ___ _ _ _ _____ _ _ _ ___ _ _ _ __ _ _ _ __ __ _ _ __ _ 632 

Single cell protein, see Micro-organisms. 
Social attitudes: 

in agricultural development________ _____ ___ ____________ __ ___ __ _ _ 492 
. effects of malnutrition on_______________________________________ 12 
in nutrition programs _________________________________________ 313, 327 

Social conditions, relation to nutrition programs_ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 303, 305 
Sodium nitrate, in fertilizer production_______________________________ 383 
Soils: 

acidity 380,414,416 
atkalinity in _____________________________________________ 413,415,418 
analysis, in crop fertilization __________________________________ 204,230 
areaof_______________________________________________________ 423 
fertility in forest _________________________ :- _.;. _ _ _ _ __ _ _ _ _ _ __ __ _ _ _ _ 481 
fertility related to plant nutrition __________________________ 203-205,223 
fertility in tropics~ _____ ..;. _____________________________________ 476-480 
maize producing___ ______ _ _ _ _ _ _ __________ __ ____ _ ___ ___________ _ 413 
micronutrient deficiency in_.: __________________________ 413-415,418,481 
need for research in __________________________________ 204,223,409,619 
nitrogen deficiency in _________________________________ 413-416,418,481 
nonarable_____________________________________________________ 423 
organic matter in______________________________________________ 413 
phosphorus deficiency in ______________________________ 413-416,418,481 
potassium deficiency in _______________________________ 413-415,418,481 
potential grazing__ __ _ _ _ _ _ _ _ _ _ __ ___ _ _ _ _ _ _ __ __ _ _ _ _ _ __ _ _ _ _ _ _ __ _ _ _ _ 483 
potentially arable ________________________________________ 430,480,483 
salinity, excessive ____________________________________________ 413,418 
surveys, costs oL _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 437 
tilth, maintenance oL ________ ..; ___________________________ 414-416,418 

tropical, characteristics 474-484 
in tropical climatic regions______________________________________ 476 
weathered and leached in tropics ___________________ . ____ 415,476-477,479 
wheat producing_____ __ _ _ _ _ _ _ _ _ _ _ _ _ _ ___ __ _ _ _ _ _ _ _ _ _ __ _____ _ __ _ __ 413 
of the world __________________________________________________ 412-418 

Soils, soil groups: 
ando ___________________________________________ 416,423,430,476,480 
alluviru _________________________________ 412,417,423,430,476,483,484 
blackcotton__________________________________________________ 482 
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Soils, soil groups-Continued Page 
brown _______________________________ " _______________________ 413,424 
brown foresL __________________________________ 416,424,430,476,480 
brown podzolic ______________________________________________ 414,424 
brunacides _________________________________________________ 414,426 
brunizem ___________________________________________ 413,423-424,430 
calcisoL ____________________________________________________ 413,424 
chernozem __________________________________ 413,423-424,430,476,480 
chestnut ______________________________________________ " ______ 413, 424 
dark colored, base rich _______________________________ 476,480,482-484 
desert _____________________________________ ~ ________ 413,423-424,430 

dry 476,480,483 
gray-brown podzolic ___________________________________ . _______ 414, 424 
graywooded ________________________________________________ 414,424. 
ground water laterite _________________________________ 415,424,481,487 
ground water podzoL ______________________________ . ______ 412-414,424 
grumusol ___________________________________ 416,423-424,430,476,480 
half bog ________________________________________________ 413-414,425 
highly weathered and leached _____________________ 476,480,481-482,483 
liumic gley __________________________________________________ 413,425 
latosol _____________________________________ 415,423,425,430,476,480 
light colored, base rich~ ______________________________ 476,480,482,484 
lithosols ________________________________________ 412,417,423,425,430 
low-humic gley __________________________________________ 413-414,425 
moderately weathered and leached _____________________ . 476,480,482-483 
noncalcicbrown _____________________________ 414,423,425,430,476,480 
podzol ___ ~ _________________________________________ 414,423,425,430 
red desert __________________________________________________ 413,425 
reddish-brown _______________________________________________ 413,415 
reddish-brown lateritic _______________________________________ 415,425 
reddish chestnut _____________________________________________ 413,425 
reddish prairie ______________________________________________ 413,426 
red-yellowpodzolic _____________ ~ ____________ 415,423,426,430,476,480 
regosols ____________________________________________ 417,423,426,430 
regur_________________________________________________________ 482 
rendzina~ ___________________________________ 416,423,426,430,476,480 
sandy________________________________________________________ 484 
shallolV _____________________________________________ 476,480,483-484 
merozeDl ____________________________________________________ 413,426 
solonetz ____________________________________________________ 413,426 
soloth ______________________________________________________ 413,426 
subarctic brown foresL ____________________ ..: __________________ 413,426 
terra rossa __________________________________________ 416,423,426,430 
tundra _________________________________________ 412,423,427,441,430 
volcanic, see ando. 
yellowish-brown lateritic ____________________ "- ________ -' ________ 415,427 

Soil specialists, need for __________________________________ -'_ _ _ _ _ _ __ __ 226 
Solar radiation __________________________________________________ 474,490 
South Mrica: . 

livestock operations in_ _ _ _ _ _ _ __ _ _ _ _ _ _ _ ____ _ __ _ __ _ _ _ __ _ __ __ _ _ _ _ _ 254 
support prices for wheat________________________________________ 155 

South America: 
animal disease control priorities in ____________________________ .;. 275-276 
arenof _____________________________________________________ 442,447 

263-888 0 - 67 - 50 
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South America-Continued Page 
bodyweightsin_______________________________________________ 49 
costs of administration of development projects___________________ 439 
endemic goiter in_ _ _ __ _ _ _ _ _ _ _ _ _______ _ _ __ _ __ _ __ _ _ _ __ __ _ ____ __ __ 17 
irrigation potential of tropicaL ________________________________ 445-447 
landarable _____________________________________________ 429-434,447 

land areas in tropical climatic regions____________________________ 475 
land cultivated in ________________________________________ 434-435,442 
land for grazing in ___________________________________________ 258,280 
land irrigated ID ____________________ ~ ________________________ 442,493 
land tenure in _______________________________________________ 516, 519 
land unexploited in_ _ ________ ___ __ _ _ _ __ _ __ _ _ __ __ __ _ _ _ _ _ _ __ _ _ _ _ _ 476 
multiple cropping of com in_____________________________________ 226 
phosphate reservE'.B oL _____________________________ . __________ :.. _ 387 
population oL ______________________________________________ 434,442 
potassium reserves oL ___ ..:_ __________________________________ __ 387 
soil types in __________________________________ . _______________ 413-414 
water runoff in_ __ _ _ _ ____ _ _ _ _ ___ _ _ _ __ ___ _ _ ____ ____ __ _ _ _ __ _ _ _ _ _ _ 447 
wheat and rice yields in_ _ _ __ _ _ __ _ __ _ _ _ _ _ _ _ _ _ __ _ __ _ __ __ _ _ _ _ _ _ _ _ _ 208 

E?outh Korea: . . 
desired family size in____ _ _ _ _ _ _ _ ___ ____ __ __ __ ___ _ _ _ _ _ _____ _ __ _ _ _ 33 
mortality of infants in__________________________________________ 33 

Soybeans, see Oilseeds. 
Spain: 

area of ________ ' _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 441 
commercial imports of agricultural commodities by _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 146 
fishcatchof ________________________________________________ 357-358 
fish in food supply of __________________________________________ -. 348 
(}~Pof ________________________________________________ ~_____ 647 
land cultivated in_____ __ _ _ _ _ _ __ __ _ __ _ _ __ __ __ __ ___ _ _ _ _ _ _ _ _ _ __ __ _ 441 
land irrigated in __________ ..; _______________________ ... __ __ _ _ _ _ _ _ _ _ 441 
per capita income oL _____________ -._________ _________________ __ 647 
population oL _ _ _ _ ___ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ __ _ _ __ __ _ __ _ _ _ ___ _ __ ___ _ _ 441 
price of fertilizer in____________________________________________ 156 
support prices for wheat ______________________________________ .__ 155 

SpeCifications, in marketing ___________________________________ 544,546,561 
Spelt, see Cereals. 
Spinach, see Vegetables. 
Spotted alfalfa aphid, control by plant breeding_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 198 
Standards, inmarketing __________________________________ 544-546,554,562 
Starches, in diets in different areas _____________________________ 316-317,341 
Stem nematode, control by plant breeding __________________ ~--------:.. 199 
Storage, see Preservation. 
Streptothricosis, see Diseases, animal. 
Sucrose, for microorganism production _______ -_______ _ ___ ____________ 362 

Sudan: 
areaof_______________________________________________________ 441 
cost of agricultural development projects _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 435-436 
cost of irrigation developmenL _____________________ ~~ __ ~ __ ~~____ 435 
food prices in ___________________________________________ ,_;. ____ . 152 
land cultivated in _________________________________ ~_ __ ____ __ ___ 441 
land irrigated in___ _ _ __ ___ __ __ __ _ _ _ _ __ __ __ ____ _____ __ _ _ _ __ _ _ ___ 441 
population of_ _ _ _ _ __ __ _____ __ __ _ _ _ _ _ _ _ _ __ ____ _ ____ _ _ _ _ _ _ _ __ _ __ 441 
successful agricultural project in _________________________ ..; _ _ _ _ _ 495-496 
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Page 
Sudangrass _________________________________________________ 199,201,248 

Sugar: 
control of sugar cane borers _____ ~_______________________________ 231 
international trade in ____________________________ 146-149,151,157,186 
need for alternative food crops__________________________________ 232 
supply of in diets ________________________________ ~ 75,308-309,316-317 
transportationof______________________________________________ 586 

"Sugar baby," 8ee Diseases, kwashiorkor. 
Sugar beets: 

cost of land development for production of________________________ 449 
over-fertilization of ________________________________ :..._ _ __ ___ _ _ _ _ 204 
protection of production oL:.. ____________________ ~-------- ______ 186 

Sugar byproducts, as livestock feed ____________________________ 249,280,282 
Sugar cane: 

borers, control oL_ ___ _ _ _ _ _ __ ___ _____ __ _ __ _ _ _ _ _ _ ___ __ ___ ____ _ __ 231 
cost of development projects__ __ __ ______ ___ _____ ________ ________ 460 
losses caused by poor processing_ __ _____ _ ____________ __ ____ _ __ __ _ 555 
production oL ______________________________________ 388,489-490,527 

Sulfur deficiencies in crops, Bee Micronutrient deficiencies. 
Sulfur,' in fertilizer production _____ ~ _______________________________ 385-386 
Surra, 8ee Diseases, animal, trypanosomiasis. 
Surveys: nutrition ________________________________________________ 88,311-312 

as a prerequisite to increased crop production_ __ __ ____________ ____ 232 
of protein supplies in India:.. ___________________________________ .:. 310 

Swamps, production of fish in _________________________________ 349,353-354 

Sweden: 
fish in food supply of_________ __ __ __ __ _ _ ______ __________ _ _ __ _ ___ 348 
protein supply oL___________ __ ____ __ _ _ ____________ ____ ____ ___ _ 334 
support prices for wheat _________________ .., __ __ ____ ____ __ ____ ____ 155 

Sweet clover, coumarin in__ __ __ ________ ________ __ __ ______ ______ ____ 199 
Sweet potatoes ________________________________ . _______ 70,71,219,368,369 

Swine, 8ee Livestock. 
Syria: 

areaof_._. ______________________________________ ~------______ 441 
land cultivated in____ _ _ _ _ _ _ _ _ __ _ _______ __ ____ __ __ _ _____ __ __ ___ _ 441 
land irrigated in ______________________ :. __ __ __________ __________ 441 
population of _________________________________ , ________________ , 441 

Switzerland: 
protein supply of. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 334 
support prices for wheat____ __ __ __ _ _ __ __ __________ ____ _ _____ __ __ 155 

T 
Taiwan: 

areaof_______________________________________________________ 441 
brackishwater fish production in _______ -_________________________ 351 
cost of irrigation development in ______ .., ___________ :- ______ "':______ 465 
desired family size in _______________________ ~ _________ ~ ____ '__ _ __ 33 
exportation of crops ____________ • _ __ ___ _ _ _ ___ _______ _ ___ _ _ _ __ _ _ _ 556 
fish in food supply of___________________________________________ 348 
fooddeDlandin ___ - __________________________ ~ ______________ 152,650 
imports of agricultural commodities ____ :.._________________________ 146 
land cultivated in______ _ _ _ __ ____ ____ ___ _ _ _ _ _ ____________ ___ _ _ _ _ 441 
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Taiwan-Continued Page 
land irrigated in__ _ _ _ _ __ _ ___ _ _ _____ _ _ _ __ _ _ _ _ __ ________ _ _ _ _ _ _ _ _ _ 441 
land tenure in_________________________________________________ 517 
mileage of access roads in _____________________________ -- _____ -'__ 582 
mortality of infants in_____ __ _ _ _ __ _ _ _ _ _ __ ________ _ _ _ _ _ _ _ _ _ _ _ _ _ __ 33 
population of- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 441 
protein supply of- ___ _ _ _ __ __ _ _ _ ____ _ __ _ _ __ _ _ _ _ _ ___ _ _ _ _ _ ___ _ __ _ _ 334 
rice production in ______________________ - _____________________ 490,497 
seedbed preparations and irrigation in____________________________ 399 
source of dwarf rice varieties __________________________________ 215,230 
state trading agency___________________________________________ 153 
success of agricultural development in____________________________ 497 
sugar cane varieties in_____ _ ___ __ __ _ __ _ _ _ _ _ _ ____ _ _ __ _ _ _ _ _ _ _ __ _ _ _ 388 

Tanganyika, groundnut project in_ _____ ______ __________ __ __ __ __ _ _ _ __ 495 
Tankage, see Animal byproducts. 
Tanzania, foreign personnel in agricultural programs oL ______________ 611-612. 
Taste: 

effect of fortification on ___ . ___________________________ 320-321,329,342 
of fish products________________________________________________ 360 
in food acceptance _______________________________ ~ ___ 342,366,369,371 

Taungya _____ ~___________________________________________________ 500 

Taxes: 
influence on production incentives _________________________ 508,510,525 
as market barriers_____________________________________________ 186 

Tea: 
exportsof____________________________________________________ 181 
international commodity agreements on__________________________ 157 

Teaching, see Education. 
Teff, see Cereals. 
Television, in education __________________________________________ 631,634 

Temperature, in agroclimatic regions, 8ee Agroclimatic regions. 
Tenure, see Land tenure. 
Textbooks, see Education. 
Textile imports, relationship to cotton prices__________________________ 147 
Thailand: . 

adult height and weight in _____________ ':"'________________________ 39 
areaof _____________________________________________________ ~_ 441 

cost or irrigation development in_ _ _ _____ _ __ ____ ____________ _ _ _ __ 467 
desired family size in____ _ _ _ _ _ _ ___ ___ __ ___ __ _ _ _ _ __ __ _ _ _____ _ _ _ _ _ 33 

effect of highway construction on agricultural production___________ 573 
fish in food supply oL ________________________________________ 348-349 
foodpricesin_________________________________________________ 152 
improved com and rice varieties ___________________________ 215-216,223 
increase in yields from lrrigation __ ~______________________________ 455 
land cultivated in_____ _ _ ___ __ __ _ _ _ _ _ _ _ _ _ __ _______ __ _ _ _ _ _ _ _ _ _ _ __ 441 
land irrigated in__ __ _ _ _ _ _ _ __ _____ _ _ _ __ __ _ _ _ _ __ __ _ _ __ ____ _ _ _ _ _ _ _ 441 
mortality of infants in_____ __ _ _ _ __ __ ____ _ __ _ _ _ _ _ _ __ _ _ ______ _ _ _ _ _ 33 
population of_________________________________________________ 441 
price of fertilizer:- _______________________________________ '__ _ _ _ _ _ 156 

ratio of extension workers to farmers in__________________________ 622 
soybean milk in_ _ ___ _ __ _ _ __ _ _ __ __ __ _ _ _ _ __ __ _ _ _ _ _ _ __ __ _____ __ _ _ 632 
xerophthalmia in_ __ ____ __ _ __ _ __ _ __ __ _ _ __ _ ____ _ _ _ _ _ _ _ __ _ __ _ _ _ _ _ 18 

Theileriasis, see Diseases, animal, East Coast fever. 
Thiamin deficiency, see Diseases. 
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Thiamin requirements, see Vitamin requirements. 
Threonine, see Protein, amino acids. Page 
Tuapia _________________________________________________ ________ 351-352 

Tobacco: 
exports of __________________________________________ 143,159-160,668 

stocks of in U.S ________________ ~------------------------------ 142 
Tomatoes, import duty on__________________________________________ 146 
Trace element deficiencies in crops, see Micronutrient deficiencies. 
Tractors, see Farm machinery. 
Tradition: 

influence on production incentives _____________ 508-510,512-514,519-520 
in livestock production _______________________ .., ___ 263,265,286-287,292 

Training, see Personnel. 
Transportation: 

developing country expenditures on______________________________ 573 
as essential for agricultural production_ _ _ _ _ 232, 507, 520, 521, 522, 572-579 
of fertilizer _________________________________________ ,.. _ _ _ _ _ _ _ _ _ 586 

influence on production incentives _____________________________ 522, 532 
importance of, in animal production_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 280, 286, 333 
international, requirements for ________________________________ 576-579 
of perishable goods_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 586 
requirements for, in India ________________________________ 676,701-702 
roads, cost of in agricultural development_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 437, 439 

Transportation system: 
characteristics of _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 574-579 
construction and operation of roads_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 582-585, 590-591 
need for, in marketing...: _______________ 542-543,555,558,562-563,586-587 
need for vehicles in ___________________________ ~ ___________ ,..-- 585,590 
planningof _________________________________________ 579-582,588-592 

Trinidad, forest management in _____________ 0_ __ __ __ ______ __ __ _ _ _ _ __ _ 499 
Tropical agriculture, lack of information on___________________________ 227 
Tropical agriculture research centers, need for __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 227 
Tropical climates, characteristics oL _______________________________ 474-484 
Tropical soils, characteristics oL _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 474-484 
Trout, production oL ____________________________________________ 351-352 

Trypanosomiasis, see Diseases, animal. 
Tryptophan, see Protein, amino acids. 
Tsetse fly _______________________________________________________ 269-277 

Tuberculosis, see Diseases. 
Tuberculosis, see also Diseases, animal. 
Tunisia: 

areaof_______________________________________________________ 441 
land irrigated in__ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ __ _ _ _ _ _ _ _ 441 
population oL _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ __ __ _ _ _ _ _ _ _ 441 
support prices for wheat___ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ __ _ 155 

Turkey: 
area of_______________________________________________________ 441 
cost of roads in_______ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___ _ _ _ _ _ _ ______ _ _ _ _ _ _ __ _ _ _ 438 
desired family size in____ _ _ _ _ _ _ _ _ __ __ _ _ _ _ _ _ _ _ __ __ _ _ _ _ _ _ __ _ _ __ _ _ _ 33 
food prices in_ _ _ _ _ _ _ _ __ __ _ _ _ _ _ _ _ _ _ _ __ ___ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 152 
(}~P of______________________________________________________ 647 
land cultivated in_____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___ __ _ _ _ _ _ _ __ _ _ _ 441 
land irrigated in__ __ ____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ __ _ _ _ _ _ _ _ _ __ _ _ _ _ 441 
mortality of infants in__________________________________________ 33 
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Turkey-Continued Page 
per capita income oL__________________________________________ 647 
populationof_________________________________________________ 441 
preference on imports by EEC _____________________ ,_____________ 149 
protein supply of _ _ _ _ _ _ _ __ _____ __ _ _ __ __ __ _ _ _ _ _ _ __ __ _ __ __ _ _ _ _ _ _ _ 334 
support prices for wheat________________________________________ 155 
trade in grain ___________________ ~ ___________________________ 176-177 

Tyrosine, see Protein, amino acids. 
u 

Uganda, foreign personnel in agricultural programs __________________ 611-612 
Undernutrition, see Malnutrition. 
United Arab Republic: 

area of_______________________________________________________ 441 
food prices in_________________________________________________ 152 
land cultivated in______________________________________________ 441 
land irrigated in _______________________ ,_ _ __ _ __ _ _ ___________ __ __ 441 
population of ___________ ' _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ 441 
price of fertilizer in ___________ ..;________________________________ 156 
protein supply of _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 334 

United Kingdom: 
fish catch oL _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 357-358 
fish in food supply of___________________________________________ 348 
price policies in _______________________________ .,. __________ 148,525-526 
support prices for wheaL_______________________________________ 155 
trends in retail prices of foods _______________________ -.:___________ 668 

United Nations Conference on Trade and Development ______________ 670-671 
United States: 

agricultural policies oL__ __ _ __ _ _ _ _ _ __ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 142, 146-148 
areaof_______________________________________________________ 441 
cost of agricultural development projects_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 436 
cost of irrigation development in __________________________ 447,465-467 
crop losses due to pests_________________________________________ 205 
crop production' _ _ _ _ _ _ _ 196, 204, 20S:-209, 224-225, 343 
desired family size in___________________________________________ 33 
exports of agricultural commodities_ _ _ _ _ _ _ _ _ _ _ _ 158-160, 162, 164, 166-169 
fish catchof ________________________________________ 301,349,357-358 

fishery potential of coastal waters________________________________ 357 
forest management in_ ____ __ ________ __ ______ _ _________ _____ __ _ _ 499 
horsepower availability for food production in ___________________ 396-397 
land cultivated in ___________________________________ ..;__________ 441 
land irrigated in_______________________________________________ 441 
livestock production in _______________________________ 252-253,267-268 
marketing system in_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 540 

mileage of access roads in ________________ :. ___ ~~----------------- 582 
mortality of infants in ________________________________ ' _______ 13,17,33 
pesticide use in_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 393 
population oL - ____________________________________ ----7"- __ _ _ _ 441 
price of fertilizer in _________________________________________ '___ 156 
plOducer prices in_____ ____ _ _ __ ___ __ _____________ _ __ _ __ __ _ ______ 150 
production of ammonia fertilizer in______________________________ 384 
production of animal products in __________________ 256-257,259,267-268 
production, disappearance, and trade of agricultural commodities____ 162, 

164, 166-171 
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United States-Continued Page 
protein supply of- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 334, 341 
ratio of extension workers to farmers in__________________________ 622 
relationship of research to extension ____________________________ ~- 620 
research and education programs in ____________________ 623-629,636-637 
soil types in _________________________________________________ 413-416 
support prices for wheat__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ __ __ __ _ _ _ _ _ _ _ _ 155 
tradeingrains _______________________________________ 20,144,175-176 

training in animal production for foreign service___________________ 291 
transportation system in_____ __ __ _ _ _ _ _ _ _ __ ____ _ __ _ __ _ _ _ _ _ _ _ _ _ _ _ _ 574 
trends in retail prices of foods____ __ _ __ _ _ _ _ _ _ _ _ _ ___ _ _ _ __ __ _ _ _ _ _ _ _ 668 

United States government, role in nutrition programs _ _ _ _ _ _ _ _ _ _ _ __ 82, 301, 307 
Universities : 

in agrieultural programs of developing countries _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 636-639 
contribution to agricultural advancement _______ 600,607-611,616,633-637 
role of, in agriculture _________________________________________ 237-239 
role of, in improving world food supply ________________________ 237-239, 

623-626,629,631-632,637-639 
Urea, utilization of, in ruminant feeds__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 249, 281, 283 
Urdbeans, 8ee Pulses. 
Uruguay: 

adult height and weight in ______________________________________ · 39 
areaof ___________________________________________ ~___________ 442 

cost of irrigation. development in_ _ _ _ _______________ _ ____________ 465 
distribution of protein food in___________________________________ 75 
land cultivated in_____ _ _ _ _ _ _ _ _____ _ _ _ _ __ _ _ _ _ _ _ ___ _ _ _ _ _ _ _ __ __ _ _ _ 442 
land irrigated in _______________________________________ ~____ _ __ 442 
popUlation of_ _ _ _ __ _ _____ __ _ __ __ _ _ _ ___ _ _ _ __ _ ___ __ _ _ _ _ __ __ _ ___ 442 

U.S.S.R.: 
areaof_______________________________________________________ 442 
cultivated land in ________________________________________ 434-435,442 
fishcatchof ________________________________________________ 357-358 

fresh-water fisheries in_ _ _ _ _ _ __ __ _ ___ ___ _ _ _ __ _ _ _ _ _ _ _ __ __ _ _ _ _ _ _ _ _ 349 
land irrigated in___ __ _ __ _ _ __ _ _ _ __ __ __ _ ___ __ _ _ _ __ _ _ _ _ _ _ _ ___ _ _ _ _ _ 442 
land potentially arable in _____________________________________ 429-434 
marketing system in _________ ~_ __________________ ____ _ _ ______ __ 548 
population oL ____________________________ .;. _________________ 434,442 
price policies in ______________________________________________ 525-526 
production of ammonia fertilizer in_ _ _ _ __________________________ 384 
production, disappearance, and trade of agricultural commodities____ 162, 

164,166-171 
projections of population in _____________________________________ 30-31 
wheat imports of ________________________________ 144,160,163,175-176 

Valine, 8ee Protein, amino acids. 
Varieties, 8ee Plant breeding. 

v 

Vectors of animal diseases ________________________________ 272-274, 276-277 
'Vedalia beetle ___________________________________________________ ..: ~ 233 

Vegetables: 
losses in marketing channels ________ I;: _____________________ 550-551,555 
market quality standard for _________________________________ ~__ 544 
seed production of_____________________________________________ 390 
as sources of calcium_ ________________________________________ 64 
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Vegetables-Continued Page 
as sources of protein _________ ..: ____ ' _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 51 
as sources of vitamin A ____________________ '___________________ 62 
as sources of vitamin C________________________________________ 65 
value of United States exports oL _________ .. ___________________ 159-160 

Venezuela: . 
adult height and weight oL _ _ _ _ _ __ _ _ _____ __ ______ __ __ __ ____ _ __ 39 
areaof_______________________________________________________ 442 
cost of land clearing_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 438 
cost of settlement projects in____ _______________________________ 439 
financial support for research in_________________________________ 618 
food prices in _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 152 
increase in food demand in_____________________________________ 650 
land cultivated in_____________________________________________ 442 
land irrigated in______________________________________________ 442 
population of _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 442 
poultry production in __ .:. ______________________ ,_________________ 254 
production of natural gas iiL ____________________ '______________ 384 
trade in grain _____________________________________________ 176-177 
xeroph thalmia in _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 18 

Veterinarians, need'for in animal prorluction ________________________ 288,293 
Veterinary services, eft' ect. on animal disease losses _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 275, 278, 286 
Vibriosis, see Diseases, animal. 
Vietnam: 

adult height and weight in____ ________________________________ 39 
tradeinrice ____ ~_~___________________________________________ 176 
xerophthalmia in_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 18 

Vitamin deficiencies, see Diseases. 
Vitamins: 

in cereal fortification___________ ________________ _ _____ 319,322-324 
content of in foods __________________________________________ 323,328 
livestock, needs for __________________________________________ 279,281 
niacin from tryptophan conversion ________ .:. ______________________ 59-61 
requirements for _______ _ _ __ __ __ _ _ _ ___ _ ___ _ _ _ ____ _ _ _________ 323,329 
requirements for selected countries and world _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 58-62 
requirements supplied by soybeanB ___ .,. ________ ~__________________ 218 
sources of riboflavin______ __ _ __ __ _ _ ____ _ __ __ ___ _ ______ _ _ __ _ _ ___ 59 
sources of thiamin _______________________________________ .:. _ _ _ _ _ 58 

sources of vitamin A-------'C"----------------------------------- 61-62 
supplementation of high-protein food products with_________ 564 

Vitamins, requirements for: folacin _______________________________________________ _ 
niacin _______________________________________________________ _ 
pantothenic acid ______________________________________________ _ 
riboflavin _______________________ J ____________________________ _ 

thiamin ________ ' _____________________________________________ _ 
vitaminA ___________________________________________________ _ 
vitamin B, ___________________________________________________ _ 
vitamin B12 ________________ , ________________________ - ___ - - _ - - - _ 
vitamin C _________________ . __________________________________ _ 
vitamin D ______________________________ ~ ___________________ _ 
vitamin E __________________________________________________ _ 
vitamin 1( ________________________________________ .:. __________ _ 

Vita-soy _________________________________________________________ _ 

67 
59-61 

67 
58-59 

58 
61-62 

67 
67 
65 
66 
67 
67 
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Wastes, Bee Animal wastes; plant wastes. 
Water: Page 

development, costs oL ___________________________________ 460-469,661 
efficiency of use in irrigation __________________________________ 457-460 
need for, in livestock production_________________________________ 284 
quality, effect on fish culture____________________________________ 352 
supply of for irrigation _______________________________________ 439-460 

Water for Peace, studies by national committee on_____________________ 450 
Watershed management, coordination of plans for __________________ ~ _ _ 453 
Waterways, need for, in marketing___________________________________ 543 
Weather, modification and agricultural productivity_____________________ 453 
Weathering, of soils in tropics _____________________________________ 474-475 

Weed control: 
biological controL_ _ _ _ ___ ___ _ _ _ _ ___ _ _ _ __ _ ___ ___ _______ _ _ _ ___ __ _ 233 
effects of on crops _______________________________________ .__ _ _ _ 197,204 
herbicide use in United States___________________________________ 206 
herbicides in crop production __________________ 197-198,204,392,394-395 
herbicides, effects of, on plankton and fish __ .;. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 207 
use of fire for _____________ " _______________________________ 477-478,485 

Weeds, losses due to, in United States________________________________ 205 
Western Europe, population deIl,sity, in_______________________________ 21 
West Germany: 

fresh-water fisheries in______ _ __ ___ __ _ ___ _ __ __ _ _ _ __ _ _ _ ___ _ __ _ _ _ _ _ 349 
support prices for wheaL____ __ _____ _ ____ ____ ___ _______ _ _____ _ __ 155 

Wheat, 8ee Cereals. 
Whey, use of in yeast industty______________________________________ 367 
Wild animals: 

as disease reservoirs_____ ____ _ _ _ ___ _ _ __ _ _ __ __ _ _ _ _ ____ _ _ _ _ __ _ _ __ _ 270 
domestication of _________________________________________ 270,494-495 
for effective land utilization" ___________________________________ 268-270" 
need for conservation oL_______________________________________ 271 
potential contribution to food supply ___________________________ 267-271 

Wildlife, effects of pesticides on ____________________________________ 206,214 
Wool, 8ee Animal products. 
Work efficiency, effects of malnutrition on____________________________ 12 
World: 

age distribution of population in_________________________________ 25 
agroclimatic regions oL _______________________________________ 421-422 
caloric requirements for _________________________________________ 49-50 
climatic zones of _____________________________________________ 418-422 
fertility rates, estimates oL _____________________________________ 26-27 
fertilizer use in_ __ _ _ _ _ __ __ _ _ _ _ __ __ _ _ _ _ _ __ _ _ __ _ _ _ _ __ _ _ _ _ _ _ ___ __ _ 379 
food requirements for __________________________________ 69,77,645-646 
livestock populations in _______________________________________ 251-253 
production of animal products _________________________ 256-257,259,267 
production of cotton _____________________________________ -;_ _ _ _ _ 343 
production of oilseeds_ ___ _ _ _ ___ _ __ _ __ ____ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ 339 
projected supplies of animal protein in_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 255, 262, 264 
projections of population in _______________________ 21-22,24-28,261-263 
protein requirements for _____________________________________ 50,56-57 
soils of the ___________ " _______________________________________ 412-418 



772 THE WORLD FOOD,. PROBLEM-VOL. n 

World-Continued Page 
trade in agricultural products ___ -: _____________________________ 158-177 
vitamin requirements for _______________________________________ 58-62 

World Food Fund__________________________________________ _______ 176 
World FoodProgram _________________________________ ~----------__ 79 

x 
Xanthophylls, in leaves____________________________________________ 370 
Xerophthalmia, see Diseases. 

y 
Yams: 

as basic crop for less developed countries ________________________ ..; 219 
in food requirement projections _______________________________ 70-71,77 

Yeast, see Micro-organisms. 
Yugoslavia: 

area of_______________________________________________________ 441 
land cultivated in______ ___ _ _ _ _ _ _ _ __ _ _ _ __ __ _ _ _ _ ____ _ _ _ _ _ _ ____ _ _ _ 441 
land irrigatedin_______________________________________________ 441 
land tenure in__________________________________________ _______ 518 
population of- _______ ~_ _ _ __ _ ___ _ _ _ _ ___ _ _ _ ___ _ _ _ _ _ _ __ _ ____ __ __ _ 441 
support prices for wheat____ _ _ _ ____ _ _ _ _ _ _ _ _ _ __ _ __ _ ___ __ _ __ ____ _ _ 155 

z 
Zinc deficiencies in crops, see Micro-nutrient deficiencies. 
Zinc, deficiency in soils__ __ __ _ _ _ _ _ _ ___ __ _ ___ _ _ _ _ _ __ _ _ _ _ _ _ _ ___ __ _ _ _ __ 481 
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