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B Soestdijk Palace, January 1979. 

"And he gave it for his opinion, that 
whoever could make two ears of corn 
or two blades of grass to grow upon 
a spot of ground where only one grew 
before, would deserve better of man­
kind, and do more essential service 
to his country than the whole race of 
politicians put together". 

Jonathan Swift 
"Gullivers Travels" 1726 

Four years ago I was invited to become patron of the 
project, which, with the appearance of this volume, has now 
reached completion. In producing the book, the purpose of 
D.J. VAN DER HAVE Co., Royal Seed Producers and Merchants 
was to make a significant contribution to solving the grave 
problems presented by a rapidly expanding world population. 

Their principal aim was to demonstrate the potentiali­
ties of plant breeding as an essential starting point for 
improving world food production. The outcome is the publi­
cation that now lies before the reader, Plant Breeding Pers­
pectives . 

The MIT report entitled Limits to Growth, published 
for the Club of Rome's project in 1972, shocked the world. 
But since that time, a gradual change has become apparent 
in the approach to the complex problems posed in it. One of 
the views to emerge is that, given a balanced world economic 
structure, this planet of ours, with the fundamental assis­
tance of the plant breeder, is capable of providing food in 
sufficient quantities for all our needs in the coming decades. 
It is clear that for this purpose the role not only of plant 
breeding but of all scientific methods of agriculture will be 
of the utmost importance. 

It is a matter of great satisfaction that the VAN DER HAVE 
Centennial Committee, in close collaboration with FAO, have 
been able to draw upon the intelligence, energy and time 
of such eminent plant breeders as those who, from all over 
the world, have contributed the chapters which follow. Their 
contributions are evidence that they have taken to heart the 
far-sighted words of Jonathan Swift, written two and a half 
centuries ago. I congratulate the D.J. van der Have Co.on the 
publication of this book and on the effort that has been put 
into it by all concerned. 

o^J^ 
The Prince of the Netherlands. 
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Foreword 

The decision to produce this book was taken in 1974. At that time, public attention 
was beginning to focus on the world food problem, partly owing to the interest 
aroused by the so-called 'green revolution' and the award of the Nobel Peace Prize of 
1970 to the plant breeder Dr. Norman E. Borlaug, and partly also in response to the 
publications of the Club of Rome. As a contribution to the continuing discussions on 
this important subject, the management of the D.J. van der Have company felt that a 
broad survey of the role and potentialities of plant breeding in the production of food 
crops, prepared by a panel of plant breeders from both developing and developed 
countries, would be a valuable and worthwhile undertaking. 

The breeders invited to take part in the project were: 

Dr. W.L.Brown (USA) 
Dr. T.T. Chang (Philippines) 
Prof. K. Gotoh (Japan) 
Prof. D.E. McCloud (USA) 
Dr. B.R. Murty (India) 
Prof. R. Riley (UK) 
Dr. Yu. M. Sivolap (USSR) 
Prof. J. Sneep (Netherlands) 
Dr. H.G. Strube (Federal Republic of Germany) 
Dr. M.S. Swaminathan (India) 

The preparation of the book has occupied five years and has involved many panel 
meetings, excursions and discussions in France, India, Iran, Japan, Kenya, the Phil­
ippines, Romania, Taiwan, the United Kingdom, the USA and the USSR, as well as 
the Netherlands. These included a special meeting of nutritionists held at Evian for 
the preparation of Chapter 1. In compiling the remaining chapters, the panel was also 
able to enlist the aid of specialists in other fields. 

The company is much indebted to the members of the Honorary Committee for 
their encouragement and support. It also acknowledges with gratitude the time and 
energy devoted to the project by the members of the panel and all other contributors. 
In particular, our special thanks go to Prof. J. Sneep who, in collaboration with 
A.J.T. Hendriksen, undertook the heavy task of collating and editing the contribu­
tions of the individual authors, and to Miss. O. Holbek who, as coeditor, revised the 
English text. The company is grateful to the Commonwealth Agricultural Bureaux 
for making Miss Holbek available for this work. Thanks are also due to the many 

XXII 



members of the company who by personal effort and the sacrifice of spare time have 
made it possible to bring the book to completion. It is hoped that this centenary 
publication will not only encourage the company's employees in their future activi­
ties but will also, on a wider scale, prompt further constructive thinking towards a 
better world. 

June, 1979 

D.J. van der Have 

kX> 
A. Dirkzwager 

A.J. T. Hendriksen 
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Preface 

'Plant breeding perspectives' is intended for rather a wide circle of readers. Primarily 
it is designed to give practical plant breeders and students of plant breeding a pano­
ramic view of the total subject and its main implications, especially those aspects that 
have a bearing on food production and the relative priority to be accorded to breed­
ing for yield, quality and stability. It should also be of use in providing guidelines for 
those concerned with plant breeding strategy on a broad scale, including administra­
tors responsible for recommending or authorizing plant breeding projects, members 
of bodies dealing with regulations on seed and planting materials, and agricultural 
consultants advising on aid to developing countries. At the same time, it is hoped 
that agronomists, plant protectionists and nutritionists will find matters of interest 
to them in the more detailed sections on special topics. The volume should not, 
however, be regarded as a textbook or handbook. Our aim has been, rather, to 
describe, by means of selected examples, important features in the practice of plant 
breeding, and to examine how these can be put to use in the future. 

The book has many authors, the different chapters being written in part by 
members of the panel and in part by specialists in various fields. Every chapter is, 
however, the outcome of full discussions within the panel and of consultations with 
breeders and other workers in Europe, the USA, Japan and several countries in the 
developing world. The reader will have little difficulty in detecting a diversity of style 
and approach corresponding to the diversity of authorship. This variation is deliber­
ate: the editors feel that by avoiding the imposition of a rigidly uniform pattern for all 
the papers, it has been possible to retain a certain liveliness and immediacy. 

The opinion has been expressed that breeders can furnish at least a quarter of the 
increase in food production that is still required for the future well-being of mankind. 
In part this is a question of reducing not only the gap between experimental yields 
and those which are biologically possible, but also the gap between actual on-farm 
yields and experimental yields, which is due to such constraints as pests, diseases and 
drought. Equally important, however, are improved methods of cultivation, better 
water management, land reclamation and further increases in soil fertility. Socio­
economic patterns and ways of reducing postharvest losses and improving the distri­
bution of agricultural produce are also important factors. All these considerations 
and their relation to plant breeding are the concern of this book. 

The first three chapters deal with basic matters: the present world food situation, 
some of the physiological constraints that the plant breeder has to work with, and the 
genetic resources upon which much future breeding will depend. The longest and 
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most detailed chapter, on current breeding methods, includes specific examples of 
current work in crop breeding. Problems of adaptation, resistance to pests and 
diseases, and questions having special relevance to developing countries form the 
subject matter of the next few chapters and are followed by a survey of methods 
likely to come into greater use in the future. The final link in the chain that runs from 
geneticist and breeder to the farmer who ultimately grows the crop is provided by a 
chapter on seed production and distribution. As the title indicates and as will be clear 
from the perusal of the chapters already mentioned, the scope of the book includes 
not merely past and current work but also future potentialities. The final chapter 
takes up this latter theme and examines trends which are likely to be of importance in 
the remaining years of the century. 

It was felt that a subject index would be of limited value for a book in which the 
breadth of treatment varies so greatly from chapter to chapter. Instead we supply a 
detailed list of contents which, together with the summaries of the principle themes 
and conclusion presented at the head of each chapter, should duly guide the reader to 
those aspects of the subject which particularly interest him. 

J. Sneep and A.J.T. Hendriksen (Editors) 
O. Holbek (Coeditor) 
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1 Food supplies, nutrition and plant breeding 

In spite of increases in world food production, the food intake of large numbers of people, and 
especially of children below the age of five, is too low for health. Among major reasons for this are 
the high growth rate of the world population, inadequacies in the distribution of food, and posthar-
vest losses. Cereals are the most important staple food for most of the world, providing about half of 
the total protein and energy intake, and more than half in many developing countries. Since World 
War II, the increase in total food production has been more rapid than the increase in world 
population. In some developing countries, however, the increase in output has been overtaken by 
population growth. Before 1940, Asia, Africa and iMtin America were net exporters of cereals ; 
they are now importers. In the late 1960s, grain stocks in the developed countries reached apeak 
and prices of wheat and rice fell. Sufficient food for the world's needs seemed to be assured and the 
Green devolution gave promise of more to come. But in 1972 a reversal took place : the Peruvian 
anchovy catch, the world's main source offishmealprotein, fell dramatically and as a consequence 
soya bean stocks were depleted. Cereal stocks also dwindled, as a result of crop failures which had 
led to a drop in total cereal production of about 3%. The USSR, previously self sufficient, began to 
purchase wheat from the USA, and India and China were also forced to import wheat. The food 
crisis was rapidly followed by a marked rise in prices of fuel and fertilizers. The causes of 
undernourishment in developing countries are complex, involving not merely food production but 
also socioeconomic barriers such as distribution, purchasing power and eating habits; the existence 
of inadequate farming systems; the difficulty of combining high yields with resistance to adverse 
biotic and abiotic factors ; and lack of food storage facilities. Improving the stability of food supplies 
by international food security systems would help to insure against incidental shortages. But 
responsibility for such systems is still a problem in the field of international cooperation. Most of the 
undernutrition in the developing world is simply due to an inadequate intake of energy, usually as 
a result of poverty. Where energy intake is sufficient, most protein requirements are also met 
adequately. The first goal of any food policy should be to cover the energy requirements of a 
population. Changing the aminoacid pattern of cereals or other crops by breeding is probably less 
important than increasing yield and yield stability. Food quality can sometimes be improved by 
breeding. Among the main objectives by which plant breeding can contribute to the prevention of 
undernourishment are: 

— the improvement of yield potential and stability of yield in cereals, 
— the improvement of yield in grain legumes, 
— the maintenance of food quality in crops bred for improved yield. 
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Introduction 

Since the world food crisis of the early 1970s, interest in world nutrition problems 
has been growing steadily. The crisis drew attention to the interdependence of food 
production, trade, stocks and prices and to how seriously unprepared the world was, 
both for vagaries of weather and for man-related environmental factors, including 
civil strife. Although the accuracy of objective measurements of the world food 
situation is a matter of argument, present indications are favourable, and the sense of 
crisis which prevailed at the World Food Conference in Rome in November 1974 has 
abated. Since cereals are the basic foodstuff in much of the developing world and are 
the only major foodstuff transported in large quantities in international trade, quan­
titative appraisals of the world food situation are now commonly based primarily on 
the prevailing cereal situation. Half of the protein and energy consumed by humans 
comes from cereals: wheat, rice, maize, millet, sorghum, rye and barley. In the poorer 
countries these may even provide 60-702 of the total energy consumption. When 
cassava, sweet potato, potato, yams, banana, common bean, soya bean and ground­
nut are added to the cereals, about 901 of all food requirements in the developing 
countries are covered. In many cases the last-mentioned crops are also of growing 
importance as sources of farm income and foreign exchange. The changes in world 
cereal production during the period 1975-1977/1978 have been markedly more 
favourable than in the previous three years. Many governments in both developing 
and developed countries are now concerned with maintaining farm prices at levels 
necessary to provide production incentives to farmers. 

In spite of increased food production, which usually increases per caput food 
availability, and in spite of lower prices and the accumulation of stocks in the major 
wheat-exporting countries, the food intake of large numbers of people in the devel­
oping world is by almost any standard too low. There are two main reasons: firstly, a 
substantial part of any increase in food production is absorbed by current population 
growth; and secondly, the per caput gains in production do not necessarily result in 
equivalent increases in available food or in an adequate distribution of food. 

The adequacy of the food supplies (in terms mainly of dietary energy rather than 
protein) can be evaluated against a scale of requirements. On this basis, the most 
deficient regions are the tropics of Africa and Asia. From the latest FAO data (19 77f) 
on per caput dietary energy supplies it is seen that whereas in 1970 and 1971 922 of 
Africa's nutritional requirements were met, in 1974 the figure was 911 For tropical 
Asia the figures were 942 and 952 respectively in 1970 and 1971, and only 932 in 
1974. In Latin America and the Near East there was a very modest increase, from 
105 to 1072 and from 98 to 1002 respectively. Since actual requirements, real per 
caput food availability and real food consumption are all uncertain, the World Health 
Organization (WHO) is rather cautious in indicating absolute numbers of undernour­
ished people. On the other hand, FAO estimates that, although their relative 
number has decreased, the total number has risen from 400 million (in 1970) to 450 
million at present. These figures are based upon food balance sheet data collected 
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annually by FAO from 1970 onwards. FAO also estimates that about 402 of the 
children under five years of age in the developing world may be inadequately 
nourished, a fact which accounts directly or indirectly for half of the high death rate 
in this age group. The damaging effects of undernutrition, especially during the early 
years of growth, can be irreversible with respect to physical and mental function. 
Consequently, a portion of the survivors can suffer handicaps of learning and work 
capacity. 

International organizations are very much aware of the situation. Although some 
action started soon after World War II, it is mainly in the last few years that several 
important conferences sponsored by the United Nations have attracted world atten­
tion. In the early 1970s the Consultative Group for International Agricultural 
Research (CGIAR) began to support the research of several major international 
research centres, mainly aiming at increasing food production. In 1974, the third 
World Food Conference was held in Rome, and in 1977 both the WHO Assembly 
(Geneva) and the World Food Council (Manila) studied the problems involved and 
formulated useful recommendations. 

In 1978 the most recent proposals for action were made by the UN Administrative 
Committee on Coordination (ACC) in Rome. These included: 
— Appraisal of current information on the state of nutrition and on the impact of 
current policies and programmes and the opportunities for action. 
— Supplementary action in the area of food production, storage and marketing. This 
could involve: nutritional considerations in agricultural planning; encouragement of 
production of food legumes; study of the role of women in food production, home 
processing and marketing; and reduction of postharvest losses. 
— Nutrition intervention aimed at groups at risk, for example, iodization of salt for 
the prevention of endemic goitre. 
— Involvement of the family and community in nutritional improvement. 

1979 is the United Nations International Year of the Child. It is infants and 
preschool children who are the principal victims of malnutrition. 

The rest of this chapter gives an analysis of the world food situation and the effects 
of agricultural development on food supplies, followed by a diagnosis of important 
problems of world nutrition, with notes on several deficiency diseases, and finally a 
survey of the nutritional value of the main food crops, with suggestions as to how 
plant breeding can help to improve human nutrition. 

However, it should not be forgotten that the question is not solely one of greater 
inputs into agriculture, resulting in more employment, higher purchasing power, 
increased per caput food availability etc. If food production in the developing coun­
tries is to keep pace with the growing population in the Third World, there will also 
have to be a restructuring of distribution systems and attitudes. Changes in attitude 
will be necessary not only in developing countries but also in the developed world. 
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World food situation: past, present and future 

F O O D SUPPLIES S INCE W O R L D W A R II 

Before 1940, Asia, Africa and Latin America were net exporters of wheat, rice, 
maize and other cereals to the more industrialized nations. By the end of World War 
II, however, they had lost their surplus, increases in demand exceeded production 
increases, and the net flow was reversed. Their net exports of cereals averaged 5 to 
10 million t per year in the period 1934-1938 and their net imports of cereals from 
the developed world rose from an average of 4 million t a year in 1948 to some 25 
million t in 1964, and a 35 million t average for the period 1974-1976, despite severe 
import restrictions due to foreign exchange deficits. Fig. 1.1 shows some details of 
trade in grain. (Note: according to FAO terminology, 'cereals' include wheat, rice, 
maize, barley, oats, rye, millets and sorghum; 'grains' are cereals excluding rice; 
'coarse grains' are cereals excluding rice and wheat. It is not always clear in which 
sense 'grain' is used in the literature). 

According to FAO projections, the cereal deficit in the developing countries will 
be 71 million t by 1985, compared with 47 million in 1977, an amount that has 
already caused severe difficulties. 

Throughout the postwar years, world food production rose more rapidly than 
population growth. Surprisingly, indexes of agricultural production show that farm 
production has been growing at about the same rate in both developed and less 
developed areas during the past two decades, that is by 2.82 annually. In the devel­
oping countries this increase has been steady, but the increase in population growth 
rate has been rather explosive, from 2.12 in 1950 to 2.72 at present. 

Consequently, the increase per annum in per caput food availability is lower today 
than in the early 1950s. In addition to population growth, there has been a slight but 
steady growth in average annual income since 1960, and the two factors together 
result in an increase in food demand of about 3.51 During the period when produc­
tion has been increasing less rapidly, wheat imports have filled much of the gap. Fig. 
1.2 shows total and per caput food production indices for high-income countries and 
the poorest countries in the period 1961-1965. These global figures, however, 
conceal many facts, such as the unequal distribution of production increases among 
countries and of food among different economic and social groups within countries. 
As the World Food Conference Assessment says: 'In such widely dispersed countries 
as Brazil, India and Tunisia, the 202 of the population with lowest income has half the 
per capita energy intake of the top 101' Thus the degree of undernutrition is much 
worse than the national averages suggest. Also hidden is the fact that in the poorest 
countries agricultural production has often not kept pace with population growth 
and that there has been no increase in per caput food supplies at all; in Africa actual 
decreases have been observed. 
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Fig. 1.1. Changes in grain trade between 1934/38 and 1974/76 (from: Brown, in Wortman, 1976). 
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Fig. 1.2. Food production in developed (left) and developing (right) countries. Continuous line: total 
food production. Broken line: food production per caput (from: FAO, 1977f). 

O R I G I N S OF THE FOOD CRISIS 

During the 1950s and 1960s the trends in agricultural production were overshad­
owed by the existence of substantial stocks of farm products, especially of cereals. 

These stocks (which were expensive to maintain) made it possible to undertake 
food aid programmes and even encouraged those countries where apparent 
surpluses existed to reduce production, particularly North America and Australia. 
The main problems of reserves are always who should hold them and who should pay 
for them. However, the existence of the stocks gave the world a sense of security, 
though a closer analysis would have revealed that there was little justification for 
such complacency. In fact, the developing countries were able to meet the disparity 
between domestic production and demand only through imports from the overpro­
ducing parts of the world. The widespread fear of an approaching world food famine 
in the mid-1960s had been allayed by the late 1960s. World grain stocks reached a 
peak, and subsequently wheat and rice prices fell (Fig. 1.3). 

Although there had been at least two earlier waves of pessimism regarding world 
food supplies since the end of World War II, by the early 1970s abundant food 
supplies seemed to be assured, thanks to the so-called Green Revolution (which 
began in 1968-69) and also to the harvest from the seas, which at that time was still 
rising. The prospect was so rosy that in 1969 FAO suggested that the food problems 
of the future might be those of surplus rather than shortage! Then world wheat 
production began to fall, while consumption continued to rise, and by 1971 world 
grain stocks had dropped sharply. 
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Fig. 1.3. Changes in world grain exports —, stocks — and price—, 1960-1976 (adapted from: USDA, 
1974). 

Similar, though less pronounced, downward trends occurred for stocks of other 
important staple foods such as coarse grains, soya beans and sugar. Thus, almost 
unnoticed, the world slipped into a situation where supplies were insecure and highly 
vulnerable to unforeseen contingencies. 

In due course the shocks came, not one at a time, but several together: 
— Although the total catch of the fishing industry, an important source of protein for 
many poor nations, remained steady in 1970 and 1971, in 1972 the Peruvian ancho­
vy catch, one of the world's principal sources of fishmeal protein for animal feed, 
failed almost totally. The demand for soya beans, the other main alternative protein 
source, was reinforced: soya prices quadrupled within a few months and stocks of 
soya beans fell rapidly. 
— In 1972, for the first time for more than two decades, overall world food produc­
tion of cereals actually fell, by about 32. The first crop failure was in the USSR: 302 
less winter wheat. Massive purchases of wheat by the USSR followed, eliminated 
American reserves and caused the international prices of wheat, maize and rice to rise 
sharply (Fig. 1.3). In addition, India and China, normally nearly self sufficient in 
cereals, had to import wheat. As these countries account for almost half the world 
population and half the wheat consumption, even relatively small fluctuations in 
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their production will exert a magnified effect on world import demand. There were 
also droughts in other areas of the world, for instance in the Sahel countries in Africa, 
and war and floods in Bangladesh, all in 1972. Existing stocks of cereals were insuf­
ficient to bridge the shortfall between production and demand. In 1973 prices for 
most staple agricultural products rose to unprecedented levels. 
— Owing to the oil crisis of 1973, fertilizer prices rose almost as sharply as grain 
prices. The increase in oil and fertilizer prices made it difficult for farmers in parts of 
the developing world to profit from the Green Revolution. The increased oil prices 
also dislocated the economies of the wealthy nations, reducing their contributions to 
international aid. 

Further absolute reductions in stocks took place, although, because of the steepen­
ing world economic recession, the demand also fell. 

In spite of a considerable improvement in the world cereal harvest in 1973/1974 — 
with record productions in some cases — the increases failed to match the new 
demands, and stocks were far below the 18? of annual world consumption which 
FAO considers to be the minimum ratio necessary to ensure world food security. The 
USSR, self sufficient before 1972, has since then continued to purchase wheat from 
the USA, right up to the present. 

For sugar, the most dramatic developments did not occur until 1974/75. 
Consumption had by then outstripped the yearly increases in production. Carryover 
stocks had been reduced by three years of deficit. The 51 rise in world production in 
1973/1974, compared with the year before, was insufficient to compensate the 
world deficit and this, combined with other factors, caused the world price to double: 
consumers faced rapid price increases, which were, however, followed again by a 
drop. 

Summarizing, we may note that the real world food crisis, which first became 
apparent towards the end of 1972, developed with disturbing suddenness, through a 
combination of long-term problems and temporary setbacks caused by adverse 
climatic conditions. Shortages developed as a result of continuing population 
increases, crop failures, a sharp rise in oil prices and consequent reductions in food 
aid shipments, resulting in the starvation of many thousands of people. Nevertheless, 
major studies carried out in 1974 to investigate the causes and nature of present 
world food problems, revealed little anxiety for the future. 

P O P U L A T I O N GROWTH 

The world's population is believed to have remained essentially stable from biblical 
times to about 1750. The current explosion, of which some 80Z is taking place in the 
less developed countries, is however not unique, for similar bursts have accompanied 
earlier technological breakthroughs. But as such bursts were always followed by 
contraction, the overall picture is of a fairly stable population. The nature of the 
forces that ultimately caused a levelling-off is not quite clear. Such factors as food 
supplies, territory and water, which today are regarded as limiting to population 
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growth, cannot have been of importance in palaeolithic times, the era of the first 
population burst followed by a contraction. 

Although concern at the population explosion only became world-wide in the 
1950s — the first 'brainstorm' meeting was held in 1954 in Rome, the second in 1965 
in Belgrade, followed by the first UN World Population Conference in 1975 in 
Bucharest — it was as early as 1798 that Thomas Mai thus, in his Essay on the Principle of 
Population, wrote '1 think I may fairly make two postulata. First, that food is necessary 
to the existence of man. Second, that the passion between the sexes is necessary, and 
will remain nearly in its present state. Assuming then, my postulata as granted, I say, 
that the power of population is indefinitely greater than the power in the earth to 
produce subsistence for man. Population, when unchecked, increases in a geomet­
rical ratio. Subsistence, increases only in an arithmetical ratio. . . By that law of our 
nature which makes food necessary to the life of man, the effects of these two 
unequal powers must be kept equal . . . I see no way by which man can escape from 
the weight of this law which pervades all animated nature. . . ' 

That the resulting misery and vice described by Malthus have so far been held at 
bay is of course not due to population control — man's numbers have increased 
roughly four and a half times since 1798 — but to increased food supplies. The 19th 
century witnessed great agricultural changes. Vast new acreages were brought under 
the plough in all continents except Europe, in some cases together with improved 
irrigation. This period of expansion was immediately followed by a series of techno­
logical breakthroughs. By the 1930s, Malthus and his gloomy forecasts had been 
pretty well forgotten. 

Advanced countries were concerned not so much with overpopulation as with 
underpopulation! European governments in particular pursued programmes of 
population encouragement in order to enhance their political and military power. On 
the agricultural side, superabundance, not shortage, seemed the key problem, with 
most industrial states adopting tariffs and other restrictive measures. 

Whereas the world population in 1930 was 2000 million, it reached 3000 million 
in 1960, stands at 4000 million today and is heading for 6000 million by the end of 
the century, assuming that the annual rate of increase in the developing market 
economies will gradually decline from 2.11 today to 2.21 by the year 2000. About 90? 
of the additional 2000 million will be in those countries. 

World War II can be regarded as a turning point in many respects, certainly from 
the point of view considered in this chapter. With the decline of Europe a new set of 
superpowers emerged, together with a Third World of former colonies harbouring 
the bulk of the world's population. The emergence of the latter took a number of 
forms, including political independence and the introduction of public health 
measures allowing a rapid reduction in death rate — without a simultaneous reduction 
in birth rate. These are the underlying causes of the third great population increase in 
history, in addition to the industrial and scientific revolution. The rapid population 
growth characterizing the Third World today was to be seen in the industrialized 
countries a century or more ago (Fig. 1.4). The initial stability of population growth 
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Fig. 1.4. Population growth in developed (left) and less developed (right) countries, 1825-1975 
(schematic). Birth rate ---, death rate . (from: Poleman, 1975). 

is characterized by both high birth and death rates. Then, as public health measures 
are introduced, the death rate drops. Birth rate, however, remains at its old level and 
a period of population 'explosion' sets in. Then the birth rate falls in its turn and 
population growth again approaches stability, but at a much lower level. Most of the 
industrialized countries have passed through this transition and have reached, if not 
precisely zero population growth, the condition immediately preceding it. For them 
the transition time averaged between 50 and 100 years. 

Virtually all of the less developed countries have passed through the stage of 
declining death rates and are in the interval of maximum population growth. The 
world increase in population, recently estimated at 80 million people per year, is most 
rapid in the areas that are experiencing the greatest nutritional difficulties. Today, 
however, there is a tendency towards slightly declining birth rates, especially in some 
15 or more of the smaller countries of the Third World, notably South Korea, Cape 
Verde, Mauritius and Sri Lanka. The life expectancy, infant mortality, and death and 
birth rates in these countries are such as are usually only achieved in societies with 
much higher incomes. If other low-income countries had similar death and birth 
rates, world population growth would not be so alarmingly high. 

These heartening results seem to be associated with a wide range of programmes 
for food distribution, education, health services and land tenure, and other labour-
intensive rural programmes, but far too little is yet known of the specific relation­
ships and the different circumstances involved. More research is needed to introduce 
more appropriate birth control systems adapted not only to national but also to 
nutritional situations. However, for family planning to be rapidly introduced, 
parents must realize that two live births are no longer necessary to ensure that one 
child will reach maturity. 
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FACTORS CAUSING FAMINE, C H R O N I C U N D E R N U T R I T I O N AND HUNGER 

The history of man is punctuated by frequent famines. Practically every year since 
the end of World War II there has been a serious famine somewhere, particularly in 
Asia and since 1958 in Africa. Almost all recorded famines have resulted from 
widespread crop failure, caused by drought, flood or earthquake, crop diseases or 
pests, or sometimes by the impact of war. There is a sharp difference between a 
famine and a state of chronic undernutrition, such as is endemic in some populations. 
Both situations, however, cause hunger, and may be followed by death. For those 
who survive a critical famine, health is usually restored after food has been supplied, 
whereas people in a state of chronic starvation may be mentally and physically crip­
pled as long as they live. Among the long-term consequences of many famines is the 
destruction of seed for future crops, which makes it difficult for farming to return to 
normal when the famine is over. 

Famine can be attacked directly if it occurs in a definable area and has a finite 
duration. As long as food is available somewhere, relief agencies can deal with the 
crisis. Undernutrition, on the other hand, which afflicts a far larger proportion of 
mankind, is harder to define and to attack. It is often a chronic condition and to many 
observers it seems to be getting worse in certain areas. Owing to its chronic character 
it mainly affects children in the lowest-income groups and can lead to irreversible 
damage to their physical and mental condition. 

The reasons for hunger and undernutrition in developing countries are many and 
complex and include such interdependent factors as personal income levels, employ­
ment and purchasing power, levels of food production, place where the food is 
produced and how it is distributed, rate of population increase, national and interna­
tional income levels and their rates of change, the quality of the available food, and 
eating habits. Behind these factors lie the institutional policies, and the technological 
factors that affect how resources are used in a particular physical and social environ­
ment. And underlying everything is the political will, or lack of it, to combine these 
factors more effectively. 

The immediate cause of hunger in an individual family is often poverty, and 
poverty means insufficient and poor-quality food. This interacts with infection, poor 
social conditions and other typical elements of a poverty environment. 

The extent of world hunger is increased by instabilities in food supplies, particu­
larly in the short term, resulting mainly from (a) the inability of farming systems in 
much of the world to combine high yields with resistance to weather aberrations and 
pests, (b) inadequate food storage facilities on the farm and elsewhere along the 
distribution chain and (c) restraints on the movement of food from areas of surplus 
to areas of deficit. These factors can all be improved. 

World malnutrition is sometimes seen solely or primarily as a distributional prob­
lem. This is often true: national and international food distribution is indeed much in 
need of improvement, particularly distribution to pockets of especially severe under­
nutrition and starvation. 
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FAO has shown that in 1975 the average world food supply per caput — the food 
availability — was about 10,750 kj per day, and about 13,860 kj for developed coun­
tries. FAO places the average nutritional requirement for countries with a develop­
ing market economy in the 9240-10,080 kj range, and the average per caput energy 
production in these countries now falls within this range. Nevertheless, there is still 
much undernutrition and no foreseeable prospect of improvement, because techni­
cal and other difficulties prevent a near-equal distribution. Improved distributional 
policies alone might alleviate the most pressing needs and they may, in time, come 
close to eliminating undernutrition and starvation as major global problems. Possi­
bly a better way of solving the problem is to increase purchasing power by stimulat­
ing employment in rural areas, as has been done, for instance, in the 'food for work' 
programmes in India. This may lead finally to a sufficient per caput consumption and 
not only a sufficient average per caput availability. 

SOCIOECONOMIC FACTORS AND FOOD AVAILABILITY 

Until recently, discussions about food supplies and population have tended to treat 
the world as one unit (compare the first in contrast to recent reports of the Club of 
Rome). With regard to food availability, the nations of the world are now frequently 
divided into five groups: 
1 The industrialized nations, where food is plentiful but pockets of poverty persist. 
Here governments could act through assistance to the poor and nutrition-education 
programmes. The chief members of this group are the USA, Canada, the nations of 
Western Europe, Australia, New Zealand, Japan, Israel and South Africa, which 
total less than 800 million people. Their gross national product (GNP) per caput in 
1975 was on average $4500. Their greatest nutrition problems are the result of 
poor-quality diets and over-eating. 
2 The nations with centrally planned economies, where, irrespective of economic 
philosophy, an egalitarian pattern of income distribution together with government 
control of food supplies and distribution have seemed in the past few years to insure 
their populations against undernutrition. In this category are mainland China, 
Mongolia, some Southeast Asian countries, Eastern Europe and the Soviet Union 
with a total population of some 1300 million. Their GNP per caput is probably in the 
lower range of the middle-income developing countries. 
3 The nations of the Organization of Petroleum Exporting Countries (OPEC), 
whose overall wealth is undeniable but whose pattern of income distribution does 
not ensure that this wealth will benefit the poor. 
4 A group of countries in Asia, the Near East and Latin America, which at present 
are virtually self sufficient in food. The demand, however, is limited by the uneven 
distribution of income, as reflected in the undernutrition of large sections of the 
population. In Brazil, for example, with the highest economic growth rate in the 
world, malnutrition is rampant in the northeast and in the shanty towns surrounding 
the large cities. 
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(The third and fourth groups of nations are the middle-income developing countries, 
which include about 600 million people with a GNP per caput in 1975 of about $950. 
This group of countries has the highest rate of population growth (about 2.82 annual­
ly) because their death rates have dropped far more rapidly than their birth rates). 
5 The nations designated by the United Nations as 'least developed', which are 
spread across tropical Asia and the middle of Africa, include about 1300 million 
people. They have too few economic resources to provide for the people in the 
lowest-income groups. Their GNP per caput is under $200. Many of these countries 
are exposed to recurring droughts, floods or cyclones; some have recently been 
ravaged by civil strife; and they are all poor in natural resources and investment 
capital, many of them also in arable land. These are the countries that suffer the 
severest hunger and undernutrition, provide the least amount of food per person, 
and have no capabilities for increasing production per person or for financing 
imports. A handicap for many developing countries is their small size; in about 70 of 
them the population is less than five million, and in half of these it is less than one 
million (based on the 1975 FAO statistics). Such nations, many of them newly inde­
pendent, cannot expect to develop for themselves the full range of scientific and 
other professional services required in fields that are important to development; they 
must rely on external resources. Of the 44 countries listed by the United Nations as 
being 'least developed' or as being 'most seriously affected', 36 have become indepen­
dent since 1945, 29 of them only since 1960. The departure of the colonial powers 
left many of them without the skills needed to improve food crop production, with 
weak institutions and in many cases without the reliable market outlets or the sources 
of supply that had existed when they were part of a colonial system. Therefore it is 
not surprising that undernutrition is widespread in these countries. 

It is estimated that 942 of the people who receive insufficient energy and protein 
live in developing countries. According to FAO (1977f), out of 128 developing 
countries, approximately 70 had a deficit in food energy supplies in 1974. Africa has 
the largest number of such countries, nearly half, followed by Latin America, the Far 
East and the Near East. In the Far East and Africa nearly 302 of the population 
probably suffers from significant undernutrition; in the Near East and Latin Amer­
ica the figure is 152. Relevant information from the Asian centrally planned econo­
mies is incomplete. 

Even after independence, the attention of government and industry has tended to 
remain centred on cash crops that can generate foreign exchange, often at the cost of 
food crops. There has been little concern with providing research and training or 
establishing the marketing systems that characterized former successes with export 
crops. 

Developing countries are agrarian, with 50 to 802 of their population in rural 
areas, often far from centres of government. The magnitude of the task in agricul­
ture is colossal. Every published study shows that a near doubling of food production 
is required if these nations are to break their dependence on food aid, reach minimum 
levels of food production and achieve higher rates of economic growth. 
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The recent introduction of a more intensive cropping system, which takes into 
account agricultural resources, population density, food preferences, nutritive needs 
and the state of technology, is beginning to have an adjusting effect upon food 
supplies. In some countries, potatoes and rice produce almost twice as much energy 
per unit of surface as wheat (Table 1.1). If the population presses heavily on the food 

Table 1.1. 1976 Crops of important foodstuffs in yield, energy and production (from: FAO, 1977b). 

Foodstuff 

Potato 
Cassava 

Yields 

S.Am. 

8.9 
12.3 

Sweet potato 9.5 
Pulses 
Rice 
Maize 
Wheat 
Soya bean 
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Fig. 1.5. Production and use of cereals for food and feed in developed (left) and developing (right) 
countries, 1961-1976, in 106 t. Production —, feed —, Food . . . (from: FAO, 1977). 
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supplies, the production of such crops becomes more intensive: witness the high 
percentage of land under maize and potatoes in the Sierra region of Peru. In coun­
tries which live close the margin of want, the livestock population is also very small. 
It appears to be historically inevitable that as wealth increases the consumption of 
animal products also increases (cf. Fig. 1.7). This means that more of the basic 
foodstuffs (mainly cereals, but also legumes and even fish) are fed to domestic 
animals such as cattle and poultry. The efficiency of the conversion of plant food into 
animal food varies with the animal, and also with the type of animal product, but is in 
most cases rather low. However, here it should be taken into consideration that 
70-80Ü of what is used as feed is unsuitable for human consumption. Moreover, the 
nutritional value — particularly the protein value — of animal food is often much 
higher than that of plant food. Fig. 1.5 shows the use of cereals for food and feed in 
the developed and developing countries in 1961-1976. 

The degree of economic development and level of income have important impli­
cations for the types of food which can be produced to fill human needs. In Fig. 1.6 
the dietary patterns, expressed in energy, show clear shifts in the consumption of 
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Fig. 1.6. Dietary patterns in developed (left) and developing (right) countries, 1961/63 (top) and 

1972/74 (bottom), in percentage share of food groups in per caput energy supply (from: FAO, 

1977f). 
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Fig. 1.7. Relation between income (gross domestic products/head/year) and dietary energy source. 
Correlation based on 85 countries (from: Périsse et al., 1969). 

cereals, sugar, meat, fats, and roots and tubers in the developed countries between 
1961-1963 and 1972-1974. In the developing countries little change is noted, except 
for an increased consumption of sugar and a decrease in pulses, nuts and oilseeds. 
Fig. 1.7 shows that the shift from plant to animal food is correlated with increase in 
income, expressed as the value of gross domestic products per head. Remarkably, it 
also shows that in all countries, rich and poor alike, protein provides about 102 of the 
dietary energy, which appears to be the balance spontaneously reached by human 
beings. However, it is the proportion of protein of animal origin which rises with 
income. We must also remember that downward adjustments in the diet will be 
strenuously resisted. Habit is strong and acquired tastes are powerful. 

F O O D BALANCE SHEETS AND FOOD AVAILABILITY 

Nutritional assessments can be made by constructing a 'food balance sheet', in which 
agricultural output, stocks and purchases are balanced against the food used for seed 
for the next year's crop, animal feed and wastage and an estimate is derived of the 
food available for human consumption. That amount can then be matched against 
the FAO's tables of nutritional requirements to obtain an estimate of the adequacy of 
the national diet. 

The method has a number of drawbacks. For several reasons it tends to result in 


