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food self—sufficienc

Food is the first among the hierarchical needs of man. To end the uncer-
tainty in the supply of food, man changed over 10 000 years ago from gathering food
to growing food by domesticating plants and animals. This process started two signi-ficant developments. First, various forms of energy (collectively termed "cultural
energy") were introduced to enable green plants to give stable ond higher yields
(Figure 1), The relative contributions of the different forms of culturel energy in
agricultural production have vcried over time and geographic regions. Secondly,
from the millions of species recorded in the world flora and fauna, only a few plants
and animals were chosen for domestication. Thus, there are now only about 30 plant
species whose individual world production exceeds 10 million tonnes per year ond six
animal species whose production in the form of meat exceeds one million tonnes per
year (Figures 2 and 3). Such dependence on a few species for meeting the food needs
of the growing global population has increased the vulnerability of food production
systems to hazards orising from weather aberrations and pest epidemics. Compounding
the probiem of mon's dependence on a few plont and animal species for his survival is
the fact that ot present less than 10 countries in the world have surplus foodgrains
for the export merket (Figure 4). A response to this dangerous sitvotion has been
the initiation in recent years of steps for developing global and notional food
security systems.

While the need for introducing an era of accelerated agricultural advance is
becoming increasingly urgent, the process of man-made damage to agricultural assets
is proceeding unaboted. Desertification has been defined as the diminution or des-
truction of the biological potential of the land ultimately resulting in desert—like
conditions,and the entire process was reviewed ot a UN Conference held at Nairobi in
1977, Inmediate action to combat desertification is essential since, apart from the
extreme deserts, obout 45 million km2 of productive land is threatened, distributed
among 100 countries and comprising about 30 per cent of the world's land surface /L/.
Lowdermilk /2/ in a study of the conquest of the land through 7 000 years, hos stressed
that while maintaining soil fertility is the duty of the former, conserving the
physical integrity ond production potential of the soil resource is the duty of each
nation. Ina series of thought-provoking publications, Lester Brown, Eric Eckholm and
their associates of the World Watch Institute have drawn ottention to the fact that
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aport from the fast depletion of the Earth's non-renewable resources, even the poten-tial for renewable wealth is being destroyed The impact of man-made activi-ties on the climate, such as the effects of increasing carbon dioxide and of therelease of nitrous oxides, freans and other trace chemicals on the ozonosphere isalso a matter for serious concern. Above all, the pethway of agricultural advanceso far adopted places a heavy reliance on non-renewable forms of energy and if thesome pathway is followed in the future, a blind alley could be reached in the matterof improving food production £5.

Figure 1. Solar and cultural energy input and cutput cycle in plants,
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Recent progress in the application of science and technology in the optimum
utilizotion of available soil, weter, air, sunlight and biological resources has raised
hopes for our agricultural future, Considerable advances have token place in develop-
ing agricultural balonce sheets based on an understanding of the production assets
ond liobilities of each erea, ond in adapting the architecture and growth rhythm of
plants to suit specific agro-meteorological ond monagement conditions. Similarly,
integrated animal production systems involving genetic upgrading, better nutrition and

health care, ond improved processing and marketing hove been developed. Kew vistas of
preduction have also been opened up both in freshwoter aquaculture and mariculture, in
addition to capture fisheries. In the area of forestry, land management systems
involving integrated approaches to sylviculture ond ogriculture (termed “agro--
forestry") ore emerging. Above all, developments in the area of post-harvest tech-
nology ore helping to minimize storage losses and to prepare value-added products from

all ports of plants and farm animals.

On the bosis of a scientific understonding of the glebol ogricultural assets
ond licbilities, efforts hove been made from time to time to measure potential terres-
trial ond equatic productivity. Obviously such studies suffer from the limitations
imposed by several unpredictable constraints which can retard production, Neverthe-
less, they ore useful for stimylating national and international action since they
indicate developmental peaks which countries con try to scale with hope of success.

Buringh and his associates fh, 7/ have oublished their estimates ef the absolute maxi-
mum food production potential of the world and the impact of labour-oriented agricul-
ture on tood production. They hove used dota from scil maps and from recent research
on weather ond climote. After estimating the orec of potential ogricultural land in
each region of the world with suitable adjustments fer soil conditions and woter

deficiency, they have converted the climatic parameters into a single composite
measure called “gross photosynthesis" (GP). They have used oppropriate conversior
foctors to transform GP volues into dry matter production and, finally, inte grain
equivalents. These calculotions indicate a theoretical production potential of
#3 30 ~illaen tonnes of groin equivalents per year. The greatest potential occurs in
Asia, followsd by Sout’ Anerica ond Africa (Table i).

Ta.ing into account the possibilities of irrigation and the limitations of

crop nrodvction caused by local soil and climatic conditions the absolute maximum

prodiction, expressed in argin equivalents of a standard cereal crop,is computed os

49 230 wrillion tonnes pet year, Since the average ncoductian in recent years has

been of the order of 1 300 million tonnes, the postulated production potentiol is
neg:ty 40 times the present level ef production. In other words, we are now exploit-
ing only 2.5 per cent cf tne absolute maximum potential. It is of course not possible
tc use all the avoilable land only for growing food crops. The maximum production
from the approximately 65 per cent of the cultivated lond now used for cereal crop

production, could be 32 390 million tonnes or 30 times the present production.
Buringh et al. fé/ further consider South Americo and Africa south ef the Sohara os

the most promising regions for future food production. They consider Australia to be

the least promising. Buringh and van Heemst lif have also stressed the need for

greater attention to productivity improvement and increosed land use intensity rather
than to recloiming large areas of lond which may have adverse ecological consequences.
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Table 1

Totals of the production potential of continents ond the world

AL MPDM PIAL IPALT NPOMI MPGE

3.6 25 224 17.9 340.7 25 710 106

Australia 860 225.7 74.2 5 297 5.3 76.1 5 462 2 358

Africe 3 030 761.2 306.5 24 162 19.7 317.5 25.115 10 845

Asia 4390 1 083.4 433.5 24 966 =.314.1 581.6 33 058 14 28)

N. America 2 420 628.6 320.0 15 443 37,1 337.5 16 374 7 O72

Eurape 1 050 398.7 233.2 8 289 75.9 247 2 9 653 4 168

Antarctica 1 310 0 0 0 0 0 G 0

Total 14 640 «3714.1 1 706.9 103 381 470.0 1 900.5 115 372 49 820

A Area of a brocd soil region (10° ha)

PAL Potential agricultural land (10° ha)

TPAL Imaginary urea of PAL with potential production without irrigation (109 ha)

4PCM Maximum productionof dry matter without irrigation (10° tonnes/year)
PIAL Potentially irrigable ogricultural land (10° ha)

IPALI Imaginary creaof PAL with potential production, including irrigation (108 ha)

MPDMI Maximum production of dry matter including irrigation (10° tonnes/year)
MPGE Minimum production of grain equivalents, including irrigation (106 tonnes/year)

It is obvious that the figures in Table 1 have to be regorded as highly
generalized indicators of the potential for progress. Land will continue to go aut of
farming as the demand for Land for homes, factories and communication increases. More
and more soil will be used for brick making. On the other hand, on inexpensive system
of solar desalination of water can open up new vistas in production in many coastal
and arid areas, including the Australian hinterland. While there are unpredictable
trends in the future of ogriculture, recent scientific advances, popularly termed as
the "Green Revolution" technology, have aroused on awareness of the vast untapped
production reservoir existing in most farming systems even at current levels of tech-
nology. It is, hence, not surprising that at several international conferences, the
view has been expressed that, given a proper blend of political will and professional
skill, the problems of hunger and molnutrition can become provlems of the past. The
World Food Conference (WFC) held in Rome in 1974 even set 1984 as the deadline for
achieving the objective of ensuring that no child, womon, or man goes to bed hungry,
and that no human being's physical and mental potential is stunted by malnutrition.
Nearly 40 per cent of the time set by WFC for accomplishing tnis goal hos elopsed, but

A PAL Tf

. America 1 780 616.5 x

Le end:
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all available statistics show that the number of persons going to bed hungry moy in
fact be increcsing [8, 9/. According to recent Food and Agriculture Organization (FAO)
statistics By, a calorie gop of 230 O60 million calories per doy or the energy
equivalent of 37 million tonnes of wheat per yeor exists in the most seriously affected
(MSA) countries from the point of view of minimum nutritional requirements. It would
hence be useful to analyse the current worid food situation, trends in demand and

supply, factors responsible for instability in production and the steps needed to
achieve the WFC goal.

2. The current world food situation

Several international and national agencies, particularly the Food and Agri-
culture Organization of the United Nations, the International Food Policy Research
Institute (IFPRI) and the US Department of Agriculture have been issuing from time to
time reports on the world food situation /9, 19, 1l/. Based on these documents, the
situation on the food production front can be summarized as follows,

World production of cereal grains (about 1 200 million tonnes} needs
to expand by about 25 million tonnes per year to meet rising demand, since population
increases by abqut 75 million annually, and one tonne of groin feeds on an everage
three people. In 1972, however - for the first time in twenty yeors - world output
actually declined by about 33 millicn tonnes because of adverse weather. (Since 1972,

output has fluctuated - rising in i972, declining in 1974 and rising again. from 1975
onwards /7/.)

World food demand is expected to grow at a rate of about 2.4 per cent a year
until 1985, while the production growth rate is expected to average about 2.5 per cent
a ysor. In the developing countries, however, the anticipated increase in demand is
3.6 per cent. These projections are based on past trends and exclude serious crop
failure, mojor changes in government policies or relative prices and qualitative
improvement in diets.

Since demand in the developing countries continues to grow faster than pro-
duction, the deficit of cereals is expected to increase from an average of 16 miilion
tonnes per year from 1969 through 1972 to around 85 million tcones per year hy 1985.
This prospect is made all the more awesome by the fact thet the average cost per tonne

of cereals has more than doubled in the last few years.

In 1972, even before the oil-price rise and the related fertilizer~price
increase; world cereal prices rose steeply. In spite of good 1973 harvests, prices
reached even higher levels by early 1974. Although these increases were offset to
some extent by greoter earnings from exports, the profits were unevenly shared; the
countries that suffered the most gained the iecst.

Before World War IJ, Asia, Africo and Latin America, as regions, were net

exporters of foodgrains, During the period 1994-38, an overage of 12 million tonnes
of cereal grains used to be exported from these regions. However, ilorgely due to a

rapid increase in population size, these regions became importers of food. The enanual

imports were of the order of 5 million tannes during 1948-52, This figure became

19 million tonnes in 1960, 36 million tonnes in 1966, 47 million tonnes in 1973 and

60 million tonnes in 1975.
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As a result of these developments, increased numbers of people, now totall-
ing an estimated 25 to 30 per cent of the population in Africa and South Asic,
suffer from malnutrition or undernutrition. Malnutrition appears to affact around

460 million people in the developing world,and this is a conservative estimate.
Even in countries with a substantial grain reserve, like India, inadequate purchasirg

power arising from unemployment and under-employment results in undernutrition among

the economically handicapped sections of the community. In several MSA countries,

emergency situgtions arising from national calamities like flood and drought

aggravate problems of unemployment and undulations in production. Hence, direct
State intervantion in organizing food and health relief operations often become

necessary. Guidelines ore now available for organizing such relief measures

effectively {17/.

3. The challenge for the future

As for the future, the following projections were made by the International

Food Policy Research Institute (IFPRI) in December, 1977 f10/.

"Longer term food prospects in food deficit countries with developing
market economies remain unfavourable, despite goed crops during the last
two years. Under the conditions assumed in this study, production of

staple food crags in these countries would fell short of meeting demand

in 1990 by 120-145 million tonnes. This is over three times the

shortfoll over 37 million tonnes in the relatively good production year.

Tne core of the food problem is the low income food daficit countries
in which the ger capita GYP in 1973 wos less then $300. These countries

hove clmost two-thirds of the total population cf the developing market

economies (DMEs). Their food deficit is projected to rise from

12 million tonnes in 1975 to 70-85 million by 1990. Just toe maintain

consumption at the 1975 per copita level would require 35 million tonnes

more than the projected production."

The most recent comprehensive survey on the world food problem is by FAO fy.
The Survey clearly brings out that there is a widening gap in per capite food

production hetween the developed and developing countries (Figure 5). Data on the

average annual rates of growth of food production in relation to population ere

given in Table 2.

In its agricultural commodity projections fer 1970-1980, FAO had concluded

that world production of cereals is likely to exceed projected demund in 1980 by a

margin of 62 million tonnes. However, the study alse concluded that in 1980 there

could be no substantial reduction in the absolute numbers ci people suffering from

undernutrition fi. The projections of USBA fa/ also suggest thot the worid is

capable of producing enough grain at reasonable prices to meet the demands of a

largely cereal diet in the developing world. Why should fcod grain surplus and

hunger co-exist? This question is most relevant to the most seriously affected (5A)
countries, which account for about 50 per cent of the total population of the develop-

ing world, and show o steady decline of per capita availability of food and the

dependence by a majority of the population on agriculture for employment and income.
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The Fourth World Food Survey fs] indicotes that in MSA ceuntries thera is need for
a minimum growth rate of 4 per cent per annum in food production between 1974 and
1990, in order to provide 2 500 calories per head per day. This would cell fer a
daubling of current growth retes in food output in MSA countries.

Table 2

Percentage annual growth of population and food production
1

. Region Populaticn Food Production
; Tatal Fer capita

1961-70 1971-76 1941-70 1970-76 1963-70 1970-756

Ali developed
:
countries 1.0 0.9 2.4 2.3 1.4 1.4

|

All developing
‘ countries 2.3 2.3 3.1 2.7 0.7 0.3
!
1

World 1.9 1.9 2.7 2.4 0.8 0.5
bh

4, Aquatic production

Before considering how this challenge can be met, it would be usefui to
consider the trends in aquatic productivity, since with growing pressure of popula-
tion on land, the fisherman and the seq will have to receive as much attention as
the farmer and the soil. This will be porticulerly true for countries with q long
coostline, since with the declaration of a 200 mile "Exclusive Economic Zone", the
ocean surface available to them for scientific management and use may be substontiel,
For example, the area cf the ecean space available to India under the "Exclusive
Economic Zone" principle would be about 2 million km2 as compared to the totai land

—

oreo of 3.28 million km2.

According to the recent FAO projections issued in June, 1978 Ay, the
current position with regard to world fisheries production and consumption is os
follows.

‘ Since 1971 the rate of growth of world fisheries production has declined
sharply. In the fifties it grew at almost 7 per cent per annum, in the sixties at
o little under 6 per cent but in the seventies the rate of increase has fallen to
less thon 1 per cent. The princisal cause of this decline has been the coliepse af
a number of important fisheries exploited largely for the production of fish meal
and oil. Among these, the most important has been the southeast Pacific anchoveta
fishery which in 1976 yielded some 4 million tonnes compored with 12 million tonnes
in 1970, but other fisheries, ¢.9., the Atlonto-Scondian herring, of less absolute
size have shown similar preportionol declines. Total landings of fish for reduction
delivered to fishmeal plants which reached a peak of 26.5 million tonnes in 1970 hod

by 1973 declined to 18,5 million tennes and although preduction has since recovered,
it is well short of the 1970 level.
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Landings of food fish destined for direct humon consumption hove by contrast
continued to increase throughout the seventies, but even here the rate of growth ot
2.5 per cent per annum has declined from that achieved in’ the 1960s. The busic
cause of this decline, as in the cose of the reduction fisheries, is the gtowing
number of stocks becoming fully explcited and the rapidiy shrinking opportunitiesfor the diversion cf fishing effort to new species or orecs. Thus in mony developedcountries where technological innovation led early to the heovy exploitation of
stocks in adjacent waters fe.g., the North Atlantic) there has been little or no
increase in food fish praduction. Growth has come mainly from Jopan and the U.5.5.K.
{and other eastern European countries) which have increasingly hod to rely on long-distance operations, There hos also been steady growth in the developing countries,both fzom long-distance operations ond from local resources often exploited by less
intensive methods than employed in northern temperate waters.

Much of the effort in the developing countries has, however, been directed
toward export fisheries (tuna, shrimp, etc.) ond thus supplies available for direct
human consumption in these countries hove risen less repidly than production. In
the sixties Petcopitaintake in this group of countries as o whole rose by abouthalf a kilogramme ond in the first half of the seventies by a further 200 grammes.In the developed countries there hos beena marked difference in the experience of
eastern Europe and the U.5.5.8. where per capita consumption rose by some 9 kg in thesixties ond a further 3 kg in the first half of the seventies, ond the countries of
western Evrope and North Americo where consumption has stagnated. Of the other
developed countries, only in Japan and Spain hos there been any significant increasein per copitafish consumption in the past decade,

In contrast to the actual fish harvests, theoretical estimates of ‘potential
productivity at various trophic levels reveal o vost untopped production reservoirFor example, the total fish biomass for the world as a whole has been put at 640 x 10°
tonnes, assuming thet the horvest is taken at the second stoge of carnivores with o
15 per cent ecologicol efficiency factor. The krill resources alone have been esti-
mated to range between 750 and 1 350 million tonnes with an annual harvestable yieldof 100 to 150 million tonnes from the Southern Ocean, Out of this, only about
20 000 tonnes are being horvested.

In addition to the potential for capturing additional quantities of fish
through improved technology, there is vast scope for culture fisheries both in inland
and coastal waters, Modern fish farming techniques are as exciting os recent develop~
ments in crop or animal husbandry. Sy appropriate integrated strategies of capture
Fisheries, the oveilobility of fish products both for human ond animal consumption
can be increosed considerably.

>. EOE tm
According to FAO statistics Ly, animal products contributed obout one-third

of the per capita calorie supply and mere thon half of the protein in the diet of
the population of developed countries. The share of enimal products in the diet of
the consumers of developed countries is still rising (Table 3).

Tne plant-animal-man tood chain on world tood needsicf
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Table 3

Percent contribution of various food groups in daily calorie supsly,
per capita basis (per cent)

Regions Vegetable products Animal products
Cereals Total Milk Totol

1961-63 1972-74 1961-63 1972-74 1961-63 1972.74 1961-63 1972-74

Developing
Market
Economies

MSA countries 64.6 3.1
Non-MSA 50.5 51.6 89.6 89.7 2.9
countries

Developed
countries

Developed
Market
Economies 31.0
World 50,2

65.8 93 93 3. 6 6
2. 10 10

Source: FAQ The Fourth Food Survey - 1977. Note: MSA = most seriously affected.

The plant-animal-food chain is also important among developingcountries in
Latin America,the Near East and partsof Africa. Incontrast,this chain provided only
about 6 per cent of total calories and 14 per cent of protein in the MSA countries.
This is to be expected since grain consumed directly by people provides two to five
times the calories it would if converted to livestock preducts and then consumed. In
countries with high overage meat consumption as in U.S.S.R. nearly ! tonne of grain
may be needed to feed one individual in a year in contrast to the global average of
1 tonne per three persons. In Indic, nearly 6 persons survive on one tonne of groin.
Thus, although the plant-animal-man food chain may have some nutritional odvantages
(and also some disadvantages arising from over-consumption of fats), it is expensive
in terms of total grain and energy needs (Figure 1).

Due to a positive correlation between affluence and the consumption of
animol products, ebout 30 per cent of the world population in developed countries
uses cbout two-thirds of the world grain supply. About 60 per cent of this quantity
is used as livestock feed. In 1976, about 480 million tonnes of grains were fed to
livestock. This quantity is more than the total food groin zonsumption by the human

population of China and India taken together. In fact, the total omount of cereals
used as human food in all developing countries was only 37 million tonnes more than
the amount of 480 million tonnes of cereals used as animal feed in the world.

26.4 67.9 66.5 9.0 8.6 32.1 33.4
49.4 82.7 82.6 5,0 4.7 17.3 17.4
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6. Trends in demand for food

The demand for food is influenced by factors such as population ond income
growth, the level and distribution of inceme and the proportion of income spent on
food,

6.1 Population growth

The total world populotion was obout 3.3 billion in 1973, The annual
increase, at present, is about 70 million people, nearly double what is was in 1950.

Food demand as well as economic development are affected by the striking
differences in the rate of population growth between the rich and poor nations.
The population growth in the developed countries has declined to about 0.9 per cant
annually. In contrast the population in the less developed economies is expanding
at o rate of more than 2.5 per cent. At present, 70 per cent of the world’s popula-
tion live in the developing countries. These countries account for 86 per cent of
the increase in world population. In 1960, the developing countries had about twice
the population of the developed countries but because of xreyid population growth theywill heve three times as much by 1985, The rate of growth in populetion will hence
be a major determinant in finding on equilibrium between demand~supply equationsin food output.

6.2 Income and demand for food

As income rises, the consumer buys more food, but a smoller proportion of
income is spent on food. However, income is rising throughout the world ot different
rates. Aso result of papulation and income growth, world demand for food grains
increased at a little less than the rate of exponsion in food production for several
years prior to 1972, In rich nations, the growth in demond was due, mainly, to the
grewth in incomes, and the demand for grain wos relotively higher because of low
prices during the latter part of the 1960s. A rapid growth in income also generated
demand for livestock products particulsrly in developed countries. In the developing
countries, population expansion is the major factor for increasing demand for grain.

Income elasticities expressed as the ratio of the percentage increase in
consumption of a given food to a percentage change in income for a few selected
countries and the world as% whole are given in Table 4,

Table 4

Income elasticities for selected food

Food India Brazil Japan us World

Wheat 50 +40 .10 -.30 ~.24
Rice 40 -20 ~.10 »20 223
Maize ~.10 =230 ~.50 -10 10
Meat 1.17 48 79 24 .32
Total Food 43 +19 13 -.O1 10



WCC/Overview Paper 14, p. i5

A smaller proportion of the food budget is allocated to cereals by the
consumers of developed nations. The income elasticities of livestock product are

relatively higher. This is an indication of the growing indirect consumption of
grains to which a reference has been made earlier.

The future demand for food for a large part of the world’s population will
continue to be a problem of gruin’s availability and its price. The likely world
demand for cereals as suggested by Aziz is given in Toble 5.

Table5
World demand for cerecls 1970 actuals, 1980 and 2000

projected

1980 ar ne rr eyed Totol* Food Feed Total* Food Feed lotal
9.4 332.5 253.2 93.7 403.7 3468.8 152.6 601.3

4.4 566.0 172,3 465.8 33.7 252.8 780.1 1186.6

4.6 2160.0 346.7 8.2 400.1 543.5 20.6 633.0

* Totel includes other uses also.

6.3 Availobilityof food

The Fourth World Food Survey of the Food ond Agriculture Organization
observed that the overage quantity of calories avoilable on a per capita basis for
the years 1961-63 through 1972-74 in the developed countries wos high throughout
the period. This was 23 to 31 per cent more than the actual requirements. For the
developing countries, it had also risen, but from a lower base, and was inadequate
in relation to requirements. However, the trends in these countries were dissimilar.
The increase in the availability was only marginal in the 1970s in the Near East end

Latin America and a decline occurred in Africa ond the For East [3/ : The situation
is unfavourable in the MSA countries where the calorie supplies on a per person
basis were reduced in 1970-74 to a level of 2 030 from 2 040 in 196i1~63. On the
other hand in the non-MSA developing countries there was cn increase of 7 per cent /3].

The Worid Food Survey further indicates that the availability of protein
witnessed a relatively larger gap in the developed and developing countries. In the
developing regions as a whole, the per capita supply of protein was only 58 per cent
of that in the developed world. Moreover, this proportion remained more or less
unchanged during the entire period. The lowest level was noted for the Far East and
the highest in Latin America and the Neor East.

The supply of protein in MSA countries was 11 per cent less than thot in
non-MSA countries 1972-74. The developed nations had greater availability of proteins
of animol origin, while the level of plant protein was similar in both groups of

2000 (metric tonnes) |1970
Food Fi

Wheat 215.7 f

Coarse
Grain 142.8 3
Rice 270.0
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nations. However, the proportion of animal protein in the case of developed countries
showed a rising trend whereas in the case of poor countries it remained stctionary at
one fifth (Table 6). In the case of availability of fots, it was reported that the
developed countries had more than three times more fat compared to developing coun-
tries in 1961-63. This ratio rose to three and half times in 1972-74,

Table 6

Per capite daily food supply in terms of protein (Groms)

Region Total Protein Animal Protein
1961-63 1972.74 1941-63 1972-74

Developed Countries 90 48 56

Developing Countries 53 57 1} 12

World 65 69 22 24

MSA Countries 53 51 7 7

6.4 Composition of food supplieson a per capita basis

Food supplies in the developing world, in generel, are inadequete in
relation to energy requirements, The composition of diet also reflects the lack of
diversity. Accarding to the Fourth World Food Survey of the FAQ, cereals contributed
about half of the totel calorie intake on a per capita basis in the worid. During
1961-63, an average person in the developed countries had 36 per cent cereals in
his diet. On the other hand, cereals provided about twothirds of the calories in’
the MSA developing countries.

The Food Survey further indicates that "maximum reliance on cereals as ¢

source of dietary energy was in Far East and the Near East regions; and the minimum
in Latin Americs, During the period under review, the impoxtance of cereois
major component of diet was steedily declining in the developed countries partly
due to the growing share of meat. On the other hand, dependence in the Far East on
the cereals os a scurce of calorie supplies rose slightly between 1961-63 and 1972-74,
mainly due to shrinkage in the availability of pulses, nuts and seeds”

It is now widely accepted that in aoregs where ao cereal is a staple, under-
nutrition may be the primory cause of malnutrition fi4/, In contrast, in areas
where cassava or sweet pctsto is the staple, inadequocy of proteins in the diet may
be a serious problem. It is in such areas that Kwoshiorkor in children is widely
noticed. In cereal based diets, Marasmus arising from colorie deprivation is
relatively more common.

,



WOC/Overview Poper 14, 0. 17

7. Achievinequality in distribution

As pointed out earlier, there are wide disparities in the consumption of bath
plant and onimal products in the developed and developing countries. Also, there are
consideroble differences in the quality and quontity of food consumed within each
developing country, based on the extent of prevalence of economic and ethnic disper-
ities. Inadeavate puchasing power rather than non-availability of food in the market
may be the primary cause of undernutrition even in many MSA countries. Hence,
reducing the degree of inequality in food distribution should receive as much atten-
tion as accelerating food production, An important requirement in this context is 9
strategy for generating more opportunities fer gainful employment in rural areas.

Fad Unemployment_os a key foctor_in under-_and malnutrition

Economists estimate that for every 1 per cent yrowth in the labour force, a
3 per cent rate of aconomic growth is required to generate jobs. With current tech-
nology, countries experiencing a 3 per cent rate of population growth therefore
require a 9 per cent rate of economic growth just to maintain employment at its cur-
rent level, A much higher growth rate will be needed to achieve full employment.
Unfortunately, economic growth rates have been falling during the seventies /i5).
Since agriculture is the major source of employment in many developing countries,
agricultural policies will have to gim at creating more jobs and income in addition
to more fcod,

Looking at the developing nations as a whole, the International Labour Organ-
ization (ILO) estimates that 24.7 per cent of the total labour force was either
unemployed oz underemployed in 1970. The comparable figure for 1980 is expected to
rise to 29.5 per cent. Yet, the labour force in the less developed nations is pro-
jected by the ILO to expand by 91 per cent between 1970 and the end of the century,
nearly doubling within the span of a single generation, The labour force in the more
developed regions is expected to increase by only 33 per cent during this period
(Table 7).

Table 7

Projected growth in world labour force, 1970-2000*
nny

hange 1970-2000

(per cent)

433

+91

* Source: ILO (cited in reference /15/)

More developed
nations

Less develaped
nations

Additional
1970 2000 jobs required

{m 1 1 i o ns)

488 649 161

1 O11 1 933 922
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Further aggravating the problem, the number of persons requiring non~

agricultural employment in developing economies will increase from J34Z million in
1970 to a projected 3 O91 million in the year 2000, a staggering increase of 219 per
cent in one generation Few, if any, developing countries have the kind of invest~-
ment capital needed to generate new jobs at such a fast nace. Thus, o massive effort
is needed tc generate jobs both in the agricultural and nen-agricultural sectors.
The vast dimensions of this problem and the lack of adequate resources for the effec-
tive vtilization of the available manpower necessitate the development of emplcyment
generation policies based on the scientific utilization of locol reseurces, Without
such on approach it will be difficult to initiate self-repliceating ond self-propelling
systems of rural development.

Depending on the extent and quality of unemployment, technologies appro-
priate to the socio-economic conditions of each country should be developed and dis-
seminated. A good example of appropriate technology under conditions of rural un~

employment and underemployment is the development cf hybrid cotton in India based on

seed produced by hand emasculation and pollination, A one-hectare hybrid seed pro-
- duction unit in cotton may provide jobs for 80 women for 100 days. Creation of
opportunities for gainful employment of women is porticularly important since rural
women tend to remain underpcid or unpaid for most of the jobs they currently perform.

7.2 Impact_analysis_ oe ee

In view of the linkages among poverty, unemployment and hunger, there is
need for subjecting ali developmental projects to impact anclyses from the ecologicol,
economic, employment and nutritional viewpoints. The criterio used for measuring the

Likely socicl impoct of a new technology must include employment. It is also essen-
tial thot the impact analysis is designed to measure the implications of new projects
on the economic and nutritional well-being of women and children, if the goal of
ensuring their physicol and mental potential is not to be frustrated by malnutrition.
An impact onalysis of this kind can help to correct distortions in priorities which

may arise if human needs ore overlooked. For example, supplies of fish available for
direct humen consumption in severol MSA countries have remained practically stagnant,
while exports of fish products have grown,

8. Risk and uncertainty in food production

The three major foctors which influence variations in yield and food produc-
tion are wecther, pest epidemics and public policies.

8.1 Impact_of weather on_ and aquatic productivity

According to an onalysis of the U.S, Department of Agricviture {L/, there
is a positive correlation between the effects of weather in one place and those in
onother, An analysis of yield trends and variations in 25 regions covering the
world's major groin producing areas indicates thot when grain yields decline because
of adverse weather in one part of the world, the chances ore better than even that
they will be lower in many other parts of the world too. Unfavourable weather condi-
tions played a dominant role in causing major declines in food production in 1964-66
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and 1972-74. Conversely, good ether tends to be experienced also at the same time
in many parts of the world, However, the onalysis did not reveal the existence of
weather cycles or trends during 1950 to 1973.

8.2 Variation in yield caused by weather factors

An analysis of variation in grain yield in several parts of the world during
1950-73, showed that the weather in cone year out of three could be expected to produce
a deviation greater than 21 million tonnes fram trend production in the 25 regions
studied (Table 8).

Table 8

Changes in grain production due to weather in
25 major world grain producing regions

(data from reference Aul/)
Without With

Grain covariation:
)

covariation‘?) dite te(million metric tons)

Wheat 11.59 13.28 +15

Rice 4,58 4.81 +5

Corn 5.68 6.24 +10

Barley 5.13 5.42 +6

Oats 1.95 2.23 +14

Sorghum-millet 2,06 2,23 +0

Rye 0.91 1.03 +13

Cocrse grains (incl. rye) 8.22 id.04 +22

All grains (inel. rice) 14.74 21.68 +43

en

(1) Assumes that yield fluctuations are not related
(2) Includes interrelation between yield fluctuations

There has been considerable interest in recent years on climate in relatian
to production, in view of reported choenges in climatic trends. Several scenarios have
been constructed. A recent study organized by the National Defense University of the
United States, for example, considered five different possibilities including largely
globai cooling, moderate global warming, large global warming /16/.
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The derived climate scenarios munifest a broad range of perceptions about

possible temperature trends to the end of this century, but suggest os most likely o

climate resembling the average for the past 30 years. Collectively, the respondents
tended to cnticipate a slight global warming rather then a cooling. More specific-
ally, their assessments pointed towards only one chance in five thot changes in aver~

age global temperatures will fall outside the range of -0.3 deg © to +0.5 deg C,

although cny temperature change was generally perceived as being amplified in the

higher latitudes of both hemispheres. The respondents also gove fairly strong
credence to a 20. te 22-year cycle of drought in the High Plains of the United States
but did not agree on its causes,

The question of temperature change was also discussed in detail at a Confer-~

ence held in Bellagio in Italy in June, 1975. The following conclusions were drawn

A].
(a) Climate variability, region by region ond from year to yeor in porticulorc

regions, is and will continue to be greet, resulting in substantial varia-
bility in crop yields in the face of increasing global food needs and short

supplies.

{b} There is some cause to believe, olthough it is fax from certain, that clim-
atic variability in the remaining years of this century will be even greater
than during the 1940-1970 period.

The implicotions of the undulations in food production coused by climate

have been examined ot several international conferences. More recently, the climate-
food output relationships have assumed importance in relation te the grain reserves

necessary for building globei and national security systems /38, 19/7. Walters {18/7
has stressed the need for utilizing the surplus wheat of some 40 to 56 million
tonnes available during 1977-78 for building a grain reserve, either on insurance

reserve of 20 to JO million tonnes or @ mejor stabilization reserve of 50 ta 60

million tonnes. While the building of such grain reserves at the global, regional
and nctionol levels is exceedingly importont for off-setting the shortages caused by

weather aberrations, it is also essential that steps are taken to insulate agricul-
turel fortunes from the vagaries of climete to the extent possible. The following
are some of the major steps needed for this purpose.

8.3 Expanding the assured irriga
. Wherever possible, steps for increasing the area under assured irrigation

should receive the highest priority. This is particularly important in the tropics
and sub-tropics where (a) the rainfall distribution is often skewed, {b) the evopo~

transpirotion rates may be high throughout the year and (c) the peried of maximum

insolation often coincides with the period of minimum precipitation. Without assured

water supply, fertilizer application becomes risky and yields tend to remain low. In

rice, which is the second major crop of the world, there is in Asio a strong positive
correlotion between the proportion of area under irrigation snd average yield (Fige
ure 6). In India, studies by the Indic Meteorologicol Department reveal that varia-
tion in climate resulting in drought, flocds, high evopotranspiration, etc., may

account fer more than half the variation in the yield of crops, Also it is not just
totel rainfall but reinfoll during critical stoges in the growth of the plant such as

de tion
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the grain development phase that infiuences the ultimate yield. The stabilizing
influence of irrigation was brought out by Chowdhury and Rao f20/ , who studied the
effect of climate change on wheat yield in the States of Punjab and Noryono of India
over a 50-year peried (1911 to 1960). Rainfall and mean daily temperoture from .

December to February were examined in relation ta the meon yield of wheat. There wos
a striking correspondence between rainfail and yield till about 1940. After 1940,
the rainfoll showed a falling trend but the wheat yield went up. This was ottributed
to the increase in the oreo under irrigation (Figure 7).

CORRELATION OF INTENSIFICATION OF
FARMING AND YIELD OF RICE
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Figure 6. Yield of rice in different countries in Asic in relation to the historic
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VARIATIONS IN WHEAT YIELD & RAINFALL
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Figure 7. Relationship between rainfall und wheat yield in northwest India showing

the impact of irrigation on enhancing and stabilizing yield /i9/.

The availability of a lsrge irrigated area also makes the initiation cf
additional production programmes in such areas in yeors of drought or floods possibie.
Such compensatory progrommes in irrigated areas could form an important part of the
‘strotegy for minimizing the adverse impact of aberrant weather. The U.S. Department
of Agriculture hes computed the production needed to build adequate stocks in "good"
years io maintain consumption in “bad” years fo. This study also reveals thai the
lorgest potential for yield increases is in coerse grain, particularly corn and
sorghum.
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8.4 Minimizing fluctuations inproduction inrain-fed ond semi~orid creas

The technologicol approach to imparting greater stability to production in
rain-fed ond semi~crid areas involves obove all measures to conserve the cvailoble
moisture under a given set of weather variables. By studying the roinfali pattern in
detail, including the probable dete of commencement of the sowing rain ond the
likely inter-spell durction between two rains, it is possible to develop moze stable
cropping systems taking into occount the moisture-holding capacity of the soil and
the evapotranspiratioun dote /21, 92), It is also possible to develop contingency
plans and eliernative cropping strategies to suit different weather probabilities in
areas prone to drought and floods. To implement the contingency plons it will be

necessary to build seed reserves uf the alternative crops. In areas characterized
by wide onnucl fluctuations in rainfall pattern, it is desizable to meke the seed
reserves necessary for implementing aiternative cropping strategies an integral pert
of the national seed production und storage system /23/.

If surplus water can be stored in the watersheds of cain-fed creas, a cxop
life-saving irrigation con be given if the rainfall stops abruptly at the time of
grain development; other crop life~saving techniques are elso now availcble {24}.
While the solution both to excess and shortage of water is Largely an engineering one,
genetic approsches are possible through the development of varieties possessing
greater cesilience to environmental variobles. Thus, Gango Prosed Reo ond co~workers

[25/ hove shown that early maturing hybrids and varieties of sorghum de better during
beth scanty and abundant rainfoll years. Early seedling vigour, hybrid vigour for
root growth ond quick maturity are attributes which confer on the plont stability of
performance in drought prone oreas, The cropping strategy for flood-prone oress will
hove to rely heavily on making the flood-free season the major cropping season.

Wher meteorologists ore able to develop reliable early warning systems of
monsoon behaviour, it will be possible to refine further the contingency plans for
different weather possibilities ond implement them more effectively. Through an

integroted approach to efficient water and soil conservation and management in each
watershed creo, crop planning besed on both yield ond stability chaxacteristics,
introduction of crop life-saving techniques when necessary, ond preparedness for
introducing alternative land use strategies cccording to weather conditions, it is
now possible both to elevate and stabilize crop production to o greoter extent then
was considered possible some yeors ago.

8.5 Fluctuationsin production_orisingfrom pest_epidemics

Besides weather aberrations, the incidence of pest epidemics has been a

major factor in causing instability and risk in crop production. Both weather
conditions favourable to the pest as well os man-mode couses like unscientific crop
planning, cultivation of large sreas with o single strain of a crop and improper ct

inadequate plant pxotection measures can result in widespread pest epidemics, The

following are some of the major famines or fcod losses ossociated with pest epidemics
in the past:

(a) The Irish famine of the 1840s due to the potato leaf blight epidemic;
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(b) The wheatiess days of 1917 in the U.S.A. due to stem rust epidemics;

(c) The Bengal famine in India in 1943 ossociated with the Helminthusperium
brown spot disesse of rice;

(d) The devastotion of ali Victoria-derived oats in the mid 1940s in the
U.S.A. due to a fungus causing the Yictoria blight disease;

(e) The southern corn blight epidemic caused by Helminthosporium moydis
on ali U.S.A. maize hybrids carrying the T-type cytoplesmic male sterility
during 1970-71;

(f) The rapid shift from brown planthopper biotype 1 to biotype 2 during 1974
to 1976 when large areas in the Philippines and in Indonesia were plonted
to a few semi~dwarf strains of rice;

(g) Downy Mildew epidemic in pearl millet caused by Sclerosphorg graminicola
in Indigo in 1973.

Whereas uniformity within a crop leods te genetic vulnerability, reinstating
genetic diversity is_one of the most effective mems in providing protection against
such vulnerability (28. On the other hand, the sequential release of resistant
vorieties based on mojor gene-controlled verticel resistance could lead te the “boom
and bust" cycles. Hence, an integrated pest management strategy will have to be
developed for each major crop and agro-climatic region. Studies on the relationship
between weather and pest epidemics and the establishment of pest survey and sux-
veillance systems ct the national and regional levels {as for exomple, the FAO-
sponsored Locust Warning System} can help in teking timely action against pest epi-
demics. Varietol diversification, gene depleyment and other pest containment
strategies can be very effective in the control of important diseases like wheat
rusts. Satellite photographs of cloud movements also provide ao basis for predicting
the zone of early establishment of stem rust of wheat in India .27

Countries in the tropics and sub-tropics face more serious pest problems
since there are crops ond vegetation through the year serving as alternate hosts to
mony pests. Also, temperature, sunlight ond moisture conditions promote continucys
multiplication of pests without interruption, unlike in the temperate areas where
the severe winter is o restroining foctor. This will be evident from the following
comparison of the magnitude of disease problems in the temperote and tropical regions.

Tropical countries will therefore have to devote considerable research and

development attention to insulate crops from severe devastation by pests. For
developing relioble disease forecasting procedures, the integration of meteorological
data with field survey dota is essential. Such an approach could lead to other bene-
ficial results. for example, healthy seed potato is now being produced in the
ploins of North India os a result of the finding thot during certain months of the
year aphids, which serve as vectors of several virus disecses, are absent /28/.
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Table 9

Crop disease in temperate and tropical regions

Numb xasienitmtemian
Tenpercte zone Tropics

54 500 to 600

85 125

50 248

32 278

52 250 to 280

8.6 The role of publicpolicies in
In the ultimate analysis, farmers grow food or other crops to earn income,

in addition to satisfying their home needs. Hence, except in countries where land
use planning is controlled by the State, farmers’ choices of crops are lergely based
on the net returns per hectare as well es the extent of risk involved. High yield
potentiol-cum-low risk crops will hence receive much greeter ecceptonce than high
yield potential-cum-high risk crops. To sustain ogricultvral progress at 9 desired
level, it is necessary to support a package of economically viable technolegy with
appropriate packages of services and public policies. Though the production tech~
nology associated with dwarf and fertilizer-responsive varieties of wheat and rice
itself does not possess built-in seeds of social discrimination, small farmers will
be able to derive economic benefit from such technology only if their inherent bandi-
caps in mobilizing the necessary inputs and in taking risks are removed through the
provision of appropriate services including credit. The public policy packege will
have to include eppropriate land reform measures, integrated input and output pricing
policies and effective marketing, storage and distribution.

Price incentives can stimulate rapid advances in production, as happened in
Japan in the case of rice. However, unduly high grain prices will defeat the very
purpose for which more food is produced, namely to feed the hungry. Hence, other
compensatory benefits may hove to be given to small farmers sco as to enhance their
income without making prices unreasonable to the consumer, Also, it will be desir-
able to develop an agricultural credit insurance system, which can protect farmers
From weather risks such as hailstorms, typhoons, floods and drought. For developing
an effective credit insurance programme for different forming systems, there will be
need for joint research between meteorologists and agricultural scientists.

8.7 Constraints analysis

Another important contribution Governments can make to help formers to
realise full economic benefits from the untapped production reservoir which exists
even at current levels of technology in the majox farming systems, is to sponsor

ot Uiseases reported:Cro

Rice
Maize

Citrus
Tomato

Beans

olicies ensurin stabilityof production
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multi~disciplinary analyses of the constraints responsible for the gap between

potential ond actual yields. Some of the major groups of constraints which determine

the size cf gap are indicated in Figure 8. The relative importance of each component

will vary from area to area and suitable weightages cur be developed on the basis of
a careful study. A study of this kind carried out by the International Rice Research

Institute in severc]l Asian countries has revealed the important constraints to high

yields in rice [23 . Meteorologists, agronomists, economists and statisticians
should undertake similar joint studies in all major farming systems. Recent estimates
of the ultimate potential for increase of land orea for agricultural use ore summor-

ized in Toble 10. The data sre from the World Bank report on Agricultura) Land

Settlement published in 1978 and summarized in Ceres Lo.

ECOLOGICAL CONSTRAINTS
— WEATHER
— POLLUTION

DESERTIFICATION

PRODUCTION CONSTRAINTS
— VARIETY

YIELD GAP WEEDS
— PEST MANAGEMENT
— S$O8L HEALTH
— WATER MANACEMENT
— FARM MACHINERY
— POST-HARVEST TECHNOLOGY

SOCIO- ECONOMIC _CONSTRAINTS
— RISK AND UNCERTAINTITY

INPUT MOBILISING POWER
CREDIT

— KNOWLEDGE TRADITION AND ATTITUDES
~~ MARKETING, COSTS AND RETURNS
~~ INSTITUTIONS

POTENTIAL ACTUAL
FARM YIELD FARM YIELD

Figure 8. Major constraints causing a gap between potential and

actual farm yield at current levels of technology in
field crops.
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Table 10

Potential for increase of land area for agricultural purposes (in '000 hectares)

cttce Estinated poten- Percentage
in 1976 tial for increase of world

total pot-
ential for:
increase

181 43 18.04

280 390 29.92
442 432 44.06
30 938 3.08

It will be observed from the dota in Table 10 that some of the densely
populated regions of the world like the Far East hove very Little scope for increas~
ing the areo under cultivation. Hence the only pathway of ogricultural advance open
to them is productivity improvement. For achieving this, data from constraints
analysis will be very useful. Similarly, in areas with great potentiol for bringing
more land under cultivation, as Latin America and Africa, on analysis of constraints
and consequences (particularly from the ecological standpoint) will be helpful to
the policy mokers in arriving at priorities in investment.

8.8 Effect _of climate on aquaticproductivity
It is well known that the success of fish catch in any particular yeor

depends on the effective recruitment during the previous seasons through proper
spawning and survival cf the young. The influence of climate on the breeding of many
fishes in the tropics is seen from the spurt cf spawning activity and a general inc-
rease in the number of fish eggs in the marine plonkton soon after the first outbreak
of the rains. Such intensive spawning associated with climatic changes is even more

pronounced in freshwater fishes whose spawn occur in abundance during the floods.
There is, however, need for intensive research on the relative role of different
environmental parameters in determining the size of fish stocks if reliable systems
of forecasting ore to be develcped. The quantitctive relationship between temperature
and fish yield also needs to be elucidated under different environmental conditions.
interrelated systems like the Peruvian enchovy and El Nino and the oil sardine and

the monscons in the Indian Ocean provide opportunities for multi-disciplinary reseerch.
(See also overview paper by Cushing.)

Besides research on the methodology for early warning and yield-forecasting
services, it is necessary that more detailed knowledge is developed on the management
of both ocean and freshwater resources. The scientific monagement of aquatic

| Reaion Land under

North America
Western Europe
Eastern Europe and USSR
Oceania
Africa
Latin America
Near East ©
Asion Centrally Planned
countries

Far East

232
96

278
46

185
143
81

141
266

097
184
574
ol?
610
568
062

266
329

62 734
5 671

6.25
56
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resources based on principles of ecology and economics is as important in fisheries
as the scientific management of soil, water and air resources in crop and onimel
husbandry. If this is net done, aquatic desertification leading to the destruction
or diminution of the biological potential of water caused by pollution, over-fishingand other man-made processes can occur.

9. Global food production: challenges ond opportunities

9.1 Chollenges

The relentless growth in population, particularly in poor nations, following
rapid advances in preventive and curative medicine in recent years (Figure 9) poses
the greatest. challenge not only for preducing the needed quantity and quality of
food for the existing ond expanding population, but also for generating the economic
growth rate essential for full employment. Agricultural growth will have hence te
be viewed not merely in terms cf the production of certain quantitites of food but
also in terms of employment and income generation in the rural areas.

Another majer challenge is the preservation of the renewoble nature of our
renewable resources. This cun be done only if the entire community in each country
co-operates in ensuring that there is no depreciation in basic agricultural assets.
Unfortunately, this awareness is yet to become widespread.

A third major challenge is in the oreo of energy supply and manogement in
agriculture ond aquaculture. Technologies will hove to be developed and promoted
which involve organic recycling principles and integrated approaches to pest manage~
ment and nutrient supply. When solar power becomes economically aitractive, new
vistes in production can be opened up by combining the use of solor energy for a

variety of purposes during the production and post-harvest phases with techniques Like
no-tillage or minimum-tillage and other methods of minimizing the energy input needs.

A fourth areo of considerable significance is the development of crop-
livestock integrated production systems. While livestock production has assumed
importance in rich countries to meet the dietary preferences of people, the integra-
tion of animal husbondry with agriculture hos become essential in many MSA countries
since this is the only immedictely feasible method of enhancing the income of smell
farmers and reducing undez-employment among landless labour. How can this situation
be reconciled with the much higher energy needs of the plant-animol-man food chain to
which o reference was made eurlier? Obviously, technologies of livestock management
based on a complementary relationship between animal and man need to be developed.
Mixed forming hos always been a way of life with farmers in many developing countries.
The ruminating animal is ideal for such a symbiotic production system, since all
cellvlosic motericl which cannot be digested by man can be suitably fortified and con~
verted into nutritious animal food. Crop-livestock-fish integrated production systems
offer even greater opportunities for achieving high energy input-output ratios AY.

A fifth ores of immediate relevance to the food problem is the initiation by
governments of appropriate programmes for deriving benefit from the untapped yield
reservoir existing at current levels of technology. This will coil for massive efforts
in education, organization of relevant services based on constroints analysis and above
all, in introducing public policy measures which would stimulate both production ond

consumption.
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Finally, governments will heave to grapple with the challenge cf distribution.
As would be evident from the data presented earlier, -the world food production is
sufficient to feed the millions whe are malnourished today provided there is aquitable
distribution. The deodline of 1984 setby the World Food Conference for ensuring
that no human being goes to bed hungry con be advanced even to 1979, if a new age of
humanism can be superimposed on the era of science and technology... Uriless this
happens, global oction to meet man's need for feod, energy and other sics may not
be forthcoming. Until all global planning for the future and ali development of
technolegy are subjected to the one test prescribed by Mahotma Gandhi, “Will this
benefit the poorest men?", it is unlikely that an internatienal food security system
will come into existence (Figure 10). The prevailing condition where with every vise
in Gross Notionol Product, the poorest notions and income groups within notions
suffer more due to the increased demond for food by wealthier nations and wealthier
groups within nations can be altered only by public policies designed to bring about
equitable distribution f32/. How can each nation proceed to build a nationel food
security system which can insulate the people of the country from hunger arising
from wecther-induced crop failures and/or inadequate purchasing power?

9.2 Opportunities

While ovaileble projections of population, per capita income and demand for
food on the one hand and production ond marketoble surplus of food on the other,
reveal a possible globol food gap of ebout 45 million tonnes by 1985, the encouraging
sign is the growing awareness among developing countries thot ogriculture needs und
deserves over-riding priority. Notional, regional and global efforts in agricultural
research and development are growing. The Consultative Group on International Agri-
cultural Reseatch sponsored by FAO, UNDP and IBRD and supported by many notions,
banks and foundations is financing a global grid of research centres designed to
advance the pace of technology development in major food crep and Livestock produc-
tion systems in developing countries. Analysis of gaps ond constraints in mojor
crop production systems in several MSA countries has shown that while the gap between
potentiol and octual farm yields is high, the constraints can be remedied fairly
speedily. Globcl weather monitoring progrommes sponsored by WMO ore also making
rapid progress and agro-meteorology is emerging as a major science. Yield forecast-
ing techniques ore being perfected. Weather satellites and remote sensing techniques
have odded a new dimensicn to research in this orea. Hence, reliable early warning
systems of likely food shortage can be developed if there is adequate international
co-operation. The time is therefore appropriate for governments to launch a pro-
gramme to build strong national food security systems. Once national food security
systems-are developed, it will be relatively easy to build an international food
security system.

9.3 Components of a national food security systema Re me ene

; The following are some of the major components of an effective national
food security system:

(a) Ecological security;

(b) Technological security;
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(c) Building up food reserves;

(d) Sociel security.

9.3.1 Ecological security

If the ecological infrastructure necessary for sustained ogricultural advance
is not preserved and strengthened, desertification processes will damage both agri-
culture and aquaculture, Nothing should be dene which will couse unfavourable changes
in the macro- and micro-environment. To achieve this, there is need for a naticnal
movement in every country for promoting economic ecology » Economic ecology,
unlike strictly conservation ecology, is intended to maximize the economic benefits
from a given ecological milieu and to minimize the risks and hazards characteristic
of that environment. Guidelines for achieving ecological security along with ogri-
cultural progress will heve to be drawn up by an inter~disciplinary team of scientists
for eoch area.

33

9.3.2 Tachnological security

Technology development should be tailored to specific ecological, economic
and social conditions. It should be ensured that the technology does not possess
built-in seeds of social discrimination. The major aim of technology in countries
aith very little scope for bringing additional lend under cuitivotion should be ts
increese continuously the economic yield per hectare of Land or water surface without
detriment to the long term production potential of soil and water, Also, productivity
improvement has to be brought about without increasing heavily the consumption of
non-renewable forms of energy. The improvement of yield should not also be at the cost
of stability of production. Where the probability for weather-induced instchility in
yield due to ceuseas like flood and drought is high, alternative cropping strategias
and crop life-saving techniques should be developed to suit different weather models.
Post-harvest technology should receive as much attention as production technology 30
that both the farmer and the consumex derive full benefit from the products marketed.

An area of technological security which hos yet te receive adequate attention
is the introduction of a systems approach in R and © efforts. The following are 9
few of the major forming systems which need attention particularly in countries wheze
land is o limiting factor in expanding production:

(a) “Multiple cropping systems in irrigated creas

It is possible to toke 3 to 4 crops in the same plot of lond in « year
in the tropics ond sub-tropics with photo-insensitive and quick maturing
varieties of different crops. It is, however, necessary to pay adequate
attenticn to the maintenance of soil health and fertility, prevention of
pest build-up and grain drying and storage. Instances of liver ailments
arising from aflatoxins in the grains of varieties which mature before
the rains stop are growing.



(b)

(c)

(4)

(e)
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Rain-fed farming

Research programmes in semi~crid creas should lay stress on water ond

soil conservation and scientific land use planning. Detailed knowledge
should be gathered on the likely date of commencement of sowing rains,
inter~spell duration, evapotranspiration ond moisture holding capacity
of the soil.

Orchards and garden land cropping

In the case of fruit trees, plantation crops and forest trees, it is
possible to design an efficient 3-dimensional canopy involving both
the horizontal and verticol spaces. An efficient canopy should
promote co~operation among the crops grown together. Thus, in such
areas the efficiency of farming will have to be measured by the
effectiveness with which the air space is used in addition to soil
and water. Since multi~level or 3-dimensionol crepping is likely
to assume increasing importance when the pressure of pepulation on

land increases (the situation being analogous to the spread of
aky-scrapers in city architecture), intensive research on the micro-
environment in 3-dimensiona] canopies is necessary, Coconut, cocoa

ond pineapple form a good co-operotive combination from the point of
view of efficient utilization of sunlight, water and nutrient in
several tropical oreas.

Mixed and inter-cropping

In such systems, some of the factors promoting efficiency ard

stability of production are: .

(i) efficient interception of sunlight;

(ii) ability to tap nutrients from different depths of the soil
profile;

(iii) non-overlapping pest sensitivity; and

(iv) introduction of legumes for promoting biologicel nitrogen
fixation,

Kitchen gardening

This can take the form of growing vegetables and fruits, beckyard
poultry farming and home fish gardening. When designed properly, a

very high return of food calories for every colorie of cultural
energy invested can be obtained, thus making substonticl contributions
to the improvement of nutrition.
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(F} Agro-forestry

In addition to promoting commercial, social ond other forms of forestry,
there is need for more reseorch on inter-cropping in forest canopies.
Agro-forestry is a sustaincble management system for land wich increoses
‘everoll production, combines agricultural crops, forest plonts and
animals simultaneously or sequentialiy.

(g) Mixed farming

Mixed farming systems may involve crop-elivestock, crop-fish, Livesteck-
fish and crop-livestock-fish integrated production systems. These can
be of great value to farmers with small land holdings for maximizing
income and employment.

Plant and enimgl breeders should adopt a cafeteria approach in the selec-
tion of genetypes of crops ond farm animels for the different farming systems
referred to above. Production agronomiats also shculd adopt a cafeteria approach
in developing technologies suited for farmers with varying input-mebilizing capecity.
Meteorologists should measure the impoct of different waather parameters on ths
entire system and not just on components of it if their data are to be of usa in
designing more efficient systems. Farming Syatem Meteorology will involve inuch

greater attention to the micro-envixonment in crop canopies and to the metching of
sequential use of land with weather conditions which are conducive to the optimum
performance of the crops ond animals farmed either concurrently or consecutively,

9.3.3 Building up food reserves

Every MSA country should try to build ¢ groin reserve which can help it to
meet the anticipated shortfall in a bad year as well as to run on effective public
distribution system, Countries which are not normally self-sufficient in their food
requirements will obviously have to maintain adequate stocks by imports so thet in
yeors when the production is adversely affected by weather in the treditional food
exporting countries, prices are not allowed to rise abnormally. Every country will
have to devise an appropriate groin reserve policy based on ecological, economic,
logistic and other considerations. The reserve may not be only of cereals but may
include millet, groin legumes, oilseeds and other crops depending on needs and ovail-
ebility. Such a buffer stock operation can also help ta ensure that prices of farm
producedo not fall below an economic level. In addition to maintaining a basic
reserve and sufficient operational stocks, it will be prudent to always keep in
readiness plans for increasing the production from irrigated areas during yeors
cheracterized by widespread drought. Thus, on integrated grain reserve policy and
a programme for the efficient use of the reserve in production potential during
emergencies on the bosis of early worning from crop-weather watch groups should help
to launch every country on the path of self~reliance in food,

9.3.4 Social security
oe om ap an en oe

A mismatch between the ability to grow food and the ability to purchese
and consume it on the port of large numbers of people could lead to a situation where
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o country may have large grain reserves but many children, women and men may still
go to bed hungry. Hence, sccial security mecsures which ensure that everyone has

his daily breod are important. Depending on social conditions, such measures could
take the form of "Food for Work", employment guarantees, minimum wage, etc. Social
security measures should not be based on dole and patronage concepts but should aim

at providing opportunities for earning o minimum wage. Under conditions of sudden

disasters, relief and nutritional intervention programmes will be essential :

Social security measures should not only cover consumers but farmers alsc. Through
integrated pricing policies, farmers should not only be assured a fair price for
their produce but also articles of daily consumption in rural oreag at a feir
price. Small farmers will also have to be insulated ogainst risks arising from

aberrant weather through an appropriate insurance system.

10. ’ Conclusions

Future developments in solar energy utilization, genetic engineering and

weather forecasting and modification could open up altogether new vistas of terres-
triol ond aquatic productivity. However, while working and waiting for such break-
throughs, no time should be lost in building dependable and effective national and

international food security systems besed on known knowledge and technology. Given

oppropriote political decisions and resource back-up, this task can be accomplished
by 1984, the target year set by the World Food Conference held in Rome in 1974 for
banishing hunger from the Earth. The finite resources of the "Spaceship Earth” (to
quote Buckminster Fuller) can provide food, clothing end shelter for oll provided the
resources ore conserved and utilized by al! countries in a manner that will generote
synergy ond symbiosis [34/. This will call for a highly co-operative interaction
between those who serve science and those who move society as well as among both

scientists belonging to different disciplines and social leoders belonging to differ-~
ent political ideologies.

REFERENCES

UN CONFERENCE ON DESERTIFICATION. (1977). Desertification - its causes

and consequences. Edited by the Secretariat of the UN Conference on

Desertification, Pergomon Press 448 pp.

LOWDERMILK, W.C. (1953). Conquest of the land through seven thousand

years. Agriculture Information Bulletin No. 99, U.S. Dept. of Agzic.,
30 PP.

BROWN, L.R. (1978). The twenty-ninth doy ~ A World Watch Institute Book,
W.W, Norton and Company, Inc., New York, 363 pp.

ECKHOLM, E.P. (1976). Losing ground - Environmental stress and world facd
prospects ~ World Watch Institute, W.W, Norton and Company, Inc., 223 pp.

RB
&

&
w
R

®

PIMENTAL, D. and KRUMMEL, J. (1977). America's agricultural future.
Ecologist VII, pp. 254-261.



WCC/Overview Poper 14, p. 36

BURINGH, P., VEN HEEMST, H.D. and STARING, G.J. (1975). Computstion of
the absolute maximum food production of-the world. Dept. of TrepicalSoil Science, Agricultural University, Wageningen, 55 pp.

BURINGH, P. ond VEN HEEMST, H.D. (1977). An estimation of World Food
Production based on lobour-oriantated agriculture. Centre for World
Food Market Research, Wageningen, 46 gp.

UNITED NATIONS WORLD FOOD CONFERENCE. (1974}. The world food problem -
proposals for national and internetional action. 237 pp.

FOOD AND AGRICULTURE ORGANIZATION OF THE UNITED NATIONS. (1977). The
' fourth food survey. 128 pp.

INTERNATIONAL FOOD POLICY RESEARCH INSTITUTE. (1977). Food needs of
developing countries, projections of production and consumption to
1990. Washington, 157 pp.

10

UNITED STATES DEPARTMENT OF AGRICULTURE. (1975). The world food situationll
and prospects to 1985 - Foreign Agricuitural Economic Report No. 98,
Woshington, 90 pp. -

PROTEIN-CALORIE ADVISORY GROUP OF THE UNITED NATIONS SYSTEM. (1977).
A guide to food and health relief aperations for disasters. 206 pp.

FOOD AND AGRICULTURE ORGANIZATION. (1978). Fishery products: Supply,
demand and trade projections, Rome, 10 pp.

13

SUKHATMA, P.V. (1977). Incidence of undernutrition in India. 2nd Jour.
Agric. Econ. 32, pp. 1-7.

14

BROWN, L.R., McGRATH, P.i, ond STOKES, B. (1975). Twenty-two dimensions
of the population problem. World Watch, Paper 5, 83 pp.

16

NATIONAL DEFENSE UNIVERSITY. (1978). Climate change to the year 2000,
Washington, 109 pp.

16

THE ROCKEFELLER FOUNDATION. (1976). Bellagio Conference on climate chunge,
food production, and interstate conflict, 71 pp.

17

WALTERS, H.E. (1978). International food security; the issues and the18
alternatives — International food policy issues. U.S. Deportment of
Agriculture. Foreign Agricultural Economic Report No, 143, pp. 91-99.

U.S, DEPARTMENT OF AGRICULTURE. (1978). Alternative features for world
food in 1985. Volume 1, World Gol. Model Analytical Report. U.S.

19

Dept. of Agriculture, Foreign Agricultural Economic Report, No. 146,
137 pp.

‘



wec/Overview Poper 14, p. 37

CHOMDHURY, A, and APPA RAD, G. (3976). Climatic changes and the wheat

yield in northwestern ports in India. Climatological Note 19, Symposiva
on recent climatic change and the food problem. (4-8 October 1976).

. 42 pp.

RAMAN, C.R.V. (1975). A new approach to rainfall climatology over21
Maharashtra State for agricultural plenning. Science Today, July,
Bombay.

INDIAN COUNCIL OF AGRICULTURAL RESEARCH. (1977). Crop planning in drought
and flood prone areas. 27 pp.

SWAMINATHAN, M.S. (1972). Con we face o widespread drought again without
food imports? Rajendra Prasad Memoricl Lecture of Indian Society of
Agril. Statistics, Indic, 25 pp.

INDIAN COUNCIL OF AGRICULTURAL RESEARCH. (1976). Crop life-saving
research - ICAR-IDRC Seminer Proceedings, published by Indian Council
of Agricultural Research, New Delhi, 130 pp.

24

RAO, N.G.P., SUBBA RAO, 5. and VIDYASAGAR RAO, K. (31975). Rainfall
fluctuations and crop yields, Current Science, 44: 19: pp. 694-697,

v4]

NATIONAL ACADEMY OF SCIEHCES. (1972). Genetic vulnerability of major
crops. Mational Academy of Sciences, Washington, U.5.A. 307 pp.

26

WAGARAJAN, S. and HARDEV SINGH. (1975). Preliminary studies on forecast-
ing wheat stem rust appearance. Agril. Meteorol. 17: pp. 281-289.

PUSHKARNATH. (1976). Potato in sub-tropics. Orient Longman, New Delhi,
289 pp.

28

THE INTERNATIONAL RICE RESEARCH INSTITUTE. (1977). Constraints to high
yields on Asian rice farms - cn interim report., Manila, 235 pp.

WORLD BANK REPORT. (1978), Report on Agricultural Land Settlement,
summorized in Ceres, 64: pp. 14 and 15.

30,

SWAMINATHAN, M.5. (1977). Indian Agriculture at the cross-roads, Indicn
Journcl of Ag. Econ. XXXII, pp. 1-34,

31

RUSH, H., MARSBRAND, P. and GRISBIN, J. (1978). World futures: Growth
vith redistribution? Food policy, May. 1978: pp. 114-126.

SWAMINATHAN, M.S. (1973). Agriculture on spoceship earth, Coromandel
lecture No, 3., New Delhi, 31 pp.

33

BUCKMINSTER FULLER, R. (1975). Synergetics, Macmiilam Publishing Co.,
Inc., 876 pp.

34.


