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GLOBAL ASPECTS OF FOOD PRODUCTION
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& Qur ogricultural bolance sheet and the quest for food self-sufficiency

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 twe signi-
ficant developments. First, various forms of energy (collectively termed "culturol
energy”) were introduced to encble green plants to give stable and higher yields
(Figure 1). The relative contributions of the different forms of culturcl energy in
agricvltural production have voried over time and geographic regions. Secondly,
from the millions of species recorded in the world flora and fauna, only o few plants
and animals were chosen for domestication. Thus, there are now only about 30 plant
species whose individual world production exceeds 10 millicn tonnes per year ond six
animal species whose production in the form of meat exceeds one milliorn 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 problem of mon's dependence on a few plant and animal species for his survival is
the fact that ot present less than 10 countries in the world have surplus foodgroins
for the export mecrket (Figure 4). A response to this dangerous situotion has been
the initiation in recent years of steps for developing global and notional food
security systems.

While the need for introducing on era of accelercted agriculturcl advance is
becoming increasingly urgent, the process of mon-made damage to ogriculturol 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, ond the entire process was reviewed ot a UN Conference held at Noirobi in
1977. Immediote action to combat desertificotion is essenticl since, apart from the
extreme deserts, obout 45 million km? of productive land is threatened, distributed
among 100 countries and comprising about 30 per cent of the world's lond surface /1/.
Lowdermilk [27 in g 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. In o series of thought-provoking publications, Lester Brown, Eric Eckholm and
their associates of the World Waotch Institute have drown cttention to the fact that
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aport from the fast depletion of the Farth's non-renewable resources,

tial for renewable weolth is being destroyed . The impact of man-made activi-
ties on the climate, such as the effects of increasing carbon dioxide and of the
release of nitrous oxides, freons ond other trace chemicols on the ozonosphere is
olso a matter for serious concern. Above all, the pothway of ogricultural edvance
so far adopted places o heavy reliance en non-r

enewable forms of energy and if the
same pathway is followed in the future, o blind alley could be reached in the matter
of improving food production
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Recent progress in the cpplication of science aond technology in the optimum
utilizotion of available soil, weter, oir, sunlight and biological resources hcs raised
hopes for our agricultural future. Considerable advances have token ploce in develop-
ing ogricultural balonce sheets based on an understanding of the production assets
ond liobilities of egch crea, 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 uporading, better nutrition and
health care, ond improved processing and morketing hove been developed. New vistas of
preduction have also been opened up both in freshwoter aquaculture and mariculture, in
addition to capture fisheries. In the areo of forestry, land monagement systems
involving integrated cpproaches to sylviculture ond ogriculture (termed "agro-
forestry") ore emerging. Above all, developments in the area of post-harvest tech-
nclogy ore helping to minimize storage losses and to prepsre value-cdded products from
oll ports of plants and farm animacls.

On the bosis of a scientific understonding of the glebol ogricultural assets
ond licbilities, efforts hove been mode from time to time to measure potential terres-
tricl ond oquatic productivity. Obviously such studies suffer from the limitations
imposed by severcl unpredictable constraoints which can retard production. Neverthe-
less, they ore useful for stimuloting national and international action since they
indicote developmental peaks_which countries can try to scale with hope of success.
Buringh and his associotes /6[ 7/ have published their estimates of the obse{ute moxi-
mum food production potential of the world ond the impact of labour-oriented agricui-
ture on food production. They hove used dota from scil mops and from recent research
on weather ond climote. After estimating the orec of potenticl agricultural lond in
each region of the world with suitable adjustments for soil conditions and water
deficiency, they hove converted the climatic porometers into a single composite
measure colled “gross photosynthesis™ (GP). They have used oppropriote conversior
foctors to transform GP volues into dry motter production and, finally, irto grain
equivalents. These colculotions indicote a thecretical preduction potential of
£7 530 ~illion tennes of arcin equivalents per year. The grectest potential occurs in
Asia, followed by Sout' Americo cond Africa (Table i

Taking into account the possibilities of irrigation aond the limitations of
c1op nroduction coused by locol seil and climatic conditions the absolute maximum
prodiction, expicssed in arcin equivalents of o standard cerzal crop, is computed as
49 330 miilion tonnes per yect., Since the averoge production in recent years has
hoen of tre order of 1 300 million tonmnes, the postuloted production potentiol is
neg: iy 40 times the present level of production. In other words, we are now exploit-
ing only 2.5 per cent of the absolute moximum potential. It is of course not possible
te use all the avoileble land only for growing food crops. The maximum production
from the opproximately 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 ol. 157 further consider South Americo and Africa south cf the Sohcra os
the most promising regions for future food production. They consider Australia to be
the leost promising. Buringh ond van Heemst hove also stressed the nced for
greater attention to productivity improvement and increcsed land use intensity rother
than to recloiming large areas of lond which may have adverse ecological consequences.
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Table 1

Totals of the production potentiol of continents ond the world

A PAL IPAL MPDM PIAL IPALI NPDMI MPGE
5. Americao 1 780 616.5 333.6 25 224 17.9 340.7 25 710 1k=1086
Australio 860 22007 74.2 5 297 5.3 76.1 5 462 2 358
Africo 3 030 761.2 306.5 24 162 19:7 317.5 25 115 10 845
Asia 4 3%0 1 083.4 433.5 24 966 314.1 581.6 33 058 14 281
N. America 2 420 628.6 320.0 15 443 37.1 337.5 16 374 7 072
Europe 1 050 398.7 233.1 8 289 7559 247.1 9653 4168
Antarctica 1 310 ¢ 0 0 0 0 G O
acH
Total 14 840 3 714.1 1 700.9 103 2381 470.0 1 900.5 115 372 49 830
A Area of a brocd soil region (10% ha)
PAL Potentiol ogricultural land (10% ha)
IPAL Imaginary arec of PAL with potenticl production without irrigation (109 ha)
HMPeM Moximum production of dry matter without irrigation (106 tonnes/yeor)

PIAL Potentially irrigoble ogricultural land (10% ha)
IPALI Imoginary areaof PAL with potential production, including irrigation (106 ha)
MPDMI Maximum production of dry matter including irrigation (10% tonnes/year)

MPGE Minimum production of grain equivalents, including irrigation (108 tonnes/year)

It is obvious that the figures in Table 1 hove to be regorded as highly
generalized indicotors of the potenticl for progress. Laend will continue te go cut of
farming as the demond for land for homes, factories ond communication increases. Mare
and more soil will be used for brick making. On the other haond, an inexpensive system
of solar desclinotion of wuater can open up new vistas in production in many coastal
ond arid arees, including the Austrelion hinterland. While there are unpredictable
trends in the future of agriculture, recent scientific advances, popularly termed cs
the "Green Revolution™ technology, have aroused on aworeness of the vast untopped
production reservoir existing in most farming systems even at current levels of tech-
nology. It is, hence, not surprising that at severol international conferences, the
view has been expressed that, given a proper blend of politicel will and professional
skill, the problems of hunger and molnutrition can become problems 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,
end that no human being's physicgl and mental potential is stunted by malnutrition.
Nearly 40 per cent of the time set by WFC for occomplishing this goal hos elopsed, but
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all evailable stotistics show that the number of persons going to bed hungry may in
foct be incregsing (8; 97. According to recent Food and Agriculture Orgaonization (Fao)
statistics 1:7, a calorie gop of 220 000 million calories per doy or the energy
equivalent of 37 million tonnes of wheat per yeor exists in the mpst seriously affected
(MSA) countries from the point of view of minimum nutritionsl requirements. It would
hence be useful to analyse the current world food situation, trends in demand and
supply, factors responsible for instebility in producticn and the steps nezeded to
achieve the WFC goal,

Z. The current world food situction

Several international und national agencies, particularly the Food and Agri-
culture Organization of the United Notions, the International Food Pelicy Research
Institute (IFPRI) and the US Department of Agriculture have been issuing from time to
time reports on the world food situation /7, 10, 11/. Based on these documents, the
situation on the food production front con be summarized as follows,

World production of cereul grains {cbout 1 200 million tonnes) needs
to expand by about 25 million tonnes per year to meet rising demond, since population
increases by obout 75 million annuclly, ond one tonne of groin feeds on an everage
three people. In 1972, however - for the first time in twenty years - world output
cctually declined by obout 33 millicn tonnes because of adverse weather., (Since 1972,
output has fluctuated - rising in 1973, declining in 1974 and rising ogain from 1975
onuords[??.)

World food demond is expected %o grow ot a rate of cbout 2.4 per cent a yeor
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 ond 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 cereols is expected to increase from an agverage of 16 million
tonnes per year from 1969 through 1972 to cround 85 million tonnes per year by 1985.
This prospect is made all the more awesome by the fact thot the average cosi per tonne
of cerecls has more than doubled in the last few yeors.

In 1972, even before the oil-price rise ond the related fertilizer-price
increase; world cereal prices rose steeply. In spite of good 1973 harvesis, prices
reached even higher levels by eorly 1974. Although these increases were offset to
some extent by greater earnings from exports, the profits were unevenly shared; the
countries that suffered the most goined the least.

Before World War 1I, Asia, Africo and Latin America, as regions, were net
exporters of foodgrains. During the period 1934-38, an uverage of 12 million tonnes
of cereal grains used to be exported from these regions. However, laorgely due to @
rapid increase in population size, these regions became impourters of food. The cnanual
imports were of the order of 5 million tonnes during 1948-52. This figure become
19 million tonnes in 1960, 38 million tonnes in 1966, 47 million tonnes in 1973 ond
60 million tonnes in 1975,



WCC/Overview Poper 14, p. 9

As a result of these developments, increcsed numbers of people, now totall-
ing en estimoted 25 to 30 per cent of the population in Africa and South Asie,
suffer from molnutrition or undernutrition. Malnutrition oppects to offact cround
460 million people in the developing world, and this is a conservative estimate.
Even in countries with o substontial grain reserve, like India, inadequate purchasing
power arising from unemployment and under-employment results in undernutrition ameng
the economically hoendicopped sections of the community. In several MSA countries,
emergency situations arising from nationsl colamities like flood and drought
aggravate problems of unemployment and undulotions in production. Hence, direct
State intervanticn in erganizing food and health relief operations often become
necessory. Ouidelines aore now cvailable for orgaenizing such relief measures
effectively /12/.

6 12 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 .

"{ onger term food prospects in food deficit countries with developing
market economies remain unfavourable, despite good crops during the last
two years. Under the conditions assumed in this study, production of
staple food crops in these countries would fall short of meeting demand
in 1990 by 120-145 million tonnes. This is over three times the
shortfall over 37 million tonnes in the relotively good production yecr.

The core of the food problem is the low income food deficit countries

in which the per caopita GNP in 1973 wos iless then $300. These countries
hove clmost two-thirds of the total population cf the developing market
economies (DMEs). Their fcod deficit is projected to rise from

12 million tonnes in 1975 to 70-85 million by 199C. Just to 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 FAG £§7.
The Survey clearly brings out that there is o widening gop in per capite foad
production between the developed and developing countries (Figure 5). Dato on the
average annval rotes of growth of food production in relotion to population are
given in Table 2.

In its agricultural commodity projections fer 1970-1980, FAD had concluded
that world production of cereols is likely to exceed projected demand in 1980 by ¢
margin of 62 million tonnes. However, the study also concluded that in 1980 there
could be no substontial reduction in the absolute numbers of people suffering fiom
undernutrition 1:7. The projections of USDA Z::7 also suggest thot the world is
capable of producing encugh grgin at reusonable prices to meet the demonds of o
largely cereal diet in the developing world. Why should feod groin surplus and
hunger co-exist? This question is most relevani to the most seriously affected (MSA)
countries, which account for sbout 50 per cent of the total population of the develop-
ing world, and show o steady decline of per copitc availebility of food and the
dependence by o majority of the population on ogriculture for employment and income.
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The Fourth World Food Survey Z§7 indicotes that in MSA countries there is need for
a minimum growth rate of 4 per cent per unnum in food production between 1974 and
1990, in order to provide 2 500 colories per heod per day. This weuvld cell fer a
daubling of current growth rcotes in food output in MSA countries.

Table 2

Percentage annual growth of population and food production

i #

- Region ; Populaticn Food Production

: Total Fer copita
| 1961-70 1971-76 1981-70 1970-76 1961-70 1970-76
E All developed

| countries 1.0 0.9 2.4 2.3 1.4 1.4
j All developing

i countries 2.3 2.3 3.1 27 0.7 0.3
i

|

? World 1.9 359 2.7 2.4 0.8 0.5
4, Aquotic production

Before considering how this chollenge can be met, it would be useful to
consider the trends in aquatic productivity, since with growing pressure of pogulo~
tion on lond, the fisherman and the sea will have to receive as much attention as
the farmer and the soil, This will be particulerly true for countries with g long
coostline, since with the declorction of a 200 mile "Exclusive Economic Zone", the
ocean surface available to them for scientific management and use may be substonticl,
For example, the arec cf the ocean space availaoble to India under the "Exciusive
Economic Zone" principle would be about 2 million km? as compared to the totol land
arec of 3.28 million kmZ.

According tc the recent FAD projections issued in June, 1978 Z::7, the
current position with regerd to world fisheries production ond consumption is cs
follows.

- Since 1971 the rate of growih of world fisheries production has declined
sharply. iIn the fifties it grew ot almost 7 per cent per aonnum, in the sixties ot
o little under 6 per cent but in the seventies the rote of incresse has fallen io
less thon 1 per cent. The princigal cause of this decline has been the collepse of
a number of important fisheries exploited largely for the production of fish meal
and oil. Among these, the most important has been the southcast Pacific onchoveto
fishery which in 1976 yielded some 4 million tonnes compored with 12 million tonnes
in 1970, but other fisheries, e.g., the Atlanto-Scondian herring, of less absolute
size have shown similor preoportionol declines. Total landings of fish for reduction
delivered to fishmeal plants which reached a peck of 26.5 million tonnes in 1970 hod
by 1973 declined to 18.5 millicn tonnes ond although preduction hus 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 controst
centinued to increase throughcout the seventies, but even here the rote of growth at
2.5 per cent per annum hos declined from that achieved ir' the 1960s. The bosic
cause of this decline, as in the ccse of the reduction fisheries, is the growing
number of stecks becoming fully exploited and the ropidly shrinking opportunities
for the diversion of fishing effort to new species or oress. Thus in many developed
countries where technological innovotion led early to the heovy exploitation of
stocks in edjocent woters (e.g., the North Atlontic) there has been little or no
increcse in food fish production. Growth has come mainly from Jopan and the U.5.S.K.
{ond other eastern European countries) which have increasingly hod to rely on long-
distance operations. There hos alsc been steady growth in the developing countries,
both from 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 couniries has, however, been directed
toward export fisheries (tuna, shrimp, etc.) ond thus supplies available for direct
human consumption in these countries hove risen less rcpidly than production. In
the sixties per cgpitointoke in this group of countries as & whole rose by about
holf a kilogromme ond in the first half of the seventies by @ further 200 grammes.
In the developed countries there hos been o merked difference in the experience of
eastern Europe and the U,S5.5.R. where per capito consumption rose by some 9 kg in the
sixties ond a further 3 kg in the first half of the seventies, and the countries af
western Europe ond North Americo where consumption has stognated. Of the dther
developed countries, only in Japan and Spain hos there been any significant increase
in per capitafish consumption in the past decade.

In contrast tc the actual fish harvests, theoreticol estimotes of ‘potential
productivity at vaerious trophic levels reveal o vast untopped production reservoir)
For exomple, the total fish biomass for the world as a whole has been put at 640 x 108
tonnes, assuming thot the horvest is taken at the second stage of carnivores with o
15 per cent ecologicol efficiency factor., The krill rescurces alone have been ssti~
mated to range between 750 ond 1 350 million tonnes with an annual horvestable yield
of 100 to 150 million tonnes from the Southern Ocean, Out of this, only obout
20 000 tonnes are being horvested.

In oddition to the potentiol for copturing odditionol gquantities of fish
through improved technology, there is vast scope for culture fisheries both in inland
and coastal waters. Modern fish forming techniques are os exciting os recent develop~
ments in crop or onimal husbandry. By appropriate integrated strategies of capture
fisheries, the aveilability of fish products both for human ond animal consumption
can be increosed considerably.

5, Impact of the plant-animal-man food choin on world food needs

According to FAD statistics 1:7, animal products contributed ocbout one-third
of the par copita calorie supply and mere thon holf of the protein in the diet of
the populotion of developed countries. The share of enimal products in the diet of
the consumers of developed countries is still rising (Table 3).
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Toble 3

Percent contributien of various food groups in doily calorie supply,
per copita basis (per cent)

Regions Vegetable products Animol products
Cereals Total Milk Totol

1961-63 1972-.74 1%61-63 1972-74 1961-63 1972-74 1961-63 1972-74

Developing
Market
Economies

MSA countries 64.6
Non-MSA 50.5 516 82.6 82.7

countries

N WL
*
O b
N W
-
o N

Developed
countries

Developed
Maorket
Eccnomies
World

.

.0 26.4 67.9 66.56 9.0 8.6
2 : 5.0 4.7

1
0.

- 0D

25
7.3 17.4

o W

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

The plant-onimal-food choin is also important among developing countries in
Latin America, the Near East ond partsof Africa. Incontrast, this chain provided enly
cbout 6 per cent of total coleries 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.S5.S5.R. nearly ! tonne of groin
moy 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 suivive on one tonne of grain.
Thus, although the plant-gnimal-man food chein may have some nutritionol odvontoges
{and also some disadvanteges arising from over-consumption of faots), it is expensive
in terms of total grain ond energy needs (Figure 1).

Due to a positive correlation beitween affluence and the consumption of
animol products, cbout 30 per cent of the world populotion 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, obout 480 million tonnes of grains were fed to
livestock. This gquantity is more than the total food grain consumption by the human
population of China and India tcken together. In fact, the total omount of cereals
used as human food in gll developing countries was only 37 million tonnes more than
the amount of 480 million tonnes of cereals used as animal feed in the world.
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(G Trends in demand for food

The demand for food is influenced by factors such as populotion end income
growth, the level and distribution of income and the proportion of income spent on
food.

6.1 Population growth

The total world populotion was about 3.8 billion in 1973, The annuel
increose, at present, is about 70 million people, nearly double what is was in 1950.

Food demand as well os economic development are affected by the striking
differences in the rate of population growth between the rich and poor notions.
The populotion growth in the developed countries has ‘declined to about 0.9 per cent
annually. In contrast the population in the less developed economies is expanding
at o rote of more than 2.5 per cent. At present, 70 per cent of the world's popula-
tion live in the developing countries. These countiies account for 88 per cent of
the increase im world population. In 1960, the developing countries had about twice
the population of the developed countries but becouse of x¢iid population growth they
will hove three times as much by 1985, The rate of growth in population will hence
be o major determinant in finding on equilibrium between demand-supply equctlons
in food cutput.

6.2 Income and_demand for food

As income rises, the consumer buys more food, but o smoller proportion of
income is spent on food. However, income is rising throughout the world ot different
rates. As o result of population and income growth, world demand for food grains
incressed at o little less thon 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
growth in incomes, ond the demand for grain wos relotively higher because of low
prices during the latter port of the 1960s. A rapid growth in income clsos genercted
demand for livestock products particularly in developed countries. In the developing
countries, population expansion is the major foctor for increasing demond for grain.

Income elasticities expressed as the rotio of the percentage increase in
consumption of a given food to @ percentoge change in income for a few selacted
countries ond the world os®a whole are given in Table 4.

Table 4

Income elasticities for selected food

Food India Brazil Japan us World
Wheat ey 40 .10 - 30 -, 24
Rice .40 .20 -.10 .20 v 2a
Maize -.10 «.30 -.50 - 10 .10
Meat S .48 79 .24 i b
Totsl Food .43 19 5 & ) -.01 .10
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A smeller proportion of the food budget is aollocated to cereals by the
consumers of developed nations. The income elasticities of livestock product are
relotively higher. This is an indication of the growing indirect consumption of
yroins to which a reference has been made earlier.

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

Table 5
World demand for cerecls 1970 actuols, 1980 and 2000
projected
1970 1980 2000 (metric tomnes)
Food Feed Total® Food Feed Total® Food Feed Total™
Wheat 2357 69:4:-:-332.5 253, 2 037 -403.7 - 368.8:-152.6 6013
Coarse
Graoin 142.8 384.4 566.0 VT3 4658 733 2878780 ) ) 18616
Rice 270.0 4.6 310.0 346.7 8.2 400.1 - :543.5 20.6 - 633.0

* Total includes other uses olso.

6.3 Availaobility of food
The Fourth World Food Survey of the Food ond Agriculture Orgonization

observed that the overage guontity of caolories aveilable on a per copita basis for

the years 1961-43 through 1972-74 in the developed ccuntries wos high throughout

the period. This was 23 to 3! per cent more than the actual requirements. For the

developing countries, it had clso risen, but from a lower base, and was inadequate

in relation to requirements. However, the trends in these countries were dissimilor.

The increase in the availability wes only marginal in the 1970s in the Mear East ond

Latin Americo and a decline occurred in Africa ond the For East [:7, 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 196i-63. On the

other hand in the non-MSA developing countries there was an increase of 7 per cent Z§7.

The World Food Survey further indicates thot the aveilebility of protein
witnessed a relatively larger gop in the develcped and developing countries. In the
developing regions as a whole, the per copita supply of protein was only 58 per cent
of that in the developed world. Moreover, this proporticn remained more or less
unchenged during the entire period. The lowest level wuas noted for the Far East and
the highest in Latin Americo and the Near East.

The supply of protein in MSA cauntries wos 1l per cent less than thot in
non-MSA countries 1972-74. The developed nations had greater availebility of proteins
of animal origin, while the level of plant protein was similar in both groups of
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nations. However, the propertion of animal protein in the case of developed countries
showed o rising trend whereos in the case of poor countries it remoined stotionery at
one fifth (Table 6). In the case of avoilability of fots, it was reported that the
developed countries had more than three times more fat compared tc developing coun-
tries in 1961-63. This rotio rose to three and half times in 1972-74,

Table 6

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

Region Total Protein Animal Protein
1961-63 1972-74 1981-63 1972-74
Developed Countriss 90 95 48 56
Peveloping Countries 53 57 11 12
World &5 69 22 24
MSA Countries 53 51 7 7
6.4 Composition of food supplies on o per copita basis

Fcod supplies in the developing world, in genercl, ore inadeguete in
relation to energy requirements. The composition of diet also reflects the lock of
diversity. According to the Fourth World Food Survey of the FAQ, cereals contributed
about half of the total calorie intake on a per copitg besis in the world. During
1961-63, an overcge person in the developed couniries hod 36 per cent cereals in
his diet. On the other hond, cereals provided about two thirds of the ceoloriss in’
the MSA developing countries.

The Food Survey further indicates that "moximum reliance on cereals as ¢
source of dietary energy was in Far East and the Near Eost tegions; and the minimum
in Latin America, During the period under review, the importance of cereols os «
major component of diet was stecdily declining in the developed countries partly
due to the growing shore of meot. 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 shrinkege in the availability of pulses, nuts and seeds”

It is now widely accepted that in oreos where a cereal is o stople, under~
nutrition moy be the primary couse of malnutrition , In controst, in areas
where cossava or sweet poteto is the stople, incdequucy of proteins in the diet may
be a serious problem. It is in such arsas thot Kwoeshiorkor in children is widely
noticed. In cereal based diets, Marasmus arising from colorie deprivation is
relatively more common. :
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A Achieving equality indistribution

As pointed out eorlier, there are wide disparities in the consumption of both
plant and onimal products in the developed and developing countries. Also, there are
considerable differences in the quality and quontity of food consumed within each
developing country, based on the extent of prevalence of economic and ethnic dispor~
ities. Inadequate purchosing power rather than noa-availebility of food in the merket
may be the primary coause of undernutrition even in many MSA countries. Hence,
reducing the degree of ineguality in food distribution should receive as much atten-
tion as accelerating food production. Am important requirement in this context is o
strategy for generating more opportunities for geinful employment in rural orees.

7.1 Unemployment_as g key foctor in under- and malnutrition

Economists estimate that for every 1 per cent growth in the labour force, «
3 per cent rate of economic growth is required to generate jobs, With current tech-
nology, countries experiencing a 3 per cent rate of populotion growth therefore
require a 9 per cent rate of economic growth just to maintain employment ot its cuz-
rent level. A much higher growth rote will be needed to achieve full emplo 5
Unfortunotely, economic growth rates have been falling during the seventiesigfﬁi
Since agriculture is the major source of employment in muny developing countries,
agricultural policies will have to aim ot creating more jobs and income in addition

tc more food.

Looking at the developing nations as a whole, the Internotional Labour Orgon-
ization (ILO) estimates that 24.7 per cent of the total lobour force was either
unemployed cr underemployed in 197C. The comparcble figure for 1980 is expected tn
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 @ single generotion. The labour. force in the more
developed regions is expected to increase by only 33 per cent during this period
(Table 7).

Toble 7

Projected growth in world labour force, 1970-2000%

Additional 2000
1970 2000 jobs reguired S L
el i o sinas) (per cent)
More developad 488 649 161 +33
notions
Less developed 1011 1 933 922 +91
nations

* Sgurce: ILO (cited in reference 4157)
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Further aggravating the problem, the number of persons requiring non-
agricultural employment in developing economies will increase from 34Z million in
1970 to a projected 1 091 million in the year 2000, o stuggering increase of 219 per
cent in one gernerotion. Few, if any, developing countries have the kind of invest-
ment capital needed to generate new jobs ot such o fast pace. Thus, u massive effort
is needed tc generate jobs both in the agricultural ond non-ogricultural sectors.

The vast dimensions of this problem und the lack of cdequate resources for the effec-
tive vtilization of the available monpower necessitate the development of emplcyment
generation policies based on the scientific utilization of locol rescurces. Without
such on approach it will be difficult to initiate self-replicating 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 ond dis-
seminated. A good example of appropriate technology under conditions of rural un-
employment and undsremployment is the development of hybrid cotton in Indiu based on
seed produced by hand emasculation and pollination., A one-hectare hybrid seed pro-

- duction unit in cotton may provide jobs for BC women for 100 days. Crection of
opportunities for gainful employment of women is porticularly importent since rural
women tend to remain underpaid or unpoid for most of the jobs they currently perform.

il Impact anolysis

In view of the linkages among poverty, unemployment and hunger, there is
need for subjecting oll developmentcl projects to impact onclyses 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 olso essen-
tial thot the impoct analysis is designed to measure the implications of new projects
on the ecoromic and nutritional well-being of women and children, if the goul of ;
ensuring their physicol and mental potenticl is not to be frustroted by malnutrition.
An impact onolysis of this kind can help to correct distortions in priorities which
may arise if human needs ore overlooked. For example, supplies of fish availoble for
direct humon consumption in severol MSA countries have remeined procticelly stagnant,
while exports of fish products have grown.

8. Risk and uncertainty in food production

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

gl Impact of weather on_terrestrial and oguotic productivity

According to an cnolysis of the U.S, Department of Agriculture /11/, 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
vorld's mejor grein producing areas indicates thot when groin 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 o dominant role in causing major declines in food production in 1964-66
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and 1972-74. Cenversaly, good weother tends to be experienced alsc at the same time
in many parts of the world. However, the onalysis did not reveal the existence of
weather cycles orx trends during 1950 to 1973.

8.2 Yoriation in yield caoused by weather factors

— i o s mn e ) ot - v o - v ) arn e am e e e o

An analysis of variation in groin yield in severcl parts of the world during
1950-73, showed that the wecther in cne year out of three could be expected to produce
o deviation greater than 21 million tonnes from trend production in the 25 regions
studied {Table 8).

Toble 8

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

(data from raference 1117)

Without With
Grain covariation(l) covarigtion(?) d?::e:::Ze
(million metric tons)
Wheat ELBY 13.28 +15
Rice 4.58 4.81 +5
Corn 5.68 6.24 +10
Barley 5:13 5.42 +6
Oats 195 2.23 +14
Sorghum-millet 2.06 2:23 +8
Rye 0.91 1.03 +13
Coarse grains (incl. rye) 8.22 10.04 +22
All groins (incl. rice) 14.74 21.08 +43

(1) Assumes that yield fluctuations are nct related

(2) Includes interrelation between yield fluctuctions

There has been consideroble interest in recent yeors on climote in relotion
to production, in view of reported changes in climatic trends. Several scenarios hove
heen constructed. A recent study organized by the National Defense University of the
United Stotes, for example, considered five different possibilities including largely
global cooling, moderate global warming, large global warming.
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The derived climate scenarios munifest a broad renge of perceptions chout
possible tempercture trends to the end of this century, but suggest as most likely o
ciimate resembling the average for the past 30 years. Cecllectively, the respondents
tended to cnticipate o slight global werming rother thon a ccoling. More specific-
ally, their ossessments pointed towards only one chonce in five thet changes in aver-~
age global temperotures will foll outside the range of -0.3 deg C to +0.6 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~ to 22-year cycle of drought in the High Plains of the United States
but did not ogree on its couses.

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

177

{a) Climate variebility, region by region cnd from yeor to yeor in particulor
regions, is and will continue to be great, resulting in substantiol varia-
bility in crop yields in the face of increusing global fuod needs end short
supplies.

(b} There is some cause to believe, oclthough it is far from certain, thot 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 exomined ot several international conferences. More recently, the climote-
food output relationships have assumed importance in relation to the groin reserves
necessary for building globel ond nationcl security systems £18; 19/. Walters
has stressed the need for utilizing the surplus wheat of some 40 to 50 million
tonnes gvailable during 1977-78 for building a grain reserve, either gn insuzance
reserve of 20 to 30 million tonnes or ¢ mgjor stcbilization reserve of 50 to 60
million tonnes. While the building of such grain reserves at the globel, regional
and notionol levels is exceedingly importont for off-setting the shortoges caused by
weather oberrations, it is clsoc essential that steps are token to insulate agricul-
turel fortunes from the vegories of climeote to the extent possible. The folilowing
are some of the major steps needed for this purpose.

8.3 Expanding the ares under assured irriggtion

. Wherever possible, steps for increasing the arse 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-
transpiration rates moy be high throughout the yeur and (¢c) the peried of maximum
insolotion often coincides with the period of minimum precipitation. Without assured
water supply, fertilizer applicotion becomes risky and yields tend to remain low. In
rice, which is the second major crop of the world, there is in Asio o strong nositive
correlotion between the preportion of crea under irrigetion and average yield (Fig-
vre 6). In Indig, studies by the Indic Meteorologicol Department reveal that varig-
tion in climate resulting in drought, floeds, high evopotranspiration, etc., may
account for more than half the variotion in the yield of crops. Also it is not just
totol rainfall but reinfall during criticel stoges in the growth of the plant such as
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the groin development phase that infiuences the ultimate yield. The stabilizing
influence of irrigation was brought out by Chowdhury and Rao [§§7, who studied the
effect of climote change on wheat yield in the States of Punjob and Moryaono of Indic
over a 50-year period {1711 to 1960). Rainfoll and meon daily temperoture from :
December to Februory were examined in relation to the meon yield of wheat., There wos
o striking correspondence between rainfoll and yield till obout 1940, After 1940,
the rainfoll showed a Talling trend but the wheat yield went up. This wos ottributed
to the increase in the erso under irrigation (Figure 7).

CORRELATION OF INTENSIFICATION OF
FARMING AND YIELD OF RICE

=t
2 2 X
02 Nz
w wh 8&- s
>0 < =<
> z> L
=2 <
=5 L I0 20
3= &= gz k&
g @3 P2 b
U
g-— STAGE g"‘ﬁ#
73 2 o {5
6 r—-oJAOAN
SQUTH
XKOREA
\uoam
FEOREA
~ 3t J
H
é g TAIVFAN
> <
o0 & F
[
. 3
o - 3 CHINA
3 2 e
- & -~ s [
. 3 = = MALAYSIA
Q 3r £ 1 5: : < -
(3 & w wu N 3 INDONESA
e : ;s - ; »
w B i Ko
z > R £ e
Q< > o A 2'-2 3
o i3 235 365 7 »
o 92 ;-uz FE R
w SRR 23 2=
W -« §.‘_‘,
> e 3
-4
o
(3 % ////
/
$ ¢ ha o883z
8 O 8 (o] 8 O Q=500 o]
SR e S e nl el B e 2

Figure 6. Yield of rice in different countries in Asic in relation to the historic
progression in rice yield in Japon. (Scurce: Asian Agriculturcl Surv?y,
Asian Development Bonk, 1969, p. 520 "Development Strategy on Irrigotion
and Drainege", by K. Tckase ond T. Kano.
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VARIATIONS INWHEAT YIELD & RAINFALL
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Figure 7. Relationship between rainfall und wheat yield in northwest India showirg
the impact of irrigatior on enhoncing and stebilizing yield 197

)
o
Q

The availability of a large irrigoted crec clso maokes the initiction of
additional production programmes in such areas in yeors of drought or floods possible.
Such compensatery programmes in irrigoted areas could form on importont part of the
"strotegy for minimizing the adverse impact of cberrent weathar. The U.S5. Department
of Agriculture has computed the production needed to build adequate stocks in “good™
years to maintain consumption in “bad" yecrs ZI§7. This study oclsc reveals that the
lorgest potential for yield increases is in coorse groin, particularly coin and
sorghum.
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8.4 Minimizing fluctuations in preduction in rain-fed ond semiarid orsas

The technological approach te imparting grester stobility to production in
rain-fed gnd semi-~orid areas involves cbove cll meaosures to conserve the cvailoble
moisture under a given set of weather vericbles. By studying the roinfall pottern in
detcil, including the probable dote of commencement of the sowing rain ond the
likely inter-spell durction bstween two rains, it is possible to develop moze stable
cropping systems taking into cccount the moisture-holding cepacity of the soil and
the evapotranspiration doto [21; 22;. I+ is olso possible to develop contingency
plans and cliernative cropping strotegies to suit different weather probabilities in
areas prone ic drought and floods. To implement the contingency plens it will be
necessary to build seed reserves of the alternative crops. In aress characterized
by wide onnual fluctuaticns in rainfall pattern, it is desirable to moke the seed
reserves necessary for implementing clternative cropping strotegies an integral pert
of the national seed production und storege system Z§§7.

If surplus water can be stored in the wotersheds of rain-fed cress, o cxop
life-saving irrigation can be given if the rainfaoll stops abruptly at the time of
groin development; other crop life-saving techniques ore clso now availctle 1227.
While the solution both to excess ond shortage of woter is largely on engineering one,
genetic approaches cre possible through the development of vorieties possessing
greater resilience to environmentol variobles. Thus, Gonga Proscd Reo ond co~-workers

hove shown that eorly maturing hybrids and varieties of sorghum de better during
both scanty ond acbundant rainfall yecrs. Eorly seedling vigour, hybrid vigour for
root growth ond guick maturity are attributes which confer on the plent stobility of
performance in drought prone oregs. The cropping strategy for flood-prone areas will
hove to rely heavily on making the flood-free season the major cropping season.

Whep meteorslogists ore oble to develop relioble early warning systems of
monsoon behaviour, it will be possible to refine further the contingency plans for
different weother possibilities ond implement them more effectively. Through on
integraoted opproach to efficient water and soil conservotion and management in each
watershed orea, crop planning based on both yield ond stobility charccteristics,
introduction of crop life-saving techniques when necessory, ond preparedness for
introducing alternative land use strategies cccording to weather conditions, it is
now possible both to clevate and stobilize crop production to o greoter extent thon
was considered possible some yenrs ago.

8.5 Fluctuations_in production orising from pest epidemics

Besides weather cberrations, 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 a3 well os man-mode couses like unscientific crop
planning, cultivation of lorge oreas with ¢ single strain of a crop and improper or
inadequate plant piotection measures can result in widespread pest epidemics, The
following are some of the major fomines or fcod losses pssociated with pest epidemics
in the post:

(a) The Irish fomine of the 1840s due to the potato leaf blight epidemic;
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(b) The wheotless days of 1917 in the U,5.A. due to stem rust epidemics;

(c) The Bengul famine in India in 1943 ossocioted with the Helminthusperium
brown spot disecse of rics; :

(d) The devastotion of all Victorie-derived oots in the mid 1940s in the
U.S.A. due to o fungus causing the Yictorie blight disedase;

{e) The southexn corn blight epidemic coused by Helminthosporium maydis
on all U.S.A. maize hybrids corrying the T~type cytoplesmic mole sterility
during 1970-71;

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

{g) Downy Mildew epidemic in peorl millet caused by Sclerosphorg grominicole
in Indio in 1973.

Whereas uniformity within a crop leods te genstic vulnerability, reinstating
genetic diversity is one of the most effective mems in providing protection ageinst
such vulnerability . On the other hand, the sequential relecse of resistont
vorieties based on mojor gene-controlled verticgl resistance could lead te the “boom
and bust"™ cycles. Hence, on integrated pest manugement strategy will have to be
developed for each major crop and agro-climatic region. Studies on the reletionship
between weather and pest epidemics and the sstablishment of pest survey ond sur-
veillance systems ot the nationel and regionagl levels (as for exomple, the FAD-
sponsored Locust Warning System) can help in toking timely action agaoinst pest epi-
demics., Varietel diversification, gene deployment and other pest containment
strategies can be very effective in the control of important diseases like wheat
rusts. Satellite photogrophs of cloud movements also provide o basis for predicting
the zone of early estoblishment of stem rust of wheat in India .

Countries in the tropics and subh-tropics foce more serious pest problems
since there are crops ond vegetotion through the year serving as alterncte hosts to
mony pests. Also, temperature, sunlight ond moisture conditions promote continuous
multiplicotion of pests without interruption, unlike in the temperate areas where
the severe winter is o restroining foctor. This will be evident from the following
comperison of the meognitude of Jdiseuse problems in the temperote and tropicaol regions.

Tropical countries will therefore have to devete considerable research and
development uttention to insuvlete crops from severe devastotion by pests. For
developing relioble disease forecasting procedures, the integration of meteorolegical
dota with field survey dota is essential. Such an agpprooch could lead to other bene-
ficiel results. For example, healthy seed potato is now being produced in the
ploins of MNorth India os o result of the finding thot during certain months of the
year ophids, which serve as vectors of several virus disecses, are obsent,[[f.
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Table 9

Crop disease in temperate cnd tropical regions

Crop Number of Diseases reported:
Tempercte zone Tropics

Rice 54 500 to 400

Moize ; 85 120

Citrus 50 248

Tomato 32 278

Beans 52 250 to 280

8.6 The role of public policies in_ ensyri

In the ultimate anolysis, formers grow food or other crops to earn income,
in oddition 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 hectars as well s the extent of risk involved. High yield
potentiol-cum-low risk crops will hence receive much greoter ccceptonce thon high
vield potentigl-cum-high risk crops. To sustain egriculturcl progress ot o desired
level, it is necessary to support a package of economicolly viable technolegy with
appropriate packages of services and public policies. Though the production tech-
nology associated with dworf and fertilizer-responsive varieties of wheot ond rice
itself does not possess built-in seeds of socicl discrimination, small farmers will
be able to derive economic benefit from such technology only if their inherent bondi-
caps in mobilizing the necessary inputs and in taking risks are removed through the
provision of appropricte services including credit. The public policy packege will
have to include asppropriate lend reform measures, integrated input and output pricing
policies and effective morketing, storage and distribution.

Price incentives can stimulote ropid odvances in production, os happened in
Japan in the cose of rice. However, unduly high groin prices will defeat the very
purpcse for which more food is produced, nomely to feed the hungry. Hence, other
compensatory benefits may hove to be given to small farmers soc ¢s to enhance their
income without moking prices unrecsonable to the consumer. Also, it will be desir-
able to develop cn agricultural credit insurance system, which can protect farmers
from weather risks such as hailstorms, typhoons, floods ond drought. For develeping
an effective credit insurance programme for different forming systems, there will be
need for joint reseorch between meteorologists and agricultural scientists.

8.7 Constraints gnalysis

Another important contribution Governments can make to help formers to
realise full economic benefits from the untopped production reserveir which exists
even at current levels of technology in the major farming systems, is to sponsor
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multi-disciplinary analyses of the constraints responsible for the gap between
potenticl and actucl yields. Some of the major groups of constraints which determine
the size of gap are indicated in Figure 8. The relative imporiance of each component
will vary from area to area and suitable weightages con be developed on the basis of
a careful study. A study of this kind corried out by the International Rice Resecrch
Institute in several Asian countries hos revealed the important constraints to high
yields in rice Zéé?. Meteorologists, ogronomists, economists and statisticians
should undertake similar joint studies in all mojor farming systems. Recent estimates
of the ultimote potential for increase of land orea for agricultural use ore summar-
ized in Toble 10. The data ore from the World Baonk report on Agriculturel Land
Settlement published in 1978 ond summarized in Ceres /a0/ .

[ ECOLOGICAL CONSTRAINTS
o oo f o WEATHEN
— POLLUTION
— DESERTIFICATION
PRODUCTION CONSTRAINTS

— VARIETY ;
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Figure 8. Major constroints cousing o gap between potential and
actual form yield ot 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)

Region Land under agriculture Estimated poten- Percentage
in 1976 tigl for increose of world
total pot-
ential for |
increose
North America 232 097 )
Western Europe 96 184 )
Eastern Europe and USSR 278 574 ) 181 43 18.04
Oceania 46 019 )
Africa 185 610 280 3%0 29.92
Latin America 143 568 442 432 44,06
Near East 81 062 30 938 3.08
Asion Centrally Planned
countries 141 266 62 734 6.25
Far East 266 329 5 671 0.56

It will be observed from the dota in Table 10 that some of the densely
populated regions of the world like the For East hove very little scope for increas-~
ing the areo under cultivation. Hence the only pathwoy of egricultural advence open
to them is productivity improvement. For echieving this, dato from constroints
onalysis will be very useful. Similarly, in areos with great potentiol for bringing
more laond under cultivation, as Latin America ond Africa, aon anolysis of constroints
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_aguotic_productivi
It is well known that the success of fish catch in ony particular yeor
depends on the effective recruitment during the previous seasons through proper
spawning and survival of the young. The influence of climate on the breeding of many
fishes in the tropics is seen from the spurt of spawning activity ond o generol inc-
rease in the number of fish eggs in the marine plonkton soon after the first outhreck
of the raoins. Such intensive spowning ossocioted with climatic changes is even more
pronounced in freshwater fishes whose spawn occur in abundance during the floods.
There is, however, need for inteasive reseorch on the relative role of different
environmental parameters in determining the size of fish stocks if relicble systems
of forecasting are to be develcpad. The quantitetive relationship between temperoture
and fish yield also needs to be elucidated under different envirenmental conditions.
Interrelated systems like the Peruviaon cnchovy ond El Nino and the oil sardine and
the monscons in the Indian Ocean provide opportunities for multi-disciplinary resecrch,
(See alsoc overview paper by Cushing. )

Besides research on the methodclogy for enrly warning and yield-forecosting
services, it is necessary that more detailed knowledge is developed on the management
of both ocean and freshwater resources. The scientific monagement of aquatic
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resources based on principles of ecology und economics is as important in fisheries
as the scientific monagement of soil, water and air resources in crop and enimol
husbandry. If this is not dene, oquatic desertification leading to the destruction
or diminution of the biological potential of woter coused by pollution, over-fishing
and other man-made processes can occur,

Y3 lobal food producticn: challenges ond opportunities

Yk Chollenges

The relentless growth in pepulotion, particularly in poor nations, following
rapid advances in preventive and curative medicine in recent years (Figure 9) poses
the greatest chollenge not only for preducing the needed guantity and quolity of
food for the existing end exponding population, but clso for generating the economic
growth rate essential for full employment. Agricultural growth will have hence te
be viewed not merely in terms of the production of certain quantitites of fuod but
also in terms of employment and income gerneration in the rurol areos.

Another majer challenge is the preservotion of the renewable nature of our
reriewable resources., This can be done only if the entire community in each country
co-operates in ensuring that there is no deprecigtion in basic agricultural assets.
Unfortunately, this awareress is yet to become widespread.

A third major challenge is in the arec of enargy supply and manogement in
agriculture ond aquoculture. Technologies will have 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 gttractive, new
vistos in production can be opened up by combining the use of sclor esnergy for a
variety of purposes during the production and post-harvest phases with techniques like
no~tilloge or minimum-tillage and other methods of mimimizing the energy input needs.

A fourth orea of considerable significonce is the development of crop-
livestock integroted production systems. While livestock production has ossumed
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 inccme of smoll
faormers and reducing under-employment among londless lobour. How can this situstion
be reconciled with the much higher energy needs of the plant-agnimol-man foed chain to
which o reference was made eurlier? Obviously, technologies of livestock management
baosed on a complementary relationship between gnimal ond man need to be developed.
Mixed forming hos olways been a way of life with farmers in many developing countries.
The ruminoting animal is ideal for such a symbiotic production system, since oll
cellulosic motericl which cannot be digested by man con be suitably fortified ond con~
verted into nutritious animal food. Crop-livestock-fish integroted production systems
offer even greater opportunities for achieving high energy input-ouiput ratios Zf:?-

A fifth orea of immediate relevance to the fond problem is the initiation by
governments of appropriate programmes for deriving benefit from the untopped yield
reservoir existing at current levels of technology. This will coll for massive effoxts
in education, organization of relevant services based on constroints analysis end above
ell, in introducing public policy measures which would stimulate both production ond
consumption.
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Finally, governments will hove to grapple with the challenge cf distribution.
As would be evident from the datao presented earlier, -the world food production is
sufficient to feed the millions who are malnourished todeoy provided there is aguitacble
distribution. The deodline of 1984 set by the World Food Conference for ensuring
that no human being goes to bed hungry con be advanced even tc 1979, if a new oge of
humanism caon be superimposed on the erag of science and technology.. Unless this
happens, global oction to meet man's need for food, energy and other basics may not
be forthcoming. Until all global planning for the future and all development of
technology are subjected to the one test prescribed by Mohotma Gondhi, “"Will this
benefit the poorest men?", it is unlikely that an internaticnal food security system
will come into existence (Figure 10). The prevailing condition where with every rise
in Gross Notionol Product, the poorest notions ond income groups within nations
suffer more due to the increosed demond for food by wealthier nations and wealthier
groeups within nations con be altered only by public policies designed to bring obout
equitoble distribution [::7. 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 incdequate purchasing power?

9.2 Opportunities

While ovoiloble projections of population, per copita income and demand for
food on the one hand and productien ond marketoble surplus of food on the other,
reveal a possible globol food gep of cbout 45 million tonnes by 1985, the encourcging
sign is the growing awareness among developing countries thot egriculture needs und
deserves over-riding priority, National, regionol and global efforts in agriculturcl
research and development are growing. The Consultative Group on International Agri-
cultural Research sponsored by FAO, UNDP and IBRD and supported by many notions,
bonks and foundations is financing o global grid of research centres designed to
advance the pace of technology development in mojor food crop and livestock produc-
tion systems in developing countries. Analysis of gaps and constraoints in major
crop production systems in several MSA countries has shown that while the gap between
potential and cctual farm yields is high, the constraints con be remedied foirly
speedily. Globcl weather monitoring progrommes sponsored by WMO ore olso making
ropid progress and agro-meteorology is emerging as o mojor science. Yield forecast-
ing techniques are being perfected. Weather sctellites and remote sensing techniques
have added a new dimensicn to research in this area. Hence, reliable early worning
systems of likely food shortage con be developed if there is adequate international
co-operction., The time is therefore appropriate for gevernments to launch a pro-
gramme to build strong national food security systems. Once national food security
systems ore developed, it will be relatively easy to build an international food
security system.

9.3 Components of a national food security system

M e w— A v we AN e e mas  base  Gwer e

- 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) Social security.

9.3.1 Ecologicol security

If the ecological infrastructure necessary for sustoined agricultural advance
is not preserved cnd strengthened, desertification processes will damoge both ogri-
culture and agquaculture. MNothing should be deone which will couse unfavourable changes
in the macro~ and micro-environment. To achieve this, there is nsed for a nutional
movement in every country for promoting economic ecclogy . Economic ecology,
unlike strictly conservation ecology, is intended to maximize the economic banefits
from o given ecological milieu and to minimize the risks and hozards choracteristic
of that environment. Guidelines for achieving ecological security along with ocgri-
culturael progress will hove to be draown up by an inter~disciplinary team of scientists
for eoch pres,

9.3.2 °  Technological security

Technology development should be tailored to specific ecclogical, economic
and social conditions. It should be ensured that the technology does not possess
built-in seeds of social discrimination. The mojor aim of technology in countries
with very little scope for bringing odditionol lend under cuitivotion should be to
increcse continvously the economic yield per hectare of land or woter surfoce without
detriment to the long term production potential of soil ond woter., Also, productivity
improvement has to be brought about without incressing heavily the consumption of
non-renewcbie forms of energy. The improvemeat of yield should not also be ot the cost
of stubility of production. Where the probability for weather-induced instghbility in
yield due to couses like flood ond drought is high, alternative crepping strategiss
and crop life-saving technigues should be developed to suit different weuthexr modela.
Post-harvest technology should receive os much gttention as production technology so
that both the farmer and the consumer derive full benefit from the products marketed.

An areac of technological sscurity which hos yet to receive adequate attention
is the introduction of o systems opproach in R and O efforts. The following are o
few of the major farming systems which need attention particularly in countries where
land is o limiting factor in expanding production:

(a) ‘Multiple cropping systems in irrigated acreas

It is possible to toke 3 to 4 crops in the some plot of lond in a yecr
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 maintenaonce of soil health and fertility, prevention of
pest byild-up and grain drying ond storoge. Instances of liver ailments
orising from oflatoxins in the grains of vorieties which mature before
the rains stop ore growing.
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(b) Rain-fed farming

Research progrommes in semi-crid creas should loy stress on water and
soil conservation ond scientific land use planning. Deteiled knowledge
should be gathered on the likely date of commencemeni of sowing rains,
inter-spell duration, evapotranspiration ond moisture holding cepacity
of the soil.

(¢) Orchards and gorden land cropping

In the case of fruit trees, plontation crops ond forest tress, it is
possible to design an efficient 3-dimensionul conopy involving both
the horizontal end verticeol spoces. An efficient conopy should
premote co-operation omong the crops grown togethexr. Thus, in such
areas the efficiency of farming will have to be measured by the
effectiveness with which the air spoce is used in eddition to scil
and water. Since multi-level or 3-dimensionol cropping is likely

to assume increasing importance when the pressure of popislation on
land incrsases (the situation being analogous to the spread of
sky~scropers in city orchitecture), intensive research on the micro-
environment in 3~dimensional cancpies is necessary, Coconut, cocoo
ond pineapple form o good cd~operstive combination from the point of
view of efficient utilization of sunlight, water and nutrient in
severasl iropical areas.

(d) Mixed and inter~cropping

In such systems, some of the foctors promoting efficiency and
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.

(e) Kitchen gordening

This con toke the form of growing vegetables and fruits, bockyord
poultry farming ond home fish gardening. When designed properly, «
very high return of food colories for every calorie of cultural
energy invested can be obtained, thus making substanticl contributions
to the %pprovement of nutrition.
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(f) Agro-forestry

In oddition to promoting commercial, sccicl ond other forms of forestry,
there is need for more raseorch on inter-cropping in forest canopies.
Agro-forestry is a sustaincble manogement system for land which increoszes

overoll production, combines agricuiturol crops, forest plonts and
animals simultaneously eor sequentigliy.

{a) Mixed farming

Mixed farming systems may involve crop-livestock, crop-fish, livestock-
fish and crop~livestock-fish integroted production systems. These can
be of grecst volue to Formers with small land holdings for moximizing
income and employment.

Plant ond onimal breeders should odopt o cufeteria approach in the szlec-
tion of genetypes of crops and farm onimels for the different farming systems
referred to above. Preduction agronomists olso should adopt o cofeteria approach
in developing technologies suited for farmers with varying input-mobilizing capecity.
Meteorologists should measurs the impoct of different wecther parameters on ths
entire system and not just on components of it if their datu are to be of use in
designing more efficient systems. Farming System Metsorclogy will involve much
greater attention to the micro-environment in crop canopies and to the matching 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

s . T S P o . 0 T G T St o 4 " T~

Every MSA country should try to build ¢ groin resesrve which can help it to
meet the anticipated shortfall in a bud year os well oz to run on effective public
distribution system, Countries which are not normally self-sufficient in their food
requirements will obviously heve to maintoin cdequate stocks by imports so thet in
yeors when the production is odversely offected by weather in the troeditional food
exporting countries, prices are not allowed to rise abnormally. Every country will
have to devise an appropriote 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-
ecbility. Such o buffer stock operction can also help to ensure thot prices of farm
produce do not fall below an econcmic level. In oddition to maintaining a besic
reserve ond sufficient operational stocks, it will be prudent to always keep in
reodiness plans for increocsing the production from irrigated aress during yeers
cheracterized by widespread drought. Thus, on integraoted groin reserve policy ond
o prograomme for the efficient use of the reserve in production potential during
emergencies on the bosis of early worning from crop-wsather wotch groups should help
to launch every country on the path of self-relionce in food,

9.3.4 Social security

A mismatch between the obility to grow food and the obility te purchase
and consume it on the part of large rumbers of people could lead to o situation where
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¢ country may have large groin reserves but mony children, women and men moy still
go to bed hungry. Hence, sccial security mecsures which ensure thot everyone has
his doily breod are important. Depending en social conditions, such meagsures could
take the form of "Food for Work"™, employment guarontees, minimum woge, etc. Sociel
securiiy measures should not be based on dole and patroncge concepts but should cim
ot providing opportunities for earning o minimum wage. Under conditions of sudden
disasters, relief and nutritional intervention pregrommes will be essential %
Social security measures should not only cover consumers but farmers alsc. Through
integrated pricing policies, formers should not orly be assured a fair price for
their produce but olso articles of doily consumption in rural orecs at a foir
price. Small farmers will also have to be insulated ogainst risks arising from
agbarrant weather threugh on oppropricte insurance system.

10. Conclusions

Future developments in soler energy utilizetion, genetic engineering and
weather forecesting and modification could open up altogether new vistaos of terres-
triol ond aquotic productivity, However, while working and woiting for such break-
throughs, no time should be lost in building dependable and effective national and
international food security systems bused on known knowledge and technology. Given
cppropriate political decisions and resource back-up, this task can be eccomplished
by 1984, the torget year set by the World Food Conference held in Rome in 1974 for
banishing hunger from the Earth. The finite resources of the "Spaceship Ecrth" (to
quote Buckminster Fuller) can provide food, clothing ond shelter for oll provided the
resources are conserved and uvtilized by all countries in a manner that will generote
synergy ond symbiosis Z::7. 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 ideclogies.
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