Therefore, the regression equation indi-
cates a benefit from less than normal
rainfall and cooler than normal tem-
perature.

This analysis indicates that a cooling
trend to the year 2000 would not be
detrimental to winter wheat.

Summary

A cooling trend in the world’s cli-
mate would have serious effects in the
monsoon belts depending on whether
or not the recent changes in snow and
ice cover in the polar regions were
responsible for the droughts in Africa
and the failure of the monsoons over
South Asia. The cooling and shrinking
of the atmosphere at the higher lati-
tudes is believed to have brought the
subtropical anticyclones nearer to the

tropical rainbelt and have caused a
shifting of the monsoon belt.

The regions that would be most
severely affected by a continuation of
the cooling trend to the year 2000
would be the higher latitudes (above
50 degrees) where spring wheat is
grown and the warm band below 30
degrees latitude where rice is the prin-
cipal grain crop.

Weather variability is a much more
important consideration in grain pro-
duction than a cooling trend. Our
highest yields are made when weather
is near normal or slightly cooler than
normal. It is when weather variables
deviate greatly from normal that yields
are lowest. Even if the weather does
trend toward the coolness of a century
ago yields will not be reduced signifi-
cantly unless the weather becomes more
variable.

India: A Perspective on the

Food Situation

James D. Gavan and John A. Dixon

In any discussion of the world food
situation, India necessarily looms large.
One out of every six persons in the
world is an Indian, and the population,
which is approximately 600 million at
present, may well reach 1100 million by
the turn of the century. Recent devel-
opments have led to renewed fears con-
cerning the ability of the nation to feed
her growing millions. Popular accounts
present a truly alarming picture of mil-
lions of people faced with imminent
starvation, at a time when world food
reserves are seriously depleted. The
current mood of pessimism, following
so closely on a period of optimism
when it was widely held that the Green
Revolution was bringing about dramatic
changes and that India was on the way
to becoming a net exporter of food

James D. Gavan is a research associate in the
Center for Population Studies and lectures in
the Department of Population Sciences of Harvard
University, Cambridge, Massachusetts 02138. John
Dixon is a research assistant at the Center and
a graduate student in the Department of Eco-
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grains, clearly calls for a reevaluation
of the situation and what it implies for
the future of India and, indirectly, for
the rest of the world.

In this article we examine the cur-
rent food situation in India and the
recent performance of Indian agricul-
ture, and attempt to ascertain the rea-
sons for the abrupt change in outlook
and to arrive at tentative conclusions
on the ability of India to feed her grow-
ing population in the future.

We conclude that the situation, al-
though serious, is far from calamitous.
The Green Revolution has not proved
to be the deus ex machina that it was
once supposed by many to be. Never-
theless, India has a considerable po-
tential for increasing her agricultural
output, and there seems little basis for
excessive pessimism concerning the
willingness or ability of Indian farmers,
given appropriate incentives, to adopt
new measures. There are reasonably
good prospects that India will be able
to feed her growing population in the
foreseeable future.
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Current Food Situation

The Indian diet is dominated by food
grains (cereals and pulses), rice being
the preferred grain in most of the coun-
try, with wheat taking its place in the
northwest. Approximately 74 percent
of the average total caloric intake is
from food grains, with sugar, vegetable
oils, starchy roots, fruits, and vegetables
making up most of the remainder (I).

Domestic production, imports, and
per capita availability of food grains
from 1951 to 1974 are given in Table
1 and Fig. 1. From an initial low level
of 134 kilograms per year, per capita
availability increased to 165 to 170
kg/year, except for the bad years
(1958, 1966, and 1967), when it
dropped to about 145 kg/year. The
mean per capita availability between
1961 and 1974 was 163.9 kg/year,
corresponding to roughly 1550 calories
per person per day from food grains.
The proportion of cereals has increased
(from 85 to 91 percent of total food
grains by weight), reflecting the poor
production record of pulses.

The official estimate of food grain
production for the crop year 1973-
1974, which essentially represents the
supplies available for consumption in
1974, was 103.6 million tons (2).
Estimates of food grain imports for
1974 range from 5.6 million tons (3)
to 6.1 million tons (4). Estimates of
stocks in hand at the end of 1973
varied between 2.7 million and 4 mil-
lion tons. If we assume that 1 million
tons were kept on hand and allow for

541



Table 1. Total Indian food grain production, imports,

net availability (38).

changes in government stocks, and

Production (X 10° tons) Net Stock Net avail-
Year imports changes Population  ability per
Total Pulses (X 10° (X 10¢ (X 10% capita
only tons) tons) (kg/year)
1950-1951 50.8 8.4 4.80 0.59 363.2 134.0
1955-1956 66.9 11.0 1.44 —0.60 397.3 152.5
1960-1961 82.0 12.7 3.50 —0.17 442.4 170.5
1964-1965 89.4 124 7.46 1.06 482.5 175.4
1965-1966 72.3 9.9 10.36 0.14 493.2 145.6
1966—-1967 74.2 8.3 8.67 —0.26 504.2 146.5
1967-1968 95.1 12.1 5.70 2.04 515.4 168.6
1968-1969 94.0 10.4 3.87 0.46 527.0 162.5
1969-1970 99.5 11.7 3.63 1.12 5389 166.2
1970-1971 108.4 11.8 2.05 2.57 550.8 171.3
1971-1972 105.2 111 —0.48 —4.69 562.5 172.8
1972-1973 97.0 9.9 4.12 —0.66 576.7 153.1
1973-1974 103.6 9.8 6.10 —1.70 589.7 167.0

feed, seed, and wastage (12.5 percent),
the per capita food grain availability
for 1974 was in the range 166 to 169
kg (5-7). The figures are somewhat
surprising. The highest recorded values
of per capita availability (see Table 1)
are 175.4 and 172.8 kg for 1965 and
1972. Over the entire 23-year period
before 1974, per capita availability was
apparently at or below 170 kg in 19
of the years. By this standard, even the
lower figure for 1974 would appear to
be within the normal range.

Requirements can be approximated
by using the age- and sex-specific
energy requirements and safe levels of
protein intake per kilogram of body
weight per day published by the Food
and Agriculture Organization (FAO)
and World Health Organization
(WHO) of the United Nations (8).
Using the body weights determined by
the Indian Nutritional Research Lab-
oratory .for 1964 (9), the average re-
quired daily energy intake would be
1780 Kkilocalories. Some allowance
should probably be made for heavier
body weights of the younger cohorts in
1974 (10). If we suppose that the gap
between the body weights of the co-
horts under 15 years as determined in
1964 and the heavier FAO “reference”
weights diminished by 50 percent in the
intervening period as an upper limit,
the average energy requirements be-
come 1955 kcal/day. Since protein
levels are given in terms of egg or milk
protein, a correction factor must be
applied to allow for the lower quality
of proteins contained in the Indian diet.
Using an arbitrary but conservative
protein quality “score” of 60 out of a
possible 100 for a diet consisting large-
ly of cereals and pulses, and the same
range of body weights, we get a range
of 39 to 43 grams of protein per day
(11).
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The term ‘“requirements” must be
treated with considerable caution. The
reference requirements are intake levels
for healthy individuals, with adults en-
gaged in occupations involving “mod-
erate” activity (I2). A case can be
made for higher levels of intake as
well as for a more balanced and varied
diet. Low body weights are themselves
in part the outcome of poor diets, and
it can be argued that diets should be
adequate to allow full genetic potential
to be reached. Moreover, productivity
and even mental development might
be enhanced by improved diets, and
the issue of what constitutes an ac-
ceptable diet for infants is far from
being resolved. The estimates should
therefore be regarded as minimal rather
than desirable standards.

The White House panel on popula-
tion and nutrition demands (9) pointed
out that poorer segments of the popula-
tion often receive considerably less.
They cited a Chilean study which
showed that the poorest 25 percent
consumed less than 1770 calories and
50 grams of protein per day, and a
study in northeast Brazil which showed
that the “very poor” averaged 1606
calories per day. They reported that in
the city of Vellore, state of Madras,
India, during the 1950’s, “the poorest,
communities with household incomes
less than 35 rupees per month, obtained
an average of 1520 to 1650 calories
and 36 and 42 grams of protein per
day.” Similarly they -calculated that
“about three-fourths of rural house-
holds in South India in the late 1950’s
had energy supplies of less than 1600
calories per capita per day, and protein
supplies of 45 grams per day, or less.”
The costs in terms of human suffering
may be very large if such low levels
are maintained over prolonged periods,
and may be accompanied by high fre-

quencies of clinical malnutrition and
abnormally high mortality rates, par-
ticularly among infants. Under very
adverse conditions intakes may be re-
duced, albeit at considerable cost, by
voluntary or involuntary lowering of
the work load and, for short periods,
by drawing on bodily reserves.

How closely did availability match
up with requirements? According to
U.S. Department of Agriculture
(USDA) figures for India, the average
contribution of foods other than grains
increased slightly through the 1960,
reaching a high point at 566 kcal per
capita in 1971 and then declining
marginally to 534 kcal per capita in
1974 (13). Using the figures given by
Watt and Merril (I4) for calories and
protein content per gram of food grain
by type, we can calculate total avail-
abilities. Since we are now interested
in absolute rather than relative values,
the population series must be adjusted
for underenumeration. After an adjust-
ment factor of 1.7 percent is applied,
the 1971 census population becomes
557 million (I5). Using a smoothed
age distribution procedure, it has been

‘estimated that actual population may

have been as high as 585 million in
1971 (15). To estimate the 1974 popu-
lation we applied the 2.52 percent
growth rate for 1970 to 1975 implicit
in the U.N. medium variant projection,
and obtained 601 to 631 million. On
the basis of the high population value
(631 million), low imports (5.6 million
tons), and low stocks (2.7 million tons),
we obtain an average availability of
1982 kcal and 59 g of protein per
capita. With the low population (601
million), high import (6.1 million tons),
and high stock (4 million tons) figures,
we obtain 2120 kcal and 63 g of pro-
tein (16).

The low estimate of available energy
and protein for 1974 just exceeds aver-
age requirements, and both estimates
appear to be well above observed in-
takes under extremely adverse condi-
tions. Thus food availability in the ag-
gregate seems to have been sufficient
to meet minimal requirements and, per
se, not to forebode widespread starva-
tion.

Certainly it would be wrong to con-
clude that there is no food problem in
India. Meeting average minimal food re-
quirements is by no means an adequate
gauge. Given the distributional inequali-
ties which inevitably arise, a substantial
excess margin is required if even mini-
mal requirements are to be met for all
segments of the population. Rising living
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standards must be accompanied by im-
provements in the quality of the diet,
which can only be achieved by rising
agricultural output. Failure of the agri-
cultural sector to respond adequately in
the face of rising incomes would inevi-
tably lead to rising food prices and
hence to severe strains on the economic
system, and indeed such a process has
been evident in India over the past few
years.

The figures on relative availability
over time, however, point to problems
of distribution as a major factor in the
recent crisis. Distributional problems
can usefully be considered under three
headings: (i) differences associated with
socioeconomic status, (ii) rural-urban
differences, and (iii) regional maladjust-
ments.

There are marked contrasts in con-
sumption levels between economic
groups in both rural and urban areas.
According to Indian National Sample
Survey (NSS) data (19th round, 1964-
1965) the average food grain consump-
tion in rural areas was about 217
kg/year, while the poorest 30 percent
averaged 152.4 kg/year, or 30 percent
less. In urban areas the poor consumed
about 20 percent less than the average
of 154 kg/year (17). By this standard,
the poorest 30 percent of the popula-
tion averaged 1625 (urban) to 1950
(rural) kcal/day. Furthermore, 1964-
1965 was a good year (see Table 1),
with per capita food grain availability
(175.4 kg) well above average. The
NSS data imply an average consump-
tion of 205 kg/year. This discrepancy,
which is repeated in other sample
rounds, has not been adequately ex-
plained. Some observers believe that
official production figures are all too
low because there are strong incentives
for farmers and individual states to
underestimate production, while others
believe there is overreporting in the
surveys. There is no reason to suspect
any bias in our longitudinal compari-
sons.

If the same economic differences in
consumption apply to the 1963 to 1974
average per capita availability of 163
kg/year (based on production), the
poorest 30 percent received between
1460 to 1670 kcal/day. Both figures
are below the nutritional requirement
cited earlier. With rising relative food
prices and an apparently worsening in-
come distribution, the position of the
poor. has probably deteriorated since
the 1964 NSS, especially in urban
areas, with the situation coming to a
head in 1974. Still larger percentages
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below the “nutritional poverty line”
have been estimated by Dandekar and
Rath (18).

Urban areas depend heavily on gov-
ernment ration shops distributing food
grains at below market prices. This type
of distribution is especially vulnerable
since it is traditionally supplied to a
large extent from imports, accumulated
stocks, and grain surpluses in certain
areas of the country. In 1973, while
imports amounted to only 4.1 percent
of total requirements, they accounted
for about 37 percent of the 11.5 million
tons distributed through such shops.
Throughout the 1960’s, imports typi-
cally accounted for 60 to 80 percent of
the food distributed in this way.

Procurement depends heavily on the
more progressive northwestern states.
Sixty percent of domestic wheat sup-
plied to India’s cities is provided by the
Punjab alone (19) (Fig. 2). The north-
western areas experienced the most
rapid expansion under the Green Revo-
lution, but production has declined there
over the last two seasons. By the end of
September 1974 less than 5 million tons
of food grains had been procured (20),
and one source estimated issues at only
8.8 million tons for the year (13). Thus,
the problem in urban areas was acute.
No information is available on commer-
cial deliveries, which would have to be
added in order to estimate nutritional
levels.

Finally, under conditions of rapid in-

180

Availability
(kg per capita
per year)
3

—
»
o

E

» <2 o] s
o o o o

Production and imports
(million metric tons)

N
o

D\-—.
0 . . T
1950/51 1954/55

1959760

flation and bearish expectation, there is
an obvious temptation to hoard rather
than deliver to the market. There were
frequent references in the press in the
second half of 1974 to hoarding by
growers and merchants. The situation
is aggravated by the policies of the gov-
ernment, which attempts to procure
grain at well below open-market prices,
and the temptation to hoard is strength-
ened by the knowledge that there are
no longer any massive surpluses on the
world market to lower prices in the
future. Bhatia (27), in a study of
famines in India, pointed out the ex-
tent to which starvation is a poverty-
related phenomenon; the typical pattern
is that food prices simply go out of
reach of some segments of the popula-
tion, at the same time that the de-
creased demand for labor in drought
conditions deprives the landless laborers
of their means of livelihood.

To compound the problem, food
grains are not permitted to move freely
between states, and considerable dis-
parities in availability and price result.
The situation appears to have been par-
ticularly severe in West Bengal, Orissa,
Rajasthan, Gujarat, and Madhya
Pradesh.

The outlook for 1975 is not good.
The 1974 summer (kharif) crop was
very poor. Although the monsoon
began on time, the rains were sub-
sequently very spotty—the rainfall in-
dex was only 79 compared to a normal

1964/65 1969/70° 1973/74

Fig. 1. Indian food grain statistics (38) and monsoon rainfall index. Food grains
(million metric tons): (A) gross production, (B) summer production, (C) winter
production, (D) net imports. (E) Net food grain availability (kilograms per capita
per year) (5). (F) Monsoon rainfall index (100 = normal) (24).
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value of 100 (see Fig. 1)—and the
drought problem was compounded by
severe flooding in Bihar, West Bengal,
and Assam. Estimates of production
vary from 58 to 59 million tons, some
9 to 10 million tons below the 1973
harvest, which was no higher than the
1970 harvest. A great deal, therefore,
depends on the winter (rabi) crop,
which had not been harvested at the
time of this writing. Fortunately, the
indications are that it will be :good;
forecasts range from 38 to 44 million
tons, the latter being the record
achieved in 1972. Power shortages have
hampered tubewell irrigation, but there
seems to be no adequate basis for esti-
mating the impact this may have (22).
Although fertilizer shortages have been
reported, the overall supply of approxi-
mately 3 million nutrient tons for the
agricultural year 1974-1975 is still
above total consumption for the record
production year 1972. Moreover, the
drought conditions probably led to re-

duced use of fertilizer in the summer
season, leaving larger stocks on hand
for the winter crop. Finally, although
the early winter rains were below
normal, the area under well irrigation
has expanded considerably since 1972,
so the more optimistic forecast does not
seem unreasonable.

Even with the more optimistic fore-
cast, however, total output for the year
would only reach 103 million tons;
with possible imports of 7 million tons,
this would give a per capita availability
of only 160 kg. With the lower forecast
production would be only 96 million
tons, and with imports of 8 million tons
this would provide an average avail-
ability of only 149 kg per capita. Both
amounts are distressingly low and fall
well below 1974 values. Nevertheless,
the lower figure is still marginally
higher than that realized in the drought
years 1966 and 1967, and the higher
figure is 2.4 percent below the average
for 1963 to 1973.
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In comparing 1975 with 1974, how-
ever, it is important to bear in mind
that the nature of the distribution prob-
lem will be somewhat changed. Since
it is the summer crop that failed, the
burden of the shortage should tend to
be shifted more toward rural areas. The
shortage should therefore be spread
more evenly amofig the whole popula-
tion, although it seems likely that some
rural areas will suffer severe hardships.

Outlook

To what extent can we be sanguine
about India’s prospects for feeding her
rapidly growing population in the
future? Is India already in a Malthusian
trap, faced with mass starvation or a
crushing burden of food imports? In
this section we briefly examine demand
and then turn our attention to supply.

Birthrates in India are still the sub-
ject of considerable dispute. The crude
birthrate—births per 1000 persons per
year—appears to have diminished from
approximately 45 to 41 between 1951~
1961 and 1961-1971 (23), but neither
this nor other evidence establishes that
India has entered the declining fertility
stage of the demographic transition. The
effect of the Green Revolution on fertil-
ity under Indian conditions has yet to
be established. Although in the long run
technological advances, rising incomes,
and changing life-styles will probably
lower fertility rates in India, as they
have elsewhere, this is by no means a
foregone conclusion. We cannot exclude
the possibility that rising incomes
could lead to higher fertility under
some circumstances, as when initial in-
come levels are very low and the rate
of increase is modest, Moreover, the
Green Revolution has only affected a
portion of the country to date. It seems
prudent therefore to expect a continua-
tion of rapid population growth over
the next decades. The U.N. medium
variant population projections referred
to above assume a significant decline
in the general fertility rate—births per
1000 women between 15 and 44 per
year—from 180.8 in 1970 to 125.6 in
2000. On this basis the number of
mouths to be fed will increase approxi-
mately 80 percent over the next 25
years.

Growth of agriculture. Over the en-
tire period represented in Fig. 1, food
grain output grew 2.8 percent per year,
which was just sufficient to cover popu-
lation increase and to allow for a small
increase in per capita income. The sta-
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tistics for the period 1967-1968 to
1970-1971 seemed to augur much
more dramatic progress, however. Food
grain production increased from 95.1
to 108.4 million tons, at a rate of 4.5
percent per annum—sufficient to allow
for a significant increase in availability
—while imports were reduced by 64
percent to only 2 million tons, which
went entirely into increased stocks. In
fact, but for the unusual circumstances
of the Bangladesh war of independence,
India would have had a net surplus for
export. The promise was short-lived.
The last four harvests have fallen below
the level achieved in 1970-1971, while
the population has increased by an esti-
mated 54 million.

The overall rates cover up more
dramatic underlying changes. Over
most of India there are two crop sea-
sons (summer and winter), but in some
areas a third (spring) season can be
distinguished. Summer is the most
abundant rainfall season, the time of the
Southwest monsoon, and produces the
bulk of the rice, maize, sorghum, and
millet crops—60 percent of total food
grain production. Wheat, barley, and
most of the pulses are grown in the
winter season, when rainfall is lighter
and more variable. Consequently, the
winter crop depends more on irrigation.
For the period in Fig. 1, while the
summer crop grew at a modest rate, the
winter crop showed large gains. If we
compare 1964-1965 with the record
year 1971-1972, the winter crop in-
creased at 5.5 percent per annum, or
a spectacular 8.4 percent if only cereals
are considered. Summer production
grew by only 2 percent per annum
over a comparable period (1964 to
1970).

Overall growth in the agricultural
sector was considerably below that
of food grains, which suggests some
regressive substitution, if not in terms
of acreage, then perhaps in terms
of quality of inputs. There is some
basis, then, for applying the term Green
Revolution to the transformation that
occurred in the winter crop—Ilargely
the wheat crop—but the term needs to
be interpreted cautiously since the
principal crop seems to have been only
marginally affected. The unevenness
was also regional. The wheat belt of
the cooler and drier northwest showed
the most rapid gains; the state of Pun-
jab led with a spectacular growth in
food grain production of 10.4 percent
per annum over the period 1965 to
1971, followed by Haryana with 9.9
percent, Rajasthan with 8.9 percent,
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Table 2. International comparisons (39).

. Land/man
Yield (100 kg/ha) N-PK Area Multip] ratio
Count fertilizer irri- crcl)lp ; ?n; (arable
ountry Paddy use gated index hectares

rice Wheat (kg/ha) (%) per

capita)
India 16.2 13.8 16.4 17 119 0.28
Punjab 30.5 24.1 40.3 50 134 0.29
Pakistan 233 11.9 13.7 65 111 0.29
Burma 15.6 5.5 1.8 5 111 0.64
China 30.9 12.0 39.6 40 147 0.15
Taiwan 342 292.6 58 184 0.06
Japan 58.5 23.1 439.8 55 126 0.05
United States 52.5 22.0 82.0 8 102 091

and Gujarat with 7.3 percent. At the
other extreme, Andhra Pradesh, Assam,
Bihar, Maharashtra, Madhya Pradesh,
and Orissa performed poorly.

The strong correlation between total
food grain output and monsoon rainfall
is evident in Fig. 1, although the winter
crop does not directly depend on the
monsoon (24). The poor winter crops
in 1973 and 1974 are in line with the
below average precipitation that pre-
ceded the monsoons in the major wheat-
growing areas, but we have no direct
information about river flows, the other
major component, in the winter months.
What is more puzzling is the failure of
the summer crop to exceed the 1971
level, despite apparently satisfactory
rainfall in 2 of the last 4 years. Al-
though the 1973 summer crop was
close to the highest ever, it still appears
unsatisfactory, given a normal rate of
expansion. In the absence of an al-
ternative explanation, we have to as-
sume that there was a slowdown in the
rate of technical advance.

Green  Revolution. High-yielding
varieties (HYV’s) were introduced on a
commercial scale in India in 1966-1967.
Greatly increased production, especially
of wheat, followed. Two years later, 30
percent of the area sown to wheat was
in HYV’s, By 1972-1973 HYV’s ac-
counted for more than 50 percent of
the area sown and nearly 75 percent
of total production. At the same time
the area sown to wheat increased by
6.5 million hectares or 48.5 percent
(see Fig. 3).

New rice varieties were also intro-
duced on a commercial scale in 1966—
1967 and were also rapidly adopted
(although not as rapidly as wheat).
After three seasons the proportion of
rice HYV’s had reached 10 percent,
and by 1972-1973 they were sown in
24 percent of the area and formed 36
percent of total production. The rate
of adoption of both rice and wheat

HYV’s then appears to have slackened
off, beginning in 1972-1973 for rice
and in 1973-1974 for wheat.

Fertilizer use, which had already been
increasing, rose sharply after 1966—
1967. Total usage increased ninefold,
from 300,000 tons in 1960 to an
estimated 2.8 million nutrient tons in
1973-1974 (25). It showed a tendency
to level off in 1971-1972 and 1972-
1973.

Expansion of pumpset and tubewell
usage tells the same story. According
to a 1973 USDA report (26), “The
number of diesel and electric pumps in
India has increased from 979,000 in
1965/66 to 2.7 million units in 1971/
72. The number of private tubewells
rose from 113,000 in 1965/66 to 550,-
000 in 1971/72. Government tubewells
during this period expanded from 14,-
000 to 18,000.” This development was
especially rapid in the wheat-growing
areas, led by the Punjab, but no de-
tailed regional breakdown is available.

There are indications that the mo-
mentum of the late 1960’s and first 2
years of the 1970’s may be diminish-
ing. On the output side, it is difficult
to unscramble long-term effects from
short-term perturbations. We have al-
ready noted the tendency toward slower
adoption of rice and wheat HYV’s in
the 1973-1974 season, the leveling off
in fertilizer use after 1970-1971, and
the failure of the summer crop to sur-
pass 1971 levels. Some of this may be
the result of transitory factors, par-
ticularly local weather conditions, but
there are other warning signals. In the
following section we argue that expan-
sion of HYV’s may already be reaching
a limit.

Despite these warning signals there
seems little reason to take a pessimistic
view, over the intermediate horizon at
least, considering the relatively low start-
ing point and the remaining potential
for expansion. Indian agriculture is still
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relatively extensive in nature compared
to parts of east Asia. This is reflected in
terms of intensity of fertilizer use, in
average yields and, rather surprisingly,
in the land-to-man ratio, which is still
considerably higher in India than in
China, Taiwan, or Japan (Table 2).
Fortunately, India possesses some of the
most extensive and fertile river basins in
the world. Similarly, experiment station
results (Table 3) typically show an en-
ormous potential for expansion. The
issue does not seem to be technical
feasibility, but whether the country can
develop the organizational ability to
combine its resources effectively.

Fertilizers, One of the main ad-
vantages of HYV’s is their great re-
sponsiveness to fertilizers and their
ability to withstand large dosages with-
out lodging. Impressive as the increase
of fertilizer use has been, application
still falls short of recommended levels.
In Table 4 we compare the amounts of
nitrogen fertilizer actually used on
HYV’s and traditional varieties (TV’s),
assuming that the HYV’s received 70
percent of the total, with the amounts
recommended by the Indian Depart-
ment of Agriculture (27).

It is not easy to determine whether
the shortfall is in demand or supply.
Critics charge that the distribution net-
work has not been expanded rapidly
enough. Fertilizer scarcities at the farm
level were commonly reported even be-
fore the present energy crisis, and may
have been due in part to failure to
budget for importation of adequate
quantities as a result of overly optimis-
tic forecasts of domestic production.

Of the 2.78 million tons of fertilizer
used in 1973-1974, S2 percent was
produced locally. Less than 60 percent
of plant capacity has been used in the
past 5 years because of a variety of
problems including faulty equipment,
labor difficulties, internal management
problems, lack of technical capabilities,
electricity shortages, lack of raw ma-
terials, and lack of intermediate feed-
stocks (28). A large-scale expansion
program to provide an additional 2.9
million tons is scheduled for comple-
tion between 1974 and 1978, and pro-
grams for a further 4.7 million tons
have been approved or are under con-
sideration (25). If plants are fully
utilized and new construction is finished
on schedule, most of the projected
nitrogen and phosphorus requirements
for 1978-1979 could be met by local
production.

Demand also seems to have fallen
short in some cases. Demand for fer-
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Table 3. Crop yields obtained in the All
India Coordinated Research Programmes for
Improvement in Crops (AICRIP) (40). Dry-
land trials were for periods with rainfall
20 to 60 percent below normal.

Yield (kg/ha)

Pre-

vailing i,?il; Raitrllge
Crop  (maxi-  \4ep1P  AICRIP
mum -
for trials dry!and
1961— 1970- trials
1972) 1971 1972
Rice 1150 7900
Wheat 1375 4800
Sorghum 550 6000 330-3950
Millet 900-1240
Pulses 530 2300 890-1410
Soybean 540-2980

tilizers is likely to depend on familiarity
with their use and on profitability.
Profitability is basically a function of
output response, relative prices, risk, and
credit availability. The responsiveness of
HYV’s to fertilizers has been estab-
lished under a wide range of condi-
tions, and that of TV’s seems to be
far from negligible. Availability of
credit on nonusurious terms may be
equally important, especially where the
risk of crop failure is high; most
farmers, especially small ones, still rely
heavily on local moneylenders, who
charge very high rates. Equally im-
portant are the relative prices a farmer
faces. India, like many other less de-
veloped countries, has tended to main-
tain terms of trade unfavorable to agri-
culture in its drive to industrialize.
Ward (29) calculated that in 1968—
1969 the Indian farmer required 5.2
kg of rice to purchase 1 kg of fer-
tilizer, compared to only 1.35 kg for
the Japanese farmer and only 1.15 kg
for the Pakistani farmer. For wheat the
respective figures were 3.7 compared to

Table 4. Recommended and optimum rates
of nitrogen fertilizer application (27). Opti-
mum rates are based on 1968-1970 prices.
Abbreviations: HYV, high-yielding variety;
TV, traditional variety. For the last column
it was assumed that 70 percent was used on
HYV’s.

Nitrogen fertilizer
application (kg/ha)

Crop

Recom-  Opti- Pi(;t%aj
mended mum 1974
Paddy rice
HYV 100 142 419
TV 40 42 6.0
Wheat
HYV, irrigated 100 164 315
TV, irrigated 48 52 14.0
TV, not irrigated 25 40 14.0

1.8 and 1.5 kg. If these figures are rep-
resentative, it is hardly surprising that
fertilizer applications have often fallen
far below expectation.

The data indicate a substantial po-
tential for expanded production through
greater fertilizer use. The difference be-
tween the amounts of fertilizer used
and recommended in 1973-1974 was
2.4 million tons for rice and wheat
alone (Table 4). Since we are restrict-
ing ourselves to recommended rather
than optimum dosages, any errors
should be on the conservative side. The
response ratio (weight of incremental
output divided by weight of nutrient
input) has been estimated to be as high
as 13 to 18 for wheat and 15 to 30
for rice in experimental trials (30). At
a conservative response ratio of 9, the
increment to output from 2.4 million
tons of fertilizer would be approxi-
mately 22 million tons of food grains,
equivalent to the increased consump-
tion due to population growth over a
9-year period (31).

It is almost a foregone conclusion
that the social benefits of heavier fer-
tilizer use are likely to far outweigh
social costs even at today’s high prices
in the world market, and the increased
agricultural output should itself relieve
the additional burden on the balance
of payments.

Irrigation. Because of the hydrologic
regime in India, future agricultural ex-
pansion will necessarily be very closely
tied to the development of irrigation.
The very marked concentration of pre-
cipitation in the monsoon season—in
Uttar Pradesh, the largest food-produc-
ing state, for example, about 88 percent
of annual precipitation occurs from
June to September (32)—means that,
despite a seemingly satisfactory annual
rainfall, a large part of the country is
semiarid for 8 months of the year.
Precipitation in the rainy season tends
to be peaked, with frequent long dry
periods. Supplemental irrigation is often
required even during the monsoon
period, and in many areas it is needed
to secure a satisfactory crop after the
monsoons. Flooding is a frequent event,
a large part of total precipitation being
entirely lost in the heavy summer run-
off. Thus, it is not surprising that irri-
gation has a long tradition in India and
that the total area irrigated is the sec-
ond largest in the world, exceeded only
in China.

Some 32 million hectares, out of a
net sown area of 141 million hectares,
was irrigated in 1973. The quality of
irrigation is extremely variable, how-
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ever. Much of the present system was
originally designed to provide famine
protection by spreading water over as
large an area as possible: canal irriga-
tion in India is sometimes referred to
as “supplemental rainfall.”” In 1968-
1969, the irrigation water delivered at
canal head averaged approximately
140 c¢cm (33). Channel and field losses
of approximately 62 percent (under
northern Indian conditions) must be
deducted. Ten of the 17 systems con-
sidered, representing roughly half of
the total net irrigated area, provided
for a consumptive use of less than 46
cm/year. In many areas deliveries are
insufficient to grow a winter crop where
irrigation would have to provide almost
the entire evapotranspiration demand.
Another characteristic of Indian irriga-
tion is that storage plays only a minor
role. With the seasonal peaking and high
year-to-year variability of rainfall, river
low flows in the nonpeak months are
rather erratic,

With these characteristics and dis-
tribution systems that are often inade-
quate, supplies tend to be uncertain,
particularly in timing, so that investing
in greater cash inputs per hectare is
risky, if not unprofitable. The problem
is compounded by low incomes and
credit scarcity, which may combine to
preclude improvements even if they
offer a higher expected return in the
long run. The effect is to diminish the
attractiveness of the HYV’s, which re-
quire relatively large cash outlays on
seeds, fertilizers, and pesticides and are
particularly sensitive to moisture stress.
Reidinger (34) wrote that “the present
system of canal irrigation was designed
on the basis of supplying irrigation for
traditional agriculture. In this sense it
is a traditional input. The problem is
how to change canal irrigation supply
to a modern input and make it match
the water needs of the new inputs,
especially the new HYV which require
generally more precise management by
the farmers to be a significant improve-
ment over traditional varieties.” The
grain growers he studied in Haryana
obtained the same increase in yield
when they changed from canal to tube-
well irrigation as they had obtained in
going from no irrigation to canal irri-
gation. Moreover, Reidinger showed
that in many cases, with the existing
canal irrigation, the HYV’s did no
better than TV’s, and some farmers
had reverted back to the latter. The
spread of HYV’s is therefore likely to
be closely tied to the use of private
tubewells, which allow more careful
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Fig. 3. Production, area covered, and
yields of wheat and rice HYV’s and TV’s
(4). (A) Percentage of area in HYV’s.
(B) Percentage of production due to
HYV’s. (C) Yields of TV’s (X 10 kg/ha).
(D) Yields of HYV’s (X 10 kg/ha).

control of water supplies. Large, state-
operated tubewells are often more like
canal irrigation, in that they require a
large distribution network over which
individual farmers have little effective
control.

The 10.8 million hectares sown to
HYV wheat in 1973-1974 exceeded
the total irrigated area for all varie-
ties of wheat (7.8 million hectares)
for 1968-1969. The total area served
by wells (both tubewells and tradi-
tional wells) was estimated as 10.7
million hectares in 1968-1969. De-
spite a rapid expansion of tubewell
irrigation since that time, the orders
of magnitude suggest that the acreages
sown to HYV’s may be pushing the
upper limits practicable under present
irrigation facilities. The drastic decline
in average yields of HYV wheat bears
this out, although climatic conditions
may also have played a part (see Fig. 3).

While the rate of adoption of HYV
rice has been less spectacular than that
of wheat, there are also indications that
an extensive margin may already have
been reached. The 9.5 million hectares
sown to HYV rice in 1973-1974 may
be compared with a total irrigated rice
area of 13.5 million hectares in 1968-
1969. The slackening off of the rate of
increase over the past 2 years and the
declining average yields of HYV rice
lend support to this conclusion (Fig. 3).

There is a considerable potential for
expanding the irrigated area and for
improving the quality of supply on
areas presently irrigated through re-
duction of losses, improved water man-
agement, and conjunctive use of

ground and surface water. The Fifth
Plan (7) projects an increase in gross
irrigated area of 11.3 million hectares,
40 percent from groundwater and the
remainder from surface sources. It also
estimates that a gross area of 107 mil-
lion hectares can ultimately be irri-
gated, 72 million from surface sources
and 35 million from groundwater.
Available water supplies will need to
be used very carefully if these poten-
tials are to be met. Present plans call
for an expansion of some 17 million
hectares net and 32 million hectares
gross irrigated area by the end of the
century (35).

It is difficult to generalize about the
potential impact of irrigation on yields
because of the wide variety of local
conditions. Cummings (36) uses a basic
cereal yield for TV’s, without fertiliza-
tion, of about 500 kg/ha for unirrigated
land and 1500 kg/ha for irrigated
land. National Sample Survey results
show that the yield from TV’s is about
50 percent higher with irrigation (33).
Where water supplies are adequate to
permit the use of HYV’s, the incre-
ment in yields could be closer to 2 tons
per cropped hectare. Thus, the poten-
tial increase in output from planned ir-
rigation expansion would be some 25
million to 35 million tons at present
cropping intensities. The ultimate poten-
tial would, of course, be much higher.

So far we have ignored the potential
for induced groundwater recharge.
Even after the 93 million hectare-
meters cited in the Fifth Plan has been
fully utilized, another 85.5 million
hectare-meters, or almost one-half of
the total river flow, would still be lost
to the system annually through excess
river flows during the monsoon period.
A significant portion of this may be
captured (i) by using storage sites in
Nepal (although part of the water so
captured might not be available for use
in India) and more importantly (ii) by
inducing groundwater recharge through
the use of bunding, water spreading, and
artificial lowering of the groundwater
table in the dry season. The technical
and economic feasibility of the latter
course of action is under intense scru-
tiny.

Finally, distribution efficiency can be
improved in many existing systems,
where as much as 50 percent of the
water may be lost by seepage and non-
beneficial evaporation. Effective plan-
ning for the optimal utilization of water
resources should be a matter of the
highest priority.

Multiple cropping. Finally, there is
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undoubtedly a large potential for ex-
panding output through increased crop-
ping intensity. Over most of the
subcontinent of India, with adequate
water supplies, two and even three crops
can be grown on the same land. In
1973-1974 the multiple cropping index
—total area cropped divided by area
available—was 133 on irrigated land
and 119 overall. Of the 24.4 million
hectares that was double-cropped in
1969 to 1971, only 6.9 million hectares
was irrigated. The multiple cropping
index was 147 for China and 184 for
Taiwan. Experimental results have re-
peatedly shown that double and triple
cropping is feasible, and considerably
higher intensities have already been ob-
served under field conditions in some
areas: a study in the Punjab found a
multiple cropping index of 150 for
areas irrigated by wells and 125 for
areas irrigated by canals in 1968-1969
(37).

In many areas a sound traditional
practice has been to maintain soil fer-
tility through fallowing. Increased use
of fertilizers, under appropriate credit
and pricing policies, could bring much
of this fallow into cultivation. In some
rice-growing areas, introduction of
winter wheat, with its lower water re-
quirements, appears to offer good pros-
pects. An important limitation is the
availability of labor and draft power.
if multiple cropping is practiced, only
a few days are available between har-
vesting and planting. Here India may
well be faced with a dilemma. In-
creased cropping intensity may require
mechanization of field preparation
activities, which could release large
amounts of rural labor during the rest
of the year and add to the already
difficult task of providing adequate
sources of off-farm employment. In-
creased multiple cropping also entails
increased water use and must be
planned along with overall water re-
source development. The factors that
determine the extent of multiple crop-
ping in general, and how it would
affect the hydrologic regime, are still
little understood and offer a fruitful
field for further investigation.

Summary and Conclusions

Four major points emerge from this
brief survey of the evidence:

1) The food crisis in 1974 seems
to have been largely a result of distri-
butional factors. The per capita avail-
ability of food grains from all sources,
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including imports, although below 1971
and 1972 levels, was probably above
the average for 1963 to 1973. Com-
parison of available food supplies with
estimated caloric and protein re-
quirements of the population indicates
that, on average, enough food was
available to meet minimal requirements,
with a small margin to spare. Supplies
obtained through the government pro-
curement and distribution program
were especially short since the program
depends primarily on the winter har-
vest, which failed badly in 1974. Thus,
urban areas and some pockets of rural
areas were badly hit. The poorest third
of the population, who receive 20 to 30
percent less food than the national
average even in normal times, were
severely affected by higher prices, and
there is little doubt that a sizable
fraction of the population received in-
adequate diets.

2) The food supply for 1975 depends
heavily on the winter harvest. If this
is good, as it promises to be, wide-
spread starvation, but not hunger,
should be averted. Since the main short-
fall was in the summer crop, the nature
of the distribution problem will be
different and shortages may be spread
more evenly over the population. Never-
theless, the situation seems to forebode
considerable hardship for the poorer
segments of the population.

3) Food requirements will continue
to grow over the foreseeable future as
a result of rising population and in-
comes. India’s agricultural resources
are still relatively poorly exploited. In
the short run, output can probably be
increased substantially by increased fer-
tilizer use on traditional as well as new
varieties. In the longer run, increased
production can be obtained from more
intensive cropping, expansion of surface
and groundwater irrigation, improved
water management, and improved cul-
tural practices brought about by more
active agricultural research and ap-
propriate land and pricing policies.
These measures will need buttressing
by an expanded food storage program
if extreme hardships due to periodic
drought are to be avoided.

4) India’s farmers have shown con-
siderable willingness to innovate under
favorable conditions. The rate of adop-
tion of HYV’s in the first few years
after their introduction was impressive.
The same was true for tubewells and
fertilizers. Nevertheless, many of the
easy gains may already have been
made. Fragmentary information on the
quality of irrigation indicates that the

acreage sown to wheat and rice HYV’s
may be approaching an upper limit in
many areas because of the requirements
of these varieties for a high degree of
water control. Further gains will require
more aggressive and coordinated poli-
cies for agricultural development. A
major change in development strategy
may be required if scarcities and hard-
ships such as those currently being
experienced are to be avoided in the
future, and some hard political de-
cisions on land reform and consolida-
tion may have to be made.

It is to be hoped that bold and
imaginative agricultural policies will be
followed, and that they will be ac-
companied by greater efforts to reduce
population growth to manageable levels.
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