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ABSTRACT

India's agriculture is changing fast because of greater use of
high-yielding seed varieties, insecticides, and machinery; increased
multiple-cropping; and expansion of irrigated area. The rapid growth
in agricultural production that characterized the late 1960 's is ex-

pected to continue during the 1970's. New factories now manufacture
most of the fertilizer and tractors purchased by Indian farmers.
Government price policies and development programs are designed to

encourage greater agricultural production. Although India's food

grain production is projected to total 144 million metric tons in

1980, some imports are still likely to be needed.
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PREFACE

This report discusses the impact of high-yielding seed varieties on crop

production in India and the use of other inputs associated with the Green Revo-

lution. Prospects for future gains in input use and crop production are also

examined. U.S. economic aid to India during the last 20 years, valued at $10
billion, helped to initiate much of the current progress in agricultural devel-

opment .

The author expresses his gratitude to James H. Boulware, former U.S. Agri-
cultural Attache to India, and Lyle E. Moe, Assistant Attache, for their generous
assistance in providing information for the report.
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SUMMARY

Technology in India's agricultural production since the drought of 1966
has resulted in increased crop yields and a more favorable food situation.
The most significant gains have been made in grain production, which rose from
66 million tons in 1966/67 to 96 million tons in 1970/71.- Grain imports dur-
ing this period declined from 9.4 million to 2.5 million tons.

Agricultural production has increased primarily because farmers are making
greater use of high-yielding seed varieties. Use of this input is being ac-
companied by increased use of fertilizer, insecticides, and farm machinery; by

an expansion of irrigated area; and by the practice of multiple-cropping. Fa-
vorable Government price policies and programs have been highly instrumental in

encouraging farmers to use these inputs.

During 1966/67-1970/71, the area planted to high-yielding grain varieties
increased from 1.8 million to 15.1 million hectares, with the high-yielding
varieties' share of total grain production rising from 6 to 35 percent. High-
yielding varieties of wheat and bajra (spiked millet) produce average yields
that are about four times those for traditional varieties, while yields from

high-yielding rice varieties are more than double those for traditional varie-
ties. Use of high-yielding grain varieties has now spread to all agricultural
areas in India.

Total fertilizer use in India increased from 305,000 tons in 1959/60 to

2.2 million tons in 1970/71. Grains receive about two-thirds of all nitrogen

applications and over half of phosphate and potash applications. However, over

half the area planted to grains receives no chemical fertilizer. Because of

high distribution costs and taxes, fertilizer prices have tended to rise in

recent years in India, keeping the rate of application generally well below

the optimum rate.

Pesticides were used on about 45 million hectares in 1970/71, compared

with only 2.4 million hectares in 1955/56. Marked gains in output of pesti-

cides by domestic factories have reduced the need for imported products. In-

secticides have helped farmers to more effectively control pests attacking

rice and cotton in the last several years.

Tractor numbers are increasing at the rate of 40,000 annually. They have

contributed to farm productivity by permitting timeliness in farm operations

and improved cultivation. Labor displacement resulting from use of tractors

is possibly an unfavorable aspect of this increased mechanization.

Next to the People's Republic of China, India has the world's largest

amount of irrigated cropland. In 1970/71, about 23 percent of the total crop-

* All tons are metric.
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land--32 million hectares--'was irrigated, compared with 16 percent in 1950/51.
Slightly over half the irrigated area is planted to high-yielding seed varie-
ties.

The practice of multiple-cropping has been facilitated by wider use of

quick-maturing wheat and rice varieties. During 1966/67-1970/71, the area in

multiple-cropping increased by about 1 million hectares annually.

As a result of these increases in agricultural technology, average yields
for all grain crops are now about one-third higher than they were 5 years ago.

Yields of wheat and bajra have increased by more than 20 percent since 1966,

while those for rice have increased by nearly one-third.

India's Fourth Five-Year Plan (1969/70-1973/74) calls for food grain pro-

duction to reach 129 million tons in 1973/74. However, plans to use 5.5 mil-
lion nutrient tons of fertilizer to achieve that goal cannot be fulfilled be-
cause a number of new fertilizer factories which were planned have not been
built and existing factories produce less than 60 percent of their capacity.
Actual food grain production in 1973/74 is more likely to approximate 123 mil-

lion tons .

Projections made in this study for grain production in India assume fur-

ther gains in agricultural technology. Production of milled rice in 1980/81
should approximate 53 million tons. Wheat production should reach nearly 32

million tons, while coarse grains production should approximate 39 million tons

Except for the coarse grains projection, these projections are close to projec-

tions made in other studies. Most coarse grains projections in earlier studies
are lower than in this study, because the impact of technology on corn and ba-

jra production was not significant until 1970/71.

Vlll



NEW TECHNOLOGY IN INDIA'S AGRICULTURE
and Outlook for Grain Production

by

John B. Parker, Jr., Agricultural Economist
Foreign Demand and Competition Division

INTRODUCTION

The spectre of widespread malnutrition and famine has plagued India for

many years. Only recently has the introduction of high-yielding wheat and
rice varieties--together with family planning programs--of f ered any hope of

winning a battle against overwhelming odds.

High procurement prices continue to provide an incentive for commercial
farmers to produce food grains. Farm purchasing power has increased so mark-
edly that some of the fastest growing industries in India manufacture agricul-
tural inputs. The expanding fertilizer industry is a key to greater produc-

tivity.

The new technology in India's agriculture can prove to be "problem creat-
ing" as well as "problem solving." Introduction of new technology has the
potential for displacing large numbers of workers. With large population in-

creases, however, India must continue to absorb workers in the agricultural
sector despite the fact that unemployment and underemployment are already seri-

ous problems in some rural areas.

SOILS AND LAND USE

Alluvial soils cover most of the Gangetic Plain and some coastal areas of

India (fig. 1 shows geographic and political delineations of India). For cen-

turies, these alluvial soils have supported a large population, and much of

the original fertility has disappeared. However, the soils are highly respon-

sive to water and fertilizer. In some areas, silt from flooding replenishes

the fertility of the soil. Black soils, which spread from Gujarat to Andhra

Pradesh, do not have the excellent texture of most sandy loam and alluvial

soils. Red loam soils predominate in central India, and red sandy soils are

found in much of southern India.

About one-sixth of India's cropland is left fallow each season to help re-

store fertility. Organic matter--including animal manure--is added to improve

soil fertility and texture.

Food grains, which in India include all cereals and pulses, are planted on

about three-fourths of the cropland (table 1). Rice, wheat, grain sorghum, and

pulses are the most important food grain crops.



Table l.--Area planted to selected crops, India, 1959/60 and 1969/70 y
Crop Area

1959/60 1969/70

Percentage distribution
1959/60 1969/70

Rice
Wheat
Grain sor

Millets .

.

Corn
Barley. . .

Pulses . . .

gh

Food grains

Peanuts .

.

Cotton. .

.

Sugarcane
Jute
Other crops

um

Total

1,000 hectares

33,820
13,380
17,707
18,361
4,344
3,378

24,833

115,823

6,442
7,295
2,137

632

20,445

152,824

37,680
16,626
18,605
20,009
5,862
2,765

22,023

123,570

7,219
7,712

2,718
770

19,245

161,234

Percent-

22.1
8.8

11.6

12.0
2.8
2.2

16.3

75.8

4.2
4.8
1.4
0.4

13.4

100.0

23.4
10.3
11.5

12.4
3.6

1.7

13.7

76.6

4.5
4.8
1.7

0.5

11.9

100.0

_1/ Crop years beginning July 1. Detailed data on food grain production are
presented in app. table 2.

Source: (_8) . Underscored numbers in parentheses refer to references listed
at the end of this report.

Oilseeds occupy about one-tenth of India's cropland, and cotton occupies
about 5 percent. Tea, coffee, and other plantation crops occupy less than 1

percent of the cropland, although they comprise over 40 percent of India's
agricultural exports.

Multiple-cropping--the practice of producing more than one crop on a plot
of land within 1 year--has made a significant contribution to India's crop pro-

duction. It has provided farmers with a new tool in managing their limited re-

sources to boost output. Multiple-cropping has been facilitated mainly by
wider use of high-yielding, quick-maturing varieties of grain. A corollary to

this development has been an increased need for mechanization (to assure time-
liness in harvesting and planting) and expanded fertilizer use (to supply ad-
ditional soil nutrients to increase output per unit of area).

In the early 1960's, the area covered by multiple-cropping in India aver-
aged about 23 million hectares annually. It declined by more than 10 percent
during the droughts of 1965 and 1966. Since that time, the area covered by
multiple-cropping has increased by about 1 million hectares annually and
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approximated 25 million hectares in 1970/71. The expansion of multiple-cropping

has been particularly rapid on rice farms in coastal areas of southern India.

Industry in India, particularly heavy industry, received top priority in

the Government's Second and Third Five-Year Plans, covering, respectively,
1956/57-1960/61 and 1961/62-1965/66. During these periods, the agricultural
growth rate slowed and supplies of inputs to the farm sector fell far short of

the Plans' targets.

Fertilizer output increased slowly and the 2 consecutive years of drought--

1965 and 1966--prompted imports of fertilizer on an urgent basis. Because of

shortcomings in agricultural production caused by the droughts, India delayed
initiating the Fourth Five-Year Plan, and annual plans were implemented for

1966/67-1968/69. With ample supplies of imported fertilizer, expanded use of

high-yielding seed varieties, and unusually good rainfall, food grain produc-

tion reached 95 million tons in 1967/68, 21 million tons above the previous
season's level. !_/ Sharp changes in price policy, large grain imports, and ad-

verse weather during the mid-1960' s caused planners to give greater attention
to agriculture in preparing the Fourth Five-Year Plan (1969/70-1973/74) (11) .2/

PRICE AND TAX POLICIES

In the 1950's and early 1960's, agricultural inputs in India were subsi-
dized by the Government. Subsidies were necessary because farmers were suspi-
cious of the merits of new agricultural inputs and because prices of commodi-
ties were relatively low.

In 1965, the minimum procurement price of wheat increased, causing a dra-
matic increase in wheat production. Since then, prices for corn, grain sorghum,
and millets have increased because of higher procurement prices. Open market
prices for cotton, sugar, and peanuts have also increased significantly.

Thousands of demonstration plots, displayed by extension agents and agri-
cultural universities, convinced many farmers that they could increase crop
production by using high-yielding seed varieties along with other inputs such
as fertilizer, machinery, insecticides, and pesticides. The 2 years of drought
resulted in substantial debts for the farmers and increased their interest in

new farming methods. Between 1965 and 1969, the reluctance of larger farmers
to use new or additional inputs gave way to eagerness for them. The Green Rev-
olution has now spread to all areas of the country. 3_/

_£/ All tons are metric.

^/ Underscored numbers in parentheses refer to references listed at the end
of this report.

_3/ The Green Revolution is the name frequently used for the change brought
about in the agriculture of less developed countries by the use of high-yieldinj
seed varieties and other agricultural inputs new to these countries.



MinitnuTn procurement prices, usually higher than support prices, serve as
guaranteed prices to the farmer. Further, private traders usually pay farmers
more than the minimum procurement price. If they do not, the grain is usually
marketed in the State Procurement Center, which is under the supervision of the
Food Corporation of India. Grain procurement prices vary by type and grade of
grain (these prices are discussed in detail later in this report in the indi-
vidual grain sections).

In March 1969, the Government imposed a levy on fertilizer, although fer-
tilizer mixtures were exempted. Various states have levied sales taxes on fer-
tilizer, ranging from 2 to 7 percent of the price. Some municipalities and
districts have also taxed fertilizer (3).

Since 1969, a 20-percent excise tax has been imposed on purchases of pumps
used for irrigation. Excise taxes on tractors were Implemented in 1969/70 and
have ranged between 7 and 10 percent of the purchase price.

THE IMPACT OF HIGH-YIELDING SEED VARIETIES

In India, the area planted to high-yielding grain varieties increased from
about 1.8 million hectares in 1966/67 to 15.1 million hectares in 1970/71,
rising from nearly 2 to 15 percent of the total area planted to grains (app,
table 3). The share of grain production provided by high-yielding varieties
increased from 5.5 percent in 1966/67 to about 35 percent in 1970/71 (app.
table 5). Success with new wheat varieties in the Gangetic Plain and with new
rice varieties is encouraging scientists to search for improved varieties of
pulses, cotton, oilseeds, and horticulture crops.

The Government of India, the U.S. Agency for International Development,
various foundations and universities, and private individuals have been instru-
mental in testing, adapting, and providing new cereal varieties for use in In-
dia. The push to find new high-yielding rice varieties that resist diseases
and suit consumer taste is currently a major undertaking.

The National Seeds Corporation of India has several laboratories, and thou-
sands of inspectors for testing seed purchased under contract from farmers. The
corporation also provides storage facilities for the farmers. In some villages,
especially in Kashmir, farmers are engaged solely in seed production. Contracts
for farmers to produce wheat seed have provided excellent profit opportunities
for efficient growers in the Punjab and Uttar Pradesh. Some of these same far-
mers produce hybrid corn seed during the summer. Pantnagar is a center for pro-
ducing soybean seed. The Seeds Act of 1966 empowers the Government of India,
in consultation with the Central Seed Committee, to control the kinds and varie-
ties of seed eligible for sale in specific areas {]_, Oct. 1970).

Wheat

Wheat production in India increased from 10.4 million tons in 1965/66 to

about 23.2 million tons in 1970/71. Output provided by high-yielding varieties
jumped from 1.3 million tons in 1966/67 to about 15.6 million tons in 1970/71,



vhile output provided by traditional varieties declined from 10 million to 7.6

million tons (app. table 5). During 1966/67-1970/71, the share of total wheat

production from high-yielding varieties rose from 11 to 67 percent (fig. 2).

INDIA: PRODUCTION OF FOODGRAINS FROM

TRADITIONAL AND HIGH-YIELDING VARIETIES (HYV)

MILLION METRIC TONS"
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Figure 2

The phenomenal increase in wheat production resulted from extensive use of

high-yielding seed varieties, fertilizer, improved practices, and high procure-
ment prices. Because high-yielding wheat varieties planted on irrigated land

respond well to fertilizer, they produce yields which are much higher than those

for traditional varieties grown on the same irrigated and fertilized land (_7) •

Since 1966, minimum procurement prices for wheat have ranged from $2.40 to

$2.94 per bushel {IT) .

Area planted to high-yielding wheat varieties increased from 514,000 hec-

tares in 1966/67 to about 6.2 million hectares in 1970/71, or rising from 4 to

nearly 35 percent of the total wheat area (app. table 3). About 1 million hec-

tares of irrigated land remain planted to traditional wheat varieties. Prac-
tically all of the high-yielding varieties have been planted on irrigated land,

although some new varieties have been developed especially for dry land areas.
Because premium prices are paid for some traditional white varieties that are
preferred by consumers, complete coverage of irrigated land by Mexican and In-

dian high-yielding varieties is unlikely.

In the summer of 1965, India imported 250 tons of Mexican wheat seed. Un-

der contract with the National Seeds Corporation, seed farmers in Uttar Pradesh
and the Punjab used the imported seed to produce about 15,000 tons of seed for

distribution in 1966/67. In the autumn of 1966, 13,000 tons of Mexican wheat



seed were imported; from these imports and from domestic supplies, about 33,000
tons of the Mexican seed varieties were distributed to farmers in l'566/67.

Sonora 64 and Lerma Rojo were the leading Mexican varieties imported.

Sonora 64, the short-stemmed Mexican wheat variety, was tested at research
stations in Delhi, Ludhiana, and Pantnagar in the early 1960's. The Punjab
Agricultural University in Ludhiana and the Agricultural University of Uttar
Pradesh in Pantnagar greatly increased their research activities in testing
wheat varieties in the mid-1960's.

Crosses between Mexican wheat varieties and those native to India have
recently provided high-yielding varieties that have excellent quality, an amber
color, and high yields. An amber-colored, high-protein strain of wheat has
been developed by treating Sonora 64 with gamma rays and has been released
under the name of Sharbati-Sonora

.

In recent years, Uttar Pradesh has led in the production of high-yielding
wheat varieties. Production of new varieties in the Punjab and in Bihar has
also increased rapidly. Wheat production has also increased outside traditional
growing areas, especially in West Bengal and Rajasthan.

Research to develop new high-yielding wheat varieties for use on nonirri-
gated land has resulted in the release of two new varieties. Narabanda 4, re-

leased by the All-India Wheat Research Workers Workshop in 1970, shows more re-

sponse to fertilizer than most traditional varieties and is expected to lead to

some improvement in yields. A durum wheat, A-9-30- l--which was also released
recently--should help dryland farmers to increase their wheat yields (_7, Nov.

1970).

The recent release of a new triple-dwarf and rust-resistant variety, Hira

,

is expected to enable farmers to boost their yields beyond those currently being

obtained from the favorite Mexican varieties. Hira, a high-quality, amber-

colored wheat, produces yields that range from about 15 to 20 percent higher than

Kalyan Sona , a widely planted Mexican variety (2, Nov. 1970).

Rice

Plans for a dramatic breakthrough in rice production in India have not

materialized because of disease problems, reluctance of some small farmers to

accept new technology, and poor consumer acceptance of certain new varieties.

Yet, a gradual improvement in rice yields has occurred and prospects for further

gains are promising. High-yielding varieties were planted on about 5.5 million

of the 37.4 million hectares of rice planted in 1970/71 (app. table 3), account-

ing for about 2S percent of the total harvest (app. table 5). Total rice pro-

duction increased from about 30.4 million tons in 1966/67 to 42«4 million tons

in 1970/71.

The Central Rice Research Institute in Cuttack, Orissa, has conducted tests

on yields and growth characteristics of over 7,000 varieties of rice. More area

is still planted to IR-8 than to any other high-yielding rice variety. However,

newer varieties have been released which provide higher yields, better quality



New varieties of rice that provide high yields, improved quality, and more
resistance to diseases and pests are introduced to farmers after intensive
testing by experiment stations.



grain, and more resistance to certain pests {]_, Aug. 1971). ADT-27, developed
at Cuttack, provides farmers in the Tanjore District of Tamil Nadu with excel-
lent yields. Taichung Native I and a tall Indian variety were used to develop
a new high-yielding variety called Jaya , which was released in 1969. Vijaya
and IR-20 are popular new rice varieties because of their quality and resis-
tance to pests and certain diseases (table 2).

Most traditional varieties of rice grown in Ifdia belong to the Indtca
group. They are adaptable to conditions of variable monsoon rainfall, low soil
fertility, and warm tropical temnevatures . Most Indian varieties resist pre-
valent insects and diseases. They also can grow strong enough to compete ef-
fectively with weeds for plant nutrients. Indica rice varieties can be cooked
dry or fried in various ways. Characteristics which enable these varieties to

survive under tropical conditions in India--tall growth, long drooping leaves,
and late matur ity--become liabilities when certain improved farming practices
are implemented (^) . Under heavy fertilization and constant irrigation, for
example, Indica varieties become victims of lodging and show little yield in-

crease (_8) , (23) .

Japonica varieties have evolved through an intensive selection process.
Compared with the Indica varieties, they have darker and more upright leaves,
a shorter and stiffer stalk, earlier maturity, and a more thrifty vegetable
growth. They respond well to fertilizer and improved cultural practices. How-
ever, most of them are more susceptible than the Indica varieties to insects
and virus diseases of the tropics, especially during hot monsoon weather (_1) .

After years of research, some new varieties have been developed which show high
resistance to certain pests and diseases (table 2).

Jalmagna is a new deep-water rice variety released by the Uttar Pradesh
Department of Agriculture in 1970. Plant height varies from about 5 to 23 feet

depending upon the depth of the water where the plant is grotcn. The plant has

a capacity to keep pace with a rise in water level, with the healthy green
leaves floating on the surface of the water. Yields obtained at Bahraich, Ut-

tar Pradesh, in 1968 and 1969 were about 4.2 tons of paddy per hectare.

Numerous other new rice varieties are planted in India. Two new varieties,

Pankaja and Jagannath, can be cultivated in water-logged soils (_7, Oct. 1971).

They also have an ability to withstand a certain degree of soil salinity. Sa-

basmati has proved suitable for the drier area of northwestern India. Jamuna

has been grown successfully in rain-fed areas of Andhra Pradesh, and Bala has

done well in upland areas. The short growing season of Bala has caused it to

be a favorite among farmers who practice double-cropping. Krishna has done

well in Uttar Pradesh, Madhya Pradesh, and Gujarat. Yields for some plots of

Vijaya have been higher than those of IR-8 under similar growing conditions and

levels of fertilization (_7, Sept. 1971).

Coarse Grains

The area in India planted to high-yielding varieties of grain sorghums,

corn, and millets increased from 390,000 hectares in 1966/67 to about 3.4 rail-

lion hectares in 1970/71 (app. table 3). Production from high-yielding varieties



x:

0)

TJ
CD

^-1

P-i

CD

1-1

x:

c

CD

JD
CO

^1

(U

Xl
>,

S-i

CD

0)

C

Vj

CD

GO
CD

C
CD

U
T3
c
(U
•'—

1

CD

Pi

J-J O
CD 1^

ON
T3 --I

i-i •>

Cfi CD

0) T-l

C
en M
0)

•r-l

4-1

QJ

•r-l

J-l

CD

>

O

0)

4J

U
CO

i-l

CD

-C
U

I

I

cu
1—1

X2
CD

en

Q)

m
CO

0)

en

•-I

So

o
S-j en

COD D
C 5-1

H >

B O
T—

I

0-,

Q) en

^ x:
CD oc
•H -^
!j r-l

0) X3
4-1

U M-(

CD CD

PQ 0)

W

hJ x:

E 0)

0) !-i

JJ o
CO xi

(U

en s-i

6 CO

CD 4-J

!-i (J

00 OJ

o x:

>-< -r-l S-l

^ OJ

u M-l 0)

rA O en

u CD

J-i <U

3 CD 1—

1

OJ CU 0)

c >^ M

4-)

CO

o

o u
4-1 -r-l

u
en 3
>^ 4-)

CD CD

O B

4-1

0)

•r-l

^4

CD

>

ZO cn C/D CO CO CO

Pi Pi CO CO

Pi

CO

CO CO CO CO

CO

CM oo

CO

CO

CO

1^

Pd

CO

2

CO CO

o
C3N

0)

en

!-i

CD

O

Io
CTn

<t-

O
<3N

P4

<r <r

00
.—

I

CM

C30

o

CO

CO

O

CO

Pi

CO

Pi

CO CO

1^ CM
CM <t
r^ <)

Pi

Pi

Pi

CM
en

Pi

Dd

ON

CNI

<3-

00 O o o o O
^D r^ r-^ r-^ r-- r~-

cr> ON cr> o> CJN CTn

00 \D
vO v£>

CTN CTn

CU <u

en en

U U 0) (U (U OJ

CD CD c c c c
O O •H •r-l r4 •r-l

a CJ [^ Pm f^ [i<

om
,—

1

1

- -
::

- -

(U QJ

en en

i-l Vj

CD CD

O
U U

Om
.—

1

o
—

CO

o
C7N

o

Q)

C
•r-l

>^
!-i

0)

CD >
1—1 3
CD CD

PQ O

CD CD
•r-l C

e
CD

CO x: CD x; c
Id u C en CD 3
TJ c 4-1 •r-l rO B
CO CD CD S-I CO CD

PL, ^ Pi >i CO I-)

CD 00
>. I

CO Pi

O
CN

CO

CD

>,

00

x:

II

CO
X

QJ 4J

u a
CD 0)

4-1 O
o en

0) 3
x: en

^1 >>
0) <—<

Ch Q)

4-1

TD CD

QJ S-i

•r-l QJ
r-l TD •

CL O ..-^

a B r-l

CD r--

II ON
QJ I—

1

S-i CO
0) X .

3 4J

o-
C QJ QJ

0) .-H CO
00 Xi
O •r^ *^

S-I 4J c
.U Cl CD

•r-l QJ B
c a QJ

en 0)

u-i 3 5-1

O en P^

en II •

E X
CO CO
5-1 •

00 •- :s
O 4-)

^ c -0
•r-l eo c
rii! 4-1 CD

en

O -r-l >NO en 5-1^ 0) O
S-I 4J

-13 en

c >. CO

CD 1—1 x;
QJ CO

-O 4J

QJ CO •

4-1 5-1 CO
CO QJ •

00 TD • >
•r-l O X) •

^1 B 0) CO
^-1 4-1

•H II en >^
QJ X

0) ^ 4J

S-I S QJ

QJ 4-1 1—1

& •" a
4J c •r-l

en C 4-1

4-1 CO II U
O 4J CO

1—1 en Ha -1-1 2 "

en 00|
1-1 QJ • »N V—

^

1—1 5-1 QJ

Pi 4-1

Q) a S-I

4J QJ 3
o ^ o O
S --I en CO

3
en

10



of coarse grains increased from about 640,000 tons to about 6 million tons
during the same period (app. table 4).

Area planted to improved varieties of grain sorghums increased tenfold
during 1966-70. Yields of two improved varieties, Swarna and CSH II, are
about 50 percent above those for traditional varieties in tests where 100 kilo-
grams of nitrogen are applied to all plots (_3) .

Corn production increased sharply to 7.4 million tons in 1970/71, with
high-yielding varieties accounting for about 14 percent of total production.
Production increases were highest in the irrigated areas of Rajasthan and Mad-
hya Pradesh (_9) . Vikram, Vijay, and Ganga 3 are popular hybrid varieties.

Research is being conducted on higher yielding varieties of millets. At
the Agricultural College and Research Institute in Comimbatore, Tamil Nadu,
different varieties of ragi are being tested. High-yielding varieties account
for about 40 percent of the bajra (spiked millet) harvest.

Pulses

In India, per capita supplies of pulses declined from 25.1 kilograms in

1961 to 16.9 in 1970. A shift from pulses to wheat has been marked since 1965.
The total area planted to pulses declined from about 24 million hectares annu-
ally in the early 1960's to 21 million hectares in 1970.

A Coordinated Pulses Scheme, established in 1967, involves the cooperation
of the U.S. Agency for International Development, agricultural universities, and
departments of state governments concerned with agriculture. With the objective
of finding ways to increase pulse production, these organizations conduct re-
search in plant breeding, plant pathology, entomology, agronomy, and other
scientific fields. Because of the nutritional value of pulses, production of

this crop is expected to receive higher priority in the 1970's (_7, Nov. 1971).

Research has indicated that pulse varieties exist which would enable In-

dian farmers to greatly increase their pulse yields. Also, tests have indicated
that yields can be improved by planting new, improved, quick-maturing varieties
and using fertilizer {]_, Oct. 1971). Pulses also fit well into multiple-cropping
rotations

.

Oilseeds

Use of improved varieties of oilseeds will probably increase in India in

the next few years. The shortage of vegetable oils since 1965 has been caused

by lagging output of oilseed crops and by growing consumer demand for cooking

oil. India's production of oilseed crops increased in 1970/71, with strong

gains in peanuts, soybeans, rapeseed, mustard seed, saf flower, and castor beans

Peanut production declined to 5.5 million tons in 1971/72 because of dry

weather in Western India. Research is underway to determine which foreign
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varieties might succeed under Indian growing conditions. The Indian Oilseed

Development Council has conducted some of these tests, but most are conducted
by the Indian Council of Agricultural Research (ICAR) . Asiriya Msitunde, a

variety imported from Tanzania, has become popular among farmers in Mysore and

Andhra Pradesh. Junagadh-11, a drought-resistant variety, has been planted by

some farmers in Maharashtra and Gujarat. Demonstration plots have been located

in major peanut-growing areas by ICAR to illustrate benefits from the new vari-

eties and improved cultural practices.

In the late 1960's, less than 4 percent of the peanut area was irrigated
but it is expanding, mostly because of expansion in multiple-cropping. Prices

of almost $200 per ton have encouraged farmers to plant more peanuts on irri-

gated land. In northwestern India, rapid-maturing peanut varieties such as

T-64 and AK 12-24 can be planted after wheat is harvested. They are replacing
some slow-maturing varieties in progressive farm areas.

The search for a summer oilseed crop for planting in wheat areas and the

continuation of high vegetable oil prices caused planners at Pantnagar, Uttar
Pradesh, to explore the possibilities of commercial soybean production. At

the research station there, soybean varieties from all over the world have
been tested for their performance under Indian growing conditions. Tests con-
ducted by ICAR in Uttar Pradesh indicated that Bragg, Hardee, and Semmes pro-

vided yields ranging from 3 to 4 tons per hectare. Trial plantings of soybeans
have also been made at a number of research stations in northern India. The
University of Illinois provides experts for the All-India Coordinated Project
on Soybeans, which started functioning in 1967.

Cotton

The All-India Coordinated Cotton Improvement Project, managed by the ICAR
of New Delhi, will receive about $20 million during the Fourth Five-Year Plan
for all aspects of research on cotton production. A major objective of plant
breeders will be to develop new cotton varieties that have desirable milling
qualities, high yields, and disease resistance. Three American-type varieties
were recently tested by the experiment station at Comimbatore, Tamil Nadu. MCU-

5 was the superior new strain in the tests conducted there. It yields about
650 kilograms of lint per hectare and matures in 165 days (_7, May 1970).

Sujata, a new variety from Egypt, has the best spinning quality of any
variety so far released for cultivation by Indian farmers. It has a resistance
to blackarm and the new wilt disease spreading among North American varieties
in southern India. A promising variety. Hybrid 4, has helped farmers to im-

prove cotton yields in Gujarat.

Horticultural Crops

Vegetable output in India has doubled in the last 20 years, partly because
of greater use of improved varieties and fertilizer. Progress has been most

12



rapid near cities and in those irrigated areas where multiple-cropping is be-
coming popular.

Research on fertilizer response at various levels of application and on
different soil types has provided useful data on how to increase yields of

selected traditional varieties of onions, eggplant, garden peas, and cowpeas

.

Tests using North American and European high-yielding varieties of tomatoes,
eggplant, onions, melons, pumpkins, cucumbers, and some other vegetables have
evaluated their performance under Indian growing conditions (_7) .

India's imports of vegetable seed in the late 1960's were small because of

the low priority given to vegetables by planners and a policy of depending pre-

dominately upon domestic seed developers and growers for supplies. The vege-
table seed industry has flourished in Kashmir because of the climate, the avail-
ability of persons trained in seed production, and efforts by farmers to inten-

sify their labor input to maximize their income from small irrigated plots.

Researchers have found grape varieties that are highly productive in irri-

gated areas of the Deccan Plateau. The popular variety, Aneshabi, ripens in

March. Cold storage facilities are being built to enable India to export more
grapes. Research to develop new varieties for southern highlands and the Pun-

jab is underway. Grape production in India has already increased from 44,000
tons in 1961 to about 200,000 tons in 1971.

Dwarf varieties of apples are gaining in popularity in Kulu Valley, Him-

achal Pradesh. The traditional Ambri variety in Kashmir is being replaced by

new U.S. varieties of dwarf apples, especially Golden Delicious and some winter

varieties with excellent keeping qualities. Varieties of pears which are blight

resistant can be grown in the foothills of the Punjab, where blight once did

severe damage during the monsoon. Research is underway in Himachal Pradesh to

find varieties of plums, cherries, and peaches that will produce high yields in

the foothills of the Himalayas. Dwarf peach varieties that ripen before the

heavy monsoon rains begin are preferred by orchardists in Uttar Pradesh.

Research to find suitable almond varieties for slopes too steep for grains

is underway in Himachal Pradesh. Tests are being conducted at Comimbatore on

ways of improving yields of cashew nuts. New varieties of pistachio nuts from

California could open up opportunities for producing that crop in some areas of

Ra jasthan

.

ICAR has conducted extensive research to develop mango varieties that bear

heavy crops each year. Most traditional varieties alternate with good and poor

yields. A cross between dwarf Dashehri and Neelum has produced a new variety

which gives heavy crops every year.
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OTHER INPUTS IN INDIAN AGRICULTURE

The success of high-yielding seed varieties in expanding crop output is

closely correlated with the use of other inputs. This is why programs to pro-

mote grain production have emphasized a "package arrangement" which includes

other inputs as well as high-yielding varieties of seeds.

Fertilizer

Fertilizer will be a key input in determining India's agricultural growth
rate in the early 1970's. While domestic production and consumption of ferti-
lizer continue to rise, the targets set in Government plans have been consis-
tently higher than actual achievement (12) . Fertilizer imports continue to de-

cline as domestic manufacturers provide a larger share of the supply. Expan-
sion of the domestic fertilizer industry, however, has been slowed by raw
material shortages and other constraints such as electrical power failures.
Naphtha, a byproduct of petroleum refining, is the major raw material used in

about 70 percent of India's nitrogenous fertilizer. The supply of Naphtha is

seldom sufficient to allow fertilizer factories to operate at t-ull capacity (_3,

Jan. 1971).

Tests have indicated that if crop yields in India are to increase, almost
all soils need additional nitrogen, about 85 percent need additional phosphorus,
and over 60 percent need potash (_3, Jan. 1971). Use of high-yielding seed vari-
eties and the practice of multiple-cropping with two grain crops a year has de-

pleted some soils of essential minor elements. Thus, demand for fertilizer is

expected to grow rapidly and total use of plant nutrients is likely to double
during 1972-76 (3, Jan. 1971).

Manufacture

The poor performance of fertilizer manufacturing during the Third Five-
Year Plan (1961/62-1965/66), together with severe food shortages during 1965

and 1966, caused India to seek foreign investors in its fertilizer industry.4/
Foreign firms that arranged to begin building fertilizer factories before De-

cember 31, 1967, were given certain product price guarantees by the Government
of India (_3) . Investments by foreign firms and new factories brought into oper-
ation by the Fertilizer Corporation of India (FCI) caused fertilizer output to

rise markedly in the 1960's and imports to decline (app. table 6).

4/ The Plan's production target for nitrogenous fertilizer output in 1965/66
was reduced from 1 million nutrient tons to 800,000 tons. Actual production
that year was only 238,000 tons. The shocking shortfall made it evident that

a crash program for attracting new investments into the fertilizer industry was
needed .
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New factories now provide over half the fertilizer used by Indian farmers
New warehouses have also been built to store fertilizer in rural areas.
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Output of nitrogenous fertilizer increased steadily from 309,000 nutrient

tons in 1966/67 to about 329,000 tons in 1970/71. Five large factories cur-

rently account for about 60 percent of the output of nitrogenous fertilizer

(app. table 7). A large new fertilizer complex at Visakhapatnam, Andhra Pra-

desh, contributed significantly to the rise in output in 1968/69 and 1969/70.

Production from the new factories at Gorakhpur, Kanpur, and Kotah in the late
1960 's helped ease the shortage of fertilizer in wheat-grov/ing areas.

The Fertilizer Corporation of India, a public corporation, manages more
than half the country's factories that produce nitrogenous fertilizer. During

1972, three new factories will begin operations under FCI, with each plant

having a production capacity of 330,000 tons of urea annually.

Nitrogenous fertilizer output in 1972 is expected to be 40 percent higher
than the 1971 level, A gradual increase in the use of production capacity com-

pleted in the last several years, plus the new factories scheduled to open,

should enable Indian manufacturers to produce about 1 ,2 million tons of nitro-

genous fertilizer in 1971/72. Appendix table 7 shows the output of nitrogenous
fertilizer by major location since 1966/67 and prospects for output during
1971/72-1973/74.

India's output of phosphate fertilizers in 1970/71 was only 20 percent
above the 1967/68 level. Four large new factories accounted for about half the

production capacity. They produce complex fertilizers containing both nitrogen
and phosphorus. About 28 smaller factories produce superphosphate, relying
upon imported phosphate rock. Utilization of commercially valuable phosphate
deposits in Rajasthan should enable some manuj-acturers to gradually shift to

domestic raw materials

.

Prospects for opening more large new fertilizer factories will depend upon
how rapidly factories constructed with the use of foreign investments and en-

gineering are completed. Some of these include the Indian Farmers Fertilizer
Cooperative, Ltd., at Gujarat; the Zuari Argo Chemicals, Ltd., factory at Goa

;

and the Dharmsi Chemical plant near Bombay. Numerous small factories are also
being built. (See fig. 3 for the location of major factories now operating).

Two new coal-based fertilizer plants are planned by FCI. Work on the first
plant, at Talcher in Orissa, began in February 1970. Construction of the second
plant, at Ramugundam in Andhra Pradesh, began in October 1970. Each plant will
cost an estimated $94.6 million to build and, when completed, each will have an
annual capacity for producing 495,000 tons of urea. The plants are scheduled
to begin production in 1974/75.

Imports

Before 1967/68, demand for fertilizer among Indian farmers greatly exceeded
domestic production. Imports of manufactured fertilizer increased from 492,000
nutrient tons in 1965/66 to a peak of 1.6 million nutrient tons in 1967/68,
when the value was about $250 million. After 1967/68, a downward trend in im-

ports occurred, particularly imports of certain types of nitrogenous fertilizer,
which were being produced in larger quantities by local factories. Since 1969,
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a shift to imports from Eastern Europe has occurred because changes in financial
arrangements caused imports from the United States, Western Europe, and Japan

to decline.

The share of total fertilizer supplies accounted for by imports declined
from about 73 percent in 1967/68 to about 40 percent in 1970/71. Stocks of

fertilizer held by dealers have increased considerably since 1968. Many small
farmers began to participate in the Green Revolution only after fertilizer be-

came available in their villages.

Use

The Fertilizer Association of India recently estimated that 40 percent of

the farmers use some fertilizer (22) . Most of the traditional subsistence far-

mers, however, have not yet started to use fertilizer. Of the farmers who use
fertilizer, over 90 percent use less than half the recommended level on cereal
crops, with particularly low levels of phosphate and potash applications ( 13)

.

Fertilizer use in the first three 5-year plans fell short of target levels.

Total fertilizer use increased from 305,000 nutrient tons in 1959/60 to

2.2 million nutrient tons in 1970/71 (fig. 4 and app. table 8). Use of large
quantities of fertilizer for grains and other cash crops is a relatively new
development in India (25 years ago, producers of beverage crops & tobacco were the
leading users of fertilizer). Growth in fertilizer use in the late 1960's was
associated with the rapid spread of high-yielding cereal varieties. In 1967/68,
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fertilizer supplies were somewhat limited, however, and only farmers living in

certain districts and planting high-yielding varieties were allowed to buy fer-
tilizer .

Of total fertilizer applications in India, grains receive about two-thirds
of the nitrogen and over half of the phosphate and potash applications. Yet,
over half the area planted to grains receives no chemical fertilizer. Rice
area receives about 34 percent of all nitrogenous fertilizer applications. Of
this, approximately 18 percent is used in irrigated rice areas and 16 percent
in rice areas with assured monsoon rainfall (2^). High-yielding rice varieties
receive about half the fertilizer used on rice. Wheat receives about 12 per-
cent of the nitrogen and over 10 percent of the other chemical nutrients ap-

plied on all crops.

Table 3 . --Est imates of the share of nitrogenous fertilizer used on specified
crops, India, 1970/71

„ : Irrigated : Unirrigated : m :,. iCrop Total
: area : area ;

Percent

Rice : 18.2 15.8 34.0
Wheat : 6.9 5.1 12.0

Grain sorghums : 0.6 7.1 7.7

Bajra : 0.3 5.6 5.9

Corn : 0.2 1.6 l.G

Barley : 1.3 0.7 2.0

Ragi : 0.3 0.7 1.0

Other gra ins : 1_:^ U2 1.3

Total grain

Pulses
Total food grains.

Sugarcane : 8.0 0.0 8.0
Cotton : 1.7 3.5 5.2

Spices : 2.5 1.8 4.3

Vegetables : 2.9 0.9 3.8

Tobacco : 0.6 0.4 1.0

Other : 2.9 2.5 5.4

; 27.9 37.8 65.7

; 1.1 5.5 6.6

: 29.0 43.3 72.3

Total : 47.6 52.4 100.0

Source: Calculated from (2).

Sugarcane is the major recipient of fertilizer among the nongrain crops

It accounts for about 8 percent of the nitrogenous fertilizer applied and

ranks first among major cash crops in the rate of fertilizer application per

hectare (2)

.
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Credit for fertilizer purchases by farmers from cooperatives and nev? bran-

ches of the 14 nationalized banks increased about 25 percent during 1968-71

(12) . Yet, difficulty in obtaining adequate credit remains a major deterrent
to expanding fertilizer sales to small farmers.

A 10-percent excise tax was put on fertilizer in March 1969 by the Govern-
ment of India (_3 ) . Railroad rates for hauling fertilizer have been increased
at a much greater percentage than rates on most other commodities. New regu-

lations and added costs for truck owners have caused them to increase their
fee for hauling fertilizer from railway depots to village distributors.

Prices

Prices paid by farmers for fertilizer have tended to increase in recent
years, particularly for certain types of nitrogenous fertilizer (table 4).
The closing of the Suez Canal and uncertainty about continued imports of

phosphate rock caused the price of superphosphate to increase by 25 percent
between 1966 and 1968. Competition from other types of fertilizer caused the

price for superphosphate to decline in April 1970 to near the 1966 level. How-

ever, the price recovered in late 1970 because of greater use by wheat farmers.

Table 4. --Prices paid by farmers for selected types of fertilizer, India,
1966-70 1/

Type 1966 • 1967 • 1968
'

1969
'

1970

per metric

114.67
66.93

76.93

58.26
41.56

58.60

Urea (46% N) 90.67
54.00

: 68.67

: 48.67
: 34.78

: 41.87

112.00
65.60

76.93

58.26
40.13

52.26

125.73
71.87

83.47

63.07
39.96

63.73

125.73
Ammonium sulphate...
Ammonium sulphate

nitrate

70.53

83.47
Calcium ammonium

nitrate 58.27
Superphosphate
Muriate of potash

(60% K2O)

36.59

64.40

1/ Years beginning Feb. 1.

Source: (_3, Jan. and Sept. 1971)

Economics of Fertilizer Use

Many experiments have proven the advantages of using fertilizer in com-

bination with certain high-yielding seed varieties and cultivation methods.
The optimum level of fertilizer application (the level that provides the highest
profit) for semi-dwarf Mexican wheat varieties ranges from 20 to 80 percent
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above that recorded for the best tall Indian variety. Tests by ICAR showed
that the optimum dose of nitrogen for Sharbati Sonora , a popular amber-colored
adaptation of Mexican wheat, is 124 kilograms per hectare (table 5) (_3j Jan.
1971). In comparison, only 69.6 kilograms of nitrogen per hectare are needed
to obtain a maximum yield of C 306— a tall India wheat. With optimum nitrogen
applications, the maximum yield for Sharbati Sonora was 4.4 tons per hectare,
40 percent above the maximum yield for C 306.

When large quantities of fertilizer are applied to tall Indian varieties
of wheat and rice, these varieties tend to suffer from lodging and fall to the
ground before havrest time. Conversely, Mexican wheat varieties and Philippine
rice varieties have stronger and shorter stems and are much less prone to
lodging (I) .

The response of new rice varieties to nitrogen varies according to the
time and rate of application (table 6). Yields of grain sorghum and Bajra also
vary according to the amount and timing of nitrogen application (tables 7 & 8)

.

Experiments have proven that extra profit can be obtained by adding potash
fertilizer to various crops where only nitrogen and phosphorus were included
previously

.

Table 5. --Yields of selected varieties of wheat obtained when the optimum dose
of fertilizer was applied, India, 1969/70 _1/

Variety
of

wheat

Optimum
dose

Yield at :

optimum :

dose :

Response :Net profit per hectare
over no : with optimum dose
nitrogen ; of fertilizer

Sharbati
Sonora . .

S 227

S 308
PV 18

Chhoti Lerma
Sonora 64 . .

Lerma Rojo.
J 227

Safed Lerma
C 306.

Kgs . of ni-

trogen per
hectare

124.0

95.2
105.2

95.2

105o2
118.0
92.0
92.8

89.6
69.6

Kilograms

4,415
3,949
3,694
3,821
3,817
3,888
3,596
3,652
3,422
3,154

Kilograms

2,225
1,571
1,475
1,441

1,631

1,748
1,221
1,172

1,223
785

Dollars

203.75
141.78
129.00
127.94
145.50
154.54
105.47
100.00
106.27
65.00

_1/ From tests conducted near Delhi by the Indian Council of Agricultural
Research (ICAR).

Source: (3, Jan. 1971, p. 47).
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Table 6. --Yields of Padma and Sabarmati rice varieties obtained when the rate
and time of nitrogen application is varied, India, 1969 1/

Treatment
number

Fertilizer application at time of-- :Total :_

„, .
'

r^ -, . ^ . ' Panicle rfertilizer :Planting Cultivation ....
: tinitiation lapplication ;

Grain yield of--

Padma 'Sarbarmati

Kilograms of nitrogen per hectare Kilograms /hectare

10,

11,

40
100

75

75

50

50

50

25

25

20 20

25
25

50

50
25 25

75

50 25

100

3,395 2,925
80 4,616 4,637

100 5,130 5,574
100 6,315 5,207
100 5,916 4,601
100 4,968 4,345
100 6,488 5,986
100 5,676 4,813
100 6,534 6,532
100 6,053 4,862
100 6,168 6,282

J^/ From tests conducted near Delhi by the Indian Council of Agricultural
Research

.

Source; (3, Jan. 1971).

Table 7. --Average yields of four varieties of grain sorghums obtained at dif-

ferent levels of nitrogenous fertilizer applications, India, 1969 _1/

Kilograms of nitrogen
per hectare

H -I ; H-II ; Swarna
[

Local

-TT
Lii hect

1,880

" JS. j^rams per

1,930 1,390 1,460

50 2,930 2,650 2,470 2,210

100 3,820 3,220 3,200 2,110

150 3,870 3,500 3,210 2,280

200 3,900 3,830 3,580 1,490

_1/ From tests conducted at the Dharwar research station by the Indian Coun-

cil of Agricultural Research.

Source: (3, Jan. 1971).
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Table 8. --Average yields of three varieties of bajra obtained at specified
levels of nitrogenous fertilizer application, India, 1969 1/

Kilograms of nitrogen per hectare
;

HB 1
: HB 4 :

L^ocal

Kilog:rams

1,160 1,520 930
1,610 2,050 1,250
2,080 2,460 1,490
2,240 2,640 1,630
2,370 2,760 1,790
2,460 2,830 1,750

40
80

120

160

200

\l From tests conducted at the Dharwar research station by the Indian Coun-
cil of Agricultural Research.

Source: Q, Jan. 1971).

Irrigation

India ranks next to the People's Republic of China as the second most im-
portant country in the vorld in irrigated cropland. The total area under irri-
gation currently covers 32 million hectares. The proportion of all cropland
receiving irrigation increased from 16 percent in 1950 to 23 percent in 1970.
More than one crop is planted annually on about one-fourth of the irrigated
land, and future gains in multiple-cropping are closely tied to an expansion in
irrigation. Installation of new tube-wells and construction of new irrigation
canals is proceeding rapidly in the Gangetic Plain. Total irrigated area has
been expanding by about 1 million hectares annually.

Indian cultivators currently obtain about 41 percent of their water from
irrigation canals, 34 percent from wells, 17 percent from tanks (ponds), and
the remaining 8 percent from other sources (2_2) . The share of irrigation water
obtained from canals has declined in recent years as more tube-wells have been
installed. Natural streams, springs, and underground tiles provide some irri-
gation water. The number of diesel and electric pumps used by farmers increased
from 979,000 in 1965/66 to about 2 million in 1970/71. Most of the investments
in small irrigation facilities are private, while major projects are financed
by the Government.

During the first three Five-Year Plans (covering, in all, 1950/51-1965/66),
the Government allocated $3.2 billion to about 500 irrigation projects. Of
these, 295 projects providing 4.2 million hectares of additional irrigated land
had been completed by 1966. Expenditures during the first three plans totaled
$1.8 billion for major and medium schemes and $800 million for minor schemes.
During the Fourth Five-Year Plan (1969/70-1973/74), programs designed to add 10

million hectares to irrigation are scheduled, but actual accomplishment is

likely to be below the target level (20)

.

m
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In most areas--particularly northwestern India--unpredictability in the

timing and amount of rainfall received from June through September have caused

many farmers to install irrigation facilities. Low average yields for cotton

and oilseed crops have prevailed in western India because of the lack of ade-

quate irrigation facilities.

Farmers are using tube-wells to tap more of the vast underground water

resources. Over 400,000 tube-wells are now operated in the Gangetic Plain,

compared with less than 100,000 in 1965. It has been estimated that tube-wells

and other facilities for developing minor irrigation could add 18 million hec-

tares of irrigated land by 1982 (20) » Most of the expansion would occur on

the alluvial soils of Punjab, Uttar Pradesh, Bihar, and West Bengal.

Since 1965, India's Exploratory Tube-wells Organization has evaluated acr

tual and potential underground water reserves. Large supplies of water near the

surface were found in the northern part of the Gangetic Plain and north of Cal-

cutta. Plans have been completed for building facilities to use this water for

urban needs and for irrigating vegetable gardens located near the city. The

Narmada Valley of Madhya Pradesh has a large storehouse of ground water. Con-

siderable reserves of ground water were recently found in the Jaisalmer area

of the Thar Desert of Rajasthan (20).

Some of the largest dams that provide irrigation water are Ghakra (Pun-

jab), Kosi (Bihar), Hirakud (Orissa), Gandi Sagar (border of Madhya Pradesh
and Rajasthan), Nagar junasagar (Andhra Pradesh), and Mahi (Gujarat) (10).

Farm Labor and Land Ownership

About 164 million Indians or nearly 69 percent of the total labor force
were employed in agriculture in 1970. Employment in the farm sector is in-
creasing by about 2.1 percent annually, compared with 5.5 percent in the non-
farm sector.

Farm wages in India range from $2 a day for tractor drivers in the Punjab
to less than 20 cents a day for some women and children in southern India. 5_/

The average wage for all farmworkers in India is currently about 35 cents a

day, or 4 cents an hour.

Subsistence farmers with an average of less than 2 hectares of land ac-
count for about 60 percent of all farmers in the country (_5) . They perform
all of the work on their small farms and still seek some off-farm employment.
About 14 percent of the farmers own more than 5 hectares and they provide most
of the employment for landless laborers (18).

^/ See app. table 8 for variations in labor and draft animals required for
various crops and work activities.
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Millions of Indians migrate from rural to urban areas each year, causing
severe unemployment problems in urban areas. Government programs are assisting
these persons in finding employment. For agricultural workers, the Government
is promoting multiple-cropping, rural V7ork projects, and cottage industries as

a means of providing emplojnuent throughout the year {]_, Oct. 1970). The Govern-
ment-sponsored Small Farmers Development Agency and Marginal Farmers Program
are designed to carry some of the benefits of the Green Revolution to small
farmers

.

During 1960-70, tenant farmers received deeds to 1 million hectares of

land that was redistributed after land-ceiling laws were passed. This redis-
tributed land accounts for less than 1 percent of the country's cropland. Most
of the breakup of large farms resulted in farmers selling or giving part of

their land to their family members or relatives, rather than transferring it to

tenant families ( 18 ) . Land-ceiling laws vary by states and the availability of

irrigation water. While larger farms have been divided in most of eastern
India to comply with these laws, medium sized commercial farms have increased
in size in the Punjab. Between 1955/56 and 1967/68 in the Punjab, holdings of

farms ranging from 40 to 60 hectares increased by 40 percent. Relatives of

owners often share in these holdings.

Tenant farmers now cultivate about 32 million hectares of land. Where
tenants provide all of the inputs except the land resource, the landlord us-

ually receives about one-third of the value of the harvest. Opportunities for

good profits from the use of new technology have enticed some landlords or

their children to become cultivators themselves, replacing the tenant. Very

little land is available for sale at any given time. Irrigated land that sold

for $650 to $1,600 per hectare in northern India 5 years ago now sells for

three to five times that amount (18).

Machinery and Equipment

In early 1972, India had 130,000 tractors in operation and the number is

increasing by 40,000 annually. The tractors are used mostly to prepare seed-

beds for planting wheat and other grains. It is less costly to hire custom

tractor plowing than to pay the wages of workers spending many days preparing

the land with bullocks and wooden plows. A tractor used in preparing the seed-

bed for wheat can cover as much area in 1 day as can 100 men using traditional

hand tools.

Garden tractors imported from Japan and Eastern Europe are becoming more

common in coastal rice-producing areas. Over 20,000 two-wheel garden tractors

and rotary tillers were used in early 1972. Small tractors are more suitable

for small fields, where rice bunds pose a problem for larger, four-wheel trac-

tors. Some researchers have indicated that Indian farmers with small acreage

can cooperatively share a garden tractor and save money by selling their bul-

locks (_8).

The advantages of farming with tractors are realized by more Indian far-

mers each year, especially in northwestern India. In addition to contributing

to greater crop productivity and profits, tractors help farmers to more easily
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Once wheat is harvested, tractors are used to quickly plov the fields to

prepare the soil for another crop. Such use of tractors has spurred the prac-

tice of multiple-cropping in India.
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cultivate cloddy soil, which is difficult to work with traditional methods.
Also, because they are time-saving, tractors enable farmers to plant and harvest

their crops at the proper time. Implements used with tractors allow farmers to

quickly and easily distribute fertilizer, seed, and insecticides at the proper
time

.

Many progressive Indian farmers contend that the use of a tractor and farm
implements has been a major factor contributing to their higher incomes, to
more intensive use of multiple-cropping, and to preparation of efficient irri-
gation facilities. Many farmers without tractors have difficulty preparing ir-

rigation ditches or furrows that will effectively carry water to all parts of

the field. Tractors are convenient sources of power for transporting supplies
to the farm and for transporting crops to market centers.

Experiments conducted near Delhi by the India Council of Agricultural Re-

search indicated a definite advantage of using tractors for obtaining maximum
yields from high-yielding varieties and for planting four crops a year. Land
previously used to grow fodder crops for draft animals can now be used for pro-

fitable new varieties of cereals and potatoes.

Despite the increased use of tractors, the major source of draft power in

India is still bullocks. About 70 million are used to cultivate fields. How-

ever, more farmers are discarding their traditional wooden plows and using more
efficient metal plows. Over half the plows in use are still reported to be the

wooden type, but they are used to plow less than one-fourth of the land. Some

farmers hire custom tractor operators to do the initial plowing and then use

their bullocks for subsequent cultivations. Tractors and rotary tillers are

used to prepare about 9 percent of the soil for planting, and large hand hoes

are used for 5 percent

o

Tractor Manufacturing

India's output of four-wheel tractors tripled between 1965/66 and 1969/70,

rising from 5,714 to 17,350 units. For the relative importance of major tractor

factories, see table 9. Output of four-wheel tractors in 1971/72 is estimated

at around'22,000 units. Because of the marked rise in the use of high-yielding

cereal varieties and profits obtained from them, use of tractors has increased

rapidly (fig. 5)

.

India's tractor output could reach 40,000 four-wheel tractors in 1973/74

(3, Jan. 1971). In addition to the four large factories which together pro-

duced 17,000 tractors in 1969/70, new factories under construction near Bombay

and in Haryana will enable output to reach 27,000 in 1972/73. Additional fac-

tories are scheduled for construction in the Punjab and in Haryana. While

medium sized, 28 to 35 horsepower, four-wheel tractors have been prevalent in

the last decade, the variety of tractors available is expected to increase in

the future,
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Table 9. --Output of 4-wheel tractors, by specified factories, India, 1965/66

through 1969/70 1/

Factory

Escorts, Faridabad
Eicher, Faridabad
International, Bombay..

Massey-Ferguson, Madras

Hindustan, Barodao
Total

1,258
123

3,066
1,267

5,714

\_l Years beginning April 1

Source: (16)

.

1965/66 ; 1966/67 : 1967/68 ; 1968/69 1969/70

2,133

LNUuiDer- - -

2,556 5,625 8,000

92 204 346 350

1,301 2,901 4,001 4,200

3,397 4,087 3,275 3,100

1,893 1,646 2,219 1,700

8,816 11,394 15,466 17,350

INDIA: FERTILIZER AND TRACTOR USE AND THE PRODUCTION OF

HIGH- YIELDING VARIETIES (HYV] OF CEREALS

% OF 1966/67

19681967

^972 PROJECTED

US. DEPARTMENT OF AGRICULTURE

1969 1970 1971 1972
YEAR ENDING JUNE 30

NEC. EHS B4aA-7I(B) ECONOMIC RESEARCH SERVICE

Figure 5
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Tractor Imports

India's tractor imports in 1971 approximated 20,000, compared with only
7,500 in 1968. The Government-ov?ned State Trading Corporation (STC) handles
tractor imports. In recent years, most of the imports have been received by
STC through trade agreements with the Soviet Union and East European countries.
Some large m.odels have been imported from the United States, especially for ir-
rigation projects and land clearing.

Soviet exports of tractors to India increased from 1,703 ir 1968 to 6,140
in 1969 and continued at high levels in 1970 and 1971. East Germany sent about
9,000 tractors to India in 1969 and 1970. Over 30,000 Czech tractors have been
imported since 1948. Yugoslavia snnds 600 to 1,200 medium sized tractors to
India annually. Poland exported 6,552 tractors to India in 1969.

Pesticides and Insecticides

In India, losses of all grain from pests--frora the time of planting the
crop until use by consumers--are estimated Jt 7 to 10 percent of production.
Adequate control measures could greatly reduce these losses. Some pesticides
were used on over 45 million hectares of cropland in 1970/71, compared with
only 2.4 million hectares in 1955/56.

Of the 50,000 tons of pesticides used by Indian farmers in 1970/71, about
70 percent was produced domestically. The private sector accounts for over 90

percent of pesticide output. Important insecticides manufactured in India are
BHC, DDT, Thiocarbamate, Malathion, and Thiram.

The recent trend in insecticide imports has been a shift to ingredients
for use in Indian factories rather than imports of ready-to-use insecticides.
About one-fourth of the ingredients used by domestic producers are imported.

Imports of insecticides ready for immediate use by farmers usually range

between $10 million and $15 million. The United States, Switzerland, the

United Kingdom, and Japan are the major suppliers.

Several years ago, crops in western India were severely attacked by lo-

custs. This and other massive attacks by insects prompted the Government to

purchase airplanes for use in spraying crops in such emergencies. Aerial

spraying of insecticides to control malaria has added several million hectares

of new cropland in Uttar Pradesh. Plans to use airplanes for spraying cotton

are included in programs to boost cotton yields. The Fourth Five-Year Plan's

target for aerial spraying includes 2 million hectares of cropland.

Seed treatment, which is the first stage of plant protection, has spread

rapidly in India. In 1971, it affected seed planted on 26 million hectares.

During the Fourth Five-Year Plan, various types of plant protection are sched-

uled for about 82 million hectares of cropland.

29



Some new rice varieties have been more susceptible to certain severe dis-

eases than traditional rice varieties, although traditional varieties suffered

for centuries from fungal diseases, blast, and Helminthospariose . However,

traditional varieties seldom were attacked by streak, the bacterial blight

disease, which destroyed entire fields of IR-8 and some other high-yielding

varieties in the late 1960's. In 1969, an epidemic of Tungro (a virus disease)

hit high-yielding rice varieties in Uttar Pradesh and Bihar.

Other Selected Inputs

Also important to the expansion of agricultural production in India have

been developments outside the realm of direct, physical inputs. The indirect

inputs discussed here--farm credit and agricultural research, education, and

training--have affected the type and magnitude of the more direct inputs, such

as fertilizer and irrigation.

Farm Credit

Most of the farm credit in India has gone to large farmers, especially

the 7 percent who own about half the nation's cropland. For smaller farmers,

scarcity of credit has hindered the use of farm inputs. Since most efforts

to provide credit in the past have not reached the mass of small farmers, new

programs have been designed to give them credit and a chance to share in the

Green Revolution. Providing credit and technical assistance to small farmers

is a major function of the Small Farmers Development Agency.

The expansion of farm cooperatives in India has resulted in increased
availability of credit for individual farmers. Cooperatives now provide almost

one-third of the loans received by farmers. Land-mortgage banks provide about

9 percent, and private individuals and moneylenders provide over half. Rela-
tives of farmers working in cities, in the military, or abroad often send
money home for investment in the family farm. Moneylenders are usually larger

farmers or relatively wealthy merchants who reside in rural areas.

In 1967/68, primary agricultural credit societies provided credit for
some farmers in 86 percent of India's 550,000 villages. These societies,
which numbered nearly 150,000, contained 28 million members and served 32 per-
cent of India's rural families (12_, Nov. 1970).

In July 1969, the Government of India nationalized the 14 largest banks
in the country. Banks--excluding land mortgage banks--provided about 5 per-
cent of the credit received by Indian farmers in 1970. Plans to greatly
increase the activities of these banks in providing loans to farmers are
beginning to materialize (12 , Nov. 1971).
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Research, Education, and Training

The Indian Council of Agricultural Research is the major coordinator of
research designed to increase crop yields, improve farming methods, provide
rural employment, and increase farm income. ICAR was established in 1929. It
was reorganized in 1965 and now has 25 research institutes and 8 Soil Conserva-
tion Research and Training Centers under its control (_9) .

Education in agriculture and sciences related to agriculture is increasing
rapidly now that 30 percent of the people are literate. There are now 12 agri-
cultural universities, 73 agricultural colleges, and 20 veterinary colleges.
Short courses for extension agents and farmers are conducted by these institu-
tions. Demonstrations centers illustrate improved farming methods to millions
of visitors each year. Publications and information provided for radio pro-
grams by universities and colleges arouse enthusiasm and spread knowledge
among farmers

.

OUTLOOK FOR TECHNOLOGICAL CHANGE

During 1971-81, total agricultural production in India is expected to in-

crease slightly faster than population because of the continued spread of new
technology. The population is now increasing about 2.4 percent annually, but
a slight decline in the growth rate is anticipated for the late 1970's. The
area planted to high-yielding grain varieties is expected to reach 30 million
hectares in 1981--double the area planted in 1971. Fertilizer use is expected
to more than double, with domestic factories providing an increasing share of

farm needs. The area covered by multiple-cropping in 1980 is expected to ap-

proximate 35 million hectares, about 50 percent above the 1970 level. Area
under irrigation is expected to increase by about 1 million hectares per year
in the 1970's. Indian farmers will be operating about half a million four-

wheel tractors and about 140,000 garden tractors by 1980.

Use of new technology is expected to result in a 4-percent annual increase
in grain production in India during 1971-81. (Projections of grain production
are discussed in the following sections.) New technology will also have a

marked impact on the production of cotton, peanuts, soybeans, castor beans,
and vegetables. Critical shortages of cotton and vegetable oils have caused
Indians to step up programs designed to spread the use of high-yielding vari-
eties of cotton, peanuts, and other oilseeds. By 1980, oilseed production
should exceed 14 million tons and vegetable production is expected to approxi-
mate 45 million tons. India is likely to be a net grain exporter during
several years of the 1970's.
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PROJECTIONS OF GRAIN PRODUCTION IN INDIA

The following sections present projections of food grain production and

total grain production in India. In the present study, projections were made

for 1971/72, 1972/73, and 1973/74 (the last 3 years of the Fourth Five-Year
Plan) and for 1980/81. This study's projections for 1980/81 are compared
with projections made in other studies.

Methodology and Assumptions

Projections for most of the food grains (all cereals and pulses) were
made on the basis of expected growth rates in area and yield, which were cal-

culated separately for high-yielding and traditional varieties. Production
of barley and pulses was projected only for traditional varieties, because no

statistics are available to indicate the extent of high-yielding varieties
planted in these crops.

The expected rate of farmers' adoption of new technology is considered in

the projections. Past trends in area planted to high-yielding varieties (HYV's)

provided some useful indicators, but limitations on the further spread of HYV's

were also considered. The rate of increase in the area planted to high-yielding
varieties is expected to slow down, because much of the best land is already

being used for such production.

The availability of fertile soil, irrigated area, fertilizer supplies,

and other inputs was considered. Fertilizer use will continue to expand, but

at a less rapid rate than in the last 5 years. When HYV's were first planted

in areas where little fertilizer was used, 1 nutrient ton of fertilizer was ex-

pected to provide an additional 13.5 tons of grain (14) . The use of 1 addi-

tional nutrient ton of fertilizer on HYV's already receiving 30 percent of

the recommended dose could provide an additional 10 tons of grain, according
to the National Council of Applied Economic Research (NCAER) in New Delhi.

Since levels of fertilizer use in India are still relatively low, few farmers

yet face the problem of a diminishing rate of return.

The projections considered a shift to newer high-yielding varieties that

have more resistance to disease and insects and that require shorter growing
seasons. New farming areas made available through irrigation projects and new
programs to encourage more small farmers to use HYV's were also taken into

account

.

Projections of area and average yields assume that prices for wheat and
coarse grains will maintain their high levels and that rice prices will increase
by 2 to 3 percent annually during 1971-81. Normal weather is assumed, although
droughts are likely to reduce production in 2 out of every 10 years, even with
the new insurance provided by HYV's planted in irrigated areas.
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Projections

India's food grain output (all cereals and pulses) in 19T})/Ik, the last
year of the Fourth Five-Year Plan, is projected at 123.2 million tons (app.
table 10). Output in 1980/81 is projected to approximate 144 million tons--
about 33 percent above the bumper harvest of 107.8 million tons in 1970/71
(app. table 11)

.

Total cereal production (excludes pulses) is projected at 110.5 million
tons in 1973/74 and 129.3 million tons in 1980/81. The difference between
total food grain output and total cereal output is production of pulses--pro-
jected at 12.7 million tons in 1973/74 and 14.5 million tons in 1980/81. Most
of the additional cereal production will come from high-yielding varieties
planted in areas that are irrigated or that have assured rainfall. The share
of grain production provided by high-yielding varieties is expected to increase
from 35 percent in 1970/ /I to about 45 percent in 1973/74 and approximately 52

percent in 1980/81.

Area planted to high-yielding grain varieties is expected to approximate
30 million hectares in 1980--double the area planted in 1971. Growth in area
planted to high-yielding grain varieties and growth in their average yields
are projected to be more rapid during the Fourth Five Year Plan--which ends in

1973/74— than during the late 1970's. The loss of area by traditional varie-
ties to HYV's will also proceed at a slower pace after 1974.

The continued increase in area planted to high-yielding varieties will
contribute to a rise in multiple-cropping, especially when short-duration vari-
eties are usedo An Iowa State University study (17) projected that the area
covered by multiple-cropping in India would increase from 25 million hectares
in 1970/71 to almost 42 million hectares in 1980/81.

During this period, the total area of cropland in India is expected to

increase by only 2 or 3 percent. Because of the advance in multiple-cropping,
the decline in area planted to traditional grain varieties will not decline in

proportion to increased plantings of high-yielding varieties.

Expansion of area planted to new varieties will create a greater need for

fertilizer and irrigation water. Most of the nitrogenous and phosphate ferti-
lizer used by Indian farmers in the 1970's will be domestically manufactured,
thus preventing shortages that could result from import restrictions. The
Fourth Five-Year Plan calls for new fertilizer factories to begin operations
by 1973/74. Their production capacity is targeted to bring the country's total

fertilizer production capacity to 3 million nutrient tons for nitrogenous fer-

tilizer and 1 million nutrient tons for phosphate fertilizers. However, opera-

tional problems will probably limit actual production to about 2 million

nutrient tons of nitrogen and 0.4 million nutrient tons of phosphate ferti-
lizers in 1973/74 (app. table 5). All supplies of potash will continue to be
imported

.
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Table 10 compares 1980/81 projections developed in this study with 1980/81
projections made by India's National Council of Applied Economic Research and

with 1980 projections of the Food and Agriculture Organization of the United
Nations (FAG). In all three projections, rice and wheat production levels
are within 2 percent of one another. Apparently, this resulted because all
three projection studies used calculations based upon expected gains in the

use of HYV ' s and fertilizer. Plantings of high-yielding wheat varieties were
already significant when the NCAER and FAG projections were being made. How-
ever, an upsurge in coarse grains production in India in 1970/71 was not re-
flected in the projections made by these organizations. Calculations in the
present study assume that high-yielding varieties of certain coarse grain
crops will continue to spread at a rapid rate during the early 1970's. There-
fore, coarse grains projections developed in this study for 1980/81 are higher
than those made by NCAER and FAG.

Table 10, --Food grain production in India, 1960/61 and 1970/71, and comparison
of projections for 1980/81

Actual product ion in-- :P rojections for 1980/81 made by-

Crop 1960/61 ' 1970/71 Present :

stydy :

NCAER :

study 1/ :

FAG
2/

_ _ Ml 1 1 ion metric tor

58.2
32.3
38.8

Rice 34.6
11.0
23.7

42.4
23.2
30.6

58.0
32.0
35.0

58.0
Wheat 31.5

Coarse grains 33.9

Total 69.3 96.2 129.3 125.0 123.4

Pulses 12.7 11.6 14.5 23.0 None made

Total food grains.. : 82.0 107.8 143.8 148.0 None made

1/ 1970 study of Ifidia's National Council of Applied Economic Research (15)

2/ 1971 study of the Food and Agriculture Organization of the United Na-
tions (4).

A recent study by the Economic Research Service (ERS) projected 1980
world demand for wheat, rice, and coarse grains (2_1) . Three sets of projec-
tions were made: Set I assumed a continuation of 1971 food and fiber policies
and allowed for moderate gains in productivity in less developed countries
(LDC's). Under sets II and III, respectively, higher and lower rates of agri-
cultural productivity and economic growth were hypothesized for the LDC's.
The study delineated the world into 22 regions. Gne region, an aggregate of
South Asia, was composed of India, Pakistan, Afghanistan, and Ceylon.
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No direct comparisons are therefore possible between the ERS projections
for South Asia and this study's projections for India. However, wheat produc-
tion projections in this study are close to those in set I of the earlier ERS
study. Rice production projections in this study fall about midway between
the ERS set I and set II projections. For coarse grains production, the pro-
jections in this study are slightly below those of set II in the ERS study.
In recent years, technology in coarse grains and rice production in India has

increased more rapidly than anticipated in earlier projection studies. Assump-

tions of set II projections in the ERS study--that is, accelerated economic
growth and agricultural productivity in the LDC's--are nearer to the situation
that has developed for rice and coarse grains than assumptions of set I.

For all grains, projections in the present study and in the ERS study
indicate that India will be importing grain in 1980. Arrangements which pro-

vide markets for India's manufactured products in exchange for rice from
Nepal, Burma and Thailand are expected to continue. Exports of wheat to Bang-
ladesh are also expected to continue.

35



LITERATURE CITED

(1) Dalrymple, Dana G.

1971. Imports and Plantings of High-Yielding Varieties of Wheat

and Rice in Less Developed Nations. U.S. Dept. of Agr
.

,

Foreign Econ. Develop. Serv., Rpt. 8. Jan.

(2) Desai, G. M.

1969. Growth of Fertilizer Use in Indian Agriculture--Past Trends

and Future Demand. Cornell Univ. Dept. of Agr. Econ. U.S.

Agency for International Development Prices Research Pro-

ject, pp. 148-155. July. Ithaca, N.Y.

(3) Fertilizer Association of India
1970-

71. Fertilizer News. Various monthly issues. New Delhi.

(4) Food and Agriculture Organization of the United Nations
1971. Agricultural Commodity Projections, 1970-80. Vol. I. Rome,

(5) Government of India
1969. Statistical Abstract of India, 1968. Mar. New Delhi.

(6) , Agricultural Prices Commission
1971. Government of India Report on Price Policy for Kharif

Cereals for 1971/72 Season. Table 4. Sept. New Delhi.

(7) , Council of Agricultural Research
1970-

71. Indian Farming. Various monthly issues. New Delhi.

(8) , Ministry of Food, Agriculture, Community Development
and Cooperation, Directorate of Economics and
Statistics

.

1971. Summary of the All-India Final Estimates of Food Grain
Crops, 1970/71. Aug. New Delhi.

(9)

1970. Area, Production and Yield of Principal Crops in India,
1949/50 to 1969/70. Summary tables. Nov. New Delhi.

(10)

1971. Indian Agriculture in Brief. 11th Ed. Jan. New Delhi.

(11) , Planning Commission
1970. Fourth Five-Year Plan. New Delhi.

(12) , Reserve Bank of India, Agricultural Credit Department
1971. Cooperative News Digest. Various monthly issues.

36



(13) Hendrix, W. E., and Giri, R.

1970. India's Agricultural Progress in the 1950's and 1960's.
Gov. of India; Ministry of Food, Agriculture, Community
Develop, and Cooperation, Directorate of Econ. and Stat.
Apr. New Delhi.

(14) Hendrix, W. Eo , Naive, J. J., and Adams, W.

1968. Accelerating India's Food Grain Production--1967/68 to
1970/71. U.S. Dept . of Agr

.
, Econ. Res. Serv., Foreign

Agr. Econ. Rpt. No. 40. Mar.

(15) National Council of Applied Economic Research
1970. Projections of Demand and Supply of Agricultural Commodi-

ties. Sept. New Delhi.

(16) Indian Society of Agricultural Engineers
1971. 1970 Directory of the Indian Society of Agricultural

Engineers. July. New Delhi.

(17) Iowa State University, Center for Agricultural and Economic Development
1970, Demand and Supply Projections of Foodgrains in India, 1970/71-

1985/86 o Oct. Ames, Iowa.,

(18) Ladjinsky, W. W.

1971c Land Reform in Developing Countries and the Green Revolu-
tion. Paper presented at the 28th International Congress
of Orientalists. Canberra, Australia. Jan.

(19) Parker, John B.

1970. A Comparison of Agriculture in India and the United States.
U.S. Dept. of Agr., Econ. Res. Serv., Farm IndeXo Oct.

(20) Roa, L. L.

1967. Irrigation--Foundation for a Sound Economy. India News,
Embassy of India. Sept. 8. Wash., D.C.

(21) Rojko, A., Urban, F., and Naive, J. J.

1971 o World Demand Prospects for Grain in 1980, With Emphasis
on Trade by the Less Developed Countries. U.S. Dept. of

Agr., Econ. Res. SerVo, Foreign Agro Econ^ Rpt. No. 75.

Dec.

(22) U„S. Department of Agriculture
1972. Brief on Indian Agriculture. Foreign Agr. Serv. Office

of Agr. Attache. Jan. New Delhi.

(23) Willett, Joseph W.

1969. The Impact of New Grain Varieties in Asia. U.S. Dept. of

Agr., Econ. Res. Serv., ERS-F 275. July.

(24) Wunderlich, Gene
1970o Land Reform in India. U.So Agency for International
Development Spring Review on Land Reform. June.

37



Appendix table 1. --Selected agricultural data, India and the United States, 1970

Item • Unit
[

India _' United States

Total land area . : Million hectares 329

327

174
62

138
22

14

! 32

538
231

159

69
54

.1

: 2

19

: 3

: 2.2

0.9
3.1

: 120

936

Excluding rivers and lakes.

Land in farms . . . . o .

»

Forest land

.: do.

. : do. :

.: do. :

917

507

250

Cropland cultivated » .

.

Cropland idle or fallow
Pasture and grazing land

Cropland irrigated. ....••••..

. : do.

. : do. :

. : do.

. : do.

122

25

360

14

Population .: Millions 203

Labor force , total . : do. 85

Labor force in agriculture...
Agriculture's share of total
labor force

.: do.

. : Percent

4

5

Number of farms . : Millions 3

Number of tractors .: do. 5.6

Fertilizer use .:Million nutrient tons 14

Value of agricultural output.

Land area per farm

. : Billion dollars

. : Hectares

49

157

Cropland cultivated
per farm. : do.

. : do.

40

Cropland cultivated per
farmworker ....o 35

Workers per farm, . : Number 1.2

Value of output per

farmworker . : Dol lars 15,000

Sources: (8, 19).
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Appendix table 8. --Growth in the consumption of inorganic fertilizer, by type and
quantity, India, 1952/53-1970/71, and projections for 1971/72 1/

Total

Type of plant nutrient

Year ;

Nitrogen Phosphates •

(P2O5) ''

Potash (K2O)

________ 1 r\r\r\ „,,».».,• ^„». (-„„o

1952/53 65.7
105.1
120.9
130.8
153.8

183.7
223.9
304.5
293.9
383.4

486.4
574.3
652.6
784.9

1,102.3

; 1,540.0
1,674.0
1,989.0
2,177.3

2,777.3

57.8 4.6
89.3 8.3
94.8 15.0

107.5 13.0

123.1 15.9

149.0 21.9
172.0 29.5
229.3 53.9
211.7 53.1
291.5 63.9

360.0 89.9

407.0 116.7

434.5 147.7

575.0 132.2

738.0 248.6

1,035.0 335.0

1,131.0 389.0

1.360.0 420.0
1.487.1 462,0

1,786.0 643.0

3.3

1953/54 7.5

1954/55 11.1

1955/56 10.3

1956/57 14.8

1957/58 12.8

1958/59 22.4

1959/60 21.3

1960/61 29.1

1961/62 28.0

1962/63 36.5

1963/64 50.6

1964/65 70.4

1965/66 11 .1

1966/67

1967/68

115.7

170.0

1968/6Q 154.0

1969/70 209.0

1970/71 228.2

1971/72 projected.

.

344.3

_!/ Years beginning Apr. 1.

Sources: (3), (22).
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Appendix table 9. — Per-hectare utilization of human labor and bullocks, India, selected areas,
crops, operations, and years

Operations

: Prepara- : Sowing 6e Adding Irri- : Har- :

Year • Area and crop : tory
: tillage

: trans-
:planting

nutrients gation :vesting: Other Total

_ _ «_hrm->- Hairc i.Tn i'VpH — — —

1957/58- : Orissa:

OllUU ^ ""j--^ "- L I\.CLl ~

1959/60 : Rice-
average Human labor . o . .

.

: 18.48 6.94 43,1 1,15 24.53 6.97 101.19

: Bullock labor.... : 25.92 9.43 8.2 — 1.75 15.02 60,32

1957/58- Andhra Pradesh:
1959/60 : Rice-
average Human labor 13.05 27.99 22.3 3,85 46,33 2,59 116,12

Bullock labor.... : 20.16 — 3.2 — 15,56 ,79 39,71

: Tobacco--
Human labor , : 13.17 28.45 56.8 10,60 129,46 9.28 247.75
Bullock labor.... : 23.77 .20 11,5 ,05 8,75 4.20 48.58

1954/55- West Bengal:
1956/57 Jute--
average Human labor ...... 25.45 4.52 88,66 1.00 81.07 -- 200.70

Bullock labor.... n.a. n.a. n,a. n,a. n,ao — 44.50

1954/55- Punjab:
1956/57 American cotton--
average Human labor 14.0 4.2 19,8 8,4 24.1 1.5 82.0

Bullock labor. . ,

,

26.2 5.7 7,7 1.5 0.2 — 41.3

Irrigated wheat— :

Human labor 17.2 5.2 6„7 8.4 29,7 -- 67.2
Bullock labor.... 31.6 7.9 1,3 6.7 14,8 — 62,3

Unirrigated wheat—

:

Human labor 9.6 3.7 1.3 — 16,8 -- 31.4
Bullock labor.... 19.2 6.7 -- — 6,7 — 32,6

1957/58- : Maharashtra: :

1959/60: Irrigated jowar :

average: (grain sorghums)— :

Human labor : 11.9 2.7 19.8 22.5 28,6 -- 85.5
Bullock labor....: 27.9 5.9 0.7 43,0 8,7 -- 86.2

Unirrigated jowar—

:

Human labor : 8.2 2.2 3.2 — 11,9 — 25.5
Bullock labor....: 20.5 3,5 1.0 " 2,2 — 27.2

Unirrigated bajra—

:

Human labor : 6.9 2,7 4,9 — 17.4 -. 31.9
Bullock labor,...: 14.3 4,2 2.0 -- 3.2 -- 23.7

Source: (10)

.
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Appendix table 11. --Projections of area planted, average yields, and production, high-
yielding varieties (HYV's) and traditional varieties of food grains, India,

1980/81 1/

Crop

Area planted Yield

1980/81
Average annual

change
1974/75-1980/81

1980/81
Average annual

change
1974/75-1980/81

Produc-
tion

1980/81

Wheat:
HYV's,
Traditional,

Total

Rice:
HYV's

,

Traditional,
Total

Grain sorghums
HYV's
Traditional.

Total

Corn:

HYV's
Traditional,

Total

Bajra:
HYV's
Traditional,

Total. o...

Other millets;
HYV's. ..c...
Traditional,

Total

Barley 2_/ . . , .

,

All grains:
HYV's.......
Traditional,

Total

Pulses 2/,

All food grains;..
HYV's
Traditional

Total

• 1,000 hectares- --

9,660
9,652
19,312

12,291
26,931
39,222

2,743
15,052
17,795

1,013
5,411
6,354

3,394
9,768
13,162

630
6,573
7,203

2,662

29,741
76,049
105,780

24 , 140

29,741
100,189
129,930

300
•230

70

670
•500

170

130
•100

30

40
7

47

125

-110

15

40
-60
-20

1,305
-988

317

120

1,305
-868

437

—Kilograms per hectare—

2,651
693

1,672

2,320

1 , 104

1,485

1,443
495
641

2,209
1,292
1,452

1,922
403
795

1,570
524

616

1,205

2,281
808

1,222

601

2,281
758

1,107

10

3

34

10

12

32

10
-4

12

7

4

22

8

7

5

19

1,000
H.T.

25,609
6,689

32,298

28,515
29,732
58,247

3,958
7,451
11,490

2,237

6,991
9,228

6,523

3,937

10,460

989

3,444

4,433

3,207

67,831
61,451
129,282

14,508

67,831
75,959
143,790

_1/Years beginning July 1.

2_/Projections made only for traditional varieties.
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