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Preface

Growth in agricultural production is increasingly dependent on greater
use of inorganic fertilizers. The resultant strains om supplies of foreign
exchange, domestic capital resources, and facilities to distribute fertilizer
give importance to the appraisal of future demand for fertilizer. Rapid
growth in farmers’ demand for ferulizer docs not occur automatically.
Effective public policy for achieving high growth rates in agriculture must
be based on knowledge of the factors which affect farmer demand for
fertilizer and the means of increacing that demand. What is the potential
for rapid growth in demand for firtilizer under curren. conditions of
technology and complemcntary input supply? What is the role of new
varieties of crops and increased irrigation? How will changes in cTopping
patterns affect the demand for fertshizer® These are key questions which
this work examines.

Ideally, investigation of the de.mand for fertilizer is based on detailed
study of physical production response under differing farm conditions
and farmer's reactions to that response under the vaning conditions of
price relationships, knowledge of available resources, and motivation
within which 1armers make their decisions. Gunvant Desai has approached
the bulk of his analysis indirectly by analyzaing rel.tionships among vari-
ables at the state and district levels. He has made detailed analysis of farm
level data for one arca and compiled similar d:ta from secondary sources
for many other arcas. He has alvo made ar extensive tour of key districts
in each of the important types of farming 1cgions of India. Thus, this
work includes staustical analyus of agaregate data, study of individual
farms, and judgments derived from direct experience. From this comes a
detailed and sensible analysis of the demand for fertilizer and :he forces
which must be influenced if future Jemand 1s 10 grow rapidly.

The demand for fertilizer in the Indian cconomy is one of a series of
studies being carried out at Comell University as part of a USAID.
financed contract for rescarch on agricultural prices. We are grateful for
the assistance provided by the Rural Community Devclopment Division
of USAID and, in parucular, to Douglas Caton, Norman Ward and Voyce
Mack of that division.

The broad program of study, of which this work is one part, covers 3
major areas of inquiry: the role of prices in intersecioral income and
apital transfers: the cffect of price relationships on agricultural produc-
tion and marketings; and. the factors affecting uiban prices of agricul-
tural commodities. These studies are concerned with the effects of
agricultural prices on the nonagricultural sectors of the economy, with
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their effects in the agricultural sector, and with the manner in which
agricultural prices are determined. Over the course of the contract studies
will be carried on in several countries dealing with various aspects of the
provesses. Upon their completion, an effort will be made to compile them
into an integrated view of the role and functioning of agricultural prices
in the developmental process.

A basic objective of the contract for the conduct of this research 1s not
only o produce useful rescarch results but also to provide a pool of
trained manoower for the analysis of such problems. The research in this
project is accomplished primanily by Ph.D. candidates at Co-nell Univer-
sity who use the speaific studies as PE.D. dissertations. Dennition of the
overall project has purposely been kept broad and flexible to attain
this additional objective This study by Gunvant Desai is part of that
program and is drawn from his Ph.D. dissertation completed at Comnell
University in 1969,

John W. Mellor
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Chapter 1. Introduction

In recent years numerous investigators have recommended a vast in-
crease in the use of inorganic fertilizer in India—from less than 1 million
tons in the mid-1960s, to over 4 million tons in the carly 1970's, and over
7 million tons i the mid-1970's. Thongh the targets suggested by various
agencies differ, al! of them have a common objectise—rapid increase in
foodgrain production to meet greatly increased consumption needs of the
projected population 1n the 1970°s and 1980's, without dependence on
huge imports.

The emphasis on increased fertilizer use is easy to understand. Since
most of the available arable land in the country is already under cultiva.
tion, more intensive cultivation must provide for the needed growth in
agricultural production. Use of fertilizers is emphasized because of: ()
low levels of soul feruility, (b) low levels of plant nutrient use. (c) alterna.
tive uses of major orgamic manurial resources, (d) possibility of quick
production response, (c) dependence of many technological changes in
agriculture on increased use of plant nutrients, (f) historical experience of
many other countries 1n the contnbution of fertilizers to growth in agri.
cultural production, and finally (g) the possibility of enlarging the sup-
plies of fertilizers by increanng domestic production and by import:.

A comparison of the trends in fertilizer use with the targets suggested
by various agencics shows that an increase up to the levels indicated by
the need-bascd targets within the given time span is possible only if there
is a considerable acceleration in the past trends.

Attainment of this objective depends on enlargement of supplies, crea-
tion of adequate and cfficient distribution netvorks, and growth in culti-
vators’ demand for this input Each of these aspects is important. The
scope of the present study, however, is restricted only to the demand
aspect. The specific question to which it is addressed is: \What is the like-
lihood of cultivators” demand growing continuously by magnitudes re.
quired to attain the nced-based targets of use? Recommencdations for in-
creased fertilizer use are mainly based on estumates of ferulizer require-
ments for raising agricultural production and not on the cultivator's
demand. It is obvions that larger :upplies and improved distribution
channels will not result in increased use if cultivators do not find it
profitable to use vastly incrcased quantities of fertilizer. A satisfactory
answer to this question will be helpful not only in appraising the
prospects of fulhlling the targets, but als in hinting at the kind of public
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policy needed to generate rapid growth in cultivators’ demand for this
input.

The maximum quantity of fertilizer proftable for cultivators to use
depends on: (a) the state of technology, (b) price relationships between
crops and fertilizer, and (c) the availability of complementary inputs,
particularly irrigation and management. If these conditions are unchang.
ing, the maximum quantity 15 constant. In such a situation actual level of
fertilizer use would increase towards this level, as more farmers adopt
fertilizer use. The size of returns from fertilizer use can be considered the
single most important factor determuininig the rate of adoption The higher
these returns, the faster the acceptance by farmers and more rapid would
be the growth in effective demand owards the fixed optimal quantity
determined by: (a) the state of technology. (b) price relationships. and (c)
availability of complementary inputs A change in any of these 3 condi-
tions would change not only the optimal quantity towards which the
effective demand is growing. but also cultivators’ returns lom fertilizer
use, and hence the rate of growth in clfective demand.

An ideal et of data for rescarch on grovith in cultivators demand
would include feruilizer practices of a random sample of cultivators from
various parts of the country at different times and their fertilizer produc-
tion functions for alternative crops and crop varictics. It would then be
posiible to deterimine: (a) the speed with which fertlizer use on different
aops was adopted in a vaniety of farming conditions, (b) their rates of
apphcation at different stages of adoption, and () influence of factors
such as prices. size of farms, tenancy status. and availability of comple.
mentary inputs, and credit on (a) and (b). In the absence of such data, the
present study analyzes the available information on past fertilizer use
pattern and average production functions to identify the past sources of
growth in demand and then makes use of this knowledge to study the
problem of further rapid growth.

The general plan of the study is as follows: Chaptes 2 traces the growth
of inorganic fertilizer use in India, the role played by the government in
initiating sad promoting its use, ard the importance given to fertilizer in
the agricultural production programs of the Five Year Plans. Chapter 3
presents the necd-based targets of feruliser use sugpested by various
agencies for (he carly and mid-1970's and discusses the demand aspect of
the problem nvolved .n raising the 1967-68 levels of use to the need-
based targets of the 1970°s A conceptual framework to study the problem
of growth in cultivators” demand for ferulizer is developed, the data needs
for empirical rescarch are discussed, and the approach adopted in this
study is outlined. In chapters 4, 5. and 6, the past ferulizer use pattern is
analyzed on 3 levels—individual cultivators, districts, and states. These
chapters study the nature of the past use pattern, identify the factors
behind it, and examine their relative importance in determining the
growth in cultivators’ deinand for fertilizers. Chapter 7 estimates the
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scope for rapid growth in demand for nitrogenous fertilizers in different
states, brings out the main difficulties likely to be experienced in sustain.
ing rapid growth, and indicates the nature of public policy needed to
generate continuous rapid growth in cultivators” deinand for fercilizers.
The main conclusions are summarized in chapter 8.

Chapter 2. Historical Perspective

The history of fertilizer use in India is divided into 3 periods: (1) before
1942, (2) 1942 to 1947, and (8) since 1947. Although the needl for increas
ing the use of plant nutrients had long been recognized by the colonial
government the need was not met until 1942 Between 1942 and 1947, the
government not only adopted organic manures and inorganic fertilizer as
one of the means for rapidly increasing food production, but took initia-
- tive to make them available, and evolved an institutional framework to
promote the use of fertilizer in nonplantation agriculture. After 1947, the
government of frec India expanded these efforts, and later made fertilizer
a part of the devclopment strategy bekind the Five Year Plans. This
review outlines the growth in fertilizer use up to 1967-68.

Period 1: Years up to 1942

Use of fertilizer in appreciable quantities began in India in the 1920's,
when tea plantations started using imported ammoniwum sulfate as well as
the by-product fromn the Tata Iron and Steel Company and from the coal
fields of Bengal, Bihar and Orissa. However, there is no evidence of its use
outside plantation agriculture until the 1930's when its use was extended
to sugarcane and in “cconomically favorable areas™ to rice.! Three factors
seem to have brought this extension: (1) development of the domestic
sugar industry as a consequence of the tariff protection it received in
1982, (2) fixation of minimum sugarcane prices by the governments of the
United Provinces and Bihar. (3) efforts of the commercial firms to develop
markets for ferulizer outside plantauon agriculture.

Estimates of fertilizer consumption during this period are unavailable.
However. estimates of production and imports, given in table 1. provide
some indication about the umount of fertilizers used in British India.

The table shows that on the eve of World War 11 India used annually
about 15,000 to 18,000 tons of nitrogen, 1.000 to 1.500 tons of pl:asphorus
and about 1,000 tons of potash in the form of fertilizers. Except for 3,000
t0 4,000 tons of nitrogen produced domestically as a by-product, all fertil-

s Throughout the study the tenn plantations is used to mean tea. coffee, and rubber
plantations.



Table 1. Production and imports of fertllivens In Britsh India: 1926-27 to 194647

Potaveic
Ritrogenous ferillisers Phosphatic fertilizere fertilisers
Teaszs (1a corms of W) (18 terms of '203) (3o terme of
le)
ad
h’ouo. Productioa bpno. Production hnnn.
MMELIS Sent
Pozied I
1926-27 41 wa.' nA. - wA.
1927-2—— o [ 3% ] N.A, ¥.A, -— B.A.
1918-29———— 3,768 N.A. n.A. - w.A,
1929-30—— 3,198 N.A. | ' -— B.A.
1930-31 —— —— 4,138 u.A. ¥.A. -— | N W
1931-32— o 3,43 M.A. N.A. -— B.A.
1932-3) o —f 8,176 1,699 "o -~ 2,084
19334 df 6,121 2,031 1,261 - 1,897
1934-38. L 9,709 3, 2,1 -— 2,400
19)3-3-— 9,549 3,08 2,178 -— 2,058
194-3 4 13,3 3,)88 1,813 - 1,258
1937-38+—~——4 11,401 3,722 1,644 -—_ 1,788
1938-39—-——-4 17,047 3,110 1,697 - 1,646
1939-40———-4 17,692 4,13 1,447 -— 1,219
194041 o 8,0 6,007 3,210 -— 1,219
194142 “s 6,698 390 - 122
Period 1II:
19424 Yy d 40 3,170 -— | V' 42¢
1943-44 2,924 4,500 2,843 N.A. 609
144 S———4 17,877 4,378 8,028 B.A. —
194546——— 135,123 4,605 1 24) N.A. 14
14— 27,2% 4,640 623 [ 38 ] 783
e

.h’ono 1ese te-axports.

’lot sveilsdle.

Sourceet

1ssves of -
Iatelligence and Statistice, Calcutts, ledia’ ond prod-:icion sietistice
A1 (Depart-
seat of Commercisl Intelligence ond Stattetice, Calcutta, ledia).

from vetious fesues of

1938-39 to 194346 see

) h -

A

Mo

(Staoford, Calif. Stenford Univ. Prese, p. 628, 1937).

For yeare up to 19)7-18 snd 1946-47, faports are cslculated from various
(Departaent of Commercial

For

+ by Migho Lamér

izers were imported. The first nitrogenous fertilizer fac:ory started produc-

tion in India in 1940, and while this increased dom
total available was

estic production, the
reduced as a result of a sharp decline in imports,

The government policy on fertilizer use was in keeping with its policy
towards agriculture in general. From time to ume it appointed commis
sions and committees to inquire into problems related to the improvement
of agriculture. As early as the 1890's the government recognized that one



of th2 most limiting facto:s in the improvement of agriculture was low
soil fertility and that increased use of plant nutrients was imperative to
correct this deficiency. This is clearly brought out by the following obser
vation made by John Augustus Voelcker in 1898 after an extensive
investigation:

lmprovement !n the system of land teaure, improvement of the lapd by expenditure of
public and private capital on it and umilar measutes, may alleviate the condition of
s Indian cultisator, but they will not give hum larger crops. and they will not piovide
the ‘004 that the people must have 1o linc upon For this the so1l itsedl must be looked
o, as {* alone ran produce the ctops. amd 1nanure alone can enable i to bning forin

the necesnary increment T'he question of manure supsly 13, accoedingly, indissolubly
bound up with the well-being and cven the bare cxister ¢e of the people of India.

Voelcker not only empha:ized the importance and urgency of the problem
but 2 Jvocated government action in the matte-:

In coaclusion, 1t 13 maintained tht water and manure constitute the cultvator's chiel
wany, and that th: supply of manure muyt 8o hand in hand with the water, and must,
like the ‘atter, be tahen up by Governm-nt. othermuse the 0 will not be able to pro-
vide or the incrcaung mallions of people.

In the 50 years that followed Voelcker's pronouncements, some mea.
sures were taken to develop irrigation, and to promote agricultural re.
search, but little attention was paid to the problera of incrcasing the use
of plant nutrients.

The agricultural research institutions, which ‘ame into existence dur-
ing this period, devoted a part of their research effoits :o the problem of
manures and fertilizers. Scientific methods of preparing farmyard manure
and compost were developed and manurial and fertilizer experiments
were conducted. These rescarch efforts, however, had little influence on
the practices of cultivators. This is evident from the continuation of the
same “crude” and “inefficient” niethods of making farmyard manure
absence of organized efforts 1o use other manurial resources, such as
human excreta, garbage, and sewage: continucus large scale exports of
oilcakes and bones; and low levels of manure and fertilirer use.

Period 2: Years between 1942 and 1947

The year 1942 marks the beginnirg of a new era in the kistory of Indian
agriculture. When Japan began its asszult on Burma in 1942, the govern.
ment realized that India could no longer rely on impoets of rice from

v Ima to supplement its food supply. The Grow More Food Campaign
was launched to promote a rapid increase in food production. This cam.
paign got further impetus from the Bengal Famine of 19483, in which
abou: a million and a half people perished. Measures undertaken to
implement the Grow More Food Campaign marked the end of the
laiscez-faire policy on fertilizer use, and initiated developments which
were to influence its future use.

The basic strategy of the Grow Mnre Food Campaign was 10 increase



frod production by: (1) expanding the area under foodgrain crops. (2)
rugmenting irrigation, (3) increasing the supply of improved seeds, and
(4) extending the use of manures ind fertilizers on foodgrain aps.

The importance given to manures and fertilizer during these years is
clearly brought out in *he following remarks of the Famine Inquiry Com-
mission appointed by the government 1o report 07, NoNg other things,
auses of food stortage and the posubility of improving the yiclds of food
crops.

Next 10 tue ptorinon of an 3uurcd supply of water. the usc of manure offess the mont
jmporiant uingle mcans of increaung the sichd of ¢rop: Expenience has shown that the
plant ‘ood, abstractcd by low viclding sancucs of crop. 1 1eplaced through the open:
tion of the natual tccuperatine poners of the sorl, aunrd by the small quantity of
manure occasionally applice, and that the fcrt-lnn of the woihs of India has thus become
stabilited 3t 3 low level M. therclore, the vicld of crops s to Le increaseed and n
particulas if the full benefitas to be derned from improned vanctics plant fosd must be
added (o the sori i very consitenable quantines Hitheito the ue of taanurcs has been
confined 'argely to the motc profitaule among the cath rops. vach as tobacco. sugatcane
and segetables, and the amount of manure apphicd to land o which the maus crops 2:¢

own hat been very stnall The problems of incteanng the amcunt of manure used 13,

wever, not 3 ungle problem hut 3 whele wnes of probicras none of wlhiclo 13 €ty of
solution. Yet. 1f the standard of hining of the Indian calvator s to be rancd, 1t
emential that the use of orgamic and norgamc manutes should be preaty cotended. I
this i3 to be achiered. every wurce of farnhiang matenal must Le utihzed to che fullent
extent. the tupply and distnbution of manun and fernhzors must be so oigamiied =3 to
ensure that they 1c avaable in all paris of the country at the cheapest posnible rates,
cultivators must be cducated in their use and Agnicultural Departments must be ina
position 1o give detnled advice a3 to the quantity and the manner an which they should
be applied.

There was one obstacle—himited availability of fertilizer. As shown in
table 1. at the end of the 1930°s 80 percent of the fertilizer used was im-
ported; the supply declined sharply as the war gathered momentum. Nor
was it possible to step up domestic production in the short run. On the
other hand, war conditions genctated their own requirements of fertilizer
materials for armament industry. Thus, the beginnings of a period in
which the government was actively interested in gromoting fertilizer use
in foodgrains production were marked by its limited availability.

During the war years the world supply of fertilisei was limited, and the
amount available for exports in the surplus countrics was allotted to vari-
ous governments on a globul basis by the International Emergency Food
Council. In 1943 the Gorvernment of India established a Central Fertilizer
Pool in the Ministry of Food and Agniculture to import ferulizer, to pro-
cure the enure quantity of fertilizers produced in the country, and to
ensure equitable distnibution of available ferulizers throughout the coun-
try at a uniform rcasonable price The Pool arrangements were restricted
to nitrogenous fertilizers. both because scarcity was most serious in their
ase, and because it was generally believed that Indian soils were deficient
mainly in nitiogen

The Pool made estimates of requirements and domestic production, and
worked out the needed anount of imparts. Allotments of foreign exchange
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by the Ministry of Finance determined the actual imports. The domes
tially produced and imported fertilizers were then pooled together, and
distributed amo.ig the provincial (state) governments, plantation boards,
and industrial users on the tasis of their estimates of demand, past con-
sumption performance. and total availability. The provincial govern-
ments represented non-plantation agricultute in their aress; plantation
boards represented tea, coffee and rubber plantations. Besides controlling
the available supplies and their distribution, the Pool also fixed the prices
at which fertilizers were to be sold to the cultivators.

Again, cstimatzss of consumption during 1942-1947 are not available,
but from table 1 showing production and itvports of fertilizers, it is clear
that despite the resolve on the part of the government to increase fertilizer
use, the actual levels of use till 1946—47 must have been below those in the
years immediately preceding the war.

The scarcity of fertilizers and the responsibility assumed by the govern.
ment under the Grew More Food Campaign to ensure adequate supplies
initiated the development of the fertilizer industry in India. On the
recommendation of rhe Foodgrains Policy Committee of 1943, it was
decided to construct a state-owned, state-managed factory to manufacture
ammonium sulfate Construction of this factory, with an annual capacity
of 78,000 tons of nitrogen, began in 1946 at Sindri in Bihar. Another plant
with an annual capacity of about 15,000 tons of nitrogen was constructed
at Ellur in the United States of Travancore. The phosphatic fertilizer
industry also was established.

Thus, on the eve of independence, though the level of fertilizer use in
India was not much higher than in the years immediately preceding the
war, there was a2 complete transformation of the environment. Fertilizer
came to be recognized as the surest and the quickest means of increasing
agricultural, particularly foodgrain, product:on. The function of promot.
ing its use shifted from market to the government. An institutional frame-
work came into existence to augment supplies as well a« to control its
distribution at reasonable prices throughout the cou.try. Finally, the
fertilizer industry found its feet in the country.

Period 3: Years Since 1947

In the years immediately following political independence in August
1947, the government policy on fertilizer use underwent little change. Due
to partition of the country, the feod deficit as well as the deficit in some
industrial raw materials, such as cotton and jute, increased. Consequently,
the Grow More Food Campaign was extended to cover such nonfocd

. crops. This did not strain the supply situation of fertilizer because there
was increased avzilability as the domestic factories went into production
and the world supply situation eased.

11



It is estimated that in 1951, when the First Five Year Plau began, the
country was using annually about 59,000 tosis of nitrogen and 7,000 tons
each of phosphorus and potash in the form of fertilizers. About half of the
nitrogen and all of the potash were imported. On the other hand, all of
the phosphorus was produced domestically. The levels of use in 1951-52
cannot be comparcd directly with those before and during the war years,
as the geographical coverage of India before and after August 15, 1947
was completely different They do indicate substantial progress: and yet,
on the basis of per unit of culivated land, the icvel of fertilizer use in
India was one of the lowest in the wo.ld. about 05 kilograms per hectare.

The role assigned to fertilizers in the development cfforts undertaken
within the framework of the Five Ycar Plans undeiwent complete change
with the formulation of the Second Five Year Plan.

In the First Five Year Plan the importance of fertilizer was recognized,
but only in general terms 1t was observed that Indian soils were deficient
both in nitrogen and phosphorus, but “rich in potash.” and that manur-
ing was necessary to provide nourishment to sotl. Prime importance was
given to organic manures but it was also la'd down that there was no
necessity to wait for full mobilization of organic manures before intro-
ducing inorganic fertilizers. Aguinst this general recognition of the impor-
tance of fertilizers to supplement organic manures for the nourishment of
s0il, the Second and the subsequent Five Year Plans interprcted the role
of fertilizer and other agricultural inputs in tne context of a planned
apgroach to agricultural production Over the years rough input-output
coofficients (referrer to as “vardsticks” in the litcrature on *ianning in
India) indicating increase 1 (oodgrains production as a result of increase
in irrigated arcas, use of ferulizers, use of improved seeds, etc.. were
evolved. These yardsticks were used to esiimate the requirements of vari-
ous inputs to achieve the agricultural production targets of the Second
Plan. The importan-c given to fertilizers and manures in this plan is
brought out by the fact that 25 percent of the target of 10 million tons of
additional production of foodgrains was to be achieved by increase in

- their use.

The role assigned to fersilizers in achieving the targets of agricultural
production 1n general and foodgrains in particular was further empha.
sized in the 1960's There was little scope for biinging additonal land
under cultivation, the main factor behind growth in production during
the 1950's. The suategy for promoting intensive cultivation was formal-
ized in the Intensive Agricultural District Programme ‘also known as the
“Package Programme”). and was imtiated on an experimental basis in 7
districts in 1960-61. The importance of fertilizer grew as a consequence of
this progrum. It was enhanced by rising imports of foodgrains to fill the
gap between consumption and domestic production and a widespread
recognition of the imperative need for a rapid increase in fertilizer use
for a quick impact on yields.
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The government played an active role in popularizing the use of fertil-
irers. Measures undertaken towards this aim included thousands of dem.
onstrations on cultivators’ helds, creation of a vast network of extension
service, use of cooperatives to sell fertilizer 1o cultivators, supply of cheap
credit, subsidy on transport cost in remote areas, rebate on purchase of
fertilizers during “off-scason,” and control of fertilizer prices.

The principles for controlling prices were: (a) equalization of prices of
imported and domestically manufactured fertilizers, and (b) price uni-
formity in different parts of the country. There were, however, no major
subsidies. Although prices of various nitrogenous fertilizers were to be
fixed by the Central Ferulizer Pool on a no-profit no-loss basis by pooling
all costs (those of purchaung, handling, and transporting fertilizers), by
1963-61 the Pool had made profits of Rs. 433.59 million on its operations
since 1944—15. There was a provision for subsidy on phosphatic fertilirers
on the condition that the cost of subsidy would be shared equally by the
central and the state gorernments. The initiative (or granting this subsidy
was left with the state governiments. Perhaps as a result of the condition to
share the cost of subudy, only a few state governments granted subsidy on
phosphatic fertilizers

Between 1952-53 and 1957-68 there was a substantial increase in the
amount of fertilizers produced and used in the country as table 2 illus
trates. The most important fcatures of the table are:

(1) During the 16 years. annual distribution of the 3 types of fertilizers
increased from 81 thousand tons to 1,680 thousand tons.

2) Except for 3 ycars, nitrogenous fertilizers accounted for over 70
percent of the total fertilizeis distributed in the country.

(3) All potassic fertilizers and some nitrogenous [ertilizers were im-
ported. Domestic production of nmitrogenous fertilizers was less than 50
percent in 14 out of 16 years. Domestic proctuction of phosphatic fertil-
izers fell short of distribution only after 1958-59, and even then, until
1965-66, it accounted for nearly 90 percent of distribution.

This survey brings out: (1) considerations which influenced the govern-
ment in initiating fertilizer use outside plantation agriculture, (2) impor-
tance given to ferulizers in agricultural production programs, (3) establish-
ment of the Central Fertilizer Pool for controlling distribution and prices
of supplies, (1) limited availability of fertilizers, and (5) rapid growth in
fertilizer use without major subsidies.

This kind of historical development has created an environment in
which problems of increasing [ertilizer use are usually discussed in terms
of requirements of ferulizers to achieve planned targets of agricultural
(mainly foodgrains) production, increasing the domestic production of
fertilizers, and improving the eficiency of the distribution system. Impor-
tant and relevant though these issues are, focus on them has resulted in
relative neglect in studying the amourt and nature of effective demand for
fertilizers.
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Table 2. Preduction, imperts, and distributien of fertilizers in Indla: 1952-8S ¢o 196544

Year Nitrogenous (in terms of N). Phosphatic (in terms of “205). Potassic (in terms of ‘29?.
Production | 1mports D!ozrlbu:lon' Production | Imports Dlotr!button' Imports Dlotrtbutton'
Met:ic Tons

1952-5) 53,067 44,294 73,C40 7,445 — 4,552 3,311 N.A.
1953-54 52,905 19,346 85,404 13,831 -— 8,261 7,490 N.A.
1954-5S 68,478 19,984 17,847 16,345 - 15,027 11,097 M.A.
-955~56 76,859 53,370 112,469 12,365 -- 13,018 10,265 N.A.
1956-57 78,788 56,768 135,483 17,588 -- 15,874 14,791 N.A.
1957-58 81,144 110,100 179,266 25,785 -_ 21,922 12,786 M.A.
1958-59 80,766 97,540 169,735 30,987 -_ 29,490 22,366 N.A.
1959-60 83,694 142,335 229,326 51,407 3,819 $3,930 33,103 21,342
1960-61 111,987 171,926 211,685 53,722 128 $3,134 24,845 29,052
1961-62 154,326 142,920 291,536 65,360 645 63,932 30,381 27,982
1962-6) 194,194 229,462 360,033 88,300 7,959 81,385 44,226 36,503
1963-4 219,072 197,691 406,976 107,836 12,267 116,674 64,060 50,570
1964-65 | 243,230 256,517 436,473 131,021 12,29) 147,652 57,176 70,440
1965-66 | 237,889 376,220 547,363 118,779 21,766 132,178 93,641 77,746
1966-67 308,993 574,628 838,736 145,678 129,158 248,602 143,307 115,710
1967-68 | 402,648 975,897 1,051,78% 207,142 370,776 422,096 276,465 205,578

- ——————

.Co.plex fertilizers containing more than one nutrient are t{ncluded but bdonemeasl and rockphosphate
sre not {ncluded {n P,0O, as these data are not available. Isport figures for 1965-66 tnclude
basic aleg in the c..i 3: 920s and Kamex (38-42% zzo) ia the case of xzo.

??1gurcn arc on financial year (April-March) basis except cthose for distributfon of P.O, from
1952-53 to 1957-%8, which are on calendar year basis. In calculating distridbution o? izo for
sulphste of potazh quantity foported is taken as distributed.

Source: All stutircics except distribution of nitrogen from 1952-53 to 1938-59 are from Pertiliser
Sgatfgtice, “J67-68 (Fertiliser Association of India, Nev Delhi, pp. 147-48, 1968). Distri-
bution of nicrogen from 1952-53 to 1958-59 1s calculated from {nformation supplied by the
Department of Agriculture, Covernment of India.



The importance of the knowledge of the amount and nature of efective
demand for fertilizer is obvious. In each production period the amount
and pattern of its use depend ultimately on the total of various cultivators’
decisions on how much fertilizer they should use. In the Indian context,
the need for an understanding of the demand for fertilizer is crucial be.
cause fertilizer is an integral part of the strategy to achieve agricultural
production goal: of the Five Year Plans. While availability of adequate
fertilizers is a prerequisite for achieving this objective, their utilization
will be brought about lamgely by the play of economic forces behind
cultivators’ demand for them. An insight into these forces is, therefore,
tantamount to gaining knowledge about policy parameters to achieve
the objective.

Chapter 3. Fertilizer Use Beyond 1967-68

Need-based Targets of Fertilizer Use and
the Demand Aspect of the Problem

The targets of fertilizer use suggested by various agencies to fulfill the
agricultural production goals of the carly and mid-1970's are presented in
table 3. The amount of fertilizer distributed in 1967-68 is also shown.
The rationale behind the need-based targets is in the planning technique
(known as “yardsticks approach™) adopted for agricultural production in
India. This technique plans or the needed expansion in stocks and flows
of different resources available to the agricultural sector to attain the
targets of agricultural production set in the plans. The requirements of
various inputs arc derived from the input-output coefficients (referred to
as “yardsticks”) developed over years from trials on farmers  Relds.
Though the taigets suggested by various agencies differ. all of them
indicate onc thing—-the need for a vast increase in fertilizer use in the
next few years. This explains the emphasis on supplies in India. It also
explains concerted ciforts in recent vears to accelerate domestic produc-
tion of fertilizers and also to develop marketing channels. it is estimated
that the capacity for the production of nitrogenous and phosphatic fer.
tilizers will go up from 715,750 and 416,860 tons (in terms of nutrients) in
1957-68, to0 2,094,750 and 893.070 tons, respectively, in 1970-71. It will
rise to 3,034,600 tons and 1,168,280 tons in carly to mid-1970's, when the
plans approved (by October 1968) for the creation of additional capacity
are completed.

It is clear from a comparison of the estimates of distribution in 1967-68
with various targets that a substantial growth in cultivators’ demand is
needed for the 1967-68 level of use to rise to the recommended levels.
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Tdk!,_dlﬂh“b”—“nﬁmﬁ.%hﬁmdm-h
197

Nitrogenous | Phosphatic | Potasetc | Total

aillion metric tons of N, 9205 and (zo

Distridbution 18 1967-68...ccc0uvvncnnnnennne 1.08 0.42 0.21 1.68

Need-based targets for 1970-71 suggested dy:

Committee on Fertilisers 2.40 1.00 0.77 4.17
USAID (etsndetill)e * 1.96 0.98 0.49 3.4)
USAID (sinisum scceptadle) 2.69 1.34 0.67 4.70
Holet (for food eelf-gufficlency in 1976) 1.96 0.608 0.43 3.27
Holst (for food sclf-sufficiency ia 1971) 2.50 1.10 0.60 4.2
Reed-based targets for 1973-74 euggested by:
Ninfetry of Food and Agriculture .n 1.74 .11 6.58
Fertiliser Association of lodia 3.80 1.90 0.90 6.60
Weed-besed targets for 1975-76 suggested bys
USAID (etaendstil}) 3.08 1.5 0.77 5.3
USAID (oinfoum acceptabdle) 4.3 2.18 1.09 7.64
Holet (for food self-suffictency fo 1976) .88 1.96 0.97 6.81

.‘nun targecs are derived from requirements of foodgraine which implies oo chaoge 1o distary levels,
end eclf-sufficiency by m1d-1970'e/

’ncu targets icre derived {rom requirements of foodgratne which implies socme improvement ia dietary
levele and self-sufficiency by 1970-71.

Sources: Comittes on Fertilisers. Report of the Comnittee on Ferti{lisers. Govermment of Indis.
Depsrigent of Agriculture., Nev Delhi, 65,

USAID: Untited States Agency for Internatfonal Development Mission to lndia. Rerziliser
Proposal for Increased Agricyltural Producgion. Nev Delhi. American Embsssy. 1964.
Mimeographed.

Holat. The World Food Problen, A Re st the caldegnt's ence v s .
The White House. Vol. 2, pp. 673-711. May 1967.

Mintetry of Food and Agriculture. C. Sshai. Developments of Fertiliss: Industry in
India. Pertilieer Association of Iandis. Newv Nelhi. 1968,

Fertiliser Association of Indis. op. cit.




In the 16 years between 1952-53 and 196768 the total annual consump-
tion of the 3 fertilizers taken together increased from about 80 thousand
tons to about 1,680 thousand tons—an average annual increment of about
100 thousand tons. In order to reach even the lowest need-based target
shown in table 3 (that of Holst for 1973-76) fertilizer use in the country
will have to grow annually by 640 thousand tans for 8 coasecutive years.
Toe attain the target recommended by the Ministry of Food ard Agricul-
ture for 1973-74, it must grow by over 800 thousand (ons annually for §
years. This, then, is the demand aspect of the problem of increasing
fertilizer use in India. It is neither a problem of once and for all rise in
the level of demand up to some fixed level, nor onc of demand maintain.
ing the upward trend. It 1s a problem of demand growing continuoutly,
in the next few years, at rates higher than in the past.

What is the hikelihood of farmers’ demand growing continuously by
such magnitude? What kind of public polic; is needed 1o generate the
required growth in demand? These questions cannot be answered without
knowledge of the nature of the demand for fertilizer in India and factors
which determine its growth. The available studies do not offe: much help
in these directions, mainly because of the normative approach to the
problem and the inadequate analysis by those investigators who have
approached it from the positive angle.?

A Framework to Study the .
Growth in Cultivators’ Demands

In each productinn period fertilizer use depends oa the cultivator's
demand for it. Demand is an outcome of 2 decisions, whether to use
fertilizer and how much to use. These decisions are governed by culu-
vators’ returns.

The cultivator’s returns depend on: (a) fertilizer production function,
(b) price of crop, and (c) cost of fertilizer. If the cultivator knows these 8
factors when he makes the decision to use fertilizer, he will demand the
“optimum” amount of fertilizer. As the physical response function and
price of crop are uncertain, the cultivator’s expected returns would be
usually lower than those estimated from realized production function,
realized crop price, the cost of fertilizer. If these subjectively estimated
returns, discounted for yicld and price uncertainty are very small, then
Wmun«. Pansc's investigation (1964) into the kope of unng nitrogenous lertilizer
in Indla takes into account productivity of lestilizers on cultinatory firelds under the pre-
vailing technological conditions. and the presailing relative prices of crops and fertilizers
But it annot be conudered an inquity 1nto cultinatory’ demand for kertilucr, insofar as
it is not based on actual feruliz- ¢ pracuces of cultivators The trend-onientad 1Mvestiga-
tons of Brown (19G3) amd Dahiva (1967) are based on historical fertalizer use dats; they
do not offer much help in appnmnﬁ prospects of higher rates of gto‘ﬂh than in the past
ot In providing guidclines for formulating the policy to attain such rates, because they do

oot bring out the relatine strength of the vanous {actors in gencrauag the past growth
o use.
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the cultivator may not adopt fertilizer use out of inertia. On the other
hand, if the returns over cost of fertilizer are significant and he opts to
use fertilizer, his effectine demand 1 still likely to be lower than the
optimum amount, because he does not know the optimum rate under
conditions on his farm and also because of cautiousness In subsequent
production periods too. his effective demand may remain below the opti-
mum level if the fertbizer production function 1s unstable due to varia-
tions in weather conditions and/or il the marginal returns are small.

What is true of an individual culunator 1s also true of all cultivators
taken together. For a given state of technology (as reflected in the fertil-
izer production functions) and level of crop and (citilizer prices there
would be an optimum level of total demand s represented by the sum
total of optimum rates of ferulizer application on all farms * As compared
to this, the total eflcctive demand in 4y production period would be the
sum total of effective demand of all cultinators as detennined by their
subjective notions of feruilizer production functions on their farms, ex-
pected crop prices, and cost of ferulizer.

This distinction between opumum (or cquilibrium) and effective de-
mand for fertilizer, identification of reasons for discrepancy between the
two and recognition of the importance of the size and certainty of returns
in determining the effective demand e useful in understanding the
sroblem of growth in total effective demand for fertilizers.

Visualize an cconomy with no fertilizer use at some point of time. Even
for this point of time, 1t is possible to determine the cquiiibrium level of
total demand for the cconomn from: (a) fertilizer production functions on
all farms, (b) prices of crops. =nd (c) cost of fertilizer. Let us assume that
these factors arc constant over ume and, theicfore, the cquilibrium level
of total demand is unchanging.

In such an cconomy. intially feruliszer use would be an innovation,
and the total effcctive demand would be much lower than the total
equilibrium level. But it would grow over time as an increasing number
of cultivators adopt the use on secing the benencial expzricace of the
innovators, and as those who hasve alreads adopted the use move towards
their individual optunum levels. The sticngth of these 2 forces which
determinc the rate of growth in total clicctive Jdemand would be a func-

*Panse’s cstimate of $457 million tons of nitisaun 1o fertilize (30 the cntite cultinated
area under nice, itnigated wheat. masse, wgacane. patato, groundnut jute, ang nnigated
cotton; and (b) half the cultivated 31es unees wainugated wheat, rag. jonar. hajara,
barley, and unitnigatcd cotton st “optmum * 1ate s mizeder the technolomcal 3nd price con.
ditlons prevailing in the catly 1073 an be consulocd 3n cstimate of the cquilibnium
tevel of demand for mutegen lor thie paig of the lndian sguculture taken into accoundt
by him if we assume that (1) fersihisee production functions usd by m aic applicable
10 all arcas he includes. (2) price of mitrogen 14 1he only cost of using ot and (3) relative
prices ol nitrogen and crops are the uame a thow used by im Sce V' Panse,
Technical and Economic Possibilities of the Lse of Nutrogen Fertiliser 1n India (New
Delbi, 1964). Mimengraphed.



tion of the spread of knowledge about benefits of fertilizer use aniong
cultivators. This in turn would depend, to a large extent, on the size and
certainty of returns from fertilizer use to the cultivators.t Iniually the
rate would be low because only the most enterprising cultivators would
adopt the use. Their expericnce, however, would have a suong demon-
stration effect on those growing fertilizer responsive crops with availability
of complenmientary inputs (particularly irrigation) on their farms, and this
would accelerate the growth in effective demand. But eventually the
growth would slow down in this static world because the cultivators who
have not yet adopted the use are those who do not expect high returns
on crops they grow, particularly under conditions on their farms, and
those who have adopted the use find that raising the rates frum near-

?N

LONG RUN EQUILIBRIUM LEVEL

T PRI A vk bt iipapbiodp b e S

GROWTH CURVE
OF EFFECTIVE DEMAND

4
TIME
Figure 1. Growth In cflective demand toward a loog run equilibrium level.

*The absolute sire of return is mote important than rate of return on investment in
this context where the focus 13 on ¢altivators getting over the uncertainty and inertia to
adopt 3 newm practice The “rate of retuen over imvestment” often exaggerates the incen-
tive cultisators would hasc to <dopt feruhizer use. For instance, a3 return of Rs. 10 on
Rs. 90 invested in (crtilizer means as hush a3 33 percent rate of icturn. Yet, 1t Iy sy 10
sec why a farmer who has nicver uscd this input on his farm may not hind it worthnhile,
for an extra Rs. 10 orver G monthy’ opcrations, to undergo the entire proceis ol acquiring
credit and fertilizer, and developing the skill to use it
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optimum to optimum levels brings only small increments in returns be
cause of the law of diminishing marginal returns.

What influence will an effective extension service have on (a) equi-
librium level f demand and (b) growth in effective demand?

If the extension work improves the fertilizer production functions (say,
through spreading the knowledge on gains from applying fertilizer at the
right time or 1n the night manner) it will accelerate the growth in effective
demand for fertilizer by reduang uncertunty 1 the minds of cultivators
who can expect sizable 1ctuins because of conditions on their farms.
Nonetheless. as the totl cffecive demand approaches the total equi-
librium level, the inllucnie of extension work on rate of growth in effec-
tive demand will diminish because at this stage the cultuvators who have
not adopted use are thowe vho lack ircentive to adopt fertilizer use be-
ause of small and uncertun icturn. under conditions on iheir own fanns
rather than awarcness about the existence of this input and also because
at this stage thosc who do not raise thair rates of application to optimum
levels do so because of the small size of marginal returns, rather than lack
of knowledge about benefits of fertilizer usc.

Thus far the discussion has been in the oversimphfied framework in
which values of the 3 paramcters which determine the total equilibrium
demand for ferthizer were unchanging over ume. The aim of this discus-
sion was to show that: (1) cven under such conditions, once some culti-
vators start using it, cllective demand sor ferulizer would giow over time,
(2) there would be an upper himit to growth in total cffcctive demand
represented by the sum total of the optunum rates of application on all
farms, (8) the rate of growth in cffective demand would be determined by
the rate at which fertilizer use - preads among cultivators. and the rate at
which individual cultivators raise their rates to their optimum levels; and
(4) the rate of gronth in effeciive demand would be lew initially then
accelerate, and finally, slow down after cultivators whose returns from
fertilizer use arc high have adopted the use. Now we broaden the frame-
work by dropping the assumption of constancy in the parameters and
examine the influence of change in them on. (a) total cquilibrium demand
and (b) rate of growth in cffective demand for fertilizers.

Since total cquilibrium demand represents the sum total of optimum
rates of application on all farms, and as these 1ates are derived from
fertilizer production funcuons, crop prices. and cost of fertilizer, any
change in the sct of values of these 3 factors will aftect the total equi-
librium demand. It will also have an impact on the growth in cflective
demand because the size of cultinator’ returns on fertilizer use depends
on them. The ‘egree of this impact witl depend on the number of culti-
vators whose returns are affected, and the extent to which they are
affected. For instance, improvement in the fertilizer production function
of crops grown on a relatively small proportion of land (e.g., tobacco) will
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have a much smaller impact on the rate of growth in effective demand
than that of sustained improvement in the prices of crops grown by a
large majority of cultivators (¢.g. foodgrains). On the other hand, a defi-
nite improvement 1n the availability of a complementary input, such as
irrigation, or in the varicties o crops commonly grown, will have a more
decisive impact on growth in cffective demand than an uncertain im-
provement in product prices or small reductions in cost of using fertilizer
because the former vould increase the incentive to ue fertilizer in a much
larger measuic than the latter.

The usefulness of the above conceptual framework for discussing the
problem of accelerating the growth of fertilizer use in India can be shown
by pointing out the following 1 major factors which will detennine the
future growth in effective demand: (1) wider spread of fertilizer use and
increase in rates of application on land already fertilized, (2) develop-
ment of irrigation, (3) replacement of the existing varicties by high yield-
ing varieties of crops, and (1) change in the ratios of fertilizer cost to crop
prices. It is reasonable to expect some growth in demand beyond 1967-68
because of (1). (2) and (3) even if the price situation weie not to remain as
favorable to the cultivators as in the last 2-3 years. However, in the con-
text of the nccessity for a rapid and huge increase in fertilizer use, the
important question 1s not whether the effective demand will KTOW Or not,
but will it grow fast enough to socially desirable levels by mid-1970's. An
equally important question is how critical are the 2 structural changes,
increase in irrigation and replacement of crop varieties, for generating
the rapid increase in eflective demand for fertilizer?

Data Needs and Outline of the Approach

An ideal set of data for empirical research on growth in cultivators’
demand for fertilizer would be those on fertilizer practices of a random
sample of cultivators from various parts of the country at different points
in time and their fertilizer prduction functions for alternative crops and
crop varieties. It would then be possible to determine: (a) the speed with
which fertilizer use on different crops was adopted in different categories
of farming condiutions: (b) optunum and actual rates of application under
different price conditions: (c) actual rates of application at various stages
of adoption; and (d) influence of specific factors such as change in prices,
change in vaiictics, size Hf returns, size of farms, tenancy conditions, and
availability of invigatio.. on (a) and (b).

Such data, however, are not available. What is more, replacement of
local varictics by those whicl respond to high rates of fertilizer applica-
tion on a significant scale began only in 1966 with the introduction of the
High Yielding Varicties Programme. Many of these varieties are still in
the experimental stage, and sery little information is available on the
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rate of adoption of those which are “released.” fertilizer practices of culti-
vators who have adopted them, and response of these varieties to fertilizer
use under field conditions.

In this study an attempt 15 made o analyze the av=ilable information
on fertilizer use pattern up to 1961-65 and average fertilizer production
functions of the old varictics of crops to understand the nature of the past
fertilizer use pattern and idennify the past sources of growth in cultivators’
demand for this input The rationale behind analyzing the past use
pattern up to 1964-65 1s that in the absence of any major change in the
varieties of crops between the early 19305 and mid-1960's, the growth in
fertilizer use dunng this period can be mterpreted as growth due to wider
spread of fertilizer use under relatinely constant fertihizer production
functions. Therefore, the findings on the use pattern gIve us an oppor-
tunity to examine the forces behmd growth in cffective demand for
fertilizer under the technological conditions represented by the old
varieties, assess scope for further growth i demand under such conditions,
and thus judge the importance of structural changes which would shift
the fertilizer production functions upwards and generate acceleration in
the growth of cflcctine demand

We begin out :carch for an understanding »f the nature of the past
fertilizer use pattern in chapter 4 by analyzing the observed fertilizer
practices of about 800 cultivators from one part of the country. The $
main objectives of this analvs are. (1) to study the disunguishing char-
acteristic: of users and non-uscrs of fertilizer, {2) to determine the extent
to which tertilizer use had spread on ifferent crops among these culti.
vators, and (3) to indicate the underlving forces behind the observed
fertilizer practices. These indings are then comparcd with those of other
36 sample surveys conducted by the Institute o1 Agnicultural Research
Statistics between 1954-55 and 1963-64 1 19 districes located in different
parts of the country. To test the validity of the sights gained from the
analysis of the fertilizer pracuces of cultnators and to cnlatge the scope of
inquiry, the analysis 1s extended in Chapters 4 and 5 10 ligher levels of
observation. In Chapter | mbogen sales patterns obseryved among various
districts within different states are analised to bring out their cssential
features and to wdenuify the main factors belundd the arosssectional varia-
tion in sales. In Chapter 5 the nitrogen use pattern in various states of
India between 1956-57 and 1964-65 1 analveed to study the relative
importance of irrigation and prices i determining the interstate varia-
tion in levels f mitrogen e

The guiding objcctine behind analssis in Chapters 4, 5, and 6 is (0
understand: (1) the true nature of the past fertthzer use pattern, (2) the
relative importancc of various factors in controlhing demand for ferulizers,
and (3) the nature of rolc these factors play m governing the growth in
demand for fertilizers. By drawing on this analysis, an attempt s made in
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Chapter 7 to estimate the scope for rapid growth in demand for nitrog-
enous fertilizers in different states under technological conditions repre.
sented by old varieties of crops. These estimates are then adjusted upwards
to take account of the probable impact of the change in varictics of major
foodgrain crops. Tlus exeicise brings out the main difficuluies likely 10 be
experienced in sustaining 1apid growth in demaad for ferulizers in differ.
ent states beyond certain limits because 1c is based on the analysis of
fertilizer use data as opposed to normative considerations. For this reason
it also indicates the naturc of public policy nceded 10 generate continuous
rapid growth in cultivators’ demand for fertilizers.

Chapter 4. Analysis of the Observed Fertilizer Use
Pattern: Fertilizer Practices of Cultivators

One of the important sources of growth in demand for fertilizer is
increase in its usc under the prevailing technological conditions. To
examine the impoitance of this source, it is necessary to understand the
nature of the past ferulizer use pattern.

Data on 1961-65 fertilizer practices of about 800 cultivators from
Gujarat State arc analyzed in section 1 of this chapter to study: (1) the
characteristics of the users and non-users of fertilizer, (2) fertilizer prac.
tices of users, and (3) the forces behind the use pattern. In the second
section the findings of the fitst section are compared with those of 36 other
sample suneys cerducted by the Institute of Agricultural Research Sta.
tistics between 1951-55 and 1963-G14 in 19 districts of the country.

The mosr scrious limitation of the information on fertilizer practices
analyzed hiere is that in none of the sample surveys was the region (i.e.,
district) selectedd randomly. On the contrary, the surveys were conducted
cither in the districts covered by the Intensive Agricultural District Pro-
gramme or in those where fertilizer use had made more headway than in
other disnicts ol the same state. This puiposive selection of districts
restricts the geacrality of the conclisions on the past fertilizer use pattern
reached in this chapter. The other limitation of the information used
heie is that it 1s avaslable for only 1 vear for moie than half the districts
to which it relates. This1estricts its usefulness 1o reveal the factors behind
growth in ferulicer usc. In spite of the limitations, the information used
here is an important source to study past {ertilizer practices because it
relates to over 25,000 randomly selected cultivators fiom districts located
in different parts of the counuy. Figure 2 shows the location of these
districts.
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IE 2. Map of India thowing districts where sam of culuvators studled were

ted. (Seurce: Adapied from Government of Indla, Ministry of Food and Agri-
culture, Ditectorate of Economics and Statistics, Indian A turel Atlas, New
Dedh), 1958.)
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Section 1

Fertilizer Practices of 3 Greups
of Cultivators from Gujarat State

The data used in this section were collected by the Agro-Economic
Research Centre for Gujarat and Rajasthan for its 2 research projects,
An Enquiry into the Implementation of Farm Plans in Bardolt Taluka
and Economic Survey of Borsad Taluka. They refer to fertilizer practices
in the agricultural year 1964-65 of 3 groups of cultivators: 71 cultivators
from Bardoli Taluka of Surat District in south Gujarat, 392 cultiv.iors
from the Charotar (ract and 333 cultivators from the Mahikantha tract,
both in Borsad Taluka of Kaira District in central Gujarat. These 3
groups will be referred to as the Bardoli group, the Charotar group, and
the Mahi group.

Major Characteristics of the 3 Groups

The 3 samples of cultivators differed in many respects. The Bardoli
group was located in 1 of the 16 districts covered by the Package Pro-
gramme, while the other 2 were in a region not covered by the program.
Though the Charotar and the Mahi groups were neighboring, they dif-
fered -ignificantly duc to differences in the physical features of the regions
and their relative levels of development. The Charotar tract is an un-
broken plain, while the Mahikanthe tract is cut by deep ravines formed
by the river Mahi. The former had a higher level of socio-economic
develupment than the latter, in such facilitics as roads and schools, and
in diversification of cconomic acuvities. The 3 groups also differed in size
of farms, availability of irrigation, and crop pattern. Tables 4, 5, and 6
present these characteristics.

Teble 1. Distribution of cultivaton according to size of holding

Munber of cultivators in each size clase
Croupe 49_percentage of totsl cultivators {n the group
Less than 2¢ct0$ Hore then
4 hectgres hectares $ hectares
petgent
" Bardol{———— 28 23 49
Qarotar——— 72 23 3
Nob { ——eeee e | 8s 12 ' b |

Source: Agro-Ecoacmic Research Centre for Gujarat and Rajasthan.
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Table 5. Avallabllity of Lrrigation to the § groups
Groups Percent of cultivetors in cach | Percent of total cultivated ates
ALoyp vwith frrigaced land iggigeted tn_each group
Bardol{——- 9% 32
Charotar-——- 63 43
Mahi{——eo- 22 20
Source: Agro-Economic Research Centre for Cujazat and Rajasthan.
Table 6. Crop pattern of the $ groups of culthvators
Croupe Perceng of total cultivated ares of each grToup under:
Rice [Whest [Bajei.a| Jovar|Banasna Sugar-|Cotton [Tobacco Miscel-
caneg 1sneous
Bardolfe——s}| 22 6 - 12 6 29 - 22
Chatotar—~—| 14 4 26 2 . L] 3 19
Habt -—| 10 . 6 2 - - 23 27

.
Less thas 0.5 percent.

Source:

Agro-Econoaic Research Centre for Gujarst snd Rajasthan.

Levels of Fertilizer Use

Levels of fertilizer use in the 3 groups are shown in table 7. The differ-
ences in the lct Is are as expected. The Bardoli group, located in a region
covered by the Package Programme had not only tie highest levels, as
reflected in average t1ates per unit of land, but it used all the $ plain
nutrients. On the other hand, the Mahi group was using only nitrogen
and the level vas the lowest. The Charotar group came 1n between.

Though the average rates of fertilizer use, as computed in table 7 indi-
cate the differences in the levels of fertilizer use by the 3 groups, they do
not reveal the true nature of the dilferences. Not all farmers in each
group uscd ferulizers nor did those using it fertilize their entire areas.
Table 8 brings out these features. About two-tlurds of the cultivators in
the Mahi group did not use any fertilizers. For the Charotar and Bardoli
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Total Average rate of use
Croupe cultivated
ares » r,0, K,0 n
hectares kilograme/hectare
Bardol {e— 410 3 [ 9 1
Quarotar—-- 791 2 t - b )
Habt———e 422 14 - - -

* M refers to fertilizer mixtures. It vas not possible to convert the
mixtures incu nutrients decause the information on composition of mix-
Cires vas not available. As the nutrient content of o kilogrea of mix-
ture would be considerably less than 1, the izportance of mixtures would
be much less than {ndicsted by the figures in the tadlae.

t Less thea 0.5 kilograns per hectare.
Source: Agro-Zconomic Rerearch Centre for Cujarst and Rajesthan.

Table 8. Noo-users of ler'dllzers and unfertilired aress ln the 3 groupe

Groupe Total cultivators Jots]l cultivated land with:
Veers | Mon-users Usere Non-yesge
FPertilized|Unfertilized Unfertilized
percant
Bardolf{———m- 80 20 54 40 6
Charotar——- 63 » 30 b} 18
Rahfe—eeoeu- 32 68 3 )8 28 41

Source: Agro-Lconomic Research Centre for GCujarat and Rajasthan.

groups this proportion was much lower, a little over one-third and one-
fifth, respectively. Furthermore, it was not only the cultivated areas of the
“non-users” of fertilizer which remained unfertilized. In fact, in all groups
large proportions of unfertilized arcas were on farms where the cultivators
had adopted ferulizer use

The difference between levels of fertilizer use by the 3 groups was
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Table 9. Rates of {rrilllzer use oa (ertlized areas by the 3 groups

Croup | '205 xzo ]
kilogvems/hectace

Bardol {—— —— o 61 1nu 17 1

Charotsyr——— === ——=of 47 . 0 [

Mabi & 0 0 0

»
Less than 0.5 kg./hectarv.

Source: Agro-Lconoeic Resesrch Centre for Cujarat snd Rajesthan.

primarily in terms of varying proportion of cultivators using fertilizers on
varying proportions of total cultivated arcas. rather than varying rates of
fertilizer use per unit of land, as suggested by table 7 eaiiter. Table 9,
which shows rates of fertilicer use per unit of land whica was fertilized
clearlv supports this observation for difference in the levels of fertilizer use
between the Charotar and Mahi groups.® The dilference in the levels of
fertilizer use between the Bardoli group on the one hand and the Charotar
and Mahi groups cn the other was in terms of both cxtent of (ertilizer use
and rates of fertilizer use on a unit of cultivated land.

Distinguishing Characteristic; of Users and Non-Users

To see if the users and non-users had any distinguishing charactenistics,
their distribution was examined for: size of holding. tenancy status,
availability of irrigation, and crop pattern.

The importance of these factors in affecting a cultivator’s basic decision
regarding whether to use fertihizers is obvious. Cultivators with very small
holdings may not have adcquate marketable surplus to invest in pur-
chased inputs. Weather and price uncertaintics may hinder the desire
and ability to experiment with an unknown input. Tenants may lack the
willingnes: and bility to use fertiliers, particularly if they are crop
sharers and the co.t of fertilizers is not shared by the land owners. Their
ability to use fertilizeis would be further impairea if credit institutions
discriminate against them either by not granting credit or by charging

SLaad whizh received at least one (crtilizer 13 denne 33 fretilized land; cultivators
who vere using at least one lertillzer are referred 10 a3 wen
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higher rates of interest on account of their lower credit-worthiness. Avail-
ability of irrigation can 2=t a cultivator’s decision to invest in fertilizers
in 2 ways: by increasing the productivity of fertilizers and by reducing
yield uncertainty. Finally, the crop pattern of a cultivator can affect his
decision to use fertilizers as returns from and, hence, incentive to use
fertilizers would vary for different crops. The crop pattem can also affect
his ability to invest in purchased inputs and thus influence his decision to
usc fertilizers.

An attempt was made to sec if there was any association between the
use of fertilizer and the size of holding or tenancy status.

The number of cultivators among tenancy classes and size-holding
classes was obtained and cultivators using fertilizers in cach class were
distinguish.ed from those not using any fertilizers. The findings, presented
in tables 10, 11, and 12, are summarized:

(1) A high proportion of non-uscrs in cach group were those whose
holdings were smaller than 2 hectares,

(2) A similar conclusion could not be drawn about the distribution of
non-users among tenancy classes. A majority of the non-users in each
group were owners. This, however, was due to the importance of the
category of “owners” in each group.

Table 10. Distribution of usrs and non-users of fertilizers according o size of holdings
asnd tenancy status: Bardoll group

Sise of holdings Teasacy statue Ne . -woete Use.o Totsl
(1a bectaree)
percent of totsl cultivatere (71)

easats - -
fmaller thaa 2-——— { Oveer-cum-tessats - - -
Oveere . 13 1) n
Sub-total 13 1) b1 )
sasats - - -
1w Ovaer-cum-tensate - - -
Oweere ) 0 13
Sub-total b) 0 b3 )
- Teasnte - - -
Larget thad 3 eemmmo Oveer-cun-teasats - ] [}
Owvets 1 7Y 43
Seb-tetal 1 o 1]
Totsl 19 0 100

Seurce1 Agre-Leonsaic Resesrch Contre for Cujaret ond Rajosthes.
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Teble 11. Distribution of users and noo-users of {ertillzers accondinmg to size of holdings
and tenancy status: Charotar group

$1s0 of Moldinge Tensecy stotus Noa-usere Csece Totsl
(1 hectares)
pergeng of totsl cmitivaters (NMD)
Teoants ? [ ) u
Sesller thaa 2-—--| ( Ovner-cum-tensnce b} e 1
Oveere N » 4
Sub-totale—o—m— N n » n
LY 1 3 2
3 to S—eeemcceearf OVEOT-CuD-Loasatse 1 ? [ ]
Ownere 1 u 12
Sab-tetal-—-ooc-- Y —— 3 19 T n
Tensate - - -
Lagger thaa $-——-1 { Ovmesr-cun-teasats - 2 2
Cwnete - [ Y 4
Sub-totaloceor-ocproccmmmmoomases - - [ ) ¢
Totalre—eeoccmcepocorooomcaon ————- » (3 100

Sourcer Agro-fcoecsic Resesrch Ceatre for Cujarst eod Rajasthen.

(3) While most of the non-users had “small” heldings, between two-
fifths to a little over onc-half of the cultivators with farms smaller than 2
hectares were using fertitizers in all groups.

This aspect—an overwnelming proportion of non-users being small
cultivators and at the same ume a sizcable proportion of the culuvators
with less than 2 hectares using ferdilizers—was investigated by studying 2
conditions which can substantially influence the cultivators’ incentive to
use fertilizers by affecting the returns on its use: availability of irrigation
and crop pattern.

A close association is revcaled between fertthizer use and availability of
irrigation (table 13). In both the Charotar and Mahi groups, while a large
proportion of uscrs with small farms had wrigated land, a vast majority
of non-users with small farms were * -ithout irrigation. In Bardoli all users
had irrigation; in contrast to the other groups, ncarly three-fourths of
non-users also had irnigated land.

As shown in table 14, crop pattern was another factor which distin-
guished users from non-users of feruhizers with holdings smaller than 2
hectares. In cach group a much smaller propertion of non-users were
growing superior grains or commercial crops.® In cach of the groups every

*In India. tice and wheat a1+ referred to as supenor ins and command higher
prices compared to other cereals such as jowar, bajara, and maire
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Table 12. Distribution of users and nom-users of (ertllirers according te sire of holdiags
M

and temancy status: Mahl group
Sise of Meldisge Tonsacy otatus Non-vsers Users Total
(18 hectares)
_Eerseot of tetal cultivetoys (1Y)
scsats 3 R 4
Sesller thea 2———4 { Owvmer-cun-teassts ¢ ) 10
Owveese 3? 14 n
Seb-total “ 19 [ 3]
sassate - - -
2 to $eomm: —eeeeed { Owvner-Ccum-tessets 3 1 3
Owvaers 2 ? ]
. Seub~total 3 ] 12
cassts - - -
targer them 39— 4 Ovaer-cum-tossate - - -
14 - 3 3
Seb-total - 3 3
Tetal (3] n 100
Seurcel Agre-Rosesmic Research Ceatre for Cujaret sad Rajesthaa.

Tabls 1). Avallabllity of Lrvigation to users and pon-wers with “small™ (arme

Bardell Chsroter Radt

Beo-veere!

Total cultivatere 1 134 1

Cultivaters haviag irrigetioe—————mecocmene [ ] » [ ]
|11

Total cultiveters ? 19 (]

Cultivatore having (rrigatioa———oommoocmmen ] 113 n
Perceatage of moa-veers havisg irrigstion——— n 1) 2
Percontoge of woere haviag irrigatice 100 n 0

Seurcel

Agro-Lconsmic Ressarch Contre for Cujoret sad Rajssthas.
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Percentage of ‘total non-users Percentage of total users 1n the
Crops in the group who grew the crop group who grew the crop
Bardols Charotar Mahi Bardold Charotar Haht
Rice —_—— 82 25 12 100 51 k)
Wheat —— - 2 hed 22 18 2
Jovar—————ee 27 2 b 22 S 8
Bajara —_— - 84 95 - 92 86
Banana- - - - - S -
Cotton 27 - - k| 2 -
Tobacco~———om— - 1 10 - 64 83
Klacellaneouo'-- 54 52 50 89 6s 75

* Less then 0.5 percent of the cultivators.

t The category ''aiscellaneous” 1g a catch-all term for the remsaining crops. It includes, in order
of importance, other cereals, pulses, fodder trops, fruits, oilseeds snd vegetables. '

Source: Agro-Econoaic Research Centre for Gujarat and Rajasthan.



cultivator grew more than 1 crop, sometimes as many as 5 or 6; seldom did
anyone fertilize all the crops he grew.

To conclude, most of the non-users of fertilizers were cultivators of
small farms without irrigation, growing mainly inferior grains and fodder
aops.

Pattern of Fertilizer Use

It was shown carlier that farmers who had adopted fertilizer use did
not fertilize all areas they cultivated. This could be an outcome either of
limited availability of fertilizers or lack of incentive to use them on certain
areas, or both. Even if it were due to limited availability, this feature
needs to be examined because it indicates the existence of an allocation
problem for the cultivators.

Spread of Fertilizer Use on Different Crops

The spread of fertilizer ux on a crop was measured as percentage of
area under the crop witich received at least 1 fertilizer. Table 15 presents
the findings.

In each group certain crops were more extensively fertilized than others.
These crops were sugarcane, banana, and rice in the Bardoli group;
sugarcane, banana, and tobacco in the Charotar group; and tobacco in
the Mahi group. In the Bardoli group rice was the only foodgrain crop

Table 15. Speead ol lertllser use on different crops

Pertilised ares of the crop Tertilizsad aves of the crop
o0 petcoant of ares wader a8 percamt of tetsl sres
Crope the ¢10) cultivated by waere wador the crep ia the growp
Sardeld Charotar Nadt Serdelt Oharetar Naht
Poodgreine:
Mco—— *» 12 32 ” 43 ]
Mhest—— - 29 “ 7 Y [3) b ]
Sejare oo . (1) 42 L4 » 16
Jovet o= 13 28 - 2 L] -
Bea-feodgreine)
| T ) 100 [ 3} . 100 [ 3] [
Sugercoso— 100 100 . 100 100 L
Cotton———— [ ] %0 . [ %0 .
Tobac ¢ O——oo] L] [} [ ) L4 [} 13
Niscellscetus— ? 0 22 ? 13 8 ]

® Rt growm ia the growp.
Source: Agre-Lcsasmic Research Coatre for Cujeret sad Rsjasthaa.
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being fertilized as extensively as the 3 commercial arops. Cotton was the
only non-foodgrain commercial crop which was not highly fertilized.
Table 15 also shows diffcrences between the Bardoli and the other 2
groups in ferulizer use on foodgrains. In the former, almost all areas
under rice were fer.ilized, but less than one-third of the area under wheat
and only onc-fourth of that under jowar were fertilized. In the Charotar
and Mahi groups wheat (a higher proportion of which was irrigated) was
more extensively ferulized than rice and bajara. Jowar was fertilized to 2
small extent in the Charotar group, but not in the Mahi group.

It is also clear from the table that when spread is measured as the
percentage of all cultivated areas under these crops which were fertilized,
rather than as percentage of arcas cultivated only by the users, the dis-
arepancy between the spread of fertitizer use on foodgrains crops and that
on the non-foodgrain commercial crops becomes sull wider. This is due to
the foodgrain-oricnted crop pattern of the non-users discussed earlier.

Amount of Fertilizers Used on Different Crops

Table 16 shows the rates of fertilizer use on fertilized areas under differ-
ent crops in cach of the groups. Within cach group, the rates of fertilizer
use on different crops varicd. In spite of the variations, a consistent pat-
tern can be seen. Non-foodgrain commercial crops, with the exception of
cotton in the Bardoh group, were ferulized at hugher rates than the food-
grain crops. Rice and wheat were feralized at higher rates than jowar and
bajara. The most striking feature of the rates of fertilizer usc on different
crops is the wide dufferences in the rates of use on sugarcane, banana, and
cotton in the Bardoli group, and tobacco in the Charotar and Mahi
groups. The rates wsed on sugarcanc and banana were about 4-5 times
higher than on tobacco. Cotton was fertilized at the lowest rate among
the comm=: cial crops and at a ratc lower than rice and wheat?

The ariount of ferthizcrs used on different crops can also be viewed in
terms of the distnibution of total ferulizers among crops (table 17). The
findings arc similar and can be summarized as.

(1) In each of the 3 groups there was a heavy concentration of fertilizer
use on some non-foodgrain crops Sugarcanc and banana, which occupied
9 percent of the total area in the Bardoli group, reccived 57 prreent of the
nitrogen, 62 percent of the phosphorus. and 96 peicent of the potash used
by that group. In the Charotar group 71 pereent of nitrogen, 67 percent
of phosphorus, and 76 percent of mixtures were used on banana and
tobacco, which occupied only 35 percent of the area. The Mahi group,
which used only nitrogen, applicd 81 percent of it to tobacco grown on
25 percent of the arca.

*Sugarcane and cotton 1n the Charotar group were grown by only 2 cultivators
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Table 16. Rates of fertilizer use on different crops

Crepe Saréell growp Chsrecar .mo. Mabi grewp
» rzo, lzo | ] r,o, n ]
dtieareme/hestece
Poodgratng:
Ricom—e—o——r]| 47 ? ) b “ - - n
Wt e 44 ) ’ - » 2 2 »
Sajere—r— ] 4 ’ ’ R} - - 13
Jovere——e—as| 16 3 - - i) - - -
Noo-foedgcalas
bant s -] ) (1) ] - 13 - 3 ’
Sugsrcane—-| 202 9 108 - (3] - - 4
Corire-—-—-| 16 ) - 3 b - - J
Tobacco * ’ * . 37 [ ] 7 (%]
Kecollanoous -y )7 1 - 16 PV ) 1 ] 17

* N ‘1° wsed by this growp.

t Geed ounly N,

® Crop ot growm,

§ Lees thas 0.3 Lilegrams/bectare

lu:gu Agro-Lconmmic Resesrch Comtre for Cujorst sad Rajesthea.

(2) On the other hand, foodgrains which occupied substantial areas in
each group reccived a very small proportion of the total fertilizers. The
3 groups, however, differed in the use of fertilizer on foodgrains. The
Bardoli group. in which rice and wheat were the main foodgrain crops,
allocated a higher proportion of its fertilizers to foodgrain crops than the
other 2 groups, for whom bajara was the dominant foodgrain crop.

(8) Among the non-foodgrain commercial crops cotton uresents an
interesting case. It was grov.n on 29 percent of the cultivated land in the
Bardoli group. but it received only 10, 11, und 28 percent of nitrogen,
phosphorus, and mixtures, respectively. This was in sharp contrast to
tobacco, occupying about the same proportion of land in the Charotar
and Mahi groups.

These findings raise 2 questions: What forces were responsible for the
observed fertilizer use pattern? Do these findings have wider applicability?

Since the groups studied represent $ dissimilar situations, and since

¢ Greater allocation of festiliters to foodgrains in the Bzrdoll(roup was not as much

due to Its loation in the Package Programme District as it was due to a highe: propor-
toa of its land under nce and wheat; jowar was little fertilized.
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Teabdle 17. Distribation of lertilizers among crops

Percent of Percent used oa the crop
Crops ares under

the crop L} '205 120 |

Baxdolt group
Rice-—oomormoe 22 28 24 2 45
Wheat———oeooame 6 2 1 2 -
Jovar —— 12 1 1 - -
Banang—----o— 3 20 3 26 -
Sugarcane—--— 6 » 29 70 -
Cottop——=—=c—= 29 10 11 - 23
Hiscellaneous— 22 2 1 - -
Chacoter groyp
Ricer—cona—uuo 14 ? - - -
Whesat-———ceoe e 4 4 22 - 16
Bajara -— 26 10 - - -
Jovar—— -— 2 1 - - -
fanang-—--emeem 2 8 - - 16
Sugarcang~——-- L L - - -
Cotton=—e-—eorn= ] . - - -
Tobacco=—oe—nan b3 ) 66 67 - 60
Niscellaneocus-—- 19 4 11 - 8
_Hah{ grovp

Rice-———ccomnan 10 7 - - -
Vheat—-cmeccaae . 1 - - -
Bajara——-oc—eee 36 7 - - -
Jovageeamcoca— 2 - - - -
Tobacco-m—=coem 23 81 - - -
Niscellaneous-- 22 4 - - -

Less than 0.5 percent.

Source: Agro-Economic Research Cratre for Cujsrat and Rejasthan.

fertilizer use in each was common .mong all types of cultivators and to a
varying extent on all crops. one ca not attribute the observed pattern to
ignorance or prejudice. There must have been some reasons for the ob-
served use pattern. The most plausible explanation for the chief features
of the observed ferulizer use pattern lies in varying levels of profitability
of fertilizer usc on different crops. ‘T'wo factors which affect profitability of
fertilizer use differently for diffcrent crops are their prices and their
nhysical response to fertilizers. In the absence of these data or the culti-
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vators studied here, it is possible to verily if profitability considerations
governed the observed use pattern only in a general way.

Hopper has analyzed the data from fertilizer trials in cultivators’ fields
to estimate average physical response functions for a number of crops.
The response functions are estimaced by analyzing the summarized find-
ings on the farmers’ ficld trials conducted by the Institute of Agricvltural
Research Statistics on thousands of farms between 1951-52 and 1961-62 to
obtain information on crop response to fertilizer use under prevailing
conditions. These functions are used here to see if profitability considera-
tions governed the observed use pattern. The limitation of this procedure
is obvious. The physical production conditions encountered by the $
groups would be different from those underlying the average all-India
response functions But because they bring out the basic differences in the
responsivencss of different crops to fertilizer:, these response functions
provide an opportunity to check if the observed use pattern was governed
by variations in profitability of fertilizer use on different crops.

To analyze fertilizer trials, Hopper used the quadratic production
function:

Y=bX + X2+dXI

where:

Y is yield in pounds per acre,

X is either nitrogen or phosphorus in pounds per acre,

1 indicates the presence or absence of irrigation as 1 or 0,
respectively.

in most cases d could not be determined, as the data were not available.
This is not a serious limitation for the present objective because we can
assume that the data from the trials represent reasonably sufficient quan.
tity of water on rice and sugarcane, and average rain.fed conditions for
jowar and bajara—a situation similar to the one for the $ groups of
cultivators studied here. Non-estimation of ¢, in the case of cotton, makes
the production function linear and hence it is interpreted strictly within
the limits of fertilizer use in the trials.

Hopper's equations covered 6 of the crops grown by the 8 groups
studied in the present chapter, namely rice, whear, jowar, bajara, cotton,
and sugarcane. This leaves out banana, tobacco, and the crops covered in
the miscellancous category. In view of the importaace of tobacco in the
Charotar and Mahi groups, the response function fo- this crop, estimated
by Raheja and others from the experiments conducted by the Indian
Agricultural Rescarch Institute, is used. The parameters of the response
functions for these 7 crops are given in table 18.

To compare returns from fertilizer use on different crops the response
functions were multiplied by 1963-64 average fanm prices of these crops in
Gujarat, and revenue functions were obtained [or different crops. On the
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Teble 18. Parameters of the rospense (unctions

‘Cropc Nitrogen Phosphorus

b 441 [~ l d b Al c l, 4
Rice, all-India + 13.40 - 0.130 - + 8.70 - 0.080 -
Wheat, all-India +10.20 - 0.130 + 6.50 +5.30 - 0.060 + 4.6
Bajara, all-India-——-—-——| + 10.65 - 0.080 - - - -
Jowar, all-India————=—— |+ 10.52 - 0.072 - - - -
Sugarcane, South-India—— | + 74.87 - 0.068 ; - - -
Cotton (lint), all-India-—| + 0.85 - + 0.17 + 0.50 - + 0.55
Tobacco, experiment station | + 10.36' - 0.084 - + 2.68 - -

Sources: For all crops except tobacco, Plapning 'Yardsticks' for Fertilizers and Jrrigation, by
W. David Hopper, in Agricultural Situation in India, Vol. 20, No. 6, pp. 465-66, Sept.

1965. For tobacco, Fertilization of Crops by P. C. Raheja, A. G. Kavitkar, aod R. P.
Mehta, (Indian Agr. Res. Inst,, Bul. 2, p. 110. New Delht. 1965).




basis of nitrogen and phosphorus prices in Gujarat during 1964-65, two
cost functions were developed for nitrogen and phosphorus. The assump-
tion behind using 1963-64 crop prices and 196465 fertilizer prices is that
fertilizer practices in 1964-65 were governed by returns as determined by
realized crop prices of the previous year and prevailing fertilizer prices.?
These functions are:

Rice: R = 442N — 0.043N?
R =287P —0.026P?
Wheat: R = 8.06N — 0.039N? + 1.95N1
R =159P - 0.018P 2 + 1.38P1
Jowar: R =2.10N - 0.014N?
Bajara: R = 2.56N — 0.019N?
Sugarcane: R = $.52N — 0.008N?
Cotton: R = 146N + 0.29NI

R =0.86P + 0.95P!

Tobacco: R = 5.89N — 0.048N?
R = 1.52P

Nitrogen: C = 085N
Phospitorus: C = 0.72P
where:
R is revenue in rupees per acre from fertilizer use,
C is cost of fertilizer in rupees per acre,
N and P are nitrogen and phosphorus, in pounds per acre,
I indicates the presence and absence of irrigation as 1 and 0,
respectively.

The revenue and cost functions are plotted in figures 8 and 4; in tables
19 and 20 returns over cost of fertilizer (R-C) are shown. While examining
these figures it may be noted that the rates of nitrogen and phosphorus
application in the trials were only up to 40 pounds per acre for the food-
grain crops, 20 and 50 pounds per acre for sugarcane, and 80 pounds per
acre {or tobacco.

The returns from fertilizer use on different crops shown in tables 19
and 20 cannot be said to represent with precision the relative profitability
of fertilizer use on them for the 3 groups of cultivators, because the
production functions used in developing the argument represent the
average all-India situation and not the production conditions confronting
these cultivators. However, it is reasonable to assuime that they do indicate
the broad nature of the differences in size of returns and, therefore, the
incentive to use fertilizer on various crops for the cultivators studied.

*These prices, in rupees per pound, were: tice 033, wheat 0.30, jowar 020, bajara
024, malee 0.19. sugarcane 0047, tobacco 057, cotton (lint) 1.72, nitrogen 0.85, and

pbosphorus 0.72.
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Given such differences in returns from fertilizer use on different crops,
it is easy to see why: (a) sugarcanc was fertilized by all cultivators who
grew it and at very high rates: {b) the spread of fertilizer use on tobacco,
the most important commercial crop for the Charotar and Mahi groups,
was very high but the rates were lower than on sugarcane; (c) cotton, the
most extersively cultivawcd commercial crop in the Bardoli group, was
less exteasively ferulized than crops such as sugarcanc and rice and at
low rates; (d) rice and wheat were more extensi. :ly fertilized than other
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foodgrains; (¢) wheat was much less commonly fertilized in the Bardoli
group, where almost all of it was grown under unirrigated conditions,
than in the Charotar and Mahi groups where most of it was irrigated; and
() in general, phosphorus was much less commonly used than nitrogen in
all the groups.

Why did cultivators who had adopted fertilizer use not fertilize a signifi-
cant proportion of their cultivated land in spite of positive returns from
fertilizer use on crops grown on this land?

Any one or more of the {ollowing reasons might have been responsible
for this feature: (1) limited availability of fertilizers, (2) inferior produc-
tion functions of the cultivators, (3) high disconnting of returns by culti-
vators, and (4) relatively early stage growth in fertilizer use on some of
these crops.

If fertilizers were available in limited quantity (either due to short
supply of fertilizers or due to lack of adequate credit facilities), concentra-
tion of fertilizer use on crops with high returns would be the logical
outcome. Systematic and complete information on this subject is not
available, but the impression gathered from the investigators who did the
original field survey and the scanty information on credit distribution do
not support this line of reasoning.
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Teble 19. Returns over cont of anitregen on differont creps

¥

Lavel of Rice UDairrigated | Irrigated Bajarte Jouar Sugarcane jUnirrigsted| Irrigated Todecco

W vee vheat wvheat cottoa cotton

1bs./scre Tupees per acre
10-——| 31.40 18.20 37.70 14.20 11.10 26.40 6.10 9.00 45.20
20——| $4.20 28.60 67.60 24.60 19.40 32.20 12.20 18.00 00.80
30———| 68.40 31.20 89.70 31.20 24.90 77.80 18.30 27.00 106.80
40——] 24.00 26.00 104.00 34.00 27.60 102.00 36.00 123.20
0——-1 71.00 13.00 110.50 33.00 27.%0 126.00 45.00 130.00
60— 109.20 149.40 54 .00 127.20
10— 172.20 114.80
90— 194.40 92.80
90— 216.00
100— 237.00
10— 333.00
200—— 414.00

Bote: The returas are calculsted from the fusctions given 1a ths tuxt. For each crop they are calculated

caly & 1ittle beyood the rates of application im the trials.
up to peak levels for sugarcane.

Bence, cslculations ere not extended
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Tabie 20. Returas over cont of phaspherms ea dilicrost crops

Levels of ons use Rice Unirrigated Irrigated Todbacco
vheat vheat
lbo.[ acre TUpEeesS per acre

10- 18.90 6.90 23.70 8.00
20 32.60 10.20 43.80 16.00
30- 41.10 9.30 60.30 24.00
40- 44.40 6.00 73.20 32.00
50— 42.50 82.50 40.00
60 48.00
70— ' 56.00
80— 64.00

Mote: The returns are calculated from the functions given in the text. PFor each crop they
are calculated only a little beyond the rates of application in the trials. Hence,
calculations are not extended up to pesk levels for irrigated wheat. For tobacco
there 1s no peak level because up to 80 lbs., the highest rate in trial, a linear
production function is gtven by Raheja.



The production functions used in this analysis are average all-India
functions. It is not unlikely that the physical response to fertilizer use was
Jlower than indicated by these functions on farms of some of the cultivators
studied. This would further reduce the low returns on crops which re-
mained unfertilized to the highest extent, namely jowar, bajara, and other
foodgrains. This scems particularly plausible for tenants and small culti-
vators without itrigaton. It is equally likely that the non-use of fertilizers
on crops with low rcturns was duc to heavy discounting of returns by
cultivators. Discounung rcturns on fertilizer use due to yield uncertainty
is likely becausc of the non-imgated conditions under which these unfer-
tilized crops were grown.

How wide an applicability do these findings have? Information on
fertilizer practices of cultisators 1s available through published findings of
a number of ample surveys conducted n several districts of the country
between 1954-55 and 1963-64 [ the second secuon these findings are
studied to t1ace the pattern of ferulizer use within groups of cultivators
and also to verify if the observed use pattern within each group was
governed by considerations of varying profitability of fertilizer use on
different crops.

Section II

Fertilizer Practices of Cultivators in Other Parts of India

The Institute of Agricultural Research Statistics has conducted a num-
ber of sample surveys in different parts of India 1o assess the spread of
improved practices. Their findings are avail hle for 36 surveys conducted
in 19 districts. Data in these surveys were collected by drawing a random
sample of 800 to 1000 culuvators from each of the 19 districts. The find.
ings deal with: (1) spread and ratces of fertilizer use or various crops, and
(2) distribution of fertilizers among foodgrain and non-foodgrain crops.

Spread of Fertilizer Usc on Different Crops

Table 21 shows the percentage of arcas under different crops which
were fertilized in the samples from the 19 districts. Potash in straight form
was used only in % districts These findings are given separately in the
footnote to make the table more readable. M refers to mixtures.

In interpreting the table it may be noted that in some cases only
partial information is available. For example. the sample of cultivators
from Shahabad District had land under several crops (table 25), but for
1962-63 the findings on fertilized areas under different crops are available
only for rice and wheat. While this partial availability restricts the useful-
ness of the findings for the present analysis, the table does show that
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Table 21. Spread of lestillaer wee on diffcrest crops

District, state

Percent of areas uader crops that received

nitrogen(N), phosphorus(P), sad mixtures(X)

t

s

32-

1

S8 -

9

A

39-

1

[Q

4

4

L}

[ 4

[ 4

tr

Ferozepur,
Punjadd

Ladhians,
Ponjsd

Pall, Rajasthas

Barsbaaky, U.P."

Neetut, U.P.

Rice
Wheat
Maisze
Cotton
Other fgo.

Wheat

Matize
Sugarcane
Carden crope
Cottoo
Croundnut
Other fge.

Wheat
Naize

Rice
Wheat
Sugarcane

Carden crope]

Ofleeede
Other fge.
Fodder crope

Rice
Vhest
Naize
Sugarcane
Carden cropef
Cottos

Other fgs.

22

23
2

[-X-X-1 N-J

0000000

[-N-N-N-N-]

0000000

ococooco0o0o0

0000000

(3}

4
78

21

»

(- X -]

74
46

e

- S

00 b

(- X -]

00 ©0Oo

26 2 O
37 22 o
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Teble 21. (contnued)

Percent of sress under cr «e That received *
District, otate Crop aitrogen(N), phosphorus(P), and sixtures (M)
19%4-353 937-38 1998-59 1959-60 1961-62 1962-6) 19634
n rlu [ I n[r]n nlr]n nlr ] slr ] wier|»
Aligerh, U.P. Wheat 6 1 2 19 2 3 33 3 %
Naize 7 0 0 18 e e 25 )
Bajars 3 0 0 24 1 1 13 e
Becley 1 (] ] S 1 (] 14 1 1
Sugarcane 9 0 0 19 1 3 0 3 1
Cotton 7 0 0 113 2 1 28 1 3
Other fgs. 1 0 o
Varsssst, U.P. Rice 32 0 o
Wheat 12 0 o
Sugarcaae 21 o0 o
Cerden crope 2 0 o
Other fge. & 0 o
Shahabad, Bthar Rice 43 S 0 33 4 o e S0 0
Wheat 16 2 0 29 16 0 48 44 o
Sugarcane 7 s o :
Potatoes % 23 o
Other fgs. 13 &4 o
Sambalpur, Orissa Rice 3 3 o
Ragpur, W.P. Rice 14 o o 33 17 0 25 16 0 2 16 o
Wheat 28 0 o
Cardea crope 9 9 O
Otlseeds 2 2 0
Other fgs. 3 3 o
Bhandars,
Mabarsshtra Rice 10 S 0O

(contiaved)
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Teble 21. (continued)

Percent of areas uander crops that received

District, state Crop attrogen(d), phospborus(P), sod mixture(X)
' 1954-353 1857-58 1958-59 1959-60 1961-62 1962-63 1963-64
] DEALZERERIAEIER L l ] ul BERERIALEERRARE
Suret, Cujarst Rice 16 & O
Jowar 3 1 ]
Cotton 7 1 0
W. Codavari, Rice 227 10 3 36 9 o 62 23 10
Aadbra Sugsrcsac ST 0 72 62 S o % 15 0
Carden crope|38 O O
Sanana 3% 0 O 0 4 O
Catlltes 3% 0 o 0 & O
Tobacco 4 0 9 40 12 O 0 22 O
Croundaut S 7 0
Hillets e 0 O
Pulses o 4 O
Krishoa, Andhra Rice 60 33 3
Sugarcase % I
Carden crope 41 11 8
Tobecco 8 ¥ 7
Olleeeds ¢ 28 O
Hillets 1 1 6
Msadya, Mysore Rice ¢ % O
Sugarcane 9 88 O
Ragt s 8 O
Thanjaver, Madrss Rice 48 26 7 61 43 4 66 I )2

(coatinved)



Table 21. (conduded)

Percent of areas uoder crope that received

District, state Crop aitrogen(N), phosphorus(P), and ixtures(N)
1934~ 1932~ 1950-49 1939- 1961-42 1242-
nlvre AR K rl LR K LR [ lr ] ]
Coiabatore, Medres | Rice 2 2 0 52 s
Sugsrcane 9 0 16
Todacco 4 0
Cottoe 4 0 1
Olleeeds 2 0 2
Nillets 1 0 1
Palghat, Kerala fice » 3 3
Alleppey, Karsla Rice 2 16 33
® Less then 0.3 percent.

t Where mors than one rice CTOp was growe ia a year,
percentage of aress fertilized in different
Findings for 1937-58 related to 1937-59.

LXK J

Other foodgrains

' Tindlogs for 1957-38 relsted to 1956-68.

The spread of potash, {a samples where 1t was used 1o straight form, wes as followe::

Rlasrice. szate Srop 19¢1-62 1262-¢2

Shahabed, Bihar 1Mice
Whes

Nandys, Myeore Rice
Sugs

Alleppey, Kersla Rice

Sources: Cosplled from iaformstios given ia:
Reporte of the Eupert Committee oo Assessmest aod Pvaluatios.
Niatstry of Food and Agr.

Fettilizer Practices Followed by the Farmers.
June 1964.

. 21)

t

fcane

-220.

3
1

126)-44
13 3
13 3]
s
3
s

Coverament of lndia.

Aaricwlitural $itwacion fn ledia,

the epresd s calculated by takiag & veighted sversge of the
Seasoss, weights belag sress under rice ia differeat sessces

lesensive Agricwltvrel Pletrict PiCecemmg.

Nev Delbt,



within each sample, fertilizer use was more common on certain non-
foodgrain commercial crops, such as sugarcane, tobacco, and potatoes.!*
In almost all cases either rice, or wheat, or both were also extensively
fertilized. On the whole, a higher proportion of area under rice was
fertilized than under wheat. Foodgrains other than rice, wheat, and maize
were either not fertilized or fertilized to a low extent. The relatively
higher spread of nitrogen use on maize than on jowar, bajara, or such
other foodgrains in some samples could be due to the use of hybrid
varieties of this crop.

It is also clear from the districts for which findings are available for
more than | year that the percentage of land fertiliad increased even in
as short a time as 2 or 3 years, and within such districts, the increase was
greater on crops extensively fertilized than on crops of which only a small
percentage was fertilized in the first instance.

Rates of Fertilizer Use on Different Crops

Findings on rates of fertilizer application on some crops grown in these
19 districts are also available. They are presented in table 22 and sum-
marized. Again the focus is on variation in rates of fertilizer use on
different crops within a district and not on variation a.nong the districts.

As one would expect, the rates of fertilizer use on different crops varied
within cach sample. The deqree of this variation differed for the districts,
but the general pattern was quite uniform. Though in the samples from
the north and cast, rates on sugarcane were not always substantially higher
than on rice and wheat, in general, certain non-foodgrain commercial
crops «cre fertilized at higher rates than the {oodgrain crops. Genenally,
rates of fertilizer use on cotton and groundnut were lower than those on
rice and wheat. Wherever rice and wheat both were grown, there was not
much difference between the rates of application on these crops. Other
foodgrains were fertilized at rates lower than rice and wheat, with the
exception of maize in some cases.

The other feature brought out by the table relates to variation of rates
over time in the same district. Most of the information relates to rice and
wheat. It appears from th :sc findings that, in general, the rates of fertilizer
application on these cro s changed little over time. This is an interesting
finding. because durir:, o+ ¢ pariod covered by the surveys. the ratios be-
tween prices of ferti i:er and crops were declining. On the grounds of
marginal analysis, this feature of the fertilizer practices appears incon-
sistent with cconomir. 1ationality on the part of the cultivators. On the
other hand, when uncertain yields and the small size of marginal returns
—"?;ntragr all-India prezduction function for potato cstimased by Hopper bs:
Y = 53.29N — 0.143N?, whe.c ¥ and N a0 yeld and nitrogen in Pounds per acre,

respectively. This high production (unction mates nitrogen use on potato more profit.
able than all other creps considered so far.
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http:potatoes.10

chkﬂ.lamdla.mur&-“cma-p

Rates of sftrogen(n), phoephorus(P), sad fertiliser aizture (i),

Diatrice, state Crop applicetion oa different crope®
_D[Z‘ﬂi 1 I927-3F T T958-33 [ J333-¢8 SI3T T I3 1
piriniwlrelwlwlrTwiw]r|nim Piwlwle]l w] w,
1bs./ecve
Fereosepur, Rice 13 o o
Peajad? Wheat 16 4 (]
Natge 1 o0 o
Cottos 14 o o
Ludhisns, Whest 19 8 0 21 23 13
Peajed Ratze 20 17 0 18 21
Sugsrcane 19 o0 o
Catrden crepe s 22 0O
Cottom 20 22 0 22 16
Crowndant 12 9 o0 11
Palt, Weat 19 10 0 14 20
Rajasthea Ratse % 13 0 20 N
Reredeart, ° Rice 14 0 o ‘
Uttar Predesh Vhest 12 o0 o
Segsrcane 2 o0 o
Neerwt, Rice 12 0 o
Uttar Predesh Weat 11 0 o
Nafse 10 0 o
Sugarcase 19 o0 o
Cottoa ¢ 0 o
Aligarh, West 13 14 97 13 122108 1
Uttar Pradesd Sajare 11 0 0 13 3 « 9 13
Matse 3 0 0 8 1310 112 1
Segarcase 13 0 0 19 816 23 22
Cotten ¢ 0 022 35 8 1IN
° (cont inned)

0 o©0Oo

3B3ce
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Table 22. (continued)

] Bates of oitrogen(l), phosphorus(P), ssd fertiliser aiztere (0,
District, otats Cxeop spplication on diflgrent crope’
$A-37 1 19%i-38 1238-39 19> T 19¢i-¢1 1 196543 | 136144
Ypinl slprimiwle [ulnfeinln ? [ wiwp Julnleln
1be./0cre
Varsmast, Rice s 0 O
Gttar Pradesh et 16 0 O
Segarcane 19 0 O
Sashaded, Rice 13y 31 0 ? S © ? 8 ©
Bihar Yheat 13 24 0 14 12 o 12 ¢ O
Sugarcane s M O
Potate 23104 O
Sanbelpur, Rice 17 11 o
Oclses
Raipur, Rice 1 3 © 9 ¢ 012 11 0 1 12 O
Madhye Prodesh heat - 2 2 O
Carden 3 13 O
Shandaszs, fiice u 7 o
Mahateshtrs
Swrat, fice ‘ 2% 19 O
Cujarst Jowar 17 & O
Cotton 19 10 O
¥. Cedsvari, Rice 713 O 21 13 0 212 12 83 1 U b2
Andhre Pradesh Sugarcans e 0 13 o0 ©
Tedecce be © O * 1 0 o
Krishas, Rice 3227 O
Asdhra Predesh Sugsrcane 126 2 O
Tebhecoe 3 19 ©

(contisned)



Teble 22. (waduded)

Rates of nitroges(N), phoephorue(P), sod fertiliser aizture ()
Pistrict, state Crep | spplication on differeng crops®
* _ IS0 T 1937-56 | 1936-% 1959-40 I—?;:T-sz 19¢3-¢3 I
I BEATRIBIATETFREIEL nlrIwl wT?r(wiw]lrIn Iin_
1bs./acte
Nandys, Wysore Rice % 11 o
Ragt 3 n o
Sugarcase 108 62 O
Thsajsvur, Rice 6 2118 13 18 N 16 11 e
Madras
Colabetore, Rice n 22 o 32 0 o
Madres Segsrcame | 43 O O & 0 o
Tobacco ¥ o0 o . » 0 o
Cotton : 23 0 o
Palghar, Kerela Rice % 4
Alleppey, Rice 13 26 19?7
Ketals

® ‘Mere more than ove rice crop was STovD 18 & year, the aversge retes sre calculated by toliang veighted
avetages of the rates of application ia different 0045000, weights detlng equal o sress uader the crep ia
dif(erent eessons.

? TFindlags for 1937-38 relate to 1937-99.

¢ Tindings for 1937-38 relate to 1954-39. -

The rates of potesh application, where 1t wae used ia streight forw, were as followse:

Pistrice, ptate Crop 1961-62 1962-6) J943-44
Shaheded, Bihar Rice 7 (3 4
Wheat 24 11 H
Mandye, Nysore Rice b1 ]
N Sugsrcanse 116
Alleppey, Kerele Rice 0

Sources: Cowpiled from taformation given fa:

Reporte of the Lxpert Comitcee om Asscosment sad Bvsluatica. mmmm

. Mistatry of Feod sad . Coverwment of ladia.
New Delht. id Ao

Tercilizer Proctices Followed by the Formers. mwmm
PP. 213-220. Juee 1964.



from raising the rates of f2rtilizer application on these crops are taken
into account, this feature does not appear surprising.

This is demonstrated in table 23 by calculat:ng marginal returns over
cost of nitrogen in 2 price situations. The first price situation refers to
1958-59, when rice, wheat, and nitroger. prices (in rupees per quintal)
were about 48 50, 42.00, and 187.00, respectively, in the major producing
arcas. The sccond price situation refers to 1963-64, when prices of the
same 3 commoditics were about Rs. 60.00, Rs. 50.00, and Rs. 172.00. The
marginal retums are calculated by using the same production functions
discussed in the first section of tlus chapter. It can be seen from the table
that while improvement in the price situation increased considerably the
incentive to ~dopt fertilizer use, it did not raise the marginal returns
considerably. This was due to the nature of the fertilizer production
functions of the prevailing varicties of foodgrains.

Table 2). Returns over cont of aitrogen at differemt levels

Increase in uargin-
Crop Price | Optimm ver coet of M ag:| al retyurns betwogn:
eitus-| rate 50X optd 75X opt.| Optimm| 50X and | 75X and
tion rate rate rate 7% opt. rate
Abe./scre Iupass/ecre Iupase/ecre
Rico——o——| {1 36 29 36 b 1 ] ? 2
I 4l 4) S4 8 1 4
Irv. vheat—] J1 46 40 50 4 10 4
It s1 59 74 78 13 4
Oatrr. wheat| § I 22 9 1 12 2 1
11 26 13 19 20 4 1

The findings on spread and rates of fertilizer use taken together also
reveal that the main factor behind the growth in fertilizer use was increase
in the proportion of areas under these crops which received fertilizer
application, rather than increase in the rates of fertilizer use per unit of
land already fertilized.

Distribution of Fertilizers Among Various Crops

Table 24 shows the disirbution of nitrogen and phosphorus between
foodgrain and non-feodgrain crops by cultivators {rom the 19 districts.
From these Andings it appears that the general pattern of distribution of
fertilizers among f{oodgrain and non-foodgrain crops within each sample
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Table 24 Distributicn of fevtllirers between [oodgrain and non{codgraia crops

v

Dutrtct* Reference | Percent of N unLqm___mm_g_[_on
year Foodgrains | Non- Yoodgraine
foodgrain:

Thanjavur’ —[1961-62 100 - 100
1962-63 100 - 100
1963-64 100 - 100
dhandara’-—[1962-63 100 - 100
Ratpur” 19358-39 100 - 100
1961-62 97 3 93
1962-63 100 - 100
1963-64 100 - 100
Pelghat’—-l1962-63 98 2 100
Shahabed’- —[1961-62 94 6 V)
1962-63 95 s "
1963-64 9 9 %*%
Sembalpur’--|1962-63 * 11 99
Alleppey’ —-|1962-63 88 12 9
Altgerh®—--]1961-62 8 1 100
1962-63 79 21 89
1963-64 78 22 72
Varsnasi——[1961-62 78 22 -
Barsbanki—]1956-38 10 24 100
1962-63 76 2% 72
Meodys'-—|1962-63 76 24 1
Krishne-——|1961-62 73 23 %
V. Codsvart’[1934-33 62 38 100
1961-62 83 17 93
1962-63 72 28 9%
1963-64 70 3 1t
Ludhiens’ —|1961-62 69 n ”
. 1962-63 7% 26 7
1963-64 73 23 s

] 1 Vw ]

[~ ] (4 » 0o

(cootinued)



Table 24. (conduded)

nuzucz’ Reference | Percent of N ysed on! hm_[aom

yoar Toodgrains | ¥Bon- Toodgrains Non-
foodgrains foodgrains:

ras’ 1962-63 8s 15 s 23
1963-64 12 28 € 3
Coimbatore-— [1954-55 36 o 100 -
1961-62 60 40 - -
Ferospur— |1957-59 39 41 100 -
saret ——— [1962-63 50 0 7 %
Neerut—— [1959-60 19 [ 33 - -

.
Package Programme District,

’Dunlcu are arrenged according to percentage of nitrogem used 0s foodgrain
crops.
Sources: Compiled froa information in:

Expert Committee on Assessnent and Pvaluatioa. ]Intensive
[ 1 i

Mintetry of Food and Agr.

Yertilizer Practices followed by the Farmers.

$itustion 1n Indta, pp. 213-220. Juze 1964.

° -
Covernment of India. Mev Delhi,
Ascicultycel

is just the opposite of the one observed in the first section. In 6 out of the
19 districts, over 90 peicent of fertilizers were used on foodgrain crops.
In 9 more cases, between GO to 90 percent were used on foodgrain crops.
Only in the remaining + districts less than 60 percent was used on food-
grains and in only 1 of these 4 was it less than 25 percent. These findings
have been cmphasized by moie than one analyst and an impression is
conveyed that they can be generalized for the counuy.

An attempt has been made by one cnitic 1o explain the concentration of
fertilizer usc on foodgrain crops in these distiicts in terins of most of them
(13 out of the 19) being corvered by the Package Programme. The chief
aim of the Programme has been rapid increase in foodgrain production
by intensive cfforts in the selected districts, and as fertilizer was the chief
instrument of these efforts, it is argued that the concentration of fertilizer
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use on foodgrains in these districts is not surprising. While such reasoning
is sufficient to doubt the gene alization for the country as a whole from
the finilings in these districts, it is misleading because it implies that it was
possitle, through the administrative arrangements of the Programme, to
divert fertilizer use to foodgrains from crops more profitable to cultivators.

Information on the crop patterns of the cultivators selected in these
surveys is presented in table 25. Considering their crop patterns, the
distribution of fertilizers between foodgrain and non-foodgrain crops in
these samples docs not appear exceptional. It appears as much governed
by considerations of profit as the distribution in the 3 groups of the first
section. It is easy to scc why, for example, fertilizers were used on rice
and/or wheat in Thanjavi -, Bhandara, and Raipur (all Package Pro-
gramme districts) which had no crops like sugarcane or tobacco, while the
cultivators from the Package Programme districts of Aligarh, Mandya,
and West Godavari. and the nonpackage districts of Krishna and
Coimbatore, with only a small fraction of their land under sugarcane,
tobacco, and garden crops. allocated only a part of their fertilizers to
foodgrains. The arrangement ot the districts in tables 24 and 25 makes it
clear that even among the Package Programme districts, the proportion
of fertilizers used on foodgrain: diminished as the importancc of fertiliter-
responsive commercial crops in the crop patterns increased. Furthermore,
though in mcst « £ these 19 districes sizable proportons of cultivated arcas
were under ‘oodgrains other than rice and wheat (column 5, table 25),
they were c.ther not fertilized or fertilized to a very low extent (table 21).
Thus, the generally high proportions of fertilizers used on foodgrain crops
in most of these groups as comparcd to those of cultivators studied in the
first section can be interpreted mainly as an outcome of the difference in
the crop patterns and the alternatives availabls to them, rather than in
terms of differences in preference to use fertilizers on va.ious crops or
influence of the Package Programme.

Summary

The analysis of the fertilizer practices of cultivators from different parts
of the country shows that witkin cach sample the spread and rates of
fertilizer use on diffcrent crons were unequal, that in this variation there
was a consistent pattern, aad that the observed pattern was governed by
returns from fertilizer use on different crops.

If generalized for the country as a wholc. the observed fertilizer use
pattern has an implication for the prospects of high rates of growth in
demand for fertilizers. It can be argued that the main source of the past
growth in demand for ferurlizers was spread of its use on areas under crops
which were relatively more responsive to fertilizer us¢, and hence, where
profitability of fertilicer use was high. It can be further argued that once
the areas under such crops are fertilized, unless the basic production
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conditions and/or price relaticnships char  » favorably, the rate of growth
in demand for fertilizers will slacken even though sizable proportions of
acreage in the country under crops such as jowar, bajara, other minor
foodgrains, and oilsceds would be still unfertilized. But can the findings
of this chapter be gencralized?

Given the accuracy of the data, the gencrality of the conclusions , sached
in an inductive inquiry depends on the representativeness of the observa-
tions. Neither the 3 groups of cultivators covered in the first section nor
th= groups of culuvators from the 19 districts covered in the second
section can be said to represent a majority of cultivators in India. It would
be, therefore, premature, to draw inferences for the country as a whole
without further inquiry.

Chapter 5. Analysis of the Observed Fertilizer Use
Pattern: Sales of Nitrogen in Districts

The analysis of ferulizer practices of cultivators has revealed that the
lertilizer use pattern was quite similar in different parts of the country.
Within each group the bulk of fertilizer was used on a few crops with
high returns on its use, and many crops with low returns remained
unfertilized or fertilized on small scalc.

Tie main objective of this chapter is to determine the generality of the
findings. It information on usc of fertilizer by crops were available, this
would be casy. But no such data are available. Only some estimates of
fertilizer sold in various districts of diffrrent states are available. These
Jata are analyzed to test tihe hypothesis that the cross-sectional variation in
sales of nitrogen among vanous districts of a state w2« maialy due to
differences in crop patterns and lesels of 1r: -gation.

The focus of analysis is on vanation 1n sales among districts within
different states and not on variation among all districts nf the country
because of the nature of district sales data discussed in the first section.
This approach may be mote appropriate alw because of the nature of
the institutional arrangements for the disnibution of nitrogenous fertil-
izers during the period covered in the study. As discussed in chapter 2,
since 1943 over 95 percent of these fertilizers were distributed by the
Central Faulizes Pool among various state gosernments, plantation
boards, and industrial users on the baus of the estimates of demand
made by these agencies, past consumption in the regions covered by them,
and total availability of fertilizers to the Pool Tiie state gorernments in
turn sold their quota to cultivators in their arcas. Therefore, 1t may be
more appro_riate to study crosssectional variation within different states
to verify the play of cconomic forces brhind the observed use pattern.
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Section I
Data on Sales of Nitrogen by Districts

Estimates of annual “sales” of nitrogen in different districts of 14 out of
15 states of India have been made by Brown (1965) for 4 to 6 years,
between 1959-60 ai:d 1964-65, from the information supplied by the
Directors of Agriculture in various states. Brown points out 3 limitations
of these estimates. First, 1n some cases sales are «lcfined as shipments into
the districts. To treat shipments as cstimates of sales, it is assumed that
nitrogen shipped into a district was swld in the same district, and the
opening and closing stocks were equal. Second, while in most cases the
estimates of nitrogen sold are arrived at by taking into account nitrogen
content of ull straight mitrogenous fertitizers, fertilizer wixtures, and
complex fertilizers, in some cases nitrogen sold in the formo of fertilizer
mixtures was not included for want of information. Finally, the possibility
of the movement of fcrulizers between neighboring districts through non-
reported channels (not refiected in the estimates) is also recognized. As a
result of these limitations, the inter-district variation in sales of nitrogen
reflected by the estimates may be distorted, but there is no way to ascer-
tain this.

It is, hower er, possible to compare the total amount of nitrogen sold
in various districts of cach state with an alternative set of estimates of
annual consumption of nitrogen in different states.

The Department of Agriculture of the Governmeat of Indi: together
with the Fertiliser Association of India has estumated annual “consump-
tion” in various states, and union territories, and tea, coffee, and rubber
plantations between 1961-62 and 1964-65, by adding opening (April 1)
stocks to the supplices received during the year (April to March) and
subtracting from that the closing stocks (March 31) with each of them.
While such a comparison of state tctals does not establish the accuracy of
the estimates of sales in districts because of the likelihood of inter-district
movements within a state through nonreported channels, it can point to
the discrepancy between 2 sets of state totals made independently. This
in turn can help determine the wope of analysis and also indicate the
manner in which disttict data should be organized to overcome some of
their limitations. Such a comparison reveals that the 2 state estimates
seldom coincide. However, the discrepancies between the 2 differ widely
for different states. In the case of 7 states—Andhra Pradesh, Bihar,
Gujarat, Mysore, Punjab, Rajasthan, and West Bengal—the diskrepancies
between the 2 estim.ates are substantially reduced when the entire period
between 196162 and 1964-65 is taken into account.!’ For $ more states,
" "For Orista and Went Bengal, 8 zlnn' average is taken heause data for 1964-6' are
not available for the former amd the dicrepanaes heineen the 2 cstimatey (or West

Bengal neatly cancel out, if the period betuween 1962-63 and 196463 is waken Into
scoount, instead of that betueen 1961-62 and 1904-65.
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Madhya Pradesh, Orissa, and Uttar Pradesh, not only the dis:Tepancies
are reduced for the entire period, but Brown's estimates appear more
reliable than those given by the Committee on Fertilisers.

In order to overcome the doubt that the annual esti-aates made by
Brown for these 10 states may not be reflecting inter-district variation in
sales becausc of the possibility of movement of fo.rulizers through non.
reported channels, as well as to mimimeze the “lscrepancy between the 2
alternative estimatcs of nitrogen sold in various states, an average of either
8 or 4 years' sales between 1961-62 and 1964-65 1s taken to represent cross-
sectional vanauon in sales of nitrogen in districts durning this period. The
underlying asst ption behind averaging is that by cancelling out inter-
district movement in fcrulizers through nonrcported channels and by
reducing the discrepancies between 2 alternative estimaates of total amount
of nitrogen sold in dhfferent states. such an average scrics represents a
more reliable crosssectional utiogen sales pattern among districts during
the reference period than would estimates for any single ycar.!? In the
case of Assam, Kerala, Madras, and Maharashtra, the 1964-65 estimates
are taken to represeat the cross-sectional sales pattern because the dis
«repancies between the 2 estimates do not cancel out over time and also
because Brown's estimates for the other years appear weaker.

Section 11

Main Features of Nitrogen Sales Pattern Among Districts

The most striking feature of the cross-sectional nitrogen sales pattern is
the wide variation in the amount of nitrogen sold in different districts of
each state. Table 26 presents the average sale per district in different
states during the reference period. the limits between which the sales
varied in cach stase, and 2 statistical measures ¢ the magnitude of this
variation within cach state i ¢, ihe standard deviation and the coefficient
of variation. The cocfhicient of varation (5. ‘Mcan x 100) is also com-
puted, because whule 1t is possible to judy: e magnitude of vanation
within each stzte from ats standard deviation, 1t is incorrect to compare
the standard deviations of different states because the average amount of
nitrogen sold per dustrict differs substanually in different states. The co-
efficient of varation pcrmits such a comparison. It is evident from the
table that though the average amount of nitrogen sold per districe differed
widely from state to state, the sales patiern among districts s.ithin differ-
ent states shared onc rommon featute—a wide inter<district vanation.1?
As 2 consequence of such vamaton in nitrogen sales among districts, in

“ It I3 recognized that averaging will not help in cancclling out those inter-district
movements of fen.lizze through nonreported channels whikh might have been only in

one direction.
% The inter..a.e variation 1n levels of niti, .1 use is diccussed in the aext chapter.
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States Reference Total Aversge sasual I.imite of veristisa | {-wadaxd Coeflicient

period Districts | sale per discrict Lovest Nighest | deviatiocs of
varistioa
trig t nIsent

Aadhre Pradesd—— | 1961-42 to 20 A3 ) b2} ) 13,181 3,684 104
1964-63

Assam——o—ee——e |  1944-45 11 106 3 319 103 ”

Bidar 1961-62 ¢ 17 1,003 3 4,949 1,287 128
1964-65

Cujorst 1961-62 to
1964-63 17 774 (-] 3, 1,0 133

Ketsls 1964-63 ’ 1,416 680 3,002 742 32

Nedhys Prodesh—— | 1941-42 to
1964-43 . 4) 220 22 2,07 N 179

Madrap———— | 1964-43 12 4,631 26 8,478 2,328 30

Mahsrashtre———— | 1964-43 23 2,083 83 3,916 1,683 80

Nyso? g 1961-42 co 19 1,213 [ ] 6,023 1,378 113
1964-63

Orisss— o 1961-62 ¢o 13 382 26 2,137 (31 172
1963-64

Pea j b e 1961-62 to 18 1,748 373 3,320 1,243 n
1964-6>

Rsjssthan——— 1961-62 to 26 207 1 2,162 416 201
1964-65

Uttar Preadesh— 1961-42 to LY 1,03 173 3,188 132 n
1964-63

V. Beagal ——a 1942-6) to 13 1,042 ” 4,006 1,188 114




each state except Madras and Kerala, betw=en 50 to 75 percent of total
nitrogenous fertilizers were sold in a few districts, which accounted for
only about 25 percent of the cultivated land in the state (table 27). It is
also evident from the table that these districts accounted for most of the
growth in sales between 1961-62 and 1964-65. Figure 5 shows the location
of these districts on the map of India.

TWOTE. SEF. LEGEND ON NEXT PAGL

Pigure 5. Map of India showing distiits where sales of nitrogen were concentrated
within different states of India. (Source: Adapted [rom Government of Indla,
ol Food and Aguiculture, Directorate of Economics and Statistics, Indian
Agricultural Atlas, New Delhi, 1958. Data on sales of aitrogen from Dorris Brown.)
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Legend for Figure §:
Punjab:

1 Gurdaspur

2 Hoshiarpur

$ Amrivar

4 Kapurthala

3 Ludhiana

6 Ferozepur

Uttar Pradesh:
1 Saharanpur
2 Muraffarnagar
3 Meerue
4 Bulandshahr
$ Bijnor
6 Moradabad
? Farrukhabad
8 Lucknow
9 Bara Banki
10 Faizabad
11 Deoria
12 Jaunpur
13 Varanasi

Bihay:
1 Shahabad
2 Gaya
S Paima

West Bengal:
1 Birbhum
2 Burdwan

$ Hooghly
4 Howmnah

4 Udalpur
$ Bhilwana
6 Bundi

7 Kot

8 Sawai Madhopur
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Tebie 77. Concentration of altrogen mics ia difent states

[Total Wumber of Cultivated land | Sales in (B) | Percent share of
States Reference period |oumber of dietricte in in (B) as per- ae percent of| (3) in growth of
. ldistricts (A) | vhich sales cent of cultti- ssles in (A) |sales 1n (A)
vere coacen- vated land in during the batwveen
trated (B) (A) reference 1961-62 and
peried 1964-63
Andhra Pradesh——q 1961-62 to 1964-65] 20 S 24 66 47
Asem- ——d 1964-63 11 3 24 62 6)
Bthar- ————q 1961-62 to 1964-63| 17 b} 26 61 42
Cujarat-—————-4 1961-62 to 1964-63| 17 4 24 9 2
Kerala- -——q 1964-6% 9 2 22 41 61
Nadhys Pradesh—-{ 1961-62 to 1964-65| 4) [ 27 (] 0
Madras———c———-q 1964-65 12 4 i 3 22
Maharashtrs 1 1964-65 25 ? 27 36 2
ny.'oro——-—-—-w 1961-62 to 1964-65| 19 6 26 (3} ss
Orlpag——=—=——-=={ 1961-62 to 196)-64| 1) 3 28 76 150
Pupjeb——--——-———1 1961-62 to 1964-65) 18 ¢ 23 52 46
hj.otua———{ 1961-62 to 1964-65| 26 ] 7 n 76
Uttar Predesh—-—< 1961-62 to 1964-65| 48 13 26 1 43
¥, Bengal -——=—4 1962-63 to 1964-65| 13 S 26 62 3

® Refers to growth

betveen

1961-62 and 1963-64.



Section III

Factors Behind the Cross-Sectional Variation in Nitrogen Sales

An attempt is made in this section to test the hypothcsls that cross-
sectional variation in nitrogen sales among various districes within differ-
ent states was mainly duc to differences among districts in crop patterns
and levels of irrigation. The hypothesis is first expressed in the form of a
single equation multiple regression analysis moclel, and various limita-
tions of the model arc examined. The models for 10 states, for which data
on explanatory variables were available, are specified and results of the
analyns discussed.

The General Model
The hypothesis can be expressed in the form of a crosssection model as:
N‘:‘(l,, l’, l,; U‘,U’ e U,: lo. Uo)

where,
N = average annual sale of nitrogen in a district dur-

ing the reference period,
1,1, ... 1,= irrigated areas in a district under crops l1tojon
e which profitability of nitrogen use is generally

: considered high,
Uy, Uy ... U= unirrigated areas in a district under crops 1 to j,
' I, =irrigated areas under other crops (other than 1
to j) in a district,

. Ug =unirrigated areas under other crops in a district.

In developing the model from the hypothesis a distinction is made
between irrigated and unirrigated areas, because it is reasonable to assume
that both spread and rates of nitrogen use on a crop grown upder irrigated
conditions would be higher than on the same crop grown under unirri-
gated conditions duc to supcrior response and higher ccruainty of yield.

Though the model is “leveloped from the insights gained in the last
chapter from the ferulizes practices of cultivators duning the carly 1960's
(the same years as the 1cference period of the district nitrogen sales pat.
tern) it appears unsatisfactory because it does not include all the factors
that can cause variation in sales among various districts of a state. Among
these, the omission of prices appears serious at first sight. However, this
omission, necessitated by unavailability of data, is not serious in the
present context, because the focus is on cross-sectional variation in nitro-
gen sales within a state. Under the prevailing arrangements of distribu-
tion, different nitrogenous fertilizers were sold at uniform prices in various
districts of each state, thus having no influence on the variation in sales

65



among the districts. It is reasonable to assume that variation in oop prices
among different districts in a state would be little, and hence, its inRuence
on the variation in sales of nitrogen, would be negligible. While the
omission of prices as explanatory variables can be defended, it cannot be
denied that districts differ in such factors as weather, soils, land tenure
system, and availability of credit v;hich can affect the nitrogen sales pat-
ten among districts.

Viewed in such broad terms, not only does the model appear unsatis-
factory, but the task of sorting out the influences behind crosssectional
vaniation in sales of nitrogen among various districts of a state appear
insurmountable for 3 reasons: (1) difficulty of quantifying some of the
variables, (2) no available district data on many of the variables which
an be quanufied, and (3) restrictions imposed by the number of observa.
tions on which estimation of an equation can be attempted. Despite these
considerations, it was decided to pursue the estimation of the model for
the following reasons.

It is reasonable to assume that districts within a state would differ little
in their complex, and hence, the influence of such factors as farm size or
land tenure systems on crosssectional variation in sales of nitrogen can be
jgnored. Further, it 15 possible to assume that the districts with higher
acreage under a few crops on which fertilizer use was profitable were also
the districts with superior wils, better weather conditions, more effective
extension service, and more efficient inarketing systems. By omitting these
factors from the model the effect on the nature of the results can be
awcertained in a general manner. It has been shown by Griliches that
when a relevant variable excluded frum the analysis is highly and posi.
tively correlated with one of the included variables, the Tcgression co-
efficient of the latter will be biased upwards. Finaily, the previous chapter
showed that in spite of near constancy of most of these omitted variables
within each group of cultivators, the bulk of fertilizers were used on a few
crops and only a small proportion of areas under the other crops were
fertilized.

Models for Different States

Models for diffcrent states were specified afier taking into account: (1)
importance of various crops in the state and whether each of them was
grown mainly under irngated or unirrigated conditions, (2) findings on
spread of fertilizer use on differcnt crops in :hat state, (3) availability of
district data, (1) rumber of obscrvations available for estimation of the
model, and (5) intercorrelations among differcnt crops.

In these models no distinction 1s made between irrigated and unirmi-
gated areas for many crops because of one or more of the following
reasons: (1) most of the areas under these crops were irrigated or un.
irrigated as shown in table 28, (2) number of observations to estimate the



Table 28. Peroret ol aieas under various crops irrigated la diffevent states

States Rice Wheat | Sugarcane | Potato | Cotton |Tobacco | Ground-
aut

Aadhrs Pradesh- 90 ™ 1 10

Bibha e M 23 27 100

Cujarat~———ems| 12 $3 100 1

Madbys Pradesh-| 13 6 ) §

Madrap————o| 92 100 7 100 12

Mabarashtra—— 43 100 3 6 1

Aajade——————e 70 s2 76 1000 94 2

Rajasthap—— — L3 ] 60

Uttar Pradesh— 12 49 ) ” | M) 80

Vest Bengal-——— 7 29 100¢

°
Iaformation 8ot available, hence assumed to de fully {rrigated.

Souzcet Directorate of Lcoocmics and Stetistics, Ninistry of Food
and Agriculture, Covermment of Ind{a.

equation were small, and (8) high intercorrelations were found between
irrigated areas under different crops. The latter factor is also responsible
for combining aicas under cotton and wheat in the equation for Punjab,
and irrigated areas under rice, wheat, and sugarcane in the equation for

Bihar.

When estimated by ordinary least squares, the following equations were
obtained.!* The figure in parentheses under each coefficient is its esti-
mated ¢ value (i.e. cocfficient divided by its standard error).

Andhra Pradesh:
N o —14159 + 14.94 Ay + 144.79 Ag + 109.40 Ay + 11.91 Ag =260 I — 1.84 U,

tvalues =

(3.48)

(2.41)

R'= 084 Degreesof freedom = 18
% Reference period of the equation for each state s the same a3 Indicated in tabie 28.
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Bihar:
N = 13260 +3.0] Iyq, + $78.78 A, ~047 A,

tvalues=  (3.67) (6.81) (-0.74)
R’ 085 Degrees of {reedom = 18
Gujarat:

N=-21035+628A, +1099 [, + 268.28 Ay + 5394 Ay + 8351 Ag —1.15 Ay
¢t values = (2.24) (0.78) (2.89) (6.79) (17) (~1.16)
R'= 084 Degrees of freedom = 10 :
Madhya Pradesh:

No-38114+208 Ay + 137 A + 8.06 Ay + 357 Ag + 055 Ag + 1171 1o +
tvalues= (875, (227)  (082)  (3.06)  (0.23) (261)

0.31 Ue

(087)
R*= (.77 Degrees of {reedom = 85
Madras: .
N=1079.76 . 8.02 Ap + 228.18 Ay + 11739 Ay + 1117 Ag 227 A,
tvalues=  (8.18) (.21 (0.59) (1.01) (~0.16)
R'=0.71 Degrees of freedom = 6
Maharashtra:

N =~338.62 +6.65 Ay + 14384 Ag + 41.50 Ap + 7.66 Ay + 7.84 A,
tvalues = (1.29) (3.67) (0.42) (2.66) (1.05)
R*= 044 Degrees of [reedom = 19

Punjab:

Nz 70134+ 1007 Ay — 8.68 Ay + 051 Ag + $44.07 A, + 26.87 Ay —058 A,
tvalues = (594) (-128)  (0.09) (2.08) (1.60) (-0.70)
R'=0.73 Degrees of freedom = 11

Rajasthun: . e

N = -21524 + 870 Ay + 1455 Ay + 0.24A,

tvaluss=  (3.77) (108) - (224)

R' =082 Degrees of freedom = 22

Uttar Pradesh:

N= 5496+ 7651, + 072 U + 595 1, —2.12 Uy + 16.78 Ay + 5.84 A,
tvalues = (222) ~ (0.70) (2.0%) (-0.67) (5.28)  (029)
+ 6056 Ap + 17492 A, —1.52 I, ~0.45 U,
(0.41) (3.26) (-0.69) (—0.40)

R*=0.79 Degrees of {reedom = 87



West Bengal:
N = 42888 + 149 A, + 8349 A, + 21099 A,
tvalvs=  (1.98) (1.14) (6.09)

R*=076 Degrees of freedom = 1]

Where,

N = Sale of nitrogen in a district in metric tons,
A = Area under rice in a district in 000 hectares,
Aw = Area under wheat in a district in 000 hectares,

A4 = Area under sugarcanc in a district in 000 hectares,

Ar = Area under tobacco in a district in 000 hectares,

Ao = Area under cotton in a district in 000 hectares,

Ap = Area under potato in a district in 000 hectares,

Ag = Area under groundnuc in a district in 000 hectares,

Agw = Area under cntton and wheat in a district in 000 hectares,

Ao = Area undecr ‘other crops’ in a district in 000 hectares (‘other

crops’ defined as crops other than those specified in the
equation),

In = Irrigated area under rice in a district in 000 hectares,

Iw = Irrigated area under wheat in a district in C00 hectares,

Inwe = Imrigated area under rice, wheat and sugarcane in a district
in 000 hectares,

I, = Irrigated area under other crops in a district in 000 hectares,
Uy = Unirrigated arca under rice in a district in 000 hectares,
Uw = Unirrigated arca under wheat in a district in 000 hectares,
Up = Unirrigated arca under other crops in a distriex in 000

hectares.

Evaluation of Results

As the dependent variable is annual nitrogen sales (in metric tons) in a
district, and independent variables are areas (in 000 hectares) under speci-
fied crops, the regression coefficient of a particular independent variable
indicates the amount by which sales of nitrogen changed per 1000 hectares
in areas under the spedific crop among various districts of that state dur-
ing the reference period. The usual procedure to determine the quality
of the cocfficients is 1o examine whether they arce statistically significant,
whether they have correct signs, and whether their sizes appear reasonable.
Most of the regression coefficients are statistically significant at .05 prob-
ability level and all significant coeficients have the expected (positive)
signs. The sizc of a regression coefficient 1 our cquations would depend
on the proportion of arcas under that crop on which nitrogen use had
spread and rates of application on that crop during the 1cference period.
For instance, sugarcane 1n the Gujarat equation would have a much
higher coeficient than rice or cotton because a much higher peoportion.
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of areas under sugarcane was fertilized, and at subsaamtially higher rates,
than areas under rice or cotton. Since the reference period of the find'ngs
on rates and spread of fertilizer use on different crops in the last chapter
is roughly the samc as the one used in deve.oping the equations of this
chapter, the findings prove useful in evaluating the sire of coefficients of
the es.imated equation;. To claborate, we would expect large cocfhcients
for those crops on which both spread and rates of fertilizer use were
found to be high, medium size coeficients for crops on which spread of
use can be consider:i to have been high but at low rates of application
per unit of land and finally, small or statistically nonsignificant coefficients
for aops on which both spread and rates of ferulizer use were found to
have been low. Further, we would also expect 2 umilar pattern in the
size of coefficients for the same crop in cquations for ‘Terent states,
because the findings in the last chap* ¢ on the spread and ra. | f fertilizer
use on the same crop in sampl: rom different states indicated a wide
variation. Equations for state: where both spread and rates of fertilizer
use on a certa’n crop were high should have relatively large coefficients
for these crops. Judged in “is manner, the pattern in the size of coefh-
cents in various cquations 1s remarkably consistent with the findings of
the last chapter.

For instance, in the case of Gujarat one would expect the highest
coefficient for sugarcane, next for tobacco, then for irrigated wheat, rice,
and cotton on the basis of the findings on spread and rates of fertilizer
use on these crops in the last chapter. The estimated coefficients in the
equation for Gujarat follow exactly this pattern. A pattern similar to
Gujarat (with the exclusion of wheat) can be expected for Andkra
Pradesh bLecause of the similarity in the observed fertilizer use patterns
between samples from these two states in the last chapter. The estimated
equation for Andhra Pradesh again meets this norm. While in equations
for Gujarat (or for Andhra Pradesh) one would cxpect a large difference
in the coefficients for sugarcane and other crops because of the differences
in the spread and rates of fertilizer use between sugarcane and other crops
one would not expcct such a difference 1n the cquation estimated for
Uttar Pradesh, becaus: the spread and rates of fertilizer use on sugarcane
did not differ widely from those on the other crops in the fertilizer use
pattern of all 5 samples of Lultivators in this state. Again, the coefficients
for the estimated cquatons for Uttar Pradesh mect this expectation. The
pattern in the size of (oefficients for the same crop in equations for differ-
ent states is also consistent with the findings of the last chapter. For
instance, one would expzct a higher coefficient for rize in the equation
for Andhra Pradesh rather than for either Gujarat, or Madhya Pradesh,
or Uttar Pradesh, because a «nuch higher proportion of rice vvas fertilized
at sigmificantly .~ ter rates in samples from Andhra Pradesh than in
samples from the “er states. The coefficients for rice in the estimated
equations meer t*..s _pectation. The same thing can also be said for co-
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efficients for cotton in equations for Punjab and Gujarat. On the other
hand, it is surprising that the coefficient for sugarcane in the equation
for Punjab is statistically nonsignificant and that for Uttar Pradesh is
coasiderably smaller than for the souther . or western states. It is diffi- 1t
to say conclusively whether these features are due to some specificatic .1
bias in the models for these states or due to the nature of sugarcane culti-
vation in the north Indian states, which is generally known to be rela-
tively less efficient in compariton to that in the states in west or south
India. The size of the cocficients for potato is also surprising even though
it was one of the most profitable crops to fertilize under the prevailing
conditions.

The value of the coefficient of multiple determination (R?) indicates
the proportion of inter-district variation in sales of nitrogen explained by
the independent variables in the equation taken together. This coefficient
is over 0.70 for all states except Maharashtra. For cross-cectional analyses,
this is usually considered high. It is, therefore, reasoaable to conclude
that the analysis in the present chapter confirms the insights gained in the
last chapter about the nature of the past fertilizer use pattern and the
importance of crep pattern and irrigation in determining it. The signifi-
ance of these indings for continuous rapid growth in demand for fertil-
izer becomes clear in chapter 7.

Chapter 6. Analysis of the Observed Fertilizer Use
Pattern: Consumption of Nitrogen by States

The nature of the past fertilizer use pattern is analyzed here by using
various states of India as units of observation. This gives 3 advantages.
First, significant use of fertilizer in non-plantation agriculture in India
began in the 1940's when the government started playing an active role in
promoting its use for rapid increase in foodgrain production. Since
administration of the agriculturai policy has been the responsibility of
the state governments, and since nitrogenous fertilizers were allotted to
different state governments under the Pool arrangements, it would be of
interest to study the interstate variation in levels of nitrogen use. Second,
in the analysis so far it was not possible to study the influence of prices
on fertilizer use because prices were (chapter 4), or could be assumed to
be (chapter 5), constant for all units studied. An inquiry into the causes
of interstate variation in nitrogen use, even when it focuses oa a single
year, affords scope to study the influence of prices. Because of the nature
of available Jda.a, the focus of analysis in chapters 4 and 5 was on level of
fertilizer use during a single period of tirse. Using states as units of
observation enables us to study not only levels of use in different states
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during a single year but also the movements in the levels over a S.year
~eriod.

The scope and naturc of analysis have been determined by the kind and
amount of data available on levels of nitrogen use in different states. As
pointed out, no data on fertilizer use by crops are available. Only the
estimates of total annual consumption in different states between 1956-57

and 1964-65 are available.

Section I
Inter-State Variation in the Leve’ of Nitrogen Use

The amount of cultivated area in a state varies from less than 1 million
hectares in jammu and Kashmir to over 20 million hectares in Uttar
Pradesh. Therefore, the level of mitrogen use in each state is expressed in
terms of nitrogen use per hectare of cultivated land rather than *5al
nitrogen in cach state, to make nterstate comparison possible. Table 29
shows these levels for different states in cach year between 1956-57 and
1964-65. Zven a cursory cxamination of the table reveals that levels of
nitrogen usc varied widely among states. The presistence of wide variation
in levels over time is brought out by figures 6 and 7.
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Tebis 29. Levels of nitrogen wmee ‘m variows stases of Indle

States” 1936~57 | 1957-58 | 1958-39 | 1939-60 | 1960-61 | 1961-62 1962-63 | 1963-64 1964-65
kilograms per hectare of cultivated land

Rajassthso—mooe— 0.06 0.06 0.10 0.08 0.19 0.13 0.26 0.28 0.27
Madhya Pradesh—- 0.20 0.38 0.33 0.31 0.30 0.34 0.41 0.51 0.27
Jemmy and Kashmir- 0.29 0.57 0.85 1.14 0.61 0.57 1.45 N.A. 1.66
Ortssa 0.46 0.37 0.52 0.79 0.71 0.71 0.83 0.81 0.92
Cojnut’ 0.49 0.58 0.5? 0.57 0.59 0.97 1.05 1.84 2.01
Mharuhtn’ 0.49 0.58 0.57 0.57 1.5% 1.723 1.76 2.31 2.3
Assa—— e 0.54 0.89 0.8s 0.50 0.09 0.14 0.07 0.29 0.39
Mysore—————e—o. 0.58 0.68 0.90 1.06 1.1% 0.723 1.42 2.46 3.73
Punjsd -— 0.57 0.80 0.60 0.3) 0.79 1.3 1.86 . 5.0
Bihar- 0.70 0.56 0.65 0.74 0.92 1.19 1.36 1.40 2.24
Uttar Pradesh——- 0.90 0.93 1.34 1.09 1.24 1.10 1.68 2.76 3.49
West Bengal ——- 1.12 1.30 1.03 0.85 1.49 1.86 1.59 2.75 2.79
Kerala— 1.20 1.63 1.29 2.30 2.45 2.91 J.68 4.49 5.5¢
Andhra Pradesh—- 1.57 1.5 2.07 2.17 2.03 3.s8 5.18 3.9 7.70
Madras J.oy n 4.39 4.24 3.2 4.21 4.8) 9.26 9.49
All-Indis Average

(exclusive of pl

tations) .] 0.88 1.00 1.12 1.16 1.3 1.60 1.92 2.73 3.3

® States are arvrenged in the ascending order of level of use in 1956-S7.

t These 2 states vere created in 1960 b
1959-60 reafer to the level in the fo

Teer Bombay State.

y bifurcating the Bombay State.

Therefore, the figures up to
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The table and the figures also indicate that thcugh the level of nitrogen
use went up during the 9 year period in all states except Assam, 8 there was
considerable interstate variation in the growth patterns of nitrogen use. Its
main features are:

(1) In sor-e states (¢.g. Punjab, Madras, Andhra Pradesh) the growth
was more rapid than in some others (e.g. Uttar Pradesh, West Bengal),
while in the remaining few (cg. Madhya Pradesh, Rajasthan) there was
very little growth.

(2) In some states (¢.g. Punjab, Rajasthan, and Madhya Pradesh) there
was almost no growth during the first 4 10 5 years, while in the others
(e.8. Kerala, Mysore) there was some growth even durning this period.

(3) The rate of growth in nitrogen use increased markedly around
1960-61 in ome states ¢ g. Andhra Pradesh, Madras, Punjab) but not in
the others (e.g. Madhy.. Pradesh, Rajasthan, Orissa). There was consider.
able variation among the former group. Compare, for instance, accelera-
tion in growth during the sccond half of the period in West Bengal with
that in Madras, or the onc in Uttar Pradesh with that 1n Punjab.

¥ Asam presents a unique caxe It 13 not clear if this 1s due 1o crrors 1o data o¢ due
o some special charactenstics of the state. Hence. in the third and fourth sections it s
oot Included in the arulz‘il. The states of Ora, Jammu and Kashair are als  ex-
duded, 83 data on irrigation and prices are not avallable for them.
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These (eatures of interstate variations in nitrogen use raise 2 questions:
(1) Why did the level of nitrogen use during any single year vary among
states? (2) Why did the states differ in growth patterns im nitrogen use
during the 9.year period? Hov ever, before these questions are pursued,
it is necessary to examine if the interstate variation was due to the amount
of nitrogen available for consumption in different states.

Section 11
Availability of Nitrogen in Different Stases

It is relevant to inquire into the amount of nitrogem available to
different states at this stage because of the nature of arrangement which
existed for the distribution of nitrogenous fertilizers among them. As
pointed out in chapter 2, this distribution has been conrrolied by the
Central Fertilizer Pool since 1943. Although it was the policy of the Pool
to allocate ferulizers to different states after taking into accowt their past
consumption performance, it remained true that under the Pool arrange.
ments the amount of nitrogen available in a certain year to a certain state
formed an upper limit for consumption in the state. Therefore, this
factor, more than anything else, could determine the interstate variation
in levels of nitrogen use.

To examine whether this variation was due to inadequase availability
of nitrogen, information on carry-over stocks of nitrogen in different
states during each year between 1956-57 and 1964-65 was campiled. The
underlying reasoning was that if states were carrying large stocks of unsold
nitrogen year after year, then it is reasonable to assume that the avail-
ability was not restricting consumption. Obviously this is aa oversimpli-
il way of examining the issue because it does not take into account if
fertilizers were available at the right time and 1ight place in the states.
Nonetheless, in the absence of detailed information, the data on annual
aarryover stocks do throw sore useful light on the subject.

Table 30 shows annual carry-over stocks of nitroges in states between
1956-57 and 1964-65. Each figure in parenthesis expresses the carry-over
stock as a percentage of the amount of nitrogen available to that state
during that year.!® The table shows that in most states, particularly those

® The amount of nitrogen available in a state during 3 yea1 was alcatate " * -dding
opening stocks for the year and supplies receved duting the year (ie Ape.- ) The
data on opening (Apnl 1) stocks were compiked from the Report of the Fertsls..r Drstni.
dution Enquiry Commitee (New Delhi- Gost. India. Ministry Fool amd Agr.. Dept.

.. 1960); The Report of the Commitice on Fertilisers (New Delhd: Govt. India,

nistry Food and Agr. Dept. Agr. 1965); and the information recrived from the
Department of Agricultuse. Covernment of India. The data on supplies were ccnpiled

trom vanous issucs of Fertiliser Statistics (New Delhl: Fertiliser Asoc Imdua), and the
Information recrived from the Department of Agriculture, Governmens of India.
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Sut-’ 1956-57 1957-58 1958-59 1959-60 | 1960-61 1961-62 1962-6) 1963-64 1964-63
aetric tons of nttrm
Rajasthap———ooe—m N.A, 880 1,322 1,33 N.A. 1,417 1,238 2,700 494
(S4X) (482) (532) (442) (25%) (40%) (42)
Madbys Pradesh—— I.A.. 2,688 3,216 7,466 6,747 7,988 16,970 14,426 16,523
(302) (36X) (57%) (551) (56%) (69%) (602) (53%)
Jemmy and Kashmir- I.A.. M.A. 231 M.A. 469 618 H.A. W.A. 1,307
(26%) (492) (56%) (A8X)
Orisesa—- N.A, 579 2,416 2,89) 2,929 5,186 3,812 413 N.A.
(21%) (432) (381) (41%) (552) (432) (7%)
Cujsrat 2,587 2,054 4,968 M.A. 2,407
¢ . ¢ (31%) (182) (32%) (11X)
1,2\ 2,958 6,112
22 (15%) (2712)
Maharashtra—— 9,604 6,78 N.A. M.A. 18,529
. (25%) 122) (29%)
Ass s 684 220 282 543 228 101 188 277 467
(34X) ( 9%) (11x) (29%) (522) (222) (49%) (272) (322)
Nys0ore————————— 1,53 2,447 3,470 2,592 N.A. 8,782 16,597 21,750 11,459
' (213) (26%) (27%) (192) (53%) (523) (453) (221)

(continued)



Teabie 30. (conciuded)

Sutu’ 1956-57 | 1957-38 | 1938-59 | 1959-60 | 1960-61 1961-62 | 1962-63 | 1963-64 | 1964-63
metric tons of nitrogen

Pun j sdb———r———r e I.A.. 5,935 8,250 6,376 4,745 7,007 13,837 24,760 16,411
(43%) (582) (562) (3812) (363) (432) (432) (22%)

thear——— l.A.. 4,410 3,214 6,497 9,087 10,550 12,909 17,325 9,109
(452) (31%) (442) (472) (4432) (462) (53%) (271%2)

Uttar Pradesh—- ll.A.. 17,081 15,489 33,486 42,235 48,195 52,841 65,136 30,790
(472) (372) (582) (612) (662) (59%) (52%) (292)

Uest Bengal —— I.A.. 7,484 N.A. 848 H.A. 2,966 3,311 1,682 2,022
(482) (14X) (20%) (25%) ( 9%) (143)

Kerals I.A.. M.A. 1,35) 1,656 2,054 4,651 6,797 7,165 3,634
(342) (25%) (28%) (433) (452) (412) (222)

Aodhra Prsdesh—— I.A.. 7,455 6,277 4,226 3,970 14,251 30,426 36,220 16,875
(252) (201) (142) (143) (242) (31%) (322) (15%)
Madras I.A.. 8,030 5,418 5,413 4,706 7,214 20,345 14,230 12,666
(242) (14%) (15%) (162) (19%) (372) (18%) (162)

& Mot availadle.

States are arranged in the same order as {n tadle 28.

¢ Refers to the former Bombay State.

Sources: Compiled from:
Raport cf the Pert{liser Distridution Paquiry Committes. Ministry of Food snd Agr.
Covernment of India. 1960 ‘
Raport of the Cowmittes on Fertilisers. Ministry of Food and Agr. Covernment of India. 1965.
Information received from the Department of Agriculture, Covernment of lndias.




with low levels of use, a fairly large proportion of available nitrogen
remained unsold during any year studicd. While it is recognized that it
would be .:ldom possible for a state to sell all fertili.er. available during
a given year, the size of carry-over stocks in states like Rajasthan, Madhya
Pradesh, or Punjab can be taken to indicate that the interstate variation
in the levels of nitrogen use was unlikely to have been duc to restrictions
on use imposed by the amount of nitrogen available.

Section 111

Factors Behind Cros<Sectional Variation

The influence of 2 economic factors—level of irrigation and ratio of
nitrogen 1o crop prices—on cross-sectional variation in the levels of nitro-
gen use among 12 states is examined by estimating the following single
equation multiple-regression-analysis model for each year between 1957~
58 and 1964-65. The modcl could not be estimated for 1956-57 for want
of complete data on crop prices.

N, = (0, Poy/P<,_,)

where,

N, = nitrogen consumed (in Kilograms per hectare of cultivated
land) in a State during year t,

I, = percentage of cultivated larnd irrigated in the State in
year t,
Ps, = weighted average price of nitrogen (in rupees per quintalt?)
in the State during year t,
Pv,_, = weighted average price of crops (in rupees per quintal)
received by the cultivators in the State in year t—1.

Among several economic factors which could have caused the interstate
variation in levels of nitrogen use, the level of irrigation and ratio of
nitrogen to crop prices arc considered more important than the others
because profit on nitrogen usc would be determined primarily by them.1$

The level of irrigation in a state is defined as the percentage of total
cultivated land which is irrigated. There are limitations in defining the
level of irrigation in this manner. First, it takes into account only one
aspect of the interstate variation in levels of irrigation, namely, the spread
of irrigation, and ignores the variation among states with .c:pect to ade-

"%lnul = 100 kilograms.

» Throughout this chapter “'ratio of nitrogen to crop pnoey” means ratio of average
price of nitrogen (1n rupees per quintal) in year ¢t to average price ol crops (in rupees
per quintal) In year t-1.
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quacy of water supply on a unit of irrigated land. Secondly, it ignores the
problem of interstate variation in quality of irrigation, as reflected in
coatrol of water supply.

The oiher explanatory variable is the ratio of nitrogen to crop prices.
To explain nitrogen consumption in year t, the ratio of nitrogen price in
year t to crop prices in year t—1 (one year lagged) is used because deci-
sioas regarding nitrogen use in year t would be influenced by prevailing
nitrogen prices and “expected” (as against “'realized”) crop prices. It is as-
sumed that in year t. farmers would expect the prices «Sey received in the
previous year. Since price of a quintal of nitrogen varies in different forms
of nitrogenous fertilizers, such as ammonium sulfate, urea, caldum am.
monium nitrate, the price of nitrogen in a state is defined as the weighted
average price of a quintal of nitrogen, weights being equal to percentage
of total nitrogen consumed 1n different forms in that state. The impor-
tance of diffcrent crops varies widely in the crop pattern of each state
(e-g. rice and wheat in Punjab). It would, therefore, be incorrect to assume
that prices of all crops had the same influence in determining the level of
nitrogen consumed :n a state. Similarly, it would also be incorrect to
assume that the price of an individual crop (e.g. rice) would be eaually
important in determining the amount of niw..ugen used in 2 dinerent
states (e.g. Madras and Punjab). For thase reasons, the average crop price
received by farmers of a particular state is defined as the weighted average
of different crop prices, weights being percent:ge. of area under different
crops in that state. Since the set of weights would Jiffer from state to state,
the interstate variation in the ratio of nitroe.n to crop prices as defined
here would be due not only to the variation in the nrices of nitrogenous
fertilizers and of crops, but also to variation in the .lative importance of
different nitrogenous fertilizers and of crop patterns among statas.

Data on Explanatory Variables
Level of irrigation

Table 81 presents the percentage of cultivated land irrigated in differ-
ent states between 1956-57 and 1964—65. The data for years through
1960-61 were compiled from various issues of Agricultural Statistics in
India, while the data for years after 1960-61 were compiled from the
records of the Directorate of Economics and Statistics in the Ministry of
Food and Agriculture.

Average price of nitrogen

The average price of nitrogen in a state was calculated in 2 stages.
Firwt, the prices of a quintal of nitrogen in different nitrogenous fertilizers
(published in Fertilizer Statistics) were used after making the following
adjustments to bring prices in different states to a comparable basis: (1)
The prices for Madras were adjusted downward; by subtracting the sales

”
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Table )1. Pexcrutage of caltivated land isrigated ia difcrent stases Detwoen 1986-57 and 1964-65

States 1956-57 | 1957-58 | 1958-39 | 1959-60 | 1960-61 | 1961-62 | 1962-63 | 2963-64 | 1964-63
Rajasthan——— | 12.4 13.4 12.0 1.6 12.5 124 12.5 12.9 13.4
Maddys Pradesh—- | 4.8 60 48 5.2 .2 s.2 5.6 5.6 .8
Cujarat— 6.4 6.5 6.5 7.2 1.5 1.8 7.0 7.5 7.8°
Maharasbtra——— | 5.6 5.8 5.9 6.2 6.5 6.5 6.7 6.9 ..o’
Mysore—————e | 7.4 7.6 7.4 8.6 .3 9.6 9.3 9.3 ’.2"
Punjad 3.5 8.7 3.8 9.8 9.9 a1 2.2 M. [Ty
Bihar 17.¢ 19.9 18.6 16,5 18.6 17.8 17.9 18.1 18.3
Uttar Pradesh—— | 23.4 26.3 2.4 26.1 25.4 2.8 26.4 26.9 26.9
Vest Bangal 20.8 22.2 22.8 23.3 2.1 22.8 23.0 2.3 2.s*
Kerala ~ | 2200 24.0 u.7 21.3 2.0 1.7 21.1 21.6 1.7
Andhrs Pradesh——- 27.2 28.1 28.9 29.5 29.2 29.4 29.5 28.7 30.2
Medras—-— 62,3 “. 4. a2.6 “.s .S 5.6 4s.8 as.e’

¢ 1963-64 figure repested dus to nou-availsbility of data.

Sources: For yssrs through 1960-61 various fssuss of Agricultural Statistics im India (Divectorsts Ecom.
Por. vears after 1960-61,

end Scat., Ministry of Food and Agr., Covernment of Indis, Bew Dalht).
fiaformation supplied by the Directorate of Economies and Statistics.



tax included in them. This was necessary because prices for all other
_states are given exclusive of sales and other local taxes and information on
these taxes is not available. (2) Certain nitrogenous fertilizers were sub-
sidized during 1963-64 and 1964-65 in Bihar, Kerala, and Maharashtra.
These prices were sdjusted downward by the amount of subsidy, as the
prices given in Fertilizer Statistics are exclusive of subsidy. From the prices
of a quintal of nitrogen in various n-trogenous fertilizers, the average
price of nitrogen in cach state duriug ditferent years was calculated by
taking their weighted average, with weights cqual to the relative impor-
tance of nitrogenous fertilizers in the consumption pattern. These prices
are given in table 32 There is not much interstate variation in them
. during any single ycar. This is as expected. because the prices of various
nitrogenous fertilizcrs were controlled by the Central Fertilizer Pool
which made fertilizers available at roughly the same price to cultivators in
different regions. But over time the variation in them is quite significant
even in the same state. This is due to both decline in prices of different
nitrogenous fer.ilizcrs, as well as growing importance of fertilizers, sucl. as
urea, which costs less per unit of nitrogen.

Average crop prices

To compute average crop prices received by farmers in different states,
data on average farm prices of important crops, compiled by the Direc-
torate of Economics 4nd Statistics, were used because they cowne closest to
the prices received by farmers.’® To weigh these prices according to the
relative importance of different crops, a set of weights was calculated for
each state from its crop pattern between 1957-58 and 1964-65.

Strictly speaking. the weights should change not only between states
during any single ycar but also [rom year to year for the same state. How-
ever, a scrutiny of the percentage of area under different crops in each
state revealed that while there was wide variation in relative importance
of different crops hciween states, the vatiation over time was very little
within each state. ‘Therefore, a constant sct of weights was computed for
each state by tuking an average of 8 years’ crop pattern. The advantage of
using a constant sct of weights is that the <eries on average price of crops
for each state reflccts the movement in the general farm price level alone,
rather than the mosement in the prices mixed with changes in the crop
pattern.

Using these data on farm prices and the sets of weights, weighted
average crop prices were calculated for each state for the period between
1956-57 and 1963-64. These prices are presented in table 33. The wide
interstate variation in them is due to variation in both farm prices of

® The average fatm price of a cormodity Is defined 1. “the average wholenle price
at which the commodity Is disposed of by the producer to the trader at the village site
during the specified ha.vesting period.”
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States 1956-57 1957-58 , 1958-59 | 1959-60 | 1960-61 1961-62_ 1962-63 | 1963-64 | 1964-65
Tupecs per 100 kgs. of N

Rajesthao————_] 151.00 178.00 173.72 171.93 171.21 174.12 167.00 158.41 1;6.“.
Madhys Pradesh——| 151.00 177.72 180.%2 179.96 180.56 177.07 168.92 166.46 160.04 -
Cujarat————u.| 150.45 . 176.10 174.76 124.69 178.24 172.31 169.08 162.39 158.12

Maharaslicra-—-——| 150.453 176.10 174.76 174.69 176.88 174.24 171.04 165.77 138.80

Mysore-——— —-—-| 149,97 175.57 175.41 171.3e 175.58 1.9 167.44 158.2) 153.68

Punjeb—eee—_] 151.00 176.67 178.29  175.79 176.21 173.43 162.36 152.92 152.68

MMhar-—eee— e | 151.00 178.00 182.00 181.60 180.08 178.21 171.48 164.58 156.02

Uttar Pradesh-—-| 150.8) 177.80  182.58 182.92 179.76 123.97 172.82 165.92 161.73

West Bengal——-] 151.00 175.92 178.56 182.00 180.44 176.6% 171.68 169.20 166.36

Kersle——--——a_| 151.00 178.00 182.00 177.09 177.42 172.60 166.62 162.4) 157.06

Andhra Pradesh—-—] 159.98 175.34 174.56 176.94 177.31 171.31 166.82 157.94 155.10

Madrag-———-u—| 147.3% 170.85 177.6) 174.63 176.99 171.00 167.30 157.94 149.78

Source: Calculated from prices of nitrogenous fertilisers as

Fertiliser Statiscics, (Pe

calculation discussed in the text.

reiliser Assoc. of India,

Method of

teported :~ varfous f{esuas of
Kev Delhi).
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Tabie J). Average farm price of crops In differemt states betworn MUS-57 and 1964-88

States 1955-56 | 1956-57 | 1957-58 | 1958-59 [ 1959-60 | 1960-61 | 1961-62 | 1962-63 | 1963-64
Rajasthap———-—} 131.75 40.43 39.87 39.20 41.75 42.79 42.52 42.36 $3.49
Madhys Pradesh—— * 42.57 41.64 46.24 40.67 43.49 47.43 42.45 49.19
Cujarat ———--— hod 51.54 55.30 58.11 63.04 65.10 66.35 64.42 74.00
Maharashtra-———-—- . 48.39 47.00 50.91 54.82 53.3? 54.37 59.24 67.3)
Mysore—-—-——-| 35.39 43.27 &44.48 48.70 49.29 53.01 58.07 59.11 57.%4
Punjeb-——=——ee-—| 36.12 40.13 38.66 42.28 42.73 43.43 45.62 4..38 53.17
Blhat—--=cvenc——- 3s.88 46.28 50.23 48.25 46.34 46.36 46.0) 47.4) $2.32
Uttar Pradesh—— . 38.37 38.34 43.02 39.89 40.68 39.94 39.64 49.83
West Bengal —] &4.5) 50.29 55.84 55.17 58.52 57.30 52.09 65.96 69.69
Kecala~——— —] 45.06 55.38 51.76 54.67 $9.96 60.65 65.5 61.52 67.04
Andhra Pradesh-—-| 37.50 44.10 44.65 48.87 52.75 53.5 S4.°0 53.60 57.27
Madras—----=o-m 42.62 46.19 45.68 47.26 50.66 52.67 5.1 56.96 61.62
.

Means not calculated decause of non-availadility of cowplete data.

The method of computing these indices 1s discussed in the text of Chapter 6. The farm prices of folloving
crops weore taken into consideration for different states: Rajasthan: rice, jowvsr, bajars, maize, vhest,
barley, gram, sugarcene, potato, tobacco, groundnut, rape and oustard, sesase, linseed, castorseed, cotton;
Madhya Pradesh: samc as Rsjasthan msinus potato; Cujarat: same as Rajasthan ninus barley and linseed, plus
ragl; Mahsrashtra: saoe as Gujarst minus castorseed plus linsced; Mysore!: aams as Gujarat plus linseed;

Punjabi sace as Madhys Pradesh minus castorseced; Bihart same s Rajasthan sinus jovsr, bajars, groundnut,
castorseed plus ragi and jute; Utter Pradesh: samc as Rajarthan plus ragl and jutc; West Bengal: rice, vhest
barley, gram, sugarcane, potato, rape and sustard, jute; Kerala: rice; Andhra Pradesh: same ss Maharashtra
uinus rape and sustard and potato, plus castorseed; Madres: samec as Cujarat sinus vheat, and rape and mustard.

Source: Data on farm prices of different crops in various states vere from Directorate of Economics and
Statistics, Ministry of Food and Agriculture, Covernment of India.



crops as well as crop patterns. On the other hind, variation in these prices
over years in cach state is due to movement in farm prices of crops alone,
because ot the constancy of weights fc. each state.

Ratio: of nitrcgen to crop prices

The ratios of nitrogen to crop prices for each state were then calculated
* by dividing the respective weighted average prices of nitrogen (table 32)
byl year lagge. weighted average prices of crops (table 33). Thes: ratios
are given in table 34.

Estimation of the model and discussion of the results

The mod=l was then estimated by ordinary least squares for each year
between 1957-58 and 1964-65. The general form of the estimated equa.
tion is shown here, while the estimated values for the parameters are
- presented in table 35. The values in parenthesis under b, and by in the
table are computed t values of the regression coefficients.

Ni=a+4 b I+ by Pay/Pr,_,

where,
N. = nitrogen consumed (in kilugrams per hectare of culdi-
vated land) in a State, during year t,
I; = percentage of cultivated land irrigated in the State in
yeart,
Po/P*,_, = r7tio of weighted av.:rage price of nitrogen in year t to
weighted average price of crops in year t—1.

. The values of the coefficient of multiple determination (R?) show that

between 53 to 76 percent of variation in levels of nitrogen use among
different states during any year between 1957-58 and 1964-65 can be
explained by difterences among states with respect to levels of irrigation
and ratio of r.itrogen to crop prices.

The regression cor ficients of Loth explanatory vaiiables have expected
signs in all year<, and their computed t values indicate that all but 8 (that
of the ratio of nitrogen to crop prices in 1958-39, 1959-60, and 1964-65)
are siatisticzlly significant at €5 level. There is very little correlation
between the 2 explanatory variables, thus indicaung atsence of multi-
collinearity. The valuc, of the regres 1on coefficients indicate the amount
by which nitrogen used (in kilograms pe: hectare) changed among the 12
states with 1 unit change in the values of the variables in different years.
The sizes of the 2 coctficients are very different; the rey. sssion coefficient
of tive ratio of nitrogen to crop prices 1s much larger (12 to0 20 times in 4ll
cases when it is significant) than that of the level of irrigation. It would
be incorrect to conclude that ratio of nitrogen to crop prices er.erted
greater influence than level of irrigation on interstate variation in levels
of nitrogen use because the units of the 2 variables are different. One unit
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Tabie 3. Ratle of nitragea t» crep prices in dificrent states betwoen 1956-37 and 1964-68

8tltoo. 1956-37 | 1837-38 | 1958-59 | 1959-60 | 1960-61 | 1961-62 | 1962-63 | 1963-64 1964-63
Rsjasthag——— 4.80 4.40 4.36 4.39 .o 4.07 3.9 3.7 2.89
Nadhya Pradesh—— t 4.17 4.34 3.89 4.44 4.07 3.56 J.92 3.28
Cujarat + .42 l.16 3.0l 2.8) 2.65 2.55 2.52 2.14
Maharashtra———- + .64 3.72 3.4} 3.2 3.26 3.15 2.60 2.36
Mysore—— e 4.23 4.06 3.94 3.2 3.56 3.24 2.88 2.69 2.66
Punjadb——eeom— 4.18 4.40 4.61 4.16 4.12 3.99 3.56 3.74 2.87
Bihar- . J.a8 4.02 3.62 3.76 4.06 3.8 .n .0 2.98
Uttar Pradesh + 4.63 4.76 4.25 4.51 4.26 4.3} 4.19 3.28
West Bengal 3.3 3.5% 3.20 3.3 3.o8 3J.o8 3.00 2.57 2.3
Kerala 3.3 .21 3.52 3.23 2.96 2.85 2.54 2.64 2.3
Andhra Pradesh 4.00 3.9 3.9 3.58 3.36 3.20 3.07 2.95 2.1
Madras 3.45 3.7 3.89 3.70 3.49 3.28 3.06 2.48

N

® Stetes are arranged in the ssme order as in table 29.

t Mesns oot calculated because of Dop-availadbility of data on farm prices.

Source: Calculated by dividing average nitrogen ptices (table 32) by 1 year lagged average famm
prices of crope (tadle 33).



Teobis 73. Lotimeted perameters of e moddd®

Regression coefficients (b'e) of: Correlation
Year Corstant a 2 Degrees of betveen
a lt P‘ {reedon "
= lt and c!
t-1 't-l
.1957-5& 3.811 0.059 . -0.998 o 0.73 8 0.03
(4.059) (-2.341)
1958~-59- 1.795 0.067 -0.504 0.5) 8 0.13
(2.943) (-0.871)
1959-60———n 4.626 0.067 -1.277 0.57 8 0.16
(2.962) (-1.786)
1960-61 ————- 3.27) 0.046 -0.790 0.60 9 0.10
€1.070) (-2.303)
196162 4.619 0.06% -1.247 0.723 9 0.06
(6.032) (-3.006)
1962-6} 4.762 0.084 =-1.341 0.63 9 o.11
(3.470) (-2.262)
1963-64 5.974 0.136 ~1.82) 0.74 9 0.02
(4.435) (-2.494)
1964 -65——— 6.165 0.165 T-2.134 0.76 9 0.04
(5.056) (-1.742)

—
Tigures in parentheses are computed t values of the regreseion coefficients.



change in the ratio of nitrogen to crop prices would involve 20 to 25
percent change in the price either of nitrogen or of crops. It is, therefore,
Dot surprising that the estimated coefficient of this variable is much
larger than that of the level of irrigation.

It is possible to overcome this difficulty and determine their relative
importance in influencing the cross-sectional consumption pattern among
states by estiniating the proportion of variation in the level of nitrogen
use explained cumulatively by the 2 variables. Table 36 presents these
results. If there were high intercorrelation between the explanatory van-
ables, then the “determination™ attributed to the level of irrigation Yy
this procedure of breaking up the cocfficient of multiple determination
(R?) into “coefficients of incremental determination” would include not
only the influence of irrigation on level of nitrogen use, but also the
influence of the ratio of nitrogen to crop prices which is wmerly channeled
through I,. However, in our estimated equations there i, very low inter-
correlation between the explanatory variables (table 35). therefore, the
determination attributed to the 2 variables reflect the role played by each
of them in explaining the cross-sectional variation in nitrogen consumed
per unit of cultivated land among the 12 states.

While this analysis shows the greater relative importance of irrigation
over the ratio of nitrogen to crop prices in influencing levels of nitrogen
used in the states during the 8.year period between 1957-58 and 1964-65,
it also raises some new questions. For instance, why did Punjab, with a
level ot irrigation surpassed only by Madras (zable 31). rank low in levels
of nitrogen usc for most of the years (table 29)> Or, why did levels of
nitrogen use start rising rapidly around 1960-61 in some states (hgure 6),
in spite of no major changes in levels of irrigation (table $1), but not in
others?

Section IV
Factors Behiind Movement in Levels of Nitrogen Use

This section analyzes the role played by irrigation and ratio of nitrogen
to crop prices in determining the growth in nitrogen use in the 12 states.
Fer this purpose the following 3 questions are raised:

(1) What influence did over-all level of irrigation and movement in it
have on growth in nitrogen use in different states?

(2) What influence did the level and movement in the ratio of nitrogen
to crop prices have on growth in nitrogen use?

(8) Did the general decline in the ratio of nitrogen to crop prices have
the same degree of influence on rate of growth in nitrogen use in all
states?

These questions are studied with figure 7 and a set of 2 scatter diagrams
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Tabic }4. Intcretate variation ln sitragen wed (N,) cxplained by levels of brvigation aad ratie of nicregen to crep prices

Years Variation Additional Total variastion-

explained by variation explatned by explained by
‘ N 1, and e
Lo N

t-1
1957-58 —e <34 .19 .73
1958-59——memee .48 .0S .53
1959-60———— .40 .17 .57
1960-61 .36 .24 .60
1961-62 — 46 .27 .73
1962-63——————wee A3 .21 .64
1963-64 56 .18 74
1964-65—————ueer .67 .09 76




for each state which show the relationship between movements in: (1)
percentage of area irrigated (I,) and kilograms of nitrogen used per
hectare of cultivated land (N,), and (2) ratio of nitrogen to crop prices
(Pe/P<,_,) and nitrogen consumed per hectare (N,) during 1956-57 to
1964-65.

The analysis by states is advantageous. It illustrates growth in nitrogen
use in different states, which is uscful in the next chapter where fertilizer
use beyond 1964-65 in the states is studied. Assuming that quality of
irrigation did not change radically from year to year between 1956-57 and
1964-65 in the same state, and that small changes (if any) had only
negligible influence on year to year m.avement in the amount of nitrogen
used, studying each state scparately helps us to overcome the limitations
of the variable of irrigation used in the analysis. This procedure also
enables us to focus on the influence of prices as compared to influence of
prices mixed with that of crop pattern, because we have used constant
weights in calculating the average crop prices for each state.

In the following presentation different states are discussed in descend-
ing order of over.all levels of irrigation to illustrate the importance of
irmigation in dctermining the effect of decline in the ratio of nitrogen to
crop prices on growth in nitrogen use Madras is discussed in detail. In
the scatter diagrams the 9 years from 1956-57 1o 196465 are numbered
1 10 9. It may be noted that a different scale is used in diagrams for differ-
ent states to bring out the movement in the level of nitrogen use.

Madras

Though nitrogen used per hectare of cultivated land in Madras went
up from 3.07 kilograms to 9.49 kilograms between 1956-57 and 1964-65,
the first few years of the 9-ycar period cannot be considered a period of
sustained growth in nitrogen usc (table 29). Nor was the favorable move-
ment in irrigation and relative prices of nitrogen and crops uniform over
time. Between 1956-57 and 1960-61, the percentage of land irrigated
fAuctuated between 42.5 and 44.5 and then increased to 45.8 by 1963-64
(table 31). The rauo of nitrogen to crop prices . - .cased in the first 8
years from 3.45 to 3.89, and then continuously dechi~ed in the remaining
6 years from 3.89 to 2.48 (tablc 34). Two questions a ise from such move-
ments in the levels of nitrogen use, irrigation, aud relative prices of
nitrogen and crops: (1) Why did nitrogen use grow in the first 3 years in
spite of unfavorable movements in the ratio of nitrogen to crop prices?
(2) What brought about a marked increase in the rate of growth in
nitrogen use after 1361-62?

The most plausible answer to the first question is in the prevailing low
level of nitrogen use in 1956-57—about 3 kilograms per hectare. At this
level the market for nitrogen in this state, with over 40 percent of its land
irrigated, can hard! be called saturated for a range in the ratio of nitro-
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gen to crop prices between 3.5 and 4.0. Therefore, some growth in
nitrogen use, mainly through adoption of fertilizer use by more culii-
vators, even with a little unfavorable movement in the relative prices of
nitrogen to crops is not inconceivable,

The low and uncertain growth in nitrogen use between 1956-57 and
1961-62 seems associated “with the movement in the ratio of nitrogen to
aop prices and the ielative scarcity of nitrogen in the state. During the
first 5 years, the movement in the ratio was uncertain, significznt and
continuous improvement in it came only after 1960-61 (figure 8B or
table 34). During 1958-59 to 1961-62 carry-over stocks of mitrogen were
between 14 to 19 percent of availability (table 30). These levels are con.
sidered indicative of relative scarcity of nitrogen because we are not taking
into account factors such as availability of fertilizers at the right tune and
at the right place within che state for want of information. The rclative
scarcity of fertilizer unul 1961-62 may also cxplain why the marked
acceleration in the growth of nirrogen use came not 1n 1960-6, when the
ratio of nitrogcn to crop prices dropped significantly, but in 1962-68.

What role did irrigation play? It appears that year to year movement
in the level of imigation did not have any significant influence on the
movement in the level of mitrogen use. Between 1956-57 and 1958-59
when nitrogen wse 1ose (lrom 3.07 to 4 39 kgs. per hectare) the level of
irrigation fluctuated between 425 and 44.7. Again, during the last $ years
of the 9-ycar period, when mitiogen use was rising rapidly, the percentage
of land imgated was 1 ore or less constant. This tack of relationship be-
tween year ‘o year movement in mitrogen use and level of irrigation is not
surprising because of the over-all lugh level of irrigation and low level of
nitrogen use. One can argue that in such an environment, once the ratio
of nitrogen to crop prices improved, mtrogen use would grow rapidly, ir-
respective of year to year fluctuations in the overall level of irrigation,
because most of the irrigated land is yet to be fertilized. From this it also
follows that while one can give secondary importance to about $ percent
increase in irrigated land (from 42.5 to 45 8) while explaining growth in
nitrogen use during 1956-57 to 1964-65, one cannot cxtend the reasoning
to the over-all level of irrigation and conclude that the obsened growth in
nitrogen usc would have occurred in Madras even at low levels of irriga-
tion. This obvious point gets empirical support from slow acceleration in
growth of nitrogen use, in spite of favorable movements in the relative
prices of nitrogen and cror:, in states with low levels of irrigation, as
shown later.

Punjab
A high level of irrigation or ¢cven continuous improvement in it, with.

out an improvement in the relative prices of nitrogen and crops, was not
sufficient to bring about a rapid growth in nitrogen use. This is illustrated

90



2%

NiXes./MECT.)

o¥

Jo gt oo
z® N )

[ AY Wi A

[ o

. P 1 i 1 1 - P

¥'s 4 3 2 ' "/':-l

. RATIO OF M TROGEN TO CROP PAKCES

Figwre 8. Modras: Moverment in the levels of ilirogm use, krrigatioo, and ratlo of
sitregen (o crop prices between 1956 37 1nd 1964-63,

91



by the growth curve for Punjab in figure 6 and the 2 scatte, ulverams in
figure 9.

Until 1960-61 there was virtually no growth in nitrogen use in spite of
the fact that over 38 percent of cultivated land was irrigated. There were
high carry-over stocks of nitrogen, between 38 to 58 percent of that avail-
able. But the ratio of Nitrogen to crop prices was one of the most un.
favorable in the countny (table 31). Not only was the ratio very high, but
during 1956-57 to 1958-39 i berame more unfavorable o the cultivators
and did not improve significantly until 1961-62. I¢ js rcasonable to con.
clude that under the prevailing conditions, the price situation was hold.
ing up growth in nitrogen use. This 1s also supported by acceleration in
the growth cusve after 1960-61 (igure 7) in response to a more or less
continuous dechine 1n the ratio of nitrogen to crop prices. Though the
level of irrigation v.cng up by ahout 3.5 percent between 1961-62 and
1968-64, most of the growth in nitrogen use was due to improvement in
the price situation. Even in the absence of increase in the percentage of
land irrigated, once the price situation improved, nitrogen use would

Andhra Pradesh

The growth curve of nitrogen use for Andhra Pradesh (hgure 6) shows
that the 9.year period of increase in the feve] of nitrogen use is divided
into 2 periods: slow growth up to 1960-61 and rapid growth after 1960-
61. There were also 2 distinct periods of movement in the level of irriga-
tion and ratio of nitrogen to crop prices roughly corresponding to these 2
periods. During the first peniod, the percentage of land irrigated increaed
from 27.8 10 29.5, wlule in the second period it fluctuated between 29.2
and 30.2. Though the ratio of nitrogen (o ¢rop prices was falling con-
tinuously during the 9 years, the decline was slow and insignificant durin
the first 4 years compared to the later 5 yeans (hgure 10 and table $4). It
appears that slow growth in nmtrogen use up to 1960-61 was due to the
high level of the ratio of nitrogen to crop prices, relatively slow improve-
ment in it and perhaps, scarcity of fertilizer in 1959-60 and 1960-61
(carmry-over stocks at 14 percent of availability). The rapid growth in
nitrogen u« af*er 1960-6) coincides with a period of continuous and
significant improvement in the price situation.

Uttar P:adesh

As in the case of Punjab, the restrictive effect of a high ratio of nitrogen
10 crop prices and uncertain movements in it on growth in nitrogen use,
is obvious from figures 7 and 11 for Uttar Prade h. Table 30 shows that
between one-third to two-thirds of nitrogen remained unused in any year
(except 1964-65) in the state. We may conclude that the slow growth in the
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first 6 years was not due to inadequate supplies. The Auctuation in the
percent of land irrigated (23.4 to 26.3) also cannot be ield responsible
because of the relatively high level of irrigation. Gn' the other hand, the
period of steady growth in nitrogen use after i%61-62 coincides with
improvement in the relative price situation (table $4).
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Kerala

In contrast to the states discussed so far, Kerala presents a unique case.
With the exception of 1958-59, the growth in nitrogen use duiing the 9
years was continuous and at a gradually accelerating rate (figure 7). Dur-
ing the same period, while the percentage of land irrigated was more or
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less constant, varying between 21 and 22 percent for 7 out of 9 years, the
ratio of nitrogen to crop prices was at a low level and became increasingly
favorable to cultivators more or less continuously (figure 12B). It appears
that the growth in nitrogen use was due to the fas vrable price situation.

Table 30 shows that the drop in the level of nitrogen use in 1938-59 was
not due to inadequate supplics. It wa< probably due 1o a deterioration in
the price situation as indicated by a risc 1n the ratio of nitrogen to crop
prices, which made the price situation in this year the worst during the
entire period. It is surprising that during 1958-59, the level of irrigation
was at its highest in the 9.year period.

West Beugal

In ccntrast to Kerala, West Bengal again presents a case for which the
9 years of movement in nitrogen use can be divided into 2 periods: up to
and after 1959-60 (hgure 7). Between 1956-57 and 1959-60, there was a
decline in use, while after 1959-60 there was an unsteady growth. During
the first period, the percentage of land irrigated increased steadily from
20.8 10 23.5 (table 31) while the ratio of ritrogen to crop prices fluctuated
between 3.21 and 3.56 (table 31). Thi, again indicates that an improve
ment in irrigation was not sufficient to bring about a growth in nitrogen
use in the presence of an unfavorable price sttuation. On the other hand,
only a gradual improvement in the price situation after 1959-60 initiated
a growth in the level of nitrogen consumption. From table 30 it appears
that availability might have 1estricted growth during 1963-64 and 1964-
65 when the ratio of prices had dropped significantly from previous years
(table 34) and when the growth in nitrogen use was already under way.

Bibar

The 9-year period of nitrogien use in Bihar can also be divided into 2
sub-prriods, as in West Bengal: up to and after 1959-60 (figure 7). During
the first 4 years there was virtually no growth, while after 1959-60, nitro-
gen use grew slowly. Throughout the entire period of 9 years, the intensity
of irrigated land fluctuated around 18 percent (figure 14A). However,
there is no systematic association between year to vear Huctuations in irm-
gation and morvement in levels of nitrogen use. Nor can the growth pat-
tern be explained in terms of inadequate supplics (table 30). The over-all
influence of level and movements in the ratio of nitrogen to crop prices on
movements in the level of nittogen use appears clear. During the first 5
years the ratio was high and fluctuating and so was the level of nitrogen
use (figure 14B). Between 1960-61 and 1963-64, it declined gradually from
a 9.year high of 1 06 and the level of nitrogen consumption rose slowly.
In 1964-65 there was a substandal drop (from 3.47 to 2.98) and this was
associated with an upward jump in the level of nitrogen use (Agure 14B).
Thus, there is a close association between upward movement in nitrogen
use and improvement in the price situation.
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Rajasthan
Among all states Rajasthan had the lowest level of nitrogen use and
one of the most unfavorable sets of nitrogen to crop prices during most of
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the years between 1956-57 and 1964-65 (tables 29 and 34). All the major
features of its 9-ycar peniod of growth in nitrogen use, as well as year to
year movements in irrigation and in the ratio of nitrogen to crop prices,
are similar to Bihar (figures 7 and 15).
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Mysore
Compared to other States, Mysore had an impressive growth in nitro-
gen use, particularly after 1961-62, when its low level of irrigation, 7.5 to
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Pigwre 13, Rajastham: Movement in the levels of nitrogen use, irvigation, and ratlo of
964-63.

to aop prices between 1956-37 and |

9.5 percent, is taken into account (figure 7) Between 1956-57 and 1950-61
there was a slow but steady growth in nitrogen use. Then in 1961-62 the
level declined sharply; later a period of rapid growth began. It is not
possible to explain the drop in the level of nitrogen use in 1961-62 with

100



the variables considered here. Neither the level nor the movement in
them were unfavorable enough to cause this decline. Nor could it have
been due to inadequate supplies (table 30).

The period of slow growth in nitrogen use coincides with 2 period of
substantial improvementn irrigation, about 25 percent, and a steady drop
in the ratio of nitrogen to crop prices (igure 16). ‘The slow growth appears
to have been duc to the relatively high level of the ratio (over 3.75). This
line of reasoning also explains the rapid growth in nitrogen use after
1961-62, when the relative prices of nitrogen to crops were becoming
increasingly favorable to cultivators. While during the period of rapid
growth there was no further improvement in irrigation, one cannot mini-
mize the importance of the substantial increase in the level of irrigation in
the first period, because of the low levels of irrigation in the state. At such
low levels of irrigation, an improvement in the price situation alone can-
not bring about a rapid growth in nitrogen use. This is more clearly
illustrated by growth of nitrogen use in Gujarat and Madhya Pradesh.

Gujarat

Data on nitrogen used in this state and Maharashtra are available only
from 1960-61, when the former Bombay State was bifurcated and these 2
states were created. Data on irrigation are available for the entire period
of 9 years, while that for prices are available for all years except 1956-57.
To extenu the analysis to the entire period, it is assumed that the amount
of nitrogen used per unit of land in Gujarat and Maharashtra between
1955-57 anu 1959-60, was the same as that in the former Bombay State.

Figure 7 shows that slow growth in nitrogen use in Gujarat, much
slower than in Mysore, began in 1960-61. Before that, the level of use was
more or less constant for 4 years. During the same 4 years there was some
improvement in irrigation (6.4 to 7.2 percent), while after that it fluctu-
ated around 7.5 percent. Prior to 1960-61 the ratio of nitrogen to crop
prices was fluctuating. while after 1960-61 it became increasingly more
favorable to cultivators, in the range of 2 to 2.75. It appears that the
growth in nitrogen use after 1960-61 was in response to improvement in
the price situation. On the other hand, the over-all low level of irrigation
(less than 8 percent) and absence of improvement in it clearly show that a
favorable price movement did not have much influence on growth in
nitrogen use.

Maharashtra

The growth curve for Maharashtra (figure 7) shows that between 1956-
57 and 1953-60 there was no increase in the level of nitrogen use; in
1960-61 it went up sharply, and then a period of slow growth began. It is
difficult to say whether the sudden upward jump in 1960-61 was a lagged
response to decline in the ratio of nitrogen to crop prices between 1958-
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39 and 1960-61 (figure 18B), because the observations on nitrogen use for
the first 3 years are obtained by assuming that niwrogen used per hectare
of land in Maharashira was the same as in the entire former Bombay
State. However, the slow growth in nitrogen use since 1960-61, in spite of
a more ot less continuous decline in ratio of nitrogen to crop prices
again, indicates the nmitations of improvement in price situation alone

to generate a high rate of growth in nitrogen use in a state where only
6 to 7 percent of the land is irvigated.
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Madhya Pradesh

While the analyses for Gujarat and Maharashtra show that at low levels
of irrigation improvement in the relative prices of nitrogen to crops alone
could not generate a rapid growth in nitrogen use, the growth curve for
Madhya Pradesh (figure 7) and the 2 scatter diagrams (figure 19) show that
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at roughly the same level of irrigation there was virtually no trend growth
in nitrogen use until the ratio of nitrogen to crop prices dropped sub-
stantially at the end of the 9-year period.
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In 8 out of the 12 states—Punjab, Uttar Pradesh, West Bengal, Bihar,
Rajasthan, Gu]ant. Maharashtra, and Madhya Pradesh it appears that an
unfavorable price situation (a rclamcly high ratio of nitrogen to crop
peices) was holding up growth in nitrogen use in roughly the first half of
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the 9-year period between 1956-57 and 1964-65. Thesc 8 states include
both states with high and growing levels of irrigatior. (¢.g. Punjab), as well
as states with low and relatively constant levels of irrigation (e.g. Madhya
Pradesh). They include states with superior crop jatterns (eg. Punjab,
Uttar Pradesh) as well as states with inferior crop p.tterns (e g. Rajasthan
and Madhya Pradesh). For none of these 8 states, the movement in levels
of n.trogen use during the first 4 to 6 years of the period can Le inter-
preted as a beginming of significant and consistent upward movement
(fgure 7). On :he other hand. once the price situation improved, a definite
upward movement in nitrogen use (though at varying rates) began in each
of these 8 states.

In the other 4 states, Madras, Andhra Pradesh, Kerala, and Mysore,
there was a slow but obvious grewth in nitrogea use even during the
carly years of the 9.year period However. in cach of them, significant
acceleration in growth did not occur until the price situation improved.

Once the price situation improved, the acceleration in the growth of
nitrogen use in the 12 states was in accordance with leveis of irrigation in
them. In states with high levals of irrigation (c.g. Madras, Punjab, Andhra
Pradesh), there was a remarkable acceleration as shown by the growth
curves for these s'ates in figure 7. Against this, in states with low levels of
irrigation (e.g. Madhya Pradesh. Maharashiaa, Gujarat) a similar im-
provement in the relative price situation did not lead to comparable
acceleration in the growth curves.

Chapter 7. Future Growth in Demand

Analysis of the past fertilizer use pattern reveals that: (1) by mid-1960's
nitrogenous fertilizer use had increased substantially from low levels of
the early 1950's, (2) grow:h in use initiated by the govemment through
extension work was reinforced by the favorable price situation, and (8)
most of the growth was concentrated in states with high levels of irriga-
tion on a few crops with relatively tugh returns.

In the absence of widespread replacement of existing varieties of crops
by varieties more responsive to feruilizer use between the early 1950's and
mid-1960's, the growth in ferilizer use during this period can be con.
sidered growth under relatnely stable fertilizer production functions.
Viewed thus, the growth in cultivators” demand for fertilizer during this
period was mainly due to diffusion of fertilicer use on irrigated areas
under 2 major foodgrains and a few feruilizer-respensive, commercial
crops. Improvemant in the price situation after 1960-61 brought a marked
acceleration in this process.
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This interpretation has some important implications for further growth
in the demand for fertilier. As entire areas under crops on which fertilizer
use was common and growing were not fertilized by mid-1960’s, as the
price situaticn continued to become increasingly favorable to the ci.lti-
vators until 1967-68. .nd as new varieties of foodgrains responsive to ligh
rates of fertilizer application are being introduced on a significant saale
since 1966, it is casy to sce why growth in demard for feriilizer continued
after 1964-65 (the last yea: covered in the analysis) aad is likely 10 con-
tinue for some more vears sull. However, in the context of the need for a
rapid and huge increase in ferulizer use, the more relevant question is not
wirether cultivators’ demand would continue to grow or not but whether
it will grow fast enough to raisc the current level to the need-based high
levels by mid-1970's.

This question is studied by estimating the limits up to which the
farmer's demand for nitrogenous fertiiiz:rs can he expected to grow
rapidly in different staes. These estimates 2re made by drawing on the
analysis of the past feralizer vse pattern and findings of some investigatory
on the new varicties of crops. The purpose behind this exercise is not just
to appraise the prospects of continuous rapid growth in demand required
to attain the need-based targets of usc suggested for mid-1970s, but abso to
point at the nature and source of difficulties likely to be experienced in
sustaining rapid growth in demand, and thus, indicate the nature of
public policy needed in this area.

Section 1
The Methodology

To determine the limits of rapid growth in demand for nitrogenous
fertilizers the potential for growta in demand as a result of the diffusion
of fertilizer use under the technological conditions represented by old
varieties is estimated for cach state. These estimates are tnen scrutinized
by drawing on the analysis in the previous chapters to arrive at the limits
of rapid growth in demand. Finally, the limits are adjusted upwards to
take into account the probable impact of the replacement of old varieties
by new varieties of crops on rapid growth in demand.

The potential for growth in demand in each statz as s result of diffusion
of fertilizer use is cstimated in 2 steps. Fint, the potential for an indi-
vidual crop is estimated by taking a product of the area »nd the average
rate of application at which the area is expected to be fertilized.

Dy=Ay xRy
where,
(comtinued)
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Dy, = Potential demand for nitrogen for use on crop i in state j,

Ay = Arer, under crop i in state j, '

Ry = Average rate of nitrogen application on a unit of land under
cop i 1n state j.

The total potential demand for state j is then 3irived at by adding the
estimates of demand for use on various crops growa in that state,

n
D,= b § Du
=1

where,
D, = total potential demand in state j.
D, = demand for uic »n crop i ir state i, and i=1..... n.

This approach is considered apprepriate to study the problem of con-
tinuous rapid growth in demand for fertilizers because the past growth
was primarily due to rapid Jiffusion of use on a few crops with reiatively
high returns from fertilizer use. Accordingly. tiere aic upper limits to
rapiG growth in demand. limits which are sct by areas under crops yield-
ing high returns and rates of ferulizer application on them. These limits
become explicit in this methodology.?® Furthermore, by bringing out the
relative importance of various factors in determining the growth in
demand, this approach points at the main sources of difficulties likely to
be experienced in maintaining rapid growth in fertilizer use beyond
certain levels in difficrent states. However, use of this methodology requires
detailed information to determine the series on A,y and Ry, and involves
a number of assumptions.

® [ time serics data were available or fortilizer use by crops for different states. then
It would be posible to determine the proportions of areas under diffesent crops which
were fertilized at vatious points 1n time and from that estimate the proportions of areas
under different crops on which fettilizer use would spread by 3 specific year in the
tuture (the scrics on P,'s) A multiphcation of the 3 wriev—A,, X R, X
Pi,—would then gine an estimate of the lesel of cultnatory’ demand for festilizer for
that year. (n the abwnee of such information, the uw of this mcthodulogy to predict
the level of demand at a tpcaific date in the future involves conuderable taviziave
udgment 10 develop the serics on P, Two such attempts hase been made 1o predict
the 1970-71 level of fertihizer use Donahuc (1%6) cstimated that by 1976-71 level of
pltrogen use would nise to 27 million tons. 20 million tons a4 3 result ol diffusion on
old varieties of ¢ropt and 07 million tons a3 2 tesult of the impact of the new vareties.
In 1969 I estimated that in 1970-71 the level of mtrogen use in the countrs nould bean
the range of 1 4 to 1 B willion 'ons Thew ertimates were armved 3t by adjusting 10 1o
1.4 mililon tons of use on old vanictics of ctops due to diffusion ups ards by 04 million
tons for the impact of the new vanchies by that sear Fhe diffcrenie beineen the eui-
mates of Donahuce and myself is mamnly due to diflcrences in the wnst on Ry, and Py,
used by both of us. While Donahuc uwd recommended ratey for R,,’¢« and proportions
of areas expected to be fertilized by the state gosernment offiaals fur Pyy's, | developed
the 2 series from the past observed fertilizer usc pattern.
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Prices of Crops and Fertilizers

To estimate the potential for growth in demand for fertilizers it is
necessary to kicw relative prices of fertilizers and crops. Table 37 presents
the available information on movement in the wholesale prices of impor-
tant agricultural commodities and prices paid by cultivators for 4
important nitrogenous fertilizers between 1964-65 and 1967-68. If we
assume that the movement in the farm prices of various crops was similar
to those of the indices of wholesale prices in .able 37, then it appears
that despite considerable nise in the price of fzrtilizers, the relative prices
of nitrogen to crops continued 10 become increasingly favorable to farmers
up to 1967-68. It is assumed here that the relative price situation will not
remain 2s favorable (o farmers as in 1967-68, nor will it become less
favorable than it was during early to mid-1960's. The methodology em.
ployed here assumes stable average rates of application for the implied
range of relative prices on the basis of the findings on fertilizer practices
of cultivators and the n-ture of fertilizer production functions of the old
varieties of crops.

Crop Patterns

No attempt is made to forecast future crop patterns or levels of irriga-
tion in states to get the series on A, Instead, the crop pattern in each
state for the most recent year for which data by irrigated and unirrigated
arcas are available is used. Irrigated areas are distinguished from unirmi-
gated areas as limits of rapid growth in demand for fertilizer would be
affected by levels of irrigation. Table 38 gives the reference years of the
data on crop patterns used for different states.2?

As neither the relative importance of different crops nor the amount
of irrigated areas under them -re iikely to remain the same as the ones
used here, the estimates of potential for growth in demand for nitrogen
are likely to have a bias. The direction aiiu magnitude of this bias depend
on: (1) the rate of growth in total cultivated and irrigated land, (2) the
nature of crop pattern on the additional land brought under cultivation,
(8) distribution of the additional irrigated land among different crops,
and (4) the nature of shifts in the cropping ;attern on land already under
cultivation.

Theoretically, the 2 sources of increase in gross cultivated land beyond
reference years of tavle 38 are extensive cultivation and double cropping.
The first is of minor importance because there is not much scope to ex-
tend margin of cultivation and even if some marginal land is brought
under cultivation, it is doubtful if normally fertilized crops will be grown

® As findings on the fertilirer use pattern relate to the undivided Punjab state, the

amalysis In this chapter also refers to the geographical area covered by the former
Punfab state.

109


http:states.21

ort

TM”.M&*“‘MMNWMMﬂmdwm
{ertiliners betwern 1964-63 and 1967-68

Index numbers of wholessle prices of tmportast agriculturel commodities
Average of
moathe Rice Wheat Jovar Cur Spices acd Rav Rev Croundaut
condimgnte cottop Jute
Bsse: 1932-33«100
1964 -65—— 134 1)0 189 210 164 126 164 186
1965-66——— 141 138 197 162 181 129 19 223
1966-67 173 158 199 211 23 139 266 288
1967-68———- 204 202 227 438 245 159 211 242
Prices of & important nitrogenous fertilisers whes esold to cultivators
Asmonium Aanon i un Ures ‘ Calctum
sulphate sulphate nitrate emmoniue oitrste
Tupess per metric toe

Apr. 1, 1964 360.00 435.00 615.00 310.00
Aug. 8, 1943 360.00 435.00 615.00 342.00
Peb. 1, 1966 405.00¢ $15.00 680.00 345.001
Apr. 1, 1967 492.00 $77.00 840.00 345,00
Apr. 3, 1968 437.00 $77.00 780.00 437.00

® 4)6.00 {f supplied ta 50 kgs. packing; t 385.00 from Apr. 1, 1964

Sources: Iodex mumbers of wholesale prices are from the Reserve Bask of ladis Bal., pp. 822-2), June 19468,
aod fertilizer prices are from the Fertilizer Associstios of ladia.



Table )8. Reference years for data en aep peticrms

States Reference yesr
Andhra Pradesh-——-— —cecad 1964-65
Assan -—— 1961-62
Bihay-—-- 1964-65
Cujerat ——- 1962-63
Jemeu and Kashair- 1962-6)
Keralg—----- 1964-65
Madhya Pradesh 1963-64
Hadrae—----- 1963-64
Madrae -— 1963-64
Haharsohtra-—c-cocc——aecandy 1963-64
Mysore--—--c— e ———————— 1963-64
Orissa-—c-ccccmccm e 1961-62
Punjab-—-cccuu- e — 1964-65
Rajasthan-mcommmomm e 1964-65
Uttar Pradesh-—c-—co—- —j 1963-64
West Boagale——-e-—ceemeao 1962-63

on it. However, the possibility of increase in gross cultivated land as a
result of double cropping, through an increase in irrigation and shorten-
ing of the growing season cannot be ruled out. Similarly, increase in the
levels of irvigation, even when it does not increase the amount of land
under cultivation, will generate additional demand through its impact on
cropping pattern and rates of fertilizer application. But changes in the
cropping pattern resulting from other sources are unlikely to affect growth
in demand for fertilizers because such changes would not involve major
shifts in land between crops which are expected to be fertilized rapidly
(e-8. sugarcane, banana, vcgetables, rice, and wheat) and those on which
fertilizer use is expected to be adopted slowly (e.g. jowar, bajara, pulses,
oilseeds). To conclude, while the estimates made here are unlikely to be
seriously bi>:cd for not taking into account most of the changes in crop-
ping pattern which may take place after the reference years, they are likely
to be biased downwards for states where levels of irrigation would rise
rapidly.

Average Rates of Nitrogen Application

Two means were available tc obtain the series on average rates of
application needed to calculate the potential for growth in demand for
nitrogenous lertilizers. Either the rates recommended by extension
agencies could be used or personal judgment could determine them from
the findings on actual rates of application in the past and other related
information. The latter was preferred.
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We are interested in examining the problem of growth in cultivators’
demand for fertilizers and not in estimating the amount of fertilizer
needed at some normative rates. The observed fertilizer practices are
better guidelines than recommendauons of extension agencies, particv-
larly when they differ significantlv. Table 39 compares the average rates
of nitrogenous fertilizer application obscrved among samples of farmers
(chapter 4) with those recommended by 3 difterent agencies, Departments
of Agriculture of state governments, the Fertilicer Association of India,
and the Indian Potash Supply Agency. The table shows that on almost all
crops the rates of applicaticr were substanually lower than recommended
rates. This observation 1s consistent for samples from different districts as
well as for those from the same district for more than 1 year. The dis-
arepancy between the observed and recommended rates can be explained
in terms of decisions made by farmers under conditions of price and yield
uncertainty, and of very small marginal returns beyond 50 to 75 percent
of the recommended rates.?? It would be, therefore, incorrect to ignore
this evidence and usc the recommended rates to estimate the potential for
growth in cultivators’ demand.

For these reasons, it was decided to develop the series on average rates
of nitrogen application for cach state based on rates observed among
samples of cultivawars from the same or neighboring states. For crops on
which no information on rates of application was available, “realistic”
assumptions were made after taking into account the recommended rates
on those crops, the nature of the crops and conditions under which they
are mainly grown, and discrepancy between observed and recommended
rates on other crops in the same tegion In order to examine how the
estimates of potential growth in demand for nitrogen based on these rates
would change if the more usual assumption that farmers would generate
demand for fertilizer at near-recommended rates 1s made, another series
of average rates is also developed by adjusting the first series upwards.
For fertilizer 1esponsive crops grown mainly under irrigated conditions,
the adjusted rates roughly appioximate the recommended rates, while
they are below the recommendcd rates for other crops which are not so
responsive to fertilizer use and which are grov:n mainly under unirrigated
conditions. The 2 scries on average rates of nitrogen application are pre-
sented in table 40. The rates expected on the basis of ubserved fertilizer
practices are referred 1o as R-1, while those armived at by adjusting the
expected rates upwards are referred to as R-11.

® This argument is based on the analysls in chapter 4.



Tabie 9. Obuxved and “recommendod” rates of nitregen spplicacion on different crops

fecommended rvates for state Rates used 1a this study
Loca Obeerved ug‘.
Dh:::tdluu' 1e, h;:::.“ Tote lrrigeated or Rates Irrigeted or
¢ (® 1ds./acre) Ageacy® |uatrrt. landt]| (W 1be./ vairri. lasd | -1 |l-u
’ scre)
(¥ 1ba./acte)
Rice
Thaajever, Nedreo———— | 1961-62 3 1 t1rrd. 30 ired. 3 40
1962-6) 22 woires. 20 wairel. 3 33
1963-64 30 2 sll 40
Colnbatere, MNedteso———— | 1954-99% 32 3 all 40
1961-62 32
Alleppey, Karale 1962-6) b} 1 all ] trri. 40 43
Palghat, Karels———— | 1962-6) 38 2 all 20-%0 wairrd. 3 40
3 all 30-40
¥. Codavari, Amdhre-————— | 1954-53 17 1 trrd. 0 il 3 40
1961-62 21 wairys. &0 wafrrdl. 30 3
1942-63 31 2 all 20-40
1963-64 ] 3 all 30~-40
Krishas, Aadhre 1961-62 13
Readys, NWyseto————— | 1962-4) 29 1 all 30 irrd. p1} &0
2 all 30-40 waired. 3 3
3 all 30-40
Bhaadars, Maharsshtre— | 1962-4) 11 1 all p 3 2 4 TN a3 3
2 all 20-40 waires. 13 23
3 all 30-40
Sarst, Cujarat 19462-4) 23 3 treg. $0-73 tret. 3» 3
Suret(Bar.), Cujareact— | 1964-43 42 wairet. 3 wairel, 20 30
Kaire (Cha.), Cujarett— | 1944-43 » 2 all 10-40
Ratre (Ms.), Cujorst™— | 1964-63 20 3 all 40

(coat ioned)
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Table 39. (matnued)

Recommended vetes for etate Rates wsed ia this otudy
Observed Rates
Le-ation of sample ! Bafevence Tate Ageacye | lrrigated or Rates 1rrigated or
District, State yoar (@ 1%e./acre) uairri. laadt] (¥ 1be./ wairet. laad | o . I 2-11
acre)
M 1ve./acre)
Rice

Ratpur, N.P. 195859 10 1 irrl. 40 frrd. 13 23
1961-62 9 wairrl. 20 wmired. 10 13

1962-6) 12 2 all 10-40

1963-64 13 3 trrd. 40

waired. 20
Sesbalpur, Orisse——— | 1942-6) 17 1 all 40 irel, 23 30
. 2 all 22-3) wmirrt. 20 23

3 sll 30
hededad, Blher———— | 1961-62 13 1 al) 40 tret. 13 23
1962-63 ? 2 1erd. 30-30 wairrt. 10 13

1963-64 ? uairrl. 23

) 40
Baredeskt, U.P. 1956-38 1" 1 an 30-40 tres. 15 28
Nearwt, U.P. 1959-60 12 2 all 15-%0 wnirrd. 10 13

Varsaasi, U.P. 1961-42 [ } 3 all 49
Ferospur, Peajeb———— | 1937-39 13 1 all 40 ires. 20 23
2 sll 40 wairesl. 13 20

b} sll 40

Vhest

. Ledhiass, Pumajab————a— | 1941-62 19 1 ireg. 40 irrt. 3 40
1962-6) 21 wmirrd. 30 eairrd. 13 20

196)-64 23 2 irvg. 40

Tezospur, Pmjedb———— | 1937-39 16 wotred, 20-31

3 all 43

(cont taved)
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Table 39. (continued)

Recommended rates for state Rates weed ia this study
Obearved
locstico of eample Refetvence rate Ageacy® |irrigated or | Rates Irrigeted or Rates
Districe, State year (W 1de./acre) wntrri. landt{(w 1de./ wmirrs. lead o1 | o 1y
acre)
(# 1dve./ecre)
Wheat
Pall, Rajesthen———- | 1942-4) 19 1 ) [E41 8 40-60 irel. 20 ]
196)-64 14 vaired. 20 waired. 10 13
2 ters. 40
wairel. 20
Aligath, U.P. 1961-62 2 1 iret. 29-49% irrd. b ] 33
1962-6) 23 unires. 1%-20 wnirel. 13 18
1963-64 16 2 all 10-30
Vezasasi, U.P. 1961-62 16 3 al}l 40
Heerut, U.P.———————— | 1959-40 11
Sarshaaki, U.P,———— | 1956-38 12
Shahaded, Bihar-——— | 1961-62 1) 1 all 40 irrd., 20 p ]
1962-6) 14 2 trrt. 2340 wairrs. 10 13
1963-64 12 watredl, 23
3 iret., 30
Reipur, N.P. 1961-62 2 1 trel. 3 ired. 13 as
wairrd. 13 wairet. 7 12
2 all 20-40
3 all 40
Surat(Bar.), Cujorat—— | 1964-63 b1 ] 1 ired. 60 irved. 33 &0
Katrs (Oha.), Cujaret— | 1964-43 34 : uatlres. b ] wmiryd. 13 20
2 firrs. 40
uairrl. 20
3 fert. 40
watrrd. 20

(coatinued)
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Table 39. (continued)

Recommended vetes for state Rates used ia this study
Obeerved Rates
Locatioces of sample Raferemce rate Agency® | lrrigated or fates 1rrigated or
Dietrict, State year (¥ 1be./scre) untrel. lacdt|(w 1ve./ unirrs. lond| o ¢ | a-11
acre)
(% 1de./acte)
Jowsr
Surat, Cujarst 1962-43 17 1 velirri. 20 ired. 20 23
Surat(Ber.), Cujerst 1964-63 14 2 all 20 eatrel. 10 12
Esirs(Cha.), Cujerst—— | 1964-63 3]
Bajars
Aligach, U.P. - 11961-62 11 1 all 20
1962-6) 0 2 all 10~ ired. 20 23
196)-64 13 3 all 40 watrrl. 10 12
Eatre(Che.), Cujorat— | 1964-43 2
Katre(a.), Cujorat 1964-63 13 1 all 40 i1red. 20 23
2 all 20 wairrd. 10 12
Maise
Yerozpur, Poajedb————— | 1937-39 21 1 all 30 iret. 20 p
Ledbisns, Puajad———— | 1962-6) 20 2 local 31 vatrrd. 10 13
196)-64 18 wybeid ””
3 local 30
bydrid 100
Neervt, U.P, 1959-40 10 1 all 3 irrd. 20 23
Aligert, 0.9, ~——cmee— | 1961-42 ¢ 2 locsl 20-30 waired. 10 12
1962-6) 19 Wybrid 60-80
1963-64 0 3 locsl 0
hydrid 100

(contimned)
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Table 39. (continued)

Recommended retes for stste

Rates weed ia this study

Obeorved Rat
Location of sample Reference rete Ageacye | lrrigaced or | Rates Irrigsted or had
District, State year (M 1be./acre) watrrs. laadt|[(N lde./ wairzs. land [, , a-11
acre)
(¥ 1be./acre)
Matse

Pall, Rajasthap————- | 1962-43 28 1 teed. 30 fref. 20 30
1963)-64 20 cairel. 20 wairrl. 10 13

2 bybrid 100

local, trri. 0

local, uafrri. 20

Ragt

Neadys, Nysore——————— | 1942-4) 13 1 tred, 30 tred. 13 23
eaired. 20 wmirrd. ? 13

2 iret, 60

soirel, 30

3 ierg, [ 4]

wairrd. 3
Colabetore, Madrso——- | 195%4-33 4) 1 all %0 tred. 178 223
1961-62 “ 2 all 198-247 vatrrd, 128 178

b ] all 230
V. Cedsveri, Aadhrs 1934-5% (2] 1 all 130-223 (.4 150 200
1961-62 73 2 all 150-300 wairrd. 100 130

Krishes, Aadbreo— - | 1941-62 126 b ] all 300
Nandys, Wysote—— —-—| 1062-63 108 1 all 130-300 fret, 173 22%
2 all 130-300 wairet. 128 178

3 all 300

(conttaned)



Table )9. (continued)

Racommeaded tates for state Rates weed (o this etudy
Obesrved
Location of eample Raferencs rete Ageocye | lrrigated or Rates Irrigated ot Rates
District, State yoar (¥ 1be./0cte) uotrrl. landt] (N 1be./ onirri. lead | . . l.-"
scre)
(W 1de./scre)
Sugarcene
Suzat(Bar.), Cujarat——{ 1964-63 180 1 all 225 irre. 150 200
Kairs(Ch.), Cujerat———{ 1964-63 L} 2 all 220-328
J all 200
fadsded, Bihar———eodq 1961-62 8 1 all (] trrd., 40 0
2 all 60-80 wairet. 20 &0
3 all 100
Alfgsrt, 0.2, 1961-62 n L1 all 60-110 iy, 0 80
1962-6) » 2 all 60-120 wirel, 30 30
1963-64 13 3 all 1%0
Versaasi, U.P. 1961-62 19
Neeret, U.P. 1939-40 19
Sersbaaki, U.P. 1956~-58 22
ladhisas, Puajadb—————— | 1941-62 19 1 1rvd. 100-15%0 tret. 0 0
wairel, 100-150 wnirrt. &0 [ ]
2 all "-150
3 all 130
Tobacco
Cotabatore, Madrag————-] 1934-33 29 2 all 0 all &0 9
1961-62 29
¥, Codaveri, Aadhre——— | 1934-33 3 1 iretl. 40-200 vir. » 40
' 1961-62 1 wiret. 20 Batw ) 7
Krishas, Aadhra 1941-62 23 2 virgiats 20
Netw &0

(continwed)
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Teable )9. (continued)

Recommecded rates for stats Rates weed ia this study
Obeerved Rates
Locatiocs of sample faference cate Ageacys | Irrigated or Rates lrrigated or
Districe, State year  |(u 1ve./acze) ualrri. leadt{(M 1be./ wmirri. lesd I
acre) -1 2-11
(% 1ve./acse)
R Cotton
Coimbatore, Madras———— | 1961-62 28 1 terd. &0 ferd. 0 3
unicel. 20 woairel. 10 13
2 tres. 40
vairel, 0
3 1ret. 40
wnirel. 0
Surat, Cujarst 1962-6) 19 1 tred. 40 fret. 0 30
Surac(Bar.), Cujerat—— | 1964-43 14 uatrred. 20 unired. 10 3
2 tred. 40
enfrrd. 20
3 irel. 0
wairet. 20
Nesrut, U.P. 19%9-460 [ ] 2 sll 10-30 irxd. 23 3
Aligery, U.P, | 1961-42 ¢ wairrt. 12 18
1962-43 29
1943-64 19
Yerospur, Nmjasdb——— | 1937-39 21 1 Americea, irei. 100 e, 3» 0
tudhisas, Puajed-————| 1962-43 20 Aseticea, wairri. 30 watred. 13 0
1963-64 22 Deet, 124, 40
Dest, uafirsi. 43
2 all 40-200
3 Amatricaa, sll 80
Dest, all 40

(contimmed)
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Table 39. (coaduded)

Reconmended rates for state Rates used o thfe study
Rat
lecation of eample Reference rate Agency® | Irrigated or Rates Irrigated or o
District, State yoar (B 1be./0cre) wairci. lasdt] (w 1be./ uaieri. laad a-1 | r-11
acre)
(¥ 1de./acre)
Croundout
Lafhisns, Puajed——— | 1062-4) 12 1 ireg. [} ireg. 10 13
1943-64 14 uairrt, 0 aairrd. 3 10
2 all 0
3 all 15

The ) sgencies are: Departments of

sod ladisn Potash Supply Ageocy.

Different retes sre recommecded for

asde, the retes are considered for all (al1) asreas.

Surat (Bar.) = ssmple from Baréolt taluks, Suret Discrict.

Kaire (Cha.) = sample from Charoter treact, Kairs District.

Kaire (Me.) « semple from Maht tract, Kaivrs Distric:.
Sources: Observed rates: Chapter 4 fiadinge.

Recommended rates asre:

Ageacy 1: Roy L. Doashus.

Fertiliser Assoc. of lndia.

Agency 2:

. 114-233. 1948,

Agriculture of the various State Covermmants, Vertiliser

irrigated (1rvri.) and wairrigated (wairri.) sreas.

Estimates of Pertiliser Com

[{ P!lu is Indig ts 1970-7].
Deldhi. 1946.

=$3. TVertiliser Assoc. of ladia.

Agency ) P K--Th Hay to Migh Yields. 1ladian Fotash Supply Agescy Limtted.
Madras. 7.

Aseoclatics of ladis,

Vhere no distiacticn s

Rew Melbd.
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Table 40. Average rates of nitregen spplication weed t5 astimate potential for growth in demand

States Andhra Assan Biber Cujarst Jamma & Kersls Neddhys Nadras
PT_u s & Predesh
cxope R-1¢ | R-1]efR-1 | ®-1] JR-]1 |®-II In-1 ]B—ll B-1 1 R-II IR-1 ) R-I1} |®-1 ~11IR-X ] &-1X
1ve./ecre
food crope other
than foodgrains:
Sugsrcane—— l:—- 150 200 40 60 40 60 130 200 0 80 100 128 (] 0 1 223
Ul --1100 130 0 40 20 40 100 1350 30 30 7% 100 40 & 123 178
Potato———v = === 0 7% 100 7% 100 7% 100 75 100 73 100
Other vegetsdleo--{ 40 [ ] 30 ] 40 (2] 40 60 40 60 40 60 30 30 40 60
Bsosne———~-~---11%0 200 100 130 130 200 0 200 150 200 150 200
Other fresh fruics| 30 40 30 40 13 25 30 &0 40 60 30 40 30 40 b 40
illlep——c-==- 80 100 40 60 ] 75 60 80 60 80 0 73 0 100
Other spices—-~—--| &0 0 40 0 40 0 40 30 40 30 40 50 &0 30
Tvo msjor
foodgrainse:
Mece——— 1=-{ 3 40 13 20 13 23 30 33 20 23 40 43 13 23 3 &0
ut 30 33 10 15 10 13 20 30 13 20 3 &0 10 13 3 3
West———— [~-] 20 3 20 30 35 40 30 40 13 25
ul 10 13 10 13 2 13 13 20 13 20 ? 12

(contianed)
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Table 40. (conunued)

States Andhre Asesn Bibher Cujarat Jonm & Rersls Nadhys Nadcos
Predest Predech
xIope R-1 !-11. R-1 ILAR-T 1 R-I1) R-F ] A-T1] ®-7 § a-3tl -1 | m-1xlm-1 jR-11in-1] p-11
Mon-food com- Abs./ecre
ssrcial crops:
Todacco——=-== o &0 10 3 40 40 0 60 70 30 40 30 0 40 50 60 10
Cottop———— I-~ 20 30 10 13 20 30 10 20 13 25 20 30 20 30
ul--1 10 13 10 15 10 13 10 20 1S 23 10 13 10 18
Jute————ce= o 10 20 10 20
Crouvndout— 1--} 10 20 10 13 10 15 10 13
UI-— S 10 S 10 S 10 S 10
Other oil-
seeds —_ l-= S 10 3 10 S 10 S 10 5 10 S 10 S 10
Other foodgrains:
Jowver 1--] 18 23 20 23 13 23
ul-- ? 12 S ? 10 12 ] 7 ? 12
Bajare -1 18 23 ‘20 23 13 23
Ul-- ? 12 S 7 10 12 3 10 S ? ? 12
Mg I--] 13 23 10 20 20 23 20 30 10 13
ul-- 7 12 3 ? M 10 10 12 10 13 S ?
Regf———— 1-- 13 23 10 13 10 13 15 23 . 13 23
Ul-- ? 12 ) ? ] 10 S 7 7 12
Berley———- l-- 15 23 10 15 10 13
UF- 10 13 S 10 S 7
Other cersals I--4 10 15 - 10 135 10 13 10 13 10 13 10 13 10 15
Ul-~ ] 7 5 7 S ? ) ? s 7 S 7 S ?
hlses—— 1--1 10 15 10 13 10 13 10 18 10 13 10 13 10 15
Ul-- S 7 ] 7 S ? b ? S 7 3 7 S 7

(coutismed)
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Table 40. (continued)

States Mahe- Mysore Orissa Punjad Rajasthan Uttar West Bengal
g8 L) Pr

Crope R-I ! 8-ITIR-X | R-FXIR-1 | R-JI JR-1 ] R-1I] R-1 ~IfIR-11 R-I] JR-] | R-I%

Food crops other Abe./acre

than foodgrains:

Sugarcape—— I--1 150 200 175 228 40 60 60 90 S0 80 S0 80 $0 75
UI--1 100 15 125 175 25 40 40 60 3 S0 k] 50 30 50

Potato-———o==-~{ 75 100 75 100 7% 100 100 125 75 100 100 125 100 1%

Other vegetables 40 60 40 60 40 60 40 60 30 S0 40 60 40 60

Bansoa-—— -=--115 200 15 200 150 200

Other fresh

fruite -=-- 3 40 30 40 20 30 3 40 20 30 30 40 15 25

Chillies --- 60 80 60 80 50 75 80 100 60 80 60 80 50 15

Other spices-—--- 40 S0 40 50 40 S0 40 50 40 S0 40 S0 40 50

Two major

focdgrains:

Rice— I--{ 2% 30 3 40 23 30 20 25 20 28 13 25 20 23
Ul-~< 15 25 30 h ) 20 23 13 20 10 13 10 13 13 20

Wheat— -4 30 35 33 40 23 30 30 40 20 30 b ) h 1) '} ) 3
ul- 15 18 15 20 10 15 13 20 10 18 18 18 10 13

(continued)



¥t

Teble 40. (coaduded)

States Maha- Mysore Oriesa Punjad | Rajastben Dttar Vest Bengal
X PrQTgQ
Crope R-1 | R-IXIR-I | R-11 IR- R-I1] R-1 ] R-I]] R-I lg-n (R-] | R-J1 | R-I ~}1
Moo-food com- 1bs-/acse
sarcial crope:
Tobacco~———=--4 30 60 S0 60 40 S0 40 50 40 S0 40 50 40 50
Cotton———e— -4 20 30 20 3 20 25 30 40 23 3s 23 35
ul-1 10 15 10 15 10 15 13 20 12 18 12 18
Jute—————ee = = 13 25 20 k ] 1 23
Groundout—— -4 10 15 10 20 10 15 10 15
UI- 5 10 S 10 S 10 S 10 S 10 S 10
Other ofl1-
seeds - e - S 10 b 10 S 10 5 10
Other foodgrains:
Jowar- - F~{ 20 23 15 25 10 13 1S5 25 13 25 10 15
u1 10 12 ? 12 S 10 7 12 7 12 S ?
Bsjera——-— - 20 23 15 25 S 10 20 23 20 25 20 25
Ul--1 10 12 7 12 ‘ 10 12 10 12 10 12
Nefze~———u -~ 20 25 18 23 10 20 20 30 20 30 20 25 10 20
ur--{ 10 12 7 12. S 10 10 13 10 15 10 12 S 10
Rag{————r 1--| 20 25 13 25 10 15 10 15
ulr--1 10 12 7 12 S 7 S 7
Barley——w— J.- 20 30 20 30 20 30 15 25
Ul1-— 10 15 10 13 10 15 10 13
Other ceresls I--{ 10 18 10 15 10 1S 10 ' 18 10 13 10 13
Ul-— 5 7 5 ? ] 7 S 7 S 7. S 7 S 7
Pulsesg~——— 1--{ 10 15 10 13 10 18 10 18 10 1S 10 13 10 15
UI-— S 7 S 7 S 7 S 7 S 7 S 7 s ?
® R-I = Expected average rates; R-II = Expected averages adjusted upwacrds.
t I = Irrigeted areas; Ul = Unirrigated areas.



Section 1I

The Estimates and Their Implications

The estisaates of potential for growth in demand for nitrogenous fertil-
izers at the expected rates of application (R-1) as well as at rates adjusted
upwards to bring them closer to the recommended rates (R-11) are
presented in table 41. The former are referred to as estimates I and the
latter as estimates 11. In the table, crops are divided into 7 groups based
on the findings on the speed with which fertilizer use was being adopted-
on different crops. -
Group A: sugarcane, spices, vegetables, fresh fruits, and tobacco.
Group B: irrigated rice and irrigated wheat.

Group C. imrigated cotton, jute, irrigated oilseeds.

Gmup D: irrigated foodgrains other than rice and wheat.
Group E: unirrigated rice, unirrigated wheat.

Group F: unirrigated cotton and unirrigated groundnut.
Group G: unirrigated foodgrains other than rice and wheat.

In inter_reting the estimate of total potential for growth in demand
for “all-rops,” it may be noted that the $ plantation crops (tea, coffee,
and rubber) are not included®?; the totals for “all states” do not include
about 7 porcent of the country's cultivated land located in various Union
Territories and centrally administered regions.

Assuming the conditions prevailing in the early to mid-1960's with
respect to crop pattern, crop varieties, levels of irrigation, and relative
prices of nitrogen to crops, the grand totals for all states in table 41
indicate the potential for growth in demand for nitrogen. At the ex-
pected rates of application (i.e.. at R-1) the estimate of potential deciand
for nitrogen in the non-plantation agriculture of the country would be
about 2.19 million tons. It would go up to about 2.99 million tons, if we
assume that cultivators would generate demand at rates arrived at by
adjusting the expected rates upwards (i.e., at R-II).

These estimates, however, do not indicate the limits up to which
demand for fertilizer can be expected to grow rapidly, because they repre-
sent the potential for growth in demand for almost all non-plantation
aops. It is unlikely that demand for fertilizer would grow at the same
speed for all these crops and under all farming conditions, in view of the
wide variation in incentive to adopt fertilizer use. This is brought out in
chapter 4 by the close association between relative size of returns from
fertilizer use on various crops and proportions of areas under these crops
fertilized. It is also illustrated in chapters 5 and 6 by the importance of

® /10, it does not include unirrigated ollsceds other than groundaut and various
aops.
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Tebdls 41. Estimates ol potential for growth In demand for nitrogen im various states

Croup A
States Eatinatq Sugarcase I Spices I Potatoes Lg‘lhl.l;llll! | '!rn.“lll
SMLriC toas of aigrogen
Andhre 1 %, 20,778 2,102 8,276
Predeest— | {11 R2,m 23,973 3,348 11,04
Assem——n | (1 (Y1} 2,103 2,084 2,341 3,39
1 1,31 2,713 3,09 3,902 4,023
Mher—o | (1 4,004 2,300 .11 4,0 3.4
1 8,384 3,340 9,482 7,24 s, 411
Cujorat— | (1 3,078 3.0u m 1,434 2,73
11 4,900 3,883 %) 2,11 3,648
Jommu & 1 40 13 (31} YY)
Kastmtr—- | (11 n T H 1,132 517
Rerale—— {x "l 10,234 8,820 12,032
11 1,214 12,833 12,039 16,042
Madhys 2 3,503 3,418 1,123 2,09 1,373
Predesd—- | (11 3,134 7,086 1,496 3,493 1,09
Madras—— | {1 14,348 9.47) 4 3,0 7,313
11 18,443 11,841 726 4,546 10,018
Nehareodtra | i1 23,048 13,048 1,2%9 3,503 3,70}
11 30,738 17,25 1,679 4,934 7,604
Rysere— | {1 10,278 11,313 "7 2,3 4,314
11 20,348 14,7% "2 3,564 3,793
Ortssa—| (1 1,108 1,043 I 3,684 2,622
11 1,660 1,306 1,228 3,326 3,843
ragedy—- | (1 16,968 1,704 2,041 1,83 ”
11 235,400 3,31 2,352 2,749 1,12
Rajasthan— | (1 2,41 8,954 134 80) us
11 3,782 1,31 T 1,38 n
Uttar 1 39,090 2,81) 13,702 5,41 3,0
Pradesd—-| |11 93,922 3,0 17,17 s, m1 4,602
Vest Sengal| /v 1,383 ny 7,398 3. 197
|22 217 e 11,093 3,390 Yt
All etates-| f1 174,492 9,143 37,349 46,690 34,337
11 231,03 120,617 30,043 9,73 77,048

(continved)
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Table 41. (continued)

Croup A Total Crowp B Total
Stotas fatinat.
¢ Tobacco Crous A tert. Rice rlrﬂ. Vhest Gerowp B
saixic gone of aitrossn
Asdhte 1 7,354 63,087 124,718 [ 1) 124,782
Predesdh—— | /1L 9,448 Q.10 145,94 1 1] 42,629
Assam——m- | {1 34 10,884 9,603 9,603
11 412 16,387 12,003 12,003
har——— | {1 (31} 23,414 29,760 3,773 33,338
b4 % 33,082 49,601 3,682 33,263
Oujarat——— | {1 6,206 17,343 2,208 8,029 11,034
¢ 7,24} 22,184 2,372 10,090 12,682
Jemnn & 1 14 1,3 4,020 (1.} 3,322
Lastm{r—— | {II 18 2,049 3,783 2 6,709
Karale—— | (1 [}) 32,092 17,513 17,313
It 4 42,204 19,702 19,702
Madbys 1 148 13,680 9,010 J. 872 12,082
Predesd—— | {11 18 19,30 15,017 6,454 0,1
Nedrasg—— | (1 900 33,800 9,927 2,927
11 1,143 4,717 107,343 107,343
Mabareshtrs | {I ”e 47,359 1,9% 4,09 12,839
144 1,198 63,427 9,396 3,649 13,263
Mysoco— | {1 2,042 8,7 23,891 412 26,26)
It 2,450 47,718 29,543 (%71 30,017
Orisss— | {1 k22 9,700 27,504 102 27,608
{1 08 14,068 33,007 122 33,129
Pajodb——o | i1 $0 24,378 8,448 46,931 33,379
143 13 38,502 10,340 62,374 73,134
Rajeethver— | (I 41?2 12,87 408 13,689 16,097
143 322 17,481 310 23,33 24,04)
Utear 1 126 03,324 ”9M 04,748 74,119
Predest— | 1L 907 130,087 13,619 75,33 91,1358
Vest Beagal | (1 690 13,938 28,628 749 2,317
11 862 20,7131 33,786 "e 36,684
411 states 1 2,1 430,454 3N, sn 130,724 330,2%
1t 25,000 393,108 409,902 192,032 682,014
(continved)
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Table 41. (continued)

__Crovp C Total ¢royp O
States Latimate Jete Terd. l freg. Croup C | lext. Ired.
_Sotton olleeede \owpy deiaxa
mALxic tone of nltroses
hafdee 1 ” 270 1,069 218 [ 3}
Prodesh—— | {11 136 1,938 2,001 ) 1,418
PP {: 1,347 1,347 '
4 3,094 3,004
Mhap——e—e { (1 1,924 18 30 1,992
11 3,848 b2, 100 3,973
Cujaret—— | {1 1,323 632 3,183 1,223 907
11 3,784 1,041 4,029 1,33 1,134
Jamme & 1 14 14 b ]
Zashmiv—— | |11 7 n )
1
Naghye & 18 20 138
Prodosho— 1 n 41 218
Madras———-_ (1 2,82 1,42 3,4 1, (77
144 3,79 2,21 6,08 3,917 1,640
Maharvashtrs-{ {I 1,633 173 1,804 7,003 708
11 2,430 2.2 2,732 8,73 [ }}
Nyoero=———==- 408 408 1,048 7
1 612 (V6 1,747 a3
Orisee——roi {1 176 4 830 3
1 1,19 (] 1,381 7
i § 8 b=t 1,288 338 21,846 [, ] 1,769
1 8,38 1,116 9,49 1,656 2,02
Rajoe thea—1 3,104 252 3,33 [N ) [* }Y
1 7,146 (3.} 1,640 128 [ 333
Uttar t - 426 2,348 07 2,9 S+ 4 ”n
Prodesh——o {11 0 3,033 41 4,084 14 13
West Beagel- g 7,309 7,309
t 12,182 12,182
All etates t 11,902 36,131 4,31) 32,426 13,438 3,008
1 21,09 49,640 7,678 78,373 19,009 8,008
(contiaved)



Table 41. (continued)

crovp O Total
State Cstimate tred, [TII8 ] Ired. lrei. other| Irri. Crowp D
aails 1asi
[ ) 1 470 2,184 04 100 3, "7
Prodesh—— [|I1 78} 3, M 306 130 6,593
Y —
&
Bhar————m 34 n 830 7 ) 49 1,469
¢ 4 a 1,38 7Y 23 2,333
Oujarat——— 1m S0 100 2,454
1 116 100 200 3,181
Jamm b g 308 4] 17 % A o9
Easdmig—— | (11 762 113 34 ) (19 1,026
Kerala—— ﬁ
1
Radhye 18 326 ) n? 1,286
Pradesh——-—- | [I1 ) 789 ? 1,078 1,09
Ned rap——onee 2,280 172 " 3,766
11 3,000 L) 102 9,318
Maharsshtre- g % 18 Pl A% 8,49
1 31 b3} M 733 10,733
Ryserer——— 204 [ 33} (2] b4 2,297
1 340 1,418 102 [} 3,740
Orissa~——— & b3} ”n ] 390 318
b4 43 136 14 383 b1 2]
g ab——— &l s, m 1,232 1) 5,003 13,712
8,006 1,828 ) 8,704 23,29
Rajesthen—— 1,906 1.4 32 3,208 13,780
1 2,058 1,213 o8 4,811 20,911
Otear 2,18 132 17,867 304 13,112 33,779
Pradesdh—— | {11 2,688 197 16,800 436 19,668 30,106
Vest Bemgal- 7l o 401 0
1 182 113 m 1,016
All states g 11,693 3,620 28,037 %2 25,110 90,763
1 17,079 9,303 42,22 1,420 37,723 1M,

129
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Table 41. (continued)

[5¢ Total e Total
States Latimate Uatrel. Vatrert. Croup € | Lafrrt. | YTTIW Croup I
rice vheet £288rn | growedsyt
Setric toae of a'tiogen
Andare 1 12,631 130 12,781 413 3,689 9,027
Pradesd—| (11 14,136 224 14,960 4,207 11,379 17,386
Aseamr————— {x 135,602 43 15,117
11 22,608 1) 22,677
Bihgr——e— - 39,688 3,249 4,9
11 39,328 7,074 67,402
Cujarst——— 11,132 3, 1% 14,446 17,701 12,474 30,233
11 16,728 4,30 21,120 26,6M) 24,949 31,620
Jamme § ATV 2,543 2,904
Lastmtr——| {11 480 3,30 3,874
Kerale—| 1 16,118 16,118 143 16 304
11 18,400 18,400 238 us 49
Nedhys 1 41,318 24,207 63,303 s,an 1,847 10,338
Predesh——I| {11 6,978 41,600 103,379 12,706 3,72 16,43
Madrao——1| {1 7.581 7,30 m 4,424 7,693
11 8,843 8,043 4,032 8,947 13,779
Madareshtes-| (I 17,919 12,518 30,434 30,602 6,304 34,906
11 19,043 13,018 44,08) 43,90 12,608 38,511
Nysere———o 14,618 3,04) 19,681 11,33 300 11,854
11 17,083 6,731 23,006 17,034 1,000 18,034
OTis00——aemm {: 9,42 ] 9,0 4 143 19
1 84,702 88 4,790 [}] 90 n
Naj o 2,504 17,803 20,307 403 nm 1,204
11 3,39 23,738 21,077 (77 1,460 2,087
Rajesthan— i s 5,422 6807 1,062 1,100 1,162
11 1,47 513 9,610 1,392 2,200 3,792
Uttar T 42,708 33,017 76,603 14 1,664 1,840
Predesd—— {11 6,10) 40,300 104,763 41 3,332 3,393
Vest Bengsl- 33,190 2%0 33,330
1 71,040 e 71,414
All states {l 348,374 110,479 435,033 17,488 35,10 112,388
1t 476,964 132,236 629,200 116,170 0,117 186,287
(countianed)
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Teble 4. (continued)

Crewp &
States Lotimete | Datrrs. Vatret. Vatrrt. CGatret. [ 135 I
BT, 7 ¢
Andhre 1 19,426 4,297 1,407 1,639
Pradesd~——| {11 33, M8 7,368 2,411 2,807
Assan——m—e {l 128
11 173
e r—————e 43 116 4,160 1,028 3,219
11 [} 162 8, 1,4 4,884
Cujsrat———|(1 14,047 13,684 2,364
11 16,036 18,022 2,83
Jammms & 4 141 2,3% 13 [ )
Lastmip——]| {11 m 3,028 30 168
Keralp——-1{1 [
11 147
Nadhys b4 11,302 1,082 1,338 02 631
Pradesd——| (I1 13,022 1,318 3,354 114 ")
Madreg———-| (1 4,16 3,119 1,438
1§ 9,008 3,346 2,494
Neharsshtre- 63,48) 18,760 1§ ) 1,318
139 18,379 22,314 29 3,02
Ryssto—| (1 23,140 4,237 16 7,484
It 39,74 1,276 7 12,788
Orissa———]| (1 4 ] 179 pE ]
144 [} 39 338 02
Poajob——-| (1 1,842 29,713 3,689 1,307
3 3,158 11,727 3,333 1,703
Lajesthag~—— u %171 34,087 71,45 1,111
1 13,723 64,880 10,501 1,68
Ottar t 4,90 11,318 1,111 () 8,008
Pradesdh——-| 11 6,092 13,578 13,33 1,210 13,209
Yoot Beagal-| (1 261 4
11 2 49
All states g 154,184 122,621 36,043 15,314 13,706
1 210,388 133,327 31,626 24,397 13,39
(contianved)
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Teble 41. (concduded)

s Lacina Vetret . Vatrrd Towt ora

tates timate el (1218 [3 c all ¢
oher corsale | puleee b s

setric toes of aitroges

Aadhte 1 3,084 7,804 3,003 133,208
Pradesh—— (111 7,076 10,928 64,000 330,036
Assam———— |{1 3 o 63 37,784
11 3 [ )} "7 35,028
S r——— I(1 1,103 12,109 3,08 127,162
11 1,47 16,933 0, 197,414
Gujazat—| (1 1,024 3,2 37,143 113,85
t 2,296 4,512 43,30 160,917
Jammws & [} 252 3,13 1,418
Lastair———-| (11 ] 383 4,764 18,476
Ksralg——a— [ ) 490 () 6,09
1 129 733 1,011 81,800
Madhys 7,838 21,499 4,99 148,038
Predesd—] (11 10,970 30,090 62,9% 223,873
Hadras——— [ (1 2,607 2,298 14,193 169,014
1t ), 649 3. 2,711 113,003
Maharashtre- |1 1,13 13,09 101,189 239,047
194 1,504 18,338 124,276 pIL N )
Wyeore———— | {1 2,19 7,073 44,210 143,048
11 3,1 9,906 72,938 196,870
Orisse———[(1 1s 2,611 3,407 11,7113
11 304 3,633 4,90 141,407
Na j odbmemee {: 191 M1 16,31 163,5%
t 267 13,39 36,004 126,478
Rajssthen—— (341 14,633 84,919 143,382
134 632 13,088 116,308 199,382
Uttar 1 4,180 20,19 61,916 3%, 364
Predosh—I] |11 . 3,79 29,059 a,mm 466,048
Yest Bengal- g 107 3,866 4,73 109,324
¢ 149 3,412 6,032 148,09
All states 1 17,132 119,923 491,147 1,183,331
11 37,763 170,311 o, 1 1,903,331




aop patterns and levels of irrigation in explaining the crosssectional
variation in sales among districts within states and also among various
states. Analysis of growth patterns in nitrogen sales in different states
shows that growth in demand is likely 1o be at varying rates under differ-
ent farming conditions. Finally, diffusir:n of fertilizer use on unirrigated
areas under crops such as wheat, jowar, tajara, and cotton is unlikely to
be rapid under the assumed varietal and price conditions. This con also
be demonstrated by pointing out that low returns from [ertilizer use on
these crops would be further reduced if farmers further discount these low
returns for uncertainty in yields.

As pointed out in chapter 3, in the context of rapid and huge increase
in fertilizer use within a short time. the most relevant question is not
whether cultivators' demand for fertilizer will grow or not, but will it
grow fast enough to attain need-based levels by mid-1970's. Therefore, it is
necessary to examine the estimates in table 41 from the viewpoint of rapid
growth in demand.

Our analysis of the past fertilizer use pattern showed that rapid growth
of fertilizer use, despite widespread improvement in the price situation,
was confined to irrigated areas (under almost all crops) and unirrigated
areas under a few fertilizer responsive commercial crops. These represent
groups A, B, C, and D of table 41. Table 42 which shows the cummulative
totals of the estiniates of potential for growth in demand for nitrogenous
fertilizers for the 7 groups of crops illustrates that the limits of rapid
growth in demand are quite low—1.13 million tons on the basis of the
expected rates (R-1) and 1.49 million tons on the basis of the expected
rates adjusted upward (R-1I). The estimate made with adjusted rates is
considered the uppermost limit for rapic growth in cultivators’ demand
for nitrogen under the assumed conditions because the methodology em-
ployed here includes both irrigated areas with good water control and
those with poor water control. For this reason, even if demand were to
grow rapidly in some exceptional cases from groups E. F, and G (eg.
unirrigated rice or cotton grown in the “assured” rainfall areas), it is
unlikely that the upper limit of rapid growth in demand for nitrogen
would exceed 1.49 million tons under the assumed conditions. The table
also indicates the states where accelerating zrowth in cultivicors’ demand
is likely to be most diffizult, despite fairly high overall potential for
fertilizer use.

How does the introduction of the new high yielding varieties of rice,
wheat, jowar, bajara, and maize modify the above conclusion? Since the
new varieties are fertilizer responsive they would increase returns from
ferzilizer use, and thus raise the limits of rapid growth in effective demand
for fertilizers. But quantification of the effect of planting new varieties on
growth in demand for fertilizers is dificult. This is due to lack of sufficient
information on fertilizer production functions of the new varieties under
farm conditions; farmers’ fertilizer practices on them; additional cost of
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Tabie ¢2. Cameulstive totals of the estimates of potential for grewth in damand for nitrogen for diferent Erowps of ceps

States Cumulative totals of estimates-I Cumulative totals of estimatees-II
Croups: A I A-B Ik-C IA-D] A-E ]A~r ]A-c Croups: A 'A-l IA-C IA-DI A-E IA-P IA-C
000 pes,ic Son) nitrogen
Andhra Pradesh— 63 188 189 193 206 216 255 82 225 227 234 248 266 330
Asespe——————ee e o 11 21 22 22 3 ¥ 38 16 29 32 32 S 55 56
Bihar 23 56 S8 60 105 105 127 35 90 94 97 167 164 197
Cujarat————e—e— 17 28 31 34 48 79 116 22 35 A0 43 64 116 161
Jesmu and Kastmir- 1 7 7 7 10 10 13 2 9 9 10 14 14 18
Kerala—- 32 S0 SO SO 66 66 67 42 62 62 62 80 81 82
Hadhys Pradesh—— 14 27 27 28 9% 104 149 19 41 41 43 147 163 226
Madrag—e-—c—dq 36 130 134 140 147 155 169 47 154 160 170 178 192 21S
Maharashtra——o 47 60 62 71 101 138 23 6 79 81 92 137 196 320
Mysorc———=c ———— = 39 65 66 68 88 100 144 48 78 78 82 106 1264 197
(] 4 T T 10 37 38 39 108 108 112 14 &7 49 49 136 137 141
Punjal——c— ceeunx 25 80 102 118 138 139 166 36 109 138 162 189 191 227
Rajavels ot 13 29 M 48 55 ST 144 18 42 49 70 79 83 200
Uttar Pradesh——- 85 159 162 196 273 27% W 130 221 228 278 380 384 462
Vest Bengal ——-— 14 43 51 51 10% 10% 110 21 87 70 71 142 142 149
All states-———- 430 980 1933 1125 1581 1693 2186 $95 1278 1355 1492 2122 2308 2986

Croups: A: sugarcans, epices, vegetadbles, fresh fruits, todacco.
B: 4drrigated rice, irrigated vhest.
C: drrigated cotton, jute, irrigated oilseeds.
D: 1irrigated foodgrains other than rice and vheat.
E: uanirrigated rice snd unirrigated vheat.
F: wunirrigated cotton, unirrigated groundnut.
GC: wunirrigated foodgrains other then rice and vheat.



labor; seed, insecticides, etc., associated with replacement of varieties; and
acreage under the 5 foodgrains on which replacement of the varieties
would be technically fcasible and economically profitable. 1f we assume
that: (1) the upper limits of replacing the old varieties by the new varieties
are set by irrigated arcas under these crops, (2) the irigated areas under
the 5 foodgrains used in the calculation (about 48 million acres) represent
the amoun. of arcas on which replacement of old varieties would be tech-
nically feasible and cconomically profitable, and that (3) per acre average
incement in rates of nitrogen application due to change in varieties
would be 40 pounds for wheat and 20 pounds each for rice, jowar, bajara,
and maize, then the total additional demand from nitrogen as a result of
change in varictics would be about 0.54 million tons. Inclusive of this
additional demand for the high yielding varieues of the 5 foodgrains, the
lower limit of rapid growth in cultivators’ demand for nitrogen would be
1.67 million tons and upper limit would be 2.03 million tons.

These figures are considerably lower than the need-based targets of
nitrogenous ferulizer use recommended by various agencies for 1970's—
roughly over 3.50 million tons of nitrogen by 1973-74. It appears that
there is a real problem on the demand side in the ofing. The precise
nature of the problem is the slowing down of the rate of growth in culti-
vators’ demand as it approaches about 1.75 to 2 million tons of nitrogen
per year.

What kind of public policy is needed to raise these limits of rapid
growth in cultivators’ demand for fertilizers? In view of the analytical
results of this study showing the importance of significant retums to
cultivators from fertilizer use in generating rapid growth in their demand
for this input, it is obvious that improvement in the marketing channels
alene cannot raise these limits substantially. Nor would provision of
cheap credit be sufficient to sustain continuous rapid growth beyond the
limits indicated as it would not substantially raise the returns from fertil-
izer use. While coatinuous reduction in the prices of fertilizers through a
stream of cost reducing innovations in the fertilizer industry would fulfill
the objective, it might not be feasible in the short run. Similarly, it might
not be feasible to maintain high prices of agricultural commodities of the
past 2 to 3 years, because of increasing agricultural production and also
because of the adverse effects of such prices on growth in the non-agricul-
tural sector.

The solution to the problem of sustaining continuous rapid growth in
cultivators’ demand for fertilizers lies mainly in accelerating the pace ot
the following $ structural changes: (1) continuous improvement in the
currently available new varicties of foodgrains crops. (2) development of
new fertilizer responsive varieties of crops such as jowar, bajara, cotton,
and groundnut commorly grown under unirrigated conditions, and ()
expansion in irrigated acreage. Efforts in these directions will maintin a
rapid growth in demand by continuing the prucess of technological
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change underway in the presently irrigated areas and by expanding the
areas on which technological change is possible.

Chapter 8. Conclusions

The main objective of this study has been to analyze the past fertilizer
use pattern in India in order to identify different sources of growth in
effective demand for ferulizer, examine their strength, and then to use
this knowledge to study the problem of continuous rapid growth in fertil-
izer use from the viev:point of cultivators’ demand. The main conclusions
of the study are:

(1) A consistent pattern was observed for 39 groups of cultivators from
different parts of the country as far as the relative spread of fertilizer use
on different crops was concerned. Within cach group, sorac non-foodgrain
commercial crops such as sugarcane, tobacco, banana, vegetables, and the
two major foodgrains, rice and wheat, were more cxtensively ferulized
than some commercial crops such as cotton and oilsceds, and other food-
grains. The most plausible cxplanation for this was the small size of re-
tumns on low fertilized crops. The small returns on these crops were due
to their low production response to fertilizer use, and, in most cases, low
prices.

(2) The average rates of fertilizer applied by these cultivators were
significantly below the recommended rates. The rates recommended were
approximately equal to the optimum ratcs as determined by some investi-
gators from fertilizer production funciions developed (rom trials data on
cultivators’ ficlds and relatve prices of fertilizers and crops. The most
satisfactory explanation for this feature is found in the small size of
marginal returns, beyond 50 to 75 percent of optimum rates, and high
discounting of physical response by farmers on the old varieties of crops.

(%) Findings on fertilizer practices of cultivators at diffcrent points of
time, indicate that the main source of growth 1n feruhzer use until the
mid-1960's was an increase in proportions of fertilized areas under a few
crops, such as sugarcanc, tobacco. rice, and wheat, rather than rise in the
rates of applicition. It appears that this was also an outcome of the nature
of retums from fertilizer use to the cultivators During the reference
period of the surveys the price situation became increasingly favorable o
the cultivators raising the returns from fertilizer use. This in turn acceler-
ated the diffusion of ferulizer use on unfertilized arcas, particularly under
crops such as rice, irrigated wheat, sugarcane, tobacco, and potato, on
which therv were significant returns from its use even under the price
conditions of the 1959's. The improvement in the price situation, how-
ever, did not significantly raise the marginal returns on these crops be-
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cause of the nature of their fertilizer production functions. Consequently,
there was no widespread increase in the average rates of application on
these crops.

(4) Data on average annual sales of nitrogenous fertilizers in various
districts revealed wide cross-scctional differences within diffcrent states.
Analysis of these data sho'ved that this feature was largely due to varia-
tions in crop patterns and levels of irmigation. A high proportion of total
sales in each state was concentrated izt a few districts in which levels of
irrigation were high and wiere crops such as nice, wheat, sugarcane,
potato, and tobacco dominated the crop pattern. Districts with low levels
of irmigation, and hence, where these crops were less important, shared a
low proportion of total fertilizers sold 1n the states.

(5) The nitrogenous feruilizer use pattera in various states between
1956-57 and 1964-65 showed persistent crossscctional differences i the
levels and striking variation in patterns of growth over time. Throughout
the 9.year period. the level of nitrogen use in some states (e.g., Rajasthan
and Madhya Pradesh) remaincd substantially below that in other states
(e-g.. Madras and Andhra Pradesh) The growth patterns varied between
extremes of little growth in Rajasthan and Madhya Pradesh to dramatic
growth in Punjab and Madras. These features of interstate variation were
mainly due to underlying diffcrences among states in levels of irrigation,
and relative prices of nitrogen and crops. Of the 2 factors, irigation was
more important in determining the cross-sectional variation in levels.
However, by it.clf the high level of irrigation in a state was not sufficient
to generate a rapid growth in fertilizer use under the price conditions of
the period up to 1960-61, even though a large proportion of irrigated
areas voere still unfertilized. Once the price situation improved, the growth
in fertilizer usc was related to levels of irrigation. In states with high
levels of irrigation (c .. Madras, Punjab) there was a remarkable accelera.
tion in the growth of fertilizer use. In states with low levels of irrigation
(e.g.. Madhya Pradesh, Rajasthun, Maharashtra) a similar improvement
in the price situation did not lead (o growth at comparable rates.

(6) In the absence of any major change in varieties of crops in terms of
responsiveness to fertilizeis between the early 1950's and mid-1960's, the
findings taken together lead to the conclusion that growth in fertilizer use
during this period was mainly due to diffusion of fertilizer use on irrigated
arcas under most crops and unirrigated areas under a few non-foodgrain
fertilizer-responsive commercial crops. hmprovement in the price situa.
ton after 1960-61 brought a marked acceleration in this process.

(7) The interpretation of growth in fertilizer use until 1964-65 has
important implications for further capid growth in cultivators’ demand
needed to fulfill the need-based targets of use suggested for 1970's. Find-
ings on the past use pattern reveal the importance of the absolute size of
returns in generating effective demand for fertilizer, and the crucial role
isrigation and crop pattern play in determining the returns under the
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old technological conditions. It is clear that cultivators’ demand would
continne to grow rapidly as long as all areas on which returas from fertil-
izer use are high are not feriilized, anc e price situation is at ieast as
favorable to cultivators as the average of carly to mid-1960's. It appears
+hat this upper linut of rapid growth in cultivators’ demand for nitrog-
enous fertilizer fer conditions of itrigation, crop pattern, arop varieties.
and relative prices of nitrogen to crops of the carly to mid-1960's would
be about 1.13 miilion tons of nitrogen. It would rise to 1 49 million tons
if we assume that farmers would fencrate demand at higher rates than
those obser.ed. These 2 estimates woulld g0 up as a result of the introduc-
tion ci new varieties of rice. wheat, jowar, bajara, and maize as it would
raise cultivators’ returny from fertilizer use by shufting the production
functions upwaids. For instance, replacement of the old varieties on
about 48 million acres of irngated land under them v ould raise the 2
estimates to 1.67 and 2.03 mullion tons of nitrogen. However, these upper
limits of rapid growth 1n cultivators” demand are considerably below the
need-based targets of nitrogen use. over 3.5 million tons by 1978-74,
recommended by various agencies

(8) On the basis of the kinds of crops and cultivated land expected to
be fertilized as the level of nitrogen use in the country approaches about
.75 to 2 millien tons a year, it appears that further continuous rapid
growth in effect:ve demand for nitrogenous fertilizers would depend on
the pace of these 3 structural changes: (a) continuous improvement in the
varieties of foodgrain crops, (b) deselopment of new ferulize r-responsive
varieties of major foodgrains suited to unirrigated condir.ons and of
important non-foodgrain commercial crops, and (c) increase in the level of
irrigation. The fi.t 13 nceded to continue the process of technological
change which is under way in the irvigated areas, while the other two are
needed to expand areas in which technological change is passible.
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