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Preface 
Growth in agricultural production is increavingl7. dependent on greater 

use of inorganic fertilizers. The resultant strains an s'ipplies of foreign
exchange, domestic capital resources. and facilities to distributc fertilizer
give importance to the appraisal of future demand for fertilizer. Rapid
growth in farmers' demand for fertilizer does not oxcur automatically.
Effective public policy for achics ing high giowth rates in agriculture must
be based on knowledge of the factors which affect farmer demand for 
fertilizer and the means of increasing that demand. WVhat is the potential
for rapid growth in dmand for f~rtilizcr under curren, couditions of
technology and complementary input supply? ,,th.-t is the role of new
varieties of crops and incrcased irrigatlion? Hfow, will changes in cropping
patterns affect the demand for fertiliterl These are key questions which 
this work examines. 

Ideally. investigation of the de.,iand for fertilizer is based on detailed 
study of physical production response undcr differing fan conditions
and farner's reactions to that rc,,x)nse under the ,-ani ng conditions of 
price relationships. knowldge of availalle resourxs, and motivation
within which tarmers make their decisions. Guns ant Decai has approached
the bulk of his analisis indirectly by anahzing reltionships among vari.
ables at the state and district levels, ile has' ma e detile' analisis of farm
level data for one area ard compiled similar L.-ta from secondary sources
for many other areas. He has al'o made at, extensive tour of key districts 
in each of the important t' pcs of fanning regions of India. Thus, thiswork includes statistical analisis of ag.regatce data. study of individual 
farms, and judgments derivcd from direct expcricnce. From .his comes a 
detailed and sensible analysis of the demand for fertilizer and :he forces
which must be influenced if future Jemand is to grow rapidly.

The demand for fertilizer in the Indian economy is one of a series of 
studies being carried out at Cornell Universit) as part of a USAID. 
financed contract for research on agricultural prices. We are grateful for
the assistance provided by the Rural Community Development Division 
of USAID and. in particular, to Douglas Caton. Nornian Vard and Voyce
Mack of that division. 

The broad program of stud), of which this work is one part. covers $
major areas of inquir): the role of Jprice, in interscuoral income and
capital transfers: the effect of price relationships on agricultural produc.
ton 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 seseral countries dealing with various aspects of the 
prooesses. 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 is not 
only to produce useful research results but also to provide a pool of 
trained manoowcr for the inal.sis of such problems. The research in this 
project is accomplishcd primardy by Ph.D. candidates at Co-nell Univer. 
sity who use the specific studies as PI..). dissertations. Detznition of the 
overall project has purpusel. 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 Cornell 
University in 1969. 

John W. Mellor 
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Chapter 1. Introduction 

In recent years numerous investigators have recommended a vast in. 
crmse in the use of inorganic fertilizer in India-from less titan I million 
tons in the mid-1960's, to over 4 million tons in the early 1970's. and over 
7 million tons in the nid.1970's. "I'hough the targets suggested by various 
agencies differ, al! of them have a common objectise-rpid increase in 
foodgrain production to meet greatly increased consumption needs of the 
projected population in 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 intensie cultivation niust provide for the needed growth in 
agricultural production. Use of fertilizers is emphasized because of: (a) 
low levels of soil fertilit.. (b) low levels of plant nutrient use. (c) alterna. 
tive uses of major organic manurial resources. (d) possibility of quick
production response. (r) dependence of many technological changes in 
agriculture on increased use of plant nutrients. (f) historical experience of 
many other countric, in the contribution of iertilizers to growth in agri.
cultural production, and finall%(g) the possibility of enlarging the sup
plies of fertilizers b. inctesnm% doniestic procluction and by import.:. 

A comparison of the trends in fertilizer use with the targets suggested 
by various agencies shows that an increase up to the levels indicated by 
the need.basecd 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 efficient distribution networks, 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 cultivatrs' demand growing continuously by magnitudes re
quired to attain the needhbased targets of use? Rcconimenclations "or in
creased fertilizer use arc mainly based on estimates of fertilizer require. 
ments for raising agricultural production and not on the cultivator's 
demand. It is obvious that larger "upplies and improved distribution 
channels will not result in increased use if cultivators do not find it 
profitable to use vastly increased quantities of fertilizer. A satisfactory 
answer to this question will be helpful not only in appraising the 
prospecu of fulfilling the targets, but also in hinting at the kind of public 
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policy needed to generate rapid growth in cultivatorf demand for this 
input. 

The maximum quantity of fertilizer profitable for cultivators to use 
depends on: (a) the state of technology. (b) price relationships between 
arps and fertilizer, and (c) the availability of complementary inputs, 
particularly irrigation and management. If these conditions are unchang. 
ing. the maximum quantity is conitant. In such a situation actual level of 
fertilizer use would increase toward% this level. as more farmers adopt 
fertilizer use. The size of returns fron fertilizer use can he considered the 
single most important factor determini:g the rate of adoption The higher 
these nrturn%, the fastcr the accrptancc I6,farmers and more rapid would 
be the growth in effectie demand ow.Irds thl fixed optimal quantity
determined by: (a) the state of technology. (b) pt ice relationships, and (c) 
availability of complementary inputs A change in any of these 3 condi
tions would change not onl. the optimi l quant t. towards which the 
effective demand is growing. but .al ) ultiator-." returns it om fertilizer 
use. and hence the rate of gro%,th in effcctive demand. 

An ideal set of data for research on growth in cultivators* demand 
would include fertilizer pr.i(tice, of a r.iidom sample of cultivators from 
various parts of the countr%at different times and their fertilizer produc
tion functions for Atcritie crops and crop varieties. It would then be 
porsible to determine: (a) the slqccd with whInh fertilizer use on different 
crops was adopted in a varicty' of farming conditions. (b) their rates of 
application at different stages of adoption. and (c) influence of factors 
such .is p:ices. 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 
pattent 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: Chapte; 2 traces the growth
of inorganic fertilizer use in India. the role played by the government in 
initiating jad promotintg its use. ard the importance given to fertilizer in 
the agricultural production programus of the Fisc Year Plans. Chapter 3 
presents tile necd.hascd targets of fcrtili/er tuse suggested by various 
agencies for the earl. and mid. 1970's and discsses the demand aspect ofthe problemrinsoled .n raising the 19c7-68 levels of use to the need. 
based targets of the 1970"s A conceptual framework to study the problem
of growth in tlis,,atos"dem.,nd for fcrtilizcr isdcsclopcd. the data needs 
for empirical research aie dliumcissdc. and the appro.ch adopted in this 
study is outliied. In chapters 1. 5. and 6, the past fertilizer use pattern is 
analyzed on 3 h-vels-inhidu.,l cultisator., districts, and states. These 
chapters study the nature of the pa,.t use pattern, identify the factors 
behind it, and examine their relatise importance in determining the 
growth in cultivators' demand for fertilizers. Chapter 7 estimates the 
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scope for rapid growth in demand for nitrogenous fertilizers in differtnt 
sates, 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' demand for fertilizers. 
The main conclusions are summarized in chapter 8. 

Chapter 2. Historical Perspective 

The history of fertilizer use in India is divided into 3 periods: (I) before 

1942. (2) 1942 to 1947. and (3) since 1947. Although the need for increas. 

ing the use of plant nutrients had long been recognizcd 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 fertili:cr in nonplantation agriculture. After 1947. the 

government of free India expanded thc,,e efforts. and later made fertilizer 
a part of the development strategy behind 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 Iegan in India in the 1920's, 
when tea plantations started using imported ammoniuin sulfate as well as 

the by.product from the Tata Iron and Steel Company and from the coal 

fields of Bengal. Bihar and Ori,,sa. However. there is no evidence of i-s use 
outside plantation agriculture until the 1930"s when its use was extended 
to sugarcane and in "'economically favorable areas" to rice.' Three factors 
seem to have brought this extcnsion: (I) development of the domestic 
sugar industry as a consequence of the tariff protection it received in 

1932. (2) fixation of minimum stigarcane pri.es by the gosernments of the 
United Provinces and Bihar. (3) efforts of the commcrcial frms to develop 

markets for fertilizcr outside plantation agTiculture. 
Estimates of fertilizer conumption during this period are unavailable. 

However. estimatc, of production and impoi ts. gisen in table I. provide 

some indication alout the .inmumt of fertilizers used in British India. 

The table shows that on the eve of World Vir 1I India used annually 

about 15,000 to 18.000 tons of nitrogen. 1.000 to 1.500 tons of phosphorus 
and about ,00 ton of potash in the form of fertilizers. Except for 3.000 

to 4,000 tons of nitrogen produced domestically as a by.product. all fertil. 

IThroughout the stmudy the term plmntations is used to mean tea. cofee. and rubber 

plantatiorm



Table 1. Pfaductloa and Impo ts f illaUrm to ritisbh India: 1926-7 to 1946-47 

FotobotCNiltrogenous ter ilisors 
 Phooptaiic tettiliset. fertillsers
 

Tom$ (to terin of 5) (to tera. of P20 ) (io tern of
 
120)
 

-I-TI 1~~ - -

22ILL.;elm 
P.rLd 11 

1926-27- 541 N.A.t N.A. - .A.1927-14- 19 N.A. N.A. 
 N.A.
1928-z 3,7 " N.A. N.A. N.A.

91930--- 5,195 N.A. N.. N.A.
1930-1 4,153 N.A. N.A. 
 N.A.
 

1913--- 3.430 N.A. N.A. - N.A.1932-)3--
 .176 1.699 770  2,064
1933-34---- 6,11 2.031 1.261 - 1."71934-3$- - 9. 70 2,937 2,297 - 2,4001935-36----- 9.549 3.i44 2.176 - 2'0181934-37- 13.333 3.358 
 1.81S  1,258

1937-3.----- 11.401 
 3.722 
 1, 44 - 1.785193-39-- 17.047 
 3.110 1,637 
 - 1.464
1939-4"0 17.692 
 4.139 1,47 
 - 1,219
1940-41 - 8.397 6.007 3,210 
 - 1.2191941-42 648 6,698 90 - 122 

fact"8 Its 
142-43 
 460 5,170  .A. 426
19 3-442.924 4.500 2'64s N.A. 4o1944"-5----- 17.877 
 4,375 8,628 
 N.A. 1%45-46---- 15,123 4.605 9219 N.A. 914194 -4 - 27,250 4,40 621 81.3 781 

1.,ot o leas r.-eaporto. 
tslet available. 

Suces For yearr up to 1937-36 and 1946-47, iaorts are calculated fro tarious 
Loe. of See-1.r9o Tro4e 9( Irith 1nd|u (Dapartu of Coercaltatelligeace and Statistics. Calcutta. 10diW. and prod.:ZcIou &:1ttticO
fro Various 1o9"s of StotAetlCal AbseraCt !orBritith lIdi. (D0part80t of Cmferial ImtallteSco Ond StnItIcSC9. Calcutta. 16di1). For
193W-39 to 1945-46 see TeWorld fertiltatr kortM. by Kirk.o Lar 
(Staoford. Calif. Stanford 
 Iv. Pgo. p. 678, 1957). 

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

don in India in 1940. and 
while this increased domestic production, the
 
total available was 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 time 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
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o the-most limiting facto:i in the improvement of agiculture was lowsoil fertility and that increased use of plant nutrients was imperative tocorrect this deficiency. This is clearly brought out by the following observation made by John Augustus Voelcker in 1893 ater an extensive 
investigation:
 
Lmprovment !n the s)stem of land t'nuic. improlement of the latin yexpenditure of
public and private capital on it. and milar measurt$. may alleviate the condition ofth.: !rxiian cultiaator, but thc ',i1 not gie him larger crops. and thev ue 'ooi tht the people inu11hate to liue upon ,ll not pio ideFor this the soil its-Ito. as 0 2lone ran produce aih crop,. and manure alone 

must be looked 
can enabletLe cca.iry incremont rIhe qucton of manure 

it to bring fo'ia 
bound up with the sup'ly is. accogdsnl). indissolbblytue l.being and ctcn the barc exlitete of the people of India. 
Voekcker not only cmphatized the importance and urgency of the problem
but a Ivocated governmctt action in the matte-: 
In owclusion. it it mainiamed 11"t 'ater and manure constitute the cultsator's chiefwmn%. arid that th.- suppl%of rruuc mutt go hand in hand ^ith the %ater.and must.le the 'ttcr. be taken up b%Goscrnm-nt. otherHate the tod wiU not be able to provd :.r the inctcaung millions of people. 

In the 50 )ears that followed Voelcker's pronounceentu. some measures were taken to develop irrigation, and to promote agricultural research, but little attention was paid to the problem of increasing the use 
of plant nutrients. 

The agricultural research institutions, which .ame into existence during this period, devoted a part :)f their research effoits :o the problem ofmanures and fertilizers. Scientific methods of preparing £rrnyard manureand compost were developed and manurial and fertilizer experimentswere conducted. These research efforts, however, had little influence onthe practices of cultivators. This is evident from the continuation of thesame "crude" and "inefficient" n:ethods of making farmyard manureabsence of organized efforts to use other manurial riources, such ashuman excreta, garbage. and sewage, continucus large scale exports of
oilcakes and bones; and low levels of manure and fertilizer use.
 

Period 2: Years between 1942 and 1947 
The year 1942 marks the beginnirg of a new era in the Lzitory of Indianagriculture. When Japan began its assult on Burma in 1912. the government realized that India could no longer rely on imperts of rice fromB,.rma to supplement its food supply. The Grow .More Food Cimpaignwas launched to promote a rapid increase in food production. This cam.paign got further impetus from the Bengal Famine of 1943. in whichabout a million and a half people perished. Measures undertaken toimplerment the Grow fore Food Campaign marked the end of thelaiiez.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 to increase 
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(rod production by: (1) expandinf the area under foodgrain crops. (2) 

rugmenting irrigation. (3) increasing the supply of improved seeds, and 

(4)extending the use of manures ind fertilizer. on foodgrain Lt-ps. 

The importance given to manures and fer'ilirer .uring thesw years is 

dearly brought out in lie following remarks of the Famine Inquiry Com

mison appointed bx the goxernrtct ,oreport o'i. amnuong other ,t,ns. 

causes of food sh-ortage and the postblity of tmproving tile )icids a iood 

acops. 
of maiuur ofliet the most

Nei to t.,e pto 1'iun of an at utcd supripl of %ater. the use 

Important single mcant of inctcatlnc thirl athCrFcc |"ri-¢c has thoi, n that th 
Is t'-plaCed th ou -lI the opera.

pLant food. absttactrd b% loi, iirdinhg %3fltet of trot. 


lion of the rnaiual co-ciratiec poicrs of lhr soil. a"iw'-,l h thesmall quantit) of
 

tl-c fzl- of the toil. of India h.!*thus biecom
'itmanure occaionall applhci'. and that 
of ct to ncrleatiel and in

ilt(ofehlw crop' t tic 

Ic'ncfit iit, lw eltr ,l tcd inipiit)etl .araecirt. |ittit roia must bestabilized at a 1%,%.lctcl If. tlc 

pirticulir it the 'ull 
i lile t w ,,fu;31ourcs has Ieen

added to the ioi; III 'cr) comiiscal e qall ltlift 11it 
W)acco. sugatcaie

confined !ttigel) to the mocc ptotitaJIc arrong th coh rop . .di at 

-: Inhch the mail" crops a.c
 

am r,.i.urr jpgith,l to I3tudand ¢.tablet..nd l "ic nit of 
of used

itot!rnis of licic.sir.g the ame:int minure is. 
haTs been scr small 'Tic ,C n 

a hmicr l-s of ptat| t.i -lolic o' . Id is easf of 
h'siever. not a -i n,1¢ twro!-!-m litit' 

if the tandari of iin,: of thr In,',.inc.&iator i, to ie ta:,.d. It .1
oulon. Yet. 

c. tcndel. 11
the use of organic an.'. anotcanic maiiuwcs loul b rtatlI

esential that 
to ie fullest 

achicrcd. etcr% soifrc of erilijiahi niatcriil nut i;r utilateul 
this Is to be 

[w 'oolati:C1l Z%to
thc suppl%and dlotrhutnon o' ma31t', and |tllis ismustextent. 

the countr, it the (hraix-t possible rater. 
ellsute that the) lic aaidablc in all part of 


ue 11d Agrcultural e-|aztm1i$t 
 must be in a 
ulLivaton must be cslucatc( in) thlr 

im suhirh the) shouldto the quantity and the mannerposition to gite dctailcd adicc as 

be applied. 

There was one obstaclc-lmitcd availability of fertilizer. As shown in 

table I. at the end of the 193*" 80 percent of the fertilizer used was im

ported; the supply dcclincd sharply as the war gathered momentum. Nor 

was it possible to step up domcstic production in the short run. On the 

other hand, war conditions gcncatcd their own requirements of fertilizer 
beginnings of a period inmaterials for a ntimnt industry. Thus. the 

which the gosernmcnt was acti.cly intcrestcd in P:.nsoting fertilizer use 

cic marked by its limited availability.in foodgrains prixhstioti 
During the war ... rs the world supply of fcrtili;,. was limited, and the 

amount available for cxl)orts tn the suitpluis countries was allotted to vari

a glo).0I h.is,, bv the lntern.ittonal Emergency Foodous gosernments oi 
ittntnctt of India establishcd a Central FertilizerCouncil. In 1943 tile Got 

.A\t;rtulttre to import fertilizer, to pro.Pool in the Ninisttr of Fcxl .nd 
cure the entire qjuantity of (crtilimr,, pr(xlulcd in the country. and to 

ensure equitable distribution of a'asl.iblc fCrtilizcrs throughout the coun. 

try at a uniform teasonable pti(c The Pool arr.i1gcintlts were restricted 

to nitrogenous fertiltiers. both because scarcity wa, most serious in their 

case, and because it was gencralls beliesed that Indian soils were deficient 

mainly in nittogen 
The Pool made estimates of requiremncnts and domestic production, and 

worked out the needed amount of imports. Allotments of foreign exchange 
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by the Ministry of Finance determined the actual imports. The domes. 
tically produced and imported fertilizers were then pooled together, and 
distributed amoi;g the provincial (state) governments. plantation boards, 
and industrial users on th. t.sis of their estimates of demand, past con
sumption performance, and total availability. The provincial govern. 
ments represented non-plantation agricultute in their areas: plantation 
boards represented tea. cuffee and rubber plantations. Besides Lontrolling 
the available supplies and thicr distribution, the Pool also fixed the prices 
at which fertilizers '%cre to be sold to the cultivators. 

Again. estimat"s of consumiption during 1942-1947 are not available, 
but from table I showing prod.ction and iriports of fertilizers, it is clear 
that despite the rcsolve on the part of the government to increase fertilizer 
use. the actual levels of use till 1946-47 must have been below tholse in the 
years immediately preceding the war. 

The scarcity of fertilizer' and the responsibility assumed by the govern
ment under the Grcw" More Food Campaign to ensure adequate supplies
initiated the development of the fertilizer industry in India. On the 
recommendation of tle 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 73.000 tons of nitrogen. Iegan 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 a complete transformation of the environment. Fertilizer 
came to be recognized as the surest and the quickest means of increasing 
agricultural, particularly foodgTain. product:on. The function of promot
ing its use shifted from market to the government. An insti'utional frame. 
work came into existence to augment supplies as well a, to control its 
distribution at reasonable prices throughout the %.o.,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 fk.od deficit as well at, the deficit in some 
indutrial raw materials, such as cotton and jute, increased. Consequently, 
the Grow More Food Campaign was extended to cover such nonfood 
crops. This did not strain the supply situation of fertilizer because there 
was increased av:ilability as the domestic factories went into production 
and the world supply situation eased. 
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It isestimated th2t in 1951. when the First Five Year Plae began. the 

county was using annually about 59.000 tons of nitrogen and 7,000 tons 
each of phosphorus and potash in the form of fertilizers. ,lout half of the 
nitrogen and all of the potash were imported. On the otier hand. all of 
the phosphorus was produced domestically. The lcels of use in 1951-52 
cannot be compared directl. with those before and during the war )ears. 
as the geographical cocr.igc of India before and after August 15. 1947 
wzs completely dillctent "rhes do indicate substantial progrcs: and yet. 
on the basis of per unit of culisated l.and. the ;cvel of fertilizer use in 
India was one of the lowest in the uo. Id. about, 0 3 kilograms per hectare. 

The role assigned to fei tiltiers in the deselopmcnt efforts undertaken 
within the frzrmeswork of the Fasr Year Plans tindeiuwcnt complete change 
with the f.rmulation of the Second Five ear Plan. 

In the First Fisc Year Plan the importancc o fertilizer tas recognized. 
but only in general tcns It was obwrscd that Indian soils were deficient 
both in nitrogen and phosphorus. but "rich in potash." und that manur
ing was necessary to provide nourisn ent to sod. Prime importance was 
given to organic manures but it was also lj'd clown that there was no 
necessity to wait for full mobilization of organic manuL', before intro
ducing inorganic fcrtilizcrs. Ag;.nst this gencral rccognition of the impor
tance of fertilizers !o supplement organic manures for tile nourishment of 
soil, the Second and the subwseuent Fic ecar Plns interpreted the role 
of fertilizer and other agiculturil inputs in toe context of a planned 
approach to agricultural production Oscr the Nears rough input.output 
cc.ficients (refenc, to as ",ardsticks" in the literature on ?-anning in 
India) indicating inccea,. in (xx.qains proluction as a rC",lt of increase 
in irrigated areas, usc of fcrtilizers, use of improved seeds. etc.. were 
evolved. These ,ardsticks wccr used to estimate the rcjuirrtmcnts of vari
ous inputs to achieve the agricultural pro(luction targets of the Second 
Plan. The importan:c gisen to fertilizers and manures in this plan is 
brought out by the fact that 25 percent of the target of !0million tons of 
additional production of foodgrains was to be achicscd by increase in 
their use. 

The role assigncl to fcr:iliicrs in achieving the targets of agricultural 
production in general and foxlgr.ins in p.rticular was further em'1a
sized in the 1960's Thcre was little scope for biinging additional land 
under cultivation. the main factor behind growth in production during 
the 1950's. The stiatcgy for promoting intcn,,vc cultivation was formal
ized in the lntcnsic Agri ultural District Programme IaLso known as the 
"Package Programme"). and was initiatcd on an experimental basis in 7 
districts in 1960-61. The importancc of fc-tilitcr grew as a consequence of 
this program. It was enhancdcc 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
iwm Measures undertaken towards this aim included thousands of dem. 
onstrations on cultivators' fields, creation of a vast network of extension 
ervice, use of cooperatives to sell fertilizer to cultivators, ,upply of cheap 

caedit, subsidy on transport cost in remote areas, rebate on purchase of 
fertilizers during "off-seasof.' and control of fertilizer prices. 

The principles for controlling prices wcrc: (a) cqualization of prices of 
imported and domestically manufactured fcrtilizes. and (b) price uni
formity in diflcrent parts of the country. There were, however, no major 
subsidies. Although price-, of various nitrogenous fertilizers were to be 
fixed by the Central Fcrtali/er Pool on a no-profit no-loss bisis by pooling 
all costs (those of plichaaxng. handling, and transporting fertilizers), by 
1963-61 the Pool had madc profits of Rs. 433.59 million on its opcrations 
since 1914-45. There %,--, a piovision for subsidy on phosphatic fertili.,crs 
on the condition that the cost of subsidy sould be shared equally by the 
central and thc st.ae goscinmcnts. The initiative for granting this subsidy 
was left with the state goscrnmcnts. Perhaps as a result of the condition to 
share the cost of subsidy. only a few state governments granted subsidy on 
phosphatic fertilizcr 

Between 1952-53 and 19S7-68 there was a substantial increase in the 
amount of fcrtiliicrs produced and used in the country as table 2 illus
trates. The most important features of the table are: 

(1) During the 16 years. annual distribution of the 3 types of fertilizers 
increased from 81 thousatid tons to 1.680 thousand tons. 

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

(3) All potassic fertilizers and some nitrogenous fertilizers were im
ported. Domestic production of nitrogenous fertilizers was less than 50 
percent in 14 out of 16 )ears. Domestic production of phosphatic fertil. 
izers fell short of distribution only after !958-59. and even then. until 
1965-66. 	it accounted for nearly 90 percent of distribution. 

This survey brings out: (I) considerations which influenced the govern
ment in initiating fertilizer use outside plantation agriculture. (2) impor
tance given to fertilizers in agricultural production programs. (3) establish. 
ment of the Central Fertilizcr Pool fo controlling distribution and prices 
of supplies. (4) limited asailability of fertilizers, and (5) rapid growth in 
fertilizer use without major subsidies. 

This kind of historical dccelopment has created an environment in 
which problems of increasing fertilizer use are usually discussed in terms 
of requirements of fertiliters to achieve planned targets of agricultural 
(mainly foodgraitns) production, increasing tit,. domestic production of 
fertilizers. and improving the efficiency of the distribution system. Impor. 
tant and relevant though these issues are. focus on them has resulted in 
relative neglect in studying the amour.t and nature of effective demand for 
fertilizers. 
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Tabit 2. Prwdmcshm impendsaddi aer of fatilam In India IS3-8 toMO." 

Tear Nitrogenous (in toas of N)* Phosphatic (in ters of '05 Potassic (in term )of 
ProductionI Imports Distribution Production 
 Imports Distribution Imports Distributiont
 

Metric Tons
 

1952-53 53.067 44.294 73.C40 
 7.445 - 4.552 3.3111953-54 52.905 19,346 85,404 13.831 
N.A.
 

- 8,261 7,490
1954-55 68.478 19,984 77.847 14.345 

N.A.
 
-- 15.027 11.097 N.A.-Q55-56 76,859 53.370 
 112.469 12.365 -- 13.018 10.265 N.A.
1956-57 78,788 
 56.768 135.483 17,585 
 -- 15.874 14,791 N.A.1957-58 81,144 110.100 179.266 
 25.785 - 21,922 12,7861958-59 80,766 
 97,540 169,735 30,987 - 29,490 

N.A. 
22.366 N.A.
1959-60 83.694 142.335 229,326 51,407 3.819 
 53,930 33,103 21,342
1960-61 111,987 171,926 211,685 53,722 
 128 53,134 74.845 29,052
1961-62 154.326 142,920 291.536 
 65,360 645 63,932 30.381 
 27,982
1962-63 194.194 229,462 
 360,033 88.300 
 7.959 81.385 44,276 36,503
1963-C4 219.072 197,691 406,976 107,836 
 12.267 116.674 64,060 50.570
1964-65 243,230 256,517 434,473 
 131.021 12.293 147,652 57.176 
 70,440
1965-66 237.889 376,270 
 547.363 118,779 
 21.766 132.178 93,641 77.746
1966-67 308.993 574,628 838,736 145.678 129,158 
 248,602 143,337 115.710
1967-68 
 402.648 975.897 1,051.785 207.142 370,776 422,096 
 276,465 205,578
 

aComplex fertilizers containing more than one nutrient are included but bonemeal and rockphosphate
are not included in P 0 
as these data are not available. Import figures for 1965-66 include

basic blag in the can| gf P205 and 
Uamex (38-421 K20) in the case of K2 0. 

Figures are on financial year (April-March) basis except chose for distribution of P 01952-53 to 1957-58. which are on calendar year basis. 
from
 

In calculating distribution oi 2O for
 
sulphate of potath quantity inported Is taken as distributed.
 

Source: All statir ics except distribution of nitrogen 
from 1952-53 to 1958-59 are from Fertiliaer

SCetietics, ')H7-68 (Fertlliser Association of India. New Delhi, pp. 147-48. 1968). 
 Distri
bution of nitrogen from 1952-53 to 1958-59 is calculated from information supplied by the
 
Department of Agriculture. Government of India.
 



The importance of the knowledge of the amount and nature of effective 
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 tunderstanding of the dem.nd for fertilizer is crucial be. 
catue fertilizer is an integral part of tl,strategy to achieve agricultural
production go.l,. of the Fise Year Plans. While availabilit of adequate
fertilizers is a prercquiiitc for achieving thi, objectise. their utilization 
will be brought about largely by the playi 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 early and mid.l 9 70"s are presented in 
table 3. The amount of fertilizer distributed in 1967-68 is also shown. 
The rationale bchincl the need.based targets is in the planning technique
(known as "yardsticks approach") adopted for aggrictltural production in 
India. This techniquc pl.in, or the needed exp.nion in stocks and flows 
of different resource% asailable to the agricultural sector to attain the 
targets of agricultural prodtction set in the plans. The requirements of 
various inputs are dcriscd from the input-output coefficients (referred to 
as "yardsticks") deseloped over %ears from trials on farmers' fields. 
Though the targts, suggested by various agencies differ, all of them 
indicate one thing--the necd for a vast increase in fertilizer use in the 
next few years. "hi explain%the emphasi, on supplies in India. It also 
explains concerted efforts in recent %-ears to accele. ate domestic produc. 
tion of fertilizers and .Aso to develop markc-ing channeh. itis estimated 
that the cajpacit. for the production of nitrogenou and phosphatic fer. 
tilizcM will go up from 715.750 and 416.860 tons (in terms of nutrients) in 
1957-68, to 2.09-1.750 and 893.070 ton. respectively, in 1970-71. It will 
rise to 3.034.600 ton%and 1.168.280 tons in early to mid.1970"s, when the 
plans approsed (by October 1968) for the creation of additional capacity 
rire 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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Talb J. A d din h IMW-60 awd vrwarim I P taru d fen1mflh om 1w 

witrogenoua Phosphaticq Potasi oa
 

million metric tons of 
 . P 20% and 20 

Distributio La 1967-8 ..................... 1.05 0.42 0.21 1.68
 

Need-based targets for 1970-71 a Muooted byts
 
Cittee on Fertilisera 
 2.40 1.00 0.77 4.17 
USAID (staodstill)& 
 1.96 0.98 
 0.49 3.43
USAID (minLmum acceptable) 2.69 1.34 0.67 4.70
Hoist (for food ,olf-auffcie cy7 Ia 1976) 1.96 0.8 0.43 3.27
Miolst (for food self-eufficiency In 1971) 2.50 1.10 0.60 4.25 

Need-based targets for 1973-74 euggested by: 
Ministry of Food and Agriculture 3.73 1.74 1.11 6.58Fertiltser Association of India 3.80 1.90 0.90 6.60 

ked-based targets for 1975-76 sugUested by& 
USAID (standstill) 3.08 1.54 0.77 5.39USAID (minim acceptable) 
 4.37 2.18 1.09 7.6
Moist (for food aelf-sufficeoucy in 1976) 3.89 1.96 0.97 
 6.81
 

These targets ore dertved from reqIremeota of foodgreaio wbicb mples no change In dietary levele* 
and self-sufficiency by mid-1970's/ 

Those targets are derived from requirments of foodgraioa which implies some Laprovemest is dsttszy
levels and self-sufficiency by 1970-71. 

Sources: Comittee on Fertilisere. Import of ho lttee on rIea. ofForttlisers. Goverinmeo 
Depsrtzent of Agriculture. Now Delhi. 1965.
 
USAID: United State$ Agency for International Developseot Misslon to IndLa. Yortillset,
Prs.-pal for Increraed Airicqltural Produttign. Me" Delhl. American Embassy. 1964. 
Mimeographed. 
Molat. The Wqrld Food Probjea. A Report of the Ptsi4qnt* ScernCe Avory Onitte-.
 
The White House. Vol. 2. pp. 673-711. May 1967.

Ministry of Food and Agriculture. C. Sahai. Developetnto of Fortile.- !.tdustrv tn
 
India. Fertilioor Association of India. Nov rlhi. 1968.
 
Fotiliaer Assoclatloo of India. g. .i.
 



In the 16 years between 1952-53 and 1967-68 the total annual consump
tion of the 3 fertilizers taken together increasel from about 80 thousand 
tons to about 1.680 thousand tons-an average annual increment of about 
100 thousand tons. lit order to reach even the lowest need-based target 
shown in table 3 (that of Hoist for 1975-76) fertilizer uLsc in the country 
will have to grow annuauly 6) 6.10 thousand tons for 8 coastecutive years. 
To attain the tirget recommended b% the Ministry of Food arid Agricul
ture for 1973-71. it must grow by over 800 tloujand (on%annually for 6 
years. This, then, is the demand aspect of the problen of increasing 
fertilizer use in India. It is neither a problem of once and for all rise in 
the level of demand up to somc fixed level, nor one of demand maintain. 
ing the upward trend. It is a problem of demand growing continuou-ly. 
in the next few years. at rates higher than in the past. 

What is the likclihood of farmers' demand growing continuously by
such magnitude? WVhat kind of public polio; is needed to 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.2 

A Framework to Study the
 
Growth in Cultivators' Demands
 

In each production period fertilizer use depends on 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 culti
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 3 
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 )fild and price uncertainty are very small, then 

0For instancr. Panc's intestigation (1964) into the scope of using nitopnous fertilizer 
In1 takes ito account productiit, fields under the pre.lndiL of fertilirs on cultisator" 
vaillrng technological (ondtiont.and the picsailing relati'c price- of crops and fertiliztrs 
but it canno4 be conrdcred an inquiry into culutsators" demand for fertilitcr. inlofar as 
it h no( based on actual feilit-r practices of cult ators 'r.e-ircri-d-ori-ntcd ins-siga.
Uos of Broun (19,)Iand Dahisa (1967) are based on historical fertiliter use data: they 
do iot offer much help in appraising prospects of higher rates of gtouih than in the past 
or inpioviding guidelins for formulating the policyto attain suchrates. because they do 
wt bring out the rclatise strength of the various fctiors in geontaug the past growth 

Inae. 
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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 lie opts to 
use fertilizer, his effectice demanl as %till likely to be lower than the 
optimum amount. because he does not know thr optimum rate under 
conditions on hits farm and also betc.tuc of cautiousnes In subsequient 
production periods too. his cffccti'c demand may remain below tile opti. 
mum level if the fertilizer pioduction (tanc tol is untstblic (ue to varia. 
lions in weather conditions and,'or ifthe marginaal returns aie small. 

What is true of an individual cultisator isal,,o true of all cultivators 
taken together. For a gisen state of technology (a%rcflect-'d in the fertil. 
izer production function%) and level of crop and (c.:tilitcr prices there 
would be an optimum Ic.e of total demand .isrepresented by the sin 
total of optimunt rates of fertilizer applic.ition oil .111farnis - As compared 
to this. the total effectise demand ti .,it% production xriod would be the 
sum total of effective demand of all (idti'ators as detennined by their 
subjective notions of fertilizer prcxltlon functions on their farms, ex. 
pected crop prices, and cost of fertlize:. 

This distinction between optinum (or equilibrium) and effective de. 
mand for fertilizer, identification of rc.,ons for discrepancy between the 
two and recognition of tile importance uf tie size anti certainty of returns
 
in determining the effectie dcemanl .ie useful 
 in understanding the
 
,)roblent 
of gro, th in total eficcti.e dcioand for fertiliers. 

Visualize an economt %%-th no fcrtili/c use at some point of time. Even 
ior this point of title, it is possible to dIttcrmine the equiiibrium level of 
total demand for the ecoiomni from: (a) fertilizer production functions on 
all farms, (b) prices of crops. -ntd (c) cot of fertilizer. Lct us assume that 
these factors are constant o'cr tmc and. thac forc. the cquilibrium level
 
of total demand is unchanging.
 

In such 
 an economy. intiall) f.rtiizer use would be an innovation. 
and the total effcctivc demand wotod be much lower than the total 
equilibrium level. But it %toul grow oser time as an incre.iing number 
of cultivators adopt the us" on seeing the bencticial cxpe,'i.-ce of the 
innovators, and as thoc ',ho ha'e arc.it% .tdoptcd the use move towards 
their individual optiamnt le'els. The ticligth of these 2 forces which 
determine the rate of growthma total clcttive .lemand wohild be t func. 

8 PaniW es imatc of 1.r,7million tomofiit i t,-:t to frrmillte" (J the lntire cultlated 
aira under rice. irls l|i,%.hejl.mac.'ia gic It ait~to. gfroindnsau ul(.. .1itIifip|tdco t ton : a n d ( b ) h a l f l "e U l llc .)l c - 3 1t J ni~ll 'tl 1I:IIII c.aIL I l l ,I ll. 1'a r1. JO %.ar. h tl rj.
barley andUnirtii icdtcnion - "'0:)Ilnlllnllr"i..11.,Iii: r iti C ithl !eoical 1iul irie(Con.
dill0 s pfrailing in tile i :.I (illtv ' I.. d all,..,,ii r am.il-ot ihiC vquilllbriumItiel of demansdi lot iiiiIC.: foril : t~ii of tith laiin ii illillr- lkrn ici,,) a((ouhl
by him if ue asime that- (I) ksr:licr pitimiuci,,t i iulictioil1n u1 Inu[i ale applicable
to all areas he includcs. (2,-)nliici: of iItwlr cll iitOl iwi1u. Oilof Utsig it.and (i ,clatite
prices of nlcrogi ald ciop. aic urr .1'ilitwsI used i% him Sec V G. Panse.
Technical and f.onoii( Possibilities ol the L,' ol .\ ltogen Ferler in India (New
Delhi, 1964). Mimeoraphed. 
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tion of the spread of knowledge about benefits of fertilizer use among 

cultivators. This in turn would depend. to a large extent. on the size and 

certainty of returns frotm fertilizer use to the cultivators.' Initially the 
rate would be low bccatmc only the most enterprising cultivators would 

adopt the use. Their cxpecricnc ho% cr. would have a stiong demon

stration effect on those growing fertilizer rcsjx)nsi~e crop, with availability 
their farms, and thisof complenlentar) inputs (particularly irrigation) on 
But esentually thewould accelerate the growth in eflcctie dcm.nd. 

slow dowt in this static world because the cultisators whogrowth would 
have not yet adopted the use are those who do not expect high returns 

on crops they grow. particularly und'r conditions on their farms, and 

those who have adopted the use find that raising the rates from near-

N 

LONG RUN EQUILI1RIUM LEVEL 
NI 

GROWTH CURVE 
OF EFFECTIVE DEMAND 

TIME 

f~gwe 1. Growth in etive demand toward a Ings run equi1111dam kIed 

'The absolute site return Is miote important than rate of return on Inseitment In 

this context %,herc the 
of 

focus is on ( ltisatott gettin t oscr the uncertaint) and Inertia to 
practic 1lic "'ratco' trvurn oser anestment" often exaggcratcl the |nc.n.adopt a I'c 

tlie cultisators soul haa.c to -.dopt fertilier uw. For stutaicc. a rcturn of Ks. 10 on 
to
RL. 0 lne-ted inIfcrlilcg r.can as hi;h as 33 perccnt ratc of return. Yet. itIseity 

useri this irput on has farm ma) not find It Aorthhhlle. we why a farmer inho ha' neser 
for an extra Rs. 10 oscr 6 months ope atons. to undergo the entire procss of acquiring 
credit and fertlIier. and de-elopng the %killto use at. 
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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 if demand and (h) growth in effective demand? 
Ifthe extension work improses the fertilizer production functions (say. 

through spreading the knowledge on g~aim front appling fertilizer at the 
right time or art the right ratnnea) it will accelerate the growth in effective 
demand for fertilizer by reducang tin ci taint% in the imndi, of ctltivators 
who can expect sizable ietuins bccausc of conditions, on their farms. 
Nonetheless. as the tot.al cltective dermnd .pproachic, tile total equi
librium level, the inlhnic of etension woik onrrate of growth in effec. 
live demand will dmiinish bcatise at %tagethe ctIlt i.ators wlo haveat,. 

not adopted uts are thow s.lio lack it(entc to tdopt fertilizer use be
cause of small and uncertiat icttirn. tinder tondi1tion on dheir own farms 
rather than awareness ahotit the cxistenc, of fila input and also because 
at this stage those who co riot raic their r.-ite of applicatiotn to optimum 
levels do so bc(arise of the ,mall size of marginal returns. rate.lr titan lack 
of knowledge about )ciicfit, of fertilizer tuse. 

Thus far the tisctussion ha bctc in the oscrsimplhiehd framework in 
which value,, of the 3 paranteters which cletetmine tlte total equilibrium 
demand for fertilizer were anchaning oser time. The aim of thi discus
sion was to show that: (I) even utnder Slth condiation-.. once some culti. 
vators start using it. effc(tive demand for ferttlizert would glo, or er time. 
(2) there would be an upp-cr limit to grostlh fi total effective demand 
represented by the sunt total of the optimum rate, of applic'ation on all 
farms. (3) the rate of grox al in cffcctic demand would be determined by 
the rate at which fcrtihzcr ue, plreads .among culti .ators. and tle rate at 
which individual cultisator, raise their rates to their optitmum levels: and 
(4) the rate of groIstl iIt cifcc'ive demand would be lcsv initially then 
accelerate, and finall%. slow down after cultisators whose returns from 
fertilizer use are high have alopted the use. Now %webroaden the frame. 
work by dropping the assumiption of (onstanc% in the parameters and 
examine the influence of change in them on. (a) total equilibrium demand 
and (b) rate of grow th in eflectise demand for fertilizers. 

Since total equilibriuim demand re)reseat, the sum total of optimum 
rates of application oi all farms, anti as these late%are derived from 
fertilizer production fUnctoin,, crop )rate'. and cost of fertilizer, any 
change in the set of of these the total equi.lahaci 3 factors will affect 
librium demand. It will also asc anImpact on the growth in efe.tive 
demand because the size of culhirator,' returns on fertilizer ue depends 
on them. The :egrce of tis u pact ,silldepernd onl the number of culti
vators whose returns are affected, and the extent to which they are 
affected. For instance, itprosement iii 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 ineffective demand 
than that of sustained improvement in the prices of crops grown by a 
large majority of cultivators (e.g. foodgrains). On the other hand, a defi. 
nite improsement in the availability of a complementary input, such as 
irrigation, or inthe siaricties oi crops commonly grown. will have a more 
decisive impact on growdl in efectise demand than an uncertain im. 
proveimeni iii proihct ptics oi small reductions in cost of using fertilizer 
because the former vuhili increase the incentive to u, fertilizer in a much 
larger measuic than ihe' latter. 

The usefulness of the Alx)se conceptual framework for disussing the 
problem of acccirating the growth of fertilizer use in India can be shown 
by pointing ot the following I nlajOr factors which will detennine the 
future growth in effectisc demand: (I) 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 varieties by high yield. 
ing varieties of crops, and (4) change in the ratios of fertilizer cost to crop 
prices. It is reasonable to ex'pect somc growth in dlenand beyond 1967-68 
because of (I). (2) and (3) eeti if the price situation weic not to remain as 
favorable to the cultisator, as in the last 2-3 Nears. Howcver. in the con
text of the tecc,,sit% for a rapid and huge increase in fertili-er use, the 
important question is not whether tie cffcctivc demand will grow 3r not, 
but will it grow fast enough to socially desirable levels by mid.1970s. 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 effective 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 front various parts of the country at different points 
in time and their fertilizer prAuction functions for alternative crops and 
crop varieties. It would then bc posible to determine: (a) the speed with 
which fertilizer use on ditfercnt ciops was adopted in different categories 
of farming conditions. (h) optimum anti actual rates of application under 
different price conditio.s; (c) actual rates of application at various stages 
of adoption; and (d)influcnce of specific factors such as change in prices. 
change in vaiiicties. site )freturns. size of farms, tenancy conditions, and 
availabilit) of irnigatio.. on (a) and (b). 

Such data, Iowcsci.jre fnot available. What is more. replacement of 
local varieties by thosc w ich respond to high rates of fertilizer applica
tion on a significint scale began only in 1966 with the introduction of the 
High Yielding Varieties 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 is made to analyze the av-able information 
on fertilizer use pattern uJ) to 1961-65 and average fertilizer production
functions of the old varieties of crop%to tinderstanci the nature of the past
fertiliyer use pattern and ideltify the palt sori ccS of gtowtll incultivators"
demand for this input The rationale behind anal..ing the past
pattern up to 1964-65 1isthat m 

use 
the aience of any major change in thevarieties of crops between the earl, 19)0"%and tnid. l90"., the growth in 

fertilizer use dunng this periol can be interpreted as growth due to wider
sprt-id of fertilizer use under relatisel% constant fertilizer production
functions. Therefore. the findings on th'e use pattern give us an oppor.
tunity to examine the forces behindil growth in effective demand for
fertilizer under the technological con(litiors rcprcscnted theby old
varieties. assess scope for further growth in dcenand undcr such conditions.
and thus judge the inportance of stru(tural cianges wich wvould shift
the fertilizer proclciton fonction,tipwii(lk and generate a(releration in 
the growth of effect0se uemandl 

We begin out tearch for an undestanling )fthe nature of the past
fertilizer use pattern in chapter 4 b% anal wing the observed fertilizer
practices of about 800 cultivators from one part of the countr'. The 3
main objectives of this anal%.i arc. (I) to study tile dlistingii,'iing char.
acteristic! of users and nonusers of fcrtilizer,. (2) to determine tire extent 
to which fertilizer usc had %prcadon cflferent cop%..miiong thesc ctilti. 
vators, and (3) to inci(ate the inclcri ing forces behiml the observed 
fertilizer practics. These findings are thwn (oiiparecl with tIhe of other
36 sample sure.% conducted( 1) the Intitl ot Agricultural Research

Statistics betwcen I951-.5 and 1963-61 in 19 ditricts located in different
 
parts of tile country. To test the v.ilicit%of the insights g.incd from the
analysis of the fcrtilizcr piac ticc, of cmtisatort andl to enlarge the scope of
 
inquiry, the anal)s iss extendecl in ('hapters i 5)to higher lesels of
-Iiod 

observation. In Chapter I n11ogeii .iles p).tterlns obwcrsed among various

districts within titerent stale,. ate Umal-,,ed to bring out their essential
 
features and to itlentifN the main fc loi bchind the oro,,s.seclioxi.ll varia.
lion in sales. In Chaptei 5 tCie nitrogen uso l)att.rn in arious %tates of
 
India between and is to
195G6-7 -196-65,anal.,ed stud tile relative
importance of irrigatioii aml pric cs in deteiminirtg the interuatc varia. 
tion in levels (.fnitrogen :ise 

The guiding objectise behind .inal. s in Chapters .1.5. and 6 is tounderstand: (I) the truie nature of Ihe past ferttlzcr use patterm. (2) tile
relative importance of various factors ir controlling dcmanl for fertilizers,
and (3) the nature of ro!e tlics. factors play in goserning the growth in
demand for fertilizers. B) drawing on this analysis, an attempt ismade 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 varieties of major 
foodgrain crops. lhis cxei(isc brings out the main (lifficultics likely to be 
experienced in sustaining iapid gTowtIh in (cmand for fertilizers in difter
ent states be)ond ,crtain limits because it is based on the analysis of 
fertilizer use data as opposed to normati'e considerations. For this reason 
it also indicates the nature of public policy needed to 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 use under the prevailing technological conditions. To 
examine the impoitance of this source, it is necessary to understand the 
nature of the past fertiliter use pattern. 

Data on 196-1-65 fertilizer practices of about 800 cultivators from 
Gujarat State are ;inalyrzcd in section I of this chapter to study: (I) the 
characteristics of the users and non-users of fertilizet. (2) fertilizer prac. 
tices of users, and (3) tht forces behind the use p.ittern. In the second 
section the findings of the fiis s.ction are compared with those of 36 other 
sample sucress ccrductcd b%the Institute of Agricultural Research Sta
tistics between 19:--55 .ind 1963-&l in 19 districts of the country. 

The mos' seiions limitation of the information olt fertilizer practices 
analyzed hcrc is that in nonte of the sample surveys was the region (i.e.. 
district) selected i.iclml%. On the contrary. the slrvcss were conducted 
either in the distrifts rcerd by the Intensive Agricultural District Pro
grarnme or in those where feitilizer use had made more headway than in 
other dis'iir ot the ,.im state. This puiposive selection of districts 
restricts the geaci.lity of the conclusion, on the past fei tiliier use pattern 
reached in this L.haptet. Thc other limitation of the information used 
hete is that it is ava alalic for onl% I %eai foi mnoie than hi.alf the districts 
to which it relates. This icstricts it, usefulncss to receal the factors behind 
growth in fertliter u,,.InI spite of the limitations. the information used 
here is an important source to study past fertilizer practices because it 
relates to over 25.C,00 randomly selected cultivators fiom districts located 
in different parts of the county. Figure 2 shows the location of these 
districts. 
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Section I 

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 Implecnrntation of Farin Plans in Bardoh Taluka 
and Economic Survty of llorsd Taluka. They refer to fertilizer practices
in the agricultural ycar IW4-65 of 3 groups of cultivators: 71 cultivators 
from Bardoli raluka of Surat District in south Gujarat. 392 cultiv.,ors 
from the Charotar tract and 333 cultivators from the Mahikantha tract,
both in Borsad Taluka of Kaira District in central Gujarat. These 3 
groups will be refer'ed to as the Bardoli group, the Charotar group, and 
the Mahi group. 

Major Ch-iracteristics of the 3 Groups 
The 3 samples of cultivators differed in many respects. The Bardoli 

grocp was located in I of the 16 ditricts covered by the Package Pro. 
grammr. 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 due to differences in the ph.sical features of the regions
and their relative levels o! development. The Charotar tract is an un
broken plain, while the Mahikantlie tract is cut by deep ravines formed 
by the river Mahi. The former had a higher level of socio-economic 
development than the latter, in such facilities as roads and schools, and 
in diversification of economic activities. The 3 groups also differed in size 
of farms, availability of irrigation, and crop pattern. Tables 4. 5. and 6 
present these characteristics. 

Table f. Dtibution of cultitsaon accordin to rtc of hbsdnlp 

sNuber of cultivators In each size class
 
GrouW so rntu14 of t tal Cult vator9 In thq gtoup
Lose than [2 to 5 MoHre then 

h cctooashC~ro 1-htctartsl 

percent
 

, rdoll 28 23 49 

mm0tar- 72 23 3
 

i s 12 3
 

Sources Agro-Icouomic Raaearch Cmntro for Gujarat and Rajasthaa. 
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Tebtt 5. AwsUabW*y of inarrat to the g re.m 

Groups Percent of cultlvator& In cdch I Percent of total cultivated area 
troyp wtth ArrIlgaqd 1en4 irriast*4 In each group
 

Dardoll---
 94 
 32
 

Charotar--
 63 
 43
 

Kahi- - 22 20
 

Source: Asro-Econmic Raeearch Centre for ruja:tt and Rajathan. 

Table 6. Crop pattern of the 5 groupt of cultIatas 

Groups fPer¢C O Lotal cul tvatr* arap of each u U £ 

__tee Wheat IBa&I J oal Banr~n ~s Fl~thocco M.1ece_ 

Brdoll- 22 6 - 12 3 6 29 - 22 

Charotr- 14 4 26 2 2 33 19 

Pb -- 10 * 36 2 - - - 25 27 

Les than 0.5 percent. 

Source: Agro-Econemic Research Centre for Gujarat and tajaahu". 

Levels of Fertilizer Use 
Levets of fertilizer use in the 3 groups are shown in table 7. The differ. 

ences in the lc, -is arc as expected. The Bardoli group. located in a region
covered by the Packagc Programme had not onl) tn;c highest levels, as
reflected in axcrage imics per unit of land. but itused ai the 3 pla:st
nutrients. On the other hand. the Maii group was using only nitrogen
and the level va-. the Iowc.t. The Charotar group came in between. 

Though the as er.ie r.tes of fertilizer use. as computed in table 7 indi. 
cate the differences in the level, of fcrtiliicr u,c bv the 3 groups, they do 
not reveal the true nature of the diflcrcnce,. Not all farmers in each 
group used fertiliters nor did tho-.e uing at 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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Table 7. Avera men of fertiize me by the s poops 

Total Average rate of use
 
cultivated 

area o0 2 Me 

bkilaorms/hectare
 

hardoli- 410 33 6 9 1 

Char- 791 ?3 t - 3 

4k- 14 - - .422 


* N refers to fertilizer mixtures. It was not possible to convert the 
uitures I.i€- nutrients because the information on coumposition of wix-
Vire. vas not available. As the nutrient content of a kilogram of mix
ture would bc considerably lees than 1. the inportance of miztures would 
be uch lees than indicated by the figures in the table. 

t Leos thaen 0.5 kilograms per hectare. 
Source: Agro- conomic Iterarch Centre for Gujarat ad Rajasthan. 

Trable 8. No4en o f iUtze and uaferIlhed am 1.the $3upe 

GrOuMp Total cultivators , Total cultivatedl nd vith: 

Users ion-Amere Users Pon-Jeers 

Fertilized Unfertilized Unfertilized 

5zdoli-. - 80 20 54 40 6 
Charotar-- 63 37 50 
 35 15 

Nhi- --- 32 68 31 28 Al
 

Sourcet Agro-Econ uic Research Centre for Gujarat and ItJathan. 

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
"nonusers" of fertilizer which remained unfertilized. In fact. in all groups 
large proportions of unfertilized areas were on farms where the cultivators 
had adopted fertilizer use 

The difference between levels of fertilizer use by the 3 groups was 
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Table 9.Ra of o"f'zlOt ue on cirUtad mis by the 3 grnp 

Group II F205 K20 f 
D do ll---- 61 1.L 17 1 

Cuotar--------- 0 0 

MOM 0 0 0 

Lee than 0.5 kg./hectar,. 

Research Contre -Source: Agro-EconoaIc for Gujarat and ajoath . 

primarily in terms of var)ing proportion of cultivators using fertilizers on 
varying proportions of total cultivated areas. rather than varying rates of 
fertilizer use per unit of land. as suggested by table 7 e;;er. Table 9. 
which shows rates of fertili.er use per unit of land whicla was fertilized 
dearly supports this obcr%ation for differencc in the leveL%of fertilizer use 
between the Charotar and Malhi groups. The dilfrence in the levels of 
fertilizer use between the Bardoli group on the one hand and the Charotar 
and Mahi groups cn th( other was in terms of both extent of fertilizer 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 characteristics, 

their distribution was examined for: size of hol!ding. tenancy status. 
availability of irrigation. and crop pattern. 

The importanc, of thcse factors iii affecting a cultivator's basic decision 
regarding whether to use fertilizers is obs ious. Cultivators with very small 
holdings may not have adequate marketable surplus to invest in pur. 
chased inputs. Weather and price uncertainties may hinder the desire 
and ability to experiment with an unknown input. Tcnants may lack the 
willingncss, and "ibility to use fcrtiliers. particularly ifthey are crop 
sharers and the ro. t of fertilizers is not shared by te land owners. Their 
ability to use fertilieii would be further impairecc if credit institutions 
discriminate against them either by not granting crcuit or by charging 

LU:ad wh?-h c at (crtili0cr is tknnel a f'-tilind land: cutisatoniietd least one 

who Irmt usIz at Insat one ftetillzer a referred to as u,*n
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higher rates of interest on acrount of their lower credit.worthiness. Avail. 
ability of irrigation can ,!ct 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 %ary for di.Tercnt crops. The crop pattern can also affect 
his ability to invest in purchased inputs and thus influence his decision to 
use fertilizers. 

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

The number of ct~ltiators among tenancy classes and size-holding 
classes was obtained and cultivators using fertilizers in each class were 
distinguisl.ed from those itot using any fertilizers. The findings, presented 
in tables 10. i. and 12. are summarized: 

(1) A high proportion of nonucrs in e'..h group were those whose 
holdings were smaller than 2 hectar,!i. 

(2) A similar conclusion could not be drawn about the distribution of 
nonusers 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. 

Tible 10. DIsuibution ot 	usm and nonu sm of (etiliten acmerdng to siue of hokldl 
and tenancy statua: Iadol group 

fr.wVaoeaII* at beldIN&a TOGAm'- atat. 11.6. Toal 
i nb cta g I I I 

Porcest Of -tota cultivators (71) 

0-~•S 2I 

su-woi 13 26 

2 I S.rcze 
(Tmmta 

1,,- ts1 
aina 

-

3 

-

-9 

20 

-

-

2 3 

&ate tbm S 4 ..- teeeata 4 4 

1 44 45 

-Tot -	 1 44 69l- --

Somota Aare-Lcm.c Ith Cstro f 0AJfet Sod 2.e&jth . 
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Table II. Dbcrmutbo of uwn and no*4*n of feULn acraig toA of bodings 
and tenancy tutsus: COiarow gioup 

Siteo bo4d4104o Taf--4y Seto Pooe-"ero COMM Totalof 

(Lo4C tes) 

qrclat of teteL o1Itate 092) 

13"ailer the 2--- o -. , e f 22 l44 

I to 5 1 7 2 

S--a I---L7I 1320 me SL 

to 2UsJ b-tet .. ........----- 3 


(T ","S4 t I
 
Wemrer tlhm .. .2 ntc ,-eM I "• 2 


viafge - --------I- - t 


- 63 100- . - - -- --Totl - ---.. . - - --

Sel rcel Alel, O-i.OC ****.tCh C#BCfrOloft C itq JSfIad3eai~he. 

(3) While most of the non-users had "small" hdipgs, between two

fifths to a little oser onehalf of the cultivators with farms smaller than 2 

hectares were using fertiazen in all groups. 
This aspect-an oern-- lrming proportion of non-users being small 

cultivators and at the same time a sazeable proportion of the cultivators 

with less than 2 hect. res using fertilizers-was investigated by studying 2 

conditions which c-n substantially influence the culti-ators" incentive to 

use fertilizers by affecting the returns on its use: availability of irrigation 

and crop pattern. 
A close asiociation is resealcd between fertilizer use and availability of 

irrigation (table 13). In both the Cliatotar and Nfahi groups, while a large 

proportion of users %,,thsmall farms had irrigated land. a vast majority 

of non-users with small fann xere - "ithout irrigation. In Bardoli all users 
had irrigation; in contrast to the other groups. nearly three-fourths of 

non-users also had irrigated land. 
As shown in table I-. crop pattern was another factor which distin

guished users from non-u,,ers, of fertilizers with holdings smaller than 2 

hectares. In each group a much smaller proportion of non-users were 

growing superior grains or commercial crops.' In each of the groups every 

*n India. tice and ',heai a1 tcfcrTed to at superior ,iint and command higher 

pricr compared to other crr2as such as joar, bajra. an maim. 

so 



w~nsen.( acmag e, 
&adtmy eiatw. MAhI 6.u 

L1 i a1 d a. T ess .c ta tus 

Table JI. Dbtibution of ma~ a Iew~lma- .1 boldlp 

y N oa-a wr o g s g e a lI 

uprtes of tow al i1zvama (133 

(Ie~a~a 31 4 
"Suer tbos 2- .r.-~tina~to 4 10 

Is-Soaecsatl 

2 ta 5--- ( :atesst 1 23 

Larger tkam r.-CM-tollato 

sob-total-33 

Total--- I3 
A 

Sasgeal A4r.a,_~omiC 3aaaarcl Colete o tr Carat sad 3naa~tkaa. 

Table J). Availabilty of Inrigails to wm and a.mm with I~m farm. 

it4Total Cltivate------- 1 19 

Caltivatega havia. Ila e: a.- 3 

Total Cultivatr--- 9 141 4 

Calllvaters hawIV4 tgitaita--- 9 133 

Forceatago ot ***-u~sers Miu Ifisettea- 72 2 

forsiag. a oofs 1r14sattoo 100 3of "Via - so 

Soorcei A4ga-tcoomic Itsoatck Catro tor Dejetst a&Maoib 
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T ab. . Cmp pnuai . s, m&w d 

Percentage of total non-users
Crops Percentage of total users inin the group who grew the crop the 
group who grew the crop
 

_________ RardolS Charotar Mehi Bardol Charotar Kahl 
Rice 82 25 12 100 51 31 

Jovar 

-

27 

2 

2 

* 

* 

22 

22 

18 

5 

2 

8 

- -aj8ra- 84 95 - 92 86 
B.ana-- ---..- -

Cotton- = 
 27 

33 
 2 -


Tobacco 
 - 11 
 10 
 -
 64 
 83 
Miscellaoeous 
-- 54 
 52 
 50 
 89 
 65 
 75
 

* Less then 0.5 percent of the culttvators.
 

t 
The category "miscellaneous" is a catch-all term for the rmanlngof Importance, other cereals, pulses, fodder trops, fruits, oilseeds 
crops. It include, in order 

and Vegetables. 
Source: Agro-Economlc Research Centre for Cujarat and Rajasthan. 



cultivator grew more than 1crop, 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 
crops. 

Pattern of Fertilizer Use 

It was shown earlier 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 uvc on a crop was measured as percentage of 
area under the crop which received at least I 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 i. Sped of terdUUz use on diU crops 

Feftililed •ge" of t04 C t Fortiltlad ofre" ot tbe Ccp 
4 P4fCe4t of Le" wder Peirct of tota1 of" 

CrCe !be cetI cvlttvt4 b? waero er the crop t the sre 

01"1 Chorta M7ahlC4611i cbsteta, sofdell -

Uce - 5 92 43 34 
vk2t 19 4 6? 2? 63 so 

sDjer 49 42 34 16 
- 25~eZ 29 - 2 24 

100 as a 100 as
 
5StCc8- 100 100 * 100 100
 
otte .c-
 0 94 50 3 

RLcel" e4sev-- 0 7 15 L 

a A" 8*ommIs the 8t9 

SJewn.l A, rgoeo@"3e It006tch C*stfO tog04jafrt a"d IUSOatb. 
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being fertilized as extensively as the 3 commercial crop. Cotton was the 
only non-foodgrain commercial crop which was not highly fertilized. 
Table 15 also shows differences between the Bardoli and the other 2 
groups in fertilizer u-e on foodgrains. In the former, almost all areas 
under rice were fer.ilizcd, but less than onethird ol the area under wheat 
and only one.fourth of that under jolvar were fertilized. In the Charotar 

and Mahi groups wheat (a higher pbolxnttion of which was irrigated) was 
more extensively fertilized than rice anl bajara. Jowar was fertilized to a 
small extent in the Charotar grotlp, but not ill the MNahi group. 

It is also clear from the table that when spread is measured as the 

percentage of all cultisatecd areas under these crops which were fertilized, 

rather than as percentage of areas cultivated only by the uscrs. the dis. 

cepancy between the spread of fcrtiitzer use on foodgrains crops and that 

on the non.footgrain commercial crops becomes still wider. This is due to 

the foodgrain.oricntced 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 each of the groups. Vithin eCach group. the rates of fertilizer 

use on different crops varied. In spite of the variations, a consistent pat. 

tern czn be seen. Non.fo(Xlgrain commercial crops, with the exception of 

cotton in the Bardoli gtoup, were fcrtilized at higher rates tian the food

grain crops. Rice and wheat were fertilized at higher rates than jowar and 

bajara. The most striking feature of the rates of fctilizer use on different 

crops is the wide differences in the rates of uc on sugarcane. banana, and 

cotton in the Bardoli group, anti tobacco in the Charotar and Niahi 

groups. The rates itd on sugarcane and banana were about 4-5 times 

higher than on tobacco. Cotton was fcrtilized at the lowest rate among 

the comm."" cial crops andiat a rate lower than rite and wheat.7 

The ariount of fertilicts used on different crops can also be viewed in 

terms of the distribtition of total fertilizers among crops (table 17). The 

findings are similar and can be summarized as. 

(1) In cacti of the groupstlhre was a heavy concentration of fertilizer 

use on sonic non.foogr.in (trop, Sugaicanc ind banant. which occupied 

9 percent of the total area In the Bru1i group, received 57 p.rcent of the 

nitrogen, 62 percent of the l)hospliortus. and 96 p)ciccnt of the potash used 

by that group. In the (-I irotar group 7-1 percent of nitrogen. 67 percent 

of phosphorus, and 76 percent of mixtures were used on banana and 

tobacco, which occupied only 3 percent of the area. The Mahi group. 

which used only nitrogen, applied 81 pecrcent of it to tobacco grown on 

25 percent of the area. 

'Sugprcmne and cotton in the Chzuoar group %er grown by ol7 2 culitvatorm. 
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Toble 16. Ras of fertlm sie on difmac crs 

Israeli age" IJfstW e r 0" &I 

11 vP221 K20 N tore P	 . 

ft gtel~ 
L.e-.-------- *4 7 2 44 -  22 
Mbe----- 5 117 2 22 3 

,sja .-- 1- 17 

wbo-ted4eratI 
SmLa-- 2231 
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(2) On the other hand. foodgrains which occupied substantial areas in 
each group received 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.' 

(3) Among the non.foodgrain commercial crops cotton i,resnts an 
interesting case. It was gro%.'n on 29 percent of the cultivated land in the 
Bardoli group, but it receiscd only 10. II. and 23 percent of nitrogen, 
phosphorus. and mixtures, respectively. This was in sharp contrast to 
tobacco, occup)ing about the same proportion of land in the Charotar 
and 	 ,fahi grotps. 

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

Since the groups studied represent 3 dissimilar situations, and since 

*Grtter alloc2tion of fcrtilizen to foodgralns in the Rardoli Iroup was no as much 
due to fts location in the PackaEge Prog-amne District as It IT-s due to a highe; propor.
don of Its Lind under nce and wheat; jowar was little kterUUd. 
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Table 17. Dbuibuto. of fmUlwn amme mps 

Percent ofCrops ar" underthe crop 

lice 

Wheat 

Jowar 

Banana----

Su arcane-----
Cotton----

Kiscelloaeons-

Rice 
t4 

Sajara -
Jovar- -

Sugarcane----

Cotto 
Tobacco -
Miscellaneous-

tice 

bet* 


lajara---
Jv... 

Tobacco----

Kiscellaneoua-


22 

6 

12 

3 

6 

29 

22 


14 

4 


26 
2 
2 

33 

19 


10 


36
2 
25 

27 


Lecs than 0.5 percent. 

Source: Agro-Econostc Research 

Percent used 
N P205 

the crop 

lardell creum 

28 
2 
1 

20 
37 
10 

2 

24 
1 
1 

33 
29 
11 

1 

2 
2 
-

26 
70 
-
-

45 
-
-
-
-
23 
-

Qharotar trgun, 

7 

4 

10 

1 

8 


66 

4 

Kahi 

71 
7 
-

81 
4 

- - -

22 - 16 
- - -
- - -
- - 16 
- - -
- - -
67 - 60 
11 a8 

crag 

- - -
- - -

- - -
- - -

- - . 
- - -

Crtre for Gujarat c4 Rajasthan. 

fertilizer use in each was common imong all types of cultivators and to a 
varying extent on all crops, one ca mnot attribute the obscrved 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 fertilizer usc pattcrn lies in varying levels ,Mf profitability 
of fertilizer use on different crops. Two factors which affect p,'ofitability of 
fertilizer use differently for different crops are their pricets and their 
nhysical response to fertilizers. In the absence of these cd-a lor the culti. 
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vators studied here, it is possible to verity 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 estimated by analyzing the summarized find
ings on the farmers' field trials conducted by the Institute of Agricltural 
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 obsersed awe pattern. The limitation of this procedure 
is obvious. The physical production conditions encountered by the 3 
groups would be different from those underlying the average all.India 
response function- But because they bring out the basic differences in the 
responsiveness 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 + cX2 + dXl 

where: 
Y is yield in pounds per acre, 
X is either nitrogen or phosphorus in pounds per acre, 
I indicates the presence or absence of irrigation as I 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 3 groups of 
cultivators studied here. Non-estimation of c. 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 3 groups 
studied in the present chapter, namely rice, wheat, jowar. bajara. cotton. 
and sugarcane. This leaves out banana, tobacco. and the crops covered in 
the miscellaneous category. In view of the importa.-ice of tobacco in the 
Charotar and Mahi groups, the response function fo this crop, estimated 
by Raheja and others from the experi-nents conducted by the Indian 
Agricultural Research 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 farm prices of these crops in 
Gujarat, and revenue functions were obtained for different crops. On the 
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Tabk 15. Paim d4 mpm faeem 

Crops Nitrogen Pbospborua 

__ __ _ _ __ _ b d bc 

lice. 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-Indi a- + 10.65 - 0.080 - -

Jowar, all-India + 10.52 - 0.072 .... 

-Sugarcane, South-India- + 74.87 - 0.068 - -

Cotton (lint), all-lndia- + 0.85 - + 0.17 + 0.50 - + 0.55 

Tobacco, experiment station + 10.34 - 0.084 - + 2.68 - -

Sources: For all crops except tobacco, Plannin 'Yardsticks' for Fertilizers and Irrigation 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, and t. P. 

Mehta, (Indian Agr. Re. 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
uion behind using 1963-64 crop prices and 1964-65 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.9 
These functions are: 

Rice: R = 4.42N - 0.043N 2 

R = 2.87P - 0.026P" 
Wheat: R = 3.06N - 0.039N2 + !.95N1 

R = 1.59P - 0.018P 2+ 1.38P1 

Jowar: R = 2.10N - 0.014N2
 

Bajara: R = 2.56N - 0.019N2
 
Sugarcane: R = 3.52N - 0.00SN2
 
Cotton: R = 1.46N + 0.29NI
 

R = 0.86P + 0.95PI
 
Tobacco: R = 5.89N - 0.048N 2
 

R = 1.52P
 
Nitrogen: C = 0.85N
 
Phospihorus: C = 0.72P
 

where:
 
R is revenue in rupees per acre fEom 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 I and 0, 

respectively. 

The revenue and cost functions are plotted in figures 3 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 for 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, becatuse 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 assume 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 pricer, in ruipms per pound. were: rice 0.33. wheat 0-30. jowar 020. bajara
0.24, min.r 0.19. sugamrane 0047. tobacco 0.57. codton (lint) 3.7.. nitrogen 0.5. and 
pbospbus 0.72. 
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Given such differences in returns from fertilizer use on diff'eent crops. 

it is easy to see why: (a) s$ugarcatnc was fertilized by all cultivators who 

grew it and at %cry high rates. (b) the spread of fertilizer use on tobacco, 

the most important conimcrcial crop for the Charotar and Mahi groups. 

was very high but the races wr,- locr than on sugarcane; (c) cotton. the 

most extersively cuhtiv,%a! commercial crop in the Bardoli group, was 

less exteasivel) ferttlized than (roPs such as sugarcane and rice and at 
cxtensi. Ay fertilized than otherlow rates; (d) rice and wheat were more 
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foodgrains; (e) 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 
(f) in general, phosphorus was much less commonly uscd than nitrogen in 
all the ge'tps. 

Why did cultivators who had adopted fertilizer use not fertilize a signifi. 
ant 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 following reasons might have been responsible 
for this feature: (1) limited availability of fertilikers, (2) inferior produc
tion functions of the culti~ators, (3) high discosnting of returns by culti
vators, and (4) relatively early stage growth in fertilizir 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 facilitiel), 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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Tebk 19. Reau m. cog .dm spam - diea cro 

aary 	 ted Irrigated Tobacco
Laval8oe4°f Ics Vt- Irriga ted 3 JoSar 

rupess per acrelbe./scre 

9.00 45.2011.10 26.40 6.10-	 31.40 18.20 37.70 14.20 

00.5020- 54.20 28.60 67.60 24.60 19.40 52.20 12.20 18.00 

27.00 106.5030--- 66.40 31.20 89.70 31.20 24.90 77.40 18.30 

36.0U 123.2040-- 74.00 26.00 104.00 34.00 27.60 102.00 

45.00 130.0050- 71.00 13.00 110.50 33.00 27.50 126.00 
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T&k 1. 3i m em c d pb i " " em dkm cmp 

LAvels of P205 use RIce Uirrigated Irrigated Tobacco 

vheatI

Iheat 

lbe./ acre rupees per acre 

10- 18.90 6.90 23.70 8.00 

20 32.60 10.20 43.80 16.00 

30 41.10 9."0 60.30 24.00 

40 44.40 6.00 73.20 32.00 

0 42.50 82.50 40.00 

60 48.00 
56.0070 

64.00
80 


Note: The returns are calculated from the functions Liven in the text. For each crop they 
are calculated only a little beyond the rates of application in the trials. Hence. 
calculations are not extended up to peak levels for irrigated vbeat. For tobacco 
there is no peak level because up to 80 lbs., the highest rate in trial, a linear 
production function Is given 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 
lower than indicated by these functions on farms of some of the cultivators 

restudied. This would further reduce the low returns on crops which 
mained unfertilized to the highest extent. nantel jowar. bajara. and other 
foodgrains. This scets particularly plausible for tenants and small culti
vators without irrigatimn. It is equally likely that the non-use of fertilizers 
on crops with low rcturns was due to heavy discounting of returns by 
cultivators. Discountisig returns on fertilizer use due to )ielI uncertainty 
is likely because of the non-irrigated conditions under which these unfer. 
tilized crops were grown. 

How wide an applicabilit) do these findings have? Information on 
fertilizer practices of cultisators is asailable through published findings of 
a number of sample surse.s condiuctcd in seeral districts of the country 
between 1954-55 and 1963-6. la the second section these findings are 
studied to tiace the pattern of fertilizer use within groups of cultivators 
and also to ,erify 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 to assess the spread of 
improved practices. Their findings are avail bie for 36 surveys conducted 
in 19 districts. I)ata in thcse suness were collected by drawing a random 
sample of 800 to 1000 cultivators from each of the 19 districts. The find
ings deal with: (I) spread and rates of fertilizer use or, various crops, and 
(2) distribution of fertilizers among foodgain and non-foodgrain crops. 

Spread of Fertilizer Use on Different Crops 

Table 21 shows the perccntage of areas under different crops which 
were fertilized in the iamples from the 19 districts. Potash in straight form 
was used only in 5 clistricts These findings are given separately in the 
footnote to make the table more readable. NI refers to mixtures. 

In interpreting the table it may be noted that in some cases only 
partial information is available. For examplc. the sample of cultivators 
from Shaltabad I)isttict Id land under seseral crops (table 25), but for 
1962-63 the findiings on fcrtilzed areas under diftcrent crops are available 
only for rice and wlic.t. While this partial availability restricts the useful
ness of the findings for the present analysis, the table does show that 
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Tabl 21. prd d getUbm im am da crop 

Percaut of area. sad~r crop. that received 
Dutrct. tatecropultroeo(W) * phoaphorue(P). &Wdmllture(M) 

195.4-53 1957-54 1954-59 I1959-60 1961-62 I1962-43 I 1143-44 

Peroaepuz. 
Iwaja DIce 2 0 0 

Wbest 10 * 0 
"aso 7 0 0 
Cottom 17 0 0 
Other fag. *00 

bWheat 61 21 0 74 23 0 81 51 0 
Malse 46 8 0 39 22 0
S-44rca.. 47 0 0 
Garden crop. 78 33 0 
Coto 25 2 0 26 2 0 
Growndmat 
 58 13 0 57 22 0
 
Other (So. 7 3 0 

PMit. aajathm iheat 1 1 0 5 3 0 3 & 0 
HaIze 4 3 0 5 1 0 

Brsbmaki. U.P." RIce 22 0 0 34 0 0 
wheat 23 0 0 IV 0 0 
SugArca-4 23 0 0 
G4rdea crops 32 0 0 
01180"s a a a 
Other fg. a 0 0 
Fodder crops S 0 0 

Noermt, a.P. RIce 10 0 0 
Wheat a 0 0 
KMaOi 20 0 0 
SUSercese 42 0 0 
Card.* crop 21 0 0 (coetled)
Cotton 4 0 0 
Other fg. * 0 0 



Table 21. (contied) 

DLatrlct, sate Crop 

Percent of areas under cre 

attroseu(N). phosphorus(P), 
!ohat 

end 

rece0ived 

sixtures(q) 

A1l8arb., U.?. 
Algf.V.. 

V.at 
Y~t 
KIze~rd 6 1 2 19 2 3 35 3 51 
UJara 
Barey
SugCato 
Cot t . 

Other fg. 

7 
3 
1 
9 
7 
1 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

is 
14 
S 

19 
13 

a 
1 
1 
1 
2 

& 
1 
0 
3 
1 

25 
IS 
14 
40 
25 

1 
* 
1 
3 
1 

1 
I 
1 
1 
2 

VarsauaL, 

Shbakb. 

O.P. 

2Dar 

RIce 

Wheat 
Sularcaae 
Cardn crop. 
Other fag. 

RICO 

32 
12 
21 
22 

4 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

SNhercs e
SU&SrCAMO 
Potatoes
Other fg. 

45 

16 
77 
%13 

5 

2 
5 

23
4 

0 

0 
0 
00 

53 

29 

24 

16 

0 

0 

67 50 

44 

0 

0 

Sambalpar. O , RICO 
3 3 0 

Garda crops 
OLlseeda 

28 
9 

0 
9 

0 
0 

Other f1g. 2 
3 

2 
3 

0 
0 

Shdmdars,Maharashtra lIce 
10 5 0 

(coutlafd) 



Table 21. (coiianed) 

District. etate Ccop 
Percest of are. 

attrogen(U). 
uader crop. 

phoepborms(P). 
that received 
sod sxture(N) 

19$4-55 1957-58 196-5 1 1959-60 1911-62 1962-63 1 193-4 

Surat. Gujarat RicO 
Joer 
Cotto. 

16 
3 
7 

4 
1 
1 

0 
0 
0 

.3 

V. Godavari. 
Aambr. 

RIce 
Saarceoc 
Card.. crop. 
Saaaaa 
ChiIliie 
Tobacco 
Croueda~a 

illets 
Pulses 

27 
51 
38 

54 

* 

10 
0 
0 

0 

0 

$ 
72 

0 

9 

0 

36 
62 

36 
36 
40 

S 

0 

9 
S 

0 
0 

12 
7 

4 

* 
* 

0 
0 
0 
0 

0 

62 

5o 
70 
70 

25 10 
i01s 0 

4 0 
4 0 

22 0 

KIzeab. Aadra Rice 
Sugarcasm 
Garden crop. 
Tobacco 
Olle0d 
Killeca 

60 
59 
41 
68 
6 
1 

53 
3 

11 
3 
28 
1 

3 
23 
a 
7 
0 
5 

Namija, tsore RIce 
Searce. 
hSi 

63 
93 
a 

56 
8 
a 

0 
0 
0 

TbaJawr. Nadra Lice 48 26 7 61 43 4 66 39 12 

(cmetlaod) 



Table 21. (Conduded) 

PerceOt of areas ueder crops that received 
District. state Crop altroeO(N). pbosphorua(P), &ad ; tztureaOs) 

0 
1954-
P N 

195I-s* 
if I 

191P-59 
N P I 

I19s9-40 
N P 

1 1901-42 I12*2-431 
'N , I !P I I 

924 

CoimbaL tore. Made RicO 
Sgarcess 
Tobacco 

22 2 0 78 
79 
46 

52 51 
0 14 
0 21 

Cot to 
Pi Iseed. 
Nilliet. 

4 
2 
1 

0 
0 
0 

1 
2 
1 

palehat, Ktrala Ric. 34 3 35 
Alleppey. trala lute 22 16 s8 

a Lass tha 0.5 perceat.tWhre mor* than oue rice crop ws 
gro a a year. the spread to calculated by tklag a vaeibted averae of thepercentage of areas fertilited to different moom* welebcs being area. uader rice Is different seeme.
* Findiang for 1957-38 related to 1957-59. 
I Other foodgratas
 
" Findiago for 1957-58 related to 1954-48.
 

The spread of potash. is enples ebre It wa used La straleht form. wae a followes 

Shababod, Bihar Stce 3 15 30Wheat 1 15 29 
Haodys. 1ysore Rice S 

Sugarcane 3 
Alleppey, Kerala Bic* S 

Source.: Coepiled from infogmetieo gives itSeorto of the Expert CQUlttea en Aaaeameat and IEaluation. Inteanave aricultyral DietriLct ! -irM .1%41-63 aM 19 -65. Miaistry of Food sad Ager. Goverawat of India. ew Delhi. 
Fertilizer Practices Folloed by the Farmor. Aaricilturml Sityatton in-tals. 
pp. 213-220. June 1964. 



within each sample, fertilizer use was more commxn on certain non
foodgrain commercial crops, such as sugarcane, tobacco, and potatoes.10 
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 fertilizCd 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 I year that the percentage of land fertilicd increased even in 
as short a time as 2 or 3 Nears, and within such districts, die increase was 
greater on crops extensively fertilized than on crops of which only a small 
percentage was fertilized in the first instance. 

Ratcs 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 ane1g the districts. 

As one would expect, the rates of fertilizer use on different crops varied 
within each sample. The de7ee of this variation differed for the districts. 
but the general pattern was quite uniform. Though in the samples from 
the north and east. rates on sugarcane were not always substantially higher 
&.an on rice and wheat, in general. certain non.foodgrain commercial 
crops -,rere fertilized at higher rates than the foodgrain crops. Generally. 
rates of fertilizer use on cotton and gToundnut 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 thee 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 front th "se findings that, in general, the rates of fertilizer 
application on these crc, schanged little over time. This is an interesting 
finding. because durir", :- e p'riod co~ered by the surveys. the ratios be. 
tween prices of ferti i:er and crops were declining. On the grounds of 
marginal anal),is, this fe;tture of the fertilizer practice%appears incon
sistent with economi,. iationality on the part of the cultivators. On the 
other hand, when uncertaiit yields and the small size of marginal returns 

"The a,'ragc allI.lnli prt,-luction function for potato citinmwli by Hopper i: 

Y = 53.29N - 0.14SN. %%'h.cY and N as- ) id and nitrogen in Pounds pet acre. 
.pectitly. This high production function m~nle' nitrogen use on potato more pot. 
able than all other crcps considered to far. 
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T_ _ 22. Rads d alikow m - dmm as" 

Dutrt. tte crop Rates atO t ho ,(p),8pFIICctioa 06 ditfreremt4 
fopt tlrlm 
o 

ultulre(I , 

V~r~g.,w.b1g. 0 ,1 

re r.bt Wheat 16 4 0 
M to* 
Cotto. 

21 
21 

0 
0 

0 
0 

Led~h-s-.
honJab k%" t19

Heise 
544rcam 
card@* Cr 
Catto. 
c omodmt 

19 
65 

8 

0 
22 

0 

0 
0 

21
20 

20 
12 

14 
1? 

22 
9 

0 
0 

0 
0 

25 
1 

22 
14 

is 
16 

16 
13 

0 
0 

0 
0 

tal. 
ljatiias 

Wheat 
"&lI 19 

28 
10 
13 

0 
0 

14 
20 

20 
12 

0 
0 

lidoMokJi. 
Utta pradeab € 

Ice 
UW.t 

14 
12 

0 
0 

0 
0 

S"archa 22 0 0 

Room. 
Mtas Praeoh 

RIcO 
Whet 

12 
11 

0 
0 

0 
0 
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Tabe 22. (contd) 
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from raising the rates of fertilizer application on these crops are taken 
into account. this feature does not appear surprising. 

This is demonstrated in table 23 by calculatung marginal returns over 
cost of nitrogen in 2 price situations. The first price ,,ituation rer,.rs to 
1958-59, when rice. whcat. and nitroger. prices (in rupees per quintail 
were about 48 50, 42.00. and 187.00. rcspectivcly. in the major producing 
ar-as. The second pricc situation refers to 193-64. when prices of the 
same 3 commoditics %,crcabout Rs. 60.00. Rs. 50.00. and Rs. 172.00. The 
marginal returns arc :alctolatd by using the same production functions 
discussed in the firt sction of tis chapter. It can be som from the table 
that while impiovement 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 varieties of foodgrains. 

Table 2). Retrwsm oer cost of miugrto a diEm kve 

ixncrease in marain-
Crop price Optima retyre o at 0 N at: JJ return2 bagvr4LI 

eitua- rate 502 opt. 752 opt. Optimm 502 and 751 and 
tLo. rate rate rate 5 1pt.rte 

lbdeacre rut/Scre °G1acre 

ice 36 29 36 38 7 2 
01 41 43 54 58 11 4 

hrr. Wbat- 46 40 50 M 10 4 
QS1 59 74 78 1 4 

OfLrr. Abesat (1 22 9 11 12 2 1 
11I 26 15 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 ue per unit of 
land already fertilized. 

Distribution of Fertilizers Among Various Crops 

Table 24 shows the disir bution of nitrogen and phosphorus between 
foodgrain and non.foodgrain crops by cultivators from the 19 districts. 
From these findings it appears that the general pattern of distribution of 
fertilizers among foodgrain and non.foodgrain crops within each sample 
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Table 2' Dbusutka of fmULtzm btitccn foodglrin and no4oodgrat Coe 

Dietrictt Reference Percent of N used on: Percnc of P2 0. 0e04 on; 
year Yoodgralna Wo- oodgraloa a 

Thanajvur - 1961-62 100 - 100 
1962-63 100 - 100 
1963-64 100 - 100 

lbiodara 	 - 1962-63 100 - 100 

RaIpur - 1958-59 100 - 100 
1961-62 97 3 95 5 
1962-63 100 - 100 

t963-64 100 - 100 

1lghat 98 	 100 1962-63 	 2 

b dhabd 	 1961-62 94 6 84 16
 
1962-63 95 4 96 2
 
1963-64 91 9 96
 

Snbalpr*--	 1962-63 89 11 99 1 

Alleppey 	 - 1962-63 88 12 97 3 

Alga8rh 	 1961-62 89 11 100 

1962-63 79 2.1 89 11 
1963-64 78 22 72 28 

Varaaaal-	 1961-62 78 22 - -

Barabanki-	 1956-58 $s 24 100 
1962-63 76 24 72 28 

Nmad7y 	 1962-63 76 24 71 29 

Krishna-	 1961-62 75 25 94 6
 

38 100 
1961-62 83 17 93 7 
1962-63 72 28 96 4 
1963-64 70 30 64 16 

W. Godavari 	 1954-55 62 

Ludhiana 
a	 

1961-62 69 31 91 9 
1962-63 74 26 74 26 
1963-64 75 25 &1 19 

(cot1jed) 
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Table 24. (cofiduded) 

DUtrict t 41ras Percent of I0 

yeaur Toodsralns son- ooftsits 002

ffodsras foodsrala: 

-
IL - 1962-63 85 15 73 25
 
1963-64 72 28 67 33
 

Coldatore.-	 1954-55 56 44 1s 

1961-62 60 40 -

Ferospur-	 1957-59 59 41 1AS
 

rats- 1962-63 50 50 74 2 

Meerut- 1959-60 19 81 -

Facks tirosrame DIstrict, 

tDLstricts Are arrened according to percentae of ultrosm ued oa foodgrain 

crops.
 

Soqrcs: Compiled from Information In: 
Import Committee on Asesemnt and tvalustjon. Tatjgiye 
Mriculttrel District Prorame. SeconM Rtort (1960-65). 
I sletry of Food and Agr. Government of India. Nov Delhi. 

fertilizer Practicee followed by the Farmers. Agricultural 

Jltyatlo In India. pp. 213-220. Jue 1964. 

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 foodgrmin crops. 
In 9 more cases, between C0 to 90 percent were uicd on Foodgrain crops. 
Only in the remaining 4 districts le%% than 60 percent was used on food. 
grains and in only I of these 4 was it less than 25 pcrcent. These findings 
have been emnphasized by moac than one .inal%%t and an impression is 
conve)e! that thcy can bec gcneralimed for the countny. 

An attempt has bccn made by one critic to explain the concentration of 
fertilizer use on fooxlhrain crops in thee disti ica- in terms of most of then 
(13 out of the 19) being coscrcd by the P.ckagc Programme. The chief 
aim of the Programme ha- bccn rapid increase in foodgrain production 
by intensise eforts in the selectcd districts. an .ai fertilizer was the chief 
instrument of these efforti, it is argued that the concentration of fertilizer 
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te on foodgrains in these districts isnot surprising. While such reasoning
is suffident to doubt the gene.alization for the country as a whole from
the fijings in these districts, it is misleading because it implies that it was
possible, through the administrative arrangements of the Programme, to
divert !ertilizer 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. Coonsidering their crop pattcrns, the
distribution of fertilizcrs between fooclgrain and non.foodgTain crops in
these samples does not appear exceptional. It appears as much governed
by considerations of profit the distribution in the 3 groups of the firstas 

section. It to see
is easy why. for example. fertilizers s'crc used on rice 
and/or wheat in Thanjavt" . Blandara. and Ralipur (all Package Pro
gramme districts) which had no crops like sugarcane or tobacco, while the
cultivators fr,,nm the Package Programme districts of Aligarh. Mandya.
and West Godavari. and the nonpackagc districts of Krishna and
Coimbatore. with only smalla fraction of their land under sugarcane.
tobacco, and garden crops. allocated o,1ls a part of their fertilizers tofoodgrains. The arrangemcnt ot the districts in tables 24 and 25 makes it 
clear that even among thr Packagc Prograimme districts, the proportion
of fertilizers used on foxcigrain, diminished s the importance of fertiliter.
responsise commercial crops in the crop pattcrns increased. Furtlicnnore. 
though in mc st, f these 19 districts sizablc pro|x)rtions of cultivated areas were under 'oodgr-mns other than rice and wheat (column 5. table 25).they were etler not fertilized or fertilized to a very low extent (table 21). 
Thus, the generally high pboportion%of fertilizers used on foocigrain crops
in most of these gToups as compared to thosr of cultivators studied in the
frst section can be interpreted mainly as an outcome of the difference in
the crop patterns and the alternativcs availablet to them. rather than interms 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 eachwitlin sample the spread and rates of
fertilizer use on different crors were unequal, that in this variation there 
was a consistent pattern. ajd that the observed pattern was governed by
returns from fertilizer use on different crops. 

If generalized for the country as a whole. rhe, observed fertilizer use 
pattern has an implication for the prospc ts of high rates of growth in
demand for fertilizers. It can be argued that the main source of the past
growth in demand for fIcrtlizers was spreil of its use on areas under crops
which were relatively more responsive to fertilizer use. and hence, where 
profitability of fcrtiljzer 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 ciar ,t'favorably, the rate of growth 
in demand for fertilizers will slackes, 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 generalized? 

Given the accuracy of the data. the generality of the conclusions .,ached 
in an inductive inquiry depends on the reprecsntativeness of the observa. 
tions. Neither the 3 groups of cultivators covered in the first section nor 
the! groups of cultivators front the 19 districts covered in the second 
sction can be said to represent a majority of cultivators in India. It would 
be. :herefore. 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 fertilizer practices of cultivators has revealed that the 
lertilizer use pattern was luite similar in different parts of the country. 
Within each gToup the bulk of fcrtiliter 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. 

"-he main objccti~c of this chapter is to deternine the generality of the 
findings. Iiinformation on uw of fcrtilizer by crops were available, this 
would be easy. But no ',uch clata are avadablc. Only some estimates of 
fertilizer sold in various districts of diffrcnt states are available. These 
datd are analyzed to test tie hylxthcsik that the cro,,,scctional variation in 
sales of nitrogen among sariou citricts of a state ' mai.sly due to 
differences in crop patterns andlcIc ls of inr-gation. 

The focus of anial- is ison .i.iiationin s-tles amonp districts within 
different states and not on v;ariation among .all districts -f the country
because of the nature of distract '%lcs data discusscd in the n,"st section. 
This approach may mob iic apptopr.atc alo because of the nature of 
the institutional arr.ngcmcnts for the dlistlibutton of nitrogenous fertil. 
izers during the period coscred iM the stud%. As discused in chapter 2. 
siace 19-13 oser 9.5percent of thewe fcrtilizer, were distributed by the 
Central 'citilize, P(x)l .,mong sariotis %tat, goscrnment. plantation 
boards, and industrial ucrs on the basis of the estimates of demand 
made by thesc agencies. past consumption in the regions covered by them, 
and total asailability of fcrtilizcrs to the Pool 'I'ite state koernments in 
turn sold their quota to tiltiators in their areas. Therefore. it may be 
more appro.,riate to study croi-s.sec tional sariation within different states 
to verify the play of economic forces b'hind the obsersed use pttern. 
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Section I 

Data on Sales of Nitrogen by Districts 
Estimates of annual "sales" of nitrogen in different districu of 14 out of 

15 states of India have been made by Brown (1965) for 4 to 6 years. 
between 1959-40 ai.. 1M1-65. from the information supplied by the 
Directors of Agriculture in v.rious states. Brown points out 3 limitations 
of these estimates. First. in sonic cases sales are +.fined as shipments into 
the districts. To treat shipments as etiniates of sales, :t is assumed that 
nitrogen shipped into a district was sold in the same district, and the 
opening and closing stocks were equal. Second. while in most cases the 
estimates of nitrogen 6old are arriscd at by taking into acount nitrogen 
content of ill straight nitrogenous fertilizers,. fertilizer mixtures, and 
complex fertilizers, in some cases nitrogen sold in the form of fertilizer 
mixtures was not included for want of information. Finally, the possibility 
of the movement of fertilizers between neighboring districts through non
reported channels (not rellected in the estimates) is also recognized. As a 
result of these limitations, the interdlistrict variation in sales of nitrogen 
reflected by the estimates may be distorted, but there is no way to ascer
tain this. 

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

The Department of Agriculture of the Government of lnd&.: together 
with the Fertiliser Association of India has estimated annual "consump
tion" in various states, and union territories. ar:d tea. coffee, and rubber 
plantations between 1961-62 and 1964-65. by .dding opening (April 1) 
stocks to the supplies 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 tutals does not establish the accuracy of 
the estimates of sales in districts because of the likelihood of inter-district 
movements within a ;tate through nonreported channels, it .an point to 
the discrepancy between 2 sets of state total! made independently. This 
in turn can help determine the scope of anal)sis and also indicate the 
manner in which distiict data should be organized to overcome some of 
their limitations. Such a comparison reveals that the 2 state estimates 
seldom coincide. lHowcver, the discrepancies between the 2 differ widely 
for different states. In the case of 7 states--Andhra Pradesh. Bihar. 
Gujarat..Nf)sore. Punjab. Rajasthan. and West Bengal-tLe discrepancies 
between the 2 estir.ates arc substantially reduced when the entire period 
between 1961-62 and 1964-65 is taken into account." For 3 more states, 

ItFor Orisw and Wes Bengal. S )cant" a%rrge il taken because data for 1964--W are 
not arailable for th totmer and ie disircpano hctiocn ilhe 2 estamtl (fr Vc 
Senpl neand) cancel out. if the period bctucrn 1962-6S and 1964-6 Is taken Into 
accunt. Instead of that betweeen 1961-62 and 19b-0. 
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Madhya Pradesh. Orissa. and Uttar Pradesh. not only the dis.-repancies 
amreduced 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 estiazates made by 
Brown for these 10 states may not be reflecting inter-district variation in 
sales becausc of the possibility of mosement of f,.r'ilizen tirough non. 
reported channels. as well as to minimize the ".;,,repancy between the 2 
alternative estimates of nitrogen .old in varmious tates, an average of either 
3 or 4 years' sales beten 1961-62 and 1964-65 is taken to represent crow 
sectional variation in salcs of nitrogen in districts during thi, period. The 
underlying asst iption behind avcraging is that by cancelling out inter
district movement in fertilizers through nonrcported channels and by 
reducing the discrcpancics bet%,cn 2 altcrnatisc esti;lnates of total amount 
of nitrogen sold in cliffcrcnt states, such In a'cragc scrics represents a 
more reliable cross.,ctional 'titio-en salcs pattern among districts during 
the reference period than would cstimatcs for any single year.i2 In the 
case of Assam. Kerala. Madras, and Maharashtra, the 1964-65 estimates 
are taken to rcprc,,at the cros,.sectional sales pattern becuse the dis. 
izepancies between the 2 estimates do not cancel out over time and also 
because Brown's estimates for the other years appear weaker. 

Section II 

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 each sta'e. and 2 statistical measures c the magnitude of this 
variation within each %tatei e. ;he standard dc iation and the coefficient 
of variation. The cocificicnt of v.iriatgon (S-I) :Mean x 100) is also com
puted, because %h-tile it is ixsnble to jud: he magnitude of variation 
within each stzte fiont its standard dciation. it is incorrect to compare 
the standard deviations of dillerent st.ies because the asrage amount of 
nitrogen sold )Cr district liffci sulbltante.,lly in difcrent states. The co
efficient of variation IXetrmits ,tuch a comparion. It is evidtent from the 
table that though the avcrage amount of nitrogcn sold per district differed 
widely from state to state. the -.;les pattern among districts s.ithin differ. 
ent states shared one rommon feature-a wide intcr-district variation.13 

As a consequence of such variation in nitrogen sales among districts, in 

"It Is re(ogniicd that a'cra ng uil not Ilip ancsxcllhng out thoic intr-distrct 

thr.:. channels hase bt Inmovements of through nonreported %hkhmight only 
one direction. 

"Tbe inter.A.e variation in levh of niti,\, i us is discussed In the mt chapter. 
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each sar, except Madras and Kerala, ber'-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). Itis 
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. 

W. ' X 4 

- as 

- NOTE S L[GMO 04 h1xT PA"[ 

fIte S. Map of lhdla shou.ing disttcts whett sale of nitrogt weTt coceAnted 
wkhIb d etent states of India. (tSurce: Adapted fom Gotement of India, 
Maluy of Food and Agvculture. Diretorate of [conomics and Sattaks, Indl4e 
Agvkwlturol Atlas, New DelhI, IS. Data on ales of uirogtn from DoeTs Irown.) 
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L4gu0" twr Fgwre 3: 
Pamimb: 

I Gurdaspur 
2 Hoshiarpur 
3 Awaitsar 
4 Kapurthal2 
5 Ludhiana 
6 Ferozepur 

LUWa Pwa4feA: 
I Saharanpur 
2 NMurffarnagar 
S Metrut 
4 Bulandshahr 
5 Bijnor 
6 Nforadab.d 
7 Farrukhabad 
8 Lucknow 
9 Bara Banki 

10 Fairabad 

11 Deoria 

12 jaunpur 

13 Vauanati 

Bihm:4 
I Shahabad 

2 Gaya 

S Pains 


we" Bewga. 
I Birbbum 
2 Burdwan 

S Hooghly 

4 Howmh 


Anss 
I Nowgong 
2 United Khasi. 

Jaintis Hills 
S Cacbar 

Orism& 

I Cuttack 

2 Ganjam
 
3 Sambalpur 

Madhyo Prok-A: 
I Bilaspur 
2 Rapur 

S Durg 

4 Balaghat 

5 Eaut Nimar 
6 West Nimar 

Raptatha~a. 
I Ganganagar 
2 Pall 
3 Sfrobl 

Udaipur 
5 Bhtlwara 
6 Bu"d 
7 Kota 
8 Sawal %fadhopur 

Goijarok 
I Kirs 
2 Baroda 
3 Broach 
4 Surat 
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fa~ur 
I Nasik
 
2 Jaigaon
 
3 Buldama
 
4 Amnaod
 
5 Ahmadzmagar 
6 Kolaba 
7 Kolhapur 

&fyewt:
 
I Belgaum
 
2 Bellary 
3 Mandya 
4 Bangalore 
5 Kolar 

col 
6Co 

4,sdkra Prdea.jk
 
I Nizarnbad
 
2 East Godavari
 
S West Godavari
 
4 Krishna
 
5 Guntur
 

me"ra: 
I Chingleput 
2 Thanjavur 
3 Coimbatore 
4 Kanniyakumari 

KerhL. 
I Paighat 
2 (Pan of) Alleppey 

http:Prdea.jk


T&W 27. CAmu . d miam aim In dshfm stam 

Tota1 J er of Cu.&tveat lead sales in (a) Percent share of 
states Referece period wmbJer of district@ Ia In (a) as par- an percent of (3) in growth of 

ditcricts (A) wtich "les cet of cuati- sales In (A) &&Ie" In (A) 
were coGcen- voted land in during the bcveeen 
trated (a) (A) reference 1961-62 and 

1 r 1964-45 

Andhra Pradeeb- 1961-62 to 1964-65 20 5 24 66 47 

Asem ----- 19-65 11 3 24 62 63 

glhar-- - 1961-62 to 1944-65 17 3 26 61 42 

Cujerat-- 1961-62 to 1964-65 17 4 24 69 52 

Krela- - 1964-65 9 2 22 41 61 

Hadhys Pradesh- 1961-62 to 1964-65 43 6 27 66 60 

Madras---- 1964-65 12 4 31 38 22 

Maharashtra- 1964-65 25 7 27 56 52 

y.ore 1961-62 to 1964-5 19 6 26 63 55 

Ortise-- -- 1961-62 to 1963-44 13 3 20 76 734 

P nojeb ----- 1961-62 to 1964-65 16 6 25 52 46 

Rajesthan---- 1961-62 to 1964-65 26 a 27 71 76 

Utter Predeeh---- 1961-62 to 196-65 48 13 26 51 43 

W. Igal--- 1962-63 to 1964-65 15 5 26 62 73 

RSefers to growth between 1961-62 end 1963-"4. 



Section III 

Factors Behind the Cross-Sectional Variation in Nitrogen Sales 

An attempt is made in this section to test the hypothci!s that cros 
sectional variation in nitrogen sales among various districts within differ. 
ent states was mainly duc to dillerences among districts in cro;p patterns 
and levels of irrigation. The hypothesis is first expressed in the form of a 
single equation multiple regression anal)sis model, and various limita
ions of the model arc examined. The models for 10 states, for which data 

on explanatory variables were available, are specified and results of the 
analysis discussed. 

The General Model 
The hypothesis can be expressed in the form of a cron4ection model as: 

N = f (11.I, ... Ij; UP U. U; . Uo) 

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

ing the reference period, 

11, I ... Ij = irrigated areas in a district under crops 1 to j on 
which profitability of nitrogen tse is generally 
considered high. 

U1. U, ... Uj = unirrigated areas in a district under crops I to J, 

1o=irrigated areas under other crops (other than 1 
to j) in a district, 

Uo =unirrigated areas under ocher crops in a district. 

In developing the model from the hypothesis a distinction is made 

between irrigated and unirrigated areas. because it isreasonable to assume 

that both spread and rates of nitrogen use on a crop grown upder irrigated 
on the same crop grown under unirriconditions would be higher than 

gated conditions due to superior response and higher certainty of yield. 

Though the model i4 .leveloped from the insights gained in the last 

chapter from the fertilic practices of cultivators dtring the early 1960's 

(the same years as thc tefetence period of the district nitwagen sales pat. 

tern) it appears unsatisfactory because it does not include all the factors 

that can cause variation in alei 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 ditribu

tion, different nitrogenous fertilizers were sold at uniform prices in various 

districts of each state, thus having no influence on the variation in sales 
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among the districts. It is reasonable to assume that variation in crop prices 
among different districts in a state would be little, and hence, its influence 
on the variation in sales of nitrogen, would be negligible. While theomision of prices as explanatory variables can be defended, it cannot be 
denied that distrcts differ in such factors as weather, soils, land tenure 
system, and availability of credit %;hichcan affect the nitrogen sales pat
tern 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 
variation 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 of the variablesmany which 
cn be quantified, 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 cro~s-sectional variation in sales of nitrogen can be 
i,...red. Further. it is 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 soils, better weather conditions, more effective 
extension service, and more efficient marketing systems. By omitting these 
factors from the model the effect on the nature of the results can be 
ascertained 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 variailes, the regression co
efficient of the latter will be biased upwards. Finaily, the previous chaptt.T
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 undcr the other crops were 
fertilized. 

Models for Different States 
Models for different states were specified af-er taking into account: (1)

importance of various crops in the state and whether each of them was 
grown mainly under irrigated or unirrigated conditions, (2) findings on 
spread of fertilizer use on different crops in :hat state. (3) availability of 
district data, (4) 'umber of observations available for estimation of the 
model, and (5) intercorrelations among dutierent crops. 

In these models no distinction is made between irrigated and unirri. 
gated areas for many crops because of one or more of the following 
reasons: (I) most of the areas under these crops were irrigated or un
irrigated as shown in table 28, (2) number of observations to estimate the 
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Tebk 21. Pre o am wunde.r aio rope iptead to dMest utea 

states RICO wheat Suacu Potato Cotteo 1Tobacco Grondr-

I III 	 I ou 
Aahra Pradesb- 90 94 	 1 10 

Ilb er- 34 2.3 27 100& 

GJrat - 12 53 00 7 17 

Waf7- 1r..e- 13 6 1 

Hadr 92 100 27 100 12 

aharahtra- 21 100 3 6 1 

Pujab - 70 52 76 100" 94 2 

Iajasthas- - 53 60 

attarradee- 12 49 4 95 83 so 

Meet 3.mS-1 27 29 100' 

IIonation sot available, hence aesumed to be fully Irrigated. 

Ieurces 	 Directorate of Icooomica and Statistics. Kinistr7 of Food 
and Agriculture, Govenmet of India. 

equation were small, and (3) high intercorrelations were found between 
irrigated areas under different crops. The latter factor is also responsible 
for combining atcas 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 parenthees under each coefiient is its esti
mated t value (i.e. coc.ficient divided by its standard error). 

Andhra Pradesh:
 
N - -141.59 + 14.94 An + 144.79 As + 109.40 AT + 11.91 AC -2.60 I0 - 1.*4 Uo
 
tvalues (3.48) (2.41) (6.27) (1.16) (-0.19) (-080)
 
R' M0.84Degreesoffreedom= 1S 

R3eknmtc period of Lt equation for cub scate is the um- a IndIcated In ae 2I. 
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Bihar.
 
N = -IS.60 + $.01 laws + ',3.78 A? -0.47 Ao
 
t values = (3.67) (6.31) (-0.74)
 

RI=0.85 Degretsoffreedom= 13 

Gujant:
 
N = - 21.C$ + 628 A,, + 10.99 Iw + 268.23 As + 53.94 Ar + 3.51 A0 -1.15 Ao
 

gvalues = (2.24) (0.78) (2.89) (6.79) (2.77) (-1.16)
 
I' = 0.84 Degrees of freedom = 10
 

Madhya Pradesh:
 
N -331.14 + 2.06 An + 1.37 Aw + 8.06 As + 3.57 Ac + 0.55 Ao + 11.71 le +
 
t values = (8.75) (2-27) (0.32) (3.06) (OS) (2.61)
 

0.31 Uo 
(0.87) 

R' - 0.77 Degees of freedom = 35 

Madras: 

N = 1079.76 . .02 An + 228.13 As + 117.39 AT + 11.17 Ac -227 Ac 
=values (3.18) (1.21) (0.59) (1.01) (-0.16) 

R' = 0.71 Derees ol freedom = 6 

Maharashtra:
 
N = -S.62 + 6.63 A, + 143.84 As + 41.50 AT + 7.66 Ao + 7.64 Ao
 
t Aues = (.29) (3.67) (0.42) (2.66) (1.0S)
 

R*=0.44 Depee offreedom= 19 

Punjab:
 
N = 71.4 + 10.07 Acw - 8.68 A + 0.51 As + S44.07 Ap + 2637 AG -0.53 Ao
 
t vaues (5-94) (- .2) (O.O) (2.08) (1.60) (-0.70)
 

R' = 0.3 Deees of freedom 11 

Rajasthun:
 
N = -215-24 + 3.70 Aw + 14.55 Ac + 0.24A o
 

t values = (3.77) (7.03) (224)
 

RI = 0.82 Degees'of freedom =22 

Uttar Pradesh: 
N = 54.96 + 7.65 In + 0.72 UR + 5.95 lw -2.12 Uw + 16.78 As + 5.4 Ac 

values (2.22) (0.70) (2.03) (-0.67) (5.2) (0.23) 
+ 60.56 A, + 174.92 Ap -. 52 1o -0.45 Uo 

(0.41) (3.26) (-0.69) (-0.40) 

R =0.79 Degees of freedom =37 
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West Bengal: 
N - -4288 + 1.49 An + 63.49 As + 210.99 Al,
 
t,Valu = (1.9M) (1.14) (6.09)
 
R*"0.76 Degeesoffreedomu I1
 

Where,
 
N = Sale of nitrogen in a district in metric tons,
 

An = Area under rice in a district in 000 hectares,
 
Aw = Area under wheat in a district in 000 hectares.
 
Ae = Area under sugarcane in a district in 000 hectares.
 
AT = 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 gtoundnuc in a district in 000 hectanm. 

Aow = Area under cntton and wheat in a district in 000 hectares. 
A0 Area under 'other crops' in a district in 000 hectaL.s Cother= 

crops' defined as crops other than those specified in the 
equation). 

Is = Irrigated area undtr rice in a district in 000 hectares. 
Iw = Irrigated area under wheat in a district in COO heitares. 

Jawu = Irrigated area under ;-.e. wheat and sugarcane in a district 
in 000 hectares. 

1o = Irrigated area tinder other crops in a district in 000 hectares. 
U3 = Unirrigated area under rice in a district in 000 hectares. 
1.w = Unirrigatcd area under wheat in a district in 000 hectares. 
Uo = Unirrigated area under other crops in a district in 000 

hectares. 

Evaluation of Results 
As the dependent variable is annual nitrogen sales (in metric tons) in a 

district, and independet't 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 spe.fic crop among various districts of that state dur. 
ing the reference period. rhe usual procedure to determine the quality 
of the coefficients is to exa.ine whether they are statistically significant.
wheth-.r they have correct signs, and whether their sizes appar reasonable. 
Most of the regression cocfficients arc statistically significant at .05 prob
ability level and all significant coefficients have thc xp.cted (positive)
signs. The size of a rcgre sion coefficient i.our equations would depend 
on the proportion of areas under that crop on which nitrogen use had 
spread and rates of application on that crop during the reference period. 
For instance. sugarcane in the Gujarat equation would have a much 
higher coefficient than rice or cotton because a much higher proportion. 
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of areas under sugarcane was fertilized, and at sublmaially higher rates,
han areas under rice or cotton. Since the reference period of the find.'np 

on rates and spread of fertilizer use on different crops in the last chapter
i roughly the same as the one used in deveoping the equations of ths
chapter. the findings pro%e useful in evaluating the size of coefficients of
the es.imated equation;. To claborate, w'e would expect large coefficients 
for those crops or, 'hich both spread and rates of fertilizer use were
found to be high. medium size coefficients for crops on which spread of 
use can be considt::i; to hase been high but at low ratrs oi application 
per unit of land and finally. sm.ll or statistically nonsignificant coefficients 
for cops on which both spread and rates of fcrtiliier use were found to
have been losv. Further. we would also expect a similar pattern in the
size of coefficients for the same crop in equation,. for ',"'erent states,
because the findings in the last chap, c on the spread and r. . )f fertilizer 
use on the same crop in sampl, ,rom different states indicated a wide
variation. Equations for %,atewerc both spread and rate of fertilizer 
use on a cert:i n crop were high should have relatively large coefficients 
for these crops. Judged in 'iis manner, the pattern in the size of coeffi. 
cents in various equations is 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 rhapter. The estimated coeificients in the
equation for Gujarat follow exactly this pattern. A pattern similar to 
Gujarat (with the exclusion of wheat) can be expected for And.ra
Pradesh because 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 expect 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 expect such a difference in the equation estimated for 
Uttar Pradesh. becaus. the spread and rates of fertilizer use on sugarcane
did not differ '%idel from those on the other crops in the fertilizer use 
pattern of all 5 saniplei of ultivators in this state. Again, the coefficients
for the estimated equations for Utar Pridesish meet this expectation. The 
pattern in the size of .wfficients for the same crop in equations for differ. 
ent states is also consistent w'ath the findings of the last chapter. For
instance, one would cxpzct a higher cocfficrnt for rite in the equation
for Andhra Pradesh rather than for either Gujarat. or Madhya Pradesh, 
or Uttar ?raclsh. because a ,nuch higher proportion of rice ,as fertilized 
at significantl . 
samples from te 

!er rates in samples from Andhra Pradesh than in 
'.er states. The coefficients for rice in the estimated 

equations meet t'., -.pectation. The same thing can also be said for co
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elfidenus 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 Padesh is 
coniderably smaller than for the southet . or western states. It is diffir It 

whether these features are due to some sperificau..to say conclusively 
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 compari!on to that in the states in west or south 

India. The size of the coefficients 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 (R2) 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 cro-.s.,ectional analyses, 

this is usually considered high. It is, therefore. reaso.able 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 iti determining it. 71hc signifi

cance of these findings for continuous rapid growth in demand for fertil

;".e 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 S advantages. 

First, significant use of fertilizer in non.plantation agriculture in Indi-4 

began in the 1940's when the government started playing an active role in 
in foodgrain production. Sincepromoting its use for rapid increase 

of the agicultura policy has been the responsibility ofadministration 
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. 

far it was not possible to study the influence of pricesin the analysis so 
or could be assumed toon fertilizer use because prices were (chapter 4). 

be (chapter 5). constant for all units studied. An inquiry into the causes 
uie. even when it focuses on a singleof interstate variation in nitrogen 

year, affords scope to study the influence of prices. Because of the nature 

of available daa. the focus of analysis in chapters 4 and 5 was on level of 

fertilizer use during a single period of tinse. Using states as units of 

observation enables us to study not only levels of use in diffent states 
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during a single year but also the movements in the leveh over a 9-year 
.- od. 

The scope and nature ot an %lysishave bIen 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 state.s between 1956-57 
and 1964-.65 are available. 

Section I 

Inter-State Variation in the Level, of Nitrogen Use 
The amount of c'iltivated area in a state varies from less than I million

hectares in jammu ind Kashmar to over 20 million hectares in Uttar
Pradesh. Therefore, the level of nitrogcn uc in each state is expressed in 
terms of nitrogcn ue lcr le(tare of cultivitcd land rither than !Nal
nitrogen in each state, to male interstate (omnparison possible. Table 29
shows these lcvcls for liffcrcnt 't.tcs in cach ),car b)etwcen 1956-57 and
1964-65. Even a cursory examination of the table rcveals that levels of
nitrogen use varied widely among states. The presistence of wide variation
in levels over time is brought out by figures 6 and 7. 

a* u 

S.00 

1.0i m4. I 

a 0  sorOn
 

-*ri-- J---

F~m o weLadiferat Ksamt 195"7 weve L atrag 194-6Sk 
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Tab& 2. Ueab ad ga.m m a o--m muno ldle 

States 1956-57 J 
 1957-58J 1958-59[ 1959-60J 1960-61 1961-62 1962-63f 1963-64 j1964_65 

Rtajaetha - 0.06 0.06 0.10 
kilograms 

0.08 
per hectare of cultivated la d 

0.19 0.13 0.26 0.28 0.77 
Hadbya 7lrdeeb-

Ja and Kashmir-

0.20 

0.29 

0.38 

0.57 

0.33 

0.85 

0.31 

1.14 

0.30 

0.61 

0.34 

0.57 

0.41 

1.45 

0.51 

N.A. 

0.77 

1.66 
Or a8a 

G .Iaratt 
0.46 

0.49 

0.37 

0.58 

0.52 

0.57 

0.79 

0.57 

0.71 

0.59 

0.71 

0.97 

0.83 

1.05 

0.81 

1.54 

0.92 

2.01 
Maharashtrat 0.49 0.58 0.57 0.57 1.55 1.73 1.76 2.31 2.35 
Asa 

Itysore 

hPuja-b 

0.54 

0.55 

0.57 

0.89 

0.68 

0.80 

0.85 

0.90 

0.60 

0.50 

1.06 

0.53 

0.09 

1.15 

0.79 

0.14 

0.73 

1.30 

0.07 

1.42 

1.86 

0.29 

2.46 

3.37 

0.39 

3.73 

5.17 
Bihr 0.70 0.56 0.65 0.74 0.92 1.19 1.36 1.40 2.24 
Uttar Pradesb-

West Bengal 

Kerala-

0.90 

1.12 

1.20 

0.93 

1.30 

1.63 

1.34 

1.03 

1.29 

1.09 

0.85 

2.30 

1.24 

1.*9 

2.45 

1.10 

1.86 

2.91 

1.68 

1.59 

3.68 

2.76 

2.75 

4.49 

3.49 

2.79 

5.5' 
Aodbra Pradesh- 1.57 1.1i 2.07 2.17 2.03 3.58 5.18 5.90 7.70 
Madra - 3.07 3.77 4.39 4.24 3.36 4.21 4.83 9.26 9.49 
All-India Average 
(exclusive
tation.) 

of plan 
0.58 1.00 1.12 1.16 1.33 1.60 1.92 2.75 3.38 

* States are arranged in the ascending order of level of use in 1956-57.
 
These 2 etaces vere created In 1960 by bifurcating the Bombay State. Therefore, the figures up to 
1959-60 refer to the level in the former Bombay State. 



Ofi2 

The table and the figure also indicate that though the level of nitrogen 
use went up during the 9 y'ear period in all states except Assam,0 there was 
considerable interstate variation in the growth patterns of nitrogen use. Its 
main features are: 
(1)In sor-e states (e.g. Punjab, Madras, Andhra Pradesh) the growth 

was more rapid than in some others (e.g. Uttar Pradesh. West Berngal),
while in the remaining few (e.g. Madhya Pradesh. Rajasthan) there was 
ver'y !ittle gTowth. 

(2) In some states (e.g. Punjab. Rajasthan. and Madhy'a Pradesh) there 
was almost no grotth during the first 4 to 5 years. while in the others 
(e.g. Kerala. M)soirc) there was smne grow'th e~en during this period. 

(3) The rate of grotth in nitrogen tise increased markedly around 
1960-61 in wone states c g. Andhra Pradtesh. Madras. Punjab) but not in 
the others (ceg..%ladh)., Pradesh. Rajasthan. Orissa). "rhere was consider. 
able variation amonlg the for-mer group)CoMTp31'C. for instance. accelera
tion in growth during the second ht~lf of the pcrikxi in We'st Bengal with 
that in .Madras,or the one in Uttar Pradcsh with that in Punjab. 

"iAniaml s a ic It licit it this is duepr esecnta u nliq u e is no t to r or %in d ata o r due 
to ome siatl harlcirlisic of thC stalt.Ifone. in 3ndl slin the third fourth 
no Incltuded in the 3nal sis. The matesl of Orimai. ]3mmu 

1 is 
and X3%hwir are ah excluded, as dalta on lrriptons and pncnl are not avilaible for ltm. 
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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 in 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 I 

Availability of Nitrogen in Different Stmm 

It is relevant to inquire into the amount of nitrogen available to 
different states at this stage because of the nature of arranrqment which 
existed for the distribution of nitrogenous fertilizers aiang them. As 
pointed out in chapter 2. this distribution has been controlled by the 
Central Fertilizer Pool since 1943. Although it was the policy of the Pool 
to allocate fertilizers to different states after taking into accmntt their past 
consumption performance. it remained true that under tie Pool arrange
menu the amount of nitrogen available in a certain year to a certain state 
formed an tpper limit for cunsumption in the state. Therefore. this 
factor, more titan anything else. could determine the intertate variation 
in levels of nitrogen use. 

To examine whether this variation was due to inadequae availability 
of nitrogen, information on carry-over stocks of nitrogen in different 
states during each )ear between 1956-57 and 1964-65 was compiled. The 
underlying reasoning was that if states were carrying large stocks of unsold 
nitrogen year alter )ear. then it is reasonable to assume tiutt the avail
ability was not restricting consumption. Obviously this is a-a oversimpli
fie.1 way of examining the issue because it does not take into account if 
fertilizers were available at the right time and tight place in the states. 
Nonetheless. in the absence of detailed information, the data on annual 
carryover stocks do throw sorie ueful light on the subject. 

Table S0 shows annual carry-over stocks of nitroge.: 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.16 The table shows that in most states, particularly those 

"Tbe amount of nitrogen a ,ilable in a state during 3 %rea was calcuahte " ddlng 
opteng stock for the %earand supplies iecctued (luring the )ear (i.e Apr.. , The 

data on opening (April 1) s:ocks uee compiled from the Report of the Fertth..r Out ri. 
bwuliOtsEnquiry Committee (Net% Delhi" Cost. India. Ministry Fool ad Agr.. Dept. 
Agr.. 1960): The Report of the Committee on Fertilisers (Ncw Delll- Covt. India. 
iC stry Food and Agr. Dept. Agr. 1965): and the uiformation reuiird from the 
Department or Agriculture. Gosernmcnt of India. The data on supplies -ere cc.-nplled 
bva vanotn issues of Fertliuer Statmilici (New Delhi: Fertilliwer Ario llndta). and the 
Lnumaton receiiied from the Department ol Agriculture. Coerntmem of India. 
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T&6k M. Cmwr~ 

States 

ftdys Pradeab-

Jammud Kaatmir-

Otise-

Cujorst 

Mub tr -


As@-


Iaor 

amcb d ukq va 

19t5 1957-58 

N*J.thao..-.A. 80 
(541) 

N.A. 2.68 

(302) 


N.A. N.A. 

N.A. 579 

(211) 


1.2.t 


7 )0 


664 220 

(34Z) ( 92) 


1,536 2,47 

(212) (262) 


d asooki 

1963- 946j 


2.700 494 
(402) (41) 

14.426 16,523
 
(602) (532)
 

N.A. 1.307 
(462)
 

413 N.A.
 
C71) 
N.A. 2,407
 

(112) 

N.A. 18,529
 
(291)
 

277 467
 
(27) (322)
 

21,750 11,490
 
(452) (221)
 

(coutlimhd) 

195-5 


1.322 
(48) 

3.216 

(362) 


231 
(262) 


2.416 

(431) 


2,958t 


(152) 


282 

(UZ) 

3,470 

(272) 


q @to (sgurn biuI sdu . m ainh m 

1959-60 j1%6"61 1961-42 j1%62-63 
metric too& of ntroesA 

1.333 
(531) 

7.466 

(5)2) 


N.A. 

2.893 

(382) 


N.A. 

6.747 

(552) 


469 
(492) 


2.929 

(412) 


2.587 

6 *112# (312) 


(272) 

9.604 
(251) 

543 225 
(29Z) (522) 

2.592 N.A. 
(191) 

1,417 
(4Z) 

7,985 

(562) 


618 
(562) 


5,186 

(552) 


2,054 

(182) 


6,&78 

(17:) 


101 

(222) 


8,782 

(532) 


1.238 
(251) 

16.970 

(692) 


N.A. 

3.812 

(432) 


4.968 

(322) 


N.A. 


188 
(492) 

16.597 

(522) 




j19W859 j1960-61 j1961-62 j1962-63statesat 1956-57 1957-58 1959-60 196364 194-6" 

etric tons of aitrolen 

Punjab N.A. 5.935 8.250 6.376 4.745 7,007 13.837 24.760 16.411
 
(431) (581) (561) (381) (361) (432) (431) (221) 

L.A. 4.410 3,214 6,497 9.087 13.550 12.909 17.325 9,109
lihar 

(451) (311) (441) (471) (442) (461) (532) (272)
 

52,841 65.136 30.790Utter Pradesh---- .A. 17.081 15,489 33,486 42,235 48.195 
(471) (372) (582) (612) (661) (591) (522) (292)
a 

848 N.A. 2.966 3.311 1.682 2.822West lenal N.A. 7.484 N.A. 
(481) (141) (201) (251) ( 91) (142) 

Keral N.A. L.A. 1.353 1,656 2.054 4.651 6,797 7.165 3.634
 

(342) (251) (281) (431) (451) (411) (221) 
.4*dbra Pradesh- N.A. 7.455 6.27f 4,226 3.970 14.251 30.476 36.220 16.375
 

(251) (202) (141) (142) (242) (311) (322) (151)
 

5,418 5.413 4.706 7,214 20.345 14.230 12.666Madras N.A. 8.030 
(241) (142) (152) (161) (192) (372) (182) (162)
 

not available. 

States are rraned in the e order "sin table 28. 

Refers to the former 5ombay State. 

Sources: Complled from: 
Report cf the ertilleer Distribution Faqulry Ciittee. Ministry of Food and Ar. 
Government of India. 1960 
Report of the Committe. on Frtilisrs. Kinistry of Food end Ag?. Govermet of Indie. 1965. 
Inforsation received from the Department of Agriculture$ Goveroment of ladl. 



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

Section III 

Factors Behind Cros-Sectional Variation 

The influence of 2 economic factor-level of irrigation and ratio of 

nitrogen to crop prices-on cros.sectional variation in the levels of nitro 

gen use among 12 states is examined by estimating the following single

equation multiple.regression.inalysis model for each year between 1957
58 and 1964-65. The model could not be estimated for 1956-57 for want 
oL complete dita on crop prices. 

N, = f(l,, P,/P,-) 

where, 

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

I, = percentage of cultivated lar.d irrigated in the State in 

ye.r t. 
Pt = weighted average price of nitrogen (in rupees per quintall) 

in the State during year t. 

Pet-, = 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 are considered more important than the others 

s
because profit on nitrogen use would be determined primarily by them. 

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:pject to ade. 

"Quint = 100 kilograms. 
to crop pn - means ratio of avengeMThrouaghOut this chapier "ratio of nitrogen 

price of nitrogen (in rupmti per quintal) in )car t to awtmge price of crops (in rupees 

pet quintal) In )var t-I. 
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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 
control o! water supply. 

The o her explanatory variable is the ratio of nitrogen to crop prices. 
To explaia nitrogen consumption in year t. the ratio of nitrogen price in 
year t to crop prices in year t-I (one year lagged) is used because deci. 
uons 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 ,"ey received in the 
previous )ear. Since price of a quintal of nitrogen varies in different forms 
of nitrogenous fertilizers, such as ammonium sulfate, urea. calcium 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 in different forms in that state. The impor
tance of different 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 nit,gen used in 2 dirterent 
states (e.g. Madras and Punjab). For tl',e 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'.gc. of area under different 
crops in that state. Since the set of weights woild differ from state to state, 
the interstate variation in the ratio of nitroo..n to crop prices as defined 
here would be due not only to the variation in the orices of nitrogenous
fertilizers and of crops, but also to variation in the .1ative importance of 
different nitrogenous fertilizers and of crop patterns among stats. 

Data on Explanatory Variables 
LevI of irrigation 

Table 31 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 ot nitrogen 
The average price of nitrogen in a state was calculated in 2 stages. 

First. 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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Tabk M. enwat d mki dadwd hWiped I dWa man beemm" 7 A "UG

state 195-57 j 1957-58 1954-59 j 1959-60 j19%2-631960_61 1961-62 1963-T,96" 

Iajasthar- 12.4 13.4 12.0 1.1.6 12.5 12.1 12.5 12.9 13.4 
Hmbya Pradeeb-- 4.6 6.0 4.8 5.2 5.2 5.6
5.2 5.6 5.6 
Gujarac 6.4 6.5 63 7.2 7.5 7.8 7.0 7.5 7.5O 
Maharahtra--- 5.6 5.6 5.9 6.2 6.5 6.5 6.7 6.9 6.9C 
Iysore 7.4 7.6 7.4 8.6 9.3 9.6 9.3 9.3 9.3a 

Punjab 38.5 36.7 38.8 39.8 39.9 41.1 42.2 44.4 4A.4' 
Bihar 17.5 19.9 18.6 16.5 16.6 17.5 17.9 16.1 18.3 
Uttar Pradesb- 23.4 26.3 24.4 26.1 25.4 23.6 26.4 26.9 26.9 
Veast Bwl - 20.8 22.; 22.6 23.5 23.1 22.8 23.0 23.5 23.5 

arla 22.0 24.0 24.7 21.3 21.0 21.7 21.1 21.6 21.7 
Aadhr& Pradesb- 27.2 28.1 28.9 29.5 29.2 29.4 29.5 28.7 30.2 
N dras --- 42.; 44.7 43.1 42.6 44.5 44.5 45.6 45.8 45.6 

1963-4 figure repeated due to nao-eval.abiltty of data. 

Sources: For years throuab 1960-41 variou istes of Agricultural Statistic* Ia ladle (Diractorate Ima3 .
and Stat.. Minetsry of Food and Agr.. Govermnt of LadLe, Uew Delhi). For vess after 194-41,
Laformtion supplied by the Directorate of lonoal" msd Statistics. 



tax included in them. This was necessary because prices for aU 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 1965-44 nd 1964-65 in Bihar. Kerala. and Maharashtra. 
These prices were adjusted downward by the amount of subsidy. as the 
prices given in Fert i,:er Staitstics are exclusive of subsidy. From the prices 
at a quintal of nitroen in various n-trogenous fertilizers. the average 
price of nitrogen m each state duri:ig ditferent )ears was calculated by 
taking their uighttd a~erage, with weights equal to the relative impor
tance of nitrogenous, fertilisers in the consumption pattern. These prices 
ar given in table 121. There is not much interstate variation in them 
during any single )car. This is as expected, because the prices of various 
nitrogenous fertili/crs were controlled by the Central Fertilizer Pool 

which made fertili,crs 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.ilitr., as well as growing importance of fertilizers, sucl. As 

urea, which costs less per unit of nitrogen. 

Awrage 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 Economic. ind Statistics. were used because they coase closest to 

the prices received by farmers."9 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 )-ar but also from year to year for the same state. How. 
ever, a scrutiny of the percentage of area under different crops in each 

state revealed that %%hilethere was wide variation in relative impo,tance 
of different crops b.tween states, the variation over time was very little 

within each state. Therefore. a constant set of weights was computed for 

each state by :;king mn average of 8 years' crop pattern. The advantage of 
using a constant set of weights is that the ,eries on average price of crops 
for each state reflct-. 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 price%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 dur to variation in both farm prices of 

0The average 1im irke of a commodity Isdefined as. "the awtsge whotele price 
at 'hch d.,comaodity Isdisposed of by the producer to the trader at the ,itlage site 
duziag the ,ptdkd th..vesti g perod." 

S1
 



".44. 13. AvwIu gw :. gaa d5. m au s,imba .e04-e 

J 
e .0
 

States 29S6-57 195-58 195-59 
1959-60 11,1)15-1, 1961-62.1 11162-63 1963-64 1964 

rupees per 100 kas. of MKaJathao-------- 151.00 178.00 173.72 171.93 171.21 174.12 167.00 158.41 1U.84"Hsdbya Pradeeb - 151.00 177.72 180.52 179.96 180.56 177.07 168.92 166.46Cujarac---..... 160.04150.45 176.10 174.76 174.69 178.24 172.31 169.08 162.39harea cra 158.12150.45 176.10 
 174.76 174.69 
 176.88 174.24 
 171.04 165.77
Mysore-----....- 158.80149.57 175.57 
 175.41 171.36 175.55 
 171.90 167.44 
 158.73 153.68
PJab.- . 151.00 176.67 171.29 175.79 176.21 
 173.43 162.36 152.92
Blhar--- -.... 152.68151.00 178.00 182.00 
 181.60 180.08 
 178.21 171.48 164.58
Utter Pradeab - 150.83 156.02177.80 182.58 
 182.92 179.76 
 173.97 172.82 165.92
Weat 5.cal1 161.75151.00 175.92 178.56 
 182.00 180.44 
 176.65 171.68
Karasl--- 169.20 166.36151.00 178.00 
 182.00 177.09 177.42 
 172.60 166.62 
 162.43
Aadhra Pradesh- 159.98 157.06
175.34 174.56 
 174.94 177.31 171.31 
 166.82 157.94
)adra-....... 155.10
147.35 170.85 177.63 
 174.63 176.99 171.00 
 167.30 157.94 149.78
 

Source: Calculated frou prices of nitroRenoue fertilisere am reported .. various issues ofFertiliser Statistic., (Fertlliser Assoc. of India, New Dlhi). Waethod of
ca1culation discuased in the text. 



Tabir 31. Arwou faces r d ueps I- 4bii e I - ad N33S4-19 

States 1955-56 19546-57 1958-59 1959-60 1904 1%-6 1962-63 1963-64j1957-58 
Rajas than - 31.75 40.43 39.87 39.20 41.75 42.79 42.52 42.36 53.49 
Madhya Pradesh-- * 42.57 41.64 46.24 40.67 43.49 47.43 42.45 49.19 
Gujarat . .- 51.54 55.30 58.11 63.04 65.10 66.35 64.42 74.00 
Maharahtre--- * 48.39 47.00 50.91 54.82 53.37 54.37 59.24 67.33 
Hysore-- - 35.39 43.27 44.48 48.70 49.29 53.01 58.07 59.11 57.84 
Punjab------ 36.12 40.13 38.66 42.28 42.73 43.43 45.62 '..38 53.17 
Bihar -38.88 44.28 50.23 48.25 44.34 46.36 46.03 47.43 52.32 
Uttar Pradesh-- * 38.37 38.34 43.02 39.89 40.88 39.94 39.64 49.83 
West Bengal- 44.53 50.29 55.84 55.17 58.51 57.30 5.Oq 65.96 69.69 
Keiaia- - 445.06 55.38 51.76 54.67 59.96 60.65 65.5 61.52 67.04 

' 	 Andhra Pradesh-- 37.50 44.10 44.65 48.87 52.75 53.54 54.0 53.60 57.27 
Madras -- -- 42.62 46.19 45.68 47.26 50.66 52.67 V'.71 56.96 61.62 

a
 
Heans not calculated because of non-availability of complete data.
 
The method of computing these indices is discussed in the text of Chapter 6. The farm prices of following
 
crops were taken into consideration for different states: Rajasthan: rice, jowar. bajara. mize, wheat,
 
barley, gram, sugarcane, potato, tobacco, groundnut, rape and austard, se*a, linseed, castorseed, cotton;
 
Madhya Pradesh: base as Rajasthan minus potato; Gujarat: ease as Rajasthan minus barley and linseed, plus
 
ragi; Maharashtra: same as Gujerat minus castorseed plus linseed; Mysors; aiiie as Gujarat plus linseed;
 
Punjabi saes as Hadhya Pradsch minus castorseed; lihart same as Iiasthan sinus Jovar, bajara, 8roundnut,
 
castorseed plus ragi and jute; Utter Pradesh: same as Rajarthan plus rai and jute; West Bengal: rice, wheat
 
barley, gram. sugarcane, potato, rape and mastard, jute; Kerala: rice; Andhra Pradesh: same as Maharashtra
 
minus rape and mustard and potato, plus castorseed; Madras: same as Gujarat minus wheat, and rape and mustard.
 

Source: 	 Data on farm prices of different crops in various states were from Directorate of Economics and 
Statistics, iLnistry of Food and Agriculture, Goveroment of India. 



crop as well as crop patterns. On the other hand, variation in these prices 
over years in each state is due to movement in1farm prices of crops alone. 
bgcause oi the constancy of weights fc.- each state. 

Rsado: o1 nitrcgen to crop prices 
The ratios of ni:rogen to crop prices for each state were then calculated 

by dividing the respective weighted average prices of nitrogen (table 32)
by'! )ear lagge-_ weighted average prices of crops (table 33). Thes. ratios 
are given in table 54. 

Estibmtion of the model and discussionof the rendt 
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 eitimated values for the parameters are
piesented in table 35. The values in parenthesis under b, and b2 in the 
table are computed t values of the regression coefficients. 

N, = a -tb, 1,+ b2 Pn,/P,.-I 

where, 
Nt = nitrogen consumed (in kilograms per hectare of culti. 

vated land) in a State. during year t. 
Is= percentage of cultivated land irrigated inthe State in 

year t. 
l0i/P,_-t = rtio of weighted av.'rage price of nitrogen in year t to 

weighted average p'ice of cropi in year t-1. 
The values o the coefficient of multiple determination (R2) show that 

between 53 to 76 percent of variation in levels of nitrogen use among
different states during an) %ear between 1957-58 and 1964-65 can be 
explained by diflerences among states with respect to levels of irrigation

and ratio of r.itrogcn to crop prices.


The regresion co#fficiento, of both explanatory variables have expected
signs in all )car,. and thcir L.omputed tvalues indicate that all but 3 (that
of the ratio of nitrogen to crop pritcs in 1958-59. 1959-60. and 1964-65)
are suatistic,.ll% signifitant at 65 Ic~cl. rhere is very little correlationbetween the 2 e plna'or varia'ab,, thus incciang absence of multi. 
collineirity. The value, of the regres ion coefficients indicite the amount
by which nitrogen used (in kalogTanis I,: hectare) ch.nged among the 12 
states with I unit change in the values of the variables ;n different years.
The sizes of the 2 coctffcient- are %fry different; the reX.,-ssion coefficient 
of the ratio of aitroyen to crop prices ismuch larger (12 to 20 times in ll 
cases when it is significant) than that of the level of irrigation. It would 
be incorrt.ct to conclude that ratio of nitrogen to crop prices e,.erted
greater influence than level of irrigation on interstate variation in levels
of ni:rogen use because the units of the 2 variables are different. One unit 
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strates 

TaNb N. IiR&e d tqps Is ap pkm I d hu 1041 mod M64 

1956-57 f1937-S61958-59 1959-W0 196W-61 j1961-62 j1962-63 j1963-44 1964-65 

3ajasbrv - 4.80 4.40 4.36 4.39 3.91 4.07 3.93 3.74 2.89 
Madhya Pradeb- t 4.17 4.34 3.89 4.44 4.07 3.56 3.92 3.25 
Gujarat t 3.42 3.16 3.01 2.83 2.65 2.55 2.52 2.14 
iaharaeshtra- t 3.64 3.72 3.43 3.23 3.26 3.15 2.60 2.36 
Hysore 4.23 4.06 3.94 3.52 3.56 3.24 2.88 2.69 2.66 
Pu jab- 4.16 4.40 4.61 4.16 4.12 3.99 3.56 3.74 2.87 
Bihar-- - 3.88 4.02 3.62 3.76 4.06 3.64 3.73 3.47 2.98 
Uttar Pradesh- t 4.63 4.76 4.25 4.51 4.26 4.33 4.19 3.25 
Vest Beng1 3.39 3.50 3.20 3.30 3.08 3.08 3.00 2.57 2.39 
Krala 3.35 3.21 3.52 3.23 2.96 2.85 2.54 2.64 2.34 
Andhra Pradeeb- 4.00 3.98 3.91 3.58 3.36 3.20 3.07 2.95 2.71 
hadras 3.45 3.70 3.89 3.70 3.49 3.25 3.06 2.77 2.48 

* States are arranged in tbe am order as Littable 29. 

t Means not calculated because of non-avalability of data on farm prices. 

Source: Calculated by dividing average 
prices of crop. (table 33). 

nitrogen prices (table 32) by 1 year lagged average faxn 



TaM 33. EumAMd d , mid 

YerIt 

Regression coefficients (b's) of: 

a2 .;:eeof 

Correlation 

betw 

t-I 
1 t-1I 

P -

1957-58--------- 3.811 0.059(4.059) * -0.99 i(-2.341)* 0.73 a 0.03 

19-59- 1.795 0.067 
(2.943) 

-0.504 
(-0.871) 

0.53 a 0.13 

1959-60 4.626 0.067 
(2.962) 

-1.277 
(-1.786) 

0.57 a 0.16 

1960-61 3.273 0.046 
..070) 

-0.790 
(-2.303) 

0.60 9 0.10 

1961-62 4.619 0.06S, 
(4.032) 

-1.247 
(-3.006) 

0.73 9 0.06 

1962-63 -4.762 0.084 
(3.470) 

-1.341 
(-2.262) 

0.63 9 0.11 

1963-64" 5.974 0.136 
(4.435) 

-1.823 
(-2.494) 

0.74 9 0.02 

1964-65 6.165 0.165 
(5.056) 

-2.134 
(-1.742) 

0.76 9 0.04 

Ylrares in parenthesea are computed t valus of the regreson coefflcients. 



25 change in the ratio of nitrogen to crop prices would involve 20 to 
percent change in the price either of nitrogen or of crops. It is, therefore, 
not 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
suttes by estimating the proportion of variation in the level of nitrogen 
use explained cumulatively by the 2 viriables. Table 36 presnts these
results. If there were high intercorrelation between the explanatory vari. 
ables, then the "determination" attributed to the level of irrigation 1)y
this procedure of brcaking up the coefficient of multiple determination 
(R2) into "coefficients of incremental (termination' 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 ,mer,.ly channeled
through I,. However. in our estimatcd equations there i-,v'ry low inter.
correlatioa 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 'he 12 states. 

While this anal)sis shows the greater relative importance of irrigation 
over the ratio of nitrogen to crop prices in influencing levels of nitrogen
used in the states (luring the 8 .year period between 1957-58 and 1964-65,
it also ra;ts some new¢ questions. For instance, why did Punjab, with a 
level of irrigation surpassed only by Madras (.able 31). rank low in levels
of nitrogen use for most of the years (table 29)? Or, why did levels of
nitrogen use start rising rapidly around 1960-61 in some states (figure 6),
in spite of no major changes in levels of irrigation (table S). but not in 
ochers? 

Section IV 

Factors Behind Movement in Levels of Nitrogen Use 
This section inalyaes the role played by irrigation and ratio of nitrogen

to crop prices in determining the growth in nitrogen use in the 12 states.
Fcr 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? 
(3) 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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T.Mk IS. Ra 

Ta 

19S7-58 


1958-59 

1959 -0 

1960-61 


191-62 

1962-63 
1963-64 

19"-65 

vIin ib di m mW (N.) cpbahm by Ituk d bilgi md r e sdW m t p pkm 

Variation 
explained by 

I 

Additional 
variation explained by 

Total variation
explained by 

t I and t 

t-l 1 t-l 

.54 

.48 

.40 

.36 

.46 

.43 
.56 

.67 

.19 

.05 

.17 

.24 

.27 

.21 

.18 

.09 

.73 

.53 

.57 

.60 

.73 

.64 

.74 

.76 



for each state which show the relationship between movements in: (1)
pricentage of area irrigattd (1,) and kilograms of nitrogen used per
hectare of cultivated land (N,). and (2) ratio of nitrogen to crop prices
(P ,/Pc1 .,) and nitrogen consumed per hectare (N,) during 1956-57 to 
1964-65. 

The anal)sis by states is advantageous. It illustrates growth in nitrogen 
use in different states. which is useful 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 )ear between 1956-57 and 
1964-65 in the same state, and that small changes (if any) had only
ngligible influcnce on year to )ear n.ovement in the amount of nitrogen
used, studying each state separately 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 'uith 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 arc discussed in descend. 
ing order of over-all levels of irrigation to illustrate the importance of 
irrigation in determining the effect of decline in the ratio of nitrogen to 
crop price- on growth in nitrogen use Madraq is dic%secd in detail. In
the scatter diagrams the 9 )ears from 1956-57 to 1964-65 are numbered 
I to 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.yeir period cannot be considered a period of
sustained growth in nitrogen usc (table 29). Nor wa the fa.orable move. 
ment in irriLation and relatixe prices of nitrogen and crops uniform over
time. Between 1956-57 and 1960-61. the percentage of land irrigated
fluctuated between .12.5 and 44.5 and then increased to .15.8 by 1963-64 
(table 31). The ratio of nitrogen to crop p'icc . . eased in the first 3 
years from 3.45 to 3.89. and then continuously dech'-ed in the remaining
6 years from 3.89 to 2.48 (table 34). Two questions a "ise front such move. 
ments in the levels of nitrogen use. irrigation. aLid relative prices of 
nitrogen and crops: (I) Why (lid 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 1961-62? 

The most plausible answer to the first question is in the prevailing low 
level of nitrogen us,: in 1956-57-about 3 kilograms per hectare. At this 
level the market for nitrogen in this state, with over 40 percent of its lhnd 
irrigated, can hardl. be called saturated for a range in the ratio of nitro
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en to crop prices between 3.5 and 4.0. Therefore. some growth in 
nitrogen use. mainly through adoption of fertilizer use by more culd
vatos, 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 
crop prices and the ielative scarcity of nitrogen in the state. During the 
first 5 years. the movement in the ratio was uncertain. signific:nt and 
continuous improvement in it came only after 1960-61 (figure 8B or 
table 34). During 1958-59 to 1961-62 carr..oser stocks of nitrogen were 
between 14 to IC)percent of availability (table 30). These levels are con. 
sidered indicative of relative scarcity of nitrogen becaus, we arc not taking
into account factors such as availabilit% of fertilizcrs at the right time and 
at the right place within the state for hant of information. The r.ative 
scarcity of fertilizer until 1961-62 may also explain why the marked 
acceleration in the growth of nirogcn use came not in 1960-6, when the 
ratio of nitrogcn to trop prices dropped sinificantly. but in 19b'-63. 

What role did irrigation play? It appears that Near to %earmovement 
in the level of irrigation did not hase any significant influence on the 
movement in the leel of nitrorn use. Between 19-6-57 and 1958-59 
when nitr .gcn usc rose (from 3.7 to . 39 kgs. per hectare) the level of 
irrigation fluctuated bctwccn -12.5 and -1"1.7. Aga;n. (luring the last 3 years
of the 9.) ar p;.riodl. whc nitiogcn usw was rising rapidly, the percentage
of land irrigatcd %.%at? ore or less constant. This !ack of relationship be. 
tween year "o sear movement in nitrogen use and leel of irrigation is not 
surprising because of the o%er-all high lesel of irrig-ation and low level of 
nitrogen use. One cin argue that in such an environment, once the ratio 
of nitrogen to crop prices improscd. nitrogen use would grow rapidly. ir. 
respective of %ear to )ear fluctuations in the oerall level of irrigation,
because most of the irrigated land is ,et to be fertilized. From this it also 
follows that while one can gise secondary imirtance to about 3 percent
increase in irrigated land (from 42.5 to 15 8) while explaining growth in 
nitrogen use during 1936-57 to 1961-65. one cannot extend the reasoning 
to the over-all level of irrigation and conclude that the obsersed growth in 
nitrogen use would have occurred in Madras esen at low levels of irriga.
tion. This obsiout 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 
suffident to bring about a rapid growth in nitrogen use. This is illustrated 
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by the growth curve for Punjab in figure 6 and the 2 scater. t-rmrms in
figure 9.

Until 1960-61 there was virtually no growth in nitrogen use in spite ofthe fact that over 38 percent of cultivated land was irrigated. There werehigh 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 un.mostfavorable in the countr%(table 3 1). Not only was the ratio very high, butduring 1956-57 to 1958-59 it btcramc more unfavor.ble to the cultivatorsand did not improvc significantl) until 1961-62. It is reasonable to con.dude that under the preVadiig conditions, thc pricc situation was hold.ing up growth in nitrogen use. This 1%also supported by acceleration inthe growth ct,.'%e after 1960-61 (figure 7) i, response to a more or lesscontinuous clechie in tie ratio of nitrogen to crop prices. Though thelevel of irrigation '.,t up by .hout 3.3 pecrcent between1963-64. 1961-62 andmost of the gtowth in nitrugen use was due to improvement inthe prk*e situation. Escn in the absence of increase in the percentage oflant irrigated, once the price situation improved, nitrogenhave grown front use wouldthe stationary low hsels because of the already highoverall lesel of irrigation in the state. 

Andhra Pradesh
 
The growth curve of nitrogen 
use for Andhra Pradesh (figure 6) showsthat the 9.year period of increase in the level of nitrogen use isdividedinto 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 irrigation and ratio of nitrogen to crop prices roughly corresponding to these 2periods. During the first periox, the percentage of land irrigated incre.,edfrom 27.8 to 29.5. while in the second period it fluctuated between 29.2and 30.2. Though the ratio of nitrogen to crop pnces was falling continuously during the 9 %ears.the decline was slow and insignificant duringthe first 4 )ears comp;ired to the later 5 ears (figure 10 and table 34). Itappears that slow gTo%,th in nitrogen 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(carry-over stocks at 1.1percent of availability). Thenitrogen rapid growth inu-. af'er 1960-61 coincides with a period of continuous andsignificant improvenctc in the price situation. 

Uttar Pw.adesh 
As in the case of Punjab. the restrictive effect of a high ratio of nitrogento crop prices and uncertain movements in it on growth in nitrogen use.is obvious from figures 7 and I I for Uttar Prade h. Table 30 shows thatbetween onae.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 fluctuation in the 
percent of land irrigated (23.4 to 26.3) also cannot be ield responsible
because of the relatiely high level of irrigation. On the other hand, the
period of steady growth in nitrogen use after iMI-62 coincides with 
Improvement in the relative price situation (table 34). 
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Kerah 
In conrmm to the states discussed so far. Kerala preients a unique cawe. 

With the exception of 1958-59. the growth in nitrogen use dluting the 9 
yean was continuous and at 2 gr.2dualt) accelerating rate (figure 7). Dur
ing the same period, while the percentage of land irrigated was more or 
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Jew 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 Ics continuously (figure 12B). It appears 
that the growth in nitrogen use was due to the fas "rable price situation. 

Table 30 shows that the drop in the level of nitrogen use in 1938-59 was 
not due to inadequate supplies. It wa, probably due to a deterioration in 
the price situation as indicated by a rise in the ratio of nitrogen to crop 
prices, which made the price situati.,n 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 Bengal 
In ccntrast to Kerala. \Vet Bengal again presents a case for which the 

9 years of movement in nitrogcn use can be divided into 2 periods: up to 
and after 1959--60 (figure 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 to 23.5 (table 31) while the ratio of ::itrogcn to crop prices fluctuated 
between 3.21 and 3.56 (tablc 31). Th:. again indicates that an improve
ment in irrigation was not %tiffcntto bring about a growth in nitrogen 
use in the presence of an unfasorable price situati'n. On the other hand. 
only a gradual improvement in the price situation after 1959-640 initiated 
a growth in the level of nitrogen consumption. From table 30 it appears 
that availability might have iestricted growth during %-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. 

Bihar 
The 9-year period of nitrogen use in Bihar can also be divided into 2 

sub-wpriods, as in West Bengal: up to and after 1959-60 (figure 7). During 
the first 4 )ears there was virtually no growth. while after 1959-60. nitro
gets use grew slowly. Throughout the entire period of 9 %ears.the intensity 
of irrigated land fluctuated around I percent (figure 14A). However, 
there is no s)stcmatic .axiation between ,sear to year fluctuations in irri
gation anti mosement in levels of nitrogen Use. Nor can the girowth pat
tern be explained in terms of inadequate supplies (table 30). The over-all 
influence of level and movemcnts in the ratio of nitrogen to crop prices on 
movements in the lreel of nitrogen use appears clear. During the first 5 
years the ratio xsas high anti fluctuating and s) was the level of nitrogen 
use (figure 14B). Between 1960-61 and 1963-64. it declined gradually from 
a 9.year high of .106 and the lesel of nitrogen consumption row slowly. 
In 1964-65 there was a substantial drop (from 3.47 to 2.98) and this was 
associated with an upward jump in the leel of nitrogen use (figure 14B). 
Thus, there is a close association between upward movement in nitrogen 
ue and improvement in the price situation. 
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Rajamhan
Among all states Rajasthan had the lowest level of nitrogen use and 

oae 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.year period of gTowth in nitrogen use, as well as year to 
year movements in irrigation anti in the ratio of nitrogen to crop prices, 
are similar to BWhar (figures 7 and 15). 
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Cmapared to other States Mysore had an impressve growh in nitro
gi use. particularly after 1961-62, when its,low level of irrigation. 7.5 to 

99 



IJo
 

7..
 

e0 e
 

ItO I.O 1&0 140 It 

NI 

InOff 

lao 
as40 

7.. 

01 4 

50 4.0 &0 2.0 1,0 
1R&M of OmmrO@( TO C"P PCIS 

Figw, M5.Rajaubami: MOVemt in the Itte'i of niito en Ue, ipicatW, am rilo ad 
.tlogp to cop prkes betwten 1956-57 and 19644&. 

9.5 percent. is taken into account (figure 7) Between 1956-57 and 1950-61
there was a slow but steady growtd in nitrogen use. Then in 1961-62 the
level declined sharpil); later a period of rapid growth began. It is notpossible to explain the drop in the level of nitrogen use in 1961-62 with 
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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 a period of 
substantial improvement in irrigation, about 25 percent. and a steady drop 
in the ratio of nitrogen to crop prices (figure 16). The slow growth appears 
to have been due to the relatively high level of the ratio (over 3.75). This 
line of reasoning also exq)lains 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 M2harashtra 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 extenci 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 
te price situation. On the other hand. the over.all low level of irriga'ion 
(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 1959-60 there was no increase in the level of nitrogen use; in 
1960-61 it wbent 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

101 



'
 

4 

0913 
I ,,3*~ O 

64 
 0
 
S , I I a I . 1
 

I' ll0l6l' 

ItanoTOMToOwPat 
.aPa. 

FApnwIS- MuWV N.~emeng 10 tht kvdf O nou rude of.1UM We.UrIgads, and 

uguugm to anp psiha betwet. 1956-57 and 19664&
 

59 and 1960-61 (figure 18B). because the observatiors on nitrogen use forthe firsc 3 years are obtained by assuming that nitrogen used per hectare
of land in ?faharashcra was the assame 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 01 nitrogen to crop prices
again, indicates the limitations of improvement in price situation aloneto generate a high rate of growth in nitrogen use in a state where only
6 to 7 percent of the land is irrigated. 
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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 ,ntil the ratio of nitrogen to crop prices dropped sub
suntially at the end of the 9.year period. 
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.estIn 8 out of the 12 sues--Punjab Uttar Pradesh. W Bengal, Bihar. 
Rajasthan, Gujarat. Mahiarashcra. and Madhya Pradesh it appear that an 
unfavorable price situation (a relatively high ratio of nitrogen to crop 
pime) 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. The. 8 states include 
both states with high and growing levels of irrigatior. (e.g. Punjab). as well 
as states with low and relatively constant levels of irrigation (e.g. Madhya 
Pradesh). They include states with superior crop 1,atterns (e.g.. Punjab, 
Uttar Pradesh) as well is states with irferior crop p .tems (eg. Rajasthan 
and Madhya Pradesh). For none of these 8 states, the movement in lesels 
of t,..rogen use during the first 4 to 6 %earsof the period can be inter. 
preted as a beginning of significant and consistent upward movement 
(figure 7). On lhe other hand. once the price situation improved, a definite 
upward movement in nitrogen .se (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 giowth in nitrogen use even during the 
early years of the 9.year pcriod However. in each of them. significant 
acceleration in giowth 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 %%asinaccordance with levels of irrigation in 
them. In states with high levs-I%of irrigation (e.g. Madras. Punjab. Andhra 
Pradesh). there was a remarkable acceleration as shown by the growth 
curves for these s'ate% in figure 7. Against this. in states with lowe levels of 
irrigation (e.g. Madh)a Pradesh. Maharashtca. Gujarat) a similar im. 
provement in die relative price situati,n did not lead to comparable 
acceleration in the growth curves. 

Chapter 7. Future Growth in Demand 

Analysis of the past fertilizer usc pattern reveals that: (i) 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 government through 
extension work was reinforccd by the favorable priLe situation, and (3) 
mot of the growth was concentrated in states with high levels of irriga. 
tion on a few crops with relatively high returns. 

In the absence of widespread replaement of existing varieties of crops 
by varieties more responsive to fertilizer use between the early 1950's and 
mid.1960"s. the growth in fcrtilizer uwc during this period car, be con. 
sidered growth under rclati l.stable fertiliter production functions. 
Viewed thus. th,: grosth in culti ator demand for fertilizer during this 
period was mainly due to diffusion of fertiliter use on irrigated areas 
under 2 major foodgrains and a few fertilizer.respnsive. commercial 
arops. Improvement 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 
on which fertilizerin the demand for fertili ,er. As entire areas under crop 

use was common and growing were not fertilized by mid-1960's. as the 

price situatien continued to become increasingly favorable to the ct.ti

vators until 1967-68. ind as new varieties of foodgrains responsive to I.igh 

rates of fertilizer application are beinp' introduced on a significant scale 

since 1966, it is easy to see why growth in demard for fe',ilizer continued 

after 1964-65 (the last %ca. covered in the analysis) :1ct is likely to con. 

tinue for some more year- still. fowever. in the context of the need for a 

rapid and huge increase in fcrttiizcr use. the more relevant question is not 

sitether cultivators' demanl would continue to grow or not but whether 

it will grov fast enough to raise the current level to the. need.based high 

lkvels by mid.970's. 
"lds qt'estion is studied by estimating 0- limits up to which the 

farmer's demand (or nitrogenous kerti;i,:rs can t- expected to grow 
:-re made by drawing on therapidly in different %tacs.These estimate 

pattern and findings of some investigatoratalysis of the past fertilizer -s 
on the new varieties 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 use suggested for mid-1970's. but also to 

point at the nature a'id source of dilficulties likely to be experienced in 
and thus, indicate the nature ofsustaining rapid growth in demand, 

public policy needed in uwis area. 

Seckm I 

The Methodology 

To determine the limi:s of rapid growth in demand for nitogenous 
result of the diffusionfertilizers the potential for growth in demand as a 

of fertilizer use under the technological conditions represented by old 

varieties is estimated for each state. These estimates are then 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. 
as.; result of diffusionThe potential for growth in de'mand in each stat. 

indiof fertilizer use ii estimated in 2 steps. First. the potential for an 
nd the averagevidual crop is estimated by taking a product of the area 

is expected to be fertilized.rate of application at which the area 

Du = Au x R 1 

where 
(continued) 
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Dj = Potential demand for nitrojen for use on crop i in sate J. 

Ai= Arm. under crop i in state j. 
R = Average rate of nitrogen application on a unit of land under 

crop i in state j. 

The total potential demand for state j is then irri:'ed at by adding the 

estimates of demand for use on various crops troa in that suate, 

n 
Dj= 2 Du1=1 

where 
Di = total potential demand in state j, 
DU= emand for uit "n crup i in state i, and i = I..... n. 

This approach is considered apprcpriate to study the problem of con
tinuous rapid growth in demand for fertilizers because the past growth 
was primarily due to rapid lifl sion of use on a few crops with reiatively 
high returns from fertilizer use. Accordingly. ta crc .-ie upper limits to 
rapit growth in demand, limits which arC set by areas under crops yield
ing high returns and rates of fertilizer application on them These limits 

° become explicit in this nctlodology. 0 Furthermore. by bringing out the 
relative importancc of sarious factors in determining the growth in 
demand, this approach ix)ints at the main sources of difficulties likely to 
be experienced in maintaining rapid growth in fertilizer use beyond 

certain levels in different states. However. ue of this methodology requires 
detailed information to determine the series on Ail and R0 and involves 
a number of assumptions. 

0 If time srics data ert 3Vaalable or f-'vtillzet use by crops for diffe-mt mates. then 
It would be potsible to determine the proportions of arvras under different crops which 
wereftillized at ,atious oints in time and from that estimate the pfot)ortions of are-a 
under different crops on thich Icitihlter use sould spread by a specific car in the 
future (the series on P,2 's) A multiplication of the S tric'--A,, x R., X 
?,,-would then gi%' an cstimate of the lcel of cultm.tors" dcma.d for fertilitr for 
that 5ear. in the absn.rc of such information, the u." of this mcthtiltjloN to predict 
the leel of demand at a tpecific dats in the future ,nsolses conitdcrable tjl. us-c 
judgment to decelop the .,re;s on ., 'rrT.o such attempts hae bectn made to predict 
the 1970-71 ktdl of fcrtilitr use )oniahic (1904) stimatied that )%1970-71 lest| of 
itrogen us %,ouldriv, to 2 7 million tont. 20 million tons as a result of thiTuson on 

new vari tiinold varieties of crops and 0 7 million tns as a trsult of the impact of the 
In 19b9 I estimated that ii 19g-71 t'e lcrl of nifmogcn use in th- countri uould be in 
the range of I 4 to I 8 g,ilion ,nns "lic cstimvts scre ariscd at hN adlusting I 0 to 
1.4 mill'ion tons of use o old %aricticsof ciops due to dilusmion ups aids hv 04 million 
tons for the imact of the te. sarictic- bv that scar "The lillcren,ct et,.eCn the CMI. 
mates of Donahue and mself is mail%dur to iletelrics in the sr,"s on K,, and Pt 
und by both of us. While lonahue us-d recommendcd rmtes for R,,'i anti proporliotu 
of arsa expecrtd to be fctilited b) the state gosernm-nt official f!,r P,,Is. I de eloped 
tle 2 wries from the past obsened fertiliter use pattern. 
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Prices of Crops and Fertilizers 
To estimate the potential for growth in demand for fertilizers it is 

necessary to L.:w 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 rise in the price of f(rtilizers. the relative prices
of nitrogen to crops continued to become increasingly favorable to farmers 
up to 1967-68. It is assumed here that the relative price situation will not 
remain !s favorable to farmers as in 1967-68, nor will it become less 
favorable than it was (luring 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 uitirrigated 
aras are available is used. Irrigated areas are distinguished from unirri. 
gated areas as limits of rapid growth in demand for fertilizer would be 
affected by levo'ls of irrigation. Table 38 gives the reference years of the 
data on crop patterns used for different states.21 

As neither the relative importance of different crops nor the amount 
of irrigated areas under them -re likely to remain thesame as the ones 
used here, the estimates of potential for growth in demand for nitrogen 
are likely to have a bias. The direction atBu 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, 
(3) 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 gro,,s cultivated land beyond 
reference years of tab'le 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 isdoubtful if normally fertilized crops will be grown 

"As fndings on the fertillier use pattern relate to the undivided Pfnjab state. the 
anaIy&s In this chapter also relers to the geographical am covered by the oomer

Ngate.
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ldens waner, of bolelae prices of inporat agricuktura1omodipien 

Average of 
mouth. BIce Wheat Joyr Cur GrSpice.. &ad R"o oims 

as@*: 19$2-50-10') 

1964-65------ 134 130 189 210 164 126 164 186194 -66---- 141 138 197 162 181 129 219 2231964-67- 173 18 199 211 237 139 264 28"197- - 206 202 227 458 245 159 211 242 

Prtices of 4. important ottromoua fertIlisers Wbee sold to cultivators- II 
0aoo itm j oom Urea Cacitum 

lpntet Gulphate nitrate amonium nitrate 

rupees per metric too 

Apr. 1. 19"4 360.00 435.00 615.00 310.00
Aua. 8. 1943 360.00 435.00 615.00 
 342.00Feb. 1, 194 405.00' 515.00 6480.00 363.0ot
Apr. 1, 197 492.00 577.00 
 340.00 345.00

Apr. 1, 1968 437.00 377.00 730.00 437.00
 

* 4)6.00 If supplied in 30 ka. packing; t 383.00 from Apr. 1. 1944 

Source: lodes auaber. of wholesale price. are from the Reserve Sank of India Dll., ppp. $22-23. Jum 1941.and fertilizer prices are from the Vertilser Assoclteioo of IndLa. 
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Tabie )#. Rdermra yn fLr dMa an asp peamn 

States 	 Referenc. year 

Andbra Pradesh~ 	 1964-65 
Asam --	 1961-62
 

1964-65 
1962-63
 

Jma and Kashmir~ 1962-63
 
ral - 1964-65
 

Madhya Pradesh-	 1963-64
 
Madras --------	 - 1963-64 
Kadr**-	 1963-64
 
Maharashtra ---	 1963-64 

1963-64 
Os ----	 1961-62
 
Punjab-	 1964-65 

Juthan-- 1964-65
 
Uttar Pradesh ---- 1963-64
 
West !a ----I--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 our. Similarly. increase in the 
levels of irrigation, even when it does not increase the imount 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.g. sugarcane, banana. %egetables. 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-ed 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 fertilizers. 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. 

II
 



We are interested in examining the problem of growth in cultivators' 
demand for fertilizers and not in estimating the amount o! fertilizer 
needed at some normative rates. The observed fertilizer practices are 
better guidelines than recommendations of extension agencies. particu
larly when they differ significantlv. Table 39 compares the average rates 
of nitrogenous fertilizer application observed among samples of farmers 
(chapter 4) with those recomnmendcd i 3 diflerent agencies. Departments 
of Agriculture of state governments, the Fertili ,ei Associationi of India. 
and the Indian Potash Stpply .Agency. The table shows that on almost all 
crops the rates of applicatic.:. wcrc substantially lower than recommended 
rates. This obscrvation is coisistent for samples front different districts as 
well as for those from the same district for more than I %ear. The dis. 
aepancy between the obtrsd and recommended rates can be explained 
in terms of decisions made by farmers under conditions of price and yield 
uncertainty, and of %crysmall marginal returns beyond 50 to 75 percent 
of the recommended ratcs. - It would be. therefore, incorrect to ignore 
this evidence arid use 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 each state based on rates observed among 
samples of cultivaors front 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 
ae mainly grown. and discrepancy bctwecn observed and recommended 
rates on other crops in the same region 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 is made. another series 
of average rates is also deseloped by adjusting the finst series upwards. 
For fertilizer responsive crops grown mainly under irrigated conditions. 
the adjusted rates roughly appioximate the recommended rates, while 
they are below the recommended rates for other crops which are not so 
reponsive to fertili;er us .ind whicl are grov:n mainly under unirrigated 
conditions. The 2 series on average rates of nitrogen application are pre
sented in table 40. The rates e'Xpected on the b21is of ubserved fertilizer 
practices are referred to as R-1. while those arrived at by adjusting the 
expected rates upwards are referred to as R-II. 

0ThL arlpment is bated on the analyils in chapter 4. 
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-msmT&uk i. O wi fr 	 d mrm aplcdam ImN aep 

Recommended rates for state ulte. ued is thiL oGtdl 

Location 09 al*. aferince Observed Rate 
bletct. State Yearte Irrigated or Rated Irrigated or 

(V lb./acre) Age-cy* .. irgl. 1asdt (V lba./ usirrl. I -&" 

(U Ibe./ece) 

itce 

Th mJewwr. ,dree- 1941-62 38 1 Irti. 30 IrTI. 35 40 
1942-63 22 ,arrl. 20 mlrrl. 30 35 
1943-4i 30 2 all 40 

Colabotere, ed i.- 1951-55 32 3 all 40 
1341-42 32 

Alleppey. Irae- 1962-63 31 	 1 &.L 30 IrrI. 40 45
Fal8.t. lotalea 132-63 38 	 2 el 20-30 Irri. 35 40 

3 all 30-40 

W. Codavoag. Aaro.-- 1954-55 17 1 f"rl. 640 ITI. 35 40 
191-62 21 u&lrrl. 40 .lrT. 30 35 
132-63 31 
 2 all 20-40 
1943-44 30 3 all 30-40 

Kzriaboh, £ xe- 1941-42 13 

11Toot"gey* - 1342-63 29 1 all 30 Irrl. 35 40 
2 .l 30-40 m1TnI. 30 353 all 30-40 

aIbedaa. UboAtrbr-- 1342-43 11 1 all 30 IrTl. 25 30 

2 all 20-40 Ulrt. 1 is 
3 all 30-40 

swat. CuJerat - 1%42-43 25 1 ur. 60-75 IttI. 30 35
Suect(S.g.) Guajeret- 1944-45 42 m.lrnt. 30 ,a.trl. 20 30 

alire (Cba.). cuajatt- 194 -5 2 all 20-40 
laIr. ("s.). Cujeet- 1944-45 20 3 all 40 

(cootmred) 



Tale .4. (con daud) 

8a1 . rates for state mtesc User t* @u 

Lo-at Les of aml . n* wmeeto Agey Irrigated or Rated Ittlst* of 

J_________I_-- j(vlbo./scro) 

RICO 

ru".,N.Y. 19W59 
1%1-42 
1%2-43 
1963-

10 
9 

12 

1 

2 
3 

irrI. 
walrtl. 
all 
lvii. 
virlt. 

40 
20 

1040 
40 
20 

lrii. 
mdrr. 

is 
to 

25 
is 

smilipw. Oria-..- 1%2-0 17 1 
2 
3 

.1. 
all 
a11 

40 
22-33 

30 

tlii. 
1trri. 

25 
20 

30 
25 

S h b. Bihar 1961-42 
19Q-63 
1963-" 

13 
7 
7 

1 
2 

3 

.11 
Irv&. 
vairrI. 

40 
30-10 

25 
40 

triT. 
*S*t. 

S 
10 

215 
1 

3vab~h. 0.1. 
amt. 0.F. 

vagml U.?. 

- 1954-38 
1959-60 
191-42 

14 
12 
8 

1 
2 
3 

.11 
all 
all 

30-40 
15-S0 

69 

LCIi. 
-lrv1. 

15 
10 

25 
1. 

rm" ,ur.Ptwj ab- 1957-59 is 1 
2 
3 

all 
all 
all 

40 
40 
40 

Lvii. 
-*iril. 

20 
1 

25 
20 

Laws", Pftjab-

tmap . hajob- -

1941-42 
1942-43 
1943-" 
1957-19 

119 
21 
25 
16 

1 

2 

luT1. 
ualrxt. 
viri. 
mlvii. 
all 

Wbot 

40 
30 
40 

20-31 
4S 

lIri. 
mI8i. 

30 
1.5 

40 
20 



Terbe A9. (madoted) 

ecamdad rates for state Bated used Ia this Brady 

Locattom 

Dtitct. 

of ample 
State 

RUfermce 
year 

rate 

(w lbs./acre) 

T t 

unirt, 

d Or Btes 

mdf (or lbe. 

Irigted 

1r. 

of 

I -

late* 

I(1 1be.Iacre) 

tabest 

Fa1, aJ eats . - 1942-43 
193-44 

19 
14 

1 

2 

Iris. 
usirri. 
ICtr. 
WaIrnl. 

40-40 
20 
40 
20 

lrtt. 
VOmiT. 

20 
10 

30 
is 

, 
t 

Allgarb, U.P. 

Varsasl U.P. 
fterut.0 .P.-

ersabeam. 0.P. 

19%1-42 
1942-63 
194)-44 
1941-62 
19S96-40 
1954-5 

22 
23 
16 
16 
11 

12 

1 

2 
3 

Intr. 
ulirl. 
all 
all 

2-4S 
15-20 
10-50 
40 

IrTi. 
mImirz. 

30 
1 

35 
18 

Sbbad, Bihar--- 1941-42 
1942-43 
1943-44 

13 
14 
12 

1 
2 

3 

all 
itrrl. 
mterw. 
irnt. 

40 
25-40 
21 
50 

itrl. 
UirI. 

20 
10 

30 
15 

aliper, N.?. 1941-62 2 1 

2 
3 

Irni. 

airt. 
all 
aLl 

30 

15 
20-40 
40 

irfn. 

irrmi. 

is 
7 

2.3 

1. 

Saget(ber.), Clrst-
LaLic (Cha.), Oujaet-

194-65 
1944-43 

39 
34 

1 

2 

3 

Iri. 
usalri. 
intl. 
vairyi. 
lift. 
usirni. 

60 
30 
40 
20 
40 
20 

Int. 
vaimr. 

35 
is 

40 
20 

(cost IOAu) 



Table J9. (c taltned) 

I&CCmeMWd votes tot slate Rates Woed ta toiL .11tu 

O sereed I Ute 

Location of ample 
DietlLct, State 

atemce 
year ( 

rue 
lbe./acre) 

Ageacy* Ittiate4 or 
wnirri. LeOdt 

Notes 
(a lbe./ 

IrrLa4ted or 
wlcir. land Ia-m a-u 

(e lb)./acce) 

Jowet 

Suret. OwJarat - 1962-43 17 1 uLsrrt. 20 IrTI. 20 25 

Surat(Sr.). Gwjerat- 194-6$ 14 2 a& 20 OiCrtI. 10 12 
Itirs(C:.). Gujrt- 1944-65 23 

AlIgarb , U.P.- - 1941-42 
192-43 

11 
20 

1 
2 

61 
all 

20 
10-30 lrrl. 20 21 

1943-4 is 3 a11 40 u-irri. 10 12 

raie(Cbe.), Gjeralt-
gairace].). Ojerat-

194-45 
194t-6$ 

21 
1 I 

2 
all 
all 

40 
20 

Ircl. 
uwarri. 

20 
10 

23 
12 

Feresper. 
Ladhiam, 

Pnjab -
Puajab--

1917-59 
1942-63 
1943-" 

21 
20 
is 

1 
2 

all 
local 

ybrlid 

so 
51 
99 

Irri. 
usrrt. 

20 
10 

30 
1 

3 local so 
hybrid 100 

noewt. 0.?. 1959-40 10 1 61 35 Irri. 20 25 
Aligorti. 0.?. 1941-42 

1942-63 19 
2 local 

bybrid 
20-S0 

wO-so 
uslrci. 10 12 

1963-U 20 3 local so 
hybrid 100 

(cistlmed) 



Table )V. (CnMaved) 

Loca of am le 
State 

fermea 
eatrrct.Y 

tere" 
(a lba./acre) 

Recommended -roet@ for state 

Aeny* Irts ced or Rates 
UaIrri. laat (aI lbs./ 

Rates used L 

IrrttStd ot 
vtr. L, lidI 

k etudt 

ates 

I_-_ l -

pall. AJuth,-- 1942-43 
193-4 

28 
20 

1 

2 

lift. 
usIrrI. 

bybrU 
local. lifi. 
local. Uslrvi. 

50 
20 

100 
so 
20 

Iru. 
usIrgI. 

20 
10 

30 
is 

Usad* W~or.---. 1982-43 13 1 

2 

3 

mlrvl. 
Irc,. 
valrrl. 
Iriu. 
U--rri. 

so.30 

20 
60 
30 
60 
30 

tit. 

inlrrl. 

1 

I 

25 

iS 

C.OLIetre., Hdrea-

W. C avarl, Aadher-

Ktao, Aa h ua-

HAS&Ya. Nye1062-83 

194-53 
1981-82 

1954-5S 
191-62 
1981-62 

43 
84 

6 
73 

126 

106 

1 
2 
3 

1 
2 
3 

1 

2 
3 

all 
all 
all 

all 
a1 
-11 

all 

all 

Al. 

250 
M-247 

210 

I-225 
150-300 

300 

1W0-300 

130-300 

300 

lrrl. 
wUrri. 

rri. 
usrIrn. 

ItTI. 

WClrl. 

173 
123 

LSO 
100 

173 

123 

225 
173 

200 
130 

225 

175 

(€wwttm*d 



Tabr J9. (coadnmed) 

LOC aLo of "at" 
Matrict. State 

"aesmcA 
7ea 

Obeerved 
rate 

(a lb./acre) 

AoCie 

Ago0c¢a 

~dadgates for 

IrrISated or 
uoIrrl. Lai 

state 

Rates 
(N lbe./ 

acre) 

mt" Ud 

IrTiate 
mtr1. l 

of 
a

tu study 

Rates 

(N lb./acre) 

Swa rcaee 

kat(lar,), Cajarat-
rLAre(Cb.), Ojaret -

19-6S 
1944-45 

10 
55 

1 
2 
3 

a1 
all 
all 

225 
220-325 

200 

tryl. 10 200 

1h ,b dd. 1961-42 I 
2 
3 

all 
411 

all 

60 
60-40 

100 

Lirt. 
U.uA l. 

40 
20 

G0 
40 

Aliar, D.P. 

Ob193-44 
vara i, U.P. 
mearat, U.P. 
Smsbemal. U.?. 

-

-
-

191-42 
1942-43 

141-4,2 
1959-40 
1954504 

U3 
37 
33 
19 
19 
22 

I 
2 
3 

all 
S.ll 
all 

60110 
W0-12 
ISO 

init. 
NInrnI. 

so 
30 

so 
50 

L~~.Pajb-- 1941-62 19 I 

2 
$ 

ltri. 
ustnrt. 
all 
aI 

100-15 
100-150 

"-150 
ISO 

lInT. 
UilrvT. 

40 
40 

90 
60 

Tobacco 

C&LetOre. M ed---- 1954-SS 
191-42 

29 
29 

2 all0 au 40 SO 

W. Codavazi, Aa~e-

Iri a, Lear 

1954-55 
1941-42 

1941-42 

34 
S1 

23 

1 

2 

lTnt. 
.rrt. 

Virginia 
Nets 

40-200 
20 

20 
40 

Vir. 
nom 

30 
G0 

40 
70 

(cio" 



Tabl )V. (cmuwd) 

LocWtloa of mle 
District. State 

Refer-ene 
year 

Obsrved 

rate 
(0 lbs./acre) 

ROJlacmed oc410 for etate 

gency& Irrigeted or Rat" 
us-rri. ladt (U Ibi./I 

late* weedas" 

lrrigated or 
ealrt. lead 

tiM 

I 

tud7 
1Lt" 

. 

(N lbe./Icac) 

Cotton 

Cali.tore. Jlroa- 1941-42 2S 1 

2 

3 

trI. 
Usrv . 
trvl. 

vMtlr. 
irt. 
airrt. 

40 
20 
40 
20 
40 
20 

unf. 
wairtS. 

20 
10 

30 
15 

* nt, GsetJerat 
Sursc(Ma.). Gujarat-

1942-43 
194-43 

19 
14 

I 

2 

3 

Irf. 
untI. 
Intl. 

iu&li. 
irti. 

wetSrf. 

40 
20 
40 
20 
60 
20 

trrl. 
ustrtl. 

20 
10 

30 
:S 

Iemnt. U.P. 
Allota , U.P. 

1959-40 
19%1-43 
1962-63 
1943-44 

aI 
6 

2t 
19 

ell 10-30 Int. 
vilnl. 

25 
12 

35 
1 

Weaspaur. 
Lu&ta-a-

Pujab------
Punjab -

1957-59 
1942-43 
1963-46 

21 
20 
22 

1 

2 
3 

Americas. iI. Lo0 
Americae, waitri. SO 
Deal. itei. 40 
Deal. wallfl. 41 

all 40-200 
Americas. all sO 
Deal, all 40 

ill. 30 
iasstI.15 

40 
N 



Tabkl JR. (wmddd) 

O cme erot for state late&used La tblo study
Lacat.Lom of samp). atermace rate Agec* Irrigated or Rates or Irt
Late
 

SaeD~tTt esa11U. /4"e) mariete7 orlt( lte./ lrrPVa.ed Or 
acre) 

I(W l./)cz,) 

Cromao 
LIC6, p2je - 1V4-43 

1963-" 
12 
14 

1 

2 
3 

lrrl. 
usirr. 
au 
all 

0 
0 
0 

is 

1TnI. 
"errs 

10 
5 

1 
10 

The 3 agabclea &re: Depertaeto of Agriculture of the various State covergut. yertiliaer Amesecietin of 3I.4t,and ladles Potash Supply Ageacy. 
Different 
rat".are recmmeded for iriated (WrI.) uad
valrVigeted (warrI.) are"i. Where o datlactiom to
ed, the rates are considered for all (all) area. 

Surat (bar.) 
- sample from bardolt tuha. Surat District. 
U fron Charotar tract, Zaire District. 
Lair&(Cha.) - sample 

Zaire (no.) - samPle from Kahi tract, Kair. Dotcrc:. 
Soewceas Observed rates: Chspter 4 fiadlfta .3ecmeaded rates ore: 
 Agency 1: Ioy L. Doaehna. attumata of rtillter Coe l tamLadle I4 1976-71. 

Vortilieer A4oc. ofda. New Dolhi. 196.Amcy 2: yFrtlser S$gtolWice. 944-65. Yrtilier Asseoc. of ladle. Now fhl1. 
pp. 114-145. 195.

A4ecy 3: 
 P. K -- Tha ay to tlh Yields. Idlan PtoaMadra,. 1947. Supply Agemy Litmted. 

http:lrrPVa.ed


Stat 

TM. 4. Avaup rnd 
Anra Asam 

- -

bpMM apkadm =aso a*w 
Bihr Gujarat Ja 

I Rde I 

pmsm 
6 

N"[ 

to Few& i domm 
Kerala1 adbya7 Kad~r 

Ibf,/4KrQ 

Food 
then 

crops other 
fcoogralt 

-

S:10 
U, l-0 IS0 

Potsto 
Other vweetblo-- 40 60 

15 200 
Other fresh fruits 30 40 

6i11ie- -- 0 100 
Other pices----- 40 50 

Two mjor 
foodgraLas: 

Ilcv - 1-- 35 40 
U1 30 35 

tbaut I-- 20 30 
Of 10 15 

40 
20 

30 
100 
30 
40 
40 

iS 
10 

10 

60 
40 
50 
50 

150 
40 
60 
50 

20 
is 

is 

40 
20 
75 
40 
150 

13 
s0 
40 

is 
10 
20 
(0 

60 
40 

100 
60 
200 

25 
75 
50 

25 
15 
30 
is 

ISO 
100 

75 
40 
50 
30 
60 
40 

30 
20 
35 
13 

200 
ISO 
100 

60 
200 

40 
s0 
50 

35 
30 
40 
20 

so 
30 
75 
40 

40 

20 
is 
30 
is 

80 
so 

100 
60 

60 

25 
20 
40 
20 

100 
75 

40 
10 
30 
60 
4 

40 
35 

125 
[00 

G0 
200 
40 
60 
50 

45 
40 

40 
40 
75 
30 

30 
so 
40 

iS 
10 
1 
7 

90 
40 

100 
50 

40 
75 
50 

25 
1 
25 
12 

IM 
125 
75 
40 
150 
30 
0 
40 

35 
30 

225 
175 
100 

60 
200 
40 

100 
50 

40 
35 

(".timm.d) 



Table 0. (cwtLntw* 

i U~r6 A~a s|lu r CQjatst Jmmm & rals dbya N&""r 

Srotes J - - - .i IC IEar i_-i t.! iI . 1-lt I II - t-t 

Mon-food co-
marc al crops: 

ibk.Iscre 

Tob.co~ ---
Co o - 1-

UIl-
Jut --
Croumdaa- 1-

UO-_ 
Ocher oil
oe*see- - -

60 
20 
10 

10 
5 

5 

70 
310 
15 

20 
10 

10 

30 

10 

40 

20 

40 
10 
10 
10 

5 

so 
1s 
1 
20 

10 

60 
20 
10 

10 
S 

5 

70 
310 
iS 

iS 
10 

I0 

30 
10 
10 

5 

40 
20 
20 

10 

s0 
15 
is 

10 

5 

60 
25 
25 

15 

10 

40 
20 
10 

3 

5 

s0 
30 
15 

10 

10 

40 
20 
10 

10 
5 

5 

70 
30 
is 

is 
10 

0 

Other foodgraLa: 

Jower I--
UK--

&ajar - 1-
UI--

1S.-I-
Ul--

Real --
UI--

Barley- I--
U*-

Other cOVOSaI--
u-

Plees - --
uK--

1S 
7 

15 
7 

15 
7 

is 
7 

10 
5 

10 
5 

25 
12 
25 
12 
25 
12 
25 
12 

1' 
7 

15 
7 

5 

3 

5 

7 

7 

7 

5 

5 
1o 

5 
10 

5 
is 
10 
10 
S 

10 
5 

7 

7 
20 
10 
15 
7 

25 
15 
15 
7 

15 
7 

20 
10 
20 
10 
20 
10 

10 
5 

10 
5 

25 
12 
25 
12 
25 
12 

1 
7 

iS 
7 

5 
20 
10 
10 

5 
to 
5 

10 
5 

10 
5 

10 
30 
is 
13 
10 
15 
10 
15 
7 

is 
7 

15 

10 

10 

25 

15 

15 

5 

3 
10 
5 

5 
10 
5 
10 
5 

10 
$ 

7 

7 
15 
7 

7 
15 
7 

15 
7 
is 
7 

1 
7 

15 
7 

15 
7 

10 
5 

10 
S 

2 
12 
25 
12 

25 
12 

15 
7 

13 
7 

(c-ece 



Teb. 40. (codned) 

states 

Cr- ue-

Kaha-

-

Mysore 

t ruh r e 

- -

Orissa 

- - i 

Pmjab 

-I -

Rajasthan Utter 

redesh 
Meet 

R-1 I--

50l 

-

Food crops other 
than foodgrain : 

lbs./14CV 

-
p. 

Sugarca ne-1-
Ul--

Potato---- --
Other vegetables 
lmnana --
Other fresh 
fruits - --
Chillies -
Other spices.--

150 
100 

75 
40 
150 

30 
60 
40 

200 
150 
100 
60 
200 

40 
80 
50 

175 
125 

75 
40 
150 

30 
60 
40 

225 
175 
100 

60 
200 

40 
s0 
5 

40 
25 
75 
40 
150 

20 
50 
40 

60 
40 

100 
60 

200 

30 
75 
50 

60 
40 

100 
40 

30 
80 
40 

90 
60 

125 
60 

40 
100 
50 

50 
30 
75 
30 

20 
60 
40 

0 
5 

100 
50 

30 
t0 
5 

5so 
30 

IOQ 
40 

30 
60 
40 

80 
50 

125 
60 

40 
80 
50 

5 
30 

100 
40 

15 
50 
40 

75 
5 

150 
60 

25 
75 
50 

Two major 
focdsraiua: 

Ice-

heat -

1--
Ul--
1-

U! --

25 
15 
30 

15 

30 
25 
35 

1 

35 
30 
35 

15 

40 
35 
40 

20 

25 
20 
25 

10 

30 
25 
30 

15 

20 
15 
30 

15 

25 
20 
40 

20 

20 
10 
20 
10 

25 
15 
30 

15 

15 
10 
30 

Is 

25 
15 
35 

1& 

20 
15 
25 

10 

25 
20 
30 

15 

(continued) 



T46 4o. (acoduded) 

oo-food com
mercial crop.: 
Tobaco --- 50 60 so 60 60 so 40 50 40 50Cotton - I-- 20 30 20 30 20 25 30 40 25 35UK-- 10 15 10 15 10 15 is 20 12 18
Jut 15 25Groundaut- 1-- 10 is 10 20 10 15UI-- 5 10 S 10 5 10 5 10 5 10Othermed-s--oil

1-- 5 10 5 10 5 10 

Other foodgralna 

Jovar-- - 1-- 20 25 15 25 10 15 15 25 15 25UK 10 12 7 12 5 10 7 12 7 12DeJara-- 1-- 20 25 15 25 5 10 20 25 20 25UI-- 10 12 7 12 10 12 10 121-- 20 23 15 25 10 20 20 30 20 30UI-- 10 12 7 12 5 10 10 is 10 151asl------ 20 25 15 25 10 15 
UI-- 10 12 7 12 5 7Ualy- 1--

20 30 20 30UK-
10 15 10 15Other cerals 1-- 10 13 10 15 10 1 10 15 10 15UK-- 5 7 5 7 5 7 5 7 5 7.Pules----- - 10 15 10 15 10 15 10 1 10 15UI-- 5 7 5 7 5 7 5 7 5 7 

SI-K - pected averqe rateet R-11 - Mipected averqes adjusted upwrds. 
t I - Irrigated are".; UK - Voirrigted area. 

40 
25 
12 
20 
10 

5 

5 

10 
5 

20 
10 
20 
10 
10 

5 
20 
10 
10 
S 

10 
5 

50 
35 
1 
30 
is 
10 

10 

15 
7 

25 
12 
25 
12 
15 
7 

30 
15 
15 
7 

15 
7 

40 

15 

10 
5 

15 
10 

5 
10 
5 

50 

25 

20 
10 

25 
15 

7 
15 

7 



Section H 

The Estimates and Their Implications 
The estiaates of potential for growth in demand for nitrogenous fertil

itm at the expected rates of application (R-1) as well as at rates adjusted
upwards to bring them closer to the recommended rates (R-I1) 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. irrigated cotton, jute. irrigated oilseeds.
 
Group D: irrigated foodgrains other than rice and wheat.
 
Group E: unirrigated rice, unirrigated wheat.
 
Group F: unirrigated cotton and unirrigated groundnut.
 
Group G: unirrigatcd foodgrains other than rice and wheat.
 

In inter;seting the estimate of total potential for growth in demand 
for "all-.rops," it may be noted that the 3 plantation crops (tea, coffee,
and ruLber) are not included-3; the totals for "all states" do not include 
about 7 Wrcent of the country's cultivated land located in various Union 
Territories .ind 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 
inJicate the potential for growth in demand for nitrogen. At the ex
pected rates of application (i.e., at R-1) the estimate of potential decand 
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, howevcr, 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 
crops. It is unlikely that demand for fertilizer would prow at the same 
speed for all thtse 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 

I/Jto. Itdon not Include unirdipted oUiteds other than groundaut and nsvicw 

odder aop1 
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T&W 41. Ieadmata of powatWd frot i n de ua fog aluop inh aM ago 

Ctoy" A 
It"" tt spices Potato* oI 

tric to" of 4itfo 

Amara 20.7;6 2.232 8.276 

w [It8( .361 2010S2,713 2.0443,09" 2,13,902 ,.3"4,'s" 
2.500 74.67.111 4.27 3.477 

Sh3 3.340 9.482 7.241 5,41.1 

uJert- 3.675 
4, 00 

3.021 
3.183 

272 
343 

1,434 
2,1$1 

2,734 
3, G" 

m 6 i 40 1U4 835 345 
zaaf r-h1 1 181 1.25 517 

Mora&- (I "1 10.254 1.810 .032 
t 1.214 12,535 12,059 16,042 

n.b" x 313 $.418 1,12-3 2o01 1.375 
I 1b 5,2S4 7.0" 1,496 3.493 1,933 

Mai-
i1t,443 

14. 348 9.,473 
11.541 

54 
726 

3,031 
4,544 

7.513 
10,01 

Neraemtra "! 23.048 13.048 1,2" 3.30) 5.703 
30.738 17,254 1,479 4,154 7,40 

"go-.-- 11,276 11.313 447 2,377 4,314 
(It 20.348 14.734 32"1 I54 5.753 

o s" -- 16105 1,043 919 3.,4 21422 
1.41.22.5 1.0 24 313" 

,ij~ z14,948 
I11 25.460 

2,704 
3.381 

2,041 
2,52 

1'3m 
2,749 

931 
1252 

IaJe"eba*- tI 
0 

2,341 
3.752 

8,1954 
1., 341 

136 
111 

60) 
1.31m 

211 
327 

Uter 1i 59.010 2.613 13,702 5.481 3,1.2 
rae4 b- IZ 95,522 3,62S 17,127 8,221 4,482 

WVt s6n1 '1 1,33 717 7.315 3,.93 157 
1I 2,.127 9a 11,093 5,10 261 

LL ste&tm- 174,492 14,145 37.349 464,00 56,557 
1h1 251.136 J9,617 50,043 69,734 77,048 

1(6
 



Table 41. (wuninued) 

Gm9 A Total Irv G" 6 Tota 

______ Tobacco CMo A tlr.l.lice I Irt. Wst CrGe"wI 

intrl¢ to of itros.m 

fta~s@b.- lit 
7,354
9'"s 

43:43,047
S2o174 

124,718
14:. 534 95 

I24782 
t42.6"9 

C: 354 10.61" 9.603 9.603 
(,1 472 16.367 12.603 12,003 

I63S 23,414 29.760 3.773 33533 

ol 794 35,052 49,601 5, "2 $3,263 

Gejart-- Z.204 17.343 2.205 $.on 11.034 
il 7,241 22.18 2,572 10,090 26.2 

J & f 14 1.370 4.628 69 5.322 
1obar II 18 2,049 S,785 924 4,79 

la d.- z 45 32,092 17,513 17,513 
Ih1 54 42,204 19.702 19.702 

No"" ". 145 1.440 9.010 3.872 12.882 
|11161 19,323 15.017 6,454 21,471 

9":90 35.9 93,927 93.927 
IbE 1,143 46,717 107,345 107.345 

Nmaxztrt Mi90 47.359 7,9 4,859 12.655 
1hZ 1,198 63,427 9,$95 5,449 15,265 

Nmr-.- . 2.042 38.973 25,651 412 26.263 
ill 2.450 47.715 29.545 472 30.017 

0~ol -- fi 327 9.700 27.504 102 27,608 
(,11 40 14,044 33.007 122 33,129 

/"Jlb-- " 10 24.575 8,448 66.931 55.379 
ill 1.3 35,S27 10,540 62,574 73,134 

bjektla.w. ": 417 12,671 408 15.48 16.097 
fZ 522 17.41 $10 23.533 24,043 

Uttar 726 8,324 9,371 44.746 74.119 
|s1 907 130,067 15,619 75,539 91,18 

West sm i 690 13,935 28,68 749 9.377 

(612 20,731 35.76 6 36. 44 

Lu soateo 21,223 430.454 399.572 150.724 530,294 
(1 25,800 595.108 469.182 192.032 42.014 

(mtLad) 
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Sgagll Iatinct J 
Juts 

Tdbia 41. 

r CrtI Itrt. 
cottonI 

(conlnued) 

I TotalI rri.I Croup C 
rI ,I 

I unti toeL ol 

I Kr TI. |lrf 

1 bos 

. 

ft b-
(id: 
fil 

91 
134 

976 
1.95S 

1.049 
2.091 

21A6 
3 

611 
1.41S 

SOsm -
t 

1,147 
3,0 

1,547 
3.094 

tt 1928
3,us 27 100 1.,23.975 

Oi~usz - I 
i374 

2.S23 
" 

632 
1041 

3,153 
4,62 

125 
1.31 

907 
114 

( 1 
it 

14 
27 

14 
27 

26 
14 

Pr.ddb-
~'LISz11 

U 177 
20 
41 

LIS 
18 

it 

~nab1rs- ( 
[1 

9U 

Ol-

1 

(K 
(1K 

hIm 
t 

(Ktc 
fts -- i " 

Owt a,wl-1 
UK 

776 

1343 

424 
40 

7.309 
2.162 

2,S32 
3,797 

1.633 
2,450 

40 
1 

54 

21,21 
28,353 

,--5m0 
7.144 

2,348 
3.033 

1,429 
2.21.1 

173 
2S2 

5,4 
1,116 

22 
494 

207 
4.1 

3,41 
6.v" 

1.606 
2,732 

40 
412 

630 

I 1 

2o46 
2.499 

5,354 
7,640 

2,941 
40604 

7,309 
12.18 

2,.32 
3,917 

7,00 
6,734 

1.08 
1.747 

$ 

7 

M94 
1.,54 

434 
7U 

1.n 
U4 

B4 
1.440 

706 
"5 

27 
45 

1,79 
2.212 

"1 
651 

91 
1.1.3 

A 1stt es 11o.2 
31.057 

34. l31 
49.440 

4,31-3 
7,476 

52,426 
76.375 

L3,433 
16869 

56O" 
6,09 

(cs"Lu") 
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Table 41. (contnued) 

;rovs 0 Tetal 
stto ,tomt ICTI. I ff. Iris. IriS. Othe Irri.1 cuzc o 

gotie rat I barley C rel Ivy'@lm" 

47idkA0 2,14 204 100 3'"7 
_ted4ob- ]Z 78) 3.373 30 1M0 6, 93 

27 27 8" 346 549 1.49 
91 54 41 1,31 54 83 2,355 

Jm-- Ci 172 50 100 2,454 
216 100 280 3,181 

4S 5"0 77 17 36 41 679 
91 762 L1 34 54 61 1.026 

-1 18 526 5 717 1.244 
jIhK 27 7m9 7 1.075 1,4 

Nedr- -(1 2,280 172 4 5.7"4 
ihK 3,800 259 102 9,$18 

Niraebtc- $ 234 18 23 490 8,4" 
I 318 13 34 735 10,753 

- fn 204 81 4 59 2.237 
340 1,418 102 48 3,740 

oras- 23 91 9 390 518 
S45 134 14 515 787 

5.871 
8,806 

123m 
1.678 

13 
34 

5,03
8,M0 

15,712
23.290 

l -
9Z 

19906 
2,854 

7,477 
U,115 

32 
48 

3.204 
4.8U 

13.740 
20.511 

ottar 5 2,151 L32 17.847 204 13,12 33,779 
ptadmbp- 91 2.6U 197 26,800 454 19,44 50o104 

Uet ans- 51 91 68 481 44 
91 182 11 721 1,016 

A11 etate I 11,695 5,640 28.037 92 25,118 90.765 
UK 17.079 9.303 423.12 1470 37,723 134.774 
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Table 41. (Continued) 

State@[ Tot , [ c a l F I' Tat"r 
latimts w1rgi. Ugifri. Cr Vo'lrrj. ftIgrj. Gr"" 

setric ;068 of:0L.L. 
Adas 12.631 150 12.781 4 134 504 .2 

-14.34 224 14.960 207 .379 

Asam 45G',' 15.117 
22,6i 69 22,677 

tar---- { 3945 5.249 44.934 
I! 5,528 76074 67.402 

O tr 11:152 3.294 14.46 17:781 12.474
1 4,392 26.671 30.251
16,72S 21.120 240149 S1,620
 

(1 
 30545 
t 480wc 3.874 

J=s : 341 2,904 
4" 3.394 

16.8 16. 1. 143 163 306 
1.,018,400 i38 345 483
 

4y.41.318 24,267 65.585 8.471 1,47 10,334

Prad.---
 1,1 41.978 41.601 103.579 12,706 3,724 16,430 

7,51 7951 
 3,211 4.474 7*695
 

fllZ 8,45 60645 4832 .8947 13,779
 

.it 17:919 12,515 30.44 30.602 6,304 3, 4"9.1"5 150011 "-8883 45.903 12,60 5. 511 

C
--- 14,618 5,043 19-41 11,354 3 11,854 

e 17,055 6,751 23,006 17,034 1,00 18,034 
Orise- 49,342 46i 5 69,421 54 JA$ 199Liz 84,702 88 86,790 82 290 372 

I'- -- --b 2. S" 17,8l03 20 , X7 468) 1,204 
$3943,3 13.73 27.077 644 2,4,06,7 

IlaS..s 1 5,42295 6,407 1.042 1,1O0 2,162 
t1 1,477 8.133 9.610 1,52 2,00 3,792 

U4ta7r 478 3 3,817 76,605 174 1,86 1,040
PrI 44b-183 4050 104.763 241 3.332 3,593 

Wet bwl- 1 53.80 250 53,530 
(Ii 71,040 374 71,414 

A11 states 
 345,374 110,479 455.053 77,485 35.103 112,58
It 476194 152,234 64. 200 116.170 70,117 186.287 

(180Lmmd) 
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Table 41. (cntinued) 

Grown G 
R6tas Ejajagg U..rT1. t~r UgrUN ~ U IrI.:1nit USltri.coal va1l-r1.barley 

urk ite" of Wifrro 

(db1o 19,476 4,297 1,407 1.655 
Pdssb--- ItI 33,365 7.344 2,411 2,837 

a(z12.5 a.-
11 175 

53I 116 4,160 1,02 r 3,256 
a i 12 6,321 1.436 4,664 

0.3..t-- 1X4,047 13644 2,344 
16,654 18.22 2,837 

141 2.550 25 54 
it 2&2 3.625 50 14 

sag1e- I SO 
izt 147 

a" 
prodsob- (I 

11,302 
156,22 

1,062 
1,515 

2,538 
3,554 

$2 
114 

631 
843 

"Mas-- 1 
[it 

4716
4005 

3,119
3,346 

1.4552,4594 

Nobaza tra- 65.493 18,760 191 2,518 
II168,579 22,514 231 3,0U 

V e---- |! 
111 

23,14t) 
39,741 

4,237 
7.276 

16 
27 

7,44 
12,785 

*rise 41 30 179 351 
III 62 SO 351 502 

Pejab---- '1,542 9,773 3,49 1,307 
(I 3,154 11,727 5,533 1783 

Rjothas- 9,171 54,067 7,4534 1,121 
U1 15,723 64,&0 10.501 1,61 

Uttar " 4,92 11.315 11,111 844 .06 
fadab---- | 6,692 1,578 L3,1333 1,210 13,209 

Vmt S"Sl-(1 261 49 
¢I 522 749 

ALL state ( 54184 l22,.21 36,045 15,514 1.5704 
US.1636 153,527 51,626 24,'97 23,359 
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Tblte 41. (cooduded) 

SImte Zaclaite Uirr .
Otber cortea1e 

IrrI.
"Im I 

Cc" G 
I 

all cr" 

metric to&@ of attro em 
Aato 
ftaed -

"1 5.054 
7,076 

7,604 
10,928 

39.95 
64,003 

255.200 
330.036 

Lea1n------ I 34 472 
II!1 661 M7 55.828 

| 1,10 2, 1"9 2,81 127,162 
Ir - fl~l 1.547 16,933 33'm6 197,414 

adjzt- 1,8U4 
2t294 

3.224 
4,512 

37.143 
45,323 

13,530 
160.917 

(z 
(-

451 
55 

252 
353 

3LL3 
4,764 

13,418 
18.476 

&ad& 86 490 W6 "4.03 
in11 735 1,01 81,00 

pladbys 7.&35 2,4" "'s5"6 146.630 
prodeseb- ti1 10.970 30.054 63,9%4 M'5875 

Vad ----- 2.607 2,2W 14,.1 169,014 
it 3,649 3.217 22,791 115.003 

NLeAMSAtg,- 1 1,139 13.0W 101.19 239.047 
111 1. "4 18,334 L24,276 319.847 

Wate - ;! 
1i1 

2,M 
3.219 

7.075 
9'"G 

4,210 
72,935 

143."41 
195,879 

Olas&- 1-1 218 25.611 3,437 111.713 
130 3.655 4.940 141,447 

pJ ab-66 
91 

191 
267 

9,7 1 
13,59G 

26513 
34,054 

165,534 
236.678 

hJo.~a Otl 14,655 8",gig 143552 
432 13.044 L6.303 igg'su3 

Uttar 
Prd - a--

(1
11. 

4.140 
5,75 

20,757
29.05 

61.916 
43.077 

335,54 
444,60 

Vat eS-6a1 
91 

107 
149 

3.6" 
$,412 

4,733 
6.832 

l0g53u 
l"65 

Al.stte 1 
111 

27,152 
37,753 

119.923 
170,511 

491,147 
679,773 

2,10.531 
2,945,531 
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crop patterns and levels of irrigation in explaining the cross sectional 
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 to be at varying rates under differ. 
ent farming conditions. Finally. diffusion of fertiliier use on unirrigated 
ares under crops such as wheat, jowar. ' ajara, and cotton is unlikely to 
be rapid under the assumed varietal and price conditions. This c.,n also 
be demonstrated by pointing out that low returns from fertilizer use on 
these cropi 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"&. 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 unirigated 
areas under a few fertilizer responsive commercial crops. These represent 
groups A. B. C, and D of table 41. Table 42 which shows the cumulative 
totals of the estimates 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-l) and 1.49 million tons on the basis of the expected 
rates .djusted upward (R-1l). The estimate made with adjusted rates is 
considered the uppermost limit for rapic growth in cultivators' demand 
for nitrogen under the assumed conditioias 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 (e.g.. 
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 gowth in cultiv.tors" demand 
is likely to be most diffi:ult. 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 
fertilizer 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 difficult. 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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T&eM 42. f n nda for nluep for difea crp1sldw seab althe emms far ge Ine Four of 

Cuumlative totals of estimates-Iemulative totals of etimateo-Istates 


Groups: A I A-S IA-C IA-D IA-E lA- lA-GIlroups; A k-B I A-C IA-D IA- IA-F A 
000 94%.,iC tlrra pltr~lenl 

Andh a lradsb- 63 188 189 193 206 216 255 82 225 227 234 248 266 330 
Aas 11 21 22 22 37 37 38 16 29 32 32 55 55 56 
Bihar 23 56 58 60 105 105 127 35 90 94 97 167 164 197 
Cujarat 17 28 31 34 48 79 116 22 35 40 43 64 116 161 
Jia and Kastmlr- 1 7 7 7 10 10 13 2 9 9 10 14 14 18 
Keral- 32 50 50 50 66 66 67 42 62 62 62 80 81 82 
Kadhys Pradesh- 14 27 27 28 94 104 149 19 41 41 43 147 163 226 
adras 36 130 134 140 147 155 169 47 154 160 170 178 192 215 

Maharashtra 47 60 62 71 101 138 239 63 79 81 92 137 196 320 
)ysorc------.. 68 48M 39 65 66 88 100 144 78 78 82 106 124 197 

10 37 38 39 108 108 112 14 47 49 49 136 137 141 
l;e - 25 80 102 118 138 139 166 36 109 138 162 189 191 227 

13 29 34 48 55 57 144 1S 42 49 70 79 83 200 
Utter Prade--- 85 159 162 196 273 275 337 130 221 225 275 380 384 467 
West Bengal---- 14 43 51 51 105 105 110 21 57 70 71 142 142 149 

All states-.... 430 980 IP33 1,125 1,581 %693 2186 595 1,278 355 1492 2)22 7.308 2.986 

Groups: A: sugarcane, spices. vegetables, fresh fruits, tobacco. 
B: Irrigated rice, irrigated vbeat. 
C: Irrigated cotton, jute. Irrigated oilseeds.
 
D: Irrigated foodgrains other than rice and wheat.
 
E: unirrlgated rice and unirrigated wheat.
 
F: unirrlgated cotton, unirrigated groundnut.
 
G: unirrigated foodgraias other than rice and wheat. 



labor;, seed. insecticides, etc.. associated with replacement of varieties; and 

acreage under the 5 foodgrains on which replacement of the varieties 
would be technically feasible and economically profitable. If we assume 
that: (1) the upper limits of replacing the old varieties by the new varieties 
are set by irrigated areas under these crops. (2) the ir-igated areas under 
the 5 foodgrains used in the calculation (about 48 million acres) represent 
the amoun, of areas on which replacement of old varieties would be tech
nically feasible and economically profitable, and that (3) per aae average 
increment 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 varieties would be about 0.54 million tons. Inclusive of this 

additional demand for the high yielding varieties of the 5 foodgrains, the 

lower limit of rapid growth iii 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 fertilizer 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 offing. 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 returns to 

cultivators from fertilizer use in generating rapid growth in their demand 
for this input, it is obvious that improvement in the marketing channels 
alcnr- 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 continuous 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 )ears. 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 of 

the following 3 structural changes: (1) continuous improvement in the 

currently available new varieties of foodgrains crops. (2) development of 

new fertilizer responsive varieties of crops such as jowar, bajara. cotton. 

and groundnut commonly grown under unirrigated conditions, and (3) 
expansion in irrigated acreage. Efforts in these directions will maintain a 

rapid growth in demand by continuing the process of technological 
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change underway in the presently irrigated areas and by ezimeding the 
a.eas on which technological change is possible. 

Chapter 8. Conclusions 

The main objective of this study has been to analyze the past fertilizer 
we pattern in India in order to identify different sources of growth in 
effective demand for fertilizer, examine their strength. and then to use 
this knowledge to study the problem of continuous rapid growth infertil
izer use from the vievpoint of cultisators' demand. The main conclusions 
of the study are: 

(1) A consistent pattern was obsersed 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 each group, some non.foodgrain 
commercial crops such as sugarcane. tobacco, banana, segetables. and the 
two major foodgrains. rice and wheat, were more extensively fertilized 
than some commercial crops such as cotton and oilseeds, and other food
grains. The most plausible explanation for this was the small size of re
turns 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 ipplied by these cultivators were 
significantly below the recommended rates. The rates recommended were 
approximately equal to the optimum rates as determined by some investi
gators front fertilizer production functions developed from trials data on 
cultivators' fields and relative 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.

(3)Findings on fertilizer practices of cultivators at different points of 
time. indicate that the main source of growth in fertilizer use until the 
mid-1960s was an increase in prolortions of fertilized areas under a few 
crops. such as sugarcane, tobacco, rice, and wheat, rather than rise in the 
rates of applicition. It appears that this was also an outcome of the nature 
of returns from fertilizer use to thc cultivators During the reference 
period of the surves the price situation became increasingly favorable to 
the cultivators raising the returns from fertilizer use. rhis in turn acceler
ated the diffusion of fertilizer use on unfertilized areas, particularly under 
crops such as rice. irrigated wheat. sugarcane. tobacco, and potato. on 
which there %seresignificant returns from its use even under the price 
conditions of the 1950's. The improsement 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 inaease in the average rates of application on 
these crops. 

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

(5) The nitrogenou, fertiliter use pattera in various states between 
1956-57 and 1964-65 showed persistent crus,.scctional differences iHi the 
levels and striking variation in patterns of growth oser time. Throughout
the 9.year period. the level of nitrogen use in some states (e.g.. Rajasthan 
and Madhya Pradeih) remaincd substantially below that in other states 
(e.g., Madras and Andihra Pradeslh) The growth patterns varied between 
extremes of little growth in Rajasthan and Madlhva Pradcsh to dramatic 
growth in Punjab and Madhas. These features of interstate variation were 
mainly due to underling difference-s among states in leveh of irrigation. 
and relative prices of nitrogen and crops. Of the 2 factors, itrigation was 
more important in determining the cross.sectional variation in levels. 
However, by itelf the high level of irrigation in a state was not sufficient 
to generate a rapid growth in fertilizer use under the price conditioas of 
the period up to 1960-61. e'.en though a large proportion of irrigated 
areas sere still unfertilized. Once the price situation improsed. the growth 
in fertilizer use was related to levels of irrigation. In states with high
levels of irrigation (e g.. 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. Rajathan. Maharashtra) a similar improvement 
in the price situation did not lead to growth at comparable rates. 

(6) In the absence of any major change in varieties of crops in terms of 
responsiveneis 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 clue to diffusion of fertilizer use on irrigated 
areas under most crops and unirrigated areas under a few non-foodgrain 
fertilizer-responsive commercial crops. Improvement in the price situa
tion after 1960-61 brought a marked acceleration in this prrcess.

(7) The interpretation of growtl, in fertilizer use until 1964--65 has 
important implications for further rapid gTowth in cultivators' demand 
needed to fulfill the neecd.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 
irrigation and crop pattern play in determining the returns under the 
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old technological conditions. It is clear that cultivators' demand wouldcontinte to ;Tow rapidly as long as all areas on which returns from fertilizer use are high are not fertilized, anc, .iie price situation isat ieast asfivorable to cultivators as the average of early to mid.1960"s. It appears
that this upper lim~t of rapid growth in cultivators* demand for nitrog.enous fertilizer fcr conditions of iirigation. crop pattern. op varieties.
and relative prict.s of nitrogen to crops of thc early to mid-I640's wouldbe about 1.13 eidlion tons of nitrogen. It ',ould rise to I 49 million tonsif we assume -hat farmers would generate demand .it higher rat" thanthose obse-'.cd. These 2 estimates wou!, go ipas a result of the introduc.tion c, new varieties of rice. wheat, jowair, bajara . and naiz as it wouldraise cultivators* returns from fertilizcr use by shifting the production
functions upwaids. For instance. replacement of the old varieties onabout 48 million acres of irrigated land under them v uld raise the 2estimates to 1.67 and 2.03 million tons of nitrogen. However, these upper
limits of rapid growth in cultivators' demand are considerably below theneed.bascd targets of nitrogen use. over 3.5 million tons by 1973-74,
recommended by various agencies

(8) On the basis of th'- kinds of crops and cultivated land expected tobe fertilized as the lesel of nitrogen use in the country approaches about1.75 to 2 million tons a ycar. it appears that further continuous rapidgrowth in rflect:%e demand for nitrogenous fertilizers would depend onthe pace of thce 3 structural changes: (a) continuous inprosement in thevarieties of foodgrain crops (h) deselopment of new fertiliztr-responsive
varieties of major foodgrains suited to unirrigated condir.ons and ofimportant non.foodgTain commercial crops. ;,nd (c) increase in the level ofirrigation. The fiit is needed to continue the process of technologicalchange which is under way in the irrigated areas, while the other two areneeded to expand areas in which technological change is pocible. 
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