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FOREWORD
 

Vhe role of agrictlture in COliltiLeS 10 e of g-el.itIndias' economic deveIoptleClt to 

illpornllc, as a+Pl'Odlcer of" 'ood, as an employer otfabot two-thrds of the la.holr force,
 
and as a sourCe of' pirchasiiu ptw,_r for inch of the oairicultural cOnsmeL
01 goods
 
and services illthe Ihus. rapid .,rto\%th
Tconoml in agriculture is essential for sustain
:,hle Lrwt"Tand development of th, econoly. 

\Vithi, c ngrifotdu raii I)rOdtLiliC is 1v far the olajalr activity, covering.lure, 

ahott 8) percent of the cropped area InIndia antd providing the main staple source of 
food. ]-oodIlra!ns pr)o\ idC almost al: the calories and proteilIs coiisumed bV theipootr and 
provide the rural poor with the hulk of' heir eiphlOVmIICnt and income. FurtICr. with a 
populfl.itioi of some 8(111million people. what happens to Ill s l'oodgrai n stipply-de
mand balances has important i plicaitols for the global lbalances. That ill be partic
ularlv so as India continues to accelerate i's overall ratw of gvro lhof' per capiha illcole. 

Goverrmliti policy in India hi:s always eiv'eii sub)stantial illportillic to f'oodgrail 
product1io1n. Such Sul)potrt. partiuhal ly sinc" the beginnlilg olfthe green revolution in tile 
mid-1960()s, na, cotributed to rIarable 1rth1tl il this sctor (lcspite many con
straints. Yet with a ero%\ine populmation. risiig IrCOitn,. Mid tel sub)statiahl lateInt 
demand of, the poor for f'oodgrainls. the countr v ,ill eLqairc contiMtiing high grow,th in 
production. 

The past performance and future prOsel+ ts of Indan foodgrain product ion and 
c;;isumlption are of considerablC impotlance in Third World and global iood consider
atiols. Ildia. which faced f'ootd deficits till the mid-I97(0s, hecame sell-sti! Ii'ent or 
marginally surplus thereafter: but even with this remarkahle htod productioni rlor
mance, rapid economic growth and poverty alleviation have not heen achieved. The 
implicatic:s fl"tie achievement o," these goals. s\, v 2(b(1( . on the f'ood detmand are 
not very clear, coisideritng the interlinkkages hetween tie growth in f'oodgrain produc
tion and that in consumption. IprtiL+ularly in tile rural area.,. India is fortunately 
endowed \\ ith datl that enahle these implications to he ainalyzed. 

Illlhi; stulv of floderaitis illIndia. J.S. Sarilla and Valllt P. (a tndlhicritically 
e\anline past grm, th and lCrf)rimcl e in l'e2'dgraimi prIdCtictmn Is u, develOpItnentswell 
in the gromtiand patterns of f'Oodgrvin consuinption. The sudv finds that rapid growth 
ill fotldgrail production will be necessary lut CXtrCtlV Cespecilly ii the0sdig, 
context of the dual objctives set Indian plailiners---acceleratim of, economic growth 
and alleviation of' poverty. Within agriculture, these objectives will require not only 
rapid increase in foodgrain production but even f'a;ter growth. through diversification. 
in tile nonfbodgrain sector, including livestock prodtuctioln and horticultural cropS. in 
which income elasticities of' demand anid employment potential are high. lowever. 
even ali impressive performance may leave ttoodgrairitI dCfits that wn hldrequire 
imports and an appropriate development strategy it' accelerated econloiic growth and 
poverty alleviation are to be achi'ved. 



The International Foad policy Research Instiute has developed a collaborative
research program on the future growth in Indian agricu liure under a menorandum )f
understanding with the Indian Council of Agricultural Research and with lunding from
the United States Agency for International Development. The overall objective of the
research program, undertaken in collaboration with research institutions and scholars
in India, is to contribUe toward increased understanding of the options and complexi
tAes in the futtre policies for agrictituraf growth. The present study is a step in this
direction. We expect its reSultis to be useful in the policy 'orinulat ion processes. not
only in India but also in other counLries, especially since India's richness in data and 
experience allows analysis that may be difficult to 1 1uplicate elsewher 

John W. Mellor 

Washington, D.C. 
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SUMMARY 

India has shown an imnpressive agricultural perfornance since the mid-1960s. The 
increasing shortages and inability to cope with growing tood demand at that time gave 
way in the 1980s to occasional marginal surpluses. There are, however, grave doubts 
on several issties--a nutJor worry heing the trend in the growth of foodhrain prod tc
tion, which, according to some studies. shows deceleration in tile recent past. This 
raises IllesliOW,, about tile StlStainability of the growth and al exhaustion of tile
potenfial ofl the "green revolulion'" There is also concern that tile g1OWth il production 

has had a n ar i'ov geographic and crop base and thai substantial production growth may 
not he possible in other regions and crops. Serious dots have also emerged about the 
producti'ities of modern inputs, which are used in increasing quantities to suslain 
growth. There is concern about whether these productivities are declining and, if so, 
whether tlhe will continue to decline, making lfutre growth both difficult and expen
si .e. Yet another puzzle is the emergence of 'oodg'iiin surlluses (in the form of large 
government stocks) with coexisting hunger, even in the wake of impressive agri':ultural
growth. 

This study addresses these concerns by analyzing the nature and pattern of past 
growth in foodgrain production and consumption, tising national and regional data on 
foodgrains. It uses this analysis to carefully extrapolate into the future, examining the 
prospects for growth in foodgrain production and how these compare with the likely 
levels of' foodgrain consumption inlhe f'uture. The GO(vernnlent of' India has set for the 
year 200(0 the twin principal objectives of acceleration of economic growth and elitni
nation of' poverty. The study examines the implications of' these objectives for the 
loodgLaini situation and the resulting denulds on food and agricultural policy in India. 

In examining the grow, l rates in several suhperiods since the early 195(s, the study 
frinds that tlie growlh rate of I'oodgra in production declined somewhat fromi tile pre
gr'een-revoflli o period ( 1949/50-1964/65) to the first half' of' the green-revolution 
period (I 967/68-1975/76). but I'roi tile I rst to th cm,,onld half of the green-revolution 
period 1I975/76-193/M4 the growth i ie nowed a modest acceleration fron 1.9 
percent to 2.5 peienlt a year. The overall growli rate for 1949/50-1983/84 was abotl 
2.6 percent. This shiow,s that the growth rate of 'oodgrain production has recovered and 
is b,_ing sustained. 

Comparing tile period of the early 195 0s to mid- I 960~s with the mid- 1960s to early 
1980s, there was a sharp decline in tile latter period in the growth rate of food grain area, 
indicating its declining potential. Yield-based gromli, however, has sharply increased 
in importance, contributing over 9) percent of the growth in production during 
1975/76-1983/84. Analysis shows that most of the yield-based growth came from 
wheat and rice--particularly wheat, whose average yield incr,:sed two and a half times 
hetw'en tie early I950s and early 198%fs. At the national level, growth in the yields of 
individual crops has been of major importance behind the growth in overall yields and 
production of f'oodgrains. This indicates the criticality of policies for sustaining yield
and(] technology-based growti in the future. 

Ii 



Growilh in food.rain prodliction slhws inuch regional di\,ersity, but this is chang
ing. Tlhe rapid growth ill the Northern region continues to accelerale, driven byincreasing wheat and rice yields and diversion of area from coarse grains and pulses towheat and rice. In I 975/76-1I 983/X4 the Utitar Pradesh region showed a large increaseill the growlh rate of prodtction, thus nfiling it almost the level ofto the Northernregion. This wis Also Sulbstaiitlliv due to increases in wheatt and r-ice yields anddiversion of area rom coarse c'reals anod pulses to wheat and rice. The Central region
also shoved it increase in tilie product l roln\h lait.,rill ill period, distribted 
over wheail, rice. ald coar' cereals. 

On the other hand. tle WVestern. FIa~Crn, and Southern re,,ions showed (.cclining
gr-owth rates 0f 'oodiraiil produtlion. The \VCstern regiOnls declie appears to benlainl\ dlue to poor raiiall duriuc I975/76-1983/84 and possiblv to little new, prnhlisinc technology Ior the d"yland acroclinatic regime . The Soulhern reL ion's decline wasl a rgely dLIC to diVersioI of aiea ,wav f'oodrais--its vield crowlh slavedr from 
chanced. The Fastern region's growth rate contin uled its dc,.cine turning negative 

ll-
inthis period, hut tilt' Vield 1roi'i rate 	sho\Vd a small upturn. A CoitnnIO feature ofloodgrain productiol ill these tllree rcihos is thllt [he vrowth rates of cereals declined

sharplv, whereals tile urowth rat.s of pulses remained retlatively hligh anid p)ositive. The 
thatro, ill oi P'oductionnilivsis Shovwsu, 	 pdra,,n now coms fron I wider recionalhase than .justlte Northern region, that it is crilically ;eld-Iilsed, and that the recentacceleratiol appl-ears to he ass)ciated suhstantiallv Vith rapid increase ill Input use,pirtk	ilcl',ry ILrtiliiers.
 

Examinlatiol of all-India input 
 use levels shows laige increases in recent years.Among file major inptst, irrigation (gross irrigated area) sinows a relattively steadyincrease, Mid high-yielding varieties (area under II YVs) shows a 'ery impressive
gro\th itil mid- I970s and thente some deceleration. Fertilizer use shows substantial acceleration in the late I970s and early I98(s. Analysis indicates a decline in theaggregate input producli ilies het\\ueni969/7(0- 197 1/72 and I981/82- I983/84, apparentlv beginning ar mmd I977/78. The deline ill input response, parlicularly aggregate
fertiliter productiv.ity. Ina\ he (ue in part Io persistent concentration of input Iuse insOnile ;aresi. al(I poor. lilaliataellilt ltward maximizing response in olhers. This calls for
considerable attention lrom hoth policyniakers and researchers. 

lnro ih earlyl950 to the carly I .81)s, the per capita availahility of foodgraitnsfor aitlan ohcm)ts,,tJnFtio a th1ree-' ear nlovimlc "iveracu basis. has l'luctuated within Inarrow had of1 15(0-I 7( kilocraints a year. \with a slitltistically insignificant trend. Thus,
Il'gt(f,,rain pro-Odutioll 1,tll seems to have been largely absorbed by populationgrolth redLutIion Ili imports. aid ; icrease in1stocks. National Sample Survey

Sllllhtion1 dll indicate 	
con

atslall inm ovement in the distribulion of' total expenditure
<incoitte be, . eeii I977/7.8 aid I 983 in hoth tile rural and urban areas, and between thertrl and iibiia r-eas. For (lie pt)oir Pjpnq~htlior_,, the data indicate Illalt fOOdgrain constptlnli of lie rral httom quartile rose sone\al hetween 1970/71 and I983, hutthaL o' the ur botilo wash10n quartile \ irtually' stgnlant. This is associated with a smallincrease in the real t tal expenditure (incomeI) of the rural bottom quartile but near
 
l-nalio ill th1t 
 ni tile urban botltotl quartile. The posilive fflect of levelopment oil[lh 	 rural'ill hOlol ,uartile. though, seems to have been partly annulled hy adversemuiovement ofl rclati\, Ieoodgrlin prices. Item.1o1I 

The 	overall ilcotme elaslicities of fotdglmain demand are estimated to he 0.48 for
rural. 0.23 f'or urbai, and 0.42 for urlional [hut elaticilies differ sharply by quartile,heing, close to I .( lor tile hottOiii qulriles and about ( .1 for the top quartiles. Viewedin conjunction \ilh the income gilwthipallernls, these figures indicate that a major 
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reason tor India's direct foodgrain consumption not increasing more rapidly is that 
developenl appears to have had too little effect tin raising the incomes of die poor. 
who have high nicnfle elasticities of demand for loodgrains. 

road calculatiots and experience from other developing coUlnltries indicate that 
demand for annil l'udgrais may rapidly becolec a major component oi growth ill the 
total demand for !oodgrains. Livestock oulpttl gre at a rate of' 4.33 prceut a year 
hbet\%een 1970/71 and 19X4/X5, and sLuch a trend laly result in a derived demand ero\vth 
of 5-6 percent ayew' lor fcedgrains. 

AssUliine suhstrmntial goveriient emphasis on agricultulrC. it is possiblC that past 
pCrformameCC in prloduction may be e\tended into the ftrLe'. Region I", region, crop by 
crop, area and yicld proie,'tiolls o foodugraill prtductioll. hased on gro\ th ratcs lrol 
1907/0,, to 1 ,.X3/84\\ ith stle lccessary restrictions, show that the total produc'tion of 
f'oodgrains in India b\ the vear 2(1) nty reach about 221) milion metric tols. I)ifler
cnt. lirc' Lggricr.ett y methods of proicc'tion indicate possiolc f'oodgrain+producotn of 

21(1-215 million tons b\ y'ear 2)0). lchiccmnct of' these prOduicti0n levels Will. 
however. he a formidable tlask and to require ltI1) lectares ofis estil.atCd million 
irrigated area. 21) million tons of t',rtili/er (NIPK) use a vear. :1ml produtliol aid 
distrihution)'of0 million 1ton1s of'I MY and improvCd sceds. 11 will Also requirC a 
substantial gVerlilllllllt conlflitIllelI t0 tcCh10lo1gV-hasud grMvth ill agriculture. 

On thelconstillption side. thelstudy Imlade particular efforts to examinC the implicia
lions of, the will objcctivc, set hy tIle In dian planners ---acceleration of economic 
growth and elimination of po\cr. I 2001(. Resulls showed that the toodgrail con
sull 1ptiol (dellanld) oltcome i11 2)1)1) call var from 20 to 241 million tons including 
seed. feed. ("ther uses, and astac. The analvsis shove d that the development outconle 
could Make a largC diffre'nce ill the foodgrail situation in 2(0. ranging from India's 
becomling either sClf-sulficiCnt Or surplUs in lodgrains to bec'oniing significantly 
deficit an]d ;an importer. '[hC etimlatCs shov, ill particular, that acthieving the twin 
ojectives is likely to hlavc a suh.tantial impact oil thl demand for lThiderains.his will 
call for unrelcntinle, cfforlts to increase foodgraiu prolidction and pr~dUclixitv. But even 
a remarkablc perfrormancc on the pmlrdtctiOm side. amoutinting I+to a 2.8 percent a y'ear 
growth rate ill fo(dgraiu prthctioi comlpareid With 2.6 percent in thle pist, mvay still 
leave a large s ppl. -demand gap and a si/able ced for imiports. This will ill ttrn call 
for an open mihnd toward import,. political cotnragC It make them, and an appropriate 
economic slrategv to support tlhem ift acceleratiom of economic growth and poverty 
alleviation arc to he achieved. 

13 



2 

INTRODUCTION 

In the past 25 years the loodgrain situation in India has undergone substantial 
change. Fromia position of growing shortages in the mid-1960s, India became able in 
the 19 80s to produce enough to meet itscurrent demand and sometimes generate a 
small surplus. This sh ift has led to a growing complacence in some quarters, but 
concern ill others. about severI utinderly ing features of product ion and consumption
that may make the present position difTicu ltto sustain over the years. This study
addresses growth and patterns in India's foodgrain IIproductio and COlnSuIlllptloll along
with some of tile major f'aclors inl'liencing them. It tlhen examines how production and 
coiisumptlion are likely to change in tile futunre and what tile state of foodgrains might
be uider alternative scenarios of growt' and development. 

Ini allearlier IFPP I report, Sarma and Roy (1979) examined the data oilpro(duiction,
availahility, and corisiipion ot tooderaind, in India during tle period 1960/61
1976/77.1 The report raised concerns abo ainapparent stagiiat ion or (feclIiiein the per
capita Collsuillption of f'oodgrains in the coulNtry. Th e perforniiance of lildian agricuLIire 
was reviewed iii another IFPRI report (Saria i98 1) wh icI coicIided that tihe new 
strategy of agrictitullural produLction based on hlit-yielding varieties (IIYVs) did con
tribute to the growth in foodgrain productinn and product ivity. But. since this growth 
was confined largely to wheat and irrigated areas, its overall inpact ol aggregate
toodgrain production growth was Iliied. Another IFIPRI report (Paulino 1986) exam
ined past global trends in produocti O and consunmption of* major food crops il tlhe 
developing countries at the overall ianld Country group levels, llnd projected thel to 
20(0 to identify lie emergirg gaps between projected output andi estniated demand. 
Trend analysis of )oodprodt,2tion and corIsuiptioll was alttellpled by Paulino and 
Sarnia ( 1988) at tile couitry'level for Iwo major countries, Nigeria alnd Brazil, in 1986.
 
Wilh Ihis background, tile present work atteinpts a detailed study oi loodgrains in
 
India. 

Ill past literature onil Indian agricultuial perlorniance there were coiceriis in tihe
early 19 80s about i possible deceleration ill tooidgraniii prtitducltion (Alagh and Sharma 
1980: I)esai and Nam nhin 1983). Mehra ( 198 1) anti Ilazell (1982) examined the 
tlrV:stioln of instahilitv iln foodgrail productioni and found thin instability had increased 
afler tlhe ureen revolution. Blialla and Alagh (1978) sttdied the growth rates at the 
district level between 1962-65 ard 1971-73: their main findhiiiwas that t le yield effect 
was 
tile nmajor coilppioent ot griwth iniost olthe 48 high-growth districts. Dev (1985) 
extendedtlis analysis to 1975-78. More recenI,, Bhalla and lyagi (1989) have 
examined growtlh in agricuI tire at the district arid statc levels using averages of 
1962/6- -1904/65, 1970/7 I- 1972/73. and 198 1/82- 1983/84. They exarinirned spatial as
peels of association between growth and iiodern illpitlt and changes in regionaluse, 
coniiccrit rationii. 

I rel..rcnce to pOidticiZoui. alca, and yield, the spliti yc'rs Sicti w t1983/X4 relcr to Ih crop year from Jhily
1983 to June 1984. The vmailahilil\ dla rtalle to cale/dlar Nears. The outpui of agricullural xear 1983/84 is 
treated w4av'ilahle lorconmUlplon incalendar \ear 1984. 
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Narain (1977) .Utdied tile growth rate of' productivity by decomposing it and 
segregating the effects of changes in cropping pattern and the spatial shifts of crops. 
AlthouchL the con tributiol of new technology to the acceleration of wheat production 
is well recounized, there has been some cont roversy over its contriutiloll to overall 
foodgrain and ag.zriculniral production (Niltrit 1968: Minhas and Srinivasan 1968: 
Srinivasan 1972. 1979: Rao 1975: Rudra 1978; Dantwala 1978). Dantwala found that 
the IIYV technolocy brought about imfprovement in the p'oductivity of 
cereal crops, ut it', overall effect On foodgrain fproduction, especially wlhen evaluated 
in per capita terms. is lot significant. 

Trends and projections for foodgrains ill India have also been ide by a nuiber of 
national ati internltional orcaniations such as the National Commission on Auricul
tire. the World Bank. and the Indian Planninu Commission. These stuldiCs, however, 
were iuilv basid on anals'sis of national a.Cure ate data. A study (II:RI 1984) that 
examlined Asian l)evelopment Bank COtlllries. including India. also falls in this category. 

The prCsent slLd exlends l RI s trend analysis to policy research for foodgrains 
in India. It uses national data disa'.Cerecatet illto r'eions and relevant lile periods oil 
the otptut side nd in to rural anid Urill ael', atid inlcome1t 2'OlipS Oil tile deilaind side. 
But the primary f'ocus is on policy research based o tile 'oll.owing LLCstionlS: [las tie 
trend in India", l't toderainipItitructi,:Qm dcCCelerted in recent years? What has been the 
perform~iaice of diiferell regions i ; ,ifferentl crops and how has it changed over tite'? 
What his,1.,h c the contrihition of area. yield per hectare. and the cropping Patterl oil 
tle one hand and inputs such as irrigation. I IYVs. 'ertilizers, and rainfall on tile other 
to the illCerasC ill pItlictiH ' Ilas there been any decline ill tile prodlctiVity of yield
increasint, inputs over lime? What IvC been th ttrends in tile cOnStlltiorn of food
crasin, over time in rural and urbnaill s? ]I light of this analysiS what are the 
prosfpect", l'or rov, ill ill l'oodirin ottt by 20(0). and how does tile projected level of 
prOductioll mpare With the likely level of constiflptiOn in that year? What would be 
the iniplications ftor 'Oodurains of' the objectives of' faster economic growth and elinii
natin of ipo ertyv envisagcd in tile Perspective Plan of the Government of India (India, 
Plaijninc Commission 1985. vol. I, chap. 2). 

The total tu'ograplhical area of India is about 329 million eictares. of which learly 
47 percent is cultivtCd. The ioss area under ftoodLeraiiIs ill 1983/84 was estimated at 
about 131 million hectares, or nearlv three-fourths otfthe gros:, cropped area. Food graill 
output ill the saime year a,iis152 million metric tios.- giving an average yield per 
leclare of' about 1.16 tons.: Ahout 31 pe:cent of tie area under foodgrains was 
irricated. and aruntd 54 million uectares wye covered hy I IYV cCreals in 1983/84. Thle 
total consumtlion ofl chemical fertilizers was 7.7 million tois (NPK), of which 60 
percent was endogenously piroduct'd. The share of ftoodgrains ill fertilizer use is 
estimated at aoouit 75 fperccnt. The estimated midyear poriulation of India in 1984 was 
736 million, of , hich about 77 IlcCnt were ill tile rural areas. Tile total net availability 
of IfOodgramins. eceluding the allowance:s IOr Wed. te'i. a1t wdastaC. awl ilcuding 
ilports :1td changes illgovertnent stocks, was about 129 million tons, giving a per 
capita -ivailabilil' of 175 kilograms in that year.

Chapter 3 examines tile trends and chan rs ti coarserduction of rice, wheat, 

cereals, pulses., and t,'tal lotd.rains at tile all-ilndia aggregate level and at tile regional 

2 All loon, in thi,. Il <l)( MCeIC1L. it ['l",. 

I-0t0 !rdil, iclIle Wi' . .k hem. ll1aize. .,irglinl. hairap. r,'vi. small millet,., harley, gram. and other pulses. 
The area aind 0ipul dala relale ti cloj yealr July i JIne. t videdt in ahrilald abli seasols. 
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level.*' The time span of the analysis, '949/50-1983/84. is divided into the pre-green
revolution period (1949/50-1964/65) and the green-revoluLtion period (1967/68
1983/84).5 [he second period is subdivided into two subperiodS., I 967/C8-1 975/76 and 
I975/76-I 983/84. The Counot ry is divided into six regions, Northern Uttar Pradesh. 
Central, Western. Eastern, and Southern. mainly on tile basis of geog'aphical location,
agroclinatic conditions, cropping pailern, and approximately equal shares illtotal
foodgrain pr'oducti oi. 

Input productivity an1l production behavior of f'oodgrain output are examined ini 
('hapter 4 using respo'ise coefficients, factor aMNlysis, and production function anav
sis. Al aitenipt is made to find tile timing and magnitude of' the change in input 
proLductiViies id0t separaie the efecIs of fluctuations in rainfall on prOiduction by
using a specially constructed all-India foodgrain rainfall index. 

Chapter 5 examines the changes over time in pet Capita availability of' foodgrains
for human consumption, based on data from tile Ministry of' AgiACt1ilire., arid in per
capita diirect consumptio. using National Sample Survey data. Changes in the patterns
of' collsllion are also exlamined. AllelativC SClaliOs of' pr)rdtIhOL[ion an)ld cOllSullp
tion in 20)0) and tile resltibi SLipJ)ly-deiuand balances are discussed in Chapter 6,
while Chapter 7 reviews the important conclusions of' this stltidy and their policy 
inplications. 

Coar,. cerea S include laifc . sorghumn hIb i id barley. Rice. wheal. and coarse,i',. ragi. small millels, 
cereals iigether t rn tihe cereal, groulp. 
'The \ears 1965/00 and 1966/67 w,,erehighl 
abnormal drollhl years and hence were Ill incltuded in ihis 

anal\ 
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3 

TRENDS AND CHANGES IN
 
FOODGRAIN PRODUCTION
 

The past perlorniance of the growth in foodgrain production in India is examined 
here in the aggregate and with sonlc principal underlying disaggregations into time 
periods, major crops, area and vield, and six major growing regions. Examination of 
the overall aggregate fitnc-series data shows that, with some fhtLc tuat ions. and possibly 
wi, chances in contrihu tor' lactors, the long-term growth of l'oodgrain produOct ion has 
been sustained at ahout 2.6 percent a year for over three decades." Analysis indicates 
that about 30.t) percent l ilis growth came from area increase and about 70.0 percent 
from higher yields peri hectare. lhiis shows that yield increase has played a major role 
in the growth of l'oodgrain production, and policies to sustain yield growth will be 
crocial for the future. 

The initial rapid increase in cropped area continued until the early I 960s (TFable I). 
Of the total increase in average gross cropped area fronti 97.3 iiiillion hectares in 

Table 1-Area, yield, and production of foodgrains, 1949/50-1983/84 

Three-Year Average 
All 

Coarse Food
Item/Period Rice Wheat Cereals Pulses grains 

Cropped area (million hectares)
1949/50-1951/52 30.5 9.7 38.3 18.9 97.3 
1962/63.1964/65 36.1 13.5 44.2 24.1 117.8 
1967/68-1969/70 37.0 15.9 46.9 22.0 121.8 
1981/82.1983/84 39.9 23.5 41.7 23.4 128.5 

Yield (kilograms/hectare)
1949/50-1951/52 763 688 464 501 587 
1962/63-1964/65 1,014 812 557 471 708
 
1967/68.1969/70 1,060 1,160 577 518 790
 
1981/82.1983/84 1,332 1,784 746 517 1,076 

Production (million metric tons) 
1949/50-1951/52 23.3 6.6 17.8 9.5 57.1
 
1962/63-1964/65 36.6 11.0 24.6 11.3 83.5
 
1967/68-1969/70 39.3 18.4 27.1 11.4 96.2
 
1981/82-1983/84 53.3 41.9 31.1 12.1 138.4
 

Sources: Based on data from India, Ministry of Agriculture, Directorate of Economics and Statistics, Area and 
ProductionofPrincipal CroDs in India, various issues (Delhi: Controller of Publications, various years).

Notes: 1965/66 and 1966/67 were highly abnormal drought years and therefore have been excluded from 
the analysis. Part, may not add to totals because of rounding. 

t tire production cstiniitl,, 
and 19)66/67 wkere i lvdled. It a diinurum+ uuein,,ol(these year,, thange 

[it conipiitinp ti', hl w-teri pro\% ral r the abnormal drouight years I965/66 
i, u,,d r the re,,ullinug in tile output

gru.%tth rate iNmargiinal. lrmi 2.5643 percent v.ithout the iliiniy to 2.5586 percent withv the dummy. 
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1949/50-1951/52 to 128.5 million hectares in 1981/82-1983/84, two-thirds came dur
ing the pre-green-revolutionl period, that is. ilp to 1962/63-1964/65. With the green
revolution (beginzning in 1967/68), tile major source of growth became the yield, and 
almost tlree-fourths t the ove"all increase in average yield-rortm 5F7 kilograms in 
1949/50-1951/52 to 1.076 kilograms per hectare in 198 1/82-19;3/84-Occunred after 
1967/68. TlItns. over the yearnS there has been a change toward increased importance of' 
yield-hased grotli. 

Ba~ed on tlhree-year averages amon tLe crnla, \\leat phyed a very important role 
in raising foodgrai production. The yield or per unit area productivity of wheat at 688 
kilograms per hectare was below that of rice at 763 kilograms pe hectare (measured as 
milled rice) in 1949/5- 195 1/52. I lowever. the productivity of wheat rose more thal 
tw,,o and a half times and by 1981/82-1983/84 reached a level (I.784 kilograms per
lectare) substantially higher than that of' rice (1.332 kilograms per heclare). From the 
begiring of the green revolution, averge yields increased by 55 percent for wheat. 25 
percent for rice, and 30 percent for coarse cereals. The average yield of pulsesremained relatively stagnant at the all-India level. Thus the yield-based growth 1fthe 
greeIl-revclution period \\as stbstantially due to wheat, with smaller contributions 
I'rom1 Ic-ie and coarse cereals,. and almost no contribution from puises. 

It is iIporlant to note lhat tile area tulder wheal aIso rose nearly two aid a half 
times front 9.7 million hectares in 1949/50-1951/52 to 23.5 million hectares in 
198;/82-1983/84. substantially enhancing its contribution to pro(duction. The area 
under rice., coarse cereals,. and pulses increased relatively little, especially after the 
green revolution. The annual averr ge overall 'oodgrail productiol in India increased 
rfron 57. I million tois in 19-19/50-1951/52 to 138.4 million tons in I981/82-1983/84. 

a lairly imtpressive increase of 142 percent. About half of this increase, to which rice 
contributed 40 percent arih wheat another 30 percent, came before the green revolution. 
Between 1967/08-1909/7(1 aid 198 1/82-1983/84. wheat cortributed 55 percent and 
rice 33 percent of' the increased foodgrain otoUtpUt. which grew at an averace rate of 3 
nillion tons a year. 

;ivei the large differences il yield as well as changes in area under different 
crops, particularly rice. .heal, and coarse grains (coarse cereal s plus iulses). it was 
important to at least rmMdly investigate which part of the large overall increase in yield 
came frot \what can be called the 'ure yield effect' (see Narain 1977) and which part 
came frorm the "'cropping pattern effect.' The analysis was carried out for fine grains
(wheal and rice) and coarse grains (coarse cereals and pulses), foloowing methodology
described in Appendix I. The results, based on all-India data, show that ill the pre
green-revolution period as much as 97 percent of the yield increase came frori the pure 
yield elfect, and only ahol 2 percent came from the cropping pattern effect (Table 2).
In the green-revolutiot period the share of the cropping pattern effect rose to II 
percent. but tile share of tMe pure yiel e!fect remained high at 83 percent. Ile analysis
shows that even though cropping pattern changes catt have a large effect on yield
increase (arld possibly did so ii some regions). the all-India yield increase seems to 
have been driven substantially by pure increases in the individual crop yields. This may
ill part be because of rigidilies Or account off basic agroclirtalic corditiots as well as 
constraints from colsurnrpiotn patterris that riy have inited the cropping pattern
changes,. Ihe analysis indicates that. within tIte importarnce of yield-based growth,
itiput-based purre yield grow%th for ..each major crop may be of considerable signlificance
in overall grot h of yield and production. This may call for a research and extension 
focus on each of the mtajor crops. 
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Table 2-Decomposition of yield increase into pure yield effect and cropping 
pattern effect, 1949/50-1983/84 

Three-Year Averages 

1949/50- 1962/63- 1967/68- 1981/82-

Category' 1951/52 1964/65 1969/70 1983/84
 

Area rmilion hectaes) 
Fine grains 40.1 49.6 52.9 63.4 
Coarse grains 57.1 68.3 68.9 65.1 
All foodgrains 97.3 117.8 121.8 128.5 

Yield (kilograms/hectareI 
Fine grains 745 959 1,090 1,499 
Coarse grains 477 526 558 664 
All foodgrains 587 708 789 1,076 

Area share (percent) 
Fine grains 0.4126 0.4205 0.4342 0.493 
Coarse grains 0.5874 0.5794 0.5658 0.506 

Change in area share (percent) 
Fine grains ... 0.0079 ... 0.059 
Coarse grains ... -0.0080 ... -0.592 

Change in yeld Ikilograms/hectare) 
Fine grains ... 214 ... 409
 
Coarse giains ... 50 ... 106
 
All foodgrains ... 121 ... 287
 

Pure yield effect (kilograms/hectare) ... 117.45 ... 237.17 
Pure yield effect (percent) ... 97.22 ... 82.79 
Cropping pattern effect (kilograms/ 

hectarel ... 2.08 ... 31.40 
Cropping pattern effect (percent) ... 1.72 ... 10.96 
Interaction (kilograms/hectare) ... 1.29 ... 1.07 
Interaction (percent) ... 17.91 ... 6.25 

Sources: Based on data from India, Ministry of Agriculture, Directorate of Economics and Statistics, Area and 
ProductionofrincipalCrops in India, various issues (Delhi: Controller of Publications, various years). 

Note: Methodology is discussed in Appendix I. 
'Fine grains are rice and wheat. Coarse grains are coarse cereals and pul-es. 

All-India Growth in Foodgrain lProduction 

in tilerecetlt literature onl Indiall i.t rctlltra.ll Iperloriance, there have been serious 

concetrns about a possible deceleraotion in tile growlh of I'oodgrain production in (he late 

1970s and early 198))s (,,cc A.lah an(l Shartna 1198()]I. Desai and Nainboodiri 119831). 

Later data pernit a crilical reexamination ofIthis issue. [-or this pt.rp)o1se. the period 

1949/5(0-1983/84 is (livided into Io toperiods. I )49/5()-I1904/65 (helore the Green 
revo)luliot() and I 967/68 - 1t983/84 (thc ureen-revolulion leriodl) 7 , and the latter period 

is further divideo itto Iw( equnal stthpriods: 1967/68- 1975/76 and 1975/76- 1983/84. 

Analysis shows that compared \with tle pre-green-rev oluiion perioti. growtlh rates 

inl toodgrain output inl 119)67/68- 1975/70 were lower, at 1.9 percent a year. but inl 

1975/76-11)83/84 grotwlI accelerated to 2.5 percent a year (Table 30.The drop in the 

tLtt[1lie\ciI 1965/06 and I1') 0/( 7 \ etc sear,, of thn nil dtt and havc been un tied froll tie grtx~ll 

rate Llcul;ulliutI. in tilltr, w tt't. 

' ('0tttp1tit olh l l )c yl'O.,,l Ct) prodtcttion ,ll,'re factor',CM1e lueLI!.atiOtnS 

istlillntult. l) ltD upoit henc o tle lri{d co.cred. it, eginning and clud points and lhe 
lt r.liof rle., ill -Ltt)tIl M1nu;.iA 

t ittn tle lhtl h 
L(.ttt tlhtiol ttlnul ol gro.Ilh diller greal[y. c\en alter the protducltion data are adljusledh adthpled, the rateN 
tor ciantes Ill 1OsertLe antd tIttlhdt, ,illtot ct l. 
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Table 3-Growth rates in area, yield, and production of foodgrains, 1949/50
1983/84 

All 
Coarse TotalCategory/Period 	 Food-Rice Wheat Cereals Cereals Pulses grains 

(percent/year)
Area

1949/50-1964/65 1.34 2.69 0.89 1.30 1.87 1.411967/68-1975/76 0.67 3.20 -1.07 0.31 0.77 0.401975/76 1983/84 0.22 1.94 -0.46 0.31 -0.32 0.191967/68-1983/84 0.62 2.71 -0.83 0.39 0.42 0.391949/50.1983/84 0.91 2.82 0.07 0.84 0.33 0.74 
Yield
 

1940/50 1964/65 2.23 1.27 1.25 
 1.77 -0.41 1.4119Q7/68 	1975/76 1.21 2.18 1.35 1.90 -1.27 1.501975/76-1983/84 1.75 3.72 1.14 2.45 0.11 2.281967/68.1983/84 1.59 2.88 1.84 2.41 -0.21 2.141949/50- 1983/84 1.52 3.12 1.40 2.04 -0.13 1.81 
Production 

1949/50-1964/oS 3.49 3.99 2.16 3.09 1.44 2.841967/68-1975/76 1.89 5.47 0.27 2.22 -0.51 1.911975/701983/84 1.97 5.72 0.68 2.77 -0.22 2.481967/68 1983/84 2.23 5.67 1.00 2.80 0.21 2.541949/50-1Q83/84 2.45 6.02 1.46 2.90 0.20 2.56 

Sources: 	 Based on data from India, Ministry of Agriculture, Directorate of Economics and Statistics, Area andProduction ofPrincipal Crops in India, various issues (Delhi: Controller of Publications, various y'earsJ.Note: 	 1965/66 and 19066/67 were abnormally severe drought years and therefore have been excluded from 
the subperiods. 

OUtptLl 	 griwv ['tIle in I967/68-I975/76 can he jlarlle I aillrihited to a drop ill lhe area 
gitiwlh rate. hut in I975/76-I 983/84 the growth in yicld per heclare acceleraled flronl 
1.5 percent to 2.3 pericent, therehv conipensatit for the declinitg growth in area 	uinder 
f'oodgraitts. h]]u<s. ontrr,1'V It tile coticerns about deceleration, there appears to have 
been sonic acceleration in l'oodgraitn l)roduclinn Iroli the litrst to the second hall* of the 
green-revolution period. MIore rocent prelititary data slihow that Ifor the succeedine 
tlhree years, ftodL itin production hroidl hovered around lhe 1983/84 level (l" 152.4 
Million Ions. 

The difference in production urowth rates between 1907/68-I 975/76 an(l 1975/76
1983/84 when tested h a ('how :-Iest is ltnt statitically sitznihcant. In this Connection,. 
Mellor (19881 has tnted that there are iisurniountahle stalistical problens in detecling
and suhslailliltinel, small chnlies ill the riales of ,.roIwlh of ;aricullltura.il production. 
Yearu-In-Neatl %kCalhC-itilducCdHlticaitiotil inl production are very larte relative tolthe 
econotilically sieniliuicanl chalies itt the trend lial are inipotrltl to detect. Choosing ai 
period with a fek tinte -,ood or Iad Neaits al either elld in timei esC cSnilt uhSaitiallIV 
alter the results. This is illustialCd l t a tleh I Cellor 1988, 06) oil which 	 Mellor noles 
that at alternitive v lld be In c0Li)telC rowivltt rales ol across peaks and tl'Ouighs ill 
productiotn that arc selecled f*or Cquiviltcl. itn '. eathier vtriahles. For ikslaice. til this 
basis Mellor lintds at growth nle as high as 3.0 ier ent wetkeen tile excelletni years of" 
1971/72 and 1983/84. [sine ihis approach, lie states that tiellloodgrain prodctinCitll
growth rate itn India may have icclclrated hl\k eettn tlhe ll id- I 9i0s and mid-I 980s frotn 
sonlewhlat under 2.8 percent to alout 3.0 percet. The findings ill the plest.'t sltudy
slhstantitile this iccelellration linilig tilne-series LirOWllh rilt . 

"Theaialysis here also shows that there are large dilerences in lhe vrovlh rales 
across different crops 'iable 3). Between 1967/68 an(l 1983/84. wheit outplUt grew at 
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a rate of 5.7 percent a year, which is more than double the overall growth rate in 
t'oodgrain iiotiLt. Both area and yield per hectare contributed almost equally to this 
growth. The nrc-reen - revol it ion growth rate iin wheat was aronnd 4.0 percent, to
which area contribtled ahont two-thirdS he ro,,Vth in rice outpLit , .5 c.nt 

hCt'orC the Li ecu rCvoIlution and in I1)67/68- 193/84 was 2.2 percent. of which 70 
percent ,.I, coiI rihteltd by yield groMwth+. The output t coarse crcals waS rising more 
Slowly. There was a declinc in the area uinder coarSC cereals in the green-revolution 

d.ri.hnt this ,'as llore than compensated for by the yield inc'aisC. Pulse prOductioin 
coll.ltund to he stalnat. The overall rae o' increaIsll 1i'l Under l'oodgrains between
 
I967/0X and 198.3/X4 \was less than 0.4 percent a year, which may continue into the
 
Iltre. This impIiCs that Iutrc incrCases in production will necd to come largely from
 
yield increasC.
 

The lon-term i 1949/5)-19X3/X4) growth rale in I'oodurain prodtiCtiOn camC to 
more than 2.6 percent. to which wheat contribnted a laree share with a prodnction 
erowth rate Illore thanl OA percent, 'olloved by rice at about 2.5 ,rCeint. About hall 
of the .ro.th inl ', heat productioi Came f'rom its area grovth. (.iven the Slow rowth 
in overall I'ood,_lraiil area. this indicates an increasing share for wheat, mainly throLgh 
sustittioll iW\ 1 1co'rC CITals to0 wheat. ProdJuctionI ('toarse cereals grew ellor 
solv at abont 1.5 p,.rCeu. prrimafily (Ic to Vield gro'WtI. wCiCas pIL:,;C:, showed a 
t ro\ th rate ol only (.2 Per.cent with I negative yield growth rate. Slow grw.,'th in these 
crop". particutlarly when dCmald fatterns, ,.cannot change. begins to he ref'lected in their 
relative price, and thi,, iS increasingly apparent for puilsCs. Coarse cereals may follow 
suit if fCCdUrain demantId increassC, loor Lrowth in coarsc cereals also affects agricul
tur'al rl\ th in dIvland recions. .vhcre they continue to be the Principal crops. 

Regional (rowth in Ioodgrain Production 

India has+ suhstantial regional heterogeneity in many aspects such as agrocl imatic 
cond(itionls, resource e'ndo\wmets. developnCt. and cropping patterns. Agriculture 
therclore varies Sk.i.enificantly :crOS diffCrClt parts of*the cotuntry. This diversity makes 
it mneaninftul to div ide the country into regions for examination of production perfor-
Malice. Such divi,,ion also makes possiblC a SMtudy of underlying1 regional pcrlormance 
ovCr tillC. coHliparis of PlOt.'lit(l growth across ioCnit1s, ald Crop prfftoriiance 
%% cCion,, which can help address important issues pertaining toithin and acrs all of 
tle etetlll and iatlure of regional concentration of' growth and its persistence. 

)ivision iiiho IRegions 

The 31 stale and union territories of the cOLntlry have been grouped into six broad 
recions: Northern. ['tiar lPrad'jSh. Central. Western. Eastern. and Southern. The criteria 
adopted or this, grotupi ', crc geo-'gtlirap hic l iolation.aeroclimatic cotnditions, cropping 

patlern. al( division of the total hnIulgrail iiPrOdtction into smn0e\what Cqual parts. The 
composition aid illrPtalt c.'haraIctristics o*f the rctions are Shown in Tables 4 and 5. 

hlie Northern rciion. conskitin of the far northern states and territories, contrib
tled ahtt 10 percent of' the a ll-Idia loodgrain produLtioiI in I9X0/8I with a share of 

only X Percent in I'oodgrain area. giving it a relatively high average yield of 1.9 tlons per 
hectare. Wheat predomlinates ainguIf'oodgrains in the fregion, with a 5X percent share 
ol' f'oodgrainlproduction. 
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Table 4-Composition of regions and regional shares of foodgrain production, 
1980/81 

States and Union 

Region Territories 


Northern 	 Punjab, HaryanaJammu and 
Kashmir, Himachal Pradesh,
Delhi, Chandigarh 

UttarPradesh 	 Uttar Pradesh 

Central 	 Madhya Pradesh, Rajasthan 

Western 	 Maharashtra, Karnataka, Gu
jarat, Goa, Daman and Diu, 
Dadra and Nagar Haveli 

Eastern 	 Bihar, West Bengal, Orissa, 
Assam, Tripura, Manipur, 
Meghalaya, Arunachal Pra
desh, Nagaland, Sikkim, Miz
oram, Andaman and Nicobar 
Islands 

Southern 	 Andhra Pradesh, Tamil Nadu, 
Kerala, Pondicherry, Lakshad. 
weep 

All India 	 ... 

Relative Share ofCrops in 
l'oodgrain Production 

Share of Coarse 
Share of Foodgrain Cereals 

Population Production Wheat Rice and Pulses Total 

(percent) 

6.8 15.9 58 25 17 100 
16.2 19.2 54 22 24 100 
12.6 14.6 29 22 48 100 

19.7 15.7 12 26 62 100 

26.0 21.7 II 75 14 100 

18.7 13.0 ... 74 26 100 
100.0 100.0 28 41 31 100 

Sources: 	Based on data from India, Ministry of Agriculture, Directorate of Economics and Statistics, Area and 
Production of Principal Crops in India, various issues (Delhi: Controller of Publications, various years);
and India, Mihistry of Agriculture, Directorate of Economics and Statistics, Indian Agriculture in Brief,
various issues (Delhi: Controller of Publications, various years).

Note: Parts may not add to totals because of rounding. 

Table 	S-Regional foodgrain yields and shares of area and major inputs, 
1980/81 

Yield per Gross 
Hectare of Cropped Area Under 

Region Foodgrains Area Foodgrains 

(kilograms) 

Northern 1,940 7.8 8.4 
Uttzr Pradesh 1,219 16.0 16.2 
Central 627 22.1 23.8 
Western 803 23.0 10.9 
Eastern 1,061 19.0 20.9 
Southern 1,227 12.1 10.9 

Area Under
 
High-Yielding 


Varieties 


(percent) 

16.2 
20.5 
11.7 
19.2 
17.9 
14.5 

(kilograms) (million hectares) 

All India 1,023 162.2 126.7 43.1 

Fertilizer Irrigated
Consumption Area 

19.1 19.6 
21.3 22.9 
6.2 	 12.5 

20.9 13.2 
10.8 15.6 
21.8 16.2 

(million (million 
metric tons) hectares) 

5.5 49.6 

Sources: 	For area and yield, India, Ministry of Agriculture, Directorate of Economics and Statistics, Area and
Productionof Principal Crops in India, various issues (Delhi: Controller of Publications, various years);
and for fertilizers, high-yielding varieties, and Irrigation, Fertilizer Association of India, Fertilizer Statistics 
(New Delhi: FAI, 1985 and 1986). 



The state of Uttar Pradesh, which because of its size and total, production is here 
considered a region by itself, colntnrilbted almost 20 percent of Ihld ia's Iotdgrain 
prod uction with a16 percent share in area. Its crop prodt]tin pattern is silinlar to that 
of the Northern region. with wileat holding a 54 percent share in the foodgralin outlput 
of Uttar Pradesh. Coarse cereals and pulses are somewhat more importllt ald rice 
somewhat less important here than in the Northern region. 

The Central region conprise., tile states of Madhya Pradesh and Rajasthan and 
produced about 15 percent of the country's foodgrains with i 24 percent share ill tile 
area. Coarse grains and pulses are much more important in this region than in the 
Northern and Utlar Iradesh rei ,ons, but wheat is also fairly inportant with a share of 
29 percent. The average foodgrain vield is relatively lo\ at 627 kilograms per hectare. 

The Westein region contributed about 16 percent of India's l'oodgrains with a share 
of 20 percent in area. Coarse grains and puilses predominate and together hold t share 
of more than 60 percent in the region's production. The a, erage I oodgra in yields are 
low, at 80)3 kilograius per hectare. because of the plredominant share of coarse grains 
and pulses. Wheat is not important but rice holds a sie'lificant share. 

The Eastern region, conlposed of all the eastern states. had a 22 percent share in tile 
Country 's foodgrain proLduction. It is lredominantly a rice-growing areal, withllhat crop 
ho' line 1 75 percent share of the region's fOhodgrain production. The remaining 25 
percent is distributed among wheat and other foog(lrains. The average f'oodgraill yield 
per hectare is abouLt 1.06( kilograms. 

The Southbern region contrlibutes 13 percent of the national ouLptll of Ioodgrains 
and is predominantlyI a ice-producing area but has almost no wheat. Coarse grains and 
pulses have i 26 percent share in the regioln's production. Rice yields here are the 
second highest along the regions at 1.88() kilograms per hectare, and tile overall 
foodgraiu \ield of 1,227 kilograns per hectare is also tile second highest after that of 
the Northern reg ion. 

The distribulion ol input use is also unequal among the regions (Table 5). The Uttar 
Pradesh region had tile largest share in gross irrigated area and in area under IIYVs. 
whiie the Southern region accounted for tile largest share ill COnSUlption of fertilizers 
ill 198(/81. The ('entral region had tile smallest shares in each ,of these three inputs. 
Uttar Pradesh. with 23 percent, is l'ollowed closelv bv the Northern region in the share 
of gross irrigated area. liarrine tiw ('entral and itlai" Pradesh regios. the share of the 
other Iour regions varied from 15 to 11) percent in total area under IIYVs. 0f the total 
consunption of15.5 million tons of chemical 'ertilizers (NPK. four of the six regions 
used 19-21 percent each. The share of the I-astern region was only about 1( percent 
despite i large share in area. On a per hecttre hasis, fertilizer consuIptimon in the 
Northern region was more thanl double that of the national average. 

Assenling consistent i:.ld comparable data for the regional study of production 
posed many prOlblems. First. it involv1ed puttilg together data f'rom the present 31 states
and union territories over some 3(0 years. Miy new states have been created during 

this period, ald the botIndalies of lmiiv states have been redefined, resulting in changes 
ill the distribution of cropped area. The system of crop reporting has been extended to 
new areas, thus bringing in ,ai element oI noncomparability in the reported estimates 
over litne. Traditional methods of yield estimation based oil eye estimates of the 
condition of tile crop have been gradually replaced by systelmatic and objective crop
cutting techniques, stale by state. The elffects of*all these changes pose great problens 
for tinle-series data analysis and valid regional comparisons. Appendix 2 describes the 
way in which these proiblems were overcome. On this basis, largely consistent and 
coinparable time-series statistics for cropped area, yield, and production ,:ouIld be 
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assembled for rice, wheat, coarse cereals. total cereals, pulses, and total foodgrains 
from 1952/53 to 1983/84 for the six regions of the country. 

Comparison of Regional (rowth Performance 
The lime span from 1952/53 to 198 3/84 is divided into three appropriate sub

periods: 1952/53-1964/65 is considered the pre-green-revolurlion period, 1967/68
1975/76 the first rrt of the green-revoI Lition period, and 1975/76-1983/84 the second 
part of the green-revoluLit on period. The years 1965/66 and 1966/67 were excluded
from the g'owth rate analvsis because they, were highly abnormal, severe, and consec-
Utive drought years. which would stroiunly affect orowth rate estimates and their 
Colnlparabilily. 

Sernilogarithrnic trend equations were itted to the annual time-series data to obtain 
coInponLd growth rates. The growth rate estimates are given in Table 6, and a few 
salient ,rowlth rates are illustrated in Figures I and 2. The growtll rate t-statistics are in 
Appendix 3. Sole broal figures on input levels inithe six regions at three appropriate 
time points in the green-re.,ol it ion period are provided ii 'l'ahle 7. These may help in 
observirig sone possihie associations behind dilfferences and changes in these growth 
rates. Ihe growtll rate results indicate striking differences in growti across regions and 
over tilme. 

Overall Foodgrain (rowth Rates 
In the Northern regint, produUcion of foodgrains has been growing at a rapid rate 

of 3.5-5.(1 percert throughout the postindependlence period. The overall foodgrain
growth rates (Table 6) sho\ that tie contriburtiorn of'area to this growth gradually
declined in the I952/53- 1983/84 period. whereas the cortribution of yield substantially
increased. From I907/68- 1975/76 to 1)75/76 1983/84 there was a large acceleration inl 
the prloductin growth rate. from 3.3 percent to 5. I perceit. ''his came mainly from an 
increase in yield gro,, th rate. from 2.(0 percent to 4.2 i'urcent, which was substantiilly 
spurred hy an icrease ill 'heatthe yield growh r:te o as well as rapid area growth in
both rice and wheat.-apparently at the expense of other cereals and pulses. This 
indicates that tile Cropping pattern effect made an important contribtion to yield 
growth in this region. The input data in 'lable 7 show that all inputs have contributed 
to this growth, but rapid increase in ferti liter USe drrig 1975/76-1983/84 may have 
ilrfluenced the acceleration iliWrtthctiorn 1rowtl. 

lithis respect the I ttar Pradesh region show.s a dramatic change. Its production
growth rate was the low.est aniong the six regions inl both the pre-green-rev6lution
period (0.79 percent aid the firsr halt of the green-revtrlLtior period (0.52 pecent). 
From this itjuimped to 4.8 percent inthe second half of the green-revo itiol period.
This is air eliorllrotus chanIIgC for [tIe regionlard very sigrniticant for India. since Uttar 
Pradesh has a large share ill the coMtry s l'ndsrain lIrordLct ion and area. FEighlty 
Ierceir ot this hiIghI growVth rate is attributable to yield growth, since boodgrain area rose at ounlv around I percent a year. Table 7 shows that a larue cortribution to this 
ilcr'ease Iay hnave conime tror fe'lilizers---the anniual rate of increase illfertilizer Use 
cltnmdrl'led ini this period, %%hereas the rates of increase iii irrigation and lIYVs did not 
slow a large Clialnge. 

A positive chanue also took place in the Central region, where tie growtlh ill output
of lOodgrairis increased ftron 1.8 percent to 2.9 percent het ween tile first and the second 
parts of the green-revolution period. Both area anid yield increases contributed to this 
growth. pllpUtdata show that these could have coie Irom significant increases in 
irrigation and fertilizer use. 
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Table 6-Regional growth rates of area, production, and yield of foodgrains, 1952/53-1983/84 
Rice Wheat Coarse Cereals Total Cereals Total Pulses Total Foodgrains 
Pro- Pro- Pro- Pro- Pro- Pro-Region/Period Area duction Yield Area duction Yield Area duction Yield Area duction Yield Area duction Yield Area duction Yield 

(percent/year)
Northei n 

1052/53-l04/65 
1067/08-175/76 
1075/70 1983/84 

4.64 
4.54 
8.38 

5.09 
10.24 
11.36 

1.20 
5.45 
2.75 

3.30 
2.75 
3.20 

5.25 
4.49 
6.36 

1.89 
1.60 
3.07 

-0.17 
0.21 

-3.60 

2.45 
0.85 

-2.03 

2.62 
0.65 
1.73 

1.84 
1.98 
2.16 

4.39 
4.38 
6.10 

2.52 
2.36 
3.05 

1.37 
-1.08 
-7.55 

1.23 
-5.77 

-14.42 

-0.14 
-3.85 
-7.43 

1.64 
1.26 
0.89 

3 58 
3.30 
5.13 

1.91 
2.02 
4.21 

Uttar Pradesh 
1052/53-'o64/05 
1Q07/081975/7o 
1Q75/70-I083/84 

Central 

1.83 
0-2 
1.81 

4.20 
2.Q0 
4.83 

2.42 
2.00 
2.07 

0.84 
2.80 
3.83 

1.54 
3.14 
8.34 

0.70 
0.27 
4.33 

-0.93 
-1.87 
-3.23 

-0.01 
-1.74 
-I.07 

0.33 
0.13 
1.30 

0.38 
0.44 
1.36 

1.40 
1.69 
5.51 

1.08 
1.25 
4.00 

0.53 
-3.51 
-0.95 

-1.20 
-5.36 
-0.70 

-1.72 
-1.92 

0.24 

0.42-
-0.32 

1.01 

0.70 
0.52 
4.81 

0.37 
0.84 
3.77 

1952/53-19o4/05 
l007/o8-I075/7o 
I075/70-IQ83/84 

Western 

1.30 
1.12 
0.73 

2.17 
0.57 
1.85 

0.86 
-0.54 

1.11 

3.40 
2.08 
1.24 

2.74 
5.02 
5.o2 

-C.73 
2.83 
4.34 

1.30 
-1.34 

1.94 

2.27 
-0.72 

3.16 

0.95 1.72 
0.03 -0.08 
1.20 1.40 

2.34 
1.20 
3.74 

0.60 
1.34 
2.21 

2.08 
2.61 

-0.77 

2.02 
4.09 

-0.48 

0.53 
1.43 
0.30 

1.82 
0.66 
0.83 

2.38 
1.84 
2.87 

0.56 
1.17 
2.02 

152/53-1904/05 
1967/68-1975/70 
1075/761983/84 

i.87 
-3.43 

0.78 

4.29 
1.38 
1.42 

2.38 
1.82 
0.63 

1.10 
1.75 

-1.02 

3.48 
8.24 
1.13 

2.28 
6.39 
2.17 

0.01 
-1.20 

0.04 

2.41 
1.57 
1.10 

2.41 
2.82 
1.15 

0.34 
-0.84 

0.04 

2.98 
2.22 
1.23 

2.63 
3.09 
1.19 

-0.34 
1.86 
1.59 

-0.27 
3.56 
2.87 

0.07 0.22 
1.68 -0.39 
1.26 0.32 

2.59 
2.36 
1.38 

2.37 
2.76 
1.05 

Eastern
1952/53-!064/65 
1067/68-1Q75/70 
1975/70-183/84 

0.60 
0.72 

-0.73 

2.10 
0.64 

-0.58 

1.49 
-0.08 

0.15 

0.71 
9.61 

-1.87 

2.23 
15.11 
-0.89 

1.51 
5.01 
1.02 

0.72 
-0.11 
-1.32 

2.21 
-2.26 

0.9 

1.48 
-2.10 

2.35 

0.70 
1.33 

-0.01 

2.20 
1.73 

-0.48 

1.49 
0.4! 
0.43 

0.57 
0.60 
0.42 

1.10 
-2.66 

3.10 

0.52 
-3.24 

2.75 

0.68 
1.23 

-0.74 

2.07 
1.39 

-0.22 

1.38 
0.15 
0.52 

Southern 
1952/53-19064/65 
1067/08-1075/76 
1975/70-1Q83/84 

2.62 
0.4o 

-0.68 

4.64 
2.88 
1.93 

1.96 
2.40 
2.63 

1.61 
9.24 

-4.90 

1.15 
28.94 
-4.64 

-0.46 
18.02 
0.27 

-0.60 
-0.58 
-2.98 

2.12 
1.62 

-1.29 

2.74 
2.21 
1.76 

0.87 
-0.03 
-1.72 

3.82 
2.56 
1.12 

2.92 
2.58 
2.89 

0.28 
1.79 
1.55 

-0.18 
6.07 
5.24 

-0.46 
4.21 
3.63 

0.79 
0.20 

-1.28 

3.67 
2.66 
1.27 

2.84 
2.46 
2.58 

All India 
152/53-I064/65 
1067/68-1075/76 
1975/76-1083/84 

1.57 
0.67 
0.22 

3.34 
1.89 
1.97 

1.74 
1.21 
1.75 

2.29 
3.20 
1.94 

3.32 
5.47 
5.72 

1.02 
2.18 
3.72 

0.21 
-1.07 
-0.46 

1.38 
0.27 
0.68 

1.16 
1.35 
1.14 

0.09 
0.31 
0.31 

2.63 
2.22 
2.77 

1.62 
1.90 
2.45 

1.36 
0.77 

-0.32 

0.62 
-0.51 
-0.22 

-0.73 
-1.27 

0.11 

1.07 
0.40 
0.19 

2.33 
1.91 
2.48 

1.25 
1.50 
2.28 

Sources: Based on data from India, Ministry of Agriculture, Directorate of Economics and Statistics, Area and Production of Principal Crops in India, various 
issues (Delhi: Controller of Publications, various years); see Appendix 2 for modifications to this data. 
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Figure I-Regional and all-India growth rates in f)odgrain production, 
1952/53-1983/84 

Foodgrai 1 Production Growh by Region 
Growth Rate (percent) 
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Sources: IaId n dala from India. ,linislr'd Agriculture. Direclhirale of E'conomics aniid saliaics, Atr'e liand 
/'rodnru,tion "/ I'lmIpal ( to/ i India. v'arious issues (I)tlhi: (Ontroller of I'ublicalions, variou, 
y 'ars) ee'Applend 2 for iodtlilicati)ns to tlis dal,. 
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Figure 2-Regional and all-India growth rates in foodgrain yield and area, 
1952/53-1983/84 

I-oodgrain Yield Growth by Region 
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Table 7-Gross irrigated area, total fertilizer consumption, and total area 
under high-yielding varieties, 1967/68-1983/84 

Annual Annual 
Increase, Increase, 
1967/68- 1975/76

Region/Input 1967/68 1975/76 1983/84 1975/76 1983/84 

Northern 
Irrigation (1,000 hectares) 5,727 7,944 10,495 277 319 
Fertilizer I1,000 metric tons) 146 434 1,362 36 116 
High.yieldingvarieties 11,000 hectares) 929 5,095 8,278 521 398 

Uttar Pradesh 
Irrigation I1,000 hectaresl 6,352 9,231 12,148 360 365 
Fertilizer (1,000 metric tons) 196 485 1,643 36 145 
High yielding varieties 11,000 hectares) 1,848 6,332 10,145 560 477 

Central
 
Irrigation I 1 000 hectares) 3,303 4,830 6,881 191 256
 
Fertilizer 11,000 metric tons) 47 186 525 17 42
 
High yielding varieties I1,000 hectares) 287 3,485 3,962 400 435
 

Western
 
Irrigation (1,000 hectares) 3,765 5,422 7,259 207 230
 
Fertilizer (I ,oCo metric tons) 323 639 1,637 40 125
 
High-yielding varieties 11,000 hectares) 1,188 6,424 11,000 655 572
 

Eastern
 
Irrigation I1,000 hectares) 5,817 7,178 8,408 170 154
 
Fertilizer (1,000 metric tons) 104 322 795 27 59
 
High-yielding varieties 11,000 hectares) 830 5,105 9,001 534 599
 

Southern
 
Irrigation (1,000 hectaresl 8,057 8,339 8,740 35 50
 
Fertilizer 1,000 metric tons) 341 782 1,638 55 107
 
High-yielding varieties ( 1,000 hectares) 972 5,309 7,209 542 24?
 

Other
 
Irrigation II ,00 hectares) 2 ... ...
 
Fertilizer( I 0t metric tons) IO 46 III ......
 
High-yieldingvar,-ties 11,000 hectares) ... 12 154 ......
 

All India
 
Irrigation (1,000 hectares) 33,023 42,944 53,937 I,,-0 1,374
 
Fertilizer I1,000 metric tons) 1,166 2,894 7,711 216 602
 
High.yielding varieties 11,000 hectares) 6,055 31,877 53,739 3,228 2,733
 

Sources: 	Based on data from Fertilizer Association of India, FertilizerStatistics, various issues (New Delhi: FAI, 
various years). 

The Western revitn, lio\ ever,. ,dlowed a slowdovn in the Lro'\ ll rale of pro(ILtCdt i 

from 2.4 lercent t 1 .4 percctl. otr hy nearly halt hetwee n tile first and secotll parts of 

the Ureet-revo Itttioti period. 01' vTn mtore concert is., a drop rfrom 2.8 percent to I.I 

percent in the Nield ui,,th rate in this fuion. Inpul dlla (d0 1tl eXitin is decline, 
parlictilav ',ice the atinna) rate of increase of lola lel'tiiiet use acttally tripled itn the 

last period. Since this declitte itl prtduction growth is very large and tile region is 

SigniiClanl in it', iu. p)Olnla.lion, and cotllribhtlio t1 tihe tolal loodgrain prooduction, 

the issle I,,Inlrt here, amnitied belok. 
TO t .L0( this decline, tile Wetein reio, ,' diSa eeated ittlo it, three ttaor 

stales: (Ciujaral. Karnataka. and Nltharahtrta (Tahle 8. Tho' indivi.tial grov, th rates 

indlicate that ( tijrat pplajrettl'V did [lot Conlrine1hu (t leh decline. Its produclionltrowth 
in fad accelerated froto I. I percent to 3.( percentt het,\een th lirst atnd secotid parts of 

Ihe gree'. Ie'(lllioti period, and e'vcti thl yiel growth shows slight acceteration, 
lowvt-r, (1.Cinarat has oill' ahol a 20 percettt share ill the regioti*, produlit101.The 
lor itupact appear"toht ave CollC from Karnalaka. Whose 1):odlt6irt1 growth rale 

declined from atbont 4.0 percent lo 1.) percentil atd yield rowlh rate frot 4.8 percent 
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to -0.3 p)ercenl. FLven Maharashitra's pro(dLuction growth rate declined fromn 1.4 percent 
to 1.0 percent. and this had a sizable effect gi'en Maharashtra's share of 50 percent ini 
the region. Since the Western regi on's production is substantially rainfed. an investi
gation was made into whether the decline was related to poor rainl'all. For this piurpose, 
broad state rainfall indices were coniputletl using available zonal rainfall data (the 
procedure is discus'ed in ('hater 4). Karnataka's production shiowed a close associa
tion with the rainfall index, and it appears that Karnataka's p~rodutlion was indeed 
affected by poor rainfall. Maharashtra's rainfall index also showed a negaiive trend ill 
this period until 1982/83. this waslnd probably responsille for daiplenirtgiproductinro 
grvtl in the ,t,. Ile above analyiVs indicates that the Western region's pro(luction 
pertforrmance in the secotd half of the green-revoliti oll period was acially heteroge
neuOts anMnn states but may h:tve been stubslantially affected by poor rainfall in two of 
them. indicating the %tilerabilil o'f this recion 's proluction to the rainfall situation. 

l:oodgrain prtoILCtito in tlh, Eastern region historically has beel somewhat slow
,rowing (Table 0). The rate of, gro,\ th lropped l'rTin 2.1 percent to 1.4 percent between 
1952/53- 1964/65 tnld 1907/68- 1975/76. and ill 1975/76- 1983/84 the outptt actually 
declined. though nmainl,, because of aldecline in the area under flhrdgrains. here was 
a slight tupttlrn in tile yield gro\k thlrate from 0.2 percent to 0.5 percent between these 
two period possibly related to a doubling of the annual increasC in fertilizer use. The 
a option of' II YVs was 1lso1proceeding at a brisk pace (Table 7). These changes 
in'dicate that grOrwthI pert ori arICe in thi reginli may improve in tile future. 

in the Sohttthern reion, tile growth rate in foodgrair oUtpUt was rapid beflore the 
green revolution at 3.7 percent a year. Iihis declined to 2.7 percent between 1967/68 
and 1975/76 and further to1 .3 percent in 1975/76- I983/84. 1lowever, (uring 1975/76-
I983/84. yield per hectare contitrued to grt>ow at aronund 2.6 percent a year. Thi simay be 
related to a dou'ling of the r:tte of annual increase ii f,'ertilizer use as well as an increase 
in the rate of sl)reatd of irriuallt o. The rate of growth in foodgrain area,lhowever. 
(leclined from 0.8 percent a year dItLrilIL 1952/53-1964/65 to 0.2 percent (luring 
1967/68-1975/76 aid becameinegative (at -I.3 percent) iin tile secon(id part of the 

Table 8-Growth rates of foodgrain area, production, and yield in states of 
the Western region, 1952/53-1983/84 

Total Foodgrains 
State/Period Area Production Yield 

(percent/year)
Gujarat 

1952/53-1964/t)5 -1.34 2.15 3.54 
1967/68-1975 66 -1.50 1.12 2.65 
1975/76-1983/84 0.00 2.98 2.98 

Karnataka 
1952/53-1964/65 1.03 3.53 2.48 
1967/68-1975/76 -0.80 3.96 4.79 
1975/76-1083/84 1.28 !.01 -0.27 

MP.hdrashtra 
1952/53 1964/65 0.36 2.09 1.72 
1967/68.1975/76 0.17 1.44 1.27 
1975/76-1983 84 -0.02 0.97 0.99 

Western region
1952/53 1964/65 0.22 2.59 2.37 
1967/681975/76 -0.39 2.36 2.76 
1975/76 1983/84 0.32 1.38 1.05 

Sources: Based on data from India, Ministry of Agriculture, Directorate of Economics and Statistics, Area and 
Production of Principal Crops in India, various issues (Delhi: Controller of Publications, various years); 
see Appendix 2 for modifications to this data. 

29 



green-revolution period. Since the total area is not showing a decline, this indicates a 
movement away from foodgrains in the Southern region. 

Crop Trends within Regions 

Estimates of growth rates by crop and re, ion ( Figures 3, 4, and 5)show that in the 
Northern region, growth in foodgrain production cane primarily from growth in rice 
and wheat. More than one-lourth of the foodgrain prodtuction was rice, which rose at a 
surprising rate exceeding I() percent a year tel entire green-revolution period.tturin 
However, a laree part of this growth caite from area, which rose at 8.4 percent in tile 
11)75/76-1983/84 period. Wheat prod uction during tiis p.:riod also grew rapidly at 6.4 
percent a year, about halfU of which came from area. Coarse cereals production has 
stagnated since tile green revolution, and in 1975/76-1983/84 there was a significant 
shift out of coarse cereals, as shown by an area growth rate of -3.7 percent, though 
yields still rose at 1.7 percent a year. There was a subtSantial movement out of pulses, 
which is reflected in growth rates of -7.6 and -14.4 percent in area and production, 
respectively, in 1975/76-1983/84. 

In tile Utar Pradesh region. the rapid increase ill the growth rate in 1975/76
1983/84 was fieled mainly by wheat and rice. whose production grew at 8.3 and 4.8 
percent. respectively, hbut ,unlike that of tile Northern region, tile bulk of this increase 
was from yield growth. Like tile Northern region, Uttar FPradesh was moving out of' 
coarse cereals and p'ulses, but in tile case of pulses tile rate of decline in area was 
slower, especially' during 1975/76-1983/84. 

The Central region had a more evenly distributed growth over all the cereals, but 
wheat continued to be the lastest-growing crop with an annual production growth rate 
in 1975/76-1983/84 of 5.6 percent, most of Which was (fue to yield growth. Growth in 
rice production accelerated in the sanie period. The Output of pulses stagnated, how
ever. showing a marginal decline of' 0.5 percent a year. Of all the regions, Central had 
tile most rapid growth rate in coarse cereals (3.2 percent ityear). 

A signifi cant decrease in tile growth rate of' foodgrain production occurred inrtile 
Western region in 1975/76-1983/84, associated with a sharp decline in the growth of 
wheat in atea, production, and yield. 1'ho ugh tileshare of' wheat is not very large inthis 
region ( 2.0 percent). intile first part of' tile green-revolution period there was a 
significant rnoVtclent into wheat that was reflected inhigh area and production growth 
rates (1.8 percent and 8.2 percent, respectively). But in the second part of tile green
revolution period there may have been a disill usiOllletll with wheat, as manifested in 
negative growth in area and iluch-reduced growth in yield and, conisequerintly, in 
productit(i. There was also a coinsiderable slowdown in the yield growth rates of rice 
(front 1.8 percent to 0.6 percent) and coarse cereals (f'roii 2.8 percent to 1.2 percent) 
and increasing productiosn (f pulses (with a growtlh rate of' 2.9 percent), which have 
lower quartity yields. Pulses have tile fastest-rising growth rate of all crops in this 
region, perhaps indicating a response to tile Il tichil-i improved price eiiviran nient for 
pulses. 

The Eastern region presents a dismal picture, with a decline in growth rate of 
foodgrain production from 2.1 percent in the pre-green-revolutiOl period to -0.2 
percent in 1975/76-1983/84. The only a' in wheat and(pulses. Wheatjor changes were 
has aii I I percent share in tile region's foodgraili produclion. Immediately following 
the onset of tihe green revolution there was a great movement into wheal, as shown by 
tile high growth rates of area, yie Id,and production. H-owever, as intile Western region, 
during 1975/76-1983/84 tiere was a change for the worse, with area, yield, and 
production registering sharp declines in growth rates and even actual decreases. Pulses. 
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Figure 3--Annual growth rates in foodgrain production in Northern and Uttar 
Pradesh regions, by crop, 1952/53-1983/84 
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Figure 4-Annual growth rates in foodgrain production in Central and 
Western regions, by crop, 1952/53-1983/84 
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Figure 5-Annual growth rates in foodgrain production in Eastern and 
Soutlhern regions, by crop, 1952/53-1983/84 

IEastcrn 
(rom IRate pm.ic't 

v/h"I 


12 

:A 

0E 

Rice W t 	 Coarse Total PuI N 'l 
(Cereal Cereals FoodgrIins 

20' 	 / 

......
5, : Southern	 . 
(irut IhRae .rcclt 
30 - _ 

25 

RiC'C Wh¢cil 	 ('oars€ "lllal hul"C" Toll 

15 

10 

-5 

(ereak Cereak 	 Foodgrains 

m ''2/53 190-1/65 	 175/70-I1983/84U 	 I 907/OX-I 1705/70 

/ I'll/ ( 	 (IIfrI1:I', Iu I /,q'iII m In/i,. k.111us I'qjc Courller ul I',,hlicanri'%, %dimoli" 

33 



otl the other hand, show.ed comebhack. with relati'ly hiigh 'ro,,thrates in yield and 
prodncthn (13.2 percent and 2.X percent, rlectivuely ). reflecting in part theperhapfor lsleIs .vironm entnational pricemuch-inproved -, 

l'he Southernr rerill colilled to iho' Imroderate ,romth ill1'oodr,(l.ill product jl.
hlbt the area Under l'Oodfe,,rajirs declined at a oult 1.3 perceit a 'ear ii tIesecond part of' 
the gureei-revolutikion p ri. ,,hiss irrg a lioveiret out oI loo,lurairr,. lihe decline in 
area came largel frrm \%heat (-4.() percent )and coarse cereals I-..()percent a year).
lint the aira uIdeCr pulsCs iIcreased lt 1.0 percent a war. Pulse vield arid production 
rose at alnual ratw hiuhe'r thanf those of anm other region. 3.6 percent and 5.2 percent.
rcspectivel. . [his again reflIc.ts the eflects of*+much higher relat ive price ,, ltorpulses.

Thu,. to recapitlatile tie iclgiornal iittCrr, in the eroth oi inidiVidlual Crolps. wheat 
and rice production lose most rapidll ii the Northern. tliar lPradlch. and Central 
IrC'iolls. btl in the Wet"ern. astcrn. and Southern recions there %as turn to\ard 

lse l iructionr 
cereals declined] 

thill 
ill 

sas rcf'lctcd iliincr ced arca and \ields. Whereas 
erll oIc'i"Ctheriegionl. their prduclt io)rose rapidl 

coarse 
illthe 

Central reLion ii lCrls of, oiltlhalla and s clii. On iniall-lIdiabasist , whti cnt iell 
to bo tireifastest-ros in loodr aio c " lcrop5 ii7 in I,175/76-I 93/84. l'ollowed 

afthra largC inlrirl h\ riciC (2.()I)CrrCCtll ) iil then b coarc cereals (f.7 percent ). The 
all-liia output (;I ulse 0cotinue tairate oi'-0.2 percent ,i\'eili. The yielddteclinil 
c1oss Il rate of ricose froir I .2 percent to I* per e t from the Ifirst to tihe second part
of, the reerlr- vItvoituIiIpcriod. and it increased from 2.2 percent to .. 7 percent rI' 

hsieait. lhe yiidi_'lcrstlh rate for coarse cereals decliined froi I.- toI percent I.1 
percent. btl IllIh'! C'iL 0' u tiCe declining trei appears to have Ien arrested 
during I975/7h- ItNSMSTX. lii tolirecir-revolutiori period tiehcrithiii.sems to have hecir 
(I :vel urslilanliallhb yield !ro\s11. particuliarly ' il s Ieal aid rice. This is aSSiCiate 
tllh ro s ir ICvCls, of risC (I' all inputs. cspcciilly tcerliliers. Fertili/er uIse showed 

sigrlifficat acceleratioi along fil the grosih rale of' fkoodgrair prodlic1 Ithe increase ill 
tioni ini several reciorrs in tire se iid hilf oif the creeri-revoltuititin period. 
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4 

INPUT USE AND PRODUCTION BEHAVIOR 

(;roth of, loodrain produc:ion in India has been acconpanied b)) substantial 
increases in the use lvels lofmodern inputs, especially fertilizers, I IYVs. anid irrigation 
Table 9 and F igulre 0). Ferliiizer use on fooigrail ha.., g; ;'.'l dhiall.,zi.iI 'flillan 

average of 18,0(0 toils in It949/50-I951/52 to ;an lverage of ahlost 5.0 million toils in 
19818/2-1983/84. lhe sources and IIethliods for arriving at i Itput data are given in 
.A\ppendix 4. ) lhir iIIereas in tetili.,ier use has hbeen eveln more dramatic sirice the green 
iCVolt I toll (post- 1967/68). itween I 967/68- 1969/70) and 198 1/82- 1983/84 the esti
matled qIantili,, of I'erlili/ers applied to fOodgrains increased hy more tlhan five times. 
Ificrlud iig the quanlilies applied to other crops, the total ntse of fertilizers reached 7.7 
millioi tols in 1983184. 

The IIY V,,that nirered in the eicfi rte,olutior in 1967/68 have also spread rapidly 
from an averarc coerige of 8.8X iillion letatres during 1967/68-1969/7(0 to 49.2 
million hectLre,, during, I /8I2-1983/X4.The larger iatliof this growlh, nearly 26 
in illihm etctarcs. caie hermc i I9067/68- 1969/7() and I975/76- 1977/78--an average of 
3.2 inillion etciares a year. rore,,,s .as le,tss rapid helwecii 1975/76-1977/78 and 
l9,1/82- I983/84. \' hcrr les thair 14.5 iitillion Itclares weCre added--an averagce of 2.4 
milloinl heclare I ,ear pssif\ in parl hecalse of' the relatively slow growth of, 
irriatl arIea. The area under IIYVs increased rapidly until 1975/76-1977/78, when it 
becaen about equal to the ieiriiated areCa tinder f0o1rains. Subsequently, the I IYV area 
ha',exlpanded ,lyoI. hut it has stirpwssed the irrigated area- -sh'osk" ig that IIYVs have 
spread toluiriurigat maeaI . lhre irrigated area under Iboodgrains gres very gradually 
fromir an aefrage of I.A) iillion hectares iin1949/510-1951/52 to 27.9 million hectares 
iii 1967/68- 1969/7) and to 38.7 nrillioir hectares ini 1981/82-I983/84. 

Table 9-Average input use levels in foodgrain production, all India, 
1949/50-1983/84 

Three-Year Averages 
High-

Yielding
Period Fertilizer Irrigation Varieties 

I1000 metric tons) (million hectares) 

1049/50 1951/52 18.07 18.00 0.00 
1962/63 i ,64/65 281.48 23.53 0.00 
1967/68 196Y/70 907.42 27.87 8.82 
1975/76-1977/78 2,458.40 34.50 34.79 
1981/82-1)83/84 4,996.41 38.69 49.24 

Sources: The basic source is Fertilizer Association of India, Fertilizer Statistics, various issues (New Delhi: FAI, 
various years); for other sources and methods see "Input Data" inAppendix 4. 
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Figure 6-Inputs in foodgrain production, 1949/50-1983/84 
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Between 1975/76-1977/78 and 1981/82-1983/84, fertilizer use grew by 103 per
cent, whereas HYV area grew by 42 percent and irrigated area by only 12 percent 
(Table 9). Thus production growth and acceleration inthe second part of the green-rev
olution period may be related largely to rapid increase in fertilizer use. Growth in 
yields of* wheat and rice after the mid- 1970s may ,Ito have been due to improvements 
in the range of available IIY Vs to suit different environments, strengthening of tile 
extension system, and expansion of input supply systems. which facilitated the expan
sion of input use. Input response will be examined later. 

The increase in input use levels fOr fertilizers and IIYVs has niot been gradual but 
has come in spurts and plateaus (Figure 61. Fertilizer Increase showed some leveling 
off around 1965/66, whiclh .'.as the severe drouglit period, again around 1972/73
1973/74. about the time when the first oil shock re:ultcd in the doubling of fertilizer 
prices, and yet again around 1979/80, which was a drought year as well as the time of' 
the second oil shock. Growth in tile area under IIYVs showed a plateau around 1970/71 
and agaiin around 1977/78- 1978/79. For both fertilizers and IIYVs, tie early 1980s saw 
a growth spurt, which is reflecled ill al spurt ill foodgrainl Output. Irrigation showed a 
relatively slow and gradual growth throughout the 35-year period from 19,19/50 to 
1983/84. 

Analysis vith Response Coefficients 

Since inputs and output have been increasinc, together, with spurts and plateaus, it 
is not obvious how input productivities have been changing over time. In order to do a 
preliminary examination of this issue, an aggregate response analysis was (lone using 
prior values of average response coeffTicieints iniipur-output ratios). The response coef
ficients were obtained from Sarrna aiul Roy (1979) (see "Basis of' Response Coeffi
cierits" ilr Appendix 4). The values are area, ().45 tons per hectare: irrigation. 0.50 tons 
pe" hectare: ,hift to wheat/rice, (.33 toils per hectare: arid fertilizers, 10 tons per tori of 
nutrient (NPK). It is sStLrled illtile above coefficients that the fertilizer coefficient 
includes tile effect of IYVs. The analysis was done across three selected tirle points, 
and three-year average input aiid output levels were used, t, reduce the effect of 
weather-related fluctuatilns. Table I) presents the resuIts of tihe analysis. For 1969-72 
the difference between tile output predicted oil the basis of input levels ard response 
coefficients Mnd the tcItLKl output is only of' the order of 2 million tons, or about 2 
percent, indicating that the response coefficients are Iroadly valid and hold in this 
period. Ilowever. for It)8 1-84 the actual output falls short (i'the expectcd output by 
almost 10 million tolns. 

This large divergencc between tile expected arld tle actuaIlOutput seems t0 indicate 
a decline il )lne (r iire of" [te aggregate input reslpOiise coefficients. In sirltlating to 
find which input cotfficient may be mainy i (Iuestio. it is furnd halt changing the 
coefficients of area. irrigation, or shift to whe it/rice cannot help resolve the large 
difTerence betm, een expected alld actual output. A')s brings the foctrs 1o tie fertilizer 
response coefficient. The analysis shown in Table 1(1 indicates that if tIre fertilizer 
response coefficient is reduced froim 10 to 7, tire difference between expected and 
actuial output is reduced to about I mii!io toils. ()t this basis, the analysis suggests i 
likely reduction in tile aggrega.te fertilizer response coefficient from the previously 
assumed level ol I( to tire new likely level oh' about 7. 
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Table 	10-Expected production-level analysis using response coefficients 

Expected 
Contribution Three-Year Averages
of the Input to 	 Actual Difference BeThree-Year Averages of Production Production, tween Actual

Assumed Input Use Levels' 1969-72 11," 1-84 	 Expected Three-Year and ExpectedResponse 1959/60- 1969/70- 1981/82- Over Over Production Average ProductionInput 	 Coefficient 1961/62 1971/72 19R3/84 1959-62 1969-72 1969-72 1981-84 1969-72 1981-84 1969-72 1981-84 

(million metric tons) (million metric tons) 
Area 	 0.45 metric

tons/hectare I15.79 123.00 128.46 3.47 2.23 ... ... ... ... ... ...
 
Irrigation 	 0.50 metric 

tons/hectare 22.10 20.90 38.69 3.90 4.40 ... ... ... ... ... ...
 
Shift to wheat/ 

rice 0.33 metric 
tons/hectare 47.56 55.68 63.37 2.68 2.54 ... ... ... ... ... ...
 

Fertilizer 10.00 metric 
tons/ton 0.15 1.29 5.00 11.47 37.04 ... ... ... ... ... ...
 

Total ... ... ... ... 
 21.52 46.21 102.13 148.34 104.36 138.40 +2.23 -9.94 
Fertilizer, 
alternative 7.00 metric 

tons/ton 
 ... 1.29 5.00 ... 25.93 ... ... ... ... ......
 
Total ... ... ... 
 ... ... 35.09 102.13 137.22 104.36 138.40 ... 	 +1.18 

Sources: 	Based on data from India, Ministry of Agriculture, Directorate of Economics and Statistics, Area and Production of Principal Crops in India, variousissues (Delhi: Controller of Publications, various years); Fertilizer Association of India, Fertilizer Statistics, various issues (New Delhi: FAI, variousyears); and "Basis of Response Coefficients" in Appendix 4.
'Area, irrigation, and snift to wheat/rice are in million hectares; fertilizer is in million metric tons. 



Sinlce a substantial a1mont1 o1 the inCreaCIse illt tlili/er use is reported to have. takel 
place through i .creasii! ill tilheconceulltratiol O is' LIse tsiall nuiir1b1er Ol disilicS in 
countrv (,see lsal 198)0. and or Ildialihala and Ta.i 1989)X-). !Qrtiliezr Association 
I987//80 . thi4 decline in the rsponse seems likei as diminishing tmarlinll returns 
becole Iri important ,C,.iLhI Airl..s are expected to play ain and lerIlili/ers 
crucial rule in atchlie i ltlro ini prliction. ihis decline ini prntdnciv'iv is ofWg- g,'Atwl 
SerioLs polic\' o'n1ceIn. It p' iaChrea,1,1 oncentration Io ne" would telld toht 


m.ke the dirii g mria irllgii product 11o0C iilipOrtalt ilndltiemiiiin the ag'rceate 
respoinse cOCefLI tL,diffllsion ,-kouid tlend to make the average irlutct. which Could 
le lieu illrr illlotlalnt. Thtis polici ltr diffllusil rlili/cr use to areas where its 

avelage re"tnme is hi,, na\ he important ini raisivq- a.ireeati ICrtili/cr pIrtoucliity. 
lhe efect.ei\ece", of these policies iinla\ \be aitl hall in-depth study of' tile response 
function eil\irlieclit aclo i, u. that of tihle isFurther. y'ivel ulltch lcrilier use 
oll\ iii the Ioi of ilitrogcelil thle derieicv of other 1tii ill,l\ le iettililen critical 

ain colriib ti to0 r.'Lucii lfertili/er lroltdltCtivil\ . c, iall liihigh-sei areas. Poor 
application ofi(railic dcClinC ilthe prluc

) 

iainuresla also he cotiributing 1t tile 
tivitv of flrtililers. Il \\ u.it i, bsC\Cd urii peri d dCspite thethat (il le ',tItld' 

decline in poductli it C\Cll ,veiitlll\ ii,the price environmeint,ilt favorable changes 
fertilir ueciitirUCed t g1 rapidlf, implying that it %a,still privately prilable. 

ult the i of)I'declitniil, productiity rirnairil of conidc:le national as well its 
privae Concern o l tmhiin foodgraim prtoduction.ulture roe 

The ahove allal\ is iot ahle 1, ,,ll\ prcisely when anl hoal\ this declinil i 

pr~ductik it' caile' aboti. TO cxlore tile issue Iurlther. time Cxpcted Output Was calcut
lated For each year rig the aiilual irput daa seric , anid the basic response coefficients 
givenh ,( () l rtilie. The eXpected output thus clcnilatd Was pliutd wilh theZO fI f 
acltual Output alld thi is shownVll iii Figurc 7." ' Iepllot shows that actual Output 
flictltel alrlonllitC\peLcted OHIt)tLt f'romi1 \Car to \ ear (l ainly due to \\eather flUIctla
tiotins). but util I977/78 it ,ta\ed arourd fee pecCted (ntIput. I lowvCr. aier 1977/78, 

tactual Output Iell bClo tIle eXpecteC d and sta\ed beVlow, even in t CropmPd)'l'. .'e'his 
slow, that the Iall in input pIi(uclti\CItiCs i,likely to0 have beln rClaitively rt'CCi and 
app ar' to hivCOCCi irdllvl\ after I977/78. A plot ofl expected output ulsilg1 a 
responirse coofliciert of 7 lor fertili/er ii,,aalso been made for the post-I 977/7X period 
(Figure 7) arid appears t be closer tii aclual output in this period. This is igain 
indicative of the likcly decline iii fertilicr respoInse front I( to 7,but shows that the 
major fall rina have comeniainlV after 1977/78. 

Rainttil In(ex 

The tinc-scries analyis of relationships between inputs and outputs r Indian 
arriCtilt irerequires consideration if the effect oh rainfall. 'his is because rainfall call 
have allimportant effect on agricultural pIltuctitLn illIndia and ecause raintall varies 
considerably fromt year to yearl ac.,oss a.rocliinlatic rgiolls. Even by I980(/8 I,less than 

) siEiatillig aiiinial i tili/all 0I iciiII tz f I IC cflilifli', ilr In C ni Mnd IhiCpilortlcion 
,

itt lcliioii g 
reL1lsil<h . ind e,'ii illi- rettiredt ilIe'lein l .ciicfiiitti, Irttiii thce tila. 
pillii l cr'al.'dto lhtt ,iUiitl0 in opelln io nhicctiunI.II i h ,Ii1iMi i llalpp liili 
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Figure 7.-Fertilizer input response in foodgrain production, 1961/62-1983/84 
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30 percent of the cropped area \,as irrigaeld, and therefore dependence on rainfall 
cont inues to be+Lreat.
 

Tholugh rainfall dilta are collcted througholut the country on a daily hasis, until 
recently very little sv"Itenatic rise'las beenllmade of them inl crop production studies. 
One effort railfall folrto use d;tt;: cereill prodluction ailviiisisillIndia wis that of 
('umminlps attd Rav I19(9') ).They used dita 0,0 rainfali received i different seasons of
eacih year (Isottih est llollsooll. p Ioslu o ffo.winter. 'ld lirenIonsoon) ill3 1separate
rainfall divisions 0f the counlr\ to cmstruct allaii-hi(iia rainifall index using an 
clalborate weighlit scheme hse(I on croiping pattcrn and estimates of area aid
productiol illdifferent divisiois aid states. This original ineuxe. from (Cumnings arld 
Ray, for which the coMiplCte IrChodolog, is is availahle 1951/52 toknilo,i. from 
I96 /09 mid has bee CxtCndC'd o 1977/7X h Simndcrsom and Roy (1979) following (as
stated hv therir ith sane meil odolo .I. il )rCsn sctludyr thiempthe atl has beeniiede 
to devclop an irrrpro e lan1d ulp(at(cd weiLhtilu scheme, ill Co'is,IrUClIIE i rainlill index 
fiorfoodg rains. I 1OCver, dl to lIiliiatiols ill tile availihilily o, dhata, tile i iniproved
iltlicCs could 1e corip1teMd lv 1(ftile period I17 -19X8384 (scc3/7 "(alcilltion of 
the Raintfall Ilrd\" ri A.,llrdix -1). i'-o the Carlie'r e)Crild, tire ('urlirtlligs alld 
Ray/Siatdei-o aiid ,o\ indices' are il,',l. rl1'h prCiodolrlappieii 1973/74-i)77/7X
Shi(M'Ad that tile Io itlices weIC hi,ly cOrrClarCi ard close, aid Iihierc re therL 
shOuht bC little (fifliclulty ill i1icr'iim2 thteril. 

pilure X. Mliich yi es a phl(t (f tire %%fill
raillfll irrdC\ aloni2 (ICtrCIidCd actial 
foodgraill )roduconll., shows that tlre irrdex is a close rClatioll hiil) 'ih tie acitlal 
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Figure 8-Rainfaill index and detrended toodgrain production, 1951/52-1983/84 
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lioodgraii pr()ductioi. The trackinig of fluctutions if) pr()dLuCtiil i, soimewhat better 
through the period 1973/74 - 1983/84 \vil tihe imol)red index cailcilated ill rhiS studV. 
Prior to) 1973/74, m)wem'cit in all in(de, [o)t agree with movemient inlhe rlaid doe" 

prodnlion iti 7 of the 2 earx. ll thre ix nkO d\L),'reIi nlt ill tlhe ilnove/i.nt afer
 
[973/74.
 

Al effort ha, ilo heli llrad to xiitlte a ime ,,.'it",io l ,Cnlleaer-adjntSed', 
loodgrtill prodnction..\ 'ohh- )otne lt' podntinIl fntioni1 P, tinrated uilg the. ix 
actlual f'ootieraiil lr)tltitiCIIi and the cxtiiated lainfall index. Thi-k ix then (,,ed to 
,inmlate the fooduraiil prodnltt))l ;,it rainall intde\ = I) (normal rainfall). The restil
tan) ,,,CatIcr-;idJteICd [iro()litti .lxcries ,d tihe 'acialul loodpratii plroduntio are plttCd 
ill Figure 9. lhi, inldicalic, fo' C\IilIc. tilgreatt ilpac ftlad ,Vitlh.r hov, r 17n 
for~nL'rhii l) ton 9I and of lood ()npo(iA)ii Iti9(5/'6 and /7)(,/(7. that v, cathcr raiilig 
food'ijiiI l)r(OdutIIton In1977/78 iUid lt)7X/7). 'ie htlotaixo xihov, thail the 983/84 rixe 
in lolfodiainr prdtlctioi .. ,r' h,c'ild ',',cathici t.Ilatir'i finclnationx. 

litilih I I picxt,,tll a C()ll[ ll i, ) I)l',t\ 'CI ) il' )ailiil';l l,, eL ltax-iI . J)lortlilt tl I td Oil 
+,  0t Li I I ,jl ' ti 

l)r(Odtlc o)f. lioii i/'S), Ill il 1t,a thC i' botr ,iex,, 

tlhe har i,, \-,,+'S '-tl ti. tuii Ihxix_It ".illl;ltL 1ii ll tlllildati',iteti 
liLe -i.'III iii I, oltllrnthxal 10l)0 

iS 'xIoldhe \lileC& I l(e, ei,.ileIe Jie '-)IC dilf eiiCel", il)e'telIhc i o iiliolil. di 
x.,tnii riltl,. pt;rii W lCie-l- I'lrt l rittIl tieIn tilal, the xeL ill ratC . firxl and lc . ld 

hut i u. ;tei. I 11P, 'O(,iiI '-, hL''\iiu thIl 0 t0', ! -Ati',Hhcr. lal lhi'e \ ,, l ;.'celer
atioli ill foIdL1amn thLt laIf1 tile reeI ll)i(dl.[it)(11ItL'tiol) ill x C,'oiid of OW i-re\'o illiiol The 
IlI~IIdjItid l)rIi(lICti)i: ',eiie,, ,l,(,, a doi,hlilg ofitie coelfficieni of varialiollbet'Cen 
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Figi re 4-Weather-adjusted f'oodgrain production, 1951/52-1983/84 
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the pr-r,ttitcrl-rtntitini and the grteen-r_'votltion pteriod whlen calculated alter 
(ICiellin.l, thus inldicalinte a sharp rise il l triahility. lHowCvCr, the wealtle-d(jListed 
,crics lows all iIncrease of' only134 percent inI[he coCfficiCIt ofl variation, ildicating a1 
lesser risc ill vatiahilitv once wcalhter f feels ;1C elCl(1'tCd illboth periods. 

Table 11-Weather-adjusted and unadjusted foodgrain productin: growth
 
rates and coefficients of variation
 

Actual Weather-
Unadjusted AdjustedPeriod Production Production 

Growth Rate 
1percent/yearl 

1952/53 W83/84 2.47 2.46

1952/53 1964/65 2.33 2.42

1967/68 1975/76 1.91 1.79

1975/76 1983/84 2.48 2,61
 

Coefficient of Variation 
(detrended production) 

1952/53 1964/65 6.17 5.85 
1967/68 1983/84 12.07 7.82 
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Factor Analysis 

Foo(igrain production is affected hy a multittu(le of variables. It is useful from ihe 
standpoinl of analysis to sort these variabls into gronups, characterize the groups, and 
broadly assess their relahtive inlportance. ()ie systematic method of achieving this is 
factor analyslis.i Factor analysis was, therel'fore. carrie( out ol several explanatory 
variables of foodgrain protductiol namely. arca under fooderains. area under rice and 
wheal, lerlili/crs, area un(ler II'YV,, irrigaled area, an! rainl'all. [he analysis may hc 
usefl in n(entil'ying' important indeplclndent Iactors and also illshowing those variables 
that are not indlependent in tle dLti nd therefotIret all in the SamC attr. The ;mlma11lliry 
results of' faclor analysis arc showln()l 'abl'l (tile restlts givenIll le12 complete are ill 
Appendix 5 )The cienlvafues slos, that ;lrorgl the six explanatory variables included, 
only three major factors can be i(lentifiell. The first firtor accounts for 78 percent of 
the variation (this is totlal variationl aId not variability around trend). The correlations 
with the explanaltory \'arialhe, in the tIt-O( facttor rmiatrix show, thal becaulse of its close 
relation to lertili/er ,I ,V5. amid irrair.l this faictor canIlbe characterized iasthe 
tCchnohogy/inl)nts fictr. Sitce all three of these variable--- ferlilizers, IIYVs, and 
irrigation -load on Itotle sarme f,,:tor. they set to be moving closely together 1and 
may be highly correlate'd. This indicates that illpro(.tiction fUiclion analysis their 

Table I2-Summary of factor analysis results for foodgrain production 

Principal components on six variables t 2 3 4 5 6
 
Curnulative percenrtage ofeigenvalues 0.78307 0.94596 0.99250 0.99753 0.99899 1.0000
 

78 percent 16 percent Spercenr ... ... ... 

Rotated factor matrix---(three factors) 
Factors t 2 3 
Factor idenfilicarion Technology/ 

Inputs Rainfall Area 
(correlalions) 

Variables 
afg(area) 0.50537 0.19469 0.83767
 
arw Irice/wheat) 0.72269 0.t0649 0.67787
 
frfg (fertilizer) 0.93102 0.08348 0.33185
 
hvfg (high-yielding varieties) 0.91506 0.0849'5 0.38171
 

irfg (irrigation) 0.81075 0.01c38 0.57895
 
rain (rainfall) 0.06285 0.99221 0.10688
 

Note: Derailed results are given in Appendix 5. 

hUt.II lilt' t;.'ttt. itltIs d hhIrp lllIl rd ri 10ll IIIllIttl rcttICnallo0Ihlp %% la Its.t alonalysis an tlprotuction 
u ,
 

,5]al'a e I he IM. %II I k v l\% V , ilIlllit i ll . l li t'[l ot1 . 1 It:;lOI I t c l tipts illhis cr.e. This' 

Cotllilmlnlk.M~ l1lA.hIN.1h11MMet."'JIMAlCI l \\ilhill V ,+.'s "lpe.UTenudt:la~r- nt~so'.lllildl lh,,..nl,,, hul i or ind pd, 

Ironu()l,11un tltu. tk 1.tr it l4.,I I ;,NOftIC.,llt . 'll Illire'i ill4 Is , al le) 14.4d.One is envales. \%thich 
.


telr. leil',-ttlll- (m, IIII ( t h tlal ";llatllO I%,.\tlidIILd h, t'Ith LI4Clt)r. ITh i, 
c4lrrelaII44 ilh ,ca1 (i [l t1\lht;4iIth r l a:Ii;I'tts. M itch ,hi \k% h. e xll~lI h4ry varIl?!a,'-, the lacttr is 

ch.ulsei relt.ted.t0l 4IC k I;I4t4 hitIll l et ii w th t l hrv viriahte, 

51445, I 41l I . " C4.'44nd their 

iat llHite'IJ,,i)t.Intitv the1 C . rin wheMn 
groups o4f rhein are 'c.114t'] rlaled ( hI.'uI197X). 
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individual effects onl otput may become dil l'icult to separate because of the problem 
of inulticoliIhearity. 

The second 'actor, which carries 16 percent oi the variation, is very closely related 
to rainfall and mav be called tlhe rainfall factor. Its share of the variation is substantially
lower than that of the technology/inputs factor. The third 'actor is most closely related 
to area aiod carrieS 5 p)erceint of the lotal variatiol. [he factor analysis also shows that 
area aidI chnit-yO illiptlts have a moderate and positive correlation, btill area and 
rainfall have only a ,,imall positive correlation, and inpnts and rainfall have almost n1o 
coretlaoll. lhis is indicative of, a relatively weak empirical relationship between 
rainl'all and area, and blt'.eei raiilall and inputs. 

P~roduoction Function Analysis 

Production funclion analysis was carried out using time-series data ililattempt 
to directly assess the relationship betwee n inputs and outptt. This was done on anl 
inpul-outlput basis wvilhout briiuging inllprices: price response was expected to be 
ref'lected throug.h chanLcs ininputl use. Further, area was eliminated from the relation
ship by taking yield per hectare as the dependent variable.i Area under rice/wheat was 
also dropped. ,siice it acceiitlitel unllticollilueariy, ald because it was not found very
usful, spcially %%hln ferlilizers. I IYVs. and irrigation were all included. 

The ulctional rnis tried (presented for a two-inpit case) are yt = yield. =xh

illiptils, I it, and v, are error teriis, and the rest are parallietels: I is the time subscript.
 

Li neat: 

Y, = I(+ aI xlt + a+'t x i +4-e,, 

Cobb- l)ouglas: 

= lY, b OxbI x b2tt (2) 

This is linearized for estimation by takinjg the logarithm of* both sides: 

log Y, log b0 1+ b log x1) + b2 log X t.2 i + log Lu (3) 

Tra see ndenlal' 

CI ed1 X11 c-) ,d -)Cx t x c- - vt. (4) 

Mosi researchers have iud ih1aitihe inpi -ompul relaiioishits are estilatetd beir withl yield per hectare 

. tile dep.endei variahl lather thani rodfIlion. 
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For csmmaton parameters. this is linearizcd by takghe logarihm: 

+ c I h 5 lKIogy = log ± i + X11 C2 IT x21 -- d2 x21 + Io vq (5) 

One criterion for selecting these 'unctional lf rls is parsimony of parameters, that 
is., 'ewer paratmeters to he estiriatled. and this becoles important givell the high 
nrlticollitnearilt adti the liiritCd dCtrees of1frthrirt I .e luss. "vlcl-aien. and Nund
lak 197,X. The linear form is tIec simplest bit has tire Most restricti'e l)rOtductiol 
bChavior assiIpt ions. such as Constant marginal prductivities. With the same number 
of' parameters, the ('oh,-)o -las frm hasI1),, more1lC acceltable assumlptions but a',SnuiS 
constant lasticities and allow, little I l\ihilit to tihe shape ( f the production f'rontier. 
The tral-ceu'lltai form doubles tie luilher of parameters to he estimllted but is 
thcoreticall,' atlractive. since it alhms col,,iderahle flexibilitv in tile shape of' the 
ilput-output esnse frtier (see,._' I Iaflter. (atel1r. and Ihoking I957 ). It can acconrulo
(late increasire. decrasing, arnd claicas l puroducton fuInctioinal lorns. 

All of tlre aho e fu'nctional 1r01"1111, assri . sCpaability beCell inptls, which is a 
hillita ion. IIo, evrCh,rnlair tis assuplllion reu(lures ioinu into (tIler forrr1s SlIch 
ats 11al11 n 11d-lC(111). hut tl;ese forrrrs 21Cal 1ile'td Pararieter load, andatrarisitig and quatdrati~c frill tlll e.htl:', ~rmlrlutlre'atly add to h 

J'iell tile,. l' l lof rrlt ico llil l itl , arnd liiited d e lCes of l experii rentaprohih ee(i rrl , 
tiori shm.ed thtl their iipirical results were poor, unstable, and unrealistic. A pririci
pal-cori)orllts aplroach . ais suggcmt by Nlundiak ( NMI L was Also atterpted to get 
over tilr polerfln of riruitticollirearity. '[i'. i , brought little ilrproveenit in the\ e.Vlmc . 

results with tlre ',i ll lhe rIasonrs for an scill evident tiredata. such telrlel" lrorir 
results of tIe lactor an lsis. \, hicih shii,,,ed that 'ertilier, IIYVs, ard irrigatioliall 
load ver, ,ftror yl on to one ardfle 't,;triela fto, aind (l' raiflllall culd be selpar1'ated 
as a (litiinct altl. Thus tiue [riticipl'r-coilnpo llls app)roach could irot effectively 
ovecollre tie piroblemi of iullicolliirearitv between fertilimer, IIYVs, and irrig'ation. 
!l,vwe, r. relllts o re'-'ssions het,.,ccl pri'ncilal corr)(iCrrt, and yield itidicated that 
tile co nelionrnt and irigatilthat rC[)rCsc:fed ftiliCrs. II YVs. cxplained 85 percent 
of th variation ill tire \ icId (total ,. ariatolin), w,,lleas tie coiripuoiertl thai represclited 
rakil'all exla~inc I ab'out 5 l'owr nt. 

Tis stu,(\ does lio atluress Icchical change ais 4. abated l cvral Igr atc 
ec,,rnirric aalss.i hut onlv as rel.cted ill tire crovth ill II se 0f' ninodCrn inputs of' 
irrigation . ft,.rtili/crs. aind IIYVs. Irriatalion is oifcn Considered it lead variable in 
tcCll'il chaligC. bitll Caxlrin;li o of lat Cianges in India indicates that development 
0f1 ir-rigation 1v itself nitillot lra'e bIouglt aotit g-O,,l in tire tihe r two inputs and 
IrCluC htir r-alnid rov, thi if) yield. Each inll,)t. it al I)jil,. haSs require(i it, own 
illvCstirlCl anid loltls and halrs miade its o'.,n conriutiti. Therelore. it would be 
illrCrrCt to relat._ all t.cihlical cillrlige to iriatimll. le i'r. ,eworkleaves otl sonc 
inluts such as labor. 1)(fr, amid rraIliir\. One important reasion for this onlissill is 
that it is exClriilcht.v diflicult 1tocet aic'CtilrrtC ilmfrrrrationi ol tire actual Use levels of thCs 
iipit,,. Iesides. sonic lof tiill. suc'h as,, lnhOrm. rav iii iotbe strongly constrainiig aindi Illray 
be surplus, so their quantities Iay riot be inistrumental ini deteirriiring production 
chances. lot[Ie Ct\Lt'lll that til i', ilot itre, miay Cause ir 

in n 

Iit excluded variable upward 
bias of tire coefficienls. sonic Of w.vhich is fruelntly unavoidable. Further, this analysis 
(ores nut list'. -:)statCdata. A clrss-st lt'eprdulrction fnlyts i,, thoughi ter
estin., iiu!ht nrt be iccurate hCcause of large dilifernices ill Soils. aucinlJratic conli
tions., cropping palterns (as indicateul ii (ahapIter 3) and mte, most of' which wouldl be 
dilfiCUlt 10 I'tullv ;llC<)rI1l'd'tt' through 1nn,,tNasirhI var-iables aid availablC datm. lirco1nn
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plete incorporation cotild cause unknown biiases, leading to difticulty in making infer
ences. "herelore. aggregate analysis was preferred here. 

Apart from checking theotrelical consistency. a ,miaor cross-check oh tile empirical
results Was doneC h1wCt)lllll tllillr iill)i-outpl)lit coelicient,, ;it tile llCaIIIl rOml' ile atedillt eti 

production fInictior paramileters. anl these were 
 Compared with eslililes of response
coei'icieits accupted in the reserc'h literature, al uscd in Indian plainning and pro jec
tion work. a,, dicussed ahe ili coinciOn %%fith Sarni aIld Roy (I .(79).The empirical
results are presetCled in 'lIables 13 and 1-4 (variable de'initions, are i Appendix 6). In 
terms of' W and F statistics, all tile Inctiolal forms show ood ils. l tile lilear case,
all tile parallreteis have the right sigels. but the 1-st;,tistic signil'icance of each coefti
CIentl--except thIt for rainfall is we ak. sm ing that partial respolse troitier h'ils of
this fanctional hrni are not strong. There is substantial impllrovemenlit of tile signifi
cance in tile C(obb-DoIulas Iunctional fiormt.indicatinig the greater efficacy of' tlis form.
IHowever. the IIYV coeITiillt Ias an incoriect sin.The I'lilciion also seells to 
exaggerate the input-oul coetficicnl of irrigatioi and underestimate tile coefTicients
of fertilizers and I IYV,. The transcentdental uctI' nCOal tIle other hand, exag-Iori. Ol 
gerates the e'ect Otf ferilizrs, and II YA"s bul makes tlhe ilput-OUIpUt coelt'icient of
 
Irrigation negative. Thiv ",haling 
 ile cake' proIlmm manitested in tle instability ofcoet'icierits appears to be ail Oltnlic of tlre high multicollinearity betweern Ietilizers.

IIYVs, and irrigation broughi Out in lire factol-alysis. Tllese results also show how

unreliable it could he t(0 test only one functional lorin, especially without comparing it
 
with prior values I'm cofTiciem!n.
 

One: alternatlivt under this iiulticollinearity problenl was to h'orce , prior value Oin

Ile irrigation coeiicieit. Thus the transcendental funclion was reestini,.'d. with Ile
 
irrigation input-oLItpU coefficient 
being fixed ;it 0.5, a valie frequently at ,'pied for

India (see Sarmla and Roy I 79)J. This last 
 restricted transcendental Iunction . ves tile

followin, illlptll-(ull)ult coe'licCientlS for Cach oh the inputs: 5.51 For tertilizers (note that

the IIYV efTect is segregated . 0.5(0 for IIYVs, 0.50 (ly restriction) Ir irrigation, and
0.34 Ior rainfall. The good tracking of actlul yields by this 'uctioCn1 is showni ill Figure 

The inpul-lilpi coehlicielit ol IIN'Vs shows that for every million hectares of'
Increase in llie coverage of, IIYVs, there is i 0.5 million-lor increase in productionl of

foodgrains. Further. ai exanlination of the nmagnitude and sienihicaice of coeflicienits
 
in diftereint finclional for,, indicates 
 that IIYVs show a positive sernilogarithrnic
nature of iespOrrse. This indicates that the sl)reid of' IIYVs may hold considerable
 
potential (or increasing t(loodlgrain pr')duclion.


Rainfall appears to hle sho\in clo tIoa classical lrIOduicion I'unCtion resl)onse.

The standard deviation oh the r'airfall index is about 
 1( points and gives a coefficient
ofh variation ot It)ipercent. which is not as high as may have been expected. It probably
shows that thCre is sublanltial regional Comrpensation bletween good and bad rainfall 
areas Ili rmost years. ()nl in a rare year is tlhe rainfall adverse 'or the country as a whole,
and the statislical variabilil oh, Ile all-India ioodgrain rainfall index does riot appear
very high when studied over the past 33 ycars. Further. the rainfall input-output
coelTiciert is estiiate(d to le 0.34, which implic,, Ileat, oin ail average, a one-standard
tevii:tionr I) points)i drop ill ibe rainfall index (ine slaldr'd deviation covers 65 
percent of a ni'iiial distribtlion) reduces loodgrain productioin. through yield clalge.
hy 3.4 million tol . This iay iot le considered large i percentage terrmrs relative to
tire I198l1/X2-1 t 8X3/X4 avera':.. prdlictiln ICvel of abotl1 14(0 lnii ion tons. Rainf'all 
would ailsI inflluence production through changes ii tIhe area. Prehinninarv aalysis on 
this shows that detreilded area is also hiihly correlated with tie rainfall l But (liendex. 
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Table 13-Production function estimation results, 1951/52-1983/84 

Functional Form 	 Estimation (N 33) 

Linear 	 YIELD 40.60 - 3.50 FERT ,2.37. 1YV + 15.02 .RRG 3.39 RAIN 
(0.10) (1.48) (0.73) (1.77) (4.30) 

Adjusted R2 0.94 Fstatistic 118.4 l)urbin-Watson 1.38 

Cobb.Doublas LOG(YIELD) 1.89 , 0.039 LOGI(FERT) 0.0090. .OG (HYV) 
(2.51) (2.061 (-0.921 

0.74.lOG(IRRG) , 0.53.1OG(RAIN) 
(3.73) (6.77) 

Adjusted R2 0.94 ['statistic 127.5 Durbin-Watson, 1.61 

Transcendental LOG(YIELD) -5.65 t 0.0032 •FERT - 0.072 I.OG (FERT) 
(-0.90) (1.05) (2.67) 

0.012. 1YV 0.0088 -LOG (IiYV) 0.095 IRRG 
(3.401 (-0.75) f-1.30) 

1.60.LOG(IRRG) 0.023.RAIN t 2.50.LOG(RAIN) 
(0.85) (-2.45) (2.73) 

Adjusted R2 0.97 Fstatistic 123.1 )urbin-Watson 2.19 

Transcendental LOG (YIELD) -12.21 ' 0.0040.FERT 4 0.034.LOG(FERT 
(forcingIrrigation (-2.28) 1.24) 11.90) 
10 coefficient to 
0.501 	 . 0.0081 .YV 0.022 .. OG(IIYVI 0.15 IRRG 

(2.74) (-2.17) (-2.07) 

3.54 .OG(IRRG) 0.026 RAIN 2.97.LOG(RAIN) 
(2.10) (-2.78) (3.23) 

Adjusted R2 0.97 Durbin.Walson 2.35 

Notes: 	The numbers in parentheses below parameter estimates are Istatistics. Results are strongly affected by 
multicollinearity between irrigation, fertilizers, and high yielding varieties. The implied input-output (I 0) 
coefficients from these regression estimates are, given in Table 14. The transcendental production function 
gives the greatest flexibility to the shape of the production frontier vis-a-vis each input. Other functional 
forms such as translog and quadratic were also tried. These forms introduce interaction terms that greatly 
increase the variable load, and this coupled with the already great mullicollinearity problem leads to poor 
and unstable results. 

Definitions of variables: 

YIE.D yield of foodgrains in kilograms per hectare,
 
FiNTM fertilizer use in kilograms per hectare,
 
IiYV percent coverage of high yielding varieties in foodgraln area,
 
I(R percent coverage of irrigation in foodgrain area, and
 
RAIN AllIndia foodgrain rainfall index.
 

estimated inipacl ot producliott tIttotght the areaIrot 1 a one-poitll change itl the rainfall 
inde.\ is oil) ahbout oe-lhird in nttagnittde compared with fhe impact on produclioi 
throughItte Nild, itl the mean. 

"lhe ;'h(vC analysis slt105 that though a vet'y important factor in defers rainfall is 

mining India's loodgrain prodtclion. Nith a high slatislical significance in al futic
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Table 14-mplied input-output coefficients at mean from production function 
estimates 

High-
YieldingFunctional Form Fertilizer Varieties ;rrigation Rainfall 

(metric tons/ton) (metric 'ons/hecare) (million 
metric tons/ 
index point) 

Linear 3.50 0.24 1.50 0.40Cobb-Douglas 2.74 -0.06 2.51 0.50Transcendental 7.57 0.86 -2.04 0.24 
Transcendental (forcing irrigation
 

-Ocoefficient to 0.51 
 5.40 0.50 0.50 0.34 
Additional estimates 

Transcendental (forcing irrigation

1(coefficient to 0.4) 5.58 0.52 0.40 
 0.34 

Transcendental forcing it rigation

I ((coefficient to 0.25) 5.70 0.54 0.25 
 0.33 

Transcendental (excluding high

yielding varieties) 9.10 
 ... 0.33 0.36 

Transcendental )excludinghigh
 
yielding varieties and forcing

irrigation IOto 0.5) 8.64 • • • 0.50 
 0.36 

Notes: In the linear case the yield equation regression coefficient directly gives the marginal productivities. Inordi r to obtain the input output (1 ) coefficients in the units given above, the high-yielding varieties and
irrlgation coefficien., need to be divided by 10, and for rainfall the coefficient needs to be multiplied
by (118.71 / 10001. In the Cobb l)ougl:is case, the yield equation regression coefficients give the elasticities, which can be converte to derivatives a! mean by multiplying with (mean yield/mean input level).
These can be converted to input output coefficients using the same methods as for linear. For the transcen
dental case, following alter, Carter, and Hocking (10571, the derivatives at mean can be calculated asfollows: dy/dx y(a/x . b), where y is mean yield, x is mean input level, a is coefficient of log input
terms, and b iscoefficient of linear input terms.ire derivatives calt be converted to input output coefficients 
using the sane melhods as for linear. 

iotl (lomi it,, avcraLc ,ariahililv lot fihe cotilrv as a whole is not extremely high
wIhM O'vaita.,d oVTr [he pa, .33 years. liurlhcr. whet slotdied over tiiay years, ils 
e dlct oil lolal Ilmndcrail iprcl'O ntioll itt tile Cotlllr' mayonot he. as greal as oi'l
 
assUtncd. \tt itl'rc'stil ar'a ll ttrlht,.r rc,e't.h C'ouhl 
 he Io exainie ihe11impla.c of Iwo 
Or- IlhrcC C'ltsCCtl i\c, had raintlall \car o tn ioodttaitt productliot. 

I ahle I Iilko ',1s0k ',%,seeral l dil ttal Cslinial'es ohlajed Ilrough a.llrtllalive 
as 101tplt tIduClilntt Inlcliont atlalV sis. S itnce i,, i I1tt lint' prior valie of 0.5) \ as forced 
ti li' r11C 1itl-mnlttlI dlhet1)0 ninnnLMltll i .'l lI xid'aiMe itt rntlatl Inn check [lie sensitvlity
il liteelittiale",e Itis atofit"'lliptimn. The iretill, show Ihal s'aryin iw irtig.!lnintn
illltll-nImlllptl cnnelliciutl I (.,) and to ).2.5 catses (ill\ atsinall cihatnge ill tile itl)Ul-ottl

ilnl' liciemnll lrhili'l",. II\'. and ralintlall. 
Ilt Cte approach ittliMIl tC',I)(,It.. Ih CCId lli Y , a's iS tn ctlndc'1rlien dIlstdvitLw 

tltdC'r Iti Lenili/Cu st1Lt-tis',. 1nid H disilncltUl,0 kis ttaleiC hCet\l.e IIYV atid f1rliliz-Y 
ers. Tnn soinltiac lh' MA 'suiall'Il,. Ile %is diripCd fMll tIle t'ellltalio altcl lte 
e'qtUalit \.ts "Ct'e'lili;ilCid. The lk-iill SlI IhltI le l rl'ili/elr tt il- tlpul cinelficient 
t tt l Ils si' li1 lii ll c tolli, n1 (. ( flIlne lnneamii , Mid) It ilrifWia iln Ih' cOCilTiCiCil 
C'((itit Inn0. U3. "0 oUs RItC' ci)lillnahlI %ills Ih'e Ce rlier es itlalc. line irripalioll
inllpnl-tnllpill ciOnllih ICuiltn sa InLtcd I (.5(. Mtd tile restills sit()s% Ilial iltis causes a small 
redlclioll il fhe' 10l11 1 'et itinl-(lUtlpUl cnellicitnl tI X.04. lhis lestull ohlaltied Ilhiolnh 
pri'ntdttclioi ItilClitl alI\ \"I" stppirls Illnise oinlaitd earlier lliIgh Ilte atialysis tisitg 
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Figure 10-Pl'roduction function: actual and predicted values, 1951/52-1983/84 

Yield I (XX) kilograms/hectare) 
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1951/52 54/55 591(y) 64/65 6970 74/75 79/80 83/84 

Souct: l1 Si t it rcft-ull+ Scunmd llll llitill it)Table 13.Olthme 'Cllutelli 

response coeflicients. The re noose coeflicient analysis indicated a decl ine in tile 
response for fertilizers, trom a repoose of the order ol I0in the 1960s ard early 1970s 
to a response of the order of 7 in more recent years. The production fulction arialysis 
indicates a comparable response at the mean of 8.6. This sopports the hypothesis that 
there has been a decline in the aggregate fertilizer response. Since fertilizers are 
expected to play a crucial role in the future growth of toodgrain production, this decline 
in the response is of major policy concern. 

Yields under High-Yielding Varieties and Irrigation 

lihis section prov'.'ides someI further facts on yields obtaiiiable with H YVs and 
irrigation. since these could not be folly dealt with within the framework and methods 
above because of the nilticollinearily problem. 

In 1983/84 the area under IIYVs reached a level of 54 million hectares, of which 
rice and ,wlheat accounted for about 41 million. A shift to IIYVs is expected to increase 
yields, and lhe available data on IIYV yields in selected states indicates that the 
differentials between II YVs and local varieties are relatively high but have a wide 
variation from state to state. The IIYV yields for wheat in 1983/84 were about 3.( tons 
per liectare in lPunjab, 2.7 tons in Goijarat, and 2.5 tols in Haryana. whereas fit tlier 
states they ranged only from 1.0Ito 2.0 tons per hectare. For rice the I IYV yields were 
3.0 tows per fiectare in Punjab and West Bengal. followed by IHaryana (2.7 tons) and 
summer rice in Karnataka (2.5 totns). The yields quoted above are state average IIYV 
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'itIds based oln tle results ol crop-ctttting experiments.'l'he wide difl rences in state 
IIYV vields Cat he attirihltd to vriatitons itl soil fertilitv. input Ilse. and adopittoi of 
inllml'o\''ed liiCtilitl practic,. inlrtlini. ,,ter 11(tt.ilel[t. Il Punjab. IIYV ields 

of icrernt ltnttlta\' he rlat i\kel hih becais Ce l iriattit tlof the lootIcrairil ari a high 
tte o feritlir/ci 'Ajplicatrin ( I-H kilogtt,s per Itectare i It),/X4). ()i tile otlher hand, 

in th (.i'n citl ',tltes of \ltdltvhtl Prt(ielt 1htnd R;Ijstltha the lver~ige yields arer si-6 
hoss, i)Osil)l lC+titilC' Of Il,Ni, itoitlli h11 per hectau+e use, tl'Il-tiliers (lable 15).it] ; ntl s e 

lhet." viells inditC tl II are taseraice. the
th;i _ HYV \ields higielil tha and yieId 
(lillCrLeitlkils aicros stats, iltdicatle tit tici My he scope flot further imtprovetniit. 
e, n in IIf \' \il,.

rricate.d area; tinder ftnlrairis reactt.hed at leve'l of i.l)ntillion hre'ctares by IvltX.3/X. 

ooduri I IeldI tCIde.r irri,,,cI a it e't C'r;.llv kno t nto he hier tIhtnlho se withouIirittOiilt . \dta oI i ' ld er lhctlare o1 irrigated Lillai .llen 

l(nodtu;iis rc rol as ;ailable'. I hI,tisv ,r. tisaerecate ta on irriailed yields in Selected. 
states hased otn cIrop-utit le'cpelilwt,,ts indicate lhat irie.ited \hea \'lied iIn Punijah 

,\a 3.1 tnI, pCI hCetar+ in I)X-,3/,4. Il (Juiartr;a atndI llatrana lie irrigateti yiel 
I\rCl';.thu 2.7 anl 2. Il th rinraininc, sttes it was thont 2[HtS. Iespctivelv. ,, Ierca,s ile 
ItIts p ,er' i\,er. In rice. ;ig lib I iC followedictR' 01 ilt let 3. I toll, per hectareC. 
h\ \V ,st BenI a,l %%lilt 2.7 toil,, (%.viflter Cri_)ji. Ill ,stI lIejWill. hoVe_ 'r., irrigated
,.,imiter ri,,'e. \ e.cii,31).. torns per I,.rectre. "[he.,.e. \ eLlds ;tnItv re,lr,,esent the combined 

effects of irli tionl. I Y's,. chemical f,.ertilier. and assocI.iateoid improved practices. 
The', S iCis allso soe., lill thle vields tinde.'r irrication are hihlher iliall average., 111(1 the 
.Vield dilfrenliials aciros stles indicate Itlatl there cotlil be further scope I*Or increasing
Irriuille .viuhi., 

Table 15-Irrigation, high-yielding variety, and fertilizer use, and crop yields 
in selected states, 1983/84 

Madhya
Item Punjab Pradesh Rajasthan 

Irrigated area under foodgrains 
to total cropped area (percent) 9 t .0 13.2 18.9 

Yiejld- ' irrigated rice (metric 
tons/hectarel 3.t 1.5 1.8 

Yield of irrigated wheat Imi ric 
tons/hectare) 3. t 1.8 1.7 

Area under IIYVs%to total area 
under foodgrairi (percent) 89.9 22. 1 21.8 

Yield of ItYV rice (metric tons/ 
hectare) 3.0 1.7 ... 

Yield of HYV wheat (metric
tons/hectare) 3.0 1.9 1.9 

Fertilizer use (kilograms/ 
hectare) 143.1 14.5 t 1.3 

Sources: lased on data from India, Ministry of Agriculture, Directorate of Economics and Statistics, Area and 
Productionof Principal Crops in India, 1985-86 (Delhi: Controller of Publications, 19871; and India, 
Ministry of Agriculture, Directorite of Economics and Statistics, Indian Agriculture in Brief (Delht:
Controler of Publical ions, t1986). 

Note: IIYV higt yielding variety. 
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TRENDS AND CHANGES IN PER CAPITA
 
CONSUMPTION OF FOODGRAINS
 

Statistics On per capita crn,,unllption1 loodgrains in Indi ate availle Iron, two 
separate sources that use entirely dillfeient etlds. Thl Minigtry oi Agriculture 
annually coillplt., and reports in its li/htil 1n/Iooi.S,i.il.S the per capita availabil
ity of lo)(tl .raiins. tisiilr net prdoductitn let imiiports. change., in governmnent "tocs,.and 
nlid\,ear population. 'hese estitnaltes Ile el,tiall. haSd On Sliplly-utiliZatioal ac
counts, ant use the tlisal )araneLT: c(ncept. The second ,'rrce is tile National Sample 
Survey ()rgali/ailoI (NS.O) of tie l)eDepartmnet of Statistics, which reports dalta ol per 
capita Constu ption of fooatlerirs ill quantit\ and %altleter'lls Iron) honsehold coll
snillnr urvCs that are eurrentIv Conducted every live years. The National Sample 
Surve, (NSS) datla are, therefore. hased On direct estimation of consunmption through 
the illrtrvies, liethod. These perilit i iore (lisagregale exallilatiomi of tile consullp
tion levels anti patterns. This chat)r use, hoth Of the above estillatls to exmIlille the 
trends. levels" and pattslls f -irlltllllptiol. ill rural anti tlahll alreas, by crop aind by 
uILrtile groupi1. 

Per Capita Availability 

The data on net availability of' foodgrains do not accomnt for changes in private 
stocks %kith trade. farmers, or1consnu.ers. as data ol these are not readily available. 'le 
net production is obtained Y suhtracling from the gross prodncttion al overall prede

2terilrimied allowance of 12.5 per cet fIr seed, feed, and wasltge. I1 lIeally, the seed nse 
estimate shonld he basd on seetl rates and areas undrl different crops. anl the rates 
relative to produ.'ion %% have changed colnsiderahly, espcially alter the introdne.oidtl 
tioml of IIY'Vs. The feed n,c, estimate should he hased oi lie feeding ratios at1(i 
imasnres of li'shk output. antd the wastage slh Wohe duterniined separately as a 

percentage of the f olgrair Output. I lowever. itl the absenice of any represelltative 
surveytdata gi'vin alternative rmes aind ratios for these, there %%,as no feasihle way
aruntl these weakl'esses ill the tIdata. 'Therefore. these weaknesses having heen ltlle[
tiorred. the Mini-tr,',signres (oir et production and per capita availahility are utsel in 
tire folI ill, anllvsis. 

F'igure I I gives a plot of tie annual national per capita availability of foodtgrains 
frun 1951 t IUM4. It ,sw that availahility has flitlctluitied conidetly but wihoul i 

2 t)it t WrrlkrCC lialh , rL ;1ii o ( fi I l 1C nt i N, , tor w tnCr Mift t .,nl Ito utldgraiil,: Ito l r rfw ill It 7 .0pericit. ,. 

12. pich for h.li qg' l c (otcereals ;nd ptuilss, 12.5 pt.:nt. 
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Figure I 1-Per capita availability of foodgrains, 1951-84 

Kihograins/Year 

2(10
 

IN)) 

1951 1955 1960 1965 1970 1975 990 1984 

Souirccs: 	 IHa'sd on tiala fromi tidiai. Sfinistr~ro AgriculItujre. I )Iccloratc of E:conIoics and .Statikics, Bl~letin oil 
lotud \talmfu %.%anioijs .NtjCN tI)IIj: (onirollei ol 1,) Il l~olls. valioli', ycls). 

mldJor trendf. The l'olhowing table gives est mated compound growth rates of per capita 
availabilny and their 1-statistics 'or different periods. 

Time Period Girowth Rate t-Statistic 
(percent/year) 

1951-84 0.19 1.85 

1951-65 l 1() 3.94 

1968-84 negligible 0.03 

1968-76 -0.79 -1.32 

1976-84 0.27 0.39 

The results show hat the trend growth rate fior the period 195 1-84 as a whole is 
,inly 0.2 percent a year and is Statistically insignif'icant. The l'irst subhperiod (195 1-65), 
-whichli [it pre-green-revotin part, shows an increase in per capitai consumfrtption of 

Tnalowever, the green-revoltion period (1968-84) shows n1o trend inyear. 
either die first ( 1968-76) or second (I1976-84 ) part. Tbhus, except in thle pre-green-rev
olution p~eriod,.fthe per capita availability fires show very little overall improvement 
or deterioration. Fgure 12 gives a plot of, a centered three-year moving average of per 
capita availability. This shows that tlie per capita average availability f'luctuates inl a 
band approximately between 150 kilograms and 170 kilograms a year f'or tlie pleriod 

1952 to 	1983. -rom 

52 



Figure 12--Per capita availability of foodgrains: three-year moving average,
 
1952-83
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SotjICCX: tladcd ofild,1ta [11 Intlidia. Nlinislur ol Apitlinlurc. Directoralc of Fconloiuiic alnd Statistics, 114h11,6i on 
I" ., lt s.%a:flout'. ISS1.N : c l icalihols.(31ltdul,htl 

' , 
(DI)t'lh q \ anlous .yc.ar,. 

Sara iid Rov ( 1979) reported a 6.2 percent decline in per capita availability of 
f'ooderains ini 1975-77 coipared with the level in 1970-72.i ' Table 16 shows that the 
average per capita availability declined Iroi (i9 .3 kilograins a year ill 1970-72 to 
156.7 kilograiis a year in 1975-77. Snhsequnnlly, the per capita availabililty rose agil 
to 166.6 kilorain a year in 1982-84. Ilowevc.i, rcmain;; to be seen why per capita 
avaiibilitv fell subslanliallv in 1975-77 conlpaid wilh 1970-72. Reliled (Lata in Table 
10 show that there were increases in the ncl production of cereals. net iiporl.s, and per 
capia illcoli, ahin \il1 a decrCaSC ill Ile Wil price olloodrains, and yeI there was 
a declille ior per capila availahbilily. Ali increase ill governiient stocks iore or less 
absorbed the increase ill cereal iiports. To filhcr analyze this iniplicit chige in 
consililltioll behaviir dulring 1970-X-1. the annial net production of l'oodglails per 
capita andil Ire rCal priccs ol In dlgrains werc calculated on a tiie-series basis, and these 
were plotted allol with per capia availabilily (Figur' 13). The following observationis 
can be lade Ironi this analysis. 

1. The per cipla availabilits and the per capita net production series mnove closely 
together (the dilerence between teil Iwso can be accounted for b, per cii)il;I ilnports and 
changes in ,tocks). 

2. Especially in 1975 and t somic extent iii 1977, the per capila nlet prodliction was 
nllich lowel han iillhe Cal'v 97(0s, arnd, coupled with the higher (total) iet production 

I Th c cinC init~i lahll ill Ihl mid- 11;7)N \ki, als lglbali t p ihioiie n Ir dtvclping cuUilrie: grain 

pri t irInll (ICCiiiCd ill 1)(411 iCvChl)iCd d d \LAchiInig countries. ctin lg a drwm(lown in ,Iot'k,, anild 
dUc'li n inlpraml Iradc. 
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Table 16--Changes in net availability of foodgrains across selected years, 
1970-84 

1970-72 1975-77 1982-84Item Average Average Average 

Per capita availability o foodgrai is 
(kilograms/year) 169.3 156.7 166.6 

Net production of cereals (million
metric tonsl 81.2 86.8 110.5 

Net import of cereals (million metric 
tons) 1.8 4.8 2.7 

Net production of pulses (million
metric tons) 10.1 10.0 10.6 

Real price index of foodgrains 
(wholesale) I1970/71 I00) 100.3 94.6 84.8 

Per capita income (conslant rupees/
year) 624.0 644.0 734.0

Population (millionsl 551.4 617.3 720.4 
Change in government stocks of 

cereals (million metric tons) -0.3 44.9 13.7 
Net availability of foodgrains 

(million metric tons) 93.4 Q6.8 120.1 

Sources: Based on data from India, Ministry of Agriculture, Direclorate of Economics and Statistics, Area and 
l'rodictjon of !'ncipal Crops in India, various issues (Delhi: Controller of Publications, various years);
andl India, Ministry of Agriculture, Directorate of Economics and Statistics, Bulletin on Food Statistics,
various issues (Delhi: Controller of l'ublications, varous years). 

F'igure 13-Per capita availabilily, net lproduction, and real prices of foolgrains, 
1970-84 

Real Price Index 
Kilograni/V-:" 1970/71 = IX 
2WK 2W0 

Availabilit. pe.r capita 
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S Iri:t' il li [/iaii ,ult i Aiilstiet': un l Iiisr ,,l i i ii lieriir o)f' llciir'il. sI-t'm,lSttistii s. /tlIaini', ,orn lalClp %rousit'Ollh,/ /';Ipi //,00/ hauIn Inda, issuesNI lellii: (Coiroller of Pubilicatiohn%. various%'Cais);and India. M oilll il Aici t ilt. D)iret'horal' (it [-C01illn,.' Jllit SliHNiqII'N, BI/lnl s oil od 

.ill rn li llel Pl1ilh slM tUSrsi.%i Issues )ellhi: ('oio ill 1iiual, \iirihlh 
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of' loodgrains in this period, this implies that though prtduction increased, it Could not 
keep pace vith the increase in popuhltion. The 1.) percent annual rate 'f growth in 
f'oodgrain production during I967-70 was lo%.er tha i le population growth rate ot 2.3 
percent. 

3. In 197h'). there %%as. sharp decline in the real price ,, t ttl'dgrains. At least piartly 
due to this decline, there was a large apparent tlanser iotfoodgrain stock holdings fron 
the tniirecor(ldd/un.ccuiintd priate setor I+ the0lrCold/accoitelluld oveniit see
[or. This %kias estimaitaed N Siriii aid Ro ( 197) Ito be of the oidle of 2 million toils 
on an averajc durinig It)75-77. Suchi a ,hill il stock, ssuld haivC illchfeCI of' relative 
underestimation of per calpitliiiiiiai Coii.ninption lliic per capitat ;vailility dloc , not 
take into iccotmnt chliaces iii priatc ,tocks. [his , otild account toi afdilcrcncc of' 
aholut 3;.2 lprM capita. ct.link+ il lpr capita avatilabilit v b)Cvskihloraii This the ecn 
1970-72 an; 197577 can he explained nlifil\ ill llf0'r)Itlltioii 1crowthterme not 
kceping pa e \. ilh poptilatioii .roIkI,. lllid to socl CxteLti ill t , Of a rhelative 
underestimation 01 pm.r calpita asailthilit\ in 1)75-77 dule to a ,hilt of stocks flrom 
priVattc to gover.lll.nt hands. 

Figure I1 also shoss thatt the iHiTs loodg-raiti'- ICII l in thereall of e lilic uitlv 
second hall of the I197 (0s comlard " ith theIr high levCls ill tle first hiI. anll these 
Qlej; essed real l)r.:s coitiiiuel into the I)X)s. Another observatitm is that overlnilllei 
operations througlh stock', lld impollrts placil to hasiC hcbi helpful ill suplleniwnting 
doensic prnwm driitaiidinmetincg retluireimnis under the puhlic distrihution svsw ini 
[ll). Ilos,,lsr. gis thahi t f ol .tiv [ile oprti sltahili/alioio theoe soOf oll w t,, of 
c)tnsumiption., linic 13 iiiicat.s that tie toseiiimicil operat ions s,cc iiiia.le to 
S l)staitiall, dalme)nl the inislabiltt in p rc,apitla 'vilablilit, arisiilllron fluctuatioiis 
ill plictlilon. This,. liosLevl, lcs not take into accontn the Ifcts Of prisate slocks. 
ThltIe ahove obslrvalions 'eelm 1t indicate thle indisplsbilitv ' f stlaitied groMvth ill 
production forltisin lgntld stailiii/ lodraiii coi Usnipt ion. 

National Sam pile Su rvey ( onsi mlpionl Estimates 

As mtnentioid earlier. the NS( ) conducts all-India sattiple surveys that exatmtnite 
tilevels an pat,,triis Of Coisuml)tioin o loodgraiiis and other itlls of' cotnsumption 
for both rural aiid r coiitllSlr,_ir illcoii. o(tal cosllell.r xIpellditlle.) groups..baili -cis 
UJnfii IP)71/74 the coinsuiiptioi ,iiron'v, k.' crcclducte(l allliallv. hut since then tile\' 
have been l)llr\in.alelv fu years. surveys Cover randomhcConduLAct! slr - These 
Saiiplesof ) to t11)1(1.(f) hous'holds 1riii1 all ove tlhe ciiitrv altld rndr)ort Conisuiniptiontl 
b)! Major item. usullal l i C cal)ita e\s)idittll, aid ullantlities, [ut ollen and lor iiati 
itellis. oril\ illC\lI)tilittlr tfrins. For the l077/7M md IU83 surves,. qUuallitative dala 
Oil co'lllllpt )l Ii-ss arelnt aviliable. 'ihic fiethhodology follo), ctl lorl deriviiig 
qU+IiaitVl\dal IIi the ,\)uidtlilul tla on pulses is lsribd i Appendix,i 7. 

Tale 17 lies,,itn the average pe.r capitad c uslnlIlllpt ito of cereals. puls)e, and 
lfoodgraills at lite rrlll. iirba.l and titmio;l levels Iroin 1/102 to ItkX; balsed onINSS 
data. The fivili at allNtll wIiit o lie fodeai00 , _i'us crl-ells,,hos ot tlt+'f coisiinlare 
atd oiil, lrcLIll ate" imlses TIT' NSS ulat ,io\k atdcliit_ ill the pr Capita cotitlip
liotill of loo laiils frollitlie Ith10s to lieP7(,,. For instaice. be'v.en l1I901102 andi, 

' 1- M o'I 44I the NYSY Y1. II)l1 ll fi, -,iIhl h i 11J1kS , Iiii 'lftl14 l1 ssi,, i',IUt4 ,Ijll\ i ,t 54,11 4l t t .. '15, 

44111C ,iit.M.hid) %.Vi,Nh lt lhIi i 5thLI 
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Table 17-Per capita consumption of foodgrains, 1961/62-1983 

Annual Consumption 
Monthly Consumption' Average

Year Grain Rural ptr CapitaUrban National National' Availabilityb,r 

(kihograins)
 
I901162 Cereal. 17.5S 12.49 	 16.63 .... 

Pulses 1.50 1.53 1.51 ...
Total 	 I9.05 14 02 	 18.14 220.7 I67.11964/05 Cereals I0.1 ) I .65 15.32 
'ulses Ie.66 I1.18 IS
 
]'oral 	 17.85 12.83 16.8 	 205.4 I03.21970/71 Cereals I5.35 I 1.36 14.56
 
I'lP( . 0.96 1.0 1 0.97 . .,
"'otal 	 I 6.31 12.37 15.53 188.0 , 	 I69.31972/73 C real. 1S.29 11.27 14.45 ...... 

%
Pillse 0.85 (.93 0.87J or;, I. 1,1 12.20 15.32 1813.4 16"5.2
973/74 	 Cereals IS.0) II. 32 14.30 ......
 

Pulse% ().11 0.832 
 0.87
 
'oltl 	 15.97 
 12.14 	 15.17 184.6 155.51977/78 Cereals 1S.25 11.(2 14.44
 
Pulses' 1.01 1.07 
 1.02
Total 	 1(.26 12.09 15.4( 188.1 167.2083 (.(-real%, 11.810 11.31 I ... .
Pulses ' 1.02 I. 13 1.04 
,lotl I ..,2 12.43 I5.00 182.5 166.6 

Sources: Iased on data froiln nliia,
Department ofSlatistics,
National Sample Survey ()rganizathon, "heNational.hplh, 'fSumey: i'l.A o (.'.onsoer kpw',.liture, ro,,lnds I)elhi: NSS(), various years);variouis lNew
and India, Ministry of Agri(rullure, Iirectorai (of lcononmics aidl Statistics, l1o1h'ujin on 1.0( Satsfics,
varal-, i.%s,lJ)elli: C.ontroller (,fPill)lj:atjlionts, various year%).Nots,: lir itiiilrmie o per (,ll)la dherivedfrottavailability [lit, Ministry ofAgricullure's figures arn'those of
 per 1;llta tIila lI(JptiiOll o)ltiield ilini lieNational Sample Survey are riotstrictly a
comparable for
number of reasons Isee App(lix 7 for detailsj. Parts may not add to total% 1('cai-t, (f rountlding.'Based on National Sample Survey 1ofinsIltl)li,:i figures, which onare a July lune survey year basis except for 

I1M 3, which is ila (;leldar year basis.'las'd oilMinistry ofAgricullture per ,apila avadlability figures, which are provided oiua caletidaryear basis.'iheper capia availbility shown against year 1961/62 (lItly June) i:i
1961 

the three year average for calendar yearsit 1903, and o l) for all years except 1W83, when all figures are (lirecily (n a calendar year basis. 

197(0/71 c(nmiItrpliot declined from 22(0.7 kilOl'alis a year It 18.I) kilogranms, I 
redctilint oll14.4 prcci'el. Itt I973/7.l if declined filllher Io 184.0 kilograns a year. It 
rose ;teaitl n I .I kiloianlis int 1977/78, lthoug in 1983 per Capila cOrsnlpliO)n
 
dieclined Io IX2.5 kihl.rratin. Rclji'e hdli lt difletere helwt,,11 I I)6()s 
and 1970s. 
lie catlltl'es 	itt i.r (i(il. lsll ittlll1 et hl itlcc 19)70/7 I h.ve been stiall atd have hecil ill
 
h)ilh direcl iol, antd sillce ire )li lC itstlrpl (oro ole vear olllI C;lpi itt is ca)llledi Vly
01 sCeeAl .e;ir%. Iht\ ilaV relVL enVyCe -lo-\cr Iteltaliolts. I Jtnderivilg i)tiC ciLIllges
 
It.i o old(Ishitt, titrltliott. arid; 1tee 
 ill he ditussed llel.
 

In ontl l I')-\a\.lnle I heire
i wiit 
, 

difIerencc itt lire per Citai CttSttlnp)lioll belsvet,,n
lIL 1(0 aid 197(k a,\rae per capilit a aiibil. licUntes wereCalenl Jalekdil roIt,lie 

lintilrv ofI,\erietLltrs', (lila lot c ltlltisOill tiltlie year,, corres()ondinr ItoNSS 
Il ,ItAkitrL1.SIV,,.\ S,,i.. filteelltlale' o)pet Celpila V.iilaliil,', whrich are based oin

the disappetaI t el'iLLcAtt.ep, he diectht'll.lltl C1Mparedlwilihe NSS eslnitrales ol' 
Ce)tSttsrttrtiltn, \tdirii re Obtai cti h Ihe illlrsView nlrtill(od. illparl becarlse ire avail
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'Ih i Il II)I~ig~~. ittc lai s' relatec 

hold conIsumI~pt in oly\ andl( do0 


iii s~\aL lie NSS data to houise
111( inludelll Jlmilhloul'oI Con]sumpl~tionl such ;is ilial tof

hotels. I lowever. hioadl coliujrisnu arc possibfle. and for thlis 1ilsc, tIreIe-\'ear-av
Cra;gC rt'r Cap)1ia JVaitlaI'iites With 11 the ,cigl2aed year as [lie Iliiitlear ha~ve been 
coIIIpIIte~l aid are piseiitcdI ill ableI17. ']'lie availabilli lipires jiidiCMilairitIClI 

between 11)0'112 miid 11,170i/71 (mlire( \%iti ;1 1-1.4 pelctl( dra~w ,hiowni by the
NsSS dlt. eSt'iI ,luiijt-, iitliuiie \!2aiiyarltiliall PO S~ur "vaiiailal ai anid I eirgar
I)XOl'i.Nliiii.e IM Jild M.111(Nlila 198S. aii5( Iniritlic thai lhe NSS estiliates o1 per
capitla 0fhlIiljlI) ill lit' tCL-ilk IQWKts iIl ITerlaieoet'trlie.lii seeu~Ils tha 
lic NSS (lila i1Mii \dt'Pe'~t tIt' dL i oislilptcI o thle 1970s.M cIle I 1111 1(01 190dk to the 

TICIVk is .ifiit Ill IIJ!11MLde i)eteItl'fl tilt NSS t flsuilitoll filuires, and tihe per(11 CI Ml~ll 
caitla ;I ai 1;11)1i i\ I iLle (-' and "lls cmIllIllt lilt() tihe 1Q70, and 1980,ls o is miuich as 
12-1.5 petILTH. butf the cAp) i, rlI;ltlVCI\ Ital Veal.iliCes. 

igiPIit II l(\ 5 aM,;lice (111ICCR hCereiice OWetic iiIiI andi urbanl coll liillo levels 

I'tI (dj~7l/ head 9 m %llicu11l ilcw s I s11lill adjl( iourI the/ I i)73/71a ira" 
Imlte l piiCC97(I -I T/)7/h. llick'aIM f~ICVll I to ta1C L-i. i 'VI/7X I c)X3. (10~ 

MCMUL-c
till te tilhlsllldt' l Iii ic(ly 1ea old';5(vt 'ii as this lian, marl( Fiurele 

lFigtire I4-Per ca pi Ia c'onsumlpti01o oodgrains, 1970/71 -1I983 

Kik,,ramcmit 

Naliomi 

1001 

190/71 1971/7-1 177/7N 1083 

SafiifAi ll tciI~I /I c/4I wiviiI/ I 11I cI II O'lli( I pildl till N Ic cI (N.% [iI hitc N.SS( , %4;ifIu(Ill" 
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Figure 16-Per capita consumption of foodgrains, rural and 
urban, 1977/78 
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Table 18-Per capita monthly consumption of cereals, 1970/71-1983 

Rural Urban 
Cereal 1970/71 1973/74 1977/78 1983 1970/71 1973/74 1977/78 1983
 

lkilograml 

Rice 0.85 bI.90 7.12 0.63 5.53 5.38 5.48 5.32 
Wheat 2.78 3.52 4.05 4.40 4.12 4.32 4.87 4.82 
Coarse grains 5.72 4.67 4.08 3.71 1.71 1.62 1.27 1.16 
Total cervals 15.35 15,0) 15.25 14.80 I1.3 11.32 11.62 11.30 

Sources: Based on dala from India, Depa rilmenl he Nationalof StaltStics, National Sample Survey ()rganization, 
Sample Survey: iblis on Consuner Expenditure, various rounds (New )elhi: NSSO, various years); 
see Appendix 7 for delails. 

Appe tdi. 7.) lh' c'OuttpuiIl ld I'AhlL t1:;'ki ,, ui alaiyllsis ofU CIttM ilr, ilen i1 :i qur1ilel 
c IIl 1iIllII 1 j . 

liurI 10 Mid' ihlC IQ010% 01dI]CXl)eCtdiltru I llal c'(illsltilel eXl)lditill-rC) levels 
()I' thie op aitd hotloll., irihai and rtirl, qtiarlile, iilcolstant 117(0/7 1pric',. Consider
ill, g t Cot Ior tli' lite slows thtfilhe tilClilltitC a', aiproxy (ilt'iotie., I income' lhe 
tbiil lllp i" "ul(h I II\ (1 the lial lop dlIllilt intldatli1irlile lalili; iOt.htr IAin thill thatl hoth 
the il lliartilesr are lll[ totu f1(1 llic tiha n the bolluiln tutalliuPe'reh qlIallilscs. Tlie 
C\')L-ItnilIrC diM;tiCelin Ih'lrhalll 1 well ws the ruiral arlw appear to hlave increased 

ligiire 160-[oai per cal)it i ctiiSliler exlenflliture levels, by quLirtile, 
1970/71 -1983 

RoIxi' fiwIihI11170/71 plolt, 

Itlllh ifill) illeillm 


121)
 
IIIM
 

ill) IRill-ll lolll (Illlalill" 

tiui 

71i
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7111 

lt I iluliiI llllilli lllt 

2(0 
0 H i iiiltu lit"rii ill lil l la 

170r71 I977/7X 1983 
, 


,lmllet'v Ye'.'av fil NaillillNamilh' oli -N'
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Table 19-Per capita foodgrain consumption and total consumer expenditures,

rural and urban, top and bottom quartiles, 1970/71-1983
 

Foodgraln C.nnsumptlon Total Expenditure'
 
Rural Quartiles Urban Quartiles Rural Quartiles Urban Quartiles
 

Year Top Bottom Top Bottom Top Bottom Top Bottom
 

(kilograrns/month) 	 (rupeeslnionth) 

1970/71 20.50 I 1.90 12.83 11.02 61.95 10.77 120.39 25.20
 
1977/78 21.11 12.32 13.92 10.96 91.23 19.37 134.54 25.21
 
1983 20.29 12.67 I 3.90 11.00 86.19 22.12 130.03 27.90
 

Sources: 	 Based on dala foImTIndia, Ileparimeni of Statistics, National Sample Survey ()rganization, 7he National
 
Sample Survey: lilbhs on Consumer l:xpenditure, various rounds (New )elhi: NSSO, various years);
 
see Appendix 7 for details.
 

'At 1970/71 prices.
 

f(rom 1()70/71 to I977/78 bul decrea ed ftom I977/78 I I98.,. hIe rural-urha lotal 
Cxpllt'dillrt'(11"paillit' eCIt'tM' M~t'r lhi tnirt'Fpt'riOd. The' co(mpound gIlt~lrowvlh
 

Cxpelndittult (liiOHilCt0ite tut( 

are rural lop. 2.6 pemtilc:ruriiI bIulloin. 2.2 iet'cnlC: uirban lh .().6 percet:111(lld ir11ti
 
(ihllonil.().7 ltCetnl. 1(u1 1111i iipe;Ct",Iihll rurlil 


Ir.leitll 	 I.(ie iilt ill rtleiits Il,t'tI 1970/7 Iaid I983 

liet lolal eXptIId'tilure,. Ih(ugIt lower,
 
IllhI V litlll I hitoh teieiIp(WtIlntIl IWt I tI t Rill'tab0llil1
M il5%'u ''l. 

qlamlile inteoltes slih tuclutititiu! loss.lit lrot(7(1/71 Ilo 1.I 8. wich i etcoliraging,
 
but I lie 2.? (trtl rtillc ofl h lplitpcill roUp rtpidll
oo s"itltl Iloirase titi,, Iroutl
 
Ihtitr (ow i(tCte Ilevels. ()ttlite Ilevel of holtomi
olloel ihIild. (114it(oHtIt llt Ill'ibai 

tJIMi1; 1ti ll
tlt s(svis esisIllt tIl(uvetlliit'lll. t tilltg;Irit iii ofily (.7 perceti. 

lable Ilt cpiLhi louulgrlll Culligit' 1(7iintl P1)give peit'i 	 1,11111j)liiil of dilfermill 
(tluifrlil',,sloisci t et I'uJutiil1;111 ltc'Ite tesel ofi loidcLfI!t ofste)lil)rurltilte 

lop tll lt. Tiir ,tiai( iII LtOIIsitit)lt ln ltevl hse eii 1971/71 and
Ili sis i uleclitie (it', 

I()g,. firomit 2(.5(0 kihlrtt,, t lthtlli 2(0.20) kilou0l:Utis. ver Coll-
IIM \tl l(Idgrti

Stllllili~ll tiltth i1;I hoI) tlil~l I _".,X, a oiI hl i 1970)/71
~iIIItin'( Jlloll kilpiun 

Ofl 

I I.9( kilogiranis aItiolli tI 7(1/7 I Io 12.07 kilutLatt ,ill(981. It lilt' 


to (( kiluiti ii (981. atil 1Itl0 the iil b1tl ltt iillllt1 alls,IIipIiOvc(I rmt0t 
Collso.tilption 

oIlOw Ilrbtl llarl .%i" sligiiaiiln I 1.()(1 iw i tt .'('hI,. tllttlll ile t t lluoit kilogr 
ill
whc'as lil(1itpulilt',I it loudgtlili c(lltiilit bti'k,'tl iltt' IcvC ( (IaCC'lras-

IMilt" 
lllhlijii colipUllid Iultoss (i 11 bu'iWeei ilid 

111g in ll ,iutl ncteiiiig iltthe ilbait rl l (its iS Ct'llinit'd h lO' 
' lialesO buiualll ct'tsiiitpItOll 1(970/71 

I981: tIrI 10[). (.101 (trt'til: tiirtI, blthll(i, .. ( peicentt: Irbatiha p. .00pelt:allali(I
 
irhailt blltotii. 0 Iititet1it. ((.51i t 21- li iltt' titt' turt bull
1)( Flett , 't11t2 i0i litti qtlarl ilt,. 
thlililh p(islil\t'. is ilstll Ct lliiaIM1 illitl tictiratlilii.id the luh t' tlsiItipIlill01 

Iuululi Ot )lkOit' itll till iINtillt' Iht' ilt'al(V hi I( t' t' is O _i l ciOllt'tti. 

TII C l o ill 	 lle liliti) kvi .ihoilll 8 3 It ((iiuIL 'tili tolltti llpitol ttilrb u(irlilte 

tt'rt'tIll. WIh o p rCt'ttll lotal tldillit filte
\ I ith isrtIT'Iltd Io; i sl 8.01 ittits e' ill sltlle 

peindl., bill tll's X () jceLttl pto ioh; thlht' Illitlct iof Ow l )iiIut('lkdlt' gios(lIh 
(illilt . s (l t 'cit'rtiIl\asl;IhtI t itt it ill tiill li l salve'. Thls i it'ie,s Ill 
utlli it\ b' piMil b'LCaisi lIlk,irleill\ iiili a\'lallptliiit iis e l 	 ellatd bi it'ofl 

'
I0(l.l',riilis ItI the iarkt 1 iiCe ';Ilv 197(k tilaIcilaIls lheIt lite ind illt(1)78. 

tlt-Cie illt'll JiLt's of 10odr tilalo Iivc beti slill pet'r
, 	 Ill rbilllreai tltit 

avriage. (Ii" sUlpptuttlt' 	 lileis 1v (Nle'pl!et (1)7Q), Wh ItV)te(ti11MthatilAtict iMi Ililital 
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Figure I7-Pecr cap~ita foodgraiii conisumnptioni levels, by quairtile, 
1970/71-1983 
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Table 20-Implicit nominal and real price indices, by consumer group, 
1970/71-1983
 

Nominal Price Real Price 
Group 1970/71 1977/78 1983 1970/71 1977/78 - 1983 

Rural
 

(ururr nl lrisi v,ral I00 I1,4 270.S 100.0 9,7. I 103.4
 
(b)iarril,. I ll ithili 10) 171.3 270.8 100. 0 10 I.8 105.9
 
()twrlih 2 100 I (i60,1 277.2 100.0 
 9.9 100.0 
(u.rtile 1 100 1I03.8 27 . I000) 97.A 104.7 
(ilarli.1 Hupi 100 I00.6 209.4) 100.0 9S.5 103.2 

(?:i rr prl,,irnd x, virall 100 1 1.2 261. ... 

(;illsuiit r Crial pri, . virall 100 158., 2i5.1 100.0 Q1. 993.2 
(hiarlilh 100I l,,ltin 15918 262.1 100.0 ()1.9) Q2.1 
(hiartil, 100 26 .)2 158 . 10.0 9 1.1 93.5 
( lirtllhI I001'I 5,1.7 20).5 I00.0 89.0 91.0 
(luartile ,I 0ipl 100 155.] 204. 1 100.0 89.2 92.9 

(:oilnsilliwr pririnid x, ovirall 100 173M. 211.1.5. ... .
 
(>rvwil priti,
 

Nitional wh olcal 1011) 57.9 25 6.4 100.0 
 80.9 85.1
All ci lot O~il to-%
 

M ~liional w hol-,,il. I)(, I.H1.0, io IA ..... .
 

,
, ivvr,ill ((real lli(v d 
/lit, Natiomnl .5, to l:penditure, varii s roundslNew I)elhi: National 

ioori. .:Iural ind uith onrlllr('r .itihasid in ll iafrim India, I)inpal'liitit of Statistics, 
'npl,' ,Stity: lEih.l. (.'onir'um,.r 

5,ainl. U. varioui
!rw.( ,;'drii.'diori s yiars I; rnral ind urliban ovrall conisitnr pricu indices and national 
wholah.l ti -al mti ,Oltiorrti dity rli ttt h,, d olniildics froilnIdia, Ministry ol Agriculture, l)irec 

i .oni, i , li,,id .toral, i ii(,rnld",hilti'ti/hill'tin oft iti.fis, virio ,,isuii,(1)li : Coitroller of 
lPubli( ,ltion% vvrir%,1., WlFrIOu 


Note: I li, yir for u i l I970/71.
li,' ill piliiindi , thin tiht ua 

)I'tL"liMl, CI l ; tiil it 1 Hitt ill a itdl Iltt' its tn iilliti l.it llll Wthitc htt' lli' i) iI it Lt ttii diii ,
l I;IIII., JITt", t'h ,, .
hl i- ,,lll i ()il1htC11111ILt'1 Mllid1h1i1111 llllill 1rI ll ll!lriIt.'t"'h tIC 

, l
rl ' 11t1tIMLIt, IM lh1C llldl hIMl I) (IIItIli1t IINIlhL- (ile Ill [lhe 

iilI tit ' -l ll t tttLti' ( l ttI ts Mut011/I. IM I 1Cll ;ttilikL IHL- hilliPCS I' t'.C III 11C 

Of 1 1,ll I,liI,,.I ('ckdll 111(ik,,M C 1 ", I M~idu litiolli cl illhr im 0 ,,lh rea.ll 
)IILtt Oflk C~t ,I,IM ~ 11l t I)O lilt., 

', 
,11 ,i i' ', 1);Illll tli llk\ h )'t Illlilt' lHM11 (1li halve lil) 

.
! 1111Illdt'tCllICt 1 I l 't llIll Ill tl 1 11',CMl d(h1il\1tO llll~ illl'd 1IW ']t 1 ; 1% . lW.,t t I O\\'t.l

l, lhIlllil1C1f(I k Mlidix OW M,, ML-\tllidl illid. M,,idiliiIIllll(1 lilt i d OILt' (IL- Also ;lidiL'alC's, 

1),II()fillL - 'll' lilil l~ li ilC'IIAlllilt'bt i' (dl(IC %V'hllil 'l I t M IA 1)( I I1110 ;IVlC\LtC -tt 
,Ill 11il-lld h.\ lilt Il'l ~i'll IMlil ttd 

lwt (111.ill111 111 \ l(M)(111liIIII l lllllIII P1W t C lI tllllt' lI l tCOfll .i',lt tM 'tlk 111C 

11L' 11111illL'., M lkh h t L-1M Ct ihlC, IM Il1!21 (Il\krhlIIllil\ thili~L'C. MlidlIh ' %t' M)1idnt'd l Ilht,
 

ll kilt'tl1 It'\t'lk (d ]It()% 1111ht' ll 

C'hillI.VL"' IlM illIt'%('l tl- . [l 1l)1t" ;11 It'\V \C IIlM (l( Ol 'l 

t'lllIllilp l II l l l(d ,l ill it' IIIt'MIIllt, IIII i l -0 1 ,1 llll10il 

hI 1(\ ' t'llltR 11;1hIlldI1 M 1110 11111Ct 

IIIlltC ttll ,\ I Ct,C,iIIi- .JI0t 111l 14llllI IMl t01lllpMl'lllIhC'IWt %l -C At\t! i\llICt'llll lkld illt '(lt 

( l t'lC lll ' tillt'1 i IItL-'lill lil IIIll1 1 L-i' 1;1 ' t' 'IIt' h \ d t'l0l liMIL1 [liet. 

ll1t1 1 ii t \killi ;iild l t IV'lt\;IIil CM MlMili'lI)MlC' 14I nglilinet.arIlit' OW ill(diTt". 

III1t'lild lllciMi\ ilhli1l t Itliili H'lli ll' 1\1Wt Ih1C ICV.'vt' 11,illllilllt [llllt'd Ill 'i-11 ,fill llt'15. 

011 I,, dPl~ili tlkll I llI M CtL; dl ;11 111t' L! 111 '1,110 It'%'\t'lll', It Ill(ll II)h,\M ill 011 IItCOlllC 

Mllil 1.'\WItLIM1llilit'plltlll~ih R M(. 20... ) .XO(,Alild100(. '111hiC'lilllill ll 11,(10l1C 

IMl t'lC ll'idl tIllll IM'" ] M71 I 1977/78 , anidlIWO .(11 OW. I',. 
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.1( ar~eas 

Sulrprisinlgly, tlial ill [le rIrmaI areas ltere waS 


Thle resilts I'm toriand ili),lir are sIliwlr ill Figuire i8. Thlese Chrts sirtw, 
at redutionill per Capita t'OIlSLIIlilOIi Of 

ioodigiaiils i'roil 19t70/71 to 19. ;)3a~ci ilolie ievel. Ihis ildV het. paI-ticuLiarly ftii 

Illetl'ireIevt'tsC ICRs k 1I- Iti. C O lIlljllIRl110 ilatelii litisOf ILiril(( hCLor fie 1leter 
ClStved at tire paillt'P, WhCI MWliltolelvlmiiie Ilipl lli~~s a t,0ii~ \ theal"ier ShowS tMl ileV 

ile141Illtrt ll 1, ILilill es in (tritIC 'I t-C01i lit se'l til oolit lrease i 
illtiiilli evS ltiik' 1001 01I 1.The dis raises 1 lig[l toindr i illC 

an d ill l highrra 

2(1~ ( 111 10'l s Ira tle~lll~ 

iI14)111 L klirI( Riil Mt-20 1110raii. 2.t ti~ 5.7'IIIIIiI amIllilllil(.wh
6.I llr 21w~ kII-ierawl 

plril O.I its II Itt.Ll iItra I II at111,C ie or Ilh fie cLas hell itllal i. SI~w tht [leuie 
Is Xcl o Rs f ~tra21iseslLM o erfllMil0 foile OIpl 111,11i 1( I KIil(4 ' Il a 114(4111 Iii ( bitil 

01p at' llt4iI 1tI,' Ill't11e0iC' Iell an be sW I iiIfil', (1IM11.1d I ad e rect Witi-f);pri O Ief l ad
 
cll ildiiailie sllairt'd kN 10 , (041 ai ]" Irt'd UFMi) ~rItsc
t'COI MtlsttR astI'asM 

trill 0ie ts ; liil' 10 12. i 5 lm aden 

percen7 Ito. 2( kaCLIeriillLIi, I l J113('t ICI Mor~ lY t 111C111tlevel t
 

I. rlu-irl slr e (i Ii Si.7 kiktilr,r aImothl i87 
Of'e~~idleiii at il4J1Jh'I 

iks 80It)and IMs (((I a r iioirirsiniss iliiar het. s t l)l7 a .1l a l 1)r'cveOnl en1Li-il 

looira iltist' ilald It til aralf~1'ire" that-kcord u01'np raal M i'a sill vt',UIICItir2'% l 

glctirit I5t'I5 414)(1Mitltild.ThCu tuI'le]ir t(rtrIl iei Itir l.tilt' irliari0 Iiottir ; [Inilie 
514(55IjCiIOttl tICL-rI1e('. ti I 70/7 andrtisNX. iivelii'I 10s lrCtirre emans pl-Oai~t and 

MII)I iit'tatt uthe lilt 1MI' lJ,~hfI 110ll I rt'tilltt' 411(1haih~ ICVCirrt'ssllr 

i ,ihIIeIII~I)I itIL-sil SIO%%i toijIMI 'It)%C ra Yats lIWiIs21i e ti li s ll S Tilelo1,llrli tiol i 

1 

19t70/7 1sX to RkIt)))ii raie 1(tX04%iirai n cllHiIll(t11 l~ 11.1( k))liItu'rail orV~(.7 
hi'lt'l 80 anid Rjt0itt' u i't"Iiiiwc tIi J1IM21rt\ lttICIeriWb~il CIto 1970/7lce taniu98h 

0r1 l e l .C~I lhis)es ti.%CMIan ilct i tl(IuiT'r1o r~ i 0.5di1iiskl hivlal, I moonltill 

;I% qii1C inl tOsC , ll' cairaJisi iiiOCs thteIll r htitile ~. 0%-Iill~tt Iii llpeIirW 'llli p ,lw rl 

lit ta~il l (4111ilel rt'it11 t'C10ti~C 1 .11IMI 111111'4 ila 44111 (Ill 55I', tiirt'ct ititmdtheaiOW 

IC\'I, idslllii 

ahIeiatiil[ILJ)L5C FiJ~'lltlt(ill-A til t 1 i),il l I'is i ll1IIC IC ICVt 11r1a1l ASOitvthe~itsI 

JiI t'ssII Ml lilt lt I41''. i til I '0J)4i til"'l i~ll Ii) tiltiullallihl oiltir l s. ill 

tire 11i (flilet10 Ll'a ilitliee -1,111Ill i i '111MIl tl111e.s ~lllt' TeIW LiS M) JItiI~li'C ill dtIit'Ip 

ura64d v d m , I OIV 1 11R , M 1 , 0 i l ',Il lLOI IlI1OlO 
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Figure 18-Per capita rural and urban Ioodgrain consumption at different 
income levels, 1970/71-1983 
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SCENARIOS FOR THE YEAR 2000 

Chinl)ClIM aIWiLIIl0'WT11w prcx'n01n1 hVC 12\ilI(I- tilt dNVIIiaIIliCSId beMiro ~i~ ajor 
Iint Col siItIltilICOMpoMIIiIISMlId L-IeL-1e1I'I, 11wMSI g~lOW lb of fooIgraiii jproduhclit)I1ant 

l provide CIMIrrL-2 IernihaiCjill ieit)I 'I 1 11h1" tlrIINSS ltiiit SC Cllerlnl[ otlilC 

Setlll-io tle bIl~ci oliltllreoItlilt'~Io~dlV l blltli li(1(10.l t10 pa'II iel :olra20rea (ii)IeI 1 

cIeIO ihtrii I tI, e e(I) d Ii hrtiilIoIIC i Ihien 11T uicrI ica~IV~ a'reMlMU '~ti 111CI itehep ( 
1etIli~l el0dl\ tIII 10 ld lIi ll, lItiCL 1 i rret ill 11w dihiellt tII i ill jM10lli. C '111~ 

lehI11 l ilt'll Ii od IC011 of~trIIIIJVlIity iIl~4eh 20 ir vera1: IL iollli lli ai ICid) iia ii 

hh1\kIle 1) C1t' liC IIIIrL'l i lSumptil ihiihhr()I) tIIirL rr t~r'iirI iiil'pale woricwlrii 

aiCliIIII]Itir ireOPirl ( IrllrIltl rI nl OW irr (Irr t lil (II~ ICillrel lire1OhiiihiI.ii iaoThese 

the(Iif IrItCHI IIIS ) Hii )I CS IIIIefI ItI0IW IIi)SCI LI IrIrr ohT 'It it IIII t ItI' I tll(I II I I liI tti 'n~r i (a i 

dll .1 alolc O I& 'ii( d tI l ~ig iillIIl~il'[ lll ilctdil t rt oirri opll 11I~IIi L\Slieu ICVTi 

(Iill IrCItllJIMa . h-J II stici eCt itli is ri iihirr 0i1IiCOtiMIlli avelagItis intl krrnii II )I II I( C -I 

dl irl t ' hi ll M a c n l o d-fi l L- lli .ll filLntlL' I II Ild aI)ItlHllnilt 

ar ho 4) MMINicilid COIiiit01LAs VTSll Ild ltl hm11 Irellb lai h'iglJ"rt.c LII4C~ili ;rti ti 

(4(4 ll'O \ 0 11 11)I~ I T (d SI I 11;Ii~ S '.IIS 111( iSM d LS i 
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crolppinlg patiet.' chaatirstics. Tis tiivisi ill is app)ied herI t IIoit )1,4ilaill reit'm! proJt'c-

Ilins for productlioll, therebyI developintg 'c"'4illl prl)j'ctioils thati heitt'i it'ltci lIndija's
 
d ive'rse~ agricultuiire.
 

P(1dF542tiis prlecho W~'i I N,14WIll441l 'il stj41' 41t'ti ~w laiit'.:re1a1iC i t01110'IiC 

C(i' e (~T'-.r''i-0 t411"ane a i a)ic/5( p a(1-IL- ii'W M I-t\'4N41 pu ,A andIi4( el ilm)6/' L'tt M il41 J14214io 

gI(4\oii diillti il lp Ci44j~ Ill trIlI)C it\ X). G1'iTlt 4 OWst t11ilt' it't144. t' l4\ I(l 44LI 

1907/0X-t 1980 ' Ft iat' iiCi1C It'I101O tIll MidsItl -,) IM tit'l )llI 44 ~'l4i Vi~i ( a ICCis'IMD l ilbase 
Sroill i' t'torini arll 44! tH ) (.10i4 ,(it s c d0uinit!td 1 h44 i nl', .1 tIhMLil ' It'I i4e 1-tt'll 
JIt'tti411 41 P lilt fOhe1 \ 'l Uslt' 1- iit 'I"11110 1\Yt liilsta 441 'sIl-j ) illtts1)[itittiI-iri> 

al~~~~r 1114 aiiti miall'lat4it411t''14M1 [lieha\%vti 

SilsiTi OW t441ol4ldI 11 () fit I It'tt4 alt'lt\tl l44dlll',(LLd W iit 11'411. 10 Ilait Ilill-1cil l. 
til' '4rtltll l'1i411 I44(I iI llt'lah1h4\ (Ii l' Wa' 44I .1MIl' I 4 0.5C,' C ilii IM 

I!4ilill till lt'1I44 l. + ) I'V01Sdl 

W41trill ie idct1-1 ilt'.t W [W~ s il \cSIM'. ilas it'iii\ iidtat' MR- (1011i C te Mgitlh41 tii0, 
iot ar\l'I d e 1i41'.lii wilI o la i i cn'l ilil -cl icIViiiai (or i clit *V2ICU .011111ddil 
h)'l'l I rmlcl 1 411liil p ICiL- 101 I 1ilC 0o\1il la 1 44 tkiltd'Ci ill I(10( pt-v s theilit'iiti A 

t1443l J I hCltt';li W'a I 14it llIii'. fleIt't\ \I'i l (4 l 101'silt ill rit ei ill til'N4l t't 

(Co141tttt'hi 14) 14 ll tlI]~ill Ili'-; IWiCIis i i1 ill't44 11t's it'till i~Of4OW4J) hill10 jIIIliIff iCl 
gn l r'l1ill1 11i"5 . vin 

\ii i t1r14Yi1Itt Willi1 14C 1115Ii'tll\tr l()I t0.28lic itl 1i ill4/(X ie)regionillc llill " 

1;1%(' t--11\L1\the VALld r MV Il ll U l I~ li HI FIN 10 W~~il. IIC I C CC di67 



l ll~lt'u 1,1 cipli1)(tI ' pIC iliflilI scrvici' .nd fnlon and futunile:ililoelionofdlIVi lew 


II01 ol~tiL i, lofc lltttiII VC!1COll', L'J()ll)lN 0I fil1IL'f", ll'oIldd II l I)CIiI~g- N h~idic.N: IC 
s'diclI. cd~comail ctfiiL';Il0II NxsICni, Ilial ceic (i'si IiuI( ChoiCC: Mid 

FNlIiitihiitACid 0 ll innknIaL 1 (NIlc~iiil Iloilill l lc jI'dl i5 l0biil I C011t1d ako make2 

1)( VC. Ii I I i icI . 

I'IWI~I ICfitW(I \ I1(k1 ICVC I, h I IL' \T;If 2(HX , bhistt(I0on tIIII ih 'C ds IliiJ) oIll,,, le, 
KLWI' ll I ANC It 1. PlIdiiittd hCfiiI lI.T' ii' a C'll lie;111(1 Wk I Ili In Noilliun

I Illl it i lill' IMlNP ecaN 110IVIIleClaole. (T .aW LA ei l Me iiC j i Ilight-Ni Ill 

Wid italocia 
hLI fl fliltcIIi\ of'11) 'Idilinf 210(11CP[Olilcf (SiMMIeit Ns heagll pIC(lnelion1 

Ihd'. 1 liiii Icciuss 1111W 11iL~l(dlL'l 0hiiIi IC..l 

2?V~ SIiM 


1)o11losil. if Io liicl'ic fllild 1,11 filo l leifn il' LIt' .f' 1t) (5 ;Iiu 10
i c 11 

iiiiffio IlllV. iLN M
Li'II IL'Nt ICiC((itiilt' (fill l , if i dliioi c ftb(!i~ll' I. 

iiilla( Io N/uil ' mi. ion L L' 1l . IoiiTio imillo2 214111 1 11111hiuf li10[],,.cjl !l)55fi 

111hi1ioi foddl" I'iCLAIC T th IOILi ll IIIfc',OWn ( eiifll I dLlN0 I if 1li ileii(flttl i 

il lit'Nd \doli~ti Ra odIn Iuci ; ll ' 11111)1111m1( m] 1)'ii 20M) i i I li Ipthifi' h i4f201.of ilt'I,
 
li1IttlII Il~i jdO tN lliulci /0i, PifiI dL,1 cimlld sshie,il itc ii' 
 (uu 52(1 j iet! ' li[lt' 

hcuillurc 4168((1IiIL['il 3w96m I l lilt'7 \V54(' 1 L I 3,82Ili)WT 

lionr Idlui lNc dc If , im I ill6(OIL7 1 IidMu9l OR)ll 7111 2,221",lWgoo 

l;uit ru l(ll ( 7W(tl13mf /,.Im II'!')I' o MI'lllo h l274952 IW L 11 39T 

2112 -PrjecionTable117 of(odrn2elstoyar20 

Sicucle i 2,646 1,9071 1,256 5S16 1,8231 
(2,9411b)O'6) 1112))1 Is73) (2,21631 

AllaIrcsh~ 2,1)21 2,700 71Q7 1,227
 

11,1341 11,1S21 17111) (486) (1,0 8) 

Stcccr icy,1 2,267 su1utlins 2,tl2d 
l~ 524 ()wcdi()Id 


(10 5 (6 )(4 1 it57 
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Table 22-Projections of foodgrain production to year 2000 

Coarse Total 
Region Rice Wheat Cereals Pulses Foodgralns 

(million rmu'rictons) 

Northern
 
Projection for 2000 21.2 22.7 1.4 0.2 45.5
 
198(3/14 irrd prtdtictiin 6.6 14.4 2.0 0.0 24.2
 
Increment itp)roductiol 14.6 8.3 1.2 -0.4 21.3
 
(ontribution to allIndia
 

increment Iptrcent) IH.41 I10.51 -1.5) -0.51 126.8) 
Ittar PIrade.h
 

Projection for 2000 8.4 331.1 1.8 1.2 44.4
 
IO83/1 4 tre-nd )rOdtldtio S.8 16.5 3.4 2.3 28.1
 
ht.rit ent in [irodiotion 2.0 I .6 -I.1 I6.3 1. 

(:o)rtributton tilI ll(dw
 

itcrmne.rt Ipe-rie-nt 1 1.31 (20.Q)1- 2.0) (-1.4) (20.51 

Protrctiorn for 200(0 4.2 14.2 5.8 5.0 29.2 
1 /83/84 1.0 5.0 3.9 20.2trend jrodiml.titlt 0.11 
Incremetit in prolu(lioti 0.6 7.4 --0.1 1.1 9.0 
C )rotribtim iot India,ill


i criv' otIl('lro'vil) (().8*) 	 1-0.11 (1.4 1 (I11.31(llw 	 IQ.31 

Prnttiotn for 200( 7 1 7.3 17.7 3.6 35.0 
198 I/84 Irend p)rodluctiiiti 4.9 3.3 11.7 2. 1 22.0 
Itcriqtti itllt 2.4 6.0 LS I 3.9rodl( ti(n 4.0 

ottltbiloitin to Indll a 

In(r.i nc Ifri C I.01 15.01 17.5 11.9) (I17.51 

I'rojititi 23.8 	 2.0 1.8 37.0lo 21)0(1 	 9.4 
.I9H 1/,11 trend ir ti tnoiI 18.0 4.6 I. 1.8 2(i.4

[I,ivlvitll[pro l'((ionr 	 4.8 0. 1 0O I10.0'it) 	 SM 
Con(tlribtlionl lto ll Iiim 

tit ntlitI (I)vterti 1 (7.31 (6.0) (0.1) (0.01) (13.41 
.i tIITt11
 

Irol(tto (or2000 19.9 0.0 5 7 1.7 27.2
 
1(98 3/,111 tld)prtrlu Iot) 13.0 (1') 4.6 (.9 19.1
 
I(r(wrinciit lit priildin Iiot. 	 0.0 1.1 0.8 H.I 
(Contlributlionl toi ll hId 

tiritoll'IIIlwrtii I Il.o)) ((0.)) 11.4) 11.01 1().2)
 
AllIndia
 
Iroj lioti(olr2()() 11,11.7 806.7 34.5 13.5 219.4
 
1(QH ', nonH 	 4S.7 3().2 1 I.6.4 tru'nd([)otlut 52.0t 	 140.0 

Incrtnvtt it iridintiiti 311I 10 1. I
(
) 79.4 

Ill(winltl'lI{)' fe 	 (1I0) (2.411per i I'(.| 6 (S').11 	 1 0 0 

S(olrl(v :,i nak by lic ,Il II',. fo'larhed ojr, wvIIS {[hllowin I1()[(,and Apir'flx 8l for (]etalIk,. 

Noti,: 	 llrt(ittill it kiwii (illI1)7/t1 Ii')i /W11r(,)iirtt l tr; antduyild griwlw h rmt . Yihl grotwi rtt'es art, 
g(o r,imllit I irnvi,,ilIVi In- ogit m ii ( ict tis c hi andut ihtljll1 ii tightitis itwtli r le' , Arit 
gro~wth by ( rop r, (owH ii(,Iowd'{ illca,()1 rv'ylli mllid ,djU',wd( for [hic w(s to(l'% I),%.,g!roth~ rilc( ill total 

trl Ih i()rilivirn ll".to ,11lo()( gtoIWth 
crl ,'il)n o){%,pcs i]tl)t, li't() g,,r 

{(o(d( iwvi rcloin , I'Iol ,wli' rtai'r%fuilhc'r (o()lsrilicd 1(o (.S 

lu'l( IIII'Xf)(-( . I t~oill'oI, ,[c'r rvgjoll,0hi1% " (c1yi'ldl w ilhraill.I% 
I'I dh I1( P 1w',%u,I (II i( ( vI, )'l t'r I, m l% tTI-lyfil)[ (fi(to h ], IW(.111%1'Of[101itilflllis 

[, 	 ', 
. 1, ((1;11 I. ,(IP(' k ll. A(1 ) )%N.()(I I 	11' "kL ,o c ItlI (l t.;.11 11IM" [), ' I( ,I C V'I IhL' 

[I)AIct.'IIt)i '-, k I ltIII (I Il I('' IhII I)( 	 I I( I II[l(1.111( p I)h\ ict wl( cs",\ IllhL Illwt I)l Ill if1 , 

It,!;IIl\q L' , ' . " .4{M )I I() ()dl s ll" )i i",.IIi- IIII II\11 I [ I ()1 I( I"k. I 111fl,lfl Ih I( m l /~i II( 

( '1 111 I (It l I ;1 -1 1I111l\ IIt it l' '( ( IIA I' '(I%I -. I IIh I h'I Ii .1 11 I(II rU C k I N [(l Ii l-['III[ "I 

]} III II! ; I k I I I" C's )11' 	 hA)\\,I'Il) I'CII I ,IfI ,IlI III II.-I; III 	 1 11 11 L It IlI II) II "W L'rIII)". 

II1' (I\1'r111 MU lII)u I I IIL~'([I 1()IIi .'1 ,.4111 111(Ii [ III III I { ' I I II II )( IIII)I lIc . il I ;I"c 

h1 '(-I illlI ill I-I(III IIIl HII ',III I , I)X-. I/11,I' CI lLt'0.H IMl l ll)IMIL'II C ; i I~ id Vl M% I.t 
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of 2.8 percent. "'his represetls acceleratioti over tire past 2.6 percent growth rate il 
all-In(iia 'o(Irdrain prodluctiol. 

()I the 7.4-ntrilirt-ton ilcrement inl produictior, ahoirut onte-hiall is expecteo. 101 
'
 r( Norlirern ari(i 

regions will tht'liel ctrtritteh Ies. tihar otie-l'otirl. ll'his is iespile [lie fact that tinder 
tlre yild and area 11111M It caps :ippliedl. fle Northern regiion's productiou growtrth rate is 
propjcted to he 4.) perceit cot:ip)ted \\iti 5.1 percet nd the growith rate 

Cotmle 1t+ tile tt lhradeshr reis,witereas the lastern arid Sotirhcrl 

in the past. il 
o ltltar I-athi, '.11M l he 3.01 IrCerit co lpared witlh -.,Xlercent in tire pas!. At tie 

,
]s'tdicliorr uL'0\'.th rat_' ' i
-0.22 percent tw 2.2 percent. hir tiie Sothern reLiorr tire viehl rowth rate is high. hit 

reciVn ;1 1.' 

SatI1re tle, fte rer . 1;asthrrr s assilired Itoaccelerate froll) 

sirc. the a1l', percnIt areal rt' ilrraft, shirwirg (iiver,sior oliarea to 
ntiooll (dL'raill crp) (It,ltlill Cloppe)j.d art.a isr)o dec-liring-e, it does not Ilake a large
cortnribulltorr 1 j)]rtmuicli . Tire illiCtrreCioril difl'rclcs Il rotuctionl growth have 
ItltJr irlicatlirs fotr Intereeiollial trade . ircrireI L!r'0%lt1.th.1(Idpovertv aievkillrr. 
aster cro lhitilrth cUrIrt1 surlus arels arid lwer Lroslh in lite others itrrplies a 

colir(.Iehlei rcrease nrdepridrLt]c e orlail Cticierrt 1'uruiraii MaktiniW S'Stet. 
Initerre.!ionial distrihitiulr oi rural icnirre-, uL-d hecotre n t skewed and thinstiight
incre as, iahor nric,'itoM. I hl, relaltiveIv laste.'r'.ver. grolth ill tile l'atern region lrighl 
hellI) redUlcT irc .u ,hstili potiO' inthat nor.iOm. 

Inisth'ld ()I*)iec'tClirl, a a, .,wih tir artea arid \.Id of1each crop1> 01' .'nj)opgroul 
h reinuor. ita,froctj.iorI l o n)ie basis of(n l lte area ard viIeld of tile;a LCLtle of" all 
fIiodgrarrs ill eaIch ieuiiorn. tire re,,urtiin all-India production Ir'iiifodiraitts works out to 
21 1 inilliM tori'. ill 1110 o)1 2. Air 'addiliorirl asulrptionr Made inldtcltin ,ccnaro 
thi,s sct i istiht h)odrain sieuhl i ti l'astern regionr ,ros, at 2.0(1 percent atile will 

i
ear ot pal d 5 11t 0h)43 perCe+nt a.IV+r illtire past. Il p)rOdutclioll scelatio . the 
prroectiour isilltade o)ntr hasis of tue area atllti ,ield orf f'oulcraills at tile all 11r.Iia leveltising all- India area and ilc'd crowtii rates. 'hI le ltl eCted oulput ilti, scenario 
curnes to( 215 uilillion [tons. hese lestilts are presented illTahle 23. 

Table 23-Alternative projections of area, yield, and production of foodgrains 

for year 2000 

Scenario Projection Area Yield Production 

(million (kilograms/ (million
hectares) metric ton) metric tons)

Based on each crop area and yield
projected separately ineach
region (same as inTable 22) 134.9 1,627 219.4 

2 Based on foodgrain area and yield 
projected separately ineach
 
region 134.9 1,563 210.7 

3 Based on total foodgrain area and
 
yield projected athe allIndia
 
level 130.2 
 1,654 215.2 

Source: Calculated by the authors; u.ethe following note and Appendix 8 for details.
Notes: The projections a isd on 1967/68 1983/84 area and yield growth rates. Yield growth rates are

consrrained tobe nonnegative and subject toaceiling limit
of 3.0 percent across all crops and regions.
Area growth by crop is constrained in each region and adjusted forthe region's past growth ratein total
 
foodgrain area. The Northern region's roral foodgrain area growth rate is constrained to0.5 percent. The
growth rate of rice yield in the Eastern region is assumed to accelerate to2.5 percent. The growth rate
of foodgrain yield in the Eastern region is assumed to accelerate to2.0 percent in scenario 2. 
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The pri,'e d tutput o/ 2 / 9-220 million ;n.: o.f/oi;d.iw,in. in 2000 ',pr'es ti'of 
huge in,'blA ShO,i0 illioll bo'l fltl.' 'evelt of Uhout 140'/r1hU' 'nd otlut 
ntillil tunl. ill o/ irevse t,/i ord'r will requircI 9S.i/AchIcl-c,n',tIt /i/tutoi'tiot 
Altdiltjdi/ ill( I w.1in rri,'te'd tlrt(l. I'rtiliwr Itst'. (Ind ulse o/ M'A e'ed.v, pu,.s.ihly 

Ill i /CI' ' I;ViI , 1I/li 
tri'lu.v inl prdll tivit ,,rI,wtl/IIll1(1/i /1 cunfi/r 

wit/I ilt'l'1' C 5' tlt li/ t lll /tItI (Ind I.( . lit'liltl/llt' llelt' l ' pav 

tilud highIpriorityv /Or (i /irI-rule
 
I Itt/lul/ ' dc-i il/ltl o/ t' l /S ' h,Id
r I",'lr/t/I h'oli r '(/t III'l /It' /,. h t/i

loh,,\% lr1h./ "II N tl,l ll to /Whhd. ilt~oil/oil w k' r l t k,hl.'ml s,\.s\hlnlh. l'l'r 

irri,timl' ( I(It ruilId ilil A. 

WiW'-,llt ilt'lillU! lk'tlt th e . lvca 
1i1t illptllrC.tilli l ',fltchic the add aprodtvi(on fSO(IllIlimo tolls 

"T ir via't hIt;Id ., r Of nlllL'liludc1 cl(1 rI invll(l 
lll tin lit tl t iO fve 

' l (ll tI/.,Cr'1)tlltlil (he illhol7 waOovrkC(2'I t)ll ( i ll t . ini'hIt IO1(1C'-l I2fLIIMst L n.IIll).,iN 
i ilt15 lalliti n tiotthe(1bC ile(tb tis too-1.l l r4 1l fll ' ll(2\ LIi(2llr t lrellel(lits. It

Ih1tl o' irti#,ttawd alrc_; ()()m ill t iICl'el .,,ill ,01' \\hiChindic lie', at.zlr Of l %N he rC(Itlirc10 

;dlOtal 624-ti t e n\utI eIheiremntsI Afohir.poljth 22fo-oiillouction 
JrIucHl Prdui\ol ,ASO tl PIc n Pvcl a 20 millbtionI Ill8 rCotjclllptied onutr 
Iilow, Ititrliilf., (N IlK ) Ofl 701 po:t*l+CIl 1,- , [l ( Itgrinnll.Ofl ,M itch C\l+Ct'cl- (10 he il)l)liC(I 10 

i,.tlt11MAlt( Re pon)l)CslCn 01 8ile n ( l .t/8 Inl produclil ln, Ou illtlrc.tc ill
fCrlili/C' WIC. Itlll;l\ HiIM 1)0( [le ,t,'ic-vcn1lnl Of 2() nlillion Imits oft'he '-,lr-:c,,,t't )lkl I", 

Itlltill ill CIIe ftill a ratgli te1f r en l I leme lI.hut In li v Incrlile/L'rc tC ich2ne J.,O1tm
ol'7 OF IhM V~ P, t.'ruWi', the thclink' Inll te It'rlili/cCl IS fr1'011.(Gi\Vt_' ,t)OCo',411iciIIl 10 

n n 1;('hi ill ,lrn tli Ilto 7, t-, c,hl-1- -1, it n r cx C , . .lI lllntd iTusion 
, 111 ns/c".,]) hlldi1'0llof,h) foii ln,,¢ h e rc ulil \t lk give exc llent rI elir it. 

Table 24-Estimated input requirements for projected foodgrain production
 
inyear 2000
 

Assumed Input Level, Projected 
Production 1981/82- Projected, Projected Contribution 

Response 1983/84 Input Level, Input to Production
Input Coefficient' Average 1999/2000 Increment Increment 

(metric Ions 
of food grains/hectare.) 

I(Illion 
hect res 

(million 
hectares) 

(million 
hectare!, metric tonsof foodgrains) 

Area 0 45 128.46) I 4.BS 6.30 2.88 

Irrigation 0.50 38.09, w.001' 21.31 10.05 
Shil towheatl 
and rice u 03t,3i o .37 74.30 10.93 3.61I 

Ireric tons Inillion (Million r million 
of f11lgrion/ metric tos i metric onsl metric Ions) 

Fertilizer 7.00 5.00 1ey.00t 9.00 63.00Y l'd incre~m ent ..... ... ... 80.14
 

"lhe respow-,, ow flicienw, irv,ba;lvd on lal,.h,10. lh ,di'riwaionlof 1htse revs[e coeff[icients is istcussed in 
Chapter ,4. 
'Trojected irrigmhuf ,irra, i s hectare%,, of Yvhich t60[.,vrcent would be!under foodgrain%.il!Q9912000/2 i 100rm illion 
"[hli%rv,'{pons i, tmw~id lticdilk-t, io- in yielId It,w ls aftler excluding lit effect of irrigation andco~t~fici-rr on 
fertilizer aridis,likilyto b1 ( oww,,rvaliw,. 

''lrojeced ferliliz-r uw'inI )Q9i2tl0l) t%20 lillion wlirictons, of which 70 percenl would he applied to foodgrains. 
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Arrangements will also )be neeled oI'rproduction and (listrihuLtion of an annual
supply of aboul 5.5 million toils ol seeds of both IIYVs and other improved varieties. ,
Institulional arrangements for Ih supply of credit and for marketing and storage of
both inputs and ottputs to sUpport the increase(l scale of activity will need to be
considerably strengthened. lhese ftindings indicate that reaching a 'oodlgraii produc
tion of 220 million tons by the year 20(0(1 will without doubt be a formidable task. 

Consumption 

The estimatioi of fuiture loodgrain cotidmption has been done under several 
alternative assumptions of' income growth and income distribution. 'The eStillltiOII
works separately with rural anl urbal consumpioli and (lifferel commodities,
namely, rice. whe:at, coarse cereals, and pulses, and with dilTererit quartiles. As oh
serve(] earlier, an average aiinnual g.p of as much as 25 kilograms per capita exists 
belweel the foofgraiu consumptlion estimates of the NSS() and tire Pwr capita availahbil
ily etliates worked out through supply accounting by the Ministry of Agriculture.
Since it was lecesary to maintain consistency with lhe esailllatioll Onl the1supply side
(the NSS() does niot provide output eslimates), it was decided to work with the basic
rnagnitudes ofIper capita availahility et121imates, but ratios, rates, arid elasticities derived 
fron the I)77/78 NSS data 'cre usd in many parts of the estimation procedure. ("'ee 
AppIendix 8 fo0r details.) 

The starting pInt for each estimate was the national three-year average lper capita
a1vailability of' foIograins (for human consumrption) during I982-1 8)4, and this was 
disaggregated into rice, wheat, coarse cereals, pu'ses.and 'his was further broken 
down illto rllal and Iurball constnpti'+ levels. The procedure used rural-urban popt
lation ratios and dilfereucs between rural and 
urban pe+r capii, coinsumption of' each
 
grain represetted by ralio, obtained the NSS
from I)77/78 results. Further, since
 
consumption profcctions are based ()ii disaggregatcd (lata by quartile, quartile shares
 
are Comluted front1 the 1977/78 NSS ,urvey data, and thee are used to 
 arrive at the per

capita constittplion level 
 in each quartile f'or each major foodgrain in rurdl and urbun 
ireas. These starting levels are pre,,ented in'Table 25. 

'lhe direct dmlnd Ior flobdgrains is consi(lered tioe driven primarily by popula
liori growth. ii.oCiIr grovh, arid clhaige, in income distribtion. Eistimates of past 
pdpulation growth are available frorl the population census conducted every 1(0 years,and projections for tile year 21)1( (which assume a slow dccline in tie popula;tion
growth rate) are available in the Perspective Plan (India, Planingt ('ommissior 1985,
vol. I. Chap. 2). (ro,,,ih rates implicit in the ieerspective Pla for mral and urban 
P)Ol)thliou, ha,'Vbee.'n utililedil il the o,rjections. The rural :md urban average percaplita income (total experlidiltr ) levels are available Cor 1970/71 from the 1970/71
NSS survey: simi lar figures are also avadahble for 1983 f'rom the 1983 NSS survey and 
were dflhated to 1970/71 prices. IHowever, 1970/71the - 1983 growth rate ill overall per
Lpail ilotic's, obtainel+d f'rom the above NSS ficures, were found to be too high
(esl)ecially for tire rural areas) relative lo comparale 0iguires oibtaitted from national 
inicomelaa (India. ('entral Sttlistical ()rgani/alion i0)85 )an~l the poptilation census. 
'hus it was decihed lo use only ile qu.irtile per capita incom, shares f'roii the 1983 

I7,,
Ili"
.5.5 illion ions inclde, Iaddl .c'd ,,r,,,d as paddy.
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Table 25-Per capita consumption of foodgrains: initial levels and shares 

1982-84 Quartile (0)Share, 1977/78 1982-84Quartile 
per Capita National Sample Survey Mean Consumption Level 
Average 01 Q2 Q3 04 Q I Q2 03 04 

(kilograms/year) 
Rural
 

Rice 72.1 J. 1729 0.2487 0.2824 0.2961 49.86 71.73 81.44 85.40
 
Wheat 47.8 0.1346 0.2070 0.2594 0.3Q91 25.74 39.58 49.60 76.31
 
Coarse cereals 40.3 0.2702 0.2512 0.2404 0.2382 43.56 40.49 38.75 38.40
 
Pulses 11.4 0.1210 0.2024 0.2672 0.4093 5.52 9.23 12.18 18.66 
Foodgrains 171.7 0.1841 0.2359 0.2652 0.3147 124.67 161.03 181.98 218.77 

Urban
 
Rice 55.5 0.2050 0.2566 0.2729 0.2655 45.51 56.97 60.58 58.94
 
Wheat 57.6 0.1875 0.2443 0.2732 0.2949 43.20 56.29 62.95 67.94
 
Coarse cereals 12.6 0.3891 0.2714 0.2087 0.1307 19.61 13.68 10.52 6.59
 
Pulses 12.2 0.1429 0.2169 0.2802 0.3600 6.97 10.52 13.67 17.57 
Foodgrains 137.8 0.2115 0.2501 0.2672 0.2712 115.29 137.52 147.72 151.04 

Sources: 	 Based on data from India, Department of Statistics, National Sample Survey Organization, The National
 
Sample Survey: Tables on NSSO, various years);
ConsumerExpenditure, various rounds (New D.elhi: 
and India, Ministry of Agriculture, Directorate of Economics and Statistics, Bulletin on Food Statistics, 
various issues (Delhi: Controller of Publications, various years). 

NSS survey. The mean per capita income levels of Ihc 1970/71 survey wcrc inoved to 
1983 using per capila income growlh rlC tased on talional ICCOtllts I India, Central 
Statistical Organiatiot 1985) and pouttlation figures. "lhes, vere then distribuled 1into 
quarlile per capilaincome level,, using share.s ohtatied from the 1983 NSS survey. 

('onsumtlion scenario I assunie( filte C0nltl.i1lion of ipas per capita income 
growtl ra es. Per capita income growth rates from I9701/71 It 1983 hased on national 
iIc()tlntMid pollIkI(pulalion figurtres were used as lthe past per capita income growth rates. 
These were 0.4(9 percent a yTr fo0r rural and 1.03 percent a year f+or urban areas (Table 
26). Scenario 2 asstunied [lie inctme growth ralt s of fhe perspective to 20()0 in the 
Seventh Five-Year Plan offthe (G(vernmentof lItdia. Tle plan projecls an agricultural 
(assuield eqtuivalenl to Iuiral itncome) growt rIat (it 2.50 percentl. anld In incomle 
growth rate for the total econotty of 5.(10 percent fron Ilhe mid- I 9,(s to 2(100. Using 
midperio(d secloral weights, Onte can infer a non;agricultural (aWssutmed equivalent to 
urban incoItte) growlh rale of 6.2(1 percent. The rural attd tUrban populations are 
expected to grow at 1.15 and 3.63 percent, respectively (Ihe rural. urban, and total 

populatitns are expected it reach 657. 319. and 976 million, respectively, by year 
20()0). This gives rural ti d Urban per capit: incote growth rates of 1.33 and 2.48 
percent. Scenario 3 asstlies. It increase in the incomte glr)wih rates witlh the rural 
income grt)wth rate risi ing to 3.00 percent and the urbatn to 7.1(0 percent, giving an 
overall iltc')tC groth ratle of 5.08 petClll. SCtCnaio 4 ass1umeCs I fthei-iir acceleration 
otl inctttte gt.:wth ra es to 3.5(0 percent for rural atd X.0(0)percCnl for urhan areas. The 
atlter is based on the obscrvatlion that the industrial growth rte was close to 9.() 

percentl for three consecutive years prior to the I987/XX drotught and is expected to 
exceed 9.00( percetl itt 1988/89. In scenarios 3 and 4 it is ass mlned that nofoodgrain 
agriculture in the rural areas,, particularly the Imlore labor-itlenlsive and less land-using 
coil]tutdities. will grow at a aster ralte Iltian 'oodgraitt agriculture. Scenario 4 implies 
a growth rate of 7.11(1 percet'n 'or the whole econmy. 

Alternative scenarios were also developed with regard to income distri ution, Tlie 
tquartilc income dislribution fron the I').,3 NSS survey works out to 12, 18, 25, and 44 
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Table 26-Alternative growth rate assumptions used in the simulations 

PerCapitaScenario/Group Incone" Population" Income 

(percent) 
Base period 

Rural 2.31 1.81 0.49
Urban 4.95 3.88 1.03
Tolal 3.86 2.26 1.56 

I. Continuation of past per capita
 
incomne growth rates
 

Rural 1.65 1.15 0.49Urban 4.70 3.63 1.03
Total 3.43 1.84 1.56 

2. (;rowth rates envisaged in the
 
Perspective Ilan'


Rural 2.50 1.15 1.33
Jrban 6.20 3.63 2.48Total 5.00 1.84 3.10 

3. First accelerated growth rate
 
scenario
 

Rural 3.00 1.15 1.86
Jrban 7.00 3.63 3.25

Total 5.68 1.84 3.77 
4. Second accelerated growth rate 

scenario
 
Rural 
 3.50 1.15 2.32
Ulrban 8.00 3.63 4.22
1otal 7.00 1.84 5.07 

Sources: Based on authors' calculations; see Appendix 8 for details and sources of data. 
"The income growth rates are for gross domestic product at factor cost.
 
t"lte past population growth rate is the rate between the 1971 
 and 1981 census figures. The future population
growth rate is between the 1981 census figure and the Perspective Plan projected figure for March 2001 adjusted 
to mtidyear 2000. 
'In Chapter 2 of tho, Seventh Five Year Plan of the Governnent of India. 

percent. respeclivly. lot lht I st. 2nd. 3tl, atl 4111 qtattihes it tlh rural areas, and. to 
II, 17, 24. antl 18 percell IIor Itllose qulartiles itt lie urban iateas. If hetween 1993 and 

200(1 [lie incottLt ditrbiliot doe, I10l cliatte. then Ihese shares will slay, the saine in 
20(00. II i, itliclWil itl 11tis itssttMplliot lhtl per capilat incotie levels inl each qtartile will 
grow illt s .ttetate,. Iill i,. at () oetrall inttte L owll rate. Undttr an allernalive 
assttttlpliott it 15 cotdts l h~el lht t i 5,, a sitall ittl)rOei.tttettl il [lhe itncotme distlribtlit(i 
ilt the cCtOtt1 lit.. qtttlile, diatas cthange t() 15., 20, 25. and 4(1 percent hy the year 
2(10(1 itt htlh tite Inral ttd tnr- areas,. Thi. itplie's Ihat th iptr catita incomes of 
difI ltt tinattiles,, glo,,, at (lilltrttl rates iti particular, the incomes itt tle lower 

,(Iluartiles rlo it ol Itt l il stker ltt tliti) the ittotltes ilt tie higl ter luartiles. The
 
ittilial atnd linial tt(tttile. ittne11 levels iod 1t11C
the , .luireCd itcOtmte gtow0,vlh tales for the 
(lifltetll astuttiotlls,(I iItL')t.i gI t,. tl Wi g [I''!It illcole ilidtlibilitI at'e sltown 
it 'a le 27. (Givetn lhahl e Itic te e.laticilie ofI dettand flot loodgrain ttar hig iter in 
Ilte los tt q llttile". lhthese (iletnetcl,es lead to a hi ihtt overall demnd for Ioodgrains -
he effect Of the cht;lttt"' itt ittcottte distriuliott. "lte gatins ttI a CthItte itt irtconte 

distrihutiot are. hoss dalt.peted ;tIa elatcitilies fall witlt a rise itt incontes. This 
aspect will he disct e,,d lter. 

IFI-RI has stressetlta a1111l ,- of global deselopnttt sltould het objective the 
allevialotntl lht )hulkof world poverty attd Itunger hy tlte year 2(1( (see Mellor 1989). 
Tlhe eliminatiot of ptvety by 2(1(11 is also an ohjectlive set )y (lte Platning ('ontinis
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Table 27-Per capita income growth rates and income levels under change
in income distribution from 1983 to 2000, by quartile 

Rural Income Quartile Urban Income Quartile 
Item QI 02 03 04 01 02 03 04 

Initial income ditribiJtion 
(percent) 12.00 18.00 25.00 44.00 I1.00 17.00 24.00 48.00 

Initial income level
 
IRs/ionth) 17.00 25.71 35.10 2.77 27.85 
 42.71 59.70 118.21 

Final income diisrihiilion 
(percent) 15.00 20.00 25.00 40.u0 I 5.00 20.00 25.00 40.00 

IJnder past per capita growt h 
rates
 

Growth rate (percentl 1.77 1.02 0.50 0.16 2.78 1.93 1.27 
 0.00 
lIncome (Rs/month) 22.91 30.55 38.19 	 01.11 44.36 59.15 73.93 118.2Q

IJnder Seventh lan growth
 
rate%
 

Growth rat( Ipercentl) 2.02 1.80 1.34 0.68 4.25 3.40 2.72 
 1.44 
Incomellls/tnonth) 26.40 35.20 44.00 70.39 50.52 75.36 94.20 150.72 

Under first accelerated growth 
rate scnario ' 

Growth rate (percent 1 3.16 2.40 1.87 1.20 5.03 4.17 3.4Q 2.20 
Income IRs/tuonth) 28.85 38.40 48.08 76.92 64.19) 85.59 106.98 171.17 

SJnde r second accelerated growth 
rile cenario ' 

Growth rate (percent) 3.03 2.80 2.33 1.06 0.02 5.15 4.40 3.10 
Incortn IRs/nonth) 31.14 41.52 51.90 83.05 	 75.25 100.33 125.41 200.66 

Sources: 	 Based on data from India, D)epartment of Statistics, National Sample Survey Organization, The National 
.Simnph, Suwevy: fTibh'.% o (.'.onsuoer I-pejnditure,various rouncls (New )elhi: NSSO, various years);
and India, Ministry of Agriculture, Dlirectorate of Liconomics anit Statistics, Bulletin ol f&ood Statistics, 
various issues Delhi: Controller of P'.. lications, various years).

Notes: 	 No change in lhe distribution implies that all quartiles will grow at the same rate namely, the rate of 
growth of per (apita incor,. All incomes are itn constant 1970/71 prices. The initial income levels are 
for 1983 and tIhe final figures ar for year 2000. 

"Refers to the Seventh Five Year Plan of the Governrmont of India.
 
'Groiwth rat( a,%utnptions are given iti I ahle 26.
 

,iott id India. II , as iI i11 I . 111IIct W vL,1T pct'rly wouid helitcslllil1C lh.' 

',mlh.ltlli;Ii]i .li1irtcir l'd h\ 2)0)) (I tdcr ltc, ',ct.' . c t)OS! 101)ly
t iC c% (d cll;clic I tt11 tC0 11n 
accepled tic!liriliCcrt it lire ,r ia,, been give.n I l)atdkar and RalhO i111C lir Ictdia 
H1971): lti,, ;ttcttni, W rc itt c tinc(. t unlct .x.ccmiltriL) leveil I<'R,15.0)()a ionlli 
itt rural arlc,, :111d R, 22.5t1 a rarcr1ih 11 Irhacc ;crc.' itt 1900(/6r 1 ric.,. h,,CC Icv'i, arc 
h; c,,C_,d c1;, tt l IItllrIltl (.;l hriW ilAk( I'\ .1 (l . tiCS . fin ,il 2,2501 cal a c'rit, Rural p .'COJ)ic 
olrbill .ctpactlINCI\ tttic cdiccti(, fllIOd'ilrait lttan til-hart l) ,i c. hittl iirhaai 	 Ircrt 

l)CcIfL' M\ia rc C pet C;hiCt. Nut', latler ,lutdi,.s. idtrclthicc Iltii,,uc (d1Ahlt,,;tIka ( 1978,
;-1 rtd .lchilhlin;1 i)c(,,i i5(I9 . c,,e 111C.rr,,trrrr-_\per, iilcr.,h;sc I sN1a1lmar(ls Of 

mcxint ,iIIc"l 
1970)/71 I)llC ., ic( hiase t,Cd irt ll i ', llnk ). cc',rt liCe iltutictllr;rI ]lhCl'l",' C '(Il nI.IcrIf 
h l)tC tl\ 1ittC ',L't I1\ il)(deklir antd Rath. ()It ui .,ClX.,diltur., Icr 

price iurd es )r rttritl adtlIre itthl-,rtltal %,culr',",' 0.t'),rrltcr priceC i(lc.x fIor ltlhall 
C\[)'t (iltlt ".,. lire ltuc\e xl itre \xuik,, I Iti al it ittc ll 1 l t.'\l'Ctliiltlt.c) ICVcI 01' 
R, 28.x )!alliItli and , 41.2 furhibtici lriTis 11ccfor rrl r () 197)/71 I11cr Iigurc 
ha', h.crt Cc)tliticcd ,,\r I I1)781. , 0 whelrh\ hlali=a "lh.,r_,rc. ctc a IcL '\ItitC 
Ittixe'l hcas hteert tre.",il c.'i rttint c.i \lul Ice. 1(i ',e, wiccilte lice' itt.'citt h.,xci (ci c.ceh 

(11itilith;t,, ucr',s'cd h1C MTbc-t clcd rlv'I 	 wxill he C\accjiccdilr l1tI IN)p lic lx,.'I',. Thi, 
tMid uii'C,,.',cd x,,ilt OhW. ptricclillrl re."cil',. (' h t trc, 1; pi.,rl ill thehe. hcrlltl-ct..t(iv Ic.! 
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holtoni quartile even when its average incotne crosses the poverty line. The Perspective
Plan ainis for eliminatioin of poverty bt actually targets reduction illpoverty to 5 
percent.) 

Witt respecl to the income elasticities of delland. it xas otllid that tIle log-log
inverse unction, which is frequently nsecd tor estimtlinyg elasticities f'rollconstImier 
survey datla. provided ill ellerill a pootr ll Itor tIhe loodraini cuisuliptioll data of the 
t)77/78 NSS surve,. [iurther. %% tlartile elasliciliCs crc froin thehen x\% compitCd
illictioll, tiles 
teIi(lde to he too lok , for the bolotliiqLat'lilC alld too high for thle lop 

qtiartile. This is dire hile [to ft pllrestrictlioS o ih le alld bCCiuse ui icle curv'ewas fitt d to the etllire data. The NSS data. he)v ekrC. ipeIllit the CStirlitou of elastici
tie, (hy Il-log lunction) for each quartile ([able 2 ),and these esinlates appeared to 
be. in gceneral. more reasonable. 

lihe estillates sio%, that the elast cilies are -,rcaler than I Ior tie bolloill qtartile.
and close to /ero hr the top quarlile. The elatiScit estimtC of 3.25 for \klcat I')r the
urban botto i quarlile+, is )lbbl.,,a result of specific lltasome prolelnls for wheal in
thi survey (tIhis estiniate is riot used directly. as C\xpl.tiined belo\, ). 'lhe elasticity for 
c(Mrse cCrcatls is slt,,ltol he hiclh (0I the ortder of 1.5) foi the hottom quartile, x',hereas
the Clttsti'il,, lor )itlsCs ,was ltlld to be still quiteti h ill the top quartile. (ivei the 
long period of117 crtl-S hici ,etcacr'oss v., iO)Thctins to b0e llhadC, it \.as inappropriate
t( asslUrCie that thesClasticitie.'s'hl' l hold constan',t. As ihconns rise.C, the Clasticilics
would fall. This is c[,dcfii froil the irterqutartilc (filfereinces inlhe easticitiCs. There
lore, the aove icures wcre rot tiscd (liccll\ . It was ,tsstiiied that the elasticities w.ould
fall along a h-loh fuictioiMptth, arid the path v,as CstinratCd v tlsing the ltuartile
elasticities. Flasticities , stepped inilhiurkere down steps lor ealch ol tire perrid(s
It83-X5. 1985-()0, 1()( ()-5. a.id IQ95-2 (i, aid these clatsticity iiatrices wecre t SlSe for
the pro~iection x ork. ach set of' grom llrales 'aididilconle distrihutionl assuilplins 

Table 28-ncome elasticities of demand, by foodgrain and quartile 

Sample of Step Elasticity Matrix (1990-95) 
Used for Simulation 

Foodgrain 

Estimated within Each 
Quartile by Log-Log, Using 
National Sample Survey 

1977/78 Data 
Q 02 03 04 

Under Past per Capita 
Income Growth Rates and 
No Change in Distribution 
0 02 03 04 

Under Second Accelerated 
Growth Rate Scenario 

with Change In Income 
Distribution 

Ot Q2 Q3 04 

Rural
Rice 
Wheat 
Coarse cereals 
Pulses 
Allfoodgrains 

Urban 
Rice 
Wheat 
Coarse cereals 
Pulses 
Aifoodgrains 

1.02 
1.37 
1.46 
1.27 
1.24 

0.95 
3.25 
1.61 
1.53 
1.35 

0.59 
0.74 

-0.09 
1.05 
0.47 

0.28 
0.28 
0.65 
0.80 
0.22 

0.28 
0.81 

-0.1t0 
0.90 
0.35 

0.04 
0.26 
0.95 
0.58 
0.07 

0.09 
0.4 
0.00 
0.38 
0.20 

0.00 
0.10 
0.11 
0.20 
0.06 

0.93 
1.23 
0.68 
1.34 
0.98 

0.52 
1.39 
0.38 
1.14 
0.68 

0.58 
0.92 
0.30 
1.00 
0.64 

0.26 
0.6) 
0.54 
0.73 
0.36 

0.36 
0.71 
0.08 
0.78 
0.44 

0.08 
0.28 
0.64 
0.47 
0.15 

0.03 
0.3) 

-0.24 
0.42 
0.10 

-0.20 
-0.27 
-0.78 
0.01 

-0.18 

0.68 0.42 
1.01 0.77 

0.41 0.14 
.0Q 0.84 

0.74 0.49 

0.24 0.06 
0.64 0.24 
-0.55 -0.65 
0.71 0.43 
0.34 0.12 

0.26 
0.61 

-0.03 
0.66 
0.32 

-0.06 
-0.01 
-0.71 
0.25 

-0.02 

-0.02 
0.33 

-0.29 
0.36 
0.05 

-0.27 
- 0.38 
--0.81 
-0.00 
-0.26 

Sources: Based on data from India, t)epartient of Statistics, National Sample Survey Organization, The NationalSample Survey: Tables on Consunr Expenditure, Round 32 11977/781 (New Delhi: NSSO, 1984); andIndia, Ministry of Agriculture, Dirtctorate of Economics and Statistic%, Bulletin on Food Statistics, various
issues (Delhi: Controller of Publications, various years). 
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Table 29-Projected total demand for foodgrains in India in year 2000 

Alternative Income Distribution Assumptions 
Without Change In Income With Change in Income 

Consumption Scenario for Distribution (1983-2000)* Distibution(by 20 0 0 )b 

Alternative Income Growth Human Total Human Total 
Rate Assumptions Demand Demand' Demand Demand' 

Irnilliozi metric lns) 

I. Corititiation of( past ;)par capila
ineltC(ro)wth r~iths
 

Rural 121.06 ... 126.53 ... 
tJr 46.02 ... 49.01tl 

Jtd 167.08 206.35 175.54 214.81 
2. (t;rwttirares ernvisaged in tie
 

l'rsp,( ivtPlan
 
Rural 127.82 . .. 133.13 ... 
Urban 47.68 ... 49.90 
itl, 175.51 219.70 I83.11 227.30 

3. 1irsr ikal(lr,leld growth rate
 
sc1ndri
 

Rural 131 ,6 ... 136.83 ..
 
tJrhan 47.97 40.82
 
,,17,06 226.30 180.65 233.29
 

.1.,acinid ,l(uhrattd grawtli rate
 
Scrldrilo 

Rural 134.78 . . . 139.73 ... 
Iirban 47.70 ... 49.01 
I,(itll 182.54 234.5.1 188.74 240.74 

Noths: iooigrains iclhd ieals i)tls's; rice is expre'ssed in tirris ofinllied rice. Parts may not add to totalsr and 
t-callwSa of roudtlti .
 

"Shares ir ptr(eriags l2,'8/25/.5, urbanu(rb/(a.n/(.;11/17/24/48. 0, 02, 0,, and
 
()., n tit-orria ,ationail ,urvey .
raprasv quartihile Qiaras ot basid oil Ill,' ,arnplh ristintar expenditure data tor 1983.
Shares it1l lrtrira , ( i ., (/( ; bath r,,ral and urban I 5/20/25/,i1.

*Include% allh',trt a tr said, feed, otlhtr list,sait(w:istage. [Ibe esrrtimatted feed deiard takes inlo account the 
,
irltirni ,r, iilleffect of ' wth ondy, riot ( tiri it., distribt ion 

.l.Tl. ',t . illt,,l t;ilt lontitt1 II\;11 i 1 2c' m' ttlni atich [.ial11 . i a illioan lon ,, 


211 i n(i l .. t.th i k li ,Vit(it t t t 2t tolls.
iiiituht rals, add,, il) lia or 
tllwd ai,, ittt t. 

\%l'alc ld1I 'a ' 11 l0la ati c ttL,r 

fle ell tltitt tat,i tl,,+ t;lia tI.ll Illt'tllat.,tdt tt ttll +th+tllillitin 11t1 u 
I ll s \,t hal 111 iii tl i .il Ill,la .\Itllliltll- ( il. t(i)l
 

IC%'L..t, I t 11 i.1 IM it. 0c1ltkltit i th.1 li a',l l
ii l++hi' ,Li i itC d1llill.ltlhlcl 11 lal ,L.'t-I 
.I.II L ,2'hitic ' tlad lli ittI .l lt 'ait'Is1iticS. a\i i t.ti ;_t.ttlMtlti'.,llil k i . h\ ;aI 

,1h,C ,t i, l 111Ji t d iil11"Ii lit;lliol lltL' t' ML -1~{ CL l l li ltir al t1+,p ot h\ 
tt . 1l Sc) t tl()I Ihi Lc.t i iill IruIC ald .ih. l Ji11 ',llt.+h1,1 t' IIIl I~ll ll(1',11tlh' ll( '.,%I h ClW' Ld H)llh+\ 1; \ e l y?ti i it t . c il l ,it'h.'il lt.ili I i i sl i tI ,+ ii iiii tt_ ittill s l ,, ,+,i i+tti. It. tal aitaI iitv i I+:(c' 
llI l_,l(. I- 1II~L" 111+ll;\1 1111 IL'111. l\ld 11111-. llt_ 

tiltMC~ %iiialtaIC ', 
111Ct\ C-,l ()l(lItn ,( IL' 1 IC tl IlC ',+ 1121 ll')tklX,.i d,,'r 

adtall ,'at("cxi~~i}',t f +,t Il,tl11 (I ,. ll fl ', 1l .ht+' lim 11dh ML-1l1111L'th11l~l fill lh.1 L11+. l Cf i.tl +. ) 

tltc'LtCl (11 ta iii tMtLaa11%ltllltl ittl cait. , lldttat11tt lt l a he '.+t.i l-'.tIlt (I 
rI "t71'" ,IX .".) l/ l I 11,\cI 2000 IIll.Q11l b ' 

I h ell ' M ICH(l L"111J1 k%[ll11CIIM U1'111F J2.0 1 

L'ililllt.l. )lt
L!I%,C.' ",II()\,%l llic",;aIIw II1V II()I h f Iff- 11 lgill;lls.,l+'II.[IlL (I t SU1Iii
 
11+
I.'111..'I,ur )It, I11 11111 1 l!Milll', h)ld (itl ,_l11(1 2010 m,)illionl tolns+."lhe." u)£ m les 
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have profonl inplications I'r various scenarios for Idia s deveoipmieni (see [ahle
30). They sho(w that il tie Iwin obheclives of' acceleration in economic growth all(d
alleviation ofI poverty set hy the Iidian planners are to he reali/ed, Iheie will tie 
trieldos, I)ressn -e olo oodgrain snpplies. This sill call firsi Ifor unrelentin el'forls 
to raise loodIgrain pro(ltction. loreove.r, thik will need to hb (hItho with increased 
efficiency if it is to be economical, l'eera'te crotlh in real rll illcolle, a ltd avoid 
large govenIIent sluhsidie,. I loses er., the estinal',es sh, tha't ' impr 'essiveperforeven 
Ina+III.'L Otfcclo rodutirn ma prove irnadletluate.' ho 'It.tlte titnid. This tla ciCall for 
political courare to itriport oodgirains n fa,,ilahle sCtale, anI ,\konld rCLireC a develohp
llIetl ,rate,' thal call pay I()[t lood.A lain ilports by eeelrtitu e.poitt sirpluses ill 
otfher goods. Tlerefore. ai.stl ec tiornlc Li'0 li arid eradicit ionl f vertv iriluht lot 
be feasi.le ssithont si/able irrpoi,,s.rikotsitlhtatlill! even ai inropres,,ivse ,rowtlh in 
oodg raini prolductiti fIrori trirltl'evelsIeto 221 t11iIlio1 lolis h\ OtIL xear 211().

Mellor- 1197X) anl l'elckiel ( 1t99)l ha.ve sllo .i. that if (Iemand i, allowec.d to olstfril 
suppily ant Ioot price,risl, te hurende ofI at(littneit falls uimaiflv on tire poor. since 
they have relativel, hih irlcore elaslicitie" ' (feliald rdlrl high hudget shares of,
icomte Spent (ut foo(ld. Tlli, ina, be und ,esirable.Il thu cmontext oI' tile appirupriate 

,eveluprirerit slrate. , l)esai anId Schluter I 1974) have shosn that even tirLinal 
change' ill the croppin pall1rn cart help gene'rate iiore eruplh ,netl ill tire rural areas. 
lurtlhcr. Islair ( 199t) has sluo, Iilhal nionrriaditioil agIricltliral eXpolrs Ctolld play ;ti
irmpuutllrt 1tne in cererairlin. lie iccessarv e\pi.t sturipluses while also helping rural 
incrmre arl(h eniploviruent errusll. +Moduel Simulations hw Nellhur anl Nurdahar ( 1974)
have liokiualth nilrfuoudul-aimr awricrrltir' Sector- appears to have a larlge potential
for euplovileirt arid that lit iriportairce .(I (hisk enpIh nrent may increase ,a industri
ali/alior I~tkes place. ('hanie, ill the crloppin]g piatlern aird dl 'acceleraltion it tile 

Table 30-Projected foodgrain supply-demand balances under alternative 
scenarios of production and consumption projections in year 2000 

Production Scenario 
(I) (2) (3)

219.4 210.7 215.2Total Million Million MillionConsumption Scenario Demand Metric Tons' MetricTons" MetricTons' 

frmillion metric tons) 
I. Continuation of past per capita 206.4' 13.0 4.3 8.8income growth rate 214.8" 4.6 -4.1 0.4 
2. Growth rates envisaged in the 219.7' --0.3 -0.0 -4.5Perspective lan' 227.3" -7.0 -16.6 -12.1 
3.First accelerated growth rate 226.3' -6.0 -15.6 -11.1scenario 	 233.3' -13.0 --22.6 -18.1 
4. 	Second accelerated growth rat,. 234.5' t 5.1 -23.8 -10.3scenario 240.7" -21.3 -30.0 -25.5 

Sources: Based on 'Fables 23 and 20.
 
'Producion scenario I is based on each crop area 
and yield projected separately for each region."Production scenario 2 is based on total foodgrain area and yield projected in each region.
'Production scenario 3 is based on total foodgrain area and yield projected at the all-India level.'Consumption scenario without change in income distribution I1083 2000), given the following existing percentincome shares for the different quartiles: UI/O,/ /O,;, rural- --12/18/25/45, urban-- I 1/ 17/24/48."Consuniption scenario with change in income distribution (by 20001 to tbe following percent income shrares for
the different quartiles: 01/012/0 /0.; both rural and urban--i15/20/25/40.
'From ihe Seventh FiveYear Plan of the Government of India. 
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li(lifh)((Igraill rtural sector IlIrOligil aitViles sticl ;s Pr-ottictioii of' livestock andl non1
tradlitional agrictilitiral g)o((s ss0111(l he crulcial1 1,01 acceleratinig rur1al Income growili. 
pa.rticularly hevol' ItII;llioil ol* glowsiii ill h'o(lgrailllil tircIloll. Thiis inav becomie 
crilicall 1'l' iticclilt2 [lie msill overall ohiecliv' Of ai.cIclalfill ill CCOiiOiiiiC groili ani( 

''llhibrakup IW C0O11tiiiO(lilV ' ofi 111Ciiil-il)I hlalICis giVC21(11 ill Tllfle .1 for1 
IIICl(ICIIIitI(ILT Ito ofw l'ICerYIISlit I IL' Clv Pl it (lIlita. )llUMIitit ( otiiii1ijsjI 198X5, volI. 
I. chiap. 2) pLo~ilile~l ai 5lllotil canige! Ill inlComle dlisiribulion. Atieijlon wals dra-iwn 
earilier to fle caniliOn nec('issaV ill 21I'')relill, 111Chreaktij) by coiiiiotiiy of l)iojeciled 
Ioodplgt )tpl'(I1Ctl'ni Ill 2100. SuleCClto theseC catiliotis. Tili .31 show" Ihiat. whereas 
rice (IC11i.atid is, AiiiOsi1 s,(Iiiiwl\N Miet b\ JIMUsittioii, ait hi aifi11 surlfls 01o I I iili 

lii),iict.!2Sfor MshaIill 111C 01tfill',jliil,uCe-liri. A 1,iibstajiiial delIiCil 0ol 
I I miillitio11s CCRut.L (hthiCit iil)l)Cis" Iliaily bCC~iiis Of thieL0tilCIIL",~ IOYCOM -NISi.'Hits 

illojCtit listC10\klillr;iiW11lclill 55el d tl e decititelii llto oece(rel(0 I(I as l propccit' 

'HICIVtICfr. sMidi A dICi1 citilS 01 iiiaV 1iot hillr~t it dloes ssotld~ iend( to bi(i 111)111i it 
filte lefillivc itts'L" 01 tOillsttTItils. '1111, 111.15aiiiTI tile itirtiCollsnlpilflol tfile 11(101. 
(2SIpttiill\ tile llrill J1(0)1. ssIt( (lCl)eilIl OHl LtOai5(2 Lcereals k, I lal.t estentC1.Al file sameik 

t4)iJ5(2 ill 1V itolittle2. high01 (CltI a ICIt 1 thejes1111-olo itOfile' 11515102k 
%01jildusti'.ssiici1~ll1l otlers e ciefcil roii itepout O(55oOl*-ltli)Ollieltll(I 

life()[])(-, 1211M5 ill. Ihills1iliflse (Oil)l(2\ (Jisi f10, iillura1Viv fV:illild)2 OflhO ile c 

jPiodticittg cOMse cerealk hot liVesti ,ck feeii inl Indlia versus impliting it at a )ossihdv

loss~ Yerra 11V istprocL 10il-t1p 111 1iseslock IndirtI an1(1 perhail)5, gencrale iliore ii: It'
 

lhilses, insa iti -il Ofi I; Il1lioril 1011',. %sshith111M5he(111(1 b\' (iiVTtsiOli lOf O101it 
)to1 oIisch)\ illIioi oI' siibsitl', s iit%,lie i ilo.-, weil ill pasi imprl)ts of, Ausilalianl 

chickpeas. Ill gtriera-;l. file',(' 11iiialliccs ill iii(iividill cilllitic" rltavy he ex pecleti to 
he resolse t in iiI irriALi illelitalislNei~e Ill(in cIlot't or alr openl cclllollV 
I'ralitSSok. 'I(2(ill- thaIMlills HIMi ICad ejlltlo 0 itirwgL ill 1pro0(1cin0 and cmistimpl
1101 Ilalitrl 1 1 lirte t'\J)i)iI of i(eC011i1lloilltV Mid lk iH12 0o ohr. mahiillllhilt Wheal 
partlly 51,1)511111(2 lot h2ails ill andi 1)1115(2 tc~lIihcoarse',L t1411 1Ooti teed: Inav ll 

1iKOdItiCioii ILLlecls Of Ihi f arket jlrices. 
'Iahle 12 pJ)I (1 a coillar-isorl hetweeui [le wcllarlo resuilis iblis studylL) filIll lo 

prlojcclinnll of 11uie.Itsota 11(2Il I)IOdutCiioil prFOJ(tlions 0of 1111S stdy 11reother 1HM 
Iiissei iliaii 111we( of file Seveith hive.-Y'ear Planill h)11Iigher 111,11ithose of file \orldI 

Table 3 1-Comparison of foodgrain production and demand projections for 
year 2000 

Foodgrain Production Demand Difference 

(million metiric tons) 

Rice 84.7 82.0 2.7 
wheal 80.7 75.0 11.7 
Co~arse grains 34.5 46.2 -11.7 
Puls1es 13.5 16.5 -3.0 

Tolal foodgrains 219Q.4' 21W.7" -0.3 

'From production scenrario I Isce Table 30).
 
"From Con sotop1 ion scenia rio 2 (see Table 30) wilIh no change Iin income distribution.
 



Table 32--Comparison with foodgrain production and consumption projections 

to year 2000 by other studies 

Study Production Consumption 

National Commission on Agriculture,
India, 1970 230.0 

(million metric tons) 

225.0 (high) 

World Bank, 1981 213.0 (high) 
205.0 (tuw)
205.0 (high) 

Seventh Five Year Plan, I985 90,
Planning Commission 

197.0 (low) 

235.0-240.0 

191.0 (low) 

240.0 

Present study 21 .4 (high)' 
210.7 (low)' 

240.74 (high)" 
206.35 (low)' 

IFPRI study (for the Asian 
lt-velopment Bank), IQ84 220.74 210.23 

'Based on production scenario , i.te Table 30). 
Based on the second accelerated growth rate consumption scenario with change in income distribution.
 

'Based on production scenario 2 (see Table 30).
 
'Based on continuation of past per capita income growth rate consumption scenario with no change in Income
 
distribution. 

limik. The S vetnll Plat consttnpliotn taret of 240 million tons itt 200() nalcles 
l'ocsly ile ,lllt.., of' this study under accelerated ecottltoiic grttwll with a small 
chatILc ill ittotte dilrihutiott. \N stated earlier, this scenairio wotuld result in the 
illevialtion of poverty., lowever. the Seveith ('(an, prodtuCiott projections appear 

1iL.0t. ',ittce tlte+ itulyr aIpruIlnuctiott rolttate of tl) to 3.4 percent compareld with 2.6 
percent ill the pat, ittld. aslsa atalv,'ed earlier, even the achievement o)f 220 million 
101tts apls, hle a (liitt task. ,'Achieveuettt of tihe necessary rual income growth 
r'e to reachl)MtT ll0'vialion r1d thle trfel ct1tSItntpit)n wottId also require rapid 
Pro,sIlh ilt n lo dglrilariettllure. 

The fOdLNitt lpr))tlutliOtt itt 2(0))) .stittled h, !he ialiotal ('tmmission on 
Aeri'tllture' ;It 2'() milliot lot, is higher Itan thi. lrel .t st,.!,,'s estimte ofl 219 
ttilliot toll lrtodthctiot 'Letllario I. lhIwever, sittce the two projectiots sarted with 
diffe'ret. ase pelrilods, lt itmplicit iro\ tll ritles actua.y work OuLIto he the same. The 
ctt1ttts,,tott ,sVttnW a Itigltr fettili,et r ,pons ccllicnt (If) ttlls/lon), so (lespite a 
hti ler p thltittolon plrol'cion. the conttttissiot, eslimted lo r f'ertilizer requirelllnts 
of 1.4-10 mtilliot ton h\ 20(1)0. ,\nal ,i, in this ,tidy lhas, howver, shown that the 
reptteco C.liicitl hM, dclined to abotot 7. itidicatling Inat alart fron the needlfor 
itt1rC fet, iliters, t.,ititLat.d at 2) millitn tons). there would he incretsed difliculty in 
reatchine eseti 221 millio lon of l'oodraitn rtptoldtctiott. 

IFPR I ( I9X1) also ahttllpled to projecl lte stpply-dettitd httlnces of l'ofoodgrains 
lot- tLethtber collllie, of tlte ,\siat )evelopmntt liatk. Th(le production esttmates 
obt lteld itt Itor ltt,(ha MV ',,It11ilr to tho.se tilltd.1l tite prt.'ll stud'. hut the high 

,ctnultllotlt>n e.,sitalts, Of 1hi ',Itud\Ma tsl ,ideralA , higher. Itt particular, the other 
,tudies (h ot htobrin oul tle itarkdl dillcnt dentttl-,tJpply scetttios thttt are likely 
to etureie lo It lodplait, ill India tttdet aUltrtIative sctario , of dtvelotttett. palrti.t
larly ltett the th, it obJCctive, Of acclertiott ilt ectttutiic grtowtl atd et:dication of 
poerly ,tc pltrsuedl. ltese dillerncte, ,tlt sustlantiall) frott till increased tletitarid 
lot lood a, illcotttes gros, attd p)( tlY is alheviatel, an(l It'ott att ,tctesedit dettiand for 
feed.rauts its the detnnd for liveslock ptoduttcts increses. 
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7 

CONCLUSIONS AND POLICY IMPLICATIONS 

lI(ia has Iccomrpllslih(l an iiniresivC tall o,,(inatlln illit',agricultnral secltor. 
iarticul.i'ly ii floo lraiiis. to\,t., the Pat 25 vears. Slutdy oi the cot tr,'s Itiolgiajin,,"uh,,taltial gr-o+.,,till p ul+tltProu tnt ,and conm,, ny[tion ,,hos tion anld uonsideral. 

chalnge in \arir~u,. lactors td inp to p\sI i. Ilhowever. le levels and patcltrls of' 
Cinilliiiptic ) Ii a Pt capi t hasis Sli ,.iclalivelv less iItll rovelrieitl. Ilntile C(omlling

dccalC thi aii ll Still lhailLC siililiciltl,,.anl oth il coinsilpe tfootdi soLtlttio 111iia 

lion1 I av lpla\ ,fvcr, imiiportanlt l.c, lirtirC tevehlopment will. lowvcin depend
 
suhsltailtliall o tonlltco .jccliv.s , ioriics. and stratecp.v of n.ovelinncnt Policies. The
 
rcsniult, ,,ini thi,, ,titl ,i''tl i a itumlber of findings that may le oIaid diClisl<sc 

consitlerahlC iportai.c h'or these deciois anid polit i. 

Sustaining (Gr',tIihin National Ioodgrain Production 
,, In tie late IP)7. ani earls 19X0), a iilliher of, sIndies raised concerns abonnt a
 

Plsihlh tcIlCIalion 10 tie girss ill of lo aiil production. indicaling a tiecline ilthe
grtln 
n IC1irtlnuflt i,,olnliiio Iel'LL alId P0,ilC,, hlt stion of the poltciltial olavailable
technolog\ .,\nalyipi" a oI1ner namttotl tone series. tfie pres t study finds that thrre
 
was, in fact, ,ile.,decccitt)ll11 Iroin le pie greir- revol titoo riud (pe4/tl0(

l964/05 1t lie list half of1the pI,,e-rC,,tlion Periodi1 It 07/0-I19)75/70) . coiming 
slhstatitjal, frm a dc.linC ill the area cio.,hlo !,t the sudBt also fids evilence
 
o, ir anccelCration 'd the' nI,oth rate, from Ii) tow2. p.ilcit a sear. Iroim the first to
 
tie secoirl half I t75/70+10l //8-1 lf the rr',LeIi-rC,,(lUtiM pCitld. [his lppCarSt Ihavu
 
been drivei. iii p;ticlar , aguTraphic s+IIltl in thc vIlcidruiss tl that led to[a more
 
trroad-asdhaai thrse in lootd raill prdrut.ti . This ha',, h ses.r.
still left ot several
Poteintiahl prc.th l rCil , h Asnh t.,riCll,Is l I"e2loin. 

' 
lilis+t _ su ii iilhetfielhis aC,+cle alloni floe l of t naitioial rrowtlh il loodgr'il 
PrliidCti n. O{ther es\dILeIICC. iMCl', idiatei', that a', muh ,,90 peiceit of the 
gro,,tl in Itk' seCoid htll of the grCCii-ret.uioiil Perodc aine Ioil1vil gros, ti alland 
that thils lo, lh,sas almost eisiC, teL-'huolonv-hasCd. in,olvimig suhstairtial iicrcacs 
in the rtloPtion airtl risIl olerii oiilpu,s hI tlle farmners. This shvows that lutnre ,gro\s thr 
in lloothyraill pronltkt i,,likel\ to) helc i'tiiClv leCiCIIt tm an id lPPe ofItechno 

, 0tI ilnltst
hni..';l e Ine. In thi, PIrCCes. lncsiCaiH. the Use mimotCHlr and illaintailling 
theirhticudr.t, , ,,s he ial. 'lhn., even tiolh has hCeeities otil01c h thert,+' accCleration ill 
tlre recIt Past, the sltld imirliatLs that ,in'ItlIlu' gro tlh ilrlcoldrailn productio 
sotlhl he etrerrelt t.liairllrl . , tl a shstla tiialov .i-ilrmr11111coimiiti nit to Itchnol
p', aIi.ed l ross Ill s,uholtlhe cs'ccdirovll ilriportiant.
)- In,ri orltrre 

Regional Patterns in Pr iduction (rowti 

,\rnal,,is of regioinal p,ttiir1 cross thfindictCd that iin Pmt decades, glo\'th ill 
J'cxlgraiir prodction lia heeli relatively coniceltrated. partictdarly iii the Northerr 
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region. liii' was partly relaited to) natural eI1(J4)litI preexisting intfri,truiciLre. 

StLiilahilih O1'CCdI-Il~f IiC chinology hreaklli))i1211. anid co)Iceiltiaiioil of' govern

111211 ll ffrt,.i Ilii r1(14)11ai1154 loo prod(utioni raipi(1I\.\IAll i stlw Iactors ledt ;IIa 
pr'1144111il11i~ 'C of1 ilie N(IrIlein !cgion41 llt L'V1)5 I an ill s 1 11011 ) CIS .1)1)111 IIIe 

t)Llilll\ ",',Ih'Ii1IlliiIl dL-I)42I1Id2lIC42 ()I it Mid11(1111W,1 i11)1)11 5%I)Ctil)Cl- 4)IIIt.' U4lO411i O S 400( 

Ii21111 .itLtl4IiIIlll! 21155 ii i'4 ;111(1 mg 

of . the- 12144M Ill. 

th li\ (l iiti 1115 5145 llit 1114 UH145511 it IQ )X / IMILiI helter

M~~a~i tIL-'lo a lt'I\ Ill Illi1 ll y 1the cosl-ecLieCv1 

441121455iii.111, 1l51)I'I , %k411t e I t4il P il,I 41 il i iC lc i42ul15.i tlul~Il *1 1215 i141142 pal05\4l.' 

i itt ll IilI)14)12 II'S. i l.Ih , h n e IlIM L11 1 IIC 1 Ld I- 1 M C-1116 1 

m Ill)5tIlltt' llli iL1 4)1'01 I I11 1214' almu IIItlt' II l ii I ' -2l4)I Il)11111~ Ii 4)1LIIL1lllIt) 

thi44112 II~IL'5bh I hil'd Itl 55 lMIIll1LIidlt 11\11 it,k111 44 -1 S , I"t'l~jil beI 

tiilicdLl .1 -1111l tL L' I ll 1111',l1tll44I1~10 11 ( 14455 11111)1\ Ill ~I II'l~l 11'1, 1 In 1115( 

11CIII IL'L 

I(I v 111So 4111-k14455 th i i I ld:lL' lcilt it-iiit du ~l IIi m '11111 rIiI Cl 'ILlI deitil 

lot lill 45IIWI C.i IM1 I)411ll I IIIL ' 2LLl-4'4-ll4l Iil11421'14 1I44%)l11ll5i 

1tt I 45 sI I It'ho11)1 d CliL 1 S ll i I\l' I II L'l' II IS L- l I ~It'll,'. M)1 IA11 I 111(1 1 )1 1 is t111114'

1)uIilll ; l\ II l I J li ' 1111111IT hlili'. IlIt'lit' 1141i~t't 41111L 5 I II-- t'L 1' i1-eI SC\ It W I 

111ill L"1 IlIll 11111 ;,Il lI\ Ilt'l A 1 i t t N]~ijsliL u M IeIsitei Cife;' illidIIIIl inIL 

I ldlllLT H C llJl(11 (k CLL- -1 11ill- !'I()\ () ll III- C'tC1 1 C 01'I )I) lI'll 



of input t1,,1' in celrln drea,. ()Vercolh+irr [Ili,, will r.(jiIire policyv changes loward flhe 
dill ion ofi ilplt li,. Io the.'r airea where lre ain'; i ial iall itiadditional productiorr 
mlay e hi'lei. r of CUITC,,uII 1IIrII'IIOlI. Cil'l0 S Iity he r.. ired lo break outhI areas lol the dirllIi"ci l Illill , J)rISNIbNI l,[., h More hllilc.d illl t lol l ' _iIIIS, 

applic tillr (f ('ra 111iarLr.. I idiIr' Cal'.lull rrII1a1.eIIe r of" soil aid oilier+u anI anrtilily 

laclorx if lcliurl litudillv ilaI , IL'III. rea r for le (l'.li'iC ill
l)ri '.lt.r iiI ul .nother 
jiri tclii lk- InyIV+ e' lt , re.,ld of ferlilre w r t o raiilled and dryl uld area, an1d to
 
C01i",1Ile , Iar, l ' 'lmi.' u.ilic, M;;% crirrull, he h,%%.
v T['his1 %%illrequire Itlrller w(rk 
ill (Ieein(d l)n ;ir i (.i vtu , aliMl r+,xiliUIll vl',i .,, lo lht. iesareas. htter waler au ,age
mici.nl, mnd t cl,,rer tuidclrx.,Im(lriL (I li ' ',oil irIlirIv Mid 1 iuirirrt cr i ,trairul,, Ill Ile,' 

(;rowth and PIatterns in per (a)i4a Consumption 

\ll c lllridtinl (4 I lillId', iil lhe c i If per capita a ailahililv ol f'(o(olgrailis 
xI,.,.d li l '4 Wi,ll \ s'illrficaiilI hL;rll -leruri irnrpr m,,u iiri or dlecline. Thi, a' , piuz
/ilir . parit+tllarsiiiaii'x, llhttfilei hic t+kt l ir lodL ipraproduction , 'arly
ill r.",','.C l 2.0 peic rl t c tr arid %x,,highecr thalth e popltliamoi gowth ralc o' 2.2 
percent. It ,ccrum,, lhx th . (iIII(cree,. \ax i Ii/ed lpriniari lot( reutce ritl l irpi irts[O ra 

arid hl il t111), I lhcre.x'a 11lherrex1 t fhl pe'r Lapili C tUs l1111i O food
yraiim ,. d,xpit , alorliohll ri,.%.th (M fil j)C iSIiril liltil Tlr (IPlIel iIcu,ii_ ' (ilc h ll d ;1l(1 

other. ,\ulia 'Lie" rfi , lM,, I lile',.,.% 'r,.,I I iudemlland appear i- he tle weak lilnkage

_lfLT , irurri li rte1 ,.,.lh ii liul r+rir jI iil i,,li r , ari lhte faiiirc (f, lhre ievelo rli i
 
'-,raic'n , t() " i~ll lilirfl i n imr il . inicorme,, ffilire pmr Since file illcirle" oIi those

mlilt'Il rI h.ii.x,,x rt'itii,. 'I. hIn h fodt de.riil(l., have
<himl lMmi,lis.C nll',IlaCitis oif !r';rll 

in o I MI,, , , ilit' RM,. lhIn hlid rairl diL and. "lit llx lk " inl
1111il,hi iCI.i'l 

erllullCe, ihkill'x, Ml ucl\C .l iesi, il1hiui.gtirn prot ' l"irk Lel ofle
llliir r irll .l2rlxl 01 

Cr1xlhi jr n iiis l iiiaxlir rio Ati
.il s, irr111MIctl i iCu h ciir iCl i ctl d l'r i). thi.onlirairgn 
gr i ll l)WCi1i ll M l V-ire ,.ilcp or . i c,re inceltraic , (ltd( xnamp lie,I( F aV: lIri iern
 
Jecuiuul,,arid (icltr ., l'aim -olicrt ICiiVIIiCx ftilrfririx Of jiVeh 'ItIMIUAIsa. (+()li 

'Ilht' Natiu il SAripl,' Sul l\C datial )tp r cap la iotal ( li,,urricr _\j ird iturtr (in real
 
IC1IxII. uixeiW,j ptI )\, IMr rtll arr rtle 
p'r caimitai Conlirm tlre above-rlleiriolled
 
pitlf rn., I'. t! ulli. diirtri i l. limIT irldiLhi'C ihial h.iv,,C, I9'77/78 and
e (lila lurilh-r 


lieW tiuil c.pcriiiriiir. dai.krl,, bl',.c 
 lre lop arud b Iil( jal:rliles in tile rural 
, lllrM d_ili, ra 

Wii r1u . 1PcaldiCl r1 arl 1an1 

alc' I,,xeid , nL, h thar aitv beiT,.er rurlal and iirha arUil l,( appear, 
irt, hrheel ,m. ii ir li c'i rt nite11'll Ih it)improveud inicom1e 

dii'l i i)ttll il.il lciorrijinirit\ir1il irt, I970i/7 1 and incomefulure. lce..,i I) 3 the 

ill filit rt11ral h uuiiiir ,iuaillhic ,iiM ii, t ,,irill iricicl.ANC, bii lie i l lbii bil+t iur quartile
 

, x scr,
iriCOrIxiii,'C liM1 1,.1rhp,I hir ,ie. r'llcliu rdiltiCl, goo(d ;c irrUliuial perlior
inelll h iltillailiuiu lc riii mi cr eirtlrltlll 1L20i,5lh. Thi,, xItualii)ll dra ,,, afllt'ltioll io file
 

lulrc.lii lr d Ii, .di "', l)rmr,,iCri urban:1 .'rtI,,,hot there irlr
x ir etlually urgrrt rnud ito 
lackiil)ui l.l I irtrrr.iiacax. lli erx, i,c rrmucih lar c arnld file inrcormre leveill x icr-c Ille r 
,,fill c.ireu te , Ixs. 

'l e Natiiiual Sm plc Survey per capita Iu )dgra;li- l C(i SLI I o)tion 1:,dt liw a xill 
dcline of 0.4 kilticrair iir 3.4 pcicelil in aual per capilit loodgraiii Cor,.rInll!iorl 
bel x;,eer lire 197(/7 1 aind 198.X3 surveys. ,\i equivalent treird i, lowever. not shown hy
tlhe per capila ava,.. lily data. (iven that le consunmpltion survey coivers one year iii 
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several years, this decline might he a re'lection ofl year-to-year flutctuations. The 
decline is shown hy both the urban anli rural data antd is intriguing because the real per
capita incomes. particulary in the rural areas. show t small rise between these years.
One answer may lie in the relative price ilovelient., ()n sainatl on of' these move
ments for cereal,, the rcsults show that the real prices f cereals, when based on the 
national wholesalle price indices',, d'c'lined btweCn I97(0/7 1 ard 19(83,. hut when based 
On implicit corslter prices,,, the ICal prices did nol deC'--C ;as, IIrIC'h. Arid particularly
in the rural areas ti, real consumer prices icreaseti.and increawd relatively more Ior 
the hottorI quItilc. This indicltes, that part oIf the benofits of income grow tIl, esleci;tlly 
to tihle por in tile rurll arca,. x,cerrnertrali/ed by adverse rmovemrienrt o1' pric"',. The 
abovC irdrIllr, liltl';Itcrt.s thatl.llrldrdevel'hprenr wilh inflation, in Order Io iraintain and 
improve tire rlrtritilonal statu of the poor. 1-'ir inonies nayIneed to grow faster thai 
ual , aNIlled so as to counteract adverse. price effects,. It also shows thait past growth

in fooigraillideand irrr\ have bell colstriine.d not1 oIlv hcausC of slow growth in 
'tile illcolre" of tie poor but ti,) it) oine exlte becaue of adver-e mrrovemnlt of l)rices 

for the rural poor. 

Future (;rowlh in Production 

vCn Ihough ouibls about a (icelCratitil might be put aside for the time being, it 
is ( vident Iroun tire StUdy thlll tsustaining Iuture growth in production is likely tr he an 
,+xtrcnrelv difficul tia,,k. Thi,, i,, apparernt frotm, aiong other things, the sharp increase 
in tire. itpiortaniice of icld grox, Ir., little recert chrane ill tire ahb.solute putential of' h"ic 
biodc'he.'mical ICCimyIlOIO ,,.. tire d'clirc innin)ut p)r)d(It ivitic, an(l tl rclati,,e geographic
concentratlion of ijml tI. lirturC )l'odrctior grok t will rcquire continue.,d sub'mSttiall 
cillplrais tie giovertllitlii (oi technolog -based gnrwth il agricrlitire alonr, all these 

The f+lutuIr ,.':r~uio ,. iti tire level of protduction pr)jected for- the year 20)00 at 21 t
 
imtilliont tolsl (base errM iaL, a gros Ili of 
 2.8 percei it v'eir in the ttal Oultilt. ;.Id of' 
this,. 96 percent ireed, to conric from incrc ,,I ie(i frori an average of'.06)
k Ilgr iuL, I)Cr hrc'ta-c iI1 ')13/84 lo 1 627 kIlograrr,,rs iii 2()00. Iec tither two prodtuctlionr
,cenrarii), pl ros, th rate,, o 2.7 )rcet+.Cand 2. perceIrt over tire tllti basef'f) 140 
imillirn tons ill XI1)3/,. lhe11inp1t requrieierI liii, hiviire the basile,,le leVelaIMr sce.ario 
0f )Ipdl~c'tirII Illlia';t' ;il Ullitil iInCreUase 0t iboitil 6(.0 [Lri'e'rr ill lertilierc'rl ipt ior 
idii 39.) Lrclti ili vross, Miarld ll'Ci nd i All Cl'ol). Fir feriili'ri in irliS,'Olve . Oil 

avera e, an ircreirrit of 71(0(0 toll 01f fCrlili'rI NI'K Ievery veir, Msich is ;lmrrost 
doubltIhre ast ilirrl be'l ciIihl ilcasle )C 1907/08 andi I )X3/X llis incrementn will 
iCquir ' aiilor ollto iiiigs,. widltr tc1oiYiicr m ii it.iltioni of ffcrlili/elr iicalid it, llo . 
IIIrtiMt aid iCCise ell lhis11.bhilil the ' I ai C ' Ilir call I1fr l ltriIriris efllrrts inl 
several dirccilort such is, evelopiret of kurowllelge oi the appropriate lertili/er urse 
ol tifferent locaollli :ilI crop's aind dliCliillatioli of that Informiarition: iNi(titltliral 
t'rirreernicrts anti 'ervicC, fo tire snrprh.'oflertililers o)nt tinC ill tile retliriredtl hnttlitiCS 

aid lype: prosioli of rCdii lfor ferli 'er purchae- and favorable irnpurt/output prici!ig 
policics. 

lhe level of irrivated area assuiletdi ii ti e shcena.ellrio (Ift) irillion lilectares ) Calls 
for an ailllial increase of 2.) mili lion hcitars betweeir 1.983/81 anid 2(1(1( ill tire aictual 
ultilizailin o1 itiigatiun. Thi,. is nearly dtoublc the an ul. increase achievetd btweell 
I967/68 anti I983/84. lie :evethlllh Five-Year Plani assuies ntitaddition oin'2.2 million 
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Ilect are"s tinder irritgdlrorl eachl y'ear. andi lu' needs to he Steppedl (11)11III)SCihtteii llalis. 
paicule arly he 'lleille poltitlial crecated 5 frequlll lnot fuily' wiliied. ... p veII Ill 
( trapter .-1 l(Ciitlcrt thatl alVe1 rag Nie~S Of ill Ie-.13 tonS per Irectare of wheat and r-ice 
Call he 	 ieledon 1111i'cated aesif I IYVS, ler'iCi-iS. arI(Iid unpro0Ved agr!'icrllrII'alI 

l arctidopied Srrrlllarretitrslv 

T ihCt~Il 	 lire lri UIllii \CIISI.l III NIMiisrstRrtta ;ll 0i\LASOiil 1iR Ii5llJkTIIt2~ l I) 

ilrcll oIiitfill,, lr IhC (' tlrriittee' (M :\glCiltrrrl I'hiitrCl\'l\ Iiil~leISC'll IlI(liM Iris 
IltiitIAl-d11thai tinS Ill reC(III ILli VCr~ llt lid ilrlJ)r'tF.'erIerrt~ OfllMeTS Ill irIlI'atl'nICtnr' 
rLIai;I Cr\ ICs AS s'ehil a'S 1itcL111(:) S-Cecic eSiL-MI~I 10 be'llie C\j)I(ii tILe potenrtial onitis 

j 1Fulure 	Growth in D~irect IHum~ani ( onsumption Demand 
lireL \lIld\ frinds thrat Owrii'. -if"Cleiit 'lottiji have relatively lo, level"1 ofi ttttrgr'lirl 

Coilllrirrpr~ loll IS5\%(Ilit asIlYiL' iilOHcire elISriCOILeS (di lI0td).'a;iri dlemanld. Improl'tvemrenit Il 
tireir' rl10ICiirn. tinr i ti l i .o herrel illeOMLt diSlrihirlioll, is e(tl'IViIelIN illrl)tOM1111l 
ii ir .11 l ar isIierr( \ititiiirPi'r hilr \kIll liad to iISC Iill(wi ill tILe (Ilerirld 10orIll 	 Itt lisler% 

(tiIStirII)titti thttt 
( irIrIIrISSit IM ')X't. \ttl. I. LI'III). 2)r I ll('iriI-tI( Ill FareLS iiidl 110' C'iiiit2e rr illeI~ 

I [-IJi k SLTMiiarrt dSSIlIleWS le'SI)ltcliVe PIll ( 1hlrrii .11lairr 

(lislrtitiiriitr.irr11'(1itIIIIrIrtcttrrsirirjlor Iin 2()()() 1s1, c'e lit r'ea'hnI Alti 170uiiillhtui 
ttoil", M5~hr ;IIIn(tIiiiS lo tiir1 I80.0 kilitt~anrrs pei capi piet wair ci'iipi red \%itl 100.0 
kiloiurrarrts In 11)X2 S.1, .tSStIrIiIinL' rrrtclirlit-e'elvlati (- l)II(.'e. 'w-Inil( of tfis inrease 

I I I n (I( ifIth~all. iu rttin v! It i.7Ito t 	 Cr.eC Il t I I / i ti CLpeCent nritionrAln WithiJisiirall 
e IStii)iiitttu. htitloi 	 IS C\)L'l 18rcrCill),VCti tItll tI~oIln tlirct't Cl'tirisiirijiii lo ii d 7 

Ills mii;tiiirir ibttiir 
litter ' sCerariii 5\titiltl rILstlt Ill 1)()CI'l diILiVl~iaitIr r'MaIll tieIVeriLee iL0IICtli 

imilliiotnsl"In I101 1ii 10 kl!'I~rS Iel' c Ijt I-ti'Veil'. Thi 
hV C\T)2 111C 

oI ire h11olii qJIMIatLe ibMTu ineCp)Aet\ ine(. AchI-ieviig tIins scnai;i Il) liaV lie 
CtInISItIlerd it ruIM1e. M)II(itItIIIL qreSIIb)Srirr ial et ,ottr' ll r'lii1) L'riitll ill ittitgrairns, 
ii( tint i ttI'MeIi is. , ii( IteL IliitiL~CIi Itriral SeCOti lil wrvyS tlai geirt.rale rlror eirr'ltryiiemr 
tr'.u HICi ruI lt lIre IMtii. 

Flutre G rowt h of' Feed D~emand 
\Ion> r'apid Ce. 2'urrric pn'ius. \kv~ill ilSit herd to hltasei grotwth li lle dlenv~nd for 

liveSoLit.k 17tulit.111'ial rtrrr"l 111tie -Ip'-Mid linidie-inicoinie gr'Orrips. his Inl 
rri IS likels ( lild t i riseL Ill tir deriaHiMiu 'tr 1CeedVL'aiiIN. ThO Ieet(ig-iaitr diCnarnd 

1.iliIrses n'aItr(l\ s%iti iitilcle't~ PI hrlIll WOst tleVelopiing Cotlllie. alto its past 
Lnll't n rte ill Irtihia lr, lIci ltl\I hri ' h iitttr'e e.Ct)(Iuittin ric 11c' tiIS likely to Iecit 
10tit mitre it(iit llaIt trtir ii 5StttL'k tritOl's Ill l11idj. Tht wouldt~t i'tsilt Ill a Iin'ivei 
diriritiII tutr stk h(T(tt u1t1itier;1dNiIt LSl( i1nd( \N~l.~ leatdn tiOW eslnauusnirr tit [t\-pr0tilcS 
CIIIRi'L'iltl is iitIIeI liii heeThIlir tirIiials. Mliii'I sstild riece.SSIiite teediir uiloe graiiiri
It0 theL MIriiiIS. ' hr shift1 tto WillrrIllnri irle r'ittlo.'lsL- dIrjNri' svtoult IlSi C'L'ilt' at iiLT(i 
foir helteri;Ii ItIieritiarrria itntrIIi itr. ire r 	 lltILesIlieirsc I) CFrIaIIrtI I Iecth(Lb 1I I gra.inIIS. IP 
IlININ lead to Mi iltereaseW ill II tilear leetlirg rlitiS oIi eethgiai:. inpt to livestock 
OItnIjtn. l1InS HItMe a-ccllnig I-feeirinl dirrarid. Siince livestock pl'o(Iuctitrn can he 

86 



uhtantia lly lahor-intenive in developing countries,. illcXpasion of tile livestock
 
seclor coulhd also Contribute to gelleralting etmployent and ilcomesf or the poor.
 

lProduction-(Jonsumit ion Balances 

.,\llhiou h tit' sct'll;lI i , i l)toLro piJ Ii 2(0(0()uction alti consm11 t l odgrains ili may
 
appear to hav heen ,.orkc'dout wtiratcl\. lhe\ are in ictlinked through ilt' assuLtl)
lions. lhe., tMll IC\. CIS 01 21 1-2 P)mulllion lo1s in 2(000imply Lrowlh iIte of 2.6-2.8
 
pecet'iit 4,.m ,'rhtil-.telnd ollpult )II() million tolls il It 8 1/84. Th' rural incomte growth
 
rat-,S tMnI,lt lit .uI '\eve., ironi
(i1 It'r cOllilulOll s'nltrios. h( raunlle 2.3 to 3.5 

rceilt. lhit' tIV\I th rIt in tIe o iIllut ret' to sutaul a Lr p.'rtn-Llt inluirti-d lhol2.X 

100(t1 r21in ilI I thII \ L, v%ry lAU. I'lIurther 2iv'etI theC COn
lltt4lutt rt.' ,\ CIlt.I re' d \hI- C 

th. bht.'tOilt, that ralhith urowIl 'Ie dst'lillts to i ,,a It oh% 111,I ill rIa iltle,, HIM 

to - it.' fillilcailtlI lui ts',idt.' the tOl e1raii ',CtO . TO ;Ic hie+ve aIru lil t'O lle 
grol' ti rle Of .5 e. t . oIiu dIutlL'railt aeric-111ture \, 1lll t- to at rateneed lt\\ a oi
 

over 4.0 pl,iCt. Ih.' al1i.eai, tO t pote fstelr LrJ\ h i n t
li rolf ollrail
 
di ,tiVIlie, tt e d tIe iC',lrl 1,1.', 1dituh !'Oc.ts I th',ese
Ill iiuial ; d ti 0 

at;ti\ ities. l th that ar'M. labor-inlt.in,,\ . imrrtove
;ilil ,,t' Such a ,lr+ateInla\ alsoi,, 

,tilt.' tIIpih i llt'IIt dil II I )cIItOplp ttilit hor the1hoA,er- inuc it.'-'tl olips. ('t Itivalion of
 
a l t t ilction including the p)oultr
lliliht-+ c1e\j rt-ui iit'h tI-J),, i\ t, c (tpr,,l 111da iry
 

,,ctor,.. onllA l- calkh ,,tri' 1rt' l IiI;l i \ ith potl
alnt itld s ht' Ir-iIttCn acti\'itie, tmial 

lwt' I.'iI111lili I;ttrll O t l tll trintht'o'lul t l ioi lrojectitn,, alsoall p1 hll 

has imptilp 01tOW torstlnl tii 'i.ll ios. i inll the
I All eX)lic.:it a,"lIll tin 

Iprt)uht lt i 1441'.tiI ,,',tClt_'lr;Ci4l1 ilro'\\tlpinlrt l n h inItile Fa ,leri region. (;ive n
 

,
the telit t' t oL.Kt.'lltrtiOll Of )t)\ll.in tli,rc' lion, tliaccelto.'rtitll f gi( il \voultd 
iC ll1 .,,, ~ h
(he litr11 ilt-, t- l'),11C' .rCHIl IM) IMIi+,II, . _'<1COHIll ll l+li quitai tll _ 11.viatting 

poel t\ aS \\ I as1t',br iniLe LrtI,.,.lhilfbod,'rtit ll dcIittl . Si1iiarlv.I .i'\'t-'ut'nt oI the 
,e\l~-t.'lt'ti tih lIAllt t' tilt' S01t i Wlllt smultdf~utltlctlul l',',, l)rl ill t it \\t'",,t-ll il-gionlil
 

hc ilportanl t fol raI,Ilt 12it+lIIOIII,', t tlt' )l . SSMth c t.ut lpli)li, lts, wovtlhlrequite
 
,l).'iti. l) li.C\ i ,,h4\\;lrth tilt' pr ,.
I'mll hlicit, 01 agric-ulltural iurotth in t es, regilil 


Tht' CItCI' IICl.'nt Of1t,',,I)t',tttui( +\it.'Itf L'o\\th lltt ill \ ht.Miit anti rice illtileNorthern,
 
Itt,l rIMitsI, . aid (tItrAl rtI.'tlol,. \,m\4u!! Ix rt'tlluirt.'d to bring about overall griml
,.ti 

it llrtl rul- Thi, \s..uldde colltilueti emlal
'cti44l ant llt4)llll 's. t.'mand L' lt'1111tltillt sis, 
p)ilrli't ul;irl\ (411 t',rt.tiih ,illti t'\tt-ll.iIO i ill thtse rct.luolls.
 

Imlplications If'
Faster lconomic (rowth and Poverty Alleviation 
lndia'", l'r+lspt-t\ t' Plll (lllliah lPlatlling ( ommli,.,iotn t85 v l. I. chlla). 2);imas
 

0 ICCL'rt'It' I ll lIIt er44\lthih;ainti eliminate povt't . , 2(0(. 
 Allciei tiot ot lof\t,'rty 

+itll ;rl tl 4;l'.l k,. IlIt IM l orttiftilter'ura\\l It.Iilih ,,ltiO ll1t)'. .h luttit.'l 
,
til it al tt ltt 11t itll% o(i I \ is ;Il ll a.lIl'ui.' ll ".44 ' I ,,.' .apit+ ad l \i isthat 

11ll (t l IIIt IM )(1h.N' lll .. l |\+.'IhIIillltd HILl t . 110M' l.'IMh~)l CH'-I;Iul III.'OHllll . %lltHee 10 he' 

,ohiC.'.tiL',%kill C(I-, KL.TIhuChIM ,21t\dl IIIllH lloodlulallll dlAI-'tVAl"'lt,;11',() L 'l. Itlll in+..'hld
illu Ilnf od la1+in l +,,ll-,~ - .Ii,,h,.'iC1',.0C' ilhOIC.',,tr
,, .ilnd fill;[] ii~dLI,rit.',,. It,\kill 
le_'lulle -,Ici'llt-lCI )L'di~'.l,Jillt I C lllt'lll ~Hi\.", Ill;1111tllI]+.ll .' l- l','llt '-l ';l. OfI g2 ()lOh
 

' ,
Ilhill C'illi "' thW111 IIICOII1 ''+, OfIfhil"Jl IIOIrt 1(u1t_l N+.Thi,, ,inml\,,+i+ "hoiw " that ai 

s,uiL'CCs,Itll illlplemuelllt iotitl ol 'uh stit 'e . I-adIi1g to a ccIlatiooll Oh Icome growth 
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rates and im)ro)vemeit.Ut if] iliCoiie distiibiliiii, CO(lf a.s) lea lfod) demanid gr(\i\lh
that might namke liia deficit ini fir)(lg rains ' "hisW44ld CretlC :i iitl It) ililport (espit e 
dii ipillviNe' agricultural Pe frinairce. ()ith.e other hand. fatilurea of tile strategy
might leave lili tiargiiall' suirUplus ill foodlrainls. 

"lhir.orel.. alchiie'ving [ht till% )bi t'ctiwL' of acc.'teleraitin (of 4tecnm ic. ror)wil ll! 
elim i tion)ll 4! p4v'erl will c31l fot ieW a( t()[)i)o(o ilil ;i)j)rl) pria , t+(eVeo)HiiiCiit..h stral
.- '. aIli1:11 0 oo0d produtciol cl1-1, Mi(ad lte political courage IC)iiipi)rt (Oi d si/ale
sc'al if t l(tiirt(f, ili order. I) stll i lt'nces,,Iry roth and developmiient in tel 
1I(I11 i Co-0iiflhiiv. 

Statistical lIm)rovemllents 
This se'ction higilit'h s,44ii ists d for p)olicy researchcoicerni, (harligi iwiitati)n,

lhal Were Cl+)colit.rO(f ll this +tii11V, Atteintiin has alreaIf been drawnii tite lar e
impact that poverty' AllXvi;ili(n cal have., (1 gilFill h i (lri1i(. IHowever, lite
eTfCCI Of lieher nc1I_'s Inl the' ll)r. and niitIdlt-inCoIe oulips oin deimiaind is Ifnt
clir. While oI the orei hiaiid Ilihi IWI cipita demiaind lor loodgrais flo direct consuilip
lion Iali, s t11,1icleae ltl vI de'clinL' soieLt+Wl, theiror LV diCiailld forlivtoc'k lriucMts liir' ilcr;s. isultoi ini lir.,istl delrived (leimianld for lood rails,
for I ed l I lhabsence of teiabeh. (il OnIfedgraiii ,,e anid n!itittes )f livestock 
prolucts consuiiicd. this isl)Ct coUld not he exailii'ied ill (tai:l here.. lhe isstne calls fr
 
Colflectin -lInd fp(4ism i 
 (if such sttsi oin aInational basis.
 

T[he afll0%aIlices 10r seed, feed. arid s%astape 114%
sv biit appliedl by tile MIinlistry ofAgriculitue i cllclailuig th ie ilat.,+,ilil oflfi(dgrais for iifiai Consnumiption
Iroii lie l)r(li0titii",timatess e,-nt)l beCil ChINIgcd siInce the earlyC I 10.Ithe_
pr(p)rtioi (o1 sed t ield pir iectLre is likli' to have dcline d afl ihe adoption of 
IIYVs ;ariu1 :lie llh4.iICillTld to actLllI for losses ili slorage ;and hla(ldiig AlSO
COnl{ havU dhc.lined. ( ithe oilier hind.t. theic uirenients l Ied svonjld have iiicreased 
with the ilticasc in ulleiiil Ir livet, okpr44lducts and tile current programs for

le'e'lo)meit 4f 
 livetlock actiivitie incliliig dai'iii aitl )4iltr, I is ipioir)4)taiit that

the (v'iiieit f(1IndiaI ta iilleasires tI correct ainfpdat these tiiiats. StildiCs 
suCh ias Ilili1 198 ) Otlcl be Alone (in a nialtli,11 basis.
 

('onniption data fr,(ii lhe NSS() colliiiilptIion sives are ohenll available only

after a ciliidrSall 
t1neI lag. No qUaitialive dala in, iliifOidgraili ctUlnIilltii, l are
 
asa'ilable f'rriil these sins es s. ThLese 
 data (oleficiriCsneed early itteIitio4ti. HCUey i~l e
national allal sis ini thi ,ssilly\ i disagigte aialysi's of COtu iiil lil clould he done
 
at a regional Ill a idshulild include iltels 44f fo(d consumtptioii heides cereals ant'd 
pulses. This studs' ls) siow, that 144graiii rainfall iiidi'',s-, very usefl, and it issuIg!teV1l that1 te (ile rriLi-til !f India slioill ci(iiipiiie, aid publish such index 
,*niuiib, iiersreglar bi i, d ai tl lldl(h, asis. loptigi.! i)j)loplilt ritelldolo '. 

Sorie 'kor k oil the (letiiiillii of1 response coefl i''iits for differeni t itiputs and 
cropls i,, beiii done al le!iidiali Agrictltral RVseachtr ilistics lstitltC. It v.otild he
1',ef'tl If the iiestit tes1C4ilhl hell UiiolteiC the relai rvisionl Of the ipi)ti rsc iinis

)'rllstdic'ks i lo rili, s,a . hile'. Whe.e s this s.41ul be MletC(It e for )hlllllilg, for
poliy' researc' parlticiilarl ii siulsiiig pro)ductiv'ity alsod valuible toit Wthld ( he 
have lileaiies ) responise Ifor differeit states. R'ioii', crops. anlld tnuitriilts uinder 
different issociated coindiioiis. 
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APPENDIX I 

DECOMPOSITION OF YIELD INCREASE 
INTO PURE YIELD EFFECT AND CROPPING 
PATTERN EFFECT 

N,= W f )f I - W C ,Ic 

AY = AYfWf +AWYI .+ AW,AYf 

+ AYCW C + AWCY c + AWCAYC. and therefore 

AY = AY.WI ± AYCW c (pure yiel ef'ec) 

4-AWfYI , + AW.Y (cr()ppi ng paterc eIffecl)c 

+ AW1 NII + AWCAY c (interaction),
 

where
 

f
 
Al= A 

A.Cw A.
 

A =Af+ Au.
 

Y = total foodgrain yield. 

Yf= yield of fine grains (rice and wh,-at). 

Yt. = yield of coarse grains (c lire cereals and pIlIses), 

A = total floodgrain are;i, 

A,-= area under fine grains (rice and wheat), and 

A(. = area uIInlder ':arse grains (..arSe cereals and pulses). 
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APPEND)IX 2 

SOURCES AND) METH-OD)S FOR RE('][()NAL 

FOOD(GRAIN PRODUCTION D)ATA 
A' NlLM'M1l c 11;1', heCCII Ill.11',111d tilOpcle toectircCInn IilItIId 1 1)111 tIIi-teillreinl
 

(1il ()It t4I 12I~iill IpI1)dlitiO i1141 il ctielh\i
MlCA. . L-jp[4.d \1(I co.4vering 

d 4.4III)J1IrlliC (4)%VI Me4.44i~i.I i clit Iil 44I .1, 1() 1)t'lIllIt ~it, Ct.iJ~tll iililk''i', 01 llIICs 
vi4. ,IIh)! it' , )4'Ni c4. hn d r ll p[ m)ilictt ill da~la 14)I1 I1(11I1Iit ItCp( )-1etit nd cf. te .11I 

(I ItI'l Jiid 11111M)1 M11 alIIcde(Im
tI \tte\ k' MIIC'it. iinch . 

2. Assamri 18S. SikkI Ill 

4. ( ujaratl 20. lripur 

5. H~aryania 21. 1 t1tar Pi'adeIn 
0. 1Iinrlacha! I'ridcell 22. West leinpal 
7. .liinnii aind Ka'.Ininilr 2.3. Anidamni anid Nicobar Islands 
X. Kartaii~ka 24. A\ruinachal l'ra,idh 
9. Kecralh 25. Dadrai and4 N'apai I Iaieli 

10. Maduii a desli 20. lDelhi
 
1I. Mailatairalira 27. Goo, D~imni. arnd lDIn
 
2. \Iainipur 2x. Mumoarill
 

1 .. M ' laI a 21). Poiidichrerry
 

15. If)rIss . lasmI\ 

I[Mr tihe t-;ni Vt irs.i1)stl Oftihe datad ieL rel4)Me( iIll ;.L-Ii4.. IMlonIn.anl iii 
aindl re~quire t4)ii\ ersIn). H11w )!e44!i~iI)IIl-It~I CMorP (rahe 11-Cieaie [Ile cro4predoliin 
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b,5Li411t\V k"st1ll1;t4.s svtlLatN\LeId AMt~ll'i has t' httLII leI)IC.id h\ r4)In-C1it I i2g 

Alllts L- 1 il44L ;tl'5,4L 41C. 44 .444 4)4. I)) to L-li4.11.1 tilt) li' i .il,I~It .14111 

d IIIC ~ II 14.-L44t k l 4. l I llt t1ilt1 t J)ILC4 illl' difCI4. 11 111(" I..l t1 411I t lf.-(I ,til 

Iik4.i44111 141jllilIl0l1i OR" I,4I tI I. MtL"VIt\.441 ' I ii )I111W-i)11N~44 )1 Miiittu t4 M M~~ 

\,It4i5 . OW1 I t144JM,1.(11 ,14. 1tI it hIlt StIt ,4I". 1) d it. f)44. ,t tJll IL.ie 
iii4.l444441 tmid 114 i4 i x.4..,C 4144IIl)is(tl Il44%t.l(d.414 r t.4)-ioll()I ilti 
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APPENDIX 3 

REGION.*L GROWTH RATES AND THEIR t-STATISTICS 

Table 33-Regional growth rates of foodgrain area, production, and yield 
Rice Wheat Coarse Cereals Total Cereals Total Pulses Total Foodgrains
Pro- Pro- Pro. Pro- Pro- Produc- duc- duc- duc- duc- duc-Region/Period Area tion Yield Area tion Yield Area tion Yield Area tion Yield Area tion Yield Area tion Yield 

percnt Vearl
N -thern

1Q52 53 I0o4 05 404 o, 1.20 3.30 5.25 1.8Q -0.17 2.45 2.02 184 - .30 2.52 1.37 1.23 -0.14 1.04 3.58!-statistic 11.o0 :0.0 4.30 11.70 13.20 1.013.40 -0.51 3.50 5.38 10.27 1 .20 705 1 13 0.75 -0.12 4.42 8.32 4.40I07 08 1075 7c .1541 10.24 5.45 2.75 4.-0 1.o 0.21 0.85 0.05 1.08 .138 2.30 I.8 5.77 -3.85 1.20 3.30 2.02s.tic _t2 1) 0.85 (.00 3.00 3.08 2.00 0.32 0.80 0.03 8.041075 7o 1083 84 8.8 
4.08 2.00 -I .05 1.53 -1.05 2.05 3.25 2.5711.3o 2.75 3.20 o.30 3.07 -3.00 -2.03 1.73 2.10 0,.IQ 3.05 -7,5 -14 .417 -743 0.80 5.13 4.21tstatistic 7.-0 75 2.00 1.70 15,o0 10.0 -5.02 -1.0 I.05 13.80 15.35 o0.5 3.20 502 -2.05 2.0 10.55 10.50

Uttar Pradvsh
1052 53 10o4 05 1.83 .. 2v 2. 42 0.84 1.54 0.70 -0.03 -0.01 0.33 0.38 1.4I0 1.08 0.53 -1.20 -1.72 0.42 0 70 0.37'statistic 18.30 000 3.50 2.7 1.55 0.73 -540 -1.00 0.58 2.78 2.c)5 2.10 3.38 -1.3,' -1.80 3.50 1.38 0.0710 7 08 IQ75 7c 0.22 2.00 2.00 2.80 3.11 0.27 -1.87 -1.741 0.13 0..44 1.0 1.25 -3.51 -5.30 -1.02 -0.32 0.52 0.84rstatistic 0.70 2.00 2.7C 0.10 2.05 0.21 -0.30 -1.15 0.00 2.801075 1.00 1.35 -l1.00 -2.00 -O.00 -2.50 0.40 0.837n 1083 84 1.81 4.83 2. 7 3.83 8.34 4..33 -3.23 -I.07 1.30 1.3n 5.51 4:.O -0.05 -0.70 0.24 1.01 4.81 3..7tstatistic 4.40 1.30 0.83 10.50 8.20 4.00 -8.05 -0.00 0.70 5.7S 3.30 2.50 -2.80 -0.31 0.10 5.00 2.80 2.25

Central
1052 r3 100- 05 1.3) 2.17 0.80 3.40 2.74 -0.73 1.30 2.27 0.05 1.72 2.34 0.00 2.01, 2.02 0.53 1.82 2.38 0.50tstatistic 17,7 1.80 0.73 4.30 2.50 -1.23 4.7. 2.50 1.40 I 1.50 1.20 1.30 4.10 2.30 0.08 8.70 3.80 1.1710o7. o8 1075 70 1.12 0.57 -0.51 2.08 5.02 2.88 -1.34 -0.72 0.03 -0.08 1.20 1.34 2.o01 4.0O 1.43 0.00 1.84 1.171statistic 1.80 0.27 -0.20 1.80 3.04 3.10 -2.00 -0.31 0.28 -0.10 0.73 0.85 3.50 2.15 1.08 1.55 1.00 0.801075 '7o I083 84 0.73 1.85 1.11 1.2.1 5.02 4.34: 1.0.1 3.1o 1.20 1.40 3.7- 2.21 -0.77 -0.48 0.30 0.83 2.87tstatistic 1.20 0.17 0.30 1.50 3.50 4.30 4.17 

2.02
1.00 0.40 o.30 1.oO 0.00 -1.05 -0.18 0.14 3.80 1.20 0.04

Western 
1052 "53 1001 05 1.87 1.20 2.38 1.10 3.48 2.28 0.01 2.41 2.41 0.34 2.08 2.o3 -0.34 -0.27 0.07 0.22 2.50 2.37t statistic 12.30 8.40 4.00 1.70 3.80 2.70 0.07 3.00 3.00 5.00 5.40 5.40 -0.84 -0.35 0.11 1.0' 4.00 4.801007/08 1075,70 -0.43 1.38 1.82 1.75 8.24 0.30 -1.20 1.57 2.82 -0.84 2.22 3.00Istatistic -0.82 0.58 0.05 

1.80 3.50 1.08 -0.30 2.30 2.700.07 2.40 3.80 -1.20 0.00 1.70 -0.87 0.87 1.0O 1.37 1.07 0.80 -0.38 0.00 1.721075/7o.1083/84 0.78 1.42 0.63 -1.02 1.13 2.17 0.04 1.10 1.15 0.04 1.23 1.10 1.50 2.87 1.2o 0.32 1.38 1.05t-statistic 
 2.70 1.00 0.00 -1.05 1.02 2.50 0.12 1.07 1.24 0.12 1.25 1.00 3.05 1.70 0.07 0.0 1.38 1.47 



Eastern 
1Q52 53 10o4 o5 0.oo 2.10 1.40 0.71 2.23 1.51 0.72 2.21 1.48 0.70 2.20 1 40 0.57 1.10 0.52 0.08 2.07 1.381 starts *c 5 .0 200 2.20 0.83 1.20 0.73 1.47 2.50 3.10 -. 82 3.12 2.47 0.Qo 105 0.00 3.30 2.00 2.40N07 08 I175 70 0.72 0.04 -008 Q.01 15.11 501 O. I -2.20 -2.1o 1.33 1.73 0.-1 	 0.00 -2.00 -3.24 1.23 1.30 0.15t statstic 2.00 08. -0 1 1 	 3.00 3.00 2.25 -0.15 -0.04 -0.73 7.55 2.32 0.03 1.20 -2.20 -1.20 7.04 1.08 0.251075 7o 1083 84 0.73 0.58 15 1.87 -0.80 1.02 132 0.0o 2.35 -001 -0.48 0. 43 0.42 3.10 2.75 -0.74 -0.22 0.52 

- 83 -0.30 0,0 -20 -0.50 0.85 -1.00 .75 2.30 -2.40 -0.27 0.30 0.00 2. 0 2.45 -2.03 -0.13 0.40Souhern
 
I.2 53 	 1004 ,' 2)2 .0 1.00 1.0o 1.15 -4 -0.0 2.12 2.74 0.87 3.82 2.02 0.28 -0 18 -0.40 0.70 3 07 2.84 

.c, 12.70 00 0 0C,0 -0.5 70 5o 7.80 54.0 11 00 11.30 1.20 -0 38 -:,40 5.10 11.20 11.30IOo- ,8 07, 7c 0.40 2.88 2 .0 0.24 28 0- 18.02 05 8 1 2 2; -003 2.5c 2.58 1.7) 0.07 .21 0.20 2.00 2.40
0 00 3.0 3 S0 0 30 8.5, o 0 -I o . . 3.30 -0.0o 3.70 5-15 2 8S 3.-5 3.20 0.55 3.80 5.3:_1075 701 083 8-4 -0.o I o3 2.03 -4.00 -.-..- 0.27 -2.08 -1.28 1.70 -1.72 112 2.80 155 5.24. 3.03 -1.28 1.27 2.58tstaturte -,.00 1.50 3.0 -3.20 -1. 5 0 00o -5.50 - .15 	 2.25 -280 0.5 ''2 * ,0 00 3.10 -2.25 1.10 3.70 

1,052 53 10o4 ,S 1.57 3 3-' 1.74 2.20 3.32 1.0' 0.21 .38 1.1C 0.00 2.03 1 o2 1 30 0.02 -0.73 1.07 2.33 1.25
20.80 	 7.02 3.0. 4.00 5.20 1.o5 1 .30 3.30 3.80 o00 7.20 500 -50 OQO -'.30 8.410o. 10 4.00IQ07 08 107 , 7c. 0.07 1.30 1.21 3.20 5.7 18 -I.O7 0.27 1.35 0.31 2.22 1Q0 0 77 O51 -1.27 0.40 1.0i 1.50Ztatic 3 50 2.00 1.4u 5.55 3.80 '.C5 -3. 40 	 0.10 1.20 1.40 3.30 3.80, 	 1.50 -020 -1.17 1.50 2.80 3.051,7 7o 	IQ83 8 0.22 107 1.75 1.Q. 5.72 3.72 -u0.2 0.08 .14 0.31 2.77 2.45 -0.32 -0.'' 0.11 0.10 2.48 2.28tStatistic 0.48 1.33 1.50 4.50 7.00 0.0 - . 0.70 1.58 1 50 2.05 2.8o 0. I '.51 0.57 1.25 2.40 2.00 

Sources: 	Based on data from India. Ministr, of A4riculture. Directorate of Economics and Statistics .4,"r'a and roduction of Pnncipal Crops in India. various
issues Delhi: Controller of Publications. various vearsi: see Appendix 2 for modifications to this data. 



APPENI)IX 4 

SOURCES AND METHOI)S FOR INPUT DATA AND 
RESP(NSE COEFFICIENTS 

Ilnput Data 

Fertilizers 

iiThe h1)i "I1.11tL' If l i dtiI s 7.I:ClIIIcI AY C I t'rh t'r.lhlhcd m\""l'lll )l I~ll ( il I NV% IDClh The tLILI on all' hy file. lC0li ')l.lllHI )loI N I re'lale 
Io ll oI'()[ oIlHI', l)ll ,hIlo. llll)l la,,,,Mid It.C IIIIIA l,, iirldI M el hAICdl ()Ifll iM l-lt ' s to) Ilit. 

refalttlll It ilt' 1 1 11111 tiThe. I o\ I I IIIt'Ilit itl kt (ihill)IllLt taliilah mlc Ild(l;11,%(,t' l flchU lol l It. It id /{ lSdt.iIt l Cii lt .ll IISt' onl l t'rlol}, h ti Id l t ' thcT (liI 
M'lIWt.lt.'.'ltagc 11111l IIoall l t octl 'V1411';II, othL1 \C;11. Atn 1I'IPRI IC'sc;.a thld l -l (Dct"a;i,i X2 ) I)IM dtc, r f Ill(L , I ,tl"t S,.IlId\ flilt' 1),Iill'lll o f1ICt'l i .. ; 11ll/ t I SC If) lillt kl'-,t, l ;i,,, SC,\,xCrl' l 

.IMIt.' lll la l., ,,. IJ' C'lll..,(if1 IhIS I +,'tltC'I h,. IIC+111iIo SI ()t i I'.lo,,ll tt..+,,, l he s N ,S. s+.ll%'t.' 

dlldi t )1 - it' (ia t h lr it" an.' tof Iftejlt(i It 951 5 i ti,',Cllt !i l0duutho hj1,, Mid 1;t hN194 1 f iSl,,'n Soll h1IoNational ( 'mUint il ofI l L . th1 r. oil fhe I ,+,oll i '..\ )l)lWdcFl o II.+RL"WKl~','inthI, [[t ' hk filet l)o1rt L',.tm atc,. ilhit h\ 1It970f/77
tiII, lWyuH t" lidd I I,+cn lo 7 I(Clt .. n It . It IS dSv-+unlt-d Ill lhH, ',,11ul(k HIM lif l I;',hat. (dI "lt.'lilu/c+r, 
got lp 1111) tl'a l' Io,,..+ lM1it, N+h(v 1\ l 7S IW zt.T 1111h\'. It. Vx/ .. 

L ,t,-'l.l l IN CJH 

p tItnllk ,i lalC hc1.1C(T 1977(1/77 mid 


l ht" n i i f,. ali k , I lllt' ',h' I It l A) It lt.rt-d'Slt. hdix' C hteel) ;I IIIL,. dtll.'. filh.e 
19X. i/.x-l, alnd hL-Ct L-1c1970)/71 ilin( I19T0/77.

The+allll Ilaie' (d III~LC' I 'l\,Vtl 1970/71 and( 19)70/77 \kd, iatl~lC(l IMi [lilt. pi)C (
hemc'l,.,t i t907/68, anldt 1970? /71 A S ti,ll(L-t' [lilt"',lll)111 IM l ( :1 1f'L A~tt,.'l'V C[llllll t olll. 
l I)(t !'lAtll, hi+.-Pdlll Illoill [lilt' 1111,1 \'k l oI life ' J'ILTIt' l t illotll, Hi}llll y 1907/(8,. ,,\ ain. ',t 

,lilIC'.l! IAlltC of IlMtICJSCt. IS lLl l it'C I W ll hCIt-l't''l1I l't l 'it')5I%/50' Mllid ,''I5tlth life 

196f7/08N. arnd Hirt tlt
, i~l [;lit' oll IlIILt.dlS.C. i't-Mv~.CCII 1Iht t M uL-
lia; k Ito I9.19/50. IS1. 11llmll, ;II II l111/011<ll oll It.L- l t.1CI. tl ,lllV rl'ciS' 

of 

O., \t.;IIN, IIS. hee,'tl) cl- dc:d 
lIlmtcm 


i l','t'l. 1111d lllW lllol~~t
tlllll I~ IWltCIlll l C CtCl l o 1I~iiltlU llillp loo ,Li~llllli)IoL IC-ll( 
p (.11 loIi 1))1(.L IllHII I ) ' ll I, It t'Alll hCi'", Yl t. ;ij)l)lIo\IlllAIlc I i IlI0 hl)Sll , iL MI11..It'll i 

W(' Clltll' l lWL;Ith l1 L lt ~ll',ll, ht lll lllt0SC Idllit 4l I 1dtld . - S S11{i, C IC.'LVillll (d;la;
;110111V klflil [litc iln1l1ltcll ;I Vf.'r X JWct 1I C IM C llt.) ;iI~llt' lI~ ll ioI IC.rIiI/c to'- fooI){d
gra;llll, ;111(1 IIfl loiq~li llill'-. It IM h " flol d 
 IhMl file' l+';ICIM 'IL-'l 11i~t'. ll't' I l ' { ot " 
Itli loodV(l l o liw~ll',IS 111',1111llI l foodIJtllll', til l . IflI l ' lilt' li'llod1 ttlllil file,

{.'arl I98, I'+ lCH} ,
1IS I',u lpa ,cd h.\ flhe 1.1,,C fo)l Itoodt.1,' 1, hi'S IS tM{ I'll,, t,{,i%,ilhlife. 
II l p {~il)ld Iiit(i, WtlItllOW itlodiP~lll Wiltl 111(1('\ t(L0 1 I L-d't \%,,1 il e ldlt oIolltt(i12;Illi idh
 

illtdt_\ ,-101111d1 flhl', 14'rlodl 
 Fotl II967/lIX file' I~L-11 l/t'l t(Lo11,IlllllplIi 11 Ilit IV C1. ill "Ta.hle. 
34.IS I. t!({{ IMlS, M, ICla, tHIM l%LCll Ill "dla h "7 1,, 1.160f,011)(1 loll'. 'I hi' t111lir c et. 
htl\k'., t', lif h idlc Mt'aLtlte dJl 'p: L'PMaLc ddata c*\],I', Ill OWt.II1(tll)ll l il c lli l. 
Ml|id Cilllfllol he tI l l'L-111IL-\rc,,t d l % Ililtl lll tl Il- li ll lm illl~o l. 

I1iglh-Yichdin g Varitlies 

llighI-y'it.!hlinp VM]Cl",lc, Y\S.l I SqlflCt VIII~Clil|H IP1diall apt it'llitlrc Ill it ignlifhcalli 
wa;,y fit1907H)/0 . "lTe data l)[ fi' l,,' i( hlailledt frotl ,'A +tl (/ ls It/h oMl i fon o/ Principal 
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Table 34-Fertilizer use in India, 1949/50-1983/84 

Total Share of TotalAr:. unt Fertilizer for Fertilizerfor 
Fertilizer Fertilizer for orFertilizer Foodgrains Nonfoodgralns

Year Conumption Foodgrains for Foodgrains per Hectare per Hectare 

1 t I1wri.3nl} rmvril Ikllogr !0I m)t1) I', I ,00( tnrm'.) n Ilkiloug'am 

I9,3)/ 5O 22 1 .13 o)0 9 )0 0.39W 10 
1950/51 l, 1 .13,1 15.77 OIl 0.58
 
1 5 '52 ,(S , .11 t; 28'.b, 0. W( 1.01
 
I(52,5 I 't 7 .110o 28.9 1 0.28 1.02
 
195 3/1 IrsMI .1,311 *1.59 0.113 1.73
 
194/55 120 9 -14.7 S-1)00 0.50 1.85
 
1955/s, I 1014 .1 00 54 Hto 0.53 1.96
 
IQSOi/7 11) 8 -15.1 (9.72 0(. 1 2.19
 
1957 '5 IIf437 45.07 1 I.HQ 0.77 2.74
 
1514i95) 221 14 .10t.00 102,95 0.90 3.27
 
1959,t I() 104.(, -.1( 11 111.1 1 1.23 4.34
 
196)/6 I 29 1 )1 .10,07 117.1 1 1.19 4.20
 
190(1 /62 114. 1 .17 0o 159.00 I M( 4.55
 
19(,2/(,1 .152.2 .17. 11 2141.01 1.MI .l14
 
19061/-.1 54 19 .17 r7 259.26 2.21 7.19
 

/90,11/077 ; 2 .1 .01o 171.1,11 3.14 ''.79
 
1965160 71.1, .14. 1 179.22 1.29 10.0)

1966/7 1,10 ( ) .1167 5 15.03 4,.5 13.44
 
t16714 1,5 3 ) 9 ,19.00 75.1,55 6.21 I1.56
 
1961't,9 1,7001 7 ]I 3 901.81 7.50 21.91
 
I969"70 1.982 ,1 5 1.67 1,00.99 23.74
1,0 8.6l 

I 71/7 1 2.25(o) V, l 1,261. l, 10. l 23.93
 
197 1, /,! 2.(,M,.9 I 5 I 2.0.1 26.01
514 S419.16 

1972/71 2.7t7 3) 6167 I.67)., 19 14.08 25.40
 
19/ 7.1 If 00 1.718 .12 14.1 1
2,1l4.1( II. 21.24 
197,1,'75 2,1/1. ( 35. I I 1,0 1 22 13.1119 20.0'9 
197 , 7r, 2,9Q 1)I 67 67 1,958.1,1 15.211 21.70
 
19P., I7 . 1 0 70.0o 2.387 70 19.20 23.80
 
11 "7 / .1.21h 11 7)0,71 1,01067 21.77 28.05
 
19 h.779 5,116 1) 71 4t 1,0.1 Q1 211.11 31.90
 

71)7I113 5,25') .1 72 1,1 1,791 .10 ) 211 32.94
 
1980 h4I ', I )A 724(i .1,0 181',I 11 72 32.21
 
1 1)'1 ()6,0,-1 1 715S7 1.4,01. 17 14 55 13.45
 
IM12.111 (1, R112 7.1,29 4,7 5 7 17 9.1 34.55
 
19 1,)I. 7.71311 0' 0)1 ,782 5)0 ,11 ' ) .) 09
 

c'vmlr(wI, Alijlhlr',' ah lk ,lll' l Imil t j roillI Ivlll/+'l A%%mllIllili I f hnil,i, /+er1Idwer v,am /l %t(Ne'w [)v'lhi; 

If[.Irl j t1 I I('.l 

k I I) 3 ) 333 1,1l , l II l If 3?I %% al. II1 t C. /, ,11111 33 l I 1]lt"'- 3dm l 1 i'il ,1 i' I Itc.ii . /,1/, 

13~i li 11'13i, llt, l1 (Alllih llh , 'k, 11) 11,3 ' h\1 l !'m 0 3lt",llll lltNll,.l"uI ki 11 1 ,I'I h3uIIIIld Ohw 

P11111111 ICPl I, A l' t'llldlt t n I lll lll III iilt" i l M e 
Ih l, l- Iml iliW W O() I111 ,l'111 U 11111,11i~d Mliid - 'd;ht' I (I lilt' ,iII, litlIIllirAu ll( I 

liiij.I iiiIIII 

1).l11 . i lllt3.31l i1'.l1hl u1IMc, 3l3iill\', t1 011,11liCt- .il ll 1,11 ,111 , ,' Ii/l i .' m II3v,'!f 1l141l.1, l 11li~1 \ t,lll 1 1ll l lt I i liiillil t'l II ht ' l i ',N III l i ialc'(I ale;,..wll ct lc O H )"',, I 

I li 3W .3it , , .]Wtl IC3J3 i ll 11\ Itd'i\ t 
" , (1,11.1 . 'il lilt' l,, Il lt' 1\ I ht. III l\ WIp l' ;l3!ta lle l (I 

lIilt' R C%ClIIIt .1l~ R ' ~ .p.UI lI lII II ,, .1 1(- l l.4 O it II,. Itw' ft ).l .lllt li ltc' H( I IIItk' I c l i-[ lI(yIp III m 

d lIlIIIII',hI lilt' . ll l ( It'l IlI t tIIC.I .I I,-' f I k - h ,,I.11 Ii t IlIh IIIIl ' IIII)Il I ll Ic I' II,,. I * II ( 1 ,ii ;am )Ilhe'r 

MiiiItt, 111 (1,11.1 11lll ii1 i1'.1 It ii. il. it'I l , lilt' III I l "l', IC plill l I mi a l )I 111 ll t t i ll), alllli IIII lml 
II I I!_;l~I t LII I IIItu l i I~ lhIC ll l l ll'iCII I lit' ;lit l t'C 'lLT StI , Ik',I, I\ lt 'ckI]\(- iktit ,. ' %\Idt' il 
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hi'Iwccl Ilhc (1.11,4 Imill lwlse (%%()wurzces. For Or.- present slud(y the fimner sourice has
 
beenl adopted.
 

Basis of' Response ( oelfTiients 

S4alina an~d 16\ 1 1)109) ;u141)t4d the4. tII44l Ing re~p(4Ilse ow)4IIIc Ilk.I \'aIf1sticks) for)
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Table 35-Rainfall reporting zones in India 

Share
 
In Gross
 

Sown Area,
 
State/Zone 1973/74 

(percent)
 
Andhra P'radesh
 

Coastal 2.7
 
1'elangana 3.3 
Rayalaseema 1.8
 

Assam and Meghalaya 1.0
 
Itihar
 

Plata a 1.6
 
Plains 4.7
 

Gujarat 
Gujarat region 3.5 
Saurashtra, Kuich, and Nu 2.7
 

laryana 3.0
 
limachal Pradesh 0.5
 

Jammu and Kashmir 0.5 
Karnata~a 

Coasta 0.2
 
Interior north 3.6
 
Interior south 2.6 

Kerala 1.8 
Madhya I'ratesh 

East 5.3
 
West 7.3
 

Maharashtra 
Konkan and (Goa 0.5 
Madhya Maharashtra 4.7 
Marathwada 3.1 
Vidarbha 3.2 

Nagalard, Maipu r, Mizoram, 
and Irlpura 0.5 

()rssa 4.3 
Punialb 3.6 
Riast han 

Fast 4.9 
West 5.7 

1amil NadIi 4.5 
1iltar Pradesh 

East 8.U
 
West lPla nsj 5 0
 
West (Ifills) 0.7
 

West Bengal 
Sub HIinalayan and Sikkin 1.2 
(an :',i 3.1 

All !fldia 100.0 

iSource: Based on dala from (Center r MoniloringrIndian Economy, lasih S"tati.stic.sRelatin to the Indian Economy, 
vls I and 2 (Bombay: CMIE, I984). 

IlI Off-, 'lIwd.,. 11C 111111/ file" ,Ittnmtin d p)slttni mio raiilall arelr , tLli)s,. n 
contsidIi til 1110isl rclc,, all. " hcwhtc.I(or eachi /Mttm tcIht.t illlall Lcccivcd itt Iii, ICW 
wse"MIIs IsadlIcId Alld C\I)l.'2sscd ;Is I IIIdC M I)\['wCctliIgC II ICltl()il to tile"Itiwial 
rainfall l. "Tts t sailed life i/ rtll lll IIIdCl\ IOr til /Mic. I'Mr the i l/ cro ps., fle 
pOtsltioniIoiIlll d "Inf icr lilllall all 'otllsidClcd tilewIi l Iclc\;lllal aid llws ilrc Silimi

larly cOMiMIip ilcIl ilill ilt(Ic- ile /MtW.it ;a tinI NI1 
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State (a state may have several zones) kharifand rahi rainfall indices are computed 
from the zonal indices by using the gross sown area in the reference year of 1973/74 in 
each zone as lie weights (Table 35). A state rainfall index is then computed for each 
crop year by using the state khari" and r,/i average foodgrain production in the 
reference period 1972/73-1974/75 as weights. This is an improvcnient over the Cum
inings and Ray (1969) methodology (also adopted by Sander,-,'i arnd Roy 119791), 
which makes a prior classif'ication of states into groups an( applies only the kharif 
index to one grouIp of states. 

The state rainfall indices are then converted into an all-India rainfall index for each 
year by using the average foodgrain prodluction in each state in the reference period 
1972/73-1974/75 as weights. In this manner, the gross sown area and the foodgrain 
production are z'!!owed to do all the weighting for aggregations across zones and states. 
and no other prior classifications are iqplied. 

Given the limitations of tile and data. indices were computed in this manner for 
the years 1973/74-1983/84. For the years 1951/52-1968/69 the Cummings and Ray 
indices (for cereals) were adopted, and for the years 1969/70-1972/73 the Sanderson 
and Roy extension of the indices was adopted. The overlapping period of the two 
indices (1973/74-1977/78) showed that both were highly correlated and close; there
fore. there was little problem inmerging them. 
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APPENDIX 5 

RESULTS OF FACTOR ANALYSIS 
ON FOODGRAIN PRODUCTION 
DETERMINANTS 

A. Principal components on six variables; three factors retained. 

1 2 3 4 5 6 

Eigenvalues: 

4.7038 0.97192 0.27927 0.03018 0.008727 0.006070 

Sum of eigenvalues = 6.0000 

Cumulative percentage of eigenvalues: 

0.78397 0.94596 0.99250 0.99753 0.99899 1.0000 
787 16% 5% 

Eigenvectors: 

Vector I 

0.42409 0.45532 0.43816 0.44569 0.45518 0.12261 

Vector 2 

0.10725 -0.02947 -0.10401 -0.09805 -0. 13665 0.97392 

Vector 3 

0.70253 0.24764 -0.50183 -0.40833 0.02405 -0.16120 

Factor matrix (three factors): 

Variable afg 

0.91977 0.10573 0.37126 

Variable arw 

0.98750 -0.02905 0.13087 
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Variable frfg 

0.95029 -0.10254 -0.26520 

Variable hvf' 

0.96662 -0.09666 -0.21579 

Variable irfg 

0.98721 -0.13472 0.01270 

Variable rain 

0.26591 0.96015 -0.08518 

Iteration 
Cycle Variances 

0 
1 
2 
3 
4 
5 
6 
7 

0.223537 
0.282626 
0.285571 
0.285575 
0.285575 
0.285575 
0.285575 
0.285575 

B. Results of factor analysis on foodgrain production determinants. 

Rotated factor matrix (three factors): 

Factor 1 3 

Factor 
identification 

Technology/ 
Inputs Rainfall Area 

Variable 

afg (area) 
arw (rice/wheat) 
frfg (fertilizers) 
hvfg (HYV) 
irfg (irrigation) 
rain (rainfall) 

0.50537 
0.72269 
0.93102 
0.9/506 
0.81075 
0.06285 

0.19469 
0.10649 
0.08348 
0.08495 
0.01938 
0.99221 

0.83767 
0.67787 
0.33185 
0.38171 
0.57895 
0.10688 
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Check on communalities: 

Variable Original 

i 0.99499 
2 0.99313 
3 0.98389 
4 0.99027 
5 0.99289 
6 0.99986 

Final 

0.99499 
0.99313 
0.98389 
0.99027 
0.99288 
0.99986 

Difference 

0.47367E-06 
0.49816E-06 
0.50197E-06 
0.50461 E-06 
0.50796E-06 
0.81344E-08 
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APPENDIX 6 

VARIABLE NAMES AND DEFINITIONS 
IN PRODUCTION FUNCTION ANALYSIS 

'NIELD = 	 Yield of l'oodgrains in kilograms per hectare. This is an average yield 
obtained hy dividing the foodgrain production hy the gross cropped area 
under I'oodgrains. Both production and area figures are adi slted for changes 
in coverage and methodology over the y'ears. 

FERT = 	 Fertilizer use in kilograms per hectare. This is obtained hy dividing the 
quantity olefertili.e rs appliCd to [oodgrain, (see Appendix 41 by the gross 
cropped area Under foodgrains. The fert ilizer data are for an April-March 
year, but given the cropping practices in India. this requires n adljusiment 
for the .uly-June crop-year basis of* the rest of tl.,,data. 

HYV = 	 Percent coverage of high-yvielding varieties. This is obtained hy dividing the 
gross cropped foodgrain area under IIYVs by the total gross cropped area 
under floderains. In an inplut-otlpUt context. assuming a constant -IYV 
seed rate, this represents the per unit average l-IYV seed use. 

IRRIG = Percent coverage of irrigation. This is obtained by dividing the gross irri
gated 'oodgrain area by the gross cropped area under foodgrains. In an 
input-output context. assuming a constant rate of irrigation, this represents 
the average irrigation application per unit of area. 

RAIN = Foodgrain rainfall index. This is the all-India foodgrain rainfall index and 
represents an index of' the weighted average rainfall actually received for 
foodgrain crops per unit of area (see Appendix 4). 
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APPENDIX 7 

METHODS ADOPTPED IN USING NATIONAL
 
SAMPLE SURVEY CONSUMPTION DATA
 

The National Sample Survey (NSS) consumer expenditure data on loodgrains 
India. Department of Statistics) are available ainually up to 1973/74; subisequently, 

they are available for 1977/78 and 1983. The principal lIocus of this study is on the 
1977/78 and 1983 data. As a convenient past re ference poil ,main use has been made 
of the year 1970/71, in part because a morc delailed breakdown is available from the 
1970/71 survey on f'ood items throuch a special report made on this by the National 
Sample Survey Organization (NSSO) to the National Commission on Agriculture 
India, l)epartment of Stai-tics 1975). 

For cereals and pttlses, quantity as well as value data are availab!e by income (total 
expenditure) Lroup in the 1970/71 survey. From the mean values and quantities, 
implicit conmAier prices for cereals und ipulscs are computted for the year 1970/71 for 
1he rural and urLban areas. [i lieu of any alternative information, wholesale price indices 
for cereals and pulses are used to shil't these mean con stlmer prices to 1977/78 ad 
1983. In this way. the wholesale-consumer and the rural-urban price differentials are 
maintained. The 1977/78 and 1983 survey data provide the quanlity data for cereals, 
but the pulse data are only in value terms: l1ror ,etanlvalues ie CteVt1d to 
quaintity hy applying 'he eslimated 1977/78 and 1983 prices k r pulses. The rural and 
trbai mean per capita consumption levels for cereals. pulsc ;. and foodgrains thus 
obtained for 1977/78 anid 1983 are convertetl to national estimates by applying runal
urban popUlation1 ratios COmptld from CenIsLs estilatcs. 

The nonavailabilitl of qian1tity data for pulses ;n 1977/78 and 1983 survey publi
cations poses mllore difficull problems for analysis of the data by income group and 
quartile. Quantity as well Isvalue data are available for lie 1970/71 survey, and 
implicit prices calculated from this Show that the price, vary considerably and broadly 
over income groitups. being low for low-iricotiie groups a nd high for high-income 
groups. Parl of the price differentials may be (tie to the quality conipost!ion of the 
plses cIsuimed by diifferenut income groups. (ivIen such a distribution oi prices, it 
Woultd be incorrect to apply a uni form price actrOss ilcome groups for estimation of 
quantities. Another prohlemi is that the nominal income groups vary from survey to 
survey, and even if they are the same. the real vatie they reflect is not equal. because 
of the substantial inflation lak inig place over time. 

From the 1970/71 stirvC' daita. implicit prices can be calculated for cereals and 
pulses for each oflthe inucOie grtmips and these ire divided by tile mean price of cereals 
and pulses for this ye'tr, giviing the distriblution of' the prices around the mean. It is 
fould that a log-log function between this price ratio and the mean ih,,,ic (total 
expenditure) levels of each gr-1itip provides a good litfor the price distribution. It is 
assumed, therefore. that t relationship of this form exists between the real income (real 
total expenditure) levels and the implicit prices (expressed Isa ratio of the price to the 
mean price), and this coul I be ised for otther years. The mean income levels of the 
different income (total expenditure) girotps f'or the 1977/78 sIrye y are deflatcd to tlie 
(real) 1970/7 1 price level by applying the agricut1iral-labor con urner price index for 
the rural areas and the working-clIass consumer price inoex for the urban areas. No 
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qunantily data are availlble for pulses from the 1977/78 survey. Therefore the real 
income levels for 1977/78 are applied to tie 1970/71 estimated log-log price distribu
lion function for pulses to give a distribution of pulse prices around tile mean for 
1977/78. The mean pulse price for 1977/78 is computed by moving the 1970/7 1 mean 
pulse price to 1977/78 by using the wholesale price index of pulses. Applying this 
mlean price to tlt- collptlCd distribution, a pulse price is generated for each income 
group. Applying Ihcsc prices to the alrealy availle values, LuantitiCs of pulse 
Con1SUm1ption are generalted for each income group. 

Quantity data are also unavailable f'rom the 1983 survey for pulses, so the above 
method is repeated to Cst imatc the qLuatity (lata by income group for 1983. The 
1970/7 1estimated price distribution function is used for pulses, applying the appropri
ate deflated real income data. Au1observation of tile plots of aCtual 111d fitled d.ita for 
1970/71 showed that this method works well but may have a very slight tendency to 
overestimate the low-illcOlle group consumption an(i underestimate the hi gh-income 
group coinulfll)tioii. 

Qunarlilcs are based on tile sample freqluency distribut ion of numbers of households 
and use the per capita iniconie (total expenditure) gronp means provided by tile survey
data as well as the available or otherwis, comiputed per capita constmption quantities. 
The con su iLpt i m Mait peci fic ilncome levels is read off from a discrete lunuction plot
betweell income anl consumption, assunling straighlt-line changes between the points 
of observation reported with respect to each income group. 

It may be added that the estlinhates of per capita availability derived from the 
Ministry of Agriculturc's figures mnd those of per capita consumption obtained froml 
the NSS() are no' strictly comparable for a number of reasons. First, the ministry 
figcurcs are btscd as su pply-nlt ilization balances and represent the disappearance con
cept. The NSS data represent direct estimates of per capita houtsehold consumption 
ohtained 1b tile interview method. Second. to the extent that the ministry takes into 
account changes in U\cv lellnt stocks only, and not those with private trade and 
atrmers and colstnlCl'S. tile Ier capita availability figures are approximate. They do not 

represent annual fllctuations correctly. To avoid this difficulty, three-year moving 
averages are sonleitiles considered. Third. the NSS per capita consumption figures 
relate to houIsehold ci , nmption only and do not include non household consumption 
such as hotels: thus they may underestimalt tile conistUIlptiou. 
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APPENDIX 8
 

METHODOLOGY FOR PROJECTIONS
 

Assumptions in Projections of Foodgrain 
Production and Consumption to Year 2000 

Production Projection 

The projections are worked oul separately for rice, wheat, coarse cereals, and 
pulses disaggregiated over the six regions of the country-Northern, Uttar Pradesh, 
Central. Western. E{astern. aild Sonltherm--and are based on adjusted state data fron 
national sources. Tfi s is the base scenario. 

Area and yield are projected separately using their trend growth rates ( mod ified if 
necessary as explained below) and are finally multiplied to give the prodtictioln pro jec
lions. Growth rates arc applied to 1983/84 trend valuties. 

Post-creen- revol utiotl ( 1)67/68- 1983/84 ) sen i logarithmic trend growth rates are 
used for hoth area and ild. 

Area projections reqniChe some adjustment to -lake them realistic. Within each 
region, area uider each crop/crop-group as well as IIalt of tolal foodgrains is projected 
using their growth rates. Then. conwidering tile projected total ftoodgrain area as a 
ceilin, the hmdividual crop/crop-grouiP areas ire adjusted proportionately to give their 
piojected areas. 

The Northern region foo(tgraini area growth rate is constrained to 0.5 percent. Yield 
growth rates are constrained to be iolneiativc, and a ceiling of 3.() percent is also 
applied on tile growth rate. This procedue affects yield growth rates in rice in tile 
Northern region, wheat in tile lttar Puradesh , C(eltral, Western. and Senuthern regions. 
and coarse grains in the Western region. 

For ie Eastern region, tile yield growth rate is aSSUrlled to accelerate to 2.5 percent 
for rice and 2.1 percent for foodgrains. 

The rice yield and producion figures are in terms of' milled rice. 
Alternative projectiois for production were generated by two different methods. 

First, the projection for profluction is done by aggregating all foodgrains in each region 
on the basis of' area and yield (scenario 2). The second method projects production 
based on area and yield of foodgrains at the all-India level using the all-India area and 
yield growth rates (scenario 3). 

Consumptiofn lrojection 

(;iven the cont iniiing differences between the Ministry of' Agriculture's per capita 
availahility data and the National Sample Survey Organization's per capita consunp
tion dlat, and the need for maintaining comparability with the production data, the 
projections use the ministry's availability data f'or the absolute quantities. But tile ratios 
and elasticities computed from tile NSS data f'or I977/78 are applied f'or some of' the 
disaggregations and responses. 

The starting points for the pro*jections are the 1982-84 average per capita availabil
ity levels for wheat, rice, coarse cereals, and pulses. These national- level l'igures are 
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decomposed into rural and uban per capita avaihjliIity/consuml)tion levels by apply
ing prportions calcullaled I'roln the1 977/78 NSS data anld proportions of rural and 
urban popu lalions. 

The projected income growth rt.le of 5.0 percent for [lie contllr) for itile Perspective
Plan given in the Seventh Five-Year Plan (india, Planning Commission It185, vol. 1,
chap. 2) is used and is decomposcd Into 2.5 percent for rural (agricuilure) and 6.0
percent for urblain (nonagricultureI oti the basis of' tie miidpolint sectoral income Shares
of' agriculture and nonagriculture sectors projected to the ycar 200(1 in the Seventh 
Five-Ycar Plan. 

l'he first f'turC scenario assuies tihe continuation of' l)ast per capita income growth
raties. The second fiture scenario assumes teil incOnle Urowt rates lndicated in the
previous paragraph. The ihid scenario lsstllic an iltcrease I income growthilrates,
with the rural income growih rate risinlo to 3.0 percent and the Urblall income growth
rate to 7.0 percent, iving, in overall income gro wtl rate of 5.7 percent. The f'ourtlh
scenario assures i further acceCICiltiOl o intCOlilc 'rowih rates to 3J. percent for rural
and 8.0 percent lfor turban, illypling at "rothirate of 7.10 percent for the econonly.

Alternative scenarios were also generated in relation io change in the inconle 
distribution is 1ollows (in percetntages): 

as 983) Pr( 2O0i 

Rural 12118/25/44 15/20/25/40
 
Urban 11/17/24/48 15/20/25/40
 

Projections of Requirements for Seed,
 
Feed, Industrial Use, and Wastage
 

In deriving the est imates of net avaiilabilily for hunlan consulptio! from the
estimates otfgross production of lIOodgrains, the Indiin Ministry of Agricutur. leducts

for sCed. fed, and wastage an overall allowance of 12.5 percetnt from the gross

produw.tion. This consists of approxinately 5.0 percent for seed, 5.0 percent for feed,

and 2.5 percent for wastage. By crop. Ilie overall a: o ar;ce., fire about 7.6 percent f'or

rice, 8.2 lercent for wheal, and 12.5 p 
 rcent each f'or the totals of'cereals .ind of pulses.
These alhowances have not been revised since the early I 950s. With the iniroduction of
FlYVs of cereals, the seed rcquireni:ts is a Proiportion of production may have
declined. On ilie other hand, the use ofl fIOodgraiiis in livestock feed may have in
creased. No separate alloIwiance is inade r 11(ustri al uses of fooidgrains. Wilh Some
analysis based oni these considerations, the National Commission ol Agriculture ar
rivei at an overall allowance of' 19.0 percent for seed, I'eed, indLSlriil Use, lld wisige
for the year 20()0 (India, Ministry of Agriculture 19 76).

In spite of various recommendations by the National Coilission on Agriculture
and otier coiiittees, 1these data have iot been up(atedl¢. I owever, a recent survey in
Punjab, I laryana, and western Uttar Pradesh (Blansil I 989)) conlCtidCd thal in lhis re gion
the overall allowance for seed, feed, and wastage works out to about 10.0 percent. Ill arecent sludy, Tyagi (I 990l showed thal as ile seed aile is nOW inuch lower than be fore
and the allowance for 1eed and wastage remains ilichanged" the 1.ctual per capita
availability in recent years may have been larger than is shown by the ministry's 
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figures. There is, however, reason to believe that the requiremenls for tced, particulirly 
in the poultry and dairy sectors, have increased, though the exact miagnitde of Ilh
increase on an all-India basis is not knjown. Therelore the ministry's figures on net 
production and per capita availahility have been directly utilized in thc analysis of past 
irends in this report. The following procedure has been adopted fOr futrire projections. 

Seed 

In the pIsetil situdy. the requiremients of' seeds hav been estinated on the basis of 
the Projected area under each crop, and the expected seed rates have beei derived fromh 
the Nalional Conilission oilAg1icltllure report (India, Ministry of Agriculure 1976). 
'hese work out Table 36, with a total seed ietquii'eineiiisshown ill ol'5 iillion tons. 

Feed 

Between 1970/7 1 and 1984/85 the oupult of livestock products increased at an 
averatie rate of'4.33 percetit a year fron 3.10 million tons to 5.61 iiiillion tons, as 
expressed intlivestock output units (Iible 37). During this period, population increased 

Table 36-Projected crop area and seed requirements for year 2000 

Seed 
Projected Requirement Total Seed 

Crop Area per Hectare Requirement 

(million (kilograms) (million
hectares) metric tons) 

Paddy 41.88 30 0.84a 
Wheat 32.42 75 2.43 
Coarse grains 35.25 15 0.53 
Pulses 25 30 50 1.27 
Total 134.85 ... 5.07 

Source: Based on data from India, Ministry of Agriculture, Directorate of Economics and Statistics, Report of the 
National Commission on Agriculture, part 3 (Delhi: Controller of Publications, 1976). 

'Interms of rice. 

Table 37-Output of livestock products, 1970/71 and 1984/85 

1970/71 1984/85 
InTerms InTerms 

Product Actual of LOU' Actual of LOU* 

(million metric tons) 

Meat 0.69 0.69 1.19 1.19 
Milk 21.71 2.17 38.80 3.88 
Eggs 0.24 0.24 0.54 0.54 

Total ... 3.10 ... 5.61 

Source: Based on data from India, Planning Commission, The Seventh Five-Year Plan: 1985-90(Delhi: Controller 
of Publications, 1985). 

'LOU - livestock output units, obtained by adding output of meat, one-tenth of milk output, and the weight of 
eggs estimated at 40 grams per egg. 
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at a rate of 2.26 percent, tile per capita income increased ai! 1.56 percent, and the per
Capita output of livestock products increased at 2.02 percent. The 1984/85 base-level 
feed use of foodgrains is estiinated at I1.22 million tons based on a feeding ratio of12:1; 
this amounts to 7.70 percent o' ilie foodgrain prodtioCioil. 

File fceding ratio (that is. tile qlanliy of feed II'oodgrains I required to produce one 
unit of livestock products) is projected to increase fio 2.00 in 1984/85 to 2.40 in 2000 
(tile current developing-country avcrae), an anntil increase of 1.21 percent given the 
increasing demavd, increased 'noderni/alion of livestock pro(lictioi, and near exhaus
tion of available crop residues. The income elasticity of livestock demand has been 
assumed to he 0.9 hased on Saria (I1986) and Paulino (1986). On fhe basis of the above 
aISIup olis, feed reqiiirements are expected to increase at 5.95 perceni a year on the 
assumptI0n thai tile t ire (!enialld I'or livestock products will be iet from domestic 
production. The relevant paraneters are given below: 

Growth in per capita income 
assumed in the Perspective Plan, 
1085-200) = 3.10 percent/year; 

Income elasticitv of demand 
for livestock products = 0.9; 

Rate of growth in per capita 
denliand for livestock proIdlicts = 2.79 percent/year; 

Rate o1 growth in I'eeding ratio = 1.21 percent/year 

Popullio growth rate = 1.84 percent/year; anid 

Rale of growth off feed use = 5.95 percent/year. 

On this basis the estimated demand for teed in 2(0(t works out to 26.69 million toils 
Under tie Perspective Plan incoile growth rates. One advantage of this method is the 
possibility of estinalig feed use under alternative income growth asSuiptiins. Tile 
demand for feed works olt Io 21.77 million toils under conlinnation of past incone 
growth. 29.14 minll lon uder the firsl accelerated growth scenario, and 34.50lIIis rate 
million tIlls inder the second accelerated growtlh rale scenario." ' Due to data litnita
tions, it was lot pIssihle to work otl the effect of chaiges in incomite distribution oi 
the teed requirenients. 

Wastage and Industrial Use 

A comnbined allowance of 12.5 million tIils is made f(or wastage (7.5 miIllion tons) 
and industrial use (5.0 million tons) in 2000. This is close to the 8-9 inill ion tois for 

1,'he hi, IawI) c tin iale, ild nic ratpid growlh in live hfock otlplhi I0 betl the ilnell edi delanthemd fl e 
first aund wconid acceleraed growth raIte 'elr io<,. t1livetIock pro tIhCl lo n ll ts Shfo. oklteiiid, IhC gil) ily 
need Io he niet ioruligh iniport of' Itt',e Iiv'esock protucl s insteat oll tedgrains. 
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wastage and 5 million tons for industrial use assumed by the National Commission on 
Agriculture. 

Overall Allowance 
The overall requirements for seed, feed, industrial use, and wastage allowance 

work out to 44.2 million tolns or roughly 20.1 percent of gross produclion under the 
scenario of Perspective Plan income growth rates. A breakdown of these requirements 
by crop is given in Table 38. These estimates are comparable to the estimates of the 
National Commission on Agriculture. 

The projections reflect a sUbstantial increase in the derived demand for teed, 
assuming the rapid increase in tile demand tor livestock prodtcts if per capita income 
growth accelerates. ii, word of caution is, however, in order. In the absence of reliable 
nasc !evel data. tle projections are rough estimates, and several of the allowances are 
,ot based on as firm a foundation as desirable. There is an urgent need for more studies 
of what these rLtlirentents are and how they are likely to change over time. 

Table 38-Requirements for seed, feed, industrialuse, and wastage allowance 
for year 2000, by crop 

Total Require-
Industrial ments as Share 
Use and Total Gross ofGross 

Crop Seed Feed Wastage Requirements Production Producttjn 

(million metric tons) 

Rice 0.84 6.09 5.00 11.93 84.72 14.09 
Wheat 2.43 8.19 5.00 15.52 86.74 18.01 
Coarse grains
Pulse, 

Total foodgrains 

0.53 
1.27 
5.07 

11.79 
0.62 

26.69 

1.62 
0.81 

12.43 

13.94 
2.70 

44.19 

34.47 
13.45 

219.38 

40.44 
20.07 
20.14 
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