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Irt roduction
1 Viewed against the perspective ¢f the experience of the pre-
independence period, as well as the record of most other countries in a
comparable phase of development, The performance of India agriculture
since 1950 csn hardly be considered insignificant. Crop production,
which 18 by far the biggest component of agricultural cutput, has risen
at en average anmial rate of some 2.6 percent during the last 25 yearslj
compared to less than half a percent per anmum during the first half of
the 20th centuryg/. More importantly, in sharp contrast with the pre-
independence ers when the level of agricultural technigue and producti-
vity remained more or lese stagnant, there hsve been substantial and
sustained improvements in cultivation practice - improvement which are
reflected proximately in the use of such inputs as water, fertiliser,
better seeds and plant protection chericals, and ultimately in the

steady increase ir per hectare yiclds of practically all important crops.

1/ Estimated by fitting the function log y=a+bt to the revised indices
of agriculiural nroductlon as published in GCI, Estimates of Ares,
and Production of Frincipal crops in Indie 1973-74 (wimeo)

Estimated on the basis of three year averags output centred around
1900/1 and 1957/51. The output estimates are from M.Mukherii, "A
Mote on the Long Term Growth of Fational Income in India, 1900/1 to
1952 /3% in Indiam Confersnce on Research in fational IDChme, Papers
cn Naticnzl Inceme and Allied Topies Vel IT (Lendon 1960).

I am grateful te 1.8, Gulsti and ©

. Erishnaji for valuable comments
on an earlier draft,



o On the internation. t level, very few countries of comparable

size and diversity have recorded sustained secular growth rates

Gf this magopitude: The oversge annual grosith rate of segriculiural

wroductzon beiween 1880 and 1960 has been astimated at no more

than 1.5 .ercent in the USE end 1.9 perczent ip Japany the averags
. N 3/

annusl vobe in U Res parely 1 pervent=, In more contempuivary

PApCLiencs Werripg countries like thailsnd, Mexiceo and HMoleysia

vhioin wre sither relotively swsll and/or wed lorge resexves of

uneculbivaved Lead, growth rates in wpricvliure esceeding 3 percernt

n year are guise rave. hAnd in Qhins, vhich iu size wna diversity

of natural conditions is ecleser to Indic “harn an; other zocuntry,

aveilable cvidone. mugpestathet ¥Hhe Teie oy growth in the iwst two

¢ docodes muy oot hive been higner than in India.

- AFevertheless, ithere is widespresd aissatisfoction t the

2y~ farnence of Indian gpoicultures.  Uniike the Und sod copna in

ine 194k century, Imdzi has 1

o
o
*:

wectazge of an accuml. diocn of
#eientitic knovisdge for iuaeressing pioeductivity ol Isnd uenifold.
Aund mince thie gap betvesn pro.sent awt gotential productivity in
Indin is much gventeoy thon ia countrics like Chins, whica had

elresdy sehieved & very high level ¢f intensity o1 tond use and

culitvation proctices, it shouaid be possiile to sten up the growth

y.eie be muach hipher Jewvels Toagp recordaed in mainltend Chins, Taiwen

ur Bor oo, Indeed, the Indicn plenners ohov i thot, given the

-

[ . o , e . - i :

= irwgel.Jolinston and Feter Hilby, Loricoliure aad Hiracihurnl
frensiormetinn (CUF, London, 1975 .19,



extemely low level of crop yields end the existehce.of & prowen
body cof technical know-iiow ior ipcreasing yields, it should be
nossible to snchieve considerably higher rates of agricultural
grovip-typically 4 percent or more I2r gnnum than ihose recorded
by other couniries in the pust.

4 Thet these exptetntions heve Deen and the cctual record
heas copsistently f=lilen shoxt of target is the mnjor zeason for
dissatisfaction., The concern has becn further heightened by the
oppsrent slowing down of wgriculturzl gre th during the last
decade which, in the coatext of an acceleration in povrulstlon
growvith, has resulted in a nesr stagnation of mgricultural output
per capite and in turn severely constrained the growth of the rest
of the =conomwy., Yhus, ns sgains: bhe f..rget of 4—4,5 percent &

year, bthe treod rete of growth dL crop produciion has been only

-

2.6 percont & year winca 1:3C0-5%1,  fhe wvoerage annual growth rate
between 19%0~-51/1954=5% ana 196,=531/1964-85 wus over 3 percent in
the wggregate, end 1 percent per capita. In the subsequent decade,
ancing 1570-71/1974<78, +he cverall growsh of crop output was

n R 1/ ..., . .
around 2.1 percent.~" With populstisn growing 2.4 percent & year,
4

this Dieant o slight veduetion ju per capite crop output in the

latter period.

pl The purpese of this poper ig te oxanine the causes for the
-~/ 0n the basis of 2 trend line {log¥ = a+bt) Fittea to the itime series

of =warienliturnl producticn index, o average ennuel growbth rotes
work out to J.4% during 1949-1941, wnd 2.4% during 1961-1973.



nen Julfillment of tnrgets and to a8s5¢s5 the possibilities of, and
constraints on, incressging agrictltural productien in the next
decide or so. The srguments io thoe poaver ore based on & comparison
of tergets and achievemelts or food grain out put for the country

as a viities. A0 & situction merkse by vest varietions in such
netursl Laciors like soil, climnie and water availability, as well
ns lnsbitvitionsd comnditioas, the valuce of analysis fer the country
03 e vhele mey Péghtivy be,doubted;uthe marn so-whenlthisune lysis
relzgtéa anky to.d purtion.oi.the exricuiiunal cutput.. Weilewmszsg

:

desailadgand disaggreguted o lysts sboujdibeipndeijddodn Selieved

thabltlhdonsnolugieng oberbe -pre2ent crergiseivrensuffigioofiyvunetl

grompdad o Ceniteseriovs congideratiun.

I1
frn Analysis of Yerformance 1961-1973
& In trying o understand the wTeasons for actunl growth felling
pevsistooily shovt of tergets, & mojor preklem arises: *rom the
rotlher loose monner ip which the plans doal with the relation
Letweun targets znd progromoes.  Iypicelly the five year plans

iadizote (v} he fowgotwad foyel: of srodactisn in the ageregatoe

and for principnl cress; (b)) the tar/ottod levels of use for major

inmuts: oud (o) the sed of poiicies ord institutions) Tramework to

eaosure Liet formers do oget Lhe ioyuts

wnke sftoctive use of
tiem. However ihe Plundsdo sot gies torgets/projections for ~ome
hay inputs {ihe mest notebl. wxemple being totel cropued rrea); wmoiu
rrequeniiy over-all torgets are given {es in the cage of Lrrigation

vad fertilisers) but their eropy-wise zllvention is nei indicuted;



and, except in the cose of focdsrains, the guantiistive relntions
between i1nputs and outpat are seldem avticulaeted. Kven in the
cede of Toolgrains thizx exercise iz far from satisfectory, Such

"

"leosenecs” ia planning méay Ul uanavoidable, pernops even justi~
fied, because cof inudequatc dutt on yield responses to different
inputs erd, move importi~ntly, beczugse the fictors determining the
former's retoc of absorption of inprts s vell as their allocation
betveen ciops are very coupnlex and imndequately understoody Al

“the same, it nskes s weeningfrl annlysis of devietions of actuel

performunce from iargels move dAifficult.

Sources of Production $rowth: An Anulytical Pramewori:
7 we have nevertheless atifempied duch an exercise for foodgraias,
which 2Tter all comprise the bule of the country's crop productions
I the absence of any systematblc zalovlatioas of thie contributions
of different irpui &laments to the targetted production in the plan
docuwngnty, ¢ bave in «fTfect tried to reconstruet thelpicture tm itne
basis of (&) the tarpetted znd the sctual levels of use of solccted
key inputsi (b} svailrble <obe on the proporticu of different {mpuis
appliea ‘¢ fcodgroint; sud (¢) coefiicients of yield rcsponsce Yo
ench selected in,ul estimnied Irom various surveys. The procedurc
used nnd the buvis for assumpiions urdex (h) wnd (c) ar: detailed
below.
8 The additinnal productiocn jpotentiosl ror foodrrairs :istthessum-af

sdditions to preducticn cun to (2] eXpn. iovn ol aree unuer foodgraing

evaluated .t The aversge yield per unit of arz2a-ipn tle « . on Lol T

basc year, (b} increase in irrigeted area under fvodgrainms;(c) tae



shifts in the sllccution of area from loweyielding type of greins
{like milless) 1o those (like rice and wheat) which give a higher
yield per unit avrca; and (d) incérers: in fevtilizer applicetion.

Thesne ¢lements con be symwbelically expressed i&s under:

P = (A ,~ A4 )ye® shere £ denotes increased oubtput due
) t o' T a 2 -
to ares expension; At-represents total
wrie nnder foodprains ip year 1 and Yo

ti.e averasge per hectars yield of food

#rains in tke bhise year.

P, = (ib— IO, Where . denotes imerresed outpul due to
irrigation;: It reiresents irrigated arae
urder fo0d graics in year 'i'; end ¥
stand For the absolute diff-rence between
zer hectare yields of irrigoted and un~
irrigated foodgrains, notionslly in the
zhsence of any chenye in other InpuLs.

P=o{c ¥ =c¢. ¥, )i, where ¥ reprosents the wficet of

¢ itTjo io Tjel o ‘
changes in th: prevortion of ares allo-
cated v~ diffevent food prainsg €jt rep-
rescents the proporiionr of Lctal arec
ander food graing in year "' aliceated

to grain "i'; end A is the total sres
[0

under foodgrains in year 't!'.

+idtf“;ch)#§ whers Py stends for additicnel production
% ¥
atitributeule to Fferbtilisers: Ft for nitro-—
n

genecus fertilisers {in berm of N), and



Ftp for P20p, spplied to food grains

4

in year 't',c<and}3&re incremental

response of fondgrains yield per unit

ci M and PAO5 respectively,
<
T= P+ P, + P+ Pf ( P= total increase in foodgrains
£ A\
rroduction potentinl)
9 This Iremewory, in effect, carries the crithmetical decomw

positiow ot vuipet grovth into area, crop pattern cnd yield effectsll
& step further in trying to guoentilfy the econtribution of jrrigation
apd fertiliser to yields, The exclusion of several other known
yield—-improving factors {like so0il couservoatica, improved secds,
plant protection ete) as vell 23 the apparenivly oversimplified
concept of lajut-output Treirotivns implied by the wsdditiven model
~yvc the principil drwuwbachs ;of ibie scheame.

TG The effect of inputs other than luund, watur ind fertilisers
kawe not besrn ineluded ir the celeuwlotion essentially for went df
reliable dula oo response ccefficients nAnd on the uxtert of
increr.se in the gucptum of these inpnts. There is informatien

to suggest tant 1. yield increxses dne to vorictnl chwnge, plent

grotection rnad bofler cultivetion practices could be gquite.

Y See Byidn.Ninkas govedyroldysnathan,Mgxovihoes Czop cutpytian India

1957 -84 trn 19%8-61 "Journol of the Indiap Scciety of Sgricultural
Btatisbies vol XVIT Nol.2, 13965.




aignificanti{ However to the extent that thesze ipputs sre used
in conjuncrion with wilcr and fertilisers, it is essential to
huve compusite yordsticks whizh net out the inter-acgtion bedween
the affects of Jifferent elementsy of whe inpui pockage. In lhe
ebhsence ¥ svob infermetion, it seemeéd prudent not o meke any
tllowance for the¢ contribution of such inputs on the besis of
partial cosfficients, Since the use ol ihszse inpuws (including
forpynrd monuare) hes grows as fast, and in ecae cases much

faster, thon viter or fertilisers, the eatinates of additional

production srex ke latier ajone errs.on the conservatiselS3.¥Va-

el
of

sy o

£
11 Suvme enalysts— howe tried to capturs fthe impret of faptors

othier than irrigaticon and fovtilisers by Lam?ntwng the contribu-
tivn of intensifdiestion o labour et the geing wage rate (essumed
cto be equivalent to mhrgzinal product of labour). It ssems ime-
pusibls bo ged &b Sceursthe mensure of lalour input because of
Tiie lock of commarable vime serios of sven The number of workers
rempr Loy ed in.ﬂgricu}ture, not to spesk of the wradsys of labour
el osnoeren prooiuctions Sceecndly, except in s few operwtions
Tike woedinpry, i psificaticn o labvaony ipput does ot by itsel

17
= Por instonce, the shifts frow local voari

yiellding variety 1ike soners by i
wield jer hecters By one bunre.
Haw Agricultural Prodoction slrateg
Cupudhoari (eg! Rondipws io I
T
a

vies of waeat to a bipgh
believed tu increase

X Minb-s end d.d. Srinivesan
y: Soeme Policy Issues", -in

neiar ALgricultursl Derolojment
nntnese moebhod of rice culti
tivity by 38% ky/he, with

i lexvly, tnae 2dopilien o
Fetion i: estimeled be ineresse prod:
Tertiliser at rec.mmendedl lsvels.. 3 Toffatmasg, 1. anraham

and Culhe Leolu ' mrdetisks of AQ ronel Production of certain
Cogd grains, O sl ~nd il seed crops (Neo Deibi 19G4)

er et,al. Estiwntes ol Foodgrein Productiocn ona
m Ingat Tetiistes, (ndia 1949750 to 1373—i+ ond
1985/ =4 (Correll University, 1975, mimec;




inerénse productivity; it is more often & refleetion of increased
intensity of inpat use ond in particvlar water, fertilisers,
mepures ond pleant protection. It seems more meaningful, there-
fore, tu directly relate production to these beasie inputs. Of
eourse, tu ti. extent vne coannot acccunt for all these basig¢ inputs,
there is somethinyg o ke suid for using changes in labour input as
& pruxy buai sc lonp os zcme of them figure in the calculation their
effect on lahaur uze hus Yo bhe netted ont. A third problem is that
ehange in lab;ui input .oy be affected Ly substitution between
human, animel ard mechanicel power, The  use of humen labour zlene
can be justiiied if vhere vus strict complementarity between
different souvrees of powur. fThat this iz evidently not go, is
shown by the dircparate rates of chenge of human, eninzl and mech-
-anical power iaput.

12 The lack of reliable data on the bekaviour of labour and
capital inputs mekes the wvoere counventional type of production
function anelysis of sgricultural growth difficult. On the other
hand, ottempts b zxyplain ercwik by statistieal regressioq of output
on aren, irvigation ond fevtilisere pave not been successful either
in terms of R2 or in terms of fhwe C.rmodsende interpretation of the
coefficients. Terhoeos thin weflcoety svhe difficulty of specifying
spproepriete functional relatinns between outjut and the selegted
inputs. But pending s éatisfﬁctory soluwsion to this problem, we

heve to make do with crude: ways of wusntifying input/outpuﬁ relations.



Date aml Assumptjvn{

13 The figurcs of aren under foodgreins (total ond by indi-
viduel yrrnians) 2re actusls based on officisl statistics, end
represent three year evoerages centred around 1550-51, 1960«61 and
1973-74. sete on sctunl irvigated area for these three years, in
the agpregate snd by individurl foodgrains,; are slsc available

frea pubiished ~Ificial sources., The target for irrigated arer is
derived by cumidetiang the terguets for {a) mejor and medium projectd
and. {b)} theo Egj_additious on account of minor schemes for cie Third
?len, 1966-69 rpnd the Fouvts Ilan period. The irrigated area undect
foodgrzins hich would have been realised, if the irrigeticn proe
¢rammes had been implemented as plenned, is estimated by ayplying
tne observed proportion of irrigated are:. un: er foclpgrains to the
targettod increase in toetal grosg irrigated erea. The sdditional
output per hvctare due bu irrigetiou alcons is assumed tc be 300 kg,
Figures for fargetted and Acturl tozal consunption of fertilizers
are weden from the plap documents. IFor wirposses of this exercise
We heve considered only nitrogencus sud Lospietic fertiljzers,
Potassic Fertilisers verce excludrd lurgely zor lack of suffig¢ient
data on response coefficiencs. However more recent dete 1/show
that the response do petessiuam is signifizant and larpge. fts omi-
ssion, thercisce, introducrs another censervative bies in the

estimates i potential preoduction.

=" Bee K,hdinriwss, T.N.Srinivasen, etv.al. Optimun leguircment cof
¥eriilizers for the Fifth vlan Period (Indian Siatisuical
inztitute, New Delkhi, 1974).




14 The averege responses  ¢Ff foodgrains "vidld! (in tonmeés) per
tonne of ¥ nad rzoq represert conventional yardstichs gstimeted
-
from simple fertiliser trials on Termersy field conducted in the
.4 \ i o . .
lote fifties~, These triels vere designed by experimental Lech-
nigues which are Lotk scilentiiic and simple enough to be adopted
vin cultivetor fields withour interfering with normal cultivation
programmes and bGecanigse!. Woreover the drinls were designed so
that "rendommess in the selectisn of field wes obtained to the
maximum extent wossible. The treatwments were superimposed on the
. . F
normel practices of farmers-,. Ope can therefore assume with some
confidence tkuf Hhe rospense coeffiecients cbteined from these triels

give a reliable measure of additional yield per unit of putrient by

3
as well as sample surveys of farmers—/sufgest that compared to loeal

verieties (&) the yield of HIVs even without eny fertiliser is sig-

nifieantly higher; (b) the optimal dose of fertilisers is much higher

for d¥V; end (c) the average respons. wercent of nutrient at the
recommended Gosage is also signifiesn+ly higber in the case of HIV.
Despite strungy evidence of supericr fortilizer responsiveness of nes
varietics, which hove spread raypidly since the mid sixties, we heve
chosen to be cauticras LY using the rggﬁgﬁgyia appropriste for tra-

diticnel vearieties.

174

~ For oo systematic enwlysis of the dete ond estimsted response
funetions see V.G. Fauvge, ¥.¥. Sbtrapam ano Ce.iie. Leelcvathi Yard-
S$tics of 4dditionnl Freducbion of Jevicin Fooduraius, Commericel
end Oilsced Crops YReCiln

2/ ia

&

3 - .
~/S§e K.8. Parikn, #ud L. ¥.:Sminivasan, opetity

2/

fedeedeS, Sempl: Svurveys for Lssessment an jiigh yicliing varisties
irepramme Anouel Report 197374, wel.i-desplis of Yield Bstbimition

Surveys (Mimao), Hew Delni, 1976

3/

itself, i.e., keeving other factours cops tent. Similar trials om HYVZ



15. Thers ars nc rellﬁhle:nation—wide deta regeriing the quartum

of fertilisare appliéd tc dilferent crops. Surveys of some fifteen

. TADP districts show +het in 1?6;rhﬁ (a) the proportion of fertiliser

uged on Toxigrains crops Wwas greaier than the prepertion of‘area sow@
to foodgrairs; (b) thot tre twe rropertiorswers positively associated

and (2) the properticy o mutrients 3np11ed to foodgraine was gener-

elly higher than in 1662-631 0 mor the for the country as & whcle

Desai ettimated thet in 196¢7-70, 73 percent of total ritrogemecus

.: Z
-

fertilieere sar uaed for foodgreiv~' ard roughly the ssme propertien

bocy

s ol . T4 .
o3 bpaine Lirely i the mid-seventics<. The present calculatierns are

hased an bt ooewestdon that 7% percent of both ¥ gnd H,O are apolied

, 5
v foodgrains.  No attenpd is ~ade to furtber allocete this betwcen
irrioated and unirrigated areus o between different foodgwains. The
latier refinements would, in principie, help taks intc account the
veter-fartilizer intaraction, But gince in practice, the null of
ferfilizers are applied ro irrigated Tards (and that too to wheat
and rice) rot wack 38 lost by omitting them. The problem p?esented
by irter-ction Petween water and fertilisers on the one hand and
cther inmputs on the sther 18 aveided by not taking any credit for
tha Iatters! cortrii tion, 1T effact thiz noesng assuming that. The
other faputs av- Lwing used gt Jevels whicl ensure that the marginsd
?oﬂucti?iny of weter and lertilisers will not be below the postuls-

+ oA LT T a - . X B )
P livels,  Sinte the latter are in any case conservative, the shove

_{/ P s —
- ;e_-'ﬂ_'lﬁt,ry‘ ".f IPOCi j!)-r'[“i C‘llturp uom""'lt} stelormen?- P?‘(q CoOPer_
avian. R Jf‘t UOT"rnl‘b'tOe o “'SGSSIB‘EH"' srd Bvalustiom Jodp-r-,--! ging
Ind:='s perieibure:;Fourth Berort on the intensive Azricul®utsl Nistriet
Frogrzme 1300- 1042 Volume T (New Delrd 1970) '

o/

= fhia estizete 78 roferred o in John W Melle®~ at.al. cp.oit.

2 - ) .

i/ Canvent ¥, Teasi. Srovwkh of Fertiliser use in Indian dericulturs

I

£,
Cagt Tees’s znd “wture Derend (Comell imiversity, Tthaca, 1970)




13

sssumption is perhaps not unrealistic.

16,  The assumvtion that yield responses to N and Pgy0s are additive,
is again bassd orn s0lid empiricel grounds, Analysis of the earlier
simple fertiiiser trial data showed that, at the levels -of fertiliser
use recomm-nded for traditional varieties there is no significant
interaction betwsen the yield response to N end PéO5lf More recent
data sHow thst this ie tTee sven for high yielding varieties at much
higher fertiliser dosagesg/'. "The foreéoing‘arguments would suggest
that, on balance, the estimates of productive potential derived here
vauld tend be conservative,

The Hgtimstes:

17. Table-1 presents estimate of (a} the adiitions to potential
foodgrains production between 1960-61 and 1973-74 which would have
resulted if the targotted expansion of irrigated area ard fertiliser
use had bieen Mliilled; and (b) the additienal potertial corresponding
to the actual increases in irrigated area and fertiliser aprlication.
The table also gives estimates of the apotentigl a?dition to product-
ion during the 1950's on the basis of the actual levels of ares, irr-
igation and fertiliéer use in 1950-51 and 1060-61,

Beasons for ron-fulflillmer, bf,;?é;'ﬂaﬁa:

Vit

18, Fherd “midw fwcInout Proveanseds Tthis Slear-fron-tha ehege-fable

thet feed-produeiiciphoygets. yerg vot reclised laresly.Levauge the expen-

= TR S R I FLERT S TR
§roasindwrigetionlesilitiag o Siiger wse Bl short ol f1e rage prglected Yy the
Flans, If the nrojected luvels of irrigated area snd feritiliser

consumption hed “een reschsd. the production potentisl for food grainsat

/
/

See P-lge, et.al., op.cit

L as 1o

Porivh & Erivivesen- op.cit, fepenlix 3



Table 1 - Fatimaded Increase in Food Grair Preduction Poiential
A2 Tndia, 1950 - 1973

1950--51 to 196061 196N-61 to 1072174 -

Target sulual

hadition 6 Inpat Rospomnse tout | Irput Regrouse  Orfyut Tere i enatrat
: : {mill boroe) § (7117 Sonmes) -~ e torsen)

Aren 19,7 (will ha) LS4t A 1.6 6.5 Lot/ 4.5 6.5
(mill ey (mill bhaj

L5

Shifts inm area '
‘sl lecation bl 3,1 3.1

Trrigetion 2,8 (mill ho) . 5% foes 1.9 15.5 Sths TR f1.c 5.8
(311 ha) - (mi1l hs’

Fertiliser (M) 160(000%) 10674 1.6 BEAc(Des)  AnbAL 25 p1e(eret) 1.0
3205 Bé(nnnt) 6L/t 23 1enef ook b/t “flf. Conloont) e
Total 51 43.8 28.1
(24%) (48-49 Y% (20)
*Hefers t< iccerease in sctual ocutpul over thetwo perioas' cleuwlsted or the bysic of 3 year |
averages. .

"**Diffex'ence 17;eﬁween Fourth Flan tarest of 120 211Yion tomnes feor 1:5°-77 and cctusxl cubroul
of arovad 80 million t -nnes in 1760-61,



the end of the Fourth Plan would have been some 44 million tonnes more
ther the level of output {normalised for weathenm fluctuvations) in
1960—61; and this would have been cleose to the targetted increase in
production, namely 48-49 millicn tonnes. The additionel potential
-corresponding to the actual growth of irrigation end fertiliser use

over the same period was only 28 million tonnes, i.e.,less thap two

thirds of the target.

19.. Of the two input programmes, slippage in irrigation accounts for

a relatively smsll proportion of the difference between targetted and
actusl incregse in food production potentisl. Within the dirrigation
pregramme, the targets for minor works have been consistertly fulfilled
. qr even exceeded. The short-falls are exclusively in the major and
medium projects, and reflect persistent defects in plamning the latter
category of projetts. Inadequate preparatory investigations, change

in score and design of prcjects after approvals, and a tendency to
spre&d available‘reSOurces thinly over a lsrge number of projects have
delaye? completion of projects. And lack of attention and resources for
constrqgtioﬁ of field channels, land improvement and other investments
beyond the government outl lets have résulied in inordinste lggs between
the completion of projects and the full utilisation of the water made
available by Then. Tﬁis aspect of irrigation planming hss, however, been
receiving greater attention cf 1ate‘and hzs resulted in a signifiéant
improvement in the utilisation rates.

20, The bulk of the shortfall in foo? producticn relative to targets
arises from the fact that fertiliser consumption at the end of

the Fourth Plan was barely %0 -percent cf the szsumed levels., The

reason for this large gap unfortunately have not received the



attention they desérﬁe. In a study published in‘1969,1' Pegal

argued that targets of fertiliser condSumption derived from "needs”
(i.e. quantum roquirzd to prodice 2 given amcunt of agricultural
nutput) oo frsm‘”reqpmmend&d Aosrens mey prove to be unreslistie,

He peointed cut that, though & rood baseﬁ‘cslculaticn (irciuding
gllowznce for the Pigh Yielding varieties), zave a poteniial demand .
fer nitrogacus fertilisers in the renge of 2.7 to 2.5 million termes,
the aptual level of consumption by 1772-7/ we=s wlikcly te reaeh awy-
thing like this wmagnitmis for ss—erzl ressons, 4Allowing for the

fact *hat the rocomr =332 fceages may net he profitetls undor une
irrigaied'ccnﬂitiorS, and ket tha rrefitahiiivy of fertilieey use
under irrigeted conditions will der-nd on the quality »f irrigatig

hé sxtimater The nren-tle ze”ialk Jumand in 197274 may be betueem

1.7 and 2 ~43040n toopes of M, w1 the =ossibility ef o slowing desm
_i; the rate of growth in 3=wsnd sz % aprrosches these levels, @Gdver
the irnadequacies of underlving detn, the relisncs on informed judge.

ment, rather than rigorous anslytics] nroczdurss, and tho fact thet

the effect of ::dilional irripgeticr fooillities were not itzken into

i

sccourt . in making the projections, the remarkalle zccuracy ef the
predicticns would s--m 0 be forinitevs, Joverth . ss, Desai's
study focuzuad on the possible divergencs hetween rasnor e coeffi-

cients ard ortimal dos=ges astimated frox £-124 trials on tha one

hand srd thosz -~bhisinad by fartsrs wter Saspiitipmtof gneeee




application on the other:,

21. rerhrhlae:,;sgcffgr“ That *his dfvéfgerice may b TidBificaht is also con-
firmed by _ _
Jour firding that on the basis of s yield regponse to fertilisers as

Shown by simple fertilisqr triels, (a) the actual increase in produ~

ction during 1960-61 to 1973-74 {computed from 3 yesr averages) is

ruch less than the additions to pétential; and (b) the difference

between aiditionsl potential crested and increases in actual output

is much greater in the sixties compared to the fiftiess, Thus detween. 1950/41

and 1960/51
the e“+lmcth ditionys te proiuction potential on account of the

specified inputs was aboub "#@-nd liion “tonnes-ecoppured toian uctual

ipcomeiof A4 miliion touues (hazed on . bhite” your avowigesk .the

compirehler fighpros (Lo +9° J/ A e 1o %/fﬂ e L3 mikhl 0 Aennm-a Y

et 20 miidon fonne s ro,ﬁec:'volwAw/ . The divergence is the

.more sigrificant wher we consid:r thst the sivties were marked by a
repid spread of EYVe which sre sunpesed to he much more resronsive te

fertilisers than the tr=diticnal or improved-local varieties, and

that the prectically 21l yisld raising inputs, besides irrigation,
have chown ar accelerasted incrense during this peried.

a2 Yhile conelnsicors rogariing the actual and potential field

Tesponsns to fertilisers based on Such crude and aggregate calcul-

ations cznnot te definitive, they are svgpestive enough to warrant.

1/ Bagides th fact;rs ﬂrﬂr"%ir” on the demsrs sidc, one should

also consids t] possinility of sunrly hottlenecks. While it is imposs-
ible to ass vrt 1t the lathar wers not a Siﬁﬂlflcpnt factor +hr0ugbou+
the period, the tendercy for cesumulation of fertlllzer stocks in the
late Sixties eugpests that they weTe not a constraint st least  ©dal. W
I £t s.xt of the period.

)

”/ If we took a five year averags, the alditjonal outpuf during 1950

1““7“5 f( X ‘fﬁ 11**%7* ?t'wlﬁi‘e:,)fo workmiotl ko vhig‘*éh’arb%ﬁ;rrii?gﬂﬁg 19542157
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*'unawfijﬁmﬁuﬂvﬁn thll iy
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much closer scruting., The profitability of fertiliser use,which is
the major determinsnt of the farmers! willingness teo cupply recorm-

ended doses, depends on yield response and relative prices of food

-

to }ertilisers. There was a genersl improvement in the ratio of ocute
put to fertillzer pric-s Jurine the sixties, which should have helyed,
ia fact, to stipvlate largerdemand. Therzfore, it is ths magnitude of
yield response which jaemé.to he the critical factor, It is known that
under rainfed cenditions the responde i fenerally lower, and that

the optimel dese for amy given relative rrices of output and input

is smellsr ~ompared to irrigetes conditions, To the ertert that the
timing arv guantum of iju ure supyly under rainfed conditionz is
highly uwnezr +in, “he yizld response may 2180 Le highly variable,
tﬁereﬁy irrreasing The rizk.  Th: combinetic- of these factors is
likely to inni <t the arpli-atic. »f ferdiliszars to reirfad lands,
their inhkibitnz:  effect being grester ag tne moves from relatively
asaured rainfall Trants Lo sreas ol laow ord vnrertain raivfall., How-
ever, the numbay of Tarmere! ~field trisls on unirrigeted lands is

far toc small %o Ass.ss the megnitude ol thasn effeets with preci-

[

sion.

23, n

rr

rass of drrignted arcan, which is any case chsord the
bulk.of fertiliser, the quantim, timing and azsurence of water
supplies is highly variable and this crn significantly affect the
responsz coefficients, Tt 'is well krown that the qualily of water

control and mansgement over wmuch of the i-rigated areca is far frem
satisfactory. But this is not hy its.d7 stfficient to explain why
revronses fhould bhe lewer théar shown by the fertiliser.triels
hecanas the latter were reportsd o be cormuected under existing cond-
itions i water svailsbility in drrigs!>d tracte  and, mors import-

antly, because thare has heen o signif cant improvewent in the



quatity of irrigation reflected in the steady rise in the proportion
of irrigsted ares served by grcundwater.

2/, Failure c¢n the part of fzrmers to follow the recowmendations
regarding timing and mcds of fertiliser application, the emergence
of deficiencice ir trece ~lemerts, and the higher basal recuirements
of rutrients for mairtsining the yield lovel ~f the HYV'si/ are some
other technicel feocters which might havé depressed fertiliser resp-
onge, PBut far toc 1itils is knowun ahcut these aspects of fertiliser
uge to perrmit any confident judgement of whether and how important
they_are as explanstory factors, ‘nother possinle explanation ceuld
be thet the use of fertilisars is excessively concentrafed in a part-
jcular areas or classss of Jand-haoldirgs., Bub avaeilzs“le Jata give
rno suprert to this hypothnreis e]*h st In Teet, the wee of fertil-
ikers on foodgrain orcps is gquite wifespread and, while *there rre

considerable variations in tho rats of sprnlication, the large major-

. : . 2/

ity of fermrers use much legss than the “acornindesd doser, =~

1/ X e . e _

- The bhase yield, without fzrtilisers, of WYV is wueh higher than

for locsl varisties. The latier proh:?jy sre adsypted to the low
fertility status of the soil and might be expected to srstzin a
~erhain level of yiald indefirdtely witbout feortilisers or:
parures, o hi?r.r hessd visdds of E¥Vs, to the extant thay
involve an eprnrual rete of removal of nutrisnts higher 'han the
rete of nebirsl veplenichment, would require s certain winimum
spplication of mtv"lent in order to maintain the basal vields
yrar after yesr, If thir vrquiriment is lavrge, the spparent
retio of incremental yi»ld to & given incremsnt in fartiliser
vee msy be lesz than suggested hy the dsmanstration dahts for
rPrfﬂﬂulﬂr years '

&/
= See, IABS, Sampie Surveys {or fssessment of High Vielding Varie-

bies ...... op., ¢it, Wote thot, giver the shap@/reSponso curve,

the gverage rasprnee per unit of mutrient st lese-than-optimal |
dosages will be granter then at the optimal dosage CE cours~
thers is concidersble voaristion im respense sc¥oss regiong. Tf
erops and regions with a relsbively low fertiliser response
accourt for s d:ﬁrrohnrtlca»tn share {in yelationm to thcir shar-
of orep sres ) ro furtilirerconsumption, Shis covld %mrﬁﬁko the
netionsl avers ge resropse.  Fub this hnrﬁly acems Litely.

There 212 n a% regzrding rosponsas in different 17vd Yol i
classes.

O
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The Plan Pexspective:

25, Though agricuvltural growsin Yasz consistsrtly fallen short of
targetted levels, and the rate of grovith has recorded a fall in the
sixties, the courtry's .Flams contimue to he based on the assumpiion
that a 474;5 percent annual growth ir agricultural productien is feas-
ihle over the next 10-15 years. Thes revised verﬁiﬁn of the Fifth Plenl/
Projects focd-grain ovtput fo increase frem arcennd 175 million tones im
107%-74 to 125 millicn tommes in 177877 and 160-170 million tormes in
199889, The rate of ron-foodgrain ovtiit 18 proiected to risc from an
estimated 3.%¢ percent a yeer in the if+h plan to nearly 5 nercent per
anmum in the seventh plan pericd,

26. Ihe strastegy for lengverm wlanring of the agricvitural secter
sceerding to this dogrmert “"gcertrag rourd detciled assessment and ex-
ploitation of eround =nd surface weﬁar,intensifioation ir arplicetion
of na- technelogles in sgricvltore, extension wochingry ami ~roeranmes
for suprly of inputs, apart from 5! -entifn to the unenial needs of

; e - , ) ) 27 .
Frotien are . and ~ulreratle segeernts of the society 20 Tme

:+

o ast
practiée, th= Flar dres not give even rouwgh zstimates of the exrected
comtritutions of different inmit elements to cutput growth, Hnvever
the dacument irnticates the onler of exrrcizd exmarsicorn irn cror—ed ant
irrigzated aress as we'l a8 in fertiliser use, from wnich riugh eshi-
mates of potertic profuctior using the meihod cutlinel ip the rrevious

section can “& a*.empted,

14 Government of India, Tlamming So— 4rsion Fifth Five Year Flen
19741972 (Vew Delrd 19%6) ) Chapter 2.
p .

2/ ...
-~ lbld_, Tis



277, Gross cropped area is expected to rise at the rate of arourd
C.6 percent per aurmum over the next 25 yeers, which ie¢ slighly wore

]

than the rate recordsd in the sixties, hut corsiferskly below the

u

rete expariencad in the fifties, tuch of this necessarily has to
copme frop or Intensificatirm o aropping, Creoss irrigsted area is
rrojected to grow by at lcast 4 percent a yeer end a more intensive
growth (of unspecified dimemsiens) is rostulated for subsequent plan
~periods, The consumption of fertilisersz is rrojected to rise from
2.8, villicn mutrient toares ir 7973-7. to @ million tommes by
1083-24,  Azauming that the pronortion of total ecrorped and irrigated
ereas allocated to foodgrains remaing at the 1973-74 levels, that 75
rercert of *he rutrients sre applied to foodersins, and thal yield
response to Qifferert input are as assumed in Tghle 1, the projected
growth of input svpplied should genersfe an a”ditional focdgrain pot-
ential of 47 million topres hetween 1073/4 and 192374 (Tsble 2), This
vould geem moTe then adequate to meet the targefted addition of 40
willion tonres over the same period inplied in the planl( However, ths
whre shewld not be taker as evidence thref the inout targets are over

gen-rous in rrlation wo Toultput ohiectlives. Tre hazdo 2litw fors

jd ' R e Tt e e P . U AP
B . w . 3 : A {

the ressirility that the proportion of inpmds gllocated to foodgrain

oreps may heve Lo he oregressively reduced if the meeh higher growth
/

3

rate vargzte {or nor-Toodgrain autrut is to he r@aliSedg

1/ vote that ro sllowsnce is made here for the additicnal feodgrain
ovtput on aceount of the ghirt from iow yielding graind to riee

and wheat which i»varially sccowparies the introduction of
irrigstion,

The Farikh-Sririvaszan study rnited earlier suggeste? that treprorerly
vtijisad, ths suteot targets for 1079-70 could be reaslissd with sub-
stantizlly iler irmui of fertilisers then vroircted »v the Tlarn.
This ds intlcstive of the fcorre for irmecrsasing the averal) rrolutivity
of mitrients acsuning vrat ire resronses Jerived from singe fertil-
jcar trials ean be ohtained urder corditions of mass amrliretion,

The lgtter sssumrtion 18 precisaly what The present paper argues to
he deuhnt ful,

[V




Tzble 2 - Projected .Growth of Foodgrain Production
Potentiel 1973/4 to 10%3/4, . 411 Indie
1973-74, 198324, . Increafe 198374 over
Total Foodgrair Total Foodgrain Inputs Qggé%énse OuE—
i) e

Area (mill hay 162 12% 172 133 g8 0.8/ 6.7
Irrigation (mill |
he) 4o 3. 64 . 51, .7 050t e £.8
Fertiliser : '
m{mill tons) 1.83 1,37 5.6 4.2 2.83 10t/t -&.3
5¢ ,, ) .65 49 1.5 1,13 6L 6t/ ad
L7.2

Prospects for rowth: £ Criticsl Assessment

22, The-prOjected expansion of crépped area as well as thalt of fert-
‘liser use are critically dependent on the expsnsion and improvemernt
of irrigation: “ith the reserves of uncvltivated lend pfaotically
exhaudtes, more intensive cropping of land slready under'cﬁltivation
will have to be the principal source of additions to gross cropred

area and *this is, in turn, largely a furciic~ of the rate =t which

irrigetion facilities can he exterded and improved. Similarly, since
irrigation greatly ircreas-s the capacity of plants to absorh =ntr-
ients, ar well as the rroductivits wer unit rutriert, the level of
fertiliser vse is elzo to an immortent degree determined + the ex-

tent of irrigation facilities avsilarle,

Brw-
&

v TebgeTreicfrtiented frear The expectations of the Fifth plen res-

ardinitherares o he broukhiandkr Lrripatiehl oreritheg-neyta D yeaTs
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utilisable water potential be harnessed by 1990/1. This is however likely
to present several major problems; First the estimates of ultimate poten-
tial are highly notionall/and a grest deal more work, by way of surveys

end site investigation, will be veeded to demarcate fhe precise locations
and extent of groundwater, as also to generate preperly investigated and
engineered proposais for major and medium surface projects. Even with most
determined and vigorous efforts to intensify these activities, the process
will necessarily take time., To this have to be added the inevitable constr-
uction legs, which are apt to he quite long in the case of large surface
frojects. The concerned departments of government will no doubt claim that
they have a large encugh pipe-line of well-worked projects on the shelf,
ready to be launched cnce the sanctions are given. But pest experience is
littered with far too meny instances of bad ﬁlanning and delayed implerent-
ation to permit these\claims to be accnﬁted without question., In the case of
minor irrigation, apparently high rate of expansion can be achieved by multi-
plying pumpsets and tube-wells in kriown groundwater tracts. However, as has
happened in scme arcas slready, fh.is cean result in over-exploitation of re-
sources leading to a denletion cf the weter supply over 2 neriod of time,
While de’ailed surveys to lccate promising new groundwater tracts are needed,
the lack of such knewledge is not rlways the birding constraint. The

eastern part of the Cengetic basin is known to have ebundant scurces;

but the fact thet, despite the big ircresse in aveilability of funds,

these potentials heave been meegerly utilised perhaps points to the

1/ The highly nebulows character of these estimated ultimate potential is un-
derlined by the large unexplained upward revisions in the last 10 years.
The Fourth Plan placed the ultimate potential at 82 million hectares. These
estimetes were substaentially raised by seversl states in their responses to
the Irrigatiorn Commiscion questionnaire. The net result was to increascthe
figure to 87 nillion he, Within a year of the Irrigation Commission Report,
however, the Planning Cocmmission task forces on Surface end Croundwater rov-
- ised th@ estimate to 107 millien hectares. (Sec Draft Fifth Five Year FPlan.
1965-74 p.105). Since no details of the basis for the latter are availahle,
we have used the estimetes derived frcm the Irrigation Commission Rerort.




social and institutional obstacles,
8¢, A second majer probila arises from the hichly unbalanced distr—
itutier. ol unexploited potentisl as betwesn statss in relation to the

cistributior of financial resources for vndertaking new projects,

g s dtsa of the sxisting irrigeted sres ty stries, addi-
tiene fo o ir-iaenion gines 1961 srd the additions. reguired to fully
pxplelt Yo ratimated potentisi. Heryana, Puanjed, end Temil Vadu,

whichi secounted for pnearly 30 percent of the additions to irrdereted

sree during the sixtics, haw: harmessed practicelly all the utiliseble
wetar,  The unerploited pot-ntials are concentrated in AP, Medbhy:
Eratesh, Moharcehhee. ¥ysore, Orissa, ULF and Yoot Bengal., In ordzsr to
exploit the petential oo these stabtes fully by the late cightias, the
rate of anmal adéition: to irrigated area during the perdicd 1970-1055
wonid hzve te be 3-10 times the pace actually recorded during the
sixties, To look st it snother way, it will call for & majer reslli-
ccationg of the proviiions for irrigstion may be gauged From the

fact that, many cf the zbove states will hevs to contribute a much
higher share o future c¢xpansion tharn they have in the sixtics or mme
1ikely to in the Tifth plen., Whether this orer of reszlignment of

intrr-state allocavion of irrigestion funds iz at 211 possible under

the cxdsiing srrangencnts Top Zhcing state plans is far from

clear, The questien has rot even been pogsed go far, Mcere-

cver some of <he statea with spoparently lsrge unexpl. ited notent-
ials (notahly A.P., Gujsret, Mzhsreshtra, Madhya Pradesh and Mysore) are

5. TMzae these are resolved, the prespeet feor
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Table:3 -- Irrigation potential and its Faploitation-Indis

1F§ wn

Uitimate 17 Ares irrigated  Addition Balance of

oot anticd F/(mi11 ha) y 176003170 petential

(mill ia) 10606127 1971272 27 (mill ha) & (m1l ha) @
Andhrapradzsh 8.7 3.5 3.2 0,2 2.8 4.7 10.2
Assam 2.2 N3 £ - - 1.6 3.3
Rihar 5. 2.1 2.8 JT6.5 3 6.3
Guiarat 2.6 7 1.3 £ 5.6 1.4 2.2
J&K 4 .3 3 - 6 o1 .2
Kercla 1.5 .5 B o1 .9 N 1.9
Madhya Pradesh & 9 1.7 B 7,8 6,3 13.2
Mahsrashtrsz .2 1,2 1.6 Lo 3,7 Lol a6
Mysore 5.5 1.7 .4 6 5,6 3.9 l.1
CI‘issa. 4 1.1 1.6 5 4.7 2.h 5.0
Funind & Hatyens 4 g 3.9 6.6 2,7 25,2 3 6
R+ jasthan 3.2 1.8 S.4 & 5.6 .8 1.7
Tamil Madhy 3.4 3.3 2,5 ? 1.9 - -
THt-r Prresh 22,5 5;5 g8.L 2.0 27,1 14..1 29. 1
Weiat ;;nff] 5.5 / 1.5 A 3.7 3.6 7.5
A1l Teddr 279 LI 10,7
Sourcer 1. Govi, of Ltils, Ministry of Trrigation an! Power, Report

-
ol

the Irrigation Commigsiprnar 1972

Tolume-t. {Few Doitd) p,219-217.  The report gives two sets
of figeros; ous as mven the Fourth Plan 71969-74) and another

as estimatad by *he states irn response to the Comrdssion's

questionaire. The latter figures hHave been used wherever

aveilable. In other cases, fipgures the fourth plan estimstes

arc

adopted,

2. Govt. of Indie, Oentral Statisticel Crganisaetion, Statisticel

sbstract of the TIndian Urdon 1965. (Vew Delhi-1966

3. Cowt. of India, Ministry of Agriculture =nd Irrigati-n, Dire-
storate of Economics 2nd Statistics, Estimotes of area and prod-
uvebion of Principal Trone in India 1973-74, (mimeo 1975




harnessing thise potentials within the next decads are dim indeed. For
511 these recsons the feaeibility of irrigation targets assumed by the

Fiftr Plasn is ever tc some doubt,

21, Quality of Trrigsticr: Aleng with quantitatife expansion, a major

effert to improve the quality of irrisstion is essential, Optizum per-
formence of new seal werietics, on which mach of the hopes for large
coiputb expansion rezme, is erusislly dependent on assured, adequate, end
timel s surrly of meoistura ir relation to plant-water requirements, Thia
ca'ls for a degree of sophigbtication in water comtrol and management
which carrot be sttained witheet major changes in the dreign and cpera~

tior. of the irrigetion azyshems,

22. The proklemg sre i part of a physicel (trohclopinal) cheTacter
pxad omrizg “rom o ivadlaquotn cthertlon te congtyriadsom o ord roirtoreaes of

field chancele to caryy wilsr from povernmant cutlens to the irdiiedfuel

= nrainage feeilitice; excessive

ploete; failurs to provide adegat
losses in conmayence of water from scurce to the fieldy westage due to
the negleet of 1:velling, bunding and other measurss te properly prevare

to luand for drrigstien, and sweegszive ragidity of drrvigetisr schadules

C’

in wejor and wedive surfene dvrigedtlion proizets, Thss. Aeficlencles

. . : 1/
as well az the remsdies 2rve by row well rnown ~. Many of the
festures needsd to sneurs speady -nd effieient ues of watar (notably

fiels ovsrnele, driinege rrd lerd preparetion) sre heing implemented

ag pert of tre Comeand Arga Development programmes irtended

to comer sorn 75 »diidon hectares of cultiveble comrmand area

1/ :
- GOT, Plarring Comeiseiosi, Draft Wifth Pive Year Vlasn, 1974-1€79

(P. ,{‘s)

Sae plgo Manter VTT on igxtqufural Devaloprent in the Geport
of the Irrigetiem Cammicc‘cn (1972).




7
under scme 50 major projects.l’ But the plan gives no indication as

bo when this target is supposed i~ be realised, Informmation on the
actual progress of these schemes is also rather scanty., It seems
likely, morecver, that while many of the improvemsnts can be incor-

porzt~d in the de' ign of new projects, they will be . r more diffi-

cult to acecompli xisting projects (whosr potentisl is already
over ©5 v 1lio + har 3.
33, m .t s of jast expirlence one should expect strong resi-

Stence to the imp’' . anlation of other essentisl rre-requisites of
officient water uece, namely consclidation of holdings and regulation
Cfopping pattern., The successful examyl-35 of statutory consoclidation
PT¢grammes are largely confined to the Indo-Gengetic Plein perhaps
because the differences in land guelity in these tracts are much 1ai§
than in other parts of the country. Whetever the reascn, consolidat—
ion has not made much he adway elsewhere and apparsntly does not command
the necessary politicel suprort.

34. The regsilsticr of cropping pattern, and more far resching ideas
of integrated planming éf land and water rescurces development et the
local leve] %i invelve far more complex questions of instiﬁutional
rezform. For insbenco fskas the r61ati§ely simpiem preblem of enfér-
cing tre crop pattern which will maximise social benefit per unit of
water. Ithrc lend in the cammand arez of an irrigetad prcoiect ik
cwned and operetsd by a large nmumber of farmers ench with fragmemwt—
cd heldinge - and this is typically the case in all parts of the

courtry - and individual farmer can, and often dogs, gairn at the

T NI ST veT e p R TOOTOL, i TR T -
17 S#e: R.G, Mirhas ‘Rursl FPoverty, Land Red:stribution and Develop-
ment Strategy! in P.K. Bardhan and T.¥. Srinivasan {ed) Poverty and
Income Distribution in India (Colcutia 1974), Also Plenring Commi-
geton, Interin Report on intograted dpricultural Development Projects
ir Ownal Irrigpated fics3 by the Task Poree on Integrated Rural Deve-
lopment, (1978).




expense of others by violating the serially desireble allccation of
water in time and space, Ong marifretztion of this is the tendency
for the farms near the hesd of a canal system to grow crops which
are more wzler intensive than desirsble {rom social viewpoint and
leéving the fermers at the tail erd with little or no water. Even
within the area comwanded by a distributary, conflicts -amite — .
over who should get how much water and in what sequence, The relat-
ive power of different claimants iz nften the decisive faetor in
settling these conflicts. Not only does this result ir an ineguit-
able distribution of the benefits ol irrigation hetween farmers in
the comrand erea, but could well Tead to a reduction in the ar“itie-
nal output por unit of water,

35. Fnléss farmers coopgrate, or csn he made to cooperste, in en-
foreing the crop patterns, as well as timing and cuantum of water
deliveries te individual plots necessary for achieving meximum pro-
duction per unit water, it is difficult to ensure cfficient use of
irrigetion. Clearly th= form:lstion of regulstions ry the State is
not by itgelf sufficient. Twperirmee has amgly shown that no state
agency can really police complisrce of regilatior in this spher,
much less onforee complisncs.  Thiz con be Aene only by local inst-
itutions governed by tho farmers themselves which, in turn, is vre-
dicated on collective acceptance of the socially-desireble regime on
all members of the community. The lack of sueh institutions is an
ocxtremely severe constraint on the extert to which the ~fficlercy and
preductivity of Tndia's irrigation systems can be improved.

36. A seriocus wealness of the Command Ares and other similar pro-
grammes lies preclsely iz their tendency to view the orgrrisational

problem as one of Strengthening the official machircry snd toe skirt

carcdond the problem of building effective local institutions, TUnless



viagble asclubiong &re found to the latter —-and there is hsxdly any
sign of this happening -- major quealitative improvements in water
uge and ménagement are uniikely.-. This has particularly serious
implications for the level and efficiency of fertiliser use.

Fertiliser Tse:

37. . The critical imporbance of fertilisers to the attainment of
tirgetted output can be judged from the estimate (Ses Table 2) that

nearly three fourths of th~ exmected addition té output during:the
rext decadé is contingent on the expansion of - fertiliser use and on
achieving yield'responSe'of at least the levels obtained in the
ginple fertiliser trisls with iraditional varieties. Tha targetted
level of fertiliser use implies an increase in the aversge rate of
arplication from around 14 kg. peT hectare in 1973-74 to over 40 kg,

per hectare in 1983/4, Since the wpotential for fortiliser applica-

tion on rainfed lend is limited, the bulk of the increase w;ll have
tc te on irrigated lands. The projscted increase in irrigated area
will itwelf-contributelsipnifizertly €0 an crpansicn of fertiliser
uge, rubt not enough te realise the plen tarsets. The lebter require a
sharp rise in the average rate of a-rlication. psr hectare of irri-
gated rea to Taech 00 k2. or nero per bnectare by 1983/?4; ‘To
achizve . this degree of intensificstion of fertiliser use within the
‘next docade calls for zn extra-ordinarily rapid improvement -in the
s#andards‘of farming techricuss. & necessary condition is signific-
ant increase in the productivity of plant nutrients from the levels
apparently réaliged in the nearsst past. [Unless the actual respenses
ara brousht rizser to the levsls demonstratsd to be feasitle by the
Pertiliser Trinls, the tobal sheorption of fertilisers will be loss,
2nd the sdiitional output will bhe more thaon proporiticnately smaller,

than postulated by the Fler, Ve have noted ir Section IT that the



factors responzihle {or the spparent divergence helween potential

and actual fertiliser responses are quite complex snd not suffic-
iently understood; Serious investigations to identify these fact-
ors and work out remedial action are urgently needed. for all orops
and for hoth irrigetsd and reinfed tracts., Pul since the bulk of
fertilisers are, an® will be, concentrated on irrigated land, the
primary focus will heve tc be on the latter.

38, Prima fezcie, major improvements in the quality of irrigation
8ystems seems to be one cssential condition for increasing the pro-
ductivity, an’ hence the profitebility, of fertilisers. But, as
mentioncd earlier, th: pece of such improvemert is subject to severs
constreints. There may also ho other fartors depressing fertiliser
response below techricslly feasible levels. In the case of non-
cereal crops, the sbsence of a varietel break-though end the rel-
ative paucity of fertiliser tri»ls urder field conditions pose add-
itional problems. Finally, in so far as the efficient use of fert.
ilisers involves arlearﬂing‘prﬁcGSS'on the part of the farmers,
there is round to be = considerable time lag before actual responses
reach the technicaliy fessirle levels., For all these reasons, the
prespects for dner moing 30 ;roﬁuctiviﬁy of fertilisers, and hence
of achieving the targsittod level of use, are quite deubtful, This
ir. turn brings the feasihility of the crop vutpuf targets into
seriong questicne,

2. Any atrewpt tc judge what the realistic expectation of the
w'ditions o irrigsted sres, the réta of improvement in_quaiity of irri-
et pd the nmﬁw%rﬁfﬁ%rtﬂj§ar'tETﬂ{ivt?+91isne@tﬁGEEfFif*hazgrﬁhﬁs.
“ut it is sigrificent to nete thst, ven if projected increzse in
crop and Lrrigeted arecas under foodgrains ss well =2s yield response

to ~fartiliser are resliscd, the guantum of fertiliscr nead-d to



gustain a rers 3 percent rate of increase in focdgrains ocutput will
2e around 4.7 willion tormes cempered to the 1973/74 level of 1.9
rillion icnnes, invelving a significant intensification of fertili-
cgr uge on irrvigated areas. Civen the fact that there has herdly
heen :ry growth in fertiliser use for sevarsl years and the ghrong
resrors for doubting the feasibility of the irrigated arca targets
ar oi repld encugh improvemsnts in irrigetion systems, one-cannct

c~ifidently talen even thin for grovi.d.

Conciusion:
40, Thi= 42 an esdmittedly wegsimistic esesessment of the prospects
for age-lersting agrimvltirsl frowth, at asny rate in the next decade,
b degree of ortimisn mey well hove béen justifiazd a decade back: At
that time, it seemed to most cbservers that given the sbysmally low
aroduetivity and techn~logical lavel of Indian agriculture; rapid
srowth should Le rele’.ively easy to azhieve hy a conmhinatior of méass-
ive dirvestments in irrigefion and fertilisers, supperted by extensien
ard oredit. The advent of the HYVs in the mid-sixties lant greater
,gfﬂfidence to this vi&v. Rut faced with the fact that, after a doc-
sde o7 sceeleratesd irvigoiion development, feriiliser uge, and the
reid snread of MYVg, growth rates of preduction heve not increased,
== way have ir T2et fellen, compels a scber re-sssesrment., This is
all the more importart hscauss, directly or indirectly, marny of the
problems of “he Iﬁdian ceonomy in reeont vears - whether it be infl-
atien, stagnstion of irnvestment, or imbslsnces hetween preduction
capacity and dumerd - are tracesble to the peoor performances of acri-
culture, To persist in plenming bssed on a naive optimism of acri-
eulﬁyral rrﬁspecté‘in the face of such experience, can cnly further

eompound thess wroblem ..
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