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1. With ybur pernission, Mr.Chalrnan, I take this oppertunity

to t@an& thﬂ~1ﬁﬁian Soeiety of Agrieuliural Statistics for honouring
ne with'ﬁhg';nvitation to deliver the Rajendra Prasad Memorial
'1ecture'this year. These léetures have provided an occaslon for
economists, seiontists and adﬁinistrators to réflect on various
aspects of agricultural aevelopméh-,t from different viewpoints,
Since'the-pﬁaeess-bf agri@glﬁ@#ai gn@ﬁth'cannot‘be‘fully comp?ehended
except ii an iﬁter-diséipiinﬁry pérspeotiﬁe, suchropportunities for .
increasing mutual gwareness of diverse perceptions of the égricul-
turgl growth process and of awroachés to analysing them, are very
valusble, It'is‘in this apirit that I place before you some thoughts

on the preblems of analysing agricultural growth,

2. The choice of this theme for the lecture, which incidentally

is somewhat broader than I had indicated when éccepfing the invitation,
was naturally dictatéd by my professional interest in tais problem,
But it is also important in its own right: The facile opiimism of

the early 1960's aboui the vrospects of sccelerating agricultursl
erowth - an optimism which reached euphoric dimensions following the
introduction of the High Yielding variéties ~ has largely evaporated.
The much heralded “Green Revclution” has nop takeh place: indeed

the debate iz mot on ~Whether the growth of Quipul agcelerated as &



b ,.

V;arleties (HYV) but, 1romca,11y, an.whseislwm“%ha rates r:’eal:.sad in
he. £ifbies and the early six%ies h@ve bééﬂ at least maintained
‘f@ll@ﬂlng:ﬁhe 1ntro@u@tiqn;@f_EYVE@ I%-Eeems appropriate in this
‘context to diaﬁﬁaax&ame,@f e pr@%i@m§;=meﬁh0daiogidél and sub-
-ﬁtﬂﬂtive%-iﬁﬁﬁiégﬁ‘iﬂ analysing éﬁﬂ:iﬁtérprgting the Indian agri-

cultural growih experience simee Independence,

3a Anglyses of.-agricu-:ltﬁrall growth are usually concerned with
three major queations: (a) Uhat hes been the directions and noomibude
of changes in production and nr@ductlv:l.’sy over t::.me and hew stable
are they? (b) Waat is the eontribution of different 1nnuts, weather
and other fac'tcars to these & _.nrrea:‘? and (c) ”ha.’s are the wnd.rlying,
and in séwe sense moie basit; factors whieh determlne the rate and
pa‘btern of %rlculbur sl grovta. TheSe questions have been thc

fecus of long, and co_n'ﬁiﬁuing,. research among aconomiste and agricul-
turel statisticians. Tlero ore not many definitive ‘answers to these
questions; in Tact they x;erdain, controversial, Wy intention here

is te highli ght on. some of #licse unresolved dnd controversial issues,
and 6:E"fer> o fevw suggesiions for carrying the malysis a step or two

forward to improving our unders tandlng .
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Megsurement. of Growth ~

4a The usual tremd fitting exercises are based on the

following conceptualisation:

v, =t (%) cemesenes (1)

where y, is yield (or output) in year %

The relation can take any one of seyeral functional,forﬁs, and the
usual practice is to select o few, fit them to the time series in
gquestion, smd choose that function which glves the best it in terms
_of such criteris as RE and atatistical significance of the regression
coefficients. The procedﬁre'is defensible and the criticism

(Rudra 1978 , Krishnaji 1979 ) that the selected functional forms
constifute'a sub-get of wvarious poésible forms chosen without any
gpriori basié need not be cri:nling so long as one is merely
interested in a convenient way of summarisiné a long time series
intor2 or 3‘parameters. But trend lines are geldom treated merely
for daucadlpkive purposes, They arc widely used as a basis for
intepreting the nature and significanece of the trend in ogricultural
production taken by itself {Vaidyanathan-1977) and also for explaining
trends in the econony as a whole, (Patnaik 1972,:Chakravarfhy 1974,

Raj 1976, Vaidyanathan 1977),

5 Considor for instance the effect of high yielding varietics
(HYV) on foodgrain production trends: If indeed the HYVs had resulted

in a "Green Revolution", one should Find a sharp bresk in and



ersd W tvesn, the ¥rend grouwth zebes of food-
grain owtput between Hhe two periods. Standsrd ststisticsl precedures
tagh 164

pabe this expeetation,. Thile
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teste to verily whether the f&&‘#ﬂﬂ' i@f g;:w%h in mgez- ::p“-r@-,-aﬁﬂ post-HYV

per’m@. da,ffer sa;_”_

jﬁf{.;'fi’i-c &;Kl«‘tily fﬁ'm ea‘lﬁl @@ﬁ@‘r, and. (b) comparing

‘khe g&aéme%—éf-ii‘ta ot ‘bhe e&m’eﬂn‘k gnmrbh mte function with that
of quazd:ca.tl@ fam. Tae tosty gone rally support the hypwbi:esi‘s
of a canstm grbw‘&h rata in foodgrains oulput during the past 223

dwaﬂas,;,‘ (Srinivasan 1999},

6. But Rudra (1966) ;.,;a m recehtly Doy £1975) sn

Reddy £ 1978), have &hwa that a mpm curve £its the data gb Iezst
of ‘ﬁia fitted

‘a8 well as the semi-log fungtion ond sk the parameter
w1 tabe blpoughout the period.

fifTorente betwaen the twe spesificatienss

eurve imply. s stesfily declining gr

D

While the best of signiftear

o8 OF ﬁw $ifforence betwoen tha tren

growth rates in two subupericds astinated fron semi-log famchion
assumes: thab wi-thin egeh ﬂmk—-ﬁen@é‘ swbput has grown at & ;iqna;fkaﬁt:

rate, the Gotipers Surve males no sunla: Priey aﬂéump’#i&m.i_ Enstead.

it allows a- w:r.des: raﬁge aj‘;‘ gasalhle hﬂh&neur of output including
constan*: gww*hh retes The aiffisculty with fie @ Pe&*t curve. is -

the lack 6f. any standard estimabion progedures and tests of s;gnifwane;e

of the coefficients,



Te In the event we hnve two swmmary statistical descriptions

of data which are equally good in terms'af_"goodness of £it" but
point to very divergent conclusions about the nature of the under-
lying trend. Which of the two is a nore accurgte“descripfion of the
observed behaviour of oﬁtPut over the period cammot be settled on
purely'statiétical conside?ations. One will have to appeal o other
information and/or use other criteria %o arrive at a Judgerent.

( Rudra 1978, Krishnaji 1978)

8. AnotheT exemple of the use 0f trend lines other %ian as
convenicnt Sﬁmmﬂry‘description of a time aeriés is the spoculation
(Vaidjanathan_1977) regarding the factors responsible for the observed
behaviour of foodgrains outmt based on a comparison-of chages in
the trend values of actual outnut between two points of time with the
incréaéo in "po%ortial'output“ estinated fron.changes in the quantun
of mﬁjor inpﬁt used aﬁd theoir expected prodﬁctivity. Inplicit in
this arproach xis’ the assumphion that the trend line is & reasonably
good appfoximatioﬁ of the composite effect of changes in input use

on oukput leﬁéié. This would be true only if (a) the fitted trend
ris nd%_significéntly‘influenced by factors other‘than inputs and
technoloé&;aﬂd {(b) the trend itsclf hos been correctly specified,

In other words the effect of variétions in all noq;inyuf, non-=
technoibéy-factors oﬁ oﬁtput ~ and this‘in‘(1) includes woather - are
truly random in chevacbor. Showld it hapsen that the weather variable
shows a sustained change during %hé‘period to which the time series

of output pertains - and this "sustained change" c#ﬁ be a falling

or a rising trend or a cycle s?anning all or a large part ofthoﬁgaiied -



the fitted trond with reforcice 0 time alone carn no longer be
interpreted as negsuring the effects Qf Sustained~chaggqs_in“inputs
znd technology. It will then be a conpolmnd of the effocts of inputs

and of the sustained chaonge in weather,

9. That this point is of some importance for anslysing the
factors responsible for observed output trends can be illustrgted

by the following hypothetical example, In the figure below, O
represents the best-~f#tting frend line for outrhut. The shape of the
gurve implies deelining growih rate over time. The curve I 51%03 the
potential output at voarious points of +time corresponding to the
inputs actually absorbed ;t cach time point at their expucted levels
pf productivity. If weather variations during the‘period are random,
O can be intorpreted as reflecting the effect of chonges in ianput
use and their productivity. It would then be nerfectly legitimate
to connare it with tho_pqtcptgal output curve I, the diffcronce
betveen the two being gniicativo of the dircetion mmd cxztent of
divérgence between the cxpected and realisced produetivity of inputs.,
In the particular exanyle represented by the figure 1, the octual
.productivity of inputs is highicr thaon the estinated potential between

3/

1 while between t, ard tz, the position is reversed,.s By

to dejf
analysing the reasons for this divergence between expected and
realised productividy of inputs ons hopes to ¢one up with eoncrete
suggestions for improving growtl nerformance, Some of ‘my work

(Vaidyanathan 1978) .is based on the above approach,’
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10. Suppose, howover, thot VooiliuY yariations follow o

systenatic pattern of which the type‘dQSQribed by #'is nn example,

If output is a positive function of weather, it is no lomger possible
to meaningfully compare I &afd 0;‘ar'ﬁo draw volid inferences aboutb
the productivity of inputs from such comparisons. For the output
trend now réflects the conmposite effect of inputs, technoiogy and
weather. - In our examnle, tho fact of actunl oubput trerd being
iarger (smaller) than technicel potenticl in 7 (tz) can be partially

explained by the sustained increased (decreased) in ¥ in ty (tz).

11, The effect of weather has o be taoken oubt of the estimated
trend in output in order to get the comtribution of inputs alone.
Comparing O and I without‘méking tihls adjustnent is likely to load
to nisleading conclusions: If the divergence between O and I is
wholly or largely attributable %q ¢ifferences between'potential and
“actual productivity of inputs, husman intervention %o correct the
sources of divergence will help increase output faster, But if the
‘divergence between 0 and I is l;rgely ﬁue to weather, there is very

little that humon intervention can achieve,



12, Even if.there ig no asustoined change in wenther during

the period of the analysis, since we lmow that oubtput is affected
by weather, it is desirable to net -ouk waather‘éffects in order to
get a more precise moasure of tho contribution of other factors.
This point has been recognised by several résearchers. Bernard
Oury (1965) in an attempt to test the effect of weather (specified
in terms of precipistion znd termorsfure) on yields, assuned that
"erop yield dis 2 function of time, allowing for technolqgicél‘
advence, and weather only." He estimeted the following relation
(using different. functicnal fOBms) for tine serics of corn yielcs
in some parts,of-the USA covering the period 1890 to 1956 and found
the coefficients for time and for o conposite index of wonther
(defined as P/T). to be statistically significant and indeyosdent

of gach other..

T=b+ By H + 2P+ b0+ By canenea(2)
vhere Y stands for yield ﬁer acre;
8 for tine

for preciptation

L]

T for tempercture

and E for residual varictioan,

The effect of techunology and inputs are supposced to be caoptured

by the co@fficient for the time variable but, as Oury himself recog-
niscs, this assumes a constant rate of upward technical clianze and
foils to éapture occaslongl step-ups or set backs in technology.

Also the problem of the apriori basis for the functional forms and



of the criteria for differentiating botween arbitrary functional

forms remsins.

13, Panse (1959) used_anaiysia of variance to evaluate the
extent to which observed changes in per acre ylelds of waeat md
rice between 1945 and 1955 werc reaily duc to the introduction

of planniné and how far thoy reflecied yearﬂto—yeaf and inter-
divisional variations. Ho found that the introduction of rainfall
did not seem to mzke a significant difference to the conclusions

on wheat but did in the case of rice.

14, Cummings and Ray (1969) attampted-to disentangle the con-
tributions of wegther from those of inputs and technolosy to ocutput
changes observed in India. Thiey used cssenticzlly the same framework
as Qury exccept ﬁhnt weather was neasured exelusively in terms of
reinfall, Two alteractive functiong, one linear and another quadratic,
vere tried for the weather v-.riable. The function using the qua-
dravic forq for Wéather was chogent because it gave a much higher Rz.
The parazneters estimatéd by fitting the function to the output

series for fhe pefiod 1951-52 10 ' 1964-65 were used to compute the
expecfod'output for 1967—68 and 1968-69 on the basis of past "normal!
technoloéy 2nd of actual rainfall in these years, Since HYVs had
been introduced after the poricd covered by the regresaion, they nade
laﬁ independent estinate of thoe cxtra contributions of now tochnology
(on the basis_of,tho cxpected productivity of high yieldling vorictics)
and added it to the values predioted from the regression equatioh

to zget the eipected total cutput in the,ﬁwo vaeors with which they

woere concerned, On thiw basis tuey edtimated . the relative
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contributions of weather, nornal trend ond new technoiogy in explaining

actual output in those years,

15. More recently Ray (1977) carried thisrljge of attack
considerably further iu S%udyihg.th@ graﬁﬁﬁ.af area, production

and yield of.aelecteﬁ crops for the e@uﬁtry a8 =z whole over a iuch
longer period, TPFirst he introduces wéaﬂher along with‘time trend md

specifies the following type of relations:

%o
vhere Y can stand for érea.(Afi, produetion (Pt) or yield (Yf)

as the case¢ nay be in'ygar T, and ﬂt'ig rainfell in year t.

The relations are also estimated for the period 1951-52 to 1974~75
with and without o Dummy varicble to distingpish between the pre-
and post-HYV éerio&s. Por comparisen purposes, he also estimates
tho equation of log Y = a, + ai % fron which the uhadjusted growth
rate is conputed. Bias cestinctes show that, talkkinn the period as a
whole, (a) rainfall hae o stotistically significant effect, im
generzl of the quadratic form, on behaviour of area, production and
yields, (b) The weather-corrected trend growth rates differ
significantly from the unadjusted ratex in 7 out of 11 cases for
arca, 6 out of 11 cases for éroductiqn and 5 out of 11 for yield;
and-{c) the adjusted grovth rates are in general higher than the
uned justed ones, Ray also revorts the results of an extension of
tho above model incorporating prices as an additional explanatory
varicble, and finds‘the coefficiont for prices to be generally positive
and stﬁtistically significent in the caslte of area and produciion but
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16. hile this is o significant ivprovement; the ngéification
of the model is open to two najor objections: The first, relates

to the use of total rainfall during the relevant erop season as the
explanatory variable for Dboth arca and production., Tor ﬁhﬁ_area
sown to 2 crop is likely to be affected, if at 211, by the rainfall
in the »pre-sowing period =ad not by the preceiptation during the
growing season. Sceondly, in analysing area requﬁses one has to
recoghisce thet there are limits +to the cxpamsion of area sown to.any
partieular crop sct by agrononic factors end by the total availability
of land znd noisture. Moreover, ﬁﬁo range ané flexibiiity of choice
is apt to differ significantly_as between irrigoted and unirrigated
tfacts. Robert Herdt's (1972)'eff6rt.to estimcte such a nodel for
the Punjab incorporating these conﬁiécratiOns cxplicitly mives
regults which are »romising enoush o deseer-fo be pursued further.
However, for the present, I shell restrict ny observations o the

rclation between westher and aer hoectare of ylelds,

17. Hhile the case Tor incorporating weathber explicitly as an
explanatory variable is stropg: it is rother difficulf to deeide
Uhioh dinensions o1 weather shbul& be incoxr orated and in what forn.
Cray yields are affected by » variety of clinztological factors
including rainfall,ltempgrature, hunidity ond éunshine. Also, the
distribution of these clementz of "weather" within the growing season
of a crop ney offten seer to be s important as thelr magnitudes over
the season 28 a whole. On the other hand different clements of
“ﬁeather“ nay affect cropy yields differently, and their effects

nay or nay not be independent of each other, Scientific knowledge
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on. cro~weatllor relotione doos not seem to have reached a point
vhere the nature and form of these relations can be coufidently
specificd in an éstimatable form with a reasondble degree of

pracision,

i8. One has only t6 review the massive amount of work, largely
done by agro-metoriologists in the Iandian Métereological Departmont,&/
to appreciate the weak apriori hasis for, ant the rather uninpressive
predictive power of, the norc olaborately gueeificed crop-weother
functioﬁs, Part of the problen is that somne of these exerciscs are
based on data Wheré'factors other than we;thcr arce ~lso voriable,
Even where controlled expa*im@nts arc aveilable (ms in the crop-
woathor cxperiments organise? by the Indian Metoreological Departnent),
the daily or weekly values of various weather variables nay not be
the a-nropricte mmes to ernter tho relation: TFor instance in the case
of reinfall, what islrclevan* to plant growth is the anount of soil
noisturc available in the root zone of the crops so thot & proper
gpecification Will have to find some way of transfgrning the.broci—
nitabion into scil noisture stock at various stages of cro growth,
Because of such eonjlexities, anl ~lso becausc thce observ-tions
avalilable for testing the relations often constrain the nuuber of
explanatory variables, therc secis to be no choicce but to work with
o few weather vaoriables (cf waich reinfell is sdndttedly aong the
nost important) ot = foairly bigi luvel of spotial and seonsonal
agoregation. Such crude specifications of weather nay indecd be
prcforéﬁkrhaelaborate ond refired formulations vhich cannct be

sus tainced by the present incdequate knowledze of the underlying
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relations. It goes without saying that the results obtained from
Suchrqgugg nodels sen euly be takgnkgskiniicative end that contd—

muing research to refine then aﬁe?E§SGn£iﬂlnr,

19, Ray's, as wéll as Ouryt 8, formulations are also open to
eriticisnm for ignoring fhe-inflﬁence_of weathér on the contribution
of inputs which in the above formulation-are‘éu@paéed to be captured
in the coefficient for ﬁt“J Thoto éﬁg strong reasons to exnect such
‘interaction: For instance sinee the:qﬁdﬂ%un of roisture’is the sun
of ﬁoisture from rainfall snd i;rigat%ﬁn; the apount of rainfall and
its scaébnal dstribution will nffoit tbé moisture'stcfus of soils
even on irrigated londs, The effect will be the greater wien irri-
gotion its¢lf deponds on small tanls and shallow wells fod by local
roinfall, It ié'also He}l.knmynuthatithe amount of noisﬁuré anﬁ its
time distribution affoets the resﬁqnsivenmss of crops te fertiligcrs,
and, therefore, the lévQ;,at which fertilisers arc likely t; be used;
In ofder ta,captﬁxé thg,eﬂfeét of such interaetions, the formulation

in (3) above nay be modificd thus:

20, For reasons mentioned earlier, wo will use rainfall (Rt)

in the grbwiﬁg period of the cropn concerned as the sroxy for the
wecthar variables., And given the neeessity to reduce the relation
to a linear forn for‘juryomes of ¢gstipation, our choice of functions
is restricted to tﬁe lineai, 1og-lineér and gerni-log forng. There

is always the possibiiity thot thesc functional forms nay not quite

capture the relations thoy are wmesnt to comprehend,
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21. In ordef to fAce hether ﬁhe,introdugtidn'@f the inter—
adtion torn ndkes ony perceptible differenee to the results, we
attenpted an illustrotive énalysié with data on rainfall, the yiecld
5/

of rice and of toarse groins in Three reegions of Andhra Pradesh,2

3inee the three reglons differ significantly in the anount of raine.
fall, its secsunal @is@@ihﬁtian md reliability, sucl- sn exzercise

nay be éxp@ctgd to better edpture-thglrelative importence of weather
under varying raipfall reginoes thaﬁ.is possible with all India data.
The parometers of the best-fitting functions with tince alone, and
with tiné and reinfall, for theése crops amd rogions are given in

Table 1.

22, Thile an inerease in the »roportion of variance explained
is %o bo expected as the nunber of explanchory vorinbles increases,

the results point to €2 following intéfe&%iﬁg—ﬁonelusidns:

(a) Bven in tho coooe of a prodominehtly irrigatod crop
like rice, roinfall has o significant effeet on yield in Telengana,
and in Rayalasecnc. Tho aigns of the eoefficionts also point to
yiclds.zdsing at o deelining rate as roinfall rises, In the cose

of coastal AP, the cocfficicnt for rainfall is weakly nogotive.

(b) mhe ingroduction of rcinfoll inercases the proporftion
of varionce explained only narginally in rice; but nokes a big
ciffercnce in the case.of other grains: The influence of rainfall
on yicld of focdgrains other thun cereals is evidently nuch greater
than on rice yieclls. Again the yleld-rainfall relation is of the
quadriatic type ond the cocfficients have the expected signs though.unot stat:

tically significant (by $he usual T value tests) in all cases.
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Table 1

Estimated Relations hetween dutern

Coefficients
Funection B Rz
Coagtal AP
s 2
Rice log ¥ = F {(7,77) - -
log Y=P(Rg,T,T7,H4F)  —.000089 -
(1.028)
Other foodgrains o
logY = F (T, T%) - -
N 2 2 N
10@'I=F(RE,R3,T,T ,BT) ,022224  -,000017
. (2.919) {(2.735)
Rayalosgeng
Rice log-Y =T (T) - -
log Y=F(RtR%;T) L0017 —000001
(1.956)  (1.837)
Other foodgrains =
log X =F (T,7°) - -
log Y:F,(Rq,th,T}Tz,R@)
| .003751.  ~,000003
(1.017)  (1.849)
Telengang
Rice log ¥ = F (T,Tz) - -
2 2 - _
log Y=F(Ry,R¢,T,77) 003386 -,000002
(3.128) (2.941)
O ther foodgrains
log ¥ = F(Rﬁ,R{?T) .002346 ~.000001
' (1.533)  (1.368)
ote:
Rt ¢ Total rainfsll

Rs ¢ South-vest monscon rainfall

,00981
{4.081)

.036840
(2.082)

~.005397
(0.419)

.10513
(1.157)

.016336
(5.317)
L017211
(5,532)

(.367)

—-a 038657
(1.055)

L0312
(7.132

032343
(7.225)

.014505
(2.712)

.013024
(2.815)

, 00108
(2,496)

. 001064
(2.487)

.003352
(1.443)

,00203
{1.110)

001915
2,343)

001959
(2.075)

(1.632)
(1.361)

Figures in brackets refer to the absolute Twvalue.

(1.573)

-.000148
(1.056)

.000057
(1.,067)

% yiolds, rainfsll and time,Andrs Prodesh

«561

631

121

611

.692

.253

2417

764

.864

« 427
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(c) The intoraetion hetws wainfall and tine trend
shows no consistent pattern ¥l seeml §o-de in general quite
veak. In the came of Telengana thoy fo not figure in the equations

which give the best fit to the data,

(d) Not only does the nclusion of zainfoll insrove the
Rz,-bu¢ it mokes a égbstnntial~diff6reg@a to the wvaluwe of the "irend"
coafficionts and also, in general, roducos their stondard error,
Agein, a8k o rule,‘ﬁhekgrgwfh matas-@ﬁ&réntédrf@r roinfell variations
are higher than the growth rabtes dorived from sinple trenl fitting

oxerciscs. ‘But the results for other foodgrains in Rayalascona

point to th@7possib@1ihy that rvorther vardations may clso serve

to nerk the sedéular declime in yiclds.

-23. The resulte provide strong corroborat;an fer the argument
inplicit in tho work of Oury Cummings, Ray el othors thot tho
effoct of rainfall (and if -wesible other pelevant weathar variables)
should be netted out in gr&or to met 2 ureper ds%ossngnﬁ.of the
trends in yleld inprovement otiributeble to developuent progrannes
alone., The "weather free" $renil roflects the conbinaed effects of
inerengos-inh the quantun and conposition of inputas as well as of
changes in their quality and proluctivity. Unscranbling the indi-
vldudl contributions of these elouent® ig haﬁsVer not possible
vithin the franeworlk of cquatiﬂﬂ-CQ)%'This requires warious input
clenents and their relation to outout (yiplds) to be explicitly
+token into account.

Ve £ (g pipy coeving By »eee(5)

vwhore ijt is the quéntun of the Jtn input per hectore used in

vyear t.
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II

Sources of Growth

24, This leads us to anelyses of sources of growth. It is

quite simple to separate out the contribution of changes in area

and in per heciare yields to the changes in output, There are

also more elaborate decomposition scﬂemes to estimate the relative
contributions of area, crop pattern and per hectare yield. (1tinhas

and Vaidyanathan 1965)., This has been refined further to éeparate

out the effects of shifts in the spatial distribution of area under
different crops (Dharam Farain 1976). There are also a few attempts
to‘eStimate the increase in production and yields which could he
expected from the observed ( targetted) changes in the abzorption

of major inputs. namely, cropped area, irrigated asrea, fertilisers

and improved seedg gbmpare it (Eational Commission on aAzriculture

1974, Cummings 1971) with actu;llrealisation; A1l of t..ose exercises
abstract from the effectn of weather elt.er by assuming the latter

to be "randow” in nature or 1y estimating expected yields under "normal’
weathew. The "yardstick approach” faces the further problem of in-
adequate data on resﬁonsa,coefficients;.doubts about hoi ‘rerrezentative
the coefficient are, and whetiicr the assuaption of indewnendence and

additivity of responses to individual inputs are valid.

25. Attempts at estimat.ng - production function impliod in (5)

by multiple regression technirves have not been oconsplcuously

guccessful either: Uot only is the explanatory power of such multiple

regression low, but often one finls he signs of coefficients coutrary
.6/ 4 : g

to expectatiocil.~ Part of the reason misht be defzetive snecification

of the relations: for instance 'very few .f such exercises iacorporate

the weather variaeble. There is aleo the ubiguitous troblem of multi-



gollinearity between :.mut -vm;i&bﬂ.é{s-' arising frem the fact that almost
41l ‘of thew fend t@(grﬁw'overﬂﬁimés The Turictiohal forms canmot
agcommodate warying degress of complementarity and, substitution
relation between imputs. Alsa +the nixifig-up of intermeﬂa.ai:e inputs

with primary factor inputs in some forinlations causes confusion,

26, 1t seems pciassible t0 get around these difficulties 1o some

extent by re.writing (5) 'as followss

v, = T (Re, L I’ttlc_t,_t) | cereoea(6)

where y't. = yield per heetare

Rt rainfall in the relevant season in ye-r %

-

I, =48 a composite input incox.

27, The c¢oncept of an input index was first suggested by
Abraham and Rsheja (1967) as onc way of getting around the problem
of multi-cellinearity betwecn inpwt varisbles., They defined the

index thus

Tet = Tufup v et T Ty
¥ A+ A+ I B
@ Tud i 1o f e

where Au'b" = unirrigated area in year &

hiy irrigated area "

|
i

+ Total fertilioer vase

-
1]

Average yield per ldctare of unlrrigated laand
Y. = average yicld wer hectare ef irrigated land

Ve = incremental yield response per f of plact nutmient.

In their .schene, ‘Iu, Yi’ and Yf, were to be talen from

of ficial yardsticis estimatod from The belt awvallable survey or
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cxperimental data. It i easy to see that the input ihdexrcan be
expressed either in ageregate or in per “sctare terms. In principle
other inputs cam be included; a finer break dovn of taec land, water
and fertilizer inputs can be uscd; and different weighting schemes
can be tried without affecting the basic raticnale of the zschene,

The availability of data vould, however, restrict the range of clhoice,

28, This index has several advantages: it overcom:s ﬁlé over-
present problem of wmulti-collinearity betwgen irrigated area, ond
fertiliser usé both over time end in spatial cross-secctions. Provided
the inputs and their weights are chosen gpprOpriately it cen aléo be
interpreted &s corresponding te an index of production which coul@ be
expected from a giveﬁ increase in  selected innuts at a partiqular
lewvel cf t@éhnology. Once this is done, the coefficients for Wt Ict
admits of & mcaningful intermrctation as measuring the interaction
between rosponses %o weather :md to inputs, The coefficiont for “¢
can be interpreted as capfuriig the contribution of technical change
(new techniques amd more efficientrusé of exicting techniques). ofr
course if the input variablos do' not discriminate between differcnt
irrigation qualitics, seed varieties, or synergetic resnonscs to
inputs, thesc effects will algo bs captured in the above formulatien
by the coefficient for "t". As long as we lmow tlic cleaents contri-
buting to different coefficients, they admit of a meaningful inter-
pretation., And in the procoess we can. get much more insight iﬁto the
factors contributing to yicld changes then is possible with (3) or (4).
The cholee of au appropriatc functionsl form remains as intractabis

as, but no more so thar, in other 'models' desmigned to exzplore
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agrieultural growth, Again dictates of convenience limit the
range of choice in functional.fbrms with the attendent risk of

not being able 46 capture properly the true relations.

29, Model (5) was tested on the time sories of per neckare
yields of cereals in two States, namely, Punjab and Tewd Tt Wedu.
The estimated parameters Qf the bhest fitting functien in cach casze
are given in Table 2.

Table 2

Relation between Cerealkzlelds, rainfall, inputs =nd ting,
Punaab‘L1951152 te 1974—75 and Tamil Nadu (1950~51 to 1974:15)

Jtgte Fanctioen Co-gfficionts

Tamil Nadu Log ¥ = F(Log I,Log R,t) -2.152877 ,L180356 .- ,016436

(1.614) {1.942) (5.493)
Punjab  Log ¥ = F(Log T ,%og ¥,, 3.503795 277163 - 055913
¥ (8.528)  (3.432) (1.337)

Log t)

In the c¢aose of Punjab, oéer 90 per cent of thz Oobserved variations
in per heetore cereal yiclds io “explaiﬁe@‘.by the model: the expon-
sion of imputs is by far tﬁe nost importaﬁt fdctor; rainfall taken

by itself exerts a significant »oai tive influcnes on yiolds: but
there secms %o be no significant interaction between tie effect of
inputs and rainfall; and interestihgiy tac coefficicent "t" is only
weakly positive.

30. The explanatory power of tho modei in the case of Tamil Indu

is much lower than in the Punjab. A major part of the explained

variation is attributed to "Hime"s Inputs and rainiall account for

¥4

.33



21

peT cent of the variation in yield and the regression
coefficients for both variables are not- statistically significant.
The interaction between inputs and rainfall seem to be negligible.
The high rate of improvement in the productivity of inputs amd their
significant contribution to yield growth is consisteﬁt with the
observed fdot that the corstancy of eropped and irrigated arcas
conceals major changes in the quality of irrigation as well as in
the quantum of water supply arising from the phenomenal growti of
pumpseta, The resulting impx"o‘Vemén{;s in yields mnd crop matterns are
likely to be reflected in the coefficient for '#', It is also
nossible that our méthod of constructing the input indexz dous not
give sufficient weight %o ihe growith of fertiliascr use, pérhaés
too the particulor index of rainfall used in the exercise in defective.
I_do not, however, want te venture into further speculation without

closer study of the rerulis of the analysis.

31, The above scheme, ds pointed out carlier, is essentially

an oxtension of the nodel implicit irn (4) %0 nermit mecsurcment,
however approximately, of the contribution of inereascd input uzse

cnd of sustained ehanges in cutput per unit of input arising from
technic%l progrese as well as othoen factors to the estimated "weatherw
frec™ trend in yieclds: The flluwstrative exercisc for Punjab ond
Tamiliﬂadu‘Shou ﬁiat t-is i3 poysible., There is of course considerable
Toom for improvement in ﬁne scope of the input index, the specifi-
cation of the rainfall variable, and in the construction of both the

input and the rainfall indices.
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mliural epowih proceéss

59, 4 proper wnderstaniing of Hho egric
 however salls Tor much deye Whmn refipements in the onalysis of
sources of output growis: e mood bo expleln why the lovels and
composition of impubs, Molr pR@LTIy @ othor dotorainats

of output behave tﬁﬁ'wﬁy_théyfﬁg? fsiﬁgﬁ:ﬁhgir;bﬁhavigux is influenced
by a variely of Cactors - é@@@p@i@;,ﬁ%@h@i@@l.aﬂ§1i@ﬁtituti°nal N
atﬁﬁm@tg at:camﬁﬁahanﬁi§5:i¥u333% tﬁ?@¥e3@$ici% coguigange of this
diversity of influences aﬁﬁiﬁ@@*iﬁt@ryﬁélﬁtiQns among thep. Analyses
Whish fail to do this end dnsteed seek to explain growti, or fie

lack o it in ferms @ffaﬁ@ got of factors taken in isolatien cem be

"misleading.

33, Taco for sxemple $ho foadency 6f Some ocemomists to etbri-
bute the slow growth of produetion to law prices of farm products
relstive to inpub pricss md o prices wiich He Larmer has o pay
for non-agricul tural products gemerally, éggarding to this school,
sgricultural growth oon bo sigwificautly apcolerated by shifting the
terms of trado in fevolsr of farmers, Quite apart from asizlytical
flows in such formulwtions, tho empimical basis for this diagnosis
is vory shaky indvodl  That farmers a®é highly sensitive to changes
in relative prices in diciding inber-crop allocation area, does not
ngcessarily mean aggregate supply respond to chonges in terms of trade,
As far as I lmow, such situdiles as are available on the latter show

that ylelds =nd aggregate production are hardly responsive fo prices.
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This sronounced assymetry in the resSponse §f farmers to price
changés-at te ;evel.of ares sown to particular crops and ‘at the
level of aggregate production should not he surprising once we
recogaise that there are tochnical and institutional coqﬁtraints
on the extehf to whieh aégregate input absorpfion md its produ-

chbivity can be raiscd at any ﬂoin% of %ime,.

L

34. Such problems are mitigated, but not overeoms, by the linecar
prdgramming type of exercises which explicitly incornoratce technical
and economic factors, ineluding constraints on total resource availa-—
bility, and seek to estimate the moximum lovel of owkput, ond its
pattern, attainablc with eiven resources and teclinologzy. Such
exercices invaridbly show thet ayailablc resources arc being used
subaoptimally. But to say that there is seope for signi?icant increanses
in output from giver ractources is not a particularly useful insight
unless the reasons for tho divergence between potential andlﬁctual'
outyut ere identiﬁied._ Vory fow exoreises of this genre coven attempt
suclh an analysis. The few thot do, offer eipl:n;fioas in such general
terms ( as for cxample 1d¢'fec tive extcnsioh services", 'vrong ferti-
liserifecommehdations,“ and *inoflicicnt organisations for production
and supply of inﬁuts“) that tiey do not advonce 0WX  understanding
much . Optimisation models hove cnougl problms in capturing tecunical
relations ond constraints in o form wl.ich permits of linezr cstima-
tion tcc@ﬁiéﬁcé; Ifﬂis thercfore wmreoalistic to cxocet them to
capture the fnr more'compiex dimengions of instiﬁutional gtructurc
which Lawve a-bﬁéring on how inputs pnd techmlogy are in fack uscd.

Hevertheless some way ﬁﬁsﬁ be-found_to bring institutions into the
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anclysis fo¥ any mezningful comelusions %o be possible.

35. The effects of institutions on agricultural grovth are
as varicd as thoy are domplexs The Host Widely discussed aspect

cohcerns the role whieh modes of preduetion - a term whilch subsumes

the éistfibutidh7oﬁfland G gﬁhep éfé@uEtivg reogources, the Qrga;
nisation_ﬁf'prﬁiuéﬁidn,,as Weii a8 t&o‘ralationé aﬁung the various
‘classes participating in produwetion - play im the process of growth,
Apart ‘from such consi derations as Hhat Thodes of produc tion” under—
stood in the abeve sense doss not capﬁﬁra:mamy other important facts
of the institutional fragiework snd that the debates on this can all
too wasily miz=dp questi@ﬁs of grewtls with those of distribution,
analysi & of;agrieuiturai proviy in teris of "modes of broduction®
[ ’ .

runs the risk of sericusly underplaylng the role of dochmicenl md
physical feetors in the growth.proccss snd, indec&; in shaping the
institutional,strueture itdelf. Also onc ig unelear asbout how the
analytical scheme accommodetes the.histﬁricaily.unprecendonﬁed fact
that the 3tate has balen over tue primary rolc both in ageumulation
and innovotion. The twin functions of e capiéaliSf farmers who

provided the dynomic elemornt in the system under the classical

schemne,

.36. Be that as it moy, there ean be no questidn that there

are limits to tHe level c;f tochinology and ylcld improvemeﬁts 1thich

can be attaincd under i given sot of imstitutional gonditions under-
stood ig the more goneral sGﬁae %o include not onlﬁ modes of preduction

but'ﬁlso'orgauisatfansluffecting supply and use of inputs, Impro-

venments boyond this 1limit will nolt be possible unless major changes
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are gffecte& in the institutional framéwork. This is very well
brought® out'bﬁ ishikﬂua (1967) in his énglysis of the Jananese
experience over time ond of the comporative le%els of productivity

in different countries of Asia. His discussion bringd out that despite
the apparent complexity of the »roblem, it is possiblo to identify
certain elemaﬁts of the institutionsl framework as being poarticularly
impartant for agricultural growth, and’to get uwseful insight into .

~ their role in specific historical ond geographical settings,

3T Onc important "clue® from Ishikawa's work is that we éhould
not treat "institutions" ns if theéy were a homogenous category, but
should diffefeﬁtiatc betwéon-differont‘componcnets of the institutional
-structuré'in terms of the functions they perform, their importance as |
de terminants of‘ﬁroductivify, the oxtent o which they cre offected

by the provailing agraricn structure, amd the dogree to whiéh thay can
be manipulatcd inﬂépundeﬁtly of it. Also dttemtion siould bo Focussed
on‘particulnr inputs md techniques under different agro-~clim tic

ené geographical contoexts,

38, In the Indian context, the rate at wiich productifity of
" land con be raised is limited basiczlly by the extent and gqueaiity

of irrigation, the intensity of fertiliser use, ond tie effieclency
with which the culitivation wnractices necessary for opbimum iusults
are applied og.the farms. Those three oreas are therefdrc n~tural
candidates for resenreh designed to further understonding of the
inter—relatidns betvoen technicol, economic cnd institutional factors

in the process of agricultural grovta.
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39 . Cozisidereble research jas been. done, mé econtinues to be
done, on all these, aspects undelr the z2uspigious of the ICA‘R_? tho
W38, as -vr)éll as mmaz;ous um.ver&;tlaﬁ afid research organisations,
But ﬂii:cigin,}g_: by wesults, v?mﬂg effor%s tent Lt'.oa-._bé,»na.'l;; only fragmonted
ip 8 eo‘pé and. pers-peeutivé, butlin,ig:@;ie_ria'l- lack the continuity
necesg’afy for any study of chongo. -Th:us in the cIa‘Se of irrigation,
ti,espit.e élg;rze..-a‘?&“ numbvr of syrveys io assess the reasen for delays
iﬁ camplet;i,hg projeéts md under uﬁlisaﬁioﬂ_of‘water, +the relative
performmce of dif ferent typog Of projects, mmd tirc impoct of irri-
gation on the Ae:'c"ﬁ,m@ﬁay .;Q:i‘ .‘I‘:.Ple roglon ond V'Q'":'E Farmers bonofitting from

it, sevorcl important questions rerbin, unanswered..

40, It is ofton said, for instdnce, that Indisn irrigation
s-yst.éms- do not get ;ﬁlc -:nr@,ximwn outpidy por ueit. of We..-'ber beénuse
they te‘nd__ to s,préa’cl water too thinly over %od wide an afeas
Av—aila.;ble, dats on to’cai irrigoted arca mmd total volume of irri-
,-{-ga‘tion vater suggest that in many cases therc is cxccss use of
'.wa’cer on the avernze '(I-’[-inhas nnd Vaidyonathan _1969.) . Bu-i'; in .tlm
absence of meliablc dgta on,- setunl ares wnder dfforent erops

and scasons in the conmend aren, sud iho sgosonal distribution of
water supplies from the wrojects, it is difficult to be categorical.
Such data are siamply not eollecte? and published, On the other
hand there arg well documented u-igmp-les ( Dandekar Deshoulh ond Deuskav, 1979)
whore systems designoed for pz-"ot\,-c"'civeA irrignation of steple corecal
ecrops arc found to ilaire 'é_levoloped' highly water intensive c—rc’op.
patﬁ-e-rns on o fragtion of the¢ original command, How this came

about despite the regulations governing crop patterns and the



2

obvious conflicts of intorest between different segments of the

comnand have not been investigatoed carefully.

41, Aganin, it hies bocome commemplace o say that,efficient

use of-watér ié contimgenf_dﬁ,the consﬁructiop and proper mainte-
nénce of field channels;.on naicing ﬁecessary physicalAimp?ovements
in lmd by way of consolidation, lowvelling :ﬁd reloying gf plots;
and on proper regulation of watér use., (Irrigntion Commission 1972,
Planning Coamission 1972)., ThGSe oporations, in the context of
neasant far$iﬁg; face considerablé resigtance arising in port

from ignorance, but mere often dug to legitinmate fears and genuine
ceonfliects of intorest., The rechionisme to resolve ihbse conflicfs,
on ‘the basis of generslly acccptable, and enforceable, rulocs and
procedures is on enprmously complex institutional problem, It
involves relatiohs between beneficiary Tarmers and the ifrigation
autliord ty, botween farmers in difforent narts of the system, and
even within any one part of the syaten, —nd not the least important,

between the burccraey, beneficiarics and the politicel authoritics,.

42, One would have thought that svlution to these probleﬁé

would have been baged on A prover sbudy of the czperience of earlier
projocts., The fact of the madter however, i= that we haove very fuw
detailed mad well docucntod descriptions,z/ not to sweanl ofrén;iysis,
of the experience of cither o0ld or awr projects in naintaining the
digtribution sysiocn, the worldng of fhe nechanisis for ruguloting
crop patterns and water usc ot different lcvéls, of the proccdureé
for resclving conflicts, of the discrepancics bctwéen how the

nechanisns are supposed to work nd how in Tact theoy do, :nd of
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whother there have been any  iguifieant chonges in these respects
over time and if so what coused Hien, Ye necd dotniled casc studies
addressed to such quostions for pro jeets of different types in

different regiofis,

4%, A% regards fer%iliscrﬂ, agrinohists tell u5=tha£ irriga-
tion and fertilisers ﬁ&eﬂCQmﬁloﬁaﬁfaxy; fhat‘irrigated iﬁnﬂs md
high yieliing varieties, respond bét%er to fertilisoers, nnd that the
economical dose of fortilisers ox such lends is higher taan on rainfed
rlnnds. However, fﬁe actual use.oﬂ.fertilisera even with the curront
level of irrigotcd area -is much below the potential computed from
officia; réﬁommendations 5asedAon dem@nstrﬁtion results,. Alnest all
computntioné of "ouTimum' fertiliser dose ar@‘much AQigher than actual
use leovels at cemparablé relative prices, (Pansc and Daroga Singh
1966, Bal and Bal 1973). The growth of fertiliser usc has also beun

consistently falling short of targetted levels.

44, 3inee the response dntn frow fertiliser demonstroations points
to an attractively high rate »>f return onlﬁle avernge thoe lew level

of actucl use md its tardy arotrth nust be due to one Qr rore of the
follbwing: (a)_ The fertiliser reconmendations evolved on resoarch
farns nay not hove nade a sefficient al;owﬁnca for the vorictions in
soil gquality ond othor voriables affecting fertilisor response.

(b) The farner, being unfamilisr will o new techniques or inputs,
doos not ebserve nll the practices (tinming, quantity, scquonce ete,)
nocessary for opbinum results, (c) Tho necessary complomen tary
inputs (espocially wator),-in terns of quantun, tining ad quality,

nay not be nmet for reasons beyond the farmerts control, {(d) Tue



responsge to the inpuﬁ are vmriable-aﬁd‘therefarc the forme? applies
o discount for the risks involved in ite use. On the other Lond,
all these factors are o@untéraeteﬁ by ﬁha constant flow of tuchnical
improvenents (via new seed strains, ferﬁiliser mnoterizsls aﬁd culti-

vation praptieﬂs) combined with the inercasing cffieiency of use of
I ' o J ’

'
1

0ld techniques due Ho legrhing frem exporionco.

45, There is liftlg.eﬁpirical basis for judging which of thoesc

suppositions is valié, how widesprend they arce, -nd whet their releotive

importonce is. A few scattered studics (Egrdt 1964, 1IET 1978) show

responses under farm eonditions are considerably lese fian andor

denonstrzbien eonditian, Thore 18 soue evidence of o high degrec

of variability in the roesponse ﬁud thérefore o high risk to Fertiliser

use, (Daroga Singh et.al 1970:, Abrohem and Leelavot'd 1963).

Thether or net the vorinsbility of responso is greater in YV compored

to;traditional vari; tics is not conclusively settled f.ouwdi rorsults

of some unpublishcd énalysis suggest that thie verlability is less

in the case of m.‘?-'/ Pimilarly while there is reason to beliuve

that resnonse under coaditions of nass.application may’bo belowr

thqse obtaincd in ficld denmonstrstion, tho discussion {Parikh 1978,
=;Vaidyanathan 1978) rennins rather sreculative and lacls any direet

supportinglovideﬁce. On the oflier hend one of tic nost deotailed

and coreful malysis of fertilisor trial Cota (Perikh, Srinivasan

cteal, 1974} casts doubts on W¥asther the degreo of synergy boetwecn
ineld responscs to gonrotie cheracteristies of seed, watgr-and for-

tilisers is o3 bigh and os universal as the e;perimantal data

suggest, A sysicmatic conparison, on g continuing basis, of the
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fertiliser responsc for difforent crops and sced vgriet'es under
verying conditions, obtained in engriﬂcnﬁal ferns, model agroncomic
experiments and farmors fields is the orly wazy to undsratrd the
relative inportance »f va;ioué feoctors affocting fertilisoer use,

46, . Changes in the oxtont -nd intensity of fertilicetion, trends
in yieléd response %o fertiliscr, as well as the factoré wiich contri-

bute to these chonges gt the farm lovel can only be studiced through

sanple surveys dosigned to get the relavant facts on o continuing
and comparable basis, ?uch a coneception was evidently iuplicit

in the design of the Surveys of Fertiliser Practices and in the nore
recent Surveys of the Impoct of thé High yielding Verictics conducted
by the Iﬁstitute of Agriculbural Heseorch Statistics. Tho famnar
set of surveys seemn to have boon discontimuud, but the FYV Burveys,

gtarted in 1969-T70, is confinuing and will hopefully continuc.

47 . The need for such continuing studles is underscored by the

1

results of the HYV surveys wiich belie several ponulor iupressions

on the procuss of techmnoleogicol diffﬁsiﬁn:"ﬂhoy sugTest, for instance,
that (&) among tho croos mnd tho districts covercd (all of waich
ipcidentally are vell-endowed with irrigation :gd other» infrastructure
conpared to the avoraéo) tie robe of sQreﬁd varies a great dealg

(p) while practically all faricrs ore aow using mitrogenous forti-
lisers,rdisizeablo,fraction of thom do not %11l wse mhosplictos mnd
potash; (o) nor ig the ﬁroportiun of users risiﬁg to any signifi-
_cant extont éﬁ'in o sustained fooldion; (é) the average rafc of appli-
cation smong fo:ﬁiliser users i buiow reconmendsd duﬂa;:ﬂ. in noast

cascs, ~nd tiis is specially truc, oooin, of phcesphintes d potash;
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ant (o) there is no merks:: ‘afference in the trends in the pPropor~
tion éf users,’ the iatensity of uso or he pe? lLzectare yiolds o2
between traditional mmd AYV nlots (Raheja 1975). I% is also note-
W;rthy that data fron cron cutting surveys do not show auy éigni—
ficaﬁt'differences"in-thé growth rate of irrigated rmmd wmirrigated
yields of ricc znd wheat in tle prineianl growing tracts, One

would have cxpected that in irrigated trocts, whore conditions for
use of HIV et high input levels is supposod to be favourable, yield
irould have incrcased faster than én rainfed lond, Thesc facts go
against'convuntional wisdom among scientists ond lﬁfmcn a2lilke,

they raise lmportent questions asbout the dynamics of the ddffusion
of fertilisers, aé well as zbout the extent to waich expericnce with
a now %échniquc improves its efficiency ovor time thereby stimulating

further incrorse in ite use.

48. Thant findings of rach dnportonce arce not ovolunted
critically, nor folloved u; bylfurthur fretuel -nd anclytical investi-
gationg to crozs-ciuck théir variety ond seek out exvlaonstions is a
rather unflotioring comnun thry on thoe current state of roesearch in
ais field, One emm think of soveral plausible oxcuses: The vxtent

\
of communication among researchers, ef@necially across diseiplines,

iz lomentebly poor, The survey progronmes periicns do not lave o
sufficicntly sior» focus, Ior do they have (or arc not pormi thed
to heve) o suwetoined offort ot compiling comparablce data poriodically

and over sufficiantly long noriods to permit meoningsful study of

dynamics of verious detcrminants of ggriculburzl growth., There is
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L have greatly bounefitded ifron digeussions with N.Krishnaii,
Ashok Rudra and T.N,Srinivosan in clabsifying the methodological
problems invclwved in ftrend Titting.

This dobate storbed over o decnde bagk. in tho columms of the
Stotesmen (October—ﬂovcmb or 1966) References -arc to souo very
recent contributions om o subject.

Any numhar o5f . conblnatlons are 90351ble.: Wor lnstance if ﬁhe
position of I and ¥ are reversed, the conclusions about belinviour
of productivity of in@ﬁt”ﬁill*ba“thc opposite of that discussed in
the text. '

For a selget bibliography of +$Hig work seo
Adninistrative Staff College of Indisa, Annlysis of Rainfall

- Distribution . supporting stu¢y° to a stwdy on All Indis Grain

Storage and Dlstribution ooenseted by the Ministry. of Agriculture
and Irrigetion {mimeo, Hylerabad. 1976). These stulies have
explared o voriety of statistieal estination techniques both on
experimeritol date and ow data on hehaviour of yields of particulax

- erops im &lffgrent Loits of the country.

Detelee, - For a good exannle ses . s ok

is port »f the worl, ”ajLLlallj the estlmhtlon, is the »roduct
of collaboratlve work witl: Clhondan Mukherjee, e intend to present
tire detailed rosults in a sepnrntc PLSOT.

Tiere zre however severnl atdonrts t3 use thia t001n1quo for
anclysis of éhonges in outvut (ylclds) over tie. For o discussion
of the atopistion 1 probluns inwwlveéd sec Minhes B.O.

)
Repporteurt s Rororg, On nuasumement of A r;cul%¥§$%) gggﬁﬁéiing

Districiwise Pooduction *unctlona, IJAE Janﬂﬂurcﬁ

S0 For axpmpls Reidinger, Hdchatd B (1974) Institutional Rationing
of Cancl Water in lorth India ......" Bconomic Development and
Cultural Chonge' snd Rabert Chembers (1977) Men and Wﬁ,‘bler, The
Organlsqtlon and Operation of Irrlgatlon,d}n Farmer BHE {(ed)

Green Hovelutien, (hwc'Fillaﬂ, ‘London)" -,

8/ This analysis was done by i nhas and Srinivasan.
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