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Introduction

1. The existenco of wide variotions in the intensity of human labour
use in agriculture as between crops, regions and classes of famers

hes beon widely noted especially in the context of the debates on tho
’ vV

relation between farn size and productivity per unit area™ end on tho

&/

factors determining rural wage roteas. Thers a«re also several studics

dealing with tle impact of irrization, introduction of HYVs, tracto-
risation, and other important changes in egricultural teclmolo;;y?/
on the level ond nattem of enployiient in asriculture. But the
relstion betw.een ovorall lnrmn labour use and agricultiwural productiorn
and the factors deteminin~ then hieve received ronarkably scant
attention. The significant exception is Isidkawa's Lok ‘;Ecorxornic

Developtient ir: the L3inn Perspective, ¥ ¥

2. This book, which was ir the nature of a comparative study .of
drevelog::lent in asian countries, focussed on tie large differsnces in
the intensity of hwmen labour invut in agriculture as between vericus
hgign countries: ranging fron 50 randays per hectare of crmwpyud dren
;_n perts of India to arownd 500 in Japan, Ishikawa fouid a strong

positive corradlation between physical oudput .per wmit a~ou and husan



labour input per unit area., While the labour use was positively
associated with the level of other current and capital inputs (espe-
cially irrigation and fertilisers), the use of the latter cannot
increase output per unit area indefinitely. find bteyond o certain
lindit, major 5‘.11proven1ents in irrigation and in the organisation of
farms to pernit norec efficient wator ue were necessary in order to
bring about an upward shift in production possibilities and permit a

further rise in the intersity of labour and other current inputs.

3. Ishikawa's hypothesis seems to be far nmore convincing in releticn
to the course of agricultural developrient in Japan (as well as Korea
and Taiwan) than as en explanation for the variations in intensity of
hunian labour inputs betwemn diffemnt Asian countries. On closer

Y/

exarination™ it is found that, apart from problems of comparability

in concepts and ricasurenent, the relk ticn batween crop cutput per
hectare and‘labohr input per hectare is considerably weakened when
countries like Malayasia and Sri Ianka and Philippines, with a relati-
vely h;gh proportion of area under tree crops, are included in the
sarple. Secondly, the role of irrisation in the intensification vof
cropping is considerably :wre complc;c than Ishikawa suggests.
Clinatalogical factors (telperature, quantw: of rainfall and its
seasonal distribution) have a a jor mle in determining the need

for suppleuentary irrigation, . the type of irrigation wotks which
are possible, as well as the ease with which t'.he problens of efficient,
water use can be overcone. In all these respects, a comparison of
different .lsian countries, and in particular of countries of South

and East Asia, baosed mainly on the percentage of area under irriga-

tion, or the sources of irrigation, is far too simplified to
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provice the basis for a proper wnderstanding of the probleﬁ and ,

even rore, &s a guide for policy. Thirdly, it seams likely that

one reason for the exceptionally ligh levels of hummn labour input
in East Asia may have sorething to do with the fact that thi s‘ region,

unlike South 4sia, uses hordly any 2niml power,

L. 4 nore defenitive analysis of the reascns for the inter-country
C-ii‘férence_s in labogr intensity of agriculturc is necessary: The
differences between South and Iast Asia in particular are too large

to be explained away merely by differances in concepts and measurenaent.
i4nd if it were possible {or South iAsia to achieve anyﬂnmr anproaching
the levals of labour intonsity obtaining in Mast ksin, the crploynanrt
outlook for the countries like Indiz would be profoundly different from
what is generally belicved at present. But we are not in a position

to undertake such an amlysis partly for the reason thet the deteiled
data necessary for the purposz arec not ceasily accessible to Indian
researchers. Pending that, it scened to us worthwiihle exploring tle
differences in lsbour intensity of agriculture within India on the
basis of Getoiled data £:9n the Farm Managzenent Surveys (FMS) condu-
cted during the Fiftics and the Sixties. This paper ~presents the
first results of our efforts.

5, The paper is divided intc four sections. Section I outlines an
anolytical franework in which the factors dete:mtining the isbour inter-
gity of agriculture can be exploredi. Section IT presents the results
of eipirical anzalysis, based cn cross-secticn data, of differences in
lobour intensity of crop production as a whole across, and within,

selected districts. Section III focusses on tho inter- and intra-distroct
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variations in humen labour use for one of the rajor crops of India,
nanely, paddy. Section IV surmarises the available information on
changes in labour use (between the mid-fifties and nmid-sixties

for

early severties)throec districts which have experienced relatively
- -

rapid rates of agricultural growth.

4n dnalytical Franework

6. Being onec of the inputs entering the pmduction process, the
level of labour use in agriculturc dcpends on the relaticn between
(a) output, (b) a combination of inputs (which arc defined by the
nature of technology) and (c) the relative prices and productivitics
of different'inputs as well as the degree of substituability betwcen
then (which deterdres the particular i.rxpuf corbination consistent
with naxinun returns to resources used in tho production process).
The conventional formilations of the pocuction-functiorn, in wldch
output is expressed as a functicn of labour and capital, are parti-
cularly ill-suited to analysing labour use in agriculture. Part of
the problen is the difficulty of gotting meaningful 1.1ea’..sures of tie
capital stock at the farm level in a context where a great deal of
land and water improvenant is undertaken by the public sector for
the benefit of large groups of famers. The rore inportant diffi-
culty arises fron tk.me fact that sone types of capital investncnts
(0,2., reclamation anc water developnant ) increase labour requirenents,

sone (like mechanical harvestors and threshers) arc clearly lubour



115381

displacing, and othirs (notably aniinl power) secm to be corplofien-
tary to huan labour.

7. Faced with these difficultizs, agricultural economists have
nodified the conventionsl ferralations of “tiz produetion function

by mpl'acing Teapital® with irrigation, fertilisers, hunan, bullock
labour and imchine power all of which are clcrents of fixed and work-

&

inz cepital used in agriculture. Tiae results, liowever, haQe not
becen wholly satisfactory. There is invarizbly a hich degree of rmulti-
collincarity betweon sone input varizbles (usuwally betwecen irﬁgatio:.
and fer‘biliSCrs, end betwean humn and bullock lchour), The exisuer
of a high cerrelation betwecn twe input variables is token to be incdi.
cetive of complc;:xmtarity: Widle tlis rey be valid in o statistical
sensc, cvidence from .. .oro.dicand fertiliser exporinents suggest

that such o conclusion can be highly nisleading:  For instance,
thouzh te cxtont and quality of irrigation iz an inportant deterninaat
of the limits to fortiliscr absorption as well ns the yicld responsc

to fertiliser, the lovel of fertilisor use at ary ziven lovel of

irrigetion cen, and dc-s, vary vitoin wide linits and this in tumn

should te expected tec have a significant influence on yicld,

8, The fact tinit this is not reflected in the repressions mny bo
due citix r to the inherent lindtaticns of the usual preduction
functions in capturing th: true cf rature of the unde:rlying
tecimical relations or, psrlips rore likely, to tie low range ol
variability of fertiliser usc at any civen level of iirw.mtion
witlin the saiplc data. There is also the problon of defining the

irrigation veriable in a wnearingful way. The percentage of



area irrigated, without reforence to its quality or to tie roi-
sture supply fronm rainfall is nuch too crude a neasure.

Obvious as this rey seen, nost production function analyses usc
only the percentags of irrigated area as an explanatory variable;
a few distinguish between canals and tubewells; but rdly any
allow for the quantun and seasonal  distribution of roisture fron
rainf21l. That the proper specification and neasurcaent of
these different components of :oisture availability, and their
inter-actions with fertiliscrs, presents neny difficultics is

no arguwient for resorting to expediunt simplifications. This is
an area wacre both analytical and enmpiricxl rescarch is still in
its :i.n.fancyz/ anc. where furtiier intensive work could be h.j.ghly’

rewarding.

9; The existonce of Lulti collinearity between explanatory input
varicbles prusents serious problems of intorpreting  the estimated
production functions. Faced with the fact of multi-collinearity, it
is co\mnon practico to drop out sorne of the input variablos which
are significantly correlated  with ocach othur and re-estinate the
parancters of the function:  Which input variables are to be
dmppcd,ancl which to be retained dis,howover, often deteruined hy

a judgenent regarding what is considered relev::int for tho pufpose
at hand or on tho basis of some apriori hypothesis (not always nzde

explicit) about which input variables are more important as a
causal factor.

10. Moreover, tic intorprotation of coefficients, in the presence
of rulti-collingarity is problemntic. For instancc, one frequently

cones across functions in which huian labour is included as an input,



but bullock labour and implonents are excluded on tle zrounds that
thes? are conplenatary to hunan labour = a conplenontarity which
is supposcd to be cstablished by tic high positive correlation
betweai hiwr.n and andnel 1a2hour., The coefficient for huuan

lobour in such o function camnot be considered as neasuring the
nerginal product of hunan labour alone; rather it represents the
mnrginel procduct of a combination of human labour, aniinl nower

and associated equipncats. The iisterprotation of the coéfficicnt
reises cven nore difficultics when the ratio of huxn to animal
labour varies,as it zlweys docs, within the sarple. Though tiese
problens arc recoznised, onc still finds atte:rpts to use the coeffi-
cierts for humn labour derived fron functions of the above type

as approxinating its narginal product and couparing it with actual

&/

wage rate to test the efficiency of resoucce allocation

/4

or the

efficionecy of rural lobceur .arket.

11.  Tencring the conpl 2x intcer-actions as beween difforent

inputs hes ciso beer reshensible for wrong irnforances about tle
imcet of rechonisation on huwn labour usc. Swoﬁl gt 'esw
hove reoported that the tractorised formis tond to lmve high cropping
intonsitics, hizi:er levels of fertiliser use, and higher levels of
hwen labour inputs tinr bullock opermted farus, ané that the diffe-
rences are statistienlly significant. Fren this, they infer that
tractorisation my in fact proiote fiore intensive use of hw:an
lr.oour. But tids inferonce is quite invalid for the sinple reason
that thc invut-output rch tions usod for the regression analysis

Lkave beer so defined as to corfount the offects of ‘rnctorisation



witl those of other factors (notably irrigation) on the levels of
productivity and labour usc. Since differences in cropping inten-
sity, fe_tilisotion and yicld are also found to be significantly
associated with the degroe ol irrsigation developnent and its quality,
valid inferonces about the cffocts of tractorisation  on human labour
shown to be
input cannot be made wiless tractorisaticn i_s_/ o pre-conditior to
expanding and/or iiproving irrigation, or thiat tractorisation by

itsdlf has a positive offcct on crop pattem or crepping intensities.

12. Givaen the pitfdls in the cenveontional anproach to cstiiating
production functicns for agriculture, it scums desirable to wplore
alternative ways of tackling thc problem. For this purposc, one
night nake 2 bw ad distincticn between the physical-biological doter-
nminants of crop yiclds (30il conditions, noisture availability, the
genetlc potential of sceds, fortiliscrs and mnurcs; pesticides and
weedicides) and tic onergy inouts (in the ferm of huwnn, ani:inl or
nechanical power) to perforn various operations to utilise the

physicnl-biological input, factors,

13. There is aaple scicntific basis for postulating that crop
viclds depend b sically on the quality of the secil, the gquantun,
tining, and assurcnce of scil noisture, and the voluie of nutrients
offfectivily available to the crop. The last nontioned factor is

a function not only of the voluic of nutrients applicd (whether

as fara yord wastes, grewn manures, or os artificial fertilisers)
‘put also on how cffcctively the incidence of woods, pests and Cdis-

cases wre controllcd. If, as is typically the casc, actual leévols



of input use, their officiency and, consequently, yields are below

what is demonstrated to be feasible under controlled conditions,

Yhe divergence can be taken as a reflecticn of the atypical nature of
the controlled experinents, and/or a certain loss of Fefficiency

in transfering the techniques from experinental conditions to conditions
of nass use.l]/ Boti these Continaicies, however, arise from

factors (such as the lack of adaptive research to evolve varieties/
techniques suitable to specific local cenditions, lacunae in the
extension services, and lags irherent in learning of ncw techniques

by farmers in-the-rnss) of an institubtional character rather

fron a shortage of encrgy inputs,

14, The rol: of the latter is essentially to perfcrm various opera.-
tions associated with the use of the physical inputs. More intensive
jrrigation, fertilisation and aﬁplication of plant protection theiricals
clearly roquirchighier inputs of energy in the respective operations.

In so far as the degrec of intensity and care required in preparatory

-

and sowing op:rations is itself a function of tle quality of land (its
physiCa_:]. characteristics , depth, and nmoisture supply) which deternincs
potential yields, the aiount of wrersy  put into the fomer is also
a function of the latter. Lo, 1L the work invol;rezcl in
harvest and post-harvest opcrations is a function of the quantun of

yields, it is alsc likely to be an increasing function of the use of
irrigation and fertiliser use,

15.  If this view is correct, we could :2ke the following postulates:
(1) Yields are funcdanentally a function of the level of irrigation,

manures and fertilisers and plent »rotection chemicals; and (b) The
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quantun of energy inpﬁ:t can contribute to yields only through the
latter and should not be treated as an independent causal factor.
This implies that the energy inputs will also be a function of the
level of physical inputs and to the extent the energy reqﬁireuents
for applying different inputs and for operations associated with then
differ, also on their ccrposition., However, if information on the
physical input variables in the rocquired forn and dstail is not
available (and this is in fact the case), it is convenient to
exarine how the various sncrzy inputs are related to the overall

yields, whichreflect the composito effect of the physical inputs.

16. The assuiption that the crop yields are fundanentally determined
- by the quantun and efficiency of physical inputs and tint energy
inputs by thenselves do not contribute, at any rate significantly,

to yields could be challenged. It is often argued for instance, that
tractors raiso yields by pernitting cecper ploughing and, nore
ix:porf.antly, help increase cropping intensity, amd possibly facilitate
sowing of high value crops, by greatly speeding up the pace of herve~
sting and preparatory operctions. Thus, if the tine available
between harvesting and threshing of a kharif crop and sowing the

rabi crop is very short and farners were to rely wholly on hunan

and animal labour, it ray be physically impossible to cormplete all

the necessary operations in tine. To the extent this is true,
clearly larger encergy inputs, at loast in the critical period, by
itgelf will make a difforencoto the produ:tivity of land. However,
the available empirical studies do not conciusively corroborate aither
of the above claimsl-z‘/ regarding the benefits of tractorisation.

In any event, since the use of mechanical power is as yet relat:j.vely
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snall in riost parts of the country, ignoring its dircct effects
on productivity is wnlikely to seriously vitiate analysis of data

for past Years.

17. The other argurient could be that weeding and intclculturc;: ,

which prirmafacie could have a siznificant effect on crop yiclds,

need not necessarily be denc only with tie holp of chericals; they

cen be (and, in the case of inter-culture, have to be) dene by hwan/
aniial power, In so far as cnergy inputs nre a substitute for che.-
nicals, or are the only way to perfom tliese operations, their intenaity
could directly affect yiclds, This is a point which will try and
verify later in the paper. iven if it werc true, since the encrizy

input into these operations ig n relatively smll fraction of the

total, there is no warrant to abandon the brosd framework of unalysis

cutlined above,

18, This frmnowork has the added advantage tliot it offers sroate:r
scope to exanine the dagrec of corplonenterity or substitutability
botween tho tureo differcnt sources of ernirsy nonely, hwian labour,
animal labour and riechanical vower, as well as tie factors respongibl.
for variations in the nix of these enersy sources. This problen,
inci&en‘cally, has received far too little atterntion in tiie past:
The available literaturc generally assuics bullock labcur to be
strictly compleruntary to hwian labour, and concentrates nostly on
the extent to which mcchines tend to displaco huwn 1nbour. The
positive association between hwiin and bullock labour in the
aggregate however, conceals considerable variation in the ratio of
the two sources of cnergy both overall, and, cven iwore, in parti-
cular operations. 4 bottor understanding of the techrical and the

oconoriic reansons for the variations in the hurmn-animal energy aix



e
will be possible if wo exanine the behaviour of the nix by major
agricultural operations, The quantum of hurizn labour input per wnit
area in agricultural operations (individually and collectively)

will than be viewed as a function of total crop yield per h.ccture
(which is assuned to dofine tho overall encrgy roquircment ), the
quentun of anirel or mchine power used, and the relative priccs of.
the three sourcos of onergy. Of course thc rclative prices should be

adjusted for differences in rclative efficiancies in the use of energy

fron different sources.

II

Analysis of Cross Scction Data for 431 Crops

15. The basic data on the average crop output, irrigetion, hunan

and labour inputs per hectare of gross cropped arca ahd soric other
rolevant variables for sclectod districts arce set out in Table 1.

Tho districts arc arranred in asconding order of crop output per hectare
evaluatod at all-India average prices for various crops prevailing

in 1970-71 to 1972-73.13/ We shall present the results in two
stages: (1) The oxtent to which differences in physical factors can
explain obscrved variations in per hectare output; and (2) analysis of
the factors wnderlying diffcrences in the intensity of husan labour
input per hectare. In both stages, the rosults of analysis based on
inter-di strict cross soction will be discussed first, followed by
those based on intrs-cdistrict cross sections for imlividual districte

and groups of districts.
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Variations in Crop Output Per Hectare

20. Crop production per hectare of gross cropped area (valued 2t ..
the all~India average prices prevailing in 1970-72) ranges from an’
average . Is.265 in Ahnednagar (1954~57) to over iis,2000 in Muza=-
ffarnagar (1666-65). The frequency distribution of ths oa lcdistricts
by levels of productivity (See Table 2.) shows a fairly wide disper-
sion of the values. The range of variation will nmaturally increase
as we ove fron district averages to averages for different size-
classes of farms and on teo individuel sanple fams, It has not been
possible for us to re-estirate the output per hectare on a unifomn
prico-base for size-classes or for incividual fams. However, we havc
analysed the variation in outgut per hectare by size~classes by grou;-
ing districts, and in sone cases by zones or sub-resions within a
district, which were surveyed in the saic period.

Table 2

Distribution of Sarmle Districts by ILevel

of Product »Her hectare

Productivity 250- 500- 750- 1000~ 1250- 1500~ 1750~ ..,
danpe (ws,) 5000 750 1000 1250 1500 1750 2000

Nu.ber of
districts

WBasy 1w e o g

Siiple average output per
hectare for sample district : 1182

Coefficient of variation : - 0.46
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21, In the case of the inter-district cross-section we have data on
total rainfall and its soasonal distribution, the oxtent of irrigation,
as well as tho extent of nechanisation for all the selected districts.
Informticn regarding manures end fertilisers, which detonmxines the
quentun of plent nutrients apbliod to crops, is available only for 11
out of the 18 districts. Wc have not considored other inputs like the

quantun and quality of sewd, or the use of plant protection cher.u'cz'xls.

22, In tems of %the hypcthosis cutlinod in Section I, we should cxpect
th t inter~district variations in crop production pcr hectare to ke
largely aplained by dif‘férmcos in noisturc avoilability and intuneity
of fertilisntion. It can be scon fron Teble 3 that there is indeed

a positive an¢ statistically significant association between crop yiclde
on the one hand, and irrigation and fertilisaticn on the otier.

Howover, moisture requirerents for plant growth arc :iet not only by
irrigation but also fron natural rainfall. Moisture supply fron rain-
fall relevant for plant growth depends on its quantun as woll as its
scasonal distribution: 4 high rainfall ccencentrated in a fow nonths

of the yoar has very different consgquences for crop pattern and

yiclds than a noderate, but evenly distributed, rainfall. For tlis
roason, the tectal ammunl rainfzll and the proportion of totel rairnfell
falling in June to Septenber, wore introduced as additional

oxplaratoTy variables.y The former is found to bo not éignii‘i-
cantly 'corrclated to crop yiolds; while tie scasonal distribution

of reinfall and yilds shows a negative, though statistically insigoni-

ficant, association.
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Table 3

Total Corrglatin Coefficients Betweer Crop Output per hectarg
and Sglectod Physical Factors

: , Total Corrclction
Corrolanted variables coofficionts J/

Crop output/ha. and parcent of Irrijmted earca: +0.55%%

Crop output/hz. and nutrients per ha %/ +0.508#

Crop output/ha. and Total amual reinfall +0, 00003

Crop output/ha. and proportion of rainfall in Junc- ~0.312
Scptenber

- g -—

1/ Throughout the paper “**.gonsseignificant at 5% lovel and # significax
at 10% lovol.

&/ Tlates only to 11 districts.

Tho total corrclation cocfficient betwecen output/ha. an?d percentage
irrigated arca for this sub-set is 0.845##*

23. Since some of ticse oxplanatory variables arc inter-omrclated,
we fitted a linear multiple regression relating output per hoctarc to”
all tho cxplanatory voeriables to ot a 01w accuratc idea of the net

cffoct of cach. The costintod rogresaions are as under:

A1 Qistricts Y = 862.5 + 10.48x:* + 0.14%, = 4.T5x 22 0.419

'T! values =(2.178) (3.7718) (0.694) (=1.455)
11 digbricts Y = 918.3 + 10.45%; - 0:23x, © 0.715
1T valucs (7.266) (3.583)  (-0.087)

Where Y = output per ha; x, = porcentage of irrizated arce;
X,= total rainfall, x3 percentage of rainfall occuring Juno=

Scptember,
and  x,= plant nutrient/ha,
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The first regression suggests that irrigation is the only veriable
with & significant nct positive effaect on yield. The coufficient for
scasonal distribution of rainfall,though negative, is not significant.
The scecond shows that thoush irrigation and fertiliser use taken
inQividually arc sigrificantly corrclated with yield, the intonsity
of fertilisation is itself strongly associated with irrigation .and

hence has an insignificant nct coffect on yield 8'15/

24,  With less than half tic obscrved variation in output/ha "explaincdi
by the selected varitblos in tho full samplc, it :iay be useful to
congidor what othor physical facters sdsht be relevant. Wo considercd
two obvious possibilitioszl First percentagc of arca under irrigotion
nay not adequately capture the difforences in the quality of irriga-
tion. There is clearly a difforence botween camals and ground water
in torms of the degrec of centrol over quantun and timing of water.
application, Since groundwator rakes for better quality of irrigntion
in tems of thc above criteria, it sceonad appropriate to sece whether
the proportion of arce irrigated sorved by wells and tube wells
affccts yicld. Sccordlwy, since the output valuo por hectare

verics a great doal fron crop to crop, differcnces in crop pettern
n.ight be a significant dotoridnant of overall production por hectarc.
But crop-pattern differonces cannot be casily quantified into &

single nunericel index, Moroover, diffcrences in crop pattom are

%0 a considcrable cxtont a function of agro-climatic conditions and
irrigation, Panding a rmch norc satisfactory salution to those
brobloms, we decide@ to usc the proportion of cropped arca under

paddy and suyzarcenc (which cre relatively high valuc crops and
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also quantitativoly irportant) as a possible explanatory variable.
The rugrossion for the full sample of 18 districts cstimoted with
these variables and those mentionced carlior gave the following -
rosult:

Ht

Y =203, + 11.2x + 0.7, = 4.3%%; + 1026.2;:,5*+ 6.03%, i ]
"Mvaluos «(.421) (3.14) (0.81) (-1.27) (1.92)  (1.42)
Where Y, Xq,%p and X3 stand for the eamo variables as indiecated in

para 23; X for the preportion of irrigatud arca under wells and tubo-

wells; and x, for thc proportion of cropped arca under paddy and sugarcal

Bvidontly, thce quality of irrigotion hes a sigrificant influcnce en
productivity. Wiile the proportion of peddy and sugnrcene is posi-
tivaly rclated tc total crep yiolds, the coofficiont is not
significant.w

the
25, That/sclcctel physiel varisbles still oxplain less than 60

preent of the intor-district veriations in productivity per hectare
my eppenr to cast doubt on our hypothesis regording the dorin~nce
of piyyricl freotore in explaic i yicld, However, such & conclusion
would be promturc because the specificatioun of the wplanatory
varicbles as well as thoir quantificaticn leaves much roon for
improvanent in soveml dircctious: Sincc. the éize of tho sanmple
is too smll, i, would be useful to sce how the hypothesis faros
whon tested en a much larger sarmple. This can be done by (a) inclu-
ding cther FMS districts in the Semple (our presont samplo covors
abour half tho total mubor surveyud under te FMS), (b) taking

individual yocar observations rather than threc yecar averages, and
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(¢) data for individual sample farns rather than averages for the
sanple as a whole. But the problen is not meroly onc ofsample
size; Wo noed considorably morc rofined ncasurces of irrigation
quality, Tho procodure of ostineting the quantun of plant nutricnts
applicd (ospecially in the forn of farm yord manures) necds to be
improvoed by getting rmore reliablc cgstimates of the nutricnt content
of FYM in diffeorent parts of tlx country. And wo nced to find nore
satisfactory woys of incorporating crop-pc;ttern diffirences in tho

analysis,

Intra-District Varintions

26, In analysing variations in production por hoctare within distriets,
it is not possiblo, without ruch morc information tlrn is readily
available to us ot preosont, to cxarnine tho extent to which they are
affocted by variations in rainfzll and its distribution, the quality
of 'irrj_gation and crop p:».ttoms.lz/ A1l thnt could be conc is to soc
how difforancos in proportion of irrigated cres and use of furtili-
sors and nanures aroc associctud with productivity cifforcnces: The
rolovant corrclation coofficients, given in Tolle 3, indieate tho
following: (a) Irrigation and output pur hoctaro aru positively
associatad in 8 out of the 14 districts for which tho nucessary

data were availnble, but the cssocintion is stotisticolly signifi-
cant only in 2 cascs. (b) Whilo the irrigntion-yidld rclation

‘sems ruch wenkeT across tho farns within districts thon across
districts, thc positive association betwoen tle usc of manurcs and
forti]is;rs por hoctare and output por heetare is nuch strongorl

and rorc uwniversal than in tho intur-district cross-scction. Tho



corrclation between thic two varicbles is pesitive in all cascs,

and the coufficionts arce statistically siymnifieant at 5% level in 5
cases and 10% in onc. (c¢) The associntion betwawn irrigation and
fertilisntion usc presents mixed pattern: In € eascs the association
is pogitive, but iv is stotisticelly sigoificont only in 3., The
five remining districts sliow a nogative aaseciation botwean tie two

variables but the coofficient is sigmificant enly in  one casc.

Inblo 4

Corr.lation botweun output per hectare, Irrisstion ard Forti-
liscrs in Sclected Districts, Incin

—— - o S T T e S S G e e e Sy W e S e S e ¢l s A B

o, of Output poer heetarc Output per hect- Monures & Ter-

District obscr- and percentage of  are and ncnurcs  tiliscrs per
vetions irrigated arca and fortiliscrs hectare & por-
per hicetare centagz of
e e e e e e e e s ——— arun irrizotec
A e B ) (5)
Pali 3 -0.26 +0.53 +0.08
haipur 5 +0.15 1G.55 +0.88%*
CuC.zppah 5 +0.38 +0.005 $.75
Sanbalpur 5 -0.76 +0.30 -0.C23¥*
ﬁ,j;';‘;f;‘ir 5 +0.26 10.€4, ~0.55
Surat-lfuticas = 0N +,5 5% +0, g7t
gjfg&g ~22 1/3 -0.7" +0.25 +0, 77
W. Godavari (P)' 8 +0, 11 +0,'13°% +0.02
W.Godavari (7‘)'- 2 -0,19 10,539 +0.24
Hecrut- : 40,42 +0.73 +0.67
Huzm ffarmagar '
Cuttack 0 +0.33 +0), O34 -0.04
Coirbatorc 5 +0, GG+ +0.77 +0,73
Tanjavur 5 =0.60 +. 62 -0.12
Muzaffarnazar c -0.34 +0, Gat® =0.41
#Sipnificant at 53 1/ P" stands for Paddy Zone ~nic

## i mificant at 10%. nTi for Tobacco Zono.,
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27. Tho nuibor of obscrvations available for individwel districts
is far too smll to pcermit nmultiplo regrossion with oven 2-3 oxélam-
tory varicbles. Annlysis basod on pooling of date for diffuront size-
classos of holdings for groups of districts which had boen survoyod:
in tho sang yoz‘.rsv,"—g/ howsver, scun to confirm that tho furtiliser-
yicld relationship is ruch stronger then the irrig-tion-yield .
rclotion and alsc thot the assceirtdn: b Ctl'le;m iordobiin ol
ity r'f.‘ fertilis e L9 the on smi . ¢f wat the dnter.
district ~mlysis su.osts (Ve 5).
| I~ble 5.
Correlation between output per hectare, Irrigntior

and Fertilisers i Selected Groups of Districts,
India

District No, of ob- Output/ha and per- Output/la and Monures & Ferti-
~Group servations centage of nret monures ond  lisers per hr.

irrignted fertilisers/ and percentngze
hectare of area_iriiistes

i 18 -0,72% +0,83 #¥# ~0, 723
B 16 =0.41 40,88 % ~0.53%%
c 9 +0.96%* =0.83%# ~0.90##
D 15 +0. B +0.30 40,38

E 20 +0.86#+ +0.85%* +0.8G#+*
F | 10 -0.34 +0.50% -0.5CH*

Group 4 includes: Anritsar/Ferozepur, Meerut/Muzaffamagnr cnd Hooghly/
24 Parganns,

~do= B =do- : W, Godavari (paddy zone) ond W, Godavari (Tobacco zone :.
G0 C -do~ : Deoria, Muzffammager.

<do- D do~ : Cuddnppah, Cuttack and Thanjovur.

-do- B .do~ : Surat-Bulsar (based on size-class wise data for 4 zonss).
do- F  =do~ : Sarbalpur (brised on size-cl~ss wise data for 2 zones).
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26. Linear resressions of the per hectare yield (Y) on proportion q
irrigated area (x1) and expanditure on mpnures ond fertilisers (Yz)

for each of the above crcss-sections, are given below:

Group .. T s 330.5%F - 0,76%. + 9.;24:;,** ;;2 10.72
(4.867) (-1.253) (3.26%)
D T= 367.1% 4 0.47x, +5.7x, % & =078
‘(4..222) (0.471) (5.9-43f 2
C Y= 7853 +15.55¢" + 5.56x% L = 0.%
(1.467) (4754} (c.g8eY
L, o . 2
D Y= 703.9 + L.58x, + 0.00¢ o= 0.€2
(9.226) (4.053) (0.007
E Y= 500.7%%+ 6,38x %+ 2.85 # o
(8.569) (1.9413 (1.660
F Y= 106.90%= 0,00x, + 3.33x 2 - 0.26

(6.148) (..172) (1.1483

Except in Sartelpur, a high’ proport.ién of vorintions in output per
hectnre is explained by differences in irrigition and fertilisation,
The coefficients Inve generclly the expected positive sign (except for
irrigntion in Group 4 and F);  but the relntive inportance of tie two
foctors differ widely: dirrigntion seemss to be the domincnt factor
for theee groups, :nd fertilisers in two. But asince the pooling
invclves districts with very different ngrc-climntic conditions,

and since the annlysis dces not capture tie varintions in moisture
availability even to the der_,’ree‘_‘achieved in the inter-~district cross~
secticn, the sigrificance ‘cf these firdinrgs is Jifficult to interpret.

Lt any rote no generalisation seenms possible at this stage.
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Variations in Hwpn Iobour Taputs

25. The FMS reports give data regarding direct human lobour input
for crop production per hectare Cf, cropped arex. They also contain
-infc;r.'n don from which it is posgible to estimnte the quantw: of
l~bour used in the .37'.inten'mcé ~of draugiit and nilch vc:lirmls.w
Wile we shall be concerned here only with labour used directly in
raieing crops, it my be of soie interest to note the extent of
variations in all o?,tegc;ries. Agsresote huwn 1nbour input in ozri-
culture and animl husbanéxy token together ronge fron 54 nondays in
m:m_gar to 192 mndays in Surct ond Bulser (Tablé 6). Betwecn

5 and 13 per cent of the labour is used feor iaintencnce of milch-
aninals. The direct =nd indirect 1 bour inputs for crop.production
alone (the indirect labour being t'® quartum used for mintaining
drauyght oninnls which are aluost exclusively used in activities related
to crop production) range frem 50 days per ha. to 181 days per 'a.
0f this, between 7 and 22 per cent represents latcur input for

mointencrice of draught anirels, The direct labour use for crop

production ranzes fron 44 to 168 days per hectare.

30, There is o high degree of dispersion in all the three incices
of lobour use in agriculture within the snrple districts. There
is also o high positive correlntion between the three mensures of
Jlabour use which suggests that high levels of direct lobour use in
crop production goes with high levels of overnll labcur use in

agriculture. But the relative proportion of the three couponents vary

quite widely.
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Table 6

Intengity of Huwn Iabour Input into
Acriculture: Selected Districts

Nunber of humon labour dnys per hectore of

cropped aren used for

District Crep pro- Crop production  Crop p?oducti
mehion tmintenee v b
(1) (2) Gy (4)
flrecdnagnr 44..3 5C.2 54.2
Nasik 56.1 62./4 67.0
P13 65.7 75.4 85.1
Surnt-Bulsnr 168.5 181.2 162.0
Lrnritsay/Ferczepur 51.0 5.4 65.9
sthn.lpur 106.7 126.7 136.2
Cudappah 85.3 9.5 105.9
2/, Pargonas 112,C 135.7. 142.7
Meerut/Muz~ffarnag-r 93.2 116. 1 136.8
Cuttack 1C1.2 112.1 118.4
Hooghly 146.6 161.0 175.5
West Godoavari 124.8 127.2 135.6
Deorin 100.9 120.8 136.7
Ferozepur 60.0 69.0 79.5
Coinbotore 3.4 102.3 110.3
Thanjavur 118.8 M., A, N.A,
Muzaffarncger 73.2 7S.7 1.0
-Sn.:lp-]-.e-m-re;o.;e ------- 925 TTTT T ;02; ------- 1-‘;4-.8-' )
c.V. 0.363 n,358 0.344
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Factnrs affecting Intensity nf Human Labour
Use for Crop Production

31. Our basic hypothesis, it may be recalled, is that.the level

of huran labour input per unit area is determined by (a) the level of
produétivity peé unit a;ea which is taken to be a proxy for the

.more fundamental determinants (namely the quality of land, agro-climatic
6onditions and other physical inputs) of the total energy inputs needed
for crop husbandary; (b) the use of energy sources other than human
labour; and (c) the relative costs and efficiencies of different energy

sources.

Inter~district Crogs Section

32. The total correlation coefficients between HLD/ha and the
explanatory variables have the expected signs ( 40.37 for yield/hectare,
-0.23 for animal labour, -0.272 for mechanical power, and -0,95: for

the relative cost of human and animal labour) but none of the coefficients
are statistically significant. A multiple regression analysis however,
shows that the yield per hectare has a significantly positive, and the
quantum of horsepower per hectare a significantly negative, relation

to human labour input. The regression coefficient for bullock labour

and relative costs of human and animal labour are statistically insigni-
ficant. Ig other words, other things being equal, higher productivity
goes with larger human labour inputs, and a higher degree of mechanisation

reduces the quantum of human labour use.
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The estimated regression is:

* *

'T' Values (2.985) (2.104)  (1.441)  (0.467) (-2.258)

where ; = J7.n/ha, X, =_output/ha,'§2 = BID/ha;'x3 = cost of human
relative to animal labour and x4 = horsepower/ha.

33 | The selected explanatory variables, however, explain no more thq

40 per cent of the observed variations in human labour input. Apart
from the fact that our specification of the relationship and the measurd
of the input variables may be too crude (this is discussed more fully
later in this section), it s eems possible that differences in erop pattd
could be an additional factor. This is because the human labour ;nput
per hectare varies a great deal between crops: The available crop-wis~
labour input data from FMS for the selected districts (Table 7) suggest
that, on the average, paddy and sugar cane use.significantly more huma:s

rer hectare than other crops.

Table T Freguency distribution of Intensity of Human
Labour input per hectare for different crops

Rumber of mandays per hectarec

Less than

50 . 50-75 75-100 100-150 150 T

B |
Peddy - b 6 17' 2
Vheat 2 5 3 2 -
Coarse grains 13 4 5 5 1
Pulses . 7 6 - - -
Groundnut - 1 1 ‘1' 1
Cotton - 2 1 1 1
Sugarcane - - 1 4 5

source: Compiled from data relating to individual crops given in the ™.3
reports for selected districts. Since the choice of crops was nol
based with any idea of getting a represe; tative sample for the cot
&8 a whole, and since no distinction is madc between irrigated an
unirrigated crops, this distribution is only indicative.
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34 While the reasons for these differences are still a matter
for investigation, the fact of such differences should perhaps be
taken into account in any attempt to explain differences in labour input a
across regions and farms. The regression was, therefore, re-estimated
by introducing the prOportipn Qf afeé under paddy, and sugarcane as &n
additional explanatpry variable(}ts)while this imposes the R2 (0. 52),
the crop-pattern variable turns’;ut to be not so significant afterall;.
moreover, its introduction makes all other coefficients also statistically
non-gsignificant. The estimated regression is:

y‘.= 124.5 +0.01 4 x, - 2.14 x, - 33.2%; - 187.0%, + 050X,
? values (3.355 (0407) (-1604) (-1@32) (-1.409 (1.669

Intra-district Variations

35 It is impossible to do a similar analysis of intra-district
variations because (a) thé number of observations available are too few;
(b) they are averagés for groups of farms which are not homogenous either
'in terms of the size or composition and (c) the infqrmation on mechanical
power is hot available., For most districts we can only find out the
extent to which human labour input is associated with yields, bullock
labour and the relative costs of human and animal labour takes individuall)

The results (presented in Table 8) show the following:

(1) Human labour input and production per hectare are positively
associated in most (12 out of 14) districts for which data
are available. The correlation is statistically significant in
5 cases, and not significant in the other six. Of the three
districts where the correlation is negative, the coefficient is

significant only in one (Surat—Bulsar).



(2) Unlike in the inter-district cross-section,

human labour

and animal labour inputs are positively associated in 13 out

of 14 districts analysed and the coefficients are significant

‘in 7 cases.

There is a significant and negative correlation

between the two variables only in the Tobacco zone of West

Godavari.

(3) In a majority of districts (10 out of 14) there seems to be an

inverse relation between the intensity of human labour input

and the relative cost of human to animal labour, but the

relation is siguificant only in threc. Though the two vapiab191

are bositively correlated in 4 districts, the correlation is lo

and statistically insignificant in all except Cuttack.

Table 8 Correlation Between Buman Labour Input and other

Variables in Selected Districts

Correlationr boLWween !III‘D?-!IE BNy I

District §‘;r3§t‘j‘;,, dutput/ha sLo/ha Cost of ng

B Cost of Bﬁ
Pali 5 +0 , RE** +0.27 +0,35
Raipur 5 +0.90%** +0.97** -0,58
Cuddappsah 5 +0.32 +0,.97** -0.64
Sambalpur 5 +0.79 +0.75 +0.65

Aaritsar/Ferozepur 5 -0.43 +C,.99 ** ¥0.97*4

Surat/Bulsar 5 -0.99%%  $0.96 ** -0.9¢+1
Houghly/24 Pharganas 8 +).54 +0.52 -0.4%
W.Godavari (P) & +0.54 +0.51 ~0.34
W.Godavari (T) 8 +0.T4%% ~0.64% -0.60
Meerut/Muzaffarnagar 5 +0.79 +0.90%** -0.47

Cuttack 5 +0,93%%* +0,97** +0.90*!
Coimbatore 5 +0.82% +0.97** +0.15
Tanjavur 5 -0.38 +0,91 %% -0.02

Muzaffarnagar 5 +0.71 +0 .95 ** -0.83*%
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115381

36. The picture is such the same when we pool size-classwise data

for different districts or zones within particular district s(TaHle 9)

The intensity of human labour input is positively associated
wiih proauvciivity iu 5 out’of six cases, and significantly so
in 4 of them, as well as with bullock labour use (poaitive in

5 cases and significant in 3). The coefficient for relative
costs is pcsitive in three cases and negative in three, only one

of the former being significant.

Table 9 Correlation coefficients between Human labour use
and other variables: Groups of Districts (zones

Group gg;z:vations Output/ha BID/ha g%g%—%%;%%ﬁ%
A 18 +0.90%* +0.001 + 0.55%*
B 16 +0,73** -0.55%* - 0.38
C o =0, 70%* +0,98%*% + 0.23
D 15 +O.5T** +0,70%* +0.32
E 20 +0.51%* +0.38%* - 0.26
F 10 +0.23% +0.47 - 0.003

Hote: The constituent Aistricts/zones of each group are the mme as
indicated in Table

37. Mult;ple regression analysis (the results of which are given belcw)
also shows productio.i per hectare (x1) to be a significant positive
influence on'labour absorption (Y) in half the groups; the positive
relation between human and bullock 1abou§[is more universal (the only
exception is West Godavari). The relative costs of human and animal

power (13) exerts on significant negative influence on use of human labour

in two cases; positivein two others, with the coefficients being
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insignificant in the remaining .two . The divergent pattern of
relation as between the inter-district and intra~cdistrict analysis,
as well as between different district groups are puzzling and cannot

be easily “expleined.

*
A Y = -109.6 + 0.183*;1 +3.53%%, 4 83.50%, R? -
(-3.254) (3.269) (2.380) (2.823)
* % 3 3% 3% 2
B Y = 221.13 + 0.134 X, - 3.99 X, - 98.56x3 R =
(4.059) (4.836) (-2.503°) (-2.3507)
c Y = 15.50 - 0.005x, + 3.65x;* + 4.52 2, R? -
(.141) (-0.232) . (3.412°) (0.025)
' * % * 9% 2
D Y = 6.30 - 0.002x1 + 2.89 X, + 49.6x3 R® =
(.379) (-.078) (7.166) (4.418)
* % * % * % 2
E Y = 104,15 + 0.079x,  + 6.42x, - 616.2x, R =
' (3.581) (4.89) - (3.07°) (-3.51)
- *
F Y = 21.28 - 0.029 x, + 2.70x, - 16.43;3 RZ =
(o77)  (-.13) (1.38) (-.70)
Belafion between Human and Bullock Labour
| , , i
38, That high levels of human_labour use generally tend_ to go with

larger inputs of animal labour has been interpreted as evidence of
complementafity between the two sources of energy. But as pointed out

above, the'positive correlétion between the two is neither universal r

i DD il s et

|

always significent; in any case it certainly does not imply that.they‘
used in fixed prOportions. The ratio of human to bullock labour in fac
varies very much across districts and within districts (see table 1).
The significance of these variations and the factors responsible for

them have, however, received hardly any &tention in the 1literature.
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39. The data suggests that as the ratio of HLD to BLD rises, the
épsqlutemquantum'of human labour input per hectare tends to be higher

and that of bullock labour to be lower: Thus, when we look at the
inter-district cross-section, HLD and HLD/BLD are found to be poaitiyely
and significantly correlated (+0.80**), wvhile the correlation between

BLD and HLD/BLD is negative.an® significant (~0.73**). The picture,

as in other cases, is rather confused when we onsider the individual
distriét cross—-sectiont Though the HLD-HLD/BLD correlaticn is positive

in a majority of the districts (8 out of 14), the coefficients are
statistically significant only in threec. In 6 districts, the correlation
is negafiVe but significant only in one case. BLD is negatively associated
with HLD/BLD in 13 dstricts but in 12 of them the coefficients are not
statistically significant. 'However, whén we consider groups of districts,
the relations are more in 1line with those found in the inter-district
cross-section (Table 10). This is also truc when we pool the size-

classwise data across all districts.

0. It would seem, therefore, that the intensification of total
energy input (in the form of human and adimal labour taken togédh er
takes place through higher input of human labour rather than of animal
labour. This could mean that as the intensity of total energy input
rises, the additional inputs are increasingly concentrated in operations
which depend primarily on manﬁal labour and where the scope for use of
animals is limited. However,.since the above relation is not universal,
and since we know that, as a matter of fact, several operations permit

the use of human and animals power in varying combinations, it is also
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Table Relation Between Human and Animal Labour in

Crop Production

Correlation between HLD[BLD

Cross seotion gg;thggg BLD/ha BLD/ha Cost of HLD/Cos
Inter-District 18 +0.TO** -0, 72%* -0.23
Intra-District
Pali 5 +0.57 -0.63 +0.46
Raipur 5 +0.24 -0.02 -0.45
Cuddappah 5 -0.61 -0.78 +0.17
Sambalpur 5 +0,29 -0.41 +0.,66
Anri tzar/ 5 -0.73 -0.81 +0.60"
Ferozpur
Surat/Bulsar 5 -0.20 ~0.47 +0.25
Houghly/24 Pharganas 8 +0.,80%* -0.10 -0.25
W.Godavari (P) . +0.52 -0.47 -0.48
W.Godavari (T) 8 +0.84%* ~0.88%* -0.55
Meerut/Muzafarnagar 5 +0.74 -0.38 -0.81#%#
Cuttack 5 -0.19 =01 +0.04
Coimbatore 5 ~0.96%* -0.99%* -0.04
Tanjavur 5 -0.35 -0.71 -0.01
Muzafarnagar 5 +0.02 -0.29 +0.26
Cross section for District groups
A 18 +0.88%* —0 . 4T** +0,86*¥
B 16 +0.86%* -0.81%* -0.37
c 19 -0,95%* -o.97*¥ -0.13
D 15 -0.10 -0,75%* +0.75**
B 20 +0,49%* -0.59%* ~0.20
F 10 +0.66%* -0.35 -0.32
All District and size
Classes 86 +0,T6%* -0.68%* ~0.21 %+



33

possible that the variations in HLD/BLD may reflect, in part at least,‘
adjustments of this ratio to different relative costs of the two
courges of power in different tracts, and possibly also across farms

vithin the same region.

4. Our analysis shows that while the correlation between BLD/BLD
and the ratio of the cost of HLD to that of BLD has the expected
negative sign both in the inter-district cross-section and in a majority
of the districts, the coefficients are, with a single exception,” not
statistically significant. Much the same is true of the analysis using
data for groups of districts. But when pool the size-class wise
information across all districts,therec is stutistically significant
negative association between the ratio of HLD o0 BLD and the ratio of
their unit costs. The relatively low coefficient of correlation
(-0.214**) means that though the relative costs of the two sources of
power do influence the relative proportions in which humen and animal
labour used, they explain barely 5 per cent cf the variations in the

ratio. ' Obviously other factors are far more important.

424 To sum up. the results of ovr analysis of productivity and labour
use for crop production: the inter-district cross-section for groups of
districts seems to corroborate our hypothesis that physical factor-
(inoluding intonsity of fertilisation) -are dominant faétoriin:determinin:
crop productivify. However the relative importancc of irrigation and
fertilisation varies. Moreover, within individual districts the
~ssoclations between the selected variables ere weak and not always in
the oxpected direction. In any case, the fect that a substantial porti -
of yield variations across districts remains unexplained points to'tho

ieed for more detailed and rofined analysis.
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4%, | Our anal-sis of variations in human labour use again provides
faily good corroboration of our hypothesis though there still remains
much scope for refinment. Howewrer the intra~district cross section and
the cross-sections for groups of districts present a rather different,
and_more mixed, pattern especially in regard to the relation between
huﬁan labou: on the one hand, and bullock labour and relative cost of
the two on the other. This is also true of the associatipi between

the ratio of human to animal labour and their relative costs. It is
pOSsibie that apart from the limited number of observations for
individual districtsand the inability to include some of the explanato
variables which figure intreinter-district cross-section, the level of 
labqur use both in absolufo terms and relative to other forms of energy!
within particular tracts argifﬁkluenced by differences in the quality
of land, availability of family labour, access to and relative cost of
Q;fferent energysources- all of which may be systematically related to
th; size of holding.‘_These variations, which get averaged out to a laré
axtent in the inter-district analysis may be much more important in
explaining variatibns between farms within particular districts. 2.
44, Besides the above, the following further general limitations nea
to be borne in mind. First, it is possible that the scope for
substitution between human and animal power may differ significantly cr‘
to crop and from onc operation to ﬁother. If this were so, analysis of
their use levels aggregated over all operations may not adequately

capture the substitution relationship. One should analyse the use

of human and animal labour by specific crops and operations.
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45w We tried to take the former into account by introducing the
.proportion of paddy and sugarcans (two of the majior, labour-intensivc
crops) as explanatory variables. But, for reasons mentioned earlier,
this is not a wholly satisfactory way to capture the effect of crop-
pattern difierences. Ip any case, this could not be'done in the case
of intra~-district croas-sectioné. As for operation-wise labour use,
the published data do not permit an . analysis for crop production

as a whole; but we shall attempt such an adhalysis for paddy in the

subsequent section.

46a Secondly "mandays" and "bullok-pair days " may not be sufficicntly
standardised measures of the quantum of effective cencrgy input into
agricultural operations. Thc latter depends not only on the time

spent, but also on the body weight and nutritional intake of both

humans and animals.21 That there are substantial variafions in both
these dimensions across districts is all too obvious. Such variatfon;
nay also exist within a district as between any well-to-do and poor
farmers, especially if the latter tend to be relatively undernourished
and carry poorer quality cattler« Thc problem will be compounded if

the extent of variatiors in effcective work output per unit of time verisze
systematically, but not uniformly, for the two sources of enorgy as
betwaeen districts and classes of farmers. Therc is however, no way »%

handling this problem with any of the data sources currently availablo,

47. The third, and perhaps the most important, limitation of our
analysis is that variations in the input of human and animal labour

cannot be analysed independently of the input of mechanical pouer
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egpecially because the use of machines (mostly irrigation appliances
and tractors) in many of the sample districts have reached significq
levels. In the inter-district cross-section dnalysis we used the sf
of machines (converted to HP equivalents) per unit of cropped area 4§
one of the varisble. However this is too crude a measure becauée

(a) it assumes that the average HF ﬁer punpset or tractor is unifors
throughout the country; () it doés not give an accurate idea of th{
degree of utilisation of the machines, which is the appropriate indé

of work done by them; and (c)_it fails to distinguish the fact that

different machinery have diffe~ent effects on the requirement of hug

and animal labour.

418 & The complexity of the last mentioned rélation is illustrate
by some apparently odd associations found in our cﬁfrelation analysi
For instance, while both HLD/ha and BLD/ha are negatively associat
with HLD/ha, only the assciation between BLD and "LD is statistica
significant; this suggests that machines may tend to displace anima
more than husan labour. But it is also foun? that the HP/ha is
significantly associated with percentrage area under well irrigatioq
yet the latter shows a strong negative association with HLD/ha and ;
hardly any witp BLD/ha. The reasons seems to be that though well
irrigation contributes to iarger overall productivity, it is associg
with crop pattern in which paddy, a laboﬁr intensive crop, is'felati
less‘imporfant. Such inter-relations cannot be unravelled‘without £
more detailed data and a far larger number of sa.pl:z observations th
is available in a published form. We nced to go to the original

schdules for each sample farm for getting the necessary detail. We

intend to do this in the next phase of work.
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The Use of Hired Labour

49, Though not strictly germanc to the central theme of the paper,
our analysis throws some incidental light on the use of hired human
labour in crup production. The proportion d hired to total human

labour varies (See Table 1) from around 27 per cent in Amritsar/

Ferozpur (1954-57) to 85 per cent in Coimbatore (1970-73). 4s might

be expected, the amount of hired human labour input increzses with

the overall human labour input (cc + 0.82*%), Both total and hired

human labour inputs are positively associated with production per
hectare, bu. the associction between hired labour and productivity is
much stronger (#0.55**); also the proportion of hired labour to

total labour shows a positive, and statistically significant, association
with productivity (+0.64%**). 1In other words, areas with higher producti-
vity use more hired labour per hectare not only in absolute terms, but
also as a proportion of total labour input. Again while both total

and hired human labour are negatively associ~ted with the level of

'gnimal labour input, the hired human -~ animal labour relation is much
zore proncunced ( —0.44**) and, unlike with total human labour (-0.21)

statistically significant.

50. The significance of these associations, mch less the

casual links between the correlatcd variables, are far from obvious.

The inter-district cross-section data show a strong positive relation
between output per hectare and output per human labour day ( + 0.75%%),
The fact that the productivity and proportion of hiresd labour are
positively associated suggests that the incidence of landlessness ten?s

to rise as we move from low to high productivity regions. (Does this
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that high productivity districts have less land relative to populati
and/or that lané is more unequally distributed in them? For we have
sone independent cvidence to sugzzest that the proportion of wage

labour is inversely related to the cultiv;ted area per capito and

poritively related to the degrce of ineuality in its distribution).
L larger proportion of landless labour tends to depress wase rates.
On the other hand, since arecas of higzh productivity also havc rclati
high output .¢r man day, the competition between humans and animals
for land may be cxpected to be less sevecre, and hence animal labour

to be relatively cheapner, compared to low roductivity tracts.

51. There is no aprioribasis for judginz what the nct effect wil
in the relation between the relative costs of hum2n and animal labou
on the one hand and productivity per unit area on the other. But as
a matter of fact, areas of high sroductivity tend to have 2 high HLD/
BLD and hired HLD/BLD, and their relative costs bear a strong relati
to the latter. This would lead onc to expsct that in such areas the
cost of humﬁn'labour relative to bullock labour will be low. There i
in fact 21 negative correlation butween output per hectare and the
relative cost of HLD and BLD but the coefficient (-0.19) is not
statistically significant. The sawme is true of output per an day an
the relative cost of HLD and BLD ( -0.25). Pinally the negative
relation between hired labour intcasity and BLD/Ha may be indicative

of the fact that the adjustments in usc of human labour which affect

ratio of }LD to BLD cake place nrinarily through hired labour.
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52 All this is admittedly rather specultive. It does not take intc
account the behaviour of participation rate of cultivating and wage
labour families, the relative intensitie; of employmentd the two
categories of workers, the nature and scale of activities other than
-erop production and the use of power in fqrmé other than humen and
ggimal labour. But the syrprisingly consistent patterns revealed by

the data warrant much closer study.

ITI
Productivity and Labour Use: Paddy

5%, Data relating to average yields, in input of manures and
fertilisers, as well as of human and animal labour and their relative
unit costs in respect of paddy for 12 districts are presented in

Table 11.
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Table 11: Yields and Inputs for Pddy in Selected “istricts

- . \ Hired Cost cf
District Zone/crop i;?;z Nz;;;znt igf hxggf ha §:D per Cost of

Cu.ldappah I 2224 64.0 143.7 38.3 99.6 573

Sura~Bulsar I and UI 1369 59.5 139.4 13.% 87.3 .172%

Dooria I Early UI 1209 75.0 e5.8 17.2 39.4 .261

2 Late UI 740 34.0 65 .1 13.5 37.6 27F

Limjavur 1 Kuruvai 2932 244.,0 141.5 29.4 110.2 L9608

2 Samba 2332 145.0 129.6 31.4 97.5 .965

3 Samba 2108 124.0 138.0 %2.2 92.2 1.07Y

4 Thaladi 2069 75.C 116.0 23.1 92.5 .9354

5 Thaladi 2229 57.0 134.3 23.9 102.4 1.07:;

Coinbatore 1 Canal I 299¢C 135.0 173.2 2.3 155.2 416

2 Well I 23583 131.0 167.% 21.5 132.0 .3525

Ferogepur I and UI 2407 55.0 78.9 9.7 50.1 «385

Czttack I and UI 1576 11,2 113.6 33.7 51.5 550

vambalpur I and UI 1165 Le2 101.2 30.2 42,0 «H3&
¥.Godhavari (P) Ist season’

2nd season 1953 n.na 110.2 19.7 83 .1 24

(T) " 1617 n.z 120.4 19.5 T . 404

(A11) 2a® ee%son 2262 n.a. 117.. 19.9 2:.8 272

Auzaffarnagar I and Ul 2228 n.a. 70,0 12,0 42.0 «235

Booghly 1 Ama) I & UL1631 10.3 130.5 25.% 57.9 - 1.13%9

2 Aus I & UI 1170 31.5 127.7 23.1 23.2 1.238

¢ Parganas 1 Ame¢e I & UT 1113 2.1 112.0 21.0 36.5 <937

2 Aus I & UI 1456 13,6 125.0 26.3 27.9 .920

Sourcet Fi.S reports for various districts. Figures usually three year av>j

REEAE I = Irrigated UI = Rainfed

Tanjavur 1,2 and 4 relate to HYV, 1In other cases varieties are no
spécified. But in most cases, since data relate mi! - or late fitis
the data presurably relate to local varieties.
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In an effort to enlarge the number of sample observations for analysis,
we have taken, wherever possible, data for different reasons and
varieties within each district. While this nearly doubles the mumber
of sample observations overall, tﬁe iz ;. ease is not uniformly
distributed between districts: The w:jor part of it is concentrated

in Tanjore (4) and W.Godavari (3). Moreover, compared to tpe data for
all crops, the paddy sample is much less representative of.the diverse
conditions under which it is grown: In a majority c¢f cases, the

data relate to irrigated paddy; a few relate to rainfed cultivation;
thle others give an average for irrgated an& rainfed crops. The
pooled data for masons/zones within particular districts - and'this

was possible only in four cases namely, Tanjore (aeasons), Suéét-Bulsar
(z0nes) and West Godaveri (zones and seasons) - are perhaps more
:el;able in that they relate to regions wvhich are rather more homogencoue
in terms of agro-climatic conditions. In e;aluating results of our

analysis and the conclusions drawn from them ,the possible distrortions

introduced by the above factors need to be coﬁstantly kept in view.

Relation between Yield and Physical factors:

54. Since thg extent of dispersion of the values relating to the
proportion of area irrigated is quite small in the sample data and sincs
in the few districts (zones), where the intensity of irrigntion
evidently varies within the sample, the data on the proportion of paddy
area under irrigation in different size-class of holdings are not
available, it is not possible to test the irrigation-yield association

from the sample data.



42

55. Average paddy yield across districts*show a high and significa1
positive correlation with the intensity of fertilisation (measuret by
the quantum of plan nutriaets per hectare in the form of both manares 1
fertilisers). 4bout 50 per cent of fhe variation in pad-y yields inﬁ
inter-district cross-seetion seem to be aecountable by this factor
alone., But this is not the case whenw consider the variations with%
distriets: Of the 16 seasons and zones for which relevant data are
available, the correlation betwecen paddy yicld and expenditure on
manures and fertilisers per unit area has a positive sign in 9 cases,
but of these only 3 are statistically significant. The pooled data fi
different zones/seasons within the mue ﬂistricté shows a positive and
significant relation between yields and fertilisation in Tanjavur and
Surat-Bulsar; the relation is positive and non-significant in West |
Godavari and negétive and non-significant in Coimbatore. The weaknes
of the association between fertilisation and yields within districts{
contrary to expectation. It is difficult to say whether this is an

accurate reflection of reality or is the result of lack of pomogeniet

the sample in respect of the relevant physical factors which have a
bearing on fertiliser response.a4

56. In any event the data are clearly inadequate for a satisfactoq

1
test of the importance of the physical-biological factors in determiq

1

paddy yield. We have been unable to capture nct only the variations |

irrigation and the intensity ané distribution of rainfall, but also

* Throughout the subsequent discussion 'districts' or "interdistrict
. 1) o . .
cross section refer to cbservations for zones and seasons within
each district also. ‘



other factors like the variety of seed used, drainnge conditions,
availability of suniight, and duration of the crop. These latter

set of factors, which are knowrto significantly affect paddy

yields, are highly variable across regions and,in some cases, also
across farms. The relevant information regarding them does not

seem to be available oven in the detailed schedules relating to
individual sample farms covered by the FiuS., The cost of Cultivation
Stud'iés25 and the Sample Surveys of High Yielding Varieties conduct:r.
by the Institute of Agrizultural Reseﬁrch Statistics26 (14RS) so
collect such data and should peormit a much more satisfactory analysis

of these relaticnskips.

Variations in Human labour inputs:

57, The input of human iabour for paddy cultivation in the selecled
districts ranges from around 65 mandays per hectare for rainfed,

late varicties in Deoria to over 17C mandays for tilie crop irrigated

vy wells in boimbatoro. Ehvrc is a significant positive correlatiorn
(See Tabvle i?j betweun the'ihteAsity o7 human labour on the one hand
yizlds per ha nnd BLD/hn, neross the listriets. The correlation wivwh.
the reolative cost of hurmin and bullock 1l:bour is also positive

but weak. For indiwvidual ﬁistricts/zones/seasons also human 1lzb i
input is in zenceral positively éssociate& with yields and fhe use cf
animal labour, but in a majority of cases the céefficients arc not
statistically significant. Pooling sizce-class wise data ror seasons,’
zones, which was possible in four cases, shows 2 similar picture teo the
inter-iistrict cross section exccet ih Coimbatore whorg HLD was n

weak negative relation to yield ~ni to cost of HLD/BLD
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s“n' Yest Godavari where HLD - BLD correclation

is negative (again not significantly). That the strength of these
relations varies'a great dezal even within the same district ns between
seasons and varieties (e.g. Thanjavur) or the soxrce of irrigation

(coimbatore) points to the complexity of the relations involved

Table 12: Relation between duman Labour Input and
Selccted Variables: Paddy

C 7 |
Crop Cogt of
Cutput BLD/ha Gt i
Inter District Cross Section +0.50 +0.49 +0.52
Indivicunl District
Hooghly/24 Parganas  Aman + 0.35 Ni NA
Aus + 0.88#* NA Ni
W.Godavari épg First + 0.43 +0.45 i
T First + 0.66%* -0.05 Ha
Second + 0.56 +0.16 HA
Sambalpur + 0.72 * + 0.90%* i
Surat Bulsar + 0.53 -0.004 Ni
Deoria Barly/Late + 0.66* +0, 77 ** -0.26
Tanjavur 1 + 0.69 +0.73 Ni
2 + 0.19 +0,95 #* NA
3 + 0.01 -0.26 N
5 + 0.82*% +0,82*% Ni
Cuddappah ‘ - 0.07 +0.73 -0.66
Coimbatore Canals + 0,22 +0.50 NA
Wells - 0.78 +0.66 NA
Muzafarnagar - 0.24 +0.43% NL
Ferozepur - 0.26 +0.52 N
Cuttack + 0.98%%* +0.98%* Ni
Grouped Data
W.Godavari 2 zones
2 seasons + 0.50%* ~-0.11 +0, 3
Tenjavur ¥uruvai
Samba + 0.36 +0,50%* +C.20
Thaladi
Coimbatore Canal & Wells - 0.27 +0.43* =027

Surat Bulsar 4 zones + 0.,69%* +0.28 0.5
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58. The corre!lation' between huian isbour input ancd its wnit cost
relative to that of ani:ial labour presents a nixed pattern: In the
inter-district cross-section, they are positively correlated and signi-
ficantly sc. For grouped data tl:e coefficients are poiitive in two
cases, and negative in two others; all but one (in Coirbatore , where
the coefficiert is negative) are not sijmificant,
5c, On the étrength of those total correlation couffici nits it
would scen thét hunan labour input is -enerally an increasing function
of yield, as also of aniel labour input. The relation of hw-an labour

_tos%he relative cost of the two sources of power is ever less clear.
Multiple rogressicn of HLD on the three explanatory varisbles brocadly
confirns this: In the inter-Cistrict cross-section, and tie neccled
data for three of the four districts analysed, the coefficient for
yield is positive and highly sisnificant; the coefficient for btullock
labour is also positive in all cases, but is significant only in two.
In both respects the rclations fcllow a pattern sirilar to that observe
for all crops. But unlike in the latter, anu contrary to expectation,
there seens to be a tendency, though not always significant, for
nore huan labour to be used even when it is nore expensive relative
to animal labour. If the season-wise cdata by size classes for all
four districts are poolet, the results arc markedly different: While
the quantun of hwan labour input is a stronzly increasing function
of aniiwml labour, the ccefficient for yields per hectare becones
weakly negative. loreover, unlike in the individual district
cross-sections, the poolad Cata show that as the cost of hunan
labour relative tc aniral power rises thiere is a tendency (not al-
ways significart

Jior the quantun of hurnan labour input te fall. One is left rather

puzzled Ly these disparate results.
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Interdistrict (22) Y = 43.55+ 0.021x. + 1.273x. + €.265 % = 0,50

(2.328) (3.02} “(1.779)  (0.621
it

Surat-Bulsar (20) Y = 38,01+ C.033x, + 3.16x, + 10.22x ? = 0.5

C22) (2.737) (1.66E) (1.262)
: 2
West Godavari (24) -Y = -1.09 + 0.015x, + 0.713x, + 7.oex;;* R = 0.3
.-(-0.059‘-)(43.0503 (0.561) (2.082)

Thanjavur (20) Y - «14.07 + 0.018x** + 2.1‘:7:2** + 9.0Cx ** R2 = 0.6
(»0.499) (2.6123 (4.825) (4.0283

Coirbatore  (10) ¥ = 75.50 - 0.007x, + 2.62x, + 3.58 22 - 0,1
(.24%) (.15«;) (.550) (.12:3

Pooled data  (74) Y = 65.55 - 0.0004x,+ 3.81x, — 5.626,"  1° = c.uy

(4.261) (-0.047 (6.2439  (_1.2%4)

- e o =t P @ e e m e e - e — oo = oty

Y = HL/ha, Xy = vield/he, X, = BLD/ha, and Xy = cost of HLD/
cost of BLD,

Mote: Fijures in brackets before Y refer to the nw.ier of ohservations
in each case; those in brackets below each regression coefficicnt]
gives its 'T' values. '

60. The proportion hired to total huian hbeur input in paddy cultivatiol
varies from arcund 18 par cent for the aus crop in Hoojhly to around €0
percent in Coinbatore, Thanjovur and parts of West Gocdavari. Both in
the inter-district cross--section and the pooled Qat:. for the 4 districts
Jhe use of idred labour increases with per hectare mef;c_;ﬂ) the increase
being substantially hi her than for total labouwr input. The latter
syggests that the propertion of hired to total labour increases with.
yielcs. However tidis relationshiop is not as merled in indivicdual dis-
tricts. The coefficient is siznificant and positive only in one cre:sc
(Thanjovur). 4Apain while the inter—listrict and pocled intra~district
cross-sectizsn ;;how a tendency for hired luwan labour to rise with bullock
X2,

labour usdc / She relation is less striking and consistent in the intra-

cistrict cross-section taken individually. In all cases the use of
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hired hunan labour (Y) incroascs cven as the relative cost of hunan

to aninal lebour (xz) risos.

Surat-Bulsar ¥ = 46.%8 +0.019x, + O.50c%* + 3,250, 2 .o,
(=3.10) (1.70)  (3.64)  (4.63)
2

West Godavari ¥ = 24.17 - O.OO.l.x1 + 0.257x, + 0.84 L
(2.35) (o0.e8c! (1.421 (1.095

N

0.137

Thanjavur Y = 1.97¢ +0.020x "+ 0.099x, + 3.253;5*' L = 0.73
(0.050) (3.264) (0.714) (4.562) |

Cotubatoro ¥ = 56.21 - 0,026x + C.38%x, + 4,607 22 _ 0.91
(0.819) (-1.673} (1.544 ) (7.860)
4t it it 2
Pooluwd Y = -25.31 + 0.00562_ + 0.488x, + 3.45 i =0.92

(~4.60) (2.4 ' (13.04)F (102

61.  .s in tho casc of all crops, the ratio of HLD to BLD varios
over a wicdc range both acress anc within districts. Thore is no siznd-
ficant or consistent relation Letweon luvel of huaan lobowr input amd
tho ratios of hwaan and anirel labour; the ecoffici.nt sims for tihc
intcr-district cross-sccticn and ~roupu@ data for svasons ard zoncs
in threo districts arc yiold positive, but simmificant only in two
casos. Hewover, in all cases the association betwuin the leval of
aninal lebour and tho ratio of huan to ani—al labour is strongly
negotivo., This would suon to swigust that o hizier ratio of huan to
aniinl labour may go with hisher or lower absoluto lovel of hunan

labour input per heetarc, but tix fomur aliost invariably .oos witg

a sreller absolute input of anial labtour {(Table 13).

bl 13
wclatjon Botwoen HLIYBLD aret their relative costs

HLD and GID “nd  HID .3 cost ol MD
HLYYBID ) Hi/ BL> _ BID gost_of EID
1. Intor-district +C.20 =0, GO (. 43%%
2. West Godavari +0,47#% -0, 33#% =0 .50
3. Tarjavur +0.05 -.82 -(.003

4. Surat-pulsar +C.55%# -0, 634 40,012
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62. Across districts the varistions in HID/BID ratio for padcy
scans to be scnewhat more sonsitive to the relz:;,ive cost of the

two sourccs of power than in the case of all crops: UWhon we consider
the poolsd intro-district cross-soction, the corrslation between
HLIYBID and their relative costs heve tie oxpected ncgative sign in
all threo cases, btut the co.Cficiont is statistically significant

only in one casc.

63. In sun, cur analysis scuns tc corroborate the Ishikawa hypotheaiq
that in goncerel the intonsity of hwan lebour input tends to rise as
yizlds per h.ctarc increases, But.the relation doos not hold in all
cascs, nor is it always as strong as onc nmitht expect. We have found
that the relation secns to hold better when we consider inter--
district variations than variations within districts, probabiy for
the sarc reasons as indicatod in the discussion of the results for
all crops. It is 2lsc possible that there are systoratic differencos
in labour requiroiwent for differont varicties of paddy, and for
difforont sccsons, Furthermore, the ridation botweun human and
aninal powcr do not scet to follow any consistent pattern: . nore
sntisfactory annlysis of tho dctermirants of huwen labour use, and
.encplana tions for sone apparently puzzling resulis, will have to
é;wait a variety spocific, scascn specific analysis of individual
far.as, taking cxplicit cognisance of tno vise and effect of cifferent

kinds of rechanical powor.
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Analysis of hwar and aniual labour use Ly operction:

04, Wile :wst of these variables camot be ircerporated in the
present analysis, it is possible tc exmitine the extent to which the
overall intensity of awnnr labour use is the result of syste atic
differences in the use of hw.‘nn ard anial labour in diflerent

operations. The data resgariing tiie distributior ¢i hwan snd bullock

labour Ly diifercnt operaticns in the sciple districts are pris:ntod

in Table 14 (Table 14)

65. They reveal tle followin ' troed rattem: (1) Tie Lulk of hwan
labour is used in land preparatior, sowins:, harvesting and threshing.
(2) irtor culture absorbs singificant aiounts of labour ir sone

rezions and soi:e resions and (3) Bullochs are used prirarily in lanc
preparation and in larvesting/threshing, thoush the relative nropertio.:
of ard::v_:xl days spent on tiese varieg a areat Geal. Hardly ony andnel

power is used in other onerations.

66, The extent of variations across districts as well as within
digtricts (Table 15) in the input of humn labour per hectare is
Beirly low bet™ in harvesting/throshing and in land

preparation and sowing. The coefficients of variation for thege
two scts opuriions taken tozether are, however, lower thanwhen takes
individually: It is suspected that this iay be due at least in
part to the lack of rizorous definition of the conponents of each
of these operatio_ns. In all other operations, the hwen labour

input per hectare is h_quly variable,
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Usg of Hunan g:id' Aninal labour for Paddy cultivation
by onerations: Selccted Districts

Propa- Sow= iaru- Irri- Intor-  Har- Post- Others (o*.
retion ing rin; gution culture vest havest

(1) (@) -3) ) () (&) (7

mw North 14.8 8.3. 1101 24.7 7-4 &3.3
14.5 0.1 7.2 21,0
Monghyr Contral 22.6 33.4 0.7 1.7 7. 21.4 12.¢ 10C.7
19.0 0.5 2.5 2z.0
Mongzhyr South 24..1 26.8 0.1 1.5 4.6 23.7 11.3 LA
. 2,.3 0.1 .2 33.%,
6.2 2.3 0.3 3.6 . 0.7 13.4%
Sarmbalpur A.en 16.5 6.9 1.1 3.1 24.5 17.C 107 .1
. 1209 4.7 402 009 7-5 3’\' -
24~Parganas ivan 16.8  27.5 0.7 13.83 27.7 23.0 111,
ne ne nt na na na 21.°
=Jo= s 16.0 10.1 8.7 26,4 21.7 12¢ ¢
n na na La na 26.5
Hooghly Acan 24.0 29,7 1.5 16.0 2%.4 26,S 15C.5
no. _na na na na 2 2o
Héoghly hus 1.8 158 47.7 23.5 108 125.5
na na no nn ne 2..°
W.Godavari(Th-1 15.3 23.3 5.2 5. 245 28,3 15.¢ 2.5 121.
11.5 107 507 003 1(;0
W.Godaveri (T)WX 6.4 2.1 3.9 46,6 24.2 13.6 1.9 101,
5.0 0.7 1.1 C.5 02 1.¢ C.1 .
W.Godavari(P)I-1 18.5 22,9 4.1 3.5 17.1 24,2 22,4 2.5 175,
.5 1.5 8.1 0.4 18
W.Goeavari(P)I-2 21.7 20.7 5.8 7.2  14.0 2.5 1.4 1.7 1%
12.2 0.8 . Hoh 0.3 1.
Dooria Ul-E 15.2 6.8 2.2 22.5 1¢.5 13.7 5.
c.7 2.2 C.4 9.6 4.3 17.2
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Sceond

0=

Q0

BID/ha.

Prepa- Sow- Manur= Irri- Intor- Har- Post- Other Total
ration ing ing gaticn cultuic vest harvest
_ (1) (2) (3)  (4) (5) (6) (7)
Dwria. UI-L 1307 16.3 1.0 17.6 908 6.7 65.1
' 7.7 2,7 0.2 0.2 2.7 13.5
Forozepur I 10.8 16.2 1.6 16,6 7.2 16,1 6.6 0.4 178.L
7.3 0.2 0,07 0.01 0.2 8.C
Coimbatore CI 24.2 31,7 5.3 24.0 23.¢ 63.3 0.7 173.2
17.3 0.4 1.5 0.1 4.0 - 23.3
Coinbatoro WI 25.8 30,0 5.9 27.2 21.6 55.4 1.4 167.3
: 15.3 0.6 1.4 2.8 3.4 21.5
Muzaffarnagar I 8.3 11,0 0.8 4.6 168 15.5 12.6 6.6
_ 7.5 1.7 0.4 0.2 ' - 2.2 1%.0
lenjavur
10 K-ADT27 41.6 28.7 C/oc/: 4'-4 20.7 32.8 304 141.5
23.0 2.8 3.6 2.0
2. S-00-25 47.2 31.8 6,7 2.2 1.8 27.6 2.2 12¢.6
- 23.6 . 3.3 4.5 31.4
3. S-local 2.6 373 S.2 4.3 16,1 244 3.9 125 ¢
- 23.0 2.6 , 6.3 322
4. T-C025 27.6 28.2 6,1 4.3 17.3 26.2 L2 1é.0
16.3 : 0.2 . 4.5 25.1
5. T-Local 33.6 28.6 12,1 L.6 16,0 32.6 6.6 13..5
17.9% 0.2 5.8 Tl
First row in ocach district rclate tc HLD/ha.
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&7, t«ll;i;l.e ac 2 rule, both andra’ and Lpon oy are used for
land prepa.ratiqr‘l- and harvesting/threshing, thei_r relative propor-
tions vary a great Ceal not only across districis but within
c¢istricts. The use of anirals for ouher operations is not wmiverssl:

Soile aistricte wit classes of £ 220n to use exclusively huan

labour, while otherc usce it in coibination with eri-als. 'the varia-
tions in the ratio of the two scurces of power in thege opsimtions
is naturally iuch sreater than in land preparation and harvesting/

threshing,

65, The coefficient ¢l varizticn in bullock labour per hectore for
lond preparaticn (botl: acress districts and witihin <istricts) is in
general s pller than for hucen labeur; tut th: reverse is tiue in
the case of harvastirs an? thweshing. The variations in bullock
labour use for otler cperations is hi-hly varinble., The extraordi-
nsry vial;ility in the quantu: of hwan and aniial Jabour used in the
" jscellancous¥ cate ory ray be dur in part tc rnisclussificetion,
but. it also raisc sox coubts wiether their use in post-tireshing
operations (winnowii =, barring, transport etc. ) are fully and uni-

forily canture! in all cases.

Factors_centributing teo variations in overazll ladour use:

¢9, Before analysirn:: tiic [actors uncorlyin;; varistions in labour
uso in specific operations, it :wy bo useful %c know how  nuch
of tiie variations in ag rejute labecur input pér hectare is atbri-
but:ble to variations in swecif'ic cperations, and hiow uch to
variations between oncittions, Fore than lnif the towl variance

in the intensity of labcur use in the inter-district crocs-section
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Table 15

Operationwise Distributicr of Humrn and Aninal Iabour use

for pacdy

Averazes for 29
districts
Hunan labour/ha:

iverage

Ccv
Anirel labour/ha

cv
Surat-Bulsar

HLYha Average
cv

BLY/he. Average
cv

Tanjavur

. Aversge
cv

BLlYha. fverage
cv

West_Godavari

HLYha, average
cv

BlYha Averngo
cv

Sow- Manur- Irri- Inter- Harve-Thre- Otiwer To:o

Prepa-
ration inz ing gation cul- sting shing
ture
(1) @) 3) &) 6) (6 (1) @) ()

o= ew em e E an @D e e E @ e e em S Gm e e S Gv = me S am w e e e

22.38 22.54 4.35 5.74
ST 458 7S5 1.318
14.27 C.60  0.828 0.06

N

430 1.432 1.241 3.226
10.08 34.93 6.8¢ 1.1
23 296 .524 .S
6.32  0.00 2.42 0.C2
.230 C.00 .521 4.359

38.85 31.56 10.30 4.52
0.221 0.145 0.4%8 0.482
21.20 C.0C 1.32 0.00
0.175 0.00 0.$35 0.00

.44 1.90 3.01
202 .395 .903

0,00 0.95 0.00

0.0C 1.747 0.00

19.16 28,48 7.58 2.12 11Z..

531 463

C.27

<+~

.93¢ 1.277
1.66 3,07 €.10 1.

3.451 1.3% 1.025 1.844

27.53 50.17
L460 .160
0.48 3.05
1,266 0.44C
16.07 2¢,65
0.266 0.163
0.00 5.05
0.00 0.234%
8.17
530 .231
0.00
0.00 0,00

10.73 1424
755

c.&8 1..°
0.787

4,22 1.0 .
0.576

0.00 ~..1
0.00

10.15 8.07 1.08 4..S
.R52 .SCL

0.00 2.63 0.16 "%
347 .388

cv

* Pigures arc per acre.

= Coefficient of Variation.

hectare.

In all other cases tloy are per
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and upward of 70 per cent in the cese of Surat--Bulsar, Tanjavur

an? West Gedavan is due to differences in the voluaes, i.ea.,

in labour use beiwcen rejions and sinc classes. The proporticn accoun.
tcd by differcicss acroza rovs (i.e., betwecen operntions) is
nezglizible, and arc zenergslly nuch snaller than the varience due

Lo "errors" (T&ble 16)0

=3

Lle 10

dralysis of variance in_huan labgur ingut
for paddy

_Variance“c‘:.;xc to . L Total

hors Colwumns orrcr

A1l districts 2/;12,6 17852.62%%  13171.43 33436.67
(1.26) (31.17)

Sb 14.45 15670, 65 3271.85 21956.S6
(.0265) (16843

Tanjavur 477 .62 10477 . 143+ 164S.36 18904. 12
(1.47) (105.¢)

West Godaveri 454.32 22C2 .,/ ** 58¢.0 3245.75
(5.40) (86,0) :

ote: - Figures in braciiets arc 'F' values.

Variatior:g of Iabour use in different ¢nc.ations:

70. Feor amly:inz the oseration-vwise varigticns in labour use, we
have arouned the operations into tie followin; categories: (1) 1end
preparation: (2) land preparaticn and sewins, (3} "anuring, irria-
tion and inter-culture, (4) harvesting and tiareshing end (5) har-

vesting, threshing ond others.
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Land Preparation

This covers a variety of activities such.zs plouslinz, levelling
‘and bunding, The total enerzy input required for this set of opera-
tions will vary demending on the velative importance of these compo-
nents (which in part is a function of agro-cliwuatic conditions), -the
nurber of tines each operation is done, as well as physical conditions
of the soil (its hardness and depth). The extent ol huwmn labour input
will depend on the quantu: of animal and ntechanical energy used,
which in tum is a fuction of their relative costs., But we co not
know how precisely these elerents affect the total emnergy input into
these operations to be able to specify the functional relationships.
Iven if that were possiltle, we simply de net have the relevent infor-
mation in the becdy of data used fer the present aralysis to take the
into account. The ounly thing we can Co now is to see whether the in'pm';
of hwman laLour in land preparaticn bears any systerntic relation to

bullock labour.

The results, surarised ir Table 17, siwow the fcllowing:
(1) Contrary to what we nizht expuct on the basis o7 casual obser-
vatién , there is no strict cemplenentarity between huiian and “ullock
labour ever in land préparaticn. The ratio of huian to bullock
labour range from less then unity to over 2 in the inter-district
cross—section; the ranze is even wicer within districts for which

we have cata.
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Taiie 17

nelation between hwin labour use in Preparztory

and Scowin:: end related_variables

Inter-distiict
cross=section

1.

2.

Surat-Bulsar

West Gocdavari

_ _Corrclation Cocfficicntg betwoon

HLD  HID L) HED-  HLD/BLD HLD BLD
~i BID BID Cost of Cost of yicl:  yield
BID yicld HI/BL  HLIYBID

+0.41 +0.87 +0.28 +.77 +0.52 +.48  +0.30
+0.36 +0.78 +0.26 na na +0.53 +0.24
+#0.86 =0,05 +0.3¢ +C.30 +0.28 +0.30 <0.23
+#.81 -0.25 #.54 n.a aa +.66 ~0.23
+0,55 +0.,87 -0.03 -=0.50 =0.,12 +0.55 +0.71
+0.09 0.84 -0.39 na na +0.54 +0.71
+0.18 +0.35 +0.61 -0,12 -0,57 +0.24  =0.43
+.25 +2,22 +C.57 na na .27 =0.43

g et D ¢ s s e e s i gy

1 -- Preparatory tillago.

Preparatory tillage and Sowing:.
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(2) There is a high positive correlation between human and
bullock labour in land preparation, across the sauple districts
and vithin Tanjavur; the association is not significant in Surat-

Bulsar and YWest Godhevari,

(3) In general it would =eenm that, a5 in the case of all crops
end aggrezate labour use, human labour input for land preparation in
naddy tends to be hizher as the ratio cf IILD to BLD rises, but the

relation is not always signiiicont,

(4) There i= no clear or consiatent rc¢lation between the
relative costs of human and bullocl: labour and the ratios of these
two inputs in land prepamtion. The relation is positive end signifi—
cant in the inter-district cross-secction, positive and weak in Suros
Belsar, and negative and non-significant in Tanjavur. Oniy in est
Godhaveri does it conforn to cxuectations of a negzative relation.
However since this does not taize iitto accomnt the use of nachinery,
which is bound to affect both human ant aninal lebour innuts, the

results renain inconclusive.

(5) The intensity of huw:ian labour use in land preparation seens
to be poszitively associnted with yield of paddy in all casces though
not always sicnificantly.

(Povle 1 7)
T1. The BLD=-yicld reletion, however, shows a nixed pattern:
the associgtion i3 positive in 2 cases (significent in Tanjavur)
and negative in 2 others (simificant in “est Godhaveri). 4And it

#ould secn that in sonc cases at least the higher the rotio of humon
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to aninal labour, the higher tend to be the yield., If our concept
of the determinonts of crop yields is correct, these associations
would scen to be essentially statistical a2nd not indic~tive of a

casual relation.

72. Apart from the fact that the coefficients are not always
statistically significant, it is probable that the tatistical asso-
ciations are reflective of nore fundanental physicsl factors such as
differences ir the physical-clinatic conditions,detérnining the yioeld
potential of paddy ocross resiouns and even withia rejions. In other
words regions and faras with hetter cuality land (in terms of depth
and texture, of soil, moistgro condition, &nd drainare) ore capable
of producin: nore and thercfore nakes it worthwhile for farmers to 53
greater effort in land preporation., The rather nixed picture of assi
ciation betwaep (a) hunen ondé oauinal labour, and (b) their relative
aroportion on the one hond and yield on the other, underlinea the
conplexity of the rclations involved and, of coursc, thc nccessity

to explicitly incornorate mecl:ianical power in the analysis.

Land sreparabtion and soyiss

P =

73. Unlike land »rencration, bullocks asre not used o any Signi-
ficant extent in sowingz; it is done predoninantly by nanual labour.
Thg hunan labour input for sowing is likely to be much hidgher when
naddy is tromsplanted, thon Wwen it is broadecot. The differences

would bc ~ccentuated if, alons with transplanting, farnerc olso pay

greater attention to the proper ~lignaent of the rows ~nd to spacing



between plants, 4As with the intensity of land preparation, the

choice of sowing technique is zlso 1likely o be influeanced by the
agro-clinatic and soil conditions which have o major bearing on poteu-
tiel yiclds., 3But it is not Dposaible bo syistenatically verify awy

of these hypothceszis with the M3 data. Given the possibility of nia-
classification of labour use ng betveen preparation and sowing, we ¢cnly
exanined the virintion in tihc use of huamun ond animal labour in the

two operations tekon torether., The results by end lerge corroborate
those reloting to lend preporation taken by itsclf.(Table 17)

Honuring, ITrrigzation and Ipfer-cul turc

The All these operations, except irrigntion, are alwmost exclusivel:
carried out by human labour., The lehour input for manuring will
depend on the voluue of naterial applied rother than on the gquantun

of plant nutrients npplicd becoanwe of lorge variations in the nutricad
contont per wait volume of different fertilisings nnterials, In gencrcl
3ince the nutrient conteat of organic manuics is very low, one would
cx2ect the labour use in this operation to he deternined prinarily

by the quontn of bully far. vord =manure apnlied, The labour input
for irrigation is liable to larse varictions depending as it door
on the source of water (it tates 1lecss work to use cnnal water than
water from wells) -ad the technigue (tﬂe labour reguirenents per unis
water applied is nuch leas for forns using nmuapsets and tube wells
than those using bullocks opernted or mauuxl water 1ifting devices).
Labour input in inter-culture is o« direct acasure of the intensity

of weeding coffort, though*the use of bullock or tractor operated
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weeding equipment, ~nd/or chenicals, could offect the cxtent of

huran labour input per weeding oneration.

15 again, leck of Jnta precludes any analysis of the relative
inportance of the cbove factors in explaining the observed variati01
in the hunan lobour input in these operntions. DBut since all these
operation3 ore related Lo physical inputs and their efficiency; whi
torether havo 5 crucicl bLearine on eveatual crop yields, one would
expect o positivc associntion between the inteasity »f labour input

in these operations ~nd yiclda.

76, Our analysis, however, vhousa that: (a) The intensity of 1lobd
input in monuring is positively =ssocinted with yields in 3 cases
(the'coefficient being significant in 2), while in onc the associa-
tion is weakly nesative. (Db) Contrary to cxjectations, the relatig
betwecn intensity of labour iaput in inter-culture and yield is inai
nificant cxcent in Tonjovur. (c) Yaerc, as in Tenjawvur, we find o
negative associ~tion between labour uwse for nanurinsg and yield, th&
intur-culture yield relrotion in positive, winile in the inter-distric
croso.scction aad suret Bulanr the opnosiite io true. (Is this ot
of any simificance in offeriny clues abow, the relation between
nanaring ond weedins?) (d) he relation betieen labour input in all
three onerations and yicld has the exwected positive sign in all

cases but is significant only in 2,
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Pable 18

Lelation betweon labour use in lManuring, Irrigation and

Inter—-cul ture, ond Jelected variables

Corrclintion coefficients between

uLDm&yleld ALDW& yield HLDE, Lo HLDn; 2,7y
yield HLD
District cross-
section +0,51%% ~0,10 +0,51%%  +0,65%*
Surgt-Bulseor +0,; 1% -0,06 +0.11 +0,41%%
Tanjavur ~0.19 +0,71 %% +0,22 +0,65%*
Yost Godhavari +0423 +0.17 +0.36 +0,91%#*

0 - nanubing ; w - inter-culture 3 i - irrigction

Haorvesting and Threshing

76. Harvesting of paddy is wholly a nanual oteration unaided

by bullocks or machines, 3ullocks arc wiiely Psed in conjunction
with hunan labour for threshings but the proportion varies oz :rreat
deal, The winnowing: of threshed srain, their dbagging ond the tran: -
portation of groin and straw also require hunan labour, znd, in the
case of transyortntion, bullocl, A3 uentioncd carlier, therc is
sone doubt whether thc post-threshinsg operations are ful;y ceptured
in »l1 the survey housciolds, Primo Ceacic the labour use for harvechi.:
per se, sceas likely to be ore o function of area than yields, If
this were so, labour -“cys for harvesting o unit arca should %»e nuch
less variablce across forms aad districts. 7This is howewver, not fully
borne out by the datae. The level of yield :nny therefore 2lso be a

factor. The latter could &Xecet harvest labour requirenents to the
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cxtent that hisher yields also 3o with higher plant densfty per
unit arce (which in effect neans_that the linrvester has to cut and
atack nmore stalﬁs per unit arca), ?erhaps too the thickness of the
plont stalke,'which con vary with the sced varieties, can ncke a
difference., On the other haad, theo work involved in %hreshinz is
nore a function of the volune of horvested nateriasl, and brence

of yield, tnnn of nrea; rnd since the operaticn uses both animals
ana huwian labour, the input of the both will be influcnced by the

cztont of aninmal labour used in the operation.

TT. The P43 do not always record the labour input with the two
operations separately. In sonc cases the datn distinsuish between
harvesting and post-harvest oporatiosn, ~d there is doubt whether
the scope and definitinsn of the operaticns are strictly coaparable
ceross the saaple districts. Yor these reasons, we consider vabria-
tions in the total human labour usge for (a) hervesting md threshing
talen tonether and (b) for hervesting, threching and other operati:.

the lest bein s asswied to cover all post-tuarceshing operations.
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Table 19

others operationg,

and vields

HLD

Correlotion coefficients between

BLD

HLD

BLD

HLD

ht ht nt htn htn hitn
. . . P .
yield yield BuDht yield yield BLDhtm
ilnter-District .

Cross section +0.37 -0.,23 +0,09 +0.35 ~0.2:, +0,13

Bsurat Bulsar +0,.49 ~0.06 =0.15 +0,64 +0,06 +0,26
Panj avur +0,26 +0.01 =0,34 +0,18 +0,01 0,20

Yeat Godhavari +0,53 +0,17 +0,17 +0 »17 +0,19 +0.19
73, As cxpected there is a positive ond gemerally significant

agsociation between hunan labour input into these two groups of opero-
tions and yields, There is no uaiforn or significant relation bet-
ween the intensity of hullock labour input and yields. There is

also considerablo variation in the relative proporticn of the two
gsources of 1labour. UWhelt,in harvesting and threshing. thero is no
zignificant rclation of conplenentarity or substitution between hwin
and aninal lobour across distriets aad within Test Godnavari, higher
input of hunon labour scens %o zo with snaller inputs of bulleock

labour in Surat-Bulaar and Tanjovur. Yhea we taike all three operati-on
together there is no sisnificant rcelationship at all. This mdy rcfloct.
inconplete and non-unifor: coveraze of post-threshing operations; lut
one needs to scrutinise the primary schedules before anything definite

can be said on this aucation.
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9. Fron the forogoing analysis, o nunber of questions can
be possed for Ffurther study: (1) That are the reasons for the
sizeable variations in thé réfio of hﬁmnn fo oninal leobour in lond
preparation: Is it 1argely nccountod by the conditions of soil and
noisture availability ot the time of preparation or does it reflect
differences in the quelity of bullocka, in the extent of tractori-
sation and/or differcnces in the relative cndowments of fonily and

. '
owned-animni labour " s between farns bf’varying sizes? (2) Can we
pin-down the cxtent to which differcnces in techniques of planting
are responsible for variations in the lobour input for sowins?
(3) Yhot preciscly deteruincs the extent of labour iaput into weedin
(4) To what cxtent do the Surveys capture the use of hunen, nechanic
and aninal power in post h:r&cat operations? If these inputs are
neasureca projerly, would it nniic any differcnce to the overall intend
ity and vattorn of labour use? (5) In each uajor operantion, what

is the degroe of sukatitutzbility etweendirferent sources of cenorgy

and how respnsive are famers to differenco’®in their rclative costs?
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Iv

Trends in human and aninal igbour use in selected districts

80, Inalysis of qross-sectional veriagtions, whether across

Space or across s8ize class of holdings is apt to be vitiated by the
fact that we could not fully capture variations in scil opnditions,
natural rainfall and its seasonal diztribution, and such other
factors. 7This 1imitation; one oy nope, would be less serious
vhich we consider clanges in productivity nnd input use in the sanmc
districts over time. Such an analysis is vossible in respect of
three districts_(namely Ferozepur, Muzaffarnager and Coinmbatore)
for which three yesr average datzs on the relevant aspects are aveila-
ble for tho mid-fifties and the nid-to-late sixtios.gz/ The data

in published reports arec unfortunately not as detoiled as one would
like and there ore some questions of conparahility. Neyertheless
sone broad tremds bozcd on cestimatess of district averages for the

relevant variables i posaible and this shous cignificeat patterns,

81.  As can b6 secn from toble 20 , all thrce districts have
cxperienced‘significant iﬁcreases in wroductivity (measured by the
¢rogss value of crop ouvput per unit area): Deflating these by the
change in the index of ;holesalo nriccs for food articles?gd/

the real increase in Hroductivity raages from 45% in Ferozopur to

130 % in Muzaffarnagar,
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Table 20

Trends in cron aroduction per hectare, selected districts

Period II |
Indices ( x 1
District Unit Period I Period II e Period I
Current Constant
prices 4/ prices 2/
(- (2) (3) (4) (5) (6) -
1/ .
Muzaffarnagar -’ per culti- .
vated ha. 595 3283 570 224
Per Cro-
pped ha. 440 2400 545 214
rerozepur g/ Per culti-
vated ha. 402 1332 455 171
per cro-
pped ha. 583 1400 367 138
Coimbatore 2/ Pef culti-
vated ha, 295 1889 640 221
DCr Cro-
pped ha. 266 1322 500 172

JE—

L/ Beonomica of Iarm Management, iluzaffarnag.r, Combined Report, 19664
pp.261, 262. :

uconorics of Farm llanagement, Forozepur, Combined .leport, 1967-T70,
pp L[] 56-571

3-/ LEconomics of Faram Hanggement, Coimbatore, Combincd .leport, for
1970-73, p.75.

i§ Colum: &4/Column 3 = 100.
5

= Colunn 5: Iandex of all India vholesale srices (food articles)
for Period II relative to Period I.

liote: Period I in all cecses refers to 195455 to 1956-57.
Period II relates to 1066-68 for Muzaffarnagar, 1967-7C for
Ferozpur, aad 1570-73 for Coindatnre. '
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82, The increcase in productivity per ha. of TCA iz the combined
result of a rise in cropping intensity, shift in crop patterns, and
‘changes in yields of indifidualvcrops. In all thre districts thefc
has becn a significant oiﬁansion of irrigation, as well as a change
in the quelity of inputs, In Ferozepur and Huzzaffarnagar, the
quelitative shift ia in the introduction of tube-~wells; while in
Coimbatore there has been a subatantial increase in the share of
Canal Irrigation, In all casbs, the expansion and improvement of
irrigation is acconpaanied by inerecsed cropwning intenaity, the
increasc being most marked in Coimbatore, the crop pattern shifts
are also most prominent in Coimbatore, vhile in Hluzaffarnagar and
Ferozepur the shift is largely from vheat nixturos and sram to pure
vhoat crop, and from local to high yielding varioties. In all dis-
tricts, thé increase in aggregate productivity per hectnre hﬁs boen
accompanied by more intcnsive use of manures, fortilisors and plant
protection materials. Overall, the rise in production per unit earea
in Coimbatore seems to he due primarily to liigher cropping intonsity,
spread of irrigation and switch to higher valuc crops., In tﬁo other
two districts the soread of irrigntion oad the sharp rise in yields
of the major croﬁs (partly the result of the introduction HYVs) werc

nore important tinn clienges in crop patterna(Table 21)

(Table z1)
83. The total hunan lubou? input per hectare for crop production
has increased in Ferozepur and Coimbatore, dbut fallon in Huzaffurndgnr.
In all cases bullock labour per unit areo has fallea sharply. In
Muzaffarnagar the percentare reduction in animal Jabour input is lasas

than in that of human lnbéur. Moreover in all districté, the HLD
and BLD use for individual crops for which data are available, have

fallen; and the reduction in BLD is uniformly much greater than in
ELD (Table 22).
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Table 21

Factors Contributing to Increased Productivity in Selected

Districts

Muzzaffarnagar -

1/

2/

Perozepur

|

Coimbatore

Period Period DPeriod Period Period Perid
I I I IT I II
Percentage Area Irrigated 1/ 13 93 69 87 20,5 50.0
Cropping Ibensity 2 134 137 121 1280 90 143
Tislds/ha: Major Crops 2/
nr s - -
"heat - Desi g 10.25 20.31 11.3 15.99
“heat - HYV - 25.40 - -
Haize .76 13.78 na 11.32/ 1.0
2addy 14,40 22,28 na 25.2 29 .9
o) ; _ .
Cotton Desi - .98 8'283 6.3 135.1
Cotton American - - .43  11.45
Sugar Cone %00, 1 424.6 , na na na
Ground nut - - na 8.6 9.0
suowre of Principal Crops 5/
iz Total Cropped arca .
‘heat 14.3 3548 nil
‘theat - nixtures 20.7 3.9 nil
- 5/ o) 5/ nil
Grom 43 ,3= 52,5+ 13.4 1o 0 6/ .
JOther cereals 1.4 §/ 4.3 -/44.3 2/ 26.3 )
Paddy 51 3.4 5.6 1.4
Jugar cane 22 1 23.0 0.7 1.3 na na
Cotton 403 60“}- 1208 509
R ) 7/ 7/ r
Ground nut 2,2 &4 2,7 < 8.8 19.5
Jthers 24,0 16.2 39.9 38.2 28.5 37.1
1otes: 1/

~ Huzaffarnagar,

Coimbatore C, 1970-73, ».230.

CR 1966=-6Y, p.261, Perozepur CR, 1967-69, p.26,

2/ dugaffarnagar, Ibid, p.261, Ferozepur, ibid, p.27; Coimbatore,

Ibid, »n.23G.

3 finvzafferaczar, ibid. ».263, Ferozepur, ivid, » .07, 100, 113,
Coimbatore, ibid, 237,

4/

¥ {Iwzaffarnagar, ibid, 261,

Ppe26-52,
5/

<~ relates to “Food Crops';

8/

<’ relates to Irrigated Jowar; 2

Ferozepur, Ibid, ».30; Coimbatore, ibi:,

5/ relates to naize;

relantives to Jowar, Bajra and

Z/ relates to 0vil &

0o ”i .

Loy
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Table 22

Trends in innut of human ond enimal labour per gross cropped ha.

Other food-
Period Wheat Paddy -—GEains _Sugar- Cotton . . .4 413

1 2 cane T3 pjuts crops
Huzaffar-
nagar I HILD 178 89 105 32 198 - - 181
HLD 41 20 12 14 39 - 39
IT HLD 69 70  47.5 38,2 132 ~ - 121
BLD 27 12 9.5 16.5 31 - - 29
Ferozepur I HLD 63.9 -~ - - n.a 87.1 96,0 - 48,4
BLD 62.8 - - - n.a 40.6 35.4 - 60,0
IT HLD 52,2 ~ 63.2 n,a 68.85 381.4 - 36,3
BLD 15,6 - 14.6 n.a 13,7 12.0 - 1345
Coimbatore I HLD - 269 263 n.a 189 87 33
BLD - 138 96 n.a 57 15 26
II HLD - 173 153 n,o 185 76 93
BLD - 23 14 n,a 9.2 6.5 9

sourcess 1/ Huzaffernagar, C, 196669, pp.250-264,

Other foodgrains, 1 pefers to Maize and 2 to Grans,
figures for sugarcane relate to planted crop, The labour
uzse for lathoon crop has also declined,

2/ poromesur, Ca 1567-70, pp.7i, 93, 95, 106, 107, 119, 120,

131, and 133, Cotton 1 refers to American cotton and

3 to Deesi cotton. .

2/ Coimbatore, CR1 1970-73, »p.236-23%7,
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84, Datz on operation-~wisc use of the two sources of power is
available only for a few crops in Ferozepur (Table 23 )., This
suggests that the gge_of hunen cnd aninal lebour has fallen in pra=
cficaily all oﬁéiations thacurh unevenly. Thus in the case of Desi
wheat, out of the 16 days reduction in total humon labour input ped
hectare, 3 were in preparatory-tiliage, 3 in intorculture and 7.6 il
threshing; for Anmerican cotton, theo total LLD/ha has fallen by 18 ull
days, 6 of which was in land preparation, and 8 in interculture; anf
for Anerican cotton almoszt all the recduction (14 man-d&ys) is under

inter-culture and cutting of sticks.

Table 23

Datc on oporation-wise ugse of humon and aninal labour availo-
ble for a fow crops ian Ferozepur

Yheat Desi Anerican Cotton e Dosi Cotto

HLD BLD LD BLD HLD B

12 12 1 2 12 12 1

Tillege 16,9 13.6 3041 10.6 14,0 8.2 25.8 T.6 11.2 12,9 21.5
Sowing 1.5 3.0 6.7 2.0 3.8 1.7 5.0 1.4 4.0 2,9 5.0
Honuring 1.5 0.7 1.7 0ol 3.3 0.7 3.3 053 1.9 0.5 1.7
Interculture 6.2 3.1 = 0.2 1741 8.3  6u1 2.7 21.7 12.9 4.1
Irrization C.5 Tel 6.5 - ST Te3 0.2 0,029.8 8.5 3.8
Heorvesting 15.1 12.6 n.a mu.c 35.31/34.11/ - - 39.0 40. -
Throshing 1841 10,5 17,7 1.9 4.9% 6.4% 0.3%0.1¥5.0¥5.0%0.2
0thers 0.3 1.6 0.1 0.7 - 1.4 = 0.3 0.4 0.9 0.2

68.9 5203 6208 1505 8701 6806 4006 12.'. 9600 8200 360-}:

Y b A
Picking E/ cutting of sticks

Sourcg: rerozepur CR 1967-70, o».cit, »p.107,108,119,120,131 and 133
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85, Again the reduction in bullock labour is much sharper than

in human labour, The use of bullocks for Desi vheat has fallen by
47 peir days, per hectare mostly under land preparation (19.5 pair
days), threshing (14 paiw énys) and souwing (4.7 pair days). In the
case of Cotton, the reduction h=as occured yrimarily in land preparc-

2/

tion and to a lesser extent in sowing, namuring and inter-culture, =

G6. The reduction in bullock labour use for land preparation is
probdbly the dircct conscguence of trnctorisatioﬁ. Yhile there verc
hardly any tractors in 195457, therc wvas one tractor for e#ery five
holdings in the nid-sixties; similorly, the reduction of human laponr
use in threshing could be attributcd to the introduction of mechanic:l
threshing of which therc vere ouie for every 4 farns in 1966-69 con-
pered to none in the uid—fiftios.ig/ The phenonenal expansion of
nechanical power for irrigation probably explaina the reduction of
human and, cven more, in the animal labour used for irrigation., Duu
the reasons for the sharp reduction in the use of huwian labour for
ﬁanuring end inter-cultnre in a1l the crops are not clear: It coul!l
be due to the nore wideupread vse of nachines in these oncrations;

to the use of more cxtensive use of fertilicers, wvhiell involve hondlins
snaller volune of wmaterial per unit of nutrient; and perhaps to a
tendcney to substitute chenical for namunl nmethods of weed control,
These questions can be ansirered satisfactorily only on the basis of

nore detailed deta than is currently aveilable,
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87. But one thing secns clear: the reduction in the use of
aninals is mnuch nore pr