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CHAPTER I
INTRODUCTIOR N 3>

Human labour and bullock labour together constitute almost
half of the total cost of the inputs used in crop production,

Since much of the farm labour s generated within the farm, it is
fixed and hence assumes added significaence, Given the technology,
the fixzed nature of these assets in the business partilally deter-
mines the productivity of the resources and the nature of the returns
%0 scale, Further, the operation of the ‘Law of Diminishing xeturns!
begins already in the range where a large proportion of assets is
fixed and that too at low levels of use, The present study is an
attempt to measure the productivity of two important resources of
the Indian farming namely, human lsbour and bullock labour,

The land-man ratic of the agricultural sector existing in
different states cen give a rough indication of the comparative
nature of farm labour productivity, But as agro-climetic conditions
sropping patterns, crop yield rates, resource endowmenis etc,
differ from region to region in the country, marglnal productivity
of labour at the mean level of inputs can provide a better estinmate
of labour productivity, It can also be used to compare labour pro-
ductivity vetween regions and in various crop enterprises, The low
productivity of human labour in Indien Agriculture, due to heavy
pressurs of population end low level of technology is well known
and widely accepted, However, precise knowledge about how low these

levels of productivity are, is not available and can be accomplished

1



e
only 1f studies oriented to that end are undertaken, In view of
the reglonal varlations, an understanding of the marginal producti=-
vity of labour lin agriculture 1s of crucial importance in making
decisions concerning the desirabllity of developing additiomal
employment opportunities, in choosing the form of these opportuni-
ties, and in plenning their location, Furthery it is quite likely
that shifting of resources even within the farm, from one crop to
another, wmay raise the productivity of labour,

done studiesl have been made on the relatlonships of the size
of holding and productivities of human labour and bullock labour,
Few attempts have been made o compare the marginel preducvivibties
of these lnputs for varlous crops within the reglon and between
different regions, Similarly, only few attempts have bsen mzde to
agtermine the economic optimum levels of use for human lsbour and
bullock labour for different reglons and crops, Largely, cross
tabulation analyses have been done vo estimate the returns from
human labour znd bullock labour inputs. In a few cases production
function analyses have also been undertaken to determine the producti-
vities of these Inputs,

In the presemt study it is attempted to determine the marginal
productivity of human and bullock labour inputs and their economic
optimum levels for differemt sized farms, The size of holding hus
been used as en institutionsl variable factor in the production
eguablion, In the 'Studies in the Economlgs of Farm M.nagement' con-
ducted by the Directorate of Hooromics and Statistles, Government of

Indis, in various States, generally power functions have been used,

1. Details are given under Review of Literature im Chapter II,
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whereas in the present study an effort has been made to fit
polynomial functilons of the second degree along with power functicns
mainly to study the possible negative marginal returns of labour
met with in certain cases, This investigation in this sense is
complementary to what has already been done In this field,

The objective of this investigation is to measure the mer-
ginal value productivity of human labour and bullock labour at
differsnt levels of other inputs in different crop enterprises in
selected reglons of the country, Inter-reglonal productivity
compariscons 1s the principal aim of the study,

The results of this study can be made use of for individual
farm decisions and netional policles, An Individual farm operator
can benefit from this informafion by being able to formulate better
decisions regarding resource adjustments to maxzimise returns fronm
limited resources, At natlonal level, 1t may help to formulate
farm policles providing for a more efficlent use of naticnal
resources, These results may also serve as benchmark observations
for future studles, which would investigate the changes in produc-
tivity of labour occurring over time, especlally with refersnce
to changes in technology.

The first part of the study deals with a brilef review of
what has already been dome in this country on the productivity
of human lsbour and bulleck labour and also some of the hypotheses
currently propounded on the productivity of labour in underdeveloped
countries, The second part deals with data and methodelogy, The
third pert deals with findings and the last part constitutes

interpretations and suggestions,



CHAPTER II
A BEVIEW OF LITERATORE

nelatively few studles have been undertaken in this
country to determine the productivity of inpuis that go into
the production of various crops, The f.tudies in the Bconomilcs
of Farm Management' in various states initiated by the Directorate
of Economlcs and Statistles, Department of Agriculture, Minilstry
of Food and Agrlculture, Government of Indla, l1s one of the
comprehensive and systematic attempts in this direction, As far
as the estimation of resources productivitles are concerned these
studies followed malnly the methods of cross tabulation amalysils,
correlavion analysis and in a few cases regression analysis by
£itting production functions,

In 1959 Driver and Desail estimated the marginal productd
vities of humen labour and bullock labour inputs for different
crops in the districts of Naslk and Ahmednagar of the then Bombay
State and presently in the state of Maharashtr. hy use of partial
regression analysis, They found that the marginal value product
of human labour was Rs, 1,267L per day in dry rabi jowar in Ahmed-

nagar district under cost accounting method and Rs.1.6553 per day

1. P.N. Driver, and DK, Jesal, Studies in the Economics of
Farm Management in Bombay, Report for the year 1958~56,

19592), p. 162, 169, 174 and 178,
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under the survey methed, For irrigated Jowar in the same district
they found that the corresponding figures were Rs, 0,6907 and
Rag, 1.3589 under cost accounting method and survey method res-
pectively, They estimated the marginal value product of human
labour day in wheat in Nesik district to be Rs, 2,1B89 under cost
accounting method., Their estimates for marglnal value product
of one plough unit per day in case of d4ry rabl jowar in Ahmednagar
digtrict were Rs, 2,4977 under cost accounting method and Rs, £,5492
in survey sample, For irrigated jowar in the same district, the
corresponding estinmate was Ra, 1,3056 (cost accounting method),
For dry wheat in Nasik district under cost accounting method,
the estimated marginal value product of one plough unit per day
was Rs, 1.7509.3

They reported the fitting of Cobb-Douglas type of production
functions to study the productiviiy of different resources inclu-
d4ing human labour and bullock labour, used for varlous crops.4
They could not draw eny conclusions as the elasticitles of pro-
duction were not statistically significant,
3. 16id., D, 190

4. P,N, Driver ond D.K, Desal, Studies in the Economicg of

Farm Management ;g Bombax. Report for the Year 1956« 57
DPe 257=260
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Ajath Singh et 21.% in their“studles in the Ecomomica
of Farm Msnegement in Punjab’estimated the margimal physical
product of human labour day in irrigated wheat and American
cotton by partial regression emalysis, They found that for
Irrigated wheat it was 0,2BB meunds of grain and for American
cotton 0,1353 mounds of seed cotton, They found that the use
of an additional unit of bullock lebour would have decreased
the yileld of wheat by 0,122 maunds of grain snd of American
cotton by 0,0501 maunds of seed cotton, as the marginal pro-
ductivities were negative,

Taking the data from the Studies in the ficonomics of
Farm Monagement in Punjab for the years 1954-55, 1955-56 and
1956-~57, Ra} Krishna.s in 1964 used CobbeDouglas type of funce
tions to estimate the marginal productivities of varlous inputs
in Punjeb farms, He found that the marginal value products of
humen labour viz, Rs, 1,19 and Rs. 1,78 at respective geometric
mesns were relatively staole in the years 1954~55 and 1956-56
and it rose very steeply in 1956-57 to Rs.4.,37, Comparing the
marginal products with the actual wages of human labour he found
B, Ajalb cingh, Gurdit Singh, Swaran Singh Athwsl, and

¥.S. Rendhawa, Studies in the Economics of Farm ageme:
in Punjsb, Beport for ear 1954-55, p, 20 and
6, Ra] Krishna, Some Procustion Functions for the Punjlab,

nd Journal Agricultura} Economicsg, Silver Jubilee
Number, vol, 190 Nos, 3 and 4, July-December 1964, p. 80-92
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that in the first two years the marginal value product of human
labour at geometric mean was less than the wage rates of Ks,2,49
end Rs, 2,59 respectlvely and in the third year, it was much
higher than the wage rate of Rz, 2,26, He also observed that
the average labour Iinput declined substantially from 495 to
360 man days during the three years inspite of the increase in
the total “earner" man pover in the sample familles from 464 to
532 persons and thus the rise in marginal product of labour
was associated with the fact that the farmers economised labour,
This, he thought might be due to the faet that in the first two
years the wage rate was higher then the marginal product of
labour, He concluded that the merginal product estimates “are
not so widely out of line with scquisition costs as the usual
references 1o the Irrationallty of the Indian peasant imply "
Basak and Choudhury’ fisted linear fumetions to the
data from %he “‘Stunies in the sconomles of Form Memogement in
West Bengal' to debtermine the production sl.sticities of various
resources uscd in the production of Aman paddy and Jjute, “hey
found that the productivity of human labour for both paddy snd
jute in menured plots was greater than In unmanured plots, They
observed o similar trend for bullock labour in the case of paddy,
The effect of bullock labour on the yleld of jule crop was not
statistically signlficant,

%, K.C, Basak and B,K, Choughury, Studles in the fgoromies o
Farm Monagement in West Hengal, Heports for the yeors 1954-55
19686~ and 1956~57,
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Mathur and Khudanpurg fitted Cobb-Douglas type of functions
to study the productivitles of human labour and bullock labour
in different crop enterprises in Madhya Pradesh, Using the
1955-56 data from the“Studles in the fconomics of Farm Management)
they found that the regression coefficlents (elasticities of
production) of human labour and bullock labour (combined into
one input) were negatlve for !farm business as a whole,! while
in cagses of jowar-urild-mung combinatlon and cotton~tur combinz
tion these coefficients were not statlstically significant,

In thelr gtudy of 1956-57, they used humen labour and
bullock labour as separate inputs, They defined bullock labour
as plough hours comsisting of 2 hours of bulleck labour and 1
hour of human labour, Humen labour was separated lnto two groups viz,
rasidual man labour hours and female labour hours, For the 'farm
business as a whole,' the regression coefficients were 0,13 for
plough hour, 0,26 for residual mele labour and -C,13 for fenmale
1abour9. In other cases the coefflclents of these inputs weee
not significant statistleally,
g, P,N, Matmir, &,J, Khudanpur, Studdes in the Deonomics of

Farm Menapement in Madhya Pradesh, Heport for the year
1955-56, D. H3; 61 and 62

9, PN, Mathur, Studies in the Economicsg of Farm Management

in_Madhye Pradesh. Heport for the year 1956-57, p. 53,
63 and 66,



9
Zachariaslcused Cobb-pouglas type of functions to estimate
the marginal productivities of human labour and bullock labour
in selected crop enterprises in the districits of Coimbatore
and Salem in Madras State at different levels viz, &, %, 1, 1%
and 2 times the geometric mean of the lnputs, Further, he
studied the changes in the marginal productivities of humen labour
and bullock lskour, keeplng other inputs at different levels
namely %y, 1 and 2 times their geometric means, He found that
labour productivity was a function of labour use levels but it
was also a function of other lnpuls,
By apalysing the data for 1955-56 on irrigated cotton
teason II) he found that laobour productivity was a functlion
of the quantity of labour input used and in the existing situa-
tion, the lncrease in this input with other inputs held contant
would rot be advieable%l ¢ ince labour procductivity 1s also a
function of other inputs, he concluded that an Increase in other
inputs could increase the labour producvity].'2 Por 1256~-57 data
of the irrigated cotton (Season 1I), he found & similar situation;
the increase in the labour input with other inputs kept constant

was not advisablel® The analysis of the data for 1955-56 on

18, C,\. B, ZJacharias, Studies in the Economics of Farm
Uenoacment in Madras, Heporig for the years 1954-55,
1955«56 and 1956-57.

i1, Ioid,, Beport for the year 1955-56, p, 121 and 194.
12, Ipid
13, Ibid, Report for the year 1956-57, p, B4, 154 and 185,
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irrigated jowar ( & easom III) showed that there was 00 much
of human lsbour already in use, While studying the'farm busl-
ness as a whole' he found that the human labour productivity
appeared to increase with an increase in other inputs,

with bullock labour input alszo he found a similar beha-
viour, In irrigaved jowar (beason III) he observed that the
marginal productivity of bullock labour decreased as its quantity
in use increased; vhile the marginal productivity of bullock
labour .Increasea when the level of bullock latour was kept conse
tant and the levels of other inmputs were 1ncreasedl.'4

Agrawall5 determined the marginal value product of bullock
labour and human labour by fitting a Cobb=Douglas type of
productior function to the farm management survey data for 1954-55
in Uttar Pradesh, According to him the low values of marginal
products of these inpubs indicated that they are used ab high
levels end any addition would result in 1i%%le return, He found
that marginal value productsg of these resources incressed when
the input levels of other resources increased, He observed the
same trend for the data of 1355«56 alse, He comcluded from the
low marginal value products of human lsbour and buliock labour

inputs that additional expenses on these inputs would not be advisabl

14 Zachar fas, Report for the ysar 195455, 0p.gibe ps 137

15, G.D, Agrawal, Studles in the Beonomdcs of Farm Managemend

in Jutar Pradesh, Combined Report for the years 1954-57,
p. 86 and 113,
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He also found that the marginal value product of human labour
iIncreased when the levels of other resources were ralsed,
While analysing the deta for 1954-~55 pertaining to irrigated
wheat in the same study, he found that the relstionship between
output and the inputs of human labour snd bullock labour was
not sizaiflcant statistically,

In Madhye Pradesh, Mathur and Khudanpur-®

found that
the family labour lncome per acre decreased progressively with
the incresse in the slze of holding, The family labour income
per acre was Rs, 64,66 for the slze group of 5 acres and below
whille it was only Rs, 33.14 for the size group of 50 acres and
above, At the same time they found that the gross product per
labour hour was mwore or less stable In the different size groups
though within the major size groups (less than 15 acres, between
15 and 40 acres and above 40 acres) 1t increased with the increase
in the size of holding.17

Zachariasla measured the labour ;roductivity for!farm
business as a whole! in the districts of Salem and Coimbatore
applying the wildely used measurements,viz, return per worker and
gross oubput per worker, He found th.t ihe size of farm, the

cropping pattern, the fized capltal available and the wmount of

16, Ibid.y De 49
17, &L‘-'! . 50

18,Zacharias,Repobd for the year 1954-55, op.cib. P, 70571474,
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working capital expended had a bearing on the quantum of return,
He observed that the returns per worker were the lowest in the
smallest size group and increased as the size of farm went up,
When he related the return per farm worker with capltal available
(both fixed and working) he observed that broadly the former
increaged with an increase in the latter, The study made on the
cropping patiern revealed that the return per werker were grea=
ter on the holdings growing commerclal crops than those growing
food crops on].y:i'9 By analysing the data for the year 1955~56€ he
showed that holdings which were fully rented gave the least
return per worker‘?o He also found that unirrigated holdings gave
the lowest return per worker when compared to fully dirrigated
or partlally irrigated holdings.m These findings led him to
the conclusion that the return per worker could be imcreased appre-
clably by enlarging the size of the farm, by growing non-food
crgps along with food crops, by Increasing the available irriga-
tional facilitles, and by making the tiller feel that the piece
of land cultiveted by him was his own,

Zachariasza'bried to measure the efficlency of labour on
the culbivated area per man eguivalent and work units per man
equivalent, He found that the cultlvated area per man equivalent
dncressed steadily with the increase in the slze of farm, Similarly,
19, Zecharias, Report for the year 1964-55, Qba Sib., P. 72
Zacharias, Report for the year 1966-58, op. git., p. 65
20, Ibid,

21, Zacharias, Heport for the year 1956=57, QD. Slbaes p.65

22, Zacharias, Report for the yeor 1954-55, op, cit., p. 76
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he saw that the number of work units was least in the smallest
size group and the greatest in the largest size group, He furthe
observed that a farmer in the largest size group did 1.6 times
the work done by his counterpart in the smallest size group,

Several workerg have tried to relate silze of holding with
employment of human labour, hired human labour, permanent working
unit, and input per acre of human labour,

Driver and Desa123 found that the employment of human la-
bour was almogt directly related to the size of the farm, The
smaller the farm lesser was the employment for the operator
himself, Ajaib Singh gt _a_la.% found that larger the holding
greater the number of days put in by & permanent farm worker, In
a similar study Zachariasgsfound that the employment on the farm
steadily increased as one passed from the lowsst to the highest
size groups, While studying the paddy crop enterprise Agrema.l26
found no statistically significant relationship with human labour
utilizstion and slze of farm,

The studies of Ajailb Singh gt sl. Punjab farms and of Basak
and Choudhury27 in Bengal farms showed that the proportion of hired
lebour increased with the size of holding, Surprisingly, Mathur
23, Driver emd Desal, Report for the ye.r 195455, op. git.,p. 52

Driver and Desai, Report for the year 1956-56, op. gib.,p. 82
Driver and Desal, Report for the year 1956=-57, ob. ¢ik.,p. B2
24, Ajaib Singh gb gl., feport for the yeor 1999=63, 90. git., p. 52

an; .

25, Zacharlas, Heport for the yesr 1984-556, ocp. tib,, p. 36
26, Agrawal, Combined report for the years 1954~57, gp. git,. p., 142
27, Basak and Choudhury, Report for the year 195556, op, cit., p.29
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and Khudanpur28 found that hired labour per acre was highest in
the smallest slze group and progressively decreased as the size
increased upto the size group of £0 -~ 30 acres and sbove this
size group the proportlon of hired labour showed upward trend,
They at«ributed this behaviour %o the fact that some farmers
in the small holdings largely depend upon hired labour as they
themgelves are busy with other means of livelihood, Their study
also revealed that the permsnent working units per farm lncreased
from 1,70 to 5,67 as the size of farm incressed while the incie
dence of the same per acre decreased from Q.58 per acre in the
smallest group to 0,06 per acre in the highest size group,

In general, the Studles in the Eccromics of Farm Managee
ment in various states showed that the labpur input per acre
declined as the size of holding progressively increased, Driver
and Desai?g in Maharashtra found that the size of holding and
input of humen labour per acre was negatlvely correlated, Ajalb
Singh, et g;.aofound the same trend in Punjab farms except in
the desi cotton enterprise where they noticed some tendency for
labour (both family and exchanged and hired) to increase with
the increase in the size of holding, On West Bengal farms Basak
and Choudhuryal found that the input of human labour per acre

28, Methur and Khudanpur, Report for the year 1955-56, op, cit,,
p. 20 and 49,

29, Driver and Desal, Report for the year 1055-56, gp. git., p. 114
Driver and Desal, Report for the yepr 1956-57, op. glt., p. 119

30, Ajaib Singh, et al,, Report for the ysar 1954-55, op. git.,
p. 78 and 127,

31, Basak and Choudhury, Report for the year 1954x55, op. cit., p, 4
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was highest in the lowest slze group and 1t went down with the
increagse in the size of farm., A4s regards human labour (both
family and hired) per acre in Madhye Pradesh farms Mathur and

ag

Khudanpur“® found that 1t went on decreasing as the slze of

3 found a similar

holding increased, In Madras farms, Zacharias3
trend where the human labour input per acre was largest in the
smallest size group and the human labour Iinput declined as the

size incremsed, Agrawals4 found, in Uttar Pradesh farms, that

the input of human labour per acre was highest in the smallest

size group but declined as the size increased though the downe

ward trend was not pronounced, He found a similar trend in indi-
vidual crop enterprises like sugarcane (ratoon) where the decrease
wag clear as the size of holding increased while in wheat both
Irrigated and unirrigeted, the difference was meagre,

In Bowbay state Driver and Desai35 end in Uttar Pradesh
Agrama136 worked out the correlation between the input of human
labour and output per acre for the individuel crop enterprises and
found that they were positive,

32, Mathur end Khudanpur, Heport for the year 1955«56, op, cit.;p. 49

33, Zacharias, Report for the year 1964-55, op. gif., p. 66
Zacharias, Report for the year 1955-58, op., SilbL.s p. 52
Zacharlas, Report for the year 1956~57, op. cit., p. 56

34, Agrawal, Beport for the year 1956=57, op. git., p. 32 and 51

35, Driver and Desal, Repor: for the jyear 1956-57, op. g¢lt., p. 159-2i

36. Agrawal, Report for the yesrs 1964-57, op. giba., p. 129
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Using the same data Driver and Desaiaztudied the relation=-
ship of size of farm and employment of bullock labour in relation
to yearly availability on Mzharashtra farms, They found that
employment increased from 50,52 per cent to 66,14 per cent of
yearly available as the size of the farm went up from 2,5 zcres
to 100 acres and above, When bullock labour for furm work only
was taken into consideration, the difference was more pronounced,
the employment of bullock labour increasing from 23,82 per cent
in size group 2.5 acres to 53,B2 per cent in size group 100 acres
or more, The data for 1956~57 algo indicated = similar trend,
On account of larger employment of bullocks by the farmers in
hired work the tread regarding unemployment was not so marked
as the trend on the employmeni of t:au:l.ltx:k:.;}B

In their study on Punjeb farms Ajalb Singh gb §_ﬁ9 found

that bullocks in the largest holdimg size group puts 4in 2% times
more work than bullocks belonging to cultivators in the smallest

size group, Basak and Chcmdht,u'g,":‘O

found that the employment was
lowest and hence wastage of bullock labour was highest in the
smallest size group among West Bengal farms, 0On Madhya Pradesh

Pradesh farms Mathur and Khudanpur‘gl saw the best utllization of

87, Driver and Desal, Report for the year 1954-55, op, git.s p. 211
Driver and Desel, Report for the vear 1955=56, op. cit., p., 97
38, Driver <na Desal, Report for the year 1956=-57, op. cit., p.109
39, Ajalb singh et al., Heport for the yesr 1964-55, 0p.cit.,p. 54
40, Basak and Choudhury, Report for the year 1955-56, ob. git, p. 32
41, Mathur and Khudenpur, Report for the yeer 1955-66, OD. Sitas P. 2
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bullock labour In the size group of 10 -~ 15 acres, On Madras
farms, Za.charias"l'zfound that the employment of bullock labour
was high in the largest size group being 1,5 times the average,
In the sugarcene enterprise on Utter Pradesh farms Agrawal43
noticed little varistion in the utilization of bullock labour
between differermt size groups, .

Driver and Deaai“ also studled factors other than size
that affected bullock labour employment in Bombay farms, Thelr
studies showed that the availlability of irrigation was one factor
because employment was only 16,30 per cent in unirrigated farms
while 1t was 51,23 per cent in partially irrigated farms, Further
they found that size of holding combimed with irrigstion had
particularly significant effect on employment of bullock labour
as it rose from 3,85 per cent to 25,54 per ceant in purely irri-
gated farms and from 23,61 per cent io 65,87 per cent in irrigated
farms as the size of holding moved up from 2,5 acres to 75 -~ 100
agres size group,

Sevaral workers have stucied the relationship of bullock
labour input per acre with the size of farm, In Maharsshira Driver
and Desa145 found that bullock labour input per acre in farms
below £0 acres was larger than for farms above thils slze, In
the 195657 data, they saw a more pronounced trend of decrease in
42, Zacheries, Beport for the year 195556, OR. Cit., P. 40
43, Agrawal, Combined Ferort for the yeerg 1984207, Q. cit., p. 103
44, Driver and Desei, Rerort for the year 195455, op. g¢it., p. 211
45, Driver and Desai, Report for the year 1956-56, op. git,., p. 115



iB
bullock labour input per acre as slze of holding 1ncreased.46
Alalib Singh, st _54.47 in their studles of Punjab farms, however,
found that the input of bullock lebour per acre increased with
the size of holding when farm business as a whole was considereéd,
They saw a similar trend in unirrigeted wheate-gram mixture, No
definite veriation was found In irrigated wheat while in the
drrigeted wheat~gram mixture and desi cotton the irend was that
of an increase in the size of holding accompanled by an increase
in the bullock labour input per acre, In Madhyaz Pradesh, Methur
and Khudanpur48 showed that bullock labour input per acre was
not influcncec by the size of holding, bubt the hilghest input use
per acre was found in the smallest size group and 1t progressively
Giminished until 1L .tabilised for the size groups exceedlng 15
acres, Zacharias?® found that the relatlonship was negallve
for Mudraz farms, He found that the input per acre increased

considerably more on frrigated farms, On Uttar Pradesh farms

46, Driver and Desal, Report for the year 1956-57, op. git., p. 120
47, Ajaib Singh gt al., Beport for the year 1964255, op. Sib.s
. 78, B8, Jﬁ‘i,ﬂh& Espofipfor the yeor 18t

Alalb uingh et al,, Report for the year 1956-37, op. git.,
p. 88 and 89,

48, Mathur and Khudanpur, Heport for the year 1955-56, op.gib., p. 4

Mathur, Report for thé year 1956=57, op. £i%t., p. 18 and 43,
49, Zacharlas, Report for the year 1954-55, op. clbt.y p. 66

Zacharlss, Repori for the yesr 1955~-56, op, cit., p. 52
aecharlas, Report for the year 1956-57, op. cit., p. 56 and 72
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lsofound that the input of bullock labour per acre decreased

Agrawa,
significantly with the increaze in the size of farm, However,
in gram the decline was only slight while in sugarcane and paddy
no marked trend in the relationship was seen, The studies conducted
in Delhi villages by the Division of Agriculibural Lconomics of
the Indian Agricultural Research Institute, New Delhi have demons-
trated that bullock labour inputs per acre increased with increase
in size of holding% Also, in all slze-groups, taking'farm busi-
negs as & whole,' the availabllity of assured irrigation supply
helps to even out the peaks and troughs im bullock labour use as
contrasted with unirrigated farms where there are periods of pro-
nounced rise and slump in bullock labour use,
zachariasS® in Madras farms and Agrawal in Uftar Pradesh
farms showed that the cost per unii of bullock labour decreased
progresgively as the size of the holding increased,
Zachariassaeasured the efficiency of bullock labour imput
in Madras farm on the basis of area commanded by a pair of bullocks,
He found that the area commanded increased as one moved from smaller
to larger size group though the increase was less than proportion-

ate to the increase in size,

50, Agrawal, Combined report for the yesr 1954-57, op. cib., p. 57,
69, 70, 103, 112, 123, 136, 142, and 143,

51, T.P,5, Chawdhari gt al,,"Studles in the Economics of Farm
Business on Cultivators'! holaings in Kenjhawla Block, Delhi
Territory 1959-60 to 1961-62!(Unpublished)

52, Zacharlas, Report for the year 1955-56, op. ¢it,, p. 40

53, Zacharias, Report for the year 1954-55, opn. cit., p. 40

Zachariags, Report for the year 1956-57, op. gilt., p. 46
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Driver and Desa154found that the input of human labour and
bullock labour were highly correlated on Maharashtra farms,

Ajalb Singhsgg al. found the same on Punjeb farms, Rajkrishnafe
in hls analysis of the data from Punjab, found that bullock labour
input was highly correlated with land, manual labour and operating
axpenditure,

In thelr study of inter-farm differences in Kumuda-Valll
villege, Parthasarathy and Meenakshi Malya57 estimated that for
the top group of fermers (with ammual incomes above Rs, 500 per
acre), the marginal productivity of human dabour was negative
&1.7120) indicating that input of lubour sbove & certain level
results in negatlive productivity, In fact they alsc found that
the use of labour was very high in this group,

Randhawasg(l%o) while analysing the causes of the phenomenon
that inecrease in the farm slze was not accompanied by Increass
in the output per unit of lend, pointed out that gross as well
as net productivity per productive man day showed a persistent

tendency to rise as the farm size increased, With the help of

54, Driver and Desal, Report for the year 1055-56,0p. clt., p, 161

55, AjJalb Singh et al,, HReport for the year 1054~55, op. git., p. 90
56, Rajkrishna, op., cit., p, 89

67, G, Parthagerathy and M, Meenskshl Malya, "Inter-farm
Productivity Difference =« A Case Study in Kumudavalll
Village,” &g fural Situation in.indis Vel, 15, Fo.'1,
epril 1960; p, 26,

58, N,S, Randhawa, "Returns to Scale in Cooperative Parmiang,”
Agricultursl Situatiop in India Vol, 15 No, 4, July 1960,
P 4386

Gross productivity per productive man day was calculated
by dividing the gross output by total number of productive
man work days,
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production function analysis he showed that in large farms the
gross and net productivity was higher for humen labour because
of the better utilization of family and hired labour in such
farms then on small ones, under the conditicns obtaining,

Sharma59 studled the relatlonship between gross value per
acre for forecast crops and productivity per agricultural worker,
His study revealed that as the number of agricultural workers
per unit area sown increase’, there wag a tendency for the produc-
tivity per agricultural worker to show a decrease, The gross
income per acre shovwed & rising trend, He found that for every
100 acres sown there were 23 workers in Punjab, 33 In West Bengal,
32 in Madras and 110 in Kerals, The gross incomes per acre for
these states were Rs, 115,20, Ks, 167.30, Rs, 175,10 and Ks,193,7
respectively., The corresponding figures of productivity per
worker were Rs, 510,00 for Punjab, Rs, 467,80 for West Bengal,

Rs, 449,40 for Madras &.¢ Rs, 176.20 for Kerala., Heargued that
given the economic resources, more and more additicn of more
workers increases average productivity per unit of other resources
but decreases the marginal contributicn of human labour %o gross

producticn,

The net proauctivity level indicabed the emrning per produchive
man work day after allowing the cost of all the items used in the
production process,

59, P,&, Sharma, “Agricultural Productlvity vis-a-vis, Productivity
of Agriculiural Workers During 1956-1959,"8Agricultural
Situstion In Indie, Vol, 16, No, 5, Annual Number 19871,

p. 486=-480,

Forecase crops are those for which the Birectorate of
Poonomics snd Statistics, Minlstry of Food end Agriculture,
Government of Indla, make estimztes of area and production
periodically, It includes almost «ll important food crops
and cash c¥fops, It excludes plamtation crops like tea,
coffoe and rubber and various frults and vegetables,
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Using the data from the Studies in the Leonomlcs of Farm
Management in varlous states Hari Prakashaofound significant
differences in per acre input of labour Ian the different regions,
According to him these variatlons were explaimable to a consi-
derable extent in terms of the factors underiylng them, The
factors, he suggested were croppiag paiteran, lrrigation, size
dlstribution of holding, availabiity of human labour,

Radhakrishna®t

atudled the difference in the productivie
ties of lebour in two different reglons of West Godavari district
in sndhra Pradesh, Using regression analysis (Cobb~Douglas type
function), he determined the marginsl productivities of human
labour and bullock labour, In Reglon-I~-the deliaic region with
a highly specialised mono-crop farming in padéy, the margianal
value products per men~day of human labour and a pair of bullock
labour were found to be less tham the wage rate,

In his siudy of resource productivities in the three regions
namely Thelangana, Marabthwada and Ksrnateka of former Hyderabad
state, Hanumantha Raoagndicated that marginal productivity of
farm labour was positive and significant. He iound that the elastici
of production with respect to lapour for the average farm was Q

higher than for lond over the whole range of farms particularly

60, Hari Prakash, "Fegional Vardation in Labour Imputs per acre,"
Indisn Journal of Asricultural Ecunomics? Vol, 17, No, 3,
July-Eeptesber 1262 p, 73,

61, o, Badhakrishna,"A Study of Regional Productivities of
Agricultural Inputs,“Indisn Jourmal of Asricultural woonomics,
Vvol, 19; No, 1,January-March 1964, p. 237

62, ¢, H, Hanumentha Rao, Asgricultural croduction junctions,
Cogt_and keturng in Indis, p. 24
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among the unirrigated farms evove 5 and 10 acres in size, He
attributed the estimated high elasticity of labour, despite its
abundant supply, to its functional significance in the produce
tion process. This significance, he explained, derives partly
from the nonmechanized or labour intensive nature of the pre-
vailing productlon techniques and partly from the relatively low
level of labour use, compared to the fnput of land among farms
of 5§ and 10 acres in size, which accounted for a little over
two thirds of the total cultivated areca in the sample, He also
found that wherever the functional significance of labour was
greater and “he per acre iabour inputs relatively lower over
a considerable arca comprising laerge sized farms, the elasticity
of output with respect to labour input was higher relative to
land, Further, the elasticity of lsbour input was higher in un-
irrigated farms because the operational significunce of lsbour was
guite high in these farms, While among irrigated and partially
irrigated farms, where the labour input per acre was already
higher than among dry farms, the marginal significance of land
rogse relativa to that of labour, so that the elasticity of pro=-
duction of land was higher,

thariss estimated the productivity and investigated the
allocation of resources in two samples of sugarcane farms in
Queensland, Austraila, The labour productivity was found below
§3.T.K, T, Achari, "hesource Productivity and Optimum Resource

Allocaticn on a Sample of Queenaland Sugarcane Farmg,"

dion Joux. Ee » Vol, 20, No, R,
AprileJune 1965, p. 21—31
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ruling wage rates in almost all the functions ?:hich was explained
as resulting from the seasonal nature of sugarcane farming wherein
labour needs, are at a peak at planting, cultivation and harvesting
time while this factor 1s under-egiployed for ihe remainder of
the year, The labour produectivity in Mackary sample was consis-
tently low compared with the Ayr group, The possible reason
given vas that the former are dry farms while the latter are
irrigated farms, Another observation made was that in irrigated
farms the labour use was more evenly distributed throughout the
year,

Mellor and Stevenseé presented the hypoithesis thattin
underdeveloped countries, under certein conditions, dominant
forces appear %0 cause an equallsing of the average product of
the agricultural labour among farms and areas,' Purther, the
hypothesis continued, 'due to differences in production function,
this leads %o variations in the marginal productivity of labour
amorg farms =nd areas,® They contended that in highly productive
solls one may £ind heavy concentrations of labour and thelr war~
ginal productivity is around zero if not zero itself, Under
such situations, they pointed out, the labour is used beyond
the point at which marginal product of labour is egqual to the
subsistence level, Obgerving the situations frequently encountered,
they defended the generalisation of low marginal productivity
of labour on highly productive soil end high marginal productivity
of labour on relatively unproductive soll,
B3, Jonn W, Hellor and Robert D, Stevens, "The Average and Mergimel

Product of Farm Labour in Underdeveloped Economies," Journal
of Farm Fconomics, Vol. 38, No, 3, August 1256, p, 78O
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Mellor® {1963) conceptuallsed the¥Limited Agpiration model’

on the us& and productivity of agricultural labour in developing
economies, He suggested that in mogt densely populated low
income countriles, there is a positilve margimal product irom
additional increments of labour appiled teo agricultural produce
tion, However, there exzisted, concurrently a considerable stock
of ldle lsbour, The reasons he attributed to these phenomenon
are

20e the shape of utility surface describing the

trangformation of leisure into goods and services

and shape and location of production possibiiity

curves describing the same transformetiocn,

In a traditions) asgriculture he argued, resources preoducti-
vity i= low znd the rate of return to increased quantitiss of
resources tends to he very low.66

Within a traditional agriculture, changes in production
are largely dependent on changes in the allocation eof
labour to production processes, In additlon resocurces
are combined relatively eificlently, given the economie
and technical environmenis, so that the opportunity to
increase production simply through recrganisation of
production 1s slight,

Abundance of labour in agriculiural sec¢tor and its
marginal productivity 1s close to zero i1f not zero iz the assump~
tion of many workers on economic development, Lewis®? puilt a
nodel in which agriculture provides "a large pool from vhich
recruits for the non-farm sector may be drawn with no significant
decline in agricultural production." Elaborating upon the agsumptio
65, Jonn W, Mellor, The Use and Productivity of Farm Family

Labour in Barly Stages of Agricultural Development,

Journal) of Farm Economics, Vol, 45, gs. 3, August 1963, p.517
66, John W, Meller, "Agriculture in Economic Development," p, 1
67. W, Arthur Lewis, "Economic Development with Unlimited

Supplies of Labour," The Manchaster School,Vol, 22,

May 1954, as guoted in John &, Mellor, The Use and Productivity
of Farm Family Labour in Barly Stages of Agricultural Developue
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in Lewils model, Hanls and Feisg emphasised, "the role of subsis~
tence support! (termed the agricultural surplus) of the marginal
members of the agricultural labour force whose productivity is
zero or close to zero,

Jorgenson69 contested the hypothesis of Lewis and others
and bullt his model on the assumption of posiltive productivity
for all agricultural labour forde, He concluded that Tan agrie
cultural surplug does not exist” and weant on to argue that "transfer
of labour from agriculture will itself require an Increase in
agricultural productivity,” Mellor found partilal agreement with
this thesls, After a study of seasomal labour cycles in an
Eastern Uttar Pradesh Village, HopperToindieated that marginal
praoductivity of labour approximately equalled the going agrilcule
tural wage rate,

Mellor71 concluded from most of the studles "lower marginal
productivity of labour on farms with little lend per worker than

on those with substantial land per worker,"

Journal of Forh Eeonpmics, VOl, 4By NO. 8y AUEUSE 1063, De DL?

88, Gustav Renls end Johr ¢,3, Fel, "A Theory of & conomic Develop~
ment," American Wconomic Revlew, Vol, 12, No, 1,Februsry 196 ,
as quoted In Jomn 1, Me%ior,"ﬁ%a Use and Productivity of
Tarm Family Lebour in Barly Stages of Agricultural Development,"
Journal of Farm Fconomias, Vol, 45, No, 3, August 1963, p, 517,

69, Dale, ¥, Jorgenson,"The Development of a Duel Economy," Ecoom ig
Journal, Vol, 71, June 1961 as quoted in John W, Mellor, "The
Use and Productivity of Farm Family Labour in Egrly Steges of
Agricultural Development," Journal of Farm Bconomicg, Vol, 43,
No, 3, August 1963, p, 517,

70, W, David Hopper,"Seasonal Labour Cycles in an Bastern Utiar
Pradesh Villaga," Bastern snthropologist, Vol, 8, No, 3 and 4,
as quoted in Johm W, Meller, “The Use and Productivity of
Farn Family Lobour in Early Stages of Agrlculiural Levelopment,”
Journal of Favrm lconomics, Yol, 454 No, 3, August 1963, p. 517,

71, John W, Mellor, om. gibt.s p. 513



CHAPTER III
HYPCTHESES

In the light of general knowledge sbout the problems
of regional veriations in labour productivity, concepts from
economic theory and conclusions drawn from the review of rele-
vant literature, the following hypotheses are proposed 1o be
teated in the thesis, The presentation of the hypotheses is
followed by the set of assumptions under which these hypotheses
would be expected to hold,

1. Marginal value products of human labour and of bullock
labour veary from reglon to region and from crop to orop within
the region,

2, Marginal value product of human labour is affected by
size of holding, quanfiity of bullock labour used, quantity of
fertilizers uged and percentage of area under Ilrrigation,

3. Marginal value product of bullock labour is affected

by size of holding, gquentity of human labour used, quantity of
fertilizers used and percentage of area under irrigation,

4, The merginal value product at geometric mean level is
different from the prevailing price of the factors and therefore
i1s different from the economic optimum level of human labour

and bullock lzbour,

27



CHAPTER IV
ASSUMPTIONS

L, The data om input~output relationship collected in the
Studies in the Economics ef Farm Menagement are rspresentative

of thelr regions,

2. The cost of buliock labour days for the size group which
i3 near to geomeiric mean level of size of holding in that
reglon is fairly representative of the price of bullock labour

per day,

3. The wage rabtes and the prices of other inputs and oub~
puts used in the Farm Menagement studiesare fairly representative

for the regions studled,

4, The technology of farms in the regions studied have not
changed during the perlod from 1954 to 1965,

28



CHAPTER V
THE DATA

Two types of data were required to test the hypotheses:
1, Input-output data

a) Outputs : Gross returns from the'farm buslness
a8 a vhole'’and from major crop enter-
prises for each holding.

b) Inputs : Human labour, bullock labour, fertillzers
and manures used, area under each crop,
size of holding and area irrigated per-
taining to each holding,

2, The cost per unit of inputs such as human labour, bullock

labour, manures and fertilizers,
Sources snd Methods of Collection of Dabta

The data for this study were taken from the "Studies in the
Beonomics of Farm Management" conducted by the Directorate of
Economics and Statistles, Ministry of Food and Agriculture,
Government of India, These studies were conducted in six reglons
of the country, neamely, the States of Bombay, Madras, Punjlab,
Uttar Pradesh, West Bengel and Madhya Pradesh for three years,
1954-55, 1955-56 and 1956-57, In Madhya Pradesh these studies
were conducted only for the last two years, The data published in
the reports of these studles were found inadequate for the type
of analysis envisaged in this investigation, The Directorate of
Economics and Statistics waes, therefore, approached and the original
data for Bombay, West Bengal and Madras for the year 1954-55 and
for Uttar Pradesh for 1956-57 were obtalned from them,

29
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Two districts in each of the six Stataes were selected for
the fzrm manegement investigetions, In each State, the dlatricts
selected were contigusus =md represented the iLmportant and tyrical
s0il crop complexes in the areas -nd some of the major cropping
patterns in the country., The districts and the major crops selected

are given in Table 1,

TABLE 1

STATES, DISTRICTS AND MAJOR CROPC SwLUCTED
FOR FARM MANAGERMENT INVESTIGATIONS

State Districts Crops
Bonbay Ahmednagar, Nasilk Wheat, Jowar and Bajra
Madhya Pradesh Akola, Amraoti Jowar, Cotton znd
Groundnut ,
Madras Salem, Columbatore Paddy, Jowar and Cotton,
Punjab Perogepur, amritsar wheat and Cotton

Ubtor Prudesh  Meerut, Muzaff{arnagar Wheat and Sugarcane

West Bengal 24-Parganas, Hooghly Paddy and Jute

Source: wvirectorate of Feonomics and Statistics, Ministry
of Food and Agriculture, Goveranment of lIndla,
Studles in the -Scomemics of Farm Mapagement in
Bombay, Report for the year 1954-855, March 1967,
Pe Ci1h):

These studies were not confined to the selected crops only.
They covered the whole farm business and therefore included all the
farm enterprises, Not all crops were grown on all farms, and
bacause of twhis the observetions included in ths individual analysis
change between those concerned with the !farm business ag a whole!

and with individual crops,
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A multi-stage stratified rendom sampling design was adopted
with the village &b the primary unit and the holding as the ulti-
mate uni;. The procedure adopted was as follows; In each region,
two districts were selected for the study. And in each district
ten villazes were covered by cost accounting method and another
ten villages were covered by the survey method, Four of these
villages were common to both the methods, Thus effectively, 16
villages in each district (32 in each region) were selected for
the study, In order to select the village, the district was divi-
ded into two zones homogenous with regard to agriculture and climatic
conditions, From each zone eight villages were selected at rundom
with probability proportional to cultivating population as given
in the Census Hand Book; except in Uttar Pradesh where villagewlse
geographical area instead of population was made the basis of stra-
tification due to non-availsbility of relevant population data
at the time of starting the enguiry, Ten .0ldings were selected
from each village for the cost accounting method, Twenty holdings
were selected from each of the 10 villages covered by the survey
method, Thus, in each region 200 holdings under the cost accocunting
method and 400 holdings under the survey method were included in
the studyl. The operational unit comprising all lands cultivated
by the farmer irrespective of the locatlion and ownership was taken
as the ultinate unit, A preliminary enumeration of all the house-
holds wes made in the selected village and the area operated by all
T CoLu acooumtans Setnod 53 yoLl as-survey Bevhos; “reretore

from each of these vililages 30 holdings were selected; 10 for
cost accounting method and £0 for survey method,
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the cuitivating households during the previous agriculiural
year was moted, The holdings were then ranked in descending
order according to ithelr sizes, The total number of holdings
wag dilvided into five groups, each containing an equal number
of holdings, Two holdings under cost gecounting method and four
under survey method were selected ultimately from each group at
randon with squal probability, &ix holdings were common to
both cost accounting method and survey method villages, The
villages were selected by the Directorate of Economlcs and
Statistlcs and theé holdings were selected by the officem-incharge
of thelscheme in various states,

1Oné fleldman was posted in each one of the villages
under the cost accounting method so that he could get complete
records of the day to day operations and transactions of the 10
holdings selected for the study, The work of the fleldmen was
supervised by a supervisor having a group of five villages under
him, Exzhaustive and comprehensive schedules were prepared to
collect the relevant data,

The names of the districts and crops coevered by the siudy
are glven in Teble 2,

For the purpose of thils study only the data collecté&d
by the cost accounting method were used as they were likely to

reflect the situation more correctly,
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TABLE 2
STATES, DISTRICTS AND CHOPS INCLUDED IN THE
STUDY
State Year Districts Crops
Bombay 1954=-55 Ahmednagar and Wheat and
Hasik Jowar
Uttar Pradesh 1966-57 Meerut and Wheat and
Muzaffarnagar Sugarcane
tYest Bengal 1954-55 Hoogly and Paddy and Jutbe
24=-Parganas
Madrag 1954«-55 Coimbatore Paddy, Jowsar
and Salem and Cotton

Adjustments Made in ithe Data

Theugh broadly there exists uniformity in the data collected
in various regions by the Directoraie of Economics and Sta@istics
in their Farm Management Studles, considerable varlation 1s seen
in detalls especially with respect to items included in the returns
of the farm, For ezample in Bombay, the informstion on returns
avallable includes value of total products, dalry products and
others, The returns from crop enterprises were, thersfore, obtained
by deducting the value of dalry products and other products from
the value of total products, Similar techmnique was used for
Uttar Pradesh and West Bengal, For other states such as Madras,
the data on returns of crop enterprises were available as such
in the Farm Mansgement Studies, so no indirect methods for its

calculation were needed,
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The returns were not teken in physical units as It was not
possible te have a standard unit, for all types of crop-products
and bye~products for comparison purposes, Hence on the raturns
slde, the value of the crop products and bye-products was taken,
£ince the inputs of human laebour amd bullock labour used
were in physlcal units, i,e.y in terams of humen labour days, «nd
bullock labour dayg respectively, the costs per unit of these
inputs was negessary %o estimate the levels of economic optimum,
The pr?vailing wage rates were avalilable from the published reports,
for hired male, female end child labour for differcnt types of farm
eperations such as ploughing, weeding, harvesting ele, For the
gake of uniformity, the average wage rate for a hired adult male
casual labour (a day of 8 hours) has been used %o work oubt the
cost of one human lebour dey regardless of the nsture of farm operaw
tions, Table 3 shows the wage rates which were used in thia study
for different States,
TABLE 3
WAGE RaTES PREVAILING IN THE VARIOUS DISTRICIC

Wage rave (fs.)

State Distnict per lsbour day
Borbay Nagik 0.92
Ahmednagar 0.98
Uttar Pracesh Moerub ano Muzaffarnagar L.25
tlest Bengal Hoogly 1,88
E4=Farganas 44
Madras Coimbatore 0.95

Salem 0.97
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The hire rates for bullocks were in most cases nol avall-
able, In almost all the situations the total number of bullock
days (hired plus owned) used per acre was given, The cost of
bullock day was calculated as follows:

Anmial total cost of bullock labour
fumber of bullock work-daysa

Cost of bullock day =

For Uttar Pradesh, the cost per pair of bullock labour
day has been worked out on the basis of malntenance cost and
working cost for different size groups, The cost of bullock
day for the size group which was nearest to the geometric mean for
the size of holding in the region, was used for analysis, In
West Bengal for the 'farm business as a whole,' such detalls as
annual cost of maintenance and number of work bullock days for
each size of holding were not avallable, However, the percentage
of unemployed bullock labour days,the percentage of employed
bullock labour days used for farm work and the annual maintenance
cost per bullock were available, From the percentage of employed
bullock labour, the number of work days of bullocks was calculated,
Then the meintenance cost was divided by the number of work days
for the corresronding size group,

The bullock work-days were obtained by deducting the
unemployed work days from total days in a year, And the unemployed
days were calculated as follows:

365 X percentage of unemployed bullock labour

Unemployed days =
100
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For Madras, the costs per productive day of bullock labour
for different size of farm groups were availsble from the publi-
shed reports, No such calculations were,therefore, neaded for
Madras, 7The wage rates of bullock labour per day for different
crops in various regions used in the analysis are shown in
Table 4.

Another difficulty was the lack of data on the size of
holding for some regions, Ior Bombay the data on size of holdings
were not available but data on land utilizetion, such as net ares
sown and current fallows were avallable, Therefore, the size
of holding was calculated as follows:

Size of holding in acres = Net area sown in acres plus
current fallow in acres

In Uttar Pradesh and Madras, the date on size of farms
as such was gliven and hence no adjustments were nceded, For West
Bengal, the detzils on land utilization were not available but
only the tenurial status as area owned in acres, area leased-out
in acres was glven, Hence the size of holdling was worked out as
followss
Size of holding = Owned lend plus area leased-in minus area

leased-out,

As mentioned earllier, the size of the holding was used as
an institutional factor in the e, uations, Hence, outputs and
inputs for each holding were worked cut on per acre basis, For
instance, the total value of physical output was divided by the size
of holding in acres in case of'farm business as a whole' and by area

under the crop in case of & crop enterprise,
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COET AND HIKE CHARGES OF BULLOCK LABOUR P85 DAY

Rate per

day (in
gnterprise A25,) Remarks
Farm Business, Nasik 0,56 Cost per bullock
District, Bombay (1,00) for a day
Farn Business, Ahmednagar 1.13 "
District, Boubay {1,00)
Jowar, unirrigated, Ahmednagar 0,56 "
pistrict, Bombay (1.72)
Irrigated Jowar, Ahmednagar 0,43 "
District, Bombay (1,03)
Wheat, unirrigated, Nasik 0,96 "
District, Bozbay (1,77)
Wheat, irrigaved, Nasik 0.54 "
District, Boumbay (1.50)
Wheat, irrlgated, Ahmednagar 0,48 "
District, Bombay (1,05)
Farm Business, Meerut and Cost per pair of
Muzaffarnagar Districis bullocks for a
Uttar Pradesh 4,60 day.
Sugarcene (planted), Meerut
and Muzaffarnagar Districts,
Uttar Pradesh 5,18 "
Sugarcane (ratoon), Meerut
and Muzaffarnagar Districtas
Uttar Pradesh 5,33 "
Wheat, irrigated, Meerut and
Muzaffarnagar Districts,
Uttar Pradesh 4,35 "
Farm Business, Hoogly District, Cost per bullock
West Bengal 1473 for a day

L

continued
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Rate per

day (in
Enterprise Rs, ) Remarks
Farm Business, 24-Parganas Cost per bullock
District, Vest Bengal 1. 85 for a day
Aug-paddy, Hoogly Distriet,
West Bengal 1,43 "
Aus-paddy, Z4-Pargenas District,
wWest Bengal 1.41 "
Jute, Floogly Dlstrict, West
Bengal 1.46 "
Jute, 24-Parganas District,
wWest Bengal 1.43 "
Farm Business, Coimbatore
District, Madras 0.56 "
Farm Susiness, Salem District,
lladras 1.07 "
Paddy {(ceason I), Coimbatore
and Salem Districte, Madras 0,51 "
Paddy (Seascn 1I), Colmbatore
District, Maucas 0.76 "
Paddy (Sesson II), Salem District,
Maedras 0,41 "
Jowary Irrigated, Coimbatore
District, Madras 1.09 "
Jowar, irrigated, Salem Disirlct,
Madras 0.49 b
Cotton, irrigated, Colmbatore
District, Madras 0.91 w
Cotton irrigated, Salem
District, Madras 0.49 "

Note: Figures in parentheses denote hire charges for
bullock labour,



CHAPTER VI
METHODOLOGY

Regression Analysis

Curvilinear regression a.nalysisl was carried out to study
the input-output relationships for different crop enterprises and
'farm business as a whole,?!

Quadratic and Cobb-Douglas functioms of the following
forms were used in the regression analysis :

Quadratic Funct.ione:

Y = a + biXy + bo¥p + byka + baXy + bsXg - beXt - byXe

- bﬁxg 1 bgXyp & bygXyXa & by3¥s¥a

Cobb~Douglas Function 3

b, by by b, b
Y=an® % X Xt %0

where ¥ is the value of gross returns from crop production per acre,

X1 = the number of human labour days used per acre,

Ko = the number of bullock labour gaya used per acre,
3 = the size of holding in acres,

Xq = the value of fertillzers and menures used per acre,
Xg = the percentage of irrigated area in the holding,

a = the constant

bl"b]_f are the regression coefficients or elasticities of

production of the respective variables,

1, The detailed regression analysis performed in the present study
was restricted to one year data for each state, As pointed out
in the introductory part, this study is complementary to what
has already been asccomplished, Gamerally the data for the year
for which no comparable production egquations were prepared in
the studies of the Directorate of Economics and Statistics, wer
used for regression analysis,

2, Due to limitations in the Programming for the Quadratié Function
only linear terms of X, and Xg were retained while the square terms
and cross products involving 35(4 and X5 were dropped,

39
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In all, thirty input-output relationships were estimated
covering important crops in each region =and ‘farm business as a
whole' in each district, The input-output relationship and the
variables included are given in Table 5,

The equations were fitted by the IBM 1620 Electronic
Computorsavallable at the Institute of Agrisultural Research
Statistics, New Delhl znd at the Delhi School of Economics,
Delhi, For each eguation, a reference number {called equation
number) was used., Two to three runs of the regression anslysis
with varying number of variables were done for each relationship
to eliminate the non-significamt variables from the equations,
The equations obtained from the first run on the electronic
compuber sre given in Appendices I cnd II, The corrected sum
of squares, the regrossion sum of sguares, the percentage varie
ation due to regression and the multiple coefficient of determi-
nation for these eguations are alsc given, The standard errors
of coefficients are given in parenthesis just below the coefficients,

The following steps were used to eliminate the statistically
non~significant and undegirable variables from the eguations,

(1) The standard errors of the regression coefficisnts were
exanined and only those variables whose coefficients were greater
than their standard errors wers selected for the second run,

(2) The simple correlation coefficients between returne and
each input and also between the inputs themselves were examined,

Those varisbles whose simple correlation coefficlents with returas
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Si, Variables Equation
No, Relstionshin included Number
1 Farm Buginess, Naslk (District) g 9dn 1 X305, 1
2134
Boubay

2 Farm Buginess, Ahmedimnager
(District) Bombay

3 Jowar-unirrigated, AhmedTnagar
(Jistrict) Boubay

4  Jowar~irrigated, Ahmed’negar
(District) Bombay

& Vheab-unirrilgated, Nasik
(District) Boumbay

6 Wheat-irrigeated, Nasik
(District) Boumbay

7 Wheal-irrigatcd, Ahmed nagar
(District) Bombay

8 Parm Business, Meerut {(Uistrict)
Uttar Pradesh

9 Farm Buslness, Muzaffarnagar
(Distriet), Ultar Pradesh

10  Sugarcane-planted, Meerut
(District) Utbar Pracesh

11  Sugarcsne~plonted, Muzaffsrnagar
(District), Uttar Pradesh

12  Sugarcane-ratoon, Meerut
(District) Uttar Pradesh)

13 Sugercane-ratoon, Muzaffarnagar
(District), Uttar Pradesh

14 Vheat-irrigated, Muzaifarnagar
(Digtrict), Uttar Pradesh

15 Farm Business, Hoogly (District)
West Bengal

X1y 3gs Ay Xg
Xy Xy X3

X1y Xoy X3

X1s Xgo Xy
L1 X2y X3

A1y Egy g

A1 Xz 23s Egs 2
X19%gXg9¥gs kg
Xis¥gykgrdy

SRR TRETE Y
X1a¥peRgs Yg

RS PROTR TR
LSRT.-TRE

PSRPLTREPREN

esesnsenes COnbinued

10

iz

13

15
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81, Veriables Bguation

No, Relationship included Numbez

16 Parm Business, 24 Parganas L1+¥2s%35%g 16
(District) West Bengal

17 Amam-paddy, Hoogly (Districu) k1eXgeda 17
Vest Bengai

18 Aus-paddy, Hoogly (Distriet) Rysk29X3e%g 18
West Bengal

19 aus-paddy, 24 Parganas ESTRECTP CTS ie
(Dis"hriets West Bengal 2t3r%e

20 Jute toogly (Disirict) X9 Kg s XR9Xa 20
West Bengal

21 Jube, 24 Porganas (District) X1 9%29% 21
zest’Bengal Le¥2idade

22 Tarm Business, Colmbatore PRSI CTR VD 4 22
(vistrict) Madras Lefgaimr e ts

23 Farm Bisiness, Salem (District) PSERCTE.LTT-Y ] 23
Madras

24 Paddy-irvigated, (Season I) X1sXoeizedg 24
Salem and Coimbatore (Districts) <
Maaras

25 Paddy-irrigated (Season IX) Xy a¥; 9 XgeXg 25
Coimbatore (District), Madras

26 Paddy-irrigated (Season II) £39X09hg9%4 26
Salem (District) Madras 1rtarts

27 Jowar-irrigated, Colmbatore X1s¥0sX3 27
{District) Madras

2B Jovar-irrigsted, (Season II) Xy 3 X9 X9, B
Selem (Distx*ict3 Madras 1ierare

290 Cotton-irrigated, Colmbatore hye¥gsXg 29
(District), idadras

- i) X 30

£ vk oo S f1ieets

X1 = numsn labour days per acre

¥g = Bullock lsbour days per acre &g = Value of fertilizers and

¥gq = &ize of holding in zcres manures used per acre

X5 = Percentage of area Irrigated
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were significant at 5 per cent level were retained for the second
run even though the 't! values of the¥r regrassion coefficients
were not high,
(3) Variables having negative regression ccefficients, (linear
terms In case of guadratic eguations) due to the erratic nature
of the data were also eliminated,
(4) Intercorrelation between inputs particularly between
bullock labour and humsn labour was also examined and where the
simple correlation coefficient was high (greater than 0,70), only
one of these two variables (the variable which had higher 't' value
for its regression coefficlent) was retained while the other was
eliminsted,

After using these methods, it was found that some of the
eguations had to be rejected totally. Out of the 30 equations
for each type of functions, 9 equations of the Cobb-Douglas type
and 12 equations of the (Quadratic type were dropped for the
second run, The equation numbars were kept unchanged. Equations
obtained in the second run are given ln Appendices III and IV,
All these equationg were used for determining the marginal value
productivities of labour at the geometric mean levels of inputs,
and the values of marginal productiviiles are given in Tables 9
end 11,

For further economic analysis such as determinetion of the
effects of other inputs on the productivity of labour and estimation
of economic optimum levels, these equations were further scrutinised

for a final run in which only those varilsbleg and those equations
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were retained whose coefficlents were significant at 5 per cent
level, With this process of eliminetion only 20 equations in
Cobb-Douglas type and 3 in Quadratic type of functions were
retained, These equations are given in Chapter VIidiscussing the
"Effect of Other Factors on the Marginal Value Products of Human
Labour and Bullock Labour,”

After persulng the results of the third run 12 equations of
the Cobb-Douglas and 3 of the Quadratic type were retained for
the estimation of economic optimum levels,

Estimation of Marpginal Value Productg

The marginal value products of human labour and bullock
labour were estimated by taking partial derivatives of returns
with respect to the inputs concerned calculated at the geometric
mean levels of the inputs, The steps involved are described below:

Cobb-Douglas Type of Functions :

re Wl g2
wher93 Y = the return in rupees per acre,
xl,xz,xa are the independent variables or inputs,
The partial derivatives of returns (Y) with respect to the

input X; by - 1 b by

ax = a by X3 p.C) Xa

axy
The marginel value product of L3 (MVPX;) was then obtained by
substituting the corresponding geometric mean values 0f Xj,Xg,X3
in the above eguation,

3, The same symbols will be followed throughout this Chapter unlems
otherwise specifiec,



Quadratlc Type of Functions 3

Y= a+by Xy 4bylg 4 by Xy by X - by 1R - bg X

£ by Xy X5 & bg Xy X3k bg Xp Xy

The partjal derivative of returns with respect to the input I
i3 given belous

%*%1 = bp-20bgX tbypXp by Xy
The merginal value product of X; (MVPX)) waz then obtained by
gubstituting the corresponding gecmetric or arithmetic mezns
of X;,Xz and X3 in the equation,

A

BEstdmation of Weonomic Opbimum Levels of Human ILehour
aud Bullock Labour

The economic optimum levels of human or bullock labour
uere ohtalned as followss

From the given production equation, the partial derivatilves
of ¥ (returns in rupees) were worked cut with respect %o .
(human labour days) and Xp (bullock lebour days) holding the values
of Xg and Xy at thelr geometrlc means, These partial derivatives
vere then equated with the corresponding prices of human labour
day and bullock labour day, The values of ¥Xj and Jg {of the
partizl derivative equations) were then sclved simultaneously,
The values so obtained were the econonic optimum levels of humen
labour days and bullock labour days,.with other inputs at their

geometric or arithmetir means,
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The steps lnvolved are described below:
Cobb Douglas Function ;
b b
Y = a Xi ng

The partial derivatives are

. by =1 bg
ay = a by X )
dx] ¢ X2
bg = 1 by

= a bo X X
X2 e k] 27 &

Setting these partial derivatives against their respective prices
i,e, Px; and Pxg, we get

by = 1 b

a by Xll X22 = le
by =« 1 by -

a b2 ng Xll = sz

These two equations were solved simultaneously to obtain the
unknown volues of Xj end X, which are the economic optimum input
levels of X; and X5 respectively, For solving the equatlons were

converted into the logarithmic form as follows:
log a + log by & (by - 1) log X; + by log Xy, = log Pxy
log a + log by £ (bg = 1) log Xg + by log X; = log Pxp

The values of X; and Xy were obtained in logarithmic *orm, 32y
taking the antilogarithric values the economlic optimum levels were
obtained,

Quadratic Type of Functions
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Teking the partlal derdvatives of Y with respect to X; and Xp and
then equating them with the respective prices of Xl and X, we

get:
a¥ = by ~2by X kbsly = Pxy
aky
Q_x = b2—2b4 X2;’;b5 Xl = P32
aXp

By solving these two egquations simultaneously for the unknown

values of Xj and Xp the economic levels were obtalned,



CHAPTRE VII
FINLINGE ~ND DISCUSSION

The findings of this study are reported under five major
heading viz, Correlation Analysis, Produetion Function analysis,
Marginal value products, BEifect of Other Factors on the Mar-
glnal Value Products of human Labour and Bullock Labour and
the Estimation of Bconomic Optimum Levels of Use of Human

Labour and Bullock Labour,

Correlation Analysils

In the discussion of the resulis of Correlation Analysis
at first Correlaticn betwsen IJepsndent varlables ond indspendent
variables and szcendly intercorrelation between independent
variables are given,

The Simple corirelaticon cpeffdcients between the dependent
varisble {ou%put) and the independent vaz iables (inputs) and
the inlercorrelation ostween inputs used in the eguations have
been worked cut, Thase are shown in Table &,

Correlstion Between Returns snd Tondependent Vorianles
geturng and Huasn Lobour 3

The ceorrslatlon between returns and huuman labour days per
acre was found te be »ositive in almost all the relavionships
except for the 'farm business as a whole! in botn the districts
of Ueel Bengal, vhere the coefflclent was found %o be nesative

though it vas not statistidally significant ia hoogly district,

48
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West Bengal, When 'farm business as a whole® was considered,
the correlation coefficients betwsen yileld and human labour
days were high1 in Bombay, low in Madras and Utter Pradesh and
the lofest 1n West Bengal, Among Individuael crop enterprises,
high correlation coefficients were found in unirrigated jowar and
wheat in Bombay, irrigeted paddy (Sezson II) in Coilwmbatore ang
lrrigated cotton in Madras,
Teturns and Bulleck Labour 3

Positlve correlation vas found to exist betusen yield and
bullock labour input in the majority of the situations, In
sugarcane (ratoon) crop of Utiar Pradesh and farm business of
Hoogly district, the relationship was negalive though the coeffl-
cients vere not significant even at 10 per cent level, The posi-~
t1lve correlation was not statistically significant in cases of
farm business and aus~-paddy in 24-Parganas dissrict, Jute im both
the districts of West Bengal and 1rrigated jowsr in Colmbaiors,
The correlation coefficients were found to be high in farm busi-
ness of both the districts of Bombay, low in Madras, Uttra Pradesh
and lowest in West Bengal, Among indivlidual crop enterprises,
correlation between returns and bullock labour were high la Madras
and Bombay but low in Utdar Pradesh and West Bengal,
Returns and Size of Holding

Bxcept in the cases of farm business in the districts eof
Bombay, 24~Parganas, In West Bengal and Salem in Madras, the

correlations between roturns and the size of holding were mnot

1, Whenever the value of coefficlent of correlation is greater
than 0,70 1t 1s considered as high,



TABLE 6 CORRELATION ARALYSIS = SIMPLE CORFFLATION BETw EN TH' VAI IABLES
s1. Dereription n X2 S;xe  Txxg Sra TR Sxpxa FYAL Gpxy TR Byxa ™m; by, rOyq By rOg By,
Fo,
2 5 T3 5 3 ™% ) o ) S S 1 = I 134 [ IO U S
1. “erm Businers, Nasik 61 0,8776 0,0299 -0,0993" 0,1302 -0.3300 0,1229 0.9110 0.0837 0,7725 0.0827 0,560 O0.1E67 0.8564 0.0882 = -
(Distriot) Bombay
2, Faras Business, Ahmed 77 o0,8608 0,0301 -0,3882 0,1083 =-0,3%41 0,1081 0,8016 0,0690 0,7612 0,078l -0,2676 0,113 - - 0.8518 0,0978
nngar (District) Bombay .
(1]
3, Jouar-unirrigated,Ahm=d 65 00,8061 0,048l -0,C401 0,1320 -0,2243 0,133% 0,B111 0,0803 0,6008 0,1098 =-0,1087 0,1385 - - - -
nngar (District) Bozbay
+
4, Jowar-irrigated, Ahmed 50 ©0,7847 0,0866 -0,2047 0,1870 =0,3252 0,1365 0.6314 0,1119 0.3913 0,1314 0,1322 0,1416 - - - -
nagar (Diatricts Bocbay . .
L]
5., Wheateunirrigated,Nasik 31 o0,9461 0,0195 -0,03G8 0,1BES -0.00'77+ 0.18567 0,7587 0.1191 0O.,B984 0,086 0.0051 O0,1B57 ~ - - -
(histrict) Bombay . .
4
€. Wheat-irrigated, l'asik 32 0,8600 0,0475 -0.3°17 0,178 =-0,267. 0,1769 0,3869 0.1723 0,6004 0,1474 =-0.1B28 0,178 - - - -
(nistrict) Pombay
we e + +
7. Wheat-irrigated, Ahnad 36 0.B436 0,0602 -0.3971 0,1686 -0,3133 0.1653 0,2934 0.1664 0,269 0,1681 0,0021 0,1741 - - - -
nagar (District) Bombay
+ +
B. ?ﬁ:g‘ggﬂ}nﬁ Meerut 100 0.4457 0,0810 -0.2863 0,0958 -0.0744 0.1007 O0.6468 0.0845 0.4131 0.0910 -0.0822 0,056 0.5033 0.0873 0.025% 0.1020
D 1P,
[y ] + ry
9, Parm Business,Muzaffar 96 0,7139 0,0606 -0.3344 0,0972 -0,2809 0,1004 0.2329 0,1003 0,2187 0.1006 ~-0,0084 0,1031 0,1560 0.1019 O.2264 0,0991
nagar (District) U.P,
+
10.  Supercane-plantcd,leerut 87 0.3033 0,016 -0.1565 0,1071 0.160f 0.1072 0.6203 0.0833 0,144 0,1068 -0.1z91 0.1065 0.4172 0,0985 - -
] «Pa
+ +
11, Sugarcane-plunted,Mizaffer 78  0.3413 0,1013 -0.0887 0.1117 -0.1co2’ 0.1132 0.4260 0.1038 0,4391 0,1031 -0.0467 0.1146 0.3873 0.1079 - -
nagar (Distriot) U.P,
+ +
12, Bui:roam-rutoan, Beerut 91 0,1504 0,1036 -0.3020 0,101 -0.0160 0.1060 0,2392 0,1019 -0,0093"° 0, 1080 -0.1501 0.1048 0.1670 0,1045 - -
(pistrict) U.P.
- + +
13, fugsrcsne-rctoon,luzaffer B85 0.6362 0.0782 -0,1865 0,1078 -0.1551* 0.1084 0.60¢8 0.0884 0,3970 0,1007 =-0.1531 0,1085 0,1501 0,l088 - -
nager (Distriot) U.P,
14, Wheat-irrigated,Muraffar g3 o0, 0.5 Jo78 - ¥ . 0. ) 1 o. - - - -
nagsr (District) u.p, 6457 0,0816 -0.0788 0,107 -0.1951 0,1359 0.3033 1334 0,3202 0,1387 -0.0191 0,1400

. ocontinuved
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+
15, Farz Buoiness, Hoogly 76  0.2871 0.1067 =0.1402 0.1147 -0,0261 0,1170 .om 0.1168 -0,0260 0.1l 0,027 0.1170 .ocs 0.1189 - -
(Oistriot) West Bengal
4
16, ~orm Business, 24 Parga~- 98 0,8B34 0,0224 -0,2714 0.0882 «0,1989 00,0890 -0.2202 0,09068 00,0973 0,1018 D, 4150 0,099 0,2401 O0.0R08 - -
nas (Dintrlcts W Bengal
4 + »
17. Aman-paddy, Hoogly 69 0,4194 0.1007 -0,0339 0,1221 -0,0602" 0,119 0,5790 0,1131 0,1925 0.1186 -0,0068" 0,1222 - - - -
(N4strict), West Bengal
+ + + 4
18. Aus-paddy 18 0,49833 0,1892 -0,0604 0.2496 «0,0076 0,2500 10,1188 o0.2432 0,5638 0,208 -0,1038 O.P487 O0.9721 0O, - -
(7strict), o T bengal
3 4 e + +
19, Aus-paddy, 24 Perge- 19 0,6829 0,1360 -0,2576 0,2343 -0,3376 0,2283 0,4013 0,2281 0,1017° 0,2306 «0,002% 0.2428 -0.0001" 0.9428 - -
na« (Nlatriect), W, Bengal
¢ 4
20, Jute, Hoog}.y (nistriot) 46 ©0,6703 0,1100 -0,19854 0,1483 0,0511L 0,1608 0.,38468 0.13092 0.0340+ 00,1507 0.00!1’ 0.1808 -0.0MI* 0.1508 = -
Yest Beng
4+ 4+ + +
Pl. {ufioz 34 I)’ar m.al 40 0,4718 0.,l262 -0,1024 O,1614 0.,0770 ©0.1617 0.,4888 0,1416 0,0887 0,162 -0,0011 0,16282 -0.101§ 0,1614 - -
Distriot) W, Beng
4
o2, I(-‘grlntminix)le;ﬂa Coinmbntore 97 0.6962 0,059 ~0.231 0,0998 0.0785 0,1023 0,7006 0,073 0.,4B44 0,088 -0.1601’ 0.1013 0,691 0,0827 0,5014 O.0888
sirilce odresg
48 e
23, Farn Buriness, Salem 94 0,m"7 0.03%0 -0,C835 0,0989 -0,1264 0,1011 O0,3586 0,0063 0,3018 0,N083 «0.1865 0,1012 ©.4004 O.0MM5 - -
("istrict) lLadras
as LE 3
o4, ?ﬁﬂi’f&mei x(_:;c -on 1) 4" 0,708 0,0800 -0,2472 0,1632 =-0,3079 0.1604 O0,8112 0,151 0,.5473 O,L3®3 -0,1690 0.1561 0.7763 0,098l - -
alo
(Pistrict) ! adras
+ 4 <
£8, Poddy-irrigated (Ceasen II)PL  0.8730 0.0546 -0,2936 0,213 -0,2C29 0,2236 O0.8580 O0,l166 O0,6344 0,0516 -0,E791 O,C1BO 0.9094 0,0954 - -
Coimbatore ([ istrict)! aurnos
‘ &<
28, PeAdy-irrigated (“ecsonII) 28 0,3031 O0.1781 -0.2278 0.1013 -0.2067 0,1873 0,7187 0.1364 0.7646 0.1864 =-0,P004 O0,19E1 0,4726 0,1728 - -
Ffalea (histrict) !'adras
4 s +
27, Jower-irrigated ("coaonlIX)29 0,0187 0,0760 -0,0640 0,0041 0,0136 0,1807 0,3122 0,18p8 0.0635 0,19€: «0,0775 0,1819 - - - -
Coinbatore (District)Mpi=as
+
g8, Jownr-irrignted (CensonIII)2B  0.9806 0,0076 -0,3990 O0,1788 -0 4027 0,178 0,9164 0,0788 0,8238 0,078 ~0.8669 O0,1B90 -0 1606’ 0.1833 - -
Ealen (Nistrict) Mrrras *
29, Cotton-irripated(ca~zonIII)36 0.9863 0,0060 -0,1886 0.1664 =-0,1783 0.1688 0.9787 0,034 0.9700 0,158 -0.1023° 0.1688 - - - -
Coimbatore (riatrict)!adros :
+ * + (1
80, Cotton-irrignted( razonllI)2l 0,5162 0,1683 -0,1871 0,284 0,178 0,2°58 0,3384 00,2159 0,8001 1578 3084 O0.2104 ~ - - -
° Balem ( Nistrict) Madras : * * 0.1578 0.
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SYMECe .S US..D M TASLE 6

¥ = Value of output in Kupses per acre,

X = The number of human labowr days used per acre,

L, = Mumber of bullock labour days used per acre,

X3 = Size of holding in ascres,

g = The values of fertillzers and mznures used
per acre,

kY = Percentage of area irripgated in the holding,

rﬁng = Correlation coefficient betweenhuman lzbour
and bullock labour,

riiEg = Correlation coefficient between human labour
and size of holding,

rig¥g = Correlacion coefficlent between bullock labour
and size of holding,

rY¥{y = Correlation coefficlent between cutput and
human labour,

Y = Correlation coefficient tetwesn outpult and
bulilock labour,

r¥hy = Correlation coefficlent between cutput and
size of holding,

riip = Correlation coeificient between output and
fertil lzers and manures uses,

riLg = Correlation coefiicienl between output ang
the percentage of area irrigated.

Sx1xe & Standard Brror of r3jap

Exixg = Standard srror of rijig

S = St . L X

Sxoxs Standard Lrror of rigiy

Syxp = Standard srror of ryly

Syye = Standara drrer of riig

Syxg % Standard drror of rY¥y

Syxg = Standard scror of IrY¥y

SYXS = Standerd Brror of rYig

Corrolation coelficients aie significant al 5 per cont level,
=% Qprrelation are significant at 10 per cent level,

+ Corelation coefficients are not significant even at 10
per cent level,
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statistically significant, In all the above cases the correlation
was found to be negative, In Uttar Pradesh and Madras also,
these correlation coefficlents were negativa, however, statistl;,);y

not significant, The same situation existed in West Bengal
except in case of jute crop in Heogly district. In Bombay the
relationshilp was positive bub not statistically significent,
with lrrigated Jowar and wheat of Ahmednagar district and unirri-
gated wheat of HNmsik district,

Returns and Fertllizers and Manures @

Crop ylelds were positively correlated with the amounte of
fertilizers and manures applied, In & few cases the coefficients
were statlstically not significent but in no case was the coefficient
negative, High correlation values were found in case of irrigated
paddy (Season I) in Madras,in irrigated paddy (Season II) of
Colubatore district, Madras, aus-paddy of Hoogly district, West
Bengal and 'farm buslness as a whole'! in Nasik district, Bombay,
Returns and the Percentage Area Irrigated :

In all the four cases studied the returns were found to be
positively correlated with the percentage of area under Irrigation,
In Bombay and Madras where well irrigation is more prevalenty the
values of correlation coefflclents were high, In Meerut, the
value was not statisticslly significent while in Muzaffarnagar
it was significant but low. It may be noted that in these two
districts, a sizeable area is under canal irrigation.



53

Intercorrelation betwesn Independent Vaeriables
Human labour and Bullock Labour;

Per agre inputs of humen labour and bullock labour were
found to be positively correlsbed in all the cases (except in
ratoon sugarcane in Meerut district and irrigated paddy, Seasom Il,
in Salem distriet of Madras, In the former case, the ratoon crop
needs very few bullock labour days). High correlation between these
tuwo variables vas found in Bombay in almost all the ¢rop enterprises,
In five form enterprises out of nine In Madras, the correlation
coefficlents were high, In the irrigeted crops of cotton and
paddy (Season iil), the correlation coeiflcients were as high as
0,98, The correlation was low in West Sengal and Uttar Pradesh,
Human Labour and Size of Holding 3

The human lsbour imput per acre and ihe size of holding
vere found to be negatively correlated, In maay cases the coefli-
clents were not statistlcally significant, Gemerally the correlation
was low,
Bullock Labour and Size of Holding :z

In most of $hie euses the relationship bebween bullock labour

used per acre and the size of holding was not statistleally signi-
ficant, uWherever the relaitionships were signific.nt, these two
variables were negatively correlated, In Bombay the correletion
coefficients were found to be significant at five per cent level
except in irrigeted wheat of Ahmednagar where it was signlfilcant
at 10 per cent level only, For '‘farm business as a whole! in

Muzeffarnagar and in 24-Pargagnas dlstricts, the relatlonshlp was
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negatively correlated and the correlatlon coefflclents were

siguificant at flve per cent level,

Production Functlon Analysis

L£fver sliminating the variocbles according to the criteria
as discussed on page 40 in the Methodology Chapter, tne eguations
developed 1n the seconé run were used for producition function
analysls, The ecuaticns developed in the second run are gilven
in Appendices I1I and IV,

Regression Coeificients fov Coob-uouglas fype eof sunctionse
Blasticitles of Production

In Cobb-Douglas Type Junctions the regression coefficients
are egulvalent to the elasticiiles of production for the inputs,
hence they are discussed under this term, Table 8 shows the
sroauction elasticitles of human lasbour and bullock labour,

The production elasticity of human labour for sll cases
inciuded in the study was positive, Consiuerable variation
was noticed in the production elastleity of human labour between
regiong and between cruops within the regions., The production
elusticity ranged from 0,13453 to 1,25787. It appears that
wherever rainfall was high and irrigation was sssured the
production elasiticity of humen lebour wes found to be low ag
in West Bengal and Utber Pragesh, Blastlcity of production
for humem labour was generally higher in Madras and Boubay
than in Uttar Pradesh and west Bengal,

when 'farm business as a whole' was considered the

highest value of elasvicity of production of human labour was



TABL 7-8

PRODUCTION BLASTICITIES OF HUMaN LABOUR ARD
BULLOCK LABOUR

85

Equation

No
1

11

16

17

20

Inter (-]

Farm Business, Nasilk

district, Bombay

Farm Business, Ahmede

nagar district,
Boubay

Jowar unirrigated,
Ahmednegar district,
Boubay

Wheat unirrigated,
Nasik dlstrict,
Bonbay

Vheat irrigated,
Nasik district,
Boubay

Wheat irrigated,
Ahmednagar districh,
Boabay

Farm Business, Meerut
district, Usitar
Pradesh

fugarcane (planted),

#uzasfarnagar district,

Uttar Pradesh

Farm Business, 24-Par-

ganag district, West
Bengal

Aman-paddy, Hoogly

district, Lest Bengal
Jute, Hoogly district,

Vest Bengal

aboul

0,31511

0,69503

1,09984

0,80442

1,25787

0.30503

0,31550

0.13453

0,3675L

0,37942

Production Production Variables
elasticlty elasticit
of Human

used in
of Bullock the

Labo at
0.68272 X;,Xg

- XI,XS

- A12%3

- Xl

-0.58918  Xy,%p

0.39106 XgyX

3

0,39161 Xy ,%ps¥y

0,40765 31:%0»

- X343

- X1,
0.21727 %y,ig

serrcamans continued

&2
e

0,77515

0.50942
0,58881
0.46946
0,48690
0.23022
0,39816
0.24660
0,78194

0,12400

0,23260
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Production Production Varlables

elasticity elasticity used in i

Equation of Human of Bullock the 05

No, Nnterprise Labour Labour Funection T

21 Jute, 24«Parganas 0.41148 -0,02457 Xl'xz 0,22465
disirict, west
Bengal

22 Parm Business, 0,66187 0,19148 X3,%, 0.58000
Coimbavore dlstrict,
Madras

£3 Parm Business, Salem 0,9822) 0,03376 Xj,%3 0,39757
district, Madras

24 Paddy=irrigated, 0.66837 - % 0,49300
(Season I), Madras

25 Paddy~irrigated, 0.59241 - X 0,72548
{Ceason 1I)y Coim~
batore, district,
liadres

26 Paddy-irrigated 0.51133 - X1+43 0,53152
(Season II), Salem
district, Madras

28 Jowar-irrigated, 0.B31eR - Xy 0,67111
(Season 11), Salem
district, Madras

29 Cotton~irrigated 0,44883 0,39233 Kl’xz 0,79858
Coimbatore district,
radras.

30 Cottoneirrigated, 1,13240 - Xl,ia 0,84627
Salem district,
lladras

X1 = the number of humen labour days used per acre,

Xy = the aumber of bullock labour days used per acre,

X3 = size of holding in acres,

34 = the value of fertilizers and manures used per acre,

rg = the coefficient of determination,

R the coefficient of multiple determination
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found in Solem district, Madras (0.98221), aznd the lowest
value in 24~-Parganas disirict, ' est Bengal (0,13483),

Among ind4ividual crop enterprises irrigated wheat in
Nasik district, Bombay was found to have the largest production
elasticity of human labour (1,25787) wnd sugarcane {(planted)
Muzaffarnagar, Uttar Pradesh, she smallest (0,31550), VUith
ragard to varlatlons in the elasticlty of produciion of human
labour between crops in a reglon, results in both Ahmednagar
and Nesik distrlct, Bombay have shown hilgher values in lrri-
gated vheat than unirrigaved wheat and jowar, In the Hoogly
distrlet, Wwest Bengal, the »roduction elasticity of human
labour for the Jjuie crop was slightly hizher than the aman
paddy 0.37243 and 0,36751 respectively, In Salem districi,
Madrags the production elasticity of human labour for cotton
wag larger than for irrigated paddy (Season IT) or idrrigated
Jowar while 1n Coimbatore dicirict, Madras, the production
elagticity of human labour for Iirrigated cotion was lower
than for irrilgated paddy,

The preduction elasticity of bullock lebour was found
to be positive in all cases studied except in Irrigated wheat
of Wasik district, Fombay and in jute of Z4-Parganas district,
West Bengal, As in human labour conslderable varlatlon was
noticed in the production elasticity of bullock labour between
rezions and between enterprises within the regions, The values
of production elasticity of bullock labour were found to

range from - 0,58918 to 0,68272,
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When 'farm business «s a whole'! was consicered the
smallest value of production elasticity of bullock labour was
found in Coimbatore distridt, Madras and the highest value in
Nagik district, Bombay (0,1914B amd 0,68272 respectively),

Among Individual crop, production elasticity of Bullock
labour was smallest in irrigated wheat Naslk district, Bombay
(~0,58918) and largest in sugarcane (planted), Mesrut district,
Uttar Pradesh (0,40755),

Repression Cosfficients for Juadratic Tspe Hquationg:

Regresslon coef{icients of human labour in the equation

dealing with *farm business as 2 whole were ,49983 in Solem
district of Madrss and 4,44812 13 unirrigated wheat In Nasik
district of Bombay, Only in these two cases were the coeffliclents
in the fuadratic Type of “unctions gtatistically significunt at

5 per vent level, Thus, bscause of the smz3ll number of siznificant
coeificionts a meaningful comparison between regions znd between
crops within the regions could not be made,

Regrassion coefficlents of bullock labour in aus-paddy In
24-Pargenas diswrict, West Bengal, was found te be 2,73284, Again
in tae absence of any other statistically significant coefiicients,
ne inter~regicnal or intercrop comparison were possible to make,

Marginal Value Produgts

The estimated values of the mgrginal value products for
human labour and for bullock labour ares glven in Tables 2 to 12,
Az an 1llustration, the steps involved in the determination

of marginal value products are given belows
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Bauatlon Number 3 : dJowar-unirrigated, Ahmednagar
district, Bombay (Quadratic Type)

Y = 2,17976 + 1,56470 X; - 0,37966 X3 - 0,00105 X3

g
+ 0,00314 X3 + 0,02339 X; X3
Marginal value products of humen labour
MVP ¥y = %% = 1.56470 -~ 0.00210 X1 + 0,02339 X1 Zg
1

Substituting the arithmetlc means of X3 and X3 in the above

equation we get;

MVP X, = 1,56470 - 0,00210 (15,00945) + 0,02339 (25,44B00)
= 8,12841 = Rs, 2,13

Bguat ion Number 3 ¢ Jowar-unirrigated, Ahmednagar

district, Bombay (Cobb-~Douglas Type)

1.09957 0.09659
Y = 0.BB9B4 X Xy

Marginal value product of human labour
0,09957 0,09659
MVP X, = g¥ = 0,88848 (1,09957) X X
1 1 3
68Xy
log MVP Xy = log 0,BB980 + log 1,09960 + 0.02960 (1,08965)
+ 0,09660 (1,2672)
= T1,94929 + 0,04123 + 0,09960 (1,08965) +
+ 0,09660 (1,26720)
= 0,22146
MVP X3 = Antl log 0,22146 = 1,665

1R

Hence Marginal Value Product of Human Lebour = Hs, 1.67
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In Tebles 8 and 11 in addition to the marginal value
products, the input levels at geometric meen, the wage rate of
human labour, costs per day of bullock labour and the coeffi~
clent of gdetermination are also given, Table 10 and 12 show
the marginal value products of human labour and bullock labour
estimated under the present siudy and those worked out by other
authors,

Marzginal value vproduct of human labour s

Except in case of !farm business as a whole? in Meerut
district, Uttar Fradesh and individual crop enterprises in the
districts of Hoogly =nd 24-Parganss ia “est Bengal, the marginal
value products of human labour wers higher than the prevailing
wage rate for all enterprises as well as for *farm business as
a whole! in the States of Bombay, Madras,aUttar Pradesh and
West Bengal,

When ffarm business as & whole was considered the Marginal
Value Product of human labour was highest in the 24-Parganas
district of West Bemgal (Rs, 2,95) and the lowest in Ahmednagar
district of Bombay (Rs, 1.18), Perhaps the low fertility level,
arid climatic conditions, sbsence of irrigation, predominance
of food crops in the cropping patter, partly explain the low
marginal value product in Ahmednaga} and Negik districts, In
farm business of Nagik district human lsbour Input alone sxplained
76 per cent of the variation in return while in 24-Parganas
district, West Bengal, the human labour input and size of hold-
ing together explained only 34 per cent of the vaeriation in

return,



TABLE g MARGINAL VALUB PROOUCT: OF HUMAN LABOUR IN AUPWES AT
GEOMETRIC MBAN MOR VARIOUS ENTERPRISES

bquation Geometric Marginal Coefii-
No, Fnterprise mean of wage value 8ize of cient
humen labour rate product holding Variables of de-
in days (Hs,) ab geo- {acres) included  termi-
metric natlion
Jaean
i Farm Business, Fasik 7.98 0.98 1.56 11.40 E9} ()
{District) Bombay
2 Farm Business, Ahmed 10,07 0.95 1,18 14,97 A3 9dg 0.51
nagar (District) Boubay (10,91)#*
3 Jowar-unirrigated, 12.85 0,95 1.52 18.50 A1s 0.58
Ahmed nagar (District) (2.13)@
Hombay
5 Whesb-unirrigated, Nasik 18,17 0,92 1.52 12,57 4 0,47
(District) Boumbay

G vwheet-irrigated, NHasik 85,29 0,92 1.92 15,18 Xya¥2 0,49
{District) Bombay

8 Farm Buslness, Meerut 52,80 1,25 1.17 6.68 X19%20Xg 0,40
(pissrict), Uttar Pradesh
11 3ugaréane-planted, Muzaffar-

nagar (District) Uttar 71,34 1.28 1,87 11,27 b4 P 0,25
fradesh

13 Eugarcane-ratoon, luza= 53,47 1.25 (4,32) 10,56 X1s%g 0.47
ffar nagar (bistrict)
Ubtar Pradesh

14 theat-irrigated, Muzaffar 83,31 1.25 2.34
nager (District), Utbar (2,79)**
Pradesh

11,01 Xyrfped3 047

ses e coOntinued

T°




hguation
No, Enterprise -

16

17

20

21

23

a4

£5

26

Geometric
mean of
human lsbour

in days

Ferm Buslness, £4-
Parganas {(District)
West Bengal

Aman-paddy, Hoogly
(Distrlct), West Bengal

Jute, Hoogly (District)
West Bengal

Jute, 24=-Parganas
(District), Westh
Bengal

Fara Pusiness, Coim-
batore (District),
Madras

Farm Business, Salenm
(District), Madras

Paddy-irrigated
(Season 1), Madras

Paddy=irrigated
(Seagon 1I), Salem
(District) Hadras

Paddy=irrigated
(Season II), Salenm
(District), Hadras

N S o

63,00

e

24,61

102,36

119.00

27.64

49,89

122,40

171,84




wage
rate
hs

2.4‘4

1.55

Q.97

0.26

0,97

0.97

0.96

Marginal

value

product
at geo-

metric
mean

(2.958)

0.64

1428

0,88

1.40

1.66
(2.46)
1.65

1.24

1,30

Coeffi=
cient
Size of of ce-
holding Variesbles vermi-
acres included nation
1,79 }{193{3 0.34
2,023 Xl 0,19
1,71 Xy 93 0.21
1.24 21,32 0.29
3.74 Xl,ﬁa 0.23
4.78 i1 049
10,56 Xl 0,73
8,07 }{l,Ka 0,49 %

s e veasy GOntinued




Marginal

value Coeffi-
Geometric product clent
nean of Yage at geo~  Size of of det~
Equabion humen labour rate metric holding Varlables ermi-
Ho, Enterprise in days (Bs,) _ mean (agres)  included nation
28 Jouar-irrigated 33530 0.% 1.72 4,82 A 0,57
(Semson III), Calem ‘ 1
(District), Madras
2 Cotfon~Jzrrigated
(Season II),
Coimbatore (District) 52,56 0,97 1,10 9,61 493 0.97
Yadras
30 Cobton-irrigoted
(Season I1), Salem 84,12 0,96 3,34 4,19 X1adg 0.64
District, Madras
Note: The regression coefficlients are significant ah 5 per cent level
+# Regression coefficlents of human lebour are significant at 10 per cent level
@ t-value (Begression coefficients/Standard error of the regression coefficients)

is greater then unity,

Pigures in parenbhesls are the marginal value produchs estimated from Quadratic

Type of Functions while all others are estimated from Cobb-Douglas Type of

Funct lons,

€9



TABLBm MAKGIHAL VALUs PmOUUCTE OF B . LacOUR IH RUP BE AT GEOMLTAIC MbaM LovalL lh JKFFERREY HEGIONS FOR SELKCTED ENTSAPEIEES
T BoRDey v t T T ¥
Typa of ! Anmed : mﬁﬁu- Com- ' w 7 éoh.m — Come !
Enterprise Jear fupotdon. ! Fapik gagar ' lserut  pagar biged ° Hoogly Pargagas ' betgre Sl bined ‘Punish
Farm Business 1964-65 Quadratio BES 0.91°** - - - E3 2,98 25 R 48 - -
Cobb-Douglas 1,56 1,18 - - 2,42 °<] ¥S 1,40 1,66 - 1,58
19656-568 Cobb-Douglaa - - - - 0.52 - - - - - 1,78
1966-57 Cobb-dwgm - - 1,17 KS - - - - - - "n
heat unirrigaterd 1964-55 ucuratic 0,77 - - - - - - - - - -
o gase dobo-l)ouf',l.&l 1.58 - - - - - - - - - -
vheat irrigsted 1964~656 ucdratio Ic he - 2,708 - - - - - - -
Lobb=Jsouglas 1,97 ! - 2,34 - - - - - - -
Paddy-irrigatod (.esson I) 1954-55 Uaurutic - - - - - 1 g - - ES -
Lobo- ouglug - - - - - o bo - - 1,85 -
Paddy~-irrigated (Couson II) 1954=50 Cobb=- ou,l.n - - - - - v, B4 - 1.74 1,30 0,63 -
1955~56 Coob=- ougl.s - - - - - - - - - B -
1966-57 Cobb- suglans - - - - - - - - - 1.17 -
Jowar-unirrig.ted 1954-55 ucaretic - wola - - - - - - - - -
Cobb-Jouglos - 1,62 - - - - - - - - -
Jowar irrigatoed 1 B4-53 u dratic - - - - - - - 10 829 R - -
Lobb- Jouglas - - - - - - - re 1,72 1.71 -
1955-88 Lo“b-Louglan - - - - - - - - - £.88 -
1956-57 Cotb=-Jouglag - - - - - - - - - 1,00 -—
Sugarcane-pl nted 1956=-57 Cobb=douglas - - ko 1.87 - - - - - - -
Bugarcans-ratoon 19668=57 ueuratio - - - 4,32 - - - - - - -
Juts 1954-56 Lobb-_ouglas - - - - - 1,08 0.88 - - - -
Catton 1984-68 Lobb- ouglas - - - - - - - 1,10 3.4 1,88 -
1865-56 Lobb- rouglas - - - - - - - - - 0.87 -
1966-57 L.obb-_ouglas - - - - - - - - - 1.57 -
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Among individual crop enterprises sugarcane (ratoom) in

Muzaffarnagar dlstrict showed the largest marginal value product
for human labour (Rs. 4.32 at geomebric mean level and Rs, 3,99
at arithmetic mean level), The irrigated cotion in Salem
district of Medras State ranked second (Rs, 3,34), The lowest
marginal value product of human labour was found In aman-paddy
in Hoogly district of West Bengal (Bs, 0.64), Among food crops,
irrigated wheat in Mugaffarnagar districi showed the largest
narginal value product of human labour {(Rs, £.34),

In Basik district of Bombay, the merginal value product
of human labour in irrigated wheat was higher than in unirrigated
wheat aven though the human labour input In the former was 4,7
times (85 days) then in the latter (18 days), In unirrigated
wheat of Nasik disirict, human labour input alone explained 47
per cent of the varistion in yield while in irrigated wheat
human labour and bullock labour together explained only 49 per
cent of the variation, The merginal value product of human labour
in unirrigated jowar of Ahmedunagar and unirrigated jowar in
Naslk district were found to be the same at their respective
geomeiric meanslevels of inpub, But in unirrigated jowar the
human labour input used was only & of that of irrigated Jowar,

In Muzaffarnager district, Uttar Pradesh, the merginal
value product in raioon gugarcane (Rs, 4.32) was nearly double
that of in irrigated wheat (2,34), The geometric mean of the
human labour input wis larger by &rd in ratoon sugarcane than in
irrigated wheat showing the much more labour intensive nabure of the

sugarcane ratoon crop,
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The merginal valus product of human labour was graater
in jute than in amen~paddy In West Bengal, In Hoogly districi,
West Bengal, the marginal value product of human labgour for
Jute was twice that of amane-paddy although the human labour
input in Jjute wes nearly 4% times that in aman-paddy, Atthe
sape time the averapge sisze of holding was larger ih aman-paddy
gsaemple then for the Jjute sampls which fect gave rise to expec~
tations of higher marginal value product for sman-paddy on
these larger holdings,

In =l) enterprises, the merginal value product of human
labour was higher in Salem district than in Coimbatore district
of Madras State though the geometric mean level of human labour
input in all the enterprises was higher in Salem district than
in Coirbatore district, In Salem district, Madras irrigated
cotton gave nearly double the merginal return for labour than
in paddy or jowar at their respective geometric mean levels of
human labour input, In Coilmbabore, ths marginal value product
of human lshour fer irrigated cotton was smaller than in
irrlgated paddy, bhough in irrigated paddy the human labour input
level was nearly three timesothat in irrigated cotton,
Marginal Value Product of Bullock Laboué:

Bxcept in irrigatedevheat in Muzaffarnsgar district,
Uttar Pradesh, in 'farm business as a whole! and Jute in 24~
Porganas district, West Bengel the marginel value products of
bullock lsbour at the geometric mesns were higher than the

prevailling costs per day of bullock labour, Of oll the enterprises



TABLE 11

MARGINAL VALUS PRODUCTS 0OF BULLOCK LABOUR IN RUPEES AT
GEOMETRIC MMAN FOR VARIOUS ENTSRPRISES

Equation Geometric  Cost/day Marginal Size of 5 variapies
Number Enterprise Mean of Byllock Value holding R® inclu-
Labour product at Im acres or ded
Geometric re
Mean in Rs,
1  Farm Business, Nasik (Distriet), 8.13 0,56 1.38 11,40 0.77 X,
Bombay
6 Wheat-irrigated, Nasik (District), 65,91 0.54 1.97 18,18 0,47 X1sdo
Bombay
7 Wheat=-irrigated, Ahmednsger (District), 53.46 0.48 0,62 15,20 0.17 X
Bombay
8 Farm Business, Meerut (District), 17.98 4,60 4,95 6,88 0,40 X1.Xp.24
Uttar Praaesh {2.88)
11 &ugercane(planted) Muzaffarnagar 15,69 5,18 1,69 11.27 0.26 i3s¥g

(District), Uttar Pradesh

14 heat-irrigated, Muzaifarnagar 21.15 4,35 3,40 11,01 0,47 Xy.kgeX,
(District), Uttar Pradesh “

16 Farm Business, 24-Parganas (District) 17.25 1,86 1,80 1,79 0,78 g3
West Bengal

19 Aus-paddy, 24~-Pargsnas (District), 18,00 1,41 (2.09) 2,17 0,45 Xg,Xg
West Bengal

eresnsses cONtinued

L9



Marginal

Cost/day Value B Vari-
Geometric of Bullock product at  .1ze of oF ables
Eguation Hean Lubour Geometric  holding r°  inclue
Nugbex “nterprise lean ia ris,  in screg ded
21 Jute,; Z4-vargenas (sistrict), 29,00 lL.41 0.28 1.64 0,59 a14hg
west Bengal
22 Farm Buginess, Coimbatore
{istrict), ladras 15,76 0,56 0,71 7.33 0.84 X3.4g
29 cotton (Ceason 1I), Coimbatore 27.92 0,91 1,27 C.C1 0,79 211,».2
(.:4strict), ilsdras
Notes The regression coefflclonts are significant at 5 per cent level,

*

hegression coefficients ofbullocklabour are significant ot 10 per cent level

igures in parenthesis sre the marginal value products estimated from (uadratic Type
of Tunctions while all others are estimatec from Cobb-louglas Type of Functions,

(®)e9
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TABLE 12 Ma!GINAL VALUE PrOLU.To OF BULLOCK LABOUI IN KUPsES AT G LMsTHIC oaN LoVEL 1N INPPEERNT mmoIoms rom
LELECTED KN BhPRISES

|
Type of —Hesbar_  _____TRjar precesh . _— -.nIEl%H__ Wm___
bnterprise Year Funcgtion Hasik _ na Nesrut ar b, Com-  Pun-

Fara Businsss 1984-565 ggggisz&gm gl;im - g:gg - ;..13 - i.‘ﬂ 8.71 - - S
1955-5668 Lobb=Douglas - - - - - - - - - -2 ,00
1956-57 Cobb-Houglas - - - - - - - - - - 0.95
Wheat-unirrigeted 1964-68 quadratic 1,61%¢ = - - - - - - - - -
wheat-irrigated 1954=55 gggg{ﬁgtglu t%ﬁe 8.62 - - - - - - - - -
1956-57 Lobb-Douglas - - - 3,40 - - - - - - -
Paddy-irrigoted {Seamson 1) and 1954-55 u dratdc - - - - - - 2,08 - - - -
aus-paddy
Paddy-irrigated (.eason 1I) 1954-6. Lobb-_ouglas - - - - - - - - - 0,0088 -
Jowar-irrigated 1951-55 Cobb-oougles - - - - - - - - - 1,88 -
J 1955~56 Cobb-bouglns - - - - - - - - - 1,32 =
1266-67 Cobb-bouglns - - - - - - - - . 0.7 - \
Cugarcane~ planted 1966-57 Cobb~Jougles - - - 18,69 - - - - - - -
Jute 1854~ 55 Cobb-.Jouglna - - - - - ). 0,28 - - - -
Cotton (Season II) 1054-55 Cobb- ouglas - - - - - - - 1,82 - 0.38 -
1956=25 Cobb-uUauglas - - - - - - - - - 0.16 =
1056-37 Cobb-Jouglas - - - - - - - - - 0,27 =

Hote; [egression coefficients 1e pigaificant at 5 per cemt level,
** Regreanion coefficlents of bullock labour arc significant at 10 per cent level,
@ t-value of the regression coefficientsof bullock labour iz gre ter then ons, *
_ cotntpnbe a® m11107°F Inhe v 4r nat evean agqual to unity.
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studied, sugzrcane {planted) in luzaffarnagar district,
Uttar Pradesh, showed the largest marginal value product of
bullock labour (Rs, 12,69); and jute in 24-Pargunas district,
West Bengal gave the lowest marginal value preduct (Hs, 0.28),
When !'farm business as a whole'! was considered, the marginal
value product was found to be highest (1s, 4,95) in the
district of Meerut, Uttar Pradesh, and the lowest (ks, 0,7L)
in Yadras, As regards lrrigated wheat, the marginal value
product of bullock labour was higher in Nasik district than
in Ahmednager district, The productivity of bullock labour
also varied from crop to crop within the same region, In
{uzaifarnagar district the marginel value product of bullock
labour in sugarcane was thrice that in Irrigatea wheat, In
t4~-Pargenas dilstrict of Uest Bengal, the merginal value produd
of bullock imbour in -us-paddy was larger than in jute, In
Colobatore district of Madras, the marginal value product of
bullock labour in irrigated cotton was more hhan wouble than

in tfarm business as a whole,!?

Biffect of Other Factors on the Marginal Value
Products of Human Lsbour and Bullock Labour

Not all eguations developed in the second run shown in
usppendices III and IV were usged for studyin, the effect of
other faciors on the productivity of human labour and bullock
labour, Further screening was cone to eliminate the undesirable
variables and only those vari bles whose coefficlents were
statistically s ignific.nt at 5 per ceant level were retained

in the ecuation, The equationg developed are given below ¢



Bouation 1 : Farm Business, Nasik (district), Bombay
0,96747
A, b4 = 1,72290 X
(&.07433)
N = 6l C.S.5, = 12,20683 1° = 0,73877
0,98028
B. Y = 1,46780 Xp
(0.07183)

N = 8l C.8.8, = 12,20553 r° = 0,76749

Bauation 2 3 Parm Business, Ahmednagar district,
Bombay
0.69583 0.03828
¥ = 3,36L78 X3 Xz

(0,02208) (0,003%6)

N = 77  C.5.5, = 7.67432 &° = 0,50942
BEguation 3 3 Jower-unirrigaved, Ahmednagar dlstrict,
Bombay
1,02783
Y = 1,41219 X
{0.12100)
2

¥ =55 C,8.8, = 6,66015 r" = Q,57660

Xy = the number of humwan labour days used per acre,

X 3 the number of bullock labour days used per acre,
X% = size of holding in acres,

Xa = the value of fertilizers and manures used per acre,
35 = the percentage of area irrigated in the holding,

N = the number of holdings in the sample,

C5.8 = corrected sum of sqguares,

T2 u= the coefficlent of determination,

R2 = the coefficient of multinle dtermination.

The fipures in parenthesis denote the Standard Error of the
coefficient,

The above notstions will be followed throughout this Chapter
unless othervwlse specified,
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Fouation & ; Wheat~unirrigated, Nasik district,
Bombay

, 0.80442
Y = 3,33400 Xy

{0.159886}
¥=23lL (.58, =4,88195 r2 = 0,46946
Bouatdon 6 : Wheat-irrigated, Nasik district,

Bombay

1,256787  -0,58918
Y = 5,73150 %3 X

(0,06111) (0,05846)

N =32 C,8,8, = 8,00885 32 = 0,4B620

Bouation 7 ¢ Wheat~lrrigated, Ahmednagar district,
Bombay

0,34804
¥ = 13,78700 X,

{0,13439)

N =85 C.8,5, = 2,58745 12

= 0,16820
Eguation 8 ¢+ Ferm Business, Meerut district,
Uttar Pradesh

0,30503 0,39161 0,03597
Y = 19,95880 X; g %,

(0,07484) (0,09273) (0,01659)
N = 100 C.5.5, = 3,03252 R® = 0,39816
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Eguation 11 Sugarcane (planted), Muzaffarnagar
district, Uttar Pradesh

0.31550  0,40758
Y = 35,73709 % Xy

(0,11770)  (0,14430)

H=178 C,8,8, = 5,33480 P-g = 0,24660

Bauation 16 Farm Business, 24-Pagranas dlstrict,
West Bengsl

0.13453  =L,25290
¥ = 219,03500 X iz

(0,02540)  (0.02121)

N =98 C,8,8, = 37,7B476 Rg = 0,78124

Equatden 17 Aman—padd;avi Hoogly district

west Beng
0.36751
Y = 13,17400 %;
(0,14980)
N =69 C.5.5, = 2,02642 % = 0,19400

Equation £0 3 Jutey Hoogly district, West Bengal

0.45609  0,06232
Y = 13,49560 Xy SN

(0.03565) (0,01553)

2
N = 46 CuleSs = 8,92642 R = 0,20201
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Egduation 21 3 Jute, 24~Parganas,district,
West Bengsl

0.41148 =0.02457
Y = 22,09900 %y -
(0.01728) (0,01077)
2
N =40 C,5.,8, = 1,05218 K = 0,29465

Equation 22 3 Farm Buslness, Colmtatore district
Madras

0,66187 0,19148
3,82359 Xy g

{0,04408)  (004027)

I
n

=97 C.8.8, = 28,19438 fiz = 0,55000

Eauation 23 s Farm Business, Salem distriect,
Yadrpas
0,98221 0,0337¢6
Y = 1,73196 X3 e

{0.14500) {0,05146)
) 2
N =084 C,5.5, = 26,41405 R = 0,39757

Eguation 24 3 Paddy-irrigated (Season I),
Madras

0,66837
Y = 12,83340 .'{1

{0,1£042)

2
N =42 C.5.8, = 6,75181 r = 0,49300



74

Pguation 25 3 Paddysirrigated (Seasom II),
Coimbatore district, Madras,

0.58241
Y = 13,53100 X,
{0,26437)
‘ 2
N =21l C,lk, = 3,61740 r = (,72548

Bauation 26 Paddy-irrigated (Season II)
Salem district, Madras,

0.51133  -0,35249
Y = 42,23500 X X3

(0.,03288) {0,06652)

N =28 Co5,.8, = 3,90261 R2 = 0,53159

Eguation 28 3 Jowar-irrigeted (Season II}
Salem district, Madras

0,.83168

(0.14139)

-
§

2
N=28 Cu3,8, = 6,58418 r = 0,571l

Cotton-irrigated, Coluwbatore district,
Madras

0.44883 0,39233
Y = 5,81939 X L,

{0.06448)  (0,05720)

BEguation 28 :

2
N =36 Carledie = 12,146086 R = 0,79258
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Eguation 30 : Cotton-lrrigated, Salem district,

Vodras

¢ - o.28306 xi.lsstm X;o.:sssoo
(0,01705) (0.00790)

N =2l C,5,8, = 4,40086 R = 0,64627

Only the above eguations were used for further analysis
including the estimatlon of sconcmic optimum levels of use of
human and bullock labour, The effects of bullock laebour, size
of holding, value of fertilizers, and the percentage of irrigated
area in the holding on the marginal productivity of human labour
wore studied at varicus levels of human labour (see figurcs on
pages76a, and 76b), The effect of size of holding on the pro~
ductivity of bullock labour was also studied, The findings

are summarized belows

Effect of Bullock Labour Input on the Marginal Value Product
of Human Lsbeur :

The effect of bulloek labour on *the productivity of human
labour at spocific levels of human labour input was studied.
Tor this the marginal value product of human labour Input at
different (}y %s 24 L, 13, and 2 tines geometric mean) levels
for different levels (§, 1, 1}, and 2 times the gecmetric mean
level) of bullock labour use was estimated, This was done for
the 'farm business as a whole' as also wicth reference to
spceific crop enterprisea la different aveas,

In the case of'fare business as a whole! in Meerut

district, Uttar Pradesh, doubling of the inpub level of bullock

L o,
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MARGINAL VALUE PRODUCT IN RUPEES

EFFECT OF SIZE OF HOLDING ON THE MARGINAL VALUE
PRODUCT OF HNHUMAN LABOUR IN FARM BUSINESS OF
SALEM DISTRICT, MADRAS
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MARGINAL VALUE PRQODUCT !N RUPEES

EFFECT OF FERTILIZERS AND MANURES ON THE
MARGINAL VALUE PRODUCT OF HUMAN LABOUR

IN FARM BUSINESS, MEERUT DISTRICT, UTTAR PRADE SH
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MARGINAL VALUE PRODUCT IN RUPEES
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labour increased the marglinal value product of human labour
by one third, (Table 13), Holding the humen labour b a level
of 15 day ie at 4 of the geomeiric mean, and ralsing the bullock
labour to a level of 36 days i,e, twice its geometric mean,
resulted in an incre=se in the marginal value product of human
labour from Rs, 3,04 to HBs, 3,99 ( 31 % ), At geometric mean
level of human labour a simllar increase Iin bullock labour input
raised the merginal value product of humen labour from Rs, 1,16
to Bs5, 1,53 { 32 %) and &t twice the geometric mean level of
human labour input the inerease was from Rs, 0,72 %o 0,25 (32 4).
Keeping the bulleck labour constant at geometric mean (18 days)
the increzse in human lasbour input from 15 days to 120 days
resulted in a four fold decrease of warginal value product of

human labour from Rs, 3,04 to Rs, 0,72,

TABLE 13

MARGINAL VALUE PHODUCTS OF HUMAN LABOUR AT DIVFERENT INPUT
LEVELS OF HUMAN LABOUR AND BULLOCK LABQUR IN FARM BUSINESS,
MEERUT DISTRICT, UTTAR PRADESH

Bullock Human labour in days/acye
mm 15 80 45 60 (GM) 90 120
(Rs,) (Bs,) (Hs,) (Bs,) (8s,)  (Bs.)
@ 2,31 1,43 1,08 0,08 0.67 0,55
1B (M) 3.04 1,88 1,42 1,16 0.88 0,72
a7 3,57 2,21 1,67 1,36 1,03 0.B4
36 3,99 2,47 1,86 1,53 1,15 0.95

Fote: M refers to Geometric Mean throughout this Chepter,
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8imilarly the marginal valus products of human labour
increased et all levels of human lebour input when the bullock
labour was inereased in the farm business of Coilmbatore
district, Madras (Table No, 14)., At 4 geometric mean level
of humzan labour (7 days) the marginal value product of human
labour increased from Rs, 2,23 to Hs, 2,56 (14 %) when the
bullock lebour input was ralsed from 16 days (Geometric mean
level) to 32 days (i.e, twice the Geometric Mean level), For
an increase Iin bullock labour input of the same order (that 1s
double the Geometric Mean level), at the geometric mean level
of human labour input (28 days), the increase in marginal
value product vas increased from Hs, 1,54 to Hs, 1,76 (14 %),
Holding the bullock labour input congtant at the geometric mean
level (16 days) an elght fold increase in human labour input
reduced 1is marginal value product to 55 per cent of its former
level from Rs, 2,23 %o Rs, 1l.22, In Coimbatore as compared
with Meerub, with bullock labour held comstant, simller order
of increase in human labour level led to a decrease of much lower
order in the marginal value product of human labour with human
labour held constant, similar proportionetse inmcrease in bulleck
labour use ralsed the marginal value product much less but the
trends were in the same direcilons,

Among crop enterprises, sugarcane (planted) in Muzaffare
nagar dlstrict, Uttar Pradesh and irrigated cotton in Colmbatore
alstrict, Medras, showed similar behaviour as in the two fore-

going instances, 4t fth of the geometric mean level of human
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TABLE 14
MARGIVAL VALUE PRODUCTS OF HUMaN LaBOUR AT oIFFERENT INPUT

LEVELS OF HUMAN LABOUR AND BULLOCK LaABOUR IN FARM BUSINESS,
COIMBATORE DISTRICT, MADEAS

Bullock Human labo in _days/acre

labour

in days/ascre 7 73 21 28_(GM) 42 58
(Rs.) (Bs.) (Rs.,) (Bs.) (&s.) (Rs,)

B8 1,95 1,70 1,48 1.34 1,17 1,07

16 (GM) 2,23 1,94 1,69 1,54 1,3¢ 1,22

04 2,41 2,10 1,83 1,66 1,45 1.31

32 2,55 2,22 1,98 1,76 1,52 1,39

labour input in sugarcane (plented) in Muzaffernager disirict,
Uttar Pradesh, an increase in bullock labour input from 8 days
to0 32 days (Geometric mean level = 16 days) raised the marginal
value product of human lebour by 76 per cent from Rs, 3,64 to
Rs, 6,40 (Table 15), The increases in merginal value product
of humen lebour were more or less same at all levels of human
labour input, Ab geometric mean level input the marginal value
product of human labour input Increased from Rg, 1,41 to 2,48
(76 %) and at twlce the geometric mean level from Hs, 0,88 to
Ks, 1,54 (75 %) as the bullock lebour input increased from 8
days to 32 days, An increase in the input of human labour irom
13 days to 144 days (Geometric mean = 72 days) keeping the
level of bullock labour input constaat, decreased the merginal
value product of human labour by nearly four fold at =ll levels

of bullock labour input, In irrigated cotton in Coimbatore
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TABLE 18
MARGINAT VALUE FRODUCT: OF HUMAN LABOUR AT DIFFEHENT

INPUT LEVELS OF HUMAN LABOUR AND BULLCCK LALGUR IN
SUGARCANGE (PLANTED), MUZAFFARNAGAR DISTRICT, UTTaR

PHADESH
Bullock Human labour in dsys/acre
1labour

in gays/acre 18 36 54 72(Gl0) 108 144
] (Rs,) (Bs,) (Bs,) (Rs,) (Bs.,) (Bs.)

8 3.64 2,26 1,72 1.41 1.07 0.88
16 (GM) 4,83 3,00 2,27 1.86 1.42 1.16
24 5,69 3,84 2,68 2.281 1,67 1,37
3z 6,40 3,28 8,02 2448 1,88 1,84

district, (Teble 18) keeping the human lebour input at {th of
geomelric mean level (i,e, 13 days) the marginal value product
of humen labeur increased from Re, 1,82 to Rs, 3,12 (72 %) when
the bullock labour input (Ceometric mean lsvel 28 days) was
Increased from 14 to 56 days, TFor a similar incresse im bullocgk
labeur input keeping the human labour inpul ot geometric mean
(52 days) the marginel value product of human labour Increased
from Hs, 0.85 to Rs, 1,46 (again 72 4), #i twice the geometric
mean (104 days) the marginal value product increased again

by the same fraction from s, 0,58 to Rs, 1,00, The proportion
of increase remcined the same for all levels of humen labour
input, An increase in the human labour input keeping the
bullock labour at a perticular level decreased the marginal value
product of numen labour, The decrease in marginal value product
of humen lebour at all levels of bullock labour input as human

labour input increased from 13 days to 104 days was of the
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TABLE 16
MARGINAL VALUE PROJUCTS OF HUMAN LaSQUR AT DIFFRRENT INPUT

L /ELS OF HUMAN LaBOUR AND BULWLOCK LaBOUR IS COTTON=IRnIGATED,
COIMBATORE DISTRICT, MADRAS

Bullock Human labour in days/acre

labour

in days/agre 13 26 39 52(0M) 78 104
(Rs,) (gs,) (Bs.) (Bs,) (ks.) (Rs,)

14 1.82 1,24 0,99 0.85 0,68 0,58

28 (GM) 2,3 1,63 1,30 1,11 0.89 0,76

42 2,80 1,91 1,583 1,30 1,04 0,83

56 3.14 2,14 1,71 1,46 1,17 1.00

order of 6B per cenk of the origlaal level,

In irrigated wheat in Naesik distridi, Bombay and jute
in 24~Parganas distriet, West Bengal, a different behaviour was
noted, In the former case (Table 17) increase in ballock labour
input from 33 days to 132 Gays (Geometric mean = 66 days) at all
levels of human labour decreased the marginmal value product of
human labour to 44 per cent of the original level. ~n increzase
in the humen labour input from 21 days Lo 170 deys (Geometric
mesn level = 85 days) keeping bullock labour constant on the
contrary increased the marginal value product of human lobour
at all levels of bullock lebour input by 71 per cent, In the
case of the jute ecrop in 24-Parganas dlsirict, west Bengal
(Table 18) for increace in bullock labour from 15 deys to 60
days (Geometric mean = 30 days) at all levels of human labour

resulted in the decresse of the marginal value product of human
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labour b6 95 or 97 per cent of the initisl level, For all
lavels of bullock labour input, an increase in human labour
input from 20 days to 240 days (Ceometriec mean = 120 days)
drastically decreased the marginel value product of human labour
to nezrly 28 per cent of the original level, At 15 days of
bullock labosur input the increase in buman labour Irenm 30 Says
o 240 days decreasea its marginal value product from Rs, 1,71
0 0,49, ¥For a similar incresse iz human labour with bullogk
labour at twice its geometric mean, the merginal valus produch
of humen labour secreassed from Rs, 1,65 io Hs, 0,47,
TABLG 17
VABGIRRL VALUE PACAUCT 01 BUMAN nasOU. AT LI8Tmbhadl IWRUT

LiaVLE Of HUMAN LanOUs sy oUL.OCK LAGOUR IN WHEAT=IRhIGATel,
hofIK wISTRICE, BOMBAY

Bulleck Humen labeur in doyasfecye
Labour
in dsysfocre £l 42 63 B3 {CHM) 188 170
(hs,) {Bs,) (Bs.) (Rs,) (Rg,) (ﬁs.)
a3 L,08 2,41 2,58 £482 320 3,46
66 (GM) 1,34 1,60 1,78 1,92 ZeA3 2,80
o9 1;98 1.26 1.40 1.8% 1,87 1.B1
132 0,89 1.07 1,18 1.28 o4l 1,82

2t of

) 4 YR
Tussn sobouy

o
-
.

The merginal value product of humw labour was found 1o
increcse at all lovels of humun labour input with an increasse
in the size of holding in the farm business of Salew district

in Madras State (Table 19) but the incresse was rather suall,
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TABLE 1B
MARGINAL VALUE PRODUCTS OF HUMAN LABOUR AT DIFFERENT INPUT

LEVELS OF HUMAN LABOUR AND BULLOCK LaBOUR IN JUTE IN 24-
PARGANAS DISTRICT, WEST BENGAL

Bullock Human labour in days/acre

labour

In_days/acre 30 60 90 120(GM) _ 1BO 240
(Rs.) (Rs,) (Rs.) (Rs.) (Bs.) (Bs,)

15 1.71 1,13 0,90 0,73 0.58 0,49

30 (GM) 1.68 1,12 0,88 0,72 0.57 0.48

45 l1.66 1,11 0.87 0.71 0.56 0,47

60 1.65 1,10 0.87 0,71 0,56 0,47

of the order of about 5 per cent over the initlal level, At 4th
geometric mean level of human labour input (12.50 days) the
increase in the gize of holding from 2 acres to 8 acres resulted
in the increase of marginal value product of human labour from
Rs, 1,68 to Rs, 1,75, For the same increase in the size of
holding at twice the geometric mean of human labour input the
increase remalned more or less the same, At all size levels,

an increase in human labour input (Geometric mean level = 50
days) from 12,5 days to 100 days resulted in a 3 to 4 per cent
decrease in the value of the marginal value product of human
labour, When a Quadratic Function Instead of a functlon of the
Cobb-Douglas Type was fitted (Table 20), the trends were in the
same direction, However in this case as the size of holding
increased from 2 to B acres the marginal value product of human

labour rose sharply, the rise belng steeper as the level of
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TABL: 19

MARGINAL VALUE PRODUCTS OF FUMAN LAROUR AT DIFFERENT INPUT

LEVELS OF HUMAN TLABOUR AND FOR VARIOUS SIZBES QF HOLDINGS

It FARM BUSINESS, SALEM DISTRICT, MADRAS (COBB-DOUGLaS TYPE
OF FUNCTION)

Eize of H bour days/acre

holding

in szores 12X 25 37% 50(GM) 75 100
(Rs.) (Rs,) (Bs,) (8s,) (Rs.) (Bs.)

2 1,67 1.658 1,63 1.62 .61 1,80

4 (on) 1,70 1,68 1.87 1,66 1.65 1.684

8 1,73 1,71 1,70 1,69 1,67 1,66

8 1,73 1,72 1,71 1.70 .69 1.68

TABLE 20

MARGINaL VaLUL PRODUCTS OF HUMAN LABQUR AT DIFFERLNT INPUD
LEVELS OF HUMaN LaBOUR AND FOR VaRICUS SIZES OF HOLDINGS
IN FALM BUSINESS, SaLuM DISTRICT, MADRAS (QUALRATIC TYPh

OF FUNCTION)

~ize of Hum; our in days/acre
holding |
ig_acres 2k 25 374 50(6M) 78 100

(Rs,) (ms,) (8s,) (Bs.) {Bs,) (Bs.)
2 0,44 0,31 0,25 c.lo 0,07 =0,05
4 (GM) 1,31 1,19 1.12 1,06 0.94 0.82
6 2,18 2.06 1,89 1,93 1.81 1,69

B 3,086 &,93 2,87 2,81 Z.68 2,56
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human labour use rose (593 per cenmt at 124 days of human labour
t0 1380 per cent at 75 days of human labour), Thisz steep rise
was in evidence since the estimated marginal value product was
much lower at low size levels and much higher at higher size
levels in contrast to the estimates obtained in the Cobb-Douglas
Tyve of Tunctlons,

Similarly with jute in Hoogly district of West Bengal,
increase in size of holding from 1 to 4 acres (Geometric mean =
2 acres) reosulted in the increase of marginal value productivity
of humen labour at all levels of the order of about 9 per cent
over the lowest size (Tzble 21), At 2th geometric mean lsvel
of humen labour input (22,50)days) the increase in the size of
holding from 1 acre to 4 acres increased the marginal value
product of human labour from Rs, 1,13 to Hs, 1,23, For a simllar
increase in the size of holding for 110 days of human labour,
the value of marginal product of human labour increased from Rs,
0.48 to Rs, 0.52 and for 220 days from Rs, 0,33 to Rs, 0,36,

Farm Business analysis in 24 Parganas district of Weset
Bengal {Tzble 22) showed a different behaviour than that des=-
cribed above; an increase in the size of holding decreased the
marginal productivity of human labour, At % geometric mean of
human labour the increase in the slze of holding from one acre
to 4 acres resulted In the decrease of marginal value produc-
tivity of human labour from Rs, 5,98 to Rs, 0,70, At the geo~
metric mean of human labour input the increase in size of holding
from one acre to four acres resulted in negative merginal value

product of humsn labour,
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TABLE 21

MARGINAL VALUE PRODUCT OF HUMAN LABOUR AT DIPFERENT INFUT
LEVELS OF HUMAN LABOUR AND FOR VARIOUS SIZBL OF HCLDINGS IN
JUTE IN HDOGLY DISTRICT, WEST BENGAL

Size of Human labour in days/acre

% 22 56 77 110 (GM) 168 20
(Rs,) (Rs.) (Rs,) (Rs.) (BRs.) (&s.)

1 1,13 0.70 0.58 0,48 0,38 0,33

2 (GM) 1.17 0.73 0.60 0.50 0,40 0.34

3 1,21 0,78 0,62 0,51 0.41 0,35

4 1,23 0.76 0.63 0,52 0,42 0,36

TABLE 22

MARGINAL VALUE PRODUCT OF HUMAN LABOUR AT DIFFERENT INPUT

LEVELS OF HUMAN LABOUR AND FOR VARIQUC S£IZES OF HOLDIVGS

IN FaRM BUSINESS, 24-PARGANAS DISTRICT, WEST BENGAL (WITH
QUADRATIC TYPE OF FURCTION)

bize of Human labour in days/acre

holding

in _acres 16 3L 48 §4(aH) 96 128
(Rs,) (Bs.) (RBs,) (8s,) (BRs,) (Bs.)

1 5,98 5,67 §.37 8.06 4,75 4,44

2 (GM) 4.22 3,91 3,60 3,30 2,99 2,68

3 2.46 2,14 1,84 1.54 l.23 0.82

4 0,70 0,39 0,08 =0,22 -0,53 «0,84
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Decresse in the marginal value products of human labour
was also seen in irrlgated paddy and irrigated cotton in Salem
district of Madras state as the size of holding increased, An
increase in the size of holding from 2% acres to 10 acres at
4th of the geometric mesn level of humen labour, decreased
the marginal value product of human labour from Hs, 3.24 to
Rs, 1,99 in irrigated paddy of Salem district (Table 23), At
geometric level the decrease in the productivity of human
labour was from Rs, 1.65 to Rs, 1,01 for a similar increase
in the size of holding, At twice the geometric mean a simillar
increase in size of holding resulted in the decrease of

marzinal value product from Rs, 1.17 to Rs, 0,72,

TABLE 23

MARGINAL VALUE PRODUCTS OF HUMAN LABOUR AT DIFFERENT INPUT
LEVELS 07 HUMAN LABOCUR AND FOR VARIOUS 8I4~& OF HOLDINGS IN
PADDY {IsRIGATED), SALEM DISTRICT, MADRAS

Size of Human Isbour in days/acre

holding

in_acres 25 50 75 100 _(GM) 150 200
(Rs,) (Bs,) (Rs,) (Rs,) (Rs.) (Rs,)

2% 3.24 2,31 1,90 1,65 1,36 1,17

5 (aM) 2,54 1,81 1,49 1,29 1,06 0,92

T4 2,20 1,57 1.2 1,12 0,82 0,80

10 1,89 1,42 1,16 1,01 0.83 0,72
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In irrigated cotton in Salem district, lMadras increase
in size of holding from 2 acres to 8 acres decreased the mar-
ginael value product from Rs, 3,61 to Rs, 2,21 with human labour
hold at a level of 21 days (Geometric mean = 84 days), At
B84 days level of human labour input, increase in the size of
holding of the same order decreased the marginal value product
from Rs, 4,31 to Rs, 2,64 (Table 24), At twice the geometric
mean level of human labour days (168 days) marginal value

product dscreased from Rs, 4,73 to Rs, 2,90,

TABLE 24

MARGINAL VALUE PRODUCTE OF HUMAN LABOUR AT DIFFERENT INPUT
LEVELS OF HUMAN TABOUR AND FOR VARIOUS 8I.ES OF HCLDINGS IN
COTTON (IRRIGATED), SALLM DISTHICT, MADRAS

Lize of Hu abour days/scre
holding

in_agres 21 42 83 B4(GM) 126 168_
(Bs,) (hs,) (ks,) (Rs,) (Rs.) (Rs,)

2 3.61 3,96 4,18 4,31 4,56 4,73
4 (GM) 2,82 3,10 3.27 3.37 3,56 3,70
4] 2,45 2,69 2,83 2,02 3.08 3,21
8 2,21 2,43 2,86 2,64 2,78 2.9

Effect of Fertilizers and Manures on the Marginal Value Product
of Human Tabour

The merginal value product of human labour Increased
with the increase in the level of fertilizers and manures used
in the farm business of Meerut district, Uitar Pradesh, However,
the increase was not considerable (Table 25), 4t 4th geometric
mean level of humen labour input, an increase in the value of

fertitizers and menures used from Ra, 2,50 to Rs, 10.00 increased
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TABLE 25

MARGTWAL VALUE PRODUCTS OF HUMAN LABOUR AT DIFFERENT

INFUT LEVELE OF HUMAN LABOUR AND FOR VARICUZ LEVELS

OF FERTTLILLRE AND MANURES USED IN FARM BUSINESE,
MEERUT DISTRICT,UTTAR PRADESH

Value of ferti- Human iesbour in days/acre

lizers and manye-

ras in rupees 15 30 45 60(cM) 90 120
(8s,) (Bs,) (Bs,) (Bs,) (Rs,) (#s,)

2% 2427 1,40 1.06 0,87 0,65 0,54

5 (GM) 2,33 1,44 1,09 0,89 0,67 0,65

7% 2,36 1,46 1,11 0,20 0,68 0,56

10 2,39 1,48 1,12 0,91 0.69 0,57

of human labour from Rs, 2,27 t0 Rs, 2,32, At 60 days level of
human labour input (Geometric mean level) a similar increase
3u Teritilizer use raised the marginal value product of human
labour from Rs, 0,87 to Rs, 0,21, At 120 days level of human
labour the same increase in the input of fertillizers resulted
in the increase of marginal value product of human labour from
Rs, 0,54 to Bs, 0,87,

Effect of Irrdgation on the Merginal Value Froduct of Human

Labour 3

It was found that as the percemtzge of area wunder irri-
gation increased, the marginal value preduct of human labour
also ingreased abt all levels of luman iabour although here t.o,
the increase was nod considerable (Table 26), In farm business
analysls of Ahmednagar district, Bombay at 4th geometrlc mean

level of human labour input (2,50 days) the increase in the avea
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TABLE 26

MARGTNAL VALUE PRODUCTS OF HUMAN LABOUR AT DIFFERENT

INPUT LEVELS OF HUMAN LaBOUE AND FOR DIFFERENT LEVELS

OF ARFA UNDER IERIGATION IN FARM BUSINESS, AHMEDNAGAR
DISTRICT, BOMBAY

Area under Human lsbour in davs/acre
Irrigation

in percentage 24 5 7% lo(aM) 15 20
(Rs.} (Bs.) (Bs,) (Rs,) (Be.) (Bs,)

25 2,01 1,62 1,43 1.31 1,18 1.06
60 2,086 1,67 1.47 1,34 1,19 1.08
75 2,09 1,692 1,350 1.37 1.21 1,11
100 2,11 1,71 1,51 1,38 1,23 1,12

irrigated from 25 per cent to 100 per cent raised the marginal
value product from Rs, 2,10 to Rs, 2,11, TFor the same increase
in the percentage area irrigated at geometric mean level of
humen labour (10 days) the marginal value product of humen
labour Incressed from Rs, 1.3L to Rs, 1,39, At twlce the
geometric meen for a similar increase in the area under Irri-
gation raised the marginal value product of human labour from
Bs, 1,06 to Rs, 1,12,

Effect of Size of Holding on the Merginal Value Product of
Bullogk Labour 3

The effect of size of holding on the marginal value
product of bullock labour was studiedin the farm business of
24-Parganas district, West Bemgal, Increase in the size of
holding for all levels of humen labour input decreased the
marginal value product of bullock labour (Table 27), Al
4th the geometric mean level of input of bullock labour (35 days)
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TABLE 27

MaRGINAL VALUE PRODUCTS OF BULLOCK LABOUR AT DIFFERWLNT

INPUT LLVELS OF BULLOCK LABOUXR AND FOR DIFFERENT SIZES

OF HOLDINGS IN FARM BUSINRSS IN 24-PARGANAS DISTRICT,
WEsT BENGAL

Size of Bullock labour in davs/acre

holding

In acres 35 70 105 IQQ(GM) 210 280
(BRs,) (&Bs,) (Bs,) (#s,) (Bs,) (&s,)

1 10,88 6,00 4,16 3.8 1,72 1,12

2 (GM) 4,56 2,48 1,76 1,3 0,96 0.80

3 2,72 1,52 1,04 0,80 0,56 0.48

4 1,02 1,04 0,72 0.56 0,40 0,32

Note: The above table was prepared from Egquation Number 16
which 1s given below,

0,13463 -1,25290
Y = 219,03500 Lo - X3

(0.02540) (0.02121)

the increase in size of holding from 1 acre to 4 acres decreased
the marginal value product from Rs. 10.88 to ks, 1,92, At
geometric mean level of buliock labour, the same increase in
slze of holding decreased the marginal value preduct of

bullock labour from Rs, 3,28 to Rs,0,56, At twice the geometric
mean level (2BO days) of bullock labour the marginal value
product of bullock labour decreased from Rs, 1,1 to Rs, 0,32
when the size of holding Increased from 1 acre to 4 acres,

Tor all sizes of holding the marginal value product of bullock
labour decreased with the increase in the input of bullock

labour,



Economig Optlimum Levels

The method of determining economic optimum levels of
the lnputs has already been described in the Chapter dealing
with Methodology. As an illustration, the steps involved are
describad below;

Bguation 22 3 Tarm Business, Coimbatore distrioet
Madras
0,66187 0,19148

1
where Y = the return in rupess per acre

h 4 3.B2358 X

it

X1 = the input of humen labour in days per acre,
Xg = the lnput of bullock labour in days per acre,
After taking the partial derivatlves with respect to each
input and equating the partial derivative function to their
corresponding input price (Rupess 0,95 and Rs, 1,07 for humen
labour and bullock lebour respectively),
-0,33813 0,19148

0,95 = d¥ = 3,3235% (0,66187) Xl o
dxi.X2
, -0,80852 0,661%
1,07 = @4y = 3,62359 (0,1914B) X Xy
LECYSY

Converting theequations to logarithmic form, we get,

T.97772= 0,58247 + 1,82078 - 0,33813 iy + 0,19148 X,
0,00938 = 0,58247 + 1,28212 ~ 0,80852 % + 0,66187 g

By sclving these equations slmultaneously for Xy ané Xp, we get
Xy = 2.21814
Xy = 1,63675
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The antllogarithms of these values glve the respective

econonic optimum levels as follows:

X5 = 43,327 which 1s equal to 43 days of human labour per acm

&

¥; = 165.25 which 1s egual to 165 days of human labour per acre,

Eguation 5 3 Wheat-unirrigated, Nasik district,
Bombay,
: Y = B,Bl736 + 4,44912 X ~ 2,71647 Xy ~ 0,31771 Xy

2 2
= 0.03233 X) + 0,02448 X; - 0,01736 X5 +

0.01124 X1 X3 = 0,134B0 X1 X3 + 0,15338 XgX,

where ¥ = the return in rupees per acre
X; = the input of humen labour in dsys per acre
e = the input of bullock labour in days per acre,

Xz = the size of holding In acres,

After taking the partizl derivatives with respect ‘o each
input and ecuating the partilal derviative function to their
corresponding input price (®s, 0.92 and ks, 0,96 for humen

labour and bullock labour respectively),
0,92 = 4.,44912 - 0,06466 Xl + 0.01124 X%p - 0,13480 g

0.96 = -2,71647 + 0,04896 X + 0,01124 Xj + 0,15338K3
Substituting the value of Xg (the geometric mean = 12,57)

H]

in the above equations and solving for X and Xp we get the

economic optimum levels of humen labour and bullock labour,



94

A1 =  29,68s = 30 days of human labour days per acre

g = 12,91 = 18 days of bullock labgur por acre

The economic optimum levels of human lsbour were
determined for ceriain selected enterprises and the results
are supmarlsed Iin Table 28, ¢&iudlarly the e¢conomic optimum
levels of bullock labour were also determined for certailn
selected enterprigses ang the results ure summarized in Table 29,
EcBpomic Optimuw Levels of Human Labour

Ecopomic optimum levels were lower than the geometric
means of human labour input In farm business of Meerut dlstrict
ana crop enterprises in both the districts of West Bengal,
Marginal asnalysis has alresady shown that for most of the enter~
prises in these two states, the marginal value products were
lower than the prevailling wage rates, Hence reduction in
labour input would be necessany to bring down to the level of
economlc optimum., The analysis has alse shown that the marginal
value productivities of human labour in all the enterprises of
Boobay and Madras were greater than the prevailaing wage raltes,
Hence in all such enterprises there was scope for increasing
the inpuv of human labour and, itherefore, the ecouomlc optimunm
levels vere higher than thc geometiric me«n level of presend
use,

In the farm buslaess of Nasik dlstrict, 3 labour days
were used per acve, G.ince the wage rate was lower than the
marginal value product, increasing the human lebour input upto

24 times of the present level would bring more yrofit to the
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Taslt 28

ECONOMIC OPTINUI LEVELS OF HUMAN LASOUR FOR
SHLECTRD ENTEBLPRISES

Geome~  Sconomic Wage Marginal

$ric optimum rate value
Equation mean (Gays) (&s.,/ product
No, fnterprise {days) day) (Rs,)
1 Form Business,
Nagik (District)
Bombay 7.98 20,47 0,92 1.56
8 Farm Bugsiness

Meerut (District)

Gtbar Pradesh 59,80 34,67 1.25 1.17
17 Aman~paddy, Hoogly

{(Ddstrict) Uest

Bengal 24,61 8,03 1,65 0,64
20 Jute, Hoogly

(Dishvict%

West Bengal 102,36 77.00 1,58 1,28
21 Jute, Z4~Parganas

(bistrict) west

Bengal 112,00 19,10 2«84 0.88
26 Paddy=irrigated

(Season II

Ealem (District)

Madras 97.95 117,50 0,96 1,30

farmer, It the farm business of Meerut district the existing
input use level of humen lavour would have to be halved in order
to attain the economic opiimum level, Reducticn to nearly 4rd
of the exlsting level of use of human lebour was needed Lo attala
the economic optimum in cese of aman paddy in Hoogly district

of West Bengel, The wage rate was nearly £} times the wmarginal
value product of human labour for Amen-peddy in the Hoogly
district of VWest Bengal, Iun Jute cultivation of Hoogly district

in West Bengal human labour input would have reduced to #rd of



TABLE 22

LCONOMIC OPTIIUM LEVELS OF BULLOCK LABOUR FOR
SELRCTED BNTEHPRISES

Geome- Loonomic  wWage  Marginal
tric optimum rate value

Bguation mean {days) (Rs,/ product
Ne, Enterprise {days) day) (Rs,)
7 Yheat-irrigated

Ahmednagar (Dis%rict)

Bombay 53,46 78,71 0,48 0.62

24,24+ 1,05+

8 Farm Business, Meerut

(District), Uttar

Pragesh 17,98 B,17 6,10 4,95
16 Parm Business, 24=

Parganas (District)

West Bengal 17.85 14.45 1.86 1,60
18 Aus-paddy, Hoogly

(vistrict) West

Bengal 18,01 (29.41) 1,41 2,09
g2 Parm Business,

Coinbatore (District)

ladras 15,76 43,33 0,56 0,71

4+ Hconomic optimum level calculated on the basls of cost
of hired bullock labour per day,

Fipures in parenthesis are the marginal value products
estimated from Quadratic Functions,

i1ts current level to bring it to the optimum level while in the

jute cultivation of 24~Parganas district the humen labour input pe
acre has to be cut to 1/6th to bring it down to the economic optimum
level, In 24-Parganas districit, the marginal value product was

lower and the wage rate higher than in Hoogly district,
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Economic Optimum Levels of Bullock Labour

In the farm business of Meerut district, Uttar Fradesh
and £4-Parganas district, West Bengal, the economic optimum
levels were lower than the respective geometric mesm of bullock
labour input, The bullock labour input would have to be reduced
to ha¥f in the farm business of Meerut, Uttar Pradesh, to attain
the economic optimum level, In the farm business of 24-Parganas
district, West Bengal, the reduction of three bullock labour
days wag needed to attaln the economic optimum level,

In the farm business of Colmbatore district, Madras
economic optimum levels of bullock labour was higher than the
geometric mean of bullock labour iInput, Nearly trebling the
input level was nceded %o brinmg 1t up to the economic optimum
level in the farm business of Coimbatore district, Madras, In
irrigated wheat of Ahmednagar distirict, Bombay 4f the farmer were
to use his own bullock labour he could use still more of them
t0 atbain economic optimum, The economic optimum levels of
bullock iabour use was lower for those farmers who hired the
bullock labour because in shmednager distriet, the hired bullock

labour had twice the price of that of farmers'! own bullock labour,



CHAPTER VIII
CONCLUSIONS AND SUGGESTIONE

Before presenting conclusions from the findings, 1t
appears necessary to discuss some of the problems of interpre-
tation of the findings, which call for the exercise of caution
in drawing strong inferences from these findings,

In the course of the study, the originzal number of 60
equat lons became reduced to 1l for the final analysis, Thisg
polnts to the problems of using farm level data for the fitting
of production functions, The suspected cause for the large rate
of attrition among the funcilons included at the start coula be:
non-sgecliication of relevant variables, randomness of the
relatipashiy and limitatlons of the statistical model when the
assumedly independent variables are inter-cofrelated, This
latter Hag resulted in the necessity to eliminate from the
functions meny variables which on apriorl grounds would be ex-
pected to influence output, Some of these problems of multi-
collinearity are reflected by the concluglons drawn from the
correlation analyses, presented belows

Gross returns per acre were found %o be highly correx
lated with per acre inputs of human and bullock labeur, This
could be expected to hold generally in an agriculture as in
Indla, where these two inputs represent = very lerge portion
of inputs, when land is excluded, Positive correlation was
also found between per acre returns and the inputs of fertllizers
end manures and irrigation, The correlatlon between yield per
acre and size of holding was found mostly 1o be negative and low,

o8
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This finding also conforms with general expectations for econo-
mies of scale in agricultural production in relation to gross
returns,

When the interrelationship between assumedly indepen-
dent variables was examined, high inter-correlation was noted
betweoen the inputs of human labour and bullock labour, This
again is in line with general findings and it frequently
necessitated the dropping of cne or the other from the equations
retained for further analysis, The eize of holding was found
to be negatively correlated with the levels of human and
bullock labour uge, and the correlation was low,

On the basis of the findings of the production function
analysis, the hypothesls that marginal vealue products of human
labour and bullock labour vary from regilon to region and between
crop to crop within the region is accepted, The marginal
value products worked out for the !'farm business as a whole!
and for various enterprises in different regions, shown in
Tables 10 and 1lZ lend support to thls hypothesis,

Considering the'farm business as a whole,'the range
of marginal valuepproducts of human labour extended frowm Rs,1/18
in Ahmednagar district, Bombay to Re, 4,37 in Fuajab, This
nearly foursfold difference in marginal value productivities
may be due to the differences in soils and in avallabiiity
irpigation facilitles; both of them being heavily in favour
of the Punjab iIn comparison with ahmednagar district, Zombay,

There were also regional variations observed in

marginal value product of humen labour applled to the same crop,
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Thus the marginal value product of human labour in the
production of paddy ir Hoogly district, West Bengal was
only Es, 0.64, while 3t was Rs, 1.24 in Colimbatore district,
Medras,

The marginal value product varied between crops and
alsc between irrigated and acu~-irrigated situations for the
same crops within the same region, vor instance, in Muzaffarnagar
district of Uttar Pradesh, the marginal value preduct of human
labour for sugarcane (planmted) -md irrigated wheat were Rs, 1,87
end Rs. 2,34 respectively, The merginal value product of
human labour varied in jute and paddy production in the Hoogly
distrdct of West Bengel and the values uere Rs, 0.64 and Bs, 1.28
respectively,

The marginal value producte of bulleck labour were also
found to vary between different regions. As could be seen
from the Tables 11 snd 12, for the 'farm business as a whole,!
marginal value products of bulleck lsbour varied from Rs, -2.,00
in the Punjab to Rz, 4,95 in Meerut district, Uitlar Pradesh,

The morginal value procuct of bullock labour varied
between crops within the reglion also, In Muzaffernagar district
of Uttar Pradesh, the marginal value product for bullock labour
in sugarcane (planted) was Ra. 12,69 while it was only Rs. 3,40
in iriigated wheat, In Madras both the districts combined,
the marginal value product of bullock labour wus Rs, 1,88
in 4rrigated jowar, while it was cnly Rs, 0,38 in irrigated cotion,

These erop-to~crop differences within the same area,

petween the marginal vslue productivity of both human and
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bullock labour appear to be large and would suggest possi-
bilitles for Increased earnings by shifting labour f¥Xom one
enterprise to the other, However, there is oms lmportant
consideration which limits these opportunities, This 1s the
seascnality of agricultural production, which often results
in non~competitive, but supplementary relationships between
crop enterprises with reference to labow , especially if this
labour is fired for the farm,

The hypothesis that the marginal value products of
human labour are affected by the ilaputs of bulleck labour,
fertilizers and manures and other factors, such as size of
holding, percentage of arss irrigated, is adcepied on the
basis of the finoinge detalled inm Chapter VII subsection iv,

Increase in the bullock lebour input at different
lavels of human labour was found to increase the marginal value
products of human labour in the'!farm business as a wholet' in
Meerut dlstrict, Uttar Pradosh, and in Coimbatore district,
Madras, In indlvidual enterprises it resulted in incresge In
sugarcane {planted) in Muzaffarnagar district, Uttar Pradesh
and in irrigated cotton in Coimbatore district, ladras, However,
in irrigated wheat of Nasik district, Bomwbay and in jute of
c4-Paragenas dlstrict, West Bengal, the marginal value products
of humen labour were found to decrease with the increase iIn
the inputs of bullock labour, The decrease was sizeasble and
rapid in the former, while it was nominal and slow in the
lLatter, Some caution may be used in attaching weight %o the

relationship between inputs of human and bullock labour, because
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in the correlation analysis they have been found to be highly
correlated In many of the cases and thus their combined e¢ifects
may make estimation of independent marginal. value products
difficuls, It 1s also possibley that further increases of
the already high bullock labour input (66 buliock labour Gays
per acre) on irrigated wheat in Nasik district fell into the
third stage of ithe production funchion with negatlve returns
to this factor and thus depressed the yields,

In the analysis of the 'farm business as a whole! of
Meerut District, Uttar Pradesh 1t was found that the increase
in the inputs of fertilizers snd manures increased the mar=
ginal value products of human. labour though the rise was sloi
and small (Table 25), The small increases in labour producti-
vity with increese in manures and fertllizers may be atitributed
to vhe faew thal levels of use for fertilizer and manures were
very low, compared to recommend - tions, even av double the geo-
metric mean level of actual use, Tne analysls of the 'farm
business as a whole' of Ahmednagar districit, Bombay showed that
the increase in the percentage of area irrigated, resuited in
an jncrease in marginal valus preduct of human labour (Table 28),

The hypothesis on the effect of size of holding on
the marginal value product of bullock labour could not be
fully tested because the number of equabions developed in the
process of analysis were not sufficient, In the analysis of
' farm business as a whole,! of 24-Parganas distriet, West

Bengzal, it was found thet lncresse in the size of holding
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depressed the marginal value product of bullock labour
(Table 27), This result was contradictory to expectations,

The hypothesls that marginal value p¥oduct of human
labour decreased wlth the increase in the inputs of human labaar
wag found to be true in a number of cases except In lrrigaped
wheat of Nasik district, Bombay and Irrigated cotton of Salem
district, Madras,

The last hypotheais that marginal value product at
geometric mean level is different from ithe prevailing unit
prices of inputs end, therefore, is different from the economlc
optimum levels of human labour and bullock lsbeour, 1s accepted,
In Meerut district of Utter Pradesh and iln West Bengal, in
most of the cases, the marginal value preduct of human labour
wag lower than the wage rate, The economie optimum levels of
humen labour and bullock labour were therefore lower than the
geometric mean of input levels, Such an spparent disequillbrium
may be explained by considering the marginal value product
only of those farmers who do employ wage labour, Because
ugsually these farms sre larger, one could expect that the
marginal value product of human lsbour om them would be higher
than on small farms thus this higher marginal value product
could be equal to the going wage rate in the area, Also the
merginal value product is an average for all the operations
on the farm or on the c¢rop, while wage~labour is usually

employed only at peek seasons, in which operations, one could
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expect marginal productivity to be higher than for all labour
used, These two hypotheses may also help to explain why in
certain Individual crops wage rates differ significantly
from marginal value produet for the same crops,

In Madras. towever, the wage rates (1954-55) were
lower than the marginal value products ofhhuman labour at 1its
geometric mean, The economic optimum level of human labour
was higher than the human labour in-ut at its geometric mean,

The findings In this study are not conciusive enough
to lend support to the hypothesis suggested by Hopper that the
marginal value product of human labour 1s approximately equal
to the ruling wage rate, This theory holds good in the farm
business of Meerut and Ahmednagar districts; but not in the
crop enterprises of West Bengal and Madras. In most of the
individual crop enterprises the marginal value products consi-
derably differed from the prevailing wage rates,

In all the enterprisss the marginal value products of
hunman labour were found to be positive at the geometric mean
level of input, The marginal value products of human labour
became negative, only after the human labour input increased
to & level more than twice its geometric mean, The results
obtained in this study support the hypothesis that marginal
value product of human labour in densely populated low income
countries is still nositive, as propounded by Mellor and
Jorgenson, The findings of the study also support the
conclusion of Hanumantha Rao that merginal productivity of
human lsbour is positive and sippificant in this country,
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The difference in the marginal value product of human
labour between crops within the reglon could be expleoited by
the farmers, For instance in Nasik district, ~ombay farmers
could shift labour from unirrigated to irrigated wheat and
thereby increase their incomes, oimilarly in Coimbatore
district, Mwdras, shifting labour from irrigated cotton to
irrdigated paddy (S%eason II) and in Salem district, Mauras
from irrigated paddy to Irrigated cotton were found to be
paying adjustments,

For policy making at the national level, the difference
in merginal value products can be made use, Jor instance,
shifting labour from agricultural sector would result in
lesser loss in West Bengal thaen Bombay or Madras, because
marginal value product of human labour was larger ln Boubay
and Madras than in West Bengal,

Since the marglinal value products of bhuman labour at
geometric mean were positive, the farmers can employ family
labour so0 long as ii does not result ln negative product and
alse Aif the farm family labour does not have aléernative

opportunities for outside Johs,



APPENDIX I

FIRST TRIAL BQUATIONT OF REGRESSION ANALYSIS
(QUADRATIC FUNCTIONS)

ECUATION ) Fapm Business -~ Nasik District, Bombay
Y = 0,.26594 + 1,01478 3{1 + 0,66550 Xg ~ 0,00992 X3 ~

(1,30414)  (1,23004)  (0,30857)
2 2
0.25404 Xg** + 0,08200 X3 * + 0,06728 Xy -

(0.16344) (0,01626) (0.03763)
0,00009 xi - 0,15522 Xq%g * - 0,00914 X3 X3 *
(0.00323) (0,04923) (0.03949)
0.,01691 XgXg
(0,03619)
N = 61 Ra = 0,91161 P,C,V, = 91,18 C,&,2, = 41511,731
B,S.S, = 37842.384
¥ = dutput per acre in rupees,
Xy = Human labour days per acre,
Yo = Bullock lsbour days per acre,
X3 = Size of holding in acres,
X = Value of manures and fertilizers per =cre in rupees,
Xs = Percentage of area under irrigation,
N = Number of holdings in the sample,
R2 = Coefficient of multiple determination,.
PO T e YRR SR et
C.5.5. = Corrected sum of squares,
R8s = e nificont et 5 per cent level
*+  Significant at 10 per cent level
Note: The above notations will be followed throughout unless

otherwise specified,
106
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EOUATIOR 2 Ferm Buginess - Ahmed nopar (District).Bombay
Y = ~4,23646 + 1,76542 Xy ** + 0,04297 X +
{0,98728) (0.78944)
0.46968 X3 @ + 0,02342 Xg + 0,04840 xﬁ e 4
(0,414486) (0.08021) (0.02676)
0,07522 xg ** « 0,00388 xg = 0,18634 XXy ** +
(0.03806) {0,04408) (0,07062) .
0.,01183 X;¥g = 0,02567 Xp X5
(0,03530) (0,02802)

N=7? R2 = 0,69798 P.C.¥, = 69,80 C.8,8, = 26439,311 R,S5.8,~ 18454,071

EQUATION 3 Jovwer=unirrisated ~ Ahmed nesar (Distrist) Bombay
b = =0,87060 + 3,06400 X; * = 1,57972 Xp @ +
(1,26608) (1,50752)

0.01472 X, - 0,00607 ¥§ + 0,00695 X5 =
(0.72675)  (0,03833)  (0.10913)
0,0023¢ X5 - 0,010 X; Xy + 0.00877 Xy Xz +

(0,00713)  (0.14102) (0,02092)
0.01818 X; Xy “
(0.03794)

N=5 R = 0,73010 P,C.V, = 73,01 C,5,5, = 36602,873 BR,5,8 = 25920,820

@ tevalue is greater than unity,
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EQUATION 4 Jownr~irrigated - Ahmed nagar (District) Bombay

Y = ~19,29356 + 7,10046 X3 * = 4,18456 Xg ** -
{(3.10274) (2,35262)
1.57223 Xg - 0,04432 X; @ - 0,01088 X5 +
(2.77621) (0,03745) (0,01104)
*+ 0,05846 xg + 0,5084 X; Xp@- 0,10188 Xy X3 ** +
(0,03883) (0,03690) (0,05809)
0,11430 ¥, Xy *+
{0,05170)

N =50 Rz = 0,58527 P,C,V, = 58,53 C,5,5, = 281201,310
R.E,.8, = 0164580040,

ECUATION & Wheat-unirrigated - Nasik (District) Boubey
Y = 8,81736 + 4.44912 Xy * - 2,71647 Xy ** =
(1,.86339) (1.83550)

2 2
0,31771 Xg - 0,03233 X, + 0,02448 X5 -
(1.63387) (0.04077) (0,05320)
2
0,01736 X5 + 0.,01124 X; X5 = 0,13480 X, X, ** +

(0,02211) (0,09660) (0,06994)
0.15338 X, Xy **
{ 0,08849 )

2
N¥=38LR =0,97632 P,C,V, = 97,63 C,°,5, = 31B755,060
R,8,8, = 311206,190

@ tevalue 1s greater than unlty
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BOUATION & WYheotedrrigated - Nasik(District), Bombay

Y

-50,17271 - 1,10708 Xl + 3,93515 X2 @ +
(3.52068) (2.05042)

2438717 Xy = 0,4747 xi ® - 0,03622 x§ *

(4,28604) (0,03124) {0,01687)

0,01828 xg + 0,07491 X, X #* + 0,02045 %) X5 =

(0,03283) (0.04047) (0,08764)

0.03351 X, ¥,

(0,06044)

N=32 B =0,58552 P.C.V. = 53,55 C.S.8,

Rafels

231152,350
123785,880

it

i

BOUATION 7 Wheatmirrigated - Abmed nag=r (District) Bombay

r = “7,97195 = 3,74327 X, + 4,17782 X, +
{6,58593) (4.22824)
2
5.86423 X, @ + 0,05340 ¥5 = 0,00504 % =

(5.58429) {0,07380)  (0,01950)
0,06270 xz - 0,08583 X, g + 0,02572 ¥y X3 @ =
{0,08551)  (0,06860) (0,13680)
0.04992 X, X,
(0,07747)
N=35 B = 0)90466 P,C,V. = 10,47  C,5,8, = 195704,460
R,8.8, = 38098,561

@ tevalue is greater than unlty
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Farm Business = Meerut (District), U,P.

EQUATION B

Yy = -104,20189 + 214562 ¥; + 8,50937 Xy @ +
(2,33422) (6,00095)

3.56663 X5 + 4.34508 X,r + 0,41637 X +
(9,57512)  (1,55879) (0.62165)
0,00561 xi + 0,00227 xg - 0,17564 xi -
(0,01276)  (0.,12440)  (0,25762)
0.07760 ¥; Xg@+ 0,0886 X; X, @ = 0,0718 X5 X,
(0,06316) (0.12449) (0,34110)

N =100 E° =4 0,44454 P,C,V, = 45,45  C.8.8, = 1461912,700

k8,8, = §49878,860

1

BWATION © TForm Business = Mugaffarnagsr (Distriet) U,.P.

Y = 11,0645 + 0,47349 X, + 13,07280 X, =
(7.82240)  (20.22915)
5.24110 X, + 4,21011 ¥, + 1.34546 X5 O =
(17,15167) (5,15739)  (0,99046)
0.01936 X; = 0,02975 X5 + 0,06080 X3 =
(0.06342)  (0,33271)  (0,14389)

0,00535 ¥y Xo + 0,17133 Xq %, ~ 0,38185 X, @
1 42 1 %3 3

(0,38763) (0,33066) (1,392074)
2
N=988 R = 0,11128 P.C.Y, = 11,13 C.8.8, = 7204517,000
R.5.8, = 801748,270

@ tevalue 1s greater tham unith
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RAUATION 10 Sugarcane {plented) - Meerut (District), U.P.

Y = 143,86956 - 0,23843 X1 + 5.61602 X, +
{2.28551) {7.78566)

294378 X3 + 2,30626 X, * + 0,02617 x? * 4
(18,06204) (0,68817) (0,01077)
0,03714 xg + 0,21467 xg - 0,05892 X X, @ =
(0,08265) (0.55866) (0,05860)
0,03325 X, X5 - 0,36406 ¥, X,
(0,16524) (0,52418)

2
N = 87 R = 0,62937 P.CV, = 68,94

C.2.8., = 6013160,000 R.8,8, = 3784474,200

- .

RATATION 11 fuparcone (planted) =~ Mugaffarnagar, (District) U.P.

r = 58,11675 + 5,98651 X;* - 0,67689 X, =
(2,84117) (16,01461)
2.74660 Xy + 2,28742 Xy ** ~ 0,00687 xﬁ @
(12,04753)  (1,18915) (0,00423)
0,19616 xz + 0,098455 xi ® = 0,05358 X, %y =
(0,39853) (0,09430) (0,09701)
0.07199 ¥; X5 + 0,26603 X, X3
(0,10458) (0.60105)
N =78 & = 0,40915 P.C.V, = 40,92
C,8,5, = 3796378,000
R.C.8, = 1553000,120

@ tevalue is greater than unity
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EQUATION 12 fugarcene (ratoon) - Meerut {(Disirdct)s U.P.

Y = 411,70718 - 2,67689 X; - 5,12405 Xp -
(4,99204)  (9.50546)

9,63081 ¥3 + 0,77986 X, + o.coesox§ -
(15.39499) (0.95313) (0,02911)
0,23973 Xy @ + 0,00523 xg +0,23350 Xy Yp ** +
{0.20609) (0.13715)  (0,13445)
0.23090 X; X, @ = 0,25501 XX3 @
(0,22668) (0.51321)

2
N=92L R =0,13862 POV, = 13,86

i

, = 2£681950,000
. = 366399,840

b e ]
-
2
-
m W
[

FQUATION 13 Sugarcene (ratoon) - Muzaffarnapar, (District),U,P,

T = 168,74984 + 4,08011 X3 ** + 3,79035 Yp =
(2,53738) (11,36913)

0.46872 X * + 0,60029 X, - 0,02238 ¥§ ** = 0,00626 X5
(8.,65660) (0.85052)  (0.012300)  (0.22082)
0.03027 T3 + 0,11300 X, X, @ + 0,08133 K%, -
(0.106%6)  (0.09899) (0.11587)
0,72461 ¥y Xy
(0.51206)

¥ =85 Rg = 0,41019 P.C,V. = 41,02 C.5.8, = 3358521,000

R.5.S, = 1377625,600

@ tevalue is greater than unity
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BQUATION 14 Yheat-irrigated - Muzaffarnagar (Distriet), U,P,
Y = =70,14285 + 6,90253 X1 @ 4 8,78812 Xz @ +
(4,17218) (8,12709)

7.04576 X3 - 0,04072 X2 + 0,00893X4* = 0,07360 X3 -

(8,39238) {0.,08578) {0,05081) (0.16449)
0.12856 X3 X, @ ¢ 0,03799 X3 X3 = 0,17970 XX,
(0,12713) (0,13526) (0,28001)

-
¥ =83 R = 0,27152 P.C,V, = 27,15 C.S.8, = 401656,200
R,5,.8, = 108030,640

BOUATION 15 Form Business - Hooply (District). West Bengal
Y = 2351,28500 + 0,01621 ¥y = 2,01313 Xg -

(2.28951) (5,69066)
278,57600 X5 * - 1,98438 X, - 6,00130 Xi -

(240,44690)  (5.54052)  (0,00150)
0.01721 x§ + 13,8075 X3 * + 0,00945 X; Xp @ =
{0,07011) (2.78628) (0.00778%
0.03410 X)Xy + 1,66707 Xp ¥5 @
(0.43353) (1.36213)
N =75 ® = 0,30051 P,C,V. = 30,056 C,5,5,= L45258930,000

R.8.8.= 43651483,000

@ te~value ls greater than unity
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Farm Bugiress - 24 Parganss (District), West Bengal

Y = 872,19790 + 2,23160 Xy - 2,29967 X @ -
(0.21116) {1,52851)
351.04318 X5 @ + 0.08384 X4 - 0,00074 Xi AR .
(234,58366) (6.86912) {0.00042)
0,00250 }{2 @ + 31,3e721 X§ * + 0,00240 xlxg @4 e

EQUATION 16

(0,00186) (14,11482) {0,00156)
0,54450 Xy Fy ** + 0,66151 X 43 @
(0.33915) (0.53329)

2
N=98B R = 0,37820 P.C,V, = 37,82 C.8,8, = 125354830,000
R,8.5. = 4740B707,000

EoUATION 17 Aman-Paddy ~ Hoogly (District). West Bengal
b4 = £1,88400 + 0,23011 Xl +0,5235¢ X, +
(0,30117)  (0.73230)
7,69346 3{3 + 0,00013 1*;?‘ = 0,00036 Xg -
(21,07442) (0,00022) (0.00163)
0,12757 xg - 0,00088 X, X, = 0,016226 X3 X3 +

1
(0,36428) {0,00108) {0,03670)
0,00845 X, X,
{0.12870)

N = 69 Rz = 0,1638383 P,C,V. = 16,33 C,5,8, = 631870,700
R,5.8, = 103200,820

@ ‘t=value is greater than unity
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EQUATION 18 Aug-Paddy ~ Hoogly (District Uest Benga

L]

¥ 47.37362 = 0,03003 X; + 7 0,71262 Xy +
(0,19230) (0.86385)

12,38112 X5 + L.57041 %% + 0,00033 X; @ +

(260929)  (0,74353) (0.00021)

0.00302 X2 * - 0,54511 X5 = 0,00234 X, X *+ =

0,001086) (1.,00803)  (0,00125)

0.01457 Xy X, = 006307 X, Xy

(0,02784) (0.04785)

N=18 R =0,87964 P.C,V, = 87,95 C.5.S, = 42955,340

R,5,8, = 37785,056

BrUATION 12 AugsePaddy =~ 24 Parganas (District), West Bengal

¥ = -37,63915 = 0.20626 X, + 2,64653 X, * +
{0,30941)  (1,05918)

7442940 Xg = 7,10770 X, * + 0,00065 xi@h
(38,97047)2 {3,72344) (0.00042)
0,00338 X, 4 1,64262 Xy = 0,00197 X; X5 +
(0,00410)  (2.56526)  (0,00258)
001146 X, %y = 0,16894 X X,@
{0,02713) (0,12287)

=0,78863  P,C,V, = 78,86 C,8,8,

Re8.8.

¥e=19 B

46910,160
36994 ,974

@ tevalue ig greater than unlty
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EQUATION 20 Jute~ Hoogly (District), West Bengal
Y = 335,84103 + 0,11758 Xl - 1,27943 }{2 @ -

(0,18150) (0.97509)
2
67,51887 X b+ = 2,15224 X, @ = 0,00013 Xy
(28,12213) (1,34146) (0.00008)
e 2
0.00184 X, = 0,51837 Xy + 0,00074 X; X, @ +
(0.00258) {0.59626) {0.00058)
0.08755 X; Xq * + 0,16123 xaxa@
{0,02082) (9.14000)

@+

2
N = 46 R =0,61933 P.C,V, = 61,93 C,8,8, = 1208470,700

R,5.8, = B04797,690

BQUATION 231 Jute - 24 Parganaa (District), West Bengal

Y = 128,26760 + 0,26253 X3 ** - 0,75379 X, @ +
(0,14206) (0,57430)
B7,53274 Xy ** - 1,20986X5* ~ 0,00012 xﬁ +
(44 ,73077) (0,65312) (0,00007)
0,00002 xg - 4,87808 xz @ + 0,00081 X, %, @ -
(0 ,00023) {4.33320) (0,00067)
0.00471 X, ¥, @ = 0,10846 X; X; @

{0,03556) (0,08816)

N =40 RS = 0.,48022  P.C.V. = 48,02  C,8,5, = 675106,700
R.5.8, = 324196,550

@ tevalue is greater than unity
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EQUATION 22 Form Business - Cglmbatore (pistrict), Modras

Y = 47.18049 - 1,03508 X; @ + 4,36700 X, * =
(0,87795) (0.97963)
5.02955 Xg % 4 1,44200 X4 * = 0,03343 X, +
(2.56382) (0.48345) {0,32308)
0.00766 X§ ** - 0,03758 %« + 0,03748 xf., @-
(0,00377) (0.01136) €0.03520)
0.00306 Xy X, + 0,09707 X, Xj + + 0,04237 Xp X5 @

{0,01034) (0,04789) (0,02749)

¥ =97 BE = 0,67410 P.C,V, = 67,41 C,5,8, = 1134923,600

R.8.8, = 785039,680

BOUATION 23 Yarm Business - Salem (District). Madras

Y = 173,44288 + 2,20869 X; @ - 2,42484 ¥, @ -
(2,01630) (1.53845)
41,53413 X, * + 2,20517 %, * - 0,01967 xi @ -
(15,99245) (1,00077) (0,01217)
0,00594 }zg + 1,03716 xg * +0,02485 X) X, @ +
(0,01258) (0,44246) (0.02181)
0,21251 Xy ¥, *+ 0,19548 X5 X3 @
(0,22679) (0,16475)
N=94 K =0,30063 P,C.V, = 30,08 C,8,6, = 2657143,200
R,5.8, = 768749,990

@ t=value 15 greeter than unity
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BOUATION 24 Paddy-irrigated (Season I) = em & Coimbatore (Districts

Modras
Y = 11,66368 + 2,43173 Xl @ = 0,20767 Xy +
{2,13622) (2,34904)

B.0B172 Xy + 2,37797 X, * - 0,00085 i+
(19,42194) (0,54622) (0.00369)
0,00081 X2 + 0.15161 X5 - 0,00310 Xy Xp =
(0.,00250) (0,39516) {0,00421)
0.19039 X, X3 + 0,13985 X, X

(0.20305) (0,22968)

2

N =42 R = 0,66446 PC,V, = 66,485 C.5.8,
R.8.5,

7957676.000
5287580 ,.000

#

Hi

BOUATION 85 Paddy~-irriesated (Season I1) - Coimbetore {District) Madrss

Y = 348,08772 ~ 3,03623 X, ** + 2,85442 X, #% -
(1,73114) (1,28896)
16.99020 Xz + 3,45723 X, ** + 0,00385 xi * 4
{20,60321)  (1,64881) (0,00081)
0.00175 35 ** + 0,12269 X2 - 0,00809 X, X+
{0,00088) {0,37208)  (0,00113)
0,10546 Xy Xy = 0,08488 X, X,
€0,12673) (0,09483)
o

¥ =23 R"= 0,99182
P.C,V, = 99,18 C,2,5, =38946378,000

R.3,8, = 3B627755,000

@ t~value 15 greater than unity
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EQUATION 26 Paddy=-irrigated (Season II), Salem (District) Madrasg

Y = 548,28610 + 10,38800 X3 @ = 10.53122 Xp ** -
(6,88052) (5,56662)
2
63,35700 Xg + 0,74159 %, = 0,02180 X, +
(75,72088)  (1,00438)  (0,02502)
2 2
0.01158 X + 1,82839 X + 0,00066 X; X »*
(0.02191)  (4;03511)  (0,04644)
0.46172 X1 %, + 0,88818 X, X,
(0.,95522) (0.73730)
N=28 E =0,8821 P.0JY, BB.26  C.5.5, = 4799520700

R,8,8 = 4236109,800

BCUATION 27 Jowar-lirrisated - Colmbatore (Nistrict). Madrsg

Y = 213,10500 - 3,3233¢ X @ + 4,33953 X, -
(3,27507) (4,56415)
4,16082 %, - 0,00015 xi - 0,02634 x: +
(14,94870)  (Quis546) (0253438)
0.03838 X5 + 0,03430 %y ¥, + 0,0760L X X, -
{0,19108) (0,06624) (0,26341)
0.12032 XXy
(0,28102)
N =99 B =0,58481 P,C,V=58,48 C,5,5,
R,5,5,

1767663,.700
1033747100

4

@ tevalue is greater than unity
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EQUATION 28 Jouar~irrigated (Season II) - Salem {District)
Hadran
b 4 = 183,84122 - 2,41101 Xy + 3,24B55 X5 -

(2.04641)  (3,66913)

2726336 Xy ~ 1,17393 %, @ - 0,02265 X; ~
(38.64881)  (1,20864) (0,03539)
0.02253 X2 + 0,96404 X3 + 0,04965 X; Xy +
(0.03106)  (2,0B406)  (0.06367)
1,25383 Xy X ** ~ 1,39204 Xp X_ **
(0.53225) (0.79202)

N=o8 B® = 0,96761 P,C.V = 96,76 C,S5,5, = 6384187,000

R.E.5, = 6177407,000

EOUATION 29 Cotton~irripated ~ Coimbatore (Dlsiriet).Madras

Y = ~86.28813 + 3,12800 X, ** + 1,54960 X, +
g
(1.£1816) (2,24345)

6.83971 %5 @ = 0,00665 X; @ + 0,00938 X5 -
(6.83014)  (0,00678)  (0,01465)
0,05269 xi + 0,00342 Xl Xg + 0,10771 X X -
(©0.07801)  (0,01731) (0,15610)
0,57704 Xy %, *+
(0.18938)

N=36 R =0,98544 P,C,V, = 98,64 C,5,8, = 32967790.000
R.S5.8, = 32487915,000

@ t=value s greater than unity
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BOUATION 30 Cotton-irrigated - Salem (District), Madras

Yy = =56,11287 + 5,46053 X, ** - 6,78648 Xy * +
(1,56711) (2,03071)

36,78534 X3 @ = 0,00372 K- + 0,02738 X- * =
(33,07178) (0,00346) (0.00495)
2,28388 xg @ - 0,01205 X; X, * = 0,01621 X X 4
(1.87914) (0,00327) (0.22645)
0.11410 ¥, X,
(0,20835)

¥ =21 R® =0,97210 P,C,V, =97, 21 C,5,8, = 2 354409.000

R,5,S,

L}

3445226,000

@ %t~value is greater than unity

Vote: ®Figures in parenthesis indibate tne Standard Error
of the Coefficlient above,



APPENDIX II

FIRST TRIAL EQUATIONS OF REGREEFION ANALYCIS
{ COBB - DOUGLAS TYFE FUNCTIONS )

FQUATION 1 Farm Business =« Nasik (District), Bom
0,30695@ 0,65877* =0,01635 0,01251
Y = 1,63113 X3 b X3 %,
(0,24363) (0,23797) (0,10293) (0,03459)
N =61 R2 = 0,77569 C.S.S, = 12,20553 R,5,S, = 1,63113
FrUATION 2 Farm Business - AhmedTnagar (District), Bombay
. o8 e [ ° *
¥ - 208800 Xg 243 Xzo 05303 Xg 09177@ Xg 03634
(0,20155) (0,13352) (0,08040) (0,01807)
N =77 R =0.51827 C.S.3, = 7,67432  R.5.S, = 2,09898
BOUATION 3 Jower-unirrigated - Ahmed nagar (District), Rombay
1,27907% =0,27728@  0,112220@
Y = 1,0B965 Xy %o Xq

(0.19507) (0,21434) (0,09008)

2
N =255 R = 0,59897 C.2,5, = 6,66015 R,S,5, = 1,08965

EOUATION 4 Jowgr-irrigated - Ahmed napsr (District), Hombay
1,51031* () ,35226%* 0,15400%*
Y = 0,69654 Xy p.O3 X3

(0.24384) (0,17661) (0,08924)

N =850 RZ =0,55181  C.5,5, = 7.63151 R.S.8, = 4,21116

Note: Notations used in the guadratic functions will be followed
for Cobb Douglas Type of Funoctions also,

122
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EQUATION 5 Whest-unirripated - Nasik (District), Bombay

¥ = 0.03250_ 1,14080* =-0,08105
b4 = 1.05548 Xl X2 x:a
(0.30235) (0.39187) (0,14059)
N =31 Rz = 0,59621 c,8,8, = 4,88195 R,8,8,= 2,91068

LOUATION 6 Wheateirrigated - Nasik (District), Bombay
1,25828+ -0,5B054@ 0,019142

Y =  5,23812 X Xg Xy
(0,329281) (0,31813)(0.0900B)
N = 32 R = 0,48773 CuS.8, = 2,00655 R,5,8,= 0,87865

ENUATION 7 Wheat=irrigated - Ahmed nagar (District). Bombay
0.31855 0,192104 0,22151

Y = 7.29698 Xy pod X3
(0,31769)(0,24194) (0,12657)
2
N=3 R =0,2539 C,8.5, = 2,58746 R.S.8, = 0,66711

EQUATION 8 Farm Business - Meerut (Distrdect), U,P.

0.31296% 0,38203* 0,02124 0,03398+* =0,026%
Y = 21,5063 X3 %o Xy Xy Xg

(0,07941)(0,09436) (0,06816) (0,01728) (0,03993)
¥ = 100 F = 0,40155 CoS,5, = 3,03262 R,5,7, = 1,57911

FQUATION @ Farm Business - Mugzaffarnagsr (District), U,.P,

0.157398 0,35745% =0,05830 _0,01953 _0,05620*
Y = 43,3143, b X3 Xg %5

(0,14327) (0,14747) (0,06117} (0,02084) (0,03509)
N =96 R = 0,26923 C,8,5, = 4,80788 R,5.,5, = 01,24633
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EQUATION 10 Sugarcone-planted - Meerut (Distiriet), U.P,
0,74498% «0,041198 ~0,02693 0,03520@
Y = 14,69803%; ¥g X3 X
(0,17326) (0,13968) (0,14928) (0,02232)
N = 87 Rz = 0,21190 C,548,~ 9,83938 Re8.8, = 2,08500

BEQUATION 12 rfuparcane-ratoon - Mesrut (District), U.P

0,153320 0,15691% -0,08755  Q,02351
Y = 129,0080K;° %’ %5 b9

(0,13147) (0,05619) (0,10364) (0,01464)
N =91 & =0,13878 C.8,8, = 5,03244 R,S,5, = 0,69838

BOUATION 33  Sugarcaneeratoon ~ Muzaffernsger (Distrdct), U P,

1,05335¢ =0,03063  0,19444@ 0,0404
Y = 3,36687X; X' X3 Xy e

€0.,28445) (0,23704) {0,17173) (0,03374)

2

N =85 R~ = 0,268459 (,8,8 = 25,0117¢ R,5,%5, = 6,36772

EoUATION ¥ yheatelrripated - Mugafformacsr (Distriet), U.P,

J34508% _0,31754% 6658
Y = 21.76056%1 %508 xg‘ 178 xg'a 68

(0.16063) (0,15198)  (0.08071)
N =53 RS =0.,46642 C,5,S, = 2,66136  R.5.8, = 1,24131

EQUATTION, ]‘5, Form Buginess - Hoogly (District), liest Bengal,

-0,31418 0,03750 -1,17907% 0,061663
Y = 2888.41060%; " h24 S x4‘ @

(0,33547) (0,3566) (0.12647) (0,03BR9)

N =75 K== 0,57448  C,8,S, = 36,49994 R,8,8, = 20,96861
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EQUATION 36  Farm Businegs - srgenag (Digtrict), West Be

- -
¥ = 289,680 58X1 0,00792 0 11854 Xgl.ZSBOB %01307

(0.16473)(0.12052) (0,07848) (0,02207)
N =298 Ra = 0,78288 CuS4Sy = 37,78476 R,8,S, = 29,58096

EQUATION 1%  AmsnePoddy - Hoogly (District), West Bengel,

Y = 15,9986 93{3'_381?9. ig 02874 g 505687

(0.14209) (0,04773) (0.,05909)
N=68 B =0,11260 C,8,8, = 3.13116 R,5.8, = 0,35266

EouaTION 28 Aus-Pagdy - Hoo istrict), West Ben

. <0,1597 2842
Y = 17,400900008 geuizisr 3018971 0.0

(0,17592)(0,04580)  (0,11811) (0,03181)
N=18 B%=0,35523 C,S.S, = 0,43083  R.S,8, = 0,15304

EQUATION ];% Aug~Paddy - 24 P District), West Be

873400 =0,06279  =0,01772  ~0,02599
Y = 15,00878%) g . X3 X

({s 28243)(0.36195) (0 138903 (0.03806)

¥=19 B2 = 0‘210 C.8,8 = §,5,8, = 0,12476
EoUATION 1”2 0 - Heoply (District), West Bensal,
0.46699- 0,168172  0,1B484% - 0,025718
¥ = 5,1118% X X3 Xy

€0,15917) (0,14261) (0,06733) (0,02320)
N=46 B =0,35177 ¢.8,8, = 2,92642 R,8,8. = 01,102043

},"{rs\\

REINSS
%
e
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FOUATIONZ1  Jute - 24 Parganas (District), West Bengal)

0,49592*% -0,04775 0,094898  -0,030072
Y = 13.87264%, Xy X3 Xy

(0.12632)(0,09141)  (0,05820) (0.01607)
N=40 & =0,35903 €.8,8, = 1,05218 R,5,5. = 0,87776

FOUATION 11 Sugeresneceplonted - Muzaffarnager (District), U.P,

0.31114* 0,40858*%  -0.05407 =0,00593
Y = 41,85708X; x2'4° 5 Xg 4 %4 e
(0,11950) (0.14610)  (0.08612) (0.,01789)

N =78 & = 0,25002 Co5.8, = 5,33482 R,%,8, = 1,34926

EQUATINN 22 Farm Business - Ccimbatore (District), Madrag

0,68154* 0,22057+% -0,00456  -0,04893% 0.01430
Y = 3,33200%) % %, Xy X5

(0.14980) (0,13983) (0.10056) (0,03501) (0,02736)
N =97 B = 0,55877 C.8.5. = 22,19436  R.5.8 = 12,26845

EQUATION 23 TFarm Business ~ Salem (District), Madras

~ 01,00882% ~0,05146 =0,03867 (04740
Y = 1,84352% Xz ¥a X4

(0.19829) (0,14203) (0,13866) (0,05959)
= (3,30909 C.8,8, = 26,41405 R.,8,.5, = 10,54182

ENUATION 24 Paddy-irrigated (Season I) - Salem & Coiwbatore (Districts)

Madras
0,4398)* 0,00213 -0,03372 0,27715*

(0,17628)(0,14950)  (0.11417) (0,11750)
N = 42 132 = (,56863 C.8,5, = 8,75181 R,,8, = 3,83925
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BOUATION 25 Paddy-irrigated (Seamson II), Coimbatore (district). Madres

0,99821% -0,36312+* =0,18465@ 0,00550
Y =  21,57096X Xg Xy Xg

(0.26111)(0,19917) (0,14718) {0,03377)

N=21 RZ =0,79393 C.5.8, = 3,61740 R,S.S = 2,87197

BOUATION 26 Paddy-irrigated (Season II) - Salem (District), Madras

0,538990 =0,04096@ =0,85251@ 0,0195%
¥ =  42,.5560231 xe' X3 e X

(0.41185)(0,36954) (0.26082) (0,07172)

N =28 B° =0.,58370 C.C.6. = 03.90261 R.S.S, £,08285

ECUATION 27 Jousr~irrigated (feason I1) ~ Colmbatore (District), Madras

0.14294 0,11150 =0 ,29121+*

{0,32333) (0.,299392) (0.18762)
N=09 R =0,22368 C.8,7, = 4,5481¢ R.f,5, = 1,01751

BoUATION 28  Jowar-irrigated (Season I1) - Salem (District), Vadras

0,76518* 0,13230 0,15363 ~0,05486@
Y= 2 ,36844Xy Xg X3

(0.28495) (0,21460) (0,32262) (0,04238)
N =28 R® =0.60600 C©,5,8, = 6,58419 R.t,5, = 3,98989

BNUATION 29 Cotton-irrigated - Coimbotore (District), Madras

0,44623% 0,38807+*  -0,06538
Y = 7.08791%; X3

(0,23220) (0,20651) (0,12259)
N =36 I°=0,80316 C.8.8, = 12,14606 R.5,8, = 9,75527
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BIUATION 30 Cotton-irrdpsted - Selem (District). Madrag.
67050% -0,08532  =0,50367**
Xz Xa

O,
Y =  23,92082X3
(0,10604)(0,08741)  (0.24373)

2
N=28L R = 0,60455 C,8,5, = 4,40086 R},S,8, = 2,66085



APPENDIX III

SECOND TRIAL ECUATIONS DT RRGuESCION ANALYSIS
{ QUADRATIC FUNCTIONS )

ECUATION 3 Jowgr-unirrigated - Ahmed nsgar (District), Bombay

¥ = 2,17976 + 1,56469 Xy* - 0,37965 %3 -
(0,70101) (0.51874)

0.00105 ¥ + 0,00314 X3 + 0.02339 X, X, @
(0,00737)  (0.00572) (0.01463)

2
N =58 R =0,70702 (,8,5, = 35502,873 R,3,%, = 25101,400

EODATION®>  Jowsrelrrigated - fhmed pager (District), Bombay

b = -41,84712 + 2,701849  + 1.55085 Xy -
(1.77000) (2.33777)

0.00201 5 + 0,00033 X3 - 0,01394 X, X,
(0,01352) (0.02592) (0,03960)

2
N=85 R =0,51322 C,5,8, = 281201,310 R,§,5. = 144319,400

®

EOUATIONG Wheat-irrisoted - Nosik (District), Rombay
Y = -40,52479 + 2,45802 X, @ 4+ 2,25449 X, -
(1.,62960) (3.89621)
0.00506 Yo - 0,01869 X3 - 0.01061 ¥, X,
(0.00527) (0,03255) (0.02560)

N=3 K =0,37613 C.5.f. = 231152,350 R,.5.5, = 86942,670
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BOUATION 11 fugevgane- plented - Mugsffornsgar (District), U.P,

¥ = 110,693¢3 + 6,00076 X; ¢ + 0,42501 ¥, -
(1,27793) (9,99925)
0.00807 X *% + 0,11511 350 - 0,07481 Xy Xy*
(0.00432) (0,94486) (0.09687)

W= ® =0,33253 C,3,8, = 3796378,000 R,5,8.= 1262424,500

Eot:mm'I‘IO]\I_a 2 Sugergene~ratoon -~ Muzafiornegar (District), U.F,

¥ = 130,35695 + 6,18176 X, * - 1.68419 X -
(2,11112) (8.31388)
00143 35 @ + 0,0433¢ X2 - 0.03068 X; X,
(0.,00928) (0.10340) (0,08984)
2

N =85 R™ =0,37632 C,5,8, = 3358521,000 R,S,S, = 1260512,100

BoUATION 14 Wheatedrripgated » Muzaffornagsr (District), U,P,

¥ = -4,7879¢ + 5,60315 X; * + 3,50993 X; ~
(2,90863) (6,67633)

2 -

0.08727 X2 * - 0,00833 X3 « 0,02057 %, X,
(0,03314) (0,15147) (0,09325)

2
¥=63 R =0,22075 C,8,5, = 401556,800 R,5,F, = 92256,871
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EQUATION 18 Farm Business - 24 Pargenac (District) Wesh Bengal

Y = 1100,98830 + 1,00621 X; @ - 438,79320 Xp*e
(0.62365) (218,76716)

0.00015 X5 » + 35,87730 Xor - 0,92024 % %
(0,00009) (13,64492) {0.26832)

2
¥=98 B =0,33762 C,8%,5, = 125354830,000
R D8, = 42323495,000

BOUATION]Q Aus-paddy ~ £4 Porssuas (District). West Bengal,

¥ = - 123,16549 + 2,73224 X2 L 4 15.9943\5 Xa“ -
(1,21934) (35,33227)
0.00562 X5 * + 2.52667 Ko @ - 0,23196 % %0
(0,00250) (2,46338) (0,14012)
\
¥=19 & =o0,15281 C,8,8, = 46910,160

R.8.8, = 21241,206 Py
BrUATION 20 Jule - Hoo Distriet), hest Bengal 4

\
304,.49267 - 0,055478 ¥y - 48,70486 Xs @;\l‘\ +

b4 =
€0,19698) (31,33705) | \\
2 2 A
0,00002 X; + 0,02042 X + 0,0B16B X; X; *
(0.,00008) (0.42603) (0,03144)
N =46  R® 0,40197 CoS,8, = 1289470,700 '

R,5.,5, = 522344,120
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BOUATION o1 Jute - 24 Pargsnss (District), Vest Bengal

Y = 109,21598 + 0,22824 X3 @ + 38,59263 X3 -
(0,13181) (43,66973)
0,00003 X?_ @ = 4,32477 Xg @ =~ 0,005533 X; Xg
(0,00002) (3,97164) (0,03279
=40 1:‘(2 = 0,79357 C.5.8, = 675106,700 ’
R,5.7, = 198192,440
EOUATION co Farm Buglness - Coimbatore (Distrdat), Madras,
Y = 18,98311 + 4.97160 X, + 1,20498 Xz -

{0 ,BO587) (2.18727)
0.,02576 xz * 4 0,01582 xg + 0,00341 X, Xg
{0,00871) (G,02117) {¢,01379)

=07 B =0,41309 ©.6.5, = 1134922,600
R.S.5, = 469772,130

BCUATION 23 Farm Business - Salem (District), Madras

Y = 183,29856 4 0,49963 X3 * = 04.04634 X% -
(1,41834) (15,24974)
2 2
0.00247 X; + 0,93780 X % + 0,43588 ¥; X5 *
(6.00494) (0.42558) (0.19720)
N=g82 B =0,23117 ©.5.8, = 2557143,200

R,8.8, = 591130,650



1383

TOUATION 24 Pagdy-3irrigated (Season I) - Sales (histrict). Medras

Y = 52,07178  + 8,12063 X;* + 1,79067 X5 =
(0,42433) (23,74572)
2 2
0.00208 X; + 0,16932 X3 - 0.08117 Xy X,
(0,00218) (0.46741) (0,10348)
W = 42 R = 0,309008 Cy8.5. = 7D57675.,000

R,5.8, = 3L75778,000

BrUATION o  Raddy-irrigated (Season II) ~ Saglew (Distriect), Madras

¥ = 380,36521 + 0.89257 ¥, - B2.93820 Xy -
(£.04067)  (118,34737)
2
0,00040 X, + 3,54488 X3 + 0.24641 X, ¥; @
(0.00170)  (6,32244)  (0.23799)
© W=28 K =0,55745 C.8.8. = 4799520,700 \

B.8.,8, = 2675500.800

EQUATIONZ7  Joyar=irrigated - Colmbstere (District), Madras \\

Y = 213,10509 - 3,32334 X; @ + 4,33953 X, -
(3,27507) (4.56414)
4,16082 Xz = 0,00015 xﬁ - 0,03634 xg +
(14,94870)  (0,01546) (0,05346)
0,03838 xi +0,03430 I %, 4 0,07691 Xy X «

(0,10208)  (0,06624) (0,25341)
0.,12032 %, Xg
(0.28102)

N=29 8 =o0,58481 C,8,5, = 1767663,700 R,5,5, = 1033747,100
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ECUATION 28 Jowar-irrigated (Season II) - Salem (District), Madras

¥ - 207,51707 - 1.06102 X, = 30.74810 % +
(1.30617) (43,67168)
2 2
0.00618 X * + 1,46321 X_ + 0,31491 Xy X;@
(0,00127) (2.37384)  (0.27036)
¥e=28 R =0,94492 C.S.5, = 6384187,000

R,8,8, = 6032523,9200

BOUATION 82  Cotton-irrigated « Colmbatore (District), Madras

b4 = 16,96164 + 2,46488 X, * + 0.62841 X3 +
(0,61145) (7.54216)
0,00024 xﬁ - 0,00159 Xi - 0.02568 Xy X3
(0,00027) (0,10892) (0,03060)
N=36 B =0,06537 C,.8,", = 32967790.000

R,8,3. = 31826148,000

EOUATIONSQ Cotton-drrigated - gzlem (District), Madras

Y = 763.57180 - 0,63909 X 125.73452 %, @ 4
(3.,32605)  (123,35847)
0.00251 ¥+ 05,23901 ¢ + 0,03704 X; Xg
(0,00769) (7.31380) (0,43076)
N=2l K =0,27776 C,8.8. = 354409,000
R.S.8, = 984421,380



BEOUATION L

N =61

EOUATION 2

| ¥

N =77

EQUATION 3

¥

N =855

3

ENUATION 4

b4

N = 80
!

BEQUATION &

¥

R™ = Q77515

APPENDIX IV

SECOND TRIAL EQUATICNS OF REGRECSSION ANALYSIS
{ COFB = DOUCLAS TYPE FUNCTIONS )

Nistrict), Romba

Farm Business - Nasik

= 1l.a788s xg -0t

(0,22419)  (0.22287)
C,5,8, = 12,20563 B,5,8, = 9.46111

0,68272%
2
2

Farm Businegss - Ahmed nager (Discrict) Boumbay

0,69593* 0,03896%
=  3,35178 X% X
(0,02208) {0,00396)

B® = 0,50941  C.§.8, = 7,6743% R,S.S, = 3,90947

Jovar=unirrigated - phmed negsr (District) Bombay

1,098857*
- o.ee9ma % 9957 xg.oessgs
{0,13800) {0.08982)

R® = 0,585BL C.8.%, = 6.66015 R,5,5, = 3,00160

Jowareirrisated ~ Ahmed negar (District) Bombay

1.15428% ©,18823%
= 0.67853 ¥y i3
(0,16497) (0.,02000)
2
R = 0Q,51522 C.8e8, = 7,63161 R,&,5, = 3,9319L
Wheateunirrigated - Nagik (District), Boubs
0,80358+ -0,00459
= 3,3B120 ¥ X3
(0.18410) (0.15546)

B2 = 0,46047  C.5,5. = 4,88195 R.8.5, = 2,29195
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EQUATION 6

Y

N = 32

BOUATION 7

Y

N =235

BOUATION 8

¥

¥ = 100

EoUATION 10

Y

N =178

EOUATION 316

Y

2
R
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Wheateirrissted - Nasik (District) Bombay

~0,58918% 1.25787+
= 5,73150 Xy p
(0,05846) (0.06111)

= 0,48690 C,S8,8, = 2,00655 BR,8,8, = 0,97698

Wheatefrrigated - phmed nasar (District) Bombay

0,39106* 0.,198668
= 11,65763 Xg Xq
{0,13408) (0,12444)

#

0,23023 C,8,8, = 2,58745 R.2,8, = 0,59567

Faru Business - Meerut (District) U.P,

0.31186" 0,39059* 0,01876 0,03481*
18,80351 X3 % g Xy

(0,07916) (0,09324) (0,06786) (0,01719)
0.39865 Cofera = 3,93262 R,8,8, = 1,86769

8

L]

Sugarcone-planted - Mugeffarnagar (District) U,P,

0,30829% 0,40496%  =0,06019
= 42,94526 X; %p g

(0.11847) (0,144B1) {0Q.0836%2)
= 0.,26179 C,5,8, = 5,32482 R,8,8, = 1,34326

Farm Business ~ 24 Pargonss (District) VW, Bengal

0,13553* =1,25200+
=  219,03500 % %y

(0,02540) {0.02121)

= 0,78194¢ C,t,8, = 37,78476 R.S,8, = 2B,68380



ECUATION 17

Y

¥ =69
ENUATION 20

Y

N =48

ECUOATION 21

¥
N = 40
¥
N =40
Y
¥ =40

EQUATION 22

4

W= 97

137

~ Hooply (District) West Rengal
0,36301* 0.052380
X3

Aman-paddy

=  15,47126 X3
{0.13851) {0.05877)

2
C.8.8, = 3,13118 B.&8,8, = 0.33597

" = 0,10730

Juts - Hoogly (Ndstrich) West Bengal

0,46680* _0,2018 0,15622%
= 44,4152 ¥ © p o e %3 56
{0,15980) (0,13961) (0,06235)
B2 = 0,33236 C,5.5, = 2,02642 1R,.8,S, = 0,97262

Jule - 24 Parpanss (District) West Bengal

- 22.08000 Xg.4114g* 1;0.02457*
{0,01728) (0,01077)
¥ = 0.20466 C.8.8, = 1,05218 R,§.S, = 0,31003
. Xg.4oaes* yg°°5126*
(0,02540) (0,02121)
B = 0,28940 C,5.5, = 1,06218 R,5,5, = 0,30450
= 15,8760 x§‘13°49* xg‘°1226@
(0.01476) (0,01031)

Rz = 0,05781 C,5.8, = 1,05218 R.$.,%, = 0,06083
Farm Business - Colubatore (pistrict) Madres

0,66187* 0.19148
=  3,82359 X Xg
(ap4408) {0,04027)

2

F = 0,54243 C,5,8, = 22,19436 H,8,8, = 12,0380
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BOUATION 23 Farm Business - Salem (District), Wadras

0,98221% 0,03376
(0,14500) (0,05146)

N =94 32 = 0,39757 a.9.8, = 26,41405 R,8.8, = 10,50136

B UATION 24 Paddy=irriasated - Salem and Coimbatore (Districts)

Madras
0,87173* 0.12012
b4 = 7,45685 X X4
(0.10598) (0,8668)

N = 42 R = 0,516B1 C.S,S, = 6,75181 R.S.8, = 3.48937

ECUATION 85 Paddy=irripgated (Season IIT) ~ Codmbatore (District)

Vadras
0.55634* -0,178449
Y =  38,07612 X X3
(0,03847) (0.15364)

N=21 B? = 0,74461 C.8,8, = 3,61740 R,&,S,= 2,69357

BOUATION 26 Paddy-irrdgated (Season II) - Salem (District) Madres

0,51133% -0,35240+%
Y = 42,24500 X, Xy
(0,03288) (0,06652)

N =28 R = 0,63159 C.8.,8, = 3,90261 R.8,5, = 2,07458

EQUATION 27 Jowsr=irrigated (Seasop IIY) - Falem (nisirict)

Madrag
* 0,088853
b4 = 4,3128B5 Xg.73581 Xz
{0,26980) (0,21089)

N = 28 Rz = 0,57411 C.8.,8. = 6,68419 R,S8,8, = 3,78003
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BOUATION 28 Cotton-irrigated - Coimbatore (Nistrict), Madras

0,44883* 0,39233%
Y =  5,91939 X %o
(0.06446) (0.05720)

=36 &= 0,79258 C,8.5, = 12,14606 BR,S.5, = 9,62673

BEoUATION 29 Cotton-irripated ~ falem (District), Madrag

1.13340% -0,35300%
¥ =  2,2839% X X3
(0.01705) (0.00790)

N=21 B = 0,88065 C,8,5, = 4,40086 R,8.5, = 3,87570
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