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CHAPTER I  

INTRODUCTION

Human labour and bullock labour together constitu te  almost 
h a lf  of the to ta l  cost of the inputs used in  crop production#
Since much of the farm labour is  generated within the farm, i t  is  
fixed and hence assumes added sign ificance. Given the technology, 
the fixed nature of these assets in  the business p a rtia lly  deter­
mines the productivity of the resources and the nature of the returns 
to  sca le« Further, the operation o f the ‘Law of Diminishing Returns* 
begins already in  the range where a large proportion o f assets is  
fixed and th a t too a t low levels o f use, The present study is  an 
attempt to  measure the productivity of two Important resources of 
the Indian farming namely, human labour and bullock labour.

The land-man ra tio  of the ag ricu ltu ra l sector ex isting  in 
d iffe ren t s ta te s  can give a rough indication of the comparative 
nature of farm labour productiv ity . But as agro-clim atic condition^ 
cropping patterns, crop yield ra te s ,  resource endowments ©to, 
d if fe r  from region to  region in  the country, marginal productivity 
o f labour a t the mean level of inputs can provide a b e tte r estimate 
o f labour productivity . I t  can also be used to  compare labour pro­
ductiv ity  between regions and in  various crop en terp rises. The low 
productivity of human labour in  Indian A griculture, due to heavy 
pressure of population and low leve l 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
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only i f  stud ies orien ted  to  th a t end are  undertaken. In view of 

th e  reg ional v a r ia tio n s , an understanding of the marginal p roducti­

v ity  o f labour in  a g ric u ltu re  is  o f c ru c ia l importance in  making 

decisions concerning th e  d e s ira b il i ty  o f developing ad d itio n a l 

employment o p p o rtu n itie s , in  choosing the form o f these opportuni­

t i e s ,  and In planning th e i r  lo ca tio n . F urther, i t  i s  qu ite  lik e ly  

th a t  sh if tin g  o f resources even w ith in  the  farm, from one crop to  

ano ther, may ra is e  th e  productiv ity  of labour,

Some studies*®* have been made on the  re la tio n sh ip s  o f  th e  size  

o f holding and p ro d u c tiv itie s  o f human labour and bullock labour.

Few attem pts have been made to compare th e  marginal p ro d u c tiv itie s  

of these inputs fo r various crops w ith in  th e  region and between 
d if fe re n t reg io n s„ S im ilarly , only few attem pts have been made to 

aeterm ine th e  economic optimum lev e ls  o f  use for human labour and 
bullock labour fo r d iffe re n t regions and crops. Largely, cross 

ta b u la tio n  analyses have been done to  estim ate th e  re tu rn s from 

human labour and bullock labour in p u ts . In a few cases production 
function analyses have also  been undertaken to  determine the producti­

v i t ie s  o f these  in p u ts .
In  the  present study i t  is  attempted to  determine th e  marginal 

p roductiv ity  of human and bullock labour inputs ana th e ir  economic 

optimum lev e ls  for d iffe re n t sized farms. The s ize  o f holding has 

been usea as an in s t i tu t io n a l  v ariab le  fac to r in  the production 

equation. In the  *Studies in  the  Economies of Farm Management» con­

ducted by the  D irecto rate  o f Economics and S ta t i s t i c s ,  Government o f 

In d ia , in  various S ta te s , generally  power functions have been used,

1, D e ta ils  a r e -given under Review o f L ite ra tu re  in  Chapter I I ,



whereas In the present study an e f fo r t  has been made to  f i t  
polynomial functions o f th e  second degree along w ith power functions 
mainly to  study the possib le negative marginal re tu rn s  of labour 
met with in  c e r ta in  cases. This in v es tig a tio n  in  th is  sense is  

complementary to  what has already been done In t h i s  f ie ld  *

The o b jec tiv e  o f th is  in v estig a tio n  i s  to  measure the  mar­
g in a l value p roductiv ity  o f human labour and bullock labour a t 

d iffe re n t lev e ls  o f other inputs in  d iffe re n t crop en te rp rise s  in  

selected  regions of th e  country. In te r-re g io n a l p roductiv ity  

comparisons is  the p rin c ip a l aim of the  study.

The r e s u lts  o f th is  study can be made use of for ind iv idual 

farm decisions and n a tio n a l p o lic ie s ,  An ind iv idual farm operator 

can b en e fit from th i s  inform ation by being able to  formulate b e tte r  

decisions regarding resource adjustments to  maximise re tu rn s  from 

lim ited  resou rces. At n a tio n a l le v e l, i t  may help to  formulate 

farm p o lic ie s  providing for a  more e f f ic ie n t  use of n a tio n al 
resou rces. These re s u lts  may a lso  serve as benchmark observations 

fo r fu tu re  s tu d ie s , which would in v es tig a te  the changes in produc­
t i v i t y  of labour occurring over tim e, especia lly  with re ference 

to  changes in  technology.
The f i r s t  part o f th e  study deals w ith a  b r ie f  review of 

what has already been done in  th i s  country on the productiv ity  

o f human labour and bullock labour and a lso  some of the hypotheses 

cu rren tly  propounded on the productiv ity  of labour in  underdeveloped 

co u n trie s . The second part deals w ith d a ta  and methodology, The 

th ird  part deals w ith findings and th e  la s t  part co n s titu te s  

in te rp re ta tio n s  and suggestions.

3



CHAPTER I I

A REVIEW OF LITERATORS

n e la tiv e ly  few s tu d ies  have been undertaken in  th is  

country to  determ ine the p ro d u c tiv ity  o f inputs th a t  go in to  

th e  production o f  various c ro p s. The s tu d ie s  in  the Economics 

o f Farm Management * in  various s ta te s  in i t i a te d  by the D irec to ra te  

o f Economics and S ta t i s t i c s ,  Department o f A g ricu ltu re , M inistry 

o f Food and A g ricu ltu re , Government o f  In d ia , i s  one o f the 

comprehensive and system atic attem pts in  th i s  d ire c tio n . As fa r 

as th e  estim atio n  of resou rces p ro d u c tiv itie s  are  concerned these  

s tu d ie s  followed mainly the methods o f cross ta b u la tio n  a n a ly s is , 

c o r re la tio n  an a ly s is  and in  a  few cases reg ress io n  an a ly sis  by 

f i t t i n g  production functions*

In 1959 D river and Desai1 estim ated the  marginal products* 

v i t i e s  of human labour and bullock  labour inpu ts fo r d if fe re n t  

crops in  the d i s t r i c t s  o f Has Ik and Ahmednagar o f the then Bombay 

S ta te  and p resen tly  in  the s ta te  o f Maharashtra by use o f p a r t i a l  

reg ress io n  a n a ly s is . They found th a t  the m arginal value product 

o f  human labour was Ks, 1,2671 per day in  dry ra b l  Jowar in  Ahmed­

nagar d i s t r i c t  under cost accounting method and R s,1,6553 per day

1 , P.H, D river1, and D,K, J e s a i ,  S tudies in  th e  Economics,of 
Farm Management An Bombay. Report fo r the  year 1955-56*
(1959), p . 162, 169, 174 and 178,

4



under the survey method. For irr ig a te d  Jowar in  the same d is t r ic t  

they found th a t the corresponding figures were Bs, 0.6907 and 
Bs. 1.3589 under cost accounting method and survey method re s ­
pectively* They estimated the marginal value product of human 
labour day In wheat In  HasIk d i s t r ic t  to  be Bs. 2.1889 under cost 
accounting method. Their estim ates for marginal value product 
of one plough u n it per day In case of ury ra b l iowar In Ahmednagar 
d i s t r ic t  were Bs. 2*4977 under cost accounting method and Bs. 2.5492 
In survey sample. For Irrig a ted  Jowar in  the same d i s t r i c t t the 
corresponding estim ate was Bs. 1.3056 (cost accounting method).
For dry wheat In HasIk d i s t r ic t  under cost accounting method,
the estimated marginal value product of one plough u n it per day 

a
was Bs. 1.7509,

They reported the f i t t in g  of Cobb-Douglas type of production
functions to study the productivity  of d iffe ren t resources Inclu-

4ding human labour and bullock labour, used for various crops,
They could not draw any conclusions as the e la s t ic i t i e s  of pro­

duction were not s ta t i s t i c a l ly  s ig n if ic a n t,

3 . Ib id .,  p . l iO
4 . P.N, Driver and D.K. Desal, Studies in  the Economics of

Farm Management la  Bombay. Report for the^Xear 195.6-52
p. 257-260



AJalb Singh j-rfc in  th e ir  “Studies in  the Economies 
of Farm Management in  Punjab" estimated the marginal physical 
product of human labour day in  irrig a ted  wheat and American 
cotton by p a r tia l  regression ana lysis. They found th a t for 
irrig a ted  wheat i t  was 0,288 mounds o f grain and for American 
cotton 0,1353 maunds of seed cotton. They found th a t the use 
of an additional unit of bullock labour would have decreased 
th e  yield of wheat by 0,122 maunds of grain and of American 
cotton by 0,0501 maunds of seed cotton, as the marginal pro­
d u c tiv itie s  were negative.

Taking the  data from the Studies in  the Economics of 
Farm Management in  Punjab for the years 1934-55, 1955-56 and

151950-57, BaJ Krishna in  1964 used Cobb-Douglas type of func­
tio n s to  estim ate the marginal p roductiv ities of various inputs 
in  Punjab farms. He found th a t the marginal value products of 
human labour v iz , Bs, 1,19 and Bs, 1,78 a t respective geometric 
means were re la tiv e ly  stao le in  the years 1954-55 and 1955-56 
and i t  rose very steeply in  1956-57 to  Bs*4,37, Comparing the 
marginal products with the actual wages of human labour he found
5, AJalb Singh, Ourdit Singh, Swaran Singh Athwal, and

U.S. Bandhawa, Studies in  the Economics of Farm Management 
in  Punjab, B eportfo r the year 1954-55. P. 90 and 121

6 , BaJ Krishna, Some Pro auction Functions for the Punjab,
Indian Journal of A gricultural Economica, S ilver Jubilee 
Number, Vol. 19 Nos, 3 and 4 , Juiy-December 1964, p. 90-92



th a t in  the f i r s t  two years the marginal, value product of human 
labour a t geometric mean was less  than the wage ra te s  of Rs.2,49 
and Rsa 2.59 respectively  and in  the th ird  year* i t  i*as much 
higher than the wage ra te  o f Bs. 2 .96, He also  observed th a t 
the  average labour input declined su b stan tia lly  from 495 to  
360 man days during the th ree years in sp ite  o f the increase In 

the to ta l  "earner" man power in  the sample fam ilies from 464 to  
532 persons and thus the r i s e  in  marginal product of labour 
was associated with the fact th a t  the farmers economised labour, 
This* he thought might be due to  the fact th a t in  the f i r s t  two 

years the wag© ra te  was higher than the marginal product of 
labour. He concluded th a t the marginal product estim ates "are 
not so widely out of lin e  w ith acqu isition  costs as the usual 
references to the I r ra t io n a li ty  of the Indian peasant im p ly ,"

«7
Basak and Choudhury f i t te d  lin ear functions to  the 

data from the ’‘Studies in  the &eonomics o f Form Management in  
West Bengal" to  determine the production e la s t ic i t ie s  o f various 
resources used in  the production of Aman paddy and ju te , "hey 
found th a t the productiv ity  of human labour for both paddy and 

ju te  in  manured p lo ts was g reater than in  unmanured p lo ts . They 
observed a  sim ilar trend for bullock labour in  the case of paddy. 
The e ffec t of bullock labour on the yield of ju te  crop was not 

s ta t i s t i c a l ly  s ig n if ic a n t,
7* K,C, Basak" and B.K* Choudhury, S tu d ie s . , .In t h e  Economics: of 

F arm  Management in  W est Bengal, Be p o r t s . ,  f o r  the y e a r s  I9 5 4 “ 55Jt, 
1955-66 and 1956-57.

7



Mathur and Khudanpur® f i t t e d  Cobb-Douglas type o f functions 
to  study th e  p ro d u c tiv itie s  o f human labour and bullock  labour 

in  d if fe re n t crop e n te rp rise s  in  Madhya Pradesh* Using th e  

1955-56 d a ta  from th e  "Studies in  th e  Economics o f Farm Management 

they found th a t  th e  reg ressio n  c o e ff ic ie n ts  ( e l a s t i c i t i e s  o f 

production) o f human labour and bullock labour (combined in to  

one in p u t) were negative fo r *farm business as a  w hole,* while 

in  cases o f ^owar-urid-mung combination and co tto n -tu r  combina­

t io n  th ese  c o e ff ic ie n ts  were not s t a t i s t i c a l l y  s ig n if ic a n t .

In  th e i r  study o f 1956-57, they used human labour and 

bu llock  labour as sep ara te  in p u ts . They defined bullock labour 

as plough hours co n sis tin g  of 2 hours of bullock  labour and 1 

hour o f human lab o u r. Human labour was separated in to  two groups v iz . 

re s id u a l man labour hours and female labour hours* For th e  ’farm 

business as a  w hole,* th e  reg ress io n  c o e ff ic ie n ts  were 0.13 fo r 

plough hour, 0,26 fo r re s id u a l male labour and -0 ,13  fo r female 

labour9 , In o th er cases th e  c o e ff ic ie n ts  o f th ese  incu ts  were 

not s ig n if ic a n t s t a t i s t i c a l l y ,

Bm P,N. Mathur, Q .J. Khudanpur, S tudies in  th e  Economics of 
Farm Management in  Madhya Pradesh. Report fo r th e  year 
■1955rit6, p . 53, 61 and 62

9 . P.N. Mathur, S tudies in  th e  Economics o f Farm Management 
in  Madhya Pradesh, Report fo r th e  year 1956-57, p , 53,
63 and 66,



Zacharlas used Cobb-Douglas type o f functions to  estim ate 

th e  m arginal p ro d u c tiv itie s  o f human labour and bullock labour 

in  se lec ted  crop en te rp rise s  in  th e  d i s t r i c t s  o f Coimbatore 

and Salem in  Madras S ta te  a t  d if fe re n t  lev e ls  v iz . £, •£, 1 , 1£ 

and 2 tim es th e  geometric mean o f th e  in p u ts . F u rth er, he 

stud ied  th e  changes in  th e  m arginal p ro d u c tiv itie s  of human labour 

and bu llock  labour, keeping o ther inputs a t  d if fe re n t lev e ls  

namely 1 and 2 tim es th e i r  geometric means. He found th a t  

labour p ro d u c tiv ity  was a  function  o f labour use lev e ls  but i t  

was a lso  a  function  o f o ther in p u ts .

By analysing th e  d a ta  fo r 1955-56 on i r r ig a te d  co tton  

(Season I I )  he found th a t  labour p ro d u c tiv ity  was a  function  

o f th e  quan tity  o f labour input used and in  th e  e x is tin g  s i tu a ­

t io n ,  th e  in crease  In th i s  Input w ith  o ther inputs held content 

would not be a d v is a b le ^  I ince labour p ro d u c tiv ity  is  a lso  a

func tion  of o ther in p u ts , he concluded th a t an increase  in  o ther
12

Inputs could increase  th e  labour producvity . For 1356-57 d a ta  

o f th e  i r r ig a te d  co tton  (Season XI), he found a  s im ila r s i tu a t io n ;  

th e  Increase In th e  labour input w ith o ther inputs kept constant 

was not a d v is a b le ^  The an a ly s is  of th e  d a ta  fo r 1955-56 on

10. C.U.B. Z acharias, S tudies in  the  Economics o f Farm 
ifenaaement in  Madras« Reports for th e  years 1954-55,
1055-56 and 1956-57,

11. I b id . . Report fo r  th e  year 19,55-56» p, 121 and 194.

12. Ib id .
13. Ib id . Report fo r th e  year 1956-57, p . 84, 154 and 155.
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I r r ig a te d  ;)owar ( beason  I I I )  showed th a t  th e re  was too  much 

o f human labour a lready  in  u se . While studying th e * farm b u s i­

ness  as a  whole* he found th a t  th e  human labour p ro d u c tiv ity  

appeared to  in c rease  w ith  an in c rease  In  o th e r in p u ts .

With bu llock  labour input a lso  he found a  s im ila r  beha­

v io u r , In  i r r ig a te d  jowar (beason I I I )  he observed th a t  -she 

m arginal p ro d u c tiv ity  o f  b u llock  labour decreased as i t s  q u an tity  

in  use in c reased ; w hile th e  m arginal p ro d u c tiv ity  o f  bu llock

labour increased  when th e  le v e l o f b u llock  labour was kept cons-
14

ta n t  and th e  le v e ls  o f o th e r in p u ts  were in c re a sed ,
1*5Agrawal determined th e  m arginal value product o f  bu llock

labour and human labour by f i t t i n g  a  Cobb-Douglas type o f

p roduction  fu n c tio n  to  th e  farm management survey d a ta  fo r 1954-55

in  U tta r  P radesh, According to  him th e  low values o f m arginal

products o f th e se  inpu ts  in d ica ted  th a t  they a re  used a t  high

le v e ls  and any ad d itio n  would r e s u l t  in  l i t t l e  r e tu rn .  He found

th a t  m arginal value products o f th e se  reso u rces  increased  when

th e  input le v e ls  o f o th er reso u rces  In c rea sed , He observed th e

same tren d  fo r th e  d a ta  o f 1955-56 also*  He concluded from th e

low m arginal value products o f human labour and b u llo ck  labour

in p u ts  th a t  a d d it io n a l  expenses on th e se  in p u ts  would not be ad v isab l

VjTzeWhar~laar,*le p o r t  fo r th e  year 1954-55♦ Op.c it*  p* 137

15, G.D* Agrawal, S tud ies In  th e  Economics o f . Farm_Manageme,nt 
in  U ita r Pradesh, Combined Report fo r  th e  years 1954-57,* 
p7 86 and 113.



He a lso  found th a t  the m arginal value product o f human labour 

increased when th e  lev e ls  o f o th er resources were ra is e d ,

While analysing th e  d a ta  for 1954-55 p e rta in in g  to  ir r ig a te d  

wheat in  th e  same study , he found th a t  the re la tio n s h ip  between 

output and th e  inpu ts o f  human labour and bullock  labour was 

not c i g i i f lean t s t a t i s t i c a l l y ,
ig

In Madhya Pradesh, Mathur and Khudanpur found th a t 

th e  fam ily labour income per ac re  decreased p rogressively  w ith 

th e  in crease  in  th e  s iz e  o f  hold ing . The family labour income 

per acre was Bs, 64,66 fo r th e  s iz e  group of 5 acres and below 

w hile i t  was only Bs, 33,14 fo r th e  s iz e  group o f 50 acres and 

above. At the same time they found th a t  the  gross product per 

labour hour was more or le s s  s ta b le  in  th e  d if fe re n t  s ize  groups 

though w ith in  the major s iz e  groups ( le s s  than  15 a c re s , between

15 and 40 acres and above 40 ac res) i t  Increased w ith th e  increase
17in  th e  s iz e  of ho ld ing ,

18 x 2ach arlas  measured th e  labour p roduc tiv ity  fo r1farm

business as a  whole* in  th e  d i s t r i c t s  o f  Salem and Coimbatore

applying th e  widely used measurements »v iz . re tu rn  per worker and

gross output per worker, He found the s iz e  o f farm, th e

cropping p a tte rn , th e  fixed c a p ita l  a v a ila b le  and th e  amount o f

16. Ib id .7 ^ 7 4 9

17, Ib id . ,  p . 50

ir.Z aQ hariaa .Repo&fe fo r th e  year 1954-55, o p .c i t . p ,70 ,71,74,



working c a p ita l  expended had a  bearing on the quantum of re turn#

He observed th a t the re tu rn s  per worker were th e  lowest in  the 

sm allest s ize  group and increased as th e  s ize  of farm went up*

When he re la ted  the  re tu rn  per farm worker w ith c a p ita l  av a ilab le  

(both fixed and working) he observed th a t  broadly the  former 

increased w ith an increase in  the  l a t t e r  * The study made on th e  

cropping p a tte rn  revealed th a t the  re tu rn  per worker were grea­

t e r  on th e  holdings growing commercial crops than those growing 
19

food crops only# By analysing the  da ta  for th e  year 1955-56 he

showed th a t  holdings which were fu lly  rented gave th e  le a s t
20re tu rn  per worker# He a lso  found th a t u n irrig a ted  holdings gave

th e  lowest re tu rn  per worker when compared to  fu lly  ir r ig a te d
21or p a r tia l ly  ir r ig a te d  holdings# These findings led him to  

th e  conclusion th a t the re tu rn  per worker could be increased appre­
ciab ly  by enlarging the  size  o f th e  farm, by growing non-food 

\
crops along w ith food crops, by increasing the  av a ilab le  i r r ig a -  

t io n a l  f a c i l i t i e s ,  and by making th e  t i l l e r  fe e l  th a t the piece

of land cu ltiv a ted  by him was h is  own,
22Sacharias t r ie d  to  measure th e  e ffic ien cy  of labour on 

th e  cu ltiv a ted  a rea  per man equivalent and work u n its  per man 

equivalent* He found th a t  the cu ltiv a ted  a rea  per man equivalent 

increased s tead ily  with the increase In the s iz e  o f farm. S im ilarly , 

19. Zacharias#~Report.. fo r ,th e  year,.,1954-5,5,« c i t# ,  p. 72

Zacharies, Report fo r th e  year 1955-56* pj>« £ i t . ,  p. 65

20* Ib id .
2 1 , Z acharlas, Report fo r the year 1956-5?« op* e f t ,* p,65

22# Sacharias, Report fo r th e  year 1954-55* op, c i t# ,  p* 76
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he saw th a t the number o f work u n its  was le a s t in the sm allest 
s ize  group and th e  g rea test in  the la rg e s t s ize  group. He further 
observed th a t a  farmer in  the la rg est s ize  group did 1.6  times 
the  work done by h is counterpart in  the sm allest size  group.

S e v e r a l  worker® have tr ie d  to  re la te  s ize  of holding with 
employment of human labour, hired human labour, permanent working 
u n it ,  and input per acre of human labour,

go
Driver a n d  Deaai found th a t the employment of human la ­

bour was almost d irec tly  re la ted  to  the s ize  o f the farm. The
sm aller the farm lesse r was the employment fo r the operator

84him self, AJalb Singh e t a | ,  found th a t larger the holding 

g reater the  number of days put in  by a  permanent farm worker, In 

a  sim ilar study 2achar las25found th a t the employment on the farm
stead ily  i n c r e a s e d  as one passed from the lowest to  the highest

26s ize  groups* While studying the paddy crop en te rp rise  Agrawal 
found no s ta t i s t i c a l ly  s ig n ifican t re la tio n sh ip  with human labour 
u t i l i s a t io n  and s ize  o f farm.

The stud ies o f A J a lb  Singh e |  a | ,  P u n ja b  farms and o f  Basak
2?and Choudhury i n  Bengal farms showed th a t  the proportion o f hired 

labour increased with the size  of holding. Surprising ly , Mathur
23. Driver andD esal, Report for the year 1954-55. op. g jt* ,p*  62

Driver and Deaal, R e s o r t .  for the y e a r 1 9 5 5 -5 6 ,  0£ .  c i t . ,p .  82

Driver and Desal, Resort fo r . th e , y e a r . 1 9 5 6 -6 7 * oj), c i t . , p *  82

24. AJalb S in g h  jgt m l,, R e s o r t  for the  y e a r  1 9 5 4 -5 5 . o s . c i t .* p . 52 
and 7 5 .

25. 2acharlas, R e s o r t  f o r . t h e  y e a r .  1 9 5 4 -5 5 , 2B* P« 36
26. Agrawal, Combined re so rt fo r the  years 1954-57* ££> SMjh P« ^ 2
27. Basak and Choudhury, Report ,for,.[the....vear. 1985-56* c i t . ,  p .29
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goand Khudanpur found th a t  h ired  labour per acre was highest In 

th e  sm allest s ize  group and progressively  decreased as the s ize  

increased upto th e  s ize  group of 20 -  30 acres and above th is  

s iz e  group the proportion of h ired  labour showed upward trend *

They a ttr ib u te d  th is  behaviour to  the  fa c t th a t  some farmers 

in  th e  small holdings large ly  depend upon h ired  labour as they 
themselves are busy with other means of liv e lih o o d . Their study 

a lso  revealed th a t  the permanent working u n its  per farm increased 

from 1,70 to  5,67 as the s ize  o f farm increased w hile th e  in c i­

dence of the  same per acre decreased from 0,58 per acre in  the 
sm allest group to 0,06 per acre in  the  highest s iz e  group.

In general, th e  Studies in  the Economics of Farm Manage­

ment in  various s ta te s  showed th a t the labour input per acre

declined as the  s iz e  of holding progressively  increased , Driver
29and Desai in  Maharashtra found th a t th e  s iz e  of holding and

input o f human labour per acre was negatively  co rre la ted , A jaib
30Singh, e t gjl. found th e  same trend  in  Punjab farms except in  

th e  d es l cotton en te rp rise  where they noticed some tendency for 

labour (both family and exchanged and h ired) to  increase w ith 

th e  increase in  the size  o f holding. On West Bengal farms Basak 

and choudhury^ found th a t  th e  input o f human labour per acre

28, Mathur and Khudanpur, Report fo r th e  year 1955-56, ojj* c l t . , 
p . 20 and 49.

29, Driver and D eaa l.^Report fo r.th e  year..1955-56. 0£ . c i t . ,  p . 114

Driver and Desai, Report fo r the  v e e r 1956-57. o&. £ j t .»  P, H 9
30, AJalb Singh, e& ^L#, Report for th e  year 1954-55, gft, ci& ,, 

p* 78 and 127,
31, Basak and Choudhury, Report for th e  year _1954t51l« Q|>. c i t . ,  p, 4'
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was h ighest in  the  lowest s iz e  group and I t  went down w ith th e  

in crease  in  th e  s iz e  o f farm. As regards human labour (both

fam ily and h ired ) per acre in  Madhya Pradesh farms Mathur and
qg

Khudanpur found th a t  i t  went on decreasing as th e  s iz e  of
33holding increased* In Madras farm s, Zacharias found a  s im ila r

tren d  where th e  human labour Input per acre  was la rg e s t  in  th e

sm allest s iz e  group and th e  human labour input declined as th e
34

s iz e  increased . Agrawal found, in  U tta r Pradesh farm s, th a t  

th e  input o f human labour per ac re  was h ighest in  th e  sm allest 

s iz e  group but declined as th e  s iz e  increased though th e  down­

ward tren d  was not pronounced. He found a  s im ila r  trend  in  in d i­

v idual crop e n te rp ris e s  l ik e  sugarcane (ratoon) where th e  decrease 

was c lea r as th e  s iz e  of holding increased w hile in  wheat both

ir r ig a te d  and u n ir r ig a te d , th e  d iffe ren ce  was meagre.
35In Bombay s ta te  Driver and Desai and in  U tta r Pradesh

36Agrawal worked out th e  c o r re la tio n  between th e  input o f human 

labour and output per acre  fo r  th e  in d iv id u a l crop e n te rp rise s  and 

found th a t  they were p o s i t iv e .

32* Mailiur and Khudanpur, Report fo r th e  year 1955-56* op. c l t  .«p. 49

33. Z acharias, Report fo r  th e  year 1954-55. op. c l t . * p, 66

Z acharias, Report fo r th e  year 1955-56. op . c l t ** p . 52

Z acharias, Report fo r th e  year 1956-57. o p . c i t .* p . 56

34. Agrawal, Report fo r th e  year 1956-57. op. c l t .* p . 32 and 51

35. D river and D esai, Report fo r th e  year 1956-57. o p .  c l t . , p . 159-21

36. Agrawal, Report fo r th e  years 1954-5?* op . c l t . * p . 129
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Using th e  same da ta  Driver and Desai studied  the  re la t io n ­
ship o f s ize  of farm and employment o f bullock labour in  re la t io n  

to  yearly a v a ila b il i ty  on Maharashtra farms* They found th a t  

employment increased from 50*52 per cent to  66,14 per cent of 

yearly  av a ilab le  as th e  s ize  o f th e  farm went up from 2,5 acres 

to  100 acres and above, When bullock labour fo r form work only 

was taken in to  consideration , the  d iffe rence  was more pronounced, 

th e  employment of bullock labour increasing from 23,62 per cent 

in  s ize  group 2*5 acres to  53,82 per cent in  s ize  group 100 acres 

or more, The da ta  for 1956-5? a lso  ind icated  a  sim ilar tre n d ,

On account of la rg e r employment o f bullocks by the farmers in  

h ired  work the  trend regarding unemployment was not so marked
38

as th e  trend on the  employment o f bu llock ,
39In th e i r  study on Punjab farms Ajalb Singh e|» a l ,  found

th a t  bullocks in  th e  la rg e s t holding s ize  group puts in  2^ times

more work than bullocks belonging to  c u ltiv a to rs  in  the  sm allest
40s ize  group, Basak and Choudhury found th a t  the employment was 

lowest and hence wastage o f bullock labour was highest in  the

sm allest s ize  group among West Bengal farms. On Madhya Pradesh
4 1Pradesh farms Mathur and Khudanpur saw the  best u t i l i z a t io n  of

37, Driver 'arid Deaal, Report fo r th e  year 1954-55* op. c i t „ ,  p , 211 

Driver and Desai, Report fo r the  year 1955-56* op. e f t .* p , 97

38, Driver and Desai, Report fo r th e  year 1956-57. op. c l t . , p .109

39, Ajalb Singh e t  a l , ,  Report fo r the  ...year. 1954-55, 0£ . c | t . , p ,  54
40, Basak and Choudhury, Report fo r the  year 1955-56. op. c i t ,  p, 38
41, Mathur and Khudanpur, Report for th e  year. 1955-56* e>p_. c l t . , p, 2a



bullock labour In the s ize  group of 10 -  15 acres* On Madras 
42fa ro s , Zacharias found th a t the employment o f bullock labour

was high in  the la rg e s t s ize  group being 1.5 times the average*
43

In the sugarcane en terp rise  on U ttar Pradesh farms AgrawaL

noticed l i t t l e  v aria tio n  in  th e  u t i l iz a t io n  of bullock labour

between d ifferen t s ize  groups*
44

Driver and Desai a lso  studied fac to rs  other than s ize  
th a t  affected  bullock labour employment in  Bombay farms. Their 
stud ies showed th a t the a v a ila b ility  of i r r ig a tio n  was one facto r 
because employment was only 16*30 per cent in  un irrlgated  farms 

while i t  was 51,83 per cent in  p a r tia lly  irr ig a te d  farms. Further 
they found th a t s ize  o f holding combined with Ir r ig a tio n  had 
p a rtic u la rly  s ig n ific an t e ffec t on employment of bullock labour 

as i t  rose from 3,95 per cent to  25,54 per cent in  purely i r r i ­
gated farms and from 23*61 par cent to  65,87 per cent in  irr ig a te d  
farms as the  s ize  of holding moved up from 2,5 acres to  75 -  100 
acres size  group.

Several workers have studied the re la tio n sh ip  of bullock 
labour input per acre with the s ize  o f farm. In Maharashtra Driver 
and Desai45 found th a t bullock labour input per acre in  farms 
below 20 acres was larger than for farms above th is  s iz e . In 
th e  1956-57 da ta , they saw a  more pronounced trend of decrease in  
4 2 7 Z a c h a r ia s .R ep o rtfo r the, year 1955-56, ££, c i t . ,  p, 40
43, Agrawal, Combined, fe ro r t  for .the years 1954-57, £&. c £ t . ,  p, 103
44, Driver and Desai, Report for th e  year 1954-55, g&* p i t . ,  p . 211
45, Driver and Desai, Report foy the, year 1955-56. g£* P* 115
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bu llock  labour input per acre  as s iz e  of holding increased ,
47A jaib Singh, e t  aj*. in  th e i r  s tu d ies  o f Punjab farm s, however, 

found th a t  th e  input of bu llock  labour per acre increased w ith  

th e  s iz e  o f holding when farm business as a  whole was considered.

They saw a  s im ila r  trend  in  u n irr ig a te d  wheat-gram m ixture. No 

d e f in i te  v a r ia tio n  was found in  i r r ig a te d  wheat while in  th e  

I r r ig a te d  wheat-gram m ixture and deal co tton  th e  trend was th a t  

o f  an increase  in  th e  s iz e  o f holding accompanied by an increase

in  th e  bullock  labour input p<=>r a c re . In  Madhya Pradesh, Mathur
48and Khudanpur showed th a t  bu llock  labour inpu t per acre was 

not influenced by th e  s iz e  o f ho lding, bu t th e  h ighest input use 

per ac re  was found in  th e  sm allest s iz e  group and i t  p rogressively  

diminished u n t i l  i t  s ta b i l is e d  fo r  th e  s iz e  groups exceeding 15 

a c re s . Zach&rias^9 found th a t  the re la tio n s h ip  was negative 

fo r Madras farm s. He found th a t  the  input per acre  Increased 

considerably  more on i r r ig a te d  farm s. On U tta r Pradesh farms

46 , Driver and- Desal, Report fo r th e  ,vear 1956-57. op. c i t .« p . 120

47, Ajalb Slnah^et a l .^  Raport^for th e mar_JLS?S4g_5£ « &£• &££>•«

A jaib Singh e& a | , ? Resort for th e  year 1956-57.* 2J2- 
p . 88 and 89,

48, Mathur and Khudanpur, Report for th e  year 3.955-56, o p .c i t . .  p . 4£ 

Mathur, Report fo r th e  year 3956-57. o^, eS&., p. 18 and 43.

49 , Z acharias, Report fo r th e  year 1954-55. op. c i t . ,  p . 66

Z aeharias, Report fo r th e  year 1955-56, £|>. c i t . ,  p . 52

Z acharias, Report for th e  year 1956-57. op. c i t . % p . 56 and 72
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SOAgrawal found th a t  the input o f bullock labour per acre decreased 
s ig n if ic a n tly  with th e  increase In th e  s ize  o f farm* Howeverf 

in  gram th e  decline was only s l ig h t while in  sugarcane and paddy 

no marked trend in  the  re la tio n sh ip  was seen* The stud ies conducted 

in  Delhi v illa g es  by the D ivision o f A g ricu ltu ra l Economics o f 
th e  Indian A g ricu ltu ra l Research In s t i tu te ,  New Delhi have demons­

tra te d  th a t bullock labour inputs per acre increased w ith increase 

in  s ize  o f holding^ Also, in  a l l  size-groups, taking * farm b u si­

ness as a  w hole,* th e  a v a ila b il i ty  of assured ir r ig a t io n  supply 

helps to  even out the  peaks and troughs in  bullock labour use as 

contrasted  with u n irrlg a ted  farms where th e re  a re  periods o f pro­

nounced r i s e  and slump in  bullock labour use*

Zacharias52 in  Madras farms and Agrawal in U ttar Pradesh 
farms showed th a t  the cost per u n it of bullock labour decreased
progressively  as th e  s ize  o f th e  holding increased,

53
Zacharias measured the  e ffic ien cy  of bullock labour input 

in  Madras farm on th e  b as is  o f  a rea  commanded by a  p a ir o f bu llocks. 

He found th a t  the a rea  commanded increased as one moved from sm aller 

to  la rg e r s iz e  group though th e  increase was le s s  than proportion­

a te  to  the increase in  size*
50m Aerawai, Combined rep o rt for th e  year 1954-57, oa. e i t . ,  p* 57, 

69, 70, 103, 112, 123, 136, 142, and 143.

51, T,P,S. Chawdhari e t g^* ,ttS tudies in  the Economics o f Farm 
Business on C ultivators*  hoIcings In  Kan^hawla Block, Delhi 
T errito ry  1959-60 to  1961-62“ (Unpublished)

52, Zacharias, Report fo r the  year.. 1955-56* o p ,  c i t , * p. 40
53* Zacharias, Report fo r the  year 1954-55* gg. c i t ,* p* 40

Zacharias, Report fo r th e  year 1956-57» o&. g i t* ,  p . 46
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54Driver and D esai found th a t the input o f  human labour and

b u llock  labour were h igh ly  co rrela ted  on Maharashtra fa rm s.
55 56

A jaib Singh a l ,  found th e  same on Punjab fa rm s, Rajkrishna,

in  h is  a n a ly s is  o f  th e  data from Punjab, found th a t b u llock  labour

in p u t was h igh ly  correla ted  w ith  la n d , manual labour and operating

expenditure.

In t h e ir  study o f  in ter•farm  d iffe re n c es  in  Kumuda-Valll
57

v i l l a g e ,  Parthasarathy and Meenakshi Malya estim ated th a t fo r  

th e  top group o f  farmers (w ith annual incomes above Rs, 500 per 

a c r e ) , th e  marginal p rod u ctiv ity  o f  human la b o u r  was n egative
Ss
(*-1.7120) in d ic a tin g  th a t input o f  labour above a  c e r ta in  l e v e l  

r e s u lt s  in  n eg a tiv e  p r o d u ctiv ity . In fa c t  they a lso  found th a t

th e  u se  o f  lab o u r was very high in  t h is  group.
SBRandhawa (I960) w h ile  analysin g  the causes o f  th e  phenomenon 

th a t  in crease  in  the farm  s iz e  was not accompanied by increase  

in  th e  output per u n it o f  land , pointed out th a t gross as w e ll  

as net p ro d u ctiv ity  per productive man day showed a  p e r s is te n t  

tendency to  r i s e  a s  th e  farm s i z e  in crea sed . With the help o f

54 . Driver a n d D e sa i, Resort fo r  th e  year 1955-56. on.  c i t , ,  p . 161

5 5 . Ajaib Singh § t  § 1 . ,  Report for  th e  year 1954-55. o£ , £ & * , p , 90

5 6 . Rajla'lshna, ojj, c i t . .  p . 89

57# G, Parthasarathy and M. Meenakshi Malya, ” Inter-farm  
P rod u ctiv ity  D ifferen ce  -  A Case Study in  Kumudavalli 
V il la g e ,” A g r icu ltu ra l S it  u a tlo iL -in-India V ol. 15 , D o.1! ,
Qp r i l  1960, p» 25#

58 . N .S. Randhawa, "Returns to  Sca le  in  C ooperative Farming,*
Agelcultur.ftl»Sit.miidonA3jx.J^dia V ol. 15 Mo. 4 ,  July 1960, 
p . 435

Gross p ro d u ctiv ity  per productive man day was ca lcu la ted  
by d iv id in g  th e  gross output by t o t a l  number o f  productive  
man work days.
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production function ana lysis  he showed th a t in  large farms the  
gross and net p roductiv ity  was higher fo r human labour because 
o f th e  b e t te r  u t i l i s a t io n  of family and hired labour in  such

farms than on sm all ones, under the conditions ob ta in ing .
59

Sharma studied the  re la tio n sh ip  between gross value per 

acre  for fo recast crops and p roductiv ity  per a g r ic u ltu ra l  worker, 

His study revealed th a t as th e  number o f a g r ic u ltu ra l  workers 
per u n it area sown increase?, th e re  was a  tendency for the  produc­
t i v i t y  per a g r ic u ltu ra l  worker to  show a  decrease* The gross 

Income per acre showed a r is in g  tre n d . He found th a t  fo r every 

100 acres sown th ere  were 23 workers in  Punjab, 33 in  West Bengal, 

39 in  Madras and 110 in  Kerala. The gross incomes per acre for 

these  s ta te s  were Hs, 115,20, Bs, 167.30, Bs, 175,10 and Bs.193,7 
re sp ec tiv e ly . The corresponding figu res o f p roductiv ity  per 

worker were Rs, 510,00 fo r Punjab, Bs, 467,80 fo r West Bengal,

Bs, 449,40 for Madras Rs, 176,20 fo r K erala. He argued th a t 
given the economic resources, more and more add ition  o f more 

workers increases average p roductiv ity  per u n it  of other resources 

but decreases th e  marginal con tribu tion  o f human labour to  gross 

production*
Tide net p roductiv ity  lev e l indicated  ih e  earning per productive 
man work day a f te r  allowing the  cost of a l l  the  items used in  the 
production process*
59, P,S* Sharma, TtA g ricu ltu ra l P roductiv ity  v is -a -v is ,  P roductiv ity  

o f A gricu ltu ra l Workers During 1956-1959.”6AgricuTtural 
s itu a tio n  in  In d ia , Vol. 16, Ho. 5, Annual Humber 1961, 
p . 486-490*
Forecast crops are  those for which the  D irecto rate  of 
Economics and S ta t i s t i c s ,  M inistry of Food <?nd A gricu ltu re , 
Government o f In d ia , make estim ates of a rea  and production 
p e r io d ic a lly , I t  includes almost d l l  Important food crops 
and cash cfops* I t  excludes p lan ta tio n  crops l ik e  te a ,  
coffee and rubber and various f r u i t s  and vegetab les.
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Using the  da ta  from the  Studies in  the Economics of Farm
60Management in  various s t a te s  B ari Prakash found s ig n ific an t 

d iffe ren ces in  per acre input o f  labour in  the  d iffe re n t reg ions. 

According to  him these  v aria tio n s  were explainable to  a  consi­

derable extent in  terms of th e  fa c to rs  underlying them. The 

fa c to rs , he suggested were cropping p a tte rn , i r r ig a t io n ,  s ize  

d is tr ib u tio n  of holding, a v a ila b lity  o f human labour.
gj

Badhakrishna studied the d iffe rence in  the  p roductiv i­

t i e s  o f labour in  two d iffe re n t regions o f West Godavari d i s t r i c t  
in  i-uadhra Pradesh, Using reg ression  ana lysis  (Cobb-Douglas type 
fu n c tio n ), he determined th e  marginal p ro d u c tiv itie s  o f human 
labour and bullock labour. In  leg io n -X-the d e lta ic  region w ith 
a  highly sp ec ia lised  mono-crop farming In paddy, th e  marginal 
value products per man-day of human labour and a  p a ir of bullock 

labour were found to  be less  than th e  wage r a te .
In h is  study o f resource p ro d u c tiv itie s  in  th e  th ree  reg ions 

namely Thelangana, Marathwada and Karnataka o f former Hyderabad 

s t a t e ,  Hanumantha Rao^tndicated th a t marginal productiv ity  of 

farm labour was p o s itiv e  and s ig n if ic a n t .  He found th a t the e la s t ic !  

o f  production w ith respect to  laoour for th e  average farm was 

higher than fo r land over the whole range of farms p a r tic u la r ly

60, Hari Prakash, “Regional V ariation  in  Labour Inputs per a c re ,” 
Indian Journal of A g ricu ltu ra l Economics* Vol. 17, No. 3, 
Juiy-September 1962 p , 73,

61, Dr. Badhakrishna,"A Study of Regional p ro d u c tiv itie s  of 
A g ricu ltu ra l Input s . 11 Indian Journal of A g ricu ltu ra l bGonoalcs9 
Vol. 19', No, l,January-M arch 1964, p. 237

62, C,H, Hanumantha Rao, Aer jc u l tu r a l . .production..ju n c tio n s.
Coat and Returns in  Ind ia , p, 24
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among the unirrigated farms above 5 and 10 acres la  sis©. He 
attribu ted  the estimated high e la s tic ity  of labour, despite i t s  
abundant supply, to i t s  functional significance in the produc­
tio n  process. This significance, he explained, derives partly  
from the nonmechanised or labour intensive nature of the pre­
vailing production techniques and partly  from the re la tiv e ly  low 
level of labour use, compared to  the input of land among farms 
of 5 and 10 acres in  size , which accounted for a  l i t t l e  over 
two th irds of the to ta l  cultivated area in  the sample. He also 
found that wherever the functional significance of labour was 
greater and the per acre labour inputs re la tiv e ly  lower over 
a considerable area comprising large sized farms, the e la s tic ity  
of output with respect to  labour input was higher re la tiv e  to  
land. Further, the e la s tic ity  of Isbour input was higher in  un- 
irrlgated  farms because the operational significance o f labour was 
quite high in  these farms, While among irrigated  and p artia lly  
irrigated  farms, where the labour input per acre was already 
higher than among dry farms, the marginal significance of land 
rose re la tiv e  to that of labour, so th a t the e la s tic ity  of pro­
duction of land was higher,

Achari®3 estimated the productivity and Investigated the 
allocation  of resources in two samples of sugarcane farms in 
Queensland, A ustralia, The labour productivity was found below
63,' T,K,T, Achari, "Resource Productivity and Optimum Resource 

Allocation on a Sample of Queensland Sugarcane Farms,”
IndIan Journal of_Agricultural Economics, Vol. 20, Ho. 2,
Apr11-June 1965, pt 21-31
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ru ling  wage ra te s  in  almost a l l  the functions which was explained 
as re su ltin g  from the seasonal nature of sugarcane farming wherein 
labour needs, are  a t  a peak a t p lan ting , cu ltiv a tio n  and harvesting 
time while th is  fac to r is  under-e#ployed for the remainder of 
the  year. The labour productiv ity  in  Mackary sample was consis­
te n tly  low compared with the Ayr group. The possib le reason 
given was th a t the former are dry farms while the  l a t t e r  are 

irr ig a te d  farms. Another observation made was th a t in  ir r ig a te d  
farms the  labour use was more evenly d is trib u ted  throughout the  
year,

64Meilor and Stevens presented the hypothesis th a t1in 
underdeveloped coun tries, under ce rta in  conditions, dominant 
forces appear to  cause an equalising of the average product of 
th e  ag r ic u ltu ra l labour among farms and a reas , 1 Further, the 

hypothesis continued, ‘due to  d ifferences in  production function, 
th is  leads to  varia tions in  the marginal productiv ity  of labour 
among farms and areas,* They contended th a t in  highly productive 

so ils  one may find heavy concentrations of labour and th e ir  mar­
g inal productiv ity  Is  around zero i f  not zero i ts e l f*  Under 
such s itu a tio n s , they pointed o u t, the labour is  used beyond 

th e  point a t which marginal product o f labour is  eqti^L to  the 
subsistence lev e l. Observing th e  s itu a tio n s  frequently encountered, 
they defended the generalisa tion  o f low marginal productivity  
of labour on highly productive s o i l  and high marginal productivity  
o f labour on re la tiv e ly  unproductive s o i l ,
64, John VJ. Meilor and Robert D, Stevens, 11 The Average and Marginal 

Product of Farm Labour in Underdeveloped Economies,’1 Journal 
of Farm Economics, ?©1. 38, No, 3, August 1956, p* 780
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Meilor65 (1963) conceptualised the1'Limited Aspiration mode!' 
on the us& and productivity of ag ricu ltu ra l labour in  developing 
economies. He suggested th a t in  moat densely populated low 
income countries, there is  a  positive marginal product from 
additional increments of labour applied to  ag ric u ltu ra l produc­
tio n . However, there ex isted , concurrently a considerable stock 
of id le  labour. The reasons he a ttrib u ted  to  these phenomenon 
are

. . .  the shape of u t i l i ty  surface describing the 
transformation of le isu re  into goods and services 
and shape and location of production p o ssib ility  
curves describing the same transform ation,

Jh a tra d itio n a l ag ricu ltu re  he argued, resources producti­
v ity  Is low and the ra te  of re tu rn  to increased quan tities of

g g
resources tends to  be very low.

Within a trad itio n a l ag ricu ltu re , changes la  production 
are largely dependent on changes in the a lloca tion  of 
labour to  production processes, In addition resources 
are combined re la tiv e ly  e if ic ie n tly , given the economic 
and technical environments, so th a t the opportunity to 
increase production simply through reorganisation of 
production is  s l ig h t.

Abundance of labour in  ag ricu ltu ra l sector and i t s  
marginal productivity is  close to  zero i f  not zero is  the assump­
tio n  of many workers on economic development, Lewis6^ b u ilt a 
model in  which agricu ltu re  provides "a large pool from which 
re c ru its  for the non-farm sector may be drawn with no sign ifican t 
decline in  ag ricu ltu ra l production," Elaborating upon the assumptio
65, John W, Meilor* The Use and Productivity of Farm Family 

Labour in Early Stages of A gricultural Development,
J o u rn a l o f  Farm E con om ics , V o l .  4 5 ,  No, 3 ,  A ugust 1 9 6 3 , p ,5 1 7

66, John W. Meilor* "Agriculture in  Economic Development," p. 1
67, w, Arthur Lewis, "Economic Development with Unlimited 

Supplies of Labour," The Manchester School.Vol. 22,
May 1954, as quoted in  John W. Meilor, The Use and Productivity 
of Farm Family Labour in  Early Stages of A gricultural Developme
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GBin  Lewis model9 Eanis and F ei em phasised, "the r o le  o f  s u b s is ­

te n c e  support" (termed th e  a g r ic u ltu r a l  su rp lu s) o f  th e  m arginal 

members o f  th e  a g r ic u ltu r a l  labour fo r ce  whose p ro d u ctiv ity  i s

zero or c lo s e  to  zero*
G0

Jorgenson co n tested  th e  h y p o th esis o f  Lewis and o th ers  

and b u i l t  h is  model on the assu m p tio n  ©f p o s it iv e  p r o d u ctiv ity  

fo r  a l l  a g r ic u ltu r a l  labour fo r d e . He concluded th a t  "an a g r i­

c u ltu r a l  surp lus does not e x is t"  and went on t o  argue th a t " tran sfer  

o f  labour from a g r ic u ltu r e  w i l l  i t s e l f  req u ire  an in crea se  in  

a g r ic u ltu r a l  p r o d u ctiv ity ,"  M eilor found p a r t ia l  agreement w ith

t h i s  t h e s i s .  A fter  a  study o f  sea so n a l labour c y c le s  in  an
70

E astern  U ttar Pradesh V il la g e ,  Hopper in d ica ted  th a t  m arginal 

p ro d u ctiv ity  o f  labour approxim ately equalled  th e  going a g r ic u l­

t u r a l  wage r a t e ,
71M eilor concluded from most o f  th e  s tu d ie s  "lower m arginal 

p ro d u ctiv ity  o f  labour on farms w ith  l i t t l e  land per worker than  

on th o se  w ith  su b s ta n t ia l land per worker,"

Journal of"~ikrm" Beonomlca* f o i .  ~4l5, Ho. 3 . August 1963..' p ,  51?

6 8 ,  Gustav Ranis and Johr 0 , 3 ,  F e i ,  "A Theory o f  Econom ic Develop­
ment," American Economic Review* V ol, 12, Ho, 1 , February 196 , 
as quoted In  John U, M eilor,"The Use and P ro d u ctiv ity  o f
Farm Family Labour in  E arly Stages o f  A g r icu ltu ra l Development," 
Journal o f  Farm Economies. V ol, 4 5 , Ho, 3 ,  August 1963, p» 517,

6 9 , D ale , ¥ ,  Jo rg e n so n ," th e  Development o f  a  Duel Economy," Eeoccm to  
Journal* V o l, 7 1 , June 1961 as quoted in  John ¥ ,  M eilor , "The 
Use and P ro d u ctiv ity  o f  Farm Fam ily Labour in  E arly S ta g es  o f  
A g r icu ltu ra l Development," Journal o f  Farm Econom ics,  V o l, 4 5 , 
Ho. 3 , August 1963, p , 517 .

70* W, David Hopper," Seasonal Labour C ycles in  an E astern U ttar  
Pradesh V illa g e ,"  E astern  A n th ro p o lo g ist. V o l, 8 , Ho, 3 and 4 ,  
a s quoted i n  John w .' M e iio r , "The Use and P ro d u ctiv ity  o f  
Farm Family Labour in  E arly S tag es o f  A g r ic u ltu r a l Development 
Journal o f  Farm Economics,  V o l. 4 5 , Ho, 3 , August 1963, p , 517,

7 1 . John W. M eilor, c i t . ,  p . 513
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CHAPTER I I I

HYPOTHESES

in the l ig h t of general knowledge about the problems 

of reg iona l v aria tio n s in  labour p ro d u c tiv ity , concepts from 

economic theory and conclusions drawn from the review o f r e le ­

vant l i te r a tu r e ,  the following hypotheses a re  proposed to  be 

te s ted  in  the th esis*  The p resen ta tion  o f  the hypotheses is  

followed by th e  se t o f assumptions under which these hypotheses 
would be expected to  hold*

1, Marginal value products of human labour and o f bullock

labour vary from region to region and from crop to  crop w ith in

the reg ion ,
2 , Marginal value product o f human labour Is  affected  by 

s iz e  o f holding, quantity  of bullock labour used, quantity  of 

f e r t i l i z e r s  used and percentage o f a rea  under i r r ig a t io n ,

3 , Marginal value product o f bullock labour i s  affec ted

by s ize  o f holding, quan tity  o f human labour used, quantity  of 

f e r t i l i z e r s  used and percentage o f a rea  under i r r ig a t io n ,

4 , The marginal value product a t  geometric mean lev e l i s

d iffe re n t from the  p revailing  p rice  o f th e  fac to rs  and th e re fo re  

is  d iffe re n t from the economic optimum lev e l o f  human labour 

and bullock labour.
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CHAPTER 11 
ASSUMPTIONS

1# The data on input-output re la tio n sh ip  co llec ted  in  the 

Studies in the Economics o f Farm Management are represen ta tive  

of th e ir  regions*

2 , The cost of bullock labour days fo r the s ize  group which 

Is near to  geometric mean lev e l o f s ize  o f holding in  th a t 

region is  fa ir ly  rep resen ta tive  of the price of bullock labour 
per day,

3, The wage ra te s  and the prices of o ther inputs and out­

puts used in  the  Farm fenagement studies are  f a ir ly  represen ta tive  
for the regions stud ied ,

4, The technology of farms in  the regions studied have not 

changed during the period from 1954 to  1965#
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CHAPTER V

THE DATA

Two types o f  d ata  were required to  t e s t  the hypotheses:

1 , Input-output d a ta

a) Outputs t Gross re tu rn s  from the*farm business
as a whole'and from major crop en te r­
p rise s  fo r each holding.

b) Inputs : Human labour» bullock labour, f e r t i l i s e r s
and manures used, a rea  under each crop, 
s iz e  o f holding and a rea  ir r ig a te d  per­
ta in in g  to  each holding.

2 . The cost per u n it o f Inputs such as human labour, bullock 

labour, manures and f e r t i l i z e r s .

Sources and Methods o f C ollection  o f Data

The da ta  for th is  study were taken from the  "Studies in  the  

Economics o f Farm Management" conducted by th e  D irecto rate  o f 

Economics and S ta t i s t i c s ,  M inistry o f Food and A gricu lture , 

Government o f In d ia , These s tu d ies  were conducted in  six  regions 

o f th e  country, namely, the S ta tes  o f Bombay, Madras, Punjab,

U ttar Pradesh, West Bengal end Madhya Pradesh for th ree  years, 

1954-55, 1955-56 and 1956-57. In Madhya Pradesh these stud ies 

were conducted only fo r th e  la s t  two years. The data  published in  

th e  rep o rts  of th ese  stud ies were found inadequate for the  type 

o f an a ly sis  envisaged in  th is  in v es tig a tio n . The D irecto rate  of 
Economics and S ta t is t ic s  was, th e re fo re , approached and the o rig in a l 

da ta  fo r Bombay, West Bengal and Madras for the  year 1954-55 and 
fo r U ttar Pradesh fo r 1956-57 were obtained from them.
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Two d i s t r i c t s  In  each o f th e  six  S ta te s  were se lec ted  fo r 

th e  farm management in v e s tig a tio n s . In each S ta te , th e  d i s t r i c t s  

se lec ted  were contiguous and represen ted  th e  im portant and ty p ic a l  

s o i l  crop complexes in  th e  areas end some o f  th e  major cropping 

p a tte rn s  in  th e  coun try . The d i s t r i c t s  and th e  major crops se lec ted  

a re  given in  Table 1 ,

TABLE 1

STATES, DISTRICTS AID MAJOR CROPS SELECTED 
POE FARM H&HAG1MSIT XHVESTIGATI01S

30

S ta te D is tr ic ts

Bombay Ahmednagar, Hasik

Madhya Pradesh Aka l a ,  Amraoti

Madras Salem, Coimbatore

Punjab Feroaepur, Am ritsar

U tta r  Pradesh Meerut , Muaaffarnagar 

West Bengal 24-Parganas, Hooghly

Crons .

Wheat, Jowar and B ajra

Jowar, Cotton and 
Groundnut,

Paddy, Jowar and C otton. 

Wheat and Cotton 

Wheat and Sugarcane 

Paddy and Ju te

Sources D irec to ra te  o f Economics and S ta t i s t i c s ,  M inistry 
o f  Food and A g ricu ltu re , Government o f Ind ia ,
S tudies In th e  Economics o f Farm Management In 
Bombay.^Report fo r th e  year 1954-55. March 1957,

These s tu d ies  were not confined to  the  se lec ted  crops on ly . 

They covered th e  whole farm business and th e re fo re  included a l l  th e  

farm e n te rp r is e s • lo t  a l l  crops were grown on a l l  farm s, and 

because o f  th is  th e  observations Included in  th e  in d iv id u a l an a ly s is  

change between those  concerned w ith th e  ‘ farm business as a whole* 

and with in d iv id u a l crops.



A m ulti-s tage  s t r a t i f ie d  random sampling design was adopted 
w ith th e  v illa g e  a*s th e  primary u n it and th e  holding as the u l t i ­
mate u n i t .  The procedure adopted was as follow s: In each reg lo n f

two d i s t r i c t s  were selected  for th e  study* And in  each d i s t r i c t  

ten  v illa g es  were covered by cost accounting method and another 

te n  v illa g es  were covered by the survey method* Four o f these 

v illa g es  were common to  both the  methods. Thus e f fe c tiv e ly , 16 

v illa g e s  in  each d i s t r i c t  (32 in  each region) were selected  for 

th e  study. In order to  se lec t th e  v il la g e , th e  d i s t r i c t  was d iv i­

ded in to  two zones homogenous w ith regard to  ag ric u ltu re  and clim atic  

cond itions, From each zone eigh t v illa g es  were selected  a t random 

w ith p ro b ab ility  p roportional to  c u ltiv a tin g  population as given 

in  th e  Census Hand Book; except in  U tta r Pradesh where v lllagew lse 

geographical a rea  instead o f population was made th e  b as is  o f s t r a ­

t i f i c a t io n  due to  n o n -av a ilab ility  o f re levan t population data  

a t  th e  time of s ta r t in g  th e  enquiry. Ten .h id in g s were selected  
from each v illa g e  for th e  cost accounting method. Twenty holdings 
were se lec ted  from each o f  the  10 v illa g es  covered by the survey 

method. Thus, in  each region 200 holdings under the  cost accounting 

method and 400 holdings under the  survey method were included in  
th e  study3*, Hie o perational u n it comprising a i l  lands cu ltiv a ted  

by the farmer ir re sp ec tiv e  o f  th e  location  and ownership was taken 

as th e  u ltim ate  u n i t ,  A prelim inary enumeration o f a l l  the house­

holds was made in  th e  selected  v illa g e  and the  area  operated by a l l

1 .  I t  may be noted th a t 8 v illa g es  in  each region were common 
to  cost accounting method as w ell as survey method. Therefore 
from each of th ese  v illa g es  30 holdings were se lec ted : 10 for 
cost accounting method and 20 fo r survey method.
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th e  c u ltiv a tin g  households during the  previous a g r ic u ltu ra l  

year was noted* The holdings were then ranked in  descending 
order according to  th e i r  sizes* The to t a l  number of holdings 

was divided in to  f iv e  groups» each containing an equal number 

o f holdings. Two holdings under cost accounting method and four 

under survey method were se lec ted  u ltim ate ly  from each group a t 

random with equal p ro b a b ility , Six holdings were common to  

both cost accounting method and survey method v il la g e s . The 

v illa g es  were selected  by the  D irecto ra te  of Economics and 

S ta t i s t i c s  and th@ holdings were selected  by the office® -incharge 
o f th e  ^scheme in  various s ta te s  *

On© fieldman was posted in  each one o f the  v illag es  

under th e  cost accounting method so th a t  he could get complete 
records of the  day to  day operations and tran sac tio n s  o f  th e  10 

holdings se lec ted  for th e  study* The work o f th e  fleldmen was 

supervised by a  supervisor having a  group o f  fiv e  village© under 

him, Exhaustive and comprehensive schedules were prepared to  

co lle c t the  re lev an t data*

The names o f the  d i s t r i c t s  and crops covered by the  study 

are  given in  Table 2 .
For th e  purpose o f th i s  study only th e  data  co llec ted  

by the  cost accounting method were used as they were lik e ly  to  

r e f le c t  the  s itu a tio n  more c o rre c tly .
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TmtM 2

STAThS$ DISTRICTS AND CHOPS INCLUDED IN THE 
STUDY

S ta te Year D is tr ic ts ......Crons................ ,.....
Bombay 1954-55 Ahmednagar and

fa s  Ik
Wheat and
Jowar

U ttar Pradesh 1956*3? Meerut and 
Muaaffarnagar

Wheat and 
Sugarcane

West Bengal 1954-55 Hoogly and
24-Pargaaas

Paddy and Ju te

Madras 1954-55 Coimbatore 
and Salem

Paddy, Jowar 
and Cotton

Adjustments Made in  the Data

Though broadly th ere  e x is ts  uniform ity in  the da ta  co llec ted  

In various regions by the D irecto rate  o f Economics and S ta t is t ic s  

in  th e i r  Farm Management S tud ies, considerable v a r ia tio n  is  seen 

in  d e ta i ls  esp ec ia lly  w ith respect to  items Included in  th e  re tu rn s  

o f th e  farm* For example in  Bombay, the inform ation on re tu rn s  

av a ilab le  includes value o f t o t a l  products, dairy  products and 
o th e rs . The re tu rn s  from crop en te rp rise s  were, th e re fo re , obtained 

by deducting th e  value o f dairy  products and o ther products from 

th e  value o f  t o t a l  products* Sim ilar technique was used for 
U tta r Pradesh and West Bengal, For o ther s ta te s  such as  Madras, 
th e  da ta  on re tu rn s  o f crop en te rp rise s  were available as such 
in  th e  Farm Management S tudies, so no in d irec t methods for i t s  

c a lc u la tio n  were needed,



The re tu rns were not taken i s  physical u n its  as i t  was not 
possible to  have a  standard u n it,  for a l l  types o f erop-proiuot® 
and bye-products for comparison purposes* Hence os the re tu rns 
s id e } the value o f the crop products and bye-products was taken* 

Since the inputs o f human labour and bullock labour used 

were in  physical u n its , l#@*, in  te rse  ©f human labour days, and 
bullock labour dayp resp ec tiv e ly , th e  costs  per u n it o f these 
Inputs was necessary to  estim ate the levels  o f economic optimum*
The prevailing  wage ra te s  were availab le  from th e  published reports* 
for hired male, female and child  labour for d iffe ren t types o f farm 
operations such as ploughing, weeding, harvesting etc* Per the 
sake o f uniform ity, th e  average wage ra te  for a  hired adu lt male 
casual labour (a day of B hours) has been used to  work out th e  
cost o f one human labour day regard less of the nature o f fans opera­
tions* Table 3 shows the  wage ra te s  which were used in  th is  study 
for d iffe ren t States*

tm m  s
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State B 3stric t
Wage ra te  (Is*) 
ner labour dav

Bombay iJasik
Ahmedaagar

0.92
0.93

U ttar Praaesh Meerut ana Musaffarnagar i.BS
West Bengal Hoogly

S4-Porganas
1.S5
2.44

Madras Coimbatore
Salem o

o
S

8



The h ire  ra te s  for bullocks were In most cases not a v a il­

able* In  almost a l l  the  s itu a tio n s  th e  to t a l  number o f bullock 

days (h ired  plus owned) used per acre was given, The cost of 

bullock day was ca lcu la ted  as follow si

Annual t o t a l  cost o f bullock labour 
Cost o f bullock d a , = RuDber of b u llo ck ' work-days------------

For U ttar Pradesh* th e  cost per p a ir  o f bullock labour 

day has been worked out on the  b asis  o f  maintenance cost and 
working cost fo r d iffe re n t s iz e  groups. The cost o f bullock 
day fo r th e  s iz e  group which was nearest to  the geometric mean fo r 

th e  s iz e  o f  holding in  th e  region* was used fo r a n a ly s is . In 

West Bengal for th e  'farm  business as a  whole** such d e ta i ls  as 

annual cost o f maintenance and number o f work bullock days for 

each s iz e  of holding were not a v a ila b le . However * th e  percentage 

o f unemployed bullock labour days,the  percentage o f employed 
bullock labour days used for farm work and th e  annual maintenance 

cost per bullock were a v a ila b le . From th e  percentage o f employed 

bullock  labour, th e  number o f work days o f bullocks was ca lcu la ted . 

Then the  maintenance cost was divided by the number o f  work days 

fo r th e  corresponding s ize  group.
The bullock work-days were obtained by deducting the 

unemployed work days from to t a l  days in  a  y ea r. And the unemployed 

days were ca lcu la ted  as follows s
365 x percentage o f unemployed bullock labour

Unemployed days «    ... ..................................................................................................... .......... ...............
100
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For Madras, th e  costs  per productive day o f bullock labour 
fo r d iffe re n t s iz e  o f farm groups were av a ilab le  from the pub li­

shed reports*  No such ca lcu la tio n s  w ere ,the refo re , needed fo r 

Madras, Hie wage ra te s  o f bullock labour per day for d iffe re n t 

crops In various regions used in  the ana lysis  a re  shown in  
Table 4 ,

Another d if f ic u l ty  was th e  lack o f  d a ta  on th e  s ize  o f 

holding for some reg io n s, Wov Bombay th e  d a ta  on s ize  o f holdings 

were not av a ilab le  but d a ta  on land u t i l i s a t io n ,  such as net a rea  

sown and curren t fallow s were av a ila b le . Therefore, th e  s ize  

o f holding was ca lcu la ted  as follows $

Size o f holding in  acres = Met a rea  sown in  acres plus
curren t fallow in  acres

In U ttar Pradesh and Madras, the data  on size  of farms 
as such was given and hence no adjustments were needed, For West 

Bengal, th e  d e ta i ls  on land u t i l i z a t io n  were not av a ilab le  but 

only th e  te n u r ia l  s ta tu s  as a rea  owned in  ac res , a rea  leased-out 

in  acres was given. Hence th e  s iz e  of holding was worked out as 

fo llow s$

Size o f holding « Owned land plus a rea  leased -in  minus area  
leased -ou t.

As mentioned e a r l ie r ,  th e  s ize  of th e  holding was used as 

an in s t i tu t io n a l  fac to r in  the equations. Hence, outputs and 

Inputs fo r each holding were worked out on per acre b a s is . For 
In stance , th e  t o t a l  value o f physical output was divided by th e  size  

o f holding In acres in  case o f * farm business as a  whole* and by area 
under the  crop in  case o f a  crop e n te rp rise .
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TABLE 4

COST AND HIRE CHARGES OF BULLOCK LABOUR PER DAI
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EnterB rise

Rate per 
day (In

. R s.)....... . Remarks

Farm B usiness, Nasik 
D i s t r i c t , Bombay

0*56
(1 . 00)

Cost per bullock  
fo r a  day

Farm B usiness, Ahmednagar 
D is t r i c t ,  Bombay

1.13
( 1 .00)

Jowar, u n ir r ig a te d , Ahmednagar 
D is t r ic t ,  Bombay

0,56
(1.72)

i r r ig a te d  3owar, Ahmednagar 
D is t r ic t ,  Bombay

0.43
(1.03)

«

Wheat, u n ir r ig a te d , Nasik 
D is t r ic t ,  Bombay

0.96
(1.77)

n

Wheat, i r r ig a te d ,  Nasik 
D i s t r i c t ,  Bombay

0.64
(1.50)

ii

Wheat, i r r ig a te d ,  Ahmednagar 
D i s t r i c t , Bombay

0,48
(1.05)

ti

Farm B usiness, Meerut and 
Muzaffarnagar D is tr ic t*  
U tta r Pradesh 4.00

Cost per p a ir o f 
bu llocks fo r a  
day.

Sugarcane (p lan te d ), Meerut 
and Muzaffarnagar D is t r ic ts ,  
U tta r  Pradesh 5,18 It

Sugarcane (ra to o n ) , Meerut 
and Mazaffarnagar D is t r ic ts  
U tta r  Pradesh 5.33 tl

Wheat, i r r ig a te d , Meerut and 
Muzaffarnagar D is t r ic ts ,  
U tta r Pradesh 4,36 It

Farm B usiness, Hoogly D is t r ic t ,  
West Bengal I * 73

Cost per bu llock  
fo r a  day

« # * « continued
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TadQternrise

Bate per 
day ( in

...is.-.)......... Remarks

Farm B usiness, 24-Parganas 
D is t r ic t ,  West Bengal 1.&6

Cost per bullock
fo r a day

Aus-paddy, Hoogly D is t r ic t ,
West Bengal 1.43 H

Aus-paddy, 24-Parganas’D is t r ic t ,  
West Bengal 1.41

Ju te , Hoogly D is t r ic t ,  West 
Bengal 1.46 «i

Ju te ,  24-Parganas D is t r ic t ,  
Vest Bengal 1.43 I!

Farm B usiness, Coimbatore 
D is t r ic t ,  Madras 0 . 5 6 II

Farm B usiness, Salem D is t r i c t ,  
Madras 1 . 0? II

Paddy (Season I ) ,  Coimbatore 
and Salem D is t r ic t s ,  Madras 0.51 II

Paddy (Season I I ) ,  Coimbatore 
D is t r ic t ,  Maoras 0.76 II

Paddy (Season I I ) ,  Salem D is t r ic t  
Madras * 0,41 II

Jcwar, i r r ig a te d ,  Coimbatore 
D is t r ic t ,  Madras 1,09 »

Jowar, i r r ig a te d ,  Salem D is t r ic t ,  
Madras 0.49 II

C otton, i r r ig a te d ,  Coimbatore 
D i s t r i c t ,  Madras 0.91 It

Cotton i r r ig a te d , Salem 
D is t r ic t ,  Madras 0.49 II

Notes Figures in  parentheses denote h ire  charges fo r 
bu llock  labour.



CHAPTER VI 
MB1H5D0L0GX 

R egression A nalysis

C urvilinear regressio n  analysis** was carried  out to  study

th e  input-output r e la tio n sh ip s  for d iffe re n t  crop en terp rises and

'far® business as a  whole* 1

Quadratic and Cobb-Oouglas fun ctions o f  th e  fo llow ing

forms were used in  th e  reg ressio n  a n a ly s is  %
©

Quadratic Function s

Y * a  + bjX i + bgXg + b3I s  + b4 X| 4* bgXg -  bgxf -  byXg

• h8l| ± bgXjXg + hxgXjXg & bll% x3

Cobb-Douglas Function :

bl  b2 b3 b4 b«Y -  a  X f  Xg Xq x f  Xc?

where Y i s  th e  value o f  gross returns from crop production per a cre ,

Xi « th e  number o f  human labour days used per acre ,
Xg » th e  number o f  bu llock  labour days used per a cre ,
X3  *  • th e  s l s e  o f  holding In a c re s ,
X4  » th e  value o f  f e r t i l i s e r s  and manures used per a cre ,
Xg « th e  percentage o f  Irr iga ted  area In the ho ld in g ,

a  « th e  constant
bl* * b n *  are th e  regressio n  c o e f f ic ie n ts  or e la s t i c i t i e s  o f  

production o f  th e  resp ectiv e  variab les*

1 , The d eta iled  reg ressio n  a n a ly sis  performed in  the present study 
was r e s tr ic te d  to  one year data for each s t a t e .  As pointed out 
in  th e  introductory part* t h i s  study Is  complementary to  what 
has already been accom plished, Generally th e  data for  th e  year 
for  which no comparable production equations were prepared in  
th e  stu d ies  o f  the D irectorate  o f  Economics and S t a t i s t i c s ,  weze 
used for regressio n  a n a ly s is ,

2 ,  Due to  lim ita t io n s  in  th e  Programming for th e  Quadratic Function  
only lin ea r  terms o f  X4  and Xg were reta ined  w hile th e  square terms 
and cross products involving X4  and Xq were dropped.



In a l l ,  th i r ty  input-output re la tio n sh ip s  were estimated 
covering important crops in  each region and ’farm business as a  
whole* in  each d is tr ic t*  The input-output re la tio n sh ip  and the 
variab les included are given in  Table 8*

The equations were f i t te d  by the IBM 1620 E lectronic 
Computer# ava ilab le  a t the In s t i tu te  of A gricu ltu ra l Research 
S ta t i s t i c s ,  lew Delhi and a t the Delhi School of Economics,

Delhi* For each equation, a  reference number (called  equation 
number) was used. Two to  th ree runs o f the regression  analysis 
with varying number of variables were done fo r each re la tio n sh ip  
to  elim inate the non-sign ificant variables from the equations*
The equations obtained from the f i r s t  run on the elec tron ic  

computer are given in  Appendices 1 and II* The corrected sum 
of squares, th e  regression  sum o f squares, the percentage vari­
a tio n  due to  regression and the m ultiple co effic ien t o f determi­
nation  for these equations are also  given* The standard erro rs 
Of co e ffic ien ts  are  given in  parenthesis ^ust below the c o e ff ic ie n ts .

The following steps were used to elim inate the s ta t i s t i c a l ly  
non-significan t and undesirable variab les from the equations*

(1) The standard erro rs  of the regression  co e ffic ien ts  were 
examined and only those variables whose co e ffic ien ts  were greater 

than th e ir  standard erro rs were selected for the second run,
(2) The simple co rre la tio n  co e ffic ien ts  between re tu rns and 
each input and also  between the Inputs themselves were examined«
Those variab les whose simple co rre la tio n  co e ffic ien ts  w ith re tu rns
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TABLE ft

BELAXIOBSfffS STUDIED

S I,
Bo, B elatlonsh iB

V a riab le s
included

Equation
lumber

1 Farm B u sin ess, Nasik ( D is tr ic t )  
Bombay x l» ?*g**%»x4 1

2 Farm B u s in e ss , Ahaedcnagar 
(D is t r ic t )  Bombay * 1 * XjB* Xgt % 2

3 Jow ar-unirrigateel,  Ahmednagar 
(D is tr ic t )  Bombay xi»  *e» xa 3

4 Jowar- ir r  ig a t  ed $ A hm ednagar 
(D is t r ic t )  Bombay Xif Xtef *a 4

6 W heat-unirrigated, Nasik
( D i s t r i c t )  Bombay xl*  % ’ X3 5

6 W h e a t- ir r ig a te d ,  Nasik  
(D is t r ic t )  Bombay

XX, Xg, x3 6

? W heat-ir r ig a t  c d, Ahmed nagar 
(D is tr ic t )  Bombay

xi*  Xg, x3 ?

8 Farm B u sin ess, Meerut ( D is tr ic t )  
U ttar Pradesh

X^, Xg, Xg, X45 Xg 8

9 Farm B u sin ess, Muzaffarnagar 
( D i s t r i c t ) , U ttar Pradesh

X l>X£ ,X3 ,X4 ,Xs 9

10 Sugarcane-planted, Meerut
( D i s t r i c t )  U ttar Praaesh

Xl»X2 ,X3 ,X4 10

1 1 Sugarcane-planted, Muzaffarnagar 
( D i s t r i c t ) ,  U ttar Pradesh

Xi,Xg,Xs ,X4 1 1

12 Sugarcane-ratoon, Meerut 
( D is tr ic t )  U ttar Pradesh)

XijXgjXg, X4 1 2

33 S u g a rcan e -ra to o n , Muzaffarnagar 
( D i s t r i c t ) , U ttar Pradesh

Xl»Xg,X3 ,X4 13

14 W h e a t- I r r ig a te d ,  Muzaffarnagar 
( D i s t r i c t ) ,  U ttar Pradesh

X^$Xg,Xg 14

15 Farm B u sin ess, Hoogly ( D is tr ic t )  
West Bengal

Xl,X2fX3jX4 IS
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S I ,
K elatlonsh in

' V a riab le s  
included

E quation
Humber

16 Farm B u sin ess , 24 Par g a m s 
( D i s t r i c t )  West B engal

Xl,X8»X3,*4 16

1 ? Aman-poddy, Hoogly (D is tr ic t )
West B engal

X1 ,X2 ,X3 17

18 Aus-paddy, Hoogly ( D i s t r i c t )  
West B engal

18

19 A us-paddy. £4 Parganas
( D i s t r i c t )  West B engal

^ l | X g ^ 3 , X 4 19

20 Jute Hoogly ( D i s t r i c t )  
West B engal

^ l ^ g , X 3 , X 4 2©

2 1 J u t e ,  24 Parganas ( D i s t r i c t )  
l e s t  B engal

21

22 Farm B u s in e ss , Coim batore 
( D i s t r i c t )  Madras

X i , X g , X 3 , X 4 , X g 22

23 Farm B u s in e ss , Salem ( D i s t r i c t )
Madras

^1»^2*^3*^4 23

24 P a d d y - i r r ig a te d 9 (Season 1) 
Salem and Coim batore ( D i s t r i c t s )  
Madras

x i j ig f X a ,^ 24

25 P a d d y - ir r ig a te d  (Season 11) 
C oim batore ( D i s t r i c t ) ,  Madras

25

26 P a d fly - ir r ig a te d  (Season 11) 
Salem (D iets l e t )  Madras

26

2? Jewa r - ir r ig a te d , Coimbatore
( D i s t r i c t )  Madras

X lS% sX3 27

28 J ovar-irriga ted *  (Season 11) 
Salem ( D i s t r i c t )  Madras

28

29 C o tto n -ir r ig a te d , Coimbatore 
( D i s t r i c t ) ,  Madras H**2*Xa 29

30 Cot t o n - I r r i g a te d ,  Salem
...... ..............

30

Xl » nu&an lab o u r flays p e r a c re
%  » B u llock  labour flays p e r a c re  ju  * Value o f f e r t i l i s e r s  and 
X3 « Sis© o f h o ld in g  in  a c re s  manures used per a c re
X5 ** P e rcen tag e  o f a re a  i r r ig a t e d



were s ig n ifican t a t 6 pea? cent leve l were re ta ined  for the second 

run even though th e  *t* values o f th e ir  regression  co e ffic ien ts  
were not high,

(3) Variables having negative regression ©©efficients, ( lin ea r 
terms in  case of quadratic equations) due to  the e r ra t ic  nature 
o f th e  data were also  elim inated,
(4) In terco rre la tio n  between inputs p a rtic u la rly  between 
bullock labour and human labour was also  examined and where the 
simple co rre la tio n  co effic ien t was high (g reater than 0 ,70), only 
one of these two variab les (the variab le which had higher *t* value 

fo r i t s  regression  co e ffic ien t) was retained  while the other was 
elim inated,

After using these methods, i t  was found th a t some of the 

equations had to  be re jected  to ta l ly .  Out o f the  30 equations 
for each type of functions, 9 equations o f the Cobb-Douglaa type 

and 12 equations o f the  Quadratic type were dropped for the 
second run. the equation numbers were kept unchanged. Equations 
obtained in  the second run are given in  Appendices 111 and IV,
A ll these equations were used for determining the marginal value 

p ro d u c tiv ities  o f labour a t the geometric mean levels  o f Inputs, 
and the values o f marginal p ro d u c tiv ities  are given in  Tables 9 

and 1 1 ,
For fu rther economic analysis such as determ ination o f the 

e ffe c ts  of o ther inputs on the productiv ity  of labour and estim ation 
o f economic optimum lev e ls , these equations were fu rther scru tin ised  
fo r a  f in a l  run in  which only those variables and those equations
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were retained whose co e ffic ien ts  were s ig n ifican t a t 5 per cent 
le v e l. With th is  process of elim ination only 20 equations in  

Cobb-Douglas type and 3 in  Quadratic type o f functions were 
re ta in ed . These equations are given in  Chapter VH discussing the 
"Effect o f Other Factors on the Marginal Value Products o f Human 
Labour and Bullock Labour,”

A fter persuing the re s u lts  o f the th ird  run 12 equations of 
th e  Cobb-Douglas and 3 of the Quadratic type were retained  for 

th e  estim ation o f economic optimum lev e ls ,

S stlm atlp^o ,! i^g ,i^O alu e ,.g rp d u c t,,a

The marginal value products o f human labour and bullock 
labour were estimated by taking p a r t ia l  deriva tives o f re tu rns 
w ith respect to  the inputs concerned calculated a t the geometric 
mean levels of the inpu ts . The steps Involved are described below5

Cobb-Douglas Type o f Functions 5

bi  ^2 b3Y * a  Xg X3

3
where® Y * the re tu rn  in  rupees per ac re ,

Xi,Xg,X3 are  the Independent variab les or inpu ts .
The p a r tia l  deriva tives o f re tu rns (Y) with respect to the

input

44

bx -  1 b2 b3 
a  bx Xj. Xg X3*

The marginal value product of X£ (MVPX̂ ) was then obtained by 
su b s titu tin g  the  corresponding geometric mean values of Xi,Xg»X3 

In th e  above equation.
3 , The same symbols w ill  be followed throughout th is  Chapter unless

o th e r w is e  s p e c i f i e d .



Quadratic Type o f  Functions j

Y = a  + bj. KX + b2 Xg + bg X3 -  b4  X® -  bg xf -  b6  3i|

1 b7 Xx Xg, £ bg Xj. X3 ± bg Xg Xg

The p a r t i a l  d e r iv a tiv e  o f  retu rn s w ith  resp ect to  th e  Input 

Is  given  belows

s* «* 2 b4 X̂  t  b<7 Xg + bg Xg

th e  marginal value produce o f  (M P X i) was then  obtained by 

su b s titu tin g  th e  corresponding geom etric or a r ith m etic  means 

o f  X^jXg and X3  in  th e  equation .

E s tim a tio n  o f  Economic Optimum L evels o f  Human Labour 
a n d ja y l lock  Labour

The economic optimum le v e ls  o f  human or bu llock  labour 

were obtained as fo llo w s;

From the g iven  production equation , th e  p a r t ia l  d e r iv a tiv e s  

o f  I  (returns in rupees) were worked out w ith  resp ect t o  X̂

(human lab o u r days) and Xg (bu llock  labour days) bo ld ing th e  va lues  

o f  X3  and Xg a t th e ir  geom etric means. These p a r t ia l d e r iv a tiv es  

were then equated w ith  th e  co rresp o n d Ixg p r ice s  o f  human labour 

day and b u llock  labour day. Hie values o f  7,\ and Xg (o f  th e  

p a r t ia l  d e r iv a tiv e  equations) were then  solved sim ultaneously ,

The values so obtained were th e  economic optimum le v e ls  o f  human 

labour days and b u llock  labour days ̂  i t  h other inputs a t th e ir  

geom etric or a r ith m etic
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The steps involved are described below

Cobb Douglas Function %

The p a r t ia l  d eriv a tiv es  a re  ;

S etting  these p a r t ia l  d eriv a tiv es  against th e ir  respective  p rices 
i . e .  Px^ and Pxg, we get

These two equations were solved simultaneously to ob tain  the 

unknown values o f Xj. and Xg which are th e  economic optimum input 

lev e ls  o f X̂  and Xg re sp ec tiv e ly , For solving th e  equations were 

converted in to  the logarithm ic form as follows?

log a  + log b^ ± (b ! -  1) log + bg log Xg * log Px^

log a  + log b2 + (b2 -  1) log Xg +• b^ log ® log Px2

The values o f  X  ̂ and Xg were obtained in  logarithm ic nnrsu By 

tak ing  th e  an tilo g a rlth o ic  values th e  economic optimum lev e ls  were 

obtained.
Quadratic Type of Functions ;

Px2

PxL

I  * a  + bt  Xj. + bg Xg -  b3 x |  -  b4



Taking the p a r t ia l  derivatives of 1 with respect to  Xx and Xg and 

then equating them with the respective prices of X̂  and Xg we 
gets

g ^  » bx -  2 b3 XX ± b5 X2

g  s bg *• 2 b4 Xg + bg Xx

By solving these two equations simultaneously for the unknown 
values of Xx and Xg the economic levels  were obtained,



CHAPTii.fi. ¥11 

FINDINGS AHD DISCUSS IOH

The find ings o f th is  study a re  rep o rted  under f iv e  major 

heading v ia . C o rre la tio n  A na lysis, Production function  Analysis* 

Marginal value p roducts, E ffec t o f  Other Factors on the Mar­

g in a l Yalue Products of human Labour and Bullock Labour and 

the Estim ation o f Economic Optimum Levels o f 0s© o f  Human 

Labour and Bullock Labour*

C o rre la tio n  A nalysis

In the d iscussion  o f the r e s u l t s  o f C o rre la tio n  A nalysis 

a t  f i r s t  C o rre la tio n  between dependent v a r iab le s  and Independent 

v a ria b le s  and secondly in te rc o r re la tio n  between independent 

v a ria b le s  axe given.

The Simple c o ire la tio n  c o e ff ic ie n ts  between the dependent 

v a r ia b le  (ou tput) and the independent v a r ia b le s  (in p u ts) and 

th e  in t e rc o rre la tio n  oetween Inputs used in the equations have 

been worked o u t. These are shown in  Table S,

C o rre la tio n  Between Beturns and Independent V eriaoles 

Beturns and Human Labour s
The c o r re la tio n  between re tu rn s  and human labour days per 

se re  va=5 found to  be p o s itiv e  in  almost a l l  the re la tio n sh ip s  

except fo r the ’farm business as a  whole* in  boto the d i s t r i c t s  

©f n e s t Bengal, where vha c o e ff ic ie n t was found to be negative 

though i t  lias not s t a t i s t i c a l l y  s ig n if ic a n t  in  Hoogly d i s t r i c t ,
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West Bengal. When 'farm  business as a  whole' was considered, 

th e  co rre la tio n  co e ffic ien ts  between y ie ld  and human labour 

days were high1 in  Bombay, low in  Madras and U tta r Pradesh and 

th e  loSest in  West B engal, Among ind iv idual crop e n te rp rise s , 
high co rre la tio n  co e ffic ien ts  were found In u n irrig a ted  Jowar and 
wheat in  Bombay, I r r ig a te d  paddy (Season I I )  in  Coimbatore and 
ir r ig a te d  cotton in  Madras.
Returns and Bullock Labour s

P o sitiv e  co rre la tio n  was found to  as1st between yield  and 

bullock labour input in  the m ajority o f  th e  s i tu a t io n s .  In 

sugarcane (ratoon) crop o f U ttar Pradesh and farm business o f 

Hoogly d i s t r i c t ,  the re la tio n sh ip  was negative though the  co e ff i­

c ien ts  were not s ig n if ic a n t even a t  10 per cent le v e l .  The posi­

t iv e  co rre la tio n  was not s t a t i s t i c a l ly  s ig n if ic a n t in  cases o f 

farm business and aus-paddy in  24-Parganas d i s t r i c t ,  Ju te  in  both 

th e  d i s t r i c t s  o f West Bengal and irr ig a te d  ^owar in  Coimbatore,

The co rre la tio n  c o e ffic ien ts  were found to  be high in  farm b u si­

ness o f both th e  d i s t r i c t s  o f Bombay, low in  Madras, U ttra  Pradesh 

and lowest in  West Bengal. Among indiv idual crop e n te rp rise s , 
co rre la tio n  between re tu rn s  and bullock labour were high in  Madras 
and Bombay but low in  U ttar Pradesh and West Bengal.

Returns and Size o f Holding z

Except in  the cases o f farm business in  th e  d i s t r i c t s  o f 
Bombay, 24-Parganas, in  West Bengal and Salem in  Madras, the 

co rre la tio n s  between re tu rn s  and the s iz e  of holding were not
1, Whenever' the value o f c o e ffic ien t o f co rre la tio n  is  g reater 

than 0,70 i t  i s  considered as high.
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S i .
H o.

D e c c r l p t l o n n r x j x a EX lX 2 r X lX 3 “Xl^S r x 2 x 2 ^ X a r a i E lX l « X 2 B lX j r a 3 ®1X3 « * 4 ®TX4 n x s “x x a

1 P 3 4 5 6 7 B 9 10 1 1  ' 12 13 “ 14 14 i d 1 7 T 8 --------- "H  '

1 . " a r a  B u e ln e e a ,  Ha E lk  
( D l a t r l o t )  Bombay

61 0 .B 7 7 5 0 .0 2 9 9 - 0 .0 9 9 3 * 0 .1 3 0 2 - 0 . 3 3 0 0 0 . 1 2 2 9 0 . 9 1 1 0 0 .0 6 3 7 0 .7 7 2 5 0 .0 5 2 7 - 0 . 2 6 6 0 0 . 1 2 5 7 0 .6 5 5 4 0 . 0 M 2

2 . Farm B u s i n e s s ,  Ahmed 
n n g a r  ( D l a t r l c t )  Bombay

7 7 0 .8 6 9 8 0 ,0 3 0 1 - 0 .3 8 B 2  0 ,1 0 6 3 - 0 . 3 9 4 1 0 . 1 0 8 1 o.Boie 0 . 0 6 9 0 0 .7 5 1 2 0 .0 7 5 1 - 0 .2 6 7 6 0 . 1 1 1 3 — - 0 .6 3 1 8 0 .0 9 7 8

3 . J o v a r - u n l r r l g a t e d , Ahaed  
n a g a r  ( D l e t r i o t )  Bombay

BS 0 .8 0 6 1 0 .0 4 B 1 - 0 . 2 4 0 1 0 .1 3 2 0 - 0 .2 2 4 3 * 0 . 1 3 3 9 0 .B 1 1 1 0 . 0 8 0 3 0 .6 0 0 8 0 .1 0 9 5 - 0 . 1 0 8 7 0 .1 3 6 5 - - ”

4 . J o w a r - I r r i g a t e d .  A haed  
n a g o r  ( D l a t r l c t )  non b ay

50 0 .7 8 4 7 0 .0 6 6 6 - 0 . 2 9 4 7

««

0 .1 3 7 9 - 0 . 3 2 5 2 0 .1 3 6 6 0 .6 3 1 4 0 .1 1 1 9 0 .3 9 1 3 0 .1 5 1 4 0 .1 3 2 2 *

+

0 .1 4 1 6 - - - -

5 . W h e a t-u n lr r  l g a t e d , Hoe lk  
( D l a t r l c t )  Bombay

3 1 0 .9 4 6 1 0 .0 1 9 5 - 0 . 0 3 6 8

**

0 .1 B 5 6 - 0 .0 0 7 7 *

« •

0 .1 B 5 7 0 .7 6 8 7 0 .1 1 9 1 0 .8 9 6 4 0 .0 6 1 6 0 .0 0 6 1 0 .1 B 6 7 - - - -

6 . W h e a t - I r r ig a t e d ,  T 'oalk  
( D l a t r l c t )  Bombay

32 0 .8 6 0 0 0 .0 4 7 5 - 0 . 3 ° 1 7 0 .1 7 2 8 - 0 . 2 6 7 1 0 ,1 7 6 9 0 .3 8 6 9 0 .1 7 2 3 0 .6 9 0 4 0 .1 4 7 4 - 0 .1 3 2 8 * 0 .1 7 9 5 - - - -

7 . W h e a t - I r r ig a t e d .  Ahmed 
n a g a r  ( D l a t r l c t )  Bombay

35 0 .8 4 3 8 0 .0 5 0 2 - 0 . 3 9 7 1 0 .1 6 0 6 - 0 . 3 1 3 3 0 . 1 6 5 3 0 .2 9 3 4 * 0 .1 6 6 4 0 .2 6 9 6 0 .1 6 8 1 0 .0 0 2 1 0 .1 7 4 1 - - - -

B . B ara B u a ln e a a ,  M eerut 
( D l a t r l c t )  U .P .

1 0 0 0 .4 4 5 7 0 .0 8 1 0 - 0 . 2 8 6 3 0 .0 9 6 8 - 0 . 0 7 4 4 0 .1 0 0 7 0 .6 4 6 8 0 .0 8 4 6 0 . 4 1 3 1 0 .0 9 1 0 - 0 .0 8 2 2 0 .0 5 6 6 0 .6 0 3 3 0 . 0 8 7 3 0 . 0 2 5 $ 0 .1 0 2 0

9 . ’harm B u a ln e a a ,M U z a ffo r  
n a g a r  ( D l a t r l o t )  U .P ,

9 6 0 .7 1 3 9 0 .0 5 0 6 - 0 . 3 3 4 4 0 .0 9 7 2 -O .2 S O 0 0 .1 0 0 4 0 .2 3 2 9 0 .1 0 0 3 0 .2 1 8 7 0 .1 0 0 6 - 0 .0 0 6 4 * 0 .1 0 3 1 0 .1 6 6 0 0 .1 0 1 9 0 .2 E 5 4 0 .0 9 9 1

1 0 . S u g a r c a n e - p la n t e d ,!  e e r u t  
( D l a t r l c t )  U .P .

B7 0 .3 0 3 8 0 .0 9 1 6 - 0 .1 5 6 5 * 0 .1 0 7 1 0 . 16o t 0 .1 0 7 2 0 .6 4 0 3 0 .0 3 3 3 0 .1 3 4 4 * 0 .1 0 6 6 - O . l l B l 0 .1 0 6 6 0 .4 1 7 8 0 .0 9 8 5 - -

1 1 . B u g a r a a n e - p ln n t e d ,H j z a f f a r  7B 
n a g a r  ( D l a t r l c t )  U .P .

0 .3 4 1 3 0 ,1 0 1 3
4-

- 0 . 0 8 8 7 0 .1 1 1 7 -0 .1 C 0 2 * 0 .1 1 3 2 0 .4 2 6 0 0 .1 0 3 8 0 .4 3 9 1 0 .1 0 3 1 - 0 .0 4 6 7 * 0 .1 1 4 6 0 .3 2 7 3 0 .1 0 7 9 - -

1 2 . B u g a r o a n a -r a to o n , M eeru t  
( D l a t r l c t )  U .P .

01 0 .1 5 0 4 * 0 .1 0 3 6 - 0 . 3 0 2 0 0 .1 0 1 1 - 0 .0 1 5 0 * 0 .1 0 6 0 0 .2 3 9 2 0 .1 0 1 9 - 0 .0 0 9 3 * 0 .1 0 6 0 - 0 ,1 5 0 1 0 .1 0 4 8 0 .1 6 7 0 * 0 .1 0 4 5 - -

1 3 . f u g a r e a n e - r a t o o n ,!  u z a f f o r  
n a g a r  ( D l a t r l o t )  U .P .

86 0 .5 3 6 3 0 .0 7 B 2 - 0 . 1 8 6 s ”’ 0 .1 0 7 8 - 0 .1 5 6 1 * 0 .1 0 8 4 0 .6 9 2 8 0 .0 8 8 4 0 .3 9 7 0 0 .1 0 0 7 - 0 . 1 6 3 1 0 .1 0 6 6 0 .1 6 0 1 * 0 .1 0 8 5 - -

1 4 . W h ea t- l r r l g a t e d , M u za ffa r  
n a g a r  ( D l a t r l o t )  U .P .

63 0 .6 4 5 7 0 .0 8 1 6 - 0 . 2 7 8 8 0.107B - 0 . 1 9 5 1 0 .1 3 6 9 0 .3 0 3 3 0 .1 3 3 4 0 .3 2 0 2 0 ,1 5 2 7 - 0 . 0 1 9 1 0 .1 4 0 0 - - - -

c o n t in u e d
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1 .  ..

1 5 .

S

F arn  B u o l n s a i ,  H o o g ly  
( O l a t x i o t )  V est. B e n g a l

Z—  

7 6

4

0 . 2 9 7 1

6

0 . 1 0 6 7

■ 6

- 0 . 1 4 0 2

7

0 . 1 1 4 7

B

- 0 .0 2 6 1

TJ"

0 .1 1 7 0

"IB-----------
+

- 0 . 0 6 7 9

I I

0 .1 1 6 8

I t

- 0 , 0 2 6 $

U

0 .1 1 7 1

- H ----------

" 0 ,0 2 7 $ 0 .1 1 7 0

l i e  _
♦

- 0 . 0 4 8 9

1 7

0 . 1 1 1 9

V I---------- I T  ‘

1 6 . "'nrn B u s i n e s s .  2 4  P a r g a -  
n a s  ( D l s t r l a t )  V J B fn g a l

9 6 0 .B B 3 4 0 .0 2 2 4 - 0 . 2 7 1 4 0 .0 9 8 2 - 0 .1 0 8 9 0 .0 9 9 0 - 0 . 2 2 0 2 0 . 0 9 9 6 0 .0 9 7 3 * 0 .1 0 1 8 - 0 .4 1 6 0 0 . 0 9 2 9 0 .2 4 0 1 0 .0 8 0 6 m -

1 7 . A n o n -p a d d v , H o o g ly  
( n i a t r i c t ) ,  V e s t  B e n g a l

69 0 .4 1 9 4 0 .1 0 0 7 - 0  .0 3 3 9 * 0 . 1 2 2 1 - 0 .0 6 9 2 * 0 . 1 2 1 9 0 .3 7 9 0 0 .1 1 3 1 0 . 1 9 2 8  0 .1 1 1 8 - 0 .0 0 6 8 * 0 . 1 2 8 2 - - - -

1 8 . A u s -p o d d y . H o o g ly  
( - i l s i r l c t ) ,  V e s t  B e n g a l

18 0 . 4 9 3 3 0 .1 B 9 2 - 0 .0 6 9 4 * 0 .2 4 9 6 - 0 .0 0 7 6 * 0 . 2 6 0 0 0 .1 1 B 6 * 0 .8 4 8 2 0 , 6 6 3 6 0 .2 0 1 8 • 0 ,1 0 3 8 * 0 . 2 4 8 7 0 . 9 7 1 1 0 .0 8 7 6 - -

1 9 . A u s-p a d d y , 24  P o r g a ­
n a -  ( l i s t r i c t ) ,  W ,B en g a l

1 9 0 .6 8 2 9 0 .1 3 6 0 - 0 . 2 5 7 6 0 . 2 3 4 3 - 0 .3 3 7 6 0 .2 2 B 3
• *

0 .4 0 1 3 0 .2 2 2 1 0 .1 0 1 7 * 0 .2 3 8 8 • 0 .0 0 8 $ 0 . 2 4 2 5 - 0 .0 0 0 1 * * 0 .8 4 8 8 - -

e o . J u t e ,  H o o g ly  ( P l s t r i o t )
v e a t  B e n g a l

4 6 O.B^OS 0 .1 1 0 0 - 0 .1 9 6 4 * 0 .1 4 6 3 0 .0 6 1 1 0 .1 6 0 6 0 .3 B 4 6 0 .1 3 9 2 0 .0 3 4 8 * 0 .1 5 0 7 0 .0 0 6 1 * 0 .1 6 0 8 - 0 . 0 8 4 8 *  0 .1 6 0 8 - -

P I . J u t e ,  2 4  P a r g a n a i  
( D l s t r l a t )  W. B e n g a l

4 0 0 .4 7 1 6 0 .1 2 6 2 - 0 .1 0 2 4 * 0 .1 6 1 4 0 .0 7 7 0 * 0 .1 6 1 7 0 .4 8 8 8 0 .1 4 1 6 0 .0 2 8 7 * 0 . 1 6 B -0 .0 0 1 1 * 0 .1 6 2 2 - 0 . 1 0 1 $ 0 .1 6 1 4 - -

2 2 . F arn  B u s i n e s s ,  C o im b a to r e  
( D i s t r i c t )  I-adraa

97 0 .6 9 6 2 0 .0 5 2 9 - 0 . 2 3  1 0 ,0 9 9 8 0 .0 7 8 6 * 0 .1 0 2 3 0 .7 0 0 6 0 .0 7 3 2 0 . 4 8 4 4 0 .0 8 9 8 -0 .1 6 0 1 * 0 .1 0 1 3 0 .6 9 1 B 0 .0 8 2 7 0 .6 0 1 4 0 .0 6 8 8

2 3 . Farn B u c in e s p ,  S a lem  
( D l s t r l a t )  l-a d ra s

94 0 .B 1 " 7 0 .0 3 5 0 -0 .C B 3 5 0 .0 9 6 9 -0 .1 3 6 4 * 0 .1 0 1 1 0 ,3 6 6 8 0 .0 9 6 3 0 .3 0 1 8 0 .0 9 6 3 -0 .1 B 6 6 0 . 1 0 1 3 0 . 4 0 0 4 0 . 0 9 4 6 - -

2 4 . P a d d y - I r r ig a t e d  ( r o '•on I )  
f a l s e  4  C o lm b a to r o  
( D i s t r i c t )  I a d r a a

V 0 .7 0 2 8 0 .0 8 0 0 - 0 . 2 4 7 2 0 .1 6 3 2 - 0 .3 0 7 9 * 0 .1 6 0 4 0 .6 1 1 2 0 .1 2 6 1 0 . 6 4 7 3 0 ,1 3 2 3 -0 .1 6 9 0 * 0 .1 5 6 1 0 . 7 7 6 3 0 .0 9 8 1 - -

2 8 . P a d d y - I r r ig a t e d  (S e a s o n  1 1 ) 2 1  
C o la b a t o r e  ( [  l a t r l c t ) !  aciroB

0 .8 7 3 0 0 .0 5 4 6 - 0 . 2 9 3 8 0 .2 1 9 3 - 0 .2 2 2 9 * 0 .2 2 3 6 0 .B 6 8 0 0 .1 1 6 6 0 .6 3 4 4 0 .0 S 1 6 - 0 .2 7 9 1 0 .2 1 B 0 0 .9 0 9 4 0 .0 9 6 4 - -

ea . P a d d y - l r r lg a t c d  ( r e a s o n I I )  
E alem  ( D i s t r i c t )  Hadron

28 0 .3 0 3 1 0 .1 7 8 1 - 0 .2 2 2 8 * 0 .1 9 1 3 - 0 .2 9 6 7 * 0 .1 B 7 3 0 .7 1 B 7 0 .1 3 6 4 0 . 7 6 4 6 0 .1 2 * 4 - 0 .2 0 0 4 0 .1 9 2 1 0 .4 7 2 8 0 .1 7 2 8 - -

2 7 . J o e a r - I r r i g a t e d  ( ,' e a n o n I I I ) 2 9  
C o im b a to r e  ( D l s t r l c t ) K o d ' a s

0 .9 1 B 7 0 .0 7 6 0 - 0 , 0 6 4 0 0 .0 0 4 1 0 ,0 1 3 5 * 0 .1 9 0 7 0 .3 1 2 2 * 0 ,1 8 2 8 0 .0 5 3 8 0 .1 9 6 2 -0 .0 7 7 8 * 0 .1 9 1 9 - - - -

2 8 . J o w a r - I r r ig a t e d  (C a a e o n I I I )2 B  
K a le n  ( D i s t r i c t )  M edroe

0 .9 8 0 8 0 .0 0 7 5 - 0 . 3 9 9 0 0 .1 7 9 8 - 0  4 0 2 7 0 .1 7 9 8 0 .9 1 6 4 0 .0 7 8 6 0 . 9 2 3 6 0 .0 7 8 8
+

-0 .2 6 6 9 0 .1 B 9 0 - 0  1696* 0 .1 9 3 3 - -

2 9 . C o t t o n - l r r l r a t e d ( c-a'>ao n I T I )3 6  
C o im b a to r e  ( D i s t r i c t ) '  o d r a e

0 .9 6 6 3 0 .0 0 5 0 -0 .1 9 8 6 * 0 .1 6 6 4 -0 .1 7 8 3 * 0 .1 6 8 8 0 .9 7 B 7 0 .0 3 4 4 0 . 9 7 0 0 0 .1 3 1 1 -0 .1 9 2 3 * 0 .1 6 6 6 - - - -

8 0 . C o t t o n - I r r i g a t e d  ( e a B o n I I I ) 2 1  
B elem  ( D i s t r i c t )  H adras

0 .5 1 6 2 0 .1 6 8 3 - 0 .1 8 7 1 * 0 .2 2 8 4 - o . ^ e * 0 , 2 ' 168
♦

0 .3 3 8 4 0 .2 1 6 9 0 . 8 0 0 1 0 .1 3 7 8 - 0 .3 9 6 4 * 0 .2 1 0 4 “ - - -



SYMBP ,S US-.D JM TABLE 6

t  * Value o f o u tp u t in  Rupees per a c re .
X  ̂ = The number o f human labour days used per a c re .
X- * Number o f  b u llo ck  labour aays used per a c re .
x t  ~ S ize o f  holding in  a c re s ,
X4 * The values o f f e r t i l i z e r s  and manures used

per a c re ,
Xk » Percentage o f a re a  i r r ig a te d  in  the  h o ld ing ,
rl-iXo ** C o rre la tio n  c o e f f ic ie n t  be tween human labour

and b u llo ck  lab o u r, 
rXiX3 -  C o rre la tio n  c o e f f ic ie n t  between human labour

and s iz e  o f ho ld ing . 
rXpXa « C o rre la tio n  c o e f f ic ie n t  between b u llo ck  labour

and s iz e  o f h o ld ing . 
rXX^ » C o rre la tio n  c o e f f ic ie n t  between outpu t and

human lab o u r,
rYXg « C o rre la tio n  c o e f f ic ie n t  between ou tpu t and

b u llock  lab o u r, 
rYX3 = C o rre la tio n  c o e f f ic ie n t  between o u tp u t and

s iz e  o f h o ld in g , 
rYX? ~ C o rre la tio n  c o e f f ic ie n t  between output and

f e r t i J  iz e r s  and manures u sea . 
rYXg = C o rre la tio n  c o e f f ic ie n t  between o u tpu t ana

the percentage o f a rea  i r r i g a t e d .

%!Xg 85 Standard E rro r o f rXjAg

^ 1X3 ~ Standard E rro r o f rXjXg

S% v -  Standard E rro r o f rX2XoX2AG
~ Standard E rror o f  rYX^

SYX2 * Standard E rro r o f  rYXg

s YX3 53 Standard E rro r o f rYXg

SYX4 -  Standard E rror o f rYX|

sYXq “ S tandard E rro r o f rYXg

C o rre la tio n  c o e f f ic ie n ts  a ie  s ig n i f ic a n t  a t  5 per cen t ie v e l .

«* C o rre la tio n  a re  s ig n if ic a n t  a t  10 per cen t le v e l .

+ C o rre la tio n  c o e f f ic ie n ts  a re  n ot s ig n if ic a n t  even a t  10 
per cent le v e l .

5 1 (a )



s ta t i s t ic a l ly  sign ifican t*  In a l l  the above cases the co rrelation  
was founa to  b© negative. In U ttar Pradesh and Madras a lso , 
these correlation  coefficien ts were negative, however, s ta t is t ic a l ly  
not s ign ifican t * The same s itu a tio n  existed in  West Bengal 

except in  case of ju te  crop in  Hoogly d is tr ic t*  In Bombay the 
re la tionsh ip  was positive but not- s ta t i s t ic a l ly  s ig n ifican t, 
with irrig a ted  jowar and wheat of Ahmednagar d i s t r ic t  and u n ir r i­
gated wheat of Mas Ik d is tr ic t*
Returns and F e rtiliz e rs  and Manures :

Crop yields were positively  correlated with the amounts of 
f e r t i l iz e r s  and manures applied * In a  few cases the coefficien ts 
were s ta t i s t ic a l ly  not s ig n ifican t but in  no case was the coefficien t 
negative* High correlation  values were found in  case o f irrig a ted  
paddy (Reason I) in  Madras,in irrig a ted  paddy (Season XI) of 
Coimbatore d i s t r i c t ,  Madras, aus-paddy of Hoogly d i s t r ic t ,  West 
Bengal and *farm business as a whole* In Nasik d i s t r i c t ,  Bombay* 
Returns and the Percentage Area Irrigated  s

In a l l  the four cases studied the re turns were found to be 
positively  correlated with the percentage of area under irrigation*
In Bombay and Madras where well ir r ig a tio n  is  more prevalent, the 
values o f correlation  coeffic ien ts  were high* In Meerut, the 
value was not s ta t i s t ic a l ly  s ig n ifican t while in  Muzaffarnagar 
i t  was sign ifican t but low. I t  may be noted th a t in  these two 
d is t r ic t s ,  a  sizeable area i s  under canal irrigation*
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In te r  co rre la tio n  between IndeipendeHt T a r i a b l e a .

Human labour and Bullock labour?
Per acre Inputs o f human labour and bullock labour were 

found to  be p o s itiv e ly  co rre la ted  In a l l  the cases (except In 

ra toon  sugarcane In  Meerut d i s t r i c t  and irr ig a te d  paddy, Season I I ,

In  Salem d i s t r i c t  o f Madras* In th e  former case , the ratoon crop 

needs very few bullock labour d ay s). High c o rre la tio n  between these 

two variab les was found in  Bombay in  almost a l l  the crop en te rp rise s , 

In fiv e  farm en te rp rise s  out o f nine in  Madras, the  co rre la tio n  

c o e ffic ien ts  were high* In th e  ir r ig a te d  crops o f cotton and 

paddy (Season I I I ) ,  the  c o rre la tio n  c o e ffic ien ts  were as high as 

0*98, The co rre la tio n  was low in  West Bengal and U ttar Pradesh,

Human Labour and Sis© of Holding %

The human labour input per acre and the  s ize  of holding 

were found to  be negatively  co rre la ted . In many cases the co e ff i­
c ie n ts  were not s t a t i s t i c a l ly  s ig n if ic a n t * Generally th e  co rre la tio n  

was low,
Bullock Labour and Size o f  Holding $

In most of th e  eases the re la tio n sh ip  between bullock labour 

used per acre and the s iz e  o f holding was not s t a t i s t i c a l ly  s ig n i­

fica n t * wherever the  re la tio n sh ip s  were s ig n if ic a n t,  these two 

variab les  were negatively  c o r re la te d , In Bombay the  c o rre la tio n  
c o e ffic ien ts  were found to  be s ig n if ic a n t a t  fiv e  per cent le v e l 

except in  Ir r ig a te d  wheat o f  Ahmednagar where i t  was s ig n ific a n t 

a t  10 per cent lev e l only. For 'farm business as a  whole' in  
Muzaffarn&gar and in  g4-Parganas d i s t r i c t s ,  th e  re la tio n sh ip  was

S3



n eg a tiv e ly  co rre la ted  and the  c o rre la tio n  c o e ff ic ie n ts  were 

s ig n if ic a n t  a t  f iv e  per cen t le v e l .

Production Function Analysis

A fter elim inating  the v a riab le s  according to the c r i t e r i a  

as discussed on page 40 in  the Methodology C hapter, tne equations 

developed in the second run were used fo r production function  

a n a ly s is . The equations developed in  the second run are  given 

in  Appendices I I I  and IV,
Regression C o eff ic ien ts  fo r Coob~Douglas Type o f  PUnctlons-  
E la s t i c i t i e s  of Production s

In Cobb-Douglas Type Amotions the reg ressio n  c o e ff ic ie n ts  

a re  equ ivalen t to  the e l a s t i c i t i e s  of production fo r the in p u ts , 

hence they a re  discussed under th is  terra. Table 8 shows the  

proauction e l a s t i c i t i e s  o f human labour and bullock  labour.

The production e l a s t i c i ty  o f human labour for a l l  cases 

included in  the study was p o s it iv e . Considerable v a r ia tio n  

was no ticed  in  the  production e l a s t i c i ty  o f human labour between 

reg ions and between crops w ith in  the re g io n s . The production 

e la s t i c i t y  ranged from 0.13453 to  1,85787. I t  appears th a t  

wherever r a in f a l l  was high and i r r ig a t io n  was assured the 

production e la s t i c i ty  o f  human labour was found to  be low as 

in  West Bengal and U tta r Praaesh. E la s t ic i ty  o f production 

fo r human labour was generally  higher in  Madras and Bombay 

than in  U tta r  Pradesh and west Bengal.

When ‘farm business as a  whole’ was considered the 

h ighest value of e la s t i c i ty  of production o f human labour was

64
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PRODUCTION ELASTICITIES OF HOHaN LABOUR AND
BULLOCK LABOUR

TMU 7 -8

Production Product ion Variables _
e la s t ic i ty  e la s t ic i ty  used In Br
of Human of Bullock the  or
t.chrtHU T.ohaiiw P»iwn4*.4A«

Equation

1 Farm Business, Nasik 
d i s t r i c t ,  Bombay

0,31511 0.68272 xl t x3 0.77515

2 Farm B usiness, Ahmed- 
nagar d i s t r i c t ,
Bombay

0,69593 ■* xl>% 0.50942

3 Jowar u n irr ig a te d , 
Ahmednsgar d i s t r i c t ,  
Bombay

1.09984 xl 5x3 0,58581

5 Wheat u n irr ig a te d , 
la s ik  d i s t r i c t ,  
Bombay

0,80442 ** Xl 0.46946

6 l/heat i r r ig a te d ,
la s ik  d i s t r i c t ,  
Bombay

1.25787 -0.58918 Xj^Xg 0,48690

7 wheat i r r ig a te d ,  
Ahmednagar d i s t r i c t ,
Bombay

w 0.39106 * 8 * 3 0.23022

8 Farm B usiness, Meerut 
d i s t r i c t ,  U ttar
Pradesh

0.30503 0.39151 0,39816

11 £ugarcan© (p lan ted ), 
Muzax farnagar, d is  t r  l e t , 
U ttar Pradesh

0.31550 0,40765 Xl,Xg, 0.24660

16 Farm B usiness, 24-Par­
ganas d i s t r i c t ,  West 
Bengal

0,13453 — 0.78194

17 Aman-paddy, Hoogly 
d i s t r i c t ,  west Bengal

0.36751 - Xl, 0.19400

20 Ju te , Hoogly d i s t r i c t ,
West Bengal

0.37942 0.21727 kl f Ag 0.23260
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Equation

Production Production Variables g
e la s t ic i ty  e la s t ic i ty  used in  R
o f Human of Bullock the  or

21 Ju te , 24-Parganas 
d i s t r i c t ,  West 
Bengal

0,41148 -0.02457 0,29465

22 Farm B usiness, 
Coimbatore d i s t r i c t ,  
Madras

0,66187 0.19148 0.55000

23 Farm Business, Salem 
d i s t r i c t ,  Madras

0.98221 0.03376 X l,% 0.39757

24 P addy-irriga ted , 
(Season X), Madras

0,66837 - Xi 0.49300

25 P addy-irriga ted , 
(Season IX), Coim­
bato re , d i s t r i c t ,
Madras

0,59241 *1 0.72548

26 P addy-irriga ted , 
(Season I I ) ,  Salem 
d i s t r i c t ,  Madras

0.51133 ** 0.53159

28 J o u a r- irr ig a te d , 
(Season XX), Salem 
d i s t r i c t , Madras

0.83168 — X1 0.S7111

29 C o tto n -irr ig a ted , 
Coimbatore d i s t r i c t ,
Madras.

0.44883 0.39233 0.79258

30 C o tto n -irr  ig a t ed, 
Salem d i s t r i c t ,  
Madras

1.13340 m 0.64627

I 4

the number of human labour days used per acre* 
the  number o f bullock labour days used per ac re , 
s ize  of holding in  acres *
th e  value of f e r t i l i z e r s  and manures used per acre*

th e  co e ffic ien t o f determ ination,
th e  co e ffic ien t o f m ultip le determ ination
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found In  Salem d i s t r i c t ,  Madras (0.98221), and the lowest 

value In 24-Parganas d i s t r i c t ,  ’ e s t  Bengal (0.13453),

Among in d iv id u a l crop e n te rp rise s  i r r ig a te d  wheat in  

Nasik d i s t r i c t ,  Bombay was found to  have the la rg e s t  production 

e l a s t i c i ty  o f human labour (1.25787) -and sugarcane (p lan ted) 

M uzaffarnagar, U tta r  Pradesh, the sm allest (0 .31550). U ith 

regard  to v a ria tio n s  in  the e l a s t i c i ty  o f production o f human 

labour between crops in  a  reg io n , r e s u lts  In both Ahmednagar 

and Nasik d i s t r i c t ,  Bombay have shown higher values in  i r r i ­

gated wheat than u n irrig a te d  wheat and jowar, In the Hoogly 

d i s t r i c t ,  teest Bengal, the production e la s t i c i t y  of human 

labour fo r th e  ju te  crop was s l ig h tly  higher than  the aman 

paddy 0,37943 and 0.36751 re sp e c tiv e ly . In Salem d i s t r i c t ,  

Madras the  production e l a s t i c i ty  o f human labour fo r co tton  

was la rg e r than fo r i r r ig a te d  paddy (Season I I )  or ir r ig a te d  

jowar while in  Coimbatore d i s t r i c t ,  Madras, th e  production 

e la s t i c i t y  o f human labour fo r ir r ig a te d  co tton  was lower 

than fo r i r r ig a te d  paddy.
The production e la s t i c i ty  of bullock  labour was found 

to  be p o s itiv e  in  a l l  cases studied  except in ir r ig a te d  wheat 

o f  Na-sik d i s t r i c t ,  Bombay and In ju te  of 24-P'irganas d i s t r i c t ,  

West Bengal, As in  human labour considerab le v a r ia tio n  was 

noticed  in  the production e l a s t i c i ty  o f bullock  labour between 

reg ions and between e n te rp ris e s  w ith in  the re g io n s , The values 

o f production e la s t i c i ty  o f bu llock  labour were found to  

range from -  0.58918 to  0,68272,



When *£ara business as a  whole* was considered the 

sm allest value o f production e la s t ic i ty  o f bullock labour was 

found in  Coimbatore d i s t r i c t ,  Madras and the highest value in  

la s ik  d i s t r i c t ,  Bombay <0*19148 and 0*68272 re sp e c tiv e ly ) .

Among ind iv idual crop, production e la s t ic i ty  of Bullock 
labour was sm allest in  ir r ig a te d  wheat la s ik  d i s t r i c t ,  Bombay 

(-0.58918) and la rg e s t  in sugarcane (p lan ted ), Meerut d i s t r i c t ,  

U tta r  Pradesh (0.40755),
Regression C o effic ien ts  for Quadratic Tjve Equations;

Regression c o e ffic ien ts  o f human labour in the equation 
dealing w ith *farm business as a whole were 0,49963 In Bale® 

d i s t r i c t  o f Madras and 4,44912 in  u a irr ig a ted  wheat in JJasik 

d i s t r i c t  o f  Bombay, Only in  these two cases were the co e ffic ien ts  

in  the Quadratic Type of functions s t a t i s t i c a l ly  s ig n if ic a n t a t  

5 per cent le v e l• Thus, because o f the small number of s ig n if ic a n t 

co e ffic ien ts  a  meaningful comparison between regions and between 

crops w ithin the regions could not be made.

Regression c o e ffic ie n ts  o f bullock labour in aus-paddy in  

24-Parganas d i s t r i c t ,  West Bengal, was found to be 2,73224* Again 
in  the absence of any o ther s t a t i s t i c a l ly  s ig n if ic a n t c o e ff ic ie n ts , 

no in te r-re g io n a l or in te rc rop  comparison were possib le  to  make. 

Marginal Value Products 

The estim ated values o f the marginal value products for 

human labour and for bullock labour a re  given in  Tables 9 to  12,
As an i l lu s t r a t io n ,  the steps involved in  the determ ination 
o f marginal value products a re  given below s
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Equation Number 3 s Jow ar-unlrrlgated, Ahmednagar
d i s t r i c t ,  Bombay (Quadratic Type)

Y = 2.17976 * 1.56470 Zl  -  0.37965 X3 -  0.00105 xf

2
+ 0.00314 X3 + 0,02339 X  ̂ X3

Marginal value products of human labour

MVP Xx = | |  ~ 1.56470 -  0.00210 Xi ♦ 0,02339 Xl X3

Substitu ting  the arithm etic means o f Xi and X3 in  the above 
equation we gets

MVP Xx * 1,56470 -  0.00210 (15.00945) + 0.02339 (25.44800)

« 2,12841 » Rs. 2,13

Equation Number 3 j Jow ar-unirrlgated, Ahmednagar
d i s t r i c t ,  Bombay (Cobb-Douglas Type)

1,09957 0.09659
Y = 0.88984 Xx X3

Marginal value product o f human labour
0.09957 0.09659

MVP Xx * « 0.88948 (1.09957) X X3
dX’L

log MVP Xi * log 0.88980 + log 1.09960 + 0.09960 (1,08965)
•f 0.09660 (1.2672(5 

-  1,94929 + 0.04123 + 0.09960 (1.08965) +
+ 0.09660 (1,26720)

* 0.22146 
MVP Xi » Anti log 0,22146 ■ 1.665 

Hence Marginal Value Product o f Human Labour -  Rs. 1.67
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I n Tables 9 and 11 In ad d itio n  to  the marginal value 

products, th e  input lev e ls  a t  geometric mean, the wage r a te  of 

human labour, costs per da?v o f bullock labour and the  c o e ffi­

c ie n t of determ ination are  a lso  given. Table 10 and 12 show 

the marginal value products o f human labour and bullock labour 
estim ated under the  present study and those worked out by other 

au tho rs.

Marginal--value,,.product o f . human labour s

Except in  case o f ’farm business as a  whole* in  Meerut 

d i s t r i c t ,  U ttar Pradesh and ind iv idua l crop en te rp rise s  In the 
d i s t r i c t s  o f Hoogly and 24-Parganas in  >«at Bengal, the marginal 

value products o f human labour were higher than  the  p revailing  

wage r a te  for a l l  en te rp rise s  as w ell as for ’farm business as 

a  whole* in  the S ta tes of Bombay, M adras,aUttar Pradesh and 

West Bengal,
When *farm business as a  whole was considered the Marginal 

Value Product of human labour was h ighest in  the  24-Parganas 

d i s t r i c t  of West Bengal (Rs. 2,95) and the lowest in  Ahmednagar 

d i s t r i c t  o f Bombay (Rs, 1 ,18), Perhaps th e  low f e r t i l i t y  le v e l, 

a r id  c lim atic  cond itions, absence o f i r r ig a t io n ,  predominance 
o f food crops in  the cropping p a t te r , p a r tly  explain  the  low 

marginal value product in  Ahmednagar and Nasik d i s t r i c t s .  In 
farm business o f Haslk d i s t r i c t  human labour input alone explained 

76 per cent o f th e  v a ria tio n  in  re tu rn  while in  24-Parganas 

d i s t r i c t ,  West Bengal, the human labour Input and s iae  of hold­
ing together explained only 34 per cent of th e  v a ria tio n  in  

re tu rn .
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TABLE 9 MARGIHAL VALUE FRO JUGTS OF HUW LABOUR III RUPEES AT 
GEOMETRIC MBAH FOR VARIOUS EMTERPHISES

Equation Geometric M arginal Coef 1 i -
Mo, E n terp rise  mean of Wage value S ize  o f  c ie n t

human labour r a te  product holding V ariables o f de-
in  days (R s.) a t  geo- (a c re s / included te rm i-

m etrlc n a tio n
__________ ______________________ mean  _ _ _ ___ _

1 Farm B usiness, la s ik  
(D is t r ic t )  Bombay

7.98 0.96 1.56 11.40 *1 0.76

2 Farm B usiness, Ahmed 
nagar (D is t r ic t )  Bombay

10.07 0.95 1.18
(10.91)**

14.97 0.51

3 Jow ar-un irrlgated9 
Ahmed nagar (D is tr ic t)
Bombay

12,88 0.95 1.52
(2 .13)#

18.50 *1 . 0.58

5 W heat-unirrigat@d , la s ik  
(D is tr ic t)  Bombay

18.17 0.92 1,52 12.57 0.47

6 W heat-irriga ted , la s ik  
(D is tr ic t)  Bombay

85.29 0.92 1.92 15.18 xi»*e 0.49

g Farm B usiness, Meerut 
( D is t r ic t ) ,  U tta r Pradesh

59.80 1.25 1.17 6.68 0.40

11 Sugar <£ane-planted ,  Musaffar- 
nagar (D is tr ic t)  U tta r 
Pradesh

71.34 1.25 1.87 11.27 *li*B 0.25

13 Sugarcane-ratcon, I'usa- 
f fa r  nagar ( D is t r ic t ) 
U tta r Pradesh

53.47 1.25 (4.32) 10.56 XX,X3 0.47

14 W heat-irrigated , Mu^affar 
nagar ( D is t r ic t ) ,  U ttar 
Pradesh

33.31 1.25 2.34
(2.79)**

11.01 Xl f jfe,X3

continued
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Geometric
mean of

Equation human labour
No. Enterprise in  days

16 Farm Business, 24- 
Par ganas (D istr ic t)  
West Bengal

63.00
4

17 Aman-paddy, Hoogly 
(D is tr ic t) , West Bengal

24.61

20 Jute, Hoogly (D istr ic t)  
West Bengal

109.36

21 Jute, 24-Par ganas 
(D is tr ic t) , West 
Bengal

119.00

82 Farm B usiness, Coim­
batore (D is tr ic t) , 
Madras

27*64

23 Farm B usiness, Salem 
(D is tr ic t) , Madras

49.89

24 Paddy-irrigated 
(Season I ) ,  Madras

122.40

25 Paddy-irrigated 
(Season I I ) ,  S ales  
(D istr ic t) Madras

171.84

26 Paddy-irrigated 
(Season I I ) ,  Salem 
(D is tr ic t) , Madras

97,95



Wage
rate
(r̂ s_» )

Marginal 
value 
product 
at geo­
metric 
mean

Size o f  
holding

..(acres}._
Variables
included

C oeffi­
cien t 
o f ce- 
\.ermi- 
nation

2 .44 (2 .95) 1.79 ■̂ l»-% 0.34

1.55 0.64 2.03 xi 0.19

1.55 1.28 1.71 a > x3 0.21

2 .44 0.88 1.24 Xl,5£g 0.29

0.9? 1.40 7.33 0 . X1,X2 0.54

0.96 1.66
(2.46) 3.74 a > xs 0 .23

0.9? 1.65 4.78 X1 0.49

0.97 1.24 10,56 X1 0,73

0.96 1.30 5.07 xl» x3 0.49
m
m



Equation 
So...... B nter a r is e

Geometric 
mean o f  
human labour 
in  da.vs

Wage
r a te

- ...CBS..) .

M arginal
value
product
a t  geo­
m etric  
mean

Size o f 
holding 
(ac re s)

V ariables
included

C o e ff i­
c ie n t  
o f  d e t­
erm i­
n a tio n

28 Jowar- i r  r  ig a t ed 
(Season I I I ) ,  Salem 
( D i s t r i c t ) ,  Madras

SiS »3<3 0.S6 1.72 4.82 0.57

28 C o tto a - lr r lg a te d  
(Season I I ) ,  
Coimbatore (D is t r ic t )
Madras

52.56 0.97 1.10 9.61 ^*1*% 0,97

30 C otton- i r r  ig<?ted 
(Season 11)* Salem 
D is t r i c t ,  Madras

84.12 0.96 3.34 4.19 •^1*^3 0 .64

Motes The re g re ss io n  c o e f f ic ie n ts  a re  s ig n if ic a n t  a t  5 per cen t le v e l

** R egression c o e f f ic ie n ts  o f human labour a re  s ig n if ic a n t  a t  10 per cen t le v e l

#  t-v a lu e  (Regression c o e ff ic ie n ts /s ta n d a rd  e r ro r  o f  th e  re g re ss io n  c o e f f ic ie n ts )  
i s  g re a te r  than u n ity .

F igures in  p aren th es is  a re  th e  m arginal value products estim ated  from Quadratic 
Type o f  Functions w hile  a l l  o th e rs  a re  estim ated from Cobb-Douglas Type o f  
F unctions.

to
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TAB LB
10 KAhOlHxvL /ALUc. PdDiHJCTG OF L^vOOUH IH KUP &£. AT GbOMbTxilC Hb*& L^wfaL Ih  J lF F E h B lT  HK010KS JOE f ig u a rT g n  KXTKHFkZSXS

.; - i w i  fogy*
E n t e r p r i s e

T yp a  o f
junction

Farm  B u a in e a a 1 9 6 4 - 6 6 Q u a d r a t lo
C o b b - D o u g la a

1 9 6 6 - 6 6 C o b b - D o u g la s

1 9 6 6 - 6 7 C o b b - J o u g la a

h a a t  u n l r r l g a t r d 1 9 6 4 - 6 5 . u a u r a t i c  
C lo b o -D o u g in a

v h o a t  I r r i g a t e d 1 9 6 4 - 6 6 u a d r a t i o  
L o b b - j o u g l a s

P a d d j - i r r i g a t o d  ( _ e a s o n  Z) 1 9 5 4 - 5 5 u a w r ^ t i c  
c o b o -  o u £ Lor

P a d d y - i r r i g a t e d  (C o u s o n  I I ) 1 9 6 4 - 6 o C o b b - o u u lt_o

1 9 5 5 - 5 6 C o o b -  o u g l^ g

1 9 6 6 - 5 7 c o b b -  o u g l a s

J o w a r - u n i r r i g ^ t e d 1 9 5 4 - 5 5 u u a r a t i o  
C o b b - j o u g lo a

J o w a r  i r r l g a t o d 1  6 4 - 5 5 u  u r a t i c  
c o b b -  l o u g l c a

1 9 5 5 - 6 6 L owb - ^ o u g l a a

1 9 5 6 - 5 7 c o t b - j o u g l a a

S u g a r c a n e - p l  n t e d 1 9 5 6 - a 7 C o b b -D o u g la a

B u g a r o a n a - r a t o o n 1 9 5 6 - 5 7 u a u r a t i o

J u t a 1 9 5 4 - 6 5 c o b b - j o u g l a o

C o t t o n 1 9 5 4 - 6 5 c o b b -  o u g la a

1 9 6 5 - 6 6 c o b b -  > o u g la a

1 9 6 6 - 5 7 c o b b - j o u g l a a

AhMd '
K - ik  na.BT ' H«WUt

U t t a r a r t f f ih
i x a f f a r -M u a a f f a r -

J k t t i L
Co b -  ' £ 4 *  1 Co Jjb-
MfiSd 1 ^glL r ' hafttM Rm\*m M

ES 0 .8 1 * *  -
l . f i f  l . I B

0 . 7 7
1 . 6 2

I r he
1 . 9 7  I

.U

.6 2

1 . 1 7 MS

2 . 7 9 » *
2 . 3 4

1.B7
4 . 3 2

E .4 2

0 . 6 2

m
63

u.94

l . *

8.96
15

i f -

0 . 5 5

1 5
1.40

1 .P 4

10.62^
rs

1.10

8 .4 1
1.68

1 . 3 0

He
1 . 7 2

3.34

ES
1 . 1 6

0 . 6 3

E
1 . 1 7

1.71
4 .17

1 . 7 1

C .S B

1.00

1 .B 8

0 .B 7

1 .E 7



Among Indiv idual crop en te rp rise s  sugarcane (ratoon) In  
Muzaffarnagar d i s t r i c t  showed the la rg e s t marginal value product 

fo r human labour (Bs, 4,32 a t  geometric mean lev e l and Rs, 3,99 

a t  arithm etic  mean le v e l) .  The Ir r ig a te d  co tton  In Salem 

d i s t r i c t  o f Madras S ta te  ranked second (Rs, 3 ,3 4 ), The lowest 

m arginal value product o f human labour was found in  aman-paddy 

in  Hoogly d i s t r i c t  o f  West Bengal (Rs, 0 ,6 4 ), Among food crops, 

i r r ig a te d  wheat in Muzaffarnagar d i s t r i c t  showed the la rg e s t 
marginal value product o f  human labour (Rs, 2 ,3 4 ),

In la s ik  d i s t r i c t  o f Bombay , th e  marginal value product 

o f human labour in  i r r ig a te d  wheat was higher than in  u n irrig a ted  

wheat even though the human labour input in  the former was 4 ,7  

tim es (85 days) than in  the l a t t e r  (18 days), In u n irrig a ted  

wheat o f la s ik  d i s t r i c t ,  human labour input alone explained 47 

per cent o f th e  v a r ia tio n  in  y ie ld  while in  ir r ig a te d  wheat 
human labour and bullock labour together explained only 49 per 
cent o f  the v a r ia tio n . The marginal value product o f human labour 

in  u n irrig a ted  jowar o f Ahmednagar and u n irrig a ted  jowar in  

la s ik  d i s t r i c t  were found to  be the same a t  th e ir  re sp ectiv e  

geometric meanslevels o f in p u t, But in  u n irrig a ted  jowar the  

human labour input used was only •§ o f th a t o f ir r ig a te d  jowar.

In Muzaffarnagar d i s t r i c t ,  U ttar Pradesh, the marginal 

value product in  ratoon sugarcane (Rs, 4,32) was nearly  double 

th a t  of in  ir r ig a te d  wheat (2 ,3 4 ), The geometric mean o f  the 
human labour input larger by frd  in  ra toon  sugarcane than  in  
i r r ig a te d  wheat showing th e  much more labour in ten siv e  nature of the 

sugarcane ratoon crop.
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The marginal value product of human labour was g rea ter 

in  Ju te than in  aman-paddy i s  West Bengal, In Hoogly d i s t r i c t ,

West Bengal, the  marginal value product o f  human labour for 

Jute was twice th a t  o f aman-paddy although the human labour 

input in  Ju te  was nearly  4k times th a t in  aman-paddy, At the 

same time the average s is e  of holding was la rg e r lh  aman-paddy 

sample than  for th e  Jute sample which fac t gave r i s e  to  expec­

ta t io n s  of higher marginal value product fo r aman-paddy on 

th ese  la rg e r holdings,

In a l l  e n te rp ris e s , the marginal value product o f  human 

labour was higher in  Salem d i s t r i c t  than in  Coimbatore d i s t r i c t  

o f Madras S ta te  though the geometric mean le v e l of human labour 

input in  a l l  th e  en te rp rise s  was higher in  Salem d i s t r i c t  than 
in  Coimbatore d i s t r i c t .  In Salem d i s t r i c t ,  Madras ir r ig a te d  

co tton  gave nearly  double the marginal re tu rn  for labour than 

in  paddy or jowar a t  th e ir  re sp ec tiv e  geometric mean lev e ls  o f 
human labour in p u t, In Coimbatore, the marginal value product 

Of human labour fo r ir r ig a te d  cotton was sm aller than in  

i r r ig a te d  paddy, though in  ir r ig a te d  paddy th e  human labour input 

lev e l was nearly  th ree  tiraesofthat in  ir r ig a te d  co tto n .

Marginal Value P rodjet o f Bullock Labours
Except in  Irrigated-w heat in  Musaffarnagar d i s t r i c t ,

U ttar Pradesh, in  *farm business as a  whole* and Jute in  24- 

^arganas d i s t r i c t ,  West Bengal th e  marginal value products o f 
bullock labour a t  the geometric means were higher than the 
p revailing  costs  per day o f bullock labour. Of a l l  the en te rp rise s



MARGINAL VALUE PBODUCTS OF BULLOCK LABOUR IN RUPEES AT 
GEOMETRIC MEAN FOB VARIOUS ENTERPRISES

TABUS 11

Equation
Number E n te rp rise

Geometric
Mean

Cost/day 
o f Bullock
Labour

Marginal 
Value 
product a t  
Geometric 
Mean in  Rs.

s iz e  o f r, 
holding R 
ia  ac res  or

r 2

V ariables
in c lu ­
ded

1 Farm B usiness, Nasik ( D is t r ic t ) ,  
Bombay

8.13 0.66 1,38 11.40 0.77 *2

6 W heat-irrigated ,  Nasik ( D is t r ic t ) ,
Bombay

66.91 0.54 1.97 15.18 0.47 K l,lg

7 W heat-irrigated ,  Ahmednagar (D is t r ic t )
Bombay

, 63.46 0.48 0.62 15.20 0.17 %

8 Farm B usiness, Meerut ( D is t r ic t ) ,  
U tta r  Praaesh

17.98 4.60 4.95
(2.88)

6.88 0.40 X l,X g,l4

11 £ugarcane(planted) Musaffarnaga? 
(D is t r ic t ) ,  U tta r  Pradesh

15.69 5.18 12.69 11.27 0.25 Xl,Xg

14 W heat-irrigated , l&tzaf fa r  nagar 
(D is t r ic t ) ,  U tta r  Pradesh

21.15 4.35 3.40 11.01 0.47 Xl,Xg,Xs

16 Farm Business, 24-Parganas (D is t r ic t )  
West Bengal

17.25 1.86 1.60 1.79 0.78

19 Aus-paddy, 24-Parganas (D is t r ic t ) ,  
West Bengal

18.00 1.41 (2.09) 2.17 0.45 Xg »x3



Equation
Number .............E nterprise ........................ .....

Geometric
Mean

Cost/day 
o f Bullock
Labour

Marginal
Value
product a t 
Geometric

.Mean, .in jmu

wise o f 
holding 
in  .acres.

E2

3
Vari­
ables
inclu ­
ded

21 Ju te , 24-Parganaa (D is tr ic t}» 
V.eat Bengal

29.00 1.41 0.28 1.64 0.29

22 Para Business, Coimbatore 
(D is tr ic t) ,  Madras 15.76 0.56 0.71 7.33 0.54 l4i,ig

29 Cotton (Ceason 11), Coimbatore 
(D is tr ic t) ,  Madras

27.92 0.91 i .e ? S.C1 0.79 il,A g

Notes The regression co e ffic ien ts  are  s ig n ifican t a t  5 per cent level*
** Regression co e ffic ien ts  ofbullockiabour are s ig n ifican t a t 10 per cent lev e l

ignres in  parenthesis are the marginal value products estimated from Quadratic Type 
of Functions while a l l  others are estimated from Cobb-Douglas Type o f Junctions.



TABLE IfcJ O IlU L  /A -U E  PfiQDUcT^ OF BULLOCK UiBOUi IH  fiUPoES AT Q X K bT illC  cJdl LhVKL IH  l U f U X f T  B 8 0 I 0 8 5  FOB
SELECTED JT&hPHISES

Bom bay U t t a r  P r o a e a b  — .—  ,

h n t e r o r l a e Y e a r
T y p e  o f  
F U n o t lo n

A n e e d  
H a s Ik  n a s a r X e e r u t

nuw ixrar- los-  I c o l a * Coe- Pue-
l a h

F a r e  B u s i n e s s 1 9 6 4 - 5 5 Q u a d r a t i c
C o b b - D o u g la s

H E

1 . 3 8  -
e . B f i

4 . 9 5 I  U 1 3
m

1*60 0 .71 - 5 . 1 0

1 9 5 5 - 5 6 c o b b - D o u g l a s - - - m
- - - - 2 . 0 0

1 9 5 6 - 5 7 C o b b - D o u g la s - - - • - - - - 0 . 8 5

V ^ e a t - u n l r r l g e t e d 1 9 6 4 - 5 5 Q u a d r a t ic i . e i * *  - - - 4* - - - - -

■ T h e a t -I r r  i g a t  ed 1 9 5 4 - 6 6 Q u a d r a t i c
C o b b - D o u g la s

1 . 2 4 *  -  
1 . 9 4  0 . 6 2

- m  ee -
- -

- - -

1 9 5 6 - 5 7 cobb-D o u g la s ee m - 3 . 4 0 m - - - - -

P a d d y - I r r i g a t e d  ( S e a s o n  I )  an d  
a n a - p a d d y

1 9 5 4 - 5 5 u  d r a t l c - - - m 2 . 0 9 - - -

P a d d y - i r r i g a t e d  ( - e a s o n  1 1 ) 1 9 5 4 - 5 o c o b b - o o u g l a s - - m m  m - - - - 0 . 0 0 8 8 -

J o v o r - i r r i g a t o d 1 9 5 1 - 5 5 C o b b - j o u g l c s - - m  » - - - - 1 . 8 5 -

J 1 9 5 5 - 5 6 C o b b - D o u g la s - - - - - - - 1 . 3 2 -

1 3 6 6 -G 7 C o b b - D o u g la s - - - - - - V 0 . 7 9 i
e»

S u g a r c a n e -  p l a n t e d 1 9 5 6 - 5 7 c o b b - j o u g l a s - 1 2 . 6 9 - - - ee - -

J u t e 1 9 5 4 - 5 5 C o b b - jo u g L a a - - - J E 0 . 2 6 - - - -

C o t t o n  ( S e a s o n  I I ) 1 9 5 4 - 5 5 Cobb- o u g l a s - - m - l . « 2 - 0 . 3 8

1 9 5 5 - 0 5 C o b b - D o u g la s - - - m - - - 0 . 1 6 -

1 9 5 6 - 5 7 C o b b - J o u g la s - - m  ^ m — - — 0 . 2 7 -

R ote: regreD sion c o e f f ic ie n ts  l e  s ig n i f ic a n t  a t  5 per cen t le v e l,
* •  d e g r e s s i o n  c o e f f i c i e n t s  o f  b j l ' o c k  l a b o u r  a r c  s i g n i f i c a n t  a t  1 0  p e r  c e n t  l e v e l ,

<3 8 - v a l u e  o f  t h e  r e g r e s s i o n  c o e f f i c i e n t s o f  b u l l o c k  la b o u r  I s  g r e  t e r  t h a n  one,
— In K -  ry 4e nnfr p v a n  a q iie l t o  U T llt v .



s tu d ied , sugarcane (p lan ted) in  Muzaffarnagar d i s t r i c t ,

U tta r  Pradesh, showed th e  la rg e s t  marginal value product o f 

bu llock  labour (Rs. 12.69); and ju te  in  24-Pargsnas d i s t r i c t ,  

West Bengal gave the  lowest m arginal value product (Rs. 0 .2 8 ), 

When *farm business as a  whole* was considered, the  marginal 

value product was found to  be h ighest (Rs, 4 ,95) in  the 

d i s t r i c t  o f Meerut, U tta r Pradesh, and th e  lowest (Rs. 0.71) 

in  Madras. As regards ir r ig a te d  wheat, th e  m arginal value 

product of bu llock  labour was higher in  Nasik d i s t r i c t  than 

in  Ahmednagar d i s t r i c t .  The p ro d u c tiv ity  o f bullock labour 

a lso  varied  from crop to  crop w ith in  the same reg io n . In 

I&izaifarnagar d i s t r i c t  th e  m arginal value product o f bullock 

labour in  sugarcane was th r ic e  th a t  in  i r r ig a te d  wheat. In 

24-Parganas d i s t r i c t  o f  West Bengal, the m arginal value* product 

of bu llock  labour in  «us-paddy was la rg e r than  in  ju te .  In 

Coimbatore d i s t r i c t  o f Madras, the marginal value product of 

bu llock  labour in  i r r ig a te d  co tton  was more than double than 

in  ’ farm business as a  whole,*

E ffec t o f Other Factors on the Marginal Value 
Products o f Human Labour and Bullock Labour

Not a l l  equations developed in  the  second run shown in  

.appendices I I I  and IV were used fo r studying the e f fe c t  o f  

o ther fa c to rs  on the p ro d u c tiv ity  o f human labour and bullock  

labour, F urther screening was cone to  e lim in a te  the undesirab le  

v a r ia b le s  only those v a r l  b les  whose c o e f f ic ie n ts  were 
s t a t i s t i c a l l y  s ig n i f ic a n t  a t  5 per cent le v e l were re ta in ed  

in  the  eeu a tlo n . The equations developed a re  given below :
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Equation 1 j Farm Business, la s ik  ( d i s t r i c t ) ,  Bombay

0.96747
A* J  » 1.72290 Xi

(0,07483)
I  « 61 C .3.S. « 12,20653 r 2 « 0.73877

0,98028
B. Y * 1,46780 %

(0.07183)
K a 01 C.S.S. « 12,20563 r 2 * 0,76749

Equation 2 s Farm Business, Ahmednagar d i s t r i c t ,
Bombay

0.69593 0,03896
1 * 3.35178 %  Xg

(0,02208) (0.00396)

N * 77 C.S.S, * 7,67432 R2 ~ 0,50942

Equation 3 j Jow ar-unirrigated, Ahmedaagar d i s t r i c t ,
Bombay

1,02783 
t  » 1,41219 Xx

(0,12100)
H * 55 C.S.S. « 0,66015 r 2 « 0,57660

Xj_ ® the number o f  human labour days used per acre ,
Xg « the number o f bullock labour days used per ac re ,
X3 « s ize  of holding in  ac res ,
Xa « the value of f e r t i l i z e r s  and manures used per ac re ,
Xg b the percentage of area irr ig a te d  in  the holding,
I  « the number of holdings in  the sample,
C.S,S » corrected sum of squares,
r2 « the co e ffic ien t o f  determ ination,
R2 « the co effic ien t of a u l t i d e  d term ination .
The figures in  parenthesis denote the Standard E rror of the 
co e ffic ien t.
The above notations w ill be followed throughout th is  Chapter 
unless otherwise sp ec ified .



Equation 5 s W heat~unirrigated, la s ik  d i s t r i c t ,
Bombas?

0,80442 
J  ± 3,33400 J i

(0 .15956)

H = 31 C .S.S , « 4,88195 r 2 = 0,46946

Equation 6 : W heat-irrigated , la s ik  d i s t r i c t ,
Bombay

1.26787 -0,58918
X = 5,73150 Xx Xg

(0,06111) (0.05846)

ft « 32 C .S .S , a  2.00655 B2 * 0,48090

Equation 7 : W heat-irrigated , Ahmednagar d i s t r i c t ,
Bombay

0.34804
1 * 13,72700 Xg

(0.13439)

H as 35 C .S .S , as 2 .58745  r2 « 0 ,16890

Bouation 8 g Farm B usiness, Meerut d i s t r i c t ,
U tta r Pradesh

0,30503 0,39151 0,03597
Y a  19,95880 Xt  Xg X4

(0,07484) (0,09273) (0,01659)
ft ss 100 C .S.S . « 3.93252 B8 « 0.39816
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Equation I I  : Sugarcane (p lan ted), Muzaffarnagar
d i s t r i c t ,  U ttar Pradesh

0*31550 0,40755
I  * 35,73709 Xx Xg s

(0,11770) (0,14430)

If » 78 C ,S,S, * 5,33480 R2 * 0,24660

Equation 16 ; Farm Business, 24-Pagranas d i s t r i c t ,  
West Bengal

0.13453 -1.25290
I  * 219.03500 Xg> X3

(0.02540) (0.02121)

I  * 98 C,S.S. * 37,78476 B2 -  0.78194

Equation 17 ; Aman-paddy, Hoogly d i s t r ic t  
west Bengal

0,36751 
1 « 13,17400 Xx

(0.14980)

I  = 69 C,S,S. =* 2,92642 r 2 » 0,19400

Equation 20 s Ju te r  Hoogly d i s t r i c t ,  West Bengal
0.45609 0,06232

Y » 13,49560 Xx %v
(0.03565) (0.01553)

2
H « 46 C*£,&. -  2,92642 R = 0,20991
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Equation 21 $ Ju te , 2 4 -P arg an as,d is tric t,
West Bengal

0.41148 -0.02457
X « 22.09900 \  Xg

(0,01728) (0,01077)

&I  * 40 C.S.S, « 1,05218 R » 0.29465

Equation 22 $ Farm Business, Coimbatore d i s t r ic t
Madras

0,66187 0,19148
X « 3,82359 Xi Xg

(0*04408) (04)4027)

1 * 97 C.S.S, « 22,19436 R2 « 0,55000

Equation 23 % Farm Business, Salem d i s t r i c t ,  
Madras

0.98221 0.03376
X « 1,73196 %i X3

(0.14500) (0.05146)

2n * 94 C.S.S, -  26.41405 B « 0.39757

Equation 24 $ Paddy-irrigated (Season I ) ,
Madras

0.66837
X » 12.83340 lix

(0.12042)

2
H a 42 C.S.S, * 6,75181 r  ® 0.49300



Equation 55 s Paddy* irr ig a te d  (Season I I )  ,
Coimbatore d i s t r i c t ,  Madras,

0.59241
Y « 13.53100 X1

(0,26437)

1 - 2 1  C ,S,S, a 3,61740 a?2 * 0,72548

Ecmattoh 26 s Paddy-ir r ig a te d  (Season I I )
Salem d i s t r i c t ,  Madras*

0.51133 -0*35249
Y -  4*2,23500 %  Xa

(0.03288) (0.06652)

1 a 28 C*S*S. » 3*90261 R2 * 0,53159

Equation 28 s Jow ar-irrigated  (Season I I )
Salem d i s t r i c t ,  Madras

0*83168
Y « 4.04710 %

(0.14139)

If » 28 C .S.S, -  6.58419 a?2 = 0.57111

Equation 29 ; C o tto n -irr ig a ted , Coimbatore d i s t r i c t ,
Madras

0.44883 0.39233
Y ® 5.91939 Xg

(0*06446) (0,05720)

2
N * 36 C.J.S* « 12.14606 R ® 0,79258
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Equation 3Q : C o tto n - ir r ig a te d , Salem d i s t r i c t ,
Madras

1.13340 -0.35300-0.35300
xa
(0.00790)

X *  2 .2 8 3 9 0  Xj.

(0,01705)

H a 21 C .S .S , » 4.40086 E2 = 0.64627

Only the above equations were used fo r fu r th e r  an a ly s is  

Including the  estim ation  o f economic optimum lev e ls  o f  use o f 

human and bullock  lab o u r. The e f fe c ts  o f  bullock  labour, s ize  

o f ho ld ing , value o f f e r t i l i z e r s ,  and the percentage o f i r r ig a te d  

a rea  in  the holding on the m arginal p ro d u c tiv ity  o f human labour 

were stud ied  a t  various lev e ls  o f human labour (see fig u res  on 

pages76af and 76b). The e f fe c t  o f s iz e  of holding on the pro­

d u c tiv ity  o f bullock  labour was a lso  s tu d ied . The find ings 

a re  summarized below;
E ffec t o f Bullock Labour Input on the Marginal Value Product 
o"j Human Labour ;    ~~1" ‘

The e f fe c t  o f bu llock  labour on *he p rod u c tiv ity  of human 

labour a t  s p e c if ic  lev e ls  o f human labour input was s tu d ied .

For th is  the marginal value product o f human labour input a t  

d if fe re n t  ( | ,  J ,  1, and 2 times geometric mean) lev e ls  

fo r d if fe re n t  lev e ls  (^ , 1, 1 | ,  and 2 times the geometric mean 

le v e l)  of bullock  labour use was estim ated . This was done for 

the •farm business as a  whole* as a lso  w ith re feren ce  to 

sp e c if ic  crop en te rp rise s  in  d if fe re n t  a re a s .

In the case o f ‘farm business as a  whole* in  Meerut 

d i s t r i c t ,  U tta r Pradesh, doubling o f the input le v e l o f bullock

u  j i  ,  17
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labour increased th e  m arginal value product o f human labour 

by one th ird *  (Table 13). Holding th e  human labour a t  a  le v e l 

o f 15 clay Xe a t  i  o f th e  geometric mean, and ra is in g  th e  bullock  

labour to  a  le v e l o f  33 days i . e .  tw ice i t s  geometric mean, 

re su lte d  in  an increase  in  th e  m arginal value product o f human 

labour from Bs, 3.04 to  I s .  3,99 ( 31 $ ) ,  At geometric mean 

le v e l  o f  human labour a  s im ila r  in crease  in  bu llock  labour input 

ra ise d  th e  m arginal value product o f human labour from Bs. 1,16 

to  Bs* 1*53 ( 32 %) and a t  tw ice th e  geometric mean le v e l  o f  

human labour input the  increase  was from Bs* 0*72 t o  0*95 (32 

Keeping th e  bullock  labour constan t a t  geometric mean (18 days) 

th e  increase  in  human labour input from 15 days to  120 days 

re su lte d  in  a  four fold decrease o f m arginal value product o f 

human labour from Bs* 3,04 to  Bs* 0*72*

TABUS 13

77

MARGINAL YALUB PRODUCTS OF HUMAN LABOUR AT DIFFERENT INPUT 
LEVELS OF HUMAN LABOUR AMD BULLOCK LABOUR I I  FARM BUSINESS, 

MEERUT DISTRICT, UTTAR PRADESH

Bullock
labour ^

IS 30 45 60 (GM) 90 ..120............

(R s,) (BS*) (Rs*) (R s,) (R s.) (R s,)

9 2,31 1*43 1,08 0.08 0.67 0,55

18 (GM) 3.04 1*88 1,42 1.16 0*88 0,72

27 3,57 2,21 1.67 1*36 1*03 0.84

36 3,99 2,47 1,86 1.53 1.15 0*95

Mote; GM re fe r s  to  Geometric Mean throughout th is  C hapter,



Sim ilarly  the marginal value products o f human labour 

Increased a t  a l l  lev e ls  of human labour Input when the bullock 

labour was Increased In the farm business of Coimbatore 

d i s t r i c t ,  Madras (Table No. 14), At i  geometric mean lev e l 
o f human labour (7 days) the  marginal value product of human 

labour increased from Bs, 2,23 to  Bs. 2,85 (14 $) when the 
bullock labour input was ra ised  from 16 days (Geometric mean 
le v e l)  to  32 days ( l , e ,  tw ice the  Geometric Mean le v e l) . For 

an increase in  bullock labour input of the  same order ( th a t is  

double th e  Geometric Mean le v e l ) , a t  the geometric mean lev e l 

o f human labour input (28 days)* the  increase in  marginal 

value product was increased from Bs# 1,54 to  Bs, 1.76 (14 J2), 

Holding the bullock labour input constant a t  the geometric mean 

le v e l (16 days) an eigh t fold increase in  human labour input 

reduced i t s  marginal value product to  55 per cent of i t s  former 

le v e l from Bs. 2,23 to  Bs. 1,22 # In Coimbatore as compared 

w ith Meerut, w ith bullock labour held co n stan t, s im ilar order 

o f increase in  human labour lev e lled  to  a  decrease o f much lower 

order in  the  marginal value product o f human labour w ith human 

labour held constan t, sim ilar proportionate increase in  bullock 

labour use ra ised  the marginal value product much le s s  but the 

trends were in  the same d ire c tio n s ,
Among crop e n te rp rise s , sugarcane (planted) in  Muzaffar­

nagar d i s t r i c t ,  ITttar Pradesh and ir r ig a te d  cotton in  Coimbatore 
d i s t r i c t ,  Madras, showed s im ilar behaviour as in  the  two fo re­

going in stan ces , At -Jth of the geometric mean lev e l o f  human

78
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TABLE 14

Bullock
labour
in  davs/acre

Human labour In  davs/acre

7 14 21 28 (GM) .... .42..... 56

(Rs*) (R s.) (R s.) (R s.) (R s.) (R s.)

8 1.95 1*70 1.48 1.34 1.17 1.07

16 (GM) 2.23 1.94 1.69 1.54 1.34 1,22

24 2.41 2.10 1.83 1,66 1,45 1.31

32 2.55 2.22 1.93 1,76 1,58 1,39

labour input in  sugarcane (p lan ted ) in  Muaaffarnagar d i s t r i c t ,  

U tta r  Pradesh, an in crease  in  bullock  labour input from 8 days 

to  32 days (Geometric mean le v e l * 16 days) ra ise d  th e  m arginal 

value product o f  human labour by 76 per cent from Rs. 3*64 to  

Rs* 6*40 (Table 15)+ th e  in creases  in  m arginal value product 

o f  human labour were more o r le s s  same a t  a l l  lev e ls  o f  human 

labour in p u t, At geometric mean le v e l input th e  marginal value 

product o f human labour inpu t increased from Rs* 1*41 to  2,48 

(76 f>) and a t  tw ice th e  geometric mean le v e l from Rs* 0*88 to  

Rs, 1,54 (75 fa ) as the  bu llock  labour inpu t increased from 8  

days to  32 days. An Increase in  th e  input o f  human labour from 

18 days to  144 days (Geometric mean « 72 days) keeping th e  

le v e l  o f  bu llock  labour input co n stan t, decreased th e  m arginal 
value product o f  human labour by nearly  four fo ld  a t  a l l  lev e ls  

o f bu llock  labour input* In i r r ig a te d  co tto n  in  Coimbatore



80

MARGINAL TALUS PRODUCTS OF HUMAN LABOUR AT DIFFERENT 
INPUT LfifBLS OF HUMAN LABOUR AND BULLOCK LALOUR I I  
SUGaRCAMS (PLAH3BD), MUZAFFARNAGAR DISTRICT, UTTAR 

PRADESH
B u l lo c lT ' ' 'i: :T'" ' ' T~ri  r' '   ' Huffi^lLabour ' In  dava7acre~".....
labour

TABLE 15

in  davs/acre - ..-..18...... 36 54 .72 - ......108..... 144

(Rs,) ( i s , ) (Rs.) (R s,) (Rs,) (R s.)

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 3,54 2,68 2,21 1,67 1,37
32 6,40 3,98 3,02 2,48 1,88 1.54

d i s t r i c t ,  (Table 16) keeping the  human labour input a t  i t h  o f 
geometric mean lev e l ( i . e .  13 days) the marginal value product 

of human labour increased from Rs, 1,82 to  Rs, 3,14 (72 %) when 

th e  bu llock labour input (Geometric mean le v e l 28 days) was 

Increased from 14 to  56 days. For a  s im ilar increase In bullock 

labour input keeping the human labour input a t  geometric mean 

(52 days) the  marginal value product o f human labour increased 
from Rs, 0,85 to  Rs, 1,46 (again 72 $)» At twice the  geometric 

mean (104 days) tho marginal value product increased again 

by the same f ra c tio n  from Rs, 0,58 to  Rs, 1 ,00, The proportion 

o f increase remained the same for a l l  lev e ls  o f  human labour 

in p u t. An increase in  the human labour input keeping the 

bullock labour a t  a  p a r tic u la r  lev e l decreased the marginal value 
product of numan labour, The decrease in  marginal value product 

o f human labour a t  a l l  levels  of bullock labour input as human 

labour input increased from 13 days to  104 days was o f the
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TABLE 16

Bullock Human labour■ in  davs7acre
labour
in  davs/ac re .._....13.... ... 26 ....39.......... 52(GM) .....7 8 ..... JL0.4. _..........

(B s.) (B s.) (BS.) (Rs*) (B s.) (B s.)

14 1.82 1,24 0,99 0.85 0.68 0*58

28 (GM) 2.39 1,63 1.30 1.11 0.89 0.76

42 2.80 1.91 1*63 1,30 1,04 0.89

56 3.14 2.14 1.71 1.46 1.17 1.00

order o f 68 per cent o f the o r ig in a l  le v e l .

In i r r ig a te d  wheat in  Hasik d i s t r i c t ,  Bombay and Ju te 

In  24-Parganas d i s t r i c t ,  West Bengal, a  d if fe re n t  behaviour was 

no ted . In  the former case (Table 17) in crease  in  bullock labour 

Input from 33 days to  132 days (Geometric mean -  66 days) a t  a l l  

le v e ls  o f human labour decreased th e  m arginal value product o f  

human labour to  44 per cent o f  th e  o r ig in a l  le v e l ,  ao in crease  

in  th e  human labour input from 21 days to 170 days (Geometric 

mean le v e l = 85 days) keeping b u llock  labour constant on the 

con trary  increased  the m arginal value product o f  human labour 

a t  a l l  lev e ls  o f  bu llock  labour input by 71 per c e n t. In the 

case of th e  Jut© crop in  24-Parganas d i s t r i c t ,  west Bengal 

(Table 18) fo r increase  in  bu llock  labour from 15 days to  60 

days (Geometric mean * 30 days) a t  a l l  le v e ls  o f human labour 

re su lte d  in  the  decrease o f th e  m arginal value product o f  human



labour bo 9© or 9? par cent o f the  i n i t i a l  le v e l .  For a l l  
lev e ls  o f  bullock labour Input$ an Increase in  Imam labour 
Input from 30 Says to  240 days <Geometric seas  » 120 days) 
d ra s tic a lly  decreased th e  marginal value product o f human labour 

to  nearly  28 per cent o f the o r ig in a l level* At IS days of 

bullock labour inpu t the increase in  human labour from 30 days 

to  240 days decreased i t s  marginal value product from Rs. 1,71 

to  0.49* For a  s im ilar increase in  human labour w ith bullock 

labour a t  twice i t s  geometric mean, the marginal value product 

o f  human labour aeereased from Bs* 1.65 to  Bs. 0*47.

TABuO 17

iulRGIKAL VAU3E PACUCJCT 01 B U M  uusOtf* M  a X S f & M i IHPUT 
h&m»E OF H U M  WysOUB nMu dULJ)G& LAOOUH IH l»vl-.lB hlQ A 7feiil 

M i l  u l& m m s9 BOMBAY
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labour
in.fexs/acre.... .......... JP.1..... ....S3,...... 85 (GM) 126 120

(Bs.) (Bs*) CBS.) (B s.) (Bs.) (Bs.)
33 2.02 £.41 2.68 2,89 3*20 3.4©
©6 (GM) 1*34 1.60 1*78 1,92 £*13 2.30
99 liOS 1*2© 1,40 1,51 1,67 1,81

132 0.89 1.07 1.18 i . s a i t41 1,52

E ffec t o f Siae o f Holding, on. th e  Mar.gJjaaL_galue__£miiuc_t of 
’luman Labour %

The marginal value product o f hufikua labour was found t© 

increase at a l l  lev e ls  o f human labour input with an increase 

la  the a la® of holding in the farm business o f  $ & lm  d is tr ic t  
In Madras State (Table 19) but the increase was rather sm all,
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MARGINAL VALUE PRODUCTS OP HUMAN LABOUR AT DIFFERENT INPUT 
LEVELS OF HUMAN LABOUR AND BULLOCK LABOUR IN JUTE IN 24- 

PARGANAS DISTRICT, WEST BENGAL

TABLE 18

B ullock  Human labour In  d ay s/ac re '
labour
In d ay s/ac re 30 60 90 120(GM) 180 240

(R s.) (R s.) (R s.) (R s.) (R s.) (R s.)

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 1.66 1.11 0.87 0 .71 0 .56 0 .47

60 1.65 1.10 0 .87 0 ,71 0,56 0 ,47

o f th e  order o f  about 5 per cen t over th e i n i t i a l l e v e l . At i t h

geom etric mean le v e l  o f  human labour in p u t (12.50 days) th e  

in c re a se  in  th e  s iz e  o f ho ld ing  from 2 ac re s  to  8 ac re s  re s u lte d  

in  th e  in c re a se  o f  m arg inal value product o f  human labour from 

Rs. 1.68 to  Rs. 1 .7 5 , For th e  same in c re a se  in  th e  s iz e  o f  

ho ld ing  a t  tw ice  th e  geom etric mean o f  human labour in p u t th e  

in c re a se  remained more or l e s s  th e  same. At a l l  s iz e  l e v e ls ,  

an in c re a se  in  human labour in p u t (Geometric mean le v e l  = 50 

days) from 13,5 days to  100 days r e s u l te d  in  a  3 to  4 per cen t 

d ecrease  in  th e  value o f th e  m arginal value product o f  human 

la b o u r . When a  Q uadratic Function  in s tead  o f  a  fu n c tio n  o f  th e  

Cobb-Douglas Type was f i t t e d  (Table 2 0 ), th e  tre n d s  were in  th e  

same d i r e c t io n .  However in  t h i s  case as th e  s iz e  o f  ho ld ing  

in c reased  from 2 to  8 ac re s  th e  m arg inal value  product o f  human 

labour ro se  s h a rp ly , th e  r i s e  being  s te e p e r  as th e  le v e l  o f



MARGINAL VALUE PRODUCTS OF HUMAN LABOUR AT DIFFERENT INPUT
LEVELS OF HUMAN LABOUR AND FOR VARIOUS SIZES OF HOLDINGS 
IN FARM BUSINESS, SALEM DISTRICT, MADRAS (CQBB-DOUGLaS TYPE 

OF FUNCTION)

TABLE 19

siz© of 
holding 
In  ac res  . ...... ... ............ 25 ..371... . 50 (GM) 75 100

(R s.) (R s,) (R s.) (R s.) (R s.) (R s.)

2 1,67 1.65 1,63 1.62 1.61 1,60

4 (GM) 1.70 1.6B 1*67 1,66 1*65 1.64

6 1,73 1,71 1.70 1*69 1*67 1,66

8 1.75 1,72 1,71 1.70 1.69 1,68

TABLE 20

MARGINAL VaLUU PRODUCTS OF HUMAN LABOUR AT DIFFERENT INPUT 
LEVELS OF HUMAN LABOUR AND FOR VARIOUS SIZES OF HOLDINGS 
IN FARM BUSINESS, SALeM DISTRICT, MADRAS (QUADRATIC TYPE 

OF FUNCTION)

C'lSe o f   r,,rT"—1 THti8aSi"TiaUouy 'la ' days?a^'a‘e r'n‘ir '
hold ing i
in  ac res  12* 25 374- 50(GM) 75 100

(R s.) (R s.) (R s.) (R s.) (R s.) (R s,)

2 0.44 0,31 0*25 0.19 0.07 -0*05

4 (GM) 1*31 1.19 1,12 1*06 0.94 0.82

6 2*18 2*06 1,99 1.93 1.81 1.69

8 3,05 2,93 2*87 2,81 2*68 2*56



human labour use ro se  (593 per cent a t  12% days o f  human labour 

to  1380 per cent a t  75 days o f human lab o u r) , This steep  r i s e  

was in  evidence since  th e  estim ated m arginal value product was 

much lower a t  low s iz e  lev e ls  and much higher a t  higher s iz e  

le v e ls  in  co n tra s t to  th e  estim ates obtained in  th e  Cobb-Douglas 

Type o f Functions.

S im ilarly  w ith  Ju te  in  Hoogly d i s t r i c t  o f  West Bengal, 

in crease  in  s iz e  o f holding from 1 to  4 ac res  (Geometric mean =*

2 ac res) re su lte d  in  th e  in crease  o f  m arginal value p ro d u c tiv ity  

o f human labour a t  a l l  lev e ls  o f th e  order o f about 9 per cent 

over th e  lowest s iz e  (Table 21 ). At i t h  geometric mean le v e l 

o f  human labour input (22,50)days) th e  in crease  in  th e  s iz e  o f 

holding from 1 acre  to  4 acres increased th e  marginal value 

product o f  human labour from Bs, 1.13 to  Bs. 1 ,23 . For a s im ila r 

increase  in  th e  s iz e  o f holding fo r 110 days o f  human labour, 

th e  value o f m arginal product o f  human labour increased from Bs. 

0,48 to  Bs, 0.52 and fo r 220 days from Rs, 0 ,33 to  Bs. 0 .3 6 .

Farm Business an a ly s is  in  24 Parganas d i s t r i c t  o f West 

Bengal (Table 22) showed a  d if fe re n t  behaviour than th a t  des­

cribed  above; an increase  in  th e  s iz e  o f holding decreased the  

m arginal p ro d u c tiv ity  o f  human labour. At £  geometric mean o f 

human labour th e  in crease  in  th e  s iz e  o f holding from one ac re  

to  4 acres re su lte d  in  the  decrease o f m arginal value produc­

t i v i t y  o f human labour from Bs. 5,98 to  Rs, 0 ,7 0 . At th e  geo­

m etric mean o f human labour input the  in crease  in  s iz e  o f holding 
from one acre to  four acres re su lte d  in  negative m arginal value 

product o f human labour.
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TABLE 21

Size of Hui&an labour in  days/acre
holding 
in  acres

2 2 j 56 7 ? t 110 (GM) 165 220

(R s,) (R s.) (R s,) (RS.) (R s.) (R 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 0.75 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 VARIOUS SIZES OF HOLDINGS 
IN FARM BUSINESS, 24-PARGANAS DISTRICT, WEST BENGAL (WITH 

QUADRATIC TYPE OF FUNCTION)

S iz e ' o f   r' : 1' ' '     Human labour in' da»s7acre
holding 
in  acres 16 32 48 64 (GM) 96 128

(R s,) (RS.) (R s.) (R s.) (Rs.) (R s.)

1 5,98 5,67 5,37 S .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 1.23 0.92

4 0,70 0,39 0.08 -0.22 -0 .53 -0 ,84



Decrease in the oarg Ina l value products o f human labour 

was a lso  seen In  Ir r ig a te d  paddy and ir r ig a te d  co tto n  in  Salem

d i s t r i c t  o f  Madras s ta te  as the  s ize  o f holding increased . An

increase  in  th e  s iz e  o f holding from 2$ ac res  to  10 acres a t  

i t h  o f th e  geometric mean le v e l o f human labour, decreased 

th e  marginal value product o f human labour from Bs* 3*24 to  

Bs. 1*99 in  i r r ig a te d  paddy o f Salem d i s t r i c t  (Table 2 3 ). At 

geometric le v e l the  decrease in  the p ro d u c tiv ity  o f human 

labour was from Rs, 1,65 to  Rs* 1,01 for a  s im ila r  increase  

in  the s iz e  o f holding. At tw ice the  geometric mean a  s im ila r 

in crease  in  s iz e  of holding re su lte d  in  the  decrease o f

m arginal value product from Rs, 1.17 to  Rs* 0 ,7 2 .

TABUS 23

marginal value products of human labour at difierent input
LEVELS* 0? HUMAN LABOUR AND BOR VARIOUS S I^ S  OF HOLDINGS IN

paddy ( irrigated) ,  salem d istrict , madras

size" o f    M11 111 "' '' ' Human labour "in days?acre  ~  .

87 ‘

in  acres ...... - .25.........50..... 75 100 (GM) _15Q _ 200

(R s.) (R s.) (R s.) (R s.) (RS.) (R s.)

2* 3.24 2.31 1.90 1.65 1.36 1,17

5 (GM) 2.64 1.81 1,49 1.29 1,06 0,92

n 2.20 1,67 1.29 1.18 0,92 0.80

10 1,99 1.42 1.16 1.01 0.83 0,72



In I r r ig a te d  co tto n  in  Salem d i s t r i c t ,  Madras in c rease  

In  s iz e  o f holding from 2 ac res  to  8 ac res  decreased th e  mar­

g in a l value product from Rs. 3 ,61 to  Rs, 2 ,21  w ith  human labour 

hold a t  a  le v e l  o f 21 days (Geometric mean « 84 d ay s) . At 

84 days le v e l  o f human labour in p u t, in c rease  in  th e  s iz e  o f  

holding o f  th e  same order decreased th e  m arginal value product 

from Rs, 4 .31  to  Rs. 2,64 (Table 2 4 ), At tw ice th e  geom etric 

mean le v e l  o f human labour days (168 days) m arginal value 

product decreased from Rs, 4 ,73  to  Rs, 2 ,9 0 ,

TABLE 24

MARGINAL VALUE PRODUCTS OF HUMAN LABOUR AT DIFFERENT INPUT 
LEVELS OF HUMAN LABOUR AND FOB VARIOUS SI^ES OF HOLDINGS IN 

COTTON (IRRIGATED), SALEM DISTRICT, MADRAS
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Size o f  ' Human labour davs^acre
holding
In  ac res  21 42 63 84 (GM) 126 168

(R s.) (R s.) (R s.) (R s.) (R s.) (R s.)

2 3.61 3.96 4,18 4 ,31 4,55 4,73

4 (GM) 2,82 3,10 3.27 3.37 3,56 3,70

8 2.45 2.69 2.83 2.92 3,09 3,21

8 2.21 2.43 2.56 2,64 2.78 2.90

E ffe c t o f F e r t i l i z e r s  and Manures on th e  M arginal Value Product 
oF  Human Labour i

The m arginal value product o f human labour increased  

w ith  th e  in c re ase  in  th e  le v e l  o f  f e r t i l i z e r s  and manures used 

in  the farm business o f Meerut d i s t r i c t ,  U tta r  P radesh. However, 

th e  in c rease  was no t co n sid erab le  (Table 2 5 ) . At £ th  geom etric 

mean le v e l  o f  human labour in p u t, an in c rease  in  th e  value o f 

f e r t i l i z e r s  and manures used from Rs, 2,50 to  Rs, 10.00 increased
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MARGINAL VALUE PRODUCTS OF HUMAN LABOUR AT DIFFERENT 
INPUT LEVELS OF HUMAN LABOUR AND FOR VARIOUS LEVELS 
OF FERTILISERS AND MANURES USED IN FARM BUSINESS, 

MEERUT DISTRICT,UTTAR PRaDESH

M L B  85

Value of f e r t i ­
l i z e r s  and manu­
r e s  in  ruoees

Human labour in  davs/acre

IS 30 45 60(GM) SO 120

(R s,) (BS,) (R s,) (R s,) (R s.) (R s.)

24- 2,27 1,40 1.06 0,87 0,65 0,54

5 (GM) 2,33 1,44 1.09 0,89 0,67 0*58

74 2,36 1,46 1.11 0.90 0.68 0,56

10 2,39 1,48 1*12 0.91 0,69 0.57

o f human labour from Rs. 2*2? to  Bs. 2.39* At 60 days le v e l o f 

human labour Input (Geometric mean le v e l)  a  s im ila r increase  

in  f e r t i l i s e r  use ra ised  the m arginal value product o f  human 

labour from Rs, 0,87 to  Rs, 0 ,9 1 , At 120 days le v e l o f  human

labour the same increase  in  th e  input o f  f e r t i l i z e r s  re su lted

in  the increase  o f m arginal value product o f  human labour from

Rs, 0*54 to  Bs* 0 ,57 ,

E ffec t o f I r r ig a t io n  on the Marginal Value Product o f  Human 
Labour %

I t  was found than  a s  th e  percentage o f a rea  under U r i -  

gation  in creased , th e  m arginal value product o f human labour 

a lso  increased a t  a l l  lev e ls  o f  human labour although here t^ o , 

th e  increase  was not considerable  (Table 2 6 ), In farm business 
an a ly s is  o f Ahmednagar d i s t r i c t ,  Bombay a t  -j-th geometric mean 

le v e l  o f human labour input (2,50 days) the  in crease  in  th e  a rea
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MARGINAL VALUE PRODUCTS 01* HUMAN LaBQUR AT DIFFERENT 
INPUT LEVELS OF HUMAN LaBOUR Al® FOE DIFFERENT LEVELS 
OF ARM UNDER IRRIGATION IN FARM BUSINESS, AHMEDNAGaR 

DISTRICT, BOMBAY

TABLE 26

Area under Human labour in  davs/acr©
Ir r ig a tio n  
in  cercentaee ............ 6 r_ .Z*...... - IG(GM)... ___ML 20

(Rs*) (Rs.) (Rs*) (a s .) <Hs.) (Rs*)

25 2*01 1*62 1*43 1.31 1*16 1.06

50 2*06 1.67 1.47 1*34 1,19 1.09

75 2.09 1*69 1.50 1*37 1,21 1.11

100 2*11 1*71 1.51 1.39 1,23 1.12

Irr ig a te d  from 26 per cent to  100 per cent ra ised  the marginal 

value product from Rs. 2.10 to  Rs. 2,11* For the same increase 

in  the percentage area  ir r ig a te d  a t  geometric mean lev e l of 

human labour <10 days) the marginal value product o f  human 

labour increased from Rs, 1.31 to Rs, 1 ,39, At twice the 

geometric mean for a  sim ilar increase in  the area under i r r i ­

gation ra ised  the marginal value product o f  human labour from 

Rs. 1,06 to  Rs. 1 ,12,
E ffec t o f Sis© of Holding on the Marginal Value Product of

The e f fe c t  of s iz e  o f holding on the marginal value 

product o f bullock labour was stud ied in  th e  farm business of 
24-Parganas d i s t r i c t ,  West Bengal. Increase in  the s iz e  of 

holding fo r a l l  lev e ls  of human labour input decreased the 
marginal value product of bullock labour (Table 27). At 
f t h  the geometric mean lev e l o f input of bullock labour (35 days)
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MaRGlNaL VALUE PRODUCTS OP BULLOCK LABOUR AT DIFFERENT 
INPUT LEVELS OF BULLOCK LABOUR AND FOR DIFFERENT SIKES 
OF HOLDINGS IN FARM BUSINESS IN 24-PARGANAS DISTRICT, 

WEST BENGAL

TABLE 27

Size ' o i  ^  n'~~.......B u lio ck lab o u r in  dayg/aore

in  acres .... _..35_.... .70 _ 105 140(GM) 210 280

(R s.) (R s,) (R s.) (R s.) (R s.) (RS,)
1 10.83 6,00 4,16 3.28 1.72 1.12

2 (GM) 4.56 2,48 1.76 1,36 0,96 0.80

3 2,72 1.52 1,04 0.80 0,56 0.48

4 1,92 1.04 0.72 0.56 0*40 0.32

Note: The above ta b le  was prepared from Equation Number 16 
which i s  given below*

0*13453 -1,25290
Y * 219,03500 -  X3

(0.02540) (0,02121)

the  Increase  In s iz e  o f holding from 1 ac re  to  4 acres decreased 

th e  marginal value product from Rs. 10,88 to  Rs. 1,92 , At 

geometric mean le v e l o f bu llock  labour, the  same increase  in  

s iz e  of holding decreased the marginal value product o f  

bu llock  labour from Rs* 3*28 to  R s,0 ,56 , At tw ice the  geometric 

mean le v e l  (280 days) o f bullock labour the m arginal value 

product o f  bu llock  labour decreased from Rs* 1.1 to Rs, 0,32 

when th e  s iz e  o f holding increased  from 1 ac re  to  4 ac res  *

T?or a l l  s iz e s  o f holding the m arginal value product o f bu llock  
labour decreased w ith th e  increase  in  the  input o f  bullock 

lab o u r.
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Economic Optimum Levels

The method o f determining economic optimum lev e ls  o f 
the inputs has already been described in  the Chapter dealing 

w ith Methodology, As an i l lu s t r a t io n ,  the steps involved are 

described belows
Equation 22 j I^arm B usiness, Coimbatore d i s t r i c t

Madras

0,66187  0,19148
X « 3 .82359 ^  Xg

where X « the re tu rn  in  rupess per acre

Xi « the input o f human labour in  days per ac re ,

Xg * the input o f bullock labour in  days per ac re .

A fter taking the p a r t ia l  d e riv a tiv es  with re sp ec t to  each

input and equating th e  p a r t ia l  d eriv a tiv e  function to  th e ir

corresponding input p rice  (Bupess 0 ,9 5  and Bs. 1 ,0 7  fo r human

labour and bullock labour re sp e c tiv e ly ) ,
•0,33813 0,19148

0 ,9 5  “ dX *  3.82359 (0 .66187) X, %
dXi,X2

-0 ,8 0 8 5 2  0,6618? 
1 .0 7  ~ d^. 65 3 ,82359  (0 ,19148) Xg Xi

dXg.Xi

Converting theequations to  logarithm ic form, we g e t,

I,9 7 7 7 2 »  0 ,58247 *  1 ,82078  -  0 .33813 Xx + 0.19148 Xg 

0 ,00938 « 0*58247 + 1 ,28212  -  0.80852 Xg + 0 .66187 Xg 

By solving these equations sim ultaneously for and Xg, we get 

= 2 ,21814 

Xg *  1 ,63675
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The an tilogarithm s o f these values give the  re sp ec tiv e  

economic optimum lev e ls  as fo llow s;

Xg « 43.327 which i s  equal to  43 days o f human labour per acre 

X  ̂ = 165.25 which i s  equal to  165 days o f human labour per a c re .

Equation 5 : W heat-unirrigated , Nasik d i s t r i c t ,
Bombay.

Y *  8 .81 7 3 6  *  4 .44912  Xx  -  2 .7 1 6 4 7  Xg -  0 .31771  X3
*  0 .03233  Xi + 0 ,02448  x| -  0 .01736  x| + 

0 .0 1 1 2 4  Xi X3 -  0 .13480  Xl X3 + 0 .15338  XgX3

where Y » the  re tu rn  in  rupees per acre

Xjl *= th e  input o f  human labour in  days per ac re

Xg « th e  input o f  bullock  labour in  days per a c re ,

X3 « th e  s iz e  o f holding in  a c re s .

A fter taking the p a r t i a l  d e r iv a tiv e s  w ith re sp ec t to  each 

input and equating th e  p a r t ia l  d e rv la tiv e  function  to  th e ir  

corresponding input p ric e  (B s. 0 ,92  and Bs. 0 .96  fo r human 

labour and bullock  labour re s p e c tiv e ly ) ,

0 ,9 2  a 4.44912 -  0 .0 6 4 6 6  + 0 .01 1 2 4  Xg -  0 ,13480  X3

0 .9 6  a -2.71647 4  0.04896 Xg + 0.01124 Xl  + 0 .1 5 3 3 8 %

S u b s titu tin g  the value o f X3 (the  geometric mean ® 1 2 ,5 7 ) 

in  the above equations and solving fo r Xx and Xg we get the 
economic optimum lev e ls  of human labour and bullock  lab o u r,



Xi « 29 .68/ « 30 days o f human labour days per acre

Xg a 12,91/ » 13  days o f bullock labour per acre

The economic optimum le v e ls  o f human labour were 

determined fo r c e r ta in  se lec ted  e n te rp ris e s  and th e  r e s u l t s  

a re  summarised in  Table 28, S im ilarly  th e  economic optimum 

le v e ls  o f  bu llock  labour were a lso  determined for c e r ta in  

se lec ted  e n te rp rise s  ana th e  r e s u l ts  a re  summarised in  Table 29, 

Economic Optimum Levels o f Human Labour

Economic optimum lev e ls  were lower than  th e  geometric 

means o f human labour input in  farm business o f  Meerut d i s t r i c t  

ana crop e n te rp rise s  in  both the d i s t r i c t s  o f  West Bengal, 

M arginal an a ly s is  has already  shown th a t  fo r most o f  the  en te r­

p rise s  in  th ese  two s ta t e s ,  the  m arginal value products were 

lower than the p rev a ilin g  wage r a te s , Hence red u c tio n  in  

labour input would be necessary to bring  down to  the  le v e l o f  

economic optimum. The an a ly s is  has a lso  shown th a t  the m arginal 

value p ro d u c tiv itie s  o f human labour in  a l l  the e n te rp r is e s  o f 

Bombay and Madras were g rea te r than the p rev aila in g  wage ra te s . 

Hence in  a l l  such en te rp rise s  th e re  was scope for increasing  

the  input o f human labour and, th e re fo re , the economic optimum 

lev e ls  were higher than  the geom etric me«n le v e l o f p resen t 

u se .
In the farm business o f Hasik d i s t r i c t ,  8 labour days 

were used per a c re . Since the wage r a te  was lower than the 
marginal value product, increasing  the  human labour input upto 

2k  times o f the p resen t le v e l  would bring more p ro f i t  to  th e

94
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TaoDB 28

ECONOMIC OPTBtUli D Sm S OF HUMAN LABOUR FOB 
SELECTED ENTERPRISES

Equation 
No............ E n te ra rise

Geome­
t r i c
mean
(days)

Economic
optimum
(days)

Wage
ra te
(R s ./

....day)....

Marginal 
value 
product 
T(R s.)......

1 Farm B usiness, 
Naslk (D is t r ic t )  
Bombay 7.98 20.47 0.92 1.56

8 Farm B usiness, 
Meerut (D is t r ic t )  
U tta r Pradesh 59.80 34,67 1.25 1.17

17 Aman-paddy, Hoogly 
(D is t r ic t )  West 
Bengal 24.61 8.03 1.55 0,64

20 Ju te , Hoogly 
(D is t r ic t )  
West Bengal 109.36 77.00 1.55 1.28

21 J u te , 24-Parganas 
(D is t r ic t )  West
Bengal 119.00 19.10 2,44 0.88

26 P addy-irriga ted  
(Season I I )  
Salem (D is t r ic t )  
Madras 97,95 117,50 0.96 1,30

farm er, In the farm business o f  Meerut d i s t r i c t  the ex is tin g

input use le v e l o f human labour would have to  be halved in  order 

to  a t ta in  the economic optimum le v e l .  Reduction to  nearly  £rd 

o f the  ex is tin g  le v e l o f  use o f  human labour was needed to  a t ta in  

th e  economic optimum In case o f  aman paddy in  Hoogly d i s t r i c t  

o f  West Bengal. The wage r a te  was nearly  2}  times the  m arginal 

value product o f  human labour fo r Asian-paddy in  the Hoogly 

d i s t r i c t  o f  West Bengal. In ju te  c u lt iv a tio n  o f Hoogly d i s t r i c t  

in  West Bengal human labour inpu t would have reduced to  frd  o f
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ECONOMIC OPTIMUM LEVELS OF BULLOCK LABOUR FOB 
SELECTED ENTERPRISES

TABUS 29

Equation
No * E n terp rise

Geome­
t r i c  
mean 

...Mass..)...

Economic
optimum
(days)

■fefage
ra te
( a s , /

......day)....

Marginal 
value 
product 

.. (R s.). _
7

8

W heat-irrigated , 
Ahmednagar (D is tr ic t)  
Bombay

fhrm Business* Beerut 
(D is t r ic t ) ,  U tta r
Pradesh

53,46

17,98

78,71
24,24+

8,17

0.48
1.05+

6.10

0.62

4.95

16 Farm B usiness, 24- 
Parganas (D is tr ic t)
West Bengal 17,25 14.48 1,86 1,60

18 Aus-paddy, Hoogly 
( u i s t r ic t )  West 
Bengal 18.01 (29,41) 1,41 2.09

22 Farm Business, 
Coimbatore (D is tr ic t)  
Badras 15.76 43,33 0,56 0,71

+ Economic optimum lev e l ca lcu la ted  on the h as is  of cost 
of h ired  bullock labour per day,
Figures in  parenthesis are  the marginal value products 
estim ated from Quadratic Functions,

i t s  cu rren t lev e l to  bring i t  to  the optimum lev e l while in the

3ute c u ltiv a tio n  o f 24-Parganas d i s t r i c t  the  human labour input per

acre  has to  be cut to  1/S th  to  bring i t  down to  the economic optimum

le v e l.  In 24-Parganas d i s t r i c t ,  the marginal value product was

lower and the wage ra te  higher than in  Hoogly d i s t r i c t ,



Economic Optimum Levels o f Bullock Labour
In the farm business o f Meerut d i s t r i c t ,  U tta r Pradesh 

and 24-Parganas d i s t r i c t ,  West Bengal, the economic optimum 

lev e ls  were lower than the re sp ec tiv e  geometric mean o f bullock 

labour in p u t, The bullock labour input would have to be reduced 

to  hajfef in  the farm business o f  Meerut, U ttar Pradesh, to  a t ta in  

th e  economic optimum level* In the  farm business o f 24-Parganaa 

d i s t r i c t ,  West Bengal, th e  reduction  o f th ree  bullock labour 

days was needed to  a t ta in  the economic optimum le v e l.
In the farm business o f Coimbatore d i s t r i c t ,  Madras 

economic optimum lev e ls  o f bullock labour was higher than the 

geometric mean of bullock labour in p u t, le a r ly  treb lin g  the 

input lev e l was needed to  bring I t  up to  the  economic optimum 
lev e l in  the  farm business o f Coimbatore d i s t r i c t ,  Madras, In 
ir r ig a te d  wheat o f Ahmednagar d i s t r i c t ,  Bombay i f  the farmer were 

to  use h is  own bullock labour he could use s t i l l  more o f them 

to  a t ta in  economic optimum, The economic optimum lev e ls  o f 

bullock Labour use was lower fo r those farmers who h ired  the 

bullock labour because in  Ahmednagar d i s t r i c t ,  the hired bullock 

labour had tw ice the p rice  of th a t  o f farmers* own bullock labour.

9?



CHAPTER VIII 
CONCLUSIONS AND SUGGESTIONS

Before presenting conclusions from the find ings, i t  
appeal's necessary to discuss some o f the problems o f in te rp re ­
ta tio n  of the find ings, which c a l l  for the exercise o f  caution 
in  drawing strong inferences from these find ings.

In the course of the study, the o rig in a l number of 60 

equations became reduced to 11 for the f in a l  an a ly sis . This 

points to the problems of using farm lev e l data for the f i t t in g  
of production functions. The suspected cause for the large ra te  

of a t t r i t io n  among the functions included a t  the s t a r t  coula be: 
non-specification  of re levan t v ariab les , randomness o f the 
re la tio n sh ip  and lim ita tions o f the s t a t i s t i c a l  model when the 

assumedly independent variab les are in te r-c o rre la te d , This 
la t t e r  Has resu lted  in  the necessity  to  elim inate from the 
functions many variables which on a p r io r i grounds would be ex­
pected to  influence output. Some o f these problems of m ultl- 
co llin e a r lty  are  re flec ted  by the conclusions drawn from the 
co rre la tio n  analyses, presented belowj

Gross re tu rns per acre were found to  be highly eorre-g 
lated  with per acre inputs o f human and bullock labour, This 
could be expected to hold generally in  an ag ricu ltu re  as in  

India, where these two inputs represent a very large portion 
of inputs, when land is  excluded. Positive co rre la tio n  was 
also  found between per acre re tu rns and the inputs of f e r t i l i z e r s  
and manures and ir r ig a t io n , The co rre la tio n  between yield  per 
acre and size  of holding was found mostly to  be negative and low,

98



This finding also conforms with general expectations for econo­
mies of scale in agricu ltu ra l production in re la tio n  to gross 
re tu rns.

When the in teirelationsh ip  between assumedly indepen­
dent variables was examined, high in ter-co rre la tion  was noted 
between the inputs of human labour and bullock labour. This 
again is  in  lin e  with general findings and i t  frequently 
necessitated the dropping of one or the other from the equations 
retained for further analysis. The size of holding was found 
to  be negatively correlated with the levels of human and 
bullock labour use, and the correlation was low.

On the basis of the findings of the production function 
analysis, the hypothesis that marginal value products of human 
labour and bullock labour vary from region 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  d ifferen t regions, shown in 
Tables 10 and 12 lend support to th is  hypothesis.

Considering the*farm business as a whole,’the range 
of marginal valuepproducts of human labour extended from B s.ljlS  
in Ahmednagar d is t r ic t ,  Bombay to Bs, 4,37 in Punjab, This 
nearly four-fold difference in marginal value productivities 
may be due to the differences in so ils  and in  av a ilab ility  
irrig a tio n  f a c i l i t i e s j both of them being heavily in favour 
of the Punjab in comparison with Ahmednagar d is t r ic t ,  Bombay, 

There were also regional variations observed in 
marginal value product of human labour applied to the same crop.
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Thus the m arginal value product of human labour in  the

production o f paddy' in  Hoogly d is t r ic t*  Must Bengal was 

only Bs* 0*64, while i t  was Rs, 1,24 in  Coimbatore d i s t r i c t ,

Madras,

The m arginal value product varied  between crops and 

a lso  between ir r ig a te d  and n o n -irr ig a ted  s i tu a t io n s  fo r the 

same crops w ith in  the same region* For in s tan ce , in  Mhzaffarnagar 

d i s t r i c t  o f  U tta r  Pradesh, th e  m arginal value product o f human 

labour fo r sugarcane (p lan ted ) c*nd ir r ig a te d  wheat were Bs, 1,8? 

and Rs, 2*34 respectively*  The m arginal value product o f 

human labour varied  in  Ju te  and paddy production in  th e  Hoogly 

d i s t r i c t  o f West Bengal and th e  values were Rs, 0,64 and Rs, 1,28 

re sp e c tiv e ly .

The m arginal value products of bullock labour were a lso  

found to  vary between d if fe re n t  reg ions * As could b© seen 

from the Tables 11 and 12, fo r th e  ‘ farm business as a  whole, 1 

m arginal value products o f bu llock  labour varied  from Rs, -2 ,00  

in  the Punjab to  Rs, 4,95 in  Meerut d i s t r i c t ,  U tta r Pradesh,

The m arginal value procuet  of bu llock  labour varied

between crops w ith in  the reg ion  a ls o . In Muz&ffarnagar d i s t r i c t  

o f U tta r  Pradesh, the m arginal value product fo r bullock  labour 

in  sugarcane (p lanted) was Rs, 12,69 while i t  was only Rs, 3,40 

in  ir r ig a te d  wheat, In  Madras both the d i s t r i c t s  combined, 

th e  m arginal value product o f bullock  labour was Rs, 1,85 

in  i r r ig a te d  jowar, w hile i t  was only Rs, 0*38 in  i r r ig a te d  co tto n .

These crop-to -crop  d iffe ren ces  w ith in  the same a rea ,

between the m arginal value p ro d u c tiv ity  of both human and



bullock labour appear to be la rg e  and would suggest possi­

b i l i t i e s  for increased earnings toy sh if t in g  labour f£om m t 

en te rp rise  to  the o th e r . However, th e re  is  one important 

consideration  which lim its  these o p p o rtu n itie s , This i s  the 

seasonality  o f a g r ic u ltu ra l  production, which o ften  r e s u lts  

in  non-com petitive, but supplementary re la tio n sh ip s  between 

crop e n te rp rise s  with reference to  labotr f esp ec ia lly  i f  th is  

labour i s  fixed fo r the farm,

The hypothesis th a t  the marginal value products of 
human labour are  a ffec ted  by the inputs o f bullock labour, 

f e r t i l i z e r s  and manures and other fa c to rs , such as size  o f  

holding, percentage o f area i r r ig a te d ,  is  accepted on the 

b as is  o f the findings d e ta iled  in  Chapter VII subsection iv . 
Increase in  the bullock labour input a t  d iffe re n t 

lev e ls  of human labour was found to  increase the marginal value 

products o f human labour in  the * farm business as a  whole* in  

Meerut d i s t r i c t ,  U ttar Pradesh, and in  Coimbatore d i s t r i c t ,  

Madras, In ind iv idua l en te rp rise s  i t  re su lted  in  increase in  

sugarcane (p lanted) in  Muaaffarnagar d i s t r i c t ,  U ttar Pradesh 

and in  ir r ig a te d  cotton  in  Coimbatore d i s t r i c t ,  Madras. However, 

in  ir r ig a te d  wheat o f la s  Ik d i s t r i c t ,  Bombay and in  3ute o f 

24-Paragaaas d i s t r i c t ,  West Bengal, the marginal value products 

of human labour were found to  decrease w ith the increase in 

th e  inputs o f bullock labour, The decrease was sizeab le  and 

rap id  in  th e  former, while i t  was nominal and slow in  the 
la ttto r . Some caution may be used in  attach ing  weight to  the 
re la tio n sh ip  between Inputs o f human and ^bullock labour, because
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in  the  c o r re la tio n  an a ly s is  they have been found to  be highly  

co rre la ted  in  many of th e  cases and thus th e i r  combined e f fe c ts  

may make estim ation  o f independent m arginal value products 

d i f f i c u l t .  I t  i s  a lso  p o ss ib le , th a t  fu r th e r  increases o f 

th e  already  high bu llock  labour input (66 bu liock  labour days 

per acre) on ir r ig a te d  wheat in  la s ik  d i s t r i c t  f e l l  in to  the 

th ird  stage of the production function  w ith  negative re tu rn s  

to  th i s  fa c to r and thus depressed the y ie ld s .

In the an a ly s is  o f the  ’ farm business as a  whole1 o f 

Meerut D is t r i c t ,  U tta r Pradesh i t  was found th a t  the increase 

in  the  Inputs o f f e r t i l i s e r s  and manures increased the  mar­

g in a l value products o f human labour though the r i s e  was aloft 

and small (Table 2 5 ), The sm all increases in  labour p ro d u c ti­

v ity  w ith in crease  in  manures and f e r t i l i z e r s  may be a t tr ib u te d  

to the Tact th a t  lev e ls  of use fo r f e r t i l i z e r  and manures were 

very low, compared to  recommend-*tlons, even a t  double the geo­

m etric mean le v e l o f a c tu a l u se , Tne an a ly s is  o f the  ’farm 

business as a  whole1 o f  Ahmednagar d i s t r i c t ,  Bombay showed th a t  

th e  increase  in  th e  percentage o f a rea  i r r ig a te d ,  re su lte d  in  

an increase  in  m arginal value product o f human labour (Table 26 ), 

The hypothesis on the e f fe c t  o f  s iz e  of holding on 

th e  m arginal value product o f bullock labour could not be 

fu lly  te s te d  because the  number o f equations developed in  the 

process o f an a ly s is  were not s u f f ic ie n t ,  In  the an a ly sis  of 
‘ farm business as a  w hole,* o f 24-Parganas d i s t r i c t ,  Vest 

Bengal, i t  was found th a t  increase  in  the s iz e  o f holding
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depressed the marginal value product o f  bullock labour 

(Table 27), This re s u lt  was contrad ictory  to  expecta tions,

The hypothesis th a t  marginal value product o f human 

labour decreased w ith the increase in  the inputs o f human labour 

was found to  be tru e  in  a  number o f cases except in  ir r ig a te d  

wheat o f la s ik  d i s t r i c t ,  Bombay and ir r ig a te d  co tton  o f Salem 

d i s t r i c t ,  Madras*
The la s t  hypothesis th a t  marginal value product a t  

geometric mean lev e l is  d if fe re n t from the p revailing  u n it 

p rices of inputs and, th e re fo re , is  d if fe re n t  from the economic 

optimum lev e ls  o f human labour and bullock labour, is  accepted. 

In Meerut d i s t r i c t  o f U ttar Pradesh and in  West Bengal, in  

most o f  the cases, the marginal value product o f human labour 

was lower than the wage r a te ,  The economic optimum lev e ls  of 

human labour and bullock labour were th e re fo re  lower than the 

geometric mean o f input le v e ls , Such an apparent d isequilibrium  

may be explained by considering th e  marginal value product 

only o f  those farmers who do employ wage labour. Because 

usually  these  farms are la rg e r , one could expect th a t the 

marginal value product o f human labour on them would be higher 

than on small farms thus th is  higher marginal value product 
could be equal to  the going wage ra te  in  the a rea , Also the 
marginal value product i s  an average for a l l  the operations 

on the farm or on the crop, while wage-labour is  usually  
employed only a t  peak seasons, in  which operations, one could
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expect marginal productiv ity  to  be higher than fo r a l l  labour 

used. These two hypotheses may a lso  help to  explain why in  

ce r ta in  Indiv idual crops wage ra te s  d if fe r  s ig n ific an tly  

from marginal value product fo r the same crops•

In Madras, however, the wage ra te s  (1954-55) were 

lower than the marginal value products ofhhuman labour a t  i t s  

geometric mean. The economic optimum lev e l o f  human labour 

was higher than the human labour Incut a t  i t s  geometric mean. 

The findings in  th is  study a re  not conclusive enough 

to  lend support to the hypothesis suggested by Hopper th a t  the 

marginal value product o f  human labour is  approximately equal 

to  the ru lin g  wage r a te ,  This theory holds good in  the farm 

business o f Meerut and Ahmednagar d i s t r i c t s ;  but not in  the 

crop en te rp rise s  o f West Bengal and Madras. In most of the 

ind iv idua l crop en te rp rises  the marginal value products consi­

derably d iffe red  from the p revailing  wage r a te s ,

In a l l  the en te rp rise s  the marginal value products of 

human labour were found to  be p o sitiv e  a t  the geometric mean 
lev e l o f in p u t, The marginal value products o f human labour 

became negative , only a f te r  the human labour input increased 

to  a  lev e l more than twice i t s  geometric mean. The re s u lts  

obtained in th is  study support the hypothesis th a t  marginal 

value product of human labour in  densely populated low income 

countries i s  s t i l l  o o s itiv e , as propounded by Mellor and 
Jorgenson, The findings o f the study a lso  support the 
conclusion o f Hanumantha Hao th a t  marginal p roductiv ity  o f 
human labour i s  p o sitiv e  and a ifcslflean t in  th is  country,
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The d iffe ren ce  In the m arginal value product o f human 

labour between crops w ith in  the reg ion  couBd be exp lo ited  by 

the fa rm ers, fo r instance in  Nasik d i s t r i c t ,  jsombay farmers 

could s h i f t  labour from u n irrig a te d  to  ir r ig a te d  wheat and 

thereby increase  th e i r  incomes, ^similarly in  Coimbatore 

d i s t r i c t ,  Madras, s h if t in g  labour from ir r ig a te d  co tton  to 

i r r ig a te d  paddy (Season I I )  and In Salem d i s t r i c t ,  Maaras 

from ir r ig a te d  paddy to  i r r ig a te d  co tton  were found to  be 

paying ad justm ents.

For policy  making a t  the n a tio n a l le v e l ,  the d iffe ren ce  

in  m arginal value products can be made u se . For in s tan ce , 

s h if t in g  labour from a g r ic u l tu r a l  sec to r would r e s u l t  in  

le s s e r  lo ss  in  West Bengal than Bombay or Madras, because 

m arginal value product o f human labour was la rg e r in  Bombay 

and Madras than in  West Bengal,
Since the marginal value products of human labour a t  

geometric mean were p o s it iv e , the farmers can employ family 

labour so long as i t  does not r e s u l t  in  negative product and 

a lso  i f  th e  farm family labour does no t have a l te rn a t iv e  

o p p o rtu n itie s  fo r ou tside  Jobs,
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APPENDIX I

FIRST TRIAL EQUATIONf OF REGRESSION ANALYSIS 
(QUADRATIC FUNCTIONS)

EQUATION I  Farm Business -  Naalk D is tr ic t .  Bombay

Y *  0.26594 + 1,01478 X% + 0,66550 Xg -  0.00992 Xg -

(1,30414) (1 .23004) (0.30857)
2 2* *

0,25404 X4* *  + 0.08290 X̂  *  + 0.06728 Xg -

(0,16344) (0.01626) (0 .03763)

0.00009 x| -  0.15522 XjXg * -  0,00914 Xx Xg +

(0,00323) (0 ,04923) (0 .03949)

0.01691 XgXg

(0,03619)

N «* 61 R2 * 0,91161 P.C.V, « 91,16 C ,£,£, ® 41511.731

___________________ B-S»S- *  37842,384______________

Output par acre in  rupees.
Human labour days per acre,
Bullock labour days per acre.
Size of holding in acre^.
Value of manures and f e r t i l iz e r s  per acre in  rupees.
Percentage of area under ir r ig a tio n .
Number of holdings in the sample.
C oefficient of m ultiple determination.
Percentage v aria tion  explained by the independent 

variables Included in the function.
Corrected sum of squares.
Regression sum of squares.

* S ignificant a t  5 per cent level
** S ignificant a t  10 per cent level

Notes The above notations w ill be followed throughout unless 
otherwise specified*
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%  * 
Xg « 

X3 -

X4 a
x6 -
N « 
R2 » 

P.C.V.

C .S .S . ®

R,S,S, «*
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EOUATIOH 2 Earm Business -  Ahmed nagar ( P is t r ie t ) .Bombay 

Y * *4*23545 + 1*76542 %% ** + 0*04297 3% +
(0*98726) (0*78944)

0*46966 Xg $  4 0*02342 Xg + 0.04840 xf ** + 

(0.41446) (0*08031) (0,02676)
0.07622 Xg ** -  0*00388 x | -  0*13634 XjXg ** +

(0,03806) (0,04406) (0.07062)
0,01183 XjX3 * 0*02567 Xg Xg 

(0.03530) (0.02802)
S * 77 R2 -  0.69798 P,C,7. * 69*80 C .S .8 .  « 26439,311 H ,S .S .»  18454,071

EQUATION 3 Jowar-unirrleated -  Ahmed nagar (D is tr ic t )  Bombay

Y * -0,87060 + 3.06400 Xx * * 1,57972 Xg @ +
(1,26506) (1.50752)

0*01472 Xg -  0.00607 xf + 0,00695 X§ -  
(0.72675) (0.03933) (0.10913)
0,00234 Xg -  0*01059 Xx Xg + 0,00877 X* Xg + 

(0.00713) (0,14102) (0,02092)
0,01818 Xg X3 

(0,03794)
If «* 55 R8 * 0*73010 P ,C .? , «* 73,01 C .S .S , « 35502,873 R,S*S » 25920,820

@ t-m lu e  i s  greater than unity
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EQUATION 4 

Y

N = 50 R2 *

EQUATION 5 

Y «

-19,29356 + 7,10046 Xi * -  4,18456 Xg ** -  
(3.10274) (2,35252)

1.57223 X3 * 0,04432 i f  @ -  0.01088 x | + 
(2,77621) (0.03745) (0.01104)

** 0,05846 Xi + 0,5084 Xx Xg@- 0.10188 Xx X3 ** + 

(0.03883) (0.03690) (0.05809)
0,11430 Xg X3 **

(0,05170)
0,58527 P.C.Y. « 58.53 C.S.S, «= 281201.310

B.fi.S, * 016458QP40.

W heat-unlrrlgated -  Nasik (D ig tr le t )  Bombay

8,81736 + 4,44912 -  2,71647 Xg ** -
<1,863391 (1.83550)

0,31771 XS -  0.03233 X̂  + 0.02448 x | -
(1.63367) (0.04077) (0,05320)

20.01736 X3 + 0.01124 Xg -  0.13480 Xx Xg ** + 
(0,02211) (0,09660) (0.06994)
0.15338 Xg X3 **

( 0,08849 )
0.97632 P.C.Y, « 97,63 C,8 .5 . -  318755,060 

R.S.5. * 311206,190 

@ t-v a lu e  I s  g reater  than u n ity

Jowar-Arrlgated -  Ahaed aaear ( D i s t r ic t )  Bombay
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EQUATION 6

H * 32 R2

SQUAT ID If ? 

Y •

® « 3 s n2

-50.17271 -  1 .10708 Xx + 3 .93515 Xg <© +

C3 .62068) (2*06042)
2  2 

2 .33717  Xg -  0 .4 7 4 7  \  @ -  0 .0 3622  Xg * -

(4 , 28604) (0 . 03194) (0 . 01687)
2

0 ,0 1828  Xg * 0 .07491  Xx Xg ** -I- 0 .02046  \  Xg -  

(0 , 03283) (0 , 04047) (0 . 08764)

0 ,03351  Xg X3 

(0 ,0 6 0 4 4 )

0 ,53552 P .C .V , *  5 3 ,5 6  C .S .S *  *  231152.350

R .S .e ,  « 123786,680

W heat-irr lea ted  -  Ahmed naaar ( D is t r ic t )  Bombay

- 7 ,97195  -  3 ,74327 * 4 .17782  Xg +

(6,58593) (4.22894)
5.86423 X3 #  4- 0,05340 xf -  0.00504 Xg -

( 5 . 58429) (0 .07380) (0 . 01950)
2

0 ,0 6 2 7 0  Xg * 0 ,03583  Xx Xq *  0 ,02572  Xx Xg @ -  

(0 ,06551) ( 0 , 06860) (0 , 13680)

0,04992  Xg X3 

(0 ,0 7 7 4 7 )

019466 P .C .Y . « 19 ,47  C .S .S . -  195704,460

R .S .S , -  38096,561

10©

W heat*irrigated -  ® a s ik (D is tr ic t ) .  Bombay,

@ t -r a lu e  i s  greater than u n ity
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Y

EQUATION E

I  * 100 R2

EQUATION ©

Y *

2
I  a 96 B

-104,20189 *t* 214562 X% * 8,6093? Xg @ +
C2.33422) (6,00095)

3,55663 Xg 4* 4,34508 X4^ 4* 0.4163? Xg +
(9,57512) (1,65879) (0,62166)

2 2 2 
0,00661 X̂  4- 0,0022? Xg - 0,17554 Xg -

(0,01276) (0.12440) (0,25762)
0,07760 Yt  Xg#f- 0,0886 3^ Xg §  -  0.0718 Xg Xg

(0,06316) (0.12449) (0.34110)
4 0,44454 P.C.V, * 45*45 C.S.S, « 1481912,700

R.8.S . « 649878,060

Farm Business -  Mugaffarnagar (D is tric t)  U.P.

11,06445 4- 0,47349 4- 13,07280 Xg -
(7,82240) (20,22915)

5,24119 Xg 4 4,21011 X4 4- 1,34546 Xg (© -  
(17,1516?) (5,15739) (0.99046)
0.01936 \  •  0,02976 xf ♦ 0,05080 x | -  

(0,08342) (0,33271) (0,14389)
0,00536 Xl  Xg * 0,17133 Xx Xg -  0,38185 Xg ZQ #  

(0,38763) (0,33066) (1,39074)
0,11128 P.C.V, * 11.13 C.S.S. -  7204617,000

R.S.S, « 801748.270 
#  t-value Is greater feiiaa unit£

frartn B u s in e s s  -  M eerut ( D is t r ic t ) * ,  U .P .



F/WATIOfl

Y

N * 87

F.QTTATIOW

Y

N = 78

IQ Sugarcane (planted) -  Meerut (D ig trle t) . I?.P.

143.86956 -  0,23843 X1  4 5,61602 X 4 

(2 .28551) (7 .78566)

204378 X3 4 2.30626 X4 * + 0.02617 * 4

(18.06294) (0 ,68817) (0 .01077)

0,03714 x | + 0,31467 X§ -  0,05892 X1 Xg #  -  

(0 .08865) (0 .55866) (0 .05860)

0.03325 X1  X3 -  0.36406 Xg Xg 

(0 ,16524) (0 .52416)

2
B * 0.62937 P.C.V, = 62,94

C.S.S. * 6013160.000 B.S.S, ~ 3784474,200

11 Sugar cone (planted) -  Muzaffarnaaar, (D is tr ic t) .P .P .

« 58.11675 4 5,98651 -  0,67689 Xg -

(2,64117) (16,01461)

2.74660 X3 4 2,28742 X4  ** -  0.00687 X̂  @

(12.04753) (1.18915) (0 ,00423)
2 2 

0.19616 Xg 4 0,098455 Xg #  -  0*05358 Xj Xg ~

(0,39853) (0,09430) (0 .09701)

0.07199 Xx X3 4 0,26603 Xg Xg

(0,10458) (0 .60105)

R2 « 0,40915 P,C.V. » 40,92

C.S.S, « 3796378.000

R.C.S, * 1553000.120

@ t-value Is greater than unity
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EQUATION 12 Sugarcane (r a to o n )  -  M eerut ( D i s t r i c t ) .  U .P .

2
N = 91 E

EQUATION 13 

T «

2
I  a 85 R

411*70718 -  2*67689 % -  5*12405 Xg -  
(4,99294) (9.50546)

29,53081 Xg 4- 0,77986 X4  * 0*00690XX -
(15.39499) (0.95313) (0,02911)

2 2 
0,23973 Xg @ 4 0*00523 X3 4 0*23350 Xx Xg ** 4

(0,20609) (0,13715) (0.13446)
0.23090 Xx X3 @ -  0,26501 XgXg @

(0,22668) (0,51321)

a 0,13662 P.C*V. » 13,66 C.S.S, « 2681950.000
R.S.S, a 366399,840

puprercflne (ratoon) -  Muzaffarnagar. (District)«U.P.,

168.74984 4 4.08011 X̂  ** 4 3,79035 Xg -
(2,53738) (11,36913)

0.46872 Xg * 4 0.60929 X4 -  0.02236 x |  ** * 0,00626
(8,65653) (0,85052) (0,012300) (0,22082)

20,03027 Xg 4 0,11309 X̂  Xg @ 4 0.08133 XjXg -  
(0.10696) (0.09899) (0.11587)
0.72461 Xg Xg 

(0.51206)
1 o 0.41019 P.C.V. a 41,02 C.S.S. = 3358521.000

E.S.S. = 1377625,600

#  t-value Is greater than unity



XX3

EQUATION 14 

Y *

I  * S3 E2

EQUATION 15 

Y

U a 75

Wheatsirrjgated -  Muaaffarnagar (M strict) . .U.P.,

•70,14285 + 6,90253 Xx #  4 8,786X2 %  #  +
(4.17216) (8,12709)

7.04676 X3 • 0,04072 if 4 0.00893X§* -  0,07860 X§ - 
(8,39238) (0,05678) (0,05081) (0.16449)
0,12856 X1 Xg #  + 0,03799 Xx %  -  0,17970 XgXg 

(0.12713) (0,13526) (0.28001)

* 0.27152 P.C.V. «* 27,15 C.S.S. * 401656.800
R.S.S. » 109030,640

Farm Business • Hoogly (D istrict), West Bengal

2351.28800 + 0.01621 I t  -  2.01313 Xg -
(2,28951) (5,69066)

2278*57600 %  * -  1,98438 -  0,00130 Xx -
(240.44690) (5.54052) (0,00150)
0,01721 + 13.80758 x | * * 0,00945 %t  Xg & -

(0.01011) (3,78688) (0.00778|
0,03410 4 1,66707 Xg Xg @

(0.43353) (1.36213)
I2 « 0,30051 P.C.V. « 30,05 C.S.8.*  148258930.000

R.S.S.« 43651483,000

# t»value is greater than unity
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EQUATION 16 Farm B usiness -  84 P areanas .(M etrto t) ..,  West, B engal

Y * 872.19790 4 2.83160 \  -  2.2996? Xg @ -
(0.91116) (1,52851)

2
351.04318 X3 @ 4 0.08384 X4 -  0.00074 Xx ** -
(234.58366) (6.86919) (0.00042)

2 2 0.00250 Xg @ t  31.32721 Xg * 4 0.00240 X̂ Xg @ 4 -
(0,00186) (14,11482) (0.00166)
0,54450 Xx Xg ** 4 0,66151 Xg Xg #
(0.33915) (0,53329)

H «* @8 K2 a 0.37820 P.C,?, « 37.82 C .S .S , « 125354830,000
R.S.S, « 47408707,000

EQUATION 17 Affian-Pafldy -  Hooelv ( D is t r ic t ) .  West Bengal

Y * 21,88400 4 0.23011 X1 4 0,52354 Xg 4

(0,30117) (0,73230)
7*69346 Xg 4 0,00013 X® -  0,00036 x| -
(21.07442) (0.00022) (0,00163)

2
0,12757 X3 -  0.00088 3  ̂ Xg -  0,015226 Xx Xg 4 

(0,36428) (0.00108) (0.03670)
0,00845 Xg Xg 

(0.12870)

H * 69 R2  «  0.16333 P .C .7 . » 16.33 C .S .S , « 631870.700
R.S.S. a 103200.820

#  t-v a lu e  is  greater than unity
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EQUATION 18

Y «*

u * ib n2

■mrnATiow m  

t

I  « 19 BS *

47.37352 •  0.03003 ^ 4 ?  0.71262 Xg + 
(0 .19930) (0 .86386)

2
18,38112 Xg + 1,67041 X^** + 0 ,00033 Xx @ ♦

<26 £>929) (0,74353) (0.00021)
0.00302 x |  * -  0 ,84611 X§ -  0,00234 %  Xg ** -

(0,00106) (1 .00893) (0,00126)

0.01467 Xx X3 -  0,06307 Xg Xg 

(0,02784) (0.04785)
' 0 ,87964 F,C ,Y , * 87 ,96  C .S .S , « 42965.340

B.S.S* 37785,056

Aug«>?acidy * 24 Pareanas ( P l a t e l e t ) ,  .West ...Bernal

•37,63915 •  0,29526 4 2,64653 Xg * +

(0,30941) (1,05918)
2

7.42940 Xg •  7,10770 X4 * + 0.00065 X j#-

(38,97047) (3 .72344) (0,00042)
2 2 

0.00338 Xg * 1.64262 Xg -  0*00197 X^ Xg *

(0.00410) (2 .56525) (0 .00255)

0&U46 J % Xg •  0.16894 Xg Xg#

(0 .02713) (0 ,12267)

0.78863 P.C.Y. ■ 78*86 C.S.S, * 46910.160

1 ,3 .3 ,  * 36994,974

Atas-Pa<3<3y -  Hoogly ( D i s t r i c t ) ,  V est Bengal

#  t«  value i s  greater than unity



X

EQUATION SO

N » 46 R

EQUATION 21

X

N = 40 R2

335,84103 4 0,11768 -  1*27943 Xg @ -

(0,18150) (0,97609)
2

67.51587 X3** -  2.15224 X4 @ -  0*00013 X̂  @ 4

(28.12213) (1.34146) (0,00008)
2 §

0.00184 Xg -  0,51837 Xg 4 0.00074 Xx Xg @ 4

(0.00255) (0,59686) (0,00058)

0,08755 Xj Xg * 4 0,16123 XgX^

(0.02982) (0.14000)

W *61933 P.C.V, a 61,93 C.S.S, * 1299470.700

R.S.S. « 804797,690

Jut© -  24 Paretan&a (D istrict)*  West Bengal

128.26760 4  0.26253 Xx ** m 0*75279 Xg  @ 4 

(0,14206) (0,57430)
2

87*53274 Xg ** -  1.2O085X|* -  0.00012 Xl  4

(44,73977) (0*65312) (0.00007)
2 2 

0,00002 % -  4,87805 Xg @ 4 0.00081 X̂  Xg #  -

(0 *00093) (4.33390) (0,00067)

0,00471 X% Xg 6  -  0.10846 Xg Xg @

(0,03556) (0,08816)

« 0,48022 P.C.V, a 48,02 C.S.S, a 675106.700
R .S .S .  a  324 1 9 6 .5 5 0

116

J u t e -  Hoogly ( D i s t r i c t ) .  West. Bengal

@ t-valu© is  greater than unity
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1 «  47*18049 -  1*03508 @ * 4*36700 Xg * -

(0 .8 7 7 9 6 ) (0 .9 7 9 6 3 )

5*02965 X3  **5* * 1 .44200  X4  * -  0 ,0 3 3 4 3  Xg +

(2 .5 6 3 8 9 ) (0 ,4 8 3 4 5 ) (0 .3 2 3 0 8 )
g  g

0*00766 x | ** -  0.03758 Xg * + 0*03748 Xg @ »

(0,00377) (0*01136) (0.03520)

0 .0 0 3 0 5  \ % 2  *  0*09707  Xg + 4  0*04237 Xg Xg @ 

(0 ,0 1 0 3 4 ) (0*04789) (0 .0 2 7 4 9 )

JT a 97 H2  ~ 0*67410 P .C .V , «  6 7 ,4 1  C .S .S* « 1134923.600

B .8 . 8 .  «  765039.680

FotJATIOl 23 Farm B u s in e ss  -  Salem ( D i s t r i c t )  * Madras

Y a 173,44288 * 2 ,2 9 8 6 9  \  #  -  2*42484 Xg @ -

(2 .0 1 6 3 0 ) (1 .5 3 8 4 5 )

41 ,5 3 4 1 3  Xg * * 2 .2 0 5 1 7  X4  * -  0 ,01967  X2  @ -

(1 5 ,9 9 2 4 5 ) (1 ,0 0 0 7 7 ) (0 .0 1 2 1 7 )
g g

0 .0 0 5 9 4  Xg + 1 ,03716  Xg * * 0 ,0 2 4 8 5  %x  Xg @ + 

(0 .0 1 2 5 8 ) (0 ,4 4 2 4 6 ) (0*02181)

0 ,2 1 2 5 1  XX Xg *1* 0 ,1 9 5 4 8  Xg Xg #

(0 .2 2 6 7 9 ) (0 ,1 6 4 7 5 )

I  a  94  R2  « 0 ,3 0 0 6 3  P.C .V , a 3 0 ,0 6  C .S .S . a  9657143.200

R .S .S , a 768749.990  

i® t -v a lu e  i s  g rea ter  than u n ity

BOUATIOH 22 Farm B u s in e ss  -  Coimbatore ( D i s t r i c t ) ,  .Madras
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EQUATION 24

Y »

N e 42 H

EQUATION 25 

Y  «

H * 21 B‘

Paddy-irrigated ( Season I) -  Salem & Coimbatore. (D istricts),
Madras

11.66368 + 2.43173 Xx @ -  0,20767 Xg +

(2,13622) (2.34904)
2

5,06172 X3 * 2,37797 X * -  0.00085 ^  +
(19,42194) (0,54622) (0.00369)
0,00081 x | 4- 0,15161 X§ -  0.00310 \  Xg -  

(0,00250) (0,39516) (0,00421)
0*19039 Xx X3 4- 0*13985 Xg X3 

(0,20305) (0,22968)
2
, « 0.66446 P.C.V, » 66.45 C .S.S. » 7957675.000

B.S.S, w 5287580,000

Faddy-lrrAgatec! ( Season II) -  Coimbatore ( D i s t r i c t )  Madras

348,08772 -  3,03623 ** + 2,85442 Xg ** -
(1,73114) (1,38896)

10.99020 X3 4- 3,45723 X4 ** 4* 0,00385 3^ ♦ +

(20,60321) (1,64681) (0,00061)
0.00175 x |  ** + 0.12269 3^ -  0,00509 X̂  Xg * + 

(0.00088) (0,37909) (0.00113)

0.10546 Xx Xg -  0,08488 Xg Xg 

(0,12673) (0,09483)
>

4 P.C.V. = 99,18 C .S .S , *38946378.000

R .2.S, * 38627755.000 

#  t-va lu ©  i© g rea te r  than u n ity



EQUATION 26 P addy-irrigated  (Season  XI)., Salem . X M s tr l o t ).. Madras.

119

Y 88 548.28610 * 10.38800 Xi @ -  10.53122 Xg ** -

(6 .8 6 0 5 2 ) (5 .55662)
2

63.35700 X3  + 0 .74159  X4  -  0 .02180  Xx + 

(75 .72039) (1 .0 0 4 3 8 ) (0*02502)

0 .01158  Xg * 1 .82839 x |  ♦ 0 .00966  X1  X ^* -  

(0 .0 2 1 9 1 ) (4}03511) (0*04644)

0,46172 Xi Xg + 0,58818 Xg X 
(0.95522) (0,73730)

U »  28 E2  « 0 ,8821  P .O .? , 8 8 ,2 6  C .S .S , * 4799520700

R .S .S  a  4236109.800

EQUATION 27 jT o u a r - ir r lga ted  -  Coimbatore (P is te  l o t ) . .  Madras

Y « 213.10509 -  8 ,32834 X @ + 4 ,33053  Xg -

(3 .2 7 6 0 7 ) (4.56415)
4 ,16082  Xa  -  0 ,00015  x |  -  0 .03634  Xg +

(14 ,94870) (Q01S46) (Q05346)
0.03836 x | + 0 ,03430  Xg 4- 0 ,07691  Xx Xg -  

(0 ,1 9 1 0 8 ) (0 ,0 6 6 2 4 ) (0 ,2 5 3 4 1 )

0 ,12932  XgXg 

(0 ,28102)

If a 29 R2 a 0 ,58481  P.C.V *» 58.48 C .S .S , » 1767663,700
R .S .S . a  1033747,100 

#  t -y a lu e  i s  greater  than u n ity
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EQUATION 28

Y *

N * 28

EQUATION 29 

Y «

I  a 36 R8 ®

J<war* Irrigated (Season IXX -  Salem (District)
Madrgui

183*84122 -  2,41101 \  ♦ 3*24855 Xg -  
(4,04641) (3,66913)

27,26336 % -  1,17393 X4 @ •  0,02265 X2 -  
(38,64581) (1.20864) (0,03539)
0,02253 x | * 0,96404 X§ * 0,04965 Xx % + 

(0,03106) (2.08406) (0.06367)
1,25383 X1 X3 ** -  1,39204 Xg Xg **

(0,53225) (0,79202)
t2 « 0.96761 9,0,? * 96*?© C,S.S, « 6384187,000

8 ,3 .8 , * 6177407.000

Cotton*irrigated •  Coimbatore (District) .Madras

*86,28813 f  3,12800 \  ** + 1,54960 Xg * 
(1,81816) (2,24345)

6,83971 Xg #  * 0,00666 §  4 0,00938 X§ -
(6,83914) (0,00578) (0,01465)
0,05269 * 0.00342 X̂  Xg + 0.10771 X̂  Xg *

(0.07801) (0.01731) (0,15610)
0,37704 Xg Xg **

(0,18935)
0,98544 P,C,f, » 98,54 C.S.8,  » 32967790,000

8.S.S. ** 32487915.000

#  t»value Is greater than unity



1 2 1

EQUATION 30 Cot ton-irrigated -  Salem (D is tr ic t) , Madras

Y = -56.11287 + 5.46053 Xx ** -  6.78548 Xg * +
(1.56711) (2,03071)

36,78534 X3 @ -  0,00372 X̂  * 0,02738 Xg * -  

(33,07178) (0,00346) (0.00495)

2,28388 X3 @ -  0.01205 Xĵ  Xg * -  0.01621 Xx X3 + 

(1.87914) (0.00327) (0.22545)

0.11410 Xg X3 

(0.20835)

N -  21 R2 = 0,97210 P.C.V, * 97. 21 C .S.S, = 2 354409.000

R.S.S. = 3445226.000

@ t~ value i s  g reater than unity

Note; Figures in  parenthesis ind idate  the Standard Error 
Of the C o effic ien t above.



APPENDIX I I

FIRST TRIAL EQUATIONS OP REGRESSION ANALYSIS 
( COBB -  DOUGLAS TYPE FUNCTIONS )

EQUATION 1 Farm Business -  Nasik (D is tr ic t) ,  Bombay

0*30695® 0,65877* -0,016
X1 Xg Xg
(0 ,24363) (0 .23797) (0 .10293) (0 ,03459)

0.30695® 0.65877* -0 ,01635 0,01251
Y « 1,63113 X* Xg X3 X4

N a 61 R2 *  0.77569 C .S .S , *  12,20553 R .S .S , « 1,63113

FnUATION 2 Farm Business -  Ahmed^nagar (D is tr ic t) .  Bombay

T = 2 .09899 X?*84398* X- ° - ° 5303 X° - ° 9 1 W  X° - ° 3634*

(0 ,20155) (0 ,13352) (0 ,08040) (0 .01807)

N « 77 R2 «  0.51827 C .S .S . » 7 ,67432 R .S .S . » 2.09898

EnUATDN 3 Jowar-unirrieated -  AlHaedHaaaar (D is t r ic t ) .  Bombay

1.27907* -0.27728® 0.11222®
Y » 1,08965 XX Xg X3

(0 ,19607) (0 .21434) (0 .09006)

N « 55 R2 » 0.59897 C .S .S , « 6.66015 R .S .S . » 1,08965

EQUATION 4 Jow ar-Irrigated -  Ahmed^nagar (D is tr ic t) .  Bombay
1,51031* -0 ,35226** 0 .15400**

Y “ 0 .69654 %i Xg Xg

(0 ,24384) (0 .17661) (0 ,08924)

W *  50 R2 »  0,55181 C .S .S , ** 7.63151 R .S .S . *  4.21116

Note; Notations used in  the quadratic functions w ill  be followed 
fo r Cobb Douglas Type of Functions a lso .
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EQUATION 5

Y *
Y *

If « 31 

EQUATION 6

Y *

N » 32 

EOU1TION 7

Y »

N = 35 

EQUATION 8

Y «

N a 100 

EQUATION 9

Y ®

N « 96

Wheat-unlrrleafed - Naslk (M strlc t)  , Bomlbag

0.03250 1.14080* -0.08105 
1.05548 X* Xg X3

(0.30235) (0.39187) (0,14059)
R2 * 0.59621 C .S .S , a 4,88195 R.S.S.* 2.91068

Wheat-ir r leated - Naslk (D istrict). Bombay

1.25828* -0 ,58054@ 0.019142
5.23812 Xi Xg X3

(0,32981) (0.31813)(0.Q9008)
R2 « 0.48773 C.S.S* » 8.00655 0.97865

Wheat-Irrigated - Ahmed naaar (District). Bombay

0.31555 0.19104 0.22151
7.29698 Xg X3

(0.31769)(0.24194) (0,12657)
2

R a 0,25396 C . 8 .3 ,  » 2,58745 H .S .S . a 0.65711

Farm Business -  Meerut (District), U.F.

0.31296* 0,38203* 0,02124 0,03398** -0.0269?
21,54063 X* Xg X3 X4 Xg

* (0,07941)(0.09436) (0.06816) (0.01728) (0.03993)
R2 a 0.40155 C.S.S. « 3,93252 U.S.*?, a 1.57911

Farm Business -  Muzaffarnaear (D istrict), U.P.

0.15739@ 0.35745* -0.05830 0.01953 0,05520*
43*31439XX Xg X3 X4 Xg

(0.14327) (0.14747) (0.06117) (0.02084) (0.03509)
R2 a 0 .25923 C .S .S . * 4 ,80788 R .S .S , * 01.24633



0*74498* -0*041198 -0,02693 0*03520#
Y ~ 14,69893Xi Xg X3 X4

(0 .17326) (0 ,13068) (0*14928) (0*02232)

N * 87 RS ■* 0*21190 C.S*S,» 9,88935 R,S.S. * 2,08500

EQUATION 12 fu g a ro an e -ra to o n  -  Meerut ( D i s t r i c t ) . U~P.

0,15332# 0.15691* -0 ,02755 0,02351Y * 189*0039X1 Xg X| X|
(0 ,13147) (0 .05510) (0*10364) (0 ,01464)

Mf a 91 B2 « 0,13878 C.S.S, « 5,03244 R,S*S, *  0.69838

EQUATION M  S uearcan e-ra to o n  -  Mu g a ffa r  nagar ( D i s t r i c t )  * i l .P ^

1,05335* -0 ,03063  0,19444# 0,04043#
Y * 3,35687X^ Xg X3 X4

(0 ,28445) (0 ,28704) (0 .17173) (0 ,03374)

H *  88 RS  « 0,25459 C„S,S «  25,01176 R ,S , S ,  «  6,86772
*

EQUATION ^  W h ea t- ir r ig a ted  -  M uaaffarnaear ( D i s t r i c t ) .  g .p ^

t -  s i.re o se ^ 343084 ^ 317S4* x ° "
(0 ,16063) (0 ,15198) (0 ,08071)

I  a S3 R2 »  0*46642 C, S.S , » 2,66136 B.3.S. « 1,24131

EQUATION^ Farm B u sin ess  -  Hoogly ( D i s t r i c t ) ,  West B engal,

-0.31415 0*03750 -1,17907* 0.06166#Y * 2888*41060XX Xg Xg
(0 ,38547)(0 .3566) (0 ,12647) (0,03889)

H * 75 R8sss* 0.57448 C .P .S , * 36,49994 R .S .S , ** 20*96861
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EQUATION 13 Faria Business » 24 Par ganas (D is tr ic t ) . West Bengal, 

^  «^ .«s0*00t9e  0*11854 -01*26803* 0*0130?*  « sso.eBosexi Xg x3 x|
(0*16473)(0*12052) (0.07848) (0,02207)

N a 98 R8 « 0*76288 C*S*S* « 37*78476 R.S*S* « 29*58096

m m n m J Z  Aiaan-PacSdy -  Hoogly (DlatgjU&l.* Wg>gt Bengal*

X a !5.99B69ti38179* H ^ 874 i
(0,14209) (0*04773) (0*05909)

N a 69 I# « 0,11260 C,S*S* « 3.13116 R.S.S, « 0*35256

x « n7.4992i§i04048 i i11213* s3*l6m i f 3848
(0*17592) (0*04680) (0*11811) (0.03181)

N = IB R2« 0*35523 C.S.S. * 0*43083 R.S.S. a 0*15304

EQUATION 3& Ai»8-Paaa» -  24 Paresmag (D is tr ic t ) . West Bengal.

0*37340© -0.05279 -0.01772 -0*02599
r  e 15,22826X1 % . Xq %

0 (0.28243)(0.36195) (0,13890) (0,03806)
N a 19 R2 a 0*21030 e*S*F a 0*59325 R*S.S* » 0*12476

20EQUATION 10 «?ate -  Hoogly (D is tr ic t ) ,  Nest Bengal-

0,46699* 0*16817© 0*18484* -  0.02573©
X « S*1U^X3L Xg Xg %

(0*15917) (0*14251) (0.06733) (0.02320)

N a 46 R2 a 0.35177 C .S .S . a 2.92642 R.S.S^ « 01.302943

EL'

L oi ^
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FOITATlONsi Jute -  24 Parganas ( D i s t r i c t ) ,  West B engal)

0,49592* -0.04775 0.09489# -0.03007®
Y » 13,87264X^ Xg XQ X4

(0.12632)(0.09141) (0.05820) (0.01607)
H * 40 R2 » 0.35903 C.S.S. * 1.05218 R.S.S. « 0.37776

EQUATION 11 Sugarcane-planted -  Muzaffarnaear ( D i s t r i c t ) .  U .P .

0.31114* 0.40858* -0.05407 -0.00593
Y  * 41.65798X^ ^  Xg X4

(0.11950) (0.14610) (0.08612) (0,01789)
u a 78 rS * 0.25292 C.S.S. « 5,33482 R.F.fi. a 1.34926

EQUATION 22 Farm B usiness - Coimbatore ( D i s t r i c t ) .  Madras

0.68154* 0.22957** -0.00456 -0.04893# 0.01430
Y -  3.334903^ Xg Xg X4 Xg

(0.14980) (0.13983) (0.10056) (0.03501) (0.02736)
N « 97 E2 a 0.55277 C .S .S . « 22.19436 R .S .S  « 12.26845

EQUATION 23 Farm B u sin ess -  Salem ( D i s t r i c t ) .  Madras

01.00582* -0.05146 -0.03867 0*04740
Y * l.M 3S2Xx Xg X3 X4

(0.19829) (0.14203) (0,13866) (0.05959)
N * 94 fi2 « 0*39909 C.S.S, a 26,41405 R .S .S , « 10.54152

EQUATION 24 Faddy-irrigated  (Season I )  -  Salem &■ Coimbatore (D is t r ic t s )
Madras

0.43981* 0,00213 -0,03372 0.27715*
Y « 12,86158X^ Xg X3 X4

(0,17628)(0^14950) (0.11417) (0,11750)
N a 42 R2 » 0,56863 C.S.S. = 6.75181 R .S .S , a 3.83925
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EQUATION 25 Paddy-irrigated  (Season I I ) . Coimbatore D is t r ic t ) .  Madras
0,99821* -0.36312** -0.18465# 0,00550

Y *  21.S7096X-L Xg Xg X4

( 0 .2 6 m )  (0.19917) (0.14718) (0.03377)

u  a 21 R2 * 0.79393 C.S.S. * 3.61740 R.S.S « 2.87197

EQUATION 26 Faddy-irrigated (Season II) -  Salem (D is tr ic t) . Madras

0.53899® -0.04095# -0.85251# 0.01958
Y * 42.55602X1 X2 X3 X4

(0 .41185)(0.36964) (0.26082) (0.07172)

N * 28 R2 * 0.53371 C.C.S. « 03.90261 R.8.F. 2,08285

Ê UÂ ION 27 Jowar-irrigated (Season II)  -  Coimbatore (D is tr ic t) . Madras
0,14294 0 .U 1S 0 -0.29121**

Y « 92.79090% % XQ
(0.32333) (0,29939) (0.18762)

N * 29 R2 * 0,22368 C.S.e . * 4,54819 R.S.S, « 1,01751

EQUATION 28 Jowar-Irrigated (Season IX) -  Salem ( d is t r ic t ) . Madras
0,76518* 0.13230 0.15363 -0,05486#

Y -  2.36844X! Xg X3 X4

(0.28495) (0.21460) (0,32262) (0.04238)

N * 28 R8 « 0.60600 C.S.S. « 6.58419 R.S.S, * 3.98989

EQUATION 29 C otton-irrigated -  Coimbatore (D is tr ic t) , Madras

0.44623* 0.38807** -0.06538
Y » 7,03791X2 Xg %

(0.23220) (0.20651) (0.12259)

N « 36 R2 « 0,80316 C.S.S. » 12,14606 R.S.S. a 9.75527



equation 30 C otton -irriga ted  -  Salem ( D is t r ic t ) .  .Madras.

0,67950* -0,03532 -0.50367**
t  * 23,92982X1 X2 X3

(0 .19604)(0 .08741) (0.24373)

N S 21 RS e  0,60455 C .S .S , « 4,40086 R .S .S . *= 2.66055
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APPENDIX I I I

SECOND TRIAL B c m tlO lf  OF EEGUEFFION ANALYSIS 

( QUADRATIC FUNCTIONS )

EQUATION 3 Jow ar-unlrrlgated -  Ahmed nagar (D is tr ic t )*  Bombay

Y « 2,17976 + 1,56469 Xj,* -  0,37965 Xg -
(0,70101) (0.51874)

0.00105 X8 + 0,00314 i f  + 0.02339 XL Xg @ 
(0.00737) (0,00572) (0,01463)

N » 55 R8 » 0,70702 C.S.S. * 35502.873 R.S.S. * 25101.400

EQUATION4 » Jow ar-irricated  -  Ahmed nagar ( D i s t r i c t ) .  Bombay

Y « -41,84712 + 2.79184XJ + 1.55085 Xg -
(1.77000) (2,33777)

0.00201 xf + 0*00933 Xg -  0,01394 Xx Xg
(0.01352) (0.02592) (0.03960)

2
N a  50 R a 0.51322 C .S .S , «  281201.310 R.S.S. «  144319.400

©
EQUATION6 W heat-Irrigated -  Nasik ( D i s t r i c t ) .  Uombay

32

« -40.52479 + 2.46802 Xg + 2.25449 Xg -
(1,62960) (3.89621)

0.00506 .  0.01869 x | -  0.01061 Xg Xg
(0.00527) (0.03255) (0.02560)

RS « 0.37613 C .S .S . « 231152.350 R .S .S , a 86942.670

129
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Y

W « 

TOATXOB

Y

I  *

BQUAT10B

Y

BOUATJOff

110,69343 + 6*00976 \  * * 0*42601 Xg -

(1*27793) (9*29925)

0,00807 x f ** + 0,11311 -  0.07481 X̂  Xg*

(0.00432) (0*9446) (0.09687)

78 #  » 0.33253 C .S .S , * 3796378.000 B.8.S„« 1262424.500

13  Sugarcane-ratooa -  Muzaffarnagar (D is tr ic t ) ,  tL.P»

* 139,36695 + 6,18176 X  ̂ * -  1*68419 Xg -

(2,11112) (8.31388)

0,01434 x f @ * 0.04334 x |  * 0,03068 X̂  Xg
(0.00988) (0.10340) (0.08984)

85 I2 « 0,87532 C .S .S , ® 3358521,000 R.6*6* ® 1260512,100

-X4 irr igated  » Muaaffaraagar. (D is tr ic t )*. O.P*

» **4.78794 * 9,60315 X̂  * * 3,50993 Xg -

(S.QS863) (6,67633)

0.08737 x |  * -  0,00833 -  0.08057 \  Xg

(0.03314) (0.15147) (0,09325)

253 R * 0,22976 C .S.S, « 401506.900 B.B.F. « 92256,871

Pugagsaae- planted -  Muzaffamagar (D is tr ic t) . U»P„
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EQUATION 1ft

Y

W * 98

EQUATlOFl 9

Y

I  « 19

EQUATION gQ

Y

¥. ~ 4©

Farm B u s in e s s  -  24 Ps&eatn&s (P lgtg lQ tl«»eaV fcsm gal

1109,98830 + 1*00621 X1 @ - 438*79320 X3*- 
(0*62365) (218f76716)

0 .0 0015  x f * 35*87730 3§* « 0 .22024  5^ Xg

(0 ,0 0 0 0 9 ) (13*64492) (0 ,26832)

2
R * 0 .3 3 7 6 2  C .S .S . « 125354830,000

B .S .S . *  42323496,000

Auff-mMv *> 24 P a raan aa  ( D i s t r i c t ) .  Weqt B engal -

-  123,16540 * 2*73224 \ *  + 15,094^5 Xg* -

(1 ,2 1 9 3 4 ) (3 5 ,3 3 2 2 7 )

0 ,0 0 5 6 9  l |  * * 2 ,5 2567  #  -  0 ,2 3 1 9 6  Xg@

(0*00250) (2*46338) (0 ,1 4 0 1 2 ) *

B2 *  0 ,4 5 2 8 1  C*8,S* « 46910,160

R .S .S ,  a  21241 ,206  ^ ^

Jot©  * Hoogly ( D i s t r i c t ) *  iv es t B o o aal

*  304 ,49267  * 0 .055478  Jx -  4 6 ,70486  Xg +

(0 ,1 9 6 9 8 ) (3 1 ,3 3 7 0 5 ) 1 ^

0,00002 x |  + 0 .0 2042  x |  4* 0 ,08168  X1  XQ * 

(0 .00005) (0.42603) (0*03144)

R2 0 ,4 0 1 9 7  C.S.S. « 1289470,700 1

R .S .S ,  a  522344,120

\

\, I/
i
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Y » 109*21598 * 0*22824 Xx @ 4- 38.59263 % «

<0*13181) (43.66973)

0 ,00008  X§ @ -  4 ,34477  X§ @ « 0 .005533 Xg 

(0 ,00002) (3 ,97164 ) (0 .03270

W « 40 B2 ~ 0 .29357  C .S .S , «  676106.700

R .S .S . « 198192,440

EQUATION ?? Faria B u s in e s s  -  C oim batore ( D i s t r i c t ) .  M adras,

Y « 18,98311 4 4 ,97160  Xg + l f20498 Xg -

(0 ,80587 ) (2 ,18727 )

0 ,02576 xjjj •  ♦ 0 ,01682 x f  4- 0*00341 Xg X3

(0 ,0 0 6 7 1 ) (0 ,04117) (0 ,01379 )

1  a  97 RS a  0 ,41392  C .S .S , » 1134922*600

R .S .S , «  469772,130

ECUATION sa Farm B u s in e s s  -  Salem (D is tr ic t) , Mairag

Y » 183,29856 4 0 .49963  Xx * -  04.04634 Xg* -
(1 ,41934 ) (15 ,24974)

2 8 
0 ,0 0 2 4 7  X j + 0 .9 3 7 8 0  Xg * + 0 .4 3 6 8 8  Xx Xg *

(0 ,00494 ) (0 ,42668 ) (0 ,19720)

N a  94 RS «  0 ,23117  C .S .S , a  2557143,200

EQUATION cn J u te  -  24 Par ganas ( D i s t r i c t ) .  U egt B en g a l

B .S .S . a 591 1 3 0 ,6 5 0



Y

If « 42

B̂ OATIOB oA 

%

* B * 28

EQUATION 27

Y

PPtRTX01

If * 29 R2

* 52,97178 + 3,12053 Xj* *  1,79067 Xg -

(0 ,42433) (23 ,74572)

0 .00208 Xx 4 0,16932 x |  -  0 ,09117 Xx Xg

(0 ,00218) (0 .46741) (0 ,10348)

R2 -  0 .39908 C .S.S. * 7957675,000

R.S.S, « 3175778,000

Paddy-irrigated (Season 113 -  Salem (D istrict). Madras

« 380.36521 4* 0 ,89257 -  82.93820 Xg -

C 2.04067) (1 1 8 .3 4 7 3 7 )V.
2  J S  \0,00040 tx * 3.54488 x |  4- 0 ,24641 \  @

(0 .00170) (6 ,32244) (0 ,23799) ^

2 ' n a  0 ,65745 C .S .S , a  4799520,700 \

R.S.S, »  2675500.800

Jewer-trrieated -  Coimbatare (D istrict), Madras

213,10509 -  3.32334 Xt §  4* 4 .33953 Xg -

(3 ,27507) (4 .56414)

4.16082 Xg -  0 ,00015 X® -  0 .03634 x |  4*

(14 .94870) (0 ,01546) (0 ,05346)
2

0*03838 Xg 4* 0,03430 Xg ♦ 0 ,07691 Xx Xg •  

(0 .19108) (0 .06624) (0 ,253^ 1)

0,12932 Xg Xs  \

(0 .28102)

a  0.58481 C .S.S, a 1767663,700 R.S.S, * 1033747.100

133
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y

N * 28 

EQUATION gg

y

N ~ 36 

EQUATION ̂

y

i  » s i

EQUATION 2 8

207,51707 -  1.06102 Xg -  30.74810 Xg +

(1.30617) (43.67168)
2 2 

0,00618 Xg * * 1,46321 Xg + 0,31491 Xg XQ@

(0.00127) (2.37384) (0 ,27036)

R8 «  0 .94492  C ,S ,£ ,  » 6384187.000

R .S .S , « 6032523.900

C o tto n -I r r ig a te d  -  Coimbatore ( D i s t r i c t ) .  Madras

*» 16,96154 ♦ 2,46488 * 4 0,62841 Xg +

(0 ,61145) (7,54216)
2 2 

0.00024 Xx -  0.00159 Xg -  0.02568 XJ> Xg

(0,00027) (0 ,10892) (0,03060)

R8 » 0,96537 C .S .r , a 32967790,000

R .S .S . ® 31826148.000

C o tto n - ir r ig a te d  -  Salem ( D i s t r i c t ) n Madras

» 763,57180 -  0.63909 X- 125.73452 X* @ +
1 A

(3 .32605) (123,35847)

0 ,00251  x f  + 05 .23901  ^  + 0 ,03704  Xx Xg 

(0.00769) (7,31380) (0,43076)

R2 « 0 .27776  C .S .S . * 354409.000

R .S .S . « 984421.380

J o w a r -Ir r ig a te d  (S e a so n  IX) -  Salem  ( D is t r ic t ) .  Madras

\
\
\



APPENDIX I?

EQUATION I

Y

N « 61

EQUATION 2

i *

N -  77

EQUATION 3

Y

N = 55 

EQUATION 4 

X

1  « SO
\

EQUATION S

Y

\

N *  31

SECOND TRIAL EQUATIONS OF REGRESSION ANALYSIS 
C COBB -  DOUCLAT TYPE FUNCTIONS )

, 0.31511# 0.68272*
* I .47384 % i Xg

CO.22419) (0.22287)

H2 « 0.77510 C .S .S . » 12.20558 R .S.S, * 9.46111

F aria  Business -  Ahaed n a a a r  (D is tr ic t)  Bombay

0.69593* 0.03896*
* 3*35178 Xj_ Xg

(0.02208) (0*00396)

B2 * 0*50941 C .S .S , * 7,67432 R .S.S, « 8,90947

Jow ar-unirrlgated * Ahaed nasar (D is tr ic t)  Boaba?

« 6Bno,  1,09957* 0,09659#* 0,88984 Xg
(0.13800) (0.08982)

R2 » 0,58581 C .S.S . ® 6,66015 R .S.S . « 3,90160

Jowar-ir r ig a te d  -  Aimed nagar (D is tr ic t)  Bombay

1.15428* 9,18823*
« 0.67858 Xx X3

(0,16497) (0.09000)
2H * 0,51522 C .S .S , « 7,63151 R.S.S, » 3.93191

Wlwat-imtorlgated * la s ik  (D ls t r ia t ),,. Boabag

0,80858* -0,00459
« 3.38120 %i X3

CO.16410) (0.15S46)

R2 ® 0,46947 C .S .S , « 4,88195 B .S.S , * 2,29195
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Y

I  * 38 

EQUATION 7

Y

H = 35

EQUATION B

Y

H » 100

EQUATION 10

Y

N * 78 

EQUATION 16

Y

W «  98

EQUATION 6

-0,58918* 1,85787*
« 5,73150 Xi Xg

(0,05846) (0.06111)

Wheat-Ir r ig a te d  -  N a s lk  ( D i s t r i c t )  Bombay

2
1 * 0,48890 C.S.S, * 2,00655 R.S.S, « 0.97698

W h e a t- ir r ia a te d  -  Ahmed naaar ( d i s t r i c t )  Bombay

0 ,3 9 1 0 6 *  0,19866@
* 1 1 .6 5 7 6 3  Xg X3

(0 .1 3 4 0 8 )  (0 ,1 2 4 4 4 )

*2 ® 0 ,2 3 0 2 3  C .S .S , *  2 ,5 8 7 4 5  1 , 5 , 8 , *  0 ,5 9 5 6 7

Farm B u s in e s s  -  M eerut ( D i s t r i c t )  U .P .
0 .3 1 1 8 6 *  0 .3 9 0 5 9 *  0 .0 1 8 7 6  0 .0 3 4 8 1 *

« 1 8 ,8 0 3 5 1  %i Xg X3 X4

(0 ,0 7 9 1 6 )  (0 ,0 9 3 2 4 )  (0 .0 6 7 8 6 )  (0 .0 1 7 1 9 )

a2  = 0 ,3 9 8 6 5  c . r . >. «  3 .9 3 2 8 2  E .S .S .  -  1 .8 6 7 6 9

Sugarcane^ p lan ted  -  Muzafffar naaar ( D i s t r i c t )  U ,P .

0 .3 0 8 2 9 *  0 ,4 0 4 9 6 *  -0 .0 6 0 1 9
» 4 2 ,9 4 5 2 6  Xx Xg Xg

(0 ,1 1 8 4 7 )  (0 .1 4 4 8 1 )  (0 ,0 8 3 6 2 )

R® *  0 .2 5 1 7 9  C .5 ,3 ,  *  5 .3 3 4 8 2  R .S .S . = 1,3432©

Farm B u s in e s s  -  24  .Par.ganas ( D i s t r i c t )  W. Bengal

0*13583* -*1,25290*
«  2 1 9 ,0 3 5 0 0  Xg X3

(0 .0 2 5 4 0 )  (0 ,0 2 1 2 1 )

R2 * 0 .7 8 1 9 4  C .S .S .  *  37.7847©  R .S .S ,  *  2 8 .6 8 3 8 0



EQUATION 17 Aaaa-paddy -  H oog ly  (D is tr ic t)  W est B e n g a l

Y

N * 69 

EQUATION 80

Y

R a 40

EQUATION 21

Y

R « 4 0  

J

R a 40

Y

1  = 40 

EQUATION 22

Y

R « 97

0,36391* 0.05380» 15.47126 Xi Xg

(0,13851) (0,05877)
B2 a 0,10730 C .S.S. = 3,13116 R.S.S, « 0.33597

JUta -  Hoogly (N is tr ic t)  waet Bengal

0,46580* 0,20184© 0.15622*
a 44,41521 \  Xg Xg

(0 ,15960) (0 .13961) (0 .06235)

I8 « 0,33236 C.S.S, « 2,92642 l .S .S ,  « 0.97262

-  24 Parganas (D is tr ic t)  West Bengal

0,41148* -0,02457*
« 22.09900 Xx Xg

(0 .01728) (0 ,01077)

I2  * 0 .29465 C .S.S. « 1.05218 R.S.S. * 0,31003

0,40628* 0,05126*
« 15.66750 Xx Xg

(0 .02540) (0 .02121)

I2 » 0 ,28940 C .S.S , « 1,05218 R .S.S, * 0.30450

0,13049* 0.01226©
® 15.87610 Xg X3

(0 .01476) (0 ,01031)

R2 « 0.05781 C.S.S. * 1.05218 R .S.C , * 0,06083

Farm Business -  Coimbatore (D is tr ic t)  Madras

0.66187* 0,19148
« 3.82359 Xi Xg

(Q04408) (0 ,04027)

P8 «  0,54243 C.S.S, « 22.19436 R.S.S, « 12,03891



BOITATIGH 23 Farm Business -  Salem (D is tr ic t) .  Madras

Y
0*98221* 

» 1.73196 %x
0.03376

x3
(0.14500) (0.05146)

If ® 94 R * 0.39757 <r.S.S. * 26.41405 R.S.S. « 10.50136

R"tJATlOX 24 Paddy-irrigated -  Salem and Coimbatore (D is tr ic ts )  
Madras

Y
0.67173* 

» 7.45685 Xx
0. 1201K§>

%
(0,10598) (0 ,8668)

N « 42 R2 ** 0.51681 C .S.S. « 6.75181 R.S.S. * 3.48937

EOUAT3DN 25 Paddv-irrleated (Season I I I )  -  Coimbatore (D is tr ic t)
Madras

-0.178449
%Y

0.55634* 
* 38.07612 Xx

(0.03847) (0.15364)

Iff * 21 I 2 = 0.74461 C .S.S. ** 3,61740 R.S.S,= 2.69357

BnUATIOH 26 Paddy-irrigated (Season I I )  - Salem (D is tr ic t)  Madras

Y
0.51133* * 42.2ti500 X1

-0,35249*
Xo

(0.03288) (0.06652)

lJ « 28 R2 <* 0,53159 C .S.S . * J1.90261 R.S.S. * 2.07458

EOUATIOM 2? Jtowar-irrigated (Season I I I )  -  Salem.( d i s t r i c t )
Madras

Y
0.73581* * 4.31285 X£*

0.08863
a

(0,26980) (0,21089)

R « 28 R2 * 0.57411 C.S.S. =» 6.58419 R.S.S. « 3.78003



Y

N * 36 

EQUATION 29

Y

N « 21

EQUATION 28 Cotton-irrigated - Coimbatore (District). Madras

0.44883* 0.39233*« 5.91939 Xg
(0.06446) (0,05720)

R2 ® 0.79258 C.S.S. * 12.14606 R.S.S. ® 9.62673

Cotton-irrigated - Salem (District). Madras

1.13340* -0.35300*
* 2,28396 %x X3

(0.01705) (0.00790)

R8 ® 0.88065 C.S.S. * 4,40086 R.S.S, * 3.87570
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