
C H A P T E R  IX 



gRODUCTION FUNCTION ANALYSIS 

With a viev t o  detexmine the simultaneous re la t ionsh ip  

betveen t o t a l  farm return from crop and m i l k  production (canbined 

as wel l  am reparate ly)  and various input var iab le r ,  production 

Eunctim m d y e i e  uau conducted. b l y  the  Cobb-Douglau type of 

production function vhlch gave the  b e r t  f l t v a s  used i n  the  prerent 

enalysir on the  basis  of reasons dircussed l a t t e r .  

I. Cambined farm buriners (crop + milk production),as a vholer 

The general form of the production W c t i o n  equation f o r  

crop + milk production, as a vhole, var I 

Where 8 

Y r Total  value of grosr farm return from c m p  + ) A l l  in 
live-mtock during the  year,  ) rupees per 

1 = Expenditure on human labour  i n  crop production] 

2 n Expenditure on bullock labour i n  crop 
production, 

3 a Zxpendituw on seed, 

x4 = Expenditure on mmuree and E e r t i l i z e r r ,  

i 
5 = Expenditure on i r r i g a t i o n ,  

=7 = Expenditure on fodder, 

I 
x6 = Expenditure on human labour i n  milk production) 

) 

x8 = Rpendi ture  on concentrates, 
) 
1 - 

a r Conrtsplt, j 
b,, b2 ..... b8 are regrereion coef f ic ien t  of t h e  

- 
rerpect ive  variables.  - 



11. Crop production only, as a whole 2 

( a )  For crop production on sample farms taken as a whole, the  

function equation took the  form I 

Y 

Where, 

Y = 

1 
= 

2 = 

3 
= 

" 4 = 

5 a 

a s 

b l*  b2 

The t o t a l  gross value of  farm crop output, ) 
Expenditure on human labour i n  crop 
production, 1 ) A l l  expressed In  

Expenditure on bullock labour, 1 
t e m s  o f  rupees 

Expenditure on seed, p e r  hectare. 
Expenditure on mmures and f e r t i l i z e r s  , 
Zxpenditure on i r r i g a t i o n ,  
Constant 

i I 
... b regression coef f ic ien t  of respect ive  B v a r l a  lea .  

(b )  Production flmotion for  Important Individual crops I 

The important individual  amps  dea l t  In the  present studJ 

were maize, paddy ( l o c a l  and HYV) ,  wheat ( l o c a l  and HYV) and 

sugarcane. The production functions were f i t t e d  on t h e  suue l i n e s  

as  In the  case of crop production, as  a whole, a d  the funct ional  

fonn and var iables ,  taken i n t o  account remained unchanged. 

(c  ) Milk production, as a whole I 

In aase of milk production, a8 a vhole, t he  f'unctiond. 

equation form wae I 

Y = Total  gross income from m i l k ,  ) A l l  expressed In terms 
= Expenditure on human labour, ) of  rupees per hectare. 



=2 r R p m d i t u r e  on fodder, 

= 3 = Expmditure on concentrates.  
a = Constant,  

b and b a re  regrsrs ion c o e f f i ~ i e n t  of respec t ive  bl* 2 3 
variable.. 

The production funct ion equations vere  f i t t e d ,  uming 1e-t 

square method of regression f o r  vhich d a t a  vere procemed v i t h  t h e  

help  o f  E leo tmnic  Cornputor I.B.M. 1620 avai lable  a t  the  I n 8 t i t u t e  

of Agricul tura l  Rerearch S t a t i s t i c s ,  Nev D e U .  I n  choosing 

independent variable. f o r  inclus ion i n  the  func t iona l  equation, i n  

thore  came. vhere t v o  independmt var iab les  vere highly corre la ted  

only one of them was re ta lned v i t h  a viev t o  el iminate t h e  e f f e c t  

o f  multy-colinearity. Standard error. o f  t h e  regreasion coefficionl  

were examined and only those  variable9 vhorre coef ic ien t  value v m  

higher than i t s  rtandard e r ro r ,  vere choosen f o r  the  second and 

subsequent m a .  Three types  of production function equations, 

namely, Idnear, puadratic and Cob&-Douglas vere t r i e d .  The Cobb- 

Douglm type o f  production m c t i o n  vae f i n a l l y  preferred because 

of t h e  higher It2 value. generaUy obtained In this type of 

func t iona l  equation. The o the r  tvo  forms of Eunc t iond  equations, 

1.6. Linear and puadratia,  vere eliminated from the finding.. Most 

of t h e  Agricul tura l  Economists generally accept the Cobb-hugla8 

type of production function, partly because of the  bes t  f i t  it 

p o v i d e s  and a l so  becauae of t h e  c m p u t a t i o n d  ease v i t h  t h i e  f o m  

of a l g e b r a 2  equation and a l so  t h e  add i t iona l  information regarding 

re tu rns  t o  scale ,  vhich i t  provides. 

Coeff ic ient  o f  mul t ip le  determination 1 

An examination of  6 f o r  production function equation O f  

f a m  business, as  a v h d e  (crop +milk production combined) , ind ica te  



Table M-1 t E l a s t i c i t y  of production, coef f ic ien t  of multlple detehination and irtmns f o  
acale on sanple f a w a  in Jaunw d i s t r i c t  durlnn 1971-h. 

1 m m  e B u l l a k  ' I t E l m a  ' 1 I t 

1 labour ' labour ' ' labour I t t 
,Concen- , R2 :lrdaa- ,I. mi lk  ,Fodder itrates , Interceptlin crop *in crop ' Geed ' and ,Returns 

In log *productA1produc- l f e r t i U - l  tpmduc- 1 I t o  
ion  t i o n  I zers  t i o n  1 1 

scale 

C ~ D  + m l l k  t i on  cmbinedr 

0.728Ob 0.268 - 0+1& 0.5559 0 . 3  0.1 433 - rlo 0.41 6; 0.690s Increasing 
(0.0728) (0.0509) (0.1 238) (0.1265) (0.0 1 ) (0.1 d6) 

Crop productidn,as a vholer 

0.6007 0.22@ - 0.6248 0.438t 0.64% - - - 0.90n ~ n c r e a s i n g  
(0.07r2) (0.1 806) (0.0973) (0.1396) 

Milh production,as a vholer 

** Significant  a t  1.0 per cent level. Significant  a t  5.0 per cent level .  
Figures in brackets  shov the  standard e r rors  of respect ive  values. 



t h a t  va r i a t i on  i n  expenditure on hman labour in crop production, 

seed, m a r e .  and f e r t i l i z e r r ,  i r r i g a t i o n ,  human labaur  in m i l k  

pmduCtion and concentrater  accounted f o r  69.057 per  cent  

v a r i a b i l i t y  i n  t he  l o g a r i t h i m  o f  groas farm Income from crop + 

m i l k  production, a8 a vhole. As  regards crop production only, as a 

whole, variation. In expenditure on human labaur,  reed, manures 

and f e r t i l i z e r s  and i r r i g a t i o n  accounted f o r  90.77 per cen t  of 

t h e  v a r i a b i l i t y  i n  grore incosle f r o m  crop. on sanple farmr. In 

regard t o  mi lk  production, as a vhole only, var ia t ions  In expendituz 

on human labour,  fodder and concentrater  accounted for98.78 p e r  

cen t  of t h e  va r i a t i on  i n  the  farm Income f r o m  m i l k  production on 

sanple fanor.. 

E l a r t i c i t y  of production r 

Table M-1, depic ts  t h e  e l a r t i - i t y  of production d o n g  

v i t h  t e a t  of s ignif icance and rtandard e r ror r .  The e l a r t i c i t i a r  

of production f o r  a l l  t h e  input  fac tor8  appearing i n  the production 

function equations a m  por i t i ve  and highly r i gn i f i can t .  In regard 

t o  farm business,  a s  a whole (crop + m i l k  production taken together :  

t h e  highest s i gn i f i can t  coe f f i c i en t s  are found t o  be manure8 and 

f e r t i l i z e r 8  followed by i m i g a t i o n ,  concentrates and huuan labaur  

i n  milk pmduction. In care  of crop production only, pos i t i ve  and 

r i g n i f i c a n t  coef f i c i e n t r  i n  descending order  of valuer  vere  thore  

r e l a t i n g  t o  i r r i g a t i o n ,  seed, manurea and f e r t i l i z e r .  and human 

labour. As  regard t o  m i l k  production only, p o s i t i w  and r ignif icani  

coeff ic ients  vere concqntrater  , fodder and human labour. 

Returns to  s aa l e  I 

Incrsar ing re tu rnr  t o  s ca l e  vere noticed i n  ca re  of fm  

business,  as a vhole (crop + milk production combined) a8 v e l l  as 



f o r  crop production alone. In aare  of milk production, constant  

return8 t o  m a l e  were indicated. 

Marginal value products t 

Table IX-2, show8 the  marginal value pmductr of d i f fe ren t  

input factor8 appearing in the production function equation f i t t e d .  

The marginal value products of  input f ac to r r  were ertimatec 

~t t h e i r  geametric mean l e v e l s  by taking p a r t i a l  derivatives of 

re turns  with rerpect  to the input corn-d. 

1 b2 3 b4 bn b 

Y = a X I  .......... 2 X3 ' 4 'n 

The p a r t i a l  der ivat iver  of return (Y )  with rerpact t o  the input 
bl -1 

t 
b2 'n ....... 

d y m ,  
2 n 

1 

The marginal value pmduct of x, was then obtained by 

subs t i tu t ing  the  corresponding geometric values of xl . xp .... 
i n  the  above equation. 

3 
The marginal value products of manures and f e r t i l i z e r s  

and I r r iga t ion  were substant ia l ly  high followed by seed in care  

of  C ~ F  production, Indicating thereby the  poss ib i l i ty  of ra is ing 

incane by more Intensive use of these input factorr .  In care of 

milk production, the  m a r s h a l  value pmduc t iv i t i e r  of concentrater 

and fodder vere su f f i c i en t ly  high. It ehows the desirability of 

more intensive feeding of concentrater and fodder t o  milch animdr 

t o  have higher returns. & canparison of marginal value products 

of input f ac to r s  with t h e i r  acquis i t ion cos ts ,  indichked t h a t  the 

marginal value products of manures and f e r t i l i z e r e ,  i r r i g a t i o n  and 

seed vere significantly higher than t h e i r  acquis i t ion cos ts ,  in C a r  



Table E-2: =arisen of marginal V a l u e  products of input  resource8 v i t h  the* input co8t8 

on sewle farms in Jaunpur d i s t r i c t  during 1973 - 74. 

Human r 1 I 1 * I Ewnm 
labour  in Bullock ' 

r -d 
' labour in :Fodder : ~ r r i g a t i o n  , cemcen- 

crop labour 'fertilizers 
t 1 1 

' trster 
~ m d ~ c t i o n  ' ~ roduc t ion  I 

Crop + m i l k  production combined. 

Crop production only 

3 -88 5.8 4.321 - 
(1 .Ol) (1 -61 ) (1 .18) 

** Signif icant  a t  1.0 per cent  level .  * Signif icant  a t  5.0 per cent  l eve l .  

Boter Fectar zost f o r  a l l  the input i s  Rs .  1.07 fo r  He. 1.00 investment. 
Figurer In parentheses denote standard error8  of respect ive  marginal value products. 



of crop production. In regard 

value products of concentrater  

thm t h e i r  acquis i t ion  corta.  

l n d i v i d u d  crop e n t e r p r i s e s  r 

t o  m i l k  production, t h e  marginal 

and fodder were significantly higher  

s i m i l a r  production function ana lys i s  was carr ied  out 

important crop en t e rp r i s e r ,  i.e. maize, pad@ ( l o c a l  and high 

with 

y i e ld ing ) ,  wheat ( l o c a l  and h igh  y i e ld ing )  and sugarcane. The 

d e t d l s  of ruch ma lya i s  a re  presented in t a b l e  M-3. 

(;oefficient of mul t ip le  detennlnat lon ( I l 2 ) r  

2 The R values,  i n  general,  were very high i n  p r a c t i c a l l y  

:dl t h e  crops. I n  ca re  of maize 95.66 per  cen t  var ia t ion  i n  the 

output values was due t o  human labour,  manure. and f e r t i l l z e r a  

and i r r i ga t ion .  As regard paddy l o c a l ,  89.05 per cent  va r i a t i on  

In t h e  output vas due t o  human l a b m  , seed and manurea and 

f e r t i l i z e r s .  I n  case of paddy high yla lding,  human labour,  seed 

and manures and f e r t i l i z e r s  and i r r i q a t i o n  accounted f o r  92.79 

per cent  var ia t ion  i n  t h e  output. Mrmnn labour,  seed and manurea 

and f e r t i l i z e r s  accounted f o r  83.67 per  cen t  var ia t ion  i n  the  output 

of wheat loca l .  A r  t o  high y ie ld ing  var ie ty  of wheat, t h e  input  

fac tors ,  namely, human labour,  seed, manures and f e r t i l l z e r r  and 

i r r i g a t i o n  explained 85.26 p e r  cent  va r i a t i on  i n  t h e  output value 

of t h i s  crop. Bs regard t o  sugarcane, human labour,  manuma and 

f e r t i l l z e r a  and i r r i g a t i o n  accounted f o r  96.57 per  c a t  v a r i a t i o n  

i n  t h e  value of t o t a l  output. 

Elasticity of production t 

The e l a s t i c i t i e s  o f  production f o r  a l l  the  input  f a c t o r s  

in case  of all the  crops were pos i t ive  and s ign i f ican t .  Ths higher1 

elasticity of production war observed in case  of manures and 



Table M-3r E l a s t i - i t y  of production and eoef f ic len t  of multiple detew i na t ion  f o r  inpor tant  

crop equations on sample f m s  ir. Jaunpur d i s t r i c t  during 1973-74. 

8 I I I *Kanures & f n t  of I 
,InterCopt I E u l h c k  Gost r f e d i u -  t I r r iga t ion tmul t ip le  , ~ e t r u n s  t o  

Crop in Lag labour labour I aeed zers  I ldetemina- ' sc a l e  
t I I I I t t i o n  R ~ '  

t 

P d d y  5.226 0.6828 - 
local (0.351 2 )  

Wheat 0.63338 
local  

meat 0.11807 
HW 

0.8367 h c r e a a i n g  

0.8526 Increluing 

0.9657 Increasing 

*t* Signlf lcant  at 1f.0 pQr cent level .  ** Signif icant  at  5.0 p e r  cent l e v e l  

* Signi f ican t  at 10.0. per cent  level .  
Figures in brackets shov standard errors .  



f e r t i l l z e r r  f o r  mgarcane while the lowest e lamtic i ty  of production 

was noticed f o r  hman labour  in paddy high yielding.  The production 

e l a r t i c i t i e s  f o r  human labour varied from 0.1067 i n  paddy high 

y i e ld ing  t o  0.6826 i n  came of paddy local .  The e l a n t i c i t y  of 

production for seed was highest  in paddy high yie lding,  being 

0.3378 and lowest i n  wheat high yie lding,  belng 0.2339. The 

production e l a s t i c i t y  of m a n u r e s  and f e r t i l i z e r s  var ied  from 0.1689 

t o  0.7293 i n  Wheat l o c a l  and sugarcane, respectively. Sin?ilarly, 

t h e  production e l a s t i - i t y  of i r r i g a t i o n  was highest  In came of 

paddy high yielding,  b e h g  0.4239 and lowest,  being 0.2813, in 

case  of sugarcane. 

Returns t o  sca la  1 

Increasing returns t o  scale were observed 111 caee of maize, 

paddy ( l o c a l  and high y i e ld ing ) ,  wheat high yie lding and sugarcana. 

Wheat local bhowed decreasing r e m r n s  t o  scale.  

b r a i n d l  value products r 

Table M-4, shows t h e  marginal value products of var ious  

input  fnz to r s  f o r  d i f f e r en t  crups. The marginal value products 

were worked out; a t  t h e i r  geometrizmean l e v e l s  and were compared 

with t h e i r  f a c t o r  cos ts .  

Ihe analy8io o f  marginal value pmducts  reveal8 'that the 

m a r g h a l  value products of manures and f e r t i l i z e r s  were high in 

prac t i ca l ly ,  a l l  t he  crops. It was%lghest i n  case of wheat high 

y ie ld ing ,  being 6.78 an:-lovest i n  cease of paddy local, being 

3.23. Similarly,  t he  marginal value pmducts  of irrigation Vera 
u 

outstandingly high in severa l  crops. I t  was highest  i n  cane of  

wheat high y ~ e l d i n g ,  being 7.92 anb 'hdea t  in case of maize, being 

3-30. 



Table IX-41 i4arginal value products of  input factors In I'IApe88. 

r Human 1 Bullock 1 I 
=roP St ed 'Manures a d  

1 l a b a w  I labour I fertilizers Irrigation 

Paddy loc a1 

Paddy HYV 1.04 - 
(0.59261 

Wheat local 

Wheat HPV 1.87 - 
(0.9621 

Sugarcane 

-- - - ~ 

F ~ t o r  cost for a l l  the inputs i s  Rs. 1.G7 for fie'. 1.00 investment. 
Figures in parentheses denote standard errors of respective marginal value plwiucts. 

+* Significantly different from the acquisition cost at 1.0 per cent level .  
* Significantly different from the acql ir l t ion cost at 5.0 per cent level .  



The rnarglne value products of human labour w a r  observed 

t o  be high i n  sugarcane, being 3.21 followed by wheat local (2.07). 

paddy (2.041, maize (1.93). wheat high yie lding (1.87) and paddy 

high yielding (1.04). The marbind  value pmductr  of raed w a r  

h i&es t  i n  paddy high yielding, being 3.96 followed by wheat high 

yie lding (3.451, paddy local (2.83) and wheat l o c a l  (2.42). 

The present analysis  of marginal value products r e l a t i v e  

t o  f ac to r  cos t  chearly reveals t ha t  under a s i tua t ion  of general 

scarc i ty  of working funds, it pays r e l a t ive ly  much more f o r  every 

rupee Invested i n  hLgh yie lding v a r i e t i e s  of paddy (fertilizer, 

:~ r r iga t lon  and sedd), i n  wheat high yie lding ( I r r iga t ion  followed 

hy mnnurea and f e r t i l i z e r s  and seed) and i n  sugarcane manurer and 

f e r t i l i z e r s  followed by i r r i g a t i o n .  


