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ABSTRACT  
 
The emergence of fairly comprehensive Farm Management Statistics during the 
1950s made it possible for the first time to generalize about the relationships 
between inputs and outputs in Indian farming. Measuring production and identifying 
the sources of growth in terms of Production functions is a fascinating and 
rewarding area of study. 
 
The Agro Climatic Regional Planning (ACRP) approach delineates the country into 
15 agro-climatic zones and 73 sub-zones, having a higher degree of commonality. 
The principles for this sub-regionalisation related intrinsically with the character of 
the agricultural economy, namely, soil type, climate, temperature and its variation, 
rainfall and other agro-metereological characteristics, water demand and supply 
characteristics including quality of water and aquifer conditions. The demarcated 
agro-climatic zones were not considered adequately homogeneous for the purpose of 
a detailed operational planning and hence sub-regionalisation was carried out. The 
description of zones and subzones of India indicates that there is a vast diversity in 
the agro-climatic conditions and crop concentration within the states and also 
subzones of the state. Therefore, analysis of Indian agriculture at state-sub zonal 
level (i.e. at micro-level) can provide a better picture of the prevailing conditions. 
These disparities can be further highlighted by fitting an appropriate form of 
production function at state-subzonal level.  
 
The specific objective of the study is to estimate the factor productivities & returns-
to-scale, through the production function analysis and also to examine the changes 
in the composition and growth of Food vs. Non-food crops at sub-zonal level. This 
paper in the first instance creates a background for choosing an appropriate 
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production function for Indian agriculture using the volume of output and various 
inputs at “All India Level” for selected Food crops (rice and wheat) as well as Non-
food crops (groundnut and cotton). Some of the plausible functional forms were 
fitted to the data using Standard Least Squares procedure, where necessary, by 
transforming of data to the logarithmic scale. The commonly used Cobb-Douglas 
was found to be the best fitted model, which was taken for subsequent analysis at 
Sub-zonal Level for the selected crops. Major crop producing states were taken for 
the analysis purpose and in all 24 sub-zones were selected by taking “total area 
covered” by that particular crop as the main criteria.  
 
KEYWORDS: Agro-climatic Zones, Factor productivities, Production function, 
Returns-to-scale. 

 

 
INTRODUCTION 

Agriculture is an important sector of economic activity in India accounting for 35 per cent of the 
national income and more than two-thirds of its working force. About 71 per cent of the rural 
households and 74 per cent of rural population earn their livelihood from agriculture as their 
major source of income. Around 80 per cent of consumer expenditure is on agricultural 
commodities. Thus, the progress of the economy depends on the performance of this sector. As is 
generally observed, fluctuations in agricultural output play a key role in the state of the national 
economy through the price mechanism, influencing wages and income levels, employment, 
savings and investment. Thus, the well-being of the teeming millions is inextricably linked with 
the sustained progress of this sector. 

Production functions have been put to diverse uses in agriculture ranging from the simple 
problem of input-output relations to the relatively more complex problem of rationality of the 
peasant farmers. Its use has been so pervasive that there has been hardly any empirical study on 
agricultural production without fitting a production function, at least of Cobb-Douglas form. 
While the mainstream economists continue to feel strongly that Production functions are useful, 
among other things, problems of resource allocation among different factors of production both 
at micro and macro levels, there are also those who feel that “cross sectional production 
functions are bound to be an unrewarding work” because, having marked by cross disregard for 
common sense as well as the elementary principles of statistics, they “suffer from serious 
methodological drawbacks”. Still the nature of production functions is important in economic 
development and in determining the extent to which national products can be increased from 
given resource stocks. The magnitude of production coefficients serve as the base for 
determining optimum patterns of international and/or inter-regional trade.  

The emergence of fairly comprehensive Farm Management Statistics during the 1950s made it 
possible for the first time to generalize about the relationships between inputs and outputs in 
Indian farming. Measuring production and identifying the sources of growth in terms of 
Production functions is a fascinating and rewarding area of study. 
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Rice and Wheat (food crops) and Groundnut and Cotton (Non-food crops) are the major crops in 
India on the production of which depends, to a large extent, the economy of the country. A 
number of measures have, therefore, been taken by the Government of India to effect rapid 
increase the production of these important crops. Hence our study takes into account the major 
Food vs. Non-food crops Rice and Wheat (food crops) and Groundnut and Cotton (Non-food 
crops) being the staple crops.  

CONCEPT OF PRODUCTION FUNCTION 
Economists are directly interested in physical relationship between products and inputs. Based 
on this relationship, economists have developed further functional relationships to measure the 
response of the supply of products to changes in costs and returns. A simple measure of the 
relationship between output and inputs is the average product. The yield per acre, most widely 
used indicator of resource productivity is an instance of measuring the production relationship in 
terms of average product. Though used extensively, yield per acre has serious limitations. To 
achieve optimum allocation of resources it is necessary to know the Marginal products which can 
be known if full technical relationship between and output and inputs is known.  

Production is an activity, the net result of which is to increase the degree of compliance between 
the quantity, form and distribution of commodities and a given preference pattern. Production 
function expresses the relationship between the inputs and output of a production process and 
helps to study the effects of technology, productivity of each input and to measure the overall 
growth of the industrial sector. Very useful information can be obtained from the relationship 
between the production function and factor rewards. Such a relationship can be established 
through the specification and estimation of production function.  

In its broadest economic sense then Production may be defined as: “An activity the net result of 
which is to increase the degree of compliance between the quantity, form and distribution 
(spatial and temporal) of commodities and a given pattern which rules out the possibility of 
increasing production simply by changing tastes”. While Production Function is “a technical 
relation between the quantity of various factors of production (land, labor, capital and 
entrepreneur) or inputs used on one hand and the amount of product or output which they yield 
on the other hand”.  

VARIOUS FORMS OF PRODUCTION FUNCTION 

We have considered the following best known production functions as defined by Intrilligator:  

 LINEAR PRODUCTION FUNCTION 

332211 xbxbxbay +++=  

This is the simplest form of production function, which however, assumes that the marginal 
product is constant with respect to any of the inputs.  

 COBB-DOUGLAS PRODUCTION FUNCTION 

332211
bbb xxaxy =  
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This is Cobb-Douglas function which is frequently employed in the production function studies 
and this function exhibits the characteristic of diminishing returns-to-factors with a constant 
elasticity of production.  

 SEMI-LOG PRODUCTION FUNCTION 

332211 loglogloglog xbxbxbay +++=  

In the Semi-log function, the rate of growth in the output is assumed to be a lower rate than the 
rate at which the input increases, being proportional to the inverse of the inputs.  

 EXPONENTIAL PRODUCTION FUNCTION 

332211log xbxbxbay +++=  

In the Exponential function, it is assumed that the relative rate of growth with respect to any 
input is constant. 

 FIXED PROPORTION (LEONTIEF) PRODUCTION FUNCTION 
 

0.β, α     and    0σwith               
β

1
,

α

1
min Y xx 21 >== ⎟

⎠
⎞

⎜
⎝
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 CONSTANT ELASTICITY OF SUBSTITUTION (CES) PRODUCTION FUNCTION 

( )[ ] ν.μ    and  
ρ1

1
σwith     

ρνρ
ρ1

ρ
δ γY xx 21 =

+
=

−−
−+

−
=  

where, x1 and x2 are the inputs, α and β are constant elasticities of the inputs A and γ are 
efficiency parameters, δ (0 < δ < 1) is the input intensity,  is the substitution parameter and  is 
the returns-to-scale parameter of the CES production function. Arrow et al. [1961].  

 
 VARIABLE ELASTICITY OF SUBSTITUTION (VES) PRODUCTION FUNCTION 

 
The Variable Elasticity of Substitution (VES) production function is often generalization of the 
CES production function. In contrast to CES production function, the VES production function 
requires that σ be the same along the expansion path but vary along an isoquant. Several such 
functions have been constructed and estimated. Some of the earlier studies of VES production 
function models are as follows: 

(A) LIU-HILDEBRAND FUNCTION 

( ) ( )[ ] ρ
ρρρδν

1
11

−
−−− −+−= LKKY mm  

 
where, m is a constant. If m = 0, the above equation reduces to the familiar CES production 
function which includes the Leontief and CD functions as special cases.  
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The elasticity of substitution for this function  

( )
Skm

m
ρρ

σ
−+

=
1

1  

where S k  is the share of capital. The above equation implies that Y/L depends on both the wage 
rate w and the capital-labor ratio K/L. Since m and S k are positive, the relationship between 
VES, σ(m) and CES(σ) depends on the magnitude of 1σ  0,ρ  ifρ; ≥≥ , then σ(m) ≥ σ. Thus, 
when σ < 1, σ(m) is larger than σ and tends towards unity again suggesting equilibrating process.  

(B) TRANSCENDENTAL PRODUCTION FUNCTION [REVANKAR (1971) 

( ) LKe LLK aaY ββγ −+= 121  

where, e is a constant. This reduces to CD function if 021 == aa  but it does not generalize to 
contain linear production function Y = αK+ βL is a special case.  
 
The elasticity of substitution depends upon the ratio of factors of production (K/L) and is given 
by the expression 

( )( )
( )( ) ( )2

11

1

12

21

KL

LK

αα

αασ
ββββ

ββ

+−++−

++−
=

 

(C) CONSTANT MARGINAL SHARES (CMS) FUNCTION [BRUNO (1960)] 

mLLKY −=
βα

γ  

where, m is a constant. This function is explicitly a generalization of the CD function (if m=0) 
and contains the linear function as a special case if α = 1, α + β =1, and m is negative.                                      

Its elasticity of substitution is the simple expression  

Y

L

β

mα
  1   σ ⎟

⎠
⎞⎜

⎝
⎛

−=  

which implies that the average productivity Y/L rises as σ→1 and that the value of σ does 
depend on the level of output Y.  

(D) REVANKAR VARIABLE ELASTICITY FUNCTION 

Revankar [1972] assumed that σ varies with the capital-output ratio around the intercept term of 
unity, so that the resultant production function model is given by  

( ) ( )( )αδρδρα ργ KLKY 11
−+=

−    0               ,0 >> αγ ,         ,10 ≤≤ δ               

( ) ( )δρδ −−> 11  K
L ,       10 ≤≤ δρ . 
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For this model the explicit expression for σ is a linear function of capital-labor ratio which can be 
expressed by writing  

( )LK 1 βσ +=  

If σ = 1 (i.e. β = 0), it reduces to CD production function. 

(E) LU AND FLETCHER’S FORMULATION 

Yao-Chi Lu and Lehman Fletcher [1987] have given the derivation of the VES function from 
CES function and also estimated the parameters of VES function under perfect competition with 
profit maximization condition. Hildebrand and Liu [1985] suggested that, 

“If one relies upon the goodness of fit of an empirical relationship as the initial basis for deriving 
a theoretical one as ACMS did, one probably would have to consider the three variable 
relationship (V/L, W, K/L) as better established than the two variable one (V/L, W)”.  

Lu and Fletcher [1968] begin with the following relationship: 

log (V/L) = log a + b log W + c log (K/L) + e 

where a, b and c are constants.  

Lu and Fletcher’s [1969] model can be written as 

( )
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where γ, η, δ, α 2 and ρ are the parameters and  is the disturbance term.  

It has been shown by Lu that the new production function has the following properties: 

(a) Positive marginal products, 

(b) Downward sloping marginal product curves over the relevant ranges of the inputs, 

(c) Homogeneity of degree one, 

(d) Variable elasticity of substitution. 

The Elasticity of Substitution for Lu Fletcher’s form is given by  
 
 
 
 
 

where,   
 A = (b + c – 1)/ b 
 B = c / (b + c -1) 

( )
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−+−−

=

BX Acc

b

)1(  111

   

αβ

σ



ECONSPEAK                     Volume 1, Issue 2 (July, 2011)                ISSN 2231‐4571 
 

Sri Krishna International Research & Educational Consortium 
http://www.skirec.com 

  ‐ 7 ‐ 
 

which indicates that σ is an explicit function of X. 
 
(F) LOVELL’S PARAMETRIC FORM 

Alternative parametric form has been given by Lovell [1973] which can be expressed as under: 

( )[ ] δβββ δαβγ ++−
+−+= 1

1
11 MLMLKY      ( ) <−> βαδβ      ;0, ĸ and ĸ = K/L. 

where, γ, α, β and δ are the arbitrary parameters.  

The elasticity of substitution σ for the above model is given by  

k
1 

β
α  1    σ ⎟
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⎞

⎜
⎝
⎛+=  

σ varies monotonically with ĸ along an isoquant whenever .0≠α  If ,0=α the function 
reduces to CD function. For the case of α > 0, the elasticity of substitution exceeds unity and 
decreases with increase in ĸ.  

(G) FERGUSON’S VES PRODUCTION FUNCTION 

Ferguson [1965] has given VES production function which can be expressed as 
( ) βκα1αλt ee KLAY
−

=  
Where ĸ = K/L.  

The elasticity of substitution for the above production function model is given by  
 

( ) αα
1σ 2

−+
−=

βk

βk    ( ) ( ) 0β0;kα σ1;kα <><><>             . 

Thus, σ varies monotonically along an isoquant with ĸ in the case of 0≠β for the above VES 
production function models. For any set of parameters σ (ĸ) is strictly monotonic in ĸ along an 
isoquant. 

(F) KADIYALA’S VES PRODUCTION FUNCTION 

Kadiyala [1972] presents a simple production function which includes the CES function, the Lu 
Fletcher function, the Revankar and the Sato-Hoffman functions as special cases and yet it is 
quite simple from an estimation point of view. A more general case of the class of VES 
production functions can be formulated as given by Kadiyala [1972] 

( ) ( )[ ] ρρρ ω+ρρω+ω==
212

2221112
2
11121 X22XX2XtEX,XFY  

where, 
  E is the efficiency term; 

  s parameter on    substituti    theare  ρ  and  ρ  ρ,
21  

and   weights. theare   and    ,
221211 ωωω  
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Assuming  ρ 2ρ  ρ and  1   2 
21221211
=+=++ ωωω the above equation reduces to CES production 

function if ω12 = 0, to the VES function developed by Lu and Fletcher [1968] if ω22 = 0 and to 
the Sato-Hoffman VES production function if ω11 = 0. [Sato and Hoffman (1968)].  
With the assumption that ρρ2 ρ1 == , it reduces to  
 

( ) ( )[ ] ρρρ ω+ρρω+ω== 212
2221112

2
11121  2, 22 XXXXtEXXGY  

 
which has an elasticity of substitution as 
 
( )

R1
1x
+ρ−

=σ  

where,             R  = ( )
( )( )ρ−ρ−

ω

ω+ωω+ω

ω−ωρ−

xx 22121211

2
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and x=x2/x1 . By choosing the appropriate values for ρ this form reduces to CD function (ρ=0), 
fixed proportion coefficient (ρ = +∞) and in linear production function ρ = ½ and ω12 = 0. Here 
the marginal products are non-negative and the elasticity of substitution is not a monotonic 
function of factor combinations. Also this function can be generalized to many input cases and to 
the cases where the production function is homogeneous of a degree greater than one.  
 
 HOMOTHETIC PRODUCTION FUNCTION 

Homothetic production function was provided by Shephard [1953], Fare, Janson and Lovell 
[1970]. Every homogeneous production function is homothetic but the homothetic family 
contains non-homogeneous functions as well i.e., production functions having variable                   
returns-to-scale. As an example consider the general production function 

Y = g (f (K, L)) 

where,  f (K, L) is a homogeneous function of arbitrary degree. For such a function: 

i) Returns-to-scale diminish in a pre-assigned fashion with Y. 
ii) The associated average cost curve exhibits decreasing cost at low levels of output and 

increasing costs at high levels of output. 
iii) This function can be generalized to n inputs. 
 
 NON-HOMOTHETIC PRODUCTION FUNCTION 

 
These functions are characterized by isoclines which are defined as the loci of points with 
constant marginal rates of technical substitution but varying returns-to-scale and optimal input 
ratios. They have flexible functional forms for they do not impose the restrictive constraints a 
priori such as homotheticity constancy of the elasticity of substitution additivity etc., and are 
easily adaptable to include multiple products and multiple inputs. An example of this class of 
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functions is recently developed transcendental logarithmic production functions (Christenen, 
Jorgenson and Lau (1973)] which are often referred to as the “translog” production frontiers.  

The production possibility frontier F is represented by 

.0A) , ,( .....,,.........21 == nyyyF  

where, iy , ( i= 1, 2,……,n) refer to net outputs and inputs and A is an index of the rate of 
technological progress.  

 GENERALIZED PRODUCTION FUNCTIONS (GPFs) 

Generalized production functions (GPFs) form another broad class of functions, which are 
usually non-linear in both parameters and variables. The GPFs are the generalization referring to 
what is assumed about not only the elasticity of substitution but the behavior of the returns-to-
scale. That is, given a neo-classical production function with a given elasticity of substitution 
(constant or variable), this function can be transformed to yield a neo-classical GPF with the 
same elasticity of substitution and with returns-to-scale variable and satisfying a pre-assigned 
relationship to the output level. Thus, for example, a GPF may have a constant elasticity of 
substitution and returns-to-scale which diminish in a pre-assigned fashion with the level of 
output. Since returns-to-scale may indeed be different at different scales of operation, GPFs may 
be useful in analyzing data relating to production. Also, obviously, average cost curves 
associated with GPFs can show decreasing costs at low levels of output and increasing costs at 
high levels of output.  

Thus, these functions have been introduced to permit generalization in two directions: 

 Production functions with a pre-assigned elasticity of substitution, say, constant but 
unknown, or variable, say, some function of capital-labor ratio; 
 

 Production function to have returns-to-scale varies with the level of output according to a 
pre-assigned function.  

 
Zellner and Revankar [1969] have provided a method, described below of generating production 
functions that meet both the above requirements. In deterministic terms, consider the following 
differential equation: 

( )
ff
VV

df
dV

α
α

=  

with solution V = g( f ), where α(V) is the returns-to-scale as a function of output V, f = f (K, L) 
is in the form of a neo-classical production function, and α(V) is a chosen to ensure that               
(dV/df ) > 0 for all f , 0 < f < ∞. The above equation is a monotonic transformation of f with the 
property that the shapes of the isoquants for g ( f ) will be the same as those for f. Therefore, the 
elasticity of substitution parameter, constant or variable, associated with V = g ( f ) will be as that 
associated with the function f.  
 
Thus, GPF has been defined by Zellner and Revankar [1969] as follows: 
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“A production function V = g (f) which is a solution to above equation for a particular choice of 
the returns-to-scale function α (V) is termed as a Generalized Production Function (GPF).” 

Zellner and Revankar [1969] have explored some implications of several such functions for the 
behavior of labor’s share. In addition to this, they have provided an illustrative example to show 
how the parameters of a GPF can be estimated by the maximum likelihood method, which can be 
utilized quite readily in the analysis of a particular functional form and of other production 
functions.   
 
OBJECTIVES 
One of the main objectives of this analysis, as of any production function analysis, is to arrive at 
some judgment about the efficiency of the prevalent factor proportions in production and hence 
suggest the changes in these proportions in the optimal direction. Specific objectives of the study 
are: 

• To search an appropriate production function for Indian agriculture; 

• To estimate the factor productivities and returns-to-scale, through the production function 
analysis; 

• To examine the changes in the composition and growth of Food vs. Non-food crops at 
sub-zonal level. 

PLAN OF THE STUDY 
It was planned to undertake this study in two broad phases. In the first instance, the output and 
the various inputs were used at “All-India Level” for both Food (rice and wheat) as well as Non-
food crops (groundnut and cotton) for the purpose of choosing an appropriate production model. 
Four types of functional relationships Linear, Cobb-Douglas, Semi-log and Exponential were 
fitted independently for all selected crops at All-India Level. From the above analysis, the 
commonly used Cobb-Douglas was found to be the best fitted model, which was taken for 
subsequent analysis at sub-zonal level for the selected crops.  

DATABASE AND METHODOLOGY 

The “Fertilizer Statistics”, Fertilizer Association of India, and “Area and Production of Principal 
Crops”, the Directorate of Economics and Statistics, Ministry of Food and Agriculture, 
Government of India form the backbone of the database used for the study. Time-series data for 
last 18 years from 1975-76 to 1992-93 have been considered for both selected Food and Non-
food crops at All-India Level. The variables (dependent as well as independent) considered are 
Production (‘000 tons); Area under HYV (‘000 ha); Fertilizer Consumption (‘000 tons); Irrigated 
Area (‘000 ha) and Unirrigated Area (‘000 ha) under each crop.  

For the analysis at Sub-zonal Level, the database available with Agro-climatic Regional Planning 
Unit (ARPU), Planning Commission Unit has been used. This multisource database consists, 
interalia, of Ministry of Agriculture, Area, Production and Yield Statistics, data on irrigation as 
also ARPU’s estimates on water-use intensities. Time series data from years     1980-81 to 1992-
93 for major sub regions for all selected crops has been the database for this analysis. Models are 
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largely based on multiple regression analysis. Year wise data on N+P+K for all subzones were 
available which was considered as Fertilizer consumption for that particular subzone. Gross 
Irrigated Area (GIA) was taken and the unirrigated area was obtained by subtracting the Irrigated 
Area from the Total area.  

EMPIRICAL ANALYSIS AT ALL-INDIA LEVEL 

For our purpose of study we have considered some of the most plausible types of functional 
relationships relating production with the inputs at All-India level for the choice of the best fit 
model: 

 Linear Production Model 

 Cobb-Douglas Production Model 

 Semi-Log Production Model  

 Exponential Production Model 

The functional forms of these models are as stated above. All these functions were fitted to the 
data using Standard Least Squares procedure, where necessary, by transforming of data to the 
logarithmic scale. “Coefficients of determination” and their respective Standard Errors obtained 
by fitting each of the above models for all selected crops are as in Table: 1 below: 

TABLE: 1 VALUES OF R2 (IN PERCENT) AT ALL-INDIA LEVEL 

Crop Linear Cobb-Douglas Semi-Log Exponential 

1 2 3 4 5 

Rice 94.536 (2897.68) 92.729 (0.062) 93.804 
(3085.53) 

92.821   (0.065) 

Wheat 97.842 (1581.14) 97.038 (0.041) 95.617 
(2252.27) 

97.808   (0.043) 

Groundnut 71.956   (744.46) 69.564 (0.112) 69.334 (778.98) 72.632   (0.114) 

Cotton 79.372   (841.07) 73.099  (0.09)  67.879 
(1049.55) 

83.033   (0.121)   

 
From the above table, we can observe that Cobb-Douglas is the best fitted model with the lowest 
Standard Errors for R2 in case of each of the crops and hence it has been has been considered for 
subsequent analysis at sub-zonal level. The results of the fitted Cobb-Douglas function and the 
estimated output for each of the crops are shown in Table 2 to Table 3 below: 
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We have considered the following Standard Production Model with unconstrained returns-to-
scale.  

44332211
bbbb xxxaxy =       eq. (1) 

where,   y  = Production; 
  x1 = Area under HYV Seeds;  
  x2 = Fertilizer consumption; 
  x3= Irrigated Area; 
  x4= Unirrigated Area. 

b1, b2 , b3  and b4 are the elasticities of x1 , x2 , x3  and x4 respectively. 
and   ‘a’ is treated as an additive error with a zero mean. 
 
The above model can be linearised using logarithm as  

tuxbxbxbxbay +++++= 44332211 loglogloglogloglog    eq. (2) 
where,  ut  is treated as an additive error with a zero mean.  
 
RICE 
 
The regression output of CD model as in eq. (2) for Rice is tabulated in Table: 2 below which 
yielded the following inferences: 
 

TABLE: 2 REGRESSION OUTPUT OF CD MODEL FOR RICE 
 
Predictor Parameter 

Estimates 
Stdev. t-ratio Sig. T 

 Constant (a) -17.922 2.6418 -2.989 0.0105 
b1 0.4938 0.4535 1.089 0.2961 
b2 -0.2593 0.2885 -0.899 0.3851 
b3 2.0375 0.5335 3.819 0.0021 
b4 0.6468 0.6116 1.057 0.3098 

 
s = 0.062;   R2 = 92.8 %;  R2 (adj) = 90.6 %. 

ANALYSIS OF VARIANCE 
 
Source Degrees of 

Freedom 
SS MS F-ratio 

       Regression 4 0.10380 0.02595 42.150 
       Residual 13 0.00800 0.00062  
       Total 17 0.11180 0.02657  

 
Durbin Watson Test = 2.4085. 
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TABLE: 3 REGRESSION OUTPUT OF CD MODEL FOR WHEAT 
 
Predictor Parameter 

Estimates 
Stdev. t-ratio Sig. T 

 Constant (a) -1.094 1.9874 -0.218 0.8311 
b1  0.6997 0.3606  1.940 0.0743 
b2  0.1299 0.1756  0.740 0.4724 
b3  0.4114 0.5602  0.734 0.4758 
b4 -0.0242 0.1116 -0.217 0.8316 

 
          s = 0.041;   R2 = 97.068 % ;  R2 (adj) = 96.165 %. 

ANALYSIS OF VARIANCE 
 
Source Degrees of 

Freedom 
SS MS F-ratio 

       Regression 4 0.16084 0.04021 107.581 
       Residual 13 0.00486 0.00037  
       Total 17 0.16570 0.04058  

 
Durbin Watson Test = 2.40956. 

 
The estimates of a, b1, b2, b3 and b4 were found to be -1.094, 0.6997, 0.1299, 0.4114 and – 0.0242 
with standard errors 1.987, 0.361, 0.176, 0.560 and 0.112 respectively.  The estimated regression 
equation thus obtained in case of wheat can be given as  

tuxxxx   log  0242.0log  4114.0log 129.0log  699.0094.1-y log 4321 +−+++=  

This shows a positive relationship between Area under HYV, fertilizer use and Irrigated area 
with the productivity of wheat. Increase in any one/all of the inputs can lead to an increase in the 
production of wheat crop. The coefficient of Un-irrigated area was found to be negative 
indicating that most of the area has been irrigated. Area under irrigation has been increasing over 
the period. The use of fertilizers has also been rising over the same period. Thus, it can be said 
that the productivity of Wheat has been rising only due to the increase in various inputs. Modern 
techniques of production have been favorable for the wheat crop.  
 
Sum of factor elasticities was found to be greater than 1 (i.e. 1.22 approx.) showing Increasing 
returns-to-scale prevailing for this crop. Thus, the production of wheat crop can be increased by 
the use of modern techniques of production. The use of HYV seeds has brought about rise in the 
productivity of wheat.  
 
The coefficient of determination (R2) was found to be nearly 97.07 per cent indicating again an 
“excellent” overall explanatory power of the assumed model, while R2 (adjusted) obtained was 
96.16 per cent. 
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ANALYSIS OF VARIANCE 
 
Source Degrees of 

Freedom 
SS MS F-ratio 

       Regression 4 0.7707 0.02569 10.672 
       Residual 13 0.0337 0.00241  
       Total 17 0.8044 0.02810  
Durbin Watson Test = 2.35006. 
 
The estimates of a, b2, b3 and b4 were found to be -10.633, -0.279, 0.613 and 1.946 with standard 
errors 2.142, 0.247, 0.331 and 0.510 respectively.  
 
The estimated regression equation thus obtained in case of groundnut can be given as 

tuxxxy   log  946.1log  613.0log 279.0  633.10log 432 +++−−=  

Negative coefficient of Fertilizer consumption shows that there was negligible effect on the 
production of groundnut. From the actual data it was noticed that though there was continuous 
increase in the fertilizer use, there was not much increase in the production of groundnut.  
 
Many fluctuations were found for Irrigated and Unirrigated areas both, while in 1992-93 they 
were found to be decreasing as compared to the previous year. Fertilizer consumption also 
decreased during the same period while productivity was found to be rising. For groundnut crop, 
the coefficients of irrigated and Un-irrigated areas were positive. Compared to the coefficient of 
Irrigated area, the coefficient of unirrigated area was estimated to be more. Increasing returns-to-
scale was shown for this crop as it was found to be greater than 1.  
 
The coefficient of determination (R2) shows that the two variables together account for nearly   
69 per cent of variation in the actual production which indicates “Just” a fair amount of 
explanatory power, while R2 (adjusted) comes to 63.05 per cent. 
 
Chart 3 below represents the actual and estimated production for groundnut. Actual production 
and the estimated production in case of groundnut are almost same in most of the years. In some 
years estimated production exceeds actual production indicating scope of improvement by 
changing the quality and quantity of inputs.  
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Agro-climatic zonation for research has been accomplished by the Indian Council of Agricultural 
Research (ICAR) through the National Agricultural Research Project (NARP), which was 
launched in 1979. The NARP zonation extended the International Crops Research Institute for 
the Semi Arid Tropics (ICRISAT) pattern by the inclusion of more parameters like temperature, 
radiation, humidity, soil type technology, etc., in refining the agro-climatic zonation. The NARP 
zonation is arguably the most detailed and sophisticated analysis of its kind. The Agro Climatic 
Regional Planning (ACRP) approach delineates the country into 15 agro-climatic zones and 73 
sub-zones, having a higher degree of commonality. The principles for this sub-regionalisation 
related intrinsically with the character of the agricultural economy, namely, soil type, climate, 
temperature and its variation, rainfall and other agro-metereological characteristics, water 
demand and supply characteristics including quality of water and aquifer conditions.  

The demarcated agro-climatic zones were not considered adequately homogeneous for the 
purpose of a detailed operational planning and hence sub-regionalisation was carried out. The 15 
meso regions were further divided into 73 sub- zones. These sub-zones describe within the state 
level agro-climatic and socio-economic features.  

TABLE: 6 MAJOR PRODUCING STATES FOR SELECTED FOOD & NON-FOOD 
CROPS 

 Crops      Major Producing States 
Rice Andhra Pradesh, Madhya Pradesh, Punjab, 

Tamil Nadu & West Bengal. 
 

Wheat      Punjab, Haryana Uttar Pradesh. 
 

Groundnut     Gujarat, Andhra Pradesh & Tamil Nadu. 
 

Cotton Gujarat, Punjab, Haryana, Maharashtra, 
Karnataka & Tamil Nadu. 

  
 
The above major producing states for each crop are further divided into sub-zones considering 
the “total agricultural area covered” by that particular crop. Crop-wise major selected subzones 
are shown in Table 7 below:  
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TABLE: 7 CROPWISE MAJOR SELECTED SUBZONES FOR EACH CROP 

Rice       Wheat    Groundnut      Cotton   
North Coastal       Southern Punjab           South Coastal  Middle Gujarat            
Andhra AP (1)      PUN (3)           Andhra AP (2)  GUJ (3) 
South Coastal       Plains HAR (2)          North Region   North Saurashtra    
Andhra AP (2)              TN (1)   GUJ (6)   
South Telangana     Arid HAR (3)          Central Region 
 Northern Dry          AP (5)                             TN (2)                        
 Region KAR (1) 
North Telangana     Eastern Plains         North Saurashtra                                   
AP (6)       UP (3)          GUJ (6) 
Chhatisgadh Hills    Central Plains          South Saurashtra            
MP (5)      UP (5)   GUJ (7) 
Keymore Plateau    South Western                   
& Satpura MP (6)     Plains UP (7) 
Southern Punjab                 
PUN (3) 
Central Region                     
TN (2) 
Coastal WB (3) 
Rarh & Eastern Plateau WB (4) 
 

ESTIMATION OF PRODUCTION FUNCTION AT SUB-ZONAL LEVEL 
Since the Cobb-Douglas production Model as in eq. (2) was found to be the best fit model at All-
India level, the same model has been estimated for subsequent analysis at sub-zonal level. Crop-
wise Linear Multiple Regression results thus obtained for the production function at sub-zonal 
level are summarized in the Table-8 to Table-11 below: 

RICE 

The regression output of CD model for selected ten major sub-zones is tabulated in Table: 8 
below which yielded the following inferences: 

 
 
 
 
 
 
 
 
 
 
 

Crop



ECONSPEAK                     Volume 1, Issue 2 (July, 2011)                ISSN 2231‐4571 
 

Sri Krishna International Research & Educational Consortium 
http://www.skirec.com 

  ‐ 21 ‐ 
 

TABLE: 8 REGRESSION OUTPUT OF RICE FOR MAJOR SELECTED SUB-ZONES 
 

Sub-zones R2 a b1 b2 b3 

AP(1) 0.953 -0.668 0.564 0.767 0.311 

  (0.228) (0.228) (0.771) (0.558) 

AP (2) 0.460 -0.440 0.161 1.128 -0.084 

  (0.019) (0.177) (0.749) (0.307) 

AP (5) 0.937 1.215 0.365 0.588 0.257 

  (0.007) (0.033) (0.725) (0.495) 

AP (6) 0.979 -3.578 0.196 1.615 -0.161 

  (0.006) (0.094) (0.211) (0.196) 

MP (5) 0.887 -29.754 -0.174 1.129 6.363 

  (2.413) (0.058) (0.654) (1.169) 

MP (6) 0.964 -6.628 0.981 -5.182 5.595 

  (1.235) (0.178) (0.889) (0.551) 

PUN (3) 0.883 -3.440 0.041 1.644 0.138 

  (0.797) (0.029) (0.283) (0.085) 

TN (2) 0.948 2.033 0.316 0.358 0.483 

  (0.339) (0.136) (0.225) (0.271) 

WB (3) 0.887 1.913 0.722 3.685 -2.555 

  (1.1767) (0.312) (2.374) (2.469) 

WB (4) 0.884 10.967 0.418 -0.089 -0.650 

  (1.207) (0.103) (0.762) (0.934) 
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From the above table, Andhra Pradesh was found to be the best state for rice crop. Almost all 
selected subzones gave good response towards the production of rice. Out of the selected factors, 
Irrigated area had the maximum contribution in almost all subzones. The contribution of 
fertilizer consumption was found to be negative in using the above the parameter estimates. 
Returns-to-scale was found to be increasing for almost all subzones. 

 
Estimated output using the above parameter estimates were computed for all these subzones. It 
was observed that the following subzones had the estimated output nearer to the actual output for 
rice crop: 

AP (1), PUN (3), MP (6), TN (2), WB (3), WB (4) 

Actual and Estimated Output Representation for above all subzones has been shown in Chart: 5 
showing that almost all these subzones had increasing trend for both actual and estimated output 
during the period under study. It was quite noticing that in the year 1987-88, there was a sudden 
fall in actual as well as estimated output for rice in North Coastal Andhra AP(1). Highest 
production of rice was found in Southern Punjab PUN (3) and lowest in Keymore Plateau & 
Satpura MP(6). The production estimates for rice were found closest to their actual production in 
the respective years in case of Keymore Plateau & Satpura MP (6). In other subzones also CD 
model provided “good estimates” of production for rice.  

WHEAT 
The regression output of CD model for selected six major sub-zones is tabulated in Table: 9 
below which yielded the following inferences: 
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TABLE: 9 REGRESSION OUTPUT OF WHEAT FOR MAJOR SELECTED SUB-
ZONES 

 

Sub zones R2 a b1 b2 b3 

PUN (3) 0.891 17.348 0.018 -0.789 -0.762 

  (4.4913) (0.023) (1.254) (0.298) 

HAR (2) 0.905 5.710 0.564 0.026 0.108 

  (0.463) (0.278) (0.271) (0.071) 

HAR (3) 0.908 2.421 -0.038 0.713 0.267 

  (0.538) (0.180) (0.199) (0.067) 

UP (3) 0.885 -4.241 0.005 1.817 -0.105 

  (1.942) (0.080) (0.535) (0.265) 

UP (5) 0.854 -9.351 0.016 2.271 0.116 

  (3.3181) (0.0719) (0.837) (0.333) 

UP (7) 0.89545 3.913 0.032 0.791 -0.286 

  (1.186) (0.0383) (0.337) (0.120) 

 

From the above table, Haryana was found to be the best state for wheat crop. Almost all selected 
subzones gave good response towards the production of output. Out of the selected factors, 
Fertilizer consumption had the maximum contribution in all subzones for this crop. While the 
contribution of Irrigated area was found to be positive except for Southern Punjab PUN (3).  

Out of the selected six subzones, it was observed that the following subzones had the estimated 
output nearer to the actual output for wheat crop:  

PUN (3), HAR (2), UP (3), UP (5), UP (7) 

Chart: 6 below shows the Output Representation at Subzonal Level for wheat crop. It can be seen 
from this chart that almost all these subzones had the increasing trend for actual and estimated 
output during 1984-85 to 1992-93. Sudden fall in actual as well as estimated output for wheat 
was found during the year 1989-90 in Plains HAR (2). Highest production of wheat was found in 
Southern Punjab PUN (3), while it was lowest in Eastern Plains UP (3) during the same period. 
The production estimates for wheat were found to be closest to their actual production figures in 
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respective years in almost all selected subzones. Thus, CD model provided “good estimates” of 
production for wheat crop for almost all selected subzones under study. 

 

  
GROUNDNUT 

 
The regression output of CD model for selected five major sub-zones is tabulated in Table: 10 
below which yielded the following inferences: 
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TABLE: 10 REGRESSION OUTPUT OF GROUNDNUT FOR MAJOR SELECTED 
SUB-ZONES 

 

Sub zones R2 a b1 b2 b3 

AP (2) 0.958 -1.434 0.301 -0.038 1.236 

  (0.641) (0.228) (0.454) (0.698) 

TN (1) 0.577 2.316 0.197 0.435 0.266 

  (1.078) (0.114) (0.262) (0.493) 

TN (2) 0.904 0.849 0.012 0.502 0.847 

  (0.906) (0.126) (0.205) (0.528) 

GUJ (6) 0.769 -47.160 1.996 5.964 1.806 

  (6.526) (1.061) (1.799) (0.645) 

GUJ (7) 0.798 -4.718 1.325 1.476 0.426 

  (1.799) (1.135) (0.613) (0.343) 

 
Table: 10 show that Andhra Pradesh is the best state for groundnut crop. South Coastal Andhra 
AP (2) had an “excellent” overall explanatory power of the assumed model which was followed 
by Central Region TN (2) and South Saurashtra GUJ (7). Out of the selected inputs, the 
contribution of unirrigated area was maximum in all the subzones for this particular crop. The 
contribution of Fertilizer consumption was found to be positive except for North Region TN (1), 
while that of Irrigated area was also positive except for South Coastal Andhra AP (2). Returns-
to-scale was found to be increasing by all selected subzones.  

Out of the major five subzones, following four subzones had the estimated output closer to actual 
output for groundnut crop: 

AP (2), TN (1), TN (2), GUJ (7) 

This is shown in Chart: 7 below. The important conclusion which can be drawn from the chart is, 
there are great fluctuations during the period 1984-85 to 1992-93 in South Saurashtra GUJ (7) 
for actual and estimated output. Sudden fall in groundnut was noticed in actual and estimated 
output during the year 1987-88 in South Saurashtra GUJ (7), which again rose and reached its 
maximum in 1988-89. Estimated output was much closer to actual output in South Coastal 
Andhra AP (2) and North Region TN (1). 
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COTTON 
 
The regression output of CD model for selected three major sub-zones is tabulated in Table: 11 
below which yielded the following inferences: 
 

TABLE: 11 REGRESSION OUTPUT OF COTTON FOR MAJOR SELECTED SUB-
ZONES 

 

Sub zones R2 a b1 b2 b3 

GUJ (3) 0.764 -0.763 1.322 -0.609 1.161 

  (2.233) (0.481) (0.432) (1.008) 

GUJ (6) 0.843 16.233 1.185 0.0014 3.139 

  (2.379) (0.538) (0.630) (0.758) 

KAR (1) 0.70196 -16.232 1.358 -1.279 3.8462 

  (3.398) (1.334) (1.675) (1.930) 

From the above table it can be seen that Gujarat was found to be the best state for cotton crop. 
Out of the selected factors, Fertilizer consumption had the maximum contribution in almost all 
subzones. The negative contribution of Irrigated area was found in Northern Dry Region      
KAR (1). Increasing returns-to-scale was found in all selected subzones.  
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Chart: 8 show the Output Representation at Subzonal Level for Cotton. Estimated output using 
the above parameter estimates were computed for all these subzones. Following subzones had 
the estimated output nearer to the actual output for cotton crop: 

KAR (1), GUJ (6) 

Decreasing trend was observed for both these subzones. It was seen that there was a sudden fall 
in production during the years 1985-86 and 1987-88. In both these above subzones, estimated 
output was much closer to actual output during the period under study. Thus, for both these 
subzones, CD model provided “good estimates” of production for cotton crop.  

 

 

CONCLUSIONS 
The conclusions drawn at All-India and Sub-zonal Level are summarized below: 

 Increasing returns-to-scale were found for almost all crops under consideration 
suggesting that the production of these crops will increase more than the increase in the 
inputs used.  

 The effect of HYV seeds was found to be positive for both Food crops, which implies 
that the introduction of better quality seeds had a favorable effect on these crops.  

 Negligible effect of Fertilizer use was found on the production of crops like rice and 
groundnut. 

 Effect of Irrigation was found to be positive for almost all crops indicating thereby the 
positive effect in their production due to irrigation facilities. 

 Out of the major producing states, Andhra Pradesh was found to be the best state for rice 
and groundnut crop.  
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 Highest production of Rice was found in Southern Punjab PUN (3), while it was Lowest 
in Keymore Plateau & Satpura Hills MP (6). 

 Haryana was found to be the best state for wheat crop out of the selected major producing 
states.  

 Highest production of Wheat was found in Southern Punjab PUN (3), while Lowest was 
in Eastern Plains UP (3) during the span of 1984-85 to 1992-93. 

 South Coastal Andhra AP (2) had an “excellent” overall explanatory power of the 
assumed model which was followed by Central Region TN (2) and South Saurashtra GUJ 
(7) respectively.  

 Gujarat was found to be the best state for Cotton crop.  

 Decreasing trend was observed in Northern Dry Region KAR (1) and North Saurashtra 
GUJ (6) during the period 1984-85 to 1992-93.  
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