|

7/ “““\\\ A ECO" SEARCH

% // RESEARCH IN AGRICULTURAL & APPLIED ECONOMICS

The World’s Largest Open Access Agricultural & Applied Economics Digital Library

This document is discoverable and free to researchers across the
globe due to the work of AgEcon Search.

Help ensure our sustainability.

Give to AgEcon Search

AgEcon Search
http://ageconsearch.umn.edu
aesearch@umn.edu

Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only.
No other use, including posting to another Internet site, is permitted without permission from the copyright
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C.


https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
http://ageconsearch.umn.edu/
mailto:aesearch@umn.edu

RESOURCE PRODUCTIVITY, RETURNS
TO SCALE AND FARM SIZE IN INDIAN
AGRICULTURE: SOME RECENT
EVIDENCE#*
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and EARL O. HEADY*#*

Iowa State University

A perceptible technological transformation has been under way in India
during the last few years. The output of total foodgrains increased sharply
between 1967-68 and 1970-71 over previous years. There is enmough
evidence to show that the technological change has resulted in an upward
shift in production functions for major crops, especially for wheat.

Recent studies have attempted to estimate the contribution of tech-
nology to the growth of foodgrain production [3, 4]. These studies
have implicitly assumed the parameter of scale of returns to be con-
stant. If verification indicates scale returns to be either increasing or
decreasing, the previous studies would have inaccurately stated the
contribution of technology in the growth of output [17].

Further, some studies suggest that Indian agriculture is characterized
by an inverse relationship between output per hectare and farm size'
and also between farm business income? per hectare and farm size.
Net profits® per hectare, however, have been found to be positively
correlated with farm size [1]. These relationships have direct bearing
on a number of policy issues, one of them being income disparity among
the farm size groups. The inverse relationship of farm size with output
and farm business income per hectare would reduce the relative income
disparities that exist because of land ownership pattern being skewed
in favour of large farms [S].

Previous investigations of these relationships were made with data
from the middle of 1950s decade. Unless these relationships also hold
true for post-technological change data, their effect on interfarm income
disparities may also have changed. For instance, if new data reveal that
the relationship between farm size and productivity is positive, new
technology may have a neutral or accentuating influence on interfarm
income disparity. A recent study [4] based on one year of post-techno-
logical change data (cross-section) for Punjab (Ferozepur 1967-68)
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1Farm size is defined as the operational holding in hectares.

2 Farm business income is defined as value of total output less actual incurred
cost.

8 Net profit is defined as value of total output minus total cost {both actual
and imputed cost).
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and Uttar Pradesh (Muzzaffer Nagar (1966-67), has concluded that
there was no evidence of such a change (Appendix Table 2). The con-
clusion for Punjab, however, seems to be based on a misinterpretation
of a statistical result.* Furthermore, the results are based on only one
year of data from each of the two regions and only on farm operations
in the wheatgrowing region.

Objectives, Data and Framework

The objectives of this paper are twofold: (i) to test the hypothesis
of constant returns to scale in Indian agriculture with evidence available
for the post-green-revolution period and (ii) to test the hypothesis that
farm size is inversely related to both output and farm business income
per hectare and positively related to the net profits per hectare. Also,
the paper examines the validity of some of the major arguments
advanced to explain the inverse relationship between farm size and
productivity.

Cross-section data from the national cost accounting sample has been
used for the analysis. These data were collected from three regions in
India: (a) Tamil Nadu (Thanjavur), (b) Uttar Pradesh (Muzzaffer
Nagar), and (c¢) Punjab (Ferozepur). The data pertain to the produc-
tion years 1967-68 and 1968-69. The period covered by these data
shows definite evidence of an onset of a process of technological change.

Thanjavur, Muzzaffer Nagar and Ferozepur regions have contrasting
demographic, economic and agricultural characteristics. More import-
antly, while Muzzaffer Nagar and Ferozepur are predominantly wheat
producing areas, rice cuitivation dominated Thanjavur. It has been found
that technological change, particularly the use of high-yielding varieties,
has rapidly increased the absolute and also the relative profitability per
hectare in the wheatgrowing regions (see Appendix Table 4). Hence,
the two sets of areas should reflect differential effects of technological
change as they relate to wheat and rice as we progress on the main
objectives of the study.

The sample in each district includes 150 farms selected as a stratified
random sample. First, fifteen villages are randomly selected in each
district. The farms of each village were divided into five groups in such
a way that each group cultivated one-fifth of the area under cultivation.
Within each of such groups, two farmers were selected at random. As
discussed in another paper [2], it is likely that the grouped data pre-
sented in the reports suffer from the problem of heteroscedasticity,
thereby resulting in less efficient (but yet unbiased) estimates of the
regression coefficients. Therefore, we have used disaggregated raw data
instead of class-mean observations as presented in the survey reports.

We have fitted the unrestricted form of the Cobb-Douglas production
function for the three regions by pooling the two-year data in each
case. The pooling procedure will be discussed in the following section.
Further, we have fitted an exponential function of the type, ¥ = aX8,
to verify returns to scale relative to farm size. We also have used the
exponential function for verifying the relationship between labour and
non-labour inputs with respect to farm size. Because the latter functions

4The ‘¢ value of deviation of 8 from unity in the case of Ferozepur 1967-68 [4]
is 0-73, which is not significant even at the 10 per cent probability level, Thus,
only constant returns to scale relative to farm size can be inferred.
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have been fitted on a per-farm basis, we have tested the elasticity coeffi-
cients against unity.

Technological Change and Returns to Scale

Technological change in Indian agriculture has been characterized
as being of a biological-mechanical type [16]. This change should reveal
itself in changed parameters of the partial elasticities of production in
a Cobb-Douglas framework. To estimate the contribution of newly
available biological inputs of seed and fertilizers and of mechanical
inputs of farm machinery and implements, we have specified our pro-
duction function as:

Y=AX{ XXX X tesXe

Where Y = Aggregate crop output (Rupees)

X = Size of farm (hectares)

X, = Human labour (adult man days)

X3 = Bullock labour (bullock pair days)

X, = Interest on fixed capital and depreciation on farm
machinery and implements (Rupees)

X5 = Value of seeds (owned and purchased), value of fertilizers
and manures (owned and purchased) and irrigation
charges (Rupees)

X = Year dummy variable. It takes the value zero for the ob-
servations of 1967-68 and value one for the observations
of 1968-69 for each of the three regions.

Our specification includes some flow and some stock variables. The
inclusion of some stock variables, particularly land, was considered
better from the standpoint of accuracy in data collection for these
variables. The human labour variable (X,) combines family labour,
permanent hired labour and casual hired labour. The variables X, and
X; are of interest from the standpoint of technological change. Interest
on fixed capital and depreciation on farm machinery (X,) have
been used as proxies for mechanical inputs in the flow form. Seed, ferti-
lizers and irrigation (X;) have been combined to represent a package
of biological inputs, Further, a preliminary examination of the data
revealed that there was a change in input and output prices between
1968-69 and 1967-68. Hence, direct pooling of data for the two years
would result in a bias. We have, therefore, added a year dummy variable
(Xs) to incorporate the effects of the price change. The significance
level of the coefficient for the X, variable would justify inclusion of the
dummy variable. We fitted four equations in log form, one for each
state and two for Uttar Pradesh. The second equation for Uttar Pradesh
excludes the bullock labour since this variable was not found significant
even at the 10 percent probability level. The statistical results are pre-
sented in Table 1.

The input variables included in the estimated functions explain from
72 to 94 percent of output variance. Further, all coefficients are sig-
nificant at the 1 per cent probability level (Table 1) except the coeffi-
cient v in the equation I (significant at 5 percent probability level) and
coefficient 3 in equations II and III (not significant, even at the 10
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percent probability level). As the correlation matrix presented in the
appendix indicates, the intercorrelation problem among the explanatory
variables is not beyond the bounds usually accepted in production func-
tions based on cross-section data.’

The results in Table I indicate that output is highly responsive to land
and labour inputs in all the regions. In fact, there has been a significant
upward shift in the partial elasticity with respect to land in Uttar Pra-
desh and Tamil Nadu as compared to mid-fifties (Appendix Table 3).
The partial elasticity of production with respect to seed, fertilizer and
irrigation (¢) is significantly higher in Uttar Pradesh as compared to
mid-fifties (Appendix Table 3). The partial elasticity coefficient for the
variable of farm machinery and implements (3) is very small in the
case of Tamil Nadu and Uttar Pradesh, but fairly large in the case of
Punjab (0-1362 in equation IV as compared with 0-0661, 0-0218 and
0-0223 in equations I, IT and III), perhaps showing that new or modern
mechanical inputs have begun to play a significant role in Punjab agri-
culture. It is also indicated by the upward shift in the partial elasticity
coefficient (3) as compared to mid-fifties (Appendix Table 3). The sign
on the clasticity of production of bullock labour (v) is negative, indica-
ting that the use of bullock labour has been pushed beyond the optimal
level in Tamil Nadu and Uttar Pradesh. The coefficient of bullock labour
is, however, not significantly different from zero in Uttar Pradesh.

Scale returns

To test the hypothesis of constant returns to scale, we tested the sum
of elasticities against unity. We find that the sums of coefficients in
Tamil Nadu and Uttar Pradesh are not statistically different from unity
even at the 10 percent probability level. Therefore, we cannot reject the
hypothesis of constant returns to scale. This result implies, for the two
regions that have not added modern mechanical equipment, that the
upward shift in production has been neutral to the scale parameter.
But the sum of elasticities is significantly greater than one in the Punjab,
signifying increasing returns to scale. This finding is not in conformity
with some of the earlier studies [8, 13, 14]. The result could be because
some important variables are excluded from the production function in
earlier studies.® Thus, our mixed evidence suggests that generalization
about returns to scale in agriculture sector on all-India basis may not
be appropriate.

Returns to Scale Relative to Farm Size

The results of either constant or increasing ‘physical returns to scale’
do not necessarily imply that ‘economic returns to scale’® are constant
or increasing. Also, this does not imply that constant or increasing

5In Equation II for Uttar Pradesh 5 and v could be insignificant because of
high intercorrelation. -

6 The estimates of returns to scale become biased unless all the input factors
are included in the production function. The production function fitted by Saini
[14] has an R2 of only 0-59, whereas the production function for Punjab in
our study has an R2 of 0:72, which might be the result of including more ex-
planatory variables.

7 Economic returns to scale include only those variables under control of
the entrepreneur [7, p. 232].
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returns to scale will hold relative to any one factor; i.e., land, labour
or capital items [7]. By and large, technological change in India has
been oriented towards modern inputs, raising productivity per hectare.
Since there is evidence of a differential rate of adoption and levels of
application of new technology among different farm size groups, it can
be postulated that the size-productivity relationship may have changed to
a positive one in recent years.

We have tested the size-productivity relationship with two regression
equations specified as (a) ¥ = aX?, where Y is output per farm and X is
farm size in hectares, and (b) ¥ = aX?X¥, where Y is defined as before,
X, is farm size in hectares and X, is ratio of irrigated area to farm size.
The second equation is expected to correct the size-productivity relation-
ship for irrigation differences in land inputs. The statistical results of these
equations are presented in Tables 2 and 3.

TABLE 2
The Relationship Between Qutput per Farm and Farm Size

State Year N Parameters R2
a B
% %k ok
Tamil Nadu 1967-68 150 2-8250 +0-8789 0-7742
{0-0390)
*
1968-69 150 2-8730 +0-9177 07459
(0-0382)
%
Uttar Pradesh 1967-68 150 3-5018 +0-9588 0-8263
(0-0202)
ok
1968-69 150 3-6185 +0-9193 0-9384
(0-0303)
Punjab 1967-68 149 3.2436 +0-9661 0-7200
(0-0501)
1968-69 150 2-1737 +0-9730 0-6257
(0-0583)

* Si.gni.ﬁcantly different from unity at 10 percent ﬁrogwébility level.
*** Significantly different from unity at 1 percent probability level,

In Table 2, B is significantly different from unity and decreasing only
in four of six regressions. The B coefficients for Punjab are not signifi-
cantly different from unity even at the 10 percent probability level.
Furthermore, when the irrigation effect is ‘taken out’ of the size-pro-
ductivity relationship (Table 3), a is significantly different from unity
only in three of six cases. The output per hectare remains unchanged
in Punjab and Tamil Nadu (1967-68) as farm size increases. Thus, the
findings in Tables 2 and 3 at best give mixed support to the hypothesis
of decreasing returns to scale relative to farm size. It is clear that the
evidence, unlike mid-fifties data, does not permit any generalization as
to decreasing or constant returns relative to farm size for Indian
agriculture. But evidence presented here indicates that there are no
increasing returns to scale relative to farm size.®

_ 81t is noteworthy that scale returns in the production of high-yielding varie-
ties of wheat also are found to be constant (Appendix Table 5).
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TABLE 3

The Relationship Between Qutput per Farm (corrected for
irrigated area) and Farm Size

State Year N Parameters R2
al o B

*
Tamil Nadu 1967-68 150 6-7445 +0-5803 +0-3887 0-8585
(0-0332) (0-1918)

1968-69 150  6:5483  4+0-8876  40-3989  0-7482
(0-0446)  (0-2042)
e g K *®

Uttar Pradesh 196768 150 84207  +0.9160  1.0-0718 08652
(0-0298)  (0-0348)

E 3
1968-69 150 8-1449 —+0-9585 +{- 0042 0-9398
(0-0204) (0-0162)
* %
Punjab 1967-68 149 7-5560 +0-9791 +0-6308 0-7282
(0-0769) (0-1896)
T
1968-69 150 4.9532 +1-0248 +0-8772 0-7264
(0-0526) (0-1397)

* Significantly different from unity at 10 percent probability level.
** Significantly different from unity at 5 percent probability level.
*** Significantly different from unity at 1 percent probability level.

1The intercept is log to the base e.

An Explanation of Qbserved Farm Size-productivity Relationships

The studies with mid-fifties data found that the higher output per
unit of land on small farms was a function of higher inputs of labour
and non-labour inputs per unit of land [10, 6]. We have tested these
findings as to how far the differences in input allocation can explain our
findings with respect to size-productivity relationships. We have fitted
three equations where farm size has been made an independent variable
in all of the three equations. Equation I uses labour inputs (family,
casual and permanent labour valued in rupees) as a dependent variable
Equation II uses all inputs, other than the wage bill, as a dependent
variable. Equation I uses total value of inputs (imputed or actually
incurred) as a dependent variable. The statistical estimates are presented
in Table 4.

The coefficients, a, 8 and v (Table 4), are significantly different from
unity, except for 1968-69 in equation II, at 10 percent or less proba-
bility levels. Hence, we can interpret the inverse of direct relationship
between farm size and inputs per hectare according to the values of the
coefficients. The results of the equation ITI show that total inputs per
hectare are inversely related with farm size in all the years and all the
regions except in the Punjab for the year 1968-69. The decrease in
inputs per hectare also is seen both in labour and non-labour inputs
(equation II), except in the Punjab (1968-69) when non-labour inputs
per hectare increase as the farm size increases. Total inputs per hectare

D
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are not significantly different from unity however, indicating that the
decrease in labour inputs per hectare offsets the increases in non-labour
inputs as farm size increases. The inverse relationship between farm size
and productivity observed in Tamil Nadu and Uttar Pradesh evidently
is explained by lower inputs per hectare as farm size increases (Table
4). Again, the constant returns relative to farm size in the Punjab for
the year 1968-69 result from a statistically constant level of total (labour
and non-labour) inputs per hectare irrespective of farm size.

Profit per hectare and farm size

The hypothesis of a ditect relationship between farm size and profit per
hectare has been investigated with the new data by fitting the regression
equation Y=—aX8, where Y is net profit per farm in rupees and X is farm
size in hectares. The statistical results show that in only one of six cases
is profit per hectare significantly different from unity with farm size
(Table 5). In all other cases, profit per hectare is constant as farm size

TABLE 5
The Relationship Between Profits per Farm and Farm Size

State Year N Parameters R2
a 8

Tamil Nadu 1967-68 150 2-6279 +1-0051 0-7163
(0-0519)

1968-69 150 2-8427 +1-0444 (-9091
(0-0271)

Uttar Pradesh 1967-68 150 3-1521 41-1693 0 6781
(0-0299)

1968-69 150 3.2278 +1-0530 0-9115
(0-0604)

Punjab 1967-68 149 2-1588 +1-1878 02371
(01763}

1968-69 150 1-3836 +0-9362 0-2161
(0-1465)

ook Sigﬁiﬁcantly different from unity at 1 per::t;nt level of probability.

increases. These results lead us to reject the hypothesis that, as farm size
increases, at least within the bounds of our sample and data, profit per
hectare goes up. The reasons for this constant-profit-size relationship can
be traced back to the proportional changes in inputs and outputs (Tables
2 and 4), which leave profits per hectare unaffected.

Farm business income and farm size

In the estimates for the fifties, the large farmers were earning less family
income per hectare than were small farmers because the latter had the
advantage of more family labour (which is not a purchased input in their
case) as compared to large farmers. This relationship has been tested with
the new data by fitting the equation Y = aX? where Y is net farm business
income per farm and X now is farm size. The statistical results are presented
in Table 6. Of the six equations presented, f is significantly different from
unity in only two. In the remaining four, it is not significantly different
from unity and signifies constant farm business income per hectare as farm
size increases. For the two cases where B is significantly different from
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TABLE 6

The Relationship Between Farm Business Income per Farm
and Farm Size

State Year N Parameters R2
a B
* % '
Tamil Nadu 1967-68 150 2-5053 “+0-7621 0-3387
(0-0875)
1968-69 150 2:6776 4-0-9737 0-7192
(0-0500)
*k ok %
Uttar Pradesh 1967-68 150 3:2455 +1-0929 0-8424
(0-0262)
1968-69 150 3-4706 +0-9768 0-9213
(0-0352)
Punjab 1967-68 149 28558 +1:0658 0-5591
(0-0783)
1968-69 150 4-2747 +0-9398 0-2261
(0-1428)

** Significantly different from unity at § percent probability level.
*%* Significantly different from unity at 1 percent probability level.

unity, farm-business income per hectare increases as farm size increases
only for Uttar Pradesh (1967-68). In the equation for Tamil Nadu (1967-68),
farm-business income per hectare decreases as farm size increases. Hence,
we do not have results that conform to those generalizations based on
mid-fifties data. This difference likely results because purchased inputs
(used here in the sense of nonfamily labour inputs) have acquired a
dominant role in total inputs of even the small farmers.

Concluding Remarks

Our results for Tamil Nadu and Uttar Pradesh show that there has
been no change in the returns to scale. But the results for Punjab show
an increasing return to scale. This possibly might exist through a shift
to tractors and other modern mechanical inputs. Hence, our analysis of
current data leads us to believe that no generalizations about returns
to scale can be made for Indian agriculture as a whole.

On the whole, we find that changes in output per hectare relative to
farm size are explained by changes in inputs. Thus, one can postulate
that, in successive production cycles, large farmers will use more of the
purchased inputs per hectare and that will augment problems of income
disparity among farms.

The finding of higher output per hectare on smaller farms from data
of the mid-fifties has been interpreted to mean that the small farmers
are more eflicient vis-a-vis large farmers. However, our results throw
doubt on this finding as a generalization, and more tests of the hypothesis
of relative efficiency must be made. One such attempt has been made
in testing an UOP profit function [11]. This test did support the widely
held view that the small farmers were more efficient as compared with
large farmers in the 1950s. But when we fitted this function to the
recent data, the results suggested no difference in the the relative effi-
ciency among various farm size groups [2].
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APPENDIX-—TABLE 1
Simple Correlation Coefficients Between Independent Variables

(excluding dummy) (1967-68 and 1968-69)

Xs X, X, X X,
Tamil Nadu
Xs 1-000 0 640 0-298 0-468 0-515
X 1-000 0-732 0780 0-706
X 1-000 0742 0-704
Xa 1-000 0-767
X 1-000
Punjab
Xs 1-000 0-3i4 0-071 0407 0-487
X, 1000 0071 0-429 0419
Xs 1-000 0-331 0314
Xa 1-000 0-670
X 1-000
Uttar Pradesh
Xs 1.000 0.526 0-229 0520 0-566
X, 1.600 0-371 0-835 0 839
Xa 1-000 0-465 0413
X 1-000 0 842
X1 1-000
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APPENDIX—TABLE 4

Changes in Total Cost and Total Revenues in Wheat Production of
Major Producing States in India

Total Cost 1 Total Revenue 1
States _—
Total Cost II Total Revenue 11
Uttar Pradesh 1-73 2-49
Punjab 2-93 5-79
Maharashtra 0 66 4-54
Rajasthan 1-98 8- 51

Notes: Cost I stands for the cost of production of hybrid wheat with new array
of inputs made available by new technology.
Cost II stands for the cost of production of indigenous wheat with
irrigation and old array of inputs.
Total Revenue I and II stands for the same as the costs respectively.

Source: [15, pp. A163-A172].

APPENDIX—TABLE 35

Production Functions for Mexican Varieties of Wheat

Year Estimated equation R2 df Z8. F
196768 1nY. — 5-0808 & 0-4608%**1nXs,  0-9064 106 0-9777 3425
(0-0913)
+ 0-1070%1nXn + 0-4099%**1nXy (0-0316)
(0-0893) (0-1013)
1968-69 1nY. — 3-7062 4 0-2162***1nX,.  0-8912 135 1.0413 3685
(0-0862) (0-0316)
F 0-6929%** 10X + 0-1320%**InXeo
(0-0918) (0-0332)

Source: [16, pp. A74-75].

Note: where Y, = crop output (rupees)
Xy, = area under crop production (hectares)
X:; — human labour (man days)
Xs; = value of seeds (rupees)
i=1 for 1967-68
2 for 1968-69



