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Abstract

The present investigation undertaken in the central Gujarat, has estimated the technical efficiency inrice
production and has assessed the effect of farm-specific socio-economic factors on thistechnical efficiency.
A stochastic frontier production function has been estimated to determine technical efficiency of individual
farms and variance as well as regression analyses have been carried out to find the influence of socio-
economic factors. The study has revealed that the farm-specific technical efficiencies range from 71.39
per cent to 99.82 per cent, with the mean of 72.78 per cent, which indicates that on average, the realized
output can beraised by 27 per cent in the region with the available technology and resources, without any
additional resources. It hasbeen found that factorslike operational area, experience, education and distance
of field from canal structure arethe most influential determinants of technical efficiency, whilethevariable,
number of working family members, has shown significant but negative rel ationship with technical efficiency.
By adopting good management practices and proper allocation of the existing resources and technol ogy,
along with sound extension programmes, the potential that existsfor improving the productivity of ricein

the state, could be exploited.

I ntroduction

Riceisthemost important cereal food crop of India,
and is cultivated in 43.81 million hectares. It plays a
vital role in the national food grain supply and is the
main driver of India's food security. Rice occupies
about 23 per cent of the grossed cropped areain the
country. It occupies 35 per cent of the total areaunder
food grains and contributes around 43 per cent to the
total food grain production in the country.

Despite having afirm footage on rice cultivation,
Indiaisfacing aformidable challengetofeeditsgrowing
population. It is estimated that about 260 Mt of food
grainsareto be produced annually by the year 2030 to
meet itsrising food requirement (Reddy and Sen, 2004).

* Author for correspondence, Email: yczala@yahoo.co.in

§ This paper is based on the Ph.D. (Ag.) thesis, “Technical
Efficiency of Rice Farmsunder Irrigated Conditions of Cen-
tral Gujarat” submitted to Anand Agricultural University
in 2010 by the first author under the guidance of second
author.

With limited scope for area expansion, coupled with
diversion of cultivable land to non-agricultural uses
(Deshpande and Bhende, 2003), the growing demand
for food grainsresulting from swelling popul ation and
rising per capitaincome can only be met by increasing
the food grain production through productivity
enhancement. Despite having largest area under rice
intheworld, the country hasachieved only 41 per cent
productivity of the USA and 48 per cent of China.
Available literature suggests that farmers in the
devel oping countriesfail to exploit thefull potential of
a technology and make allocative errors (Taylor and
Shonkwiler, 1986; Ali and Flinn, 1989; Kalirgjan and
Shand, 1989; Bravo-Uretaand Evenson, 1994; Banik,
1994; Shanmugan and Palanisami, 1994; Sharmaand
Datta, 1997; and Thomasand Sundaresan, 2000). Thus,
increasing the efficiency in production assumes greater
significance in attaining potential output at the farm
level. Improvement intechnical efficiency isapotential
source of further productivity growth. But, embarking
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on new technologiesis meaninglessunlessthe existing
technology isusedtoitsfull potential, (Kalirganetal.,
1996). Further, the analysis of variations between the
potential and actual yields on the farm, given the
technology and resource endowment of farmers, provide
better understanding of the yield gap. Thus, technical
efficiency isanindicator of the productivity of thefirm
and thevariationintechnical efficiency canreflect the
productivity differenceacrossfirms. It helpsfor hunting
the potentiality of the existing technology. Therefore,
improvement in technical efficiency is the key for
meeting the growing food grain demand intheyearsto
come. The present study has assessed the technical
efficiency in rice production along with the influence
of various socio-economic factors on thisefficiency of
the rice farmsin the central Gujarat.

M ethodology

Data Collection and Sampling

Rice is grown intensively in the central Gujarat
region which accountsfor 64 per cent of thetotal area
under rice and contributes 61 per cent to the total rice
productioninthe state. M oreover, riceranksfirst among
food grain crops in the central Gujarat. As such, the
central Gujarat region was selected purposively for the
present study. For sample sel ection, multistage Stratified
random sampling method was adopted. At the first
stage, two districts were selected randomly from the
six districts of central Gujarat region. Talukas formed
the second stage of sampling units, where two talukas
from each district were selected on the basis of
concentration of area under rice cultivation. Then, a
total of twelve villages were chosen from the four
selected talukas. From each selected village, alist of
rice growers was prepared and they were stratified
into four size groups, viz. margina (up to 1 ha), small
(1.01-2 ha), medium (2.01-4 ha) and large (above 4
ha). Further, from each village list of rice growers, 20
farmerswere randomly selected ensuring proportionate
representation of the four strata. Thus, in all 240
cultivators (109 frommarginal, 76 from small, 38 from
medium and 17 from large) were selected from the
twelve villages. The primary data for the study were
collected through personal interview method with help
of pre-tested comprehensiveinterview schedulefor the
year 2007-08.

Method of Analysis

In the present study, the stochastic frontier
production function approach was used to measure
technical efficiency of rice cultivating farms (Aigner
et al., 1977; Kdirgan and Shand, 1989; Sharma and
Dutta, 1997). In analyzing technical efficiency, itisnot
the average output, but the maximum possible output
obtainable from a given bundle of inputs, is of
importance. Thefrontier production functionisdefined
as the maximum possible output that a farm can
producefrom agivenlevel of inputsand technology. In
stochastic frontier, the disturbancetermis decomposed
into two components. asymmetric component which
captures randomness outside the control of thefarmer,
such as droughts, floods, etc. and the statistical noise
contained in every empirical relationship and the other
one-sided component capturing randomness under the
control of the farmer (i.e., inefficiency).

Specification of the Model

The stochastic frontier production function of the
Cobb-Douglas type was specified for this study
(Kalirgjan and Flinn, 1983; Dawson and Lingard, 1989;
Bravo-Ureta and Evenson, 1994).The model used is
depicted in Equation (1):

INY;=" Bot By In X+ B, In X, + B3 In X+ By In X, +
Bs In X + B In X+ B In X+ (vi—u)
(D)
where, the subscript ‘i’, denotes the i farmer in the
sample, and

Y. = Output of rice (g/ha),

Bo . B; = Parameters to be estimated,

X, = Quantity of seed (kg/ha),

X, = Human labour (human days/ha),

X, = Machinelabour (hours/ha),

X, = Irrigation (numbers per hectare),

Xs = Quantity of fertilizers (NPK) (kg/ha),
Xe = Quantity of manure (kg/ha),

X, = Plant protection chemicals(litres/ha),
v,—Uu, = Random error-term, and

n = Number of farms growing rice.

The computer progranme FRONTIER 4.1 (Coelli,
1996) was used to estimate simultaneously the
parameters of the stochastic production frontier and
the technical inefficiency effects.
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Determinants of Technical Efficiency Xs = Contact with extension agency (ies),
Several studieshave shown apositiverelationship X7 = Distance of field from canal irrigation

between technical efficiency and the socio-economic structure (km),

variables (Kalirgjan, 1990; Bravo-Uretaand Evenson, X, = Proximity to the market yard (km),

1994; Parikh and Shah, 1994; Shanmugham, 2003; b, = Intercept term,

Bhende and Kalirgjan, 2007). In the present study, the
farm-specific factors such area under rice crop,
experience, education level of farmer, number of
working members in the family, land fragmentation
index, contact with extension agency and distance of
field from canal irrigation structure have been
considered which affect thelevel of technical efficiency
of crop production. Inthisstudy asimplelinear multiple
regression equation of the form of Equation (2) was
estimated using ordinary least square (OL S) technique.

b, ..., by = Coefficients of respective factors
influencing thetechnical efficiency, and

e = Random error-term.
Results and Discussion

Estimation of Frontier Production Function

For estimating technical efficiency, stochastic
production function approach was used. The
parameters of frontier production function were

TE = Dy + DX, + 0, X, + 0 X5+ 0, X4 + 0 X+ eqimated using the maximum likelihood estimation
b X + by X7+ bg X + € +(2) " (MLE) and the results are presented in the Table 1. A

where, high value of y (0.864) in al the farms indicates the
TE = Technical efficiency of the it farm presence of significant inefficienciesin the production
' ) _ ’ of rice crop. It shows about 86 per cent of differences

Xy = Areaunder rice crop (in ha), between the observed and maximum production frontier
X, = Experienceinricecultivation(inyears),  outputs were due to the factors which were under
X, = Education level of the farmer (school ~ farmer’s control. The stochastic frontier analysis has
years), further shown that 86 per cent of observed inefficiency

X, = Number of working members in the was due to farmer’s inefficiency in decision-making
family and only 14 per cent of it was due to random factors

' _ outsidetheir control inthe case of al farms. Thevalues

Xs = Land Fragmentation Index of y were 94 per cent, 66 per cent, 100 per cent and 97

[Land Fragmentation Index (LFI) = (No.
of fragments/ Total area under rice)],

per centinmargina, small, mediumandlargesizefarms,
respectively. Thus, the one sided-error u; dominated

Table1l. Maximum likelihood estimatesof stochasticfrontier production function for samplericefarmsin central Gujarat

Varigbles Marginal farm Small farm Medium farm Largefarm All farms
Coefficient SE  Coefficient SE = Coefficient S Coefficient S Coefficient S

Constant 2.426***  0.796  3.344***  0.895  0.669 0.733 1.267 0986  2.423*** 0.357
Seed 0.081 0.082 0.265** 0.110 0.099 0.081 -0.224 0.366  0.040 0.046
No. of irrigations 0.181 0.103  0.197** 0.096 -0.126 0.175 -0.047 0902 0.092 0.065
Fertilizers 0.342***  0.080  0.083 0.072  0.424*** 0.111 0.738 0.624  0.262*** 0.048
Pesticides 0.000 0.031 -0.036 0.024  0.035 0.040 -0.159 0.137 -0.042***  0.015
Human |abour -0.216 0.130 -0.208 0171 0.167 0.092 -0.067 0.303 -0.035 0.050
Manures 0.003 0.011 0.018 0.012 0.022 0.028 0.000 0.043 0.013 0.008
Machine labour 0.053 0.075 -0.037 0.098 -0.189 0.138 -0.031 0.396 -0.010 0.049
Sigmasquare (6?) 0.339***  0.054 0.113*** 0.041 0.104*** 0.024 0.037 0.025 0.261*** 0.031
Gamma(y) 0.941***  0.026 0.665*** 0.262  1.000 0.022 0.976 0.659  0.864*** 0.036
log likelihood 36.766 -3.597 10.841 12.213 73.463

Note: SE =Standard error
*** and ** denote significance at 1 per cent and 5 per cent levels, respectively.
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the symmetric error v; and the short fall of realized
productivity from the frontier was largely due to
technica inefficiency and was mainly within the control
of individual farmers.

Further, the estimates of stochastic frontier have
shown that inthe case of all farms, the estimated value
of the coefficient of fertilizerswas positive and highly
significant, indicating fertilizersto be productive input
for successive production of rice crop. The estimated
value of pesticides was negative and significant,
indicating overuse of the factor in producing the crop.
Seeds, number of irrigations and manures have shown
positive impact on output; however, the estimated
coefficients were not statistically significant. The
coefficients of human labour and machine hourswere
negative, but were found to be non-significant.
Statistically significant and positive values of the
estimated coefficients indicated that farmers could
increase per hectare yield by applying more units of
theseinputs.

In the case of marginal farms, all the independent
variables considered had positive coefficient, except
human labour. But, all were statistically insignificant,
except fertilizer, which was positive and significant,
indicating the scope for increasing the productivity by
increasing the application of fertilizers.

The estimated values of the coefficients of seed
and number of irrigationswere positive and significant
on small farms. Thus, the small farmers can increase
per hectareyield by applying more unitsof theseinputs.
Other variables, except pesticides, human labour and
machinelabour, werepositive, but al were statistically
insgnificant.

Across the medium farms, the estimated value of
the coefficient of fertilizerswas positiveand significant
at 1 per cent level. All other variables, except the number
of irrigations and machine labour were positive, but all
werestatistically insignificant.

In the case of large farms, the estimated elasticity
coefficients for all variables, except fertilizers and
manures, were negative, indicating overuse of these
factors in producing rice crops. However, al were
statistically insignificant.

Technical Efficiency of Sample Farms

Details regarding farm-specific technical
efficiencies are important as they provide detailed

information to policymakerson the nature of production
technology used in farms. Table 2 showsthe frequency
distribution of sample farms by the level of technical
efficiency inraising therice crop. It was observed that
there were wide variations in the level of technical
efficiency across the sample farmsin raising the rice
crop. Theaverageleve of technical efficiency hasbeen
estimated as 72.78 per cent for farms as a whole,
implying that on an average the sample farmers tend
torealisearound 73 per cent of their technical abilities.
Hence, on an average, approximately 27 per cent of
the technical potentials are not realised. Therefore, it
is possible to improve the yield by 27 per cent by
following efficient crop management practiceswithout
increasing thelevel of inputsapplication.

Table2. Distribution of sample rice farmers of central
Gujarat under different levels of technical

efficiency

Efficiency (%) Number of farms % to total
Lessthan 50 8 333
50-60 12 5.00
60-70 A 1417
70-80 5 2167
80-0 7 2058
More than 90 63 26.25
Total farms 240 100.00
Mean efficiency (%) 7278

It was also observed that amgjority of thefarmers
(51.25%) operated at technical efficiency levels
between 70 per cent and 90 per cent. About 22.50 per
cent of the rice farms lied below 70 per cent of the
technical efficiency level. Further, theanalysisrevealed
that about 26.25 per cent of sample farmers were
operating close to the frontier with the technical
efficiency of more than 90 per cent.

Technical Efficiency by Farm-size Groups

The frequency distribution of estimated technical
efficiency for the sample households by farm-size
groups, givenin Table 3, reveal sthat the mean technical
efficiency ranged from 71.39 per cent on margina
farmsto 99.82 per cent on medium farms. On the other
hand, around 15 per cent, 4 per cent and 6 per cent of
marginal, small and large farms were found to be at
efficiency level of lessthan 60 per cent. Around 57 per
cent of marginal farmers operated at the efficiency
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Table3. Frequency distribution of far m-specifictechnical efficiency in central Gujarat

Efficiency Frequency of samplericefarms

(%) Margina % to total Smdl %tototal Medium % to total Large  %tototal
Lessthan 50 8 734 0 0.00 0 0.00 0 0.00
50-60 8 734 3 395 0 0.00 1 5.88
60-70 27 2417 5 6.58 0 0.00 2 1176
70-80 K3 211 16 2105 0 0.00 1 5.838
8090 3 2110 45 5921 0 000 3 1765
Morethan 90 8 734 7 921 3 100.00 10 5882
Total farms 109 10000 76 100.00 33 100.00 17 100.00
Mean efficiency (%) 71.39 8148 082 86.74

levels between 60 and 80 per cent, while 80 per cent
of small farmers operated at the efficiency levels
between 70 and 90 per cent. The results also revealed
that around 59 per cent of largefarmersoperated closer
to the frontier level with technical efficiency of more
than 90 per cent. Medium farm-size groups were found
to be most efficient in rice farming as they were
operating closer to thefrontier with the mean technical
efficiency of 99.82 per cent. This implies that on an
average, medium-size farms are more efficient than
large, small and marginal ones. Presumably, the
observed high efficiency of medium farmswas due to
farmers having agriculture as their main occupation
and allocating their resourcesmore effectively, leading
to higher farming efficiency. The findings of Tadesse
and Krishnamoorthy (1997), Bhende and Kalirgjan
(2007 and Adhikari and Bjorandal (2009) reinforcethis
result.

Determinants of Technical Efficiency

Given aparticular technology to transform physical
inputsinto outputs, somefarmerswere ableto achieve

maximum technical efficiency, while otherswerefound
relatively inefficient. This divergence could be dueto
many factors. Therefore, it isimportant to identify the
factors which cause the difference in farm-specific
technical efficiency. A number of studies (Kalirajan,
1991; Kalirgjan and Shand, 1989; Shanmugam and
Venkataramani, 2006) have suggested that efficiency
of farmers is determined by various socio-economic
and demographic factors. The results of regression
analysis carried out in this regard are presented in
Table 4.

The results have shown that the operational area,
experienceinrice cultivation, education level of afarmer
and distance of field from canal irrigation structurewere
the positive and significant factors, their coefficients
being 0.0100, 0.0026, 0.0457 and 0.0305, respectively.
Thisimplies that farmers with large operational area,
higher educational level and more experienceweremore
efficient in producing rice. The variable, number of
working family members, has shown a significant but
negative relationship with the technical efficiency. It
indicates that as the number of workers in a family

Table4. Factor saffecting technical efficiency in riceproduction in central Gujar at

Varigbles Coefficients Standard error
Constant term 0.5446*** 00387
Operational area(in ha) 0.0100* 0.0052
Experienceinricecultivation (inyears) 0.0026*** 0.0008
Education level of thefarmer (school years) 0.0457*** 0.0076
Number of working family members(No.) -0.0127** 0.0064
Land Fragmentation I ndex 0.0074 0.0048
Contact with extension agency(ies) (No.) 0.0200 0.0182
Distanceof field from canal irrigation structure (km) 0.0305* 0.0165
Proximity to the market yard (km) 0.0009 0.0014
R? 03174

Note: *, ** and *** indicate statistical significance at 10 per cent, 5 per cent and 1 per cent levels, respectively.
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increases, thetechnical efficiency decreases. Thismay
bedueto thefact that farmersare already using excess
human labour in rice production. Hence, human |abour
utilization increaseswith increasein the number of farm
workersinthe family.

The coefficients of land fragmentation index,
contact with extension agencies and proximity to the
market yard have shown a positive relationship with
technical efficiency. However, thevariableswerefound
statistically non-significant.

Conclusionsand Policy Implications

The study hasrevealed that variation in the output
across agricultural farms in the region is due to
differenceintheir technical efficiency levels. Thelevel
of technical efficiency among agricultural households
differssignificantly acrossfarm-size groups. Medium-
sizefarmscould achievethe highest technical efficiency.
Fertilizersand irrigation have been found to bethemagjor
determinants of rice productivity in the region. The
shortfall in realized rice productivity from the frontier
haslargely been duetechnicd inefficiency andislargely
within the control of individual farmers. The mean
technical efficiency hasbeen found 73 per cent among
the sample farms, which indicates that on an average,
therealized output can beraised by 27 per cent without
any additional resources in the region. By proper
management and proper allocation of the existing
resources and technol ogy, sufficient potential existsfor
improving the productivity of rice.

Further, operationa area, experience, education and
distance of field from canal structure have been
identified as the most influential determinants of
technical efficiency. These are also the shifting factors
of the production frontier. The government policies
should target to increase operational farm-size by
changing the land tenancy laws, which would help in
creating liberalized land lease market in the state. As
the education level hasbeen found to influencetechnical
efficiency significantly, efforts should be strengthened
to promote both formal and informal education in the
farming community. Also, the government may adjust
the timings of the release of water in the irrigation
projects, keeping in mind the optimum time of sowing
for different cropsin different regions, so that farmers
can plantheir operations better and thushelpinjudicious
use of irrigation water. The study hasrevealed that the
number of working family members has a negative

impact on technical efficiency, hence government
should take up some policies or design some
programmes to provide alternative employment
opportunitiesin the region, maybein non-farm sector.

The study has observed that government efforts
through agriculture extension programmes have not
been able to have a significant effect on technical
efficiency. The government policies should strengthen
the extension machinery toimprovefarmers' practices
through extension service and training programmes, so
that farmers can apply available agricultural technology
moreefficiently. It will help increase the national pool
of rice and its productivity as well as farm income of
the rice growersin the central Gujarat region.
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