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Abstract 
This study set out to estimate the economic efficiency and also determine socio-economic and farm specific 
factors that influence economic efficiency in VDSA farms of SAT India. 
The study results show that mean economic efficiency scores were ranged between 4.1 and 90%. There is 
tremendous opportunity to improve economic efficiency among the farmers in that it is possible to increase 
production by 50% from the current level of technology and input use because average economic efficiency 
score near 50 per cent in all the states. It also explains further, that 13.95% of the farmers have efficiency 
scores that are less than 20% and 51.74% of the farmers have technical scores above 50% with only 9.69% 
having economic efficiency scores above 80%.Farmers who are older, use hybrid seed, accessed credit and 
have livestock ownership exhibit higher efficiency scores. 
 
Keywords: marginalization, Economic efficiency, marginal holdings, marginalization medium and large 
holdings, markedly, smallholdings, optimal proportions, technical efficiency, land productivity and input 
intensity, factor productivity exploitation, innovated technologies, socio-economic 
 
1. Introduction 
The agrarian structure of India has been undergoing a process of reduction in size of farms and 
increase in marginalization of holdings for the past several decades. During the period 1960-61 
to 2002-03, the proportion of marginal holdings went up (from 39.1 per cent to 69.8 percent). 
The proportion of medium and large holdings declined (from 38.3per cent to 13.8per cent), the 
percentage of operated area by marginal farmers increased markedly (from 6.9 percent to 22.0 
percent) and area under smallholdings increased significantly (from 12.3per cent to 20.0 percent) 
at all-India level (Dev, 2012). 
The small land base of the Indian farmer is one of the major factors contributing to rural poverty. 
The analysis of NSS data has shown that rural poverty is related to land ownership. In 2004-05, 
the poverty ratio for all farmers was estimated to be 15.2 per cent, with 22.0 per cent among 
landless farmers, 20.0 per cent among sub marginal farmers, 18.1 per cent among marginal 
farmers, 14.8 per cent among small farmers and 9.8 per cent among medium and large farmers 
(Chadha, 2008). The efficiency of a farm/production unit can be measured in terms of allocative 
efficiency (reflecting the ability of a farm to use inputs in optimal proportions, given their 
respective prices) and technical efficiency (TE). In this study, we focus on the latter (i.e., TE). 
Briefly, the TE is the ratio between actual and potential output of a production unit. A few 
empirical studies provide the estimates of TE of raising a particular crop (mostly rice) within a 
state/region. For instance, Kalirajan (1981) [18], Shanmugam and Palanisamy (1993), Tadesse 
and Krishnamoorthy (1997) and Mythili and Shanmugam (2000), estimated the TE of rice farms 
in Tamil Nadu. Datta and Joshi (1992) measured the TE of rice farms in Uttar Pradesh while 
Jayaram et al., (1987) and Shanmugam (2002) measured the TE of raising rice crop in Karnataka 
respectively. Shanmugam (2000) estimated the efficiency of rice farms in Bihar. An exception 
is Shanmugam (2003), which provides TE of rice, cotton and groundnut growing farms in Tamil 
Nadu. The results of these studies are useful for policy makers to rationalise the development 
policies for a particular crop in region. 
In recent years, one common debate has been on the ability of small farmers to reap the benefits 
of new technology (Sharma and Sharma, 2000). The argument advanced in this debate is that 
technology adoption among different segments of the same state/region widely varies. To work 
out the technical efficiency, land productivity and input intensity are the valid measures. The 
present study has dealt this issue in the context of Semi-Arid Tropical region (SAT India). In 
the context of SAT region, only scanty literature on factor productivity was available (Dhillon 
and Ali, 2002; Singh and Hossain, 2002), and no study seems to have been conducted using 
frontier production function approach for different regions.
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Inefficiency in crop production is one of the major factors 
hindering the exploitation of full potential of the innovated 
technologies, particularly in the developing countries (Bravo-
Vrata and Evenson, 1994; Jayaram et al., 1992; Taylar and 
Shonkwiler, 1986; Ali and Flinn, 1989; Kalirajan and Shand, 
1989; Arindam, 1994; Sharma and Datta, 1997 and Thomas 
and Sundaresan, 2000). Inefficiency, the inability of a farmer 
to realize optimum output, is influenced by various 
socioeconomic factors that interfere in the decision-making 
process of a farmer (Dawson, 1985; Kalirajan and Shand, 1989; 
Kalaitzandonakes et al., 1992). In this study, the level of 
technical inefficiency in at farm level among different state has 
been investigated along with the influence of various farm 
specific socio-economic variables. 
 
1.1 The conceptual framework 
The seminal paper by Farrell (1957) [14] on the measurement of 
productive efficiency has inspired several studies during the 
last years on best practice technology and efficiency measures. 
In this paper, Farrell proposed a stimulating idea to define 
output of the most efficient firms as the production frontier for 
all firms as opposed to the neoclassical theory that assumed all 
firms to be fully efficient in their use of technology. The basic 
idea underlying the Farrell approach to measuring efficiency is 
illustrated in Figure 1. 
 

 
 

Fig 1: Farrell's measure of technical and allocative efficiency 
Source: Ajibefun (2008) [6]. 
 
Farrell (1957) [14] considered a firm that employs two factors of 
production X and Y to produce a single product P, under 
conditions of constant returns to scale. These assumptions 
make it possible to illustrate the production function by a 
simple isoquant diagram, designated by SS’ in Figure 1. The 
point P represents the units of two factors, per unit of output 

that the firm is observed to use. The isoquant ‘SS’ represents 
various combinations of the two factors that a perfectly 
efficient firm might use to produce a unit output. It is also 
important to note that ‘SS’ presents a lower bound of a scatter 
indicating the same level of output and as such Q and P are on 
the same isoquant. The point Q represents an efficient firm 
using the two factors in the same ratio as P. It can be seen that 
it produces the same output as P using only a fraction OQ/OP 
as much of each factor. It is producing OP/OQ times as much 
output from the same inputs. Therefore, OQ/OP is defined as 
the technical efficiency of Firm P. The technical inefficiency 
of that firm is presented by the distance QP which is the amount 
by which all inputs could be proportionally reduced without a 
reduction in outputs. The firm is technically efficient if the ratio 
is equal to 1. If the ratio is less than 1 the firm is inefficient. 
Price or allocative efficiency of the firm can be measured from 
the same diagram above. This measures the extent to which a 
firm uses the various factors of production in the best 
proportions, in view of their prices. Considering the budget line 
represented by AA’, its slope is equal to the ratio of the prices 
of the two factors of production. Therefore, the optimal point 
is obtained where the isoquant curve is tangential to the budget 
line and that is point Q’. At this point the firm is both 
technically and allocatively efficient. The allocative efficiency 
is the fraction OR/OQ. 
 
1.2 The stochastic production frontier (SPF) approach 
Following the pioneering work of Farrell various modifications 
and improvements have been made. Aigner and Chu (1968) [4] 
translated Farrell’s frontier into a production function and later, 
Aigner et al. (1977) [5], Meeuseen and van den Broeck (1977) 

[23] and Battese and Corra (1977) [9] suggested the stochastic 
frontier approach. This approach deals with stochastic noise 
and permits statistical test of hypothesis pertaining to 
production structure and degree of inefficiency. Some authors 
like Kalirajan (1981) [18], estimated stochastic frontiers to 
predict firm level efficiencies, and then regressed these 
predicted efficiencies upon firm specific variables (such as 
managerial experience, ownership characteristic and 
production conditions) in an attempt to explain variations in 
output between firms in an industry. To overcome 
inconsistencies in the assumptions regarding the independence 
of inefficiency effects in this two-stage estimation procedure, 
Kumbhakar et al. (1991) [22] and Reifschneider and Stevenson 
(1991) [28] proposed a single stage stochastic frontier in which 
the inefficiency effects (ui) are express as an explicit function 
of the vector of firm specific variables and a random error. 
Battese and Coelli (1995) [8] proposed a model that imposed 
allocative efficiency, removes first order profit maximizing 
conditions and permits panel data. The Battese and Coelli 
(1995) [8] model specification can be expressed as: 

 
𝑌𝑌𝑌𝑌 = exp(𝑋𝑋𝑋𝑋𝑋𝑋 + 𝜀𝜀𝑖𝑖) = exp(𝑋𝑋𝑖𝑖𝛽𝛽 + 𝑉𝑉𝑖𝑖 − 𝑈𝑈𝑖𝑖) 𝜀𝜀𝑖𝑖 = 𝑉𝑉𝑖𝑖 − 𝑈𝑈𝑖𝑖 , 𝑖𝑖 = 1, … . ,𝑁𝑁 (1) 

 
Where, Yi is scalar output of the 1th farm, Xi is a vector of input 
quantities and β is a vector of parameters to be estimated, expis 
the exponential function, Vi is the disturbance term assumed to 
be independent and symmetrically distributed N (0,σV2) and it 
captures the effects of random shocks outside the farmers 
control (e.g. weather, disease outbreaks, measurements errors, 
etc.), Ui is a non-negative random variable associated with 
technical inefficiency in production and is assumed to be 
independently distributed as truncations of the N (Ziδ,σU2) 
distribution. Following Battese and Coelli (1995) [8], Ui can be 

represented as: 
 
𝑈𝑈𝑖𝑖 = 𝑍𝑍𝑖𝑖𝛿𝛿 + 𝑊𝑊 (2) 

 
Where Zi is a p x 1 vector of variables which may influence the 
efficiency of the 1th firm, 𝛿𝛿 is a 1 x p vector of parameters to be 
estimated and WI is the random variable defined by the 
truncation of the normal distribution with mean 0 and variance 
σU2. 
Technical efficiency is defined as the ratio of the observed 

http://www.thepharmajournal.com/


 

~ 1295 ~ 

The Pharma Innovation Journal http://www.thepharmajournal.com 
output (Y) to the corresponding frontier output (Y*) 
conditional on the levels of inputs used by the firm. In the 
context of the stochastic frontier production function Equation 
(1), technical efficiency is given by: 
 
𝑇𝑇𝐸𝐸 = 𝑌𝑌𝑖𝑖

𝑌𝑌𝑖𝑖
∗ = exp(𝑋𝑋𝑖𝑖𝛽𝛽+𝑉𝑉𝑖𝑖−𝑈𝑈𝑖𝑖)

exp(𝑋𝑋𝑖𝑖𝛽𝛽+𝑉𝑉𝑖𝑖)
= exp(−𝑈𝑈𝑖𝑖)    (3) 

 
Aigner et al. (1977) [5] suggest using a likelihood function to 
allow for two variance parameters, σ2 = σU 2 + σV 2 and λ= 
σU/σV in the stochastic frontier production function. Values of 
γ must lie between zero and one with values of 0 indicating the 
deviations from the frontier are entirely due to noise, and values 
of 1 indicating that all deviations are due to technical 
inefficiencies. 
 
2. Methodology 
2.1 The Data and Sample 
For the study, the longitudinal household survey data collected 
under the Village Dynamics Studies in South Asia (VDSA) 
project by the ICRISAT, Hyderabad, has been used. The data 
were collected for the period 2009 to 2014 in 12 villages across 
6 states (Andhra Pradesh, Telangana, Karnataka, Maharashtra, 
Madhya Pradesh and Gujarat) in Semi-Arid Tropics 
(SAT)region of India. The household data pertain to 30 
households in each village comprising 10 large farmers, 10 
medium farmers and 10 small farmers. The high frequency 
information has been collected by the resident field 
investigators from these households continuously for the study 

period under the project.  
Data was collected using structured questionnaire, on farmers 
output of all the crops, input used in the production process 
(land, labour, capital, fertiliser and seed) on each plot and the 
socio economic and plot specific characteristics. These 
included farmers age, level education household size, head of 
the family wither male or female and farm and non-farm 
income. These characteristics have been included in many 
studies of the production. The reference period of the study 
between 2009 to 2014. The variable used in the analysis are 
defined in table1.  
The majority of the farmers are meals, with an average age of 
49 years. The age of the household’s head is important as it 
determine whether the household benefited from the 
experience of older farmers or risk taking attitude of younger 
farmers. The average number of years in formal education is 5 
years, which is primary education. 83 per cent households 
acquired credit. 
In this five years, farmers average gross return from all the 
crops operation is Rs. 153540 per farms with maximum income 
Rs. 3971700. The average farm size was 2.75 hectares and Rs. 
9640 of money spent on the purchase of the seed. The 
expenditure on the labour was Rs. 14766 per farms against 
mean land area of 2.75 hectares. The expenditure incurred in 
the purchase of fertilizer was Rs 7896 per farms.  
 
Stochastic Frontier Analysis of the Technical Efficiency of 
VDSA Households in SAT India 

 
Table 1: Variable definitions and measurement units for the empirical model 

 

Variable Description Units Observations Mean Std. Dev. Min Max 
Y Gross Returns Indian Rupees 3096 153540 262708 0 3971700 
Y Net Returns Indian Rupees 3096 100617 194888 -234636 3524833 

X1 Fertilizer used Value Indian Rupees 3096 7896 12334 0 130131 
X2 Seed used Value Indian Rupees 3096 9640 16674 0 379726 
X3 Operational Holding Hectares 3096 2.75 3.31 0.07 35.63 
X4 Hired Labour Value Indian Rupees 3096 14766 31246 0 951665 
Z1 Received Credit 1=Yes, 0=No 3096 0.83 0.38 0.00 1.00 
Z2 Use of Hybrid Seed 1=Yes, 0=No 3096 0.92 0.27 0.00 1.00 
Z3 Owns Livestock 1=Yes, 0=No 3096 0.82 0.38 0.00 1.00 
Z4 Household Head Years of Education Years 3096 5.17 4.71 0.00 18.00 
Z5 Household Head Age Years 3096 49.70 12.13 20.00 90.00 
Z6 Household Head Gender 1=Male 3096 0.97 0.18 0.00 1.00 
Z7 Total Household Income Indian Rupees 3096 221165 269329 -141996 4043175 
Z8 Non-Farm Income Indian Rupees 3096 72175 136616 0 3601000 

Source: Village Dynamics in South Asia (VDSA data) 
 
2.2 Empirical Model 
This study uses the stochastic frontier production function 
model which has the advantage that it allows for simultaneous 
estimation of individual technical efficiency of the respondent 
farmers as well as determinants of technical efficiency (Battese 
& Coelli, 1995) [8]. Following technical efficiencies and their 
determinants were estimated using a one-step maximum 

likelihood estimates (MLE) procedure. This is done by 
incorporating the model for technical efficiency effects into the 
production function. This study specifies the stochastic frontier 
production function using the flexible translog specification 
and later carries out a log likelihood ratio test to determine if 
the translog reduces to Cobb-Douglas production function. The 
translog model is specified as follows: 

 
𝐿𝐿𝐿𝐿𝐿𝐿 = 𝑏𝑏0 + 𝑏𝑏1𝑙𝑙𝑙𝑙𝑋𝑋1 + 𝑏𝑏2𝑙𝑙𝑙𝑙𝑋𝑋2 + 𝑏𝑏3𝑙𝑙𝑙𝑙𝑋𝑋3 + 𝑏𝑏4𝑙𝑙𝑙𝑙𝑋𝑋4 + 𝑏𝑏12𝑙𝑙𝑙𝑙𝑋𝑋1𝑙𝑙𝑙𝑙𝑋𝑋2 + 𝑏𝑏13𝑙𝑙𝑙𝑙𝑋𝑋1𝑙𝑙𝑙𝑙𝑋𝑋3 + 𝑏𝑏14𝑙𝑙𝑙𝑙𝑋𝑋1𝑙𝑙𝑙𝑙𝑋𝑋4 + 𝑏𝑏23𝑙𝑙𝑙𝑙𝑋𝑋2𝑙𝑙𝑙𝑙𝑋𝑋3 +
𝑏𝑏24𝑙𝑙𝑙𝑙𝑋𝑋2𝑙𝑙𝑙𝑙𝑋𝑋4 + 𝑏𝑏34𝑙𝑙𝑙𝑙𝑋𝑋3𝑙𝑙𝑙𝑙𝑋𝑋4 + 𝑉𝑉 − 𝑈𝑈            (4) 

 
Where, Ln is the natural logarithm, Y is net income of if ith 
farmer, X’s are inputs variables presented in Table 1 and β’s 
are parameters to be estimated. Maximum likelihood 
estimation of Equation (4), provides the estimators for β’sand 

variance parameters σ [2] and γ. The inefficiency model is 
estimated from the Equation given below. 

 
𝑈𝑈𝑖𝑖 = 𝛿𝛿0 + 𝛿𝛿1𝑍𝑍1 + 𝛿𝛿2𝑍𝑍2 + 𝛿𝛿3𝑍𝑍3 + 𝛿𝛿4𝑍𝑍4 + 𝛿𝛿5𝑍𝑍5 + 𝛿𝛿6𝑍𝑍6 + 𝛿𝛿7𝑍𝑍7        (5) 
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Where, Z’s are various operational and farm specific variables 
described in Table 1 and δi’s are unknown parameters to be 
estimated. 
 
2.3 Output Elasticities and Return to Scale 
The first-order coefficients of the Translog production function 
Equation (4) are not considered as they are not very 
informative, instead the determination of elasticities becomes 
necessary for the estimation of responsiveness of yield to 
inputs. Output elasticities for each of the inputs calculated at 
the variable means are of great importance in this case. (Awudu 

& Eberlin, 2001) [1]. The elasticity of output with respect to the 
1th input, ei, evaluated at the mean values of the relevant data 
points can be derived as: 
 
𝑒𝑒𝑖𝑖 =  𝜕𝜕 ln 𝑌𝑌

𝜕𝜕𝜕𝜕𝜕𝜕𝑥𝑥𝑖𝑖
+ 𝛽𝛽𝑖𝑖 + 2𝛽𝛽𝑖𝑖𝑖𝑖𝑙𝑙𝑙𝑙 𝑋𝑋�𝑖𝑖  +  𝛴𝛴𝑗𝑗≠𝑖𝑖𝐵𝐵𝑖𝑖𝑖𝑖𝑙𝑙𝑙𝑙𝑋𝑋�𝑗𝑗    (6) 

 
 
Using Equation (4), output elasticity with respect to input, X1 
evaluated at the sample mean can thus be computed from the 
following Equation: 

 
𝑒𝑒𝑋𝑋1 =  𝜕𝜕 ln 𝑌𝑌

𝜕𝜕𝜕𝜕𝜕𝜕𝑥𝑥𝑖𝑖
+ 𝛽𝛽1 + 2𝛽𝛽11𝑙𝑙𝑙𝑙 𝑋𝑋�1 + 2𝛽𝛽12𝑙𝑙𝑙𝑙 𝑋𝑋�2 + 2𝛽𝛽13𝑙𝑙𝑙𝑙 𝑋𝑋�3 + 2𝛽𝛽14𝑙𝑙𝑙𝑙 𝑋𝑋�4       (7) 

 
The elasticity of output with respect to the ith input measures 
the responsiveness of output to a 1% change in the ith input. 
The measure of returns to scale, RTS representing the 
percentage change in output due to a proportional change in use 
of all inputs, is estimated as the sum of output elasticities for 
all inputs. If this estimate is greater than, equal to, or less than 
one, we have increasing, constant, or decreasing returns to 
scale respectively. 
 

3. Result and Discussion  
The maximum likelihood estimates (MLE) of the parameters 
of stochastic frontier production function and the inefficiency 
model were simultaneously obtained using frontier in State. All 
summary statistics and regression reports in this paper were 
generated using the same software. Table 2 shows the MLE of 
parameters of the stochastic production frontier model and 
those of the economic inefficiency model. 

Table 2: Parameter estimates of stochastic production frontier and economic inefficiency models 
 

Variables Parameter Coefficient Standard error 
Stochastic production Frontier 

Constant β0 7.500734*** 0.8626 
Ln fert β1 -0.0936 0.1609 
Ln seed β2 0.3926115*** 0.1335 
Ln farm β3 0.2034 0.1891 

Ln labour β4 0.1352 0.1328 
Ln fert ln seed β12 0.0011 0.0166 
Ln fert ln farm β13 -0.0540049* 0.0302 

Ln fert ln labour β14 0.0411145*** 0.0146 
Ln seed ln farm β23 -0.045371* 0.0236 

Ln seed ln labour β24 -0.0400347** 0.0170 
Ln farm ln labour β34 0.1138961*** 0.0232 

Technical Inefficiency Model 
Constant δ0 10.08078*** 0.1505875 

Received Credit (1=Yes) δ1 0.1174097*** 0.045872 
Use of Hybrid Seed (1=Yes) δ2 0.3807204*** 0.061332 

Owns Livestock (1=Yes) δ3 0.1782925*** 0.055951 
Household Head Years of Education δ4 0.025007*** 0.006035 

Household Head Age δ5 0.0070986*** 0.002130 
Total Household Income δ6 0.00000318*** 0.0000001 

Non-Farm Income δ7 -0.00000297*** 0.0000002 
Variance parameters 

Sigma squared σ2 1.05661 0.16925 
Gamma γ 0.54745 0.07182 

Ln (likelihood)  -3046.32  
Mean Technical Efficiency  0.5027 0.0040 

*** p < 0.01, ** p < 0.05, * p < 0.1. 
 
Given the lack of direct interpretation of parameters in the 
translog production frontier, the parameter estimates of the 
stochastic production frontier Equation (4) will be summarized 
and explained later in terms of output elasticities with respect 
to various inputs. The γ parameter associated with variances in 
the stochastic production frontier is estimated to be close to 
0.5(Table 2). Although the γ- parameter cannot be interpreted 
as the proportion of the total variance explained by economic 
inefficiency effects, the results indicate that economical 
inefficiency effects do make a significant contribution to the 
level and variation of net returns of the VDSA farms in SAT 
India. 

Output Elasticities and Returns to Scale 
 

Table 3: Output elasticities 
 

Input Variable Elasticity 
Fertilizer 0.2930498*** 

Seed 0.0517332*** 
Farm size 0.3418911*** 

Labour 0.171246*** 
*** p < 0.01, ** p < 0.05, * p < 0.1. 
 
The estimates of output elasticities evaluated at means of 
relevant data points and defined by Equation (7) are 
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represented in Table 3. As expected, the estimated values of 
output elasticities for all inputs are positive. Furthermore, all 
elasticities are significantly different from zero at the 0.1 levels 
of significance. Fertilizer is found to have the highest elasticity 
(0.29), followed by labour (0.17) and seed (0.05). 
The returns to scale computed as the sum of output elasticities 
for all inputs is estimated as 0.856, indicating that on average 
the average net farm income has decreasing returns to scale. 
Put another way, if the farmers increased all factors by 1%, net 
farm income would increase by 0.856%, and farmers would not 
in a profit. 
 
4. Economic Efficiency 
The mean economic efficiency scores were ranged between 4.1 

and 90% (Table 4). There is tremendous opportunity to 
improve technical efficiency among the farmers in that it is 
possible to increase production by 50% from the current level 
of technology and input use because average economic 
efficiency score near 50 per cent in all the states of the SAT 
India. 
Despite the five states being far from each other and have 
different natural and market condition, there is slight variation 
in the economic efficiencies. Maharashtra is observed to have 
higher economic efficiency as compared to Andhra Pradesh 
and Karnataka. The differences can be attributed to farm and 
farmer’s characteristics which are expected to vary from 
household to household and hence from state to state 

 
Table 4: Economic efficiency by states 

 

Statistic Andhra Pradesh Gujarat Karnataka Madhya Pradesh Maharashtra Telangana Overall 
Observation 204 702 618 276 1032 264 3096 

Mean 0.478 0.519 0.437 0.521 0.532 0.500 0.503 
Std. Dev. 0.233 0.228 0.230 0.223 0.220 0.184 0.225 

Min 0.088 0.072 0.041 0.087 0.068 0.091 0.041 
Max 0.836 0.903 0.880 0.875 0.866 0.873 0.903 

Table 5: Distribution of farmers’ specific Economic efficiencies 
 

Efficiency Number of Households Percentage Cumulative Percentage 
<10 84 2.71 2.71 

10-19.99 264 8.53 11.24 
20-29.99 360 11.63 22.87 
30-39.99 420 13.57 36.43 
40-49.99 366 11.82 48.26 
50-59.99 384 12.40 60.66 
60-69.99 444 14.34 75.00 
70-79.99 474 15.31 90.31 
80-89.99 294 9.50 99.81 
90-100 6 0.19 100.00 
Total 3096 100.00  

 
The distribution of technical efficiency across the 3096VDSA 
farmers is fairly normal. Table 5 shows that 13.95% of the 
farmers have efficiency scores that are less than 20% and 
51.74% of the farmers have technical scores above 50% with 
only 9.69% having economic efficiency scores above 80%. 
 
Factor effecting economic efficiency  
The inefficiency model in Table 2 gives some insights on 
factors affecting economic efficiency. A negative sign on a 
parameter means that the variable reduces economic efficiency 
while a positive sign increases economic efficiency. The 
survey revealed that six main determinants were associated 
with economic efficiency in the sampled farmers. These 
include, age of farmer, use of hybrid seed, access to credit, 
ownership of livestock, years of formal education and off-farm 
income. 
Access to credit addresses the problem of liquidity and 
enhances use of agricultural inputs in production, as it is often 
claimed in development theory. In this study, access to credit, 
was observed to significantly influence economic efficiency in 
the positive sense. Farmers with access to credit are better able 
to access expensive efficiency enhancing technologies like 
hybrid seed and fertilizer. Similar results were observed by 
Desai and Mellor (1993) [11] and Nwagbo (1989) [25] who 
argued that farm level credit when properly extended 
encourages diversified agriculture which stabilizes and perhaps 
increases resource productivity, agricultural production, value 

added, net farm incomes and therefore facilitates adoption of 
innovations in farming, encouraging capital formation and 
marketing efficiency. 
Farmers have various options before them on what type of seed 
to use, subject to the constraints they face. In this case, farmers 
used mainly either hybrid seed or local and recycled hybrid 
seed. A comparison between those using hybrid and local or 
recycled hybrid seed suggests that farmers using certified 
hybrid seed are observed to have higher economic efficiency 
compared to those using recycled and local seed. 
The age of a household head is observed to have a positive 
coefficient indicating that older farmers are more economic 
efficient than other ones. Wozniak (1987) [30] observed similar 
results and argued that the older the farmer, the more 
experienced he/she will be. Besides, given the importance and 
significance of land, labor, capital and other resources in farm 
production, it could be argued that young households are 
deficient in resources and might not be able to apply inputs or 
implement certain agronomic practices sufficiently quickly. As 
timely application of inputs and implementation of 
management is expected to enhance efficiency, young farmers 
may find this challenging. 
Finally, in this study off-farm income is observed to diminish 
economic efficiency. It can be hypothesized that managerial 
input may be withdrawn from farming activities with increased 
participation of the educated in non-farm activities, which 
leads to lower efficiency. Similarly, Abdulai and Eberlin 
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(2001) [7] found higher inefficiency of production with 
involvement of households in non-farm activities. This could 
be because farmers who have various sources of income beside 
crop production are more likely to be preoccupied with other 
income generating activities and hence pay less attention to 
important agronomical practices. In such instances, labor 
contributions to on-farm operations is negatively affected and 
this affects efficiency negatively. On the contrary, total 
household income affects technical efficiency positively. The 
difference between off-farm income and total household 
income is the value of crop sales. This implies that farmers with 
higher proportions of total household income from crop sales 
have higher economic efficiency. Such farmers are likely to 
concentrate more on crop production and invest in efficiency 
enhancing technologies. For both off-farm and total incomes, 
the effects are highly significant but the magnitude of the effect 
is very minimal if not negligible. 
 
5. Conclusion and Recommendation  
This study set out to estimate the economic efficiency and also 
determine socio-economic and farm specific factors that 
influence economic efficiency in VDSA farms of SAT India. 
The study results show that mean economic efficiency scores 
were ranged between 4.1 and 90%. There is tremendous 
opportunity to improve economic efficiency among the farmers 
in that it is possible to increase production by 50% from the 
current level of technology and input use because average 
economic efficiency score near 50 per cent in all the states. It 
also explains further, that 13.95% of the farmers have 
efficiency scores that are less than 20% and 51.74% of the 
farmers have technical scores above 50% with only 9.69% 
having economic efficiency scores above 80%.Farmers who 
are older, use hybrid seed, accessed credit and have livestock 
ownership exhibit higher efficiency scores. 
Despite continued government investment in the agriculture 
sector through agricultural input subsides, extension services 
and promotion of new technology, small scale farmers has 
remained economic inefficient. Three policy issues emerge 
from the results of this analysis. Firstly, given the positive 
effect of certified hybrid seed on efficiency, it is important to 
continue promoting use of hybrid seed among farmers. 
Secondly, given the positive effect of access to finance on 
economic efficiency, it is therefore of great importance that the 
agricultural development strategy focuses on creating an 
environment that facilitates farmers to access to rural finance. 
There is available evidence that suggests that investment in 
public goods such as agricultural research, extension and roads 
constitutes one of the most effective tools available for 
stimulating economic growth and poverty reduction. 
 
6. References 
1. Abdulai A, Eberlin R. Technical efficiency during 

economic reform in Nicaragua: evidence from farm 
household survey data. Economic Systems. 2001;25:113-
125. http://dx.doi.org/10.1016/s0939-3625(01)00010-3. 

2. Abdulai A, Huffman WE. Structural adjustment and 
economic efficiency of rice farmers in Northern Ghana. 
Economic Development and Cultural Change. 
2000;48(3):503-520. http://dx.doi.org/10.1086/452608. 

3. Agriculture Consultative Forum. Report on the Proposed 
Reforms for the Zambia Fertilizer Support Program. 
Lusaka Zambia. 2009. 

4. Aigner DJ, Chu SF. On estimating the industry production 
function. Am. Econ. Rev. 1968;58(4):826-839. 

5. Aigner DJ, Lovell CAK, Schmidt P. Formulation and 
estimation of stochastic frontier production models. J 
Econ. 1977;6:21-37. http://dx.doi.org/10.1016/0304-
4076(77)90052-5. 

6. Ajibefun IA. An Evaluation of Parametric and Non 
Parametric Methods of Technical Efficiency 
Measurement: Application to Smallholder Crop 
Production in Nigeria. Journal of Agriculture and Social 
Sciences. 2008;4:95-100. Retrieved from 
http://www.fspublishers.org/published_papers/70167_...p
df 

7. Awudu A, Eberlin R. Technical efficiency during 
economic reform in Nicaragua: evidence from farm 
household survey data. Economic Systems. 
2001;15(25):113-125. http://dx.doi.org/10.1016/s0939-
3625 (01)00010-3. 

8. Battese GE, Coelli TJ. A model for technical inefficiency 
effect in stochastic frontier production for panel data. 
Empirical Economics. 1995;20:325-332. 
http://dx.doi.org/10.1007/bf01205442. 

9. Battese GE, Cora GS. Estimation of production function 
model with application to the pastoral zone of eastern 
Australia. Aus. J Agric. Econ. 1977;21:169-179. 
http://dx.doi.org/10.1111/j.1467-8489.1977.tb00204.x 

10. Chirwa EW. Sources of Technical Efficiency among 
Small holder Maize Farmers in Southern Malawi. AERC 
Research Paper 172. African Economic Research 
Consortium, Nairobi, Kenya 2007. Retrieved from 
http://www.ndr.mw:8080/xmlui/bitstream/handle/123456
789/324/Sources%20of%20technical%20efficienc 
y%20among%20smallholders%20maize%20farmers.pdf?
sequence=1 

11. Desai BM, Mellor JW. Institutional Finance for 
Agricultural Development: An Analytical Survey of 
Critical Issues (Food Policy Review 1). Washington: 
International Food Policy Research Institute. 1993. 

12. Feder G, Just RE, Zilberman D. Adoption of Agricultural 
Innovations in Developing Countries: A survey. Economic 
Development and Cultural Change. 1985;33(2):255-298. 
http://dx.doi.org/10.1086/451461 

13. Food and Agriculture Organization (FAO). FAO Stat 
2011. Retrieved January 12, 2014, from 
http://faostat.fao.org/site/291/default.aspx 

14. Farrell MJ. The Measurement of Productive Efficiency. 
Journal of the Royal Statistical Society. Series A (General) 
1957;120(3):253-290. http://dx.doi.org/10.2307/2343100. 

15. Hussain SS. Analysis of Economic Efficiency in Northern 
Pakistan: Estimation, Causes and Policy Implications. 
Ph.D. diss., University of Illinois. 1989. 

16. Jayne TS, Mason N, Myers R, Ferris J, Mather D, Beaver 
M et al. Patterns and Trends in Food Staples Markets in 
Eastern and Southern Africa: Toward the Identification of 
Priority Investments and Strategies for Developing 
Markets and Promoting Smallholder Productivity Growth. 
International Development Working Paper 104. East 
Lansing, MI, US: Michigan State University. 2010. 
Retrieved from 
http://fsg.afre.msu.edu/papers/idwp104.pdf 

17. Jondrow J, Lovell CAK, Materov TS, Schmidt P. On the 
estimating of technical inefficiency in the stochastic 
frontier production model. Journal of Econometrics. 
1982;19:233-238. http://dx.doi.org/10.1016/0304-4076 
(82)90004-5 

18. Kalirajan K. An Econometric Analysis of Yield 

http://www.thepharmajournal.com/


 

~ 1299 ~ 

The Pharma Innovation Journal http://www.thepharmajournal.com 
Variability in Paddy Production. Canadian Journal of 
Agricultural Economics. 1981;29:283-294. 
http://dx.doi.org/10.1111/j.1744-7976.1981.tb02083.x. 

19. Kalirajan KP, Flinn JC. The measurement of farm specific 
technical efficiency. Pakistan J Applied Econ. 1983;2:167-
180. 

20. Kibaara BW. Technical Efficiency in Kenyan’s Maize 
Production: An Application of the Stochastic Frontier 
Approach. Master of Science Thesis, Colorado State 
University. 2005. Retrieved from 
http://fsg.afre.msu.edu/kenya/o_papers/tech_eff_maize.p
df. 

21. Kumar SK. Adoption of Hybrid Maize in Zambia: Effects 
on Gender Roles, Food Consumption, and Nutrition. 
Research Report 100. Washington, DC: International Food 
Policy Research Institute. 1994. Retrieved from 
http://www.ifpri.org/sites/default/files/publications/rr100.
pdf 

22. Kumbhakar SC, Ghosh S, McGuckin JT. A Generalized 
Production Frontier Approach for Estimating 
Determinants of Inefficiency in U.S. Dairy Farms. Journal 
of Business and Economic Statistics. 1991;9:279-286. 
http://dx.doi.org/10.1080/07350015.1991.10509853. 

23. Meeusen W, Van den Broeck J. Efficiency Estimation 
from Cobb – Douglas Production Functions with 
Composed Error. International Economic Review. 
1977;18:435-444. http://dx.doi.org/10.2307/2525757. 

24. Ministry of Agriculture and Cooperatives, Central 
Statistics Office, Food Security Project. Patterns of Maize 
Farming Behavior and Performance among Small and 
Medium Scale Smallholders in Zambia. 
MACO/CSO/FSP, Lusaka 2008. Retrieved from 
http://fsg.afre.msu.edu/zambia/MACO_CSO_FSRP_CFS
_new_version_June20.pdf 

25. Nwagbo EC. Impact of Institutional Credit on Agriculture 
in Funtua Local Government area of Katsina State, 
Nigeria. Samaru J Agric. Res. 1989;6:75-86. 

26. Ogundari K, Ojo SO. The Determinants of Technical 
Efficiency in Mixed Crop Food Production in Nigeria: A 
Stochastic Parametric Approach. Eastern Africa Journal of 
Rural Development. 2008, 21(1). 
http://dx.doi.org/10.4314/eajrd.v21i1.28368. 

27. Pender J, Nkonya E, Jagger P, Sserunkuuma D, Ssali H. 
Strategies to Increase Agricultural Productivity and 
Reduce Land Degradation: Evidence from Uganda. 
Agricultural Economics. 2004;31(2/3):181-195. 
http://dx.doi.org/10.1016/j.agecon.2004.09.006. 

28. Reifschneider D, Stevenson R. Systematic departures from 
the frontier: A framework for the analysis of firm 
inefficiency. International Economic Review 
1991;32:715-723. http://dx.doi.org/10.2307/2527115. 

29. Shafiq M, Rehman T. The Extent of Resource use 
Inefficiencies in Cotton Production in Pakistan’s Punjab: 
An Application of Data Envelopment Analysis. 
Agricultural Economics. 2000;22:321-330. 
http://dx.doi.org/10.1111/j.1574-0862.2000.tb00078.x 

30. Wozniak G. Human Capital, Information, and the Early 
Adoption of New Technology. Journal of Human 
Resources. 1987;22(1):101-12. 
http://dx.doi.org/10.2307/145869 

31. Wilson P, Hadley D, Ashby C. The Influence of 
Management Characteristics on the Technical Efficiency 
of Wheat Farmers in Eastern England. Agricultural 
Economics. 2001;24:329-338. 

http://dx.doi.org/10.1111/j.1574-0862.2001.tb00034.x 
32. Xu Z, Guan Z, Jayne TS, Black R. Factors Influencing the 

Profitability of Fertilizer use on Maize in Zambia. 
Agricultural Economics. 2009;40(4):437-446. 
http://dx.doi.org/10.1111/j.1574-0862.2009.00384.x 

33. Zulu B, Jayne TS, Beaver M. Smallholder Maize 
Production and Marketing Behavior in Zambia and its 
Implications for Policy. Working Paper No. 22 Food 
Security Research Project, Lusaka, Zambia. 2007. 
Retrieved from http://fsg.afre.msu.edu/zambia/wp_22.pdf 

http://www.thepharmajournal.com/

