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ABSTRACT 

 
 The paper seeks to measure the efficiency in sugarcane production in Satara district of Maharashtra 
employing frontier methods for a sample of 77 sugarcane farms in Bhirdachiwadi. The input oriented Data 
Envelopment Analysis (DEA) model pointed to a substantial amount of inefficiency which was also 
corroborated by the findings of the Stochastic Frontier Analysis (SFA) model. The paper also found that 
the average input slack was the highest for repairs and purchase of machinery followed by that for 
fertilisers and labour. The Tobit analysis indicated that size of farm and off-farming income were the 
significant determinants of efficiency.  
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I 
 

INTRODUCTION 
 

The agriculture and allied activities sector forms the mainstay of the Indian 
economy. Although, the share of this sector in gross domestic product has witnessed 
a steady decline from 35.3 per cent during the 1970s to 16.1 per cent during the 
period 2001-14, it supports the livelihood of 68.8 per cent of the rural population of 
the country as per Census 2011. Through its forward and backward linkages, the 
sector helps production, employment and generates demand in the economy. India 
has been among the top three sugarcane producing countries in the world since 1961. 
Sugarcane production in the country increased by 3.16 times from 110 million tonnes 
in 1960-61 to 348.4 million tonnes in 2015-16 while area under sugarcane has 
increased from 2.42 million hectares in 1960-61 to a high of 5.14 million hectares in 
2014-15 to 4.93 million hectares in 2015-16. Yield per hectare of sugarcane has also 
increased from 45,549 kg/hectare to 70,720 kg/hectare over the same period (Reserve 
Bank of India, 2017). Sugarcane  in India is cultivated in two distinct agro-climatic 
regions, viz., tropical and sub-tropical. In the tropical region, Maharashtra is the 
largest sugarcane growing state in terms of area under cultivation. This paper seeks to 
measure the technical efficiency in sugarcane production in Satara district of 
Maharashtra through a case study comprising sugarcane farmers in Bhirdachiwadi 
village of the study district. Most studies on agricultural efficiency in India have 
                                                             

*Associate Professor, Department of Economics, University of Mumbai, Mumbai 400 098 and Associate 
Professor, S.I.E.S. College of Arts, Science and Commerce, Sion (West), Mumbai-400 022 respectively. 

The paper is an abridged version of a chapter from the Ph.D thesis submitted by second author under the 
supervision of first author. 



INDIAN JOURNAL OF AGRICULTURAL ECONOMICS 196

examined the efficiency in food grain production and this paper seeks to contribute to 
the literature by analysing the efficiency in sugarcane production. 

The paper has focused on studies that have employed frontier methods to measure 
the technical efficiency in agricultural production using farm level data in India. 
Kalirajan and Shand (1989); Kalirajan (1991); Coelli and Battese (1996); Reddy and 
Sen (2004); Shanmugam and Venkataramani (2006) and Mohapatra (2011) have 
studied efficiency using the stochastic frontier analysis while Chattopadhyay and 
Sengupta (2001); Bhushan (2005); Umanath and Rajasekhar (2013); Ray and Ghose 
(2014) and Bhatt and Bhat (2014) employed data envelopment analysis to measure 
technical efficiency whereas Murali et al. (2012) examined efficiency by using both 
the frontier methods. Most studies reported significant variations in efficiency across 
farms with medium to low levels of mean efficiency. The studies also reported that 
the socio-economic and demographic factors such as formal education, farm size, 
access to credit, extension contacts, agricultural R & D, agriculture and marketing 
infrastructure as the important factors which impact efficiency. 

Technical efficiency in sugarcane production has been measured using the 
frontier methods of Data Envelopment Analysis (DEA) and Stochastic Frontier 
Analysis (SFA). The assessment of technical efficiency in agricultural production 
becomes important as it helps to understand the gains that can be achieved through 
the adoption of improved agricultural practices with the given technology as also 
point to the savings in inputs used. The two stage input oriented DEA model 
estimated comprised of a single output – the receipts/revenue earned from the sale of 
sugarcane and seven input variables, viz., the expenditure incurred by the farmer on 
seeds, pesticides, fertiliser, irrigation, repair and purchase of machinery, labour and 
other expenses per hectare. Both the input as well as output variables were measured 
in monetary terms (INR/Rupees) and have been standardised to per hectare. 

Bhirdachiwadi is a village located in the Wai tehsil/taluka of Satara district in 
Maharashtra. The towns/cities closest to Bhirdachiwadi are Satara and Wai. 
Bhiradchiwadi is 15 kms from Wai (the taluka place) and 31 kms from Satara the 
district headquarters. As per the Panchyati Raj Act, Bhirdachiwadi is administrated 
by a Sarpanch (Village Head) who is an elected representative of the village. This 
medium size village has a total of 174 households and a population of 836 persons 
according to Census 2011. The sex ratio and the child sex ratio of Bhirdachiwadi 
stands at 1010 and 1019 which is higher than the Maharashtra average of 929 and 894 
respectively as per Census 2011.  The village, however, has lower literacy rate (65.6 
per cent) as compared to Maharashtra’s 82.3 per cent. Further, male literacy rate 
(71.9 per cent) was higher than the female literacy rate (59.3 per cent). Sugarcane is 
the main crop and agriculture is practiced as a family activity and very few farmers 
have received formal training in agriculture. Section II contains the empirical 
evidence while the conclusions are given in Section III. 
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II 
 

EMPIRICAL EVIDENCE 
 

Data for the Kharif season of 2014 was obtained by conducting a primary farm 
level survey through household questionnaires and the sample comprises 77 
sugarcane farmers. All farms have a similar topography, soil type and access to 
environment. The sample farms are largely owner cultivated, and face similar 
economic and marketing environment for inputs and outputs. The sugarcane 
produced in this area is largely sold to the nearby sugar factories in the region. All the 
farms use a similar process of sugarcane production (both inputs and outputs) except 
for differences in intensity and management and the average size of land holdings 
was a mere 0.64. 

 
II.1 Results of the Data Envelopment Analysis Model 
 

The two stage input oriented DEA model comprised a single output and seven 
input variables (detailed in Section I). The per hectare average annual revenue was 
Rs. 2,53,299.21 with the coefficient of variation of farm revenue being 49.68 per 
cent, thus, indicative of a high level of variability in farm revenues. The highest 
average expenditure incurred was on the repair and purchase of machinery 
(Rs.52,530.91) followed by that on fertiliser (30,224.18) and seeds (Rs.17,715.91) 
whereas the least average expenditure was on irrigation, a miniscule of Rs.5014.92 
per hectare and the reason being the easy availability of water through a system of 
canals from the Dhom dam considered by villagers as the oxygen of the area.  

The efficiency estimates of the DEA model (Table 1) showed an average overall 
(CRS) efficiency of 0.699, pure technical (VRS) efficiency of 0.783 and a scale 
efficiency of 0.895. Furthermore, the overall efficiency had a wide range and varied 
substantially between 0.052 and 1.00 thereby indicating the presence of considerable 
inefficiency in farming operations among the sample farm households.  In other 
words, on an average overall inefficiency (reflected by the CRS DEA) is about 30.1 
per cent and pure technical inefficiency (VRS DEA) is to the extent of 21.7 per cent. 
The efficiency estimates indicate the prevalence of overall inefficiency coupled with 
technical inefficiency. The frequency distribution of the efficiency estimates obtained 
from the DEA models is in Figure 1 while Figure 2 gives the number of farms 
operating at increasing, decreasing and constant returns to scale. 

 
TABLE 1. SUMMARY OF EFFICIENCY ESTIMATES: DEA MODEL 

 
Statistic 
(1) 

VRS 
(2) 

CRS 
(3) 

Scale Efficiency 
(4) 

Mean 0.783 0.699 0.895 
Minimum 0.444 0.052 0.081 
Maximum 1 1 1 
Standard deviation 0.165 0.199 0.179 
Co-efficient of variation 0.209 0.282 0.199 
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Figure 1. Distribution of Efficiency: DEA 

Models. 
Figure 2. Scale of Farming in 

Bhirdachiwadi. 
 

It can be observed that 21 of the 77 farms are fully technically efficient under the 
VRS model whereas only 11 farms have been found to be fully technically efficient 
under the CRS model These farms have an optimal utilisation of inputs given 
technology, are on the efficiency frontier and set the best practice or the reference set 
for other farms. An analysis of the efficiency estimates indicates that among the 
sample farms – 2.6 per cent under VRS and 5.2 per cent under CRS were in the most 
efficient category (an efficiency score of 0.9) whereas no farm under VRS and 2 
farms (2.6 per cent) under CRS were found to be in the least efficient category 
(efficiency score between 0 and 0.2). A substantial majority of farms (67.6 per cent 
VRS model and 70.2 per cent under CRS model) operated at a moderate efficiency 
level with an efficiency score that ranged between 0.5 and 0.9. A decomposition of 
this efficiency range (0.5 to 0.9) further revealed that 32.5 per cent and 41.6 per cent 
farms operated at an efficiency level between 50-70 per cent for the VRS-DEA and 
CRS-DEA models respectively. The average/mean scale efficiency was 0.895 
(ranging between 0.081 and 1.00) with a standard deviation of 0.175 which pointed to 
inefficiency in the scale of operation given technology. An elimination of scale 
inefficiency would require that overall efficiency (given by CRS efficiency) improve 
from 0.699 to 0.783 so that the only inefficiency that would remain would be pure 
technical inefficiency (that is reflected by the VRS model) for the sample farms. 
Thus, a sizeable number of farms showed substantial overall inefficiency 
accompanied by over utilisation of inputs (input congestion). The implicit argument 
here being that moderately efficient farms can produce the same level of output by 
using substantially lower amount of inputs. It can be observed from Figure 2 that 
nearly 54.5 per cent of farms were operating at sub-optimal scale, 24 farms (31.2 per 
cent) were operating under decreasing returns to scale and the least number of farms - 
11 farms (14.3 per cent) experienced constant returns to scale which reiterates the 
scope for improvement in efficiency through proper reallocation of the inputs. 
Gorman and Ruggiero (2008) have also reported that nearly half of the decision 
making units (DMUs) studied were operating at less than optimal scale size.  
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Super Efficiency 
 

A decomposition of the efficiency scores of the efficient DMUs has been 
undertaken using the super efficiency approach of Anderson and Peterson (1993). 
Table 2 presents the scores of efficiency and super efficiency for only the efficient 
farms or DMUs.  

 
TABLE 2. DECOMPOSITION OF SUPER EFFICIENCY SCORES 

 
VRS Efficiency CRS Efficiency 

Efficiency 
score 
(1) 

Super efficiency 
score 
(2) 

Efficiency 
score 
(3) 

Super efficiency 
score 
(4) 

Efficiency 
score 
(5) 

Super efficiency 
score 
(6) 

1 2.13 1 2.28 1 1.22 
1 1.00 1 1.17 1 1.11 
1 1.12 1 1.00 1 2.51 
1 1.37 1 2.37 1 1.40 
1 2.51 1 2.40 1 1.78 
1 2.23 1 1.41 1 1.77 
1 1.95 1 1.14 1 1.10 
1 1.06 1 1.04 1 1.80 
1 1.08 1 1.03 1 1.58 
1 1.09 1 1.99 1 1.03 
1 1.12   1 1.87 

 
An analysis of super efficiency scores showed that all farms had feasible 

solutions for both the CRS- DEA and VRS-DEA models. The analysis of super 
efficiency revealed that for the VRS-DEA model, the efficiency score of 1 actually 
ranged between the maximum of 2.51 and minimum of 1. Of the 21 farms that were 
efficient, 6 farms had a super efficiency score greater than 2 while 13 farms had a 
super efficiency score between 1 and 2 whereas two farms had a super efficiency of 
1. 

 
Input Slacks 
 

Table 3 has summarised the mean input slack from the input oriented DEA model 
and the results point out that the average input slack is the highest for repair and 
purchase of new machinery and lowest for the expenditure incurred on seeds.  

The slacks may be due to the fact that most of the farms adopt traditional farming 
practices with regard to input use (as reported in the questionnaire during the primary 
survey). Although, the input slack for fertilisers was only at Rs.2215.02, the 
maximum percentage of farms (35.06) would benefit from a reduction in expenses on 
fertiliser. Slack in expenditure on repair and purchase of new machinery though the 
highest, a reduction would benefit only 14 per cent of the farms. 
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TABLE 3. AVERAGE INPUT SLACKS AND THE NUMBER OF FARMS HAVING SLACK  
GREATER THAN THE AVERAGE VALUE 

 
 CRS Model VRS Model 

 
(1) 

Input slack 
(2) 

No. of farms 
(3) 

Input slack 
(4) 

No. of farms 
(5) 

Seeds 225.04 04 (5.19) 66.21 02 (2.59) 
Pesticides 910.89 27 (35.0) 789.99 30 (40.25) 
Fertilisers 2215.02 22 (28.57) 2727.13 27 (35.06) 
Irrigation 965.98 31 (40.25) 853.25 25 (32.46) 
Repair/Purchase of new 
machinery 

5177.17 09 (11.68) 6260.45 11 (14.28) 

Labour 1170.15 20 (25.97) 1184.77 25 (32.46) 
Other expenses 608.0 22 (28.57) 640.09 21 (27.27) 

Note: Figures in parentheses indicate the percentage of farmers. Input slacks are in (Rs./ha). 
 
Determinants of Efficiency: Results of the Tobit Model 
 

The second step of the two stage DEA identified the determinants of efficiency. 
A Tobit regression model was estimated in which efficiency estimates obtained from 
the VRS-DEA model were regressed on a few farm specific socio-economic factors 
obtained from the primary survey and include the size of land cultivated, age of the 
farmer, household size, education, gender and off-farming income. Age of the farmer 
has been recorded in years, farm size is measured in terms of hectares of land 
cultivated and household size is considered as the number of members in the 
household. Variables like gender, level of education and off-farm income were 
included as dummy variables. Gender (value 1 if farmer was female and 0 otherwise), 
level of education (value 0 if farmer minimally attended primary school and 1 
otherwise), and off-farm income (value 1 if the farmer has access to off-farm income 
and 0 otherwise). The descriptive statistics of the farm specific factors considered as 
the independent variables in the Tobit model indicated that the average land size was 
less than a hectare (0.62 hectares), the average age of the farmer was 47 years and 
average household size was 5 and 18 of the 77 farmers (23.4 per cent of the sample) 
had an education of class VII and above and almost 63 per cent of the farmers had a 
source of off-farm incomes which was largely from cattle rearing and dairying. Five 
of the 77 farmers considered in the sample were women.   

The results of the Tobit regression (Table 4) point to a positive and statistically 
significant relation between the size of the land cultivated and level of efficiency 
attained by the farmer, thus, indicating that size of the land cultivated is an important 
determinant for efficiency. The link between efficiency and farm size has been 
widely studied with mixed results. Similar results were reported by Thiele and 
Bordersen (1999) and Mathijis and Varanken (2000). Off-farm income (income 
obtained from cattle rearing and dairying and a supplementary income source) had a 
positive and a marginally significant impact on efficiency. The impact of household 
size on efficiency was found to be negative and statistically insignificant. Similar 
results  were  reported  by  Mulat  (1989)  and  Coelli  et  al.,  (2002).  This  inverse 
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TABLE 4. RESULTS OF THE TOBIT MODEL 
 

 Variable 
(1)                   

Coefficient 
(2) 

Std. Error 
(3) 

t value 
(4) 

Pr (> t) 
(5) 

Marginal effects 
(6) 

Intercept 0.5478** 0.1832 2.99 0.00279    
Land size 0.2656*** 0.0771 3.44 0.000574  0.2189 
Off-farm income 0.0831* 0.0499 1.67 0.095262.   0.0685 
Household size  - 0.0046 0.0102 - 0.45 0.654313 - 0.0038 
Age  - 0.00054 0.0016 - 0.34 0.735771 - 0.0005 
Education  0.0106 0.0623 0.176 0.865532 0.0056 
Gender - 0.0393 0.1019 - 0.39 0.700244 - 0.0393 

***, ** and * Significant at 1, 5 and 10 per cent level respectively. 
 

relationship observed between household size and efficiency may point to the 
underutilisation of labour (disguised unemployment) arising from excess labour on 
the family farms largely explained by the large family size and excessively low off-
farm labour wages. Age of the farmer was considered as a proxy for experience and 
the co-efficient for age though not significant showed a negative relation with 
efficiency indicating thereby that although older and more experienced farmers have 
a better understanding of their land and existing practices but are also less willing to 
adopt new ideas, so the effects of age and experience neutralise with the 
unwillingness to adopt better practices. Studies by Wadud and White (2000); Binam 
et al. (2003) and Speelman et al. (2007) also report a negative relation between age 
and efficiency. Lockheed et al. (1980) highlight the positive impact of education on 
the farmer’s stock of human capital and consequently a positive influence on 
technical efficiency. Our study finds a positive but not statistically significant 
relationship between the education levels of the farmer and the levels of farm 
efficiency. A similar no significant impact of education on efficiency is reported by 
Coelli et al. (2002) and Speelman et al. (2007). Finally, the gender of the farmer also 
has no major influence on efficiency and this finding corroborates with Chavas et al. 
(2005) and Dhungana et al. (2004).   

Further, the marginal effect coefficients of size of land cultivated (21.89 per 
cent), off-farm income (6.85 per cent) and education (0.56 per cent) have a positive 
effect on technical efficiency. The marginal effect coefficients of household size 
(0.38 per cent) and farmer's age (0.05 per cent) had a negative effect on technical 
efficiency implying thereby that an increase in household size and farmer's age by 
one unit would be seen to reduce efficiency by 0.38 per cent and 0.05 per cent 
respectively.  
 
II.2  Results of the Stochastic Frontier Model 
 

A stochastic frontier model was also estimated to measure efficiency and the 
results of the maximum likelihood estimates of the stochastic frontier model are 
presented in Table 5. The revenue earned from the sale of sugarcane was the 
dependent variable which was regressed on a set of seven independent variables 
(inputs), viz., the expenditure incurred by the farmer on seeds, pesticides, fertiliser, 
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irrigation, repair and purchase of machinery, labour and other expenses. All variables 
were standardised to per hectare.  

 
TABLE 5. MAXIMUM LIKELIHOOD ESTIMATES OF THE STOCHASTIC FRONTIER MODEL 

 
Variable 
(1) 

Co-efficient 
(2) 

t – values 
(3) 

Constant 26639.2 1.43 
Seeds 17.37*** 10.39 
Pesticide - 4.53 - 0.75 
Fertiliser 1.49* 1.56 
Irrigation 6.39* 1.46 
Repair and purchase of machinery 0.23 0.93 
Labour - 5.86*** - 2.28 
Other expenses - 7.27* - 1.61 
Lambda 3.15# 2.88 
Gamma 0.91  

# = p < 0.01; *** = p < 0.05; ** = p < 0.10 and * = p < 0.15. 
 

The results point to a statistically significant relation for four input variables, 
namely, expenditure incurred on seeds, fertiliser, labour, and other expenses along 
with availability of irrigation facility. Of these statistically significant variables, the 
expenditure incurred on seeds and labour are significant at 1 per cent level of 
significance while the other three variables are marginally significant at 15 per cent. 
The positive and statistically significant relationship between revenues earned from 
sale of sugarcane and the expenditure incurred  on seeds and fertilisers implies that an 
increase in the expenditure on seeds and fertilisers will increase the per hectare 
production of sugarcane  and the estimated co-efficient of sugarcane output with 
respect to seeds and fertiliser are 17.37 and 1.49 respectively. This means that a 10 
per cent increase in expenditure on seeds would increase output by 173.7 per cent 
whereas a 10 per cent increase in the amount of fertilisers applied would increase 
output by approximately 15 per cent. The negative and statistically significant co-
efficient for labour and other expenses is indicative of an inverse relationship 
between output and these two inputs clearly indicating that there is an excess 
utilisation of labour on these farms and there is scope to reduce the other expenses. 

Both the gamma and lambda statistics indicate the level of inefficiency. The 
lambda statistic is significant at 1 per cent and the value of gamma is 0.91 which is 
close to 1 and hence points out that the deviations from the frontier are not entirely 
due to noise and mainly on account of technical inefficiency.  Thus, the results of the 
SFA model bring out the high level of inefficiency in sugarcane cultivation in 
Bhirdachiwadi. 

A summary of the efficiency estimates of the sample of the 77 farmers indicates 
that the mean efficiency of the sample is 0.758 with a standard deviation of 14.4 per 
cent. Efficiency among the farmers varies between a minimum of 0.19 and a 
maximum of 0.981.  Further the frequency distribution of the 77 farms indicates that 
under the SFA model, 10 farms (13 per cent of farms) had an efficiency score that 
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ranges between 0.9 and 1 whereas 2 farms (2.6 per cent of farms) have a low 
efficiency score  between 0 and 0.2 with no farm in the lowest efficiency range of 0 
and 0.1 (Figure 3). Consequently, 97.6 per cent of farms operated at an efficiency 
level between 0.5 and 1. An in-depth analysis of efficiency reveals that 23.4 per cent 
of the sample farms operate at an efficiency level between 50-70 per cent, 32.5 per 
cent of farms between 70-80 per cent level of efficiency and 28.6 per cent farms have 
an efficiency score between 80-90 per cent.  Hence, it can be inferred that the 
maximum percentage of farms operate at an efficiency level between 70-80 per cent 
indicating thereby a high level of inefficiency. 

 

 
 

Figure 3. Distribution of Efficiency: SFA Model. 
 
II.3  Comparison of the DEA and SFA Results 
 

A comparison of efficiency in sugarcane cultivation obtained for the sample of 77 
sugarcane farmers from Bhirdachiwadi shows that the mean efficiency under the SFA 
model is greater than average efficiency of the CRS-DEA model but lower than the 
mean efficiency obtained under the VRS-DEA model. Besides, the mean efficiency 
score of 0.758 from the SFA model is closer to the efficiency achieved under VRS-
DEA model (0.783). Further, the DEA models exhibit a marginally higher variability 
than the SFA model. Technical efficiency under all three models shows a wide range 
of variation among the respondents - the VRS (0.444 to 1), CRS (0.052 to 1) and SFA 
(0.149 to 0.981) with the largest variation for the CRS model.  

Further a comparison of the number of farms with high efficiency scores (with a 
score greater than 90) shows that 72.7 per cent of the farms under scale efficiency 
model, 29.9 per cent under VRS, 19.8 per cent under CRS and 12.9 per cent under the 
SFA model are found to be in the high efficiency range. However, when we look at 
the percentage of farms having low levels of efficiency (efficiency score between 1-
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48) the CRS model shows very high per cent of farms (9.09) with low efficiency 
scores while the percentage of farms under SFA, VRS and scale efficiency are 
comparable. A correlation of the efficiency scores (DEA models and SFA model) 
obtained by the 77 farmers in the sample were analysed using Spearman coefficients 
of rank correlation (Table 6). The results of the rank correlations indicate that all 
efficiencies are positively related with each other. The weakest correlation is between 
TE-VRS and TE-SFA while the strongest correlation is observed between VRS and 
CRS efficiencies. 

 
TABLE 6. SPEARMAN’SRANK CORRELATION MATRIX OF TECHNICAL EFFICIENCY 

 
 
(1) 

TE-VRS 
(2) 

TE-CRS 
(3) 

TE-SFA 
(4) 

TE-VRS 1 -- -- 
TE-CRS 0.67 1 -- 
TE-SFA 0.09 0.56 1 

 
III 

 
CONCLUSIONS 

 
A two stage input oriented DEA model and the SFA model have been estimated 

to measure the technical efficiency for a sample comprising 77 sugarcane farmers in 
Bhirdachiwadi village of Satara district of Maharashtra. A high variability in returns 
and efficiency is observed among the sample farmers.  The mean technical efficiency 
under the CRS-DEA (0.699) model is lower than the VRS-DEA model (0.783) 
suggesting thereby a considerable amount of overall inefficiency in farming 
operations among the sugarcane farmers in Bhiradchiwadi. A comparison of the 
mean efficiency achieved under each of the DEA and SFA models shows that 
average efficiency under the SFA model (0.758) is greater than average efficiency of 
the CRS-DEA model but lower than the mean efficiency d under the VRS-DEA 
model. Further, the mean efficiency of the SFA model is closer to the efficiency 
achieved under VRS-DEA model. The average slack is the highest for repairs and 
purchase of machinery followed by that for fertilisers and then for labour. In the case 
of fertilisers it can be argued that as compared to other inputs, the expenditure 
incurred by the farmers to procure fertilisers is high as most farmers have to travel a 
distance of 4-5 kms to purchase fertilisers. The results of the Tobit analysis indicated 
that size of farm and off-farm income were the significant determinants of efficiency. 
Among the various farm specific variables, the marginal effect coefficients of size of 
land cultivated, off- farm income and education have a positive effect on technical 
efficiency whereas household size and farmer's age had a negative effect on technical 
efficiency. The findings of our study corroborate with the findings of the studies 
reviewed that farm specific socio-economic variables have an impact on efficiency. 
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