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Abstract: 
In this research article, we have made an attempt to determine 
possibility of a reduction in pesticide use and factors affecting pesticide 
use in bitter gourd production. Stochastic production function frontier 
was used to determine technical efficiency and on the basis of this, 
input-oriented environmental efficiency was determined. Determinants 
of environmental efficiency were explored using OLS method. Results 
showed that the huge potential existed to reduce the use of 
environmental contaminating variables without sacrificing yield in 
bitter gourd production. Farming experience, tenancy, access to 
information and credit were significantly related with environmental 
efficiency in bitter gourd production. The findings have important 
policy recommendation that by strengthening agricultural extension 
services and capacity building of vegetable growers, higher 
environmental efficiency can be achieved in vegetable production. 
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I.  Introduction 
 Agricultural production practices considerably contribute in environmental 
degradation resulting in a loss of GDP annually in Pakistan. Indiscriminate use of 
environmental contaminating inputs, such as pesticide and fertilizers are considered 
common source of environmental degradation in agriculture sector. Further, vegetables 
consume huge amounts of these farm inputs after cotton crop (GOP, 2012). Moreover, 
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imbalanced use of fertilizer is very common among vegetable growers in general and 
bitter gourd producers in particular (Bakhsh et al., 2007; Ahmad et al., 2007). Various 
factors contribute in inefficient use of fertilizer and pesticide in vegetable production. 
Low education and awareness, lack of technical know-how and information about 
nutrients deficiency in the soil, lack or non-availability of extension services to vegetable 
growers (Ahmad et al., 2007) are some of the reasons for inefficient use of fertilizer and 
pesticides. 
 
 Excessive and inefficient use of fertilizer and pesticide in vegetables results in 
environmental pollution and nitrogen pollution (Reinhard et al., 1999), adversely 
impacting health of farm workers. Creating awareness among stakeholders at gross-root 
level along with establishing a national environmental information system can lead 
towards efficient use of environmental detriment inputs in bitter gourd and other 
vegetable production as well. However, very little information is available on efficient 
use of inputs except a few studies (Bakhsh, 2012) and factors responsible for inefficient 
use of fertilizer and pesticide in bitter gourd production.  So there is an information gap 
on this important front. The aim of the present study is to bridge the information gap 
relating to efficient use of pesticides in bitter gourd production through estimating 
environmental efficiency and various determinants of environmental efficiency. The 
results of the study will help to identify ways growers can optimize environmental 
detrimental inputs with no reduction in output level and appropriate policy options to be 
adopted to achieve the objectives of sustainable vegetable production in general and bitter 
gourd production in particular. 
 
II.  Review of Literature 
 Rich literature is available regarding technical efficiency and its determinants in 
agriculture in Pakistan (Abedullah et al., 2006; Bakhsh et al., 2007; Bakhsh et al., 2006). 
However, very few studies have been conducted to determine environmental efficiency, 
particularly in vegetable production. Environmental effects being undesirable output were 
first considered by Pittman (1983) and then applied by Fare et al. (1989, 1993) using 
environmental affects as undesirable output while estimating efficiency. Reinhard et al. 
(1999) refined the work of Pittman (1983) by considering environmental effects as a 
conventional input. 
 
 Reinhard et al. (1999) estimated environmental efficiency in dairy production and 
found that farmers could reduce use of environmental detrimental inputs with producing 
the same level of output. It indicates that potential exists to sustain current level of 
production by efficiently managing those inputs. Zhang and Xue (2005) argue that 
vegetable growers in China use huge amounts of fertilizers and pesticides, adversely 
affecting environment as use of these inputs has increased many folds in the country. 
They determined the very low score of environmental efficiency in vegetable production, 
implying that vegetable growers could sustain current level of vegetable production by 
using less amounts of fertilizers and pesticides. 
 
 Very few studies are conducted on environmental efficiency in Pakistan. One such 
study considers estimation of environmental efficiency in rice (Abeduallah et al., 2010). 
The study shows that although technical efficiency is 89 percent, environmental 
efficiency score is very low (24 percent) implying that 86 percent reduction in the use of 
weedicide and nitrogen is possible with higher level of rice productivity. Bakhsh (2012) 
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determined environmental and technical efficiency in bitter gourd production and showed 
a very low level of environmental efficiency score (06 percent), implying that the use of 
environmental detriment inputs is inefficient. 
 
 Evidence of very low estimates of environmental efficiency in rice and bitter 
gourd production shed light on the need for efficient management of fertilizer and 
chemical use in the country. This demands for a detailed study to determine factors 
affecting environmental efficiency. Reinhard et al. (2000, 2002) find socioeconomic 
characteristics as important determinants of environmental efficiency. The present study 
is designed to fill this information gap in Pakistan. 
 
III.  Empirical Mehtods and Data 
 We employ three different methods to determine environmental efficiency and its 
determinants in growing bitter gourd. First method involves estimation of technical 
efficiency using stochastic frontier production function initially developed by Meeusen 
and van den Broeck (1977) and Aigner et al. (1977) separately. In the second method, we 
estimate environmental efficiency. Environmental efficiency is determined by employing 
the method developed by Reinhard et al. (1999). Ordinary least square (OLS) model is 
applied to estimate determinants of environmental efficiency. 
 
 Following Battese and Coelli (1995, 1992) stochastic frontier production function 
can be written as 

 }exp{),( iiii uvxfy         (1) 

 

 Here iy  is the production level of ith farmer, ix  is a vector of inputs,   indicates 

unknown parameters to be estimated. iv  is a random error term with the assumptions of 

independently and identically distributed. iu  shows a nonrandom error term capturing 

technical inefficiency obtained by truncation of the normal distribution. We use translog 
production function in the present study to estimate environmental efficiency as 
suggested by Reinhard et al. (1999). It is given as under: 
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 iy  represents the yield of bitter gourd at ith farm, ix  shows different farm inputs 

used in bitter gourd production. Farm inputs considered in the present study include 
quantity of seed used (kg/acre), plant protection measures (Rs/acre), number of irrigation 
hours used to irrigate one acre of land, labour hours used in performing various practices 
and the quantity of chemical fertilizer (nutrients kg/acre). Summary statistics of various 
farm inputs and output is given in Table 1. 
 
 Environmental efficiency (EE) index is defined as the ratio of minimum feasibility 
to an observed input being environmentally detriment (Reinhard et al., 2000; 2002). 
Using the method adopted by Reinhard et al. (1999), we can write EE as under: 
 1]),(:min[  YZXfEE      (3) 
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 Here ),( ZXf  gives the frontier function, X is a vector of farm inputs inputs 

used in bitter gourd production. Z shows a vector of environmental contaminating input 
(chemical fertilizer and pesticides) and  yield of bitter gourd is given by Y in the equation 
3. As we are considering pesticide input as environmental contaminating input in this 

study, a stochastic version of environmental efficiency can be written by setting 0i  

and replacing observed input (Z) with Z (Reinhard et al., 1999) 
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The above function can be written as 
 

0ln]lnlnlnlnln[][ln5.0 554453352251155
2

55  iEEZxxxxEE 

    

55
5.0

55
2

555445335225

11555554453352251155

/}2)lnlnlnln

ln{( }lnlnlnlnln{[ln





ixxxx

xxxxxxEE



   (5) 

 
 The environmental efficiency index is estimated by using 

)/()(ln ZZEEExpEE   where   indicates environmental efficiency. 

 
 Taking the estimates of technical efficiency as dependent variable has been 
criticized by Battese and Coelli (1995) in the second stage analysis since, assumptions of 
independently and identically distribution of u  is violated, so one cannot employ OLS 
for estimating determinants of technical efficiency. However, this argument is not 
applicable to EE as environmental efficiency is calculated from parameter estimates of 
production technology and the one-sided error component. Thus EE estimates can be 
used as dependent variables in the second stage regression in order to estimate 
determinants of environmental efficiency (Reinhard et al., 2002). Regression analysis 
used to determine factors effecting environmental efficiency is given as: 
 

 ii wzfEE  ),(        (6) 

 iz  shows various socioeconomic factors having impacts on environmental 

efficiency. These factors include age of the household head, farming experience of the 
respondents, tenancy status, ratio of bitter gourd area to farm area, ratio of farm area to 
family size, access to agricultural extension services and credit availed.  shows 

parameters to be estimated and iw is the error term. 

 
 We used the input and output data collected by Department of Environmental and 
Resource Economics (now the part of the Institute of Agricultural and Resource 
Economics), University of Agriculture, Faisalabad, Pakistan. Data were collected from 
two districts of the Punjab province of Pakistan. Districts with higher cultivated area 
allocated to bitter gourd production were selected. 
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 Like other vegetables, farmers make considerable use of environmental 
detrimental variables, namely chemical fertilizer and pesticide in bitter gourd production 
in Pakistani Punjab. Therefore, this vegetable has been taken for the current study. The 
data comprised 90 growers selected randomly from two districts. Pesticides are the most 
important environmental contaminating input because the environmental pollution mostly 
results from this input in vegetable production. In this study, we show the extent of 
pesticide use to be reduced without decreasing level of output. 
 
IV.  Results and Discussion 
 The software FRONTIER 4.1 developed by Coelli (1994) was used to estimate 
maximum likelihood estimates of the stochastic frontier production function. Generalized 
likelihood ratio statistic has been carried out for possibility of existence of technical 
inefficiency. This test statistic indicates that there exists technical inefficiency and 
therefore, stochastic frontier production function is applicable to the data set of bitter 
gourd vegetable. 
 
 Out of 20 variables of translog production function, 10 variables are statistically 
significant (Table 2). For the ease of interpretation, we have estimated output elasticities 
of these variables. Elasticities of all variables are according to our expectation except two 
variables, namely labour and irrigation (Table 3). The negative elasticity for irrigation 
could be due to the fact that quality of ground water would not be fit for irrigation in the 
study area, since statistics show that around 80 percent tube-well water is not fit for 
irrigation. Negative elasticity for labour input could be attributed to more use of surplus 
family labour in vegetable production, since vegetable growers are small landholders, 
almost completing depending on agricultural land for their livelihood and, therefore, the 
use of labour is not optimum (Bakhsh, 2012; Coelli et al., 2002). 
 
 Environmental efficiency and technical efficiency results are detailed in Table 4. 
Environmental efficiency estimates are far less than those of technical efficiency 
estimates, although mean technical efficiency is 0.64 with a minimum of 0.12 and a 
maximum of 1.00, indicating that there is substantial variation in technical efficiency 
among bitter gourd growers. Further, farmers can increase yield to a great extent with 
available resources and technology. The mean environmental efficiency score is very low 
(0.06) with a minimum of 0.00 and a maximum of 0.43. Zhang and Xue (2005) also find 
very low efficiency scores in vegetable production in China, so our findings are close in 
line with the study of Zhang and Xue (2005). Farmers having EE score of less than 0.10 
are 82 percent and those having EE score above 0.30 are only two percent. It implies that 
bitter gourd growing farmers were not optimizing pesticide use. It is also an indication 
that current pesticide use is unnecessary high. Thus its use can be reduced by around 99 
percent while maintaining the current output level. Thus we can say that bitter gourd 
growers can increase their revenues and environmental quality by decreasing pesticide 
use. 
 
 The OLS parameter estimates explaining the impacts of the explanatory variables 
on environmental efficiency are presented in Table 5. Two variables, namely dummy for 
tenants and farming experience have expected signs and statistically significant. The 
significant coefficient of farming experience in the present study is closely related with 
the findings of Reinhard et al. (2002) who argued that experienced farmers tend to be 
more knowledgeable about recent technologies compared to the older farmers. Age of the 
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respondents is negatively related with environmental efficiency and it is statistically 
insignificant from zero. Ratio of bitter gourd area to farm area is also statistically not 
different from zero. However, ratio of farm area to family size variable has expected sign 
and is strongly positively related with environmental efficiency. Coefficient of this 
variable is statistically significant. Access to information and availability of financial 
resources also play an important role in the use of different farm inputs, such as pesticide 
and fertilizer. Farmers having access to agricultural extension services are found to be 
environmentally more efficient compared to those having no access and coefficient of 
this variable is statistically different from zero as well. Availability of credit is negatively 
related with environmental efficiency as its coefficient is negative and statistically 
significant implying that farmers availing credit may be environmentally more inefficient 
in pesticide use. However, proper training and education of such farmers will make them 
to more efficient in using environmentally detrimental inputs, namely pesticide and 
fertilizers. 
 
V.  Conclusions and Suggestions 
 In this article, technical efficiency and environmental efficiency have been 
estimated. Stochastic frontier production function has been used to determine technical 
efficiency. Input-oriented environmental efficiency is estimated based on the results of 
technical efficiency. In the second stage, determinants of environmental efficiency have 
been estimated by employing OLS method. The impacts of explanatory variables on 
environmental efficiency can provide guidelines to policymakers and farmers to increase 
environmental efficiency by sustaining yield of bitter gourd. Moreover, bitter gourd 
growers can learn from the experiences of fellow farmers who are obtaining higher bitter 
gourd yield with minimum pesticide use. The mean environmental efficiency is very low, 
implying that we can reduce the pesticide use to a large extent without having any impact 
on per acre yield of bitter gourd. The study has important policy implication that any 
government interventions aimed at reduced use of pesticides and fertilizers in vegetables 
production will help to improve technical and environmental efficiency. The future 
research may analyze overall vegetable production systems under different rotations to 
estimate environmental efficiency and help develop broader policy recommendation for 
efficient input use for higher economic and environmental efficiency. 
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Table 1. Summary statistics of variables 
Variables Mean Minimum Maximum SD 

Seed (kg/acre) 2.76 1 5 0.96 
Plant protection measures (Rs/acre) 1911.11 0 12000 1888.44 
Irrigation (hours/acre) 29.40 0.5 72 14.04 
Labour (hours/acre) 462.69 86 1210.5 211.24 
Fertilizer (NPK kg/acre) 140.87 33.31 361.89 60.08 
Age of respondents (years) 35.71 18 80 13.27 
Farming experience (years) 17.24 1 60 14.14 
Tenants (No.) 20    
Bitter gourd area/farm area 0.514 0.01 25.71 2.69 
Farm area/family size 1.81 0.06 16.80 2.88 
Dummy for agricultural extension 0.39 0 1 0.46 
Dummy for credit availed 0.28 0 1 0.63 

 
Table 2. Estimation of parameters of stochastic frontier production function 

Parameter Coefficient Parameter Coefficient 
Constant  1.310  (0.978) LnSEED x LnLBR -0.295 (0.219)*** 
LnSEED 2.976* (1.060) LnSEED x LnFRT 0.034 (0.348) 
LnPPM 0.514 (0.309)** LnPPM x LnIRR -0.0438 (0.033)*** 
LnIRR -1.242 (0.895)*** LnPPM x LnLBR -0.078*** (0.058) 
LnLBR 0.631 (0.803) LnPPM x LnFRT 0.062 (0.050) 
LnFRT 1.684 (0.957)** LnIRR x LnLBR -0.198 (0.186) 
LnSEED x LnSEED -0.264 (0.270) LnIRR x LnFRT 0.506* (0.192) 
LnPPM x LnPPM -0.005 (0.004) LnLBR x LnFRT -0.027 (0.207) 
LnIRR x LnIRR 0.022 (0.485) σ

2 0.439 (0.043) 
LnLBR x LnLBR 0.096 (0.161) Log likelihood -29.258 
LnFRT x LnFRT -0.395 (0.152)* No. of observation 90 
LnSEED x LnPPM -0.155 (0.102)***  
LnSEED x LnIRR 0.117 (0.299)   

Figures in parenthesis are standard error 
*, ** and *** show that coefficients are statistically significant at 5%, 10% and 15% 
level of significance 
 
Table 3. Elasticities of the Output with Respect to each Input 

Inputs Elasticities 
Seed 0.097 
Plant protection measure 0.00002 
Irrigation -0.001 
Fertilizer 0.019 
Labour -0.002 
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Table 4. Technical Efficiency and Environmental Efficiency Estimates  
Value  Technical Efficiency Environmental Efficiency 

Count Percent Count Percent 
0.0-0.10 -- -- 74 82.2 
0.10-0.20 2 2.22 10 11.1 
0.20-0.30 5 5.56 4 4.5 
0.30-0.50 20 22.22 2 2.2 
Above o.50 63 70 -- -- 
Mean  0.64  0.06 
Minimum  0.12  0.00 
Maximum  1.00  0.43 

 
Table 5. Determinants of Environmental Efficiency 

Parameters  Coefficients Standard error 

Constant 0.162*  0.078 
Ln(age) -0.040  0.315 
Ln(farming experience) 0.436*  0.129 
Dummy for tenants -0.048*  0.016 
Bitter gourd area/farm size 0.025  0.215 
Farm area/family size 0.018** 0.010 
Dummy for agricultural extension  0.526* 0.153 
Dummy for credit availed -0.219*** 0.136 
R2 0.343  
Adjusted R2 0.304  

*, ** and *** show that coefficients are statistically significant at 1%, 5% and 10% level 
of significance respectively 
 


