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Introduction

Economic development in the developing 
countries is critically reliant on the agricultural 

sector that is not possible without farm managers 
upgraded managerial abilities. Such abilities can 
be enhanced through firm training and formal and 
informal education of the farmers. Technical changes 
in the farm sector encourage the farm productivity 
due to parallel association with farm management 
and inputs. Technology adoption may also resolve 

the problem of food shortages, particularly in case 
of developing countries. The 21st century requires 
another green revolution due to increasing scarcity of 
resources particularly including water and arable land. 
Advanced technology can be helpful to overcome 
these constraints and increasing farm output per 
hectare. 

For the period of 70 years of independence, and 
despite adopting green revolution in 1960s that 
introduced high yielding seed varieties, chemical/
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commercial fertilizers at large-scale and plant 
protection know-how, Pakistan is still unable to feed 
its population adequately. The accelerating population 
ultimately leads to the shortages of food, fiber and 
industrial crops that hampers the overall process of 
economic growth. According to GoP (2009-10), 
Pakistan will be the most populated country of the 
world by the end of 2050. Along this fast-pacing 
population growth, it is required to stepping up 
the farm sector of the country by introducing new 
production methods and technologies in the system. 
With the rising population and scarce water and 
land resources, food security has become a global 
issue. Hence, the diversion from traditional to high-
tech multiple cropping system is required for better 
utilization of available resources. Ultimately, the food 
security concerns can be addressed more profoundly.

Though the multiple cropping has been a conventional 
system in practice since the earliest ages of human 
development, it has been developed on better 
framework in modern times and is being practiced 
under tunnels as well. Mainly, two conspicuous 
cropping systems are existent in the tunnel farming 
system in Pakistan. One is multiple cropping system, 
and another is mono cropping system. Most of the 
crops grown under tunnels is horticultural crops. These 
horticultural crops include capsicum, bitter gourd, 
green chilies, melon, cucumber, bringle (eggplant), 
and tomato. The frequently grown multiple cropping 
combinations under the tunnels are capsicum and 
bitter gourd, cucumber and bitter gourd, cucumber 
and capsicum and cotton and melon.

Technical change in the farm sector boosts farm 
productivity due to the parallel association between 
farm management and inputs. Technological change 
in the farm sector is one of the finest modes for the 
improvement of farm yield. The major significance of 
this study is that very little research work has been 
done on the efficiency analysis of multiple cropping 
systems under tunnels in Pakistan. Presently, few 
studies are available that have descriptively analyzed 
the feasibility of a mono-cropping system under 
tunnels by taking the sample of few farmers. The 
contribution of the current study is that it has not 
only done the technical efficiency analysis of multiple 
cropping system but also evaluated the unbalanced 
application of farm inputs through benchmark 
analysis. This analysis guides the farmers that how 
important it is to apply the balanced inputs in order 

to attain the best possible output, minimum cost and 
high returns. 

It is pertinent to mention that a limited number 
of studies have conducted the efficiency analysis of 
multiple cropping system at global level. Amos et al. 
(2004) estimated the technical efficiency of sole and 
mixed cropping patterns in Nigeria for the small-
scale farmers. The study provided that mixed cropping 
pattern yields high returns to small scale farmers on the 
one hand, and simultaneous application of inputs on 
two crops results in lower cost of production compared 
to the sole crop cultivation, on the other. In another 
study for African region, (Mkhabela, 2005) examined 
the technical efficiency of mixed cropping system by 
selecting a diverse vegetable crops’ combination that 
grow at the same time and space. The study concluded 
that crop diversification, use of new technologies and 
government positive interventions can support in 
enhancing the technical efficiency of mixed vegetable 
farming system. According to (Manyong et al., 
2006), consistent adoption of improved agricultural 
technologies was found to be helpful in attaining an 
enhanced technical efficiency in the innovating inter-
cropping system.

While studying the consequences of socioeconomic 
factors on technical efficiency of multiple cropping 
farms (Kolawole, 2009) pointed out that farmers’ 
education, availability of credit and extension services 
delivers the highest level of technical efficiency scores 
in the multiple cropping farms. Hence, inclusive 
performance of multiple-cropping system, in terms of 
productivity and efficiency, is positively influenced by 
the above cited factors. (Beshir, 2011) by estimating 
the technical, allocative and economic efficiency 
of livestock and mixed cropping concluded that 
inefficiencies could be minimized by adoption of new 
technologies and raising the farmers’ level of education. 
(Alene and Zeller, 2005) conducted the efficiency 
analysis of multiple cropping adopters of cereal 
production in Ethiopia by using distance functions 
and DEA. The result of the study demonstrated high 
technical inefficiencies in multiple cropping systems. 
Even the introduction of improved technologies and 
systems brought no sharp increase in cereal yields. 
The mismanagement in application of proper method 
due to lack of knowledge among the high technology 
adopters is the major factor behind such inadequate 
results for multiple cereals cropping system. 
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According to Khan and Ali (2013), small-scale 
farming along with the introduction of high-tech 
technologies and rational policies will be beneficial in 
enhancing farm productivity and income. According 
to Bravo-Ureta and Pinheiro (1993) though in recent 
years, the application of high-tech inputs has already 
been increased but important is to use those farm 
technologies optimally and efficiently. To achieve 
high returns in the agriculture sector, it is needed that 
government should finance more towards farmers’ 
formal and informal education. An educated farmer 
plausibly is able to increase farm production on an 
efficient production scale by improving the efficacy of 
farm inputs (Khan and Ali, 2013).

The full coverage of extension services and optimal 
application of improved technologies can help in 
bearing high productivity goals.

Objectives of the study
This study evaluates the efficiency of bitter gourd-
capsicum crop combination for further analysis that 
whether it is helpful in increasing the productivity of 
available land by optimally utilizing farm resources. 
The study can be guideline for policy makers in 
increasing per unit area productivity in Pakistan by 
analyzing the prevalent negative gaps in farm practices 
under multiple-cropping system under tunnels.

Materials and Methods 

To investigate the efficiency level of targeted farmers 
of multiple cropping systems under tunnels cross-
sectional primary survey was conducted. The data for 
current study have been collected with the help of a 
questionnaire during the year 2014-2015. At the time 
of data collection around 1000 farmers were engaged 
in planting the crops under tunnels. Out of 1000 
farmers around 200 farmers were cultivating the bitter 
gourd-capsicum cropping system combination under 
tunnels. The sampled cities for bitter gourd-capsicum 
combination include Faisalabad (12), Mureedwala (4), 
Sumundri (24), Tandlianwala (26) TobaTek Singh 
(15), Gojra (17), Kamalia (12) and Mamu Kanjan 
(38), with respective number of farmers in parentheses.  
The crop combination selected for the present study 
is capsicum and bitter gourd cropping system under 
tunnels and the information was gathered from 150 
farms from the Faisalabad division.

With the background of standard production function, 
the production frontier is an extension of traditional 

regression model of the production function. In the 
context of this study, the aim is to evaluate how to 
magnify the efficiency and productivity of bitter 
gourd-capsicum multiple cropping system in Pakistan. 
Two major techniques are generally employed to 
measure the productivity and efficiency analysis of 
the agricultural sector, namely, Stochastic Frontier 
Approach (SFA) and Data Envelopment Approach 
(DEA). The SFA is a parametric technique and is 
based on regression analysis, among output and inputs. 
DEA is a non-parametric approach and originated 
from mathematical programming of linear piecewise 
functions. This study employs the parametric and 
non-parametric methods both in order to secure the 
robust efficiency analysis. 

Efficiency is about the relative performance of an 
economic unit regarding the conversion of inputs 
into outputs, associated with a standard. According 
to (Farrell, 1957), efficiency is defined as the actual 
productivity of a firm relative to its maximal produc-
tivity where maximal productivity is well-defined 
by the production frontier. A comprehensive litera-
ture is available on the frontier production including 
(Forsund et al., 1980; Jondrow et al., 1982; Kalirajan 
and Flinn, 1983; Battese and Coelli, 1988; Kalirajan, 
1991; Coelli, 1996; Greene, 2007).

Stochastic frontier analysis (SFA)
The production frontier model has been extended 
by several researchers including (Farrell and 
Fieldhouse,1962; Aigner et al., 1977; Battese and 
Corra, 1977; Meeusen and Van den Broeck, 1977; 
Lee and Tyler, 1978; Pitt and Lee, 1981; Kalirajan 
and Flinn, 1983; Schmidt and Sickles,1984; Battese 
and Coelli, 1988) who incorporated the factors from 
inside and outside of farmer’s control, gradually. 

The production function typically written as:

The standard production function shows the 
relationship between output and a given set of inputs 
and assumes that all the farms are efficient and there 
is no data noise. The production function of SFA is 
given as: 

The econometric model of SFA is generally written as:



December 2021 | Volume 37 | Issue 4 | Page 1406

Sarhad Journal of Agriculture
In SFA production function, the major indication is 
to decompose the stochastic part in two components. 
The Equation 3 highlights that actual production 
is now less than what is defined by the general 
production function. For estimation of the unknown 
parameter Maximum Likelihood Estimation (MLE) 
methods are used (Coelli, 1995). It is necessary to 
make standard assumptions for stochastic frontier 
model estimation of the distribution of variance 
parameters, such as vi and ui. 

Where, vi is the symmetric error term (noise), 
identically and independently distributed with 
zero mean and variance vi ~N (0, σv

2) i.e., normal 
distribution. Similarly, ui is a non-negative inefficiency 
error term and assumes only positive values, is 
identically and independently distributed with zero 
mean and variance ui ~N (0, σu

2)), i.e., half normal 
distribution (Neff et al., 1993).

The variance parameters (ui and vi) in Stochastic 
frontier are re-parameterized in following procedures 
are given by (Battese and Corra, 1977). After the 
estimation of stochastic frontier model, we procured 
the following form of unknown parameters.

The value of γ remains between zero and one. Hence, 
if the value of γ equals zero, it indicates that difference 
between farms’ output is due to random error and if γ 
is equals to one it means that entire variation in farms 
output is due to technical inefficiency (Battese and 
Corra, 1977; Coelli, 1995).

A general form to measure technical efficiency of 
production frontier can be written as:

Where T.EFi the technical efficiency of ith farm and 
exp (-ui) is the conditional exponential composite error 
term based on the case of half normal distribution, 
suggested by Battese and Coelli (1995).

In the present study, the Cobb-Douglas functional 
form is considered as a standard form of the bitter 

gourd-capsicum production function.

The justification of the variables takes into account the 
bitter-gourd production function model as follows: Yi 
of the bitter gourd and capsicum output has been put 
up with using the quantity index. Where the quantity 
index is given by:

K= Capsicum-Bitter gourd multiple cropping, Where, 
W is the weight given to the quantity of each K1 and 
K2 crops over the ith farm and is given by:

The quantity indexes have been developed for K 
combination of crops under the multiple cropping. The 
output of each crop is taken in kilograms. This index 
has been developed for having a combined quantity 
of bitter gourd and capsicum crop produced per acre 
in the multiple cropping system. The description of 
the independent variables of production models is as 
follows: Where i=1, 2, …, 150  farms, yi is the qunitiy 
index of bitter gourd-capsicum crops, xi is the matrix 
for selected explanatory variables and include X1, total 
number of labor hours/acre, X2, NPK Nutrients/ acre 
N=Nitrogen, P= Potash= Phosphorus are the nutrients 
that are used by the farmers for multiple crops 
production process, X3, total number of irrigation/acre, 
X4, number of pesticide spray/acre, X5, total number of 
hours for land preparation/acre (ploughing, planking, 
hewing, land leveling, broadcasting), X6, seed rate of 
bitter gourd crop (grams)/acre and X7, seed rate of the 
capsicum crop (grams)/acre.

The stochastic frontier model can be estimated by 
a two-stage method where the stochastic frontier is 
obtained at first and then the predicted efficiencies 
are regressed on the selected socioeconomic and 
management factors (Battese and Coelli, 1995).

Following (Bravo-Ureta et al., 1993; Bravo-Ureta 
and Pinheiro, 1993; Ahmad et al., 2002; Abedullah 
et al., 2007). Current study used the functional form 
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of inefficiency model defined by (Battese and Coelli, 
1993, 1995) as follows:

Where, Ui  denotes the technical inefficiency of 
bitter gourd-capsicum production system and δj are 
unknown parameters to be estimated, Zi represent 
the socio-economic, farm specific and management 
factors such as Z1, age of farmer, Z2, education of 
farm manager in years, Z3, used as dummy variable; 
if farmer is ‘tenant’ under his/her cultivation = 1 and 
‘0’ otherwise, Z4, used as dummy variable, where if 
farmer is ‘owner cum tenant’= 1 and ‘0’ otherwise, 
Z5, shows the farm distance from main market in 
kilometers (Km), Z6, represents the farmers access to  
credit used as dummy variable, if farmer has access to 
farm credit i.e., yes= 1 and ‘0’ otherwise, Z7, represents 
the tractor ownership, used as dummy variable, if the 
farmer is ‘owner of the tractor’= 1 and ‘0’ otherwise, 
Z8, represents the operational holding under bitter 
gourd-capsicum cropping system and Z9, represents 
the number of tunnels per acre under bitter gourd-
capsicum cropping system.

Data envelopment analysis (DEA)
This study has adopted output-oriented variable 
returns to scale model to estimate the output that can 
be raised at given level of inputs in multiple cropping 
system under the tunnels’ technology. Keeping in view 
the problems of above-mentioned model (Bankers et 
al., 1984) modified the constant returns to scale DEA 
model into a variable return to scale model by adding 
convexity constraints (Coelli et al.,1998). 

Where, I1λ=1 represents a convexity constraint which 
ensures that an inefficient farm is only benchmarked 
against farms of a similar size. Here, 1< ϕ<ꝏ and the 
proportional rise in outputs attainable for the i-th 
firm, keeping quantities of input constant, is depicted 
by ϕ-1. Scores of the technical efficiency defined by 1/ 
ϕ ranges between zero and one.

The maximum likelihood estimates of the preferred 
bitter gourd-capsicum production   frontier model 
will be obtained after testing various null hypotheses 
in order to assess aptness and consequences of the 
adopted model. The statistic related to this test is 
defined as:

Where; L (H1) and L (H0) are the log-likelihood 
values of bitter gourd-capsicum adopted production 
model and of the restricted model specified by the 
formulated null hypothesis, respectively. 

Results and Discussion

A number of skills are required to manage the farm in 
an efficient manner. These skills may not be acquired 
through informal learning process or may not be 
inherently present in the farmers. But these skills 
can be included in the formal learning and teaching 
process and can be demonstrated to the farmers. The 
process of demographic transition is in progress in 
Pakistan and the proportion of youth is highest in 
the total population. In labor-intensive developing 
countries, the strength, power and zeal are embodied 
in the farmers and is reflected in their practices, 
decrease after certain years of age and are replaced by 
conservatives and low level of production (Shumet, 
2011).

Table 1 presents the descriptive statistics on major 
variables and suggest that this innovative and 
exploratory sort of farming practice i.e., multiple 
cropping under tunnel farming is commenced in 
Pakistan by the farmers having an average age of 
41 in bitter gourd-capsicum cropping system under 
tunnels. 

Farm management requires better education as it is 
pivotal in the selection of inputs and farm practices. 
Educated farmers can access and avail farm related 
information relevant to the type and timing of crops, 
efficient input adoption and consequently higher 
production (Askal, 2010). Educational attainment 
also varies across the sampled farmers. It has been 
observed that tunnel adapters are those farmers who 
have better education. On average the tunnels farmers 
have around 9 years of schooling in the study area. 
Consequently, in Punjab where 56% of the population 
of country reside and over 3.8 million people cannot 
read and write, the average of the middle level of 
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education gives a very optimistic picture for the rural 
agricultural practices under tunnels. In the bitter 
gourd-capsicum cropping system, the average tunnel 
farming experience is around 5 to 6 years. Farm 
practice with a highly developed and skill demanding 
technology does require handy experience.

Table 1: Descriptive statistics.
Farm characteristics
Variable Average St. dev
Age 41 9.17
Education 8.33 3.47
Tunnel Farming Experience 5.30 2.66
Operational Holding 4.85 3.38
Farm Management Practices per acre
Land Preparation Days 19.70 4.78
Land Preparation Hours 3.86 0.98
Total Number of Irrigation 35.67 6.39
Bitter gourd Seed Application 1890 270.9
Capsicum Seed Application 325.33 47.01
Urea (Bags) 5.28 1.97
DAP (Bags) 7.82 2.19
SOP (Bags) 4.43 2.18
Pesticide Spray 24.58 5.55
Bitter gourd and Capsicum Output (Kg) per acre
Bitter gourd 16939.17 55280.76
Capsicum 27651 10540.04

According to the Agricultural Census of Pakistan (GoP, 
2010), average farm size in Pakistan is approximately 
6.4 acres. Comparatively, the operational holding of 
current research is lower within an average of 4.8 
approximately in the multiple cropping systems. 
Historically, the share of vegetable crop area under 
cultivation has remained low in Pakistan as compared 
to the share of area of major under cultivation.

Secondly, Table 1 reports the farm management 
practices in bitter gourd-capsicum cropping system. 
The land preparation activities that are generally 
carried out under tunnels includes deep plowing, 
leveling, bed-shedding, use of rotavator and cultivator, 
and plowing and planking. Land preparation for 
bitter gourd-capsicum requires a greater number of 
tools and time. In the study area, around 19 to 20 
days’ farmers expend for land preparation activities. 
During land preparation process for bitter gourd-
capsicum cropping system, farmers daily spend 
around 3 to 4 hours, specific to land preparation 
practices. It appears that in the case of vegetable 

crops, land preparation practices are a bit analogous 
in the study area.

The Irrigation is considered as one of the most 
important inputs and asset as well especially during 
inadequate rainfalls. The timely availability of water 
is vital to the growth of the crop. It also makes the 
employment of high yielding varieties very easy 
(Datar and Delcarpio, 2009). The farmers of the bitter 
gourd-capsicum cropping system not only depend on 
the canal water but also on the tube well irrigation. 
The total number of irrigations applied by the farmers 
to the bitter gourd-capsicum cropping systems is 
around 35 to 36.

The appropriate level of seeds application in multiple 
cropping systems under tunnels is vital for the plant 
growth as a specific quantity of seeds is required by 
each tunnel. Manual sowing is practiced in multiple 
cropping under tunnels, across the sampled area. 
In case of capsicum crop, on average farmer plants 
around 325 grams (g) of capsicum seed per acre. In 
case of bitter gourd seed, farmers sow on average 
around 1890 grams (grams) seed per acre. In case of 
fertilizer application, the most frequent and extensive 
used is nitrogen nutrient in the study area, followed 
by phosphate and potassium. The uptake of plants 
might be improved if farmers’ application of fertilizer 
is balanced.

The plant protection spray is decisive in preventing 
vegetables from the attack of pest, insect, weed, and 
fungus, etc. The quantity and the type of the spray are 
crucial in preventing any pest diseases. In sampled area, 
on average farmers applied a total number of pesticide 
spray around 24 to 25 times. It has been observed 
that the farmers haphazardly use pesticide spray for 
controlling the pest due to deficient knowledge. Such 
practices subsequently result in the increase in cost of 
production significantly compromising the benefits 
to the farmers. 

In the study area, bitter gourd and capsicum crops 
are grown together under the tunnels due to same 
environmental demand. In bitter gourd-capsicum 
cropping system the average yield of capsicum crop 
cultivated with the bitter gourd crop is around 16939 
kg. On the other hand, the average yield of bitter 
gourd is around 27651 kg per acre. These figures 
clearly indicate that in the study area farmers can reap 
abundant farm output when both crops are grown in 
combination.  
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Table 2 shows the result of the likelihood ratio test for 
bitter gourd-capsicum production model to evaluate 
the aptness and consequences of the adopted model. 

Table 2: Hypothesis testing for bitter gourd-capsicum 
stochastic frontier production.
Hypothesis Log like-

lihood 
value

Test sta-
tistics
value

Critical 
value x2 

0.05

Decision

H0: γ= δ0= δ1= δ2= δ3 ……. δ9= 0
Bitter gourd-
capsicum 
cropping system

-30.7 113.98 5.14-19.04 Rejected

H0: δ0= δ1= δ2= δ3 ……. δ9= 0
Bitter gourd-
capsicum 
cropping system

-43.3 138.8 18.31 Rejected

The first hypothesis for bitter gourd-capsicum 
cropping system stated that there is no technical 
inefficiency effect present in bitter Gourd and 
capsicum cropping system. Here, the stochastic 
frontier analysis and Ordinary Least Square (OLS) 
techniques are applied and the log likelihood values 
of stochastic frontier analysis and OLS bitter gourd-
capsicum production models are found -30.7. The 
calculated value of LR test statistics is 113.98, which 
is higher than the tabulated value of Chi-square at 
5 percent level of significance, which is 5.14-19.04. 
The result from first null hypothesis test advocated 
that Ordinary Least Square (OLS) technique is 
not suitable for the sample data of bitter gourd and 
Capsicum cropping system.

Similarly, the second null hypothesis is specified as 
that socioeconomic and farm specific management 

factors have no influence on technical efficiency. The 
results obtained from the LR test rejected the null 
hypothesis in favor of the alternative hypothesis. The 
calculated value acquired from LR test is greater than 
the Chi square tabulated value, which is 18.30. This 
result implies that socioeconomic and farm specific 
management factors have substantial influence on 
the technical efficiency of bitter-gourd-capsicum 
cropping system growers.

Next, the maximum-likelihood estimates (MLE) of 
the parameters of Cobb-Douglas stochastic frontier 
function are obtained using maximum-likelihood 
procedures, by using FRONTIER 4.1 (Coelli, 1996). 

The results given in Table 3 shows the bitter gourd-
capsicum production frontier analysis. The crop 
seed are important input factor and determinant of 
farm production and productivity. The coefficient 
of capsicum seed rate carries negative sign, but it is 
insignificant. The coefficient of bitter gourd seed is 
positive and significant.

The Table 3 reports the results of bitter gourd-
capsicum production frontier analysis. The crop seed 
is an important input factor and major determinant 
of farm production as well as productivity. The earlier 
studies display the varied effect of seed expenditures 
on farm efficiency. Such results had also been reported 
by Okoboi (2010). According to that study, costs on 
seed had insignificant impact on farm efficiency.In 
current study, the coefficient of capsicum seed rate has 
a negative sign, but it is insignificant. The coefficient 
of bitter gourd seed is positive and significant. The 
result reports that in the case of multiple cropping, 
most of the farmers use the unbalanced seed rate. 

Table 3: Bitter gourd-capsicum stochastic frontier.
OLS MLE

Variables Parameters Coefficients Std-err t-ratio Coefficients Std-err t-ratio
Intercept β0 0.529 1.461 0.362 0.065*** 0.647 10.05
Capsicum seed β1 -0.217 0.150 -1.451 -0.037 0.074 -0.49
Bitter gourd seed β2 0.798*** 0.199 4.011 0.164** 0.072 2.27
Total no. Irrigations β3 0.022 0.156 0.143 0.167* 0.091 1.83
Pesticide β4 -0.155 0.110 -1.402 -0.004 0.049 -0.09
NPK β5   0.151* 0.793 1.910 0.069** 0.033 2.07
Labor hours β6 0.761*** 0.152 4.977 0.416*** 0.082 5.06
Land Preparation hours β7 0.678*** 0.150 4.517 0.236*** 0.071 3.33
Sigma-Squared  

 
0.093 0.786

Gamma - 0.996

*:10% significance; **: 5% significance; ***: 1% significance.
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As far as vegetables are concerned in multiple cropping 
under tunnels, accurate quantity of seed should be 
sown.  This is not the case with the multiple crop 
combination of bitter gourd-capsicum under tunnels 
where seeds are sown in an arbitrary amount, quite 
peculiar in case of capsicum crop. It is needed that 
farmers should realize that quality of seed matters 
more than quantity of seed, especially when crops are 
cultivated under tunnels. Hence, to meet higher level 
of crop productivity, farmers should be provided high 
quality of seed, which live up to local conditions and 
environment. The supply of higher quality of seed may 
fulfill farmers’ demand if public and private sectors 
are geared up together. The improved vegetable seed 
varieties can provide the highest level of crop yield 
per acre. Accessibility to improved seed technology 
and reduction in prices can act as incentives to adopt 
improved technology.

The coefficient of total number of irrigations is 
positive and has significant impact on bitter gourd 
and capsicum productivity. This result implies that 
proper and timely application of irrigations to the 
multiple crops under tunnels is essential to enhance 
the bitter gourd and capsicum production. According 
to Ahmad et al. (2002), Abedullah (2006), Suresh 
and Reddy (2006), Hussain (2012), Hasnain (2015) 
and Fatima and Khan (2015), well-timed and well-
organized application of irrigation results in higher 
crop production.

The coefficient of pesticide spray is negative, but 
it is insignificant. This result indicates that there is 
unbalanced application of pesticide spray in study 
area. However, the coefficient for pesticide spray is 
insignificant which highlights the fact that pesticides 
must be cautiously used on pest or diseased parts to 
avoid crop output decline because of harmful effects 
of pest related to the crops. The agricultural research 
related organizations should guide and recommend 
farmers to follow integrated pest management. 
Conversely, Tella (2006), by using Timmer and Kopp 
indices, disclosed that if chemicals are not correctly 
utilized, productivity can be negatively affected.

The variable of NPK has turned out to be positive and 
highly significant in relation to bitter gourd-capsicum 
produces, implying that balanced amount and high-
quality of fertilizers should be used for increasing 
level of output. The earlier studies of Hussain (1995), 
Ahmad and Ahmad (1998), Ahmad et al. (2002), 

Hassaan and Ahmad (2005), Saeed and Khan (2007), 
Sadiq et al. (2009) and Fatima and Khan (2015) by 
using stochastic frontier model, observed that the 
use of fertilizer increased the productivity of crops in 
Pakistan. Balanced application of fertilizer accordance 
to the soil quality and crop requirement would improve 
the plant uptake and crop production. 

The labor input is one of the most crucial inputs 
in tunnel farming. This farming quite depends on 
efficient utilization of labor input. In this study, the 
coefficient of labor hour is positive and significant. 
The findings of present study are also supported by 
earlier studies including, (Abedullah et al., 2006; 
Ali et al., 2013; Saddozai et al., 2013). In study area, 
farm managers in every cropping season of tunnel 
farming prefer to hire those labors that previously 
worked on tunnel farms and have the experience of 
tunnel technology. Hence, those labors have skills 
and sound knowledge of tunnel farming.  Therefore, 
present result reported that efficient and skillful labor 
is an exhortative factor for adoption of high-yielding 
multiple cropping systems under tunnel technology. 

Land preparation is one of the most initial steps of 
crop management practices. The coefficient of land 
preparation hour is positive and significant. The result 
implies that to exploit the true potential of other inputs 
such as seed rate, fertilizer application and irrigation 
etc., it is essential to spend substantial time in land 
preparation practices that will ultimately culminate 
in higher farm productivity. Crop productivity can 
be manifold through timely and better application of 
land preparation activities, irrigations, improved seed 
beds, and weed control.  

The major reasons that generally cause the 
inconsistency in output of bitter gourd-capsicum 
cropping system, is difference in timings of application 
of inputs, farmers handling attitude towards pests’ 
attack, farm management and availability of financial 
resources on time. All these factors together affect the 
production of bitter gourd-capsicum cropping system.
The Maximum Likelihood Estimation (MLE) 
of inefficiency effect offers the description of 
socioeconomic, management and farm specific factors 
that influence the technical efficiency and are reported 
in Table 4. 

In the present study, the result of technical inefficiency 
model of bitter gourd-capsicum cropping system 
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shows an inverse, but insignificant relationship 
between the age of farmer and the technical efficiency 
of bitter gourd-capsicum cropping system. This 
result has a plausible explanation of the decrease in 
technical inefficiency of bitter gourd-capsicum farms 
to increase with age, but it is insignificant.

Table 4: Bitter gourd-capsicum technical inefficiency 
model.
Variables Parame-

ters
Coeffi-
cients

Std-err t-ratio

Age of Farmer δ1 -0.004 0.010 -0.41
Education δ2 -0.259*** 0.056 -4.57
Distance from main 
Market

δ3 0.013** 0.005 2.52

Tractor Ownership δ4 0.099 0.226 0.44
Tenant δ5 0.778*** 0.276 2.81
Own-cum Tenant δ6 -0.097 0.330 -0.29
Credit Sources δ7 -0.570** 0.275 -2.07
Operational Holding δ8 -0.231*** 0.036 -6.25
No. of Tunnels δ9 0.011 0.038 0.299

*:10% significance; **: 5% significance; ***: 1% significance.

The coefficient of education is negative and 
significant, showing that farmers’ education can 
bring improvement in technical efficiency of bitter 
gourd-capsicum farms. Literate farmers have the 
inclination towards adoption and the better use 
of technology. The distance of the farm from main 
market is inversely related to the technical efficiency. 
Average farm distance from the main market of 
Faisalabad is around 60 kilometers (Km). Generally, 
larger farm distance from the main market results in 
higher transportation cost, and have more chances 
of crop damage, especially in case of vegetable crops. 
Ahmad et al. (2002) also found that the farm distance 
from main market contributes negatively to the farm 
technical efficiency.

The variable of tractor ownership used as dummy 
variable, where value of 1 indicates that the tractor is 
owned by the farmer and zero otherwise. This variable 
has a positive and significant coefficient identifying 
that the technical inefficiency of bitter gourd-
capsicum farmers increases if tractor is owned by 
the farmer. This negative relationship with technical 
efficiency has the plausible explanation. The farmers 
in the study area who owned the tractors are used to 
give their tractors on rent and disburse more time 
for land preparation activities for the other farmers 

to increase their earrings also in the form of tractor’s 
rent. This situation may justify the increase in technical 
inefficiency of bitter gourd-capsicum farms.

The tenancy status includes the variables such as 
tenant, owner cum tenant and farm owner. Where 
farm owner variable is used as the base category. 
The results show that owner cum tenant variable is 
insignificant. In case of a tenant, the result revealed 
positive and significant coefficient implying that 
tenants are more inefficient than the owner of lands. 
This result is quite logical because compared to the 
tenant, farmers who own land are mostly ready to 
make huge investment and have the tendency to 
adopt new farm technologies for their land. This 
attitude alternatively resulted in higher level of farm 
efficiency. 

The result of study reveals that the coefficient of access 
to credit has inverse and significant relationship with 
technical inefficiency. It is evident that having access to 
credit facilities, contributes positively to the technical 
efficiency of bitter gourd-capsicum cropping system. 
According to Obwona (2000), it is found that access 
to credit facilities has the enhancement effect on the 
efficiency among farm managers. Hence, the access 
to credit facilities is a vital factor for farm technical 
efficiency.

The result of operational holding shows the inverse 
relationship with technical inefficiency. As the 
operational holding for bitter gourd-capsicum 
multiple cropping system under tunnels increases the 
technical inefficiency diminishes. The coefficient of 
the number of tunnels (as measured by the number 
of tunnels per acre) has a negative and significant 
impact on the technical inefficiency. In case of bitter 
gourd-capsicum multiple cropping system, under 
tunnels, the technical efficiency of farms increases as 
the number of tunnels increase. Hence, it is advisable 
to put up an optimum number of tunnels in bitter 
gourd–capsicum cropping system.

Table 5 shows the results of return to scale of bitter 
gourd-capsicum cropping system. 

The calculation of return to scale in Cobb-Douglas 
production function is done by summing up the 
coefficients of bitter gourd-capsicum production 
function of β parameters. The value of return of 
scale (1.013) shows that the bitter gourd-Capsicum 
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farmers are experiencing the constant return to scale 
in production. Alternately, the bitter gourd-capsicum 
cropping system is on the boundaries of stage II 
production function. So, it is prudent for the farmers 
to optimally utilize the given level of inputs in order 
to attain the maximum level of output. Adding up the 
inputs will be resulted in the wastage of resources and 
increase in the cost of production.

Table 5: Returns to scale of bitter gourd-capsicum 
cropping system.
Variables Parameters Coefficients
Capsicum seed β1 -0.037
Bitter gourd seed β2 0.164
T.no of irrigations β3 0.168
Pesticide β4 -0.005
NPK β5 0.069
Labor hours β6 0.417
Land Preparation hours β7 0.237
Return to Scale 1.013

This study also examined the average application of 
inputs from highest (benchmark category) to lowest 
efficient farms of bitter gourd-capsicum cropping 
system. Table 6 revealed that in bitter gourd-capsicum 

cropping system, the application of capsicum seed 
by the benchmark category is around 320 grams per 
acre. Apart from (0.401-0.60) category, all the other 
categories which are although below the benchmark 
category in terms of output and technical efficiency 
yet apply a greater amount of capsicum seed per acre. 
Due to this reason, the variable of capsicum seed has 
the negative, yet an insignificant impact on bitter 
gourd-capsicum cropping system (see Table 3). The 
random and uninformed application of capsicum 
seed has resulted in wastage of farm and financial 
resources.

The application of bitter gourd seed by the benchmark 
or highest efficient category of sampled farmers of the 
study area is around 1911.76 grams per acre. All the 
categories which are below the benchmark category 
use the lesser amount of bitter gourd seed per acre, 
except the second highest (0.801-0.90) category 
in the sampled data. The result of bitter gourd-
capsicum production function analysis also reports 
the positive significant impact of bitter gourd seed 
on bitter gourd-capsicum cropping system (see Table 
3). Hence, most of the farmers who spread a higher 
quantity of bitter gourd seed along with improved 
farm management can maintain the higher farm 

Table 6: Inputs application and variation on average from highest to lowest efficient farms in bitter gourd-capsicum 
cropping system.
TE(SFA) Capsicum 

seed (Grams)
Bitter gourd seed 
(Grams)

Irrigation (No.) Pesticide (No.) NPK (Kg) Labor hour Land Prep. 
Hour

> 0.90 320.000 1911.764 36.000 25.372 491.764 5.470 74.705
0.801-0.90 330.000 2000.000 36.812 24.875 519.531 5.500 78.229
0.701-0.80 327.619 1880.952 34.047 22.571 466.023 5.095 74.857
0.601-0.70 337.500 1875.000 36.250 24.125 378.000 4.875 67.500
0.401-0.60 305.714 1642.857 38.285 24.714 345.357 4.714 60.857
0.201-0.40 327.142 1607.142 31.357 23.928 412.357 4.0714 56.071
<0.20 340.000 1500.000 36.000 25.000 481.000 5.000 60.000
Inputs Variation from Highest to Lowest Efficient Farms in Bitter Gourd-Capsicum Cropping System
TE(SFA) Capsicum 

seed (Grams) 
Percentage ∆

Bitter Gourd 
Seed (Grams) 
Percentage ∆

No. Irrigation 
(No.) Percentage 
∆

Pesticide (No.) 
Percentage ∆

NPK (Kg)
Percentage ∆

Labor Hour
Percentage ∆

Land Prep
Percentage ∆

> 0.90 - - - - - - -
0.801-0.90 -3.125 -4.615 -2.257 1.960 -5.646 -0.537 -4.71
0.701-0.80 -2.380 1.611 5.423 11.039 5.234 6.861 -0.202
0.601-0.70 -5.468 1.923 -0.694 4.916 23.133 10.887 9.645
0.401-0.60 4.464 14.065 -6.349 2.594 29.771 13.824 18.537
0.201-0.40 -2.232 15.934 12.896 5.691 16.147 25.576 24.943
<0.20 -6.250 21.538 0 1.468 2.189 8.602 19.685
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output in bitter gourd-capsicum cropping system.
The average application of number of irrigations 
by benchmark category is around 36 per acre. The 
categories of (0.70-0.80) and (0.201-0.40) applied 
around 5.42 and 12.89 percent higher number 
of irrigations compared to benchmark category, 
respectively. On the other hand, categories with 
ranges (0.801-0.90), (0.601-0.70) and (0.401-
0.60) apply about 2.25, 0.69 and 6.34 percent lesser 
number of irrigations relative to benchmark category, 
respectively.

The application of pesticide spray by benchmark 
category on average is around 25.37 per acre. The 
effect of pesticide spray on bitter gourd-capsicum 
cropping system is negative and insignificant. In 
case of multiple cropping systems, the study at hand 
witnesses the insignificant effect of pesticide sprays 
on both cropping systems (Cotton-melon and bitter 
gourd-capsicum). The application of pesticide spray 
in case of multiple cropping systems is complicated 
as each crop hosts dissimilar pests. Farmers should 
be more observant regarding the type of pests’ attack, 
especially for those crops that are grown on same 
space and time. So, vigilant and profound application 
of pesticide spray is desirable to determine its best 
possible backing and acting contrarily will result 
in higher cost of production to the farmers and 
environmental hazards to the nearby community.

The application of NPK fertilizer by the benchmark 
category in bitter gourd-capsicum cropping system is 
on average 419.76 Kg per acre. Except the category of 
(0.801-0.90), all the other categories utilize the NPK 
fertilizer in lower quantity relative to the benchmark 
category.

In the case of labor hours per day, the benchmark 
category of most efficient farms in sampled data, 
spends 5.47 hours per acre on average. The labor 
input in multiple cropping systems is one of the most 
fundamental inputs. This study identifies that efficient 
utilization of labor hours in bitter gourd-capsicum 
cropping system aids to augment the farm output 
along with other inputs.

In case of land preparation hours, the benchmark 
category on average used 74.70 hours per acre. The 
second (0.801-0.90) and third (0.701-0.80) categories 
in terms of technical efficiency and bitter gourd-
capsicum output spend 0.53 and 6.86 more hours 

for land preparation activities than the benchmark 
category, respectively. The remaining categories use 
lesser amount of time for land preparation than 
benchmark category.

It is needed that farmers recuperate optimal level 
of bitter gourd-capsicum output through improved 
farm management technique. Farmers can attain the 
same level of output through reduction of 21% of 
farm inputs or attain optimal level of bitter gourd-
capsicum output by using efficient utilization of 
existing farm inputs. It is essential for farmers to 
consult the extension services or agricultural research 
organizations for improvement in existing farming 
practices.

Bitter gourd-capsicum technical efficiency frequency 
distribution 
The present study used both SFA and DEA models. 
Technical efficiency is calculated to find out the 
technical inefficiency level of bitter gourd-capsicum 
cropping system. The DEA technique facilitates us to 
use technical efficiency analysis by using two models, 
namely constant return to scale and variable return 
to scale model. The present study shows the result of 
both DEA models. But for robust efficiency analysis 
point of view, the study will compare the efficiency 
scores between SFA and DEA constant return to 
scale models. Since both (SFA and DEA constant 
return to scale) models in the present study carried 
the constant return to scale, it is more plausible and 
rational to evaluate these models for robust efficiency 
analysis. The result of the study indicates that technical 
inefficiency is present in the bitter gourd-capsicum 
multiple cropping system. As the gamma value from 
Table 3 is around 0.99 and highly significant. Thus, 
99 percent of variation in bitter gourd and capsicum 
is due to the presence of technical inefficiency in the 
bitter gourd-capsicum cropping system. 

Figure 1 reports that in case of SFA, the technical 
efficiency of bitter gourd-capsicum cropping system 
ranges from less than 20 % to greater than 90 %. Only 
0.67 % of the farms have technical efficiency ranges 
from less than 20, whereas 9.33% have between 21-40. 
The 4.67% of farms have range of technical efficiency 
between 41-60, whilst eight farms constituting a 
total of 5.33% has the technical efficiency range of 
61-70 %. The 14 % of farms comes in the range of 
71-80 and most of the farms i.e., 32 % and 34 % 
come in the ranges of 81-90 and greater than 90. 
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These results put forward that most of the farmers 
are reasonably efficient. However, further efficient 
utilization of inputs can result in optimal level of 
output in bitter gourd-capsicum cropping system. 
The result obtained from the DEA constant return to 
scale model is approximately similar as obtained from 
SFA. Whereas the mean technical efficiency score is 
precisely the identical. 

Figure 1: Bitter gourd-capsicum technical efficiency frequency 
distribution.

The calculation of technical efficiency under the 
DEA variable return to scale model is mostly ranges 
between 0.70 to > 90 with a value of around 88%. 
Only 12% of farmers fall into other categories. 
While the mean technical efficiency score is around 
88 %. The mean technical efficiency of bitter gourd-
capsicum farms tunnels by using SFA and DEA 
constant return to scale is around 0.79. The minimum 
technical efficiency in SFA, DEA constant return to 
scale model and variable return to scale model is 0.19. 
While the maximum technical efficiency score is 0.98 
under SFA and 1 in DEA constant return to scale and 
variable return to scale model. The technical efficiency 
scores inveterate that around 21% of technical 
inefficiency is present in bitter gourd and capsicum 
cropping systems. It is necessary for the farmers of 
the study area to consult with the extension services 
or research organization regarding the guidance of 
appropriate level of farm inputs application and also 
participate in formal and in formal training regarding 
the adoption of advance farm technologies.

Conclusions and Recommendations

The study concludes that around 21 % of significant 
technical inefficiencies present in bitter gourd-

capsicum cropping system. The adoption of multiple 
cropping system under controlled environment 
(Tunnels) has the pertinent impact on horticultural 
crop production. The result of current study revealed 
that cultivation of crops under tunnel even now is 
relatively advanced farming method and farmers are 
still under the learning and adoption process. The crop 
production of the bitter gourd-capsicum cropping 
system can be enhanced by around 21% by retaining the 
same level of inputs. Provided that farmers can apply an 
appropriate level of farm inputs along with improved 
farm management practices. Benchmarking analysis 
bitter gourd-capsicum cropping system validates the 
unbalanced and excessive use of farm inputs such 
as seed rate, pesticide sprays, number of irrigations, 
and NPK.  Hence, instead of disregarding available 
farm resources, farmers should utilize the available 
farm resources efficiently. Acting contrarily will not 
enable them to minimize their production cost and 
maximize the returns on farm output. It is necessary 
for the farmers to consult with the extension services 
or research organization for reduction in the number 
of plant protection sprays and improved yield. During 
the survey, it was informed by the farmers that neither 
the research centers are interested to contact the 
farmers, nor the farmer are willing to contact them. It 
showed that the government has failed to transfer the 
advancement in research through extension centers 
to the farmers. Farmers like to discuss their farming 
issues with fellow farmers, rather than with people at 
extension centers that reflects the lack of confidence 
of the farmers in existing system of extension services. 

Balanced use of inputs is one of the main elements to 
get the best out of multiple cropping systems under 
tunnels. Farmer should employ the recommend farm 
inputs instead of excessive inputs application. Improved 
farm management practices are needed to attain the 
optimal level of farm harvest. Formal and informal 
training involving advanced farm technologies is 
essential. It is suggested that farmers should adopt 
the high-tech technologies after obtaining the proper 
pieces of training about the use of farm technologies 
in hand. Consequently, farmers can regain the best 
out of it. It is important that private and public 
sector lends the hand together to exploit the existing 
available factors of production efficiently, to expand 
the farming productivity and technical efficiency that 
can result in higher farming productivity of bitter 
gourd-capsicum cropping system under tunnels.
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Novelty Statement

The aim of this research is to explore the cost effi-
ciency analysis of multiple cropping system under 
tunnels. Even though many research have been done 
on multiple cropping system, very few studies have 
analyzed the cost feasibility of multiple crops under 
tunnel. Hence, this study is a new addition in respect 
of viability, cost and returns of growing multiple crops 
under the tunnels in Pakistan.
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