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Abstract: This study evaluates the input efficiency of greenhouse tomato and pepper farms in
Kosovo. Using data collected from farm surveys, we conduct an input-oriented data envelopment
analysis (DEA) to empirically assess input efficiency. Secondly, linear regression analysis is used to
investigate which farm variables predict greenhouse tomato and pepper technical efficiency (TE).
The DEA results indicated that among the seven regions in Kosovo, Prizren emerged as the most
efficient greenhouse tomato producing region with a mean efficiency of 0.83 (on a scale of 0 to 1).
Prishtina followed with a mean efficiency of 0.80. In the production of greenhouse peppers, Prishtina
was the most efficient region with a mean efficiency of 0.99. Ferizaj followed with a mean efficiency
of 0.93. Conclusions about farm characteristics that explain differences in efficiency were sensitive to
model specification. Nevertheless, depending on the structural and operational characteristics of the
greenhouse tomato and pepper farms, there is an opportunity for the technically inefficient farms

and regions to improve their use of inputs.
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1. Introduction

The 1998-1999 war left Kosovo’s agricultural sector in a fragile state as it caused a collapse of the
rural infrastructure, law and order [29], which caused a loss of productivity. The Kosovar farmers’
relationship with the land, however, has remained strong. After the war, there have been clear
attempts by the national government to revive failing agricultural production levels. The last 17
years have marked a gradual restructuring of agriculture given the introduction of new government
agricultural policies.

In the new framework that has emerged, the government of Kosovo has begun to formulate
agricultural policies with structural characteristics similar to those of the European Union.
Nevertheless, farmers continue to face challenges. For example, there is still a strong dependence on
imports of agricultural products and processed food [41], which affects farmers’ production levels
and efficiency [48]. The production of greenhouse vegetables is a relevant example of a subsector
that is experiencing low input efficiency given it is a relatively new production method in Kosovo
and faces competition from imports. On the other hand, greenhouse vegetables exemplify the
post-war resilience of Kosovo agriculture. In comparison to open-field farms, greenhouse farms in
Kosovo may take advantage of early season production. However, farmers in this emerging
subsector argue that they are finding it difficult to incorporate efficient input quantities in the
production process.
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The underlying tension between the associated aspects of low yields and the inefficient use of
inputs may lead to a decrease in the domestic production of greenhouse tomatoes and peppers.
Several studies have found the optimal use of inputs to be an important determinant of the vegetable
production [3,37]. While one study has examined the drivers of vegetable production efficiency in
Kosovo [31], little attention was given to the greenhouse tomato and pepper input efficiency use.
Maximizing input efficiency is a subject that has not been examined in detail. For these reasons, the
aim of this study is to provide insight on ways to maintain current yields while decreasing waste of
resources.

2. Materials and Methods

2.1. Data

Data were collected from June 1, 2017 to August 7, 2017 with a sample covering 136 greenhouse
tomato and pepper farms from 22 villages, 11 municipalities, and 7 regions of Kosovo. Production
information was obtained through face-to-face interviews with farmers. To facilitate the data
collection process, two research surveys were developed to gather information from the field. The
first survey was targeted for the greenhouse tomato production in the seven regions of Prishtina,
Ferizaj, Gjilan, Prizren, Gjakova, Peja, and Mitrovica. The second survey was developed for the
greenhouse pepper farms and executed in all of the same regions excluding Prizren because of
limited greenhouse pepper production there. Each survey included 47 questions and was separated
into four survey modules. Both of the surveys contained three modules that elicited information
about the respondent, characteristics of the greenhouse, and assessed producer needs. A fourth
survey module was designed specifically for tomato or pepper production, respectively. All farmers
interviewed were growing at least tomatoes or peppers as their cash crop. Some of those same
farmers also produced a few rows of these crops or other vegetables for home consumption.

2.2. Data Envelopment Analysis (DEA)

The purpose of this study was to determine technical efficiency (TE), pure technical efficiency
(PTE), and scale efficiency (SE) of the greenhouse tomato and pepper farms. An additional goal was
to understand factors that influence TE scores. Thus, an input-oriented DEA coupled with linear
regression were used to compare input efficiency use between farms and to explore what farm-level
variables could predict TE. To quantify input efficiency use, the input-oriented
Banker-Charnes-Cooper (BCC) [7,8] and Charnes-Cooper-Rhodes (CCR) [16] models were used.
After characterizing TE and SE from these models, TE efficiency scores received from the
greenhouse tomato and pepper CCR models were used as outcomes in additional analyses to
understand farm-level characteristics that impact efficient input use. All analyses were performed in
R, a programming language and software for statistical analysis.

Using the BBC model, we letj=1, 2, .., n, index the greenhouse tomato and pepper operations.
Each operation realizes yields, yr (r=1, 2, ..., s), using observed levels of m farm inputs, xij (i=1, 2, ...,
m). In addition, ¢ denotes a small value that penalizes slack terms s; and s; to facilitate model
solutions and prevent a classification of an inefficient decision making unit (DMU) as efficient. A
small and positive value for ¢ may work in many instances [32]. The BCC model is presented as
follows.
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Yield is the output for both greenhouse tomato and pepper farms because farmers' primary
production decisions can be based on the potential future yields [44]. The inputs used in the models
include insecticide, labor, greenhouse area in square meters (m?), greenhouse value in euros, as well
as the use of artificial and organic fertilizers at different stages of greenhouse production.

The rationale for measurement and inclusion of these variables in the model is as follows. In
Kosovo, often greenhouses covering larger areas correspond to greenhouses that have improved
designs and structures. These greenhouses may have on average higher volumes of production and
may be more efficient; therefore, the variable greenhouse area in m? was included. Among pesticide
use in Kosovar greenhouse tomato and pepper production, insecticides may be used more regularly
than herbicides and fungicides. Similarly, chemical pest control measures can be costly in Kosovo
but may be highly beneficial to production [30]. Labor was included as an input because two studies
[3,47] presented evidence that labor is often overused in tomato production. Because this research
suggests that labor is prone to overuse in greenhouse tomato production, it was hypothesized that
labor could also be overused in pepper production.

The literature noted that fertilizer was an important input to include in the evaluation of TE
[45,47]. One consideration is whether artificial or organic fertilizer may have a greater impact on
tomato and pepper yields. Although several studies suggested that organic fertilizers may do more
to increase productivity [35,21,43], still there is evidence that tomato yield was higher with the use of
mineral fertilizers than with organic fertilizers [25]. There are two reasons why it may be important
to consider planting and flowering phase fertilizers in the evaluation of input efficiency use. First,
fertilizers were expected to have an impact on yields, and their optimal use may ensure an increase
in the production of greenhouse tomatoes and peppers. Second, an over or under utilization of these
inputs may lead farms to incur production losses. To explore how fertilizers impact greenhouse
tomato and pepper input efficiency use, this study included the planting phase organic and artificial
fertilizers, and flowering phase crystalline and artificial fertilizers. In discussions with Kosovar
experts, the value of greenhouses in Kosovo varied greatly between government program grantees
and non-grantees. Grantees had greenhouses of higher euro value. Therefore, this study considered
also the greenhouse value in euros as an input for the evaluation of input efficiency use among
greenhouse tomato and pepper farms.

The BCC model differs from the CCR model in that it includes an additional constraint on the
intensity variables %, Aj=1 [8]. This can permit measurement of efficiency relative to a variable
returns to scale (VRS) technology. A PTE score is represented by Ogcc. The CCR model measures
efficiency relative to a constant returns to scale (CRS) technology and Occg corresponds to a TE
score. This model using the same inputs and outputs explained previously served in this study for
the evaluation of the greenhouse tomato and pepper farms’ TE. In a linear programming framework,
DEA as a non-parametric method was used to calculate SE. The evaluation of the CCR and BCC
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models helped us define SE as 8¢cr/0pcc. With the use of these notions, this study may demonstrate
the decomposition of efficiency:

Technical Efficiency (TE)=Pure Technical Efficiency (PTE) x Scale Efficiency (SE) (2)

The purpose of the decomposition was to show whether the source of inefficiency was caused
by PTE, by SE, or by both [20].

2.3. Regression Analysis

This study contained two datasets that were used separately for greenhouse tomato and pepper
farms. It was possible to analyze the efficiency scores derived from DEA through a linear regression
model. An equal number of variables was considered for the estimation of the linear regression
model for both the greenhouse tomato and pepper farms.

Table 1. A descriptive summary of the regression variables

Choice of Variables Description
Tomato/pepper variables (X)
T/PCROP; 1 = for a crop nutrition training need, 0 = otherwise
T/PPOWER, 1 = electricity as the power source, 0 = for fuel
T/PROWS, Number of tomato/pepper rows per greenhouse
T/PWHOLE; Wholesale price per kilogram of tomatoes/peppers
T/PEXREV; 1 = for having external revenue, 0 = otherwise
T/POTHER; 1 = for other greenhouse crops grown, 0 = otherwise
T/PFARM,; Farmer market price per kilogram of tomatoes/peppers
T/PWELL, Well depth in meters
T/PWATER, Irrigation equipment value in euros
T/PEDU; Education in years
T/PEAMILY; Number of family members
Tomato/pepper dependent variable (y)
T/PDEP Tomato/pepper technical efficiency scores

Using the variables above (Table Table 1), we examined the average effect of farm
characteristics on the TE scores of tomato and pepper greenhouses. The TE scores derived from the
CCR model were used as the outcome measure in this regression.

TE; = B, + B, T/PCROP; + 3, T/PPOWER; + B, T/PROWS, + 3, T/PWHOLE, +
B.T/PEXREV, + B T/POTHER, + 3, T/PFARM, + B ,T/PWELL, + B, T/PWATER, + , T/PEDU; +
B, T/PFAMILY, + ¢; ®)

Following the model, this study called TE; the technical efficiency as the dependent variable
for a given tomato or pepper greenhouse. The random error term for a greenhouse was represented
by e;.The first variable used was T/PCROP;. In the literature, non-formal knowledge was found to
attain substantial technical efficiency and improve farm performance [34]. It was useful to explore
which group of farmers were more efficient in the use of inputs, those who expressed their need to
participate in a crop nutrition training or those who did not.

The government of Kosovo has prioritized the energy sector with an emphasis to improve
electricity generation capacities. Over the years, a steady increase in electricity production has been
noted in Kosovo, however, challenges remain for an efficient use of electricity [36]. Enterprises and
farms in Kosovo may examine a cost-effective way to consume energy. There may be variations
between greenhouse farmers who used electricity and greenhouse farmers who used fuel as the
power source at a farm level and this power source may have an impact on a farm’s TE. Electricity
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remains a costly source of power in Kosovo [14]. Farmers focus on minimizing costs where the
source of power often accounts for a large share in the vegetable production costs. Considering this,
we used the indicator variable T/PPOWER,. Fruit yields can increase when in the greenhouse plants
are arranged correctly and when there is a minimization of gaps between plants and rows [40]. To
achieve more greenhouse tomato or pepper yields, farmers may increase the number of rows more
than it may be efficient. Likewise, a discrepancy in the number of rows per greenhouse can impact
how each farmer uses inputs in the production process. It is of interest to find an appropriate
number of rows in the greenhouse which may affect how inputs are allocated, therefore
T/PPOWER, was included.

An issue reported from the greenhouse farmers is the low price received per kilogram (kg) of
the produce. In this study, T/PWHOLE; is one variable that may explain in part this issue. Farmers
often can have high price expectations, if they noticed that there were high wholesale prices in the
market from the previous harvesting season [24]. When the price is low from the vegetable
wholesalers, greenhouse farmers may have to contract their gross profit margins. In fact, farmers can
be even forced to market their produce at lower prices to avoid the risk of not selling. In Kosovo the
wholesale price for tomatoes tends to fluctuate [28]. To test if the variable including farmer’s
wholesale selling price has an impact in the optimal use of inputs, this study included it in the
models. Similarly, prices and varying yields can influence farm incomes [10]. Even off-farm income
was found to have a positive effect on revenue risk [22]. The use of T/PEXREV, tested whether
farmers with and without an external source of revenue differed in the optimal use of inputs.
Off-farm income may even substitute for income losses that occurred in the farm [12,22]. However,
there may not be sufficient evidence to conclude why some farmers rely on off-farm income and
others do not [12]. It can be expected in this study that farmers who have an external source of
revenue could rely less on on-farm revenue.

Vegetable farms growing two or more crops were found to have less usage of water, diesel and
electricity [33]. In this aspect, T/POTHER; was another variable used in the models to understand
how growing other crops over the course of a season impacts the efficient use of inputs. In Kosovo,
there may be a mixture of farmers growing greenhouse tomatoes or peppers as a single crop and
those who may have other crops with tomatoes or peppers in the same greenhouse. Large-sized and
mixed farms tend to have high efficiency [13]. The variable T/PFARM,; can be important given that
product prices in agriculture have a high tendency to vary [44]. Farmers may choose to sell directly
to the retailers or consumers through farmers’ markets [2]. High quality peppers can achieve
premium prices in the market [42], while conventional tomatoes relative to organic tomatoes may
not fetch premium prices in the market [26]. There is a belief in Kosovo that farmers selling
greenhouse peppers at the farmer’s market may receive higher prices per kg compared to the
greenhouse tomato farmers. Whether the farmer market price influences the efficient use of inputs
was of interest to explore.

The variable T/PWELL; was included because the amount of water applied on crops has a clear
tendency to affect yields [38], and an efficient use of irrigation would rely on the design of the
irrigation system and its management [9]. For example, an implication of a limited irrigation time
could suggest that farms in Kosovo's regions with lower average well depths may be less likely to
irrigate during the flowering season when faced with increased levels of water scarcity. When the
well depth is large and there is an increase in irrigation effectiveness, a potential to grow yields is
possible [15]. This study expects that it could be possible to test if well depth is likely to influence the
optimal use of inputs. The model has T/PWATER; as a variable that may provide an understanding
of a farmer’s irrigation system quality. Inadequate irrigation of the vegetable crops because of the
old irrigation equipment can constrain the input efficiency use. Despite the wide presence of the drip
irrigation systems in Kosovo, the frequency and amount of irrigation needs improvement [6]. The
greenhouse tomato and pepper farmers may have irrigation systems with varying euro values.
Therefore, it was essential to use this variable together for the greenhouse tomato and pepper input
efficiency use related regression analyses.

Studies in agriculture have found education to positively impact higher levels of TE [5,45].
However, education may not be significantly correlated with efficiency [19]. Therefore, the variable
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T/PEDU; could test whether education has an impact on the greenhouse tomato and pepper TE. The
use of T/PFAMILY; is relevant as most of the farm work is performed by the farmer’s family
members [30]. The number of family members may dictate the intensity of the family labor use. The
limited literature in Kosovo on the impact of the family members in the production of the
greenhouse tomatoes and peppers could allow this study with its analysis to examine any potential
influence of the variable.

3. Results

Results of the DEA analysis revealed differences in input efficiency use among greenhouse
tomato and pepper farms in Kosovo. For both types of farms, yield in kg is the output measure.
Input measures differed depending on production specificities of tomatoes and peppers,
respectively. Models for both crops included the following inputs: insecticide, labor, greenhouse
area in m? planting-phase organic fertilizer, flowering-phase artificial fertilizer, and
flowering-phase crystalline fertilizer as the inputs. Inputs for the DEA analysis of tomatoes also
included greenhouse value in euros and planting-phase artificial fertilizers.

3.1. Greenhous Tomato Input Use at a Farm Level

The input-oriented DEA analysis of 94 greenhouse tomato farms showed that inefficiency was
present in the use of inputs. Findings from the BCC model show that 33% of greenhouse tomato
farms had a PTE measure of 1.00 (TableTable 2). Farms with an efficiency score of 1.00 were
optimally using their inputs given their scale of operation. The remaining 77% of tomato farms
showed some degree of inefficiency in use of inputs. The CCR model for greenhouse tomato farms’
TE suggested that only 16% of the farms had an efficiency of 1.00 (Table Table 2). Thus, nearly half of
the operations with PTE measures of 1.00 were operating at an inefficient scale. Because of
differences in scale, a decision making unit can, at the same time, be BCC-efficient and may be found
CCR-inefficient from the CCR model [20].

Table 2. Summary of Greenhouse Tomato Farms’ Efficiencies

BCC Input-Oriented Efficiency CCR Input-Oriented Efficiency
E Range # of farms % E Range # of farms %
0.2<=E<0.3 1 1.1 0.1<=E<0.2 7 74
0.3<=E<0.4 1 1.1 0.2<=E<0.3 29 30.9
0.4<=E<0.5 9 9.6 0.3<=E<0.4 14 14.9
0.5<=E<0.6 15 16.0 0.4<=E<0.5 12 12.8
0.6<=E <0.7 15 16.0 0.5<=E <0.6 7 74
0.7<=E <0.8 11 11.7 0.6<=E <0.7 5 5.3
0.8<=E<0.9 7 74 0.7<=E<0.8 2 21
0.9<=E<1 4 4.3 0.8<=E<0.9 1 1.1
E=1 31 33.0 0.9<=E<1 2 2.1
E=1 15 16.1
Total 94 100.2 94 100.1

Note: BCC, Banker-Charnes-Cooper; CCR, Charnes-Cooper-Rhodes; E, efficiency; #, number; %, percentage.

The comparison of the BCC and CCR models reveals inefficiency (TableTable 2). Of all the
greenhouse tomato farms, 16% were scale efficient; this indicates that any changes to their existing
input values may not lead to higher efficiency. It suggested that these scale efficient farms maintain
the level of efficiency through employing the same practices in the production process. These
practices may further support the continuous and optimal use of inputs. However, 84% were facing
decreasing returns to scale (DRS). Among the DRS farms, the results indicated that there can be an
over utilization of labor and fertilizers relative to the scale efficient farms.
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Table 3. Comparison of Input Values for Scale Efficient and Scale Inefficient Greenhouse Tomato Farms

SE (N =15) DRS (N =79)
Materials Unit Mean Cv Mean CV
Inputs
Insecticide liter 107 1.51 157 1.25
Labor days 70 0.40 96 0.27
Greenhouse area m? 955 1.16 644 0.96
Greenhouse value euro 16,733 1.66 14,191 1.20
Planting phase fertilizer:
Organic kg 5,433 1.24 7,058 1.05
Artificial kg 23 1.61 47 2.91
Flowering phase fertilizer:
Crystalline kg 12 6.5 36 1.22
Artificial kg 0 0 21 2.10
Output
Yield kg 20,673 0.78 7,756 0.98

Note: SE, scale efficiency; DRS, decreasing returns to scale; CV, coefficient of variation. Increasing returns to
scale (IRS) were absent as greenhouse tomato farms experienced only SE or DRS.

According to the results, greenhouse tomato farms facing DRS or diseconomies of scale may
choose to reduce the farm output as they have surpassed their optimal size and use of inputs. In fact,
the quantities of used inputs may affect the levels of yields [23]. The farmers interviewed reasoned
that given the lack of production expertise among other factors for the optimal use of inputs in the
production of greenhouse tomatoes, they were struggling to maintain yields without an increase in
the inputs consumed. The results of this study reflected complaints from farmers that additional use
of inputs may not provide higher yields. This may particularly hold for the DRS farms.

3.2. Greenhouse Tomato Input Use Comparison at a Regional Level

In addition to analyzing efficiency at a farm level, the extent of input efficiency use at a regional
level was a component of the study. When using aggregate efficiency scores with BCC
input-oriented efficiency, Prizren emerged as the region with the most efficient producers with a
mean efficiency of 0.83. This result was expected as Prizren comprised the highest number of
greenhouse tomato producers and held a tradition of family farming. The region of Prishtina
followed with a mean efficiency of 0.80 for the optimal use of inputs in the production of greenhouse
tomatoes. Under the CCR input-oriented efficiency, the region of Peja with a mean efficiency of 0.58
ranked first, followed by Prizren with a mean efficiency of 0.56. Efficiency ranking of the regions
under BCC was of relevance as CCR assumed all greenhouse tomato farms operate at an optimal
scale. This assumption may not hold in Kosovo’s newly emerging greenhouse sector. The results
indicating Prizren as the region with the most efficient producers were more likely to be consistent
with the input efficiency use comparison at a regional level.

We provide an efficiency representation of the leading greenhouse tomato producing regions
under the BCC and CCR input-oriented efficiency (FigureFigure 1), and where farms with low
efficiency may be observed in the lower quartile compared to the high efficiency farms in the upper
quartile. However, this study underscored the mean efficiency of the regions, and how each region
differs in the use of inputs according to this statistic.
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Figure 1. Efficiency Representation of Greenhouse Tomato Producing Regions.

3.3. Greenhouse Pepper Input Use at a Farm Level

The results revealed that there were percentage-wise fewer inefficient greenhouse pepper
producers compared to the greenhouse tomato producers at the lower efficiency levels. Greenhouse
pepper farms’ PTE showed that 52% of the farmers were BCC-efficient. While, the analysis including
TE was lower with a 26% of the farmers as CCR-efficient (TableTable 4).

Table 4. Summary of Greenhouse Pepper Farms’ Efficiencies

BCC Input-Oriented Efficiency CCR Input-Oriented Efficiency

E Range # of farms % E Range # of farms %
0.3<=E<0.4 1 2.4 0.1<=E<0.2 1 24
0.4<=E<0.5 0 0.0 0.2<=E<0.3 4 9.5
0.5<=E <0.6 1 2.4 0.3<=E<0.4 4 9.5
0.6<=E <0.7 1 24 0.4<=E<0.5 6 14.3
0.7<=E <0.8 7 16.7 0.5<=E <0.6 1 24
0.8<=E<0.9 6 14.3 0.6<=E <0.7 6 14.3
0.9<=E<1 4 9.5 0.7<=E <0.8 5 11.9
E=1 22 52.4 0.8<=E<0.9 2 4.8
0.9<=E<1 2 4.8
E=1 11 26.2
Total 42 100.1 42 100

Note: BCC, Banker-Charnes-Cooper; CCR, Charnes-Cooper-Rhodes; E, efficiency; #, number; %, percentage.

Greenhouse pepper SE inferred results could show also that 26% of the farms were scale
efficient (TableTable 4), indicating a 10% higher SE compared to the greenhouse tomato farms.
Under the scale of production, 7% were operating in the area of increasing returns to scale (IRS), and
67% in the area of DRS. The production scale of the greenhouse pepper farms was small
Nevertheless, there was a slightly lower presence of diseconomies of scale compared to the
greenhouse tomato farms. For farmers operating under IRS, they may increase the use of inputs
examined in this study to progress towards SE. Scale efficient farms in terms of yields were slightly
less than twice more efficient than their DRS and IRS counterparts. The efficient values of inputs
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under SE (TableTable 5) could be relevant for DRS and IRS farms in Kosovo to consider for a
comparison to their existing input quantities used in the production of greenhouse peppers.

Table 5. Greenhouse Pepper Efficient Input Values

SE(N=11) IRS (N =3) DRS (N =28)
Materials Unit Mean Cv Mean Cv Mean Ccv
Inputs
Insecticide 1 100 1.26 67 1.72 119 1.13
Labor days 80 0.19 82 0.22 90 0.24
Greenhouse area m? 745 0.57 383 0.08 624 0.58
Planting phase fertilizer:
Organic kg 7,227 0.28 8,867 0.12 7,100 0.78
Flowering phase fertilizer:
Crystalline kg 12 1.83 39 0.92 24 0.96
Artificial kg 55 1.85 0 0 41 1.56
Output
Yield kg 7,241 0.57 2,967 0.66 3,810 0.81

Note: SE, scale efficiency; DRS, decreasing returns to scale; IRS, increasing returns to scale; CV, coefficient of

variation.

A greenhouse pepper farm facing DRS or diseconomies of scale may choose to decrease its size
to reduce some of the excessive use of inputs. For the greenhouse pepper farms in the situation of
IRS or economies of scale, however, an important decision was to achieve an overall higher use of
inputs. In this frame of analysis, an increase in output may be achieved through an increase in the
use of inputs where previously the discrepancy of mean values was noted among IRS relative to the
SE greenhouse pepper farms (TableTable 5).
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3.4. Greenhouse Pepper Input Use Comparison at a Regional Level

Using the aggregate efficiency scores with the BCC input-oriented efficiency, Prishtina was the
most efficient region with a mean efficiency of 0.99. Ferizaj followed with a mean efficiency of 0.93 in
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Figure 2. Efficiency Representation of Greenhouse Pepper Producing Regions.

the use of inputs when producing greenhouse peppers (FigureFigure 2). This was expected as there
is an increasing number of farmers from Prishtina receiving financial support by the Ministry of
Agriculture, Forestry and Rural Development (MAFRD) as well as by the Municipality of Prishtina
in the production of greenhouse vegetable crops. This and the fact that Prishtina is the capital of
Kosovo with a large market for the greenhouse peppers supports the study’s result that this region
may have the most efficient producers in the use of inputs. Under the CCR input-oriented efficiency,
region of Ferizaj with a mean efficiency of 0.87 ranked first, followed by Prishtina with a mean
efficiency of 0.80 (FigureFigure 2). The greenhouse pepper producing regions with producers having
low efficiency may be observed in the lower quartile compared to the producers having high
efficiency in the upper quartile (FigureFigure 2).

3.5. Linear Regression Implications

The external and production-related variables for the linear regression analysis were found to
be different among greenhouse tomato and pepper farms. Some variables had significant impacts on
the optimal use of inputs among greenhouse tomato farms and others among greenhouse pepper
farms. Some variables included in the final models differed across tomatoes and peppers. The
estimation procedure for the greenhouse tomato farms included the need to participate in a crop
nutrition training, power source, rows per greenhouse, wholesale price per kg of tomatoes, irrigation
equipment value in euros, education in years, and number of family members. The estimation
procedure for the greenhouse pepper farms included an indicator variable for the farmer’s external
revenue, farmer market price per kg of peppers, other greenhouse crops grown, well depth in
meters, irrigation equipment value in euros, education in years, and number of family members.

In the linear model for the greenhouse tomato farms with TE scores as the scalar dependent
variable, 3 variables were found statistically significant at the 5 percent level, and 4 were not (Table
Table 6). Rows per greenhouse were found to be statistically significant with a positive coefficient.
This result may suggest that farmers having greenhouse rows occupied with crops for
non-commercial uses may make them less efficient in the optimal use of inputs. The positive result
may also suggest that crops grown for home consumption may limit the greenhouse area for the


http://dx.doi.org/10.20944/preprints201806.0318.v1
http://dx.doi.org/10.3390/su10082768

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 20 June 2018 d0i:10.20944/preprints201806.0318.v1

greenhouse tomatoes produced for the market. The negative and significant coefficient of the power
source variable showed that farmers using electricity were less efficient than those using fuel in the
use of inputs. Given that electricity remains a costly source of power in Kosovo [14], this result was
expected to demonstrate a negative impact on input efficiency use. As mentioned earlier, the farmers
reported during the interview process that the price received per kg of tomatoes from the vegetable
wholesalers in Kosovo was hurting their gross margins. The pressure originating from low profits
and high input costs may lead farmers to lower efficient levels in the use of inputs. This study found
that the variable wholesale price per kg of tomatoes was significant and negative. First, this result
supported the assumption that selling to the vegetable wholesalers may result to a less efficient use
of inputs. Second, as the purchase of costly inputs is often realized with difficulty among greenhouse
tomato farms, this may encourage a lower and disproportionate application of inputs. Variables
reported statistically insignificant at the 5 percent level included the need for a crop nutrition
training (p-value = 0.05), irrigation equipment value in euros (p-value = 0.12), education in years
(p-value = 0.05), and number of family members (p-value = 0.42).

In the greenhouse pepper model, 3 variables were found to be significant at the 5 percent level,
and 4 were not (Table Table 6). The number of family members was statistically significant and
negative. While a positive effect was initially expected, the model strengthened the assumption that
a higher presence of the family members during the growing season may not contribute to an
efficient use of inputs. This may be true among single tunnel greenhouses where labor may not be
required as intensively as in the multiple tunnel greenhouses. Other greenhouse crops grown was
reported significant and with a negative impact. Farms that concurrently cultivated other vegetable
crops and peppers in the same greenhouse displayed inefficiency in input use. The variable
irrigation equipment value in euros was found significant and with a positive coefficient. The result
indicated that higher valued irrigation equipment may increase the input efficiency use in
greenhouse pepper productions. Despite the wide presence of the drip irrigation systems in Kosovo,
it can be from the model’s estimation that irrigation equipment of higher euro value may result to a
more precise application of water which makes more efficient use of this input. Education in years
(p-value = 0.64), well depth in meters (p-value = 0.10), external revenue (p-value = 0.86), and farmer
market price per kg of peppers (p-value = 0.48) were found to be statistically insignificant.
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Table 6. Linear Regression Results

Greenhouse Tomato Model Greenhouse Pepper Model
95 % CI 95 % CI

Variable B SE Lower Upper B SE Lower Upper

Crop
nutrition -0.144*  (0.074)  -0.288 0.001
training
Power
source
(electricity
or fuel)
Rows per
greenhouse
Wholesale
price per kg
External

-0.188***  (0.063) -0.292  -0.084

0.012***  (0.004) 0.005 0.019
-0.364**  (0.169) -0.694  -0.033

-0.015 (0.083) -0.177  0.148
revenue

Farmer
market price 0.044 (0.062) -0.077  0.166
per kg
Other crops
grown
Well depth
in meters
Irrigation in

-0.145***  (0.050)  -0.244 -0.047
0.023 (0.014) -0.004 0.050

-0.0001  (0.0001) -0.0003 0.00003 0.0005**  (0.0002) 0.0001  0.0009

euro value
Education i
u;zalrznm 0017+ (0.009) -0.034 -0.0001 0.007  (0.014) -0.021  0.034
Famil
amty 0.005  (0.007) -0.007  0.018 0.054%*  (0.017) -0.087 -0.020
members
(Constant) 0.802%**  (0.145) 0.905%*  (0.290)
Observations 94 42
R2 0.309 0.462
Adjusted R2 0.252 0.351
Residual Std. 0.248 (df = 86) 0.224 (df = 34)
Error
F Statistic 5.484%% (df = 7; 86) 4173 (df = 7; 34)

Note: 3, regression coefficient; SE, standard error; CI, confidence interval. The statistical significance of the
variables is represented by *p<0.1; **p<0.05; ***p<0.01.

4. Discussion

Often greenhouse vegetable farm differences in production have been considered as an
explanation for the low efficiency. This may be because of the low production of vegetables and its
inability to meet the domestic demand [4]. However, given Kosovo’s approximate uniformity in
weather conditions and cultivation practices, greenhouse tomato and pepper farms may not have
varying production specificities that justify the over or under utilization of inputs. The study aimed
to analyze greenhouse tomato and pepper input efficiency use in Kosovo at a farm and regional level
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and to determine the external factors that affect efficiency by using linear regression as a follow-up
procedure on the DEA method.

In a regional analysis, Prizren and Prishtina were found to be the most efficient in the
production of greenhouse tomatoes and peppers, respectively. This can provide helpful insights for
the greenhouse vegetable sector in Kosovo. The inefficient greenhouse producers were found to be
operating under DRS but may become scale efficient by reducing the use of agricultural inputs.
Those operating under IRS may become scale efficient by increasing the use of agricultural inputs.
Results suggest that for greenhouse tomato producing regions to achieve proper TE, input use
would need to improve by 13% to 41%, depending on the region. Comparatively, greenhouse
pepper producers had higher efficiency scores. This means that there were fewer pepper farms that
could improve input use by adopting production practices of the best farms in the sample.
Therefore, potential improvements in efficient input use ranged across regions from 1% to 16%.

At a farm level, the BCC model showed that 33% of the greenhouse tomato farms were fully
efficient and only 16% under the CCR model. While 52% of greenhouse pepper farms were fully
efficient under the BCC model and 26% under the CCR model, respectively. Given differences in
scale size, there were farms that had complete optimal use of inputs. However, many of the
greenhouse tomato farms under DRS and greenhouse pepper farms under IRS and DRS were
struggling to find an optimal use of inputs. The results also suggest also a policy is of vital interest to
address the issue of selling greenhouse tomatoes with a price that may jeopardize the financial
health and future of the farms. Region of Prizren with the most concentration of greenhouse tomato
farms and region of Gjakova were found to be particularly influenced by the price received per
kilogram (kg) of tomatoes from the vegetable wholesalers. Meanwhile, no estimates were
statistically significant in relation to the price received by greenhouse pepper farms.

In sum, this study explores the inefficient input use in the production of greenhouse tomatoes
and peppers, which is caused by two primary factors. One factor is the disproportionate use of
inputs without a corresponding increase in yields noted among DRS farms. Often this leads to a loss
of production which may be avoided through reducing the use of inputs to the same level of the
scale efficient input values. The other factor is concerning the disadvantageous market conditions,
where pressure from imports and low prices set from vegetable wholesalers heavily affect
greenhouse tomato production. This study revealed that overall under the given greenhouse tomato
and pepper production levels, there would be a large opportunity for the technically inefficient
farms and regions to improve their whole performance in the use of inputs.

Acknowledgments: We thank the Department of Agricultural Economics and Agribusiness of the University of
Arkansas in Fayetteville, Arkansas, and greenhouse tomato and pepper farmers throughout Kosovo.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Adhikaria, C. B.; Bjorndalb, T. 2012. Analyses of Technical Efficiency Using SDF and DEA Models:
Evidence from Nepalese Agriculture. Applied Econ. 2012, 44, 3297-3308. [CrossRef].

2. Ahearn, M,; Sterns, J. Direct-to-Consumer Sales of Farm Products: Producers and Supply Chains in the
Southeast. Jour. of Agri. and Applied Econ. 2013, 45, 497-508. [CrossRef]

3.  Alboghdady, M. A. Nonparametric Model for Measuring Impact of Inputs Density on Egyptian Tomato
Production Efficiency. Internat. Jour. of Food and Agri. Econ. 2014, 2, 81-90. [CrossRef]

4. Arcotrass Gmbh, Vakakis International SA, Eurocare Gmbh, AKI. Kosovo Report. Arcotrass-Consortium,
2006.

5. Balcombe, K., I; Fraser, M. R.; Smith. L. Examining the Technical Efficiency of Rice Producers in
Bangladesh. Jour. of Internat. Develop. 2006, 19, 1-16. [CrossRef]

6.  Balliu, A.; Kagiu, S. Potential of the Greenhouse Industry in Kosovo. Horticultural Promotion in Kosovo
(HPK), 2008.

7. Banker, R. D.; Cooper, W. W.; Charnes, A. Some Models for Estimating Technical and Scale Inefficiencies
in Data Envelopment Analysis. Managem. Science. 1984, 30, 1078-1092. [CrossRef]


http://dx.doi.org/10.20944/preprints201806.0318.v1
http://dx.doi.org/10.3390/su10082768

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 20 June 2018 d0i:10.20944/preprints201806.0318.v1

8.  Banker, R. D., Cooper, W. W.; Seiford, L. M.; Thrall, R. M.; Zhu, ]J. Returns to Scale in Different DEA
Models. Europ. Jour. of Operat. Resear. 2004, 154, 345-362. [CrossRef]

9. Barragan, J.; Cots, L.; Monserrat, J.; Lopez, R.; Wu, I. P. Water Distribution Uniformity and Scheduling in
Micro-irrigation Systems for Water Saving and Environmental Protection. Biosys. Engin. 2010, 107, 202-211.
[CrossRef]

10. Barry, P. J; Hopkin, J. A.; Baker, C. B. Financial management in agriculture. Interstate Printers and
Publishers, 1988.

11. Battilani, P.; Pietri, A.; Barbano, C.; Scandolara, A.; Bertuzzi, T.; Marocco, A. Logistic Regression Modeling
of Cropping Systems to Predict Fumonisin Contamination in Maize.” Jour. of Agri. and Food Chemis. 2008,
56 (21), 10433-10438. [CrossRef]

12. Blank, S. C.; Erickson, K. W. Agricultural Household Hedging with Off-Farm Income. Weste. Econ. Forum.
2007, 06, 1-13. [CrossRef]

13. Btazejczyk-Majka, L.; Kala, R.; Maciejewski, K. Productivity and Efficiency of Large and Small Field Crop
Farms and Mixed Farms of the Old and New EU Regions. Agri. Econ. (Zeme de Iskd Ekonomika). 2012, 58,
61-71. [CrossRef]

14. Bowen, B. H.; Myers, ]. A.; Myderrizi, A.; Hasaj, B.; Halili, B. Kosovo Household Energy Consumption
Facts and Figures. 2013.

15. Caswell, M. F.; Zilberman, D. The Effects of Well Depth and Land Quality on the Choice of Irrigation
Technology. Ameri. Jour. of Agri. Econ. 1986, 68, 798-811. [CrossRef]

16. Charnes, A.; Cooper, W.; Rhodes, E. Measuring the Efficiency of Decision Making Units. Europ. Jour. of
Operat. Resear. 1978, 2, 429-444. [CrossRef]

17.  Chivuraise, C.; Chamboko, T.; Chagwiza, G. An Assessment of Factors Influencing Forest Harvesting in
Smallholder Tobacco Production in Hurungwe District, Zimbabwe: An Application of Binary Logistic
Regression Model. Advan. in Agri. 2016, 2016, 5. [CrossRef]

18.  Coelli, T. A guide to DEAP version 2.1: a data envelopment analysis (computer). CEPA Working Paper,
Centre for Efficiency and Productivity Analysis. 1996.

19. Coelli, T.; Rahman, S.; Thirtle, C. Technical, Allocative, Cost and Scale Efficiencies in Bangladesh Rice
Cultivation: A Non-parametric Approach. Jour. of Agri. Econ. 2002, 53, 607-626. [CrossRef]

20. Cooper, W. W.; Seiford, L. M.; Tone, K. Data Envelopment Analysis: A Comprehensive Text with Models,
Applications, References and DEA-Solver Software. Kluwer Academic Publishers, 2002.

21. Dumas, Y.; Dadomo, M.; Di Lucca, G.; Grolier, P. Effects of Environmental Factors and Agricultural
Techniques on Antioxidantcontent of Tomatoes. Jour. of Science, Food and Agri. 2003, 83, 369-382. [CrossRef]

22. El Benni, N.; Finger, R.; Mann, S. The Effect of Agricultural Policy Change on Income Risk. 123rd EAAE
Seminar, 2012.

23. United Nations, Food and Agriculture Organization. Good Agricultural Practices for Greenhouse
Vegetable Production in the South East European Countries: Principles for Sustainable Intensification of
Smallholder Farms, 2017.

24. Haile, M. G,; Kalkuhl, M.; Usman, M. A. Market Information and Smallholder Farmer Price Expectations.
African Jour. of Agri. and Reso. Econ. 2015, 10, 297-311. [CrossRef]

25. Heeb, A.; Lundegardh, B.; Savage, G.; Ericsson, T. Impact of Organic and Inorganic Fertilizers on Yield,
Taste, and Nutritional Quality of Tomatoes. Jour. of Plant Nutrit. and Soil Science. 2006, 169, 535-541.
[CrossRef]

26. Huang, C. L, Lin, B. H. A Hedonic Analysis of Fresh Tomato Prices among Regional Markets. Review of
Agri. Econ. 2007, 29, 783-800. [CrossRef]

27. Huat, J.; Doré, T.; Aubry, C. Limiting Factors for Yields of Field Tomatoes Grown by Smallholders in
Tropical Regions. Crop Protect. 2013, 44, 120-127. [CrossRef]

28. Jaleta, M.; Gardebroek, C. Farm-gate Tomato Price Negotiations under Asymmetric Information. Agri.
Econ.. 2007, 36, 245-251. [CrossRef]

29. Judah, T. Kosovo: What Everyone Needs to Know. Oxford University Press, 2008.

30. Kaciu, S. Study of the Current Situation of Pepper Production in Kosovo. 2008.

31. Kaciu, S, I. Babaj, S. Aliu, and I. Demaj. Potential of Protected Vegetable Production in Kosovo and Future
Perspectives. Acta Hortic. 2016, 1142, 461-466. [CrossRef]

32. Korhonen, P.; Joro, T. Extension of Data Envelopment Analysis with Preference Information: Value Efficiency.
Springer, 2015.


http://dx.doi.org/10.20944/preprints201806.0318.v1
http://dx.doi.org/10.3390/su10082768

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 20 June 2018 d0i:10.20944/preprints201806.0318.v1

33. Li, L.; Wu, W,; Giller, P.; O'Halloran, J.; Liang, L.; Peng, P.; Zhao, G. Open Accesslife Cycle Assessment of a
Highly Diverse Vegetable Multi-cropping System in Fengqiu County, China. Sustainability. 2018, 10, 983.
[CrossRef]

34. Manevska-Tasevska, G. Farmers' Knowledge Attributes Contribute to Attaining Higher Farm Technical
Efficiency: A Transition Economy Case. The Jour. of Agri. Edu. and Extens. 2013, 19, 7-19. [CrossRef]

35. Mader, P.; FlieBbach, A.; Dubois, D.; Gunst, L.; Padrout, F.; Urs, N. Soil Fertility and Biodiversity in
Organic Farming. Science. 2002, 296, 1694-7. [CrossRef]

36. Ministry of Economic Development. Energy Strategy of the Republic of Kosovo 2017-2026, 2017.

37. Nikolla, M.; Meco, M.; Bou Dib, J.; Belegu, M.; Qinami, I.; Dulja, X.; Kadiu, E. Increasing the Efficiency of
the Albanian Agricultural Farms Using the DEA Model. Jour. of Food, Agri. and Environ. 2013, 11, 1286-1290.
[CrossRef]

38. Provenzano, G.; Cots, L.; Monserrat, J.; Autovino, D.; Barragan, J. Determining Optimal Seasonal Irrigation
Depth Based on Field Irrigation Uniformity and Economic Evaluations: Application for Onion Crop. Jour.
of Irrig. and Drain. Engineer. 2016, 142, 1943-4774. [CrossRef]

39. Raheli, H.; Rezaei, R. M.; Jadidi, M. R.; Mobtaker, H. G. A Two-stage DEA Model to Evaluate
Sustainability and Energy Efficiency of Tomato Production. Info. Process. in Agri. 2017, 4, 342-350.
[CrossRef]

40. Rodriguez, ]. C.; Shaw, N. L.; Cantliffe, D. J. Influence of Plant Density on Yield and Fruit Quality of
Greenhouse-grown Galia Muskmelons. HortTechnology. 2007, 17, 580-585.

41. Sauer, J.; Davidova, S.; Latruffe, L. Determinants of Smallholders’ Decisions to Leave Land Fallow: The
Case of Kosovo. Jour. of Agri. Econ. 2012, 63, 119-141. [CrossRef]

42. Sephton, P. S. Spatial Arbitrage in Sarawak Pepper Prices. Canadian Jour. of Agri. Econ./Revue canadienne
d'agroeconomie. 2010, 59, 405-416. [CrossRef]

43. Sohail, L. Effect of Organic Fertilizer on Plant Performance in Greenhouse Vegetable Production. MS
thesis, University of Windsor, Windsor, Ontario, 2008.

44. Tomek, W. G; Kaiser, H. M. Agricultural Product Prices. Ithaca: Cornell University Press, 2014.

45. Theodoridis, A. M.; Anwar, M. M. A Comparison of DEA and SFA Methods: A Case Study of Farm
Households in Bangladesh. The Jour. of Devel. Areas. 2011, 45, 95-110. [CrossRef]

46. Thimmareddy, K. Desai, B.; Vinoda Kumar, S. Uptake of NPK, Availability of NPK and Quality
Parameters of Bt Cotton ('Gossypium hirsutum' L.) as Influenced by Different Bio-fertilizers and 'In-situ’
Green Manuring under Irrigation. Internat. Jour. of Agri., Envir. and Biotech. 2013, 6, 623-628. [CrossRef]

47. Zalkuw, J.; Singh, R.; Pardhi, R.; Gangwar, A. Analysis of Technical Efficiency of Tomato Production in
Adamawa State, Nigeria. Internat. Jour. of Agri., Envir. and Biotech. 2014, 7, 645-650. [CrossRef]

48. Zuzaku, A. Marketing Research is Path Towards the Development of Agriculture in Kosovo. Economic
and Social Development: Book of Proceedings. Publisher: Varazdin Development and Entrepreneurship
Agency. 2014, 488-496.


http://dx.doi.org/10.20944/preprints201806.0318.v1
http://dx.doi.org/10.3390/su10082768

