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Abstract: Wheat and wheat products are an important part of the daily diet of Uzbek people,
and thus, are under strategic consideration in terms of food security in Uzbekistan since the beginning
of independence. In this study, wheat production during agricultural transition is reviewed and
determinants of technical efficiency of wheat-cultivating farms in the Samarkand region are analyzed.
Analyses are accomplished in two steps. In the initial step, technical efficiency of wheat farms is
estimated using data envelopment analyses (DEA) and determenants of inefficiencies are analyzed
by the Tobit model in the second step. Data for this study were collected from 124 randomly sampled
private farms engaged in wheat production in the Samarkand region. The mean value of technical
efficiency scores of wheat-growing farmers were found to be 0.79 and 0.82 under constant return
to scale (CRS) and variable return to scale (VRS) assumptions. Empirical results suggest that there
is a considerable scope for increasing production through reallocation of existing resources or that
private farmers can reduce their input costs by 21 and 18 percent while holding the same production
levels. The age of farmers, farmers’ education on agriculture, soil fertility, and the quality of seeds
were found as the main determinants of technical efficiency in the study area.

Keywords: private farms; technical efficiency; determinants of inefficiency; data envelopment analysis;
Tobit model

1. Introduction

Agriculture is the largest and most important sector for the economy of Uzbekistan, especially in
terms of food security, employment, rural livelihood, and export [1]. Since the beginning of
independence, reforms in the agricultural sector have been focused on intensification of agricultural
production while recent policies are more addressed to diversification of cropping systems and
supporting the development of high-value crop production for domestic and export markets [2].
The share of agriculture is 17.6% in national GDP and it employs 27% of labor force in the country [3].
Importantly, about 49% of country’s population lives in rural areas and 25.9% of them are associated
with agricultural production [3].

After the independence of the country in 1991, the main strategic development plans were
identified and a number of laws were issued in order to establish the legal base of the agricultural
system [4]. Uzbekistan is pushing for a gradual transition to market-oriented economy though
efforts such as land reformation, market liberalization, farm restructuring, and supporting the market
infrastructure in the republic [4]. Furthermore, the main attentions were addressed to change the
structure of property rights in agriculture and to provide sufficiently the needs of the country’s
population by increasing the volume of agricultural production [5].
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Following independence, there have been crucial changes in agricultural policy. Food security
issues have become a main concern for the new republic. Because agriculture was totally oriented to
cotton production, almost 70% of total raw cotton of the former Soviet Union (FSU) was produced
in Uzbekistan, and almost all wheat and wheat products were imported from the other republics
of the FSU [1]. Therefore, increasing wheat production and achieving grain independency were
identified as the second major strategic goal in Uzbek agricultural policy [5]. The Uzbek government
has implemented gradual reforms in the agricultural sector, targeting the stabilization of food security
in the country [6].

During the transition, the agricultural sector demonstrated steady positive growth of 6–7%
annually, and the volume of agricultural production has more than doubled [7]. As shown in Figure 1,
production of wheat has become a main concern for farmers and the government, and the amount
of production gradually increased across the country. In addition, recent reformations on crop
diversification were initiated by the government in order to intensify the export potential of the
agricultural sector [7]. Since 2005, production of vegetables has rapidly increased [7].
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Figure 1. Dynamics of main food crop production in Uzbekistan (1000 tons). Source: Reference [7].

Expansion of wheat production became widespread around 1993–1994 in the framework of the
national program on self-sufficiency in foods [6]. After the gradual policy implications in the country,
most of the cotton harvesting areas were subdivided into cereals, especially for wheat production [1].
As a consequence, dependence on imports of wheat was eliminated, and grain independency was
achieved in the country [8]. With the implementation of the farm restructuring policy, agricultural
production systems turned into a dual system, with two types of producers—private and smallholder
farms [4]. Private farms became the main producers of wheat and currently produce about 82%
of the total wheat in the country [9]. Private farmers produce state procurement targets, while in
return, farmers are subsidized by input resources, such as seeds, fertilizers, chemicals, and fuel [8].
According to Rudenko [10], private farms receive only 20% of their operating profit, and it is less
than other type of agricultural products. Nonetheless, unlike private farms engaged in cotton
production, wheat farmers can sell any remaining stocks at market prices after fulfilling the obligations
of state quotas.

After the gradual implementation of reforms on wheat production, Uzbekistan has succeeded
rapidly in increasing grain production during the transition. As shown in Table 1, irrigated land for
wheat production increased from 487,200 hectares in 1991 to approximately 1.4 million hectares in
2015, with substantial declines in cotton areas, consequently pushing the overall wheat production
from 609,500 tons in 1991 to 7.2 million tons in 2015. Similarly, yields have also been increased, as it
was only 1.2 ton/ha in 1991, reaching to 4.8 ton/ha in 2015 [7]. High yield were obtained mainly due
to the intensification of agricultural production, improvement in varieties and development of modern
agricultural technologies.
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Table 1. Characteristics of wheat production in Uzbekistan during the transition.

Uzbekistan

Units 1991 1995 2000 2005 2011 2015
Total harvested area thousand ha 487.2 1164.3 1355.8 1439.7 1466.3 1445.7
Yield tons/ha 1.25 2.02 2.61 4.12 4.65 4.82
Total production thousand tons 609.5 2346.9 3532.0 5927.8 6657.3 7115.6

Samarkand region

Total harvested area thousand ha 119.3 196.8 188.4 161.1 165.4 174.8
Yield tons/ha 1.14 1.46 2.58 4.41 5.83 4.62
Total production thousand tons 136.1 287.3 336.1 634.8 756.1 808.2

Source: Reference [7].

Despite the implications on improvement of productivity, wheat yield has remained low in
Uzbekistan comparing with countries in Europe [11]. In addition, due to unfavorable climatic
conditions and low levels of precipitation in winter, wheat output declined by 15% and the price
raised by 7% in 2018 [11]. According to Karimov et al. [12], the efficient use of input resources plays
a fundamental role in maximizing grain productivity. The level of provision and quality of input
resources in agriculture and their rational use determine the efficient production. On the other hand,
improper use of inputs leads to low productivity [13].

Recent studies also imply the necessity of the adoption of new technologies in order to save
on inputs, or the possibilities of production maximization with current technologies [14]. This is
also a major challenge to Uzbekistan given its only recent involvement in irrigated wheat production.
In addition, due to water scarcity, land degradation, and imperfect market conditions, the cost of inputs
increased rapidly in recent years, and farmers also have little incentive to use of inputs more efficiently
in the country [15]. As long as wheat is a strategic crop in terms of food security in the country,
it is, therefore interesting to analyze how efficiently private farms engaged in wheat production are
performing with respect to available resource endowments. In these regards, we aimed to analyze the
technical efficiency and its determinants of wheat-cultivating farms under agricultural transition in
the country.

The main objectives of this study is to provide comprehensive understanding of wheat production
under agricultural transition in Uzbekistan and to develop a framework for analyzing the performance
of wheat-cultivating farmers in the Samarkand region.

To date, many studies have been conducted on technical efficiency, and the determinants
of inefficiencies of wheat-growing farmers are limited in the region and even in the country.
Hasanov et al. [15] estimated the technical efficiency of private and household farms in Samarkand
region using data envelopment analysis (DEA), while Karimov [12] applied output-oriented DEA
in order to measure the technical and scale efficiencies of wheat producing farms in the Khorezm
and Fergana regions of Uzbekistan. Sanaev [4] in his recent scientific research analyzed the technical
efficiency of tomato production in the Eastern part of the Samarkand region and he applied parametric
stochastic frontier analyses (SFA). Apart from the previous studies, this study conducted the empirical
analyses in two steps. In addition, findings of this research could bring valuable implications to
policy makers in order to rationalize the input resources in the future, especially in the case of wheat
production in the country.

2. Material and Methods

2.1. Study Site

In this study, Samarkand region was chosen for an analyses which is located in the central part of
Uzbekistan, as shown in Figure 2. Samarkand region occupies 3.7% of the country’s total area and
more than 11% of the whole population of Uzbekistan is living within this region [7].
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Irrigated agriculture in Samarkand has developed via the nearby Zarafshan River and into
territory of the Zarafshan Valley. The valley occupies mainly three regions of Uzbekistan: Samarkand,
Navoiy, Bukhara, and partly the southern areas of Jizzakh and northern areas of Kashkadarya regions,
which mainly produces fruits, vegetables, cotton, grain, and other agricultural commodities for
the country [4]. Samarkand region plays a key role for the valley’s agriculture, where agricultural
land exceeds 402,900 hectares or about 10% of the irrigated land of the country, and the region’s
economy is more agro-industrial oriented, while the region provides 13.1% of the country’s GDP [7].
Wheat production occupies a significant portion—42% of the total crop area in the region [17].

2.2. Material

In this study, farm-level, cross-sectional data was used for estimations and primary data was
collected through survey questionnaires from randomly sampled private farms by following the
2016–2017 growing season in the region. The period of the survey was from 15 July 2017 to
15 August 2017. During one month, 124 wheat producing farmers were interviewed face to face
in two Pastdargom and Payarik districts of Samarkand region. Private farms are mostly specialized
in the production of wheat and cotton in these districts. The survey questionnaire form was
structured based on the conditions of wheat farmers including demographic questions and input
accessibility of farmers. Numerous human capital variables such as farmer’s age (FAge; years),
farmer’s education on agriculture (AgEdu; Yes = 1; No = 0), and environmental variables like soil
fertility (SFer; index 1–100), water availability (Wav; enough = 1; not enough = 0) and quality of seeds
(SQual; Yes = 1; No = 0) were incorporated to structured questionnaire form and collected through
conducting survey. These variables have been also used in previous studies by Coelli and Battese [18],
Karimov [14], and Sanaev [4]. In addition, all other materials and secondary data were gathered from
the State Statistical Committee of the Republic of Uzbekistan on Statistics and Statistical Department
of Samarkand region.

In the first stage of efficiency analysis, one output and four input variables were included.
Output (dependent variables) is a total yield of produced wheat by farmers in the sample.
Inputs (independent variables) used in analysis are seeds (SD), labor (LF), and the total amount
of employed organic (OrFer) and chemical fertilizers (ChFer). All inputs employed in production
specified in quantitative unit (kg/ha).

In the second stage of efficiency analysis in Tobit model six independent variables estimated
upon the DEA efficiency scores. The first independent variable is age of farmers specified in years.
Age squared criteria is used as second variable so as to identify the effective contribution of farmers
under certain ages. The third independent variable is soil fertility/bonitet score, which captures the
land productivity and indexed from 1–100 scores in sampled farmers. The fourth variable is farmer’s
education on agriculture, expressed as a dummy indicator. Farmer’s satisfaction from seed quality
is the fifth variable and expressed as a dummy indicator. The last variable is the water availability,
which plays significant role in determining productivity of crops [19]. Since water usage was not
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directly observed, it was not possible to provide sufficient information on water utilization during
the survey.

2.3. Methods

In this study, estimations are implemented in two steps. In the first step, a DEA model was
used in order to measure the technical efficiencies of farms as an explicit function of discretionary
variables. In addition, the Cobb–Douglas production function was applied in order to analyze the
actual contribution of production factors to total yield of wheat. In the second step, farm specific
variables are assumed that affect to efficiency of farm and Tobit regression framework is used to
identify the determinants of efficiencies from measured scores.

There are two principal nonparametric data envelopment analysis (DEA) and parametric
stochastic analysis (SFA) methods for efficiency analysis. Each method has it’s advantages and
disadvantages. Stochastic frontier analysis (SFA) can assume the relationship between inputs and
output under the given functional form [20]. Data envelopment analysis is one of the well-known
mathematic technique, based on linear programming as well as it widely used in order to measure the
relative efficiencies of decision making units (DMU) with multiple inputs and/or multiple outputs [20].
According to Coelli et al. [21], the DEA approach has the following advantages: it does not require any
explicit functional form to specify the relationship between the inputs and output as well as DEA can
easily accommodate the multiple inputs. As introduced by Farrell [22], Charnes [23] and Banker [24]
there are two most widely used DEA models for measuring of technical efficiency is an input oriented
measure (Input-oriented DEA)—by how much the amount of inputs could be reduced while holding
the same level of output and/or alternative way is an output oriented measure (output-oriented
DEA)—by how much could the amount of output increase from the set of given inputs. The measure of
technical efficiency has subsequently been extended to accommodate multiple inputs and outputs [20].

As we have already pointed out, the DEA model focused on minimizing the amount of resources
and increasing production. In both directions, the result obtained in constant return to scale (CRS)
(farms operate under constant return to scale with overall technical efficiency) conditions would be
the same, and in variable return to scale (VRS) (farms operate under variable return to scale with
pure technical efficiency) conditions would be different. The production resources are subsidized to
private farms at the macro level by the state in Uzbekistan, such as in wheat production. In addition,
wheat farmers are not free on their cropping pattern and they produce for state procurement (SP)
targets. Under these conditions, models aimed at saving input resources involved in production
are more appropriate. Therefore, an input-oriented VRS DEA method was applied in this study.
Nonetheless, efficiency scores of the wheat farms under constant return (CRS) and scale efficiencies
(SE) (scale efficiency indicates the farm size optimality) were also calculated.

Banker [24] modified Charnes’s [23] CRS DEA model in order to account for variable return to
scale conditions by adding convexity constraint. An input-oriented VRS DEA model is specified as
follow for N decision Making Units (DMU), each producing output by using K different inputs [20].

minθ,λθ

Subject to − yi + Yλ ≥ 0

θxi − Xλ ≥ 0

N1′λ = 1

λ ≥ 0

(1)

where, θ is a scalar and N1′ is convexity constraint and λ is N*1 vector of constant. Y and X represents
an output and input matrixes respectively. The value of θ obtained will be the efficiency score of i-th
decision-making unit. It will satisfy θ ≤ 1, with the value of 1 indicating a point on the frontier and
hence technical efficient farm, according to Farrell [22] definition. This linear programming problem
must be solved N times and one for each firm in the sample.
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In addition, this study employs the Cobb–Douglas functional form of production frontier,
whereas widely used in economics and productivity studies to represent the relationship
between inputs and outputs. According to Aigner D. [25], Battese, Malik, and Gill [26],
Cobb–Douglas production function can handle multiple outputs in its generalized form and it does
not introduce any distortions of its own, even though there are some imperfections in the market.
Production refers the transformation of input resources into outputs. In this study we analyzed the
actual contribution of inputs into total yield of wheat by using Cobb–Douglas production function
and most of variables in our equation have already been specified by other scholars in their previous
studies [24,26–28]. The results of the Cobb–Douglas production function could indicate the farmer’s
access to inputs, and thus can be valuable source to determine the causes of inefficiencies in the second
step of analysis. The logarithmic form of production function equation specified as follow:

ln Yi = β0 + β1 ln SDi + β2 ln OrFeri + β3 ln ChFeri + β4 ln LFi + vi − ui (2)

where, Yi represents the output, while total yield of wheat for each farm in the sample. Input resource
variables are contributed as follow: SD—Seeds, amount of employed seed (kg/ha), OrFer—Organic
fertilizer/manure (kg/ha), CHFer—Chemical fertilizers (kg/ha), LF—Labor force, man days (hour/ha),
vi—ui is standard error; i subscript represents i-th firm. All inputs employed in production, such as
seeds, organic and chemical fertilizers and labor has vital influence on wheat yield. Without employing
any of them it’s impossible to achieve expected output. Therefore, these inputs were taken as main
variables for efficiency analysis in this study. In addition, correlations (Correlations: Y-SD (0.90),
Y-OrFer (0.81), Y-ChFer (0.90), Y-LF (0.90)) between inputs and output were calculated. Accordingly,
all inputs employed in wheat production highly correlated with wheat yield.

It is also of considerable interest to explain efficiency scores obtained from the DEA model by
analyzing the determinants of technical efficiency. After measuring technical efficiency scores in
the DEA model, a Tobit regression model was used in order to determine the causes of inefficiency.
Tobit model was introduced by James Tobin in 1958 and this model is well- known as censored
regression model where expected errors do not equal to zero [29]. In this study, technical efficiency
of wheat producing farmers is obtained in the first step and DEA scores fall between the interval of
0 and 1. Therefore, Tobit model is considered as most appropriate technique in this study to handle
characteristics of the distribution of censored efficiency scores and it has also been widely used in
many previous studies around the world.

Several factors were regressed upon the VRS DEA scores in this model. In the second stage
of analysis study aimed to explore relationship between the technical efficiency scores and other
relevant human capital and environmental variables such as farmer’s age, background of farmers
on agriculture, soil fertility, water availability and seed quality by using Tobit model. Following the
Maddala [30], Tobit equation is specified as follow:

yi* = β0 + β1FAgei + β2ASqi + β3SFeri + β4AgEdui + β5SQuali + β6WAvi + vi
yi = yi* if yi* > 0
yi = 0, otherwise
I = 1, 2, . . . .., n,

(3)

where, vi is an independent and normally distributed error term; FAge—Age of farmers; ASq—Age
squared; SFer—Soil fertility; AgEdu—Farmers’ background on agriculture; SQual—Seed quality;
WAv—Water availability; β’s is vector of unknown parameters, respectively. i subscript represents i-th
firm; The yi* is a latent variable and yi is the DEA scores.
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3. Results

3.1. Summary Statistics

Based on the survey data, Table 2 shows the descriptive statistics of output and input variables
used in efficiency analyses. Following the table, the average age of farmers is 40 years old and most
of them have not studied in agricultural colleges and universities The yield of wheat ranged from
2270 kg/ha to 6000 kg/ha among sampled farmers in the region.

Table 2. Summary statistics of output and input variables and Farm specific factors.

Variables Markings Unit of
Measurement Mean Standard

Deviation Min. Max.

Output:

Wheat yield Y kg/ha 3794.78 741.463 2270 6000

Inputs:

Seeds SD kg/ha 218.282 20.956 180 250
Organic fertilizer OrFer kg/ha 1009.048 313.734 500 3200

Chemical fertilizers ChFer kg/ha 270.258 60.026 100 460
Labor LF man-days/ha 128.733 20.2473 84 187

Farm-specific factors

Age of farmer Age years 40.5403 8.6498 24 67
Age squared ASq age2 1662.452 684.2309 576 3249

Soil fertility/(Bonitet score) SFer Index (1–100) 50.2741 5.8048 38 67
Agricultural education AgEdu (Yes = 1; No = 0) 0.3870 0.4890 0 1
Satisfaction from seed

quality AQual (Yes = 1; No = 0) 0.4032 0.4925 0 1

Water availability WAv (enough = 1; not
enough = 0) 0.5161 0.5017 0 1

3.2. Technical Efficiency of Farms

It is quite usual case to incorporate some functional form analysis with DEA model in order
to identify the relationships between output and input variables. In this regard, Cobb–Douglas
production function was fitted upon the data and estimation results of econometric function is given in
Table 3. According to estimation results in table, the value of Adjusted R square is equal to 0.88 while
explains the good relationship between the output and inputs. In addition, all factors employed in
production were found to have a positive influence on wheat yield. The coefficients of all explanatory
variables were found statistically significant at 1% or 5% level. That implies, farmers have good access
to input resources employed on wheat production as well as inputs, such as the total amount of seeds,
organic manure, chemical fertilizers and labor have positive contribution on wheat yield in study area.

Table 3. Coefficients of Cobb-Douglas production function.

Variables Markings Coefficients Standard Error t-Statistics

Intercept 2.45,677 *** 0.35.097 7.00
Ln (Seed) lnSD 0.20,888 ** 0.10.781 1.94
Ln (Organic Fertilizer) lnOrFer 0.28,868 *** 0.04.984 5.79
Ln (Chemical Fertilizer) lnChFer 0.22,029 *** 0.06/7419 3.43
Ln (Labor) lnLF 0.29,079 *** 0.1036.57 2.81
Adjusted R-squared 0.88
Number of observations 124

Note: **, *** Indicate significance at 1% and 5% level.

An input-oriented VRS DEA model was used to estimate overall technical (TECRS), pure technical
(TEVRS) and scale efficiencies of wheat-growing farmers. Table 4 shows the performance of wheat
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farms in study area. The estimated technical efficiency scores differ among sampled wheat farmers
and ranging from 0.53 to 1.0. Accordingly, out of 124 studied wheat farms, 9 farms under CRS and
21 farms under VRS were found fully efficient. Since, the highest technical efficiency achieved at score
1.0, model results can imply that, there is considerable room for increasing the technical efficiency
with the current production resources. The mean values of technical efficiency scores under CRS and
VRS were found 0.79 and 0.82 respectively, whereas sample farms with average technical efficiencies
may save their inputs by 21% and 18% while holding the same production level. Furthermore,
scale efficiencies were also calculated. Causes of inefficiencies are usually can be due to inappropriate
scale or misallocation of production resources. In this study, the mean scale efficiency of farms is
relatively high 0.96%, while they are operating near to their optimal size. Therefore, we propose that
farmers can improve their efficiency through saving of existing inputs.

Table 4. Frequency distribution of technical efficiency scores in Data Envelopment Analysis.

Efficiency Scores CRS VRS SE

1.00 9 21 16
0.90–1.00 20 19 92
0.80–0.90 30 31 11
0.70–0.80 33 31 3
0.60–0.70 28 17 2
0.50–0.60 4 5

Mean efficiency 0.79 0.82 0.96
Minimum efficiency 0.53 0.54 0.65
Maximum efficiency 1.00 1.00 1.00
Standard deviation 0.12 0.12 0.06

CRSTE = technical efficiency from constant return to scale DEA; VRSTE = technical efficiency from variable return
to scale DEA; SCALE = scale efficiency = CRSTE/VRSTE.

There are various factors affecting to technical efficiency in agriculture. Several environmental
factors were regressed upon the efficiency scores in order to identify the determinants of efficiencies.
The results of Tobit regression for efficiency scores obtained from DEA are given in Table 5.

Table 5. Results of Tobit regression for efficiency scores.

Variables Markings Coefficients Standard Error t-Statistics

Constant 0.40931 *** 0.10336 3.96

Age of farmer Age 0.00696 ** 0.00270 2.58

Age_squared ASq −0.00006 * 0.00003 −1.94

Soil fertility (SFer) SFer 0.00405 ** 0.00174 2.32

Agricultural education AgEdu 0.04340 ** 0.02097 2.07

Seed quality AQual 0.04184 ** 0.02104 1.99

Water availability WAv 0.00939 0.02013 0.47

Number of observations 124

Log likelihood 95.18208

Note: *, **, *** Indicate significance at 1%, 5% and 10% level respectively.

The results of the table show that all specific variables have a positive impact on technical efficiency.
The coefficient of the farmer’s age has a positive effect on efficiency and was found to be statistically
significant at the 5% level, while implying that the aged farmers with their experiences are more
efficient. Nevertheless, it should be considered that the relationship between efficiency and a farmer’s
age can be non-monotonic [4,31]. Thus, the age of farmers may have both a positive and negative
impact on technical efficiency, where older farmers are more experienced or slower to accept new
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technologies than younger farmers. In addition, we added age squared to the age variable in the model,
which allows us to identify more accurately the effect of age, which may have a non-linear relationship
with the independent variable. The sign of age squared was found to be negative and statistically
significant. This implies the efficiency of wheat production is gradually diminished when the farmer’s
age is greater than a certain age. Soil fertility and seed quality factors had a positive sign and were
found statistically significant at the 5% level, whereas soil fertility levels and quality of seeds captured
higher productivity. As we described in the previous chapter, Samarkand region is divided into four
zones and soil fertility levels differ among these zones. Farmers have lands with different levels of
soil fertility, while implying that farmers are efficient in more fertile lands [14]. Water availability
was not statistically significant. Irrigation has been a severe issue for the country since the Soviet era,
and farmers still face constraints on their production [32,33]. In addition, the majority of farmers in
surveyed areas use pump irrigation. Farmers’ background on agricultural education had a positive
effect on efficiency and was found statistically significant at the 5% level, implying that more educated
farmers, especially those who graduated agricultural colleges/universities were found to be more
technically efficient.

4. Discussion

Following food security issues since the beginning of the independence years of the country,
the government has supported national program on grain self-sufficiency. As a result of these policies,
wheat production has increased, and proportionally it has led to a decrease in cotton growing areas
due to an overlap of growing seasons. With the implementation of gradual reforms, there have been
feasible achievements in wheat production. Total wheat sown area, productivity, and production
amounts have increased during the transition years [10]. Nevertheless, the country still remains one
of the biggest flour importers due to the low quality of local flours and differences in the efficiency
of production which hamper the sustainability of wheat production [14]. Therefore, it is important
for Uzbekistan to analyze the efficiency of wheat farmers. Since wheat is considered a strategic crop
in terms of food security, it is necessary to analyze the performance of private farms engaged in
wheat production in the country. In this regard, this study analyzed the technical efficiency and the
determinants of inefficiencies of wheat farmers.

Analyses were accomplished in Samarkand region. Farm-level cross-sectional data was used for
analyses and the most important input variables, such as land, seeds, organic and nitrogen fertilizers,
and labor force were listed by their importance in production. This paper found that all inputs
employed in production have a positive influence on total yield and that farmers have good access
to inputs in the region. However, technical efficiency scores of DMUs (decision-making units) were
different, and few farmers were found to be technically efficient in their production. Hence, there is
considerable scope for inefficient DMUs to increase their efficiency.

It should be noted that inefficient farmers may not become efficient by simply reducing input
costs. Therefore, we considered to incorporate several human capital and environmental variables
in order to identify the determinants of inefficiencies. These determinants may reveal more precise
aspects that farmers could use to increase their efficiency. Findings indicate that farmer’s age, farmer’s
education on agriculture, soil fertility, and the quality of seeds were found as the main determinants
of efficiency. This implies that aged and educated farmers, particularly farmers with agricultural
backgrounds, were found to be more technically efficient. In addition, scale efficiencies of farmers were
also calculated and it was relatively high, implying that farmers are operating near to their optimal
size. In sum, causes of inefficiencies may be due to improper use or misallocation of input resources.

Empirical analyses on technical efficiency and the knowledge of actual constraints facing wheat
farmers, their resources utilization, and productivity situations are important for the policy makers
regarding wheat production in the future. However, allocative and economic efficiencies are also
important and should be studied in the region. Due to time limitations and budget constraints,
we could manage only 124 face-to-face interviews with wheat farmers. If the sample size was
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larger, better outcomes could be achieved. According to the findings of this study, we propose
the following suggestions:

1. Main focus should be on the improving of the quality of seeds and developing of new varieties
for high-quality wheat flour. In this regard, the roles and responsibilities of universities and
research institutions should be strengthened.

2. The government should develop extension services and offer comprehensive training programs
for agricultural producers.

5. Conclusions

This study reviewed the recent trend of wheat production under agricultural transition in
Uzbekistan and analyzed the technical efficiency of wheat-cultivating farms in the Samarkand region.
This study revealed empirical evidence on technical efficiency and determinants of inefficiencies of
wheat growing farms in the Samarkand region. Findings of this paper show that, although farmers
have good access to inputs in the region, they are not using them appropriately. Therefore, we propose
that inefficient wheat farmers could increase their production through saving existing resources in the
Samarkand region of Uzbekistan.
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