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Abstract 

 

Efficient use of scarce resources is an important issue for countries and sectors. This study 

uses farm level data to investigate the technical efficiency and its determinants for a sample of 

80 cotton farms using the translog stochastic frontier analysis. The mean technical efficiency 

of the farms was found to be 86.8% indicating that about 13.2% of output level is lost to 

technical inefficiency. This implies that a potential exists to increase cotton production 

through improved efficiency in the research area. Technical inefficiency was modelled as a 

function of farm specific variables.  The main determinants of technical efficiency include 

farmer’s age, farm size, farmer’s experience and non-farm income. The variables of farm size 

and farmer’s experince negatively affected technical inefficiency. As farm size and farmers’ 

experience increased technical inefficency decreased. However, farmer’s age and non-farm 

income showed positive relationship with inefficiency. In the light of these findings, new 

agricultural policies should be designed to increase technical efficiency of cotton farms. 

Agricultural policies that will be implemented to improve the technical efficiency of cotton 

farms will also create an opportunity to increase the profitability and sustainability of the 

farms. 
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1. Introduction 

Agriculture has a vital role which provides livelihoods to large population and is an 

important driver for growth and to reduce poverty in Turkey. Cotton one of the basic products 

in Turkish agriculture, is a product of great economic importance with its widespread and 

compulsory use, the added value and employment opportunities it creates.  

Cotton provides important contributions to the country's economy due to its many 

areas of use in textile, garment industry, vegetable oil, feed industry etc. Especially Turkish 

textile industry, whose basic raw material is cotton, is an indispensable sector for the country's 

economy in terms of both exports and employment with the added value it provides. 

Therefore, it is necessary to increase cotton production in Turkey for the continuation of the 

success of the textile industry in exports and employment. 

In Turkey cotton is cultivated mainly in four regions; Aegean, Çukurova, Southeast 

Anatolia and the Mediterranean. As of 2019, the amount of cotton acreage and production in 

Turkey decreased to 478 000 ha and 2.2 million tonnes respectively compared to the previous 

year. 84% of the cotton grown in Turkey has been produced mainly in Sanliurfa (37%), Aydin 

(11%), Diyarbakır (11%), Hatay (10%), Adana (9%) and Izmir (6%) provinces (MAF, 2020). 

In Turkey, because of the decrease in cotton production through the years and the 

development of the textile industry, the consumption rate of cotton could not be met with 

domestic production and this issue caused an increase in cotton import. Cotton imports were 

766 647 tons in 2018 and 950 590 tons in 2019. Turkey's top cotton imports have been mad 

from the US, Brazil and Greece (MAF, 2020). 

Turkey is faced with many fundamental issues, such as productivity and efficient use 

of resources in agriculture. Increasing efficiency is possible by using existing resources 

rationally and utilizing modern technology. Efficiency analyzes to be made in the agricultural 

sector can guide the policies to be established for the effective use of production factors. 

Considering the importance of cotton as an agricultural product for Turkey, to 

determine the technical efficiencies of cotton farms is importatnt in terms of optimum use of 

resources and determining strategies for the future. Measures that will be taken to improve the 

technical efficiency of cotton farms will also create an opportunity to increase the profitability 

and sustainability of these farms. 

Technical efficiency measures the relative ability of the farmers to get the maximum 

possible output at a given level of input or set of inputs. Technically efficient farmers are 

those that operate on the production frontier which represents maximum output attainable 
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from each input level. All feasible points below the frontier are technically inefficient points 

(Asefa, 2011). 

There are two main competing methods for analyzing technical efficiency and its 

principal determinants: the non-parametric frontier and the parametric frontier.  

One of the most widely used methods among nonparametric methods is Data 

Envelopment Analysis (DEA) method developed by Charnes, Cooper and Rhodes (1978). 

Among the parametric methods, the most used ones are; Regression Analysis and Stochastic 

Frontier Analysis (SFA). Stochastic Frontier Analysis was developed by Aigner, Lovell and 

Schmidt (1977), Meusen and Van Den Broeck (1977). Mathematical linear programming is 

used for the estimation of data envelopment analysis (DEA) while stochastic frontier analysis 

is commonly based on econometric procedures (Khan and Ullah, 2020). 

DEA suffers from the criticism that it takes no account of the possible influence of 

random shocks like measurement errors and other noises in the data (Coelli, 1995). DEA 

assumes all deviations from frontier to be inefficiency. However, there are many factors 

affecting the variability in production amount in agriculture (Mailena et al. 2014). Due to 

these criticisms of DEA Stochastic boundary analysis is widely used in efficiency evaluations 

in agriculture. 

The main aim of this study is to assess the technical efficiency of cotton farms in 

Turkey by using the stochastic frontier approach. This study also explains determinants of 

technical efficiency such as age, experience, education, farm size etc. 

According to the results of the technical efficiency analysis, some suggestions will be 

made in order to enhance cotton production in Turkey. 

 

2. Literature Review 

 

Efficiency has drawn more attention from researchers in recent years. There are many 

studies measuring efficiency for many products in agriculture. Most of the research in the 

literature applies data envelopment analysis (DEA) to measure efficiency for different 

agricultural products such as wheat, paddy, rice, vegatable, banana, hazelnut, cotton, etc. Few 

of the empirical studies conducted have measured farm level technical efficiency by using 

Stochastic Frontier Analysis (Battese and Broca, 1997; Chakraborty et al., 2002; Chiang et  

al., 2004; Hassan and Ahmad, 2005; Madau, 2011;  Bäckman et al., 2011; Theriault, 2011; 

Ghee-Thean, 2012; Çobanoğlu, 2013; Mailena et al., 2014; Hossain et al., 2015; Abdul-

http://www.custoseagronegocioonline.com.br/


Technical efficiency of cotton farms and its determinants: application of Stochastic Frontier Analysis 

Tipi, T.; Dari, Í.; Vural, H. 

Custos e @gronegócio on line - v. 17, n. 2, Abr/Jun - 2021.                                     ISSN 1808-2882 

www.custoseagronegocioonline.com.br 

 

271 

Rahaman, 2016; Fatima et al., 2016; Abdulai et al., 2017; Umar et al., 2017; Bala et al., 2018; 

Ali and Kpakpabia, 2019; Bambe, 2019; Tasila Konja et al., 2019). 

Some of the studies determining the technical efficiency in cotton farms using the SFA 

method are summarized below. 

Chakraborty et al. (2002) have focused on technical efficiency in cotton farming. In 

this study, technical efficiency for cotton growers was examined using both stochastic (SFA) 

and nonstochastic (DEA) production function approaches. On average, irrigated and 

nonirrigated farms were found to be 80% and 70% efficient, respectively.  

Çobanoğlu (2013) conducted a study to estimate technical efficiency scores based on 

DEA and SFA and compared these two frontier methods results. The mean efficiency 

measure (0.91) obtained from the stochastic frontier was found higher than  the measures  

calculated from the VRS DEA (0.77) and CRS DEA (0.25). 

Solakoglu et al. (2013) conducted a study to measure the technical efficiency of cotton 

production incorporating the effect of premium payments to farmers by using cobb-douglas 

stochastic frontier model. The mean efficiency was estimated, by using panel data, around 

65% for cotton production when 8 years and 14 cities were taken into account. The premium 

payments found to be the most important determinant of inefficiencies. 

Abdul-Rahaman (2016) analyzed technical efficiency of smallholder cotton farmers in 

three selected districts of the Northern Region of Ghana using stochastic frontier production 

function approach. The results showed that the technical efficiency of smallholder cotton 

farmers in the area ranges between 16.05% and 98.13% with mean efficiency score of 84.5%.   

Fatima et al. (2016) conducted a study to estimate technical efficiency of Non-BT and 

BT cotton farms by using SFA. The Cobb-Douglas Stochastic Frontier Analysis (SFA) has 

been employed to determine the technical efficiency of farmers. The estimated mean technical 

efficiency of NonBT cotton farmers has been found to be 0.70, and 0.90 is the technical 

efficiency found in that of the BT cotton farmers. 

Bala et al. (2018) conducted a study, based on Stochastic Frontier Profit Function that 

assumed Cobb-Douglass specification form, a multiple regression model was estimated using 

a cross-sectional data. According to the analysis, the profit efficiency of the producers was 

found to be between 67.1% and 98.1%. 

Ali and Kpakpabia (2019) conducted a study to determine the level of technical 

efficiency of cotton producers and analyse its determinants by using SFA in Togo. The results 

showed that the average technical efficiency of cotton producers was 48.33%. It was therefore 

possible to increase the level of cotton production to 51.67% using the available resources. 
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3. Material and Methods 

3.1. Stochastic Frontier model 

 

The stochastic frontier model was developed by Aigner et al. (1977), and Meeusen and 

van den Broeck (1977) building on previous work done by Farrell (1957) as well as Aigner 

and Chu (1968). 

The Stochastic Frontier Production Function is more appropriate for measuring 

technical efficiency because it overcomes the inadequate characteristics of the assumed error 

term in conventional production functions which have limitations on statistical inference of 

the parameters and the resulting efficiency estimates (Islam et al., 2016).  

The biggest advantage of stochastic frontier model is the introduction of stochastic 

random noises that are beyond the control of the farmers in addition to the inefficiency effects 

(Battese and Coelli, 1995). The stochastic frontier model decomposes the error term into a 

two-sided random error that captures random effects outside the control of the farmer and the 

one-sided inefficiency component. According to Coelli et al. (1998), it is called a stochastic 

function because the output values are bounded by the stochastic (random) variable 

exp(Xi +Vi). Furthermore, the random error Vi can be positive or negative and therefore the 

stochastic frontier outputs vary about the deterministic part of the model, exp(Xi ).   

The general stochastic model is given as: 

 

Where,  Yi denotes the output fort he ith farm (i=1,2,….n); Xi is a (1 x k) vector of 

factor inputs of the ith farm, and β is a (1 x k) vector of unknown parameters to be estimated; 

Vi is a random variable which is assumed to be normally, independently and identically 

distributed { N (0, . The term Ui is a non negative random variable which accounts for 

pure technical inefficiency in production and is assumed to be independently distributed 

(Aigner et al., 1977). The assumption of the independent distribution between Ui and Vi 

allows the separation of the stochastic and inefficiency effects in the model (Islam et al., 

2016). 

and  show the deterministic and stochastic parts of the 

production frontier, respectively.  

The production inefficiency Ui can be specified as: 
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where Zi is a (p x 1) vector of explanatory variables which may influence the 

efficiency of the ith farm; and is an (1 x p)  vector of parameters to be estimated; an the 

Wi’s are unobservable random variables, which are assumed to be independently distrubuted 

with mean zero and unknown variance , such that Ui is non-negative, i.e. Wi ≥ - .  

With given the input vector, Xi, the potential output is defined by the frontier function, 

. The farm level technical efficiency of production for the ith farm (TEi ) 

is defined as: 

TEi=Yi /Yi
*
 =  

The maximum likelihood (ML) estimation technique is used to simultaneously 

estimate the parameters of the stochastic frontier and the technical inefficiency model. The 

parameters include β’s and the variance parameters  and  (Battese 

and Corra, 1977), where  is the sum of the error variance,   has a value between zero and 

one, measures the total variation of output from the frontier that attributed to the existence of 

random noise or inefficiency. Inefficiency is not present when  =0 which means that all 

deviations from the frontier are due to random noise. However, if  = 1 then the deviations 

are completely caused by inefficiency effects (Battese and Coelli, 1995). The computer 

program, FRONTIER Version 4.1, is used to obtain the ML estimates for the parameters of 

this model. 

The stochastic frontier to estimate efficiency is a very relevant instrument for 

productivity growth, especially for a country that yearns to structure and develop its 

agricultural sector (Ali and Chaudhry, 1990). 

 

3.2. Empirical model specification 

 

The stochastic frontier approach requires a prior specification of the most widely used 

functional forms like Cobb-Douglas and Translog. Cobb-Douglas is a special form of the 

translog production function where the coefficients of the squared and interaction terms of 

input variables of translog frontier are assumed to be zero (Asefa, 2011). 

In this study, the maximum likelihood (ML) estimation technique was used to estimate 

the parameters of stochastic frontier. The explanatory variables used to explain inefficiency 

were included in the model when estimating the measures of technical efficiency. The results 

of the maximum likelihood ratio-type test, used to test the translog against Cobb-Douglas, 

showed that translog production frontier was an appropriate model for our data.  
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The empirical version of the model presumes a translog production frontier: 

 

where Yi indicates the average unginned cotton yield (kg/ha), X1 represents the the 

total fertiliser costs (US $/ha), X2, X3, X4 and X5 represent the costs of chemicals, irrigation, 

labour and machinery per hectare respectively during the growing season.  

Table 1 presents the descriptive statistics of cotton yields, inputs, and the explanatory 

variables used in the analysis. 

The identification of the variables that influence the level of technical efficiency is a 

particularly valuable for policy makers. The empirical farm specific variables associated with 

technical inefficiency as in are shown in Table 1. The variables of Z1 = 

farm size (ha); Z2 =age (year); Z3 = experience (year); and Z4 = non-farm income. 

The coefficients of the translog production function in SFA were estimated by 

employing Frontier Program Version 4.1 (Coelli, 1996). There are a number of null 

hypotheses for the SFA approach that will be tested such as the validation of the Translog 

production function, the absence of inefficiency effects and the absence of stochastic 

inefficiency effects. The results of various hypotheses tested in the analysis are presented in 

Table 2. A likelihood-ratio test (LR test) is used to test these hypotheses, which can be 

conducted as follows: 

  

where  and  denote the values of likelihood function under the null (H0) 

and alternative (H1) hypotheses, respectively.  The value of  is compared with the critical 

value of chi-square from the table in Kodde and Palm (1986). 

 

3.3. Data collection 

 

Cotton production in Turkey is concentrated mainly in four regions. Among these four 

regions, the region with the highest cotton production is the Southeastern Anatolia region. 

Şanlıurfa is located in this region and produces the 37% of the cotton grown in Turkey. 

Therefore, this study was conducted in Şanlıurfa province of the south-east Anatolian region. 

Data for the study were obtained from 80 cotton farmers who were randomly selected. 
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Table 1: Variable definitions and summary statistics for the empirical model 

Variable 
Name 

Definition Measuremen
t 

Summary Statistics 

Mean SD Min Max 

Output and input variables 

Y Unginned Cotton Yield Kg/ha 4995 799.11 2 500 6 500 

X1 Fertiliser costs US $/ha 257.41 57.75 98.01 381.50 

X2 Pesticide costs US $/ha 214.91 74.43 109.40 427.54 

X3 Irrigation costs US $/ha 654.16 235.16 316.52 1169.55 

X4 Labour costs US $/ha 395.34 220.01 49.17 1254.29 

X5 Machinery costs US $/ha 506.26 221.74 80.68 1003.79 

Farm specific variables 

Z1 Farm size ha 10.82 5.95 4 30 

Z2 Age year 42.39 7.26 32 73 

Z3 Experience year 13.59 4.62 5 30 

Z4 Non-farm income Dummy 
(1=yes, 0=no) 

0.22 0.42 0 1 

 

Data on farm inputs and output were obtained by using face-to-face interviews through 

a structured questionnaire in 2018/2019 production period. 

The output and input variables needed for the efficiency analysis and descriptive 

statistics for the inputs and outputs assessed in the models are summarized in Table 1. Cotton 

yield (kg/ha) has been taken into consideration as the output. The difference in yields refers to 

yield gap which arises due to inefficiency (technical allocative or both) in cotton cultivation. 

A number of studies on technical efficiencies of crop production have pointed out the 

existence of yield gap (Kumar et al., 2019). Five inputs were included in the estimation of the 

frontier production function. These inputs were the most important expense items in cotton 

production, which are irrigation, machinery, labor, fertilizer and pesticide costs, respectively. 

The selected variables were similar with previous studies (Gül et al., 2009; Bäckman et al., 

2011; Ghee-Thean et al., 2012; Çobanoğlu, 2013; Mailena et al., 2014; Hossain et al., 2015; 

Abdulai et al,. 2017; Bambe et al., 2019). 

The average yield of unginned cotton in the sample was approximately 4995 

kilograms per hectare with a large standard deviation (799.11 kilograms per hectare).  The 

main reason for the high irrigation costs, which is calculated as 654.16 US $/ha on average, is 

the high electricity costs for irrigation. The average machinery costs per hectare was 506.26 

US $ ranging from 80.68 to 1003.79 US $.  The reason for this variation was that some farms 

preferred to harvest only by using labor force and some farms preferred only to harvest with 

machinery. The average costs for fertiliser and pesticide per hectare were 257.41 and 214.91 

US $, respectively. 
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Some of the socio-economic variables commonly used in previous studies to explain 

technical inefficiency were farm size, farmers’ age, experience and existence of non-farm 

income (Bozoğlu and Ceyhan, 2007; Bäckman et al., 2011; Ghee-Thean et al., 2012; Mailena 

et al., 2014; Hossain et al., 2015; Islam et al., 2016; Abdul-Rahaman, 2016; Umar et al., 2017; 

Ali and Kpakpabia, 2019; Tasila Konja et al., 2019). Farm size was included as hectares in 

order to reveal the relationship between farm size and technical efficiency. The age variable 

included in the inefficiency model is used to test if younger farmers were more innovative to 

test that younger farmers were more innovative. Experience variable was included also to 

reveal if lack of experience effect technical inefficiency. To explore the relationship between 

technical efficiency and the existence of non-farm income, the non-farm income variable was 

a dummy (1= non-farm income, 0 =otherwise). 

 

4. Results and Discussion 

 

Table 3 shows the maximum likelihood estimates of the estimated stochastic frontier 

production function and the determinants of technical efficiency. 

In order to select the most appropriate functional form which adequately represents the 

data, both Cobb-Douglas and Translog frontiers are estimated using likelihood ratio test.  

Therefore, the first hypothesis testing is choosing the appropriate functional form for the data 

from the Cobb-Douglas and Translog frontier (Table 2). The hypothesis conformed that 

Cobb-Douglas production function was not suitable for analysis. Based on the likelihood ratio 

which was 45.26 and was higher than the critical value, the null hypothesis was rejected. The 

functional form of the stochastic frontier was determined by testing the adequacy of the 

Translog relative to the Cobb-Douglas. 

The second hypothesis tests the existence of the inefficiency factor. The null 

hypothesis was H0=  =0 =  and the likelihood ratio test indicated that 

the null hypothesis rejected. It implied the existence of inefficiency across the cotton farms. 

The third hypothesis tests for the presence of stochastic inefficiency. The null 

hypothesis is H0=  =0 that specifies the technical inefficiency effects are not stochastic. The 

test result rejected the null hypothesis, implying that the traditional average response function 

was not an adequate representation of the data. 
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Table 2: Generalized likelihood ratio test 

Null hypothesis Test Statistic 
(λ) 

Critical Value* Decision 

The Translog SFPF can be reduced to a Cobb – Doglass SFPF 

H0=  45.26 24.38 Reject H0 

No inefficiency effects 

H0=  =0 =   33.56 11.91 Reject H0 

Non stochastic inefficiency 

H0=  =0 33.43 2.71 Reject H0 
*Critical value (ꭓ

2
0.05) obtained from Kodde and Palm (1986). 

 

The mean technical efficiency of cotton farmers was estimated at 86.8% (table 3). It 

ranged between 56.1% to 99.9%. This indicates that if cotton farmers use their existing level 

of inputs in an efficient manner, output on average can be increased by 13.2%. Cotton farmers 

in the research area can improve their technical efficiency by fully utilizing their existing 

inputs and technology. 

The variance parameters of the model was significantly different from zero at the 1% 

level.  The value of 0.999 of the gamma ( ) for the production function suggesting that 

technical inefficiency had significant effect on output. This means that 99.9% of the total 

variation in output was as a result of factors within the control of the farmer and that variation 

in cotton production per hectare could be attributed to inefficiency. The remaining 0.01% was 

due to factors outside the control of the farmers. The value of gamma reveals the fact that 

most farmers in the study area are using their existing resources inefficiently.  

The sigma squared value of 0.0337 was significantly different from zero at 1% and 

indicated the correctness of the specified distributional assumption for the inefficiency term. 

Six  coefficients are significant at the 1% level, one at the 5% level, and two at the 

10% level, suggesting that the model is a good fit. The study shows that pesticide, irrigation 

and machinery significantly affect the level of cotton output in the study area. 

The output elasticity of each input cannot be obtained directly from Translog 

production function like it can be obtained using Cobb-Douglas production function. The 

traditional elasticity of the output with respect to the k
th 

input indicated the formula from 

Battese and Broca (1997) is as follows: 
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Output elasticity is defined as the percentage change in output from a 1% change of all 

input factors. The returns to scale is calculated by summing up all the output elasticity of 

inputs.  When retuns to scale is greater than one, there are increasing returns to scale for the 

farms (Chiang et al., 2004). 

The elasticities of output for fertilizer, pesticide, irrigation, labour, machinery and 

returns to scale elasticity of the translog stochastic frontier model are given in Table 4. The 

highest output elasticity is for pesticide, 5.88, implying that a 1% increase of pesticide cost, 

ceteris paribus, will increase production by 5.88%. This indicates that pesticide as an input 

has a major positive effect on output, followed by irrigation (1.06). 

 

Table 3: Maximum likelihood estimates of translog stochastic frontier 

Variable Parameter Coefficients t-ratio 

Stochastic Frontier Model 

Constant  10.7017* 10.990 

Fertiliser 
 

0.5879 0.6583 

Pesticide  -8.2267* -9.1529 

Irrigation  -1.3352*** -1.7153 

Labour   0.9311 1.1846 

Machinery  4.1067* 4.6439 

Fertiliser x Fertiliser  0.3053 0.9699 

Fertiliser x Pesticide  0.4016 1.3037 

Fertiliser x Irrigation  -0.1191 -0.3612 

Fertiliser x Labour  -0.4497** -2.5067 

Fertiliser x Machinery  -0.5050 -1.5228 

Pesticide x Pesticide  0.6673* 5.2144 

Pesticide x Irrigation  0.8634* 6.0843 

Pesticide x Labour  0.1204 0.6057 

Pesticide x Machinery  -0.2372 -1.5391 

Irrigation x Irrigation  0.0219 0.2602 

Irrigation x Labour  -0.2256 -1.4298 

Irrigation x Machinery  -0.0830 -0.8996 

Labour x Labour  0.1706* 4.339 

Labour x Machinery  0.0364 0.3674 

Machinery x Machinery  -0.1981*** -1.7017 

Technical inefficiency model 
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Constant  -0.2074 -0.5244 

Farm Size  -0.0014** -2.0733 

Age  0.0139*** 1.8587 

Experience  -0.0221** -2.0547 

Non-farm income  0.2802* 2.6588 

Variance parameters  

Sigma-square  0.0337* 6.9848 

Gamma   0.999* 21048.7 

Log likelihood  54.0886  

Estimates are significant at *1%, ** 5%, *** 10%. 

 

The elasticity of output for machinery, fertiliser and labour has a negative effect on 

cotton production, -2.67, -0.36 and -0.16, respectively. The sum of all output elasticities is 

3.76, indicating that on average the cotton farms examined has increasing returns to scale. In 

other words, if the industry increased all factor inputs by 1%, cotton production would 

increase by only 3.76%. 

Table 3 also shows the results explaining the determinants of technical inefficiency in 

cotton production. Assessing determinants of technical inefficiency is as important as 

calculating technical efficiency scores for making agricultural policy to reduce resource waste 

and improve farmers’ livelihoods. From the result, farm size, age, experience and non-farm 

income were significant variables of technical inefficient in the study area. The positive signs 

of the estimates for these variables indicate that there is an increase technical inefficiency. A 

negative estimate indicates a positive effect on technical efficiency. 

Farm size was a significant determinant of the technical efficiency of cotton farms. 

The coefficient is negative and statistically significant at 5%, and implies that farms with 

relatively large of arable land tend to be more efficient. This result is consistent with previous 

studies (Wadud and White, 2000; Tipi et al., 2009; Karimov, 2014; Mango et al., 2015; 

Tenaye, 2020). 

The age of farmers was significant at 10% and showed a positive relationship with 

technical inefficiency in cotton production. The age coefficient (0.0139) indicated that the 

younger farmers were more efficient than the older ones. This finding is consistent with 

previous studies (Battese and Coelli, 1995; Bozoğlu and Ceyhan, 2007; Bäckman et al., 2011; 

Ghee-Thean et al., 2012; Mailena et al., 2014; Olatidoye et al., 2018). 
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Table 4: Output elasticities of the translog model 

Input Elasticity 

Fertiliser -0.356 

Pesticide 5.883 

Irrigation 1.060 

Labour -0.157 

Machinery -2.673 

Returns to Scale 3.756 

 

The negative estimate for the experience of farmers implied that the number of years 

in cotton farming led to better managerial skills being acquired over the years. An increase in 

farming experience provides better knowledge about the production environment in which 

decisions are made. This finding is also consistent with previous studies (Sharma and Leung, 

1998; Bozoğlu and Ceyhan, 2007; Bäckman et al., 2011; Abdul-Rahaman, 2016; Islam et al., 

2016; Umar and Yakubu, 2017; Abdulai et al., 2017; Olatidoye et al., 2018; Ali and 

Kpakpabia, 2019). 

Another outcome of the inefficiency model was that the positive and significant effect 

of non-farm income on technical inefficiency implied that existence of non-farm income 

enhanced the technical inefficiency of the cotton farms. This is because farmers may allocate 

more of their time to non-farm activities and thus may lag in agricultural activities or neglect 

the farm activities. This finding is consistent with previous studies (Bozoğlu and Ceyhan, 

2007; Tipi et al., 2009; Asefa, 2011; Bäckman et al., 2011; Karimov, 2014; Tenaye, 2020). 

 

5. Conclusions 

 

This study has applied both the stochastic frontier production function and technical 

inefficiency effects model to analyse the technical efficiency of cotton farms in the research 

area. The analysis show that the translog stochastic frontier production function model fits the 

data better than the Cobb –Douglas. 

The empirical findings show that the predicted efficiencies vary widely among the 

sample cotton farms with a mean technical efficiency value of 86.8 %. The variation in 

technical efficiency implied that most of the farmers are still using their resources 

inefficiently in the production process and there still exists opportunities for increasing their 

cotton production by improving their current level of technical efficiency. Cotton yield per 
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hectare can be increased by 13.2% at the existing level of inputs and current technology by 

operating at full technical efficient level.  

The value of 0.999 of the gamma ( ) for the production function suggesting that 

technical inefficiency had significant effect on output among the sampled farms.  

Farm level specific variables were used to explore inefficiency determinants. The sign 

of coefficients of variables have been as the expected. Increasing farmer’s experience and 

farm size were found to enhance technical efficiency. In contrast, farmer’s age and existing of 

non-farm income were found to decrease technical efficiency. The findings suggest that farms 

managed by younger farmers appear to be more technically efficient. Agricultural policies 

should be developed to prevent migration of the young population from countryside and to 

motivate young population for agricultural production. 

In order to enhance experience of farmers through farm level extension and training 

activites should be organized. Policy makers should focus on enhancing farmers’ access to 

information via the provision of better extension services and farmer training programs. 

Continuous improvement in the technical efficiency of cotton production could 

promote income growth, prevent migration and reduce poverty. Therefore, technical 

efficiency studies in cotton should be carried out continuously to design new agricultural 

policies for improving efficiency. 

This research has some limitations because of the deficiencies in regular record 

keeping at the farm level in Turkey. Most of farmers interviewed only tried to remember 

information about input usage. As stated in previous studies (Çobanoğlu, 2013; Armağan and 

Nizam, 2012), supporting sufficient and regular records on cotton farms may be invaluable for 

optimum input and output management and to enhance efficiency at the farm level. 
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