
Production cost and technical efficiency in the enterprises producing sunflower in dry conditions:  

a case study of Edirne, Turkey 

Parlakay, O.; GözeIqbal, Sayılı, M. 

Custos e @gronegócio on line - v. 12, n. 4 – Out/Dez - 2016.                                         ISSN 1808-2882 

www.custoseagronegocioonline.com.br 

 

19 

Production cost and technical efficiency in the enterprises producing 

sunflower in dry conditions: a case study of Edirne, Turkey 

  
Recebimento dos originais: 30/06/2016  

Aceitação para publicação: 10/11/2016 

 

Oğuz Parlakay  

PhD in Agricultural Economics 

Institution: Mustafa Kemal University 

Address: Faculty of Agriculture, Department of Agricultural Economics. 

P.O.Box:31034, Antakya, Hatay, Turkey 

E-mail: oguzparlakay@hotmail.com 

Bilge Gözener 

PhD in Agricultural Economics 

Institution: Gaziosmanpaşa University 

Address: Faculty of Agriculture, Department of Agricultural Economics. 

P.O.Box:60250, Tokat, Turkey 

E-mail: bilge.gozener@gop.edu.tr 

Murat Sayılı 

PhD in Business Administration 

Institution: Gaziosmanpaşa University 

Address: Faculty of Economic and Administrative Sciences, Dep. of Business Administration. 

P.O.Box:60250, Tokat, Turkey 

E-mail: murat.sayili@gop.edu.tr 

 

Abstract 

 

The aim of this study is to determine the production cost of sunflower produced for oil in dry 

conditions and to estimate the technical efficiency of the enterprises. In this context, main 

material of the study consists of the data gathered by the surveying of the 112 enterprises 

determined randomly that produce sunflower in Edirne which are chosen deliberately since 

sunflower production is excessively. In the study, production cost is determined by 

calculating the production expenses and the revenue gained by this production. Also, 

technical efficiency scores of the enterprises are estimated by using Stochastic Frontier 

Analysis (SFA) and Data Envelopment Analysis (DEA) methods. As a result of the 

calculations, sunflower production cost is determined as 585,36 USD tonnes
-1

, and the 

revenue from the production (except for the supports) is determined as 560,00 USD tonnes
-1

. 

Also, technical efficiency scores are estimated with SFA as 0,87 and with DEA-VRS as 0,83. 

From the findings, it is understood that without supports given for the sunflower production, 

producers would make a loss and the supports should be continued. 
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1. Introduction 

 

Depending on the increase in world’s population, vegetable oil consumption also 

shows an increase. With this point of view, it is necessary to increase the cultivation sites by 

encouraging the production of oily seed plants which consist of the raw material of vegetable 

oil production.  

According to the 2014 data worldwide, major sunflower producing countries are 

Ukraine, Russia, Romania, Bul and Turkey (FAO, 2016). As it is worldwide, a great amount 

of the sunflower production is carried out for oil production and the rest of the production is 

reserved for confectionary sunflower. In Turkey, sunflower production is generally carried out 

in the Marmara Region and confectionary sunflower production is carried out in Eastern 

Anatolia Region (Ergen and Sağlam, 2005). 

Oily seed plants, which are in the plantal production, are defined as “basic necessary 

materials that are vital in human nutrition” (Boland, 2003). Although in Turkey vegetable oil 

is obtained from many plants, the chief raw material of vegetable oil industry is sunflower and 

more than half of the vegetable oil production is gained from sunflower (Kızıloğlu, 1992). 

Despite Turkey is one of the leading countries in the world for both confectionary sunflower 

production and sunflower production for oil, in recent years, sunflower import is made for 

both kinds in order to meet the domestic demand (Ergen and Sağlam, 2005).  

In Turkey, an average of 1 million tonnes of vegetable oil is consumed annually and 

necessary sunflower production for both domestic consumption and export is about 3 million 

tonnes. However, Turkey could only produce one third of this required amount (about 1 

million tonnes). Since production is not sufficient, most of Turkey’s seed or raw oil need is 

met through export (GTB, 2015).  

In Turkey, sunflower cultivation area is 5 689 950 da and the share of seedy plants in 

the cultivation area is %34,24.  The share of sunflower production in seedy plants is %55,37.  

According to 2015 year’s data, the province of Edirne carried out the %15,11 of the Turkey’s 

sunflower production (TÜİK, 2016).  

While estimating the efficiency scores of the enterprises, parametric and non-

parametric methods are used. In this study, from the parametric methods Stochastic Frontier 

Analysis (SFA) and from the non-parametric methods Data Envelopment Analysis (DEA) is 

used. Although there are many studies where both parametric and non-parametric methods are 

used and their results are compared, in farming there are limited studies using both methods. 
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Some of the researchers using these two methods together are Sharma et al. (1999), Önder et 

al. (2003), Alemdar and Ören (2006), Ören and Alemdar (2006), Kaçıra (2007), Masterson 

(2007), Odeck (2007), Parlakay (2011) and Gözener (2013). Nevertheless, there are also 

studies in which efficiency scores of sunflower producing enterprises are estimated with DEA 

or SFA (Günden et al., 2006; Külekçi, 2010; Grazhdaninova and Brock, 2004).  

The main objective of this study is to determine the production cost of the sunflower 

(produced for oil) in dry conditions and to calculate the efficiency scores of the enterprises. It 

is expected that the results of the study would provide insight for the producers and decision 

makers on the issues of production costs and input usage efficiency and for enterprises and 

organisations in the sector on the issues of sunflower cost.  

 

2. Materials and Method 

 

Main material of the study consists of the data gathered by the surveying of the 

enterprises producing sunflower in Uzunköprü district of Edirne province.   

Of the sunflower production in the province of Edirne, %20 is carried out in the 

district of Uzunköprü.  In 57 villages in the district of Uzunköprü, 5563 enterprise make 

sunflower production for oil. Among the most sunflower producing villages, 5 villages are 

determined intentionally (Çalıköy, Hamitli, Kurtbey, Çöpköy and Kavacık). Surveys are 

conducted with 112 enterprises which have been chosen randomly from these villages in an 

attempt to represent sufficiently the cultivation areas of different sizes since the enterprises 

are working in similar climate and market conditions.  The survey of 2014 August belongs to 

the 2013-2014 production period.  

In the study, production cost is determined by calculating the production expenses and 

the revenue gained by this production. About %3 of the variable costs total takes place in the 

constant costs under the general administrative expenditure. When variable costs are 

calculated, agricultural supports are not added. When production cost is calculated, the 

following formulae are used:  

Total Production Costs = Variable Costs + Constant Costs  

Total Revenue = Yield (kg/decare) * Sale Price (USD/kg)  

Production Cost (USD/decare) = Total Production Costs (USD/decare) / Yield 

(kg/decare)  
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In the study, technical efficiency scores of the enterprises are obtained by DEA and 

SFA methods. The starting point in the technical efficiency measurement methods is creating 

an efficient production border which can show a reference point. This border could be created 

by parametric and non-parametric methods. SFA is a parametric but DEA is a non-parametric 

method (Parlakay and Alemdar, 2011).  

There is no need for assumptions for the form of production function in non-

parametric methods and the have the advantage of working with multiple inputs and outputs 

and since they do not contain a random error term, they are more sensitive to errors in the 

data. Since the chance factor can not be taken into consideration and it is not possible to 

determine the statistically reliability degrees of the findings put the disadvantages of the non-

parametric methods. On the other hand, in SFA approach, efficiencies of random factors 

which are not in the control of the enterprises could be taken into consideration by adding two 

error terms. One of these error terms is a term which contains random and aleatoric factors, 

shows normal distribution, is a symmetric error term, which can take values of zero and plus 

zero and which represents deviations resulting from inefficiencies. SFA parameters are 

calculated with the highest probability method (Parlakay and Alemdar, 2011).   

Many researchers are working with the same data set through the both methods with 

considering the fact that the parametric and non-parametric techniques have their strong and 

weak sides and they compare the results which are obtained (Chakraborty et al., 2002; Kwon 

et al., 2004; Kaçıra, 2007; Ören and Alemdar, 2006). In this study, SFA as one of parametric 

methods and DEA as one of non-parametric methods are used and their results are compared.  

The production function used in SFA method is given below (Aigner et al., 1977; 

Meeusen and van den Broeck, 1977; Parlakay and Alemdar, 2011): 

 

Yi = β * Xi + Vi - Ui   

      

 In the equation above 

 Yi = i exponent decision unit output,  

 β =  (Kx1) sized input vector parameters which will be estimated, 

 Xi =  (K+1) sized input line  vector,  

 U = Error term.  
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Anti-logarithm of the (U) statement gives the technical efficiency of i’th decision unit. 

K is the number of input, X and Y values are the outputs and inputs expressed in the 

logarithmic form.  

The method used for the calculation of DEA scores is given below.  DEA model, 

which is input oriented for N numbered enterprises with M number input and each using K 

number input is given below (Coelli et al., 2005):  

 Max ϕ , λ ϕ

subject to 

 - ϕ yi + Y λ ≥ 0 

 xi - X λ ≥ 0 

 N1′ λ = 1 

 λ ≥ 0 

 

In the above model, ϕ could have a value between one and infinite (1<= ϕ < ). (ϕ - 1) 

is the proportional increase in outputs that could be achieved by the i-th firm, with input 

quantities held constant. Y is (M x N) the output matrix, X is (K x N) the input matrix, yi is 

the output of i-th enterprise, N1’ is a vector of (N x 1) and a convexity restriction, and λ is (N 

x 1) a vector of intensity variables. The ratio of 1/ϕ defines a technical efficiency score 

between zero and one (Coelli et al., 1998; Ören and Alemdar, 2006). DEA scores are 

calculated with DEAP programme 2.1 version (Coelli, 1996a) and SFA scores are calculated 

with FRONTIER programme 4.1 version.   

   

3. Results  

3.1. Socio-economic characteristics of the enterprises and sunflower production cost  

 

In the enterprises, socio-economic characteristics of the managers and sunflower 

production in dry conditions are examined. Average of age for the managers of the enterprises 

is determined as 56,31. The reason for this could be explained like that the cultivated land is 

divided by inheritance and younger population migrate from rural areas to cities because the 

farming income is low.  

In the enterprises, %4,46 of the managers are female and %95,54 are males. The 

reason for the low share of females could be explained to originate from such factors; women 

have difficulties of gaining property in the rural areas in Turkey, the ones who have property 
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have become land owners by inheritance or as a result of her husband’s death, enterprises are 

mainly run by male owners and decisions related with production are mostly made by males.   

Among the enterprise managers, %54,46 of them are primary school graduates, 

%12,50 of them are middle-school graduates and %14,29 are high-school graduates. And 

%12,50 of the managers are only literates. The reason for the higher percentage of the 

literates, primary school and middle school graduates is that the population in the rural areas 

consists of elders. This condition is the result of ceasing the formal education in the rural 

areas because there is a need for workforce in farming sector.   

It is determined that in the enterprises, there has been sunflower production for 34,14 

years on average. Thereby, it could be said that in the region, there is specialisation in 

sunflower farming. Average cultivation area per enterprise is calculated to be 150,03 decare 

and %53,18 of this land is used for sunflower farming. It is determined that the parcel number 

per enterprise is 6,38 and average parcel width is 23,52 decare. In a study carried out in 

Thrace Region (Edirne, Kırklareli, Tekirdağ provinces and Thrace part of Çanakkale and 

Istanbul) by Şahin et al. (2010), it is determined that the rate of sunflower cultivation area out 

of the total enterprise land is; %44,75 in Edirne, %40,74 in Tekirdağ, %46,53 in Istanbul and 

%34,19 in Çanakkale. However, enterprises farm sunflower in dry conditions as their primary 

crop. It is determined that 13,4 EİG farm
-1

 (107,2 hours farm
-1

) of workforce, 1,6 kg pesticide, 

10,7 kg nitrogen and 16,9 kg phosphoric fertiliser are used in sunflower production in the 

enterprises.   

It is also determined that the average income of the enterprises is 25.014,50 USD per 

year 
-1

 and %46,05 of this amount is obtained from sunflower. It is estimated that the rate of 

sunflower in the total agricultural income in the sunflower enterprises in Thrace Region is 

%19,72 (Şahin et al., 2010). It is stated in the study that enterprises have made a cost of 

117,23 USD in order to produce sunflower in 1 decare (Table 1). In the enterprises 

investigated, it is seen that %65,91 of the total sunflower cost is made up of variable costs and 

%34,09 of it consists of constant costs.  In a similar study carried out by Şahin et al. (2010), it 

is observed that %59,67 of the total sunflower production costs in Thrace Region consists of 

variable costs.   
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Table 1: Production Cost in Sunflower (for oil) Farming  

EXPENDITURE FACTORS 
Value  

(USD decare
-1

) 
%* %** 

Soil Cultivation 29,67 38,41 25.31 

Seed + Planting 14,07 18,21 12.00 

Fertiliser + Fertilisation  9,17 11,87 7.82 

Pesticide + Pesticide Application 6,35 8,21 5.41 

Maintenance (Weeding) 3,95 5,11 3.37 

Harvest 6,88 8,91 5.87 

Transport 2,80 3,63 2.39 

Unloading 0,69 0,89 0.59 

Floating Capital Interest (0,05)  3,68 4,76 3.14 

VARIABLE COSTS SUM (A) 77,27 100,00 65.91 

General Administrative Expenditure (A*0,03) 2,32 5,80 1.98 

Cropland Rent 36,72 91,89 31.33 

Insurance premium 0,93 2,31 0.79 

CONSTANT COSTS SUM (B)  39,96 100,00 34.09 

PRODUCTION COSTS SUM (C = A + B)  117,23 --- 100.00 
* Shows the percentage in itself   ** Shows the percentage in total 

 

While %38,41 of the variable costs which is found as 77,27 USD per decare is found 

to be soil cultivation costs, seed+planting costs follow this with a rate of %18,21 (Table 1). 

The reason why these costs are relatively high is that harrowing procedure is made with 

cultivator twice and in ploughing process more fuel is used. In a study carried by Şahin et al. 

(2010), it is found that “soil cultivation” costs again keeps the highest rate among the total 

variable costs in sunflower production in Edirne and these seem to be supporting this study’s 

findings. In the constant costs, however, field rent consists the highest cost.  

Sunflower yield in the enterprises is estimated as 200,27 kg decare
-1 

(Table 2). In the 

previous studies, however, different yield values have been obtained. In watery conditions, 

sunflower yield per decare is 165 kg in Eskişehir region, 223 kg in Tokat region, 282 kg in 

Amasya region, 284 kg in Samsun region, 280 kg in Thrace region. In dry conditions, the 

yield is 71 kg in Ankara region, 149 kg in Balıkesir region, 113 kg in Eskişehir region, 141 kg 

in Tokat region, 174 kg in Amasya region, 173 kg in Samsun region and 160 kg in Thrace 

region (Koral and Altun, 1998). In the study by Şahin et al., it is determined that Thrace 

region average is 177,34 kg (in Tekidağ 170,98 kg, in Çanakkale 219,35, in Istanbul 147,86 
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kg, in Kırklareli 180,61 and in Edirne 189,25 kg). Examining the data, it is seen that the 

sunflower yields of the enterprises is high.  

 

 

Table 2: Profitability In Sunflower Farming for Oil 

  Value (USD decare
-1

) 

Yield (kg decare
-1

)                                  A 200,27 

Sale Price (USD kg
-1

)                           B 0,56 

Production Cost (USD decare
-1

)             C 117,23 

Production Cost (USD kg
-1

) D=C/A 0,585 

Production Cost (USD tonnes
-1

)             E=C/A*1000 585,36 

Gross Production Value 

(USD/decare)   

F=A*B 112,15 

Net profit per unit (USD/kg)                     B-D -0,025 

Net profit per decare (USD/decare)                   F-C -5,08 

Proportional Profit                                        B/D 0,96 

 

In the study, sunflower production is estimated as 585,36 USD ton
-1 

(Table 2). The 

sunflower production cost estimated in the study is higher than the countries which are the 

leading sunflower producing countries in the world but lower than the cost calculated by 

Şahin et al. (2010) in Turkey. According to the 2006 data, it is determined that sunflower 

production cost in the five leading countries are as the following; 343,49 USD ton
-1 

in 

Argentina, 241,11 USD ton
-1 

in China,  331,17 USD ton
-1

 in India, 182,40 USD ton
-1

 in 

Russia and 185,94 USD ton
-1

 in Ukraine whereas it is estimated as 670,52 USD ton
-1

 in 

Turkey (Şahin et al., 2010).   It is seen that sunflower (for oil) cost for 1 kg is 0,585 USD, 

sales price is 0,56 USD and there is a loss of 0,025 USD per unit (Table 2). Yet, supports of 

field for sunflower and crop supports are not counted in the table. In his study, Semerci 

(2012) stated that sunflower production which is carried out in the Thrace region is not 

profitable.   

A significant number of enterprise managers (%95,54) have stated that there have not 

been a similar rate of increase in the crop prices in parallel with the increase in the inputs and 

thus fertiliser, diesel fuel and prime supports are inadequate. In 2013, for 1 decare sunflower 

planted field, 3,24 USD fertiliser support, 3,24 USD fuel support, 1,16 USD soil analysis 

support were supplied and 0,11 USD prime support for 1 kg crop was given (Anonymous, 

2013).  
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3.2. Results of efficiency analysis 

 

In the efficiency analysis of sunflower production in this study, input, which is 

commonly used in the production and is considered to be effecting the yield the most, is used. 

In the study, yield per decare (kg/decare) is used as output whereas, for input, workforce 

amount (hour/decare), pesticide value (USD/decare), raw nitrogen amount (kg/decare), raw 

phosphorus amount (kg/decare) and machinery rent (USD/decare) are used. Results obtained 

by SFA through estimating technical efficiency coefficients belonging to the enterprises 

examined are given in Chart 3 and the results by DEA are given in Chart 4.  

 

Table 3: Maximum probability results of stochastic efficiency border analysis  

 Coefficient Standard 

Deviation 

t-ratio 

Stochastic Border Analysis 

Constant  5,0023 1,0303 4,8552*** 

Ln (Labor) -0,1354 0,1312 -1,0320 

Ln (pesticide) -0,1645 0,0383 -4,2926*** 

Ln (Nitrogen) -0,1246 0,0380 -3,2770*** 

Ln (Phosphorus) 0,1278 0,0364 3,5099*** 

Ln (Machinery Rent) 0,0366 0,2591 0,1414 

Variance Parameters 

σ
2
 0,0379 0,0068 5,5823*** 

Γ 0,9276 0,0374 24,8247*** 

Logarithmic Probability function (H1) 81,26   

LR test 24,51   

Average technical efficiency 0,87   

Minimum TE 0,48   

Maximum TE 0,98   
statistically meaningful at the levels of *%1, **%5, ***%10 

 

It is expected that the efficiency measurement results made by different methods 

would show similarities. However, it is seen that the results from different studies are not 

similar. SFA is output oriented and thus it would be proper to compare with the output 

oriented DEA-VRS scores in comparison. In this study, average technical efficiency scores 

which are calculated according to DEA-VRS and SFA methods are 0,83 and 0,87 

respectively. The results show that the scores obtained by the both methods are close. In 

similar studies, average efficiency scores in the sunflower producing enterprises are estimated 
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as follow; Günden et al. (2006) 0,67 (DEA); Külekçi, (2010) 0,64 (SFA); Grazhdaninova and 

Brock (2004) 0,65 (SFA).  

 

Table 4: Technical Efficiency Value Distribution for Output by DEA 

 DEA-CRS DEA-VRS DEA-SE 

≤ 0,49  3 3 0 

0,50-0,59 0 0 0 

0,60-0,69 16 16 0 

0,70-0,79 20 20 0 

0,80-0,89 39 36 3 

0,90-0,99 25 19 44 

1,00 9 18 65 

Summary Statistics  

Average  0,82 0,83 0,99 

Minimum 0,41 0,41 0,81 

Maximum 1,00 1,00 1,00 

 

 

In the examined enterprises, an average enterprise could increase the sunflower yield 

with a rate of %17 (1-83/100) according to DEA-VRS method and with a rate of %11 (1-

87/98) according to SFA method without making any changes in the input amount used. Also, 

enterprises working in minimum efficiency, could increase sunflower yield as %59 (1-41/100) 

according to DEA-VRS method and as %51 (1-48/98) according to SFA method. As a result 

of the efficiency analysis, it is determined that according to DEA-VRS assumption, 18 

enterprises (%16,07) out of 112 have gained the highest yield with the existing input 

composition by working in full efficiency. The yield per decare for the enterprises working in 

full efficiency is estimated to be 227,22 kg and the figure for the others is 195,10 kg. When 

the enterprises working in full efficiency, it is estimated that unit cost is 0,52 USD in decare, 

crop sales price is 0,56 USD kg
-1

 (Table 2) and consequently net profit would be 0,04 USD 

decare
-1

. In other terms, it is determined that enterprises working in full efficiency would 

make profit. Scale efficiency in the enterprises are determined as %99 with DEA-VRS.  

DEA output oriented scale efficiency is determined as %99. Among the enterprises, 23 of 

them (%20,53) showed increasing return, 24 of them (%21,43) decreasing and 65 of them 

(%58,04) showed constant return to the scale. In other words, it could be assumed that when 

23 of them increased the scale and 24 of them decreased the scale, the efficiency would 

increase.  
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Average technical efficiency values estimated with both methods are very close to each other. 

In general, it could be supposed that since any kind of deviation from the production border 

would be considered as inefficiency, it could give out much lower results (Coelli et al., 2003).  

 

4. Discussion 

 

Sunflower production has a significant place in the enterprises examined in the 

research area. In the region, along with the period starting with the farming income’s decrease 

25 years ago, breaking up the fields through inheritance and thus diminishing the existing 

fields caused the young and dynamic population to migrate to the cities and this process still 

continues today. This situation causes that greater number of elder population take place 

agricultural production. Hence, the youngest of the enterprise managers who have been 

surveyed was 29 and the age average was 56,31. This might effect the decision making 

processes and the profitability of the enterprises. Thus, measures should be taken in order to 

prevent young population to migrate from rural areas to cities.  

According to the cost analysis results, it is determined that sunflower production is not 

profitable without supports. In this context, agricultural supports which are being applied in 

many ways should continue. 

In this study, results from the output oriented efficiency analysis revealed that 

sunflower yields gained from the unit area, without changing the input amount used under the 

existing production technology), and thus total sunflower production amount would be 

increased by %11-17 (according SFA results %11 and according to DEA results %17). How 

much the gained output could be increased without changing the input amount in the input 

oriented analysis is still being examined. Thus, the inefficiency results mainly from the 

inadequacy of the output rather than the inadequate input amount. Having the results of the 

both efficiency analysis to be close to each other, it is seen that the enterprises should increase 

the output amount a little without changing the existing input in order to work more 

efficiently.  Enterprises working efficiently will reach a profitable enterprise level.   

The biggest issue in sunflower farming (for oil) is that the input prices are high in 

production process and markets are uncertain in the marketing phase just after the harvest. In 

sunflower production, the fact that inputs such as diesel fuel, fertiliser and pesticide and 

labour costs about these are high increases the production costs (especially the variable costs). 

In addition to this, the fact that the crop sales prices are lower than the costs causes the 
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enterprises to make loss in this production. The state, within its bounds of possibilities, give 

the producers prime, soil analysis, insurance, fertiliser and diesel fuel supports. However, it is 

seen that these supports do not show parallelism with the increases in the inputs. In this 

context, in order to have sustainability in the production and profitability of the producers, it 

is necessary to determine the state supports by close inspection of the input markets. Also, in 

order to enable the producers to use the existing resources more effectively technical training 

supports should be given to them by the MFAL experts and producers unions.  

According to the cost analysis results, it is seen that the sunflower production is not 

profitable in the given conditions and in order to make the production profitable, enterprises 

should run in full efficiency and the producers should be supported, especially in terms of 

crop sale prices.   
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