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The aim of the study is to analyse the efficiency of input use in sunflower production in Karatay 

district. Turkey ranks 10th in sunflower production in the world and Konya province has 13.39% 

capacity of sunflower production in Turkey, placing the 2nd place in terms of production. 97% of 

sunflower produced in Konya province is sunflower for oil. Data used in this study was determined 

as 51 enterprises manufacturing sunflower according to the Stratified Sampling Method. The 

economic efficiency results of sunflower production were calculated with Data Envelopment 

Analysis (DEAP) method. The total Gross Production Values (GPV) obtained from the enterprises 

is 50,221.43 $, the GPV acquired from the sunflower production is 23,844.70 $, the total gross profit 

is 36,927.29 $ and the sunflower gross profit is 18,285.16 $. According to the efficiency results, 

economic efficiency was found to be 0.604, resource efficiency was 0.604, technical efficiency was 

0.868, and pure efficiency was 0.922 while scale efficiency was 0.942. It should be ensured that 

enterprises use their resources effectively. Information meetings should be held for enterprises on 

resource use. 
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Introduction 

One of the most important food sources vital for human 

is oil. Oils are divided into two categories as vegetable oils 

and animal oils. Vegetable oils are obtained from different 

agricultural products in different countries. In the world, 

oilseed crops are soybean, peanut, sunflower, rapeseed, 

corn, olive, sesame, palm kernel, cotton, flaxseed, 

safflower and castor oil (Semerci, 2014). Oilseed plants are 

defined as essential necessities that are quite vital in human 

nutrition (Boland, et al. 2001). The habit of vegetable oil 

consumption varies from one country to another. For 

instance, the most important source of vegetable oil in the 

US and Italy is soybeans while it is sunflowers in Turkey 

(Semerci, 2014; Berk, 2017).  

The total amount of sunflower production in world is 

47,863 thousand tons (FAO, 2019). Turkey’s share in 

world sunflower production is 3.53%. Sunflower field in 

Turkey takes the first place with 550-650 thousand 

hectares. The total amount of sunflower production in 

Turkey is 1,964 thousand tons. 8.37% of total sunflower 

production is for snacking. Due to the increasing 

population and per capita consumption, the increasing oil 

deficit is met by imports. Thus, sunflower production is 

rather pivotal for Turkey. Konya province constitutes 

14,02% of the total sunflower production (210,307 ton), 

and 8.09% of the production area (460,376 decare) in 

Turkey. Karatay district constitutes 38.79% sunflower 

production and 33.46% of the production area of Konya 

(TSI, 2019). The oil shortage is important for Turkey, the 

efficiency in production and increasing the operational 

efficiency of resource use must be ensured for this 

shortage. The main purpose of enterprises that make 

productions in both agricultural and non-agricultural 

sectors is to reduce the cost. The best-known way to reduce 

costs is to increase production efficiency.  

For this aim, economic activity results of the 

enterprises, factors affecting the efficiency and input use 
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efficiency of the enterprises were calculated in the Karatay 

district, constituting the majority of the sunflower 

production. Sunflower production was examined based on 

enterprises and scale analysis was conducted. Additionally, 

the amount of inputs used in production, cost and 

efficiency analyses were carried out according to the 

sources of efficiencies. 

 

Material and Method 

 

The main material of the study is composed of the 

original data collected from the surveys of the enterprises 

producing sunflower in the year 2015 in Karatay district of 

Konya Province, which was selected as the research region. 

In addition, the data that the relevant institutions and 

organizations previously gathered on the subject was also 

benefitted. 

In the study, stratified sampling method, was utilized in 

order to increase the accuracy of the data collected from 

the enterprises and to provide sufficient representation of 

different sections in the population (Yamane, 1967; Güneş 

and Arıkan, 1988). Layer widths are grouped to 1-50 

decares (one tenth of a hectare), 51-150 decares, 151 

decares and above. Sample volume was calculated as 51% 

according to the Neyman Method with a margin of error of 

5% at a confidence interval of 99% (Yamane, 1967). 
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n = Number of samples, 

N = Number of enterprises in the population, 

Nh = Number of enterprises in h layer, 

Sh = Variance of h layer, 

d = The margin of error allowed from the population 

average, 

t = t table value corresponding to the 99% 

confidence limit predicted in the study. 

 

The distribution of the sample volume according to the 

enterprise groups is given in Table 1. 

 

Table 1 Sample Volume by Enterprise Size Groups in the 

Research Field (n) 

Enterprise Size Groups (decare) Sample Size (n) 

0-50 (1st Group) 7 

51-150 (2nd Group) 9 

151-+ (3rd Group) 35 

Total 51 

 

In the research area, if the enterprises gain 30% or more 

of their income from sunflower, these enterprises are 

defined as “the enterprises that produce sunflower” (Oğuz, 

1991). Various literatures were used in the calculation of 

economic activity results of enterprises (Oğuz and Altıntaş, 

2002; Semerci, 2014; Oğuz and Bayramoğlu, 2018). In this 

study, 1 US$ = 2.56 Turkish Liras calculated 

(approximately, in Temmuz 2015). 

 

In the study, the efficiency analysis of sunflower 
producing enterprises was conducted according to Data 
Envelopment Analysis (DEA). The Data Envelopment 
Analysis (DEA) of nonparametric methods measures the 
relative efficiencies of n number decision-making unit. This 
method is used to measure the performance of decision units 
that are similar to each other by determining the weights of 
inputs and outputs in production relations with multiple 
inputs and multiple outputs (Coelli, 1996). In addition, it 
reveals efficiency scores that express the relationship 
between DEA and input-output and enables the adjustment 
of inputs and outputs for more efficient use of resources. It 
distinguishes between efficient and inefficient enterprises 
and designates the most suitable reference set for inefficient 
enterprises to become effective (Güngör and Demirgil, 
2005; Tosun and Aktan, 2010). Technical activity in DEA is 
divided into two as pure technical efficiency and scale 
efficiency. Measurement of the pure technical efficiency is 
calculated by efficiency limit estimation under the 
assumption of variable return according to the scale. The 
ratio of technical efficiency to pure technical efficiency 
indicates the scale efficiency (Kumar and Gulati, 2008; 
Coelli et al., 1998). There are Charnes-Cooper-Rhodes 
(CCR) and Banker-Chaenes-Cooper (BCC) models in DEA. 
Since the farmers are in a position to control the inputs more 
than the outputs, Farrell's efficiency measurements for input 
were used in this study. A multi-input-single output model 
was created for business groups. Economic efficiency of the 
input for each individual business was obtained with the 
solution of the following linear programming model: 

The formula description is as below; 
 
Min λxiWi×Xi, 
Kısıt-yi+yλ ≥0 
θxi-Xλ≥0 
λ≥0 
 
Wi = Vector of input prices for the enterprise in the I 

ranking 
Xi = Vector of input-quantity-cost minimization 

calculated for the enterprise in the I ranking, 
Yi = output level 
Λ = constant vector 
 
The efficiency value for the enterprises in the ranking of 

Xi×i is between 0 and 1. The fact that Xi value is equal to 1 
indicates that enterprises have technical efficiency. For 
inefficient enterprises, on the other hand, the value of Xi is 
less than 1 (Coelli, 1998). Banker et al. (1984) developed 
Data Envelopment Analysis (DEA) model, which is based 
on Constant Return to Scale (CRS) assumption, in the way 
to take Variable Return to Scale (VRS) into consideration 
and this model is known as BCC. Indeed, if none of the 
production units operates at the optimal scale, the use of the 
constant return definition according to the scale results in a 
measure of technical efficiency mixed with scale 
efficiencies. Therefore, a limiting factor (N1’λ=1) providing 
convex to CRS model, was added and the model was 
transformed into a VRS model. Because the addition of this 
limitation to the model hinders the calculation of scale 
efficiency, the minimum cost in CRS conditions was 
calculated by proportioning the minimum cost to the VRS 
conditions when calculating the scale efficiency. DEA was 
conducted in DEAP 2.1 package program.  
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Results and Discussion 

 

Socio-economic conditions of the enterprises in the 
research area are given in Table 2. 76.47% of the producers 
are primary school graduates, 13.73% are secondary school 
and 9.80% are high school graduates.  

The high level of education is quite pivotal for 
producers to realize production that is more conscious and 
to be open to innovations. 54.90% of the producers in the 
analysed enterprises are in the 15-49 age group constituting 
the active population. In the research area, sunflower 
production goes on for more than averagely 11 years. 

The usage status of the land for the enterprises analysed 
is examined in Table 3. According to table 3, average field 
with per enterprise is 235.20 and is over Turkey’s average, 
59.90 decares (TSI, 2019). Turkey constitutes 8.14% of the 
total agricultural area of the province of Konya. Turkey 
constitutes 8.14% of the total agricultural area of the 
province of Konya. Therefore, agricultural land in the field 
of research has increased above the average of Turkey. 

Of the enterprise lands, sunflower covers 41.17% of the 
land, 30.72% in wheat, 12.86% barley, 6.05% corn, 5.88% 
beet, 2.99% other and 0.32% silage corn production. The 
largest cultivation area of the enterprises goes to sunflower.  

Wheat, barley, grain corn, beet, other products and 
silage corn are followed by sunflower. 75.48% of the land 
used by the enterprises is owned lands, 25.52% is rental. In 
a similar study, the average field width of enterprises is 
190.8 decares and 81.94% self-owned field, 10.33% rental 
and 7.73% is common land (Gündoğmuş, 1998).  

Gross production values (GPV) of the enterprises are 
given in Table 4.  Average GPV of the enterprises analysed 

is 50,221.43 $ according to table 4. In the first group of the 
enterprise, the value was determined as 6,708.42 $, 
19,487.09 $ in the second group and 66,827.14 $ in the 
third group (Table 4). Total variable costs in the enterprises 
analysed in the research area are given in Table 5. 

Total variable costs in the enterprises are 13,294.14 $ 
and constituted by 28.60% seed, 20.77% fuel, 15.92% 
water, 14.48% fertilizer, 11.36% labour, 5.33% marketing, 
3.18% pesticide and application of pesticide.  

The gross profit of enterprises in the research area is 
given in Table 6. Gross profit represents an interest for the 
capital invested by business manager, the labour force of 
the employees and family members and the sum of a 
possible profit and the success of the operator and implies 
the success of the employee. It is of great importance in 
showing the success of business organization in 
enterprises. (Semerci A., 2018). 

Total gross profit of the enterprises analysed is 
36,927,29 $. Gross profit can be calculated for the entire 
business as well as for each production activity in the 
enterprise. Total costs of sunflower production in the 
research area are given in Table 6.  

Total variable costs of sunflower in the enterprises 
analysed are 5,559.54 $. Of that amount, 34.86% is 
fertilizer, 22.73% fuel, 21.39% seed, 11.37% labour, 
3.60% water, 3.55% pesticide and 2.48% marketing costs. 
The total fixed costs used in sunflower production are 
2,486.18 $, 47.09% land rent, 36.11% amortization, 9.29% 
building repair-maintenance and 7.52% debt interest. Total 
cost of the enterprises analysed is 20,597.04$. 69.10% that 
is total variance costs while 30.90% is total constant costs. 

 

Table 2 Socio-Demographic indicators of producers in sunflower growing enterprises 

Socio-Demographic indicators 

1st group (7) 2nd group (9) 3rd group (35) Total 

Piece 

(unit) 

Ratio 

(%) 

Piece 

(unit) 

Ratio 

(%) 

Piece 

(unit) 

Ratio 

(%) 

Piece 

(unit) 

Ratio 

(%) 

Education 

Primary School 7 13.73 7 13.73 25 49.01 39 76.47 

Secondary School 0 0.00 2 3.93 5 9.80 7 13.73 

High School 0 0.00 0 0.00 5 9.80 5 9.80 

Ratio (%) 13.73 17.66 68.61 100,00 

Age 
15-49 3 5.88 5 9.80 20 39,22 28 54.90 

50-+ 4 7.84 4 7.84 15 29.42 23 45.10 

Ratio (%) 13,72 17,64 68.64 100,00 

Experience 
0-10 2 3.92 1 1.96 0 0.00 3 5.88 

11-+ 5 9.80 8 15.69 35 68.63 48 94.12 

Ratio (%) 13.72 17.65 68.63 100.00 

 

Table 3 Land use status and product cultivation (Decare) 

Products 
1st group (7) 2nd group (9) 3rd group (35) Enterprise Average (51) 

dec Ratio (%) dec Ratio (%) dec Ratio (%) dec Ratio (%) 

Sunflower  29.00 100.00 60.22 71.69 119.83 38.00 96.84 41.17 

Wheat  0.00 0.00 18.22 21.69 100.60 31.91 72.25 30.72 

Barley 0.00 0.00 3.67 4.37 43.14 13.68 30.25 12.86 

Grain Corn 0.00 0.00 1.89 2.25 20.23 6.42 14.22 6.05 

Beet 0.00 0.00 0.00 0.00 20.14 6.39 13.82 5.88 

Other* 0.00 0.00 0.00 0.00 10.26 3.25 7.04 2.99 

Silage Corn 0.00 0.00 0.00 0.00 1.11 0.35 0.76 0.32 

Total 29.00 100.00 84.00 100.00 315.31 100.00 235.20 100.00 

Ownership 

Status 

Owned 29.00 100.00 62.56 74.47 236.80 75.10 177.53 75.48 

Rent 0.00 0.00 21.44 25.53 78.51 24.90 57.67 24.52 

Total 29.00 100.00 84.00 100.00 315.31 100.00 235.20 100.00 
*Other; Vicia Sativa, Clover. 
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Table 4 Gross production values (GPV) of the enterprises within the scope of the study  

 1st group (7) 2nd group (9) 3rd group (35) Enterprise Average (51) 

$ Ratio (%) $ Ratio (%) $ Ratio (%) $ Ratio (%) 

Sunflower  6,708.42 100.00 15,520.64 79.65 29,412.42 44.01 23,844.70 47.48 

Wheat  - 0,00 2,903.43 14.90 14,170.76 21.21 10,237.40 20.38 

Barley - 0,00 0.00 0.00 9,971.01 14.92 6,842.85 13.63 

Grain Corn - 0,00 690.63 3.54 7,760.02 11.61 5,447.38 10.85 

Beet - 0,00 372.39 1.91 3,994.57 5.98 2,807.09 5.59 

Other* - 0,00 0.00 0.00 260.27 0.39 178.62 0.36 

Sweet Corn - 0,00 0.00 0.00 1,258.09 1.88 863.39 1.72 

TPPV 6,708.42 0,00 19,487.09 100.00 66,827.14 100.00 50,221.43 100.00 
* Other; Vicia Sativa, Clover, TPPV: Total Plant Production Value 

 

Table 5 Total Variable Costs in the Enterprises Analysed ($)   
1st group (7) 2nd group (9) 3rd group (35) Enterprise Average (51) 

$ Ratio (%) $ Ratio (%) $ Ratio (%) $ Ratio (%) 

Seed 294.82 16.71 1,022.48 22.95 5,218.87 29.20 3,802.48 28.60 

Fuel 362.50 20.55 973.96 21.86 3,701.14 20.71 2,761.63 20.77 

Water Price 172.43 9.77 516.49 11.59 2,916.82 16.32 2,116.55 15.92 

Fertilizer 531.82 30.15 1,147.04 25.74 2,471.84 13.83 1,971.77 14.83 

Labour 181.25 10.27 425.35 9.55 2,054.88 11.50 1,510.15 11.36 

Marketing  164.62 9.33 210.50 4.72 945.87 5.29 708.87 5.33 

Pesticide 56.64 3.21 159.72 3.58 563.53 3.15 422.70 3.18 

TVC 1,764.08 100.00 4,455.54 100.00 17,872.94 100.00 13,294.14 100.00 
TVC: Total Variable Costs 

 

Table 6 Total Gross Profit by Business Groups ($)  
1st group (7) 2nd group (9) 3rd group (35) Enterprise Average (51) 

Total GPV  6,708.42 19,487.09 66,827.15 50,221.43 

TVC 1,764.08 4,455.54 17,872.94 13,294.14 

TGP 4,944.34 15,031.55 48,954.21 36,927.29 
TVC: Total Variable Costs, TGP: Total Gross Profit 

 

Table 7 Total Costs of Sunflower Production by Business Groups ($) 

Variable and Fixed Costs 

1st group (7) 2nd group (9) 3rd group (35) Enterprise Average (51) 

$ 
Ratio 

(%) 
$ 

Ratio 

(%) 
$ 

Ratio 

(%) 
$ 

Ratio  

(%) 

Fertilizer Cost 531.82 17.74 1,107.20 21.84 2,318.35 24.42 1,938.38 24.09 

Fuel Cost 362.50 12.09 752.78 14.85 1,497.86 15.78 1,264.11 15.71 

Seed 294.82 9.84 743.60 14.67 1,392.96 14.67 1,189.24 14.78 

Labour  181.25 6.05 376.39 7.42 748.93 7.89 632.05 7.86 

Water Price 172.43 5.75 176.21 3.48 211.61 2.23 200.50 2.49 

Pest Cost 56.64 1.89 117.62 2.32 234.04 2.47 197.52 2.45 

Marketing Cost 164.62 5.49 130.21 2.57 141.18 1.49 137.74 1.71 

Total Variable Cost 1,764.08 58.85 3,404.01 67.14 6,544.93 68.95 5,559.54 69.10 

Land Rent 0.00 0.00 459.20 9.06 1,587.78 16.73 1,170.69 14.55 

Amortization 1,060.27 35.37 911.46 17.98 861.61 9.08 897.67 11.16 

Building Repair Maintenance 145.09 4.84 169.27 3.34 263.95 2.78 230.93 2.87 

Debt Interest 27.90 0.93 125.87 2.48 234.38 2.47 186.89 2.32 

Total Fixed Costs 1,233.26 41.15 1,665.80 32.86 2,947.71 31.05 2,486.18 30.90 

Total Costs 2,997.34 100.00 5,069.80 100.00 9,492.63 100.00 8,045.71 100.00 

 

Gross profit, absolute profit and relative profit of 

sunflower production was calculated and given in Table 8. 

According to Table 8, the average gross profit of 

enterprises in the production of sunflower is 18,285.16 $. 

In a study conducted in the Thrace region in 2014, the gross 

profit value of sunflower was calculated as 405.95 euro 

(553.39$) (Semerci, 2014). Absolute profit is 10,239.43 $, 

but the absolute profit does not correspond to the 

profitability of the sunflower investment. The profitability 

of production determines the relative profit. Here, the 

average relative profitability of the enterprises is calculated 

as 2,96. In other words, for every 1 $ spent on sunflower 

investment, a profit of $ 2.96 was earned. Sunflower 

cultivation is a profitable investment for the region and it 

is useful to calculate the unit cost. 

The unit cost of sunflower production is given in Table 

9. In production of sunflower, the unit production value is 

0.20 $ and the average of the enterprises’ variable costs per 

unit production 0.14 $. 
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Table 8 Gross Profit ($), Absolute Profit ($) and Relative Profit ($) in Sunflower Production 
 1st group (7) 2nd group (9) 3rd group (35) Enterprise Average (51) 

Sunflower GPV 6,708.42 15,520.64 29,412.42 23,844.70 

Total Variance Costs 1,764.08 3,404.01 6,544.93 5,559.54 

Production Costs 2,997.34 5,069.80 9,492.63 8,045.71 

Gross Profit 4,944.34 12,116.63 22,867.50 18,285.16 

Absolute Profit 1,947.00 7,046.82 13,374.86 10,239.43 

Relative Profit 2.24 3.06 3.10 2.96 

 

Table 9 Sunflower Unit Production Cost ($/kg) 
 1st group (7) 2nd group (9) 3rd group (35) Enterprise Average (51)  

Production Costs 2,997.34 5,069.81 9,492.64 8,045.72 

Production Amount 4,065.01 9,332.46 19,612.62 15,658.98 

Variable Costs 1,764.08 3,404.01 6,544.93 5,559.54 

Sunflower Costs  0.29 0.21 0.19 0.20 

Variable Costs per Unit Production 0.17 0.14 0.13 0.14 

 

Table 10 Efficiency Scores of Sunflower Producing Enterprises 

n=51 Lowest Highest Average 
Efficient 

Enterprise 

Increasing 

Returns to Scale 

Decreasing 

Returns to Scale 

Economic Efficiency 0.106 1 0.604 5 3 15 

Resource Efficiency 0.106 1 0.604 5 31 15 

Technical Efficiency 0.417 1 0.868 12 37 2 

Pure Efficiency 0.681 1 0.922 19 32 0 

Scale Efficiency 0.417 1 0.942 15 36 2 

 

 

The sale price of sunflower is 0.60 $. In this study, 

economic efficiency, resource efficiency, technical 

efficiency, pure efficiency and scale efficiency were 

calculated to measure input use efficiency. Economic 

efficiency is the ratio of the minimum cost to a predicted 

cost during the production process. The technical 

efficiency value is a combination of pure efficiency and 

scale efficiency. Technically efficient enterprises also 

provided pure technical efficiency (Coelli et al., 1998). 

The average technical efficiency of the enterprises 

analysed was determined as 86.80%. According to this, 

sunflower producing enterprises use 13.20% of their 

resources inefficiently. In other words, it is stated that the 

sources used in sunflower production are not used 

effectively in the enterprises analysed and it is not managed 

by a good entrepreneurship ability. The value of pure 

efficiency was determined as 92.20% according to the 

average of enterprises and it was determined that the 

enterprise was not administrated well in terms of 

management. Scale efficiency was found to be 94.20% on 

the average of enterprises and the enterprises were not on 

the appropriate scale in economic sense. The reason for the 

low scale efficiency shows that the enterprises do not use 

their resources rationally and that their management ability 

is low (Oğuz and Yener, 2018). Owing to the inefficient 

use of fertilizer and water used in enterprises, the resource 

efficiency was low and the inefficient use of technology led 

to low technical efficiency. In fact, when the cost elements 

in sunflower production reviewed, it is observed that a 

good part of the total cost belongs to technological tools 

and equipment. Additionally, the fact that enterprises do 

not operate at the appropriate scale, negatively affects the 

economic efficiency (Oğuz and Kaya, 2016). 

 

 

Conclusion and Suggestions 

 

The average gross profit of enterprises in the 

production of sunflower is 18,285.16 $. Absolute profit is 

10,239.43 $, but the absolute profit does not correspond to 

the profitability of the sunflower investment. The 

profitability of production determines the relative profit. 

Here, the average relative profitability of the enterprises is 

calculated as 2,96. In other words, for every 1 $ spent on 

sunflower investment, a profit of $ 2.96 was earned. 

Sunflower cultivation is a profitable investment for the 

region. In production of sunflower, the unit production 

value is 0.20 $ and the average of the enterprises’ variable 

costs per unit production 0.14 $. The technical efficiency 

of the enterprises analysed was determined as 86.80%. 

Pursuant to that, 13.80% of enterprises use their resources 

inefficiently. In other words, it can be mentioned that the 

resources used in sunflower production are not at the 

sufficient level in terms of management ability. In addition, 

scale inefficiency of enterprises affects production costs 

and yield. The average yields of the enterprises with 

increasing returns to scale were 425.33 kg/dec and the 

efficiency of the scale was found to be 94.20%. That is, 

businesses are not on the appropriate scale. The fact that 

enterprises do not operate at the appropriate scale reduces 

the economic efficiency. This means that enterprises in this 

group cannot use their resources effectively. Actually, the 

increase in cost more than the increase in production means 

that the optimum operating scale cannot be reached. The 

optimum operating scale is the point where the marginal 

revenue is equal to or greater than the marginal cost 

(MR≥MC). It should be ensured that enterprises use their 

resources effectively. Information meetings should be held 

for enterprises on resource use. 
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