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INTRODUCTION 

 

Agriculture sector is under the effect of a 

great number of risk factors generating from 

production, marketing, financing, 

technological development, socio economic 

characteristics of the producers and 

government interferences. Agricultural 

enterprises should consider the risk factors 

in order to take the right decisions. The 

producers encounter with both yield 

fluctuations generating from climate, 

infections and pests and price fluctuations in 

input and crop prices. Besides, changes in 

technology and increase in capital use 

complicate the rational decision making of 

the enterprises. The enterprises should 

consider the risk factors in agricultural 

production in order to take right decisions in 

free market conditions (Ceyhan, 2003; 

Gündüz, 2007; Çetin and Esengün, 2012).  

 

Under risk factor, agricultural crops can be 

supported by the government with highest 

prices or the producers can evaluate the 

production sources by tending to provide the 

highest income.  
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These kinds of decisions can be taken by 

doing planning especially in the agriculture 

sector in which risk and uncertainty is 

intensive. The factors in agricultural 

production can be optimized according to 

technical and economic conditions by a 

forward planning study (Miran, 1990).   

 

The uncertainties in the agriculture can be 

partially controlled by game theory approach 

which is one of the planning methods. The 

aim of this study is to determine the most 

profitable production pattern in greenhouse 

vegetable farms under risk conditions by 

game theory approach. For this purpose, 

gross profits of the crops, which are 

produced and have production potential in 

the research area, were determined. 

Agricultural production plans for the 

enterprises were obtained by linear 

programming (LP) and game theory models 

and they were compared. By this way, 

optimum plans with minimum risks were 

obtained.  

Many studies were conducted in different 

areas such as the determination of defending 

strategies and price and marketing strategies 

on game theory subject.  

 

Abstract:  The aim of this study was to plan the enterprises which apply greenhouse vegetable 
farming in Mersin province by Game Theory (GT) approach. The main material of this study 
consisted of survey data obtained from 163 greenhouse vegetable producers in Mersin Province 
and the data included 2013-2014 production periods. 
The average land size was determined as 14.47 da. According to results, 22.70% and 77.30% of 
the producers were determined as risk takers and risk averse, respectively. As a result of the 
production plans which were applied according to Game Theory approach, the production pattern 
changed according to the current state. Also, gross profit increased in the ratios of 15.55% and 
8.46% for the producers who take and avoid risks, respectively. 
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The studies in agricultural subjects were 

generally about agricultural policy and 

applications, decision making criteria and 

selling periods of the agricultural products.  

 

Studies related with game theory approach 

were conducted on the subjects such as the 

examination of the market in terms of 

competitiveness and agricultural 

sustainability (Becker and Thiele, 1994; 

Satti, 1998; Müller, 1999; Holsteiner, 2003; 

Dae-Seob and Lynn, 2006), basin and water 

management (Başaran Uysal and Bölen, 

2006; Herath, 2006; Raquel et al. 2007), 

execution of the production and trade 

scenarios of rice which is a significant crop 

in production and foreign trade (Langham, 

1963; Ghosh et al. 2003; Lee and Kennedy, 

2007), execution of the risk status of the 

crops and composing of the enterprise plans 

(Miran and Dizdaroğlu, 1994; Miran, 1995; 

Vuruş Akçaöz, 2001; Özkan and Vuruş 

Akçaöz, 2002; Şahin, 2008; Adeoye et al. 

2012, Taalimoghaddam and Karbasi, 2012), 

determination of the optimum selling 

periods of the crops (Özer and Özçelik, 

2010; Uysal et al. 2014). Any study was not 

carried out by game theory approach on 

greenhouse vegetable farming which is 

significant in production and export and 

requires far too much technical information 

and experience and this reveals the 

importance of the research. 

 

MATERIALS AND METHODS 

 

The main material of the study consisted of 

survey data obtained from the producers in 

Erdemli, Akdeniz and Tarsus districts of 

Mersin province in 2015. Simple random 

sampling method was used in order to 

determine the number of the surveys (Güneş 

and Arıkan 1988; Çiçek and Erkan 1996). 

 

𝑛 =  
𝑁 ∗ 𝜎2

(𝑁 − 1) ∗ 𝐷2 +  𝜎2
       

 

In the formula;  

n: Sample size, N: Number of the enterprises 

in the population, 𝜎2: Variance of the 

population, D2: (d/t)2, d: deviation from 

average (%5), t: table value corresponding to 

95% confidence limit (1.96)  

 

Total of 1437 enterprises are registered in 

Mersin Directorate of provincial food, 

agriculture and livestock greenhouse 

registration system.  Accordingly, the 

number of the surveyed enterprises were 

determined as 163 with 5% error margin and 

in 95% confidence interval. 

 

Input usage, crop yields, gross production 

values, variable costs and gross profits of the 

greenhouse crops were calculated according 

to the planting areas of the crops.  

 

The attitudes of the producers against risks 

were determined. Economic behavior 

method, direct benefit function approach, 

alternative market choices, private sequence 

approach and range methods were 

determined in some studies which were 

conducted in order to determine the risk 

choices. If the risk determination process in 

a field study is easy, it is understood that it 

can be reached to the best result (Karahan, 

2002; Günden, 2005; Şahin, 2008).  

 

In many studies, risk irrelevant producers 

were included to risk averse groups as risk 

irrelevant status is a special case of risk 

averse (Ceyhan et al. 1997; Karahan; 2002; 

Gündüz and Esengün, 2007; Şahin, 2008; 

Kuriyama et al. 2010; Goswami and 

Choudhury, 2014). 

 

Gross production value of each year was 

calculated by multiplying the yields of 2015 

year with annual average real prices. Gross 

profit was calculated by subtracting the 

variable costs of 2017 year from the gross 

production value of each year. The gross 

profits, obtained from the primary data in the 

research area, were evaluated from 2015 

year. The variability generating from the 

market was included to the model.  

 

Linear programming model was applied for 

risk taker enterprises and Wald criteria of 



59 

 

 

International Journal of Crop Science and Technology (IJCST) 

game theory approach was used for risk 

averse enterprises when making the 

production plans according to the risk levels 

(Miran, 1995; Özkan and Vuruş Akçaöz, 

2002; Şahin, 2008). 

 

RESULTS AND DISCUSSION 

 

Average family labor force of the enterprises 

was calculated as 433.04 Male Labor Force 

Unit (MLFU). On the basis of the districts, 

potential family labor forces were 

determined as 470.67, 410.35 and 377.85 

MLFU in Erdemli, Akdeniz and Tarsus 

districts, respectively.  

 

Intensive labor force is required in 

greenhouse vegetable farming but the 

surveyed enterprises used only 41.77% of 

family labor force and 58.23% of the family 

labor force remained inactive. This 

depended on the employment of the major 

part of the family population in non-

agricultural labors. In the districts, it was 

observed that the family labor force ratios 

differed due to the differences between the 

greenhouse production area sizes and the 

production patterns.  

 

Intensive temporal labor force is used in 

greenhouse vegetable farming as it is a 

seasonal or annual production activity. 

Average of 1089.69 MLFU was used in the 

enterprises. When the greenhouse vegetable 

farms were evaluated on the basis of 

districts, it was determined that total of 

410.86 MLFU was used in Erdemli district, 

1677.09 MLFU was used in Akdeniz district 

which has the biggest greenhouse area 

presence and 1532.47 MLFU was used in 

Tarsus district which is similar to Akdeniz 

district. It was also determined that 89.39% 

and 16.61% of total labor forces were 

supplied from waged labor force and family 

labor force, respectively. The ratios of 

family labor force and waged labor force 

was determined to be quite close one another 

in Erdemli district. In Akdeniz district, 

90.45% and 9.55% of total labor forces were 

supplied from waged labor force and family 

labor force, respectively. Besides, it was also 

concluded that 88.12% and 11.88% of total 

labor forces were supplied from waged labor 

force and family labor force, respectively in 

Tarsus district. 

Average size land was determined as 14.47 

da in the enterprises. Besides, 80.30% and 

3.48% of total enterprise land comprised of 

domain land and rental land, respectively. 

Sharecropping in greenhouse farming 

generally occur between close relatives and 

the ratio of sharecropping area size was 

determined as 16.22% (Table 1). 

 

Table 1. Distribution of the Enterprise Land 

by Ownerships 

 

Single-cropping pepper production was 

executed in 40.71% of the enterprises. 

Single cropping tomato production with the 

ratio of 10.74% and double cropping tomato 

production (autumn and spring) with the 

ratio of 10.39% followed this. In perennial 

crops, mandarin production had the highest 

ratio with 7.03%. In the study, the ratios of 

orange, lemon and grape productions were 

determined as 4.11%, 3.26% and 2.07%, 

respectively.  

 

Average tractor number per enterprise was 

determined as 0.54. The highest tractor 

existence was determined in Tarsus district 

with the value of 0.67 and the minimum 

tractor existence was determined in Erdemli 

district with the value of 0.45. The machine 

power per decare was determined to be high 

in Tarsus district with the value of 121.57 h 

and the machine power per decare was 

determined to be maximum in Erdemli 

district as the production areas were smaller 

according to other districts (Table 2). 
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Erdemli 
da 4.364 0.14 0.358 4.862 

% 89.76 2.88 7.36 100.00 

Akdeniz 
da 18.642 0.843 3.334 22.819 

% 81.69 3.70 14.61 100.00 

Tarsus 
da 12.027 0.542 6.494 19.064 

% 63.09 2.84 34.07 100.00 

Average 
da 11.622 0.504 2.347 14.473 

% 80.30 3.48 16.22 100.00 
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Table 2. Machine Existence in the 

Enterprises 

District 
Number 

of tractors 

Machine 

power (h) 

Machine 

power per 

da (h/da) 

Erdemli 0.45 34.05 7.00 

Akdeniz 0.59 111.08 5.09 

Tarsus 0.67 121.57 6.38 

Average 0.54 82.09 5.67 

 

The human labor usage in the enterprises 

differed according to the crops and the 

working time in greenhouse production was 

evaluated as 8 h/day. The highest human 

labor was used in single cropping tomato 

production with the value of 106.35 

MLFU/da. in the enterprises. However, as 

double cropping vegetable production is 

intensively executed in the region, more 

human labor is required according to single 

cropping production. In this context, the 

highest human labor requirements were 

determined as 124.34 MLFU/da., 116.14 

MLFU/da. and 113.22 MLFU/da. in tomato 

+ bean, cucumber + bean and double 

cropping tomato production combinations, 

respectively. In perennial crops, the highest 

human labor requirement was determined in 

lemon production with the value of 20.38 

MLFU/da., Mandarin, orange and grape 

productions followed this with the values of 

19.78 MLFU/da., 18.12 MLFU/da., and 

15.75 MLFU/da., respectively.  

 

An intensive human labor is required in 

October-December months when the 

maintenance and harvesting processes of 

autumn crops are executed and March-June 

months when the maintenance and 

harvesting processes of spring crops are 

executed. Human labor supply is quite 

difficult in these periods in the research area. 

Alternative crop and crop combinations, 

which have production potential in the 

region, were included to the plan besides 

current production pattern in the planning 

study and the human labor was included to 

the plan with the current state. Additional 

capital was not used in order to reach to the 

optimum production plans. The restrictive 

used in the model were determined as 

production area (da), male labor force unit 

(MLFU), machine power (h) and capital 

(TL).  

 

New crop and crop combinations were 

considered in the production patterns as 

alternative greenhouse crops, which have 

production potential in the region, were 

included to the planning models (Table 3). 

 

CONCLUSION  

 

The future of the agriculture and the solution 

of the problems depend on the efficient and 

healthy decisions on the basis of both 

producer and sector. For this reason, 

regarding the risk management in agriculture 

and planning with appropriate methods by 

the determination of risk and risk sources 

appear as a significant subject.   

 

Intensive temporal labor force is used in 

greenhouse vegetable farming as it is a 

seasonal or annual production activity. 

Evaluation of potential family labor force in 

production may cause the decrease of the 

production costs.  

 

The producers in the research area generally 

take the production decisions themselves. 

The effect of the women, who are active 

beginning from the maintenance till 

harvesting in greenhouse vegetable farming, 

is less than the men. Therefore, this must be 

considered in training and publishing 

activities which will be performed in the 

forthcoming periods.   

 

Gross profit increase in the enterprises was 

provided by using different planning 

methods. Usage of linear programming was 

more advantageous in the ratio of 14.63% 

according to the current state. An advantage 

of 7.22% was obtained in game theory 

model in which the risk was lower.  

The primary subject in planning studies is 

the determination of the technical 

coefficients used in production activities.  
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Table 3. Planning Results of the Enterprises 

in Mersin Province 

Crops 
Current LP GT 

da da da 

Pepper (single 

cropping) 
5.892 4.731 6.653 

Tomato (single 

cropping) 
1.555 - 1.406 

Tomato + tomato 1.504 - 2.134 

Cucumber (single 

cropping) 
0.604 - 0.242 

Green pepper 

(single cropping) 
0.515 2.237 0.054 

Tomato + 

cucumber 
0.506 - - 

Squash + green 

pepper 
0.319 - - 

Cucumber + 

green pepper 
0.239 - - 

Squash + pepper 0.184 - - 

Cucumber + 

tomato 
0.167 0.938 - 

Bean (single 

cropping) 
0.123 1.562 - 

Eggplant  (single 

cropping) 
0.110 - 0.642 

Eggplant + 

tomato 
0.104 0.276 - 

Cucumber + 

cucumber 
0.049 - - 

Cucumber + 

pepper  
0.037 - - 

Eggplant + 

pepper 
0.031 - - 

Squash + 

eggplant 
0.025 - 0.474 

Cucumber + 

melon 
0.025 0.556 - 

Cress + green 

pepper 
0.015 - - 

Cauliflower + 

tomato 
0.012 - - 

Tomato + bean 0.060 - - 

Lettuce + tomato 0.006 - - 

Lettuce + 

cucumber 
0.006 - - 

Tomato + melon  - 0.984 - 

Cress + tomato - 0.804 - 

Squash + tomato - - 0.483 

Lemon 0.472 0.472 0.472 

Grape 0.300 0.300 0.300 

Mandarin 1.018 1.018 1.018 

Orange 0.595 0.595 0.595 

Total  14.473 14.473 14.473 

 

The changes in production techniques cause 

the variation of the inputs. In this context, the 

researchers should always follow the 

innovations in the research area. Price 

uncertainty, which occurs as a result of the 

production plan, is another subject. As the 

price formation in agricultural production 

activities occur within the scope of macro 

policies, they are directly associated with 

policy applications. For this reason, the 

planning studies including long term time 

series are important for presenting the 

probable effects of the policies.    
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