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Abstract 

 

Technical efficiency and low cost production are crucial for competitiveness of tomato 

growing farms. Therefore, the aim of the present study was to determine production cost and 

technical efficiency levels of farms that grow tomato in open fields. Experimental data were 

obtained from 50 randomly selected tomato producers. Results showed that unit production 

cost of tomato was $0.17 kg
-1

 and labor costs had the highest share of total cost. For the 

estimation of farm level technical efficiency coefficients, Stochastic Frontier Analysis method 

was used. Technical efficiency coefficients of tomato producing farms varied from 0.35 to 

1.00, and the mean was 0.57. Results of Stochastic Frontier Analysis model showed that input 

use in tomato production could be lowered by 43%. It was found that inefficiencies of farms 

were mostly due to preventable technical factors rather than due to random causes. Farms 

could work at full efficiency by lowering their input use as well as by controlling off farm 

factors. The study suggested that technical training for tomato growing and extension 

programs would be useful to increase the efficiencies of tomato growing farms.  
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1. Introduction 

 

Farmers make decisions under many risks and uncertainties. They need enough and 

correct information to make the best decisions. Some of the information they need during the 

decision making process are about the market conditions and some are about consumer 

behavior and public policies. Unit production cost of crops give information about market 

behaviors as well as detailed information about input use efficiency of the farm. Collected 

farm level information allows the calculation of crop cost and indicates whether the farm 

operate in a technically efficient manner. Findings obtained after analyses of the raw data 

contribute to development and implementation of sustainable policies. Successful input use 

and administration along with some socio-economical features of farms and farmheads affect 

the differences among farms for crop costs and efficiencies. Analyzing these features during 

investigation process and their integration into empirical models are crucial to have successful 

outcomes. 

Determination of production costs and efficiency in tomato farming could improve 

farmers’ decisions. Tomato is one of the most produced, consumed and marketed crops as 

human food and has many uses such as direct consumption as well as a raw material for food 

industry. Because of its ecological advantages, Turkey is the fourth country in the world for 

tomato production (Adanacioglu and Yercan, 2012). Turkey has 311,000 ha of acreage and 12 

million tons of production. The country constitutes 7% of the world total for both criteria 

(FAOSTAT, 2016). Samsun province, surveyed in the present study, is the major farming 

area in northern Turkey and has a share of 3% in tomato production of Turkey (Hekimoglu 

and Altındeger, 2015). Tomato acreage in Samsun has been increasing, but tomato yields 

have not. The reason for this has been reported to be the lack of efficient input use in the 

region (Sili, 2013). 

Despite the importance of tomato for Samsun province and Turkey at large, studies 

estimating production costs and measuring production efficiency are rare. Total production 

costs and economic analysis of farms growing tomato were carried out by Engindeniz (2007) 

for industrial type and table tomato in İzmir province, by Esengun et al. (2007) for pole type 

tomato growing in Tokat province, by Cetin and Vardar (2008) for industrial type tomato 

grown in Southern Marmara region and by Keskin et al. (2010) for tomato growing in open 

fields in some provinces of Turkey. Nevertheless, input use efficiencies were not examined in 

those studies. Besides, there is limited number of studies dealing with production efficiency 
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of tomato growing farms. Engindeniz and Oztürk Cosar (2013) estimated technical efficiency 

of tomato growing farms in open fields in İzmir province using Data Envelopment Analysis. 

Unlike the available literature evaluating tomato production cost and production 

efficiency separately, present study dealt with these two issues together. Aim of the present 

study was to estimate costs and efficiency of farms growing tomato in open fields in Samsun 

province in an effort to produce data which might be helpful for farmers and decision makers. 

 

2. Materials and Methods 

 

Experimental data were collected from questionnaires conducted in 50 tomato growing 

farms selected by random sampling in Samsun province. Data belongs to year 2012. Sampling 

criterion was size of land devoted to tomato farming, and 10% error rate and 90% confidence 

level was used. 

For the calculation of unit production cost, opportunity cost principle was employed. 

Total production costs were examined under two headings: variable and fixed costs. Variable 

costs included costs for seed and seedling, fertilizer, pesticide, water, machinery rent, repairs 

and maintenance for machinery and interest of variable costs. Depreciation, farmland rent, 

tax, repairs and maintenance for buildings, interest of fixed costs and general overhead costs 

constituted fixed costs. Tomato production costs were expressed as amounts used per hectare 

(Kiral et al., 1999; Engindeniz 2007; Esengün et al. 2007; Cetin and Vardar 2008).  

For the calculation of labor costs including family and outsider labors, duration of 

work and labor wages were considered. Input costs were calculated based on the amount of an 

input used and current price of that specific input. Machinery rent costs were calculated based 

on unit land cultivation costs in the region. Fee paid by farmers for irrigation water was 

included as water for irrigation cost. Costs of repairs and maintenance for machinery were the 

share of tomato growing within yearly total repair and maintenance costs of the farm. For the 

interest of variable costs, 2.8% interest rate was used (ZB, 2013). For miscellaneous costs in 

the production process, 5% of all variable costs were taken. General overhead costs were 

calculated as 3% of total costs. For building and machinery interest costs, the share for tomato 

production was multiplied by current interest rate of 10.05% (CBRT, 2013). Unit cost of 

tomato production was calculated by division of total production costs by total amount of 

production (Kiral et al 1999). 
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Stochastic Frontier Analysis (SFA) was used to estimate technical efficiency of tomato 

growing. SFA approach establishes a functional relationship between dependent variables 

such as cost, profit and production, and explanatory variables such as input and environmental 

variables (Berger and Humprey, 1997). It also includes an error term in the model. Stochastic 

efficiency frontier approach, a parametric method, was developed by Aigner et al., (1977), 

Meusen and Broeck (1977) and Battese and Corra (1977) to estimate production efficiency 

using iii xY    production function. Aigner et al., (1977) and Meusen and Broeck (1977) 

stated that error term ( i ) of production function in fact consisted of two independent 

elements and formulized the production function as follows:  

iiii uvxY    (i:1,2,…,n) (1) 

iii uv      (2) 

Yi, Production function of i
th

 farm; xi, input vector of i
th

 firm; β, coefficient. vi, random 

variable that cannot be controlled, has normal distribution N(0, σ
2

v) and is independent of ui. 

ui is independent random variable which is non-negative, can partially be controlled and 

hence lead to technical inefficiency. ui can have semi-normal, truncated normal or exponential 

distribution depending upon the function used. Battese and Coelli (1995) developed following 

model to explain changes in ui which represents technical inefficiency. 

ii zu 
 

In the formula, zi represents specific features affecting technical efficiency (such as 

education level, age, administrative approach), while δ represents coefficients. With stochastic 

efficiency frontier approach, efficiency of a firm could be determined as the ratio of observed 

output to expected output using equation 1 (Coelli et al. 2005). Based on this, technical 

efficiency can be formulated as follows: 

i

ii

iii u
vx

uvx

e
e

eTE






 



  (3) 

Where ui=0 means full efficiency. Coelli (1995) reported that maximum likelihood 

method is more suitable for the estimation of production functions than least squares method. 

In the present study, efficiency of tomato farms were calculated based on Cobb-

Douglas type function with truncated normal distribution developed by Battese and Coelli 

(1995) using maximum likelihood method. Since the coefficients calculated using Cobb-

Douglas function gives elasticity, they provide easy interpretations. 

Cobb-Douglas type production function estimated for the study was as follows: 
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Output in the model was tomato yield of farms (kg ha
-1

), and inputs were land devoted 

to tomato farming (ha), labor (h ha
-1

), number of tomato seedlings used (ha
-1

) and pesticide 

costs ($ ha
-1

). Variables used to explain technical inefficiency (ui), on the other hand, were 

total farm assets, age, experience and education level of farm head, and credit use. 

Stochastic efficiency frontier estimations were made using FRONTIER 4.1. developed 

by Coelli (2007). 

Technically efficient and inefficient farms were compared statistically. “independent t 

test” was used for variables with continuous distribution and “Mann Whitney U test” was 

used for variables determined by ranking or by group level measurement. 

 

3. Findings and Discussion 

 

Average size of farming household in the study area was five. This was smaller than 

six which was average rural household size in Samsun province but close to average in 

Turkey (TSI, 2013). Average age of farm head was 44.12 years and he had an average 6.24 

years of education. 

Farms sampled had an average 4.01 ha of farmland, which was smaller than average 

farmland area in Turkey (5.9 ha) (TSI, 2013). Vegetables were grown in 52% of farmland, 

and tomato was grown in 15%. Average land devoted to tomato farming was 0.62 ha per 

farm. Tomato production accounted for 23% of yearly gross production value of farms. 

Average tomato yield of sampled farms was 48,620 kg ha
-1

. This average was lower than 

average tomato yield of Samsun province (58,530 kg ha
-1

) (FAL, 2012). 

Tomato production costs in experimental area were calculated and given in Table 1. 

Based on this, total production costs were $8,067.76 h
-1

. Of total production costs, 84.4% was 

for variable costs and 15.6% was for fixed costs. The highest share of costs belonged to labor, 

followed by seed and seedling and fertilizer costs.  

Unit cost of tomato was calculated to be $0.17 kg
-1

 and average income from tomato 

in the same period was $0.26 kg
-1

. In some other studies carried out on unit cost of tomato in 
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Turkey, Çetin and Vardar (2008) calculated $0.08 kg
-1

 but Esengün et al. (2007) calculated 

$0.16 kg
-1

, which was similar to the value calculated in the present study. 

 

Table 1: The calculation of tomato production cost* 

Cost items $ h
-1

 % 

Variable costs (A) 6,808.89 84.40 

Seed and seedling 1,442.00 17.87 

Fertilizers 922.22 11.43 

Pesticides 507.22 6.29 

Labor 2,745.17 34.03 

Diesel 84.61 1.05 

Machinery rent  134.56 1.67 

Water for irrigation 183.33 2.27 

Repairs and maintenance for machinery 288.92 3.58 

Miscellaneous cost (A*5.0%) 315.40 3.91 

Interest of variable costs (A*2.8%) 185.46 2.30 

   Fixed costs (B) 1,258.88 15.60 

Depreciation 281.22 3.49 

Land rent 638.89 7.92 

Tax 51.28 0.64 

Repairs and maintenance for farm buildings 105.22 1.30 

Interest 182.28 2.26 

General overhead  (A+B)*0.03 242.06 3.00 

Total production cost (A+B) (C) 8,067.76 100.00 

   

Tomato yield (kg h
-1

) (D) 48,620.00 --- 

Unit cost ($ kg
-1

) (D/C) 0.17 --- 

Selling price of producer ($ kg
-1

) 0.26 --- 

* $1= 1.85 Turkish Lira in 2012 (CBRT, 2013) 

 

Statistical data from variables of the model established to estimate the efficiency of 

farms in the study were given in Table 2. Average tomato yield of farms sampled was 48,620 

kg ha
-1

. To produce this yield, an average of 0.62 ha land, 1,412 hours of labor, 11,503 

seedling and $507 worth of pesticide were used. 

Variance parameters were significant at 1% level. This meant that use of a traditional 

production function for tomato was not satisfactory and technical efficiency (inefficiency) had 

a significant effect on tomato yields of farms. High gamma value (99%) and LR test results 

showed that ui variables (variables which cannot be negative and can be partially controlled) 

were the main cause of inefficiency in farms and that this could cause fluctuations in yield 

levels. 
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Table 2: Descriptive statistics of the variables used in the SFA model 

 Mean Std. Dev. Min. Max. 

Dependent Variable 

Tomato yield (kg ha
-1

) 48,620.00 16731.50 19,000.00 80,000.00 

Explanatory variables 

Tomato land (ha) 0.62 0.35 0.18 1.50 

Labor (h ha
-1

) 1412.50 244.20 890.70 2101.50 

Seedling (number ha
-1

) 11,503.32 2,469.90 5,000.00 25,000.00 

Pesticide ($ ha
-1

) 507.20 117.30 277.80 833.30 

Inefficiency varaibles  

Total farm asset ($) 25,413.09 15,241.22 1,444.44 79,500.00 

Age of farmhead (years) 44.12 7.70 28.00 65.00 

Education of farmhead (years) 6.24 2.30 5.00 13.00 

Credit use (If yes 1, otherwise 0) 0.62 0.39 0.00 1.00 

Experience about tomato farm (years) 22.94 7.28 5.00 40.00 

 

 

Results of Stochastic Cobb-Douglas model established using maximum likelihood 

method to estimate efficiency of tomato growing farms were given in Table 3. 

 

Table 3: Results of the SFA model for tomato farms 

Variables Coefficient Std. error t-value 

Constant -2.912 1.062 -2.743*** 

Ln (tomato land) -0.017 0.054 -0.312 

Ln (Labor) 1.559 0.211 7.385*** 

Ln (Seedling) -0.022 0.108 -0.209 

Ln (Pesticide) -1.004 0.245 -4.093*** 

    

Returns to scale 0.516   

 

Variance parameters 

 (sigma square) 0.044 0.007 6.073*** 

(gamma) 0.999 0.000 2677.56*** 

Log-Likelihood Function 8.878   

LR test  ( ) 4.13***   

    

Inefficiency effects    

Total farm asset ($) 0.020 0.036 0.566 

Age of farmhead (years) 0.285 0.088 3.257*** 

Education of farmhead (years) -0.137 0.101 -1.352* 

Credit use (If yes 1, otherwise 0) -0.003 0.063 -0.050 

Experience farmhead (years) -0.147 0.070 -2.088** 

*, **, *** significant at 10%, 5% and 1%, respectively. 

 

Coefficients of variables estimated by Stochastic Efficiency Frontier model in the 

study show the effect of input use on yield. Coefficients which were not significant were not 

discussed. 
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Land devoted to tomato farming affected tomato yields negatively, but the coefficient 

was not significant. Similarly, number of tomato seedling used per hectare also had a 

negative, but insignificant, effect on tomato yields. On the other hand, labor input had a 

positive and significant effect on yield, indicating that as the amount of labor increased 

tomato yields would increase. A 1% increase in labor input increased tomato yield by 0.04%. 

There was a significant negative correlation between pesticide use and tomato yield 

variables. Increasing pesticides costs was negatively associated with amount of tomato 

production. One per cent increase in pesticide costs meant a 1% decrease in yield. 

Results of model estimated for variables that were considered to be associated with 

inefficiency in tomato production were given in Table 3. Variables of age of the farm head, 

his/her level of education, years of experience in tomato production were significant, while 

total farm assets and credit use variables were not. Increasing age was estimated to cause 

increases in inefficiency. Increasing education level and experience in tomato production, on 

the other hand, were estimated to lower technical inefficiency. Positive or negative signs of 

variables were realized as expected. These results are in accordance with those of Bozoğlu 

and Ceyhan (2007) who estimated the efficiency of vegetable farming in the region. Bozoğlu 

and Ceyhan (2007) also reported that increasing educational level and experience decreased 

inefficiency, while age increased it. 

Since Cobb-Douglas type production function is expressed fully in a logarithmic 

manner, coefficients of the model give return to the scale. Sum of coefficients for explanatory 

variables was less than one (0.52), indicating that there were decreasing returns to scale in the 

farms studied and that inputs were not used in optimum scales. 

Efficiency scores of tomato farms were given in Table 4. Results indicated efficiencies 

varying between 0.35 and 1 (average 0.57). As the average of farms, the same production 

level could be achieved by 43% less input use. It could be stated that achieving production 

efficiency would lower tomato production costs. The first study to calculate technical 

efficiency of tomato production in Turkey, Engindeniz and Öztürk Coşar estimated a 

technical efficiency of 78% for tomato farms. Bozoğlu and Ceyhan (2007) calculated 82% of 

production efficiency for vegetable production in Samsun. These results point to major 

efficiency problems for tomato farms in the region and could explain high production costs of 

the crop. 
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Table 4: Descriptives of technical efficiency in the tomato farms  

  

Mean technical efficiency score 0.572 (57%) 

Standard deviation 0.132  (13%) 

Minimum 0.348 

Maximum 1.000 

 

 

Distribution of technical efficiency coefficients calculated for farms were given in 

Figure 1. Only one tomato growing farm was found to be fully efficient. Two farms had 

efficiency levels over 90%. These three farms were considered efficient. Of the remaining 

farms, 24% had efficiencies lower than 50%, while 64% had efficiencies varying from 50 to 

80%. Ninety six per cent of the farms investigated were technically inefficiency. Bozoğlan 

and Ceyhan (2007) reported that 89% of the vegetable farms in the region were inefficiency. 

Engindeniz and Öztürk Coşar (2013) reported that 33% of the tomato farms in another region 

were efficient and 67% were not. 

 

 
Figure 1: Distribution of the technical efficiency scores 

 

 

Differences between efficient and inefficient tomato farms were investigated using 

some variables and results were given in Table 5. As can be seen in the table, there were 

differences between efficient and inefficient tomato farms for some variables. Differences for 

yield, labor, seedling, tomato growing land, education level of farm head were significant. 

Efficient farms had higher yields (p<0.10) and achieved these high yields by less seedling 

(p<0.05) and labor costs (p<0.10). Technically efficient farms had higher level of total farm 
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assets, land, farm head’s education level and experience (Table 5) compared to technically 

inefficient farms. 

 

 

Table 5: The differences between technically efficient and inefficient tomato farms 

 
Inefficient farms (n=47) 

Efficient farms 

(n=3) 

Yield (kg ha
-1

)* 47,677.23  63,333.33 

Labor (h ha
-1

)* 1,419.57 1,302.27 

Seedling (number ha
-1

)** 11,702.13 8,386.67 

Pesticides ($ ha
-1

) 501.77 592.59 

Total farmland (ha) 2.99 4.68 

Tomato land (ha)* 0.61 0.80 

Total farm asset 24,990.85 32,028.15 

Age of farmhead (year) 44.38 40.00 

Education of farmhead (year) 6.17 7.33 

Experince of farmhead (year) 22.85 24.33 

*, **, *** significant at 10% and 5%, respectively. 

 

4. Conclusion 

 

Findings of the present study showed that 16% of the farmland of sampled farms was 

devoted to tomato growing and average tomato yield was 48,620 kg ha
-1

. Unit cost of tomato 

was $0.17 kg
-1

. Total production cost of tomato was $8,067.76 ha
-1

 and 84.40% of the total 

cost was for variable costs and 15.60% was for fixed costs. The labor cost had the highest 

share of costs. 

Production efficiency of farms in experimental area was 57%. Only 6% of the farms 

achieved production efficiency and the remaining 94% were inefficient. It was found that 

farms could achieve production efficiency through decreasing their input use by 43% to 

produce the same amount of tomato. Comparative analyses revealed that efficient farms were 

in a better condition for yield levels, labor use, seedling use, educational level, amount of land 

and experience than inefficient farms. 

Unit costs were high because of low yields, poor farming ability and use of improper 

amounts of inputs. These problems could be alleviated through implementation of practices 

that could improve input use efficiency. Using modern growing practices, appropriate amount 

and quality of input and developing better producer-scientist-extension specialist relations 

could help eliminate efficiency problems in tomato farming.  
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