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ABSTRACT 
In this study, seed factors in paddy, canola and cotton production were examined in terms of 
economic efficiency level. Within the scope of the research, primary data from 74 enterprises 
for paddy, 83 enterprises for canola and 136 enterprises for cotton have been used. During 
the study, the relationship between the seed usage and the amount of yield gained from the 
unit area in the production of paddy, canola and cotton have been analyzed by using the 
Cobb-Douglas production function. In the study, the determination coefficient of the 
estimation equation for paddy production was calculated as 0.972, the sum of the elasticity 
coefficients of the production factors (Σbi) was 1.002, the elasticity coefficient for seed input 
was 0.284, and the marginal efficiency coefficient was 7.44. The coefficient of determination 
of the estimation equation for canola production was found to be 0.919, the elasticity 
coefficient (bi) of the seed input was 0.110, and the sum of the elasticity coefficients of the 
production factors (Σbi) was 1.004. In the study, it has been determined that the marginal 
efficiency coefficient of the fertilizer factor used in canola production is 1.44. In the present 
study again, the determination coefficient of the cotton production function has been 
determined as 0.915, the elasticity coefficient of the fertilizer factor as 0.293, and the sum of 
the elasticity coefficients of the inputs involved in production (Σbi) has been determined as 
0.976. In the study, the marginal efficiency coefficient of the seed factor in cotton production 
was found to be 3.86. In the enterprises examined, seed input in paddy, cotton and canola 
production was found to be statistically significant at the level of 5%. The determination 
coefficients (R2) of the prepared estimation equations were above 0.90 and they were found 
to be statistically significant at the level of 5%. When the marginal efficiency coefficients 
calculated for paddy, canola and cotton production are examined, it is understood that the 
seed factor is not used economically effectively. Research results have shown that to 
increase the yield obtained from the unit area and product income in the enterprises 
examined, the enterprises should pay special attention to the use of certified seeds. 
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To satisfy the basic nutritional needs of growing population of the world, there is an 
urgent need to increase in agricultural production. As majority of crops are propagated by 
seed, planting quality healthy seed is an important factor (Gaur et al., 2020). 

Seed quality is a crucial determining factor of yield and quality of crop production. Good 
quality seed is superior to other standard seed in genetic and physiological purity and is free 
from seedborne diseases and disorders (Wimalasekera, 2015.) The availability, access, and 
use of quality seed of adaptable crop varieties, are critical in increasing agricultural 
productivity, ensuring food security, and improving farmer‟s livelihoods (Bishaw et al., 2007). 

Seed is the most important input for crop production. Availability of quality seeds of 
different crops is considered very crucial for achieving higher productivity of crops 
(Mahakham et al., 2017). To boost the productivity of such low value-high volume crops, 
farmers need to have access to improved seeds of the right type, at the right time, at the right 
place and at a reasonable price (Roy, 2014). 
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The significance of seeds to any crop-based production system cannot be 
overemphasized. It is the fundamental unit of any production system since it is the source of 
life. Improving the quality of seed of any preferred variety is the basis for agricultural 
productivity improvements (Louwaars and De Boef, 2012). The tasks of breeding and seed 
production of agricultural crops are the reproduction of seeds of varieties and hybrids and the 
maintenance of their genetic potential to preserve the properties and economically valuable 
traits (Zolkin et al., 2021). Seed is the most essential input of plant production, and it is 
impossible to produce without seeds. As a result of field and laboratory controls, the seeds 
obtained because of determining the genetic, physical and biological values and determining 
them with a document are called "certified seeds" (Erdem and Yücel, 2015). 

Farmers who use certified seeds receive higher quality seeds as a prerequisite for 
achieving higher yields (10-30%). The use of certified seed prevents the spread of weed 
species via seed, thereby reducing the number of treatments required with herbicides while 
reducing costs (Bogdanović et al., 2015). Scientific studies have shown that the share of 
certified seeds in increasing yield is at the level of 20–30% in self-pollinated plants such as 
cereals and legumes, and over 100% in foreign-pollinated plants such as corn and sunflower 
(TOB, 2022). 

Within the scope of the study, the variable costs of the specified products and the 
share of seed use in the product cost have been examined. Also in the study, the factors 
affecting the production for each product have been analyzed with the help of Cobb-Douglas 
type production function. Effective use of resources in agricultural production is extremely 
significant. Likewise, the efficient use of resources not only reduces the cost of the product 
but also increases the product income as well as the competitiveness of the enterprises. 

In crop production, the effective use of the seed is as important as the number of seeds 
used per unit area. In other words, the ratio of the price of the last unit of seed used in 
production (factor price or marginal cost) to the monetary value of the increase in total 
production of the seed used gives information about the efficiency level of the seed used. 
With this purpose, the elasticity coefficient and significance level of the seed factor were 
calculated for each product. Marginal efficiency coefficients have been calculated with the 
help of the marginal product value and factor price of the seed factor in the products 
determined in the study, and the research findings obtained have been analyzed in 
comparison with other research findings on the subject. 
 

LITERATURE REVIEW 
 

Suresh and Reddy (2006) examined the cost factors in paddy production in a survey 
conducted with 71 farmers in India. In the study, 10 independent variable factors were 
included in the paddy production function, and the determination coefficient (R2) of the 
function, the elasticity coefficient and significance level of the chemical seed variable have 
been calculated. In the study, the marginal efficiency coefficient of the seed variable in the 
estimation equation was calculated and interpreted. 

In a study conducted by Sikdar et al. (2008) with 120 producers in Bangladesh, 11 
independent variables were in paddy production function. Along with the variables in the 
paddy production function, the elasticity coefficient of the seed factor was determined and 
interpreted. 

In another study carried out by Nimoh et al. (2012) with 70 producers in Ghana, there 
were 5 independent variable factors in the paddy production function. In the research 
conducted, the share of seed cost in total variable costs in paddy production was also 
determined. The coefficient of determination (R2) of the rice production function was 
calculated. In the study, the elasticity coefficient and marginal efficiency coefficient of the 
seed variable were determined. 

Adedoyin et al (2016) conducted a study with 396 farmers in Malaysia and they found 
that 5 independent variable factors were involved in the paddy production function. In paddy 
production, the share of seed input in product cost among total variable costs was 
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determined. The coefficient of determination (R2) of the rice production function, the elasticity 
coefficient of the seed factor and the marginal efficiency coefficient were calculated. 

Gözener (2016) conducted a study in Türkiye and found out that there were 6 
independent variables in the paddy production function. The coefficient of determination (R2) 
of the rice production function and the coefficient of elasticity of the seed factor was 
determined and interpreted. In the research, the share of seed input in changing costs was 
calculated as 3.78% and its share in product cost was calculated as 2.70%. 

Kaka et al. (2016) carried out a study in Malaysia with 397 producers and came up with 
the finding that there were 5 independent variables in the paddy production function. The 
elasticity coefficient of the seed variable in the paddy production function was determined 
and interpreted. 

In the study conducted in Sri Lanka by Kanthilanka and Weerahewa (2016), the factors 
affecting paddy production were examined in terms of functionality. In the study, 9 
independent variable factors were included in the estimation equation together with the seed 
input, and the elasticity coefficients of these variables were calculated. 

Yumnam et al. (2017) investigated the efficiency of factors used in paddy production in 
two different regions in terms of econometrics. For this purpose, face-to-face surveys were 
conducted with a total of 100 producers, 50 in Himachal Pradesh State and 50 in Manipur 
State. In the research, enterprises were evaluated in 2 groups as small- and large-scale 
enterprises. In the study conducted, 5 independent variables were included in the estimation 
equation for paddy production, and the elasticity coefficients of the seed factor and other 
variables were calculated and interpreted. 

In the study of Sonawane et al. (2017), carried out with 62 producers in India, there 
were 9 independent variables and the elasticity coefficients related with these variables were 
both estimated and analyzed. 

In a study conducted in 2 settlements with 40 producers in Iran by Azizpanah and 
Mohammadi (2018), it was aimed to make energy use and economic analysis in paddy 
production. In the estimation equation prepared within the scope of the research, labor, 
machine pull power, fuel, chemical fertilizer, animal manure, agricultural pesticide, irrigation 
and seed variables were included. 

Ida and Azhar (2018) conducted a study with 159 farmers in Indonesia and included 6 
independent variables in the paddy production function along with the seed. Together with 
the coefficient of determination (R2) of the rice production function, the elasticity coefficient 
and marginal efficiency coefficient of the seed factor in the estimation equation were 
calculated. 

In the study of Pudaka et al. (2018), which was carried out with 100 producers in 
Indonesia, there were 5 independent variables in the paddy production function. In the study, 
the coefficient of determination (R2) of the paddy production function was determined. In the 
estimation equation, the elasticity coefficients of other factors were determined along with the 
seed factor. In the study, the marginal efficiency coefficient of the seed factor was calculated 
and interpreted. 

In a study conducted by Melese et al. (2019) with 148 producers in Ethiopia, labor, 
production area, DAP fertilizer, Urea fertilizer, seed, pesticide and animal pull power factors 
that affect the amount of paddy production obtained per unit area were analyzed. 

Siagian et al. (2019) conducted a study with 123 producers in Indonesia and in this 
research, there were 16 independent variable factors included in the paddy production 
function along with the seed. The coefficient of determination (R2) of the paddy production 
function was calculated, and the marginal efficiency coefficient of the seed variable was 
determined and interpreted. 

Subedi et al. (2020) investigated profitability and resource use efficiency in their study 
carried out with 100 producers in Nepal. In the estimation equation, the variables of seed, 
chemical fertilizer, labor force, tractor and harvesting cost were included. In the study, the 
share of seeds in product cost was determined as 8.44%. 

In the study of Bakri et al. (2021) that was carried out with 30 producers in Indonesia, 
there were 7 independent variables in the paddy production function. In the study, along with 
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the elasticity coefficients of other inputs in the function together with the seed, marginal 
efficiency coefficients were calculated and interpreted. 

Billah (2022) conducted a study with 200 farmers in Bangladesh and examined the 
effects of labor, chemical fertilizers, seeds, irrigation, agricultural control and tillage factors on 
paddy production. 

In the research conducted by Saepudin and Amelia (2022) with 96 producers in 
Indonesia, the efficiency of the use of production area, labor, chemical fertilizers, seeds and 
irrigation inputs in paddy production were all analyzed. 

In the study of Kumar et al. (2023), which was conducted in India, the factors affecting 
paddy production were analyzed using the Cobb-Douglas production function. Labor, seed, 
animal and chemical seed and irrigation variables were included in the estimation equation 
obtained in the study. 

In the research conducted by Yüzbaşıoğlu and Abacı (2023) with 164 producers in 
Türkiye, the cost of paddy production was calculated and the factors affecting its production 
were analyzed with the help of Cobb-Douglas type function. 

In this section, the research on the analysis of seed use and efficiency level in canola 
production are summarized. 

Badar et al. (2007) examined the effect of 8 variables on the agricultural production 
value of enterprises, including canola production in their study conducted in Pakistan. The 
coefficient of determination of the estimation equation created in the study was measured as 
0.94. 

Mousavi-Avval et al. (2011) investigated the effect of seed amount in terms of energy 
on the canola production amount in their study conducted in Iran. For this purpose, the 
determination coefficient of the estimation equation was calculated. In the study, the elasticity 
coefficient of the seed factor was determined and interpreted. 

Das and Sharma (2018), in a study conducted in India, examined the effect of 
cultivation area, seed amount, chemical seed amount, human labor, animal traction and 
tractor use on canola and mustard production according to enterprise sizes. The sum of the 
coefficient of determination and elasticity coefficients of the estimation equation was 
calculated as 0.837 and 1.04 in marginal enterprises, 0.961 and 1.04 in small scale 
enterprises, 0.959 and 1.17 in medium-sized enterprises, 0.952 and 1.09 in large, scaled 
enterprises respectively and the average of the enterprises was calculated between 0.935 
and 1.03. 

Wambui and Majiwa (2020), in their study with 46 producers in Kenya, determined the 
elasticity coefficient of the factors related to land size, seed amount, labor force and seed 
use amount and then analyzed and the production function was prepared according to the 
"Stochastic Production Frontier" method. 

In this section, the research on the analysis of seed use and efficiency level in cotton 
production are summarized. 

Gaddi et al. (2002) determined the elasticity coefficient of the seed factor in the cotton 
production function by considering the enterprises in general in their study carried out with 80 
producers in India. In the study, the coefficient of determination (R2) and F-Statistic value of 
the estimation equation were estimated. 

Çelik and Bayramoğlu (2007) investigated the relationship between cotton yield value 
per decare and 10 independent variable factors affecting production value in their study 
conducted with 75 enterprises in Türkiye by using the Cobb-Douglas production function. In 
the study, the coefficient of determination (R2) of the estimation equation was calculated. In 
addition, the elasticity coefficient of the seed factor in the equation was determined and 
interpreted in the same study. 

Chaudhry and Khan (2009) conducted a survey with 100 producers in Pakistan and 
calculated the share of fertilizer cost (Rs.888.19 acre-1) in the cost of total cotton production. 
In the study conducted by using the Cobb-Douglas type production function, the elasticity 
coefficient and marginal efficiency coefficients of the seed factor were both determined and 
interpreted. 
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Zahedi et al. et al. (2014) estimated the determination coefficient of the estimation 
equation obtained by using the Cobb Douglas production function. In their study conducted 
with 47 agricultural enterprises in Iran. In the study, the elasticity coefficient of the seed factor 
in the equation was determined and interpreted. 

In the study conducted in Pakistan by Ahmad et al. (2016), in addition to the cost 
analysis in cotton production, the effects of the factors used in production on the production 
amount were analyzed with the help of the Cobb-Douglas production function. In the study, 
the share of seed cost in product cost was determined. In the same research, the elasticity 
coefficient of the seed factor was determined and interpreted in the estimation equation 
related to cotton production. 

In another study conducted in Nigeria by Babangida (2016), the amount of cotton 
production and the effect of seeds, pesticides and labor used in production were functionally 
examined. In this study, in which the Cobb-Douglas production function was used, the 
elasticity coefficients of seed and other factors were both calculated and interpreted. In the 
study, the share of seed cost in changing costs in cotton production was calculated as 5.05% 
and its share in product cost was calculated as 4.48%. 

Zulfiqar and Thapa (2016) analyzed the types of "Better cotton" and "Conventional 
cotton" in Pakistan from an economic point of view. The share of seed cost in cotton 
production cost was calculated for the cotton varieties specified in the study. 

Örük (2020) compiled data from 134 cotton production enterprises in the study 
conducted in Türkiye. There were 11 independent variables in the estimation equation 
related to cotton production. The elasticity coefficients of the variables in the study, in which 
the "Tobit Model" was used, were both calculated and interpreted. 

In the study conducted by Wei et al. (2020a) in Pakistan, data were gained from 480 
cotton producing enterprises. In the study, enterprises were examined in 3 groups as small, 
medium and large-scale enterprises. The factors affecting the cotton production income 
obtained from the unit area were analyzed using the Cobb-Douglas production function in the 
same study. There were 8 independent variables in the estimation equation for cotton 
production. 

In the study conducted by Wei et al. (2020b) in Pakistan, data were gained from 240 
cotton producing enterprises. In the study, enterprises were examined in 3 groups as small, 
medium and large-scale enterprises. 

Candemir (2021) obtained data from 67 agricultural enterprises in the study conducted 
in Türkiye. In this research, cost factors affecting cotton production were analyzed. The 
research showed that there were 6 independent variable factors in the regression equation 
for cotton production. The coefficient of determination (R2) of the estimation equation was 
calculated. The elasticity coefficients and marginal efficiency coefficients of the variables 
which took place in the equation were both determined and interpreted. 

In the study carried out by Verma et al. (2021) in India, the effect seed amount, 
chemical fertilizer amount, animal manure amount, workforce, animal pull force, number of 
irrigations and pesticide usage on the cotton production was investigated. 

Bala et al. (2022), in their study conducted with 360 producers in Nigeria, examined the 
factors that are effective in cotton production such as seeds, chemical fertilizers, agricultural 
pesticides and labor force. 

Örük and Baran (2022) conducted a study with 64 producers in Türkiye and examined 
the effects of factors such as production area, seed amount, nitrogen fertilizer, phosphorus 
fertilizer, machine pull force, labor force, pesticides and fuel on cotton production. 

Wodim et al. (2022) conducted a study with 74 producers in Ethiopia and investigated 
the effect of production area, number of seed, amount of chemical fertilizer, amount of 
agricultural pesticide, workforce, machine pull force and irrigation frequency on production. 

Işgın et al. (2023) conducted a technical efficiency analysis in cotton production in their 
study conducted in Harran Plain in Türkiye. Within the scope of this study, the effects of 
seeds, chemical fertilizers, human labor, agricultural pesticides, capital and land variables 
used in cotton production on the amount of production were examined. 
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In this study, primarily foreign trade data on seed in the world and in Türkiye have been 
examined. Additionally, in the study, the change in the unit prices of seed use support and 
seed production supports provided by the Ministry of Agriculture and Forestry on an area 
basis over the years has also been revealed. Within the scope of the research, in crop 
production, the effects of seed use on the production of paddy from hot climate cereals (74 
surveys), cotton as industrial crops (136 surveys) and canola as oilseed crops (83 surveys) 
were examined with the help of functional analysis. 
 

MATERIALS AND METHODS OF RESEARCH 
 

As the main material of this study, cotton data were obtained from 136 agricultural 
enterprises in Hatay province in the production period of 2016, which were determined with a 
95% confidence interval and a deviation from the 3% average by using the "Simple Random 
Sampling Method". Rice data were obtained from 74 agricultural enterprises in Çanakkale 
province in the production period of 2018, which were determined with a 99% confidence 
interval and a deviation from the 5% average by using the "Neyman Method from Stratified 
Sampling Methods". Canola data were obtained from 83 agricultural enterprises using the 
"Full Counting Method" in Çanakkale province during the production period of 2018. In this 
study, the decare (1000 m2) measure, which is one tenth of the hectare size, was used. 

Within the scope of the research, "Simple Random Sampling Method" was used to 
determine the sample volume in the cotton study (Yamane, 1967; Çiçek and Erkan, 1996). 

In determining the enterprises to be included in the sample, agricultural enterprises 
producing cotton registered in the Farmer Registration System of Hatay Provincial 
Directorate of Agriculture and Forestry were considered as the main group. 

The Cobb-Douglas type production function was used in the functional analysis to 
determine the production amount of the products determined in the study and the factors 
affecting the production amount (Doll and Orazem, 1984; Beattie and Taylor, 1987; Neill, 
2003; Tanrıöver and Genç, 2005; Beattie et al., 2009; Gujarati and Porter, 2014). The Cobb-
Douglas production function is generally used in many branches of agricultural production 
(Kamanga et al., 2000; Vural and Turhan, 2011). The Cobb-Douglas production function is 
preferred since it provides ease of calculation and it enables both the determination of return 
to the scale and statistical tests on production elasticity (Heady and Dillon, 1966). The 
equation for the function could be seen in Equation 4 (Ulveling and Fletcher, 1970). 

With the help of an appropriate statistical package program, the coefficient of 
determination of regression equation (R 2), production elasticity of independent variables 
(bi)i), standard errors, significance levels (tbi)), geometric averages of variables, test of the 
presence of autocorrelation and multicollinearity, standard deviation of the equation and 
significance level (F test) have been analyzed (Green et al., 2000).  

Intrinsic Connection (Autocorrelation): The fact that the dependent variable (Y) is 
related to the error term of the period t and the error term of the period t - 1 may create an 
autocorrelation issue. In the study, "Durbin-Watson Statistics" was used to test the existence 
of autocorrelation in error terms. 

Multicollinearity Issue: If all or some of the variables in the function are highly 
correlated with each other and the correlation coefficient is more than 0.80, the 
multicollinearity issue is encountered. If any of the determined coefficients is greater than 
0.80, one of the highly correlated variables is excluded from the function and then the 
process is continued. The methods used in the interpretation of the estimated production 
function are as follows. 

Production Elasticities: At a given level of production, the percentage change ratio that 
the percentage change will implement on the production amount (Y) in any one of the 
production factors is expressed as production elasticity. Due to the nature of the Cobb-
Douglas type production function, the coefficients of the independent variables in the function 
indicate the marginal production elasticity of the production factors with which they are 
related (Heady and Dillon, 1961; Heady and Dillon, 1966). In this case, if the sum of the 
coefficients of production elasticity is (∑ β i) >1, there is an increasing return to the scale, if 
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(∑ β i) <1 there is a decreasing return to the scale, and if (∑ βi) =1, there is a constant return 
to the scale (Karkacıer, 2001). 

Average Yield (AYxi), Marginal Yield (MY xi) and Marginal Revenue (MR xi): At a given 
level of production, the amount of production corresponding to the unit production factor is 
expressed as the average yield. The amount of production obtained from the use of the last 
unit of a production factor is called marginal efficiency. Due to the nature of the Cobb-
Douglas type production function, the process is carried out via geometric averages. The 
average and marginal yields in the Cobb-Douglas production function are as seen in 
equation 7 and equation 8 (Singh et al., 2004; Mobtaker et al., 2010; Rafiee et al., 2010). 

Marginal Efficiency Coefficient (MEC): The determination of the extent to which the 
production factor is used effectively is determined by the efficiency coefficient of the factor. 
The concept of efficiency refers to the maximum use of factors. Effective use of the factor is 
possible at the point where the marginal income of the relevant factor is equal to its marginal 
cost. Within the framework of this equation, the marginal income of the factors must be 
divided by the factor price (the marginal expense of the factor) to calculate the efficiency 
coefficient of the factor. 

Accordingly, If MEC = 1 the factor is used effectively, if MEC > 1 the factor is used less 

and the use should be increased, and if MEC < 1 the factor is overused, and it should be 
reduced. Within the scope of the research, in determining the factor prices, the unit price or 
opportunity cost of the variables in the free market was considered. On the other hand, 
regarding product prices, declarations of the enterprise managers who were surveyed were 
taken as the basis. In the studies carried out, in determining marginal product values, $1 
more than the normal interest rate was considered as factor prices (Vural and Turhan, 2011). 
 

RESULTS AND DISCUSSION 
 

In the research carried out, the gross production value (₺ da-1) obtained from cotton per 
unit area was considered as the dependent variable (Y) in the estimation equation for the 
cotton product. Cotton production value has been calculated by adding product quantities to 
the farmyard prices and the support given to cotton production. The independent variables in 
the equation are as follows: 

 X1 = Seed price (₺ da-1); 

 X2 = Chemical seed price (₺ da-1); 

 X3 = Energy consumed for irrigation water (₺ da-1); 

 X4 = Pesticide costs (₺ da-1); 

 X5 = Harvest costs (₺ da-1); 

 X6 = Hoeing costs (₺ da-1); 

 X7 = Land rental value (₺ da-1). 
As a result of the analysis of the data obtained from the cotton producing enterprises, 

the production function of the relationship between the gross production value selected as 
the dependent variable and the independent variables consisting of the main production 
costs (production inputs) is as follows: 
 

Y = 422.45 * X1 
0.293 

* X2 
0.263

 * X3 
0.195

 * X4 
0.004

 * X5 
0.124

 * X6 
-0.065 

* X7 
0.162 

 
The hoeing cost variable, which is one of the factors in the estimation equation, has a 

negative character and affects production negatively. The sum of the elasticity coefficients of 
the factors in the equation (Σbi 0.976) expresses the decreasing return to the scale. 

To produce 529.29 kg-1 of unseed cotton, which is the average yield value determined 
in the examined enterprises; 2.6 kg da-1 seed, 64.9 kg da-1 physical seed, 0.85 lt da-1 
agricultural pesticide, 40.5 lt da-1 diesel, 641.7 kW da-1 electricity and 2.7 EIGB da-1 were 
used. 
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In the research on the paddy product, the amount of product obtained from the unit 
area (Y) (kg da-1) was taken as the dependent variable. The independent variables in the 
function are given below: 

 X 1 = Amount of seeds (kg da-1); 

 X2 = Electricity use in paddy irrigation (KW da-1); 

 X3 = Amount of pure chemical fertilizer (kg da-1); 

 X4 = Amount of pesticides (lt da-1); 

 X5 = Amount of diesel fuel used in production (lt da-1); 

 X6 = Labor used in irrigation (hour da-1). 
The functional relationship between the dependent variable (Y) and the independent 

variables (Xi) in paddy production is given below. 
 

Y = 8.721* X1
0.284 

* X2
0.053

 * X3
0.243

 * X4
0.119 

* X5
0.398 

* X6
-0.095 

 
Among the factors in the estimation equation, the labor force variable used in irrigation 

has a negative character and affects production negatively. The sum of the elasticity 
coefficients of the factors in the equation (Σbi 1.002) expresses the constant returns to the 
scale. 

785.18 kg da-1 paddy product, which was determined as the average yield in paddy 
production, was obtained. For the enterprises to reach the calculated average yield value, 
approximately; 21.79 kg da-1 seed, 37.15 kg da-1, pure chemical fertilizer, 1.07 lt da-1 
agricultural pesticide, 26.26 lt da-1 diesel and 218.60 KW da-1electrical energy and 12 hours 
da-1 human and machine labor are needed to be used in water supply. 

Within the scope of the research, the gross production value of the product (₺ da-1) was 
included as the dependent variable in the canola production function. In the study, the 
production value of the canola product; the values obtained because of multiplying the 
product quantities obtained from the unit area by the farmyard prices were used. The 
independent variables in the canola production function are given below: 

 X1 = Chemical fertilizer cost (₺ da-1); 

 X2 = Pesticide costs (₺ da-1); 

 X3 = Seed price (₺ da-1). 
The functional relationship between the dependent variable (Y) and the independent 

variables (Xi) in canola production is shown below. 
 

Y = 1.281 * X1
0.662 

* X2
0.110

 * X3
0.232 

 
All of the factors in the estimation equation are of positive character. The sum of the 

elasticity coefficients of the factors in the equation (Σbi 1.004) expresses the constant 
returning to the scale. 

In order to obtain 296 kg da-1 canola, which is determined as the average yield in 
canola production, approximately; 446 g da-1 seed, 25.864 kg da-1 pure chemical fertilizer 
(62.699 kg da-1, physical fertilizer), 329 cc da-1 agricultural pesticide, 131.72 minutes da-1, 
human labor, 122.50 minutes da-1 machine pull force and 13.172 lt da-1 diesel were needed. 

The basic statistical information about the production function prepared in the research 
carried out is given in Table 1. The coefficients of determination (R2) of the production 
functions vary between the values of 0.915 and 0.972. Among the products, it was calculated 
that the lowest coefficient of determination was for the cotton production function (0.915) and 
the highest coefficient of determination was for the paddy production function (0.972). The 
calculated coefficients of determination show that the independent variables which take place 
in the estimation functions adequately explain the dependent variables, in other words, the 
changes in the amount of production obtained. Inasmuch, the "F-Statistic" values related to 
the functions were found to be statistically significant at the level of 1% for all functions. 

The determination of the existence of possible intrinsic correlation (autocorrelation) in 
the estimation equations was tested with the help of "Durbin-Watson Statistical Value". It has 
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been determined that there is no internal connection presence since DWcalc>DWU for all 
functions in the research. 
 

Table 1 – Basic statistics regarding the functions of the products 
 

Crops Determination coefficient (R
2
) F- Value Significance Level (p) “DW Statistical Value” 

Cotton 0.915 195.640 0.01 DWCalc. 1.739 > DWU (0.05) 1.717 

Paddy 0.972 386.390 0.01 DW Calc. 1.871 > DWU (0.05) 1.834 

Canola 0.919 312.790 0.01 DW Calc. 1.606 > DWU (0.01) 1.578 

 
The elasticity coefficients and significance levels of the seed factor used in the 

products examined within the scope of the research are given in Table 2. When the total 
values of the elasticity coefficients of the factors based on products are examined, it is 
understood that there is an increasing return to the scale in paddy and canola crops, while 
there is a decreasing return to the scale in cotton. As is known, increasing returns to the 
scale indicate profitable production, fixed returns to the scale show the level at which 
enterprises cover all their expenses and make sufficient profits, and decreasing returns to the 
scale indicate that the expenses of the enterprises exceed their incomes, in other words, 
they make losses. 
 

Table 2 – Elasticity coefficients and significance levels of seed factor in crops 
 

Crops 
“Elasticity 
coefficient (bi)” 

Standard 
error (Sbi) 

“t-Value” Sign. level 
Total elasticity 
coefficients of the 
factors: (Σ bi) 

Cotton 0.293 0.109 2.869 0.050 0.976 

Paddy 0.284 0.141 2.091 0.050 1.002 

Canola 0.110 0.030 2.309 0.050 1.004 

 
Elasticity coefficients show the level of partial productivity of the data in question on the 

product produced. The total value of the coefficients expresses the total level of productivity 
of the factors involved in production. Within the estimation functions, the elasticity coefficient 
value for the seed factor was calculated as 0.293 for cotton, 0.284 for paddy and 0.110 for 
canola (Table 2). 

The elasticity coefficient of the seed factor in the production function was found to be 
statistically significant at the level of 5% in cotton, paddy and canola production functions. 
These values show that the seed factor has a significant effect on the amount of production 
in crop production (Table 2). 

The marginal efficiency coefficient in the products examined is obtained by dividing the 
marginal product value of the seed by the price of the seed. Marginal efficiency coefficient 
refers to the ratio of the change that the last unit of the seed used has caused with the 
marginal product value which has been obtained by multiplying with the product price. In 
other words, it gives the product value in $ for the $1 paid for the last unit of seed spent 
(Table 3). 
 

Table 3 – Marginal product value and efficiency coefficients of the seed factor based on crops 
 

Crops 
Geometric mean 
(Ycrop) 

Geometric mean 
(Xseed) 

Marginal product 
value ($) 

Factor price 
($) 

Marginal efficiency 
coefficient 

Paddy 68060.17 1900.76 8.41 1.13 7.44 

Cotton 1024.00 20.18 4.21 1.09 3.86 

Canola 22666.25 886.88 1.63 1.13 1.44 

 
This point, where the marginal product value is equal to the marginal product price in 

the continuation of the activities of agricultural enterprises, could also be expressed by the 
marginal efficiency coefficient. The findings obtained in the research reveal that the seed 
factor is used less in paddy, cotton and canola production and should be increased. Likewise 
for every $1 spent, the product value obtained has a return of over $1. For instance, for every 
$1 seed spent on the production of products subject to research, crop income is $7.44 for 
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paddy, $3.86 for cotton and $1.44 for canola (Table 3). Thus, it is understood that the seed 
factor is used less than the economic optimum point in all the products examined. Here, it 
would be more appropriate to interpret the situation like that; care should be taken that the 
seed used should be a certified seed with superior qualities rather than increasing the 
number of seeds used per unit area. 

In the study conducted by Suresh and Reddy (2006), the determination coefficient (R2) 
of the paddy production function was 0.863 and the elasticity coefficient of the seed variable 
was -0.13, which was not found to be statistically significant. The marginal efficiency 
coefficient of the seed variable in the estimation equation was calculated as -3.77. The sum 
of the elasticity coefficients of the variables in the equation was 1.394, which shows that 
there is an increasing return to the scale in paddy production. 

In the study carried out by Sikdar et al. (2008), the elasticity coefficient of the seed 
variable in the rice production function was -0.0025 and it was not found to be statistically 
significant. In the same study, the sum of the elasticity coefficients of the variables in the 
estimation equation was calculated as 0.908, and this value was determined to be the 
decreasing return to the scale in paddy production. 

Nimoh et al. (2012) estimated the coefficient of determination (R2) of the paddy 
production function as 0.6468 and the DW Statistical Values as 2.1137. In the study, the 
elasticity coefficient of the seed variable was 0.1361 and it was found to be statistically 
insignificant. Also, the marginal efficiency coefficient of the seed variable was calculated as 
10.84 in the same study. The sum of the elasticity coefficients of the variables in the 
estimation equation is 0.5782, and this value indicates the presence of decreasing returns to 
the scale in paddy production. 

Adedoyin et al (2016) determined the coefficient of determination (R2) of the rice 
production function as 0.897. In the study, the elasticity coefficient of the seed factor was 
0.2664 and it was found to be statistically significant at the level of 1%. The marginal 
efficiency coefficient of the seed variable was calculated as 0.29. This value shows that the 
seed factor is overused in paddy production and the amount of use per unit area should be 
reduced. The sum of the elasticity coefficients of the variables in the equation was 1.072, 
which indicated that there was an increasing return to the scale in paddy production. 

In the research conducted by Gözener (2016), the determination coefficient (R2) of the 
paddy production function was 0.995 and the elasticity coefficient of the seed factor was 
0.9008, which was found to be significant at the level of 1%. The sum of the elasticity 
coefficients of the variables in the equation was 1.9839, and the calculated value showed 
that there was an increasing return to the scale in paddy production. 

In the study conducted by Kaka et al. (2016), the sum of the elasticity coefficients of the 
variables in the paddy production was 1.4909 and this value showed that there was an 
increasing return to the scale in paddy production. 

As for the study by Kanthilanka and Weerahewa (2016), in the estimation equation, the 
elasticity coefficient of the seed was 0.215 and it was found to be statistically significant at 
the level of 5%. In the study, it was also found that the sum of the elasticity coefficients of the 
factors in the paddy production equation was 0.762, and the calculated value indicated the 
existence of a decreasing return to the scale in paddy production. 

In the study conducted by Yumnam et al. (2017) in the State of Himachal Pradesh, it 
was estimated that in small scale enterprises, the coefficient of determination (R2) for the 
production equation was 0.6016, and the sum of the elasticity coefficients of the factors in the 
equation was 0.5342. The elasticity coefficient of the seed factor in the rice production 
estimation equation was 0.0409 and this value was not found to be statistically significant. As 
for large scale enterprises in the same state, the coefficient of determination (R2) for the 
production equation was calculated as 0.6759, and the sum of the elasticity coefficients of 
the factors in the equation was calculated as 0.4765. The elasticity coefficient of the seed 
factor in the rice production estimation equation was 0.3917 and the calculated value was 
found to be statistically significant at the level of 5%. In another study conducted in Manipur 
State with small scale enterprises, the coefficient of determination (R2) for the production 
equation was calculated as 0.7327, and the sum of the elasticity coefficients of the factors in 
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the equation was estimated as 1.6200. The elasticity coefficient of the seed factor in the rice 
production estimation equation was 0.5764 and this value was found to be statistically 
significant at the level of 1%. As for large scale enterprises in the same state, the coefficient 
of determination (R2) for the production equation was calculated as 0.7281 and the sum of 
the elasticity coefficients of the factors in the equation was estimated as 1.1623. The 
elasticity coefficient of the fertilizer factor in the rice production estimation equation was 
determined as 0.3699 and this value was found to be statistically significant at the level of 
5%. 

Azizpanah and Mohammadi (2018) analyzed the effects of 8 variables on the amount 
of production together with the seed in paddy production in their study conducted in Iran. The 
coefficient of determination for the equation was calculated as 0.76 for Badreh and 0.81 for 
Chardavol. The sum of the elasticity coefficients of the variables in the function was 
determined as 1.71 for Badreh and 1.75 for Chardavol. In the study, the elasticity coefficient 
of the seed was calculated as -0.72 in Badreh settlement and 0.37 in Chardavol settlement. 
The calculated value for Badreh and Chardavol in the study was found to be statistically 
significant at the level of 5%. 

Ida and Azhar (2018) calculated the coefficient of determination (R2) of the paddy 
production function as 0.867. In the equation for the rice production function, the elasticity 
coefficient of the seed factor was -0.008 and it was not found to be statistically significant. In 
the study, the marginal efficiency coefficient of the seed factor was determined as -5.92. This 
calculated value revealed that the seed factor is used excessively in paddy production in the 
enterprises and must certainly be reduced. Besides, it was determined in the same study that 
the sum of the elasticity coefficients of the variables in the equation was 1.282, and there 
was an increasing return to the scale in paddy production. 

In the study by Pudaka et al. (2018), determination coefficient (R2) of the paddy 
production function was 0.9802 and DW Statistical Value was estimated as 1.776. In the 
equation for the paddy production function, the seed factor was found to be significant at the 
level of 1%. In the study, the marginal efficiency coefficient of the seed factor was 
determined as 68.67. This calculated value shows that the seed factor is used less in paddy 
production in the enterprises and should be increased. 

Melese et al. (2019) determined the sum of the elasticity coefficients of the factors used 
in paddy production as 1.041 in their study carried out in Ethiopia. In the study, the elasticity 
coefficient of the seed factor was calculated as 0.171 and it was found to be statistically 
significant at the level of 1%. 

Siagian et al. (2019) determined the coefficient of determination (R2) of the paddy 
production function as 0.798 in their study. In the same study, the elasticity coefficient of the 
seed factor was -0.052 and it was not found to be statistically significant. The sum of the 
elasticity coefficients of the variables in the estimation equation was 0.971 and it was 
determined that there was a decreasing return to the scale in paddy production. 

In another study carried out in Nepal by Subedi et al. (2020), the effects of seed 
variable along with 4 other variables were investigated by the help of the Cobb-Douglas 
production function. The coefficient of determination of the estimation equation was 
determined as 0.42 and the sum of the elasticity coefficients was determined as 0.86. In the 
study, the elasticity coefficient of the seed variable in paddy production was 0.16 and it was 
not found to be statistically significant. In the same study, the marginal efficiency coefficient 
of the seed factor in paddy production was calculated as 3.82, and this value showed that the 
use of seeds per unit area was low and should be increased. 

Bakri et al. (2021) calculated the determination coefficient (R2) of the paddy production 
function as 0.477 in their study. In this study, the elasticity coefficient of the seed used in 
paddy production was -0.026 and it was concluded that it was not statistically significant. The 
marginal efficiency coefficient of the seed used in production was -0.97, and the calculated 
value revealed that the seed was overused in paddy production and should be reduced. 
Besides, it was determined that the sum of the elasticity coefficients of the variables in the 
equation was 1.529, and there was an increasing return to the scale in paddy production. 
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Billah (2022) conducted a study in Bangladesh and found that the elasticity coefficient 
of the seed cost per unit area in paddy production was 0.12 and it was found to be 
statistically significant at the level of 10%. In this study, the sum of the elasticity coefficients 
of the factors used in paddy production was determined as 0.43. 

In the study conducted by Saepudin and Amelia (2022) in Indonesia, the determination 
coefficient of the estimation equation obtained using the Cobb Doglas production function 
was calculated as 0.189 and the sum of the elasticity coefficients was estimated as 0.243. 
The elasticity coefficient of the seed factor in the equation was determined as -0.09 and it 
was found to be statistically insignificant. The study showed that the number of seeds used 
per unit area had a negative effect on the amount of paddy production obtained. 

In a study conducted in India by Kumar et al. (2023), the effects of 4 factors along with 
the seed factor on the paddy production were investigated based on enterprise sizes. The 
sum of the elasticity coefficients of the variables in the function was determined as 0.818 in 
marginal enterprises, 0.796 in small scale enterprises and 0.814 in medium scale 
enterprises. The production elasticity coefficient of the seed variable was 0.523 in marginal 
enterprises and 0.490 in small enterprises and both values were found to be statistically 
significant at the level of 1%. The elasticity coefficient of the seed factor in medium-sized 
enterprises was determined as 0.367. 

In another study conducted in Türkiye, Yüzbaşıoğlu and Abacı (2023) found that the R2 
value in the estimation equation prepared on paddy production was 0.69 and the sum of the 
elasticity coefficients of the variables in the estimation equation was determined as 0.19. In 
this study, the variable of the number of seeds used per unit area was not included. 

The factors affecting the amount of paddy production obtained from the unit area in 
paddy production were functionally analyzed. The coefficient of determination (R2) for the 
estimation equation for paddy production was calculated as 0.972. This coefficient was 
higher than the ones found by Suresh and Reddy (2006) [0.863], Nimoh et al. (2012) 
[0.6468], Adedoyin et al (2016) [0.897], Yumnam et al. (2016) (in small scale enterprises in 
Himachal Pradesh State) [0.6016]), Yumnam et al. (2016) (in large enterprises in Himachal 
Pradesh State) [0.6759], Yüzbaşıoğlu and Abacı (2023) [0.69], Yumnam et al. (2016) (in 
small enterprises in Manipur State) [0.7327], Yumnam et al. (2016) (in large enterprises in 
Manipur State) [0.7281], Sonawane et al. (2017) [0.65], Ida and Azhar (2018) [0.867], 
Azizpanah and Mohammadi (2018) [for Badreh 0.76, for Chardavol 0.81], Siagian et al. 
(2019) [0.798], Subedi et al. (2020) [0.42], Bakri et al. (2021) [0.477] and Saepudin and 
Amelia (2022) [0.189], while it was found at a lower level than the coefficients determined by 
Gözener (2016) [0.995] and Pudaka et al. (2018) [0.9802]. 

In the study, the sum of the elasticity coefficients (Σ bi) of the factors used in paddy 
production was calculated as 1.002. This value shows that there is a fixed return to the scale 
in paddy production in the enterprises examined. This coefficient is higher than the 
coefficients found by Sikdar et al. (2008) [0.908], Nimoh et al. (2012) [0.5782], Kanthilanka 
and Weerahewa (2016) [0.762], Yumnam et al. (2016) (in small enterprises in Himachal 
Pradesh State [0.5342]), Yumnam et al. (2016) (in large enterprises in Himachal Pradesh 
State [0.4765]), Sonawane et al. (2017) [0.4902] and Siagian et al. (2019) [0.971], Subedi et 
al. (2020) [0.86], Billah (2022) [0.43], Saepudin and Amelia (2022) [0.243], Kumar et al. 
(2023) [in marginal enterprises 0.818, in small scale enterprises 0.796, in large scale 
enterprises 0.814] Yüzbaşıoğlu and Abacı (2023) [0.19], whereas it was found at a lower 
level than the coefficients estimated by Suresh and Reddy (2006) [1.394], Gözener (2016) 
[1.9839], Adedoyin et al (2016) [1.072], Kaka et al. (2016) [1.4909], Yumnam et al. (2016) (in 
small enterprises in Manipur State [1.6200]), Yumnam et al. (2016) (in large enterprises in 
Manipur State) [1.1623], Azizpanah and Mohammadi (2018) [for Badreh 1.71, for Chardavol 
1.75], Ida and Azhar (2018) [1.282], Melese et al. (2019) [1.041] and Bakri et al. (2021) 
[1.529]. 

In the study, the elasticity coefficient (bi) for the number of seeds used in paddy 
production was 0.284 and it was found to be statistically significant at the level of 5%. This 
coefficient was found statistically insignificant compared to the values estimated by Suresh 
and Reddy (2006) [-0.13], Sikdar et al. (2008) [-0.0025], Nimoh et al (2012) [0.1361], 
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Yumnam et al. (2016) (in small enterprises in Himachal Pradesh State [0.0409], Ida and 
Azhar (2018) [-0.008], Siagian et al. (2019) [0.052], Subedi et al. (202) [0.16], Bakri et al. 
(2021) [-0.026] and Kumar et al. (2023) [in medium scale enterprises 0.367]. 

The elasticity coefficient [0.284] of the paddy seed obtained in the study was 
determined as statistically significant but negative in character by Azizpanah and 
Mohammadi (2018) [Badreh -0.72; sign.5%] and Saepudin and Amelia (2022) [-0.009; non-
sign.]. The elasticity coefficient of the paddy seed obtained because of the research was 
[0.284] and it was determined that this value was lower than the values obtained by 
Adedoyin et al. (2016) [0.2664; sign. 1%], Kanthilanka and Weerahewa (2016) [0.215; sign. 
5%], Melese et al. (2019) [0.171; sign. 1%] and Billah (2022) [0.12; sign. 10%], whereas it 
was lower than the values obtained by by Gözener (2016) [0. 9008; sign. 1%] and Yumnam 
et al. (2016) (0.3917 in large enterprises in the State of Himachal Pradesh; sign. 5%], 
Yumnam et al. (2016) (In small enterprises in Manipur State [0.5764; sign. 1%]), Yumnam et 
al. (2016) (In large enterprises in Manipur State [0.3699; sign. 5%], Kumar et al. (2023) 
[0.523 in marginal enterprises; sign. 1%; 0.49 in small enterprises sign. 1%]. 

In the study, the marginal efficiency coefficient of the seed used in paddy production 
was calculated as 7.44. This coefficient was found by Suresh and Reddy (2006) [-3.77], Ida 
and Azher (2018) [-5.92], Bakri et al. (2021) [-0.97] as in negative character. The marginal 
coefficient of efficiency of the seed obtained in this study was found as [7.44] and it was 
determined that it was hiher than the value found by Adedoyin et al. (2016) [0.29] while it was 
lower than the value found by Nimoh et al. (2012) [10.84] and Pudaka et al. (2018) [68.67]. 

It could be stated that the more the marginal efficiency coefficient for the use of 
fertilizers in agricultural production is close to the "1" level, the closer this factor is used to the 
economical optimum level. In the studies conducted by Suresh and Reduced (2006), Ida and 
Azher (2018), Bakri et al (2021) and Adedoyin et al. (2016), it was suggested that the seed 
factor was used at a level higher than the economical optimum, in other words, it was 
overused while in this study and in the studies carried out by Nimoh et al. (2012) and Pudaka 
et al. (2018), it was used under the economical optimum and its use needed to be increased. 

In the study conducted in Pakistan, the elasticity coefficient of the number of seed used 
in production in the estimation equation was 0.140 and was found to be statistically 
significant at the level of 10% (Badar et al., 2007). 

In the study conducted by Mousavi-Avval et al. (2011), the elasticity coefficient of the 
number of seed used in the study on the canola yield value was -0.07 and it was not found to 
be statistically significant. Also in the same study, the coefficient of determination of the 
estimation equation was 0.98 whereas the Durbin-Watson Statistic was calculated as 2.02. 
Besides, the sum of the elasticity coefficients in canola production in the enterprises 
examined within the scope of the research was determined as 0.95, and this value indicated 
a decreasing return to the scale. 

In another study conducted in Pakistan, the elasticity coefficient of the factor related to 
seed cost in canola production was calculated as 0.13 and this was found to be statistically 
significant at the level of 5% (Jaffar et al., 2016). 

In the study conducted in India, the elasticity coefficient of the variable of the number of 
seed used in canola and mustard production was 0.538 for small scale enterprises and 0.177 
for the average of the enterprises, and both values were found to be statistically significant at 
the level of 5%. In the study, the marginal efficiency coefficient of seed input was 24.22, 
which revealed that seed use per unit area was insufficient and needed to be increased (Das 
and Sharma, 2018). 

Wambui and Majiwa (2020) found in their study that the elasticity coefficient of the seed 
factor in the prepared production function was 0.245 and it was found to be statistically 
significant at the level of 5%. In a study conducted in India, the elasticity coefficient of the 
seed factor in canola production in the 2017-2018 production period was calculated as -1.58, 
which was found to be statistically significant at the level of 1% (Ashrit, 2023). 

In the research, the factors affecting the amount of canola production were analyzed 
with the help of the production function. The coefficient of determination (R2) of the 
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estimation equation for canola production is 0.919, which is lower than the coefficient 
estimated by Mousavi-Avval et al. (2011) [0.98]. 

The elasticity coefficient (bi) of the seed factor used in canola production was 0.110 
and it was found to be statistically significant at the level of 5%. This value was found by 
Mousavi-Avval et al. (2011) [-0.07, non sign.] and by Ashrit (2023) [-1.58; non-sign.] as with 
negative character and as statistically insignificant. The coefficient of elasticity for the seed 
factor calculated in the study was determined by Jaffar et al. (2016) [0.130; sign. 5%], Badar 
et al. [0.140; sign. 10%], Das and Sharma (2018) [0.538 in small enterprises; sign. 5%, and 
enterprise average was 0.177; sign. 5%], which was lower than the value estimated by 
Wambui and Majiwa (2020) [0.245, sign. 5%]. 

The sum of the elasticity coefficients of the factors involved in canola production (Σ bi) 
is 1.004, which indicates the increased return to the scale. This value is higher than the 
coefficient estimated by Mousavi-Avval et al. (2011) [0.95]. 

In the study, it has been determined that the marginal efficiency coefficient of the 
fertilizer factor used in canola production is 1.44. This value shows that the seed factor in 
canola production in the examined enterprises is below the economic optimum level and 
should be increased. Likewise, for every $1 seed spent, $1.44 paddy income is obtained. It 
could be said that the closer the calculated coefficient of 9.39 is to the "1" level, the more 
effective the seed factor is used. Das and Sharma (2018) determined this value as [24.22] in 
their study. This value is parallel with the research and shows that the seed factor is not used 
effectively in canola production. 

In the study conducted by Gaddi et al. (2002) the elasticity coefficient of the seed factor 
in the cotton production function prepared for the enterprises in general was determined as 
0.594 and this value was found to be statistically significant at the level of 1%. The coefficient 
of determination (R2) of the estimation equation was 0.920 and the F-Statistic value was 
found to be statistically significant at the level of 1%. 

Çelik and Bayramoğlu (2007) found in their study that the coefficient of determination 
(R2) of the estimation equation was 0.847 and the F-Statistic value was determined to be 
significant at the level of 1%. The elasticity coefficient of the seed in the equation was 
calculated as -0.0286 and this was not found to be statistically significant. 

Chaudhry and Khan (2009) conducted a study with 100 producers in Pakistan and 
found that the elasticity coefficient of the seed factor calculated by using the Cobb-Douglas 
type production function was 0.191 and it was found to be significant at the level of 10%. The 
sum of the elasticity coefficients of the factors included in the equation is 1.056, which 
indicates the presence of increased return to the scale in cotton production. In the study, the 
marginal efficiency coefficient of the seed input was calculated as 3.40. The calculated value 
shows that the level of seed use in cotton production in the enterprises examined in Pakistan 
is insufficient and the amount of use per unit area should be increased. 

Zahedi et al. (2014) calculated the coefficient of determination (R 2) of the estimation 
equation as 0.94 in their study by using the Cobb Douglas production function and they 
estimated the Durbin-Watson Statistic as 1.98. The sum of the elasticity coefficients of the 
variables in the equation was determined as 1.15, and this value expresses the increasing 
return to the scale in cotton production. The elasticity coefficient of the seed factor in the 
equation was -0.01 and this value was not found to be statistically significant. 

Ahmad et al. (2016) in their study calculated the elasticity coefficient of the seed factor 
in the estimation equation for cotton production as 0.888, and this value was found to be 
significant at the level of 1%. In the study by Babangida (2016), the sum of the total elasticity 
coefficients of the factors was calculated as 0.68 by using Cobb-Douglas production function, 
which indicates the decreasing return to the scale. The elasticity coefficient of the seed factor 
in the function was 0.195 and it was found to be significant at the level of 1%. 

Örük (2020) conducted a study in Türkiye and calculated the elasticity coefficient as 
0.045 for the seed by using the "Tobit Model" and it was found to be statistically significant at 
the level of 1%. 

In the study conducted in Pakistan by Wei et al. (2020a), the coefficient of 
determination of estimation function (R2) was 0.5941 and the F-Statistic value of the equation 
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was found to be significant at the level of 1%. The elasticity coefficient of the seed cost factor 
in the estimation equation was calculated as 0.009 and this value was found to be 
statistically significant at the level of 10%. In the same study, the sum of the elasticity 
coefficients of the variables in the estimation equation was calculated as 0.259, and the 
value obtained refers to the decreasing return to the scale in cotton production. 

In the study conducted by Candemir (2021) in Türkiye, the determination coefficient 
(R2) of the estimation equation was found to be 0.853 and the F-Statistic value was found to 
be significant at the level of 1%. The "Durbin-Watson d Statistic" of the equation was 
calculated as 2.339. The sum of the elasticity coefficients of the variables in the equation is 
0.982, and there is a decreasing return to the scale. In the study, the marginal efficiency 
coefficient of the seed cost factor was calculated as 0.065 and it was not found to be 
statistically significant. 

Verma et al. (2021) calculated the coefficient of determination of the estimation 
equation obtained in their study as 0.78. The elasticity coefficient for the seed factor in the 
estimation equation was -0.05 and this was not found to be statistically significant. 

I n the study conducted in Nigeria by Bala et al. (2022), the elasticity coefficient for the 
seed factor in the estimation equation obtained was 0.2789 and the marginal efficiency 
coefficient of this factor was calculated as 18.79. This value shows that the use of seeds in 
cotton production is low in the enterprises examined and should be increased. 

In the study conducted with 120 producers in India by Das et al. (2022), the elasticity 
coefficient of the seed factor in cotton production was calculated as 0.2049 in small 
enterprises, 0.3408 in large enterprises, and the enterprise average was found as 0.6279, 
and all values were not found to be statistically significant. 

Gayathri and Karunakaran (2022) found that in a study conducted in India, the elasticity 
coefficient of the seed factor in the estimation equation (Tamil Nadu Non-Bt: -0.509, Bt: 
0.118; Maharashtra Non-Bt: 0.150, Bt: -0.086) was found to be statistically insignificant. 

Örük and Baran (2022) conducted a study in Türkiye and found that the elasticity 
coefficient of the seed input in the estimation equation was 0.144 and this was not found to 
be statistically significant. 

In the estimation function obtained because of a study conducted by Wondim et al. 
(2022) in Ethiopia, the elasticity coefficient of the seed factor was calculated as -0.24, and 
this value was found to be statistically significant at the level of 5%. This value revealed that 
the seed was overused in cotton production and should be reduced. 

In the research conducted by Işgın et al. (2023), the elasticity coefficient of the seed 
factor used in cotton production was determined as 0.00684 and it was found to be 
statistically insignificant. The sum of the elasticity coefficients of the variables in the equation 
is 0.96639, and there is a decreasing return to the scale. 

In the study, the coefficient of determination (R2) for the cotton production function was 
calculated as 0.915. This value was higher than the values obtained by Gaddi et al. (2002) 
[0.7696], Çelik and Bayramoğlu (2007) [0.847], Abid et al. (2011) [0.76], Wei et al. (2020) 
[0.5941], Candemir (2021) [0.853] and Verma et al. (2021) [0.78], while it was at a lower level 
than the determination coefficient estimated by Zahedi et al. (2014) [0.94]. 

In the study, the elasticity coefficient (bi) for seed use was calculated as 0.293 and it 
was statistically significant at the level of 5%. In some studies, this value was found to be 
statistically insignificant (Çelik and Bayramoğlu (2007) [-0.0286], Zahedi et al. (2014) [-0.01], 
Candemir (2021) [0.065], Verma et al. (2021) [-0.05], Das et al. (2022) [0.6279], Gayathri and 
Karunakara (2022) [Tamil Nadu Non-Bt: -0.509, Bt:0.118; Maharashtra Non-Bt: 0.150, Bt: -
0.086], Örük and Baran (2022) [0.144], Işgın n et al. (2023) [0.00684]. 

The elasticity coefficient of cotton seed [0.293] calculated in the study was higher than 
the values estimated by Chaudhry and Khan (2009) [0.191; sign. 10%], Babangida (2016) 
[0.195; sign. 1%], Wei et al. (2020a) [0.009; sign. 10%], Örük (2020) [0.045; sign. 1%], Bala 
et al. (2022) [0.2789], Wodim et al. (2022) [-0.24; sign. 5%] while it was lower than the values 
obtained by Ahmad et al. (2016) [0.888; sign. 1%] and Gaddi et al. (2002) [0.594; sign. 1%]. 

Within the scope of the study, the sum of the elasticity coefficients (Σ bi) of the inputs 
used in cotton production was determined as 0.976. This value indicates the existence of a 
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decreasing return to the scale in cotton production. This determined value was higher than 
the values determined by Babangida (2016) [0.68] and Wei et al. (2020a) [0.259] and Işgın et 
al. (2023) [0.96639], whereas it was found lower than the values calculated by Chaudhry and 
Khan (2009) [1.056], Abid et al. (2011) [1.27], Zahedi et al. (2014) [1.15] and Candemir 
(2021) [0.982]. 

In the research conducted, the effective use of seeds in cotton production was 
examined. The findings of the research revealed that the use of seeds in the enterprises 
examined was used below the optimum level in economic terms. Likewise, the marginal 
efficiency coefficient of the seed factor calculated in this study was determined as 3.86. This 
value shows that the use of seed per unit area should be increased in the enterprises 
examined in the research area. The marginal efficiency coefficient [4.18] of the seed factor 
calculated in the study was higher than the value determined by Chaudhry and Khan (2009) 
[3.40], whereas it was determined to be lower than the value obtained by Bala et al. (2022) 
[18.79]. All three research results indicate that the seed factor in canola production is used 
far below the economic optimum point and should be increased. 
 

CONCLUSION 
 

One of the main factors that increase productivity in agricultural production is quality 
and qualified seeds. In this context, crop production enterprises in Türkiye could benefit from 
the certified seed use supports implemented by the state (Official Gazette, 2006). Certified 
seed production support practice is also in effect to meet the seed needs throughout the 
country. In this study, the effects of seed factors on paddy, cotton and canola production 
were examined by functional analysis. 

For agricultural enterprises to achieve a profitable and competitive structure on a global 
scale, they must first use inputs at the point where marginal income is equal to or equivalent 
to marginal cost within the framework of economics. In the study, this issue was especially 
emphasized. 

The coefficient of determination (R2) for the rice production estimation equation was 
calculated as 0.972. In the study, the sum of the elasticity coefficients (Σ bi) of the factors 
used in paddy production was calculated as 1.002. This value shows that there is a fixed 
return to the scale in paddy production in the enterprises examined. In the study, the 
elasticity coefficient of the seed used in paddy production was 0.284 and it was found to be 
statistically significant at the level of 5%. The marginal efficiency coefficient of the seed used 
in paddy production was calculated as 7.44. It could be said that the more the marginal 
efficiency coefficient of the input used in agricultural production is close to the "1" level, the 
more this factor is used close to the economic optimum level. In this study, it was concluded 
that the use of seeds in paddy production was used below the economic optimum level and 
should be increased. 

The coefficient of determination (R2) of the estimation equation for canola production 
was determined as 0.919. The elasticity coefficient (bi) of the seed factor used in canola 
production was 0.110 and it was found to be statistically significant at the level of 5%. The 
sum of the elasticity coefficients of the factors involved in canola production (Σ bi) is 1.004, 
which indicates the increasing return to the scale. In the study, it has been determined that 
the marginal efficiency coefficient of the fertilizer factor used in canola production is 1.44. 
This value shows that the seed factor in canola production in the examined enterprises is 
below the economic optimum level and should be increased. 

In the study, the coefficient of determination (R2) for the cotton production function was 
calculated as 0.915. In the present study, the elasticity coefficient (bi) for seed use was 
calculated as 0.293 and it was found to be statistically significant at the level of 5%. The sum 
of the elasticity coefficients (Σ bi) of the inputs used in cotton production in the enterprises 
examined within the scope of the study was determined as 0.976. This value indicates the 
existence of a decreasing return to the scale in cotton production. In the study, the marginal 
efficiency coefficient of the seed factor calculated for cotton production was found to be 3.86. 
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This value indicates that the number of seeds used per unit area should be increased in the 
enterprises examined in the research area. 

The recent study reveals that the seed factor is statistically significant in the enterprises 
examined. Insomuch the elasticity coefficient of the seed factor was found to be statistically 
significant at the level of 5% in the estimation functions of paddy, canola and cotton 
production. However, when the use of seeds in the specified products is analyzed 
economically, it is concluded that the seed factor is not used at the economically optimum 
point in any product. 

It is important for the enterprises examined to use the inputs at a point suitable for the 
economic optimum level to produce in a more efficient, profitable and competitive 
environment. However, cotton, canola and paddy producing enterprises should pay special 
attention to the use of certified seeds in production. In this context, enterprises should benefit 
from the certified seed use support implemented in Türkiye. 
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