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Abstract

According to FAO data for the year 2021, world paddy production areas have been calculated
as 165 million ha and the production amount as 787 million tons. According to TSI data for
2022, the paddy production area in Tirkiye has been determined as 120,511 ha and the
production amount as 950,000 tons. Turkiye's self-sufficiency rate in rice is around 80%.
Tirkiye has a share of 5.71% in world paddy imports. Canakkale province ranks 4™ with 10%
of paddy cultivation areas and 10.21% of production throughout the country. The average
paddy yield in the province is 805.50 kg da™, which is above the country's yield value (788.31
kg da™). In the examined enterprises, it has been found out that 25.13 kg da™ of pure nitrogen,
7.52 kg da™ of pure phosphorus and 5.37 kg da™ of pure potassium fertilizer are used per unit
area in paddy production. In the study, the effect of chemical fertilizer factor on the amount of
paddy production has been examined with the help of the production function. Coefficients of
elasticity in the rice production estimation function have been determined as; pure nitrogen
(X1) 0.639, pure phosphorus (X;) 0.140 and pure potassium (X3) 0.220. Pure nitrogen (X3)
and pure potassium (X3) have been found to be statistically significant at the level of 1% and
5% respectively. It has been concluded that the sum of the coefficients of the production
elasticity of the estimation equation (3_fi 0,999) expresses the constant return to the scale.
Among the factors included in the equation, the variable with the highest marginal efficiency
coefficient has been found to be pure potassium (X3). In the study, it has been determined that
pure nitrogen, pure phosphorus and pure potassium fertilizers are being used below the
economic optimum level in paddy production. In other words, the results of the research
revealed that the fertilizer factor is not used rationally in paddy production and in this case, it
causes a loss of yield and therefore loss of income for the producer.

Keywords: Paddy. Chemical fertilizer. Functional analysis. Elasticity. Efficiency. Cobb-
Douglas. Turkiye.

1. Introduction

Paddy is one of the most crucial crops throughout the world since more than half of
the world's population uses it as the main food source. Although it contains 5-10% protein in
its composition, it is the most used product after wheat in human nutrition because it is rich in
amino acids which are essential for nutrition. Approximately 3 billion people in the world
meet their daily calorie needs from paddy. In particular, Asian countries provide an average of
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30% of their daily calorie needs from rice, while this rate reaches 70% in some countries
(CGIAR, 2017).

The most significant cereal crop in the world is rice (Oryza sativa L.), which is the
main source of nutrition for about half of the world's population, especially in Asia, where
around 90% of the world's rice is grown and consumed (Abbas et al., 2024). In terms of
acreage cultivated, rice is the second-largest crop in the world, accounting for around 11% of
all agricultural land and is the most significant grain crop in the world and an annual semi-
aquatic plant (Amanullah, 2016).

Rice cultivation, which is the main source of income of 100 million farmer families in
the world (90% Asia) and approximately 25 thousand farmer families in Turkiye, has
different characteristics from other agricultural products that are subject to trade. In particular,
the highest production in the world is in the countries in the Asian continent (90%), and only
5-6% of the paddy produced in the world is traded and the rest is consumed in the countries
where it is produced intensively. Therefore, in many countries, paddy production is regularly
financially supported in terms of self-sufficiency (Sezer, 2017).

In 2021, paddy was harvested on a total area of 165.25 million hectares in the world.
In the same year, the world average paddy yield was 476.4 kg da™ and the total production
amount was 787.3 million tons. Turkiye's share in the total paddy production area harvested in
the world is 0,08% and 0,13% in the production amount. Tirkiye has a value well above the
world average with 772.3 kg da™* paddy yield (FAO, 2022).

In 2021, the most harvested area in paddy production worldwide was reported in India
with 28.07%, and it was followed by China with 18.11% and Bangladesh with 7.08%. In the
same year, paddy was harvested on an area of 129,475 hectares in Tiirkiye, ranking 52" in the
world with a share of 0.08%. In 2021, China had the highest share of production with 27.03%,
and it was followed by India with 24.83% and Bangladesh with 7.23% (FAOQ, 2022).

Leading countries in the world in terms of paddy production are China, India,
Indonesia, Bangladesh and Vietnam, respectively. In the mentioned countries, paddy, also
known as rice in its processed form, has a significant place particularly in the diets and
economies of Asian and Far Eastern countries (Cramb, 2020).

If the worldwide population growth rate continues at the current rate, it is
indispensable to increase paddy production to meet demand by 2030. For this reason, in order
to meet the nutritional needs of the increasing world population, it is necessary to increase the

yield value obtained from the production areas.
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Due to the increase in the yield value obtained from the unit area in agricultural
production, particularly the use of chemical fertilizers is gradually increasing. In parallel with
this, excessive use of chemical fertilizers leads to deterioration of surface and groundwater
quality and physical-chemical structures of agricultural soils (Kashem and Singh, 2002).
Excessive chemical fertilization application is one of the most vital factors causing
environmental pollution in agricultural processes. Nitrate pollution in groundwater, toxicity
caused by phosphorus compounds, and destruction of ammonia in the atmosphere can be
counted as an example of environmental problems caused by excessive fertilization
applications (Onho and Erich, 1990; Wang et al., 2013).

Fertilizers are natural or artificial substances that are added to the soil in order to
ensure better nourishment of the plants and to make the soil fertile in terms of physical,
chemical and biological characteristics. Artificial fertilizers, in addition to their different
chemical structures, have high production costs and put pressure on the purchasing power of
producers (Kaya, 2010).

The use of chemical fertilizers contributes significantly to increasing the yield of the
product. The factors affecting crop productivity in field crops in India have been analyzed
with the help of production function. In a study conducted in the area, the elasticity coefficient
of the fertilizer factor in field crops production has been determined as 0.521 and has been
found to be statistically significant at the level of 1% (Sinha, 2023).

Having examined the studies on the same issue, it is understood that there is a limited
number of studies based on functional analysis that aim to reveal the importance of the
fertilizer factor only in paddy production.

Effective use of resources in agricultural production is extremely significant.
Forasmuch as, the efficient use of resources not only reduces the cost of the product, but also
increases the product income and increases the competitiveness of the enterprises. In crop
production, the effective use of the fertilizer used is as significant as the amount of fertilizer
used per unit area. In other words, the ratio of the price of the last unit of fertilizer used in
production (factor price or marginal cost) to the monetary value of the increase in total
production of the fertilizer used gives the efficiency level of the fertilizer used.

In this study, the efficiency of fertilizer use in the production of paddy, which is
among the hot climate cereals, has been examined economically. For this purpose, the
relationship between the amount of paddy production and the amount of pure nitrogen, pure
phosphorus and pure potassium fertilizer used in production has been analyzed functionally.

Within the scope of the study, marginal efficiency coefficients have been calculated for
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fertilizer groups with the help of marginal product value and factor price, and the research
findings have been analyzed in comparison with other research findings on the same issue.

2. Literature Review

There are limited studies analyzing the economic aspects of fertilizer use in paddy
production (Ajani et al., 2014; Abiola et al., 2016, Addison et al. 2016; Nodin et al., 2022;
Fattah et al., 2023; Laksono et al., 2023). In this section, some of these researches carried on
the subject are summarized below.

Bhujel and Ghimire (2006) examined the levels of input use in paddy production in
their study conducted with 35 farmers in Nepal. In the study, the elasticity coefficients of 9
variables in paddy production were calculated and interpreted.

On the other hand, in the study conducted by Nimoh et al. (2012) in Ghana with 70
producers, there were 5 independent variable factors in the paddy production function. In the
study, the elasticity coefficient and marginal efficacy coefficient of the chemical fertilizer
variable were determined. Shantha et al. (2012) carried out a detailed cost analysis of paddy
production in their research which was conducted with 158 farmers in Sri Lanka. In this
study, the relationships between 6 production factors used in paddy production and the
amount of paddy production were functionally examined.

In a study conducted with 200 producers in Vietnam, Long et al. et al. (2013)
examined the cost of paddy production. Within the scope of the study, the elasticity
coefficients of 6 variables in the paddy production estimation function were calculated and
their importance levels were determined. In the study, the data were evaluated in 2 groups as
winter-spring and summer-autumn according to the paddy production season.

In the study conducted by Reddy and Reddy (2013) in India, the marginal efficiency
coefficients of the inputs used in paddy production for 3 different enterprise sizes (small,
medium and large) in 4 different settlements were calculated and examined. Shende and
Bagde (2013) investigated the level of input use and product cost in paddy production in a
study conducted with 60 farmers in India. In the study, the elasticity coefficients and marginal
efficiency coefficients of the production factors were calculated and interpreted.

Kadiri et al. (2014) investigated the cost factors in paddy production in detail in a
study conducted in Nigeria with 300 farmers. In the study, the relationships between the
amount of paddy production and the size of the enterprise, seed costs, family and foreign
labor costs, chemical fertilizer costs and agricultural control costs were analyzed using 4
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different production functions. In the study conducted in Indonesia by Riyan et al. (2014), the
effect of the amount of seeds, chemical fertilizers, pesticides and labor factors used per unit
area on the amount of paddy production was examined with the help of the production
function.

Hile et al. (2015, 2016) made an impact assessment of the use of technology in paddy
production in India. 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 the study, the elasticity coefficient and marginal efficacy coefficient of the
chemical fertilizer factor were calculated.

In the survey conducted with 2019 farmers in Nigeria by Ajoma et al. et al. (2016), the
effects of the factors involved in paddy production on the amount of paddy production were
analyzed with the help of the production function. In the study, the elasticity coefficients and
significance levels of the inputs used in production and the marginal efficiency coefficients
were calculated and interpreted.

Gozener (2016) conducted a study in Tirkiye and found out that there were 6
independent variables in the paddy production function. The elasticity coefficient of the
chemical fertilizer factor in the paddy production function has been determined and
interpreted. 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 chemical fertilizer variable in the paddy production function
was calculated.

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. In the equation, the
elasticity coefficients of urea, triple super phosphate (TSP) and potash fertilizers were
determined. Yumnam et al. (2016) investigated the efficiency of factors used in paddy
production in two different regions in terms of econometrics. The elasticity coefficient of the
chemical fertilizer variable in the paddy production function was calculated and interpreted.

In the research conducted with 100 farmers in India by Kannaki and Louis (2017), the
amount of inputs used in paddy production was examined, and the factors affecting paddy
production were analyzed with the help of production function. In the research conducted
with 217 farmers in Nigeria by Ogbc et al. (2017), seed, fertilizer, agrochemical, land and
labor production factors used in paddy production were evaluated in 2 groups according to

"Rice Production Ecologies”. In a study carried out by Sonawane et al. (2017) in India with
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62 producers, 9 independent variables were included. In the study, the fertilizers used per unit
area were evaluated in 3 groups as nitrogen, phosphorus and potash fertilizers, and their
elasticity coefficients were calculated and analyzed.

In the study conducted with 100 farmers in India byMaurya et al. (2018), 5 inputs used
in paddy production were analyzed using the production function. In the analysis, the
enterprises were evaluated in 3 groups according to their size: marginal farms (< 1 ha), small
farms (1-2 ha), medium farms (> 2 ha). In the study, in addition to the elasticity coefficients
of the factors in the paddy production estimation equation, marginal yield values were also
calculated and interpreted.

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
estimation equation obtained in the research, the elasticity coefficients of other factors were
determined along with the fertilizer factor. In the study, the marginal efficiency coefficient of
the fertilizer factor was calculated. In a study conducted with 159 producers in Indonesia by
Ida and Azhar (2018), 6 independent variables were included in the paddy production
function. Together with the coefficient of determination (R?) of the rice production function,
the elasticity coefficient and marginal efficiency coefficient of the fertilizer factor in the
estimation equation were calculated.

In a study conducted with 240 farmers in Iraq by Al-Mashadani et al. (2019), the
amount of inputs used in paddy production was examined. In the study, the elasticity
coefficients and significance levels of the factors affecting paddy production were
determined. Together with this, in the same study, the marginal efficiency coefficients of the
factors used in paddy production were calculated and interpreted. In the study conducted with
125 farmers in India by Kumar and Singh (2019), the cost of paddy crop, including fertilizer
and fertilization costs in paddy production, was examined in detail. In the study, the R? value
of the production function prepared for paddy production, the elasticity coefficient and
significance level of the fertilizer factor were determined. In the study, the marginal efficiency

coefficient of the fertilizer factor was also determined.

In the study conducted with 30 producers in Indonesia by Sahara et al. et al. (2019),
the efficiency of fertilizer use in paddy production was analyzed using the production
function. In another study conducted with 123 farmers in Indonesia by Siagian et al. (2019),

16 independent variable factors were involved in the paddy production function. The
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coefficient of determination (R?) of the paddy production function was calculated, and the
marginal efficiency coefficient of the fertilizer variable was determined and interpreted.

Purba et al. (2020), in their study conducted with 93 producers in Indonesia, carried
out a technical efficiency analysis of paddy production. In the study, 9 factors that affect
paddy production were analyzed in detail. Rashid (2020) analyzed the elasticity coefficient
and marginal efficiency coefficient of the fertilizer factor in the estimation equation for paddy
production in a study conducted with 256 producers in Tanzania. In the study conducted with
240 producers in Cambodia by Sary et al. (2020), the amount of input use in paddy production
was examined in detail, the determination coefficient of the estimation equation was
calculated, and the effects of factors on the production amount were examined by using
elasticity coefficients.

In the study conducted in Thailand by Somijai et al. (2020), the factors of labor, capital
use, paddy price and average amount of chemical fertilizer use, which are effective in paddy
production, were analyzed with the help of production function. Yusuf et al. (2020) carried
out a cost analysis in paddy production in 4 settlements in the research conducted with 203
producers in Indonesia. In the study, the share of the total cost of chemical and organic
fertilizers and fertilization labor costs used in the settlements in the cost of paddy production
IS given in detail at the monetary and proportional level.

In the study conducted with 30 producers in Indonesia by Bakri et al. (2021), 7
independent variable factors were involved in the paddy production function. In the study,
fertilizers used in paddy production were evaluated in 4 groups as urea fertilizer, NPK
fertilizer, tabas fertilizer and DMA fertilizer. In addition to the elasticity coefficients of the
fertilizers specified in the study, the marginal efficiency coefficients were also calculated and
interpreted. In the research conducted with 88 producers in Indonesia by Ginting and Andari
(2021), the relationship between the amount of paddy production and the seeds, chemical
fertilizers, pesticides and labor factors used in production was analyzed with the help of
production function. In the study conducted in Indonesia by Juliatmaja et al. et al. (2021), the
effect of production area, workforce, urea fertilizer, NPK fertilizer, pesticide and seed inputs
on the amount of paddy production was examined with the help of production function.

In the equation prepared in the study conducted with 200 farmers in Bangladesh by
Billah (2022), the elasticity coefficients and importance levels regarding the costs of the
inputs used in paddy production were determined. In the research conducted in Bangladesh by

Hoque et al. (2022), the fertilizer factor used in paddy production was statistically examined.
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In the research conducted in India by Lamani and Thimmaiah (2022), the inputs used
in paddy production were revealed in terms of both quantity and monetary size. In the study,
the cost of the inputs used in production in paddy production is given in detail. In the
research, seed, chemical fertilizer, pesticide and labor factors that are effective in paddy
production were analyzed with the help of production function. In the study, the marginal
efficiency coefficients of the factors involved in production were calculated, and the results
obtained were analyzed and interpreted with other research findings.

In the research conducted with 337 producers in Nigeria by Adewumi et al. (2023), the
effectiveness of the fertilizer factor in the enterprises using and not using UDP Technology in
paddy production was examined. In the research conducted with 202 farmers in Indonesia by
Djafar et al. (2023), 5 factors that are effective in paddy production were analyzed with the
help of production function. Within the scope of the study, the elasticity coefficient and
marginal efficiency coefficient were calculated and interpreted for each factor in the
estimation equation created regarding the factors used in paddy production.

In the study conducted with 60 producers in India by Jayaprada et al. (2023), the cost
of paddy production, including chemical fertilizer, was examined in detail, and the values of
the factors were given as monetary value and proportional. In the research conducted with 100
producers in India by Kumar et al. (2023), the shares of inputs used in paddy production in
product cost are given in detail on the basis of small, medium and large enterprise groups.

In the study conducted with 45 farmers in Indonesia by Laksono et al. (2023), the
effect of land area, workforce, seeds, fertilizer and pesticides factors on paddy production was
analyzed. In the study conducted with 50 producers in India by Raj et al. (2023), the factors
used in paddy production were analyzed functionally. Elasticity coefficients and importance
levels were determined for the 6 factors determined in the study, and the marginal efficacy
coefficients of the factors were calculated and interpreted.

In the study conducted in India by Singh et al. (2023), the effect of input costs on
paddy production value in paddy production was analyzed with the help of production
function. In the research conducted with 43 producers in Indonesia by Susvadi et al. (2023),
the efficiency of input use in paddy production was analyzed using the production function.
Yiizbasioglu and Abaci (2023) conducted a study with 164 producers in Tiirkiye and
examined the inputs used in paddy production functionally.

In the study conducted in Pakistan by Abbas et al. (2024), the product cost in paddy,
including fertilizer cost and fertilization cost factors for conventional rice varieties and hybrid

varieties, was calculated, and the differences for both groups were analyzed. In their
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research conducted with 120 farmers in Nepal, Bhatt et al. (2024) discussed the cost factors in
paddy production in two different periods in detail. In the study, the factors affecting paddy
production were analyzed with the help of production function.

In the study conducted with 315 producers in Nigeria by Obiekwe et al. (2024), the
cost factors in paddy production were examined in detail. In the research, the effect of socio-
economic factors on the amount of paddy production was functionally examined.

3. Materials and Methods
3.1. Materials

The primary data of the study consists of the data compiled from the agricultural
enterprises producing paddy in the province of Canakkale in the Marmara Region of Turkiye.
Within the scope of the research, face-to-face surveys were conducted in January-February
2019 for the paddy product produced in 2018. The secondary data of the research include;
Data published by the Food and Agriculture Organization of the United Nations (FAO), the
Ministry of Agriculture and Forestry and the Turkish Statistical Institute (TSI). In the study,
publications of various national and international institutions and organizations related to

paddy, researches, theses and commission reports were referred to.

3.2. Methods
3.2.1. Method used in sampling

The formula proposed by Neyman was used to determine the number of surveys

applied in the study (Yamane, 1967).

_ I(NhSh)®
"~ NID? L INh(Sh)2

T

In the formula:

n = Sample Volume

Nh=number of enterprises in the h layer

Sh=standard deviation of the h layer

N= Total number of enterprises belonging to the sampling frame
D = Acceptable margin of error (d/z)

d=Deviation from the mean at a certain level
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z=t The degree of freedom in the distribution chart (N-1) and the "t" value of a certain
confidence limit (Erkan and Cigek, 1996).

Canakkale Provincial Directorate of Agriculture and Forestry 2018 Farmer
Registration System (FRS) data were used to determine the number of paddy production
enterprises to be included in the sampling framework. According to the data of the same year,
it is understood that paddy production is carried out in an area of 65,000 da in 865 agricultural
enterprises throughout the province. Within the scope of the research, a questionnaire was
applied to 74 agricultural enterprises with a 99% confidence interval and a 5% deviation from
the average.

In the study, "Cobb-Douglas Type Function” was used to determine the relationships between

the amount of paddy production and the inputs used in production (Zoral, 1984; Miller, 2008).

In marginal analyses, the price formed in the free market in the average paddy sales
price of the enterprises and the rate (1.13) found by adding the interest rate applied by Ziraat
Bank to crop production in 2018 on top of 1 TL were taken into account as factor cost
(Y1lmaz and Yurdakul, 2000). In the research conducted, the USD/TL parity was taken into
account as 1 US$ = 5.51 TL (CBRT, 2024). The sales price of paddy in 2018 was calculated
as 2.92 TL kg™* = 0.53 USD. Within the scope of the study, for paddy production; Geometric
Mean Values (GOD), Marginal Product (MP), Marginal Income (MI), Marginal Cost (MC)

and Marginal Efficiency Coefficients (MEC) were calculated and interpreted.

3.2.2. Method applied in econometric analysis

In the study, the Cobb-Douglas type function was used to determine the relationships
between the amount obtained from paddy production and the pure nitrogen, pure phosphorus
and pure potassium fertilizers used in production (Doll and Orazem 1984; Beattie and Taylor
1987, Neill, 2002). Literature reviews indicate that this type of function is suitable for
functional analyses of agricultural production activities (Heady and Dillon, 1966; Ozcelik,
1989; Mazid et al., 2015; Zhang et al., 2017). The equation belonging to the main mass for the
Cobb-Douglas type function like this (Gujarati and Porter, 2014).

¥V = a¥1Ply2b? x3b3  xutn

When the logarithm of both sides is taken, the equation happens to be like that
(Anagnostopoulos and Kotsikas, 2010).
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The B; symbols in the equation indicate the production elasticity of the production
factors (Bi = 1, 2,.. n).The significance levels of the coefficients (B;) of production elasticity
are tested with the help of the formula.

t pi = Bi/se(pi)

The determined tf; value is compared with the value at the junction of the row
showing the degree of freedom in the "t-table™ (n-k-1) and the column indicating the desired
level of significance.

Multiple regression (R) and coefficient of determination (R?), elasticity coefficients
(Bi), standard errors (sefi) and significance levels (tfi), geometric means of the variables
(XiG, ROI), simple correlation coefficients (ri;) and standard deviation (S) and significance
level (F value) of the equation which belong to the regression equation of paddy production
were determined as a result of regression analysis performed with the help of an appropriate
statistical package program. Regarding the estimation equation in the study; Coefficient of
Determination (R?), Significance Test of Partial Correlation Coefficients (b;), Autocorrelation

and Multicollinearity tests were also performed.

The following formula was used to calculate the marginal physical productivity (MPP)
of any Xi input used in paddy production (Singh et al., 2004; Mobtaker et al., 2010; Rafiee et
al., 2010).

GM(Y)
GM (Xi)

MPPxij = Bij

In the equation; MPPxj is the marginal physical output of the input, aj is the regression
coefficient of the input, GM(Y) is the geometric mean value of the dependent variable, and

GM(X]) is the geometric mean of the inputs.

Geometric means are used in the Cobb-Douglas type model. The equation used in the
calculation of marginal revenue (MR-) for any production input (Xi) is given below
(Karagolge, 1973; Singh et al., 2004; Mobtaker et al., 2010; Rafiee et al., 2010).

MiRei — G GM(Y) P
jRxj = Bj emxg
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Multiplying the marginal yield by the product price gives the Marginal Income. In this
case, the jth factor of production is used in such a way as to maximize profit or in the most

economical way.

Marginal Efficiency Coefficients (MEC-), which are found by dividing marginal
revenues by factor prices, express which factor is used more or less effectively, and which
factor is used more or less economically. The equation used to calculate the marginal
efficiency coefficient is shown below (Singh et al., 2004; Mobtaker et al., 2010; Rafiee et al.,
2010).

Marginal Factor Revenue

MEC =
Marginal Factor Cost (Factor Price or Opportunity Cost)

The following rules have been taken into account in the interpretation of the calculated
marginal activity coefficients for production factors (Hopper, 2008; Timmer, 2012,2013; Taru
et al., 2008; Semerci, 2013):

If MEC =1 (MR=MC), the factor is used effectively.
If MEC > 1, factor is used less and should be increased (MR>MC),
If MEC < 1, the factor is overused and should be reduced (MR<MC).

It has been found that pure nitrogen was used in all 74 paddy production enterprises
identified with the help of the sampling formula. However, it was determined that the use of
pure phosphorus was in 64 enterprises (9,335 da) and pure potassium fertilizer was found in
41 enterprises (5,553 da). For this reason, within the scope of the research, with the help of
the data obtained from 41 enterprises (5,553 da) using pure nitrogen, pure phosphorus and
pure potassium fertilizer in Canakkale province, with the amount of paddy production; the
relationships between the amount of pure nitrogen, pure phosphorus and pure potassium use
were analyzed using the Cobb-Douglas production function (Neill, 2002). The variables that

take place in the paddy production function in the study are as given below.

Y = Paddy production amount (kg enterprise™®): Total amount of paddy production per

enterprise.

The independent variables in the function are given below.
X1 = Amount of Pure Nitrogen (kg enterprise™).

X, = Amount of Pure Phosphorus (kg enterprise ™).

X3 = Amount of Pure Potassium (kg enterprise ™).
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4. Research Findings
4.1. The level of chemical fertilizer uses in paddy production in the examined enterprises

In order to obtain higher yields in paddy production, it is necessary to fertilize on time
and in appropriate amounts. For this reason, first of all, fertilizer should be used after taking
soil samples from the paddy pans where paddy will be planted and having them analyzed. The
rice plant needs 16 nutrients, particularly such as nitrogen, phosphorus, potassium and zinc. In
determining the amount of fertilizer to be given to the paddy plant, the decision should be
made according to the soil analysis.

Murayama (1979) stated that the plants should take 19-21 da™ kg of nitrogen to obtain
one ton of paddy crop. Naturally, with the increase in yield, the intake of N also increases. As
a result of the N fertilizer trials carried out at the Thrace Agricultural Research Institute, it
was seen that the species grown in the country reached optimum vyield with 17-18 kg of da™
nitrogen (Sirek et al., 1998). For this, the most suitable nitrogen fertilizers recommended in
paddy production are ammonium sulfate and urea (Hill, 1992).

In general, although it varies according to soil characteristics, the amount of
phosphorus to be applied is between 6-8 kg da’ in paddy agriculture. As phosphorus
fertilizers, 25-30 kg da™*, 20-20-0, or 15-15-15 compound fertilizers between 30-35 kg da™ or
compound fertilizers specially developed by some companies for paddy crops and containing
three main nutrients could be used (Surek, 2015).

The soils of Tirkiye are rich in potassium. For this reason, there is no need to use
potassium fertilizer in paddy fertilization. However, potassium deficiency could sometimes be
noted in fields where paddy is sown on top of each other or where heavy land is leveled. In
this case, for the purpose of high and quality yield, it is recommended to use some potassium
fertilizer at intervals of 2 or 3 years, depending on the need. In cases of potassium deficiency,
the quality of the product and the effective utilization of nitrogen fertilizers decrease. As a
source of potassium, 15-15-15 compound fertilizer between 30-35 kg or compound fertilizers
specially developed by some companies for paddy products and containing three main
nutrients could be used (Sirek, 2015).

The total amount of physical chemical fertilizer in paddy production for the enterprises
examined in the study was 1.149.256,425 kg and the amount of pure fertilizer was
387,668.390 kg. Pure nitrogen was applied in the entire production area of 74 enterprises

surveyed in a total paddy production area of 10,461 da. In addition to this, pure fertilizer was
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used in 9,335 fields and pure potassium fertilizer was used in an area of 5,553 da in the
enterprises examined (Table 1).

Table 1: Chemical fertilizer use status in general (74 enterprises)

Enterprises Not Using

Total Amount of Enterprises Using Fertilizer Fertilizer
Chemical Fertilizer Type Fertilizer Used -
(kg) (Pieces) Area Quantl_'iy (Pieces) Area
(da) (kg da™) (da)
Pure Nitrogen (N) 282,230.290 74 10,461 26.979 - -
Pure Phosphorus (P) 75,625.250 64 9,335 8.101 10 1,126
Pure Potassium (P) 29,812.850 41 5,553 5.369 33 4,908
Pure Total 387,668.390 - - 40.358 - -
Total Physical Fertilizer 1,149,256.425 - - 109.861 - -

An average of 40,358 kg da™ ° pure fertilizer was used per decare in the examined
enterprises, and 26,979 kg da™* of this amount consists of pure nitrogen, 8,101 kg da™ of pure
phosphorus and 5,369 kg da™* of pure potassium fertilizer. In other words, 66.85% of the pure
fertilizer used in paddy production is pure nitrogen fertilizer.

Within the scope of this research, the effects of chemical fertilizer use on the amount
of paddy production have been examined. In this context, there are 41 enterprises that use all
pure nitrogen, pure phosphorus and pure potassium fertilizers. The total amount of chemical
fertilizers used in paddy production in these enterprises was calculated as 624,457.300 kg and
the total amount of pure fertilizer was calculated as 211,130.710 kg (Table 2).

Table 2: Chemical fertilizer use status in the analyzed enterprises (41 enterprises)

. . it A K
Chemical Fertilizer Type Total Quantity Used (kg) Quantity Used in Unit Area (kg

da”)
Pure Nitrogen (N) 139,541.010 25.129
Pure Phosphorus (P) 41,776.850 7.523
Pure Potassium (P) 29,812.850 5.369
Pure Total Chemical Fertilizer 211,130.710 38.021
Total Physical Chemical Fertilizer 624,457.300 112.454

The number of enterprises using all the chemical fertilizer types mentioned in Table 2
is 35 and paddy production has been carried out in an area of 5,553 da. The total amount of
physical fertilizer use per decare in these enterprises is 112,454 kg. The amount of pure
fertilizer used per unit area in these enterprises is 38.021 kg da™*, and the highest share in the

amount of pure fertilizer belongs to pure nitrogen with a share of 66.09%.
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In the research conducted, it was determined that the producers used chemical
fertilizers a total of 5 times during the production season in paddy production. In the study,
the total cost of fertilizer cost and fertilization labor was calculated as 30.94 USD da™, with
the labor cost of 5.96 USD da™, the chemical fertilizer cost of 24.98 USD da™. The total
variable costs in paddy production is 208.86 da™ and the share of fertilizer costs and
fertilization labor costs among the paddy crop changing costs has been determined as
14.81%. The product cost in paddy production is 290.62 USD da™ and the share of fertilizer
cost and fertilization labor cost in total product cost is 10.65%. The findings of other studies
on the same issue are given below.

In their study, Long et al. (2013), calculated the share of chemical fertilizer cost in
paddy production cost as 24.66% in winter-spring period and 26.90% in summer-autumn
period. In the research conducted by Shende and Bagde (2013), the share of chemical
fertilizer cost in paddy production cost was determined as 9.29%. According to the study
conducted by Kumar and Singh (2019) in India, fertilizer and fertilization costs in paddy
production accounted for 16.52% of the cost of paddy crop.

In the research conducted by Yusuf et al. (2020), the cost of chemical and organic
fertilizers in paddy production and the share of fertilization labor in product cost according to
settlements was calculated as 26.11% in Bunga Raya, 18.78% in Sabak Auh, 17.79% in
Sungai Apit, and 15.46% in Sungai Mandau. In the study conducted byMishra et al. (2020)
in India, the share of farm manure and chemical fertilizer costs in paddy production in paddy
production cost was determined as 13.35%. In the study conducted by Subedi et al. (2020),
the share of chemical fertilizer costs in paddy production in product changing costs was
determined as 13.41%.

In the study conducted by Lamani and Thimmaiah (2022), the share of chemical
fertilizer cost in the cost of paddy product was found to be 16.52%. In the study conducted in
India byJayaprada et al. (2023), the share of chemical fertilizer cost in paddy production cost
was found as 13.38%. In the research conducted by Kumar et al. (2023), the share of
chemical fertilizer and animal manure costs used in paddy production in product cost was
calculated as 11.44% in small enterprises, 11.46% in medium-sized enterprises, 11.05% in
large enterprises, and 11.38% as the average of enterprises.

In the study conducted by Bhatt et al. (2024), the share of chemical fertilizer cost in
paddy production in product cost was determined as 11.35% for main season rice and 12.88%
for spring rice. In the research conducted by Obiekwe et al. (2024), the share of chemical

fertilizer cost used in paddy production in the product cost was determined as 13.54%.
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In the study conducted with 164 farmers in Tiirkiye, Yiizbasioglu and Abaci (2023)
determined that fertilizer costs in paddy production constitute 22.29% of the variable costs of
the product and 18.67% of the product cost. In the study conducted byAbbas et al. (2024) in
Pakistan, the share of fertilizer and fertilization costs in the cost of paddy production was
determined as 22.84% for conventional rice varieties and 21.14% for hybrid varieties.

In this study, the share of fertilizer and fertilization costs in paddy production in paddy
product cost was determined at a lower level than the shares calculated by Long et al. (2013),
Kumar and Singh (2019), Yusuf et al. (2020), Lamani and Thimmaiah (2022), Yiizbasioglu
and Abac1 (2023), Kumar et al. (2023), Abbas et al. (2024) and Obickwe et al. (2024).

In other researches on the same subject, the amount of chemical fertilizers used per
unit area in paddy production is summarized below.

In the research conducted with 294 producers in Turkiye, Gaytancioglu and Siirek
(2001) determined the use of nitrogen in paddy production as 29.1 kg da™ (recommended 16
kg da™* - 18 kg da™), phosphorus use as 12.5 kg da™ (6 kg da™* - 10 kg da™) and potassium use
as 3.9 kg da™. In the study, no recommendation was made since the country's soils are rich
enough in terms of potassium fertilizer.

In the research conducted with 127 producers in Iran, Alipour et al. (2012) reported
that 13.74 kg da-1 of nitrogen fertilizer, 7.71 kg da™ of phosphorus and 4.08 kg da™ of
potassium were used in paddy production.

In their study Long et al. (2013) determined that in winter-spring period nitrogen was
used in the amount of 10.05 kg da™, phosphorus 6.49 kg da™*, potassium 4.19 kg da™ in paddy
production and n itrogen 10.47 kg da™*, phosphorus 7.55 kg da™, potassium 4.78 kg da™.

In the research conducted by Shende and Bagde (2013), chemical fertilizer use levels
in paddy production was as follows; nitrogen 17.048 kg da™, phosphorus 4.651 da™,
potassium was 0.459 kg da™, zinc fertilizer 0.25 kg da™. In the study conducted in Ghana by
Ragasa et al. (2013), the level of chemical fertilizer uses in paddy producing enterprises was
determined as 37.5 kg da™. In another study conducted with 150 producers in Ghana by
Addison et al. (2016), the use of fertilizer in paddy production was determined as 47.99 kg da’
! In the study conducted by Kannaki and Louis (2017), it was reported that phosporus 11.35
kg da™, nitrogen 15.57 kg da™, potash 11.12 kg da™ were used in the research area.

In the study conducted in China in 2015 byYuan and Peng (2017), the use of nitrogen
in paddy production in Huanghuazhan and Yangliangyou settlements was determined as 18
kg da™, phosporus use as 9.16 kg da™*, potash use as 12.05 kg da™ and zinc fertilizer use as 0.5

kg da™.
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In the research conducted by Rao et al. (2018) in India, it was determined that farmers
used 32.55 kg da™ of nitrogen, 18.32 kg da™ of phosphate, 7.20 kg da™ of potassium, 0.23 kg
da™ zinc, 1,524.55 kg da™ of farmyard manure in paddy production.

In the study conducted by Al-Mashadani et al. (2019), it was reported that 147 kg of
da™® chemical fertilizer was used in paddy production. In the study conducted with 30
producers in Indonesia bySahara et al. (2019), it was determined that 17.5 kg da™ of urea
fertilizer, 25.00 kg da™ of phonska fertilizer, 10.00 kg da™ of ZA fertilizer, manure 26.250 kg
da™ were used in paddy production.

In the study conducted by Purba et al. (2020), it was determined that 32.96 kg of da™
nitrogen fertilizer, 22.37 kg of da™ phosphate fertilizer, 19.52 kg of da™ potassium fertilizer
were used in paddy production. In the research conducted with 256 producers in Tanzania
byRashid (2020), the level of chemical fertilizer use in paddy production was determined as
23,092 kg da’. In the study conducted Sary et al. (2020), it was reported that an average of
26.9 kg da-1 of fertilizer was used in paddy production, although it varied between 10 kg da™
and 50 kg da™.

In the study conducted by Lamani and Thimmaiah (2022), the amount of chemical
fertilizer use in paddy production was calculated as follows: nitrogen fertilizer 29.25 kg da™,
phosphate fertilizer 21.50 kg da™, potassium fertilizer 3.75 kg da™*, zinc fertilizer 2.50 kg da™.
In the research conducted with 96 paddy farmers in Indonesia bySaepudin and Amelia (2022),
the use of chemical fertilizers varied between 40 kg da™ and 95 kg da™, but was determined as
an average of 64,635 kg da™.

In the study conducted with 200 producers in Ghana by Adams et al. (2023), the level
of chemical use in paddy production was determined as 4.59 kg da™. In the research
conducted with 337 manufacturers in Nigeria by Adewumi et al. (2023), the differences
between enterprises using and not using UDP technology and the efficiency of the use of
inputs were examined with the help of the production function. The use of Urea Deep
Placement (UDP) technology to boost nitrogen availability, a key ingredient in rice
production, was introduced to rice farmers in selected Northern Nigerian states. In the study,
the use of Fertilizerwas determined as 18.20 kg da™ (urea briquettes users) in enterprises
using UDP technology and the use of chemical fertilizers in enterprises not using this
technology was determined as 38.45 kg da™.

In the study conducted in India by Dey et al. (2023), the use of fertilizer in paddy

production was found as follows: nitrogen fertilizer 12.72 kg da™, phosphorus fertilizer 5.37
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kg da, potassium fertilizer 4.99 kg da™. In the study conducted by Laksono et al. (2023),
although the use of Urea, SP-36 and KCI fertilizers in paddy production varies between 4.5 kg
da™ -7.5 kg da™, it was reported that an average of 6.14 kg da™* was used.

Considering the results of the study conducted on the subject, it is understood that the
amount of chemical fertilizer use in paddy production is different. The main thing in paddy
production is the extent to which the recommended suggestions are followed according to the
results of soil analysis. According to the results obtained in this research, chemical fertilizers
are used above the recommended amounts. For this reason, considering the values calculated
as a result of the research, it is similar to the amount of fertilizer recommended to be used per
unit area in paddy production in Tirkiye (Gaytancioglu and Siirek, 2001).

The amount of chemical fertilizers used in paddy production should be evaluated in
each country's own way. Yet, although there is support for the use of chemical fertilizers in
paddy production in some countries such as Turkiye, in other countries there is no support for
the use of chemical fertilizers in paddy production by the state. Similarly, while some
countries such as Tlrkiye make difference support or support payments under other names in
paddy product purchases, other countries do not have similar practices. In this way, both
chemical fertilizer support and support applied in product procurement affect the use of inputs
in paddy production between countries. This situation could positively or negatively affect the

amount of fertilizer to be used by paddy producers in paddy production.

4.2. Functional analysis of chemical fertilizer use in paddy production

The relationship between the amount of pure nitrogen, pure phosphorus and pure
potassium fertilizer use and the amount of paddy production in the enterprises examined in
the study was analyzed with the help of the Cobb-Douglas type production function
(Debertin, 2012). As a result of the econometric analysis carried out using the data obtained
from 41 paddy production enterprises that used pure nitrogen, pure phosphorus and pure
potassium fertilizers together and determined according to the sampling method in Canakkale

province, the functional relationship between the variables in production is as follows;
Y = 1.765* X10'639 * X20.140 * X30'220
It has been formed in the form ($=0.102; R=0.977; R %9°=264.59; F=158.65)

Multiple correlation and determination coefficients of equation ( calc. > ¢ table) has

been found to be significant at 1% probability level. The calculated coefficient of
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determination for the obtained function shows that approximately 95% of the changes in the
amount of paddy production could be expressed by the independent variables in the model
and that the chosen model is appropriate. The existence of autocorrelation in the equation
created in the study was tested by applying the "Durbin Watson (DW) Test", and the positive
autocorrelation test was applied because the DW cacuiation Of the equation was calculated as
1.562 (Ozgelik, 1994). As a result of the test, it was understood that there was no positive
correlation for function (DW, 1.562> DWy 001y 1.474) (Tables 3 and 4).

Table 3: Basic statistics of the forecast equation

Adjusted R Std. Error of the R Square Sig. F Durbin-
R R Square Square Estimate Change F Change  Change Watson
0.977 0.955 0.952 0.102 0.955 264.59 .000 1.562

Table 4: Paddy production function variance analysis table

Degree of Sum of Squares Average of F- Value “P Value”
freedom Squares
Regression 3 8.189 2.730 264.59 0.000
Remainder 37 0.382 0.010
Total 40 8.571

When the production elasticity of the independent variables is examined, it is seen that
the production elasticity coefficients of all the factors have a positive character (Table 5).

Table 5: Production elasticity of production factors in paddy production

Xy X; X3 (025D
(Pure N) (Pure P) (Pure K)
Production elasticity (Bi) 0.639 0.140 0.220 0.999
Standard error (sepi) 0.123 0.097 0.096 -
tBi 4.965* 1.423 2.476** -

(**): Significant at 1% probability level
(**): Significant at 5% probability level

The sum of the production elasticities of the factors involved in the estimation
function (3B;) is 0.999. This means a fixed return in paddy production. In short, it reveals that
when the pure nitrogen, pure phosphorus and pure potassium used in paddy production are
increased by 1%, the production amount could increase by 1%.

In the study, pure nitrogen (X;) was found to be statistically significant at the level of
1% whereas pure potassium (X3) at the level of 5%. From a theoretical point of view, it could
be stated that a 1% increase in the amount of pure nitrogen used in paddy production will

increase production by 0.639%, a 1% increase in the amount of pure phosphorus will increase
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paddy production by 0.14%, and a 1% increase in the amount of pure potassium will increase
production by 0.22%.

In the study, marginal product quantities, marginal product values and marginal
efficiency coefficients related to the use of pure nitrogen, pure phosphorus and pure

potassium, which are effective in the amount of paddy production, are given in Table 6.

Table 6: Marginal efficiency coefficients of the factors included in the estimation equation

X X; X3 v
(Pure N) (Pure P) (Pure K)

Geometric mean (log) 3.27604 2.75725 2.64157 4.,78857
Geometric mean (kg) 1,888.16 571.80 438.10 61,456.29
Marginal Yield (kg) 20.80 15.05 30.86
Marginal product value (TL) 60.73 43.94 90.12 -
Factor prices ($) 1.13 1.13 1.13 -
Marginal efficacy coefficient 53.74 38.88 79.75 -
Marginal efficacy coefficient (US$) 9.75 7.06 14.47 -

As could be seen from the examination of Table 6, the highest marginal efficiency
coefficient among the fertilizers used in paddy production belongs to pure potassium (Xs).
This variable is followed by pure nitrogen (X;) and pure phosphorus (X3), respectively. In
determining the marginal product values, factor prices which are 1 TL more than the normal
interest rate have been taken into account (Rehber and Erkus, 1984; Celik and Bayramoglu,
2007; Vural and Turhan, 2011). According to marginal efficiency coefficients; Pure
phosphorus, pure nitrogen and pure potassium factors are used below the economic optimum
level (x;>1). Therefore, increasing the use of pure phosphorus, pure nitrogen and pure
potassium factors, which have a high coefficient of marginal efficiency, in other words, the
use of fertilizer should be regulated according to the amounts recommended after having

carried out the soil analysis and without causing environmental pollution.

In some studies, on paddy production, the relationships between production amount
and inputs have been examined with the help of the Cobb-Douglas production function both
in Turkiye and in Far East Asian countries. In this section, the findings obtained in the other
studies on the same subject are given in general terms and these research findings are
compared.

In a study involving 97 producers in Edirne, the effect of seeds, fertilizers, pesticides,
number of parcels, educational status and tractor power factors on the production amount was

analyzed using the Cobb-Douglas production function. In the study, the elasticity coefficient
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of the chemical fertilizer variable in the function was 0.15 and was found to be statistically
significant at the level of 1% (Semerci, 1998).

In the study conducted by Bhujel and Ghimire (2006), the elasticity coefficients and
significance levels of fertilizers in the paddy production estimation equation are: Nitrogen -
0.33 (sign. 1%), Phosphorous 0.01 (sign. 1%), while potash fertilizer is determined as 0.02
(sign. 10%).

In a study conducted with the participation of 71 producers in the Indian state of
Kerala, the effect of 8 different variables on the income of paddy production was aimed to be
determined by using the Cobb-Douglas production function. In the study, the elasticity
coefficient of the fertilizer input, which is one of the variables in the function, was calculated
as 0.17 and was found to be statistically significant at the level of 1%. The marginal
efficiency coefficient of the fertilizer factor was determined as 2.83 (Suresh and Keshava
Reddy, 2006).

In the study of Sikdar et al. (2008), elasticity coefficient of chemical fertilizer variable
in the paddy production function was 0.1572 and it was found significant at a level of 1%. In
the study conducted with 60 farmers in Nigeria by Sani et al. (2010), 4 production factors
were included in the paddy production estimation equation, and the elasticity coefficient of
the chemical fertilizer input was 0.05 and was found to be statistically significant at the level
of 5%. The marginal efficiency coefficient of the fertilizer factor is 7, which indicates that the
use of fertilizer in paddy production is low and should be increased.

In the study involving 70 paddy producers in Ghana, researches tried to determine the
effect of 5 different variables on the amount of paddy production. In the study, the elasticity
coefficient of the chemical fertilizer variable was 0.1804 and it was found to be statistically
significant at the level of 17%. In the study, the marginal efficiency coefficient of the fertilizer
variable was calculated as 1.76 (Nimoh et al., 2012). In the estimation equation prepared in
the study of Shantha et al. (2012), the elasticity coefficient of the chemical fertilizer used in
paddy production was calculated as 0.231 and was found to be statistically significant at the
level of 1%.

In the study of Long et al. (2013), the elasticity coefficients and significance levels in
the production function in paddy production were found as follows: In the winter-spring
period, urea was calculated as 0.156 (sign. 5%), phosphorus fertilizer was 0.024 (non sign.)
and potassium fertilizer was 0.036 (non sign.). Same data in the summer-autumn period were
obtained as follows; urea was determined as 0.039 (non sign.), phosphorus fertilizer was

0.039 (non sign.), potassium fertilizer was 0.025 (non sign.). In the research, the elasticity
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coefficients and significance levels in the cost function were found as follows: In winter-
spring period urea was determined as 0.059 (non sign.), phosphorus fertilizer as 0.422 (sign.
10%), potassium fertilizer as 0.568 (sign. 5%). Same data in the summer-autumn period were
on the other hand, urea was 0.317 (non sign.), phosphorus fertilizer was0.147 (sign. 5%),
potassium fertilizer was 0.108 (non sign.).

In the study conducted by Reddy and Reddy (2013), the marginal elasticity coefficient
of the chemical fertilizer factor used in paddy production was determined as -1.28, 3.61, -1.80
in small, medium and large enterprises in Kaligiri Mandal settlement, while 3.51, 33.30, 0.32
in Muttukur Mandal settlement, and 4.45, -1.55, 1.73 in Pellakur Mandal settlement,
respectively. In the study conducted by Shende and Bagde (2013), the elasticity coefficient of
the fertilizer factor was calculated as -0.028 in the estimation equation of paddy production,
yet it was not found to be statistically significant. The determined value shows that the
fertilizer factor is used excessively in paddy production.

In the study conducted by Kadiri et al. (2014), the elasticity coefficient of the chemical
fertilizer factor in the estimation equation for paddy production was calculated as -0.25 and
was found to be statistically significant at the level of 5%. In the study conducted by Riyan et
al. (2014), the elasticity coefficient of the chemical fertilizer factor in the function of paddy
production was calculated as 0.001 and was found to be statistically significant at the level of
10%.

In their study conducted with 396 producers in Malaysia, Abiola et al. et al. (2016)
examined the efficiency of input use in paddy production with the help of production
function. In the study, the elasticity coefficient of the chemical fertilizer factor in the
estimation equation was 0.503 and it was found to be statistically significant at the level of
1%. The marginal efficiency coefficient of the fertilizer factor is 0.06, indicating that the input
is overused in paddy production. In a study conducted with 150 producers in GhanaAddison
et al. (2016), the elasticity coefficient of the fertilizer variable in the paddy production
function was 0.15 and was found to be statistically insignificant.

In the study conducted by Ajoma et al. (2016), the elasticity coefficient of the
chemical fertilizer factor in the paddy production estimation equation was 0.016 and was not
found to be statistically significant. In the study, the marginal efficiency coefficient of the
chemical fertilizer factor was calculated as 0.50, indicating that the level of use of the
specified value in paddy production is excessive and should be reduced. In the research
conducted by Go6zener (2016), the elasticity coefficient of the chemical fertilizer factor in the

paddy production function was 0.0451 and was found to be significant at the level of 5%.
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In the study involving 288 paddy producers in India in the 2012-13 period, the effect
of 7 different variables on the amount of paddy production was aimed to be determined. In the
study, the variables of labor, animal bollard pull, animal manure and potash fertilizer were
found to be statistically significant at the level of 5% in the production factors included in the
production function (Hile et al., 2016).

In their study Kaka et al. (2016) found that the elasticity coefficient of chemical
fertilizer variable in paddy production function was 0.896 and this value was considered as
statistically significant with a level of 10%. In the study by Kanthilanka and Weerahewa
(2016), the elasticity coefficient of urea fertilizer in estimation equation was determined as
0.229 and it was found to be statistically significant at the level of 5%. In the same study,
however, Triple Super Phosphate (-0.075) and Potash fertilizers (0.030) were not found to be
statistically significant.

In the study conducted in Himachal Pradesh State by Yumnam et al. (2016), the
elasticity coefficient of the fertilizer factor in the paddy production estimation equation in
small scale enterprises was 0.134, and this value was found to be statistically significant at the
level of 5%. In large enterprises in the same state, the elasticity coefficient of the fertilizer
factor in the paddy production estimation equation was determined as 0.144 and the
calculated value was not found to be statistically significant. In the study conducted in
Manipur State, in small businesses, the elasticity coefficient of the fertilizer factor in the
paddy production estimation equation was determined as 0.149 and this value was not found
to be statistically significant. In large enterprises in the same state, the elasticity coefficient of
the fertilizer factor in the paddy production estimation equation was 0.362 and was found to
be statistically significant at the level of 1%.

Kannaki and Louis (2017) found that the efficiency coefficients of chemical fertilizers
were for Phosporus -0.63, for nitrogen 0.43, and forpotash 0.56. In the study, the elasticity
coefficients of nitrogen and potash fertilizers were found to be statistically significant at the
level of 5%. In the study conducted by Ogbc et al. (2017), the elasticity coefficient of
fertilizer in the "Deep water" group was calculated as 0.197 and was found to be statistically
significant at the level of 10%. In the study, the elasticity coefficient of the fertilizer factor in
the "Upland Pooled” group was found to be statistically insignificant.

In the study conducted by Sonawane et al. (2017), fertilizers used per unit area were
evaluated in 3 different groups as nitrogen, phosphorus and potash. In the research, the
elasticity coefficients of chemical fertilizer variables were 0.030 for nitrogen, -0.045 for

phosporus and 0.020 for potash, and the calculated values were not statistically significant.
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However, in the study, the elasticity coefficient of farm fertilizer (manure) was 0.025 and it
was found to be statistically significant at the level of 10%. In the study conducted in India,
animal manure and chemical fertilizer variables, which are among the variables in the
estimation equation, were found to be statistically significant at the level of 5% (Yumnam et
al., 2017).

In the study conducted by Maurya et al. (2018), animal manure and chemical fertilizer
were evaluated as a single variable. In the study, the elasticity coefficient of the factor
specified in paddy production was calculated as 0.326 in marginal enterprises, 0.302 in small
enterprises and 0.372 in medium-sized enterprises. All of the determined coefficients were
found to be statistically significant at the level of 1%. In the study conducted by Pudaka et al.
(2018), the marginal efficiency coefficient of the chemical fertilizer factor was determined as
9.54. This calculated value shows that the fertilizer factor is used less in paddy production in
the enterprises and should be increased.

In the research conducted by Ida and Azhar (2018), the elasticity coefficient of the
chemical fertilizer factor in the estimation equation for the paddy production function was -
0.288 and it was found to be significant at the level of 1%. In the study, the marginal
efficiency coefficient of the fertilizer factor was determined as 17.17. This calculated value
revealed that the fertilizer factor is used excessively in paddy production in the enterprises
and has to be reduced.

In the study conducted by Al-Mashadani et al. (2019), the elasticity coefficient of the
chemical fertilizer factor used in paddy production was calculated as 0.141 and was found to
be statistically significant at the level of 1%. In the study, the marginal efficiency coefficient
of the chemical fertilizer factor was determined as 0.538, and the calculated value shows that
excessive fertilizer is used in paddy production and the amount of pesticide used per unit area
should be reduced in order to reach the economic optimum level.

In the study conducted by Kumar and Singh (2019), the elasticity coefficient of the
fertilizer factor was determined as -0.092 in the estimation equation prepared for paddy
production, and it was found to be statistically insignificant. In the study, the marginal
efficiency coefficient of the fertilizer factor was calculated as -1.030, which indicates that the
use of fertilizer in paddy production is excessive. In the study conducted with 30 producers in
Indonesia by Sahara et al. (2019), the elasticity coefficients of chemical fertilizers in the
estimation equation of paddy production were: for urea fertilizer 0.306 (sign. 5%), for
phonska fertilizer -0.273 (non sign.), for ZA fertilizer -0.021 (sign. 10%), and for manure

0.073 (non sign.).
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In the study conducted by Siagian et al. (2019), none of the 7 different fertilizer types
in the paddy production function was found to be statistically significant. In the study, the
marginal efficiency coefficient of the chemical fertilizer variable was calculated as 2.83. This
value shows that the use of fertilizers in the enterprises examined in the research area is not
sufficient and should be increased.

In the study conducted by Purba et al. (2020), the elasticity coefficients and
significance levels of chemical fertilizers used in paddy production were found as follows: for
nitrogen fertilizer 0.049 — (sign. 10%), for phosporus fertilizer 0.072 — (sign. 5%), and
forpotash fertilizer 0.057 — (sign. 10%). In the research conducted with 256 producers in
Tanzania by Rashid (2020), the elasticity coefficient of the fertilizer factor was determined as
6 in the estimation equation for paddy production, and it was found to be statistically
significant at the level of 10%. The marginal efficiency coefficient of the chemical fertilizer
factor used in paddy production was calculated as 6.86, which indicates that the fertilizer
factor is used less in paddy production and should be increased.

In the study conducted by Sary et al. (2020), the elasticity coefficient of the chemical
fertilizer factor was determined as 0.259 (sign. 1%) for “wet season” and 0.175 for "dry
season” (sign. 5%). In the study conducted by Somjai et al. (2020), the elasticity coefficient
regarding the amount of chemical fertilizer use in the paddy production estimation equation
was calculated as 0.142 and the factor was found to be statistically significant at the level of
5%.

In the study conducted by Subedi et al. (2020), the elasticity coefficient of the
chemical fertilizer factor in the estimation equation for paddy production was calculated as
0.30 and was found to be statistically significant at the level of 1%. In the study, the marginal
efficiency coefficient of the chemical fertilizer factor was determined as 4.64, which indicates
that the level of chemical fertilizer use in paddy production is low and should be increased.

(2021) In the study carried out by Bakri et al., fertilizers used in paddy production and
their elasticity coefficients were determined as; for urea fertilizer (0.210), for NPK fertilizer
(0.154), for tabas fertilizer (0.303) and for DMA fertilizer (0.089), respectively. The study
showed that none of these fertilizer types was statistically significant. The marginal efficiency
coefficients of the fertilizers were found as follows: for urea fertilizer (7.67), for NPK
fertilizer (6.41), for tabas fertilizer (8.80) and for DMA fertilizer (7.18). The values calculated
in the research revealed that the amount of chemical fertilizers used in the unit area in paddy

production is used less and the level of use should be increased.
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In the study conducted by Ginting and Andari (2021), the chemical fertilizer factor in
the estimation equation for paddy production was found to be statistically significant at the
level of 10%. In the study conducted by Juliatmaja et al. (2021), the elasticity coefficient and
significance level of chemical fertilizers used in paddy production were determined as
follows: for urea fertilizer 5.319 — (sign. 1%), for NPK fertilizer 5.480 — (sign. 1%).

In the study conducted by Billah (2022), the elasticity coefficient of the chemical
fertilizer cost variable in the paddy production estimation equation was -0.51 and was found
to be statistically significant at the level of 10%. In the study conducted with 106 producers in
Nigeria by Bulus et al. (2022), the elasticity coefficient of the fertilizer factor in the paddy
production estimation equation was -0.875 and was found to be statistically significant at the
level of 1%.

In the study conducted in Bangladesh by Hoque et al. (2022), the elasticity coefficient
of the fertilizer factor used in paddy production was calculated as 0.260 and was found to be
statistically significant at the level of 5%. In the study conducted by Lamani and Thimmaiah
(2022), the elasticity coefficient for chemical fertilizer cost in the paddy production estimation
equation was calculated as -0.092 and was found to be statistically insignificant. In the study,
the marginal efficiency coefficient regarding the cost of chemical fertilizers in paddy
production was calculated as -1.03, and this value reveals that there is an excessive use of
fertilizers in paddy production and that the amount of chemical fertilizers used per unit area
should be reduced in order to reach the economic optimum point.

In the study conducted with 200 producers in Ghana by Adams et al. (2023), the
elasticity coefficient of the fertilizer factor was determined as 0.4008 in the estimation
equation prepared to determine the efficiency of input use in paddyproduction, and it was
found to be statistically significant at the level of 5%. In the research conducted with 337
producers in Nigeria by Adewumi et al. (2023), the elasticity coefficient of the fertilizer factor
in the estimation equation for paddy production in enterprises using UDP Technology was
0.099 and was found to be statistically significant at the level of 1%. The elasticity coefficient
for the fertilizer factor in the estimation equation for paddy production in enterprises that do
not use UDP Technology was 0.196 and was found to be statistically significant at the level of
1%.

In the research conducted by Djafar et al. (2023), the elasticity coefficient of urea
fertilizer factor was calculated as 0.042 and the elasticity coefficient of NPK fertilizer was
calculated as -0.021. The marginal efficiency coefficient was calculated as 0.05 in urea

fertilizer and 0.01 in NPK fertilizer, and both fertilizers are used excessively in paddy
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production, and the amount of use of both fertilizers needs to be reduced in order to reach the
economic optimum. In the study conducted by Elvina et al. (2023) in Indonesia, the elasticity
coefficient of the fertilizer factor in paddy production was determined as 0.365 and was found
to be statistically significant at the level of 1%.

In the study conducted by Laksono et al. (2023), it was determined that the elasticity
coefficient (-0.284) of the fertilizer factor negatively affected paddy production. In the study
conducted by Raj et al. (2023), the elasticity coefficient of the fertilizer factor in the paddy
production estimation equation was determined as 0.271 and was found to be statistically
significant at the level of 1%. In the study, the marginal efficiency coefficient of the fertilizer
factor was determined as 0.61 for salt water unaffected farmers and 0.90 for only water
affected farmers, and both values indicate that the fertilizer factor is overused in paddy
production and should be reduced.

In the study conducted in India by Singh et al. (2023), the effect of input costs on
paddy production value in paddy production was analyzed with the help of production
function. In the study, the elasticity coefficient of the fertilizer factor was calculated as 0.096
(for tribal) and -0.051 for non-tribal), and both coefficients were not found to be significant at
the level of statistical significance. In the research conducted with 43 producers in Indonesia
by Susvadi et al. (2023), the efficiency of input use in paddy production was analyzed using
the production function. The elasticity coefficient of organic fertilizer in the estimation
equation was determined as 0.011, for urea fertilizer 0.008 and for SP36 fertilizer 0.019, and
all of the coefficients of the factors were not found to be statistically significant. In the study
conducted by Yiizbasioglu and Abaci (2023), the elasticity coefficient of the fertilizer factor
was 0.233 and was found to be statistically significant at the level of 5%.

In the study conducted by Bhatt et al. (2024), the elasticity coefficient and
significance level of the chemical fertilizer factor in paddy production were calculated as
0.141 for main season rice and were found to be statistically significant at the level of 1%.
The coefficient of the same factor is for Spring Rice was 0.081 and was found to be
statistically insignificant.

When the results of the research on the subject are examined in the literature, it is
revealed that the amount of chemical fertilizer used in paddy production varies between
countries as well as within the country in terms of both pure and physical amount. Because
the amount of chemical fertilizer needed by agricultural enterprises in paddy production may
vary according to the results of soil analysis and the capital allocated by the enterprises for

chemical fertilizer. For this reason, when the results of each research are examined and the
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results obtained are compared, the elasticity coefficient of the chemical fertilizer in the
production function and the significance level of this coefficient may differ. Accordingly, the
marginal efficiency coefficient of the chemical fertilizer factor may be below "1" in some
research results and above "1" in others. The main reason for this is that in parallel with the
elasticity coefficients, the sales price of paddy and the factor price of chemical fertilizers
differ from country to country.

In the study, the marginal efficiency coefficient of pure nitrogen used in paddy
production was calculated as 53.74 TL (9.75 USD), 38.88 TL (7.06 USD) for pure
phosphorus and 79.75 TL (14.47 USD) for pure potassium. All calculated values are above
the value of 1. When the determined coefficients are taken into account in USD, it shows that
the marginal efficiency coefficients of pure nitrogen and potassium fertilizers are higher than
all other research findings. However, the coefficient for pure phosphorus calculated in this
study (7.06 USD), Suresh and Reddy (2006) is as follows [2.83], for Nimoh et al. (2012)
[1.76], Abiola et al (2016) [0.06], forSiagian et al. (2019) [2.83], for Bakri et al. (2021) NPK
is higher than the coefficients calculated by fertilizer [6.41]. However, the pure phosphorus
coefficient determined as a result of the research was as follows; for Pudaka et al. (2018)
[9.54] and for Bakri et al. (2021) (Urea fertilizer [7.67], Tabas fertilizer [8.80], DMA fertilizer
[7.18]).

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 more this factor is used close
to the economical optimum level. In this study, when the marginal efficiency coefficients
were taken into account and analyzed comparatively with other research findings, it was
concluded that none of the pure nitrogen, pure phosphorus and pure potassium fertilizers were

used at the economically optimum level in paddy production.

5. Conclusion and Recommendations

Paddy is very essential for human nutrition in the world and is one of the most
produced agricultural products. Asian countries such as India, China, Bangladesh, and
Indonesia are the leading countries in paddy production and export. In Turkiye, since the
beginning of the 2000s, paddy cultivation area, production amount and yield have increased
continually. However, today, rice production does not meet domestic demand and the supply
deficit is tried to be eliminated through imports. For this reason, Turkiye paid 78,893,000

USD for the import of 179,494 tons of paddy in 2020.
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According to TSI data for 2022, Canakkale province, which is determined as a
research area, ranks 4th in the country with 12,046 ha in Turkiye's paddy production areas and
97,034 tons in production amount. In this study, research data have been obtained from 74
agricultural enterprises determined by Stratified Sampling Method. In the research, the
relationship between pure nitrogen, pure phosphorus and pure potassium fertilizers used in
production with the amount of paddy production has been analyzed using the Cobb-Douglas
type production function.

In the research conducted, the labor cost of the producers in fertilizer applications in
paddy production has been calculated as 5.96 USD da™, the fertilizer cost has been found as
24.98 USD da™, and the fertilizer and fertilization cost has been calculated as 30.94 USD da™.
The total of variable costs in paddy production is 208.86 USD da™ and the share of fertilizer
cost and total cost of fertilization labor has been determined as 14.81%. The product cost in
paddy production is 290.62 USD da™ and the share of fertilizer cost and total cost of
fertilization labor is 10.65%. However, the support for the use of fertilizer in paddy applied in
the country does not even reach the level of 5% of the fertilizer cost. For this reason, the
support for fertilizer use applied in paddy production should be determined in a more rational
way by taking into account current conditions.

In the study, the use of fertilizer per unit area in paddy production has been determined
as 25.129 kg da™ pure nitrogen, 7.523 kg da™ pure phosphorus and 5.369 kg da™ pure
potassium fertilizer. According to these values, the total amount of pure fertilizer use per unit
area has been determined as 38.021 kg da™ and the total physical fertilizer usage amount has
been found as 112.454 kg da™. In the research, the elasticity coefficients of the fertilizers in
the estimation equation created for paddy production; pure nitrogen (X;) has been found to be
significant at the probability level of 1% and pure potassium (X3) fertilizer has been found to
be significant at the probability level of 5%. It has been concluded that the sum of the
production elasticity coefficients of chemical fertilizers in the estimation equation (O i
0.999), which are effective on the amount of paddy production, expresses a constant return to

the scale.

The marginal efficiency coefficient of all the variables in the estimation equation has
been found to be above "1". However, it has been understood that no fertilizer group is used
in an optimal level. Considering the marginal efficiency coefficients calculated as a result of

the research, it is necessary to increase the amount of use of all fertilizer groups in order to
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reach the economically optimum level. In other words, attention should be paid to the

effective and rational use of resources.
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