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Determination of Agricultural Mechanization Level in Kahramanmaras with Poisson
Regress by District

Kahramanmaras Ilinde Tarimsal Mekanizasyon Diizeyinin Ilgelere Gére Poisson Regresyon
ile Belirlenmesi

Ismail GOK"", Mustafa SAHIN?, Tolga TOLUN?
Abstract

In this study, agricultural mechanization level indicators of the districts of Kahramanmarag between the years
2012-2021 were calculated. A model has been established for this. While the dependent variable in the model is
the agricultural areas planted in the districts according to the years, the independent variables are the number of
tractors in the districts according to the years and other determined tools, equipment and machines. Poisson
regression test was used, there was 25.022 chi-square probability relationship between the planted agricultural
areas in Kahramanmaras districts between 2012 and 2021, with the number of tractors in the districts and other
determined equipment by years. At the level of agricultural mechanization, it was determined that there was a 3.32
decrease in the average number of tractors per 1000 hectares of land in Kahramanmaras districts between 2012
and 2021, and a decrease of 12.45 in the number of specific equipment per tractor over the years. Among this
decrease, it was thought that reasons such as climate change, input costs and job change were among the main
reasons for leaving agriculture. In the comparison made from 2012 to 2021, the number of tractors in all districts
increased by 54.18%, while the number of tractor equipment was also observed. An increase of 46.11% was
observed. In addition, as a result of the trend analysis value applied, it was concluded that the average absolute
percentage errors in the districts were 4.10443, the average number of tractors per 1000 hectares by years, and the
number of specific equipment per tractor in the districts according to the years was 1.96718, which is a good
estimation.
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Gk & Sahin & Tolun
Determination of Agricultural Mechanization Level in Kahramanmarags with Poisson Regress by District

Oz

Bu caligmada Kahramanmarag ilinin ilgelerinin 2012-2021 yillar1 arasindaki tarimsal mekanizasyon diizeyi
gostergeleri hesaplanmistir. Bunun i¢in bir model kurulmustur. Modelde bagimli degisken yillara gore ilgelerinde
ekilen tarim alanlari olur iken, bagimsiz degiskenlerde yillara gore ilgelerdeki traktor sayist ve belirlenmis diger
aletlerdir. Poisson regresyon testinin kullanildig1 bu alanda Kahramanmaras ilinin il¢elerinin 2012-2021 yillan
arasinda Kahramanmaras ilgelerinde ekilen tarim alanlarinin, yillara gore ilgelerdeki traktor sayist ve belirlenmis
diger aletleri ile arasinda 25.022 ki-kare olabilirlik oraninda bir iliski vardir. Tarimsal mekanizasyon diizeyinde
2012-2021 yillar1 arasinda Kahramanmaras ilcelerinde yillara goére 1000 hektar alana diisen ortalama traktor
sayisinda 3.32 oraninda, yillara gore traktor basina diisen belirli ekipman sayisinda da 12.45 oraninda bir azalma
oldugu belirlenmistir. Bu azalmanin arasinda iklim degisikligi, girdi maliyetleri, is degisikligi gibi nedenlerden
dolay1 tarimi birakmanin temel nedenleri arasinda yer aldigi disiiniilmiistiir. Ayrica uygulanan trend analiz
degerinin sonucunda ortalama mutlak yiizdesel hatalar ise ilgelerin yillara gére 1000 hektar alana diisen ortalama
traktor sayisi 4.10443, ilgelerin yillara gore traktor basina diisen belirli ekipman sayisi da 1.96718 olarak iyi bir
tahmin gergeklestirildiginin sonucuna ulagilmistir.

Anahtar Kelimeler: Tarim arazisi, Traktor, Tarimsal mekanizasyon
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1. Introduction

Agricultural sector is an economic and social business line with its impact on livelihood and labor force, its
contribution to general national income, and the raw materials it provides to the industry in Turkey.

In order to meet the needs of the rapidly increasing human population, a better quality and more measured
production area in the agricultural sector working areas is one of the main goals of agricultural production in
today's agriculture. This goal makes it inevitable to use technology to accelerate and improve agricultural
production. Within the production work areas, agricultural mechanization covers a special area. Agricultural
mechanization studies should be used in production in order to obtain higher quality and higher efficiency in unit
area and unit time. Agricultural mechanization methods are divided into two basic clusters as power and machines
used in the job site. Tractors, which are called force machines in the field of agricultural mechanization, can give
power to agricultural-construction machines that do not have the ability to move themselves in various situations
in order to fulfill their mobility (Siimer et al., 2003; Siimer et al., 2004).

Agricultural mechanization, use of advanced technological networks in the agricultural sector; It is an
important production method that allows widespread use of inputs such as irrigation, fertilization, soil cultivation
and maintenance (Korucu et al., 2015). Agricultural mechanization level can show awareness from region to region
in terms of both economic and technical levels. Determination of its level with the help of signs of agricultural
mechanization; It is important in terms of comparing and interpreting the agricultural mechanization levels of
countries, regions and provinces. The most basic power source used in the operation of the fields is the tractor. For
this reason, the tractor used by the landowners in the land operation is one of the most important factors in
determining the agricultural mechanization levels of the regions. The agricultural mechanization level, which is
based on the widely used tractor, is the tractor power per the planted land for production, the number of tractors
per 1000 hectares, the production area per one tractor and the number of equipment per one tractor (Sabanci et al.,
2003). Agricultural lands; Various studies have been conducted on the size, yield, and average productivity per 1
hectare area (Kok, 1993; Liile et al., 2012; Akar et al., 2012; Bilim et al., 2014; Bozkurt, 2016; Oguz et al., 2017,
Aslantiirk and Altuntag 2018). According to these studies, to determine the signs of agricultural mechanization
and to determine the mechanization effect, based on the size of the agricultural land planted in the districts of
Kahramanmaras between the years 2012-2021, the number of tractors and the determined tractor equipment, and
as a result of the results obtained, the mechanization level from the region to the region between the determined
periods was made by making comparisons within the districts. detecting the change that may occur.

2. Materials and Methods
2.1. Material

The data of this research was obtained from the Turkish Statistical Institute (TUIK, 2021). According to the data
obtained from TUIK, tractor horsepower is 35-50 horsepower, 51-70 horsepower, 70 and more horsepower, lug tractor
plow, arc plow and cultivator, which are estimated to be widely used in the equipment of the tractor, and fruits in the
planted agricultural lands, Size of agricultural land planted between 2012-2021 in Afsin, Andirin, Dulkadiroglu,
Ekin6zii, Elbistan, Goksun, Nurhak, Onikisubat, Pazarcik, Tiirkoglu and Caglayancerit districts of Kahramanmarag
province, based on beverage and spicy plants, vegetable fields and cereals and other herbal products areas. A database
was created about the specified tractor equipment and the number of tractors. A model has been established to
determine the level of mechanization. While the dependent variable in the model is the agricultural areas planted in the
districts according to the years, the independent variables are the number of tractors in the districts and other determined
tools according to the years. It was tested with the poisson distribution method in the SPSS program and a comparison
was made between the districts as a result of the years and data determined. Agricultural land cultivated by years in all
districts between 2012-2021 Table 1.A and it is given in Table 1.B.

The total processed parcel size in the districts in 2012 is 2275517 m2, in 2013 3236923 m2, in 2014 3168249 m2,
in 2015 3272680 m2, in 2016 3015063 m2, in 2017 3012018 m2, in 2018 3059753 m2, in 2019 3183214 m2, in 2020
3275806 m2 and In 2021, it was determined to be 3218535. In addition, when the total processed parcel size in the
districts in 2012 and the total processed parcel size in the districts in 2021 are compared, an increase in the total parcel
size processed in the districts was observed by 41.44%.
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Table 1.A. Total processed parcel size in districts by year.

Total Parcel Size Processed by Years

Districts 2012 2013 2014 2015 2016
Afsin 465279 571975 591262 585041 520283
Andirin 123581 139869 133982 137441 137897
Dulkadiroglu ; 260721 278840 270480 271755
Ekinozii 54880 57287 57913 59476 53050
Elbistan 651560 789037 675844 812548 768263
Goksun 432367 395509 408389 409696 401786
Nurhak 22151 21111 19785 20110 17812
Onikisubat ; 285647 287291 282687 283001
Pazarcik 339100 492012 495116 483087 365206
Tiirkoglu 131039 185061 177950 170392 157967
Caglayancerit 55461 38694 41877 41722 38043

Table 1.B. Total processed parcel size in districts by year.

Total Parcel Size Processed by Years

Districts 2017 2018 2019 2020 2021
Afsin 515353 495761 524733 542292 534596
Andirm 141226 184605 193800 195221 193722
Dulkadiroglu 280649 296847 305961 320840 258641
Ekindzii 42304 46613 42722 48429 50003
Elbistan 742876 714372 813482 813605 808605
Goksun 402286 401382 383421 394260 393365
Nurhak 21622 21875 22521 23812 28297
Onikisubat 281186 281788 272667 302150 296269
Pazarcik 356573 387593 360641 365816 357829
Tiirkoglu 184275 184486 218148 221055 237495
Caglayancerit 43668 44431 45118 48317 59623

In this research, the total number of tractors used in agricultural lands cultivated in all of the districts between 2012
and 2021 is given in Table 2.

Table 2. The total number of tractor equipment in the districts by years.

Total Number of Tractor Equipment by Years.

Districts =512 2013 2014 2015 2016 2017 2018 2019 2020 2021
Afsin 2810 2820 2830 2830 2900 2910 2960 3030 3030 3030
Andirmn 1618 1625 1625 1635 1635 1685 1685 1691 1691 1724
Dulkadiroglu - 1828 2180 1920 1924 1975 2230 2260 2375 2430
Ekinozii 183 185 187 187 187 187 191 194 202 202
Elbistan 6550 6500 6500 6510 7500 7500 7450 7600 8210 9400
Goksun 1445 1455 1480 1490 1504 1521 1521 1530 1537 1544
Nurhak 105 201 201 196 205 212 219 222 227 228
Onikisubat . 1352 1390 1390 1400 1401 1413 1424 1443 1514
Pazarck 2428 2428 2428 2428 2430 2438 2438 2440 2440 2440
Tiirkoglu 920 940 997 1018 1029 1115 1137 1152 1171 1205

Caglayancerit 294 294 294 294 308 313 312 312 308 308

The total number of tractor equipment in the districts in 2012 was determined to be 16443, 19628 in 2013, 20112 in
2014, 19868 in 2015, 21022 in 2016, 21257 in 2017, 21556 in 2018, 21855 in 2019, 22634 in 2020 and 24025 in 2021.
In addition, when the total number of tractor equipment in all districts in 2012 and the total number of tractor equipment
in all districts in 2021 are compared, an increase in the total number of tractor equipment was observed by 46.11%.
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2.2. Method

The aim of this study is to determine the degree of impact between the number of tractors and other determined tools,
which are thought to be connected to the agricultural areas processed in the districts of Kahramanmaras between the
years 2012-2021. In this, the poisson distribution, which is a statistical analysis method, was used.

2.2.1. Poisson regression

Poisson regression is a mathematical analysis that determines the random degree of a data set, is useful in making
the data sets created for analysis fit the institutional curve, and is used in the stage of executing certain predictions from
the main data sets (Gerlough and Schuhl, 1955). It is applied to the problems that have occurred in the explanatory
variables detected in the cases that have emerged in the period sections that are desired to be analyzed. Model; It sets
out by estimating that the logarithm of possible numbers is a linear function of the explanatory variables, since they
contain discontinuous and non-negative countable data. Special explanatory variables can be mentioned as the
logarithm of the degrees of certain numbers before and after a one-unit increase that may occur in the explanatory
variable as soon as all other explanatory variables are assumed to be constant (Kéleoglu, 2006). There are times when
the answer variable takes a non-continuous value such as 0,1,2,...,n, but is not categorical. The model with continuous
and non-categorical response variables associated with rare events is called the Poisson regression model based on
certain assumptions. This model, called the Poisson regression model, is generally used to analyze counting data (Akin,
2002). Since the model is an exponential model, even if it is a negative situation that it causes difficulty and complexity
in the interpretation of the coefficients of the model, linear regression analysis is a model that can be alternated in
events consisting of the counting data of the answer variable (Deniz, 2005). Poisson regression model; In multiplicative
models containing approximate data, when there is a conditional dependence between the explanatory variables, it
provides an advantage to those who work because it is an elastic model (Lloyd, 1999). The Poisson regression model
is the most used model after the logistic regression model. The most striking feature of this model is that there is an
equality between the variance and the mean. However, in many applications it is not possible to achieve this equality.

In the Poisson distribution; If the obtained variance is less than the obtained mean, it is called under-dispersion, and
if the obtained variance is greater than the obtained mean, it is called over-dispersion. The dependent variable Y, which
is defined as the number of related cases in the Poisson regression;

XI'XZ"“'Xn (Eq 1)

If independent variables are given, it is assumed to obtain the Poisson distribution. Thus, it is assumed that
there is a linear factor hypothesis derived from the independent variables of the logarithm of p, which is the Poisson
mean (SAS, 2005; Yesilova et al., 2006). Poisson regression model according to the function in the subject;

Log(p) = By + 1 X1 + BoXo + =+ + BinXim (Eq.2)
given in the form. in the model u becomes an exponential factor of the independent variables. u'yii,
pu=exp (Bo + P1X1 + BoXo + -+ BrXin) (Eq.3)

can be written as

The Poisson distribution is a type of distribution that can determine the number of events or situations that are
likely to occur in a specified place or volume in a specified period. This distribution was introduced by a French
mathematician in the 18th century, and he named this distribution the poisson. In the following times, it has taken
its current form in the research and analysis of different scientists (Giirsakal, 1997).

The Poisson distribution formula is:

we H
Yi

P(y; ) = y=0,12... (Eq:4)

in equality y;, the number of occurrences of expected event events, and y;’ i is the distribution parameter. Well
E(y;) = p; isin the form.

u;’in Poisson regression model is obtained when it is dependent on the explanatory variables. u — i generally
u; = e*F can be obtained as a supplement. Here x is in the position of the explanatory variable vector. 8’ a
indicates the parameter vector to be evaluated. The approximate value of the Poisson distribution is:
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i = ECH = exp (xiff) (Eq. 5)

given in the form. In the statistics branch, the above-mentioned model is referred to as the linear logarithmic
model. In the Poisson distribution, the approximate variance is equal.

m=ECH=VCH (Eq. 6)

The state of equality between the mean and the variance is called equal spread. However, in the analysis, the
counting variables indicate overdispersion as their variances are larger than the mean in most periods. Since the

number of analyzed zero values is overdispersed, the poisson regression model causes situations or events such
as unobserved heterogeneity if it exceeds the obtained zero values (Kibar, 2008).

The overdispersion problem occurring in the model is not likely to affect the predictions made in the coefficient
or coefficients. However, it has the possibility to have an effect on the estimated standard error area in the model,
and within this, it increases the reliability level of the model (AL-Ghirbal and AL-Ghamdi, 2006).

2.2.2. Trend analysis

It is the representation of the long-term fundamental trend in a time series with a curve or a straight line (Yavuz,
2016). In the trend analysis method, the trend equation that best describes the time series is determined and
predictions are made for the next times. It can be applied with trend analysis method estimation, moving average
analysis method, semester analysis method and least squares analysis method. However, in order to obtain the
equation of the trend line, it is necessary to observe various types of equations (logarithmic, exponential, etc.) apart
from the least squares analysis method (Witt and Witt, 1992).

3. Results and Discussion

In this research, first of all, a model was established in the districts of Kahramanmaras as a result of the data
set obtained from TUIK between the years 2012-2021, the dependent variable is the agricultural areas planted in
the districts according to the years, the number of tractors in the districts according to the years in the independent
variables and the other determined equipments, and the hypotheses of the model are:

HO: There is no relationship between the agricultural lands planted in Kahramanmaras districts between 2012-
2021, the number of tractors in the districts by years and other specified equipment.

H1:There is a relationship between the agricultural lands planted in Kahramanmaras districts between 2012-2021,
the number of tractors in the districts by years and other specified equipment.

model:
Yie=Bo + B1X1it + BoXoiw + Uit (Eq.7)
Yit: The size of the agricultural areas planted in Kahramanmaras districts between 2012-2021 by years.
X1it: Number of tractors found in Kahramanmaras districts between 2012-2021 by years.
X2it: The number of specific tractor equipment found in Kahramanmaras districts by years between 2012-2021.
is in the form.
And poisson regression analysis was done by using spss program.

Between the years 2012-2021, the number of tractors found in Kahramanmaras districts according to the years is
30, as a result of the years specified in the range of 0 to 500 in the districts, and this determined range explains 27.8%.
Tractor assets as a result of the years specified in the range of 501 to 1000 are 22, and this specified range explains
20.4%. As a result of the years specified in the range of 1001-1500, the tractor asset is 26 and this specified range
explains 24.1%. Tractor assets as a result of the years specified in the range of 1501-2000 are 20, and this specified
range accounts for 18.5%. Tractor assets as a result of the years specified in the range of 2501-3000 are 4 and this
explains 3.7% of the specified range. The tractor asset as a result of the years specified in the range 3001-3500 is 3,
and this specified range explains 2.8%. The tractor asset as a result of the years specified in the range 3501-4000 is 3,
and this specified range explains 2.8%.
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Table 3. Categorical variable outcome of X1 poisson regression

Categorical Variable

Information
X1 N Percent
0-500 30 %27.8
501-1000 22 %20.4

1001-1500 26 %24.1
1501-2000 20 %18.5

2501-3000 4 %3.7
3001-3500 3 %2.8
3501-4000 3 %2.8

Total 108 %100

Table 4. Categorical variable outcome of x2 poisson regression

Categorical Variable

Information
X2 N Percent
0-1000 33 %30.6

1001-2000 40 %37.0
2001-3000 22 %20.4

3001-4000 3 %2.8
6001-7000 4 %3.7
7001-8000 4 %3.7
8001-9000 1 %0.9
9001-10000 1 %0.9

Total 108 %100

Between the years 2012-2021, the number of tractors found in Kahramanmaras districts by years is 33, as a result
of the years specified in the range of 0 to 1000 in the districts, and this determined range explains 30.6%. As a result
of the years specified in the range of 1001 to 2000, the tractor asset is 40, and this specified range explains 37%. The
number of tractors as a result of the years specified in the 2001-3000 range is 22, which explains 20.4% of the specified
range. Tractor assets as a result of the years specified in the range of 3001-4000 are 3, and this specified range explains
2.8%. Tractor assets as a result of the years specified in the range 6001-7000 are 4 and this explains 3.7% of the
specified range. Tractor assets as a result of the years specified in the range 7001-8000 are 4 and this explains 3.7% of
the specified range. Tractor assets as a result of the years specified in the range 8001-9000 are 1 and this explains 0.9%
of the specified range. The tractor asset as a result of the years specified in the range 9001-10000 is 1 and this explains
0.9% of the specified range.

As stated in Table 5., since the probability value is less than 0.05, the null hypothesis is rejected. In other words, in
the established model, there is a 25.022 chi-square probability relationship between the agricultural areas planted in
Kahramanmaras districts between 2012 and 2021, with the number of tractors in the districts by years and other
specified equipment.

Table 5. Poisson regression chi-square likelihood result

Chi-Square Degrees of
Likelihood Ratio Freedom Probability
25.022 7 0.001

In addition, at the agricultural mechanization level, the average number of tractors per 1000 hectares of districts
by years Table 6 and the number of specific equipment per tractor in the districts by years is given in Table 7.

The average number of tractors per 1000 hectares between the years 2012-2021 in all districts by years; It was
determined that it was 3.38 in 2012, 3.94 in 2013, 4.49 in 2014, 4.54 in 2015, 4.88 in 2016, 4.74 in 2017, 4.54 in
2018, 4.50 in 2019, 4.24 in 2020 and 4.36 in 2021. In addition, when the average number of tractors per 1000
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hectares of land in 2012 is compared with the average number of all districts by years and the average number of
tractors per 1000 hectares of land in 2021, it has been determined that the average number of all districts decreases
by 3.32%. Among the reasons for the decrease compared to these years, climate change, input costs, job change
were among the main reasons for leaving agriculture. In addition, the trend analysis result of the average number
of tractors per 1000 hectares of districts by years is given in Figure 1.

Table 6. Average number of tractors per 1000 hectares of districts by years

Average Number of Tractors Per 1000 Hectares by Years.

District 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Afsin 332 272 263 266 301 304 319 297 285 286
Andirm 1089 9.63 1005 995 992 975 746 747 742 7.9
Dulkadiroglu -  2.96 442 462 460 449 437 434 422 545
Ekinozii 200 192 198 193 216 271 255 290 299 3.05
Elbistan 445 380 443 369 416 433 465 436 437 477
Goksun 194 214 210 213 219 226 227 238 231 230
Nurhak 790 819 899 969 1061 892 0918 914 7.8 6.1
Onikisubat . 456 722 734 733 737 736 761 690 7.39

Pazarcik 484 333 331 340 451 464 428 461 454 468
Tiirkoglu 476 341 370 396 446 401 401 341 348 3.72
Caglayancerit 050 0.72 066 067 076 066 065 070 0.68 0.53

Trend Analysis Plot for X1
Linear Trend Model
Yt = 4452 + 0,0040xt

2 Variable

—=&— Actual
—m— Fits
8
& - -4 - Forecasts
Accuracy Measures
4,6 MAPE 4,10443
[ e st S Gl MAD  0,18000
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4,2
4,0
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Figure 1. Trend analysis of the average number of tractors (X1) per 1000 hectares of districts by years

Mean absolute percentile errors (MAPE) measure how much the values estimated by this measure deviate from the
true values. From this point of view, a low MAPE value means a better estimation has been made. In Figure 1, since
the MAPE value is 4.10443, it is concluded that a good estimation has been made.

All district averages of the number of specific equipment per tractor in the districts between 2012-2021; It was
determined that it was 2.57 in 2012, 2.41 in 2013, 2.32 in 2014, 2.29 in 2015, 2.31 in 2016, 2.34 in 2017, 2.34 in 2018,
2.24in 2019, 2.23 in 2020 and 2.25 in 2021. In addition, it has been determined that the number of specific equipment
per tractor in the districts in 2012 compared to the average number of all districts and the number of specific equipment
per tractor per year in the districts in 2021, compared to the average number of all districts, decreased by 12.45%.
Among the reasons for the decrease compared to these years, climate change, input costs, job change were among the
main reasons for leaving agriculture.

In addition, the trend analysis result of the number of specific equipment per tractor in the Districts by years is given
in Figure 2.
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Table 7. The number of specific equipment per tractor in the districts by years

Average Number of Certain Equipment Per Tractor by Years.

District =512 2013 2014 2015 2016 2017 2018 2019 2020 2021
Afsin 181 181 181 181 184 185 186 104 1095 1.98
Andmn 120 120 120 119 119 122 122 121 121 123
Dulkadiroglu - 236 176 153 153 156 171 169 175 172

Ekinozii 166 1.68 1.62 1.62 1.62 1.62 160 15 139 132
Elbistan 225 216 216 217 234 232 224 214 230 243
Goksun 1.72 1.71 1.72 1.70 1.70 1.66 166 167 168 1.70
Nurhak 111 1.16 1.12 1.10 1.08 1.09 1.08 107 132 131
Onikisubat - 1.03 066 066 067 067 068 068 069 0.69
Pazarcik 1.47 1.47 1.47 1.47 1.47 1.47 146 146 146 145
Tiirkoglu 1.47 1.48 151 1.50 1.45 1.50 153 154 151 136
Caglayancerit 10.50 10.50 10.50 10.50 10.62 10.79 10.75 9.75 933 9.62

Trend Analysis Plot for X2
Linear Trend Model
Yt = 2,4753 - 0,02642 xt

2,6 Variable

—&  Actual
2,5 —m— Fits

— 4 - Forecasts
2,4 Accuracy Measures

MAPE 196718
2,3 MAD 0,04657

g MSD 000332
2,2 *
T
\‘\‘
2,1 .
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~._
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Year

Figure 2. Trend analysis of the number of specific equipment per tractor (X2) of the districts by years

Mean absolute percentile errors (MAPE) measure how much the values estimated by this measure deviate from the
true values. From this point of view, a low MAPE value means a better estimation has been made. As the MAPE value
is 1.96718 in Figure 2, it is concluded that a good estimation has been made.

Agricultural lands in various regions of Turkey; Various studies have been carried out on the size, yield, and average
yield per 1 hectare area. While the average tractor horsepower falling was 2.1-246.6, it was determined that the number
of tools or machines falling on a tractor changed as 2,4-17.8 (Kogtiirk and Onurbasg, 2007). As a result of a study
conducted in the Eastern Mediterranean in Turkey, it was determined that the average tractor horsepower is 47.83 kW
and the annual working time of a tractor is 600 hours (Aybek and Senel, 2009). According to the results of a research
conducted in Egirdir district of Isparta province, the number of tractors per farm was 0.79, agricultural machinery was
4.70 and equipment per tractor was 5.17. In addition, it has been determined that the average tractor power is 39.92
kW, the annual tractor operating hours are 380.65 and the production of horticultural crops on 45.22% of the lands,
and the apple area takes the first place with a 43.65% share in the crop pattern (Gokdogan and Bayhan 2011). As a
result of a study conducted in the province of Kirklareli in Turkey, 833 machine equipment support from 23 different
types of machines was provided within the scope of 50% grant between 2007 and 2012, and it was determined by the
research that both the renewal of old machines and the use of new technological machines were made possible in the
region (Baran and Akbayrak, 2013). As a result of a study conducted in Kahramanmaras, the total number of tractors
in Kahramanmaras between 2008-2013 is 10561-12165 and the average tractor power is 41.5-40.59 kW. The
production area values are 366 251-359 578 ha and the number of agricultural tools-machines is 48 734-62 848.
Mechanization level indicator values of Turkey were determined as 1.98-2.37 kW/ha, 44.02-52.23 tractor/1000 ha,
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22.71-19.15 ha/tractor and 5.28-5.09 tool-machine/tractor (Korucu et al., 2015). As a result of a study conducted in
Denizli, it was determined that the average tractor horsepower was 35.93 kW, the average number of tools and
machinery per tractor was 4.5, and the average number of tractors per 1000 hectares was 82.74 (Doruk, 2016). As a
result of a study conducted in Mus province, the average tractor horsepower is 40 kKW, the average tractor horsepower
per 1000 hectares of land is 2.65 kW, the average number of tractors per 1000 hectares is 65.6, and the number of tools
and machines per tractor is determined as 4.80 (Akar and Celik, 2017). As a result of a study conducted in Turkey and
the Thrace region and the provinces of Edirne, Kirikkale and Tekirdag, the number of tractors per 1000 hectares
between 2008 and 2017 was 27.9% in Turkey, 3.7% in the Thrace region, 13.9% in Edirne and 6.1% in Kirklareli.
While there is an increase, there is a decrease of 5.8% in Tekirdag and according to the trend analysis, it has been
determined that the tractor horsepower per 1000 hectares of land is expected to be 3.01 kW in 2023 in the Thrace
region (Abdikoglu, 2019). As a result of a study conducted in Derekdy neighborhood of Biga district of Canakkale
province in Turkey, it has been determined that agricultural mechanization and production inputs have decreased
significantly due to the decrease in the number of parcels and the increase in the size of parcels with consolidation, and
at the same time, all the inputs spent for production, including the depreciation expenses of the tractor, have decreased
at a high rate. (Irmakli and Aydin, 2022).

4. Conclusions

The aim of this research is to determine the signs of agricultural mechanization and to determine the effect of
mechanization based on the total land size, number of tractors and determined tractor equipment in the districts of
Kahramanmarag between the years 2012-2021. is to determine the change that may occur in the level of mechanization
to the region.

The sample of this study was obtained from the Turkish Statistical Institute (TUIK). According to the data obtained
from TUIK, tractor horsepower is 35-50 horsepower, 51-70 horsepower, 70 and more horsepower, lug tractor plow,
arc plow and cultivator, which are estimated to be widely used in the equipment of the tractor, and fruits in the planted
agricultural lands, Size of agricultural land planted between 2012-2021 in Afsin, Andirin, Dulkadiroglu, Ekin6zii,
Elbistan, Goksun, Nurhak, Onikisubat, Pazarcik, Tirkoglu and Caglayancerit districts of Kahramanmaras province,
based on beverage and spicy plants, vegetable fields and cereals and other herbal products areas. A database was created
about the specified tractor equipment and the number of tractors. For the estimation results obtained in the research,
poisson regression analysis and trend analysis methods were used. According to the estimation results, there is a 25.022
chi-square probability relationship between the agricultural areas planted in Kahramanmarag districts between 2012
and 2021, with the number of tractors in the districts by years and other specified equipment. At the level of agricultural
mechanization, it was determined that there was a 3.32 decrease in the average number of tractors per 1000 hectares
of land in Kahramanmaras districts between 2012 and 2021, and a decrease of 12.45 in the number of specific
equipment per tractor over the years. Among this decrease, it was thought that reasons such as climate change, input
costs and job change were among the main reasons for leaving agriculture. In addition, as a result of the trend analysis
value applied, it has been concluded that the average absolute percentage errors in the districts are 4.10443, the average
number of tractors per 1000 hectares by years, and the number of specific equipment per tractor in the districts is
1.96718, according to the years.

The reasons for not obtaining full good results in the districts of Kahramanmarag as a result of the data obtained
from TUIK are that the specified time interval was kept short and the criteria under the preference sub-title were chosen
more in the data obtained. . In order to avoid these and similar problems in future article or thesis research, the specified
period should be kept wider, and regions or regions dealing with agriculture should be preferred.
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