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ARASTIRMA MAKALESI RESEARCH ARTICLE

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.

Keywords: Agricultural land, Tractor, Agricultural mechanization
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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
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—m— Fits
8
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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
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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.

Conflicts of Interest
We declare that there is no conflict of interest between us as the article authors.
Authorship Contribution Statement

Concept: Ismail GOK, Mustafa SAHIN and Tolga TOLUN; Design: Ismail GOK, Mustafa SAHIN and Tolga
TOLUN; Data Collection or Processing: Ismail GOK and Mustafa SAHIN; Statistical Analyses: Ismail GOK and
Mustafa SAHIN; Literature Search: Ismail GOK and Tolga TOLUN; Writing: Ismail GOK, Mustafa SAHIN and
Tolga TOLUN .

294



JOTAF/ Journal of Tekirdag Agricultural Faculty, 2024, 21(2)

References

Abdikoglu, D. 1. (2019). Determination of agricultural mechanization level by provinces in Thrace Region.Journal of Agriculture and Nature,
22(6):865-871.

Akar, M., and Celik, A. (2017). Agricultural Mechanization Characteristics of Mus Plain Agricultural Enterprises, Turkish Journal of
Agricultural and Natural Sciences, 4(4):491-498.

Akar, M., Malasli, M, Z. and Celik, A. (2012). Agricultural Mechanization Characteristics of Hatay Province. 27th Agricultural Mechanization
National Congress, 5-7 September, Samsun, Tiirkiye.

Akin, F. (2002). Qualitative Analysis of Preference Models, Ekin Bookstore, Bursa, Turkey.

Al-Ghirbal. A. S. and Al-Ghamdi A. S. (2006). Predicting severe accidents rates at roundabouts using Poisson distribution. TRB Annual
Meeting, TRB 06-1684.

Aslantiirk, B. and Altuntas, E. (2018). Agricultural mechanization level of Malatya province.Gaziosmanpasa Scientific Research Journal,
7(2):15-26.

Aybek, A. and Senel, H. (2009). Mechanization properties and users'evaluation of farm tractors in Eastern Mediterranean Turkey. Journal of
Agricultural Machinery Science, 5(1):21-27.

Baran M.F. and Akbayrak B. (2013). The Effect of the agricultural machinery grant program on the mechanization development of Kirklareli
Province.Journal of Tekirdag Agricultural Faculty, 10(2): 53-57.

Bilim, C., Korucu, T. and Semerci, T. (2014). Agricultural mechanization characteristics of gaziantep province.KSU Journal of Natural
Sciences, 17(2):14-23.

Bozkurt, M. (2016). Agricultural structure mechanization properties in Sanlurfa Province Harran Plain determination of production
techniques and technologies. (MSc. Thesis). Kahramanmaras Siit¢ii Imam University, Institute of Science, Biosystem Engineering,
Kahramanmarag, Tiirkiye.

Deniz, O. (2005). Poisson regression analysis. Istanbul Commerce UniversityJournal of Science, 4(7):59-72.

Doruk, I. (2016). Investigation of agricultural mechanization level of Denizli Province. Turkish Journal of Agriculture and Natural Sciences,
3(4): 324-331.

Gerlough, D. L. and Schuhl, A. (1955). Use of Poisson Distribution in Highway Traffic — The Probability Theory Applied to Distribution of
Vehicles on Two-Lane Highways, Saugatuck, Connecticut, USA: The ENO Foundation for Highway Traffic Control, 1-58.

Gokdogan, O. and Bayhan, A. K. (2011). Mechanization level of Egidir District agricultural enterprises.Adnan Menderes University Journal
of Agriculture Faculty, 8(1):23-29.

Giirsakal, N. (1997). Computer Applied 1. Marmara Bookstore, Bursa, Turkey.

Irmakli P.G. and Aydin A. (2022). Contribution of Land Consolidation to Agriculture and Agricultural Mechanization. Canakkale-Biga-
Derekoy example.Journal of Tekirdag Agricultural Faculty, 19(3): 582-599.

Kibar, F, T. (2008). Traffic accidents and establishment of accident prediction model in the example of Trabzon divided coastal road. (MSc.
Thesis). Karadeniz Technical University, Institute of Science and Technology, Trabzon, Tiirkiye.

Kogtiirk, D. and Onurbas, A. A. (2007). Determination of agricultural mechanization level by regions and provinces in Turkey. Journal of
Agricultural Machinery Science, 3(1): 17-24.

Kok, M. (1993). A Research on agricultural mechanization characteristics of Tunceli Province and examination of these features in terms of
agricultural potential of the region. (MSc Thesis) Cukurova University, Institute of Science, Department of Agricultural Machinery,
Adana, Tiirkiye.

Koéleoglu, N. (2006). Random effects in event time analysis investigation of unobservable heterogeneity with poisson regression model. (Ph.D
Thesis) Marmara University, Institute of Social Sciences, Istanbul, Tiirkiye.

Korucu, T., Aybek, A., Sivrikaya, F., Giirlek, E., Mert, C., Kozak, B. (2015). Mapping and evaluation of agricultural mechanization level of
Kahramanmaras Province.KSU Journal of Natural Sciences, 18(2):10-24.

Lloyd, C, J. (1999). Statistical Analysis of Categorical Data, New York, U.S.A.

Liile, F., Koyuncu, T. and Engin, K. E. (2012). Agricultural Mechanization Level of Adiyaman Province. 27" Agricultural Mechanization
National Congress, 5-7 September, Samsun, Tiirkiye.

Oguz, C., Bayramoglu, Z., Mouzan, S. and Mouzan, K. (2017). Agricultural mechanization in agricultural enterprises usage level, example of
Konya Province. Selcuk Journal of Agriculture and Food Sciences, 31(1): 63-72.

Sabanci, A., Siimer, S. K., Say, M. S. and Has. M. (2003). Economic Tractor Park and Its Development in Turkey.21% Agricultural
Mechanization National Congress, 3-5 September, Konya, Tiirkiye.

SAS., (2005). SAS/STAT Software: Hangen and Enhanced. SAS, Inst. Inc., USA.

295



Gk & Sahin & Tolun
Determination of Agricultural Mechanization Level in Kahramanmarags with Poisson Regress by District

Stimer, S. K., Has, M. and Sabanci, A. (2004). Technical specifications of agricultural tractors produced in Turkey.Cukurova UniversityJournal
of the Faculty of Agriculture, 19(1):17-26.

Siimer, S. K., Say, S. M., Has. M. and Sabanci, A. (2003). Economic tractor park and its development in Turkey.Cukurova University Journal
of the Faculty of Agriculture, 18(4):45-52.

Witt, S. F. and Witt, C. A. (1992). Modeling and Forecasting Demand in Tourism, Academic Press, London, England.

Yavuz, H. (2016). Evaluation of livestock support policies in terms of agricultural enterprises. (MSc. Thesis). Gaziosmanpasa University,
Institute of Science, Department of Agricultural Economics, Tokat, Tiirkiye.

Yesilova, A., Yilmaz, A. and Kaki, B. (2006). The use of nonlinear regression models in the analysis of some discrete reproduction behavioral
traits of Norduz male lambs. Yiiziincii Yil University, Faculty of Agriculture, Journal of Agricultural Science, 16(2):87-92.

296



» Mart/March 2024, 21(2)
o t CI f Journal of Tekirdag Agricultural Faculty Bagvuru/Received: 17/10/22
Kabul/Accepted: 04/01/24

Tekirdag Ziraat Fakiiltesi Dergisi DOI: 10.33462jota 1190812

http://dergipark.gov.tr/jotaf
http://jotaf.nku.edu.tr/

ARASTIRMA MAKALESI RESEARCH ARTICLE

Biyokomiir Uygulamalariin Topragim Fiziksel ve Kimyasal Ozellikleri ile Bugdaymn
(Triticum aestivum L.) Cimlenme ve Biyomas Uzerine Etkisinin Belirlenmesi*

Determination of the Effect of Biochar Applications on Soil Physical and Chemical Properties
and Wheat (Triticum aestivum L.) Germination and Biomass

Bilgehan SENAY?, Mahmut TEPECIK?*

Ozet

Bu ¢alisma, biyokdmiir uygulamalarinin Kayra ekmeklik bugday cesidi yetistirilen topraklarin fiziksel ve kimyasal
ozellikleri iizerine etkilerini belirlemek amaciyla, saks1 denemesi seklinde tesadiif parselleri deneme desenine gore
lic tekerriirlii ve bes farkli dozda 0 (B0), 10 (B1), 20 (B2), 40 (B3) ve 80 (B4) t halbiyokdmiir uygulanmustir.
Biyokomiir uygulamalarina gore toprakta en yiiksek pH, EC, kireg, organik madde, toplam N, alinabilir P, K, Ca,
Mg, Na, Zn, Fe, Mn, Cu ve B degerleri sirasiyla 7.66, 2.26 mS cm™,% 3.55, %2.81, %0.201, 48.89 mg kg™,
1172.89 mg kg, 2268,88 mg kg, 186.92 mg kg, (101.43 mg kg, 2.34 mg kg?, 2.40 mg kg, 7.33 mg kg,
1.79 mg kg ve 1.08 mg kg ile en yiiksek degerleri B4 (80 t ha) uygulamasinda belirlenmistir. Biyokdmiir
uygulamalarina gore toprakta en diisiik degerler pH, EC, kireg, organik madde, toplam N, alinabilir P, K, Ca, Mg,
Na, Zn, Fe, Mn, Cu ve B degerleri ise 7.45, 0.87 mS cm™, % 2.28, % 1.28, % 0.078, 14.92 mg kg, 344.84 mg kg
1,2171,68 mg kg?, 129.01 mg kg2, 47.09 mg kgt, 1.25 mg kg1, 1.82 mg kg?, 4.52 mg kg, 1.61 mg kg* ve 0.71
mg kgBO (kontrol) uygulamasinda saptanmistir. Bugday tohumlarinda en yiiksek ¢imlenme oran1 %95.41 ile B2
ve en diigiik gimlenme orani ise %90.12 ile BO uygulamalarinda saptanmustir. Biyokomiir uygulamalariin bitkinin
yas ve kuru agirligy iizerine etkisi sirasiyla B2 uygulamasinda en yiiksek (11.42 ve 2.21 gr saksi™) degerleri ve BO
uygulamasinda sirasiyla (10.01 ve 1.93 gr saks1™) en kiigiik degerleri aldig1 belirlenmistir.

Anahtar Kelimeler: Biyokomiir, Bugday, Cimlenme, Bitki besin elementi, Toprak verimliligi
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Senay & Tepecik
Biyokomiir Uygulamalarinin Topragin Fiziksel ve Kimyasal Ozellikleri ile Bugdaym (Triticum aestivum L.) Cimlenme ve Biyomas Uzerine Etkisinin Belirlenmesi

Abstract

In this study, in order to determine the effects of biochar applications on the physical and chemical properties of
soils grown in Kayra bread wheat variety, this study was carried out in the form of a pot experiment in a randomized
plot design with three replications and at five different doses 0 (B0), 10 (B1), 20 (B2), 40 (B3) and 80 (B4) t ha™*
biochar were applied. According to biochar applications, the highest pH, EC, lime, organic matter, total N,
available P, K, Ca, Mg, Na, Zn, Fe, Mn, Cu and B values in the soil are 7.66, 2.26 mS cm, 3.55%, 2.81%, 0.201%,
48.89 mg kg, 1172.89 mg kg, 2268.88 mg kg, 186.92 mg kg, 101.43 mg kg, 2.34 mg kg, 2.40 mg kg™,
7.33 mg kg%, 1.79 mg kg and 1.08 mg kgrespectivelythe highest values were determined in B4 (80 t ha)
application. The lowest values in soil according to biochar applications were pH, EC, lime, organic matter, total
N, the available P, K, Ca, Mg, Na, Zn, Fe, Mn, Cu and B values are 7.45, 0.87 mS cm, 2.28%, 1.28%, 0.078%,
14.92 mg kgt, 344.84 mg kg 2171.68 mg kg, 129.01 mg kg?, 47.09 mg kg?, 1.25 mg kg, 1.82 mg kg?, 4.52
mg kg, 1.61 mg kg™ and 0.71 mg kg* detected in BO (control) application. The highest germination rate in wheat
seeds was found in B2 with 95.41% and the lowest germination rate was found in B0 applications with 90.12%. It
was determined that the effects of biochar applications on the fresh and dry weight of the plant were the highest
in B2 application (11.42 and 2.21 gr pot?) and the lowest values in BO application (10.01 and 1.93 gr pot),
respectively. It was detected in 09 mg kg, 1.25 mg kg, 1.82 mg kgt, 4.52 mg kg%, 1.61 mg kg and 0.71 mg
kg! BO (control) application. The highest germination rate in wheat seeds was found in B2 with 95.41% and the
lowest germination rate was found in BO applications with 90.12%. It was determined that the effects of biochar
applications on the fresh and dry weight of the plant were the highest in B2 application (11.42 and 2.21 gr pot™?)
and the lowest values in BO application (10.01 and 1.93 gr pot™), respectively. It was detected in 09 mg kg2, 1.25
mg kg?, 1.82 mg kg, 452 mg kg, 1.61 mg kg and 0.71 mg kg BO (control) application. The highest
germination rate in wheat seeds was found in B2 with 95.41% and the lowest germination rate was found in BO
applications with 90.12%. It was determined that the effects of biochar applications on the fresh and dry weight of
the plant were the highest in B2 application (11.42 and 2.21 gr pot-1) and the lowest values in BO application
(10.01 and 1.93 gr pot-1), respectively.

Keywords: Biochar, Wheat, Germination, Plant nutrient, Soil fertility
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1. Giris

Biyokdmiir, smirli oksijenle veya anaerobik kosullar altinda yiiksek sicaklikta biyokiitlenin pirolizi ileelde
edilen aromatik ve karbonca zengin bir madde olarak tarif edilmektedir (Woolf ve ark., 2010). Biyokdmiiriin uzun
bir siire boyunca karbon tutma potansiyeli nedeniyle siyah karbon veya komiir olarak da adlandirilmaktadir
(Lehmann ve ark., 2006). Son yillarda diinyada organik atiklarin geri kazanimina verilen 6nem hizla artmig ve
biyokiitlenin doniisiimiine yonelik ¢ok sayida teknik gelistirilmistir. Tarimsal atiklar, ormancilik atiklari ve aritma
camuru gibi pek ¢ok materyal biyokémiir iiretiminde kullanilabilmektedir (Naml ve ark., 2017; Banik ve ark.,
2018; Xu ve ark., 2019). Biyokomiir gézenekli yapisi, genis spesifik yiizey alani, gii¢lii adsorpsiyon kapasitesi ve
zengin karbon igerigi gibi ozelliklere sahip oldugundan, mitkemmel bir toprak iyilestirme malzemesi olarak
kullanilmaktadir (Butnan ve ark., 2017; El-Naggar ve ark., 2018). Tarimsal verimlilik potansiyelindeki
degisiklikler, artan insan niifusu, kentlesme ve iklim degisikligi gibi sorunlar tarimsal iiretim sistemleri tizerinde
artan baskilar olugturmaktadir. Bu nedenle, besin arzi, talep, geri doniisiim ve su kullanimini dahil olmak iizere
tarimsal tiretimi etkileyen ¢ok ¢esitli sorunlari igin agro ekosistemlerin tasarimi ve islevinin yeniden ele alinmasi
gerekliligi belirtilmistir (Lal, 2013). Potansiyel bir ¢oziim olarak topragin fiziksel ve kimyasal 6zelliklerinde
iyilestirmeler saglayan, toprak organik madde diizeyini arttiran veya sitirdiirmeye yardimer olan organik besin
maddelerini topraga geri doniistiirmek olabilir (Girmay ve ark., 2008). Biyokémiir, toprak 6zelliklerini iyilestirmek
icin potansiyel bir degisikliktir. Toprak verimliligini artirmasi, topraklardaki agir metaller ve Kirleticileri hareketsiz
hale getirmesi gibi 6zellikleri nedeniyle toprak diizenleyici olarak kullanildig: belirtilmektedir (Zhu ve ark., 2017;
Huang ve ark., 2018). Tarimsal artiklar, hayvansal atiklar, evsel atiklar ve endiistriyel atiklar dahil olmak iizere
farkli materyaller organik madde kaynaklari olarak kullanilmaktadir (Ali ve ark., 2011; Quilty ve Cattle, 2011).
Biyokomiir, organik ve endiistriyel atiklar (6rnegin ¢amurlar, giibre), bitki bazli malzemeler (6rnegin yapraklar,
kabuklar, tohumlar, koganlar) ve agac bazli iiriinler (6rnegin talas, odun peletleri, aga¢ kabugu). Biyokomiir ayrica
farkli pirolitik sicaklik ve piroliz siirelerinde iiretilebilir (Mukherjee ve Zimmerman, 2013). Tarim topraklarimizin
organik madde igerikleri géz Oniine alindiginda yaklasik %89 kadarinin az (%1-2) sinifta yer aldigi biyokomiir
uygulamalarinin organik madde tizerine etkileri bakimmdan 6nem tasidigi bildirilmistir (Gezgin, 2018). Bu amagla
biyokomiiriin tarimda kullanimiyla ilgili arastirmalar, toprak verimliligini ve mahsul verimliligini iyilestirdigi i¢in
stirdiirtilebilir tarim igin faydali eylemleri nedeniyle son yirmi yilda 6nemli 6lgiide ilerlemistir. Hem endiistriyel
diizeyde hem de tarim igletmeleri diizeyinde yiiriitiilen tarimsal islemler sonucu ortaya ¢ikan bitkisel ve hayvansal
atiklar biiylik bir ¢evresel yiik haline gelebilmekte; ayrica bu gibi atiklar, yer alt1 ve yer iistii sularin kirlenmesine
sebep olabilmektedir (Matteson ve Jenkins, 2007). Bu atiklarin piroliz yoluyla degerlendirilmesi ile biyo enerji
elde edilebilecegi (Bridgwater, 2003) gibi, dzellikle hayvan ¢iftlikleri i¢in dnemli bir avantaj saglamasi adina
hacimlerinde ve agirliklarinda da 6nemli diistisler saglanabilmektedir (Cantrell ve ark., 2007). Biyokomiiriin atik
yonetimini kolaylagtirarak etkin bir atik yonetimi saglamasi, zengin karbon igerigi ile sera gazi emisyonlari ve
iklim degisikligi izerine olumlu etkileri ile biyokomiir uygulamalar1 avantajlar saglamaktadir (Lehmann ve ark.,
2003; Van Zwieten ve ark., 2014). Bununla birlikte, uygulanacak organik materyalin se¢imi 6nemlidir. Ciinkii baz
organik madde kaynaklari materyalin kalitesine bagl olarak toprak {izerinde olumsuz etkilere sahip olabilir (Jones
ve Healey, 2010).

Bu ¢alisma, domates bitkisinin hasat sonrasindaki atiklarindan 500°C’lik sicaklikta elde edilen biyokomiiriin
bugday bitkisine farkli dozlarda uygulanarak, toprak fiziksel ve kimyasal 6zellikleri (pH, EC, kire¢, O. madde,
N,P, K, Ca, Mg, Na, Zn, Fe, Mn, Cu ve B), tohum ¢imlenme orani1 ve bitki biyomasi iizerine etkilerini belirlemek
amaciyla yapilmistir.

2. Materyal ve Metot

Saksida yiiriitiilen bu ¢alismanin topragi Menemen ovasindan alinarak havada kurutulmus ve 2 mm’lik elekten
eleme sonrasi analizlerde kullanilmigtir. Deneme topraginin analiz parametreleri Tablo 1°de izlenmektedir.

Denemede kullanilan biyokdmiir; domates bitkisinin hasat sonrasinda kalan bitki materyallerinden 500°C’lik
sicaklikta elde edilmis ve denemede kullanilmistir. Denemede kullanilan biyokémiiriin analiz sonuglar1 Tablo 2°de
sunulmustur.
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Tablo 1. Sakst denemesi toprak analiz sonuglart

Table 1. Pot experiment soil analysis results

Parametre Deger Parametre Deger
pH (1:2.5) 7.75 Almnabilir K (mg kg™) 178.56
E.C(dSm?) 0.36 Alinabilir Ca (mg kg™) 2292.74
Kireg (%) 3.12 Almabilir Mg (mg kg?)  115.08
Kum (%) 52.16 Almabilir Na (mg kg™) 24.17
Mil (%) 36.72 Almabilir Fe (mg kg™?) 2.14
Kil (%) 11.12 Almabilir Zn (mg kg™) 1.03
Biinye Tin Alnabilir Mn (mg kg?)  3.98
Organik madde (%) 1.12 Almnabilir Cu (mg kg?)  0.84
Toplam N (%) 0.067 Alinabilir B (mg kg™) 0.51
Alnabilir P (mg kg?) 6.21

Tablo 2. Biyokomiir analiz parametre sonuglart

Table 2. Biochar analysis parameter results

Parametre Deger Parametre Deger
pH (1:10) 9.90 Toplam Ca (%) 5.45
E.C (dSmY) 13.79 Toplam Mg (%) 1.38

0. Madde (%) 68.22 Toplam Na (mg kg) 1895.20
C/N 18.14 Toplam Fe (mg kg™t) 3328.04
0.C (%) 38.46 Toplam Zn (mg kg™?) 84.98
Toplam N (%) 2.12 Toplam Mn (mg kgt) 173.02
Toplam P (%) 0.27 Toplam Cu (mg kg) 63.01
Toplam K (%) 3.46 Toplam B (mg kg) 45.38

Saksi denemesi seklinde yiiriitiilen ¢alisma tesadiif parselleri deneme desenine goére 3 tekrarlamali olarak
kurulmustur. Biyokémiir uygulama dozlari kontrol (B0), 10 t ha (B1), 20 t ha* (B2), 40 t ha* (B3) ve 80 t hat
(B4) uygulamalar1 yapilarak, Kayra ekmeklik bugday cesidi yetistirilmistir. Biyokdmiir uygulama dozlar1 bu
konuda yapilan calismalar (Turhan ve Ozmen, 2021) dikkate alinarak belirlenmistir. Saks1 denemesi 2 Nisan 2021
tarihinde 5 kg toprak iceren saksilarda kurularak yiiriitiilmiistiir. Denemedeki tiim saksilara tohum ekimi ile
beraber 15 kg da' N, 10 kg da! P,Os ve 10 kg da* K,O uygulamalar: sirasiyla azot Amonyum siilfat, fosfor
Diamonyum fosfat (DAP) ve potasyum ise potasyum siilfat (K;SO.) olarak ilave edilmistir. EKimle beraber azotun
1/3’1, fosfor ve potasyumun tamami uygulanmstir. Saksilara materyal karigimi konduktan sonra her bir saksiya
20 adet bugday tohumu ekimi yapilmistir. Kardeslenme déneminde azotun geriye kalan 1/3’ii Ure (%46 N) ve
kalan 1/3’i ise sapa kalkma doneminde Amonyum nitrat (%33 N) giibresi ile uygulanmistir. Deneme siiresince
sulama suyu miktari; topragin tarla kapasitesinden azalan su miktarinin belirlenmesi ile ¢cesme suyu ile saksilara
ilave edilmis ve saksilarin altina yer almis olan plastik saksi altligina sizan su, saksilara tekrar ilave edilmistir.
Tohum g¢ikislart 9 Nisan’da baslamistir. Tohum c¢ikiglarindan sonra saksilarda 10 adet tohum birakilmigtir, 82
giinliik yetistiricilik doneminin ardindan 30 Haziran 2021 tarihinde sonlandirilmistir. Her bir saksiy1 temsil eden
toprak Ornekleri toprak yiizeyinden asagiya dogru dikey kesitler halinde almmistir. Daha sonra, numuneler
kurutulup analizler i¢in 2 mm elekten elenmigtir. Toprak Reaksiyonu (pH): saf su (1:2.5 toprak: su) ile doygun
sekle getirilen 6rneklerde saptanmistir (Jackson, 1967). Elektriksel gecirgenlik (EC) suda saf su ile doygun sekle
getirilen toprak Orneklerinde belirlenmistir (Soil Survey Staff, 1951). Kire¢ (CaCO3): Kireg¢ tayini Scheibler
kalsimetresi ile hesaplanmistir (Schlichting ve Blume, 1966). Organik Madde: Modifiye Walkler-Black yontemine
gore belirlenmistir (Jackson, 1967). Toplam Azot (N): Kjeldahl yontemi Bremner, (1965)’e gore belirlenmistir.
Almabilir Fosfor: Olsen Metoduna gore toprak drnekleri pH’s1 8.5’¢ ayarli 0.5 M Sodyum bikarbonat ¢ozeltisi ile
ekstrakte edilerek spektrofotometrede okunarak belirlenmistir (Olsen ve Dean, 1965). Alinabilir K, Mg, Ca ve Na:
Topraklarm alimabilir K, Mg, Ca ve Na elementleri IN NH4OAc ile edilen siiziiklerde K, Ca, Na elementleri alev
fotometrede, Mg ise Atomik absorpsiyon spektrofotometresinde ol¢iilmistiir (Pratt ve Holowaychuk, 1954).
Alnabilir Fe, Cu, Zn ve Mnelementleri toprak orneklerinin pH’s1 7.3’¢ ayarli 0.005M DTPA ¢ozeltisi ile
calkalanip siiziilmesi sonucu Atomik absorpsiyon spektrofotometresinde dl¢iilmiistiir (Lindsay ve Norvell, 1978).
Bor, sicak su ile ekstrakte edilmis orneklerde spekrofotometrede azomethin-H yontemi ile belirlenmistir (Wolf,
1971).
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2.1 Istatistiki Analiz

Tesadiif parselleri deneme desenine gore tek faktorlii ve 3 tekrarli olarak elde edilen verilere, JMP (siiriim 5.0)
istatistiki programi uygulanmistir ve ortalamalar arasindaki farkliliklar1 belirlemek i¢in %5 nem diizeyinde Tukey
testi kullanilmisgtir.

3. Arastirma Sonuclar ve Tartisma
3.1 Biyokémiir uygulamasimin topragn fiziksel ozelliklerine etkisi

Farkli dozda biyokomiir uygulamalarinin toprak 6zellikleri {izerine etkisi Tablo 3’de sunulmustur. Biyokémiir
materyalleri arasinda istatistiksel olarak anlamli derecede farklilik bulunmaktadir. Toprak pH degeri 7.45-7.66
degerleri arasinda degisim gostermis en yiiksek pH degeri 7.66 ile B4 uygulamasinda ve en kiiclik deger 7.45 ile
B0 uygulamasinda belirlenmigtir. Toprak pH’sindaki artisin nedeni ¢alismada uygulanan biyokdmiiriin yiiksek pH
(9.90) degerine sahip olmast ile agiklanabilir. Chan ve ark. (2008), biyokdmiir uygulamasinin toprak pH'mi 5.0'dan
6.6'ya yiikselttigini rapor etmektedir. Biyokdmiir dozuna bagli olarak toprak pH degerinin artis gosterdigi
izlenmektedir. Biyokdmiir uygulamalarinin topragin pH’sinda artisa neden oldugu birgok arastirict tarafindan
(Saygan ve Aydemir, 2016; Namli ve ark., 2017; Majeed ve ark., 2018; Turan, 2019) bildirilmistir. Biyokoémiir
ilavesinden sonra toprak pH'sindaki artig, biyokomiiriin karbonat ve oksit formlar1 olarak kalsiyum, magnezyum
ve potasyum tuzlari igermesi ve bunlarin da toprak ¢ozeltisinde ¢6ziinme kabiliyetine sahip olmasindan
kaynaklandig1 belirtilmistir (Gaskin ve ark., 2010; Joseph ve ark., 2010). Biyokomiiriin toprak pH's1 tizerindeki
etkileri, piroliz islemi sirasinda meydana gelen kiil ile ilgili oldugu belirtilmistir (Silva ve ark., 2017). Kiil,
potasyum karbonat (KHCO3) ve kalsiyum karbonat (CaCOz) gibi toprak asitligini diizeltici olarak islev goren ve
degisebilir baz icerigi bakimindan zengindir (Domingues ve ark., 2017). Biyokoémiirde ¢esitli fonksiyonel
gruplarin (esas olarak oksijen igeren gruplar, 6rnegin karboksil-COOH ve hidroksil-OH) yer almasi ve bu
fonksiyonel gruplarin davranisi, ¢ozelti pH'sin1 degistirdigi belirtilmistir (Oh ve ark., 2012; Tan ve ark., 2015).
Biyokomiiriin bazik 6zellik gosterdigini ve uygulandiginda toprak pH’sin1 arttirdigini belirtmektedir (Qadeer ve
ark., 2014). Toprak pH degerinin biyokdmiir uygulamalar ile artig (yiikselmesi) gostermesi topragin yiiksek
tamponlama kapasitesinden ve biyokOmiiriin alkalin pH’sindan kaynaklanmaktadir (Silva ve ark., 2010).
Biyokomiirler genellikle alkalidir ve bu nedenle uygulamadan sonra toprak pH'sinda degisiklikler meydana
getirdigi ifade edilmistir (Joseph ve ark., 2010; Akay, 2022). Biyokémiir uygulamalarinin topragin Elektriksel
kondiiktivite (EC) (mS cm™) degeri iizerine énemli etkisi olmustur. Biyokémiir uygulamalarma bagli olarak artig
gostermis 2.26 ile en yiiksek degeri B4 uygulamasinda, 0.87 ile en kii¢lik degeri BO uygulamasinda belirlenmistir.
Topragin EC degeri B4 (2.26+0.19) > B3 (1.85+0.18) > B2 (1.63+0.12) > B1 (1.50+0.33) > B0 (0.87+0.11)
seklinde siralanmistir. Biyokdmiir uygulama dozuna bagli olarak topragin EC degeri pozitif yonde artig egilimi
gostermigtir. Toprakta artan dozda biyokdomiir uygulamalarmin, topragimm EC degerlerinde 6nemli diizeyde artis
gosterdigi tinh kum ve kumlu killi tin biinyesine sahip topraklarda en yiiksek EC degerinin 40 t hal
uygulamasindan elde edildigi rapor edilmistir (Mavi ve ark., 2018). Biyokomiir ilavesi ile EC degerinde artis (%1-
4) oldugu belirtilmistir (Singh ve ark., 2019). Biyokomiirde bulunan bazik katyonlar, toprak ¢o6zeltisinde
coziinerek toprak EC degerini artirdig1 sdylenebilir (Shetty ve Prakash, 2020). Onceki ¢alismalardan elde edilen
sonuglara gore yiiksek miktarda kiil mevcut oldugunda biyokomiir uygulamalarnin toprak EC degeri énemli
6lgtide arttirdigr bildirmistir. Otsu hammaddelerden elde edilen biyokomiirler aga¢ kokenli materyalden elde
edilen biyokomiirlerden daha fazla kiil icerigine sahip olmasi nedeniyle toprak EC iizerinde daha biiyiik etki
meydana getirmektedir (Kloss ve ark., 2012). Uygulanan biyokomiir kireg diizeyi lizerine 6nemli etki yapmustir.
Topraktaki en az kire¢ miktar1 %2.28 degeri ile BO uygulamasinda en biiyiik degeri ise %3.55 ile B4
uygulamasinda belirlenmistir. Topraklarin kireg igerigi uygulamalar ile artis gostermis ve %2.28-3.55 araliginda
saptanmistir. Topraklarin kireg degerleri Ulgen ve Yurtsever (1995) tarafindan belirtilen degerlere (1.0-5.0) gore
kiregli sinifinda yer aldig1 izlenmektedir.

Organik madde (O.M) miktar1 uygulamalara gore istatistiki olarak farklilik géstermis ve uygulama dozuna
bagl olarak topragin organik maddesi %1.28-2.81 araliginda belirlenmis, uygulamalara gore artig géstermistir. En
yliksek deger B4 uygulamasinda %2.81 ile elde edilirken en kiiciikk deger %1.28 ile BO uygulamasinda
gerceklesmistir. Akca ve Namli (2015), ile Ergiin (2017), farkli kokenli kaynaktan saglanan biyokdmiir
uygulamalarinin toprak organik maddesindeki artig diizeyinin dnemli oldugunu ve %2.64'lik en yiiksek organik
madde igeriginin 40 t ha' biyokdmiir ve %1.3 ile en diisiik organik madde miktarmin kontrol uygulamasindan elde
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edildigi rapor edilmistir (Khan ve ark., 2020). Organik materyallerin uygulama dozuna bagli olarak topraklarin
organik madde igeriklerinde 6nemli bir artis oldugu belirtilmistir (Tarakg¢ioglu ve ark., 2019). Dozlar arasinda
kontrole gore organik madde degerinde artisin oldugu ve en yiiksek organik madde sonucunun %0.6 doz
uygulamasindan elde edildigi belirtilmistir (Ozyavuz, 2017). Kiregli kumlu topraga biyokdémiir uygulanmas ile
topragin organik madde igeriginde 6nemli bir artig olmustur. Kontrole gore organik madde miktarinin, biyokdmiir
ilavesiyle sirasiyla %3.3, %10.7 ve %22.8 diizeyinde arttig1 bildirilmistir (Amin ve Eissa, 2017).

Tablo 3. Biyokomiir uygulamalarinin toprak éozelliklerine etkisi

Table 3. Effect of biochar applications on soil properties

Uygulamalar  pH EC (mS cm™) Kirec (%) O.M (%)
BO 7.45+0.04 ¢ 0.87+0.11 ¢ 2.2840.07 b 1.28+0.03 b
Bl 7.50+0.05 be 1.50+£0.33 b 3.04£0.10 a 1.44+£0.06 b
B2 7.57£0.05 ac 1.63+£0.12 b 3.110.43 a 1.62+£0.09 b
B3 7.634£0.02 ab 1.85+0.18 ab 3.2340.10 a 2.65+0.45 a
B4 7.66+0.10 a 2.26+0.19 a 3.5540.07 a 2.81+0.43 a
p degeri 0.0054 0.0001 0.0003 0.0001

3.2 Biyokémiir uygulamasinin topragin makro element icerigine etkisi

Biyokdmiir uygulamalarmin topragin toplam azot (N)igerigine etkisi uygulamalara gére anlaml bir fark (p
<0.0001) gostermis ve uygulama dozlarina gore artig gostermistir (Tablo 4). En diisiik N igerigi %0.078 ile BO
uygulamasinda en yiiksek N degeri ise %0.201 ile B4 uygulamasida saptanmustir. En yiiksek toprak toplam azotu
(%0.201), kontrole kiyasla (%0.078) yaklasik %258 daha yiiksek olan 80 t ha uygulamasinda elde edilmesi,
biyokoémiir uygulamalarinin N {izerine etkili oldugu belirtilmistir (Khan ve ark., 2020). Biyokomiiriin yapisinda
bulunan N miktar diizeyinin topraga 6nemli miktarda besin elementi saglayacagi ve {iriin verimliligini arttiracagi
soylenebilir. Topragin alabilir fosfor (P) (mg kg?) miktar: iizerine uygulamalarin 6nemli bir etkisi olmus ve
uygulamalara gore B4(48.89)>B3(40.35)>B2(24.10)>B1(18.98)>B0(14.92) scklinde siralanmistir. B4
uygulamasinda en yliksek ve B0 uygulamasinda ise en kiigiik alinabilir P saptanmistir. Biyokémiir uygulamasinin
yapilan bir ¢alismada fosforlu gilibre miktar1 gereksinimini azalttigi belirtilmektedir (Soinne ve ark., 2014).
Toprakta alinabilir P degerinin biyokdmiir uygulamalart ile 6nemli 6lgiide arttig1 ve nispi degisimin %150 kadar
yiikseldigi belirtilmistir (Oguntunde ve ark., 2004). Benzer sekilde, biyokémiir uygulamasinin kontrole (20.88 mg
kg!) gore %19.9'luk artisiyla 25.01 mg kg diizeyine yiikseldigi Adio ve ark. (2022) tarafindan belirtilmistir.
Kiregli kumlu topraga biyokdmiiriin ilavesi, mevcut fosforun en yiiksek biyokdmiir ekleme seviyesinde 8.31 mg
kg dan (kontrol) 10.43 mg kg? a yiikselmesini sagladig1 belirtilmektedir (Amin, 2016). Yapilan galismada
biyokdmiir uygulamalarinin alkalin reaksiyonlu (toprak pH=7.75) topraklarin alinabilir P {izerine etkili olabilecegi
ve buna bagli olarak uygulanacak P’lu giibre miktarinda azalma olabilecegini gdstermektedir. Yapilan
caligmalarda Zhai ve ark. (2014) ve Soinne ve ark. (2014), alinabilir P ile ilgili ¢alisma sonuglarinin, bildirilen tez
calismasi sonuglart ile benzerlik gosterdigi sdylenebilir. Topragm almabilir potasyum (K) miktar1 (mg kg™)
lizerine uygulamalarin istatistiki olarak o6nemli diizeyde bir etkisi olmus ve uygulamalara gore
B4(1172.89)>B3(814.41)>B2(582.53)>B1(437.62)>B0(344.84) seklinde siralanmistir. Dozlar icerisinde B4
uygulamasinda en yiiksek ve B0 uygulamasinda ise en diisiik alinabilir K belirlenmistir. Yapilan bir ¢alismada
biyokomiir uygulamalartyla toprakta alinabilir P ve K elementlerinde artis meydana geldigi belirtilmistir (Sial ve
ark., 2019). Biyokomiir uygulamalarina gore toprakta alinabilir potasyum miktar1 kontrol uygulamasinda 421.3
mg kglile en diisiik degeri aldig1 buna karsmn60 t ha® uygulamasinda 740.6 mg kg? ile en yiiksek degeri aldig
belirtilmistir (Amin, 2016). Uygulamalarin alinabilir kalsiyum (Ca) iizerine 6énemli bir etkisi olmamistir ve Ca
konsantrasyonu 2171.68-2268.88 mg kglaraliinda saptanmigtir. Biyokdmiir uygulamalar1 topraklardaki Ca
konsantrasyonu en kii¢iik ve en biiyiik degerler kontrol (B0) ve B2 uygulamalarinda elde edilmistir. Farkli piroliz
sicakliginda elde edilen biyokoémiir uygulamalarinin topraklardaki alinabilir Ca konsantrasyonu 2663-4306 mg kg
laraliginda belirlemisler ve Ca degerinin 500°C de elde edilmis olan biyokdmiiriin etkin oldugunu ifade etmislerdir
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(Kayikcioglu ve ark., 2022). Biyokdmdiir topragin Ca’un yarayisliligini arttirdigr belirtilmistir (Gaskin ve ark.,
2010). Uygulamalara gore topragin alinabilir magnezyum (Mg)konsantrasyonu farklilik géstermis 129.01 mg kg
! ile en kiigiik degeri BO uygulamasinda ve 186.92 mg kg? ile en yiiksek degeri B4 uygulamasinda almstir.
Kayikcioglu ve ark. (2022) tarafindan yapilan bir ¢alismada farkli piroliz sicakliginda iiretilen biyokdmiir
uygulamalari ile topraktaki alinabilir Mg degerinin sirasiyla 848.1mg kg, 843.3mg kglve 769.8 mg kgolarak
belirtilmis olan degerlere gore sonuglarin farklilik gdsterdigi bununda uygulama ve toprak &zelliklerinden ileri
geldigi diistiniilmektedir.

Tablo 4. Biyokomiir uygulamalarinin topragin makro element icerigine etkisi

Table 4. The effect of biochar applications on the macro elements of the soil

Uygulamalar N (%) P (mg kg™?) K (mg kg™?) Ca (mg kg?) Mg (mg kg?)
BO 0.078+0.01d 14.92+1.21b 344.84+20.72¢ 2171.68+47.19a 129.01+3.10¢
B1 0.096+0.01c 18.98+1.66b 437.62+32.91d 2207.77+£7.71a 132.93+4.20bc
B2 0.120+ 0.01b 24.10+ 1.49b 582.53+31.72¢ 2268.88+63.36a 146.30+7.72bc
B3 0.145+ 0.01b 40.35+2.27a 814.41+10.18b 2213.43+21.71a 158.15+7.81b
B4 0.201+£0.01a 48.89+7.25a 1172.89+12.86a  2180.72+60.55a 186.92+3.59a
p degeri <0.0001 <0.0001 <0.0001 0.1581 <0.0001

3.3 Biyokémiir uygulamasinin topragin mikro element icerigine etkisi

Uygulamalara gore topragm alinabilir sodyum (Na) konsantrasyonu farklilik gostermis ve 47.09-101.43 mg
kg olarak belirlenmistir (Tablo 5). Kontrol uygulamasinda en kiigiik deger ve B4 uygulamasinda ise en biiyiik Na
degeri elde edilmistir. Kayikcioglu ve ark. (2022) tarafindan yapilan ¢alismada belirlenmis olan 139.5 mg kg™,
179.4mg kg ve 132.7mg kg ve Kara (2016) tarafindan40 t ha® pirina biyokdmiirii uygulamasindan elde edilmis
olan Na degerlerine 92.51 mg kg'gore farklilik gosterdigi izlenmektedir. Bu farkliliklarmn 6zellikle elde edilen
biyokomiir kaynagma ve toprak ozelliklerine gore degisiklik gosterdigi soylenebilir. Artan dozlarda biyokomiir
uygulamalarinin sodyum elementini arttirict yonde oldugu belirtilmistir (Saygan, 2017). Toprakta alinabilir Cinko
(Zn) konsantrasyonu 1.25-2.34 mg kg *araliginda belirlenmis, en kiigiik deger BO uygulamasinda en biiyiik deger
ise B4 dozunda saptanmustir. Kara (2016) tarafindan yapilan caligmada farkli dozda yapilan biyokdmiir
uygulamalari ile 2.59-3.74 mg kg Zn elde edildigi ve en yiiksek alinabilir Zn degerinin 3.74 mg kg ile kavaktan
elde edilmis olan biyokémiir uygulanan topraklarda saptandig: ifade edilmistir. Toprakta farkli sicakliklarda elde
edilen biyokomiir uygulamalartyla yapilan ¢alismada alinabilir ¢inko (Zn) degerleri 300°C de elde edilen
biyokdmiir uygulanan topraklarda 8.74-9.15 mg kg?,500°C de elde edilen biyokémiir uygulamasinda 8.81-9.71
mg kg ve 700°C’de elde edilen biyokdmiir uygulamasinda 9.18-10.4 mg kg olarak belirlemislerdir (Kayikcioglu
ve ark., 2022).Toprakta almnabilir demir (Fe) konsantrasyonu 1.82-2.40mg kg araliginda saptanmis olup ile BO
uygulamasinda en yiiksek deger ve B4 uygulamasinda en kii¢iik degerin elde edildigi izlenmektedir. Alinabilir
demir (Fe) konsantrasyonu 300°C de elde edilen biyokdmiir uygulanan topraklarda 17.06-19.33mg kg%, 500°C de
elde edilen biyokomiir uygulamasindal7.29-18.03 mg kg ve 700°C’de elde edilen biyokdmiir uygulamasinda
15.21-18.49 mg kglolarak belirlemislerdir (Kayikcioglu ve ark., 2022). Topraga biyokdémiir uygulamasindan
sonra almabilir Fe degerinde azalma oldugunu bildirilmiglerdir (Lentz ve Ippolito, 2012; Inal ve ark., 2015).
Biyokomiir uygulamalarinin toprak pH degerini arttirdigi, alinabilir Fe konsantrasyonunda ise azalmaya sebep
oldugu soéylenebilir (Mielki ve ark., 2016). Toprak 6rneklerinde alinabilir Fe konsantrasyonunda azalma veya
diislis seyri olasi biyokdmiir uygulamasinin toprak pH’simi arttirmasina (Pandit ve ark., 2018) bagl olabilecegi
diisiiniilmektedir. Biyokomiir uygulamalar: ile alinabilir Fe igerigi acisindan, kontrole gore diisiis gozlenmesi
sonuglarimizi dogrulamaktadir. Toprakta alinabilir Mangan (Mn) agisindan biyokdmiir uygulama dozlarma gore
4.52-7.33 mg kg *araliginda belirlenmistir. Uygulamalarin sonucu olarak topraklarda en kiigiik Mn konsantrasyonu
B0 uygulamasinda 4.52 mg kg've en yiiksek Mn 7.33 mg kg'mg kg'lile B4 uygulamasinda belirlenmistir.
Topraklardaki alinabilir Mn degerleri biyokémiir elde edilen sicakliklara gore farklilik gosterdigi,300°C de elde
edilmis olan biyokdmiir uygulama dozunda 16.83-19.20 mg kg, 500°C de elde edilen biyokdmiir uygulamasinda
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16.13-20.43 mg kg ve 700 °C de elde edilmis olan biyokdmiir uygulama dozunda 14.57-17.75 mg kgolarak
saptamiglardir (Kayikcioglu ve ark., 2022). Biyokomiir uygulama dozu artisiyla toprakta alinabilir Mn
konsantrasyonu artig gostermistir. Toprakta alinabilir Bakir (Cu) agisindan biyokdmiir uygulama dozlar
bakimindan istatistiki olarak bir fark meydana gelmemistir. Farkli biyokdmiir dozlar1 kiyaslandiginda en yiiksek
Cu konsantrasyonu B4 uygulamasinda 1.79 mg kg* ve en kiigiik deger ise BO uygulamasinda 1.61 mg kg™ olarak
belirlenmistir. Farkli piroliz sicakliklarinda elde edilen biyokomiir uygulamalarinin topragimn alinabilir Cu degerleri
300°C de elde edilen biyokomiir uygulama dozunda 2.29-2.39 mg kg, 500°C de elde edilmis olan biyokdmiir
uygulamasinda 2.27-2.42mg kg*ve 700°C de elde edilmis olan biyokdmiir uygulamasinda ise 2.13-2.35 mg kg
olarak belirtmislerdir (Kayikcioglu ve ark., 2022). Biyokémiir uygulamalari ile en yiiksek alinabilir bakir igerigi
ortalama 0.66 mg kg* ile pirinadan elde edilmis olan biyokdmiir uygulamasinda elde edildigi belirtilmistir (Kara,
2016).Toprakta uygulamalara gore alinabilir bor (B) 0.71-1.08 mg kglarahiginda saptanmis olup0.71 ile BO
uygulamasinda en kiiciik deger ve en yiiksek degerin ise B4 uygulamasinda 1.08 mg kg olarak belirlenmistir.
Uygulamalar topraktaki alinabilir B degerini arttirmistir. Toprakta B sinir degerleri Wolf (1971), tarafindan
belirtilmis olan yeterlilik grubu (1.0-2.4 mg kg™?) igerisinde sadece B4 uygulamasi 1.08 mg kg ile yer almistir.

Tablo 5. Biyokimiir uygulamalarinin topragin mikro element icerigine etkisi

Table 5. The effect of biochar applications on soil microelement

Uygulama Na (mg kg?) Zn (mg kg?) Fe (mg kg?) Mn (mg kg™?) Cu (mg kg™?) B (mg kg?)
BO 47.09+2.60 d 1.25+0.07 ¢ 2.404£0.27 a 4.52+0.89 b 1.61£0.27 a 0.71+£0.04 b
B1 64.32+4.60 ¢ 1.54+0.08 be 2.3340.16 ab 4.89+£0.97 b 1.65+0.08 a 0.78+0.03 b
B2 75.07+5.59 be 1.824+0.09 b 2.01+0.15 ab 4.96+0.54b 1.73£0.20 a 0.854+0.06 b
B3 85.54+2.93 b 2.19+0.02 ab 1.96+0.18 ab 5.83+0.029 ab 1.76+£0.03 a 0.94+0.02 b
B4 101.43+6.12 a 2.34+0.17 a 1.82+0.19 b 7.33+0.62 a 1.79+£0.04 a 1.08+0.13 a
p degerleri <0.0001 0.0003 0.0415 0.0042 0.2246 0.0007

3.4 Biyokomiir Uygulamasinin ¢cimlenme ve biyomas ozelliklerine etkisi

Tohumlarm ¢imlenmesi %90.12-95.41 olarak gerceklesmis en yiiksek ¢imlenme orant %95,41 ile B2
uygulamasinda en diigikk ¢imlenme orani ise %90.12 ile BO uygulama dozunda saptanmistir (Sekil 7). Cimlenme
orani Dogan ve Carpict (2015) tarafindan belirtilen (%79.38-97.99) degerlere gore benzerlik gostermistir.
Cimlenme indeksi < %50 ise; yiiksek diizeyde fitotoksisite, %50-80 ise; orta diizeyde fitotoksisite ve >%80 ise
fitotoksisite etkisinin olmadig1 belirtilmistir (Kalderis ve ark., 2019). Cimlenme oraninin B3 ve B4
uygulamalarinda diisiis egiliminde olmas1 biyokomiirdeki tuz ve pH gibi 6zelliklere gore farklilik gosterebilir.
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Figure 1. Effect of biochar applications on germination
Sekil 1. Biyokomiir uygulamalarinin ¢imlenmeye etkisi

Bugdayin yas agirligi uygulama dozlari ile istatistiki diizeyde dnemli artig gdstermistir. Kontrol uygulamasinda
yas agirhik degeri 10.01-11.42 g saksi? olarak elde edilmistir. En yiiksek yas agirlik B2 uygulamasinda, en kiigiik

304



JOTAF/ Journal of Tekirdag Agricultural Faculty, 2024, 21(2)

deger ise B0 uygulamasinda belirlenmistir. Kuru agirlik diizeyi uygulamalara gore istatistiki anlamda etkilenmis,
1.93-2.21 g saksi? olarak belirlenmistir. En yiiksek yas agirhk B2 uygulamasinda, en kiigiik deger ise BO
uygulamasinda belirlenmistir (Sekil 2). Bu konuda, fasulye ile yaptiklari ¢aligmada Khan veark. (2020), en yiiksek
yas ve kuru agirlik degerlerini 20 t ha biyokomiir uygulama dozunda elde ettikleri caligma ile ayni sonuca
varildig1 goriilmektedir. Topraga uygulanan biyokomiiriin bugday bitkisinin taze ve kuru agirhgm arttirdigi ve
biyokomiir uygulanmasi ile bugday bitkilerinin yas ve kuru agirliklarinda kontrol uygulamasina kiyasla
sirastyla %96.8 ve %123.5 artis oldugu belirtilmistir (Amin, 2016). Esposito (2013), biyokomiiriin topraga
uygulanmasinin, bugday bitkisinde kontrole kiyasla bitki biiylimesini dnemli 6l¢iide artirdigini ifade etmislerdir.
Biyokomiir uygulamalarinin toprak tizerine olumlu etkileri sonucunda bitkinin yas ve kuru agirlik degerini
kontrole gore arttirdig1 gorilmiistiir.
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Figure 2. Effect of biochar applications on wet (a) and dry (b) weight
Sekil 2. Biyokomiir uygulamalarinin yas (a) ve kuru (b) agwrliga etkisi
4. Sonu¢

Biyokomiir uygulamasinin topraklarin pH diizeyi, EC, kire¢ ve organik madde miktarlarinda artis sagladig:
goriilmiistiir. Biyokdmiiriin toprak uygulamalarinda, biyokdmiir 6zelliklerinin elde edilmis olan materyale gore
farklilik gosterdigi ozellikle toprak {izerine olasi etkileri agisindan biyokdmiiriin 6zelliklerine gore uygulamalar
yapilmalidir. Topragin makro ve mikro elementleri iizerine etkisi incelendiginde toplam N, alinabilir P, K, Mg
ayn1 sekilde Na, Zn, Mn, B elementlerinde uygulama dozuna gore artig gosterdigi, Fe konsantrasyonunun ise
azalma egilimi gosterdigi goriilmiistiir. Cimlenme ve bitkinin yas ve kuru agirhg iizerine etkisi20 t ha! (B2)
uygulamasi 6n plana ¢ikmistir. Biyokomiir uygulamalarinda toprak, bitki, iklim &zellikleri dikkate alinarak
yapilmasi ile daha fazla fayda elde edilebilecegi ve incelenen parametreler agisindan ve ozellikle calisma
sonuglarma gére biyokdmiir uygulama dozu olarak 20 t ha (B2) uygulamasi énerilebilecegi kanisina varilmstir.

Etik Kurul Onay1

Bu ¢alisma i¢in etik kuruldan izin alinmasia gerek yoktur.

Cikar Catismasi1 Beyam

Makale yazarlari olarak aramizda herhangi bir ¢ikar ¢atismasi olmadigini beyan ederiz.
Yazarhk Katki Beyam

Planlama: Senay, B, Tepecik, M.; Materyal ve Metot: Tepecik, M, Senay, B.; Veri toplama ve Isleme: Senay, B.;
Literatiir Tarama: Senay, B, Tepecik, M.; Makale Yazimu, Inceleme ve Diizenleme: Senay, B, Tepecik, M.
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Tiirkiye'de Yerel Bugday Cesitlerinin ve Uriinlerinin Yaygilastirilmasinda Oncii Topluluklar
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Abstract

Modern wheat varieties developed since the 1960s have increased yields but have also brought with them serious
ecological, social and health problems. Local wheat varieties must be produced, developed, conserved and
disseminated by farmers. In this research the pioneering farmer/consumer communities in Canakkale, Balikesir
and Kars provinces and some community supported agriculture groups in Izmir province active in dissemination
of local wheat varieties and breads and other products are examined. Participatory action research methodology
was used among producer groups and food communities. The research question was developed through common
problems and solutions by involving producers and consumers during the field research in line with participatory
action research. The local wheat production of producer groups and the processes of supplying their products to
the market were carefully analyzed and this information was shared with food groups. In the food groups, ways to
increase the consumption of local wheat products were sought with the information shared. As a result, it is seen
that pioneer groups that ensure direct marketing of products from farmers to consumers, organize farmers, work
holistically and increase women's participation are more successful in the geographical dissemination of local
wheat varieties and ensuring seed sovereignty. In consumer groups, it was observed that understanding the
production process and identifying problems related to consumption through focus group studies initially increased
the consumption of local wheat products. However, the high cost of bread made from local wheat varieties
constitutes one of the biggest obstacles. Collaboration between consumers and food groups with local producers
can increase the spread of the production and consumption of local wheat. Local governments can also play an
important role in promoting local wheat and its products. One of these supports could be participatory plant
breeding.

Keywords: Local wheat varieties, Seed sovereignty, Food groups, Extension, Participatory action research, Sourdough bread,
Turkey.
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Oz

1960'lardan bu yana gelistirilen modern bugday ¢esitleri verimi arttirmis olsa da ciddi ekolojik, sosyal ve saglik
sorunlarint da beraberinde getirmistir. Yerel bugday ¢esitleri ciftciler tarafindan {iiretilmeli, gelistirilmeli,
korunmali ve yayginlastirilmalidir. Bu arastirmada Canakkale, Balikesir ve Kars illerindeki oncii ¢iftgi/tiiketici
topluluklar ile Izmir ilinde yerel bugday gesitleri ile ekmek ve diger iiriinlerin yayginlastirilmasinda faaliyet
gosteren bazi topluluk destekli tarim gruplar1 incelenmistir. Uretici gruplar ve gida topluluklar1 arasinda katilimci
eylem arastirmasi yontemi kullanilmistir. Arastirma sorusu katilimer eylem arastirmasina uygun sekilde saha
aragtirmasi sirasinda tireticilerin ve tiiketiciler dahil edilerek ortak sorunlar ve ¢dziimler {izerinden gelistirilmistir.
Uretici gruplarin yerel bugday iiretim sekilleri ve iiriinlerini pazara tedarik etme siiregleri dikkatle sekilde
incelenmis ve bu bilgiler gida gruplari ile paylasilmistir. Tiiketici gruplarda ise paylasilan bilgiler ile yerel bugday
irtinlerinin tiiketimini arttirma yollar1 aranmistir.  Sonug¢ olarak, iriinlerin ¢iftgiden tiiketiciye dogrudan
pazarlanmasini saglayan, ¢iftcileri orgiitleyen, biitlinciil ¢alisan ve kadm katilimini artiran 6ncii gruplarin yerel
bugday cesitlerinin cografi bazda yayginlastirilmasinda ve tohum egemenliginin saglanmasinda daha basarili
oldugu goriilmektedir. Tiiketici gruplarda ise iiretim siirecini anlamanin ve odak grup c¢alismalari ile tiiketime dair
sorunlarin belirlenmesinin ilk olarak yerel bugday iirlinleri tiiketimini arttirdig1 gézlenmistir. Ancak, yerel bugday
cesitlerinden yapilan ekmek pahali olmasi en biiyiikk engellerden birini olusturmaktadir. Tiiketiciler ve gida
gruplarinin yerel iireticiler ile is birligi yapmas1 yerel bugday iiretimi ve tiikketiminin yayginlasmasini arttirabilir.
Yerel yonetimler de yerel bugday ve iiriinlerinin yayginlastirilmasinda 6énemli bir rol oynayabilir. Bu desteklerden
biri de katilimei bitki 1slahi olabilir.

Anahtar Kelimeler: Yerel bugday cesitleri, Tohum egemenligi, Gida gruplari, Yayim, Katilimci eylem arastirmasi, Eksi
mayali ekmek, Tirkiye.
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1. Introduction

Wheat, known as the first plant which was domesticated in southwest Asia, 14000 years ago (Kimber and
Feldman 1987). The origin of wheat is Southeastern Anatolia (Uhri, 2011). The great biodiversity of wheat in
Anatolia and the presence of local wheat varieties make these genetic resources in Turkey very important for the
sustainability of wheat production in the world.

The aids provided by developed countries to developing countries in the Marshall Plan program between 1948
and 1951, created a great transformation. Many changes such as increase in agricultural mechanization and yield,
the dominance of chemical fertilizers, synthetic pesticides usage, and monoculture agriculture have been realized.
This process led to the so called “green revolution” after a while. One of the most important developments of the
green revolution was the breeding works done by Norman Bourlag, using Mexican dwarf and semi-dwarf wheats
(Karakog, 2008).

In the 19th century, Japanese scientists developed the high yielding Norin 10 variety by crossing their local
wheat called Daruma, with Red Winter Turkish wheat. (Powell et al., 2013) American scientists crossed the Norin
10 variety with the native American variety Brevor and took these cultivars to Mexico. These plants had been
introduced to the breeding programs in Mexico by Norman Borlaug and high yielding varieties were bred (WWF,
2016).

It is stated that the success in the yield increase of these semi-dwarf wheats has been achieved especially using
nitrogen fertilizers. (Perkins, 1997). However, the full potential of these new seeds can only be realized when
proper agricultural practices are followed, such as good soil preparation, the use of large amounts of fertilizer, the
correct proportion and planting depth, and proper use of water, weed and pest control (Karakog, 2008).

While Mexican seeds were grown on an area of 50 decars in 1964, in Turkey, it started to be grown on a land
of 14,554,000 decars within 5 years, in 1968. India, Pakistan and Turkey were the countries adopting this
production system the most (Karakog, 2008). Although it is claimed that the green revolution is a great success, in
fact, there are intense criticisms that it has increased the foreign dependency especially of underdeveloped
countries, made farmers dependent on agricultural inputs sellers, led to the loss of seed sovereignty, and started
the process of loss of people knowledge (Smale, 1997; Magdoff et al., 2000)

The effect of wheat products on human health is one of the most popular research and discussion topics in
recent years. The negative effects of gluten protein, which is more abundant in the structure of improved wheat
varieties, on human health have been the subject of many scientists (Dohan, 1966; Davis, 2011). Breeding efforts
to increase gluten protein and changes in gluten structure have created a perception that the consumption of modern
wheat is harmful to health (Davis, 2011). These comments also increase the production and consumption of local
wheat varieties and products. The study conducted by Davis (2011) revealed the negative effects of high gluten
content of industrial wheats and the changes in genetic structure on human health. In his study, Davis shows that
industrial wheat is as the chief culprit for factors such as fatigue, immune, digestive, and nervous system problems,
obesity and diabetes. Davis draws attention to the fact that local wheat varieties do not cause the same problems
in his study. Boxstael et al. (2020) and Akgura et al. (2002) compare wheat landraces and industrial wheats in
terms of mineral substances. Although these researches were actually made for the selection of the local wheat
varieties as breeding material, it is important that the local varieties have been found to be richer in terms of mineral
substances. Local wheat varieties are much richer in mineral substance content (Akgura et al., 2002; Hocaoglu and
Akgura, 2017; Boxstael, 2020).

Mexican dwarf wheat started to be grown in Turkey in 1967 under the name Sonora-64. The first experiments
were carried out in Adana Province under the leadership of Bahri Dagdas who was the Minister of Agriculture
(Kogtiirk, 2009). The Minister of Agriculture of the period declared that Turkey would reach the potential to export
wheat even after. However, the situation did not develop as expected, and serious problems arose in terms of
nutrition. With the breeding studies, wheat varieties in Turkey were hybridized with higher yielding varieties
developed in international research institutes to obtain new varieties with shorter stature, more productive but less
resistant to drought, dependent on pesticides and chemical fertilizers. As a result of these developments, instead
of producing their own seeds, farmers began to depend first on state institutions and later on seed companies. In
Turkey, where a different variety or type of wheat was grown in almost every village in the 1930s (Gokgdl, 1939;
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1954), the biodiversity of wheat started to shrink. Farmers first lost their seed sovereignty, later gradually lost their
knowledge to produce, develop, improve, and breed their own seed like spike choose (basak ¢ekme) methods. The
farmers who started to buy seeds, fertilizers and pesticides from the market, gradually began to pay higher prices
for these industrial inputs. On the other hand, the price received by the farmers for wheat has been respectively
diminished due to the downsizing of State Grain Board (Toprak Mahsiilleri Ofisi) which was doing supportive
purchasing before the globalization period, withdrawal of the state from supporting wheat, and lowering the custom
duties in wheat importation.

The development of the local wheat acreage can reduce costs by ensuring the seed sovereignty for farmers, and
having farmer control on production, and leaving external inputs. However, it does not seem possible to expand
local wheat varieties acreage, which are rich in terms of nutrition and do not contain changed gluten structure,
unless these are sold at good prices by the farmer.

Although the health debates about modern wheats in the country partially popularize the option of not
consuming any wheat, which is supported by some physicians, this trend has remained marginal in Turkey, where
main diet is wheat. Contrary to this trend, there is an attitude that completely rejects and ignores the debates on
health, ecology, and socio-economic issues related to wheat, which is supported by the industry that produces
wheat and its products and the scientific circles that support this industry. The Ministry of Agriculture and Forestry
is also insensitive to the health problems caused by industrial wheat in Turkey. Ministry researchers generally
consider local wheat varieties and landraces as only breeding material like the mainstream breeders of the world.
For this purpose; local wheat varieties are collected, preserved ex-situ and even used for breeding to have drought
resistant wheat varieties. The ministry, to some extent has understood the importance of the local wheat varieties
for the adaptation to climate crisis. However, the Ministry does not show any interest in the production and
development of local seeds in the hands of farmers and participatory plant breeding. The basic approach of the
ministry is to preserve the basic structure of modern wheat varieties.

What needs to be done in Turkey, the homeland of wheat, is to make use of local wheat varieties instead of
extreme views that on the one hand recommend not eating bread at all and on the other ignore criticisms of modern
wheats. Considering that there is no participative wheat breeding depending on local wheat varieties, and the yield
of local varieties is low respectively in Turkey now, at that step, if the price received by farmers for local wheat
varieties can be increased, the dissemination of them will be possible. After this dissemination begins, we can talk
about entering a process that will end the health problems caused by modern wheat and the dependence of farmers
on company seeds and agrochemicals, if participatory breeding studies are carried out based on local wheat
varieties, and agroecological practices that will increase yield and reduce costs are adopted. With participatory
breeding studies based on local wheat varieties, a large number of varieties or types without copyright will be
produced in many regions (locations) instead of the existing system based on company hegemony. Participatory
research and participatory breeding provide good examples of what scientists can achieve hand in hand with
farmers.

The achievements of participatory plant breeding (PPB) are presented in the work of the Philippines-based
Masipag organization called “Food Security and Farmer Empowerment” (www.masipag.org). For example, rice
varieties developed by the Masipag organization in the Philippines have been very successful in the participatory
breeding (Masipag, 2014). There has been no statistically significant difference in terms of yield per hectare
between the paddy varieties developed by farmers and scientists, produced with ecological methods and the yields
of paddy produced by industrial agriculture methods. However, while the yield regularly increases over the years
in the ecological farming group, it decreases in the conventional group. Ecological group does not purchase inputs
such as synthetic pesticides, chemical fertilizers, seeds. Then costs are falling. For this reason, net incomes in the
ecological group have been 1.5 times higher than those engaged in industrial agriculture (Masipag, 2014).

Evolutionary-plant breeding which is also a PPB method using big populations had been applied in wheat,
barley and rice successfully. Crop populations with a high level of genetic diversity are subjected to the forces of
natural selection. Those plants favored under prevailing growing conditions are expected to contribute more seed
to the next generation than plants with lower fitness (Doring et al., 2011).

Ceccarelli et al (2022) wrote about the results:
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The examples of Iran, Italy and other countries indicate that Evolutionary Populations (EP) can be defined as
“smart crops” because they represent a triple “win”. They are good for the planet, as they reduce the use of chemical
inputs and allow adaptation to the complexity of climate change; they are good for the consumer as they produce
healthy food and they are good for farmers as they generate income. The main hurdle in the diffusion of EPs is
seed laws. EPs do not meet the Distinctness, Uniformity and Stability (DUS) requirements for their official
registration and marketing, established by the International Union for the Protection of New Varieties of Plants
(UPOV).

Various researches in the world has proved that the organizations that struggle to ensure the seed sovereignty,
has accelerated the diffusion of local varieties, and agroecological practices. Research on two grassroots
organizations affiliated with the “Colombian Free Seed Network” (RSCL) has shown that the activities of
collecting and protecting local seeds have two types of impact on the spread of agroecology:

The firstis a horizontal or scaling out effect, given that these activities involving the adoption of agroecological
practices which allow for spreading knowledge, principles, and practices among seed custodians, their local
communities and organizations, and the networks of these organizations. The second is a deepening effect, given
that: 1) seed custodianship reaffirms and/or generates new peasant and indigenous identities and ways of life; 2)
seed recovery, conservation, and defense conform a multi-dimensional process that is material, political, and
symbolic, which provides cultural and territorial rootedness, and 3) strengthening of the social-organizational
fabric through collective actions and strategies by seed custodians in their territories in defense of native and creole
seeds. (Lopez et al., 2019)

In an article examining three organizations in India and one organization in the USA, different practices in
reappropriation of seeds were analyzed. (Patnaik, 2017). These organizations are the in-situ seed banks (LSP and
Sambhay) which are two local non-governmental organizations in Odisha, India; OSSI (Open-Source Seed
Initiative) in the USA, which implements the open-source approach, and OSSS (Open-Source Seed System) in
India, which is affiliated with the Organic Agriculture Association. Two in situ seed banks in Odisha aim to repair
the metabolic rift between nature and society created by capitalist agriculture and by the loss of agricultural
biodiversity by providing indigenous farmers to access to seed and reuniting community and resources (seeds)
(Patnaik, 2017). Organizations using the open-source approach bring seeds back from the realm of confiscation
and monopolization through enclosure and restrictive sanctions to the collective sharing area based on open-source
principles (ibid.). Both OSSI and OSSS use open-source licenses to prevent monopoly and appropriation. In the
same context, LSP protects rice varieties, Sambhav tries to protect different plant varieties, OSSI gives more
importance to seed breeders, OSSS works in a different socio-political context in India (ibid.). Despite their
different working styles and purposes, these organizations have contributed significantly to the re-sharing of local
seeds.

Vernooy et al. (2017) demonstrate that community seed banks are more successful in protecting and developing
local seeds and local knowledge, and enhancing the resilience of communities against climate crisis.

Atalan Helicke (2019) based on fieldwork in Turkey, in her article examined the conservation and development
outcomes for two traditional wheat varieties, einkorn (Triticum monococcum) and a local bread wheat variety
zeron/zerun (Triticum aestivum). She wrote:

The two cases demonstrate the importance of the existence of a small, but dedicated group of farmers for
traditional variety production over the years to sustain the continuity of seed exchange, and sustain traditional
knowledge of seed saving and processing. Similarly, without addressing power relations, market mechanisms and
collective action may fail. Participation problems may undermine access of farmers to the collective action and
markets.

At the current stage in Turkey, the dissemination of local wheat varieties and its products such as bread and
bulgur (cracked wheat), etc., is a difficult goal but should be reached. As seen in other researches, the presence of
pioneer farmers is an important factor in seed selection, especially in wheat. The same may be true for the
dissemination of local wheat (Keles, 2019). To achieve this difficult dissemination, pioneering activities of
dedicated farmer and consumers’ groups are needed. There are communities working in this field in Turkey. This
paper is examining the activities of these groups and trying to determine the success factors of this dissemination.
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2. Materials and Methods
2.1. Material

The scope of this study is three producer groups in Canakkale, Balikesir and Kars provinces and five community
supported agricultural groups in Izmir (Figure 1). The main reason why these producer groups were chosen especially
from these provinces is that they show different structures in terms of organization, level, and forms of relations with
local wheat producing farmers. In the Canakkale group, in Bayramig district, local wheat production is carried out by
a single group member who moved to the countryside, and flour etc. products are marketed to different food groups
and consumers. The Balikesir group is located in the city center, but some of its members also engage in agricultural
production. The group buys wheat and other agricultural products from 18-20 farmers and makes bread with sourdough.
It also works as a food group. The Kars group, on the other hand, disseminated the local wheat varieties to all the
farmers in 23 villages and 470 farmers by taking the Bogatepe Village as the center. The most important achievement
of the Kars group is the dissemination of local kaviica wheat. Local wheat has been cultivated for more than a decade
and is now practiced by almost all the producers of the group. The group carries out its activities in the field with a
holistic approach and creates associations and cooperatives.

As the consumer groups discussed in the research, there are five community supported agriculture groups working
informally and collaboratively within the Ege University campus. Since the participatory action research methodology
was used in the study, the groups were selected, who were the members and coordinators of these researchers. The
Nature and Human Friendly Food Group, one of these groups, is the first community supported agriculture group
established in Izmir, as it has been instrumental in the establishment of the other four groups on campus and continues
to support them. These five groups work collaboratively on product demand, relation with farmers, etc. The founding
group has 118 members. In the other groups, the number of members is much less. The members of community
supported agriculture groups are academics, officers, and a small number of consumers located near campus. The
Nature and Human Friendly Agriculture Group-established in the Department of Agricultural Economics-was the first
group. Respectively, the Public Health Group, the Faculty of Economics Group, the Pathology Group and the
DOKTAR (members of a techno park company) group were established. The DOKTAR group is now disbanded. All
these groups are informal and do not have any relationship with the university administrations. Since the incoming
products are shared by the members without waiting anywhere, there is no need for a place such as a warehouse or
selling area. These food groups have relations with the producer groups mentioned. The food groups have bought flour
and other foodstuffs from them, and actively participated and supported activities such as seed exchange festivals and
conferences supported or organized by producer groups in these provinces. These food groups do not have a contractual
and prepayment relationship with farmers like the "community supported agriculture™ groups in France, Belgium.
However, they provide various supports such as finance, marketing and information support to the farmers or bread
producers they are affiliated with. In the last few years, these groups, together with other food groups in Izmir, have
been working on production planning, finance, etc. with farmers in certain products (potatoes, onions, etc.) and making
agreements. Thus, these groups show a progress towards gaining the qualification of advanced community supported
agricultural groups.

These food groups examined, are suitable organizations from which information can be obtained, and participatory
actions can be organized about the consumption of breads produced with sourdough from local wheat varieties.
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2.2. Method

Participatory action research methodology was used in this research. It may be useful to make a brief
assessment of the development of these approaches. Rapid Rural Appraisal (RRA), which was developed and
implemented in the 1980s, quickly developed and became widespread, turning into Participatory Rural Appraisal
(PRA) in the 1990s (Chambers, 1994). Afterwards, Participatory Rural Appraisal (PRA) has evolved into
Participatory Learning and Action (PLA) covering a wide range of subject and location (Chambers, 2004). The
difference between participatory action research and other traditional researches, is that it does not distinguish
between observation and action. Participatory action research is cyclical and dynamic. Problems are raised and
discussed through participatory meetings with people living in the research area (Wadsworth, 1998). Observation
and action are cyclically applied together throughout the research. In Participatory Action Research, hypotheses
are determined together by the participants during the research process. Contrary in other studies, the participants
are not excluded from this stage, then the reality is tried to be changed by intervening in life. Whether the
recommendations are realistic or feasible is revealed during the research. In traditional research, action is usually
taken after observation and data collection. In traditional research methodologies, it is unclear whether the
recommendations will actually work. This may cause the action to fail and require a reboot to fix the problem.
However, this will waste a lot of time. In addition, there is no guarantee that the research that will be repeated
again will be successful. The same can be true for participatory action research. However, in every case of failure
in participatory action research, a new method or theory can be developed (Wadsworth, 1998). In this research,
participant observations were made in farmer/consumer groups and in-depth interviews were conducted with group
members. Participatory action research methodology was used in the farmer/consumer groups and food groups in
Izmir. The researchers are among the food groups coordinators at Ege University and are in contact with local
wheat producer groups. The coordinators have been involved in activities such as buying flour, participating in the
seed exchange festivals of the groups and giving support on various issues. They also worked in community
supported agriculture groups to increase the consumption of breads made of local wheat varieties flours and
sourdough. For this purpose, focus group studies and in-depth interviews with group members were conducted in
groups. Flour made from local wheat varieties was purchased from producer groups, and a woman in Izmir urban
area who knew how to make bread and women farmers who supplied food groups were encouraged to make bread.
Due to the nature of participatory action research, information from real life experiences was compiled and
analyzed of both the production of local wheat varieties and their consumption in food groups. Participation in
focus group meetings held in food groups was higher than expected. 50 people attended the food group meeting
of the Department of Agricultural Economics, which has 118 members. Almost all of the group members attended
the meetings of the group of 30 people within the body of the Faculty of Medicine, Department of Public Health.
The majority could not be achieved in the Faculty of Economics group meeting. However, one of the participants,
an academician who teaches economic history, ensured that the meeting was held during the postgraduate course.
A small number of food group members participated in this meeting. At the meeting, postgraduate students were
encouraged to participate in the food group. Full participation was achieved in the DOKTAR group. The focus
group could not be realized with the pathology group. In each food group, specific topics related to wheat and
bread were also discussed, depending on the academic interest of the group. The information obtained from the
producer groups was shared with the consumers in the focus groups, and solutions and suggestions were presented
to increase the consumption of local wheat varieties breads and other products.

3. Results and Discussion
3.1. Producer Communities

The three producer groups in which the studies were carried out, differ among themselves in terms of working
styles. The Canakkale community has urban members and they have ecological values. Except for one member of
the group, each member has different jobs in the cities. These members rarely contribute the farm. The group has
also created a consumer community around itself. The community tried to establish relations with other
peasants/farmers. Group members pioneered the organization of local seed exchange festivals in
Canakkale/Bayramig. This community made efforts to conserve, test and propagate various local wheat varieties.
Volunteers, who were partially paid, worked at the farm from time to time. Although the relations with the villagers
were not very deep, they contributed to the appreciation of a local wheat variety (yellow wheat) in Bayramig district.
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They also contributed to the resistance against mining and geothermal initiatives that threaten the environment in
Canakkale.

The group founder, who lives in Yenikdy, has an engineering education, and has worked in cities so far. The
founder started production in 2011 as part of an eco-project. He started production by adopting local seeds and
determined wheat as his main production activity. He initially started production with only local wheat varieties
suitable for the region, in the following years, he planted nearly twenty wheat varieties on the farm and put them
to trial. The founder also set up a vegetable garden on the farm for his own needs. On the farm; barley, rye, about
seven tomato varieties, 64 varieties of peppers, four varieties of potatoes and many other vegetables are grown.

The founder has developed a high biodiversity area by producing local wheat varieties with agroecological
methods. This area consists of local wheat varieties seeds of which are difficult to find. Over time, it was seen that
the members of the group left for varied reasons and the work was continued by only the founder.

“Balikesir Life Friendly Product Solidarity, Production and Sharing Group” first started as a consumer
movement. The leader of the community made efforts to produce bread made with sourdough based on local wheat
varieties, using his own means. Instead of undertaking the production of wheat, the community establishes
relations with the farmers in Balikesir and buys the local wheat they produce at a slightly higher price than the
market prices. The efforts of the community have contributed to the continued production of local wheat farmers.

This group contributed to the production and consumption of flour and bread made from local wheat varieties
by food groups in other provinces. The Community also contributed to the production and consumption of flour
and bread made from local wheat varieties by the food groups in other provinces. One of the aims of the group is
to prevent the increasing rural gentrification. The group aims to support the peasants and farmers who have been
in production for years instead of people who come to rural areas from cities and deal with agricultural production.
In terms of the difficulty and continuity of agricultural production, people who already participate in rural
production are considered more important for the group. For this reason, they aim to get organized in consumption
rather than production. For this, they try to make the bread produced from local wheat varieties more attractive.
The use of different local wheat varieties gives a positive result in terms of the taste of the bread. Half of the bread
(50%) consists of Kose wheat for its soft texture. In addition, medium hard (Bezozta and Sar1 bugday) and hard
wheat (Karakilgik, Kizil bugday and Akakser) are used. Kara Cavdar (10%) is mixed to enhance its taste. Breads
and other products are sold to members and other consumers in a shop belonging to the group in Balikesir city
center.

The Kars community especially supported the disappearing local wheat varieties and prevented their extinction.
The community first established a cooperative, then closed it and established an association (Bogatepe
Environment and Life Association), then reconstituted by establishing a cooperative next to the association. The
pioneers of the community are people who also have financial means. First of all, it is a dedicated community the
aim of which is to develop their own village (Bogatepe) and to ensure welfare. The community was interested not
only in the local wheat varieties but also in any subject in the villages. These include the evaluation of medicinal
plants, the improvement of rural tourism, the establishment of a cheese museum, the production of traditional
cheeses in ecological ways, the nutrition education, the development of home gardening, and the publication of
books on various subjects. They sent ecological products to almost all community supported agriculture and food
groups in Turkey with the marketing system they founded, and it has contributed to the success of these groups.
The community has spread its influence in 23 villages, with the Bogatepe Village being the center. A direct
affiliation has been established with the farmers. Sociologically, the social status of women in Kars is quite
advanced compared to the country. One of the two co-chairmen and spokespersons of the group was a woman,
and the women played a key role in the activities of group. The community has succeeded in spreading
agroecological techniques in an area of 23 villages. Villagers, who has lost their seed sovereignty to a large extent
before, now produce their own seeds in this region, and have learned and re-applied traditional knowledge about
seed development from those who know. Similarly, farmers who use pesticides and chemical fertilizers have
minimized them, and many farmers do not use them at all. Farmers who sell wheat and other products to
intermediaries can sell their products directly to the consumers through the marketing system created by the
community. This transformation has given farmers a significant autonomy. The villagers are proud of protecting
the local wheat varieties, producing and consuming more delicious and valuable bread, bulgur, etc.
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It can be said that the Kars community has been successful in its work. The factors behind this success could
be listed as follows: Holistic approach practices, giving importance to women in activities and management,
development of local seeds in the hands of farmers, importance they attach to reviving traditional knowledge,
especially in seed selection and development, working in intense cooperation with farmers, seed sovereignty and
the usage of local ecological agricultural inputs.

3.2. Community Supported Agriculture Groups

Efforts were made on the consumption of bread made with sourdough from local wheat varieties in community
supported agriculture groups at Ege University and in a newly established neighborhood group, training studies
were conducted, and problems were identified with focus group studies.

At first, flour was brought from the Balikesir community and bread was produced by a woman from the city
in domestic conditions. The consumers did not like the first breads due to the hard texture of the breads. This
manufacturing defect had not been fixed. Bread consumption decreased rapidly in the groups. As a result, this first
bread maker was left. Later, a villager family that provided ecological products to the groups sent bread made of
flour of the local wheat varieties they produced. Bread consumed in groups increased nearly twofold, thanks to the
fact that bread was brought with other products and the bread could be made softer than the previous ones. Bread
was brought to the groups once a week along with other products. However, under these conditions, transportation
and bread production costs are that much high, which causes the price of bread nearly three times that of industrial
bread. These problems have been overcome because the groups’ members were in the middle-income group and
most of them are highly educated. However, this also has a limit. Although it changes according to the weeks, only
about half of the members of the groups demanded these breads. The occasional disruptions in the supply of bread
have been also effective in the low rate of this.

Table 1. The perceived benefits and problems of sourdough breads produced from local wheat varieties by
food groups members

Benefits Problems
Health Expensive
» No chemical additives and pesticides Price:
« Rich in minerals and vitamins Local wheat bread: 300 gr, 2,82 TL.
«  Good for the digestive system, satiating Industrial bread: 300 gr, 1 TL.

»  Healthy blood sugar level
»  Psychological

Delicious Hardness
Good taste (for the majority of group members) Unusual taste (for some group members)
Values

«  Solidarity with the peasant
»  Ecological benefit
«  Contribution to biodiversity

Less waste

Accessibility

The consumption of local wheat varieties bread is generally considered healthy by group members. In addition,
the perception that it is rich in minerals and vitamins is one of the factors that support the consumption. It is thought
that blood sugar can be kept more evenly by its consumption. This bread is healthy for the digestive system. While,
most members stated that the breads were delicious, some people had digestive problems. Consumption of this
bread also provided psychological benefits to people in terms of values. The idea that they support the peasants,
biodiversity and ecology is widespread among consumers. The fact that the consumption of these breads is not
excessive because they are satisfying, is one of the supporting factors. At the same time, the long shelf life of
wheat landraces bread prevents waste. Bringing bread to the place where members work also provides convenience
in terms of access and preference. However, the price of local wheat varieties bread is approximately three times
higher than industrial bread. One of the negative factors is that the bread is produced harder from time to time. As
a result, even in the groups discussed, not all members consume bread produced with sourdough from local wheat
varieties.
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The perceived benefits and problems of sourdough breads produced from local wheat varieties are summarized
in Table 1.

The problems can be solved to a great extent if widespread production of local wheats and breads is carried
out. However, this is undoubtedly a difficult goal to achieve. In this first stage; The support of educated and middle-
income people is needed to protect and spread local wheats and to increase the consumption of bread and other
products produced from local wheats. This is the first stage we are in. Serious support of central and local
government is needed for much more widespread production and consumption. It is also necessary for wheat
breeders to start a program based on local wheat varieties by adopting participatory breeding approaches, and the
extension of agroecological techniques is required. This issue will be discussed in the next section.

3.3. The Role of Central and Local Governments

Central and local governments can greatly influence the dissemination of local wheat varieties and products.
Rosset and Altieri state that:

National policies not supportive of agroecological approaches are largely responsible for alternatives remaining
in the margins. In most countries there is a continuous policy failure in providing the adequate economic
environment needed for the transition to agroecological production systems” (Rosset and Altieri, 2017).

The central government considers local wheat varieties only as breeding material for modern wheats in Turkey.
The research work of the Ministry of Agriculture and Forestry is directed towards this goal. In many municipalities,
there is a strong will to protect and disseminate the local seed varieties contrary to the central government. Starting
from 2010, municipalities with a progressive attitude mainly in Western Anatolia contributed to the organization
of seed exchange festivals or organized them by their own. Some municipalities such as Seferihisar/izmir, Mugla,
Niliifer/Bursa, Canakkale, Izmir, Edirne have established seed centers and contributed to the protection and
propagation of the seeds of many products, including wheat. Seferihisar Municipality strongly supported Topan
Karakilgitk wheat variety. This local variety is distributed to farmers, and thus, the extinction of the variety has
been prevented. The municipality bought the wheat from the farmer and distributed the flour to the villagers who
would make bread, thereby ensured the recognition of the bread (Nizam and Yenal, 2020). In Turkey, as in the
world, modern wheat varieties and industrial bread production are accepted as a dominant paradigm for both
farmers and the majority of consumers. This industrial agriculture system, which causes the global climate crisis,
unhealthy nutrition, farmers' loss of seed sovereignty, and their dependence on agricultural input industries and
food industries, is seen as indispensable. However, this paradigm can be changed, and central and local
governments can play serious roles in this regard. Using the model prepared by the "International Panel of Experts
on Sustainable Food Systems", we can list the things that can be done in this regard as follows (IPES-Food, 2016).

Against path dependency: The production of modern wheat for years has created a path dependency that
makes it difficult for farmers to switch to a different production model. First of all, it has become difficult to find
seeds of local wheat varieties. If seeds are provided easily, with high quality and cheaply, this path dependency
will begin to be broken. Weeds have increased due to the chemical fertilizers used and the problem has grown due
to the inability of short modern wheats to suppress these weeds, and the use of herbicides has become inevitable.
The herbicides usage has created another path dependency. Agroecological techniques, such as plowing at different
levels, should be expanded for managing weeds.

Similarly, another path dependency has emerged in flour production. Flour machines have been developed in
accordance with modern wheat varieties. Existing flour industry machinery is incapable for some local wheat
varieties which are hard shelled. Appropriate machines have started to be produced in Turkey. The improvement
and supporting of these machines would be beneficial.

Against the export and mass marketing orientation: An important part of wheat production and import in
Turkey is allocated to flour and pasta exports. Large flour, pasta and bread companies lead to

the exclusion of local wheat varieties by determining the wheat varieties and standards they buy. There is no
other option but to use local wheat as animal feed. It is not easy to obtain products such as local wheat flours and
sourdough bread etc. While food groups provide these to consumers at reasonable prices, they can also provide
better prices for farmers. However, these products are sold at high prices in the markets, yet there are doubts that
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they are truly ecologically produced. Community supported agricultural groups, consumer cooperatives, ecological
peasant markets, farmer cooperatives can be supported to solve these problems. Support of these options by the
central government and local governments will contribute to the dissemination of local wheat varieties and
agroecological techniques.

Against the expectation of cheap food: Ecological products are considered expensive by consumers. On the
other hand, as a result of the inadequacy of direct marketing opportunities, those who produce ecological products
sometimes cannot sell their products or sell them at the price of industrial agricultural products. Central and local
governments can support this production by purchasing ecological and local wheat varieties from farmers at better
prices. Nutrition education can also be given to large masses of people in this regard. In these trainings, it can be
explained that it is possible to consume less bread because it is satisfying, and that unhealthy bread and bulgur
consumption is more expensive with health costs as a result. Undoubtedly, as a result of participatory breeding
activities to be carried out based on local wheat varieties, yield will increase and costs will decrease, which will
lead to a decrease in the prices of these products in the long run. However, at this stage, flour of some local wheat
varieties such as siyez and kavlica, which have become especially famous, are sold at high prices. High selling
prices at this transitional stage have a positive effect on the dissemination of cultivation of these varieties, but
gentrification is detrimental in the long run. It is not widely possible for low-income large segments of population
to consume bread made from local wheat in Turkey’s economic conditions at this stage. In order to reach this stage,
the above-mentioned developments must be achieved.

Against the discourse of feeding the world: The discourses that the ecological production of local wheat
varieties cannot feed the world are very common at all levels. It should be explained that local wheat varieties are
more nutritious and satisfying, and it may not decrease the production to use agroecological methods. It should be
emphasized that by improving pastures, a significant part of the grain that goes to feed use can be allocated to
human nutrition. It is necessary to bring together experts and movements related to agroecology and participatory
breeding to work together.

Against compartmentalized thinking: Different issues such as consumption, production, health, and the
global climate crisis are not approached with in an integrated manner but are discussed in separate sections. The
topics of agroecology, participatory plant breeding and holistic food systems; should enter the fields of education
and research. It would be beneficial for local governments to contribute to the establishment of organizations like
Masipag.

Against short-term thinking: Food planning processes and food policies should be developed and integrated
at all levels. The prominence of food and seed sovereignty approaches can be supported.

Changing the criteria for the measure of success: It can be demonstrated that local wheat varieties may not
fail by discussing criteria such as the emphasis on the measurement of nutrients per hectare and the output at the
farm level instead of yield per hectare in wheat.

4. Conclusions

Local wheat varieties still exist in Turkey, where wheat was first cultivated and has rich wild ancestors.
Conservation of these varieties is of vital importance for the whole world. The increase in the use of agricultural
chemicals in the green revolution and the wheat varieties developed with the breeding programs of international
research institutes have led to the decline of local wheat varieties in Turkey, which is in danger of extinction. There are
critical researches that these new modern wheats pose serious problems in terms of nutrition. These developments also
caused farmers to lose seed sovereignty. Farmers have become dependent individuals who buy their seeds from
companies, spend a considerable amount of their money on industrial inputs, forget their knowledge of ecological
production and as a result, lose their autonomy.

The success factors of the leading farmer/consumer communities and food groups aiming at the ecological
production of local wheat varieties and the consumption of their products such as bread and bulgur were tried to be
revealed with this study.

In this research, it has been inferred that the farmer/consumer communities that are more successful in producing
local wheat varieties and especially intensifying them in a certain area have the following characteristics and these
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factors lead to success:
* They establish closer relations with the farmers in their region
* They assist farmers in providing seeds of local wheat varieties
* They give women a greater importance in their activities and support them

* They deal not only with wheat production, but also with other issues of the rural area, including culture, and carry
out a holistic approach

* They are also interested in the sale of the product, enabling the farmer to obtain higher prices.

Farmers producing local wheat varieties have applied agroecological techniques and were happy with reduced costs
and seed sovereignty. In addition, they are very satisfied with consuming their own products that are high in taste,
healthy and easy to digest.

Community supported agriculture groups cooperating with these producer groups and with the farmers in their
regions on bread production. However, due to high logistic costs, bread production costs were higher than industrial
breads, and distribution stopped from time to time. It was not possible to ensure that all members of the food groups
benefit from these breads.

The reasons why food group members prefer these breads are as follows:

* not containing toxic substances, being nutritious and satiating, being healthy
* Less waste

* Delivery to workplaces, easy access to the product

* Contributing to ecology, enriching biodiversity, supporting peasants

The reasons for those who do not prefer these breads are as follows:

* More expensive

* Sometimes hard

¢ Unusual taste

* Not being provided regularly

The numbers of pioneer groups, farmers and new peasants which produce local wheat varieties are increasing in
Turkey. Some well-known ancient wheat varieties are sold at very high prices, while other local varieties can be sold
at better prices than modern wheats.

Progressive municipalities organized or contributed to seed exchange festivals, established seed centers, distributed
seed and other seedlings and as a result accelerated the spread of local wheat varieties. There is a need for some
interventions by municipalities and public institutions to promote bread made with local wheat, wheat derived from
local wheat and sourdough. These can be listed as follows:

« Supporting the production and consumption of bread and bulgur made with local wheat and sourdough through
price and taxation. For this purpose, financing cooperatives to make purchases can be considered.

» Municipality and public sector to establish a bread factory and purchase local wheat produced in an agroecological
system.

« Purchasing these products to be used in official institutions, schools, army cafeterias, to help the poor people.

« Supporting research studies for the production of local wheat and sourdough bread and other products within the
agroecological agricultural system.

* Develop new criteria and standards for sustainable wheat and bread production and strictly enforce them in wheat
production and bread production.

Industrial agriculture has created some path dependencies which is limiting local wheat varieties. The lack of seeds
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of local wheat varieties, the unsuitability of existing flour production machines, the difficulties in ecological production
can he overcome with the support and training activities of municipalities. Participatory wheat breeding studies, in
which farmers are appreciated as equal stakeholders, will increase the yield, and will contribute to the solution of some
problems. Currently, professional plant breeders stay away from this subject and do not support it, and even a
significant part of them is not even informed of it. In this regard, there is a need for pioneering organizations to
cooperate with plant breeders. When these studies are carried out, problems such as yield, and high bread cost will be
solved significantly.
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Parametrelerine Genotip Cevre Etkisi ve Stabilite
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Abstract

The significant genotype by environment interaction is a major matter for wheat breeding research. The study was
carried out for seven growing season (between 2010-2011 and 2016-2017) in the Edirne location in the Trakya
region, Tiirkiye. Each year was considered as a single environment. In the study, a regional yield trial of 25
genotypes, 5 of which were standard cultivars were evaluated across seven environments. The experiments were
arranged in a randomized complete block design (RCBD) with four replications. The characters such as yield, days
to heading, plant height, thousand kernel weight, hectoliter weight, protein ratio, wet gluten content, gluten index,
grain hardness and sedimentation value were investigated in the study. The result of the variance analysis
(ANOVA) demonstrated considerable differences (p<0.01 and p<0.05) among environments for the characters and
among genotypes except for test weight and grain hardness. The highest grain yielding cultivar was Gelibolu with
7234 kg ha. According to the results, the yield was affected by the environment by 70.90%, genotypes by 3.46%
and their interaction by 11.35%. Environmental impact was responsible for much of the change. Mean grain yield
over seven environments varied with the lowest being 4454 kg ha' in E6 and the highest being 8158 kg ha* in
environment E4. The fact that there was an 83.2% yield difference between the environments in the study showed
the importance of the environmental impact. The highest grain hardness, sedimentation value, gluten content and
protein ratio were determined in E1. The biplot analysis results explained that Selimiye is an ideal cultivar and E1
is an ideal environment. In the study, E7 and E2 were the most discriminative environments, while E4 was the
least discriminating. Among the varieties, Aldane had high values in terms of sedimentation, protein ratio and
gluten value, while Pehlivan variety had high values in terms of test weight, 1000 grain weight and grain hardness.
As a result of the research, the importance of genotype and environmental effects on yield and quality was also
seen in this research.
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Oz

Genotip ¢evre etkilesimi bugday 1slahi aragtirmalari igin dnemli bir husustur. Arastirma, Trakya Bolgesi (Tiirkiye)
Edirne lokasyonunda 2010-2011 ve 2016-2017 iiretim yillarinda yiriitilmistiir. Arastirmada her y1l tek bir ortam
olarak kabul edilmistir. Arastirma 25 genotipten olusan bolge verim denemesindeki bes ekmeklik bugday ¢esidi
yedi farkli gevrede test edilmistir. Deneme tesadif bloklar1 deneme desenine gore (RCBD) dort tekerriirlii olarak
yiiriitiilmiistiir. Tane verimi, bagaklanma giin say1s, bitki boyu, 1000 tane agirlig1, hektolitre agirligi, protein orant,
yas gliiten orani, gliiten indeksi, tane sertligi ve sedimantasyon degerleri incelenmistir. Birlesik varyans analizi
(ANOVA), tiim 6zellikler icin gevreler arasinda dnemli farklilik, ¢esitler arasinda ise hektolitre agirlig1 ve tane
sertligi disinda diger parametrelerde 6nemli farkliliklar (P<0.01 ve P<0.05) oldugunu ortaya ¢ikarmistir. En yiiksek
tane verimi 7234 kg ha! ile Gelibolu ¢esidinde belirlenmistir. Agiklanan faktorler, tane veriminin %70.90 gevre,
%3.46 genotip ve %11.35’1 ise genotip ¢evre etkilesimimden oldugunu gostermistir. Varyasyonun biiyiik bir
kisminin gevresel etkiden kaynaklandigr goriilmiistiir. Yedi farkli ¢evre kosullarina gore ortalama tane verimi, en
yiiksek 8158 kg ha™*' ile E4’te, en diisiik 4454 kg ha™' ile E6'da belirlenmistir. Calismada yiiksek ve diisiik ¢evreler
arasinda %83.20 verim farki olmasi, ¢evresel etkinin dnemini gostermistir. En yiiksek protein orani, yas gluten
icerigi, tane sertligi ve sedimantasyon El'de belirlenmistir. Biplot analizi sonuglari, Selimiye'nin daha ideal bir
¢esit oldugunu ve El'in daha ideal bir ortama sahip oldugunu géstermistir. Orijinden en uzun vektorler ile E7 ve
E2 ortamlar1 en fazla ayirt edici ¢evre olurken, E4 en az ayirt edici ¢evre olmustur. Aldane ¢esidi, sedimantasyon
degeri, protein orani ve yas gluten icerigi ile 6ne ¢ikarken, Pehlivan ¢esidi, hektolitre agirligi, 1000 tane agirligi
ve tane sertligi bakimindan yiiksek degerlere sahip olmustur. Arastirma sonucu, ¢evrenin incelenen parametrelere
etkisinin ¢ok dnemli oldugu, bu nedenle 1slah ¢alismalarinin farkli ¢evre kosullarinda yiiriitiilmesinin etkili bir
seleksiyon i¢in ¢ok 6nemli oldugunu gostermistir.

Anahtar Kelimeler: Ekmeklik bugday, Cesit, Cevre, Verim, Kalite, GGE Biplot
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1. Introduction

The widespread cultivation of the crop all along the globe is broadly due to the high versatility of evolution,
which allows its adaptation to various agro-climatic conditions. The knowledge about the essence and content of
genotype x environment relations can help plant breeders. Consistently good adaptation across various
environments must be one of the essential criteria while assessing any wheat genotype (Kant et al., 2014). Bread
wheat is the most widely produced crop due to the various environmental conditions yield and bread quality in
various wheat genotypes. Biplot analysis is an important method used to evaluate genotypes according to target
environments with the interaction of genotype and environment (Oztiirk and Korkut, 2018; Oztiirk, 2021). Drought
stress is the primary abiotic stress factor and lower moisture during grain filling stages influenced the bread wheat
yield and yield component (Oztiirk and Korkut, 2017). Due to the presence of genotype by environment relations,
multi-environmental trials are essential for effective breeding line selection and cultivar recommendation. AMMI
and biplot analysis are two prevalent graphical analysis systems for multi-environmental trial data analysis (Yan,
2011). Genotype, Environment and its interaction biplot analysis consisting of two principal component analyses
(PC1 and PC2), which considers the effects of genotype, environment and GXE interactions as important sources
of variation, has been suggested during the genotype evaluation phase (Yan et al., 2000). Biplot analysis is used
to specify stable cultivars with high yield potential. It can also be useful in determining which-won-where wins
which of the genotypes represent (Yan, 2001). The polygonal sight of the GGE biplot shows the most suitable
genotype or genotypes in individual conditions and environmental group. The polygon model is made by merging
the genotype points distant from the biplot source so that all other genotypes are included in the polygon (Yan and
Hunt, 2002). Genotype environment interactions can be determined in multi-year yield trials at the same location
or in multi-year yield trials at different locations. Studies to determine the stability of genotypes should be long-
term (Kang, 1993). Genetic improvement in wheat yields in arid regions has not been as significant as in more
favourable environments or where irrigation is available. A possible explanation for this is that arid conditions are
indicated by unreliable and highly irregular seasonal precipitation and, therefore, favourably varying yields. This
results in slow genetic advances in breeding programs because the genetic divergence in yield is hidden by
comprehensive genotype X year and genotype x location interactions (Reynolds et al., 2001).

In bread wheat, baking quality and yield are connected to genetic factors, environmental conditions and the
interaction between genotype X environment (Yan and Holland, 2010; Coventry et al., 2011; Zhang et al., 2007).
In the breeding experiment, genotype by environment interaction is the main issue in improving high-yielding and
stable genotypes across variable environments. Quality parameters in wheat are significantly affected by changing
environmental conditions. The existence of different interactions between cultivars and environments shows the
importance of genotype-environment interaction in breeding studies. The environmental effect was significant in
protein ratio, wet gluten content and sedimentation value (Oztiirk and Kahraman, 2022). The protein ratio in wheat
depends primarily on genotype, but it is also greatly influenced by the environment and the relations between
environment and genotype (Zhu and Khan, 2001).

Bread wheat is the most important cereals with the production and consumption of many different bakery
products. Due to the production of bread wheat in very large areas and various environmental conditions, it is
exposed to environmental stresses with the effect of climate change. Yield in bread wheat is highly affected by
climatic factors such as precipitation and temperature. Especially in the heading-flowering and grain-filling period,
the high temperature reduces the yield and quality significantly. Quality in bread wheat is affected by genotype,
nitrogen fertilization and environmental conditions such as precipitation and temperature. For these reasons, it is
necessary to conduct multi-location studies to develop genotypes that are stable in yield and quality and adapt to
changing environmental conditions in bread wheat. This study was performed to examine the environmental
effects on the yield and quality parameters of the wheat varieties.

2. Materials and Methods

The study was carried out during 7 consecutive growing seasons (between the 2010-2011 and 2016-2017) in
the Edirne location (41° 38" 59" N) in the Trakya region, Turkey. Each year was considered as a single
environment. Year and climate differences were evaluated as different environments. A total of 5 bread wheat
cultivars were tested across seven environments. The experiments were performed with four replications in a
randomized complete block design (RCBD). In the study, each plot was 6 meters long and had 6 rows, spaced 0.17
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meters apart. A plot drill performed sowing and 500 seeds per square meter were used. Sowings were performed
using a plot drill in October and 170 kg ha* N was applied three times (at planting, tillering and shooting stages).
For weed control, a chemical was used. Data on yield (GY), plant height (PH), days to heading (DH) were
collected. Yield was determined from plots of 6 m2.

Days to 50% heading: The number of days from the date of 1 October up to the date when the tips of the spike
first emerged from the main shoots on 50% of the plants in a plot (Zadoks 55) (Zadoks et al., 1974).

Plant height (cm): The height of ten randomly taken plants was measured at harvest maturity from the ground
level to the tip of the tallest spike in centimetres and averaged.

2.1. Wheat quality analyses

Data on 1000-kernel weight (TKW), test weight (TW), protein ratio (PRT), wet gluten value (GLT), gluten
index value (IND) and sedimentation value (SED) were collected. In the study, in order to determine the 1000-
kernel weight an electronic seed counter was used. The test weight of the cultivars was determined by Anonymous,
(1992) (AACC Method no: 55-10). The protein ratio in genotypes was established using the Kjeldahl method
(Perten, 1990; Anonymous, 2002). Wet gluten content and gluten index, and were described by the Perten (1990)
and McDonald (1994). Sedimentation test was also performed on the varieties (Anonymous, 1999).

2.2 Meteorological Conditions

Total rainfall and mean temperature in the experimental area from the 2010-2011 to 2016-2017 crop cycles
were given in Table 1 and 2. Total precipitation has varied over the years, with the highest being in 2012-2013 and
the lowest being in 2010-2011. There were also changes in total precipitation according to months. Precipitation
and temperature during the heading and grain filling periods are more important for yield and quality than other
months. The highest rainfall was 679.9 mm, while the lowest rainfall was 331.0 mm (Table 1).

The average temperature varied from 9.0 °C in 2016-2017 to 13.2 °C in the 2012-2013 growing seasons. There
was a significant difference in average temperatures between months and years during the heading and grain filling
periods. Especially temperature during the grain filling period affects yield and quality parameters (Table 2).

Table 1. Monthly total precipitation for the growing seasons from 2010-2011 to 2016-2017 cycles

Months 2010-2011 2011-2012 2012-2013 2013-2014 2014-2015 2015-2016 2016-2017
October 68.5 95.0 169.9 30.7 121.8 52.6 44.4
November 39.7 14 24.8 73.9 43.2 26.2 3.2
December 34.4 714 184.6 2.3 111.3 0.3 3.2
January 34.4 108.8 100.0 74.9 42.2 114.8 67.8
February 45.8 43.4 88.8 3.8 68.6 91.4 43.4
Marc 16.0 4.6 52.8 124.5 67.8 54.8 51.0
April 47.4 55.7 16.0 36.8 44.4 116.1 65.6
May 12.4 104.6 8.0 61.7 45.2 81.4 85.0
June 32.4 0.4 35.0 68.8 31.0 10.2 44 .4
Total 331.0 485.3 679.9 477.4 575.5 547.8 408.0

Table 2. Monthly mean temperature for the growing seasons from 2010-2011 to 2016-2017 cycles

Months 2010-2011 2011-2012 2012-2013 2013-2014 2014-2015 2015-2016 2016-2017
October 13.0 12.3 19.2 12.8 154 15.6 14.3
November 135 6.1 13.7 11.0 9.3 135 0.7
December 5.7 7.8 6.4 2.7 6.6 5.5 0.7
January 5.7 2.0 6.5 5.5 3.8 2.8 -1.9
February 25 15 7.8 7.6 6.4 9.2 5.3
Marc 74 8.9 9.6 10.1 9.0 10.2 10.2
April 105 155 135 13.6 13.1 155 125
May 174 19.1 195 18.6 20.4 174 17.9
June 21.9 25.3 224 22.9 225 23.9 21.2
Mean 10.8 10.9 13.2 11.6 11.8 12.6 9.0
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Seven different environments where the research was conducted were defined according to rainfall amount and
temperature. E1 was the period with the least rainfall during growing period the heading stages. In E2, the grain
filling period was high drought and temperature. In E3, there was low rainfall and drought during the heading
stage. E4 and E5 are the periods in which there is no drought or heat stress during plant development. E6 is the
period in which there is drought stress during grain grain-filling stage. E7 is the period in which there is drought
stress during plant emergence and tillering stage.

2.3. Statistical analyses

The analysis of variance (ANOVA) for the characters were performed in methods suggest by Gomez and
Gomez (1984). The significance of differences among means of genotypes and environments for the traits was
tested by the Least Significant Difference (LSD at a %5 level) test. To obtain relations of investigated parameters
and wheat cultivars multivariate biplot analysis was used (Yan and Kang, 2002; Yan and Rajcan, 2002; Yan and
Tinker, 2006). The GGE biplot methodology was used to graphically analyse the GE interaction data (Yan et al.,
2000).

3. Results and Discussion

Results of the AMMI analysis for grain yield of bread wheat cultivars tested across seven environments are
summarised in Table 3. The AMMI analysis results explained variation among genotype, environment, and their
interaction at p< 0.01 level revealed significant differences.

Results of the analysis of variance for the quality parameters of mean square and F ratio were given in Table
4. The combined ANOVA showed significant differences (p<0.01 and p<0.05) among environments for
parameters (Table 4). A significant difference was also determined among cultivars except for test weight (TW),
and hardness (HARD). The partitioning of SST revealed that the interaction of the environment effect was a
predominant source of variation followed by the GxXE interaction effect. The analysis of variance in grain yield
indicated that environment effects accounted for 70.90%, genotype 3.46%, and GE interaction effects accounted
for 11.35% of the total sum of squares (Table 3).

Table 3. The analysis of variance of AMMI on grain yield of bread wheat cultivars

Source of variation DF SS MS F ratio SST%
Treatments 34 2046915 60203** 20.20

Genotypes (G) 4 82751 20688** 6.94 3.46
Environments (E) 6 1693040 282173** 65.43 70.90
Block 21 90564 4313 1.45
Interactions (GXE) 24 271125 11297** 3.79 11.35
IPCA 9 147456 16384** 5.50 6.17
IPCA 7 85155 12165 4.08 3.56
Residuals 8 38514 4814 1.62

Error 84 250395 2981

Total 139 2387874 17179

**: Significant at the 1% level of probability, DF: Degree of freedom, SS: Sum of square, MS: Mean of square,

SST%: Percentage relative to the sum of squares total

Table 4. Mean square of genotype, environment and its interaction for quality traits in seven environments

. Genotypes (G) Environment (E)
Quality characters MS F Ratio MS F Ratio
1000-kernel weight (TKW) 45.694** 5.073 127.220** 14.123
Test weight (TW) 2.488 2.104 17.889** 15.126
Protein ratio (PRT) 4.087** 6.785 12.927** 21.461
Wet gluten value (GLT) 110.717** 11.698 174.113** 18.396
Gluten index (IND) 1398.534** 15.840 279.055* 3.161
Hardness (HARD) 17.029 1.633 45.048** 4.320
Sedimentation (SED) 408.314** 18.876 490.714** 22.686

The results of the analysis of variance explained that there were significant differences (p<0.01) among
cultivars for grain yield. The mean grain yield across seven environments varied from the smallest 4454 kg hatin
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E6 to the highest 8158 kg ha in environment E4. The fact that there was an 83.2% yield difference between the
environments in the study showed the importance of the environmental impact. Significant differences were found
between cultivars due to environmental effects. The highest grain yield was performed by cultivar Selimiye (6957
kg hal) and followed by Bereket and Pehlivan (Table 5).

Table 5. The average grain yield of the cultivars over seven environments

No Cultivars El E2 E3 E4 E5 E6 E7 Mean

1 Aldane 63238  5904¢ 70302 7601° 6583° 49222 7033° 6485°¢

2 Selimiye 69702 7143k 75557 85602 6625° 3947P 7895? 6957%

3  Bereket 61212 79572 75702 7816  6289° 4254P 7662° 6810°

4 Pehlivan 7133%  7056° 74392 8045%  6399° 3821° 77482 6806°

5  Gelibolu 62122  7685% 67672 87682 79342 53272 79482 72342
Mean 6552 7149 7272 8158 6766 4454 7657 6858
C.V (%) 10.90 4.95 8.88 7.62 9.25 9.39 3.57 7.96

L.S.D (0.05) 110.06 54.38 99.14 95.41 96.04 64.18 42.03 28.88
*and ** indicate that significant at p<0.05 and p<0.01, ns: not significant

According to the investigated parameters, there was a significant difference between cultivars as a result of
environmental effects. A significant difference was found among the mean of cultivars for thousand kernel weight.
Cultivar Pehlivan had a higher 1000-kernel weight (45.8 g) and followed by Aldane. Generally, the effects in
drought-sensitive cultivars are more than in resistance cultivars. It is necessary to use large seeds, which are
obtained from grown plants in areas without drought stress, to reach a high grain yield in bread wheat (Balkan,
2019). In the study, higher grain weight was determined in Pehlivan, which is a large-grained variety. The lowest
test weight was 81.5 kg (cv. Bereket) and the highest was in Selimiye (82.7 kg.) and Pehlivan (82.6 kg). The
highest protein ratio (12.9%) and gluten value (37.0%) were determined for cultivar Aldane. In the study, except
Pehlivan all cultivars had a higher gluten index. Sedimentation values in genotypes varied from a minimum of
41.7 ml in Pehlivan to 60.9 ml in Aldane (Table 6).

Table 6. The mean quality characters of the wheat cultivars tested across seven environments

Cultivar TKW TW PRT GLT IND HARD SED
Aldane 43.6 ab 81.6 ab 12.9a 37.0a 90.8a 47.0b 60.9a
Selimiye 42.1 bc 82.7a 12.0b 37.0a 82.8a 50.7 a 50.7b
Bereket 39.7¢c 81.5b 11.3bc 31.9b 87.1a 48.4 ab 454 ¢
Pehlivan 458 a 82.6 ab 11.4bc 36.3a 57.7b 50.6 a 41.7c
Gelibolu 40.0¢c 81.7 ab 11.0c 28.0c 92.2a 49.6 ab 440¢c
Mean 42.2 82.0 11.7 34.0 82.1 49.3 48.5
CV (%) 7.1 1.32 5.9 8.8 114 6.53 9.5
LSD (0.05) 3.29 1.19 0.84 3.37 10.34 3.54 5.1

Significance at **: p<0.01; *: p<0.05; TKW: 1000-kernel weight (g), TW: Test weight (kg), PRT: Protein ratio (%), GLT: Wet
gluten content (%), IND: Gluten index (%), HARD: Grain hardness (PSI), SED: Sedimentation value (ml)

Thousand-grain weights being a very important yield component are considered an essential quality parameter
and a component used in the calculation of the number of seed to be sown in the unit area (Balkan et al., 2019).
Precipitation and temperature have a significant impact on the TKW during the grain-filling period. High
temperatures and low precipitation reduce the TKW by shortening the grain-filling period. For 1000-kernel weight,
a significant difference was found among environments. Concerning environmental effects, the highest TKW was
in environment E4 (47.2 g) and the lowest in E1 (34.3 g). Environmental factors also affect the weight of test
weight which is much related to the genotypic trait. The highest test weight was measured in environment E2
(Table 7).
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Table 7. The mean quality parameters of wheat cultivars tested across seven environments

Environment TKW TW PRT GLT IND HARD SED
El 343c 82.5hc 146a 43.4 a 86.7 ab 54.6 a 64.8 a
E2 46.4 a 85.2a 12.2Db 37.2b 79.5 bc 51.6 ab 43.4 bc
E3 44.2 ab 80.1d 10.5de 29.3 de 80.8 bc 47.0c 42.6 bc
E4 472 a 80.4d 9.6e 254¢ 93.3a 458 ¢ 40.0c
E5 41.6b 81.3cd 12.3Db 34.7 bc 87.2 ab 49.4 be 59.8 a
E6 36.5¢ 83.7b 11.0 cd 31.5cd 71.3c 47.6 bc 406 c
E7 45.4 ab 80.9d 11.7 bc 36.7b 75.9 be 48.8 bc 48.6 b
Mean 422 82.0 11.7 34.0 82.1 49.3 48.5
LSD (0.05) 3.89 1.40 1.01 3.99 12.24 4.20 6.05

Significance at **: p<0.01; *: p<0.05; TKW: 1000-kernel weight (g), TW: Test weight (kg), PRT: Protein ratio (%), GLT: Wet
gluten content (%), IND: Gluten index (%), HARD: Grain hardness (PSl), SED: Sedimentation value (ml)

The protein ratio in grain, which can change with the effect of genotype, environmental factors such as highest
and lowest temperature during the grain filling stages and cultural practices such as fertilizer amount and time, is
an important quality parameter. To determine how the environment affects protein ratio was evaluated over seven
environments. In the experiment, the lowest protein ratio was 9.6% in environment E4 and the highest protein ratio
was 14.6% in environment E1 (Table 7).

The lowest wet gluten content was 25.4% in environment E4 and the highest wet gluten content (43.4%) was
measured in environment E1. Sedimentation value also significantly varied over environments and ranged from
the lowest 40.0 ml in E4 to the highest 54.6 ml in environment E1. The sedimentation value was low in
environmental conditions where low protein and gluten content was obtained. Grain hardness is another quality
parameter affected by genotype, environment and agronomic practices. Therefore, significant variation was found
among environments for grain hardness the minimum was 45.8 in E4, and the maximum was 54.6 in environment
E1. Similar results were obtained for grain hardness, which is highly correlated with the sedimentation value.

Test environments that are both discriminating and representative are suitable to test environments for
determining adapted genotypes. The representative and discrimination of the cultivars according to the parameters
investigated showed in Figure 1a. A representative ideal environment or genotypes determine according to their
nearness or distance to this centre. The optimal cultivars are located in the centre. If cultivars located below the
vertical axis are unwanted. According to this, Selimiye is a more ideal cultivar due to it being closer to the ideal
centre, while Gelibolu is located distant from the ideal centre so this is an unwanted variety based on the parameters
investigated (Figure 1a). The discrimination and representation of the environment was given in Figure 1b. Based
on the environment by genotype interaction, E1 is a more ideal environment because located in the first centre,
followed by E3 because of the nearest to the ideal centre (Figure 1b). It has been determined that the Bereket
variety is more productive than other varieties in drought stress conditions during the plant emergence, tillering
stages and the grain filling period. It was determined that Bereket, Selimiye and Pehlivan varieties were more
adapted to the drought stress conditions of the heading stages. Gallipoli has been found to be highly productive in
good environments without drought stress. In addition, Gelibolu variety had high yield potential under drought
stress during plant emergence, tillering and grain filling period (Table 6, Figure 2a). It has been determined that
Selimiye and Pehlivan varieties are more adaptable to all environmental conditions (Figure 1a, 1b).

A prolonged environmental vector showed a high ability to differentiate the cultivar. The angle between vectors
of two environments, genotypes or parameters explains the correlation between them. Figure 2a showed that
environments E7, E2 and E5 were the most discriminating with the most extended vectors from the centre.
According to environments, E4 was the least discriminating with the short vectors. In the evaluation made
according to the angle between the environmental vectors, E5 and E6 were highly significantly positively
correlated. Because of the angle greater than 90 degrees’ environment E2 and E1 were negatively correlated.
Environment E6 and E3, and also E5 and E3 were significantly negatively correlated (Figure 2a).

330



JOTAF/ Journal of Tekirdag Agricultural Faculty, 2024, 21(2)

Comparison biplot (Total - 88.47%) Comparison biplot (Total - 67.75%)
otk 2
?§ iy f}:‘. Selinyye
< LT o -
g GY (T| E .
1 5
™~ N E
3 ! % S
rek \tpﬂl/
+ \/ « Alday
FIND Atdane \_/
_ o,
PC1 - 47.61% PC1 - 39.38%
Genotype scores
Genotype scores + Envirgnment scores
+ Envirgnment scores [s} AEC
o] AEC

Figure 1. The GGE biplot graph shows the comparison of parameters with the ideal genotype (1a), and the
GG biplot graph showed the stability of the genotypes with the ideal environment (1b).
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Figure 2. The GGE biplot graph explained the relation of environment vector view (2a), and association of
parameters investigated and wheat cultivars with the vectors angle (2b).

Environment vector and parameter vector relations are given in Figure 2. The performance of a genotype in an
environment is related to the angle between its vector and the environment vector. If the angle between the vectors
is less than 90° it is better than the average, if it is wider it is worse than the average (Yan and Tinker 2006; Yan
and Kang, 2003). The relationships among locations and parameters in Figures 2a and 2b are visualized by
genotype profiles. Cultivar Aldane was below average in all environments except for environments E1 and E6.
Cultivar Gelibolu was above average in E4, E5, E6 and E2 (Figure 2a). According to the description, grain yield
was negatively correlated with 1000-kernel weight, wet gluten content, protein ratio and sedimentation value.
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Gluten index were also negatively correlated with test weight and hardness. Among other parameters, there was a
positive high correlation between sedimentation with protein value, and 1000-kernel weight with hardness (Figure
2b).

The relation among genotypes and parameters by GGE Biplot analysis was given in Figure 3a. If the cultivars
and parameters are located in the same sector when starting from the lower right part of the graph, they are closely
related (Yan and Tinker, 2006). According to this description, cultivar Aldane was located in the same sector with
sedimentation value, protein ratio and wet gluten content, so they are closely correlated with each other. With a
similar description, the cultivar Pehlivan was closely correlated with test weight, 1000-kernel weight and grain
hardness (Figure 3a).

Figure 3b shows the haorizontal stability axis and a vertical mean axis of the cultivars based on parameters. If
the cultivar is located below the vertical axis, they are undesirable cultivars. If the variety is located above the
vertical axis, they are the desirable cultivar. Furthermore, cultivars located near or at the centre of the horizontal
line are stable and if they move away from the horizontal line unstable. According to, cultivar Selimiye is stable
because it is located close to the centre of the horizontal axis (Figure 3b).
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Figure 3. Grouping of the genotypes and traits by Biplot analysis based on parameters and relation of
genotypes with parameters (3a), the GGE Biplot graph showed the mean performance by parameters and
stability of cultivars (3b).

4. Conclusions

The environment has had a significant impact on yield and quality studied in the study. Therefore, there were
significant differences in all quality parameters under different environmental conditions. Results of the AMMI
analysis explained that grain yield was greatly impacted by environment and genotype effect. The environmental
effect was the greatest main factor for variation than the genotype effect. There is a significant difference between
the varieties and the cultivar Gelibolu was the highest yield potential. The average yield over seven environments
differs from the highest in environment E4 (season without drought and heat stress) to the smallest in E6 (grain
filling period is the season with drought). The fact that there was an 83.2% yield difference between the
environments in the study showed the importance of the environmental impact. Due to the environmental effect
the highest protein ratio, wet gluten content, grain hardness and sedimentation were established in environment
E1, when there was less rainfall during the heading stage and during growing period. The study explained that
Selimiye is a more ideal cultivar and E1 is a more ideal environment. For this reason, it can be explained that the
Selimiye variety is more compatible with regions with low rainfall. According to the parameters investigated,
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environment E4 was the least while E7 (period of drought during plant emergence and tillering) and E2 (grain
filling stage is the period of high drought) were the most discriminating. Cultivar Aldane had the sedimentation
value, protein ratio and wet gluten content. Cultivar Pehlivan had the test weight, 1000-kernel weight and grain
hardness. It has been determined that the environment has a significant effect on the change in the parameters
examined in the research. According to the result of the research, to identify highly adaptable genotypes field
studies should be performed over different rainfed environmental conditions. The results of the research showed
that the environmental impact on the quality parameters was an essential factor. For this reason, breeders should
carry out studies in different environmental conditions to select genotypes with good stability and high
adaptability.
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Food Demand and Nutritional Habits of Consumers During the Covid-19 Outbreak: A
Case Study in Tiirkiye

Tirkiye'de Covid-19 Salgini Sirasinda Tiiketicilerin Gida Talebi ve Beslenme Aliskanliklari:
Bir Ornek Calisma

Emine YILMAZY, Bagnu COLAKOGLU?
Abstract

The Covid-19 pandemic, which has affected the entire world, has caused changes in many areas of life worldwide.
These changes have also influenced and continue to influence consumer behaviors. During the restrictions, people
staying at home and only going out for essential needs such as grocery shopping has caused changes in their
shopping and consumption habits. The changing consumer behaviors related to the process have brought about
many studies. Since the outbreak of Covid-19, it has caused significant changes in the attitudes and behaviors of
individuals in the world and in Tiirkiye. Numerous studies have been conducted to understand these changes. The
purpose of this study is to examine the effects of the pandemic on the food demand and nutritional habits of
individuals residing in Tekirdag province. To achieve this, a survey was conducted with consumers living in
Tekirdag. According to the research's predicted 10% margin of error and 99% significance level, the sample size
was calculated to be 166 people. Factor analysis was applied during the statistical analysis of the findings. Based
on the results of the factor analysis, it was found that the desire of individuals to consume organic products and
their awareness of healthy nutrition were high. The negative conditions that occurred during the pandemic
increased the desire of individuals to eat. It has shown that consumers are more sensitive about healthy eating
during the Covid-19 pandemic process. An increase in the consumption of food products that form the basis of a
healthy diet, such as fruits, vegetables and eggs, and a corresponding decrease in the consumption of carbonated
drinks and prepackaged food also support this finding. However, the high increase in the consumption of pastries
and nuts can be given as examples of the negative effects of the need to stay at home and the restriction of physical
activities due to the Covid-19 outbreak. In addition, their buying behavior changed, and the number of people who
procure food products through online shopping increased. The aim of this study is to inform consumers and
researchers working on this subject about how food consumption of consumers has changed after Covid-19.

Key Words: Covid-19 Outbreak, Nutrition habits, Food demand, Consumption of agricultural products, Purchasing behavior
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Yilmaz & Colakoglu
Food Demand and Nutritional Habits of Consumers During the Covid-19 Outbreak: A Case Study in Tiirkiye

Oz

Covid-19 pandemisi, tiim diinyay1 etkisi altina almig ve diinya genelinde birgok alanda degisikliklere neden
olmustur. Bu degisiklikler tiiketici davranislarini da etkilemis ve etkilemeye de devam etmektedir. Kisitlamalar
sirasinda, insanlarin evde kalmalar1 ve sadece gida aligverisi gibi zorunlu ihtiyaglari icin sokaga ¢ikmalari, aligveris
ve tiiketim aligkanliklarinda degisiklikler meydana getirmistir. Siireg ile ilgili degisen tiiketici davraniglar1 pek ¢ok
arastirmayt da beraberinde getirmistir. Covid-19 salgminin ortaya ¢ikmasi, diinya genelinde ve Tiirkiye'de
bireylerin tutum ve davraniglarinda 6nemli degisikliklere neden olmustur. Bu degisiklikleri belirlemek i¢in bir¢ok
calisma yapilmistir. Bu ¢alismanin amaci, Tekirdag ilinde yasayan bireylerin gida talebi ve beslenme aliskanliklar
iizerindeki pandeminin etkilerini incelemektir. Bunun i¢in, Tekirdag'da yasayan tiiketicilerle bir anket yapilmustir.
Ornek hacmi oransal drnekleme yontemi ile %99 giiven araligi ve %10 hata pay1 esas alinarak 166 kisi olarak
belirlenmigtir. Bulgularin istatistiksel analizi sirasinda faktor analizi uygulanmigtir. Faktor analizi sonuglarina gore,
bireylerin organik iiriin tiiketme isteklerinin ve saglikli beslenme konusundaki farkindaliklarinin yiiksek oldugu
bulunmustur. Salgin doneminde ortaya ¢ikan olumsuz kosullar, bireylerin yeme isteklerini artirmistir. Covid-19
pandemisi siirecinde tiiketicilerin saglikli beslenme konusunda daha duyarli davrandigi goriilmiistiir. Meyve,
sebze ve yumurta gibi saglikli beslenmenin temelini olusturan gida {iriinlerinin tiiketiminde artis olurken buna
bagli olarak gazli igecekler ve hazir ambalajli gida tiikketimindeki azalma da bu bulguyu desteklemektedir. Bununla
birlikte, hamur isleri ile kuruyemis tiiketimindeki yiiksek artis, Covid-19 salgin1 nedeniyle evde kalma
gerekliliginin ve fiziksel aktivitelerin kisitlanmasinin olumsuz etkilerine 6rnek olarak gosterilebilir. Ayrica, satin
alma davraniglarini degistirmis ve gida iriinlerini online aligveris yoluyla temin eden insan sayisi artmigtir. Bu
galigmanin amaci, Covid-19'dan sonra tiiketicilerin gida tilketiminde nasil degisiklikler yasadigimi belirleyerek
tiiketicileri bilgilendirmektir.

Anahtar Kelimeler: Covid-19 salgini, Beslenme aligkanliklari, Gida talebi, Tarim tirtinleri tiiketimi, Satin alma davranisi
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1. Introduction

Pandemics have adversely affected human health throughout human history. It also caused many changes in
social life. With the changes, governments have taken serious measures both to combat the outbreak and to meet
the needs of citizens. The term pandemic is formed by the combination of the ancient Greek words pan (all) and
demos (people). The first pandemic in the literature in history was the Typhus Pandemic between 429-426 BC
(Akin, 2018).

The Novel Coronavirus Disease (COVID-19), which is effective today, was first diagnosed on January 13,
2020, in a group of patients who developed respiratory symptoms (fever, cough, shortness of breath) on December
31, 2019, in Wuhan, China. It was defined as a global epidemic (pandemic) by the World Health Organization on
March 11, 2020, due to the spread and severity of the virus. Since then, it has caused 505.817.953 cases and
6.213.876 deaths worldwide (WHO, 2022). In Tiirkiye, since 11th March 2020, when the first case was announced,
it has caused a total of 15.010.718 cases and a total of 98.645 deaths (WHO, 2022).

Besides being a basic need, nutrition also has an important effect on a healthy life. It is known that people who
follow quality and a healthy diet have a lower risk of death to various chronic diseases or different causes (Motteli
et al., 2016). As with any disease, the best approach for Covid-19 is prevention. Nutritional deficiencies that
weaken the immune system can lead to increased susceptibility to infectious diseases (Khayyatzadeh, 2020).
Therefore, people should pay attention to their dietary habits to reduce the sensitivity and long-term complications
caused by Covid-109.

Adequate intake of nutrients is necessary for a healthy diet. Diversity is as important as the level of nutrient
intake. In addition to being delicious, fruits and vegetables are important for sustainable health with the vitamins
and minerals they contain (Menezes et al., 2018; Huitink et al., 2020). In addition, protein sources such as meat,
poultry, eggs, fish and dairy products are important for sustainable health as they contain essential amino acids
that support growth and development, and it is recommended to be consumed regularly (Prévost et al., 2010;
Yilmaz et al., 2009).

Muscogiuri et al. (2020) state that to reduce the spread of the virus, people living under quarantine may
consume more food than boredom and stress. In addition, during this period, it is recommended to consume healthy
foods containing minerals, antioxidants and vitamins, to ensure a balanced diet, to pay attention to nutritional
habits, and to consume fruits and vegetables to strengthen immunity. However, many studies show that there is a
positive relationship between individuals' nutritional knowledge and healthy food choices (Wardle et al., 2000;
Klohe-Lehman et al., 2006; Cavaliere et al., 2015; Fenko et al., 2015). In addition, healthy nutrition has gained
importance in industrialized Western Countries as well as in other countries and ordinary people (Moraes Prata
Gaspar et al, 2020). It should not be forgotten that there are many components that affect people's eating habits
and preferences in special situations such as the Covid-19 pandemic, but in such cases, healthy nutrition becomes
even more important.

Since the pandemic creates different effects in every sector, different studies are carried out in many branches
of science and the change it creates, its results and the effects it will create in the future are tried to be revealed in
different fields. For example, Ceylan et al. (2021), in their research, on the changes in the financial situation of
consumers during the Covid-19 pandemic in Tiirkiye, changes in their total revenue, purchasing methods and their
consequences, shed light on the future by revealing the share of purchases of agricultural food products in total
income, changes in total incomes, purchasing methods and results. Tonsor et al. (2021) on the other hand, revealed
the changes in meat consumption demand in the USA during the Covid-19 outbreak and the reasons for this change
with the data of the previous year. Ghali-Zinoubi (2021), in his study, investigated the changes and causes in food
consumption during the Covid-19 outbreak in Saudi Arabia and found that the primary reason why consumers
increase their consumption of local products is healthy eating. Smith and Wesselbaum (2020), in their study named
COVID-19, Food Insecurity and Migration; stated that the epidemic had a significant impact especially on the
food and agriculture sector. In this period, it has been understood that agriculture is very important for the future
in terms of food safety and risk management (Aday and Aday, 2020; Pressman et al., 2020;). It is also known that
the COVID-19 pandemic has positive effects on environmental awareness, sustainable consumption and social
responsibility (Severo et al., 2020). This study also revealed the changes in food consumption during the Covid-
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19 pandemic, as in the examples. When these regional studies are compiled later, by providing induction, they will
shed light on the changes and possible results in all of Tiirkiye and even in the world.

2. Materials and Methods

The primary data of the research consists of survey studies conducted with people living in Tekirdag.
Secondary data consists of domestic and foreign academic studies and another research that has been done before
on the subject.

In the survey phase of the study, trial questionnaires were prepared in order to determine the sufficient sample
volume for the study and to eliminate the deficiencies of the questionnaire to be applied. These prepared surveys
were applied to randomly selected families. Based on the results obtained from the pioneering surveys, the survey
forms were reviewed, arrangements were made and surveys were conducted through face-to-face interviews.

According to the 99% significance level and 10% margin of error predicted for the research, the number of
samples (n) to be surveyed was calculated as 166 people. In the analysis of the data, the data of this number of
people were used.

After the data obtained from the research were entered into the SPSS, data control was performed. The
frequencies and percentages of categorical variables were taken. Whether the data were normally distributed or
not, Kolmogorov-Smirnov and Shapiro-Wilk analyzes were used in the compatibility tests, and then the relations
between the variables were examined using factor analysis.

3. Results and Discussion

In order to get information about the demographic structures of the consumers who participated in the survey
the research, questions about demographic characteristics were asked in the last part of the survey form. 51.2% of
the consumers participating in the survey are women and 48.8% are men. In Table 1, the demographic
characteristics of the people who participated in the survey are given in all detail. The point that draws attention
here is that the monthly income level of 67.9% of the participants is above 5000 TRY and the food expenditures
of 54.3% are between 1500-3000 TRY. This shows us that almost half of the monthly income of the respondents
is allocated for food expenditures.

People allocate a share of their total income for nutrition. During the Covid-19 period, while the demand for
products of animal origin increased, the share allocated for these products in the total income also increased
(Ceylan et al., 2021). In the first part of the survey, respondents were asked whether there was any change in their
income levels, food expenditures and the number of daily meals during the Covid-19 pandemic, and the findings
obtained in Table 2 are given. 74.7% of the consumers who participated in the survey stated that there was no
change in their income levels. 78.9% of the people who participated in the survey stated that their food
expenditures increased during the pandemic period. Based on this finding, it is possible to say that the share of
food products expenditure in total income has also increased. 60.3% of the participants stated that there was no
change in the number of daily meals during the pandemic period.

Participants were asked whether they used food supplements before and during the outbreak. While 25.9% of
the participants stated that they used food supplements before the pandemic, 74.1% stated that they did not. The
rate of participants using food supplements during the Covid-19 period increased to 59.9%.

Consumers were asked whether they read the label information of packaged products before and after the
outbreak. While 86.7% of the participants stated that they read the information about the product content before
the pandemic period, 13.3% stated that they did not. While 87.3% of the participants stated that they read the
product contents during the outbreak period, 12.7% stated that they did not. The majority of the participants in the
study stated that they read the product information because they were careful about their health. Some of the
participants stated that they prefer foods that will strengthen the immune system, so they read the information
about the content of the products during their shopping. In addition, some of the consumers stated that they stopped
buying products with heavy additives and harmful content by looking at the product information. Consumers who
read the product content information before the outbreak but did not read it during the pandemic, the reason for
this change; stated that they do not touch the products and buy the products they touch in order not to increase the
risk of transmission of the disease.
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Table 1. Demographic Characteristics of the Consumers Participating in the Survey

Rate Rate
Age Groups Number (%)  Working Place Number (%)
18-25 14 8.4 Public Sector 89 536
26-40 90 54.2 Private Sector 44 26.5
41-55 57 34.3 Own Business 9 5.4
56 years and older 5 3.1 Retired 6 3.6
Gender Unemployed 11 6.6
Woman 85 51.2 Student 7 43
Man 81 48.8 Social Security
Marital Status Social Security Institution 157 946
Married 120 72.3 Other 6 3.6
Single 34 20.5 Without Social Security 3 1.8
Wife or Husband Passed Away 2 1.2 Monthly Income Level (TRY)
Divorced 10 6 Less than 1500 TRY 2 1.2
Education Status 1501-3000 20 121
Primary School 6 3.6 3001-5000 31 188
Secondary School 4 2.4 5001-7000 47 279
High School 30 18.1 7001 TRY and Above 66 40

Total Food Expenditure Per

Associate Degree 19 11.4 Month (TRY)
University 80 48.2 Less than 1500 TRY 37 226
Postgraduate 27 16.3 1501-3000 89 543
Who Does the Grocery Shopping in
Your Family? 3001-5000 31 183
Myself 53 31.9 5001 TRY and above 9 4.8
Wife or Husband 12 7.2
With my Wife or my Husband 84 50.6
Other 17 10.3

Table 2. Change in Income Level, Food Expenditures and Number of Meals

Not
Increased Decreased Changed
(%) (%) (%)
Change in Income Level in the Covid-19 Pandemic 6.0 19.3 74.7
Change in Food Spending During the Covid-19 Outbreak 78.9 3.6 17.5
Change in Number of Daily Meals During the Covid-19 Outbreak 28.9 10.8 60.3

In recent years, consumers’ interest in local food has significantly increased and many studies have been carried
out on this subject in the field of agricultural economics (Aprile et al., 2016; Arsil et al., 2018). The reason for the
increased consumption of local products during the Covid-19 pandemic is related to the awareness of healthy
eating (Ghali-Zinoubi, 2021). It is known that consumer awareness has increased due to covid 19 and they have
increased their consumption of local products due to food safety concerns (Ben Hassen et al., 2020). With the
understanding of food sustainability, businesses include local food products in their menus (Ozturk and Akoglu,
2020). It is thought that local foods are as effective as the quality of the products in consumers' purchase of
domestic products (Oraman et al., 2011; Memery et al., 2015). In addition, some studies on local food show that
it is important for consumers to have practical and taste, freshness, appearance, availability and health benefits of
local foods in their buying decisions (Skallerud and Wien, 2019). It should not be forgotten that consuming local
foods will also reduce environmental impacts (Peterson, 2013). When we asked the surveyed consumers whether
they found traditional, homemade products important for a healthy diet, 94.6% of the respondents thought that
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these products were important for a healthy diet, while 5.4% did not think that they were important. The surveyed
consumers increased their consumption of homemade yogurt and pickles during the pandemic period (Figure 1).
Ozdemir et al. (2017) results are similar to our results.

Tarhana (traditional

Others (homemade
dough, homemade
pies, and such)

Kuskus (traditional
pasta)

—— It increased (%)
It decreased (%)

Has not changed(%)

Grape and beet

Pickle
molasses

Home made tomato

paste Home made yogurt

Home made noodle

Figure 1. Traditional Product Consumption During the Covid-19 Outbreak

In the Covid -19 outbreak, the issue that many experts focused on was the immune system. For example; Acar
and Kogak (2020), in their article named "The Role of Nutrition in Supporting the Immune System in the Fight
Against Coronavirus (Covid-19)", revealed that there is a strong and complex link between the immune system
and nutrition, and detailed the effects of each nutrient and vitamin on the immune system. Many academic studies
have also attracted the attention of people by taking place in the visual and written media. Based on scientific
research and the news in the press that spices and dry foods will also be effective in strengthening the immune
system, we asked the participants in our survey, "Do you think spices and dried herbs are effective in strengthening
the immune system?" they asked. While 65.7% of the participants answered yes, 8.4% answered no. 25.9% of the
participants answered that they have no idea.

The consumers who participated in the survey were asked about their opinions about bee products for healthy
nutrition and strengthening the immune system. 86.7% answered yes, 1.2% answered no, and 12% answered no
idea. Compared to the pre-pandemic period, the rate of those who did not consume any honey increased by 11.5%
during the outbreak, the rates of those who never consumed pollen increased by 12%, the rates of those who never
consumed propolis increased by 24.1% and the rates of those who did not consume royal jelly decreased by 20%.
This shows that those who did not consume these products before the pandemic period started to consume these
products to strengthen their immune systems during the pandemic period. Because about 87% of consumers stated
that they find bee products important in a healthy diet. Propolis has antiviral, antibacterial and antifungal effects.
It is a natural medicine because it contains 22 nutrients that must be taken by the body for health (Kumova et al.,
2002). Therefore, it is not a coincidence to observe an increase in the rate of those who use bee products especially
once a day and 2-3 times a week (Figure 2).

It is known that consumers have changed their behavior due to Covid -19 health and economic fears (Eger et
al., 2021). In addition to many changes in social life during the Covid-19 pandemic, it was determined in the
research that 67% of consumers also changed the places where they sourced food products. The consumers
participating in the survey were asked about the reasons for the change in the places where they shop for food.
72% of consumers who changed their food supply during the epidemic stated that they changed it because it was
the closest distance to their house, and 67% said that they changed it because there was a curfew. The least reason
for the change is those who change prices because they are cheaper than other places (33.6%). In this period, we
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can say that consumers do not pay much attention to the prices of products in order to protect their health (Figure
3).
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m Bee pollen

40
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2 I Bee milk
o 1 I

n N - []

None  Onceaday 2-3timesa Oncea None  Onceaday 2-3timesa Oncea
week month week month

Before the Covid-19 Covid-19 period

o o o o

Figure 2. Changes in Bee Products Consumption Before and During the Covid-19 Outbreak

To reduce the risk of disease..
To avoid the outbreak.
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I can find organic and natural products.
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Figure 3. Reasons for Changes in Where Consumers Supply Food During the Covid-19 Outbreak

Before Covid-19, people were affected by different factors when buying food. It is known that with Covid-19,
people develop "panic buying behavior" by being affected by different situations and people. Panic buying
behavior can create positive or negative externalities for consumers (Yuen et al., 2020). It was asked which factors
are affected by consumers while shopping for food. While approximately 57% of the consumers stated that they
were not influenced by anyone in their food shopping, approximately 21% stated that they were influenced by
their families, 9% by their friends, 5% by social media, 3% by TV advertisements, and 1% by their colleagues.
4% of consumers marked the "other" option and stated that they were influenced by professional groups such as
doctors and dietitians. In addition, 93% of the consumers participating in the survey have an internet connection
at home, while the rate of online food shopping is 29%.

Due to the Covid-19 outbreak, a significant part of the population met virtual shopping for the first time in
their lives. This new experience is very likely to become a permanent habit (Sheth, 2020). Direct sales from the
farm are much more efficient and also take an environmentally friendly approach (Loiseau et al., 2020; Rizou et
al, 2020). The COVID-19 pandemic has caused several disruptions that businesses need to adapt to in the short
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and medium term (Pantano et al., 2020). For this reason, company executives need to pay attention to emerging e-
commerce trends (Gurbuz and Ozkan, 2020). E-commerce can present a serious business opportunity for any
organization, large or small, in the emerging technology society. In addition, a well-designed website will make it
easier to reach organic products (Mozas-Moral et al., 2016). The Covid-19 crisis has strained the food supply and
small farms have been hit hardest. It should be taken into account that these negative effects of the Covid-19
pandemic will continue for a long time. Moreover, a new production, processing and marketing model for food
products should be developed (Koussani and Khamassi, 2022). Social marketing in e-commerce brings the
producer and the consumer direct into the food market. Communicating direct with customers creates an
opportunity for agricultural businesses. Shortening the supply chain can lead to fresher purchases and better price
transfer (Elghannam and Mesias, 2019). For this reason, these marketing models that will shape the future should
be well analyzed and their effective use should be expanded.

Bacteria in milk and dairy products strengthen the immune system and its consumption gives positive results
against various diseases (Ouwehand and Salminen, 1998). Spices, on the other hand, are curative for some diseases,
but they are not enough alone (Bousquet et al., 2020). When the consumers participating in the survey were asked
how their food consumption changed, they stated that their consumption of fruit, vegetables, milk and dairy
products, eggs, water, coffee, tea, nuts increased, and their consumption of carbonated drinks, packaged ready-
made foods and frozen food decreased (Figure 4).

Fruit consumption
0

Chicken...
Egg consumption —— It increased (%)
Has not changed(%)
Fish consumption It decreased (%)

Milk and milk...

Consumption of...

Coke and soda. - Spice consumption
Nuts consumption

Figure 4. Changes in Food Consumption During the Covid-19 Outbreak

Factor analysis was also applied to understand whether 22 judgments given to examine the changes in food
demands and dietary habits of consumers during the Covid-19 pandemic were gathered under certain factors.
Before starting the factor analysis, reliability analysis was performed to determine whether the data were consistent
within themselves (Nakip, 2003). The reliability coefficient (Cronbach-Alpha) was determined as 0.909.
According to this criterion, the scale is reliable.

Kaiser-Meyer-Olkin measurement was used to determine whether the variables to be used were suitable for
factor analysis. The KMO test result was calculated as 0.859. The KMO value was accepted as very good at 0.90
and as good at 0.80 (Joseph et al., 1992; Emeksiz et al., 2002), with the assumption that the KMO test value of
0.859 was obtained in the study was evaluated as ideal. In addition, Barlett's Test of Sphericity value and
significance tests whether the variables are correlated with each other and is a value that shows whether it is
appropriate to perform factor analysis with the data used.

Consumers have been given expressions regarding the period of the Covid-19 outbreak. For these expressions,
the consumers chose the most appropriate expression for them from the five-point Likert scale of "strongly agree",

"agree",

undecided", "disagree" and "strongly disagree". According to the factor analysis applied, 58.598% of 22
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expressions regarding the nutrition and consumption demands of consumers during the Covid-19 outbreak period
are explained by 4 factors (Table 2).

Table 3. Results of Factor Analysis

Factors and the variables that make up factor Variance (%) Core Values
Factor 1 Organic goods and awareness 32.971 5.277
Consuming organic goods guards me against illnesses. 811

Consumption of organic goods should be increased. 773

Advised goods from nutritionists should be consumed. .678

Consuming traditional food goods strengthens our immune system. 671

I’ve been more careful with food sanitation during the Covid-19, 554

I accept to pay more for organic goods rather than other goods 461

Factor 2 Psychological effects and changes 13345 3.909
Gained more weight during the pandemic, .808

Pastries have been consumed more during the Covid-19 pandemic, .765

IlIness's spread and anxiety during the pandemic affected dietary habits

negatively, .762

Staying home during the pandemic increased eating desire, .755

Changes in dietary habits also changed sleeping habits .698

During pandemic, Diet should be according to nutritionist suggestions. 474

Factor 3 Changes in consumer preferences and habits 6.543 2.542
I’ve purchased food goods online during the pandemic, .654

Health programs on media had effects on my diet during the pandemic. .535

I’ve consumed herbal teas more during the pandemic .500

Factor 4 Conscious consumption 5.741 4.873
Negative posts on social media about food resulted in changes of purchasing

habits of people, 728

I’ve given more importance to a healthier diet, .663

I’ve consumed goods that would strengthen my immune system, .569

My spending on food goods has increased .559

I’ve increased consuming herbs etc. to protect from the virus during the

pandemic, .533

There is an increase in consumption of home-made traditional goods .526

Consumers’ awareness of healthy diet should be increased 464

KMO. 0.859. Barlett’s test: 0.909; p<0.000

Factor 1: Organic goods and awareness: Consuming organic goods guards me against illnesses, Consumption
of organic goods should be increased, Advice goods from nutritionists should be consumed, Consuming traditional
food goods strengthens our immune system, and I've been more careful about food sanitation during Covid-19, |
accept to pay more to organic goods rather than other goods, creates one group and accepted as one factor. Factor
1 has been named "Organic goods and awareness” and explains variance by 32.971%.

Factor 2: Psychological effects and changes: Gained more weight during pandemic, Pastries have been
consumed more during Covid-19 pandemic, Illness’s spread and anxiety during pandemic affected dietary habit
negatively, Staying home during pandemic increased eating desire, Changes in dietary habits also changed sleeping
habits during pandemic, Diet should be according to nutritionist suggestions creates one group and accepted as
one factor Factor 2 has named as “Psychological effects and changes and explains variance by 13.345%.

Factor 3: Changes in consumer preferences and habits: I’ve purchased food goods online during pandemic,
Health programs on media had effects on my diet during pandemic, and | consumed herbal teas more during
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pandemic creating one group and accepted as one factor. Factor 3 has been named "Changes in consumer
preferences and habits” and explains variance by 6.453%. Yilmaz et al. (2007) it has been concluded that the
people living in Tekirdag province are highly influenced by advertisements in the consumption of foodstuffs.
These results are similar to the results we determined.

Factor 4: Conscious consumption: Negative posts on social media about food resulted in changes in purchasing
habits of people, I’ve given more importance to a more healthy diet, and I've consumed goods that would
strengthen my immune system, My spending on food goods has increased, I’ve increased consuming herbs, etc.
in order to protect from the virus during pandemic, There is an increase in consumption of home-made traditional
goods, Consumers’ awareness on the healthy diet should be increased creates one group and accepted as one factor.
Factor 4 has been named "Conscious consumption” and explains variance by 5.741%.

4.  Conclusions

The COVID-19 pandemic has had far-reaching impacts on individuals and communities around the world,
including changes in dietary habits and food demands. This study aimed to assess these changes in the Tekirdag
population in Tirkiye. The results of the study indicated that the pandemic had similar impacts on both men and
women, with no gender differences observed in changes to dietary habits.

The study found that consumers in Tekirdag allocated a substantial proportion of their monthly income for
food spending, with those with two or more children setting aside nearly half of their income for this purpose.
Despite the fact that 75% of consumers' income remained unchanged, 79% of food spendings increased,
highlighting the impact of the pandemic on consumer behavior and priorities. Additionally, the study showed that
there was an increase in the purchase of food supplements, reflecting the emphasis placed on boosting immunity
during the pandemic. The proportion of consumers taking food supplements rose from approximately 26% prior
to the pandemic to 60% during the pandemic, and 31% of those using food supplements before the pandemic
increased their intake during the pandemic period. This increase in demand for food supplements highlights the
impact of the pandemic on consumer behavior and priorities.

The fact that 87% of consumers read ingredients and expiration date on packaged food goods and fact that they
read the same information before pandemic shows that there is a high awareness of nourishment. The fact that
traditional homemade food is prepared without preservatives and the increase in consumption that food during
Covid-19 pandemic supports this finding. 66% of consumers claimed spices; 91% claimed dairy and dairy products;
88% claimed agricultural products have positive effects on their dietary habits and immune system. Another
finding is that consumption of these products increased during pandemic according to consumers' economic
situation and supply conditions and they also started to consume goods they have never consumed before pandemic
like royal jelly and propolis.

Covid-19 pandemic also resulted in changes in where consumers supply their food. Causes like; district bazaars
have not been set up for a long time, changes in consumers' economic conditions, the reflection of disruptions in
the national economy on food prices, demand on organic and fresh products have important share on those changes.
Furthermore, lockdowns enforced on weekends throughout Tiirkiye and the fact that it is only possible to get food
products from the closest shops caused changes in the places where consumers require their food Another finding
related to the consumer behavior is the number of consumers who procure their food online is increased.

There are lots of factors when individuals purchase food products. In some cases, there is a high probability
they are influenced by advertisements or other individuals. However, 57% of consumers stated that they are not
being influenced by anybody and 21% of them stated they are influenced by their families. This situation shows
that the biggest influence on their food product shopping comes from their close circle.

While there is an increase in the consumption of food products that form the basis of a healthy diet, like fruits,
vegetables and eggs, the lack decrease shows that consumers act more sensitive about a healthy diet during Covid-
19 pandemic. Correspondingly, decrease in the consumption of carbonated beverages and packaged ready to serve
foods supports this finding. However, the high rate of increase in the consumption of pastries and dried fruits and
nuts are examples of negative impacts of the necessity of staying home and the limitation of physical activities
because of Covid-19 pandemic.
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According to those findings:

. In order to meet the demand for organic goods, it would be beneficial for both producer and consumer
that supporting organic goods producers via agricultural policies.

. Nutrition security should be given priority in policy making in order to moderate the impacts of Covid-
19 or other emergency situations on food supply.

«  Considering the increase in desire to supply goods online and this behavior would stay permanent for
most of the consumers, revising the marketing of food goods would increase the competitiveness of suppliers.

. During situations that have negative impacts on health, physical activities are as important as a healthy
diet and considering those situations while considering restrictions would be beneficial for protecting public health.

In conclusion, this study provides valuable insights into the effects of the COVID-19 pandemic on the dietary
habits and food demands of consumers in Tekirdag, Tiirkiye and contributes to the existing body of research in
this field.
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Abstract

There isn't much academic research on the impacts of immigration on the labor market and job structure at the
national level, although Tiirkiye is one of the nation’s hosting the greatest populations of refugees. Because of the
scarcity of information, a research gap exists. As a result, the study was carried out to determine the impact of
international migration on agricultural employment and the changes in agricultural employment in Tiirkiye.
Johansen Co-integration and Granger Causality analyses were performed on data from 1988 to 2018 to evaluate
the change in the agricultural workforce in Tiirkiye and to demonstrate the temporal influence of immigration.
According to the findings of the cointegration study, a rise in emigration has a negative impact on the agricultural
areas and agricultural employment while having a good impact on agricultural GDP. Migration has long-term
detrimental consequences. According to the causality study, there is a one-way link between migration and
agricultural GDP. A panel data analysis was performed to establish the short-term detrimental impact of migration
on agricultural employment, as well as how the structure of employment altered and developed during this process.
The statistics provide temporal data from 2004 to 2020, and the individual's agricultural employment status,
education, income, continuous employment, and extra work status are cross-sectional data. According to the Panel
Logistic Regression Analysis results, while more educated and higher income individuals leave away from the
agricultural sector, the desire to have a side job leads the individual to the agricultural sector. International
migration has a detrimental impact on agricultural employment and its structure in this scenario. As a result, the
sustainability of the working arrangements established by immigration regulations should be assured, and limits
and constraints should be implemented, particularly in the agricultural sector. When agricultural employees
transition to other industries, agricultural areas are being used in ways that were not planned. As a result, in the
long run, the decline in output may have a negative impact on agricultural GDP. This condition has been the topic
of several research and may serve as the foundation for new ones.
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Oz

Tiirkiye, en bilyiik miilteci niifusuna ev sahipligi yapan iilkelerden biri olmasina ragmen, dis gociin ulusal diizeyde
isglicli piyasasi ve istihdam yapisi iizerine etkileri konusunda fazla sayida akademik ¢alismanin olmadig1 sdylenebilir.
Bu nedenle ¢alisma, uluslararast gogiin Tiirkiye’de tarimsal istihdama etkisini ve tarimsal istihdam yapisinda yasanan
degisimi ortaya koymak amaciyla yapilmistir. Tiirkiye’de yasanan tarimsal iggiiciindeki degisimi saptamak ve dis
gociin zamansal etkisini ortaya koymak i¢in, 1988-2018 dénemine ait verilerle Johansen Esbiitiinlesme ve Granger
Nedensellik analizleri yapilmistir. Esbiitiinlesme analizi sonucuna gore, kisa donemde dig go¢ miktarindaki artig, tarim
alan1 miktarini ve tarimsal istihdami olumsuz etkilerken, tarimsal gayrisafi yurtici hasilay1 olumlu etkilemektedir. Uzun
dénemde ise net gogiin, tarimsal alan, tarimsal Gayrisafi Yurti¢i Hasila ve tarimsal istihdam tizerine etkileri olumsuzdur.
Nedensellik analizi sonucunda ise, gog¢ ile tarimsal gayrisafi yurtici hasila arasinda tek yonlii bir iligki bulunmustur.
Go¢iin kisa vadede tarimsal istihdama olumsuz etkisinin, bu siireg igerisinde istihdamdaki yapinin nasil degisiklik ve
gelisim gosterdigini saptamak igin de panel veri analizi yapilmistir. Panel verileri, 2004-2020 donemi zaman verilerini,
bireyin tarim ¢alisma durumu, egitimi, geliri, iste slirekli ¢alisma ve ek is yapma durumu ise kesit verilerini
olusturmaktadir. Yapilan Panel Logistik Regresyon Analizi sonucuna gore ise, egitim diizeyi ve geliri artan birey tarim
sektoriinden uzaklasirken, bireyin ek is yapma istegi kisiyi tarim sektoriine yonlendirmektedir. Bu durumda
uluslararasi gogiin tarimsal istihdami ve yapisim olumsuz yonde etkilemektedir. Bu nedenle gégmen politikalarinda
yapilan c¢alisma diizenlemelerinin siirdiirebilirligi saglanmalidir. Tarimda c¢aligmaktan vazgecen isgilerin farkli
sektorlere yonelmesiyle birlikte tarim alanlarinin amag dis1 kullanimi s6z konusu olmaktadir. Béylece uzun dénemde
iiretim miktarindaki azalis ve bunun sonucunda da tarimsal GSYIH’yi de olumsuz etkileyebilir. Bu durum farklh
caligmalarm konusudur ve yeni ¢alismalara altyap1 olusturabilir.

Anahtar Kelimeler: Tarimsal istihdam, Dig gé¢, Zaman serisi, Panel veri analizi
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1. Introduction

Unemployment and employment issues are a social and economic problem that countries face. This issue is
not only limited to developing countries, but also affects developed countries. Employment is an important priority
in economic policies in all countries. Like any developing economy, structural changes, globalization,
modernization, and industrialization processes in a country affect the distribution of employment across sectors.

The widespread technological development and mechanization contribute to the advancement while reducing
the importance of the agricultural labor force, leading to unemployment in the sector. This situation narrows down
employment in the agricultural sector while increasing the orientation towards other sectors. In particular, the
expansion of the service sector also reveals structural unemployment (Zagler, 2009). In Tirkiye, while the
agricultural sector constituted 46.5% of the total employment in 1988, it decreased to 17.6% in 2020. Although
this situation is desirable for the country's level of development, the employment in the agricultural sector has been
forced to transition to different sectors (56.2% service sector) (Anonymous, 2021b). In 1988, Tiirkiye had 24.7
million hectares of cultivable land out of 39 million hectares of agricultural land, while in 2020, it had 19.5 million
hectares of cultivable land out of 37.7 million hectares of agricultural land (Anonymous, 2022). There has been a
decrease of 3% in agricultural land and 21% in cultivable land. This decrease highlights the usage costs of family
labor, permanent and seasonal workers. In this case, the choice between seasonal and permanent labor is not only
made for the seasonality of the activity but also to reduce the costs. However, studies have shown that family labor
replaces paid labor (Darpeix et al., 2014). In rural areas, women exhibit a high level of labor intensity in production.
In rural settings, women and young girls are in unpaid family labor positions and simultaneously carry a significant
workload (Fazlioglu, 2002; Yilmaz et al., 2019).

In Tirkiye, the active population aged 15-64 constitutes 67.7% of the total population, which amounts to 56
million people as of 2020. Among the active population, 43% are not part of the workforce, leaving 30.1 million
potential workforce members, out of which 26.8 million are employed. The unemployment rate in Tiirkiye is
13.4%, and the non-agricultural unemployment rate is 15.4% (Anonymous, 2020a). According to a report
published by the International Labor Organization in 2015, the period from 2015 to 2020 was predicted to be a
period of slow growth, increasing inequality, and rising unemployment globally (Pinar et al., 2016). During the
period of global unemployment increase, Tiirkiye faced massive international migration. The uncontrolled
integration of refugees into the Turkish labor market has increased the importance of unemployment policies.
Unplanned and uncontrolled external migration has affected not only other sectors but also the agricultural sector.
Refugees who migrated have moved towards the agriculture sector, where unskilled labor is abundant and labor
productivity is low. As a result, refugee workers in agriculture accept lower wages. Consequently, employers who
find local labor costs high tend to prefer foreign labor, which leads to a substitutability relationship between local
and refugee labor. In this situation, agricultural employees do not want to be involved in agricultural production
activities, and their propensity to migrate to urban regions will increase as a result of the changing working
environment. A rise in structural unemployment will be caused by the phenomenon of mobility within the rural
labor force and its participation in other industries as unskilled labor, a decline in socioeconomic welfare, and
unplanned urbanization (Karakayaci et al., 2022)

There are numerous studies examining the relationships between external migration, unemployment,
employment, and GDP. This text provides a review of studies examining the relationship between migration and
unemployment. Various studies conducted using different methods in different countries have reached different
conclusions on the impact of an increase in immigrant workforce on the employment opportunities of native
workers, with some suggesting that it leads to increased unemployment (Verturini and Villisio, 2004; Latif, 2015;
Nurdogan and Sahin 2019; Engin and Konuk, 2020; Megik and Koyuncu, 2020; Iscan and Demirel, 2021; Ergiin
and Polat, 2022), while others have not found a significant relationship between migration and unemployment
(Shan et al., 1999; Islam, 2007; Boubtane et al., 2011; Altung et al., 2017). Additionally, studies have been
conducted that suggest that migration can either reduce unemployment (Esposito et Al., 2020; Giilbahar, 2020) or
be a cause of it (Feridun, 2004; Chletsos and Roupakias, 2012).

Regarding the relationship between international migration and Gross Domestic Product (GDP), some studies
have found a positive impact of migration on GDP (Felbermayr et al., 2010; Boubtane et al., 2013; Ortega and
Peri, 2014; Engin and Konuk, 2020; Giilbahar, 2020), while others report a negative impact (Ahmed, 2010; Seving
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and Seving Eroglu, 2016; Simsek, 2018). Studies examining the direction of causality between migration and GDP
have distinguished between one-way causality, with GDP being the cause of migration (Morley, 2006) or
migration being the cause of GDP (Gov and Diirrii, 2017; Simgek, 2018; Megik and Koyuncu, 2020) and
bidirectional causality (Feridun, 2004; Altung et al., 2017).

This study focuses on the impact of international migration on agricultural employment in Tiirkiye. Changes
in the structure of agricultural employment in Tiirkiye have been analyzed at the household level, and the
employment status of individuals has been examined. In this way, variables are selected from agricultural data to
examine the impact of external migration specifically within the agricultural sector and to observe its effects on
families engaged in agriculture in both the long and short term. What sets this study apart from others is the absence
of similarly specific research within the agricultural sector.

2. Material and Method
2.1. Material

In the study, firstly, the relationship and direction between net external migration, employment in agriculture,
agricultural land, and agricultural Gross Domestic Product (GDP) in Tiirkiye were investigated using time series data
for the period 1988-2018 obtained from TSI, Presidency of The Republic of Tiirkiye Strategy and Budget Directorate,
FAO, and relevant articles. In the second part of the study, selected factors affecting agricultural employment in
Tiirkiye were examined with time effects. In this section, education, income, job continuity status, and additional job
variables were used for panel data, and the micro-data set of “TSI Household Labor Force Surveys™" between 2004-
2020 was used. This data set consists of households randomly selected to represent Tiirkiye each year. Due to the
differences in the structure of the survey questions, sample size, and frequency of application over the years
(Anonymous, 2021a), the use of 2004 and subsequent years was deemed appropriate. Additionally, analyses were
conducted on fundamental questions that did not change over 17 years due to changes in the questions.

2.2. Time Series Analysis

The study employed a time series analysis using annual data from 1988 to 2018 with the aim of determining
the effects of time-varying events, drawing inferences, establishing causal and meaningful relationships. The
variables utilized in the study consisted of net outward migration, agricultural land, agricultural gross domestic
product (GDP) and agricultural employment data. The model employed in the analysis was constructed with the
aim of determining the long- and short-term effects of the variables. In order to utilize the variables together in the
analysis, they must be at the same stationary level. Therefore, the stationarity of the variables was tested by using
the Augmented Dickey Fuller (ADF) unit root test and the difference stationary test (Fuller, 1976; Dickey and
Fuller, 1979).

Johansen Cointegration Analysis: The Johansen method is a test that estimates the cointegration vector using
the Maximum Likelihood method. The Johansen method is a generalized form of the Dickey-Fuller method. In
the Johansen multiple cointegration model, a vector autoregressive (VAR) model is considered. In practice,
although there are many tests that investigate long-term relationships, the Johansen Cointegration test is a
commonly used test (Bozkurt, 2013). The main reason for choosing the Johansen cointegration analysis is that the
variables in the model have the same lag length and are | (1) and/or cointegrated. A vector autoregressive model
(VAR) is used to identify short-term relationships between variables.

Granger Causality Test: In this study, the Granger Causality test is used to examine the direction and
existence of the causal relationship between time series. This test allows both the hypothesis of whether variables
cause each other and whether there is instantaneous causality between variables to be tested. Granger causality
analysis, developed by Granger (1969), is one of the most preferred methods due to its ease of applicability (Karaca,
2003). In practice, to detect causality between two variables, the deterministic elements of these variables should
be removed first. In economics, variable series are generally not stationary because they reflect the effect of trend
and/or seasonal components. When the series are purified from these effects, covariance stationarity is achieved
(Granger, 1969).
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Tablo 1. Data of variables

Abbreviations Description/units of variables References
AGREMP Agricultural employment (1000 people) Anonymous, 2020b
. L Altung et. al, 2017,
NETMIGR International net migration (1000 people) Anonymous, 2020a
AGRLAND Agricultural field (1000 ha) Anonymous ,2020c.
AGRGDP Agricultural Gross Domestic Product (million $) Anonymous, 2019

The abbreviations used for the study variables were explained in Table 1. Net international migration was
estimated to be the function of agricultural land, agricultural employment and agricultural gross domestic product
as given in Eg.1 and Eq 2.

NETMIGR = f(AGREMP, AGRLAND, AGRGDP ) (Eq.1)
Model;
NETMIGR = a + B;AGREMP, + B,AGRLAND; + +B3AGRGDP; + e, (Eq.2)

e, = error term, t = 1988,1991,1992,...,2018  created in the form.

2.3. Panel Data Analysis

In the study, while investigating the effects of migration on agriculture with macro variables, panel logistic
data analysis was conducted to explain the effects of selected factors on agricultural employment at the micro level
using household data. A panel data set was created by using selected variables (education, job continuity status,
income, and having an additional job) from the 'Household Labor Force Surveys' created by TURKSTAT between
2004-2020. Thus, both the relationship between variables explaining the structure of families working in
agriculture and the relationship with time were examined together. Panel data can be defined as the combination
of cross-sectional observations over a certain time period (Baltagi, 2005). Panel logit data analysis can be used
when the dependent variable shows qualitative characteristics by taking the value 1 in case of an event and O if it
does not occur. Models where the dependent variable is binary are referred to as binary qualitative choice models.
There is no constraint on explanatory variables. Explanatory variables can be in different data types, i.e., nominal,
ordinal, interval, ratio, integer, continuous (Akay, 2015). The variables used in the study were as follows:
dependent variable was agricultural workers: 0, non-agricultural sector workers: 1; explanatory variables were
education, continuity status (continuous worker: 1, temporary/seasonal worker: 2), having an additional job (yes:
1, no: 2), and income, which was coded as a continuous variable (Table 2).

Tablo 2. Descriptive statistics of variables

Variables Analysis Code Total ngmber of Mean Std Dev Min-Max
observations (ods)

Agriculture:0

Activity Non-agricultural:1 1.020.00 0.5637 04959 0-1
Education 1-6* 1.020.00 3.5907 1.8801 1-6
Continuity Teprig(r)]?:ri/r:];l 662.826 1.1110 03141 1-2
A?:tlyuonal Yes:1 No:2 1.020.00 1.9107 0-2850 1-2
Income Continuous data 971.910 1431.666 1985.088 200.(?(30

*Non-Graduate: 1, Primary School: 2, Lower Secondary Education (8 years): 3, General High School: 4, VVocational
High School: 5, College and Above: 6
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The HHI (Herfindahl-Hirschman Index of Attraction) only reflects the number of employed individuals. Over
the years, variations in employment numbers have created an unbalanced panel data set. To transform this
unbalanced data set into a balanced one, we initially selected the year with the lowest number of surveys, reducing
the count in other years to 136,902 individuals. During this reduction process, priority was given to those with
missing data in the explanatory variables. The total data count was reduced from 2,715,387 individuals to
2,327,334 individuals. To accommodate the data within Excel's limit of 1,048,576 rows, it was reorganized to
reach a total of 1,020,000 rows."

Fixed-effects panel logit models: Models in which it is assumed that the coefficients vary by units or by units
and time, and which allow the unobserved heterogeneity to be related to the explanatory variables. In fixed-effects
panel logit models, estimations are mostly made by the maximum likelihood method. The maximum likelihood
method is based on maximizing the logarithmic similarity. The logarithmic similarity function,

L(w, B)= Z:\Ll Z;r=1 log[l + e(ui+Bxxit)] + Z{\I:1 ZE:l Yie C(ui + Bxie) (Eq.3)

is obtained in the form (Hsiao, 1996; Akay, 2015). In Equation 3, inconsistency occurs in estimating the coefficient
representing the unit effect (ti) when the time value (T) is small and the unit value (N) is large. Andersan's (1970)
suggested method involves estimating the structural parameters (). In fixed effects panel logit models, a z-test is
performed for the individual significance of the coefficients, and an LR test is used to test the joint significance of
the estimators. When the maximum likelihood estimator is used, iteration can be used to estimate nonlinear
parameters. The iteration methods used are the Newton-Raphson and scoring methods (Long, 1997; Maddala,
2001; Demirhan, 2019). The regression equation to be used in the study is shown in Equation 4.

activity = a + f;education, + B,continuity + Bsaddjob + B,income + u;, (Eq.4)
ti=1,..,60.000; t=1,....,17 (2004, ...,2020)

Among the analyzes performed in the study, F test, LR test, Hausman tests and fixed or random effects model
were used to decide whether to use. As a result of this test, Fixed Effect Panel Logit Model analysis was deemed
appropriate. The purpose of using this model is to allow unobservable heterogeneity to be related to the explanatory
variables, thus enabling the explanation of unit-specific effects with a fixed coefficient. However, household size,
number of household workers, and rural-urban distinction are unobservable factors that affect agricultural
employment, and the unit fixed effect has not been considered in this study. In real panel data, this effect can be
easily taken into account. However, the dataset used in this study is not a real panel dataset. Data is collected from
randomly selected households each year, and it is not possible to track households over time (Oztornaci, 2019).

A yearly dataset covering the period of 2004-2020 has been created using the Household Labor Force Survey
data set prepared by the Turkish Statistical Institute (TSI). Firstly, a regression model was constructed for the
variables, and after necessary model checks, a panel logit model was applied to the variables. Following the
estimation of the model, differential rates and marginal effects analysis were conducted to interpret the coefficients.
The basic hypothesis used in the analysis was:

Ho= Employment in agriculture is not associated with education, the presence of secondary employment,
income, and job continuity.

H:= Employment in agriculture is associated with education, the presence of secondary employment, income,
and job continuity

3. Results and Discussion
3.1. Time Series Analysis Results

This study aims to investigate the relationships between variables using annual data from 1988 to 2018 in
Tirkiye. Firstly, the general trends of the variables are demonstrated during the specified period, followed by
conducting unit root tests on the variables. Prior to applying unit root tests on the variables, the graph indicating
whether they are stationary at levels or not is shown in Figure 1.
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Figure 1. Level value graphs of variables

Upon examining the graphs of the variables presented in Figure 1, it can be observed that the variables are not
stationary and exhibit an increasing or decreasing trend. In order to test the stationarity of the variables, the
Augmented Dickey-Fuller (ADF) unit root test was employed. The ADF unit root test results for the variables are
presented in Table 3, which investigates the stationarity of the variables.

Table 3. ADF unit root test results of variables

. Level 1st difference
Variables
t Prob t test P
NETMIGR 1.243948 0.9413 -4.805554 0.00000
AGRLAND -1.199369 0.2056 -5.192305 0.00000
AGRGDP 0.208255 0.7398 -5.908197 0.00000
AGREMP -1.188335 0.2092 -4.677331 0.00000

The test results indicate that the variables are non-stationary at the level 1(0), with significance level of p <
0.05 and critical values exceeding the 1%, 5% and 10% levels, implying that they are non-stationary at the unit
root level. Therefore, when the first differences of the variables are taken, the significance level remains below p
< 0.05 and below the t-statistic values of 1%, 5%, and 10%. This suggests that the first differences of the values
are stationary, and that the series do not have a unit root (Table 3). Consequently, the first differences of the
variables being stationary implies that they are integrated of order one, I(1), and suitable for cointegration tests.
The selection of the appropriate model for the analysis was determined based on the Akaike Information Criterion
(AIC) and Schwartz Information Criterion (SIC) results, which suggested the use of a model without a constant
and trend. The stationary first differences of the variables are suitable for Johansen Cointegration Analysis (JEA).
A Vector Autoregressive (VAR) model was constructed to determine the long-term relationship between the
variables, with a lag order of (1 1). The test results for the roots of the VAR model show that all the roots are less
than 1 and lie within the circle. After conducting a root test, the results of the JEA's trace test and maximum
eigenvalue test are presented in Table 4.

The hypothesis tested in the JEA test is Ho: There is no cointegration among the series and Hi: There is
cointegration among the series. According to the results presented in Table 4, since the Trace statistic and the
Maximum Eigenvalue statistic are greater than the table value at the 5% significance level, the null hypothesis HO
is rejected and the alternative hypothesis that there is at most one cointegrating relationship is accepted. Therefore,
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it is concluded that the series move together in the long run, and there is cointegration among the variables in the
long run, indicating that the series are balanced. Based on these results, there is cointegration among net external
migration, agricultural land, agricultural employment, and agricultural GDP. To determine the deviations that
occur in the long run and how many periods it takes for them to return to equilibrium, an error correction model
(ECM) is established, and the results are shown in Table 5.

Table 4. Trace and Max-Eigen test results

Hypothesized Trace 0.05 Critical Prob Max-Eigen  0.05 Critical Prob
No. of CE(s) Statistic** value Statistic** value
r=0* 54.5576 47.85613 0.0103 27.61699 27.58434 0.0495
r<1 26.94057 29.79707 0.1031 17.56414 21.13162 0.147
r<2 9.376427 15.49471 0.3317 8.202283 14.2646 0.3585
r<3 1.174145 3.841466 0.2786 1.174145 3.841466 0.2786
r<4 54.5576 47.85613 0.0103 27.61699 27.58434 0.0495

* indicates rejection of the hypothesis at 0.05 level.** Trace test shows 1 cointegration equivalent(s) at 0.05 level,
Max-eigenvalue test shows 1 cointegration equation at 0.05 level.

Table 5. Error correction model (ECM) results

Short Term

ECM D(NETMIGR) D(AGRLAND) D(AGRGDP) D(AGREMP)
CointEql -0.599595 0.000253 -0.003344 8.89E-05
Standard Error 0.13562 0.00017 0.00163 0.00014
T istatistic. -4.42128 1.52997 -2.04897 0.62969
"Erc‘:gMT erm D(NETMIGR) D(AGRLAND) D(AGRGDP) D(AGREMP)
CointEql 1.000 -852.5913 -103.0856 -482.2311
Standard Error - 183.148 19.9061 160.808
T istatistic. -- -4.65521 -5.17858 -2.99880

The results of the long-term and short-term error correction models are presented in Table 4. In order for the
CointEql value (error correction coefficient) to be significant, it is necessary for the calculated t-value to exceed
the absolute value of 2 at the 5% significance level (Tari, 2012; Altung et. Al, 2017), and fall within the range of
0 to -1. In the short term, the error correction coefficient is significant for the variables NETMIGR and TARGDP
based on the t-test statistic. According to the model used, short-term fluctuations will approach long-term trends
in approximately 1.7 years, as calculated based on the formula 1/|[ECM|=1/]-0.599595|. Moreover, in the short term,
an increase in net migration has a negative impact on agricultural land and employment, while positively affecting
economic growth. In the long term, however, an increase in net migration results in a decrease in agricultural land,
agricultural GDP, and agricultural employment. However, since the error correction coefficient is not within the
range of 0 to -1 in the long term, no statistically significant relationship can be detected.

According to the findings of the study, the increase in international migration has a negative impact on
agricultural employment, which suggests that immigrant workers may displace native workers. Analysis of 3-
month data from Italy for the period of 1993-97 shows that the increase in immigrant labor limits the work
opportunities of native workers (Verturini and Villisio, 2004), while a study conducted in Canada found that the
short-term increase in migration rates increases unemployment (Latif, 2015). In a study conducted on migration,
unemployment, and poverty in Nigeria, it was concluded that migration increases unemployment (Ogu, 2022).
Similar to studies conducted in Tirkiye, studies show that the increase in migration rates also increases
unemployment (Engin and Konuk, 2020). On the other hand, a study showed that a 10% increase in migration
stock increased per capita GDP by 2.2% (Felbermayr et al., 2010), and a 1% increase in migration increased per
capita GDP by 6% (Ortega and Peri, 2014). Boubtane et al. (2013) found that international migration positively
affects the GDP of the receiving country, while studies conducted in Tiirkiye showed that the increase in migration
rates also increases economic growth (Engin and Konuk, 2020; Giilbahar, 2020, Iscan and Demirel, 2021).
According to the findings of this study, although the short-term increase in the number of international immigrants
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has positive effects in the short term, this shock loses its effect within 1.7 years and negatively affects GDP in the
long term. The reason for this negative effect on GDP is the unskilled nature of the incoming immigrants. The
notion that skilled immigrants reduce the negative impact on GDP is supported by studies such as Dolado et al.
(1994) and Barro and Sala-i-Martin (2004). The findings of Ahmed (2010), Seving and Seving Eroglu. (2016), and
Simsek (2018) are consistent with the conclusion that an increase in the number of immigrants negatively affects
GDP.

According to the Johansen cointegration analysis, a relationship has been identified between the variables, with
at least one variable showing a relationship. While cointegration analysis indicates the presence of a relationship
between variables, it does not determine the direction of the relationship. Therefore, the Granger Causality test is
used to determine the direction of the relationship. As this test indicates the direction of the relationship between
two variables, hypotheses are established separately. The necessary hypotheses and their results for applying this
test are presented in Table 6.

Table 6.Granger Causality Test results

Causality Null Hypothesis: P-value Decision
NETMIGR—AGRLAND Ho: NETMIGR does not Granger Cause AGRLAND 0.6209 Do not reject
NETMIGR—AGRGDP Ho: NETMIGR does not Granger Cause AGRGDP. 0.0025* Reject
NETMIGR—AGREMP Ho: NETMIGR does not Granger Cause AGREMP. 0.0734 Do not reject
AGRLAND—NETMIGR Ho: AGRLAND does not Granger Cause NETMIGR. 0.8586 Do not reject
AGRLAND—AGRGDP Ho: AGRLAND does not Granger Cause AGRGDP. 0.7675 Do not reject
AGRLAND—AGREMP Ho: AGRLAND does not Granger Cause AGREMP 0.1780 Do not reject
AGRGDP—NETMIGR Ho: AGRGDP does not Granger Cause NETMIGR 0.83g9 Do not reject
AGRGDP—AGRLAND Ho: AGRGDP does not Granger Cause AGRLAND 0.8826 Do not reject
AGRGDP—AGREMP Ho: AGRGDP does not Granger Cause AGREMP. 0.6828 Do not reject
AGREMP—NETMIGR Ho: AGREMP does not Granger Cause NETMIGR. 05141 Do not reject
AGREMP—AGRLAND Ho: AGREMP does not Granger Cause AGRLAND. 0.8915 Do not reject

AGREMP—AGRGDP Ho: AGREMP does not Granger Cause AGRGDP 0.6209 Do not reject

According to the results of the Granger causality test presented in Table 5, if the probability value is greater
than 0.05, HO is accepted, and if it is less than 0.05, HO is rejected. The study finds that migration causes
agricultural GDP, but agricultural GDP does not cause migration. Therefore, there is a one-way relationship
between migration and agricultural GDP. In studies conducted on 7 OECD countries (Australia, France, Germany,
Italy, UK, USA) (Gov and Durru, 2017) and the 8 countries with the highest migration (USA, UK, Australia,
France, Canada, Germany, Netherlands, and Japan) (Simsek, 2018), it was concluded that there is a one-way
relationship between migration and per capita GDP. This relationship suggests that countries intending to receive
migrants should consider their demographic structures and selective nature of the migrants who can add value to
the country. Considering that the OECD countries in this study are developed countries and have not been
subjected to sudden, massive, and involuntary migration like Tiirkiye, similar results are obtained indicating that
migration is an important variable for economic growth. In studies conducted in Tiirkiye, it wasfound that there
was one-way causality relationship between migration and GDP, which is similar to the results of the studies by
Mecik and Koyuncu (2020) and Iscan and Demirel (2021). However, studies by Feridun (2004), Altunc et al.
(2017), Boubtane et al. (2013) and Adiele and Umezuruike (2021) on the bi-directional causality between
international migration and GDP show different results.

3.2. Panel Logistics Data Analysis

The period from 2004 to 2020 witnessed an increase in the educational levels of those employed in agriculture,
and as educational levels rise, the employment rate in the non-agricultural sector also increases. One of the most
significant factors that can explain employment in both agriculture and non-agricultural sectors is household
income status. Additionally, whether the employed individual works permanently or on a temporary/seasonal basis,
as well as their engagement in additional work, also has an impact. Therefore, the regression model can be
represented as follows (Eq. 5):
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activitiy=po+pieducation+p,continutiy+Bsaddjob+ Bsincome+uit (Eq.5)

The output of the panel regression model is presented in Table 7. The F-test probability value of Prob>F=0.00
indicates that the test statistic is significant. The R-squared 0.51 and adjusted R-squared values are 0.48, indicating
that the variables in the model explain 48% of the variance in the dependent variable. When the significance level
of a=0.05 is used, the coefficients of the explanatory variables are statistically significant as p<a. The coefficients
of the variables show that having additional work and a lack of continuity in employment have a negative effect
on the dependent variable of employment status, indicating that an increase in these two variables has an adverse
effect on working in agriculture.

Table 7. Pooled Least Squares

Independent variable Coefficients Standard Error t-istatistic. P>|t|
Income 0.0815709 0.0002252 362.23 0.000
Education status -0.4294411 0.0011547 -371.90 0.000
Continuity status -0.2405996 0.0012278 -195.96 0.000
Additional job status 0.0000239 1.77e-07 134.59 0.000
Constant 1.366765 0.0028742 475.52 0.000

Decision tests are applied among estimators in order to perform panel logit data analysis. The validity of
classical models in panel data models is tested by F test and likelihood ratio test. In order to test whether the
constructed regression model is a classical model, the hypotheses of the F test are:

Ho= Unit effects are equal to zero (Classical model)
Hi= Unit effects are not equal to zero (Fixed or random effects model)
Ho= Time effects are equal to zero (Classical model)
Hi= Time effects are not equal to zero (Fixed or random effects model)

The null hypothesis assumes that the estimated coefficients for each section are zero, while the alternative
hypothesis assumes that the estimated coefficients for each section are different from zero. The results of the test
are presented in Table 8. When the test statistic F is compared with the F distribution table with degrees of freedom,
Prob>F = 0.00 is significant. Assuming a significance level of alpha=0.05, since p<alpha, the null hypothesis is
rejected, and the alternative hypothesis is accepted, indicating that both unit and time effects exist.

Table 8. F test results of the model according to cross-section and time

Group variable F test Sd1 Sd2 P
Cross-section (id) 108.77 59999 602822 0.0000
Time (year) 139432.58 16 662805 0.0000

Likelihood Ratio Test (LR Test): This test examines the classical model against the random effects model.
The hypothesis for the LR test statistic to test the presence of unit and time effects is as follows:

Ho = Standard errors of unit effects are equal to zero. (Classical model)
H; = Standard errors of unit effects are not equal to zero. (Random effects model)
Ho = Standard errors of time effects are equal to zero. (Classical model)
H; = Standard errors of time effects are not equal to zero. (Random effects model)

Based on the analysis conducted for the presence of unit and time effects, the probability of chisquare > chibar2
is 0.00, which is significant when compared with the X2 distribution table. Taking the significance level as o =
0.05, since p < a, the null hypothesis is rejected, and the alternative hypothesis is accepted. Therefore, it is
concluded that the standard errors of time and unit effects are not equal to zero. (Table 9).

In conclusion, the F-test and LR-test results indicate that the model is not a classical model. The analyses were
conducted for both unit effects and time effects, and it was observed that both effects exist in the model. Therefore,
depending on how unit or time effects are included in the model, different models are created. These models are
fixed and random effects models. In the fixed effects model, the effects belonging to the units are expressed with
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fixed coefficients, while in the random effects model, the effects that occur according to the unit and time are
included in the model as a random error term. Therefore, a Hausman test is performed to choose between fixed
and random effects models.

Ho: The explanatory variables in the unit effects model are uncorrelated. (Random effects model)
Hi: The explanatory variables in the unit effects model are correlated. (Fixed effects model)

Ho: The explanatory variables in the time effects model are uncorrelated. (Random effects model)
Hi: The explanatory variables in the time effects model are correlated. (Fixed effects model).

Table 9. LR test results of the model according to cross-section and time

Group variable LR Chi2 P
Cross-section (id) 717302.13 1.2e+06 0.0000
Group variable Wilad Chi2 P
Time (year) 557753.06 80510.72 0.0000

According to the results of the Hausman test (Figure 2), the Prob> chibar2 value was found to be 0.00. Based
on the test statistic, the null hypothesis (Ho) was rejected, indicating that the random effects estimator is
inconsistent and the fixed effects estimator is valid. The model was also tested for time effects, and the same
conclusion was reached.

— fficient b) B) b-B) sqre (diag (V_b-V_8))
) B) b=l sqre(diag(V_b-V_8)) ze fe Difference 8%
e . Difference s.z
.0680153 .0680003 .000015 1.72e-06
eFitin 0137577 008195 0055627 0000548 suz -.4385198  -.4385114 -8.34e-06 8.50e-06
sureklilik -.0673915  -.0470198 -.0203717 0002875 -.2299675  -.2299766 9.09e-06 8.46e-06
ekis -.669  -.6932335 .0242336 0004156 Gelir 0000287 0000288 -1.89e-08
Gelir .0000131 0000111 2.04e-06 4.49¢-08

and Ha; obtained from xtreg

b = consistent un ; cbtained from xtreg B = inconsis

B = inconsistent under Ha, effi under Ho; obtained from xtreg
Test: Ho: difference in coefficients not systematic

b-8) * [ (V_b-V_B) ~(~1) ] (b-B)

28263.62
0.0000

Figure 2. Level value graphs of variables

Therefore, it was decided that the appropriate model for this study is the fixed effects panel logit model. The
basic hypothesis to be tested in this study is presented as follows:

Ho: Employment in agriculture is not related to education, the presence of additional work, income, and job
continuity.

Hi: Employment in agriculture is related to education, the presence of additional work, income, and job
continuity.

When examining the estimated model, it was found that the coefficients of the panel logit model are significant
at significance level of 5%. The model is statistically significant at a 0.05 error margin based on the highest
similarity (LR) test result, with prob> chi2: 0.000. Therefore, the model is significant, and it can be concluded that
employment in agriculture is related to education, the presence of additional work, income, and job continuity.
The coefficients of the explanatory variables in the estimated model are presented in Table 10.

Table 10. Fixed effect panel logit model results

Indep_endent Coefficients Standard Z ist. P>|z|
variable Error
Education 0.302195 0.0356723 8.46 0.000
Continuity -0.2619375 0.0874818 -2.99 0.003
Add.job -13.27086 0.5968429 -22.24 0.000
Income 0.0022257 0.0000761 29.26 0.000
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The Fixed Effects Panel Logit Model equation has been derived;

Y = 0.302195Xequcation — 0-2619375X continuity — 13-27086Xaqqjop + 0.0022257Xincome (EG.6)

as presented in Equation 6. The explanatory variables in the model, namely supplementary work and job continuity,
have negative effects, whereas income and education have positive effects (Table 10). Thus, individuals with
higher education and income tend to be less likely to work in the agricultural sector. Furthermore, the desire for
job continuity motivates individuals to work in the agricultural sector. Finally, the desire to engage in
supplementary work leads individuals to work in the agricultural sector. As no similar study was found in the
literature that uses the same method and variables, the results cannot be compared with those of other studies.

4, Conclusion

This study aims to explain the net migration-agriculture relationship in Turkey between 1988 and 2018 using
macro-level variables. In the short term, an increase in net migration has a negative impact on agricultural land and
employment but positively affects economic growth. However, in the long term, an increase in net migration adversely
affects agricultural GDP, a relationship parallel to the results of causality tests. Panel data analysis indicates that
individuals with higher education and income levels tend to move away from the agricultural sector, explaining
structural changes in the agricultural sector. Recent trends, including an increase in the education level of those
employed in agriculture and the influx of unskilled foreign labour, have accelerated the shift away from the agricultural
sector. As workers abandon agriculture for other sectors, there is a risk of agricultural land being used for non-
agricultural purposes, which could lead to a long-term decrease in production and negatively impact agricultural GDP.
This situation has been the focus of various studies and could serve as a basis for further research. Limited data access
and changes in survey questions over intervals in household surveys have constrained the formation of time series data,
preventing data comparisons. This study, being the first in panel data analysis within the agricultural sector, serves as
a reference for future research.
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Determination of In Vitro and In Vivo Efficacy of Some Bacterial Antagonists Against
Sclerotinia sclerotiorum (Lib.) De Bary in Sunflowers

Aygigeginde Sclerotinia sclerotiorum (Lib.) De Bary’ye Kars1 Bazi Bakteriyel
Antagonistlerin In vitro ve In vivo Etkinliklerinin Belirlenmesi

Raziye KOCAKY, Nuh BOYRAZ?
Abstract

This study was carried out in 2017-2018 to determine the in vitro and in vivo activities of some bacterial bioagents
against Sclerotinia sclerotiorum, which causes root and root-collar rot in sunflower cultivation areas of Konya and
Aksaray provinces. Against the two most virulent S. sclerotiorum (Hirkatol and Eskil) isolates selected as a result
of pathogenicity tests after being isolated and diagnosed from diseased plants which were collected from sunflower
cultivation areas in Konya and Aksaray provinces, the antifungal effects of 16 bacterial isolates from the soil in
the rhizosphere region of the healthy sunflower plants from the same areas were evaluated. Primarily, the most
effective bacterial bioagents were determined by dual culture tests. As a result of the in vitro tests, a total of 5
bacterial isolates constituting the largest zone diameter were molecularly identified according to 16S rRNA and
were used in pot experiments. The bacteria were identified as Bacillus cereus, Bacillus simplex, Brevibacterium
frigoritolerans, Bacillus toyonensis (2 isolates) and were coded using the BLAST program of the GenBank
database (NCBI). As per in vitro, the highest effect in both isolates of S. sclerotiorum was observed in Bacillus
cereus and Bacillus simplex with an inhibition rate of 49.19-57.95%. Except for Bacillus toyonensis (B1), one of
the bacterial species which were tested in vivo, all the bacteria reduced or stopped lesion development compared
to the control. As a result of the application, the biological control agent completely prevented the growth of both
the isolates of Bacillus cereus and Bacillus simplex S. sclerotiorum in in vivo conditions (100%). Efficacy studies
have shown that bacterial isolates both cause healthy growth of sunflower plants and significantly prevent disease
formation in treated plants when compared to control plants. These results emphasize the importance of such
studies as a tool for the development of sustainable agricultural practices that can be easily applied in our region,
and also show that B. cereus and B. simplex in sunflowers can be potential bacterial bioagents that can be used in
biological control against S.sclerotiorum. In addition, it will be useful to carry out studies on the development of
commercial preparations of the bacterial isolates found in the study.
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Oz

Bu calisma Konya ve Aksaray illeri aygicek ekim alanlarinda kdk ve kdk bogazi ciiriikligiine neden olan
Sclerotinia sclerotiorum’a karsi bazi bakteriyel biyoajanlarin in vitro ve in vivo etkinliklerini belirlemek amaciyla
2017-2018 yillarinda yiiriitiilmiigtiir. Konya ve Aksaray illeri aygigek ekim alanlarindan toplanan hastalikli
bitkilerden izole edilip, tanilamas1 yapildiktan sonra patojenisite testleri sonucu segilen en virulent olan iki S.
sclerotiorum (Hirkatol ve Eskil) izolatina karsi yine ayni alanlardan saglikli aygigek bitkilerinin rizosfer
bolgesindeki topraktan izole edilen 16 bakteri izolatinin antifungal etkileri degerlendirilmistir. Oncelikli olarak
ikili kiiltiir testleri ile en etkili bakteriyel biyoajanlar belirlenmistir. In vitro testler sonucunda en genis zon ¢ap1
olugturan toplam 5 bakteri izolatinin 16S rRNA’ya gore molekiiler olarak tanilamasi yapilmis ve saksi
denemelerinde kullamilmustir. Bakteriler Bacillus cereus, Bacillus simplex, Brevibacterium frigoritolerans,
Bacillus toyonensis (2 izolat) olarak teshis edilmis ve GenBank veritabaninin (NCBI) BLAST programi
kullanilarak kodlanmustir. In vitro da S. sclerotiorum’un her iki izolatinda da en yiiksek etki %49.19-57.95
engelleme oraniyla Bacillus cereus ve Bacillus simplex’ de gézlenmistir. In vivo da test edilen bakteri tiirlerinden
Bacillus toyonensis (B1) harig¢ biitiin bakteriler kontrole gére lezyon gelisimini azaltmis veya durdurmustur.
Uygulama sonucunda biyolojik miicadele ajan1 bakterilerden Bacillus cereus ve Bacillus simplex in vivo kosullarda
S. sclerotiorum’un her iki izolatinin da gelismesine tamamen (%100) engel olmustur. Yapilan etkinlik
calismalarinda bakteriyel izolatlarin hem aygigegi bitkisinin saglikli gelismesine neden oldugu hem de uygulama
yapilmus bitkilerde hastalik olusumunu kontrollerdeki bitkilerle karsilastirildiginda 6nemli diizeyde engelledigini
gostermigtir. Bu sonuglar bu tiir calismalarin bolgemizde kolaylikla uygulanabilecek siirdiiriilebilir tarim
uygulamalarimin gelistirilmesi icin bir ara¢ olarak Onemini vurgulamakta ayni zamanda aygiceginde
S.sclerotiorum’a kars1 B.cereus ve B.simplex’in biyolojik miicadelede kullanilabilecek potansiyel bakteriyel
biyoajanlar olabileceklerini gostermektedir. Ayrica ¢alismada etkin bulunan bakteri izolatlarmin ticari
preparatlarinin gelistirilmesine yonelik ¢alismalarin yapilmasi yararli olacaktir.

Anahtar Kelimeler: Aygicegi, Beyaz ciiriikliik, Biyolojik miicadele, Sclerotinia sclerotiorum
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1. Introduction

Sunflower (Helianthus annuus L.), which ranks fourth in the world and is one of the most important oil plants,
is important in terms of vegetable raw oil production due to the high content of oil (22-50%) in its seeds. Sunflower
oil is one of the oils with the highest nutritional value and while 11% of the world’s raw vegetable oil production
is met from this oil, Turkey is responsible for 50% of this number. In our country, sunflower takes the second
place after cotton in cultivation areas of oil crops and sunflower is grown in almost every region of Turkey (Oztiirk
et al., 2008).

Among the fungal agents which cause root and crown rot in sunflowers, soilborne pathogen Sclerotinia species
has a great importance (Rasheed et al., 2004). Sclerotinia sclerotiorum (Lib.) de Bary is a disease seen in almost
every region of the world where sunflower is grown including Trkiye. Sclerotinia minor Jagger is another species
reported to cause root rot and wilting on sunflowers but is much less common than S. sclerotiorum (Baniasadi et
al., 2009). S. sclerotiorum is a polyphagous and facultative parasite and is the host of more than 400 plant species
belonging to 75 families. When the sunflower seedlings reach a certain size, the sclerotia remaining in the soil
become infected and crown rot and wilt begins. Sclerotia are the most important asset of penetration. Survival in
soil is very variable, but 5 or 6 years is thought to be the upper limit. At first, wilted plants are scattered across the
field, then appear in patches in the field (Davar et al., 2012). In an area contaminated with a pathogen, the
probability of plants being infected is very high, but the course of the disease is closely related to the soil and water
potential in the plant (Vuong et al., 2004).

As sclerotia and fungus that can survive in the soil for a long time produce ascospores responsible for air
infection reaching long distances, due to lack of effective chemical control and high sunflower sensitivity, it is
difficult to combat, so cultural measures have a very important place (Saharan and Mehta, 2008; Liu et al., 2021).
Since the control of S. sclerotiorum is insufficient, biological control methods have become unavoidable (Fernando
etal., 2005). The use of biological prevention in integrated management systems is important because it is practical
to prevent S. sclerotiorum’s infection in sunflower, the cost is appropriate and it is not phytotoxic (Gulya et al.,
1997; Fernando et al., 2004).

Rhizosphere and rhizoplane microorganisms play an important role in the biological control of soil pathogens.
The most common species used as biological control agent are Pseudomonas spp., Bacillus spp., and Trichoderma
spp. which are used as biopreparates against many diseases (Weller, 1988; Fira et al., 2018; Yoériik and Mirik,
2021). The production of endospores by Bacillus spp. against environmental stress conditions provides long
survival rates. Biocontrol agent bacteria produce different types of antibiotics and growth promoting compounds
that can play a major role in their disease suppressive and growth promoting effects on plants treated with them.
(Kloepper et al., 2004; Moeinzadeh et al., 2010).

It is known that bacteria-containing microbial fertilizers and biopesticides are successfully used in agriculture
by making many commercial preparates around the world. In Tiirkiye, although the use of commercial microbial
fertilizers in agriculture using local bacterial isolates started, there are no commercial biopesticides yet. Biological
control studies are becoming more and more important every day and This causes the studies on prevention to shift
in this direction (Kotan, 2014; Kotan and Celik, 2014; Giildogan et al., 2022).

In this study, it was aimed to determine the bacterial bioagents against white rot disease in sunflower cultivation
areas of Konya and Aksaray provinces and to determine their in vitro and in vivo activities against the disease.

2. Materials and Methods
2.1. Material

In our study, two isolates of Sclerotinia sclerotiorum, which were isolated from diseased sunflower plants
grown in Aksaray Province (from Hirkatol/Eskil districts) and with high virulence as a result of pathogenicity test,
and Inegdl Alas1 as sunflower cultivar were used as test pathogens in our study. The bacterial species Bacillus
cereus, Bacillus simplex, Bacillus toyonensis, Brevibacterium frigoritolerans that were isolated from the
rhizosphere and identified were used to determine the antagonistic effectiveness against S. sclerotiorum.
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2.2. Methods
2.2.1. The isolation and identification of the pathogen

S. sclerotiorum isolates used as a pathogen in the study were collected from different districts of Konya
(Karatay, Altinekin, Cihanbeyli, Karapinar, Kadinhan1 and Cumra) and Aksaray provinces (Hirkatol, Eskil) as a
result of a 2-year survey and a total of 10 isolates were determined. According to Warcup (1958), pure cultures of
S. sclerotiorum were obtained from samples taken from sunflower fields and plants showing root and root-collar
disease symptoms, and the isolates were kept in a refrigerator at 4°C and used in in vitro and in vivo experiments
(Warcup, 1958).

In order to define S. sclerotiorum and to determine its differences from other species of this genus, the width
and length of 5 sclerotiums obtained from each isolate grown in PDA for 3 weeks were measured with a caliper
and the arithmetic averages of the obtained values were taken (Lucas, 1998; Leslie and Summerell, 2006).

2.2.2. Isolation, selection and identification of bioagent bacteria

For the isolation of bioagent bacteria, soil samples were taken from 17 different sunflower fields in Konya and
Aksaray provinces and from the root zone of plants that were better developed than the others, and the soils
collected from the root rhizosphere of 3 plants represented each soil sample and bacterial cultures were obtained
according to Kiisek (2007). Colonies growing on the medium were examined and colonies with different
morphological development were selected and inoculated on Nutrient agar (NA) medium until a pure culture was
obtained.

The 16 purified isolates were characterized by the MALDI-TOF biotyping method. The selection among the
available bacterial isolates were made by the in vitro response results shown against S. sclerotiorum.

The five isolates, which showed the greatest zone diameters among these bacterial isolates were identified
according to 16S rRNA and were used in pot experiments. Molecular identification of the bacteria was conducted:;
EurX GeneMATRIX Tissue Bacteria Isolation Kit (EURXx Ltd., Poland) was used for DNA isolation. Then with
Thermo Scientific Nanodrop 2000 (Thermo Scientific, USA), density and quality of the isolates were determined.
16SrRNA gene sequence was amplified in order to ensure that the bacteria. 27F (5
AGAGTTTGATCMTGGCTCAG 3" and 1492R (5' TACGGYTACCTTGTTACGACTT 3') primers were used
for PCR amplifications. Band screening of the PCR products was observed in the gel electrophoresis. Amplified
products of template DNA were sent to the Macrogen direct sequencing service (Macrogen, Holland) with ABI
3730 XL DNA Analyzer for sequence determination The similarity of the 16S rRNA gene sequence was encoded
using the BLAST program of the GenBank database (NCBI).

2.2.3. Determination of antagonistic effects of bacterial isolates against S. sclerotiorum in vitro

In vitro antifungal activity against S. sclerotiorum was determined by the dual culture method using PDA
growth medium. For this, two discs in 5 mm from 4 to 5-day culture of S. sclerotiorum were placed against each
other at nearby edge of 9 cm petri plates containing PDA. A 24 h culture of bacterial isolate grown in NA was
straked into the middle of the plate. After inoculation of the agar, the petri plates were incubated at 27°C for 7
days. The barrier formed between the bacteria and the fungus showed that there was an interaction between the
two microorganisms and the width of the inhibition zone was measured from the shortest distance between both
colonies and evaluated as the inhibition zone (Z:). The diameter of the zone (inhibition zone) where the bioagents
inhibit the growth of phytopathogenic fungal hyphae in the antibiosis interaction was measured in mm, and the
value obtained was used to determine the antibiosis efficiency of the candidate bioagent (Xiaoning et al., 2014).

In addition, the percent inhibition of S. sclerotiorum of candidate biological control agents was calculated using
the formula of radial growth (Inhibition % = (r1- r2/r1) x 100) specified by Ghildial and Pandey (2008). (rl
represents radial growth of the pathogen without antagonist organism while r2 represents radial growth of the
antagonist organism and pathogen).

For each possible bioagent, 3 petri dishes were used and the study was performed in 2 replications. As a control,
only S. sclerotiorum isolates were inoculated on antibiotic-free PDA media in 2 petri dishes.
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2.2.4. Determination of in vivo effectiveness of bacterial isolates against S. sclerotiorum

In order to test the in vivo activity of 5 bacteria (Bacillus cereus, Bacillus simplex, Brevibacterium
frigoritolerans, Bacillus toyonensis (2 isolates)) found to be effective in vitro on two isolates of S. sclerotiorum,
in the open area of Selcuk University Faculty of Agriculture, Department of Plant Protection Research and
Application, a pot experiment with 4 replications was established according to the randomized plot design.

The biocontrol agents that were streaked into the nutrient agar were incubated at 28°C for 48 hours. Some
sterile water was poured on the developing bacterial colonies and mixed with a glass baguette. The concentration
of the bacterial suspension obtained was adjusted to 108 cells/ml. Spectrophotometrically, the absorbance of the
suspension was adjusted to 0.1 at 600 nm.

When the plants were at the flowering stage of R2, the shoots localized above the 5 cm of soil surface were
made wounds with sterile lancet and the bacterial suspension at a density of 0.5x108 cells/ml was sprayed onto the
wounds (Nelson et al., 1988). After the application, the S. sclerotiorum 4 mm mycelial disk and moist cotton were
placed into the wounds and the wound was wrapped with parafilm. In terms of control plants, sterile water was
sprayed onto the wounds and S. sclerotiorum 4 mm mycelial disk was placed (Tozlu, 2003). In addition, to
determine whether each bacterial isolate has a negative impact in terms of plant growth before the inoculation
plant shoots were wounded and the bacterial suspension was sprayed onto the two plants.

The pots were watered with pure water for a week under an open area. The lesions occurring on the shoots
were measured with a caliper one week after the inoculation.

2.2.5. Statistical Analysis

The data (lesion length, inhibition zone, percent inhibition ratio) obtained after the study were subjected to
ANOVA using SPSS statistical program (SPSS Inc., Version 17.0). The important differences between the
treatment means were determined by the Tukey Multiple Comparison Test at 5% significance level.

3. Results and Discussion
3.1. Result
3.1.1 Isolation and ldentification of Biocontrol Bacteria

Soil samples from the rhizosphere of plants, which were better grown compared to the others from 17 different
sunflower areas in Konya and Aksaray provinces were taken. Each soil sample consisted of 3 different rhizosphere
samples.

A total of 16 bacterial colonies, which showed different morphological growth were selected and purified in
the isolation studies performed in the laboratory. Five different isolates, which showed strong antagonistic effect
against S. sclerotiorum in vitro were selected and they were identified by a method based on 16S rRNA gene
sequence at species level in BM Labosis Molecular Research Laboratory. The results indicate that the bacterial
isolates are closely related to Bacillus cereus RP (GenBank access code OQ110614), Bacillus simplex RC
(GenBank access code 0Q116342), Brevibacterium frigoritolerans RF (GenBank access code 0Q110612),
Bacillus toyonensis RD (B1) (GenBank access code 0Q116344) and Bacillus toyonensis Rl (B2) (GenBank access
code 0Q116343). The sequence similarity was 99% when Bacillus cereus was concerned and 100% in the others.

3.1.2. Antagonistic Effects of the Selected Bacterial Isolates In vitro

The effectiveness of the 5 bacterial isolates against S. sclerotiorum in vitro and the grouping of them according
to Tukey Multiple Comparison Test were given in Table 1.

It was determined whether or not biological control agent antagonistic bacteria have antibiosis interaction with
the two isolates of S. sclerotiorum. In the laboratory studies, the most effective strains against S. sclerotiorum were
shown in Figure 1 and the least effective strains against S. sclerotiorum were shown in Figure 2.

All bacterial agents made inhibition zone in petri plates and showed antagonistic effect. Against the two isolates
of S. sclerotiorum, Bacillus simplex made inhibiton zones of 10.5 mm in Hirkatol isolate and of 10.3 mm in Eskil
isolate; Bacillus cereus made inhibiton zones of 10.17 mm in Hirkatol isolate and of 10.33 mm in Eskil isolate.
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Bacillus toyonensis (B1), made a high inhibition zone (10.17 mm) similar to the other bacteria in Hirkatol isolate,
but produced less effect in Eskil isolate. The least inhibition zone measurements were made in Brevibacterium
frigoritolerans and Bacillus toyonensis (B2).

Table 1. The effectiveness of the 5 selected bacterial isolates against S. sclerotiorum in vitro conditions

S. sclerotiorum isolate S. sclerotiorum isolate
From Hirkatol From Eskil

Bacterial species Inhibition Inhibition Inhibition Inhibition

zone (mm) ratio (%) zone (mm) ratio (%)
Bacillus cereus 10.17 a 57.95a 10.33 a 50.49 a
Bacillus simplex 105a 54.6 a 10.3a 49.19 ab
Bacillus toyonensis (B1) 10.17 a 54.44 a 95a 4451 ab
Bacillus toyonensis (B2) 7.2b 50.25a 95a 44.09 ab
Brevibacterium frigoritolerans 7b 465D 7b 40.62 b

P<0.05 (There is no statistical difference between the means expressed with the same letter in the same column)

Figure 1. The most effective strains against S. sclerotiorum in vitro a) Bacillus cereus, b) Bacillus simplex
and c) Bacillus toyonensis (B1)

Figure 2. The least effective strains against S. sclerotiorum in vitro. a) Brevibacterium frigoritolerans and
b) Bacillus toyonensis (B2)

The percent inhibition ratio of the antagonist bacteria ranged between 38.62% and 57.95%. In terms of Hirkatol
isolate, the strongest effect was seen on Bacillus cereus with 57.95 %, followed by Bacillus simplex with 54.6%
and Bacillus toyonensis (B1) with 54.44%. However, there was no significant difference between the three
bacterial species. Bacillus toyonensis (B2) showed 50.25% and Brevibacterium frigoritolerans showed 46.5%
inhibiton ratios, which are found statistically different. The antagonist bacteria showed similar inhibition in terms
of the Eskil isolate, the highest ones were seen in Bacillus cereus with 50.49% and Bacillus simplex with 49.19%.
Brevibacterium frigoritolerans was found to be the least effective isolate against S. sclerotiorum in vitro. In
addition, the bold brown deaths of S. sclerotiorum’s mycelia that are close to the inhibition zone (Figure 1a and
1c) indicated strong antifungal activity as determined previously by Abdullah et al. (2008) and Rahman et al.
(2016).
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3.1.3. The effectiveness of the bacterial agents against Sclerotinia sclerotiorum in vivo

The effectiveness of candidate bioagent bacteria, which were found to be effective in vitro in the pot
experiment, against S. sclerotiorum isolates was tested and the lesion lengths they formed as a result of the in vivo
test are given in Table 2.

Table 2 The effectiveness of the selected candidate bioagent bacteria against Sclerotinia sclerotiorum isolates

in vivo.
S. sclerotiorum S. sclerotiorum
Hirkatol Isolate Eskil Isolate

Bacterial species Lesion length % Inhibition Lesion length % Inhibition

(cm) ratio* (cm) ratio*
Bacillus cereus Oa 100 Oa 100
Bacillus simplex Oa 100 Oa 100
Bacillus toyonensis (B2) 5.83b 31 5.67 bc 12
Brevibacterium frigoritolerans 6b 30 3.17b 51
Bacillus toyonensis (B1) 8.67c¢C -4 7.17c -12
Control 8.33¢ - 6.4c -

P<0.05 (The means that are followed with the same letter are not statistically different in the same column)
* % Inhibition ratio = (Control-Treatment) /Control x 100

The inhibition effectiveness of the bacterial isolates against S. sclerotiorum used in this study was found to be
different and the differences were statistically significant. All the bacterial isolates with the exception of Bacillus
toyonensis (B1) significantly reduced or stopped the lesion development. After the treatment, Bacillus cereus and
Bacillus simplex among the selected bioagent bacteria completely stopped (100%) the S. sclerotiorum’s two
isolates development in vivo (Figure 3a and 3b).

The other bacterial agents, which reduced the lesion development in Hirkatol isolate compared to the control
(8.33 cm) were Bacillus toyonensis (B2) (5.83 cm with an inhibition ratio of 31%) and Brevibacterium
frigoritolerans (6 cm with an inhibition ratio of 30%). In terms of Eskil isolate, Brevibacterium frigoritolerans
(3.17 cm with and inhibition ratio of 51%) was first (Figure 3c) and Bacillus toyonensis (B2) (5.67 cm with and
inhibition ratio of 12%) was second compared to the control (6.14 cm) (Table 2). However, the isolate Bacillus
toyonensis (B1) was ineffective against S. sclerotiorum’s both isolates compared to the control (Figure 4a and 4b).
It was recognized that this could be related to some situations, which were responsible for stopping the antibiosis
mechanism. Among these could be the lack of antibiotic production, the disappearance of the antibiotic shortly
after the production and the short area of the effectiveness in plants. Because the production of bioactive secondary
metabolites varies depending on the species or strains of microorganisms and their cultural conditions as
determined by Jose et al. (2011) and Wang et al. (2011). It was recognized that the environmental conditions such
as pH and temperature have effects on the growth and antibiotic production of the different bacterial species
(Vijayakumari et al., 2013). It was previously determined that Bacillus species have a pH optimum range of 6.5 to
7.5 and a temperature optimum range of 5 to 30°C (Guimaraes et al., 2004).

In addition, the application of only bacterial agents to the wounds created in sunflower plants as a control in
vivo resulted in no lesion development. This shows that the bacterial strains used in sunflower plants do not produce
any kind of disease.

It was reported that Bacillus species in general and more specifically the species B. subtilis, B. cereus, B.
amyloliquefaciens, B. pumilus, and B. megaterium are effective against S. sclerotiorum and other soil origin fungal
pathogens (Georgakopoulos et al., 2001; Soylu et al., 2005; Zhang and Xue, 2010; Onaran and Yanar 2011; Ji,
2013; Mansour et al., 2008; Ajilogba et al., 2013; Tozlu et al., 2016). When the isolates were considered at species
level, B. cereus, B. simplex, B. toyonenensis and Brevibacterium frigoritolerans were the most effective
respectively and they showed the inhibition ratio differing from 12% to 100% (Table 2).
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Figure 3. The bacterial isolates, which showed strong inhibition of Sclerotinia sclerotiorum in vivo. Bacillus
cereus (a), Bacillus simplex (b) and Brevibacterium frigoritolerans (c).

Figure 4. The bacterial isolates, which showed low inhibition of Sclerotinia sclerotiorum in vivo. Bacillus
toyonensis (B2) (a) and Bacillus toyonensis (B1) (b).

3.2. Discussion

Bacillus cereus is very closely related to Bacillus thuringiensis (Han et al., 2006). Bacillus thuringiensis is a
biopesticide used worldwide and a well-known entomopathogen bacterium. At the same time, B. thuringiensis and
B. cereus have been shown to be effective biological control agents against S. sclerotiorum in the studies performed
earlier (Duncan et al., 2006; Zeng et al., 2012; Gao et al., 2014; Ouhaibi-Ben Abdeljalil et al., 2016). The data
obtained in earlier studies are similar to our results and B. cereus has been shown to be the most effective bioagent
with 57.95% inhibition zone in our study.

Kamal et al. (2015) determined in the study conducted on canola that against S. sclerotiorum crown rot disease,
B. cereus and B. subtilis antagonistic strains significantly reduced the mycelium development and completely
inhibited the sclerotinia germination in vitro.

There is a relationship between Bacillus simplex and Bacillus subtilis, they are both present in the soil for the
same ecological position, and they compete with each other (Sikorski and Nevo, 2007; Earl et al., 2008). However,
B. subtilis shows strong antibacterial, antiviral and antifungal activity with surfactin produced, and inhibits the
activity of many Bacillus species including B. simplex in soil by antagonistic interaction. This condition is believed
to be related to the metabolites released into the environment. The studies performed showed that B. toyonensis
colonies are usually eradicated by B. subtilis (Rosenberg et al., 2016). Many earlier studies performed showed that
B. simplex promotes plant growth (Gutiérrez-Luna et al., 2010; Hassen and Labuschagne, 2010; Erturk et al., 2010)
and some studies classified B. simplex as a PGPR (Ash et al., 1991; Xu and Céte, 2003). B. subtilis species are
used as biological control agent widely by the bacillibactine produced as a siderophore and they have the other
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PGPRs’ effects. In a study performed, B. subtilis strain produced faster inhibition zone compared to B. simplex,
both of which were isolated from the rhizosphere of different plants (Schwartz et al., 2013). However, both strains
showed antifungal activities, which can be used as a potential biocontrol agent. There have been quite a few studies,
which used B. simplex as a phytophathogen in vitro, however, our results indicated that B. simplex can be used
against S. sclerotiorum as a strong biocontrol agent.

B. toyonensis, belongs to the group B. cereus (Jiménez et al., 2013) and produces toyocerin active ingredient.
It has an economical importance as a probiotic bacterium and it has been used as a supplementary material in
animal feed for long time (Williams et al., 2009). In a study similar to ours, strains isolated from healthy tomato
plants have been identified as B. toyonensis and B. cereus by 16S rRNA gene sequence analysis (Rocha et al.,
2017). These strains showed strong antagonistic effects against Fusarium wilt (Fusarium oxysporum f. sp.
lycopersici) in dual culture technique in vitro and stopped the mycelial development completely.

In this study, Brevibacterium frigoritolerans (Bacillus frigoritolerans) which belongs to the genus Bacillus,
produced less inhibition zone compared to the other bacteria and showed 46.5% inhibition ratio. Similarly, B.
frigoritolerans strain isolated from Aloe vera rhizosphere is able to solubilize phosphate and produce high amounts
of 1AA in vitro (Tara and Saharan, 2017). This strain has a potential to be used as biological control agent by
inhibiting the pathogen growth by 38.6% siderophore production (Tsavkelova et al., 2007; Tara and Saharan,
2017). Siderophores inhibits the spore formation and the disease symptoms of fungal pathogens by absorbing the
Fe-111. (Montesinos et al., 2002). Some Pseudomonas species with the ability of plant growth promotion have
stronger siderophore production than Bacillus species (Kannahi and Kowsalya, 2013). Our results indicated that
B. frigoritolerans has a strong siderophore production potential and it can be used as a potential bioagent.

In recent years, there have been studies associated with B. frigoritolerans in Turkiye. For example, soil samples
from different orchards in Aydin province were collected and the bacterial diversity among these soil samples
were investigated. The isolates were identified as Brevibacterium frigoritolerans and B. cereus according to 16S
rRNA gene sequence analysis (Yoriikce et al., 2017). It has been stressed that the importance of these isolate from
soils in ecosystem management and agricultural applications is very high. Consequently, the Bacillus strains have
been frequently met because the bacteria in this group have the potential to survive in many different ecological
niches (Connor et al., 2010).

Effective antagonist bacteria, when colonized on the rhizosphere, seeds or wounds in the plants, they produce
antimicrobial substances (siderophore, protease, ammonia etc.) and provide suppressive effects. For antibiotic
substances to be effective, they have to be close to the pathogen (Paulits and Belanger, 2001). It is known that
some antagonists have the ability to produce more than one antibiotic (Bacon et al., 2015; Cawoy et al., 2011). For
example, Bacillus cereus strain UW85 have the ability to produce antibiotics zwittermycin and kanamycin. To be
able to produce more than one antibiotic provides a great advantage in the competition among microorganisms in
soil. In addition, antagonists that possess mechanisms other than antibiotic production have the ability to suppress
diseases in greater areas (Pal and Gardener, 2006).

Itis clearly understood that in vitro and in vivo pot and field experiments are necessary to be able to find fungal
and bacterial isolates that have the biological control potential. It is necessary that more detailed studies are
required for the determination of the mechanisms used by the isolates that we have employed in this study to
suppress the pathogens.

Detailed knowledge of bioagents will allow their specific application in biocontrol and will lead to the
production of strains that produce sufficient amounts of pharmaceutically biotechnologically active substances.

Recently, it has been demonstrated that bacteria and fungi that belong to different taxonomical groups produce
different bioactive substances and it has been reported that many successful studies have been performed in this
area. The study that we have performed show important results. However, it should not be forgotten that there are
many points that need to be emphasized in order to put them into practice.

More detailed studies for the identification of the successful isolates at species level and suitable formulations
for the mass production of the bioagents are required. The biocontrol agents only make up 1% of the total pesticide
sales (Fravel, 2005). It is understood that chemicals govern the agricultural industry. Formulation and agricultural
usage methods determine the effectiveness and the sales of the commercial products (Arora et al., 2010; Mishra et
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al., 2015). For this reason, after these studies, it should be focused on why biological control agents are not effective
in the field scale. As the new data are obtained better biopesticide formulations can be developed. For this reason,
it is predicted that these microorganisms will play a great role in the 21% century agriculture.

4. Conclusions

In this study, while a high (100%) activity inhibiting mycelial growth of S. sclerotiorum was exhibited by B.
cereus and B. simplex, the antifungal effect in other isolates was observed to vary between 12-51% when evaluated
in general. These results provided important data for the application of effective bioagents in the control of
Sclerotinia crown rot.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Kekik Uretiminde Girdi Kullanimi ve Maliyet Analizi-Denizli ili Tiirkiye Ornegi*

Input Use and Cost Analysis in Thyme Production-A Case of Denizli Province in Tiirkiye

Arif SEMERCI", Enver KEN?

Oz

Bu ¢alisma, Denizli ilinde yer alan tarim isletmelerinde kekik tiretiminde girdi kullaniminin belirlenmesi ve tiretim
maliyetinin incelenmesi amaciyla yapilmistir. Arastirmada kullanilan veriler Basit Tesadiifi Ornekleme
Yontemi'ne gore belirlenen 82 adet tarim isletmesinden anket uygulamasiyla elde edilmistir. Incelenen
isletmelerde tarimsal gayrisafi tiretim degerinin %60.57’si, bitkisel {iretim deseninin %65.54’1 ve bitkisel liretim
degerinin de %73.89’unu kekik ve kekikten elde edilen iiretim degerleri olusturmaktadir. isletmelerde ortalama
kekik iiretim alani 45 da olup, birim alandan elde edilen verim 95.10 kg da™ olarak tespit edilmistir. Arastirma
bulgular1 birim alandan ortalama 95.10 kg kekik iiriinii elde edilebilmesi i¢in dekar bagma; 10,296 adet fide, 8.93
cc zirai miicadele ilaci, 52.34 kg kimyevi giibre ve 16.57 1t mazot tiiketilmesi gerektigini, bununla birlikte 4.49
saat makine isgiicii ve 17.84 saat insan isgiicline ihtiya¢ duyuldugu tespit edilmistir. Yiriitiilen caligmada kekik
{iretiminin ortalama iiretim degeri 1.494,02 TL da™ olarak hesaplanmus, en yiiksek kekik iiretim degeri 1.691,00
TL da ile birinci grupta yer alan isletmelerden elde edilmistir. Yiiriitiillen arastirmada birim alanda ortalama kekik
{iretim maliyeti 1.101,36 TL da™* olarak tespit edilmis, en yiiksek {iriin maliyeti 1.175,83 TL da ile birinci grupta
yer alan isletmelerde gerceklesmistir. Isletmeler ortalamasi dikkate alindiginda, birim alanda kekik iiretiminin briit
kar1 882.74 TL da’l, net kar1 392.66 TL da® ve nispi kér oran1 ise 1.36 olarak hesaplanmustir. Nispi kar oran1 birinci
(1.44) ve ikinci (1.45) grupta yer alan isletmelerde birbirine oldukg¢a yakin iken, en diisiik nispi kar 1.29 ile ti¢iincti
grupta yer alan isletmelerden elde edilmistir. Yapilan arastirma Denizli ilinde kekik iiretimine iligkin tarimsal bir
orgiitlenmenin olmadigin1 gdstermistir. Bu durum isletmelerin kekik iiretiminden elde edebilecegi geliri
kisitlamaktadir. Bununla birlikte cografi tescilli bir {irlin olan kekikte il 6zelinde markalagmaya gidilmesi halinde
kekik tireticilerinin gelirinin de artmas1 miimkiindiir.
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*Sorumlu Yazar/Corresponding Author: Arif Semerci, Canakkale Onsekiz Mart Universitesi, Ziraat Fakiiltesi, Tarim Ekonomisi Béliimii, Canakkale, Tiirkiye.
E-mail: arifsemerci@comu.edu.tr OrclD: 0000-0003-0893-3748

2Enver Ken, Denizli, Tiirkiye. E-mail: enverken@hotmail.com OrclD: 0000—0001—7472—3883

Atif: Semerci, A., Ken, E. (2024). Kekik tiretiminde girdi kullanim1 ve maliyet analizi-Denizli Ili 6rnegi. Tekirdag Ziraat Fakiiltesi Dergisi, 21(2): 375-392.
Citation: Semerci, A., Ken, E. (2024). Input use and cost analysis in thyme production-a case of the Denizli Province in Tiirkiye. Journal of Tekirdag Agricultural
Faculty, 21(2): 375-392.

*Bu calisma Enver Ken’in Yiiksek Lisans tezinden 6zetlenmistir.

©Bu ¢aligma Tekirdag Namik Kemal Universitesi tarafindan Creative Commons Lisanst (https://creativecommons.org/licenses/by-nc/4.0/)
kapsaminda yaymlanmustir. Tekirdag 2024

375


mailto:arifsemerci@comu.edu.tr
https://orcid.org/0000-0003-0893-3748
mailto:enverken@hotmail.com
https://orcid.org/0000-0001-7472-3883
https://orcid.org
https://orcid.org

Semerci & Ken
Kekik Uretiminde Girdi Kullanimi ve Maliyet Analizi-Denizli ili Tiirkiye Ornegi

Abstract

This study was carried out in order to determine the input use in thyme production and to examine the production
cost in agricultural enterprises located in Denizli province. The data used in the research were obtained by a
questionnaire study from 82 agricultural enterprises which were determined according to the Simple Random
Sampling Method. According to research results, in the research area, 60.57% of the agricultural gross production
value, 65.54% of the plant production pattern, and 73.89% of the plant production values were consist of thyme
production. The average thyme production area was found as 45 da, and the yield obtained from the unit area was
determined as 95.10 kg da’. In this research it has been determined that 10,296 seedlings, 8.93 cc pesticides, 52.34
kg of chemical fertilizers and 16.57 It of diesel oil should be consumed to obtain an average of 95.10 kg of thyme
product per unit area, while 4.49 hours of machine labor and 17.84 hours of human labor are needed. In the research
carried out, the average production value of thyme production was calculated as 1.494,02 TL da, and the highest
thyme production value was obtained from the enterprises in the first group with 1.691,00 TL da. Within the
study, the average cost of thyme production per unit area was determined as 1.101,36 TL da, and the highest
production cost was realized in the first group enterprises with 1.175,83 TL da. Considering the average of the
enterprises, the gross profit of thyme production per unit area was calculated as 882.74 TL da!, the net profit was
392.66 TL da’’, and the relative profit was calculated as 1.36. While the relative profit rate was very close to each
other in the first (1.44) and the second (1.45) groups, the lowest relative profit was observed in the third group
with 1.29. The research has shown that there is no agricultural organization related to thyme production in Denizli
province. This situation limits the income that enterprises can obtain from thyme production. In addition to this, it
is possible to increase the income of thyme producers in case of branding specific to the province in thyme, which
is a geographically registered product.

Keywords: Thyme, Input use, Gross profit, Net profit, Relative profit, Denizli
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1. Giris

Tirkiye kekik bitkisi bakimmdan zengin bir biyogesitlilige sahip olup, kekik olarak bilinen tiirler Lamiaceae
(Ballibabagiller) familyasinin cinslerinden olusmaktadir. Tiirkiye’de ticareti yapilan ve yaygin olarak kullanilan
kekik tiirlerinin tamami Lamiaceae familyasma bagh tiirler olup, bunlar: Origanum, Thymbra, Coridothymus,
Satureja ve Thymus’tur (TOB, 2020).

Tibbi ve aromatik bitkiler, odun dis1 orman iiriinleri ve baharat gibi siniflandirmalarda yer alan kekik bitkisi
iretim ve ticaret hacmi agisindan 6n plana ¢ikan bir {iriin olup, hem iilke ekonomisine katkisi hem de kirsal
alanlarda yasayan insanlar i¢in dnemli bir gelir kaynagidir (Acibuca ve Budak, 2018; TOB, 2020).

Bazi1 bolgelerde kekik bitkisinin bala katmis oldugu farkl: tat ve aroma nedeniyle tiiketicilerin tercih nedenleri
arasinda dnemli bir yer alabilmektedir (Yiizbasioglu, 2022). Kekik bitkisi tibbi ve aromatik bitkiler kapsaminda
bitkisel ¢ay seklinde tiiketilmektedir (Selvi ve ark., 2013). Bununla birlikte kekik bitkisi farkli alanlarda farkli
amagclarla da kullanilabilmektedir. Gida sektoriinde kekik ekstraktinin antimikrobiyal etkisinin incelenmesine
yonelik arastirmalar bulunmaktadir (Ozen ve Coskun, 2014). Yapilan bir ¢aligmada kekigin de aralarinda yer
aldig1 bazi baharatlarin eritme peyniri igerisinde se¢ilmis bazi patojen bakteriler {izerine inhibisyon etkisi
incelenmistir. Yiiriitiilen arastirmada kekik ve nane (%3 oraninda) bitkilerinin, eritme peyniri i¢erisindeki bakteriyi
lic ay sonunda 106 kob/g dan <3 seviyesine kadar indirgedigi ve en iyi sonucu verdigi tespit edilmistir (Giimiis ve
Bursa, 2015). Diger bir ¢alismada ise ¢ig siitten yapilan Tiirk beyaz peynirinin olgunlagsma siiresince
fizikokimyasal, mikrobiyolojik ve tekstiirel degisimleri iizerinde kekik ve sarimsak ekstrakti iceren salamura
soliisyonlarmin etkisi incelenmistir (Sagdic ve ark., 2017).

Tiirkiye’de 2021 yilinda toplam 199.573 dekar alanda 21,174 ton kekik iiretimi gergeklestirmistir. Ayni yil
itibariyle iilke kekik iiretim alanlarinin %92.63’iinii ve toplam iiretim miktarinin %86.17’sini Denizli ili
olusturmaktadir (TUIK, 2022a). Tiirkiye’de 2021 yilinda 66,953,749 ABDS$ kekik ve kekik iiriinleri ihracati,
6,988,311 ABDS diizeyinde de kekik ve kekik iiriinleri ithalati gergeklesmistir (TUIK, 2022b).

Denizli ilinde 2021 yili itibariyle kekik tiretiminde elde edilen gelir 291,920,000 TL olarak gergeklesmistir.
Kekik tretiminden elde edilen gelirin toplam tarimsal {iretim degeri igerisindeki payr %1.77 olup, bitkisel
tiretimdeki pay1 ise %3.56°dir. 1 genelinde kekik iiretimi, bitkisel iiretim alanlarinda 4. iiriin olurken, iiretim degeri
bakimindan ise 9. iiriin olmugtur (TOB, 2022). Bununla birlikte “Denizli Kekigi” ve “Babadag Kekik Bali” Denizli
ilinin cografi isaretli Girlinleri olup, kekik ve kekik iiriinleri Denizli ili ile 6zdeslestigi goriilmektedir (Tiirk Patent
ve Marka Kurumu, 2022). Kekik tiretimi konusunda yapilan aragtirmalara iliskin 6zet bilgiler asagida 6zetlenmistir.

Nasr ve ark. (2011), Urdiin’de tibbi ve aromatik bitkilerin teknik etkinligini ve verimliklerini ortaya koymak
amaciyla 2006-2007 iiretim doneminde 50 tarim igletmesinden veriler derlenmistir. Giil ve ark. (2014), Denizli ili
Merkez ve Giiney ilcelerinde Basit Tesadiifi Ornekleme Yontemi ile belirlenen100 isletmeden elde edilen veriler
yardimiyla kekik iretimini ekonomik yonden ayrintili olarak incelemislerdir.

Imami ve ark. (2015), Arnavutluk’ta 97 {iretim isletmesi ile yapmis olduklar1 arastirmada; tibbi aromatik bitki
yetistiriciliginde asir1 girdi kullanimi, teknoloji ve mekanizasyon eksikligi, sulama sistemlerinin yetersizligi, hasat
sonrasi yonetim ve izlenebilirlik baslica sorunlar olarak tespit edilmistir. Aslan ve Giil (2017), Tiirkiye'deki toplam
iiretim miktarmin %89.20'sini ve toplam {iretim alaninin %93.60"'1na sahip olan Denizli ili ¢aligma alan1 olarak
secilmistir. Caligma kapsaminda Denizli ilinde kekik tarimi ekonomik yonden ayrintili olarak incelenmistir.

Dumitru ve ark. (2020), Romanya’da yapilan ¢aligmada tibbi ve aromatik bitkilerden kekik, feslegen, lavanta
ve zufa otu iiretiminin ekonomik analizi yapilmistir. Karli ve ark. (2020), Denizli ilinde Gayeli Ornekleme
Yontemi’ne gore belirlenen 58 isletmede yiiz yiize yapilan anket ¢alismasinda kekik iiretiminde bulunan tarim
isletmelerinin sosyo-ekonomik yapilar1 incelenerek sorunlari belirlenmeye ¢alisiimstir.

Almansour ve Ali (2021), Suriye’de yiiriitiilen aragtirmada kekik iiretiminin kiigiik 6lcekli aile isletmeleri
acisindan karli ve uygulanabilir bir yatirim oldugu ve destekleme politikalariyla iilke genelinde yayginlastirilmasi
gerektigi bildirilmistir. Ibishi ve Musliu (2021) tarafindan Kosova’da yapilan ¢alismada kekik bitkisinin diger tibbi
ve aromatik bitkiler arasinda iiretim alan1 ve gelir agisindan ekonomik yonden karsilastirilmas: yapilmastir.

Karli ve ark. (2021), Denizli ilinde 2019 yilinda Neyman Ornekleme Yéntemi’ne gore belirlenen 58 adet kekik
iireten tarim isletmesinde anket calismas1 yapilmistir. Khesht ve ark. (2021), fran’in Kalat yapilan ¢alismada, tibbi
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ve aromatik bitkilerin kirsal kalkinmaya olan etkisi tespit edilmeye calisilmistir. Calismada kekik bitkisinin kirsal
kalkinma agisindan 6nemli bir {iriin oldugu ifade edilmistir.

Mirzoieva ve ark. (2021), Calismada ¢ogu tibbi ve aromatik bitkinin ilk y1l yiiksek girdi ihtiva ettigi bu sebeple
de karlt olmadigi ancak 2. yil ve sonrasinda elde edilen gelirin arttii bdylece geleneksel iirlinler yerine bu
bitkilerin kullanilabilecegi ifade edilmistir. Ers6z ve ark. (2022), Denizli ilinde 22 kekik ireticisi ile yiiz yiize
yapilan anket ¢aligmasinda, kekik iiretiminin talebi yiiksek ve az isgiicii gerektiren bir {iretim oldugu ancak satilan
iiriinlerin islenmemis olarak piyasaya siiriilmesinden dolay1 yeterli diizeyde gelir saglanamadig1 belirtilmistir.

Denizli ilinde yiiriitiilen bu arastirmada kekik iiretiminde kullanilan girdiler ve {iriin maliyeti isletme biiyiikliik
gruplar1 bazinda incelenmistir. Caligmada kekik iiretiminde; birim alanda girdi kullanim1 yaninda kekigin tiretim
degeri, degisken masraflar, sabit masraflar, lirlin maliyeti, briit kar, net kar nispi kar hesaplamalar1 yapilmistir.
Calisma kapsaminda incelenen isletmelerde, kekik iiretiminde tespit edilen sorunlara yonelik olarak ¢oziim
onerilerinde bulunulmustur.

2. Materyal ve Metot
2.1. Materyal

Aragtirmanin ana materyalini, Denizli ilinde kekik tireten 82 tarim isletmesinden 2020-2021 iiretim déoneminde
yliz-yiize anket yontemi ile elde edilen veriler olusturmaktadir. Yiiriitiilen arastirmada konuyla ilgili ¢esitli kurum
ve kuruluglarin hazirlamis olduklar1 yayinlar ile diger arastirmacilar tarafindan yapilmis olan arastirma sonuglari,
resmi istatistikler, makale, inceleme ve tezlerden de ikincil veriler olarak yararlanilmistir.

2.2. Yontem
2.2.1. Orneklemede Kullanilan Yontem

Aragtirma kapsaminda 6rnek hacminin belirlenmesinde, Basit Tesadiifi Ornekleme Yontemi kullanilmustir.
Ornege girecek isletme sayilarmin belirlenmesi asamasinda Denizli il Tarim ve Orman Miidiirliigii Ciftci Kayit
Sistemi’ne kayitli, kekik tireten tarim igletmeleri ana kiitle olarak kabul edilmistir (TOB, 2021). Yiiriitiilen
aragtirmada 6rnek hacminin belirlenmesinde denklem 1°de gosterilen “Basit Tesadiifi Ornekleme Yontemi”
uygulanmistir (Yamane, 1967; Cigek ve Erkan, 1996). Ornek hacminin belirlenmesinde %99 giiven aralig1 ve %1
hata pay1 smirlan icerisinde ¢alisilmistir. Ornekleme ¢aligmasi sonucunda anket uygulanacak isletme sayis1 82
adet olarak belirlenmistir.

NS2t2
N= W Dazestc (Es. 1)
D2 = (57 (Es. 1.2)

Formiil 1’e gore;

n=Ornek Hacmi, N=Ornekleme Cercevesinde Ait Toplam Birim Sayis1, S=Standart Sapma, t=Giiven Sinir1
d=Kabul Edilebilir Hata.

Basit Tesadiifi Ornekleme Yontemi formiiliinde;

Ortalama kekik iiretim alan1 = 24.38 da ve ortalama kekik iiretim alam varyans1 (S2) = 73.98, N = 4844,
N-1=4843,t (0.01) = 2,58, t?=6.66, d = 2.44, d?>= 5.94 olarak dikkate alinmigtir.

Tabakalarda yer alacak isletmelerin belirlenmesinde; tabaka igindeki igletmelere ait standart sapma ve
varyasyon katsayilari (C.V.) dikkate alinmistir. Varyasyon katsayis1 Denklem 2’deki gibi hesaplanmaktadir (Oguz
ve Karakayaci, 2017).

s

Denklem 2°de; C.V., varyasyon katsayisini, S, standart sapmay1 ve X ise ortalamay1 ifade etmektedir. Ornek
hacmin tabakalara dagitilmasinda Denklem 3 kullanilmis olup, tabakalar belirlenirken C.V. katsayilar1 da goz
Oniine alinmistir.
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_ (Np*Sp)*n
N S (Npesm) (Es. 3)

Denklem 3 yardimiyla igletmeler; 30.00 dekar ve alti, 30.01-59.99 dekar aras1 ve 60.00 dekar ve iizeri olmak
tizere 3 gruba ayrilmistir. Birinci grupta yer alan isletmelerin C.V. degeri %28.99, ikinci grupta yer alan
isletmelerin %15.63 ve iiciincili grupta yer alan isletmelerin %27.01 bulunmustur. Tabakalarin homojen dagilimi
tespit edildikten sonra her bir gruba giren 6rnek sayilari (nn), denklem 4 yardimiyla bulunmaktadir.

Nh n
nh = - * (ZNh*Sh)

(Es. 4)

Yapilan hesaplamada; birinci grupta 35 adet (30 da alt1 igletmeler), ikinci grupta 26 adet (30.01 da — 59.99 da
arasi isletmeler) ve {iglincii grupta 21 adet (60 da ve iizeri isletmeler) olmak iizere toplam 82 adet isletme yer
almistir.

2.2.2. Kekik Uretim Maliyetinin Belirlenmesinde Kullanilan Yontem

Kekik bitkisi ve diger ¢ok yillik iirlinlerde maliyet hesaplanmasi yapilirken tesis donemi ve iiretim donemi
olmak {izere iki donem dikkate alinmaktadir. Kekik iiretiminde tesis donemi masraflar1 hesaplanirken altta verilen
masraf unsurlar1 dikkate alinmigtir. (USDA, 1976; Kadlec, 1985; Kiral ve ark., 1999).

(A) Tesis Donemi Degisken Masraflari:

l. Toprak Hazirlig1 ve Dikim Masraflari: Derin Siiriim, Ikileme, Ucleme, Tas Toplama,
Ciftlik Giibresi Cekigiicii Masrafi, Ciftlik Giibresi Atim Is¢iligi, Fide Dikimi + Can Suyu
Cekigiicii Masrafi, Fide Dikimi + Can Suyu Isciligi

Il.  Cesitli Girdilere Ait Masraflari: Kekik Fidesi, Ciftlik Giibresi

(B) Tesis Donemi Sabit Masraflari: Yonetim Giderleri (%3), Ciplak Arazi Degeri Faizi (%5),
Yatirimin Cari Y1l Faiz Degeri (%5), Beklenmeyen Giderler (%5)

(C) Tesis Dénemi Toplam Masraflari: (A+B)

Kekik tiretiminde iiretim donemi masraflart hesaplanirken altta verilen masraf unsurlari dikkate alinmistir
(USDA, 1976; Kadlec, 1985; Kiral ve ark., 1999; Giil ve ark., 2014; Karli ve ark., 2021).

(D) Uretim Dénemi Degisken Masraflari:

I.  Bakim Masraflari: Giibreleme (makine) Cekigiicii Masrafi, Giibreleme (makine) Isciligi,
Giibreleme (elle) Isciligi, Capalama (mazotlu makine) Cekigiicli Masrafi, Capalama
(benzinli makine) Cekigiicii Masrafi, Capalama (elle) Is¢iligi, Yaprak Giibreleme Cekigiicii

Masrafi, Yaprak Giibreleme Isciligi, Ilaglama (Herbisit) Cekigiicii Masrafi, ilaglama
(Herbisit) Isciligi

Il.  Hasat Masraflari: Hasat (makine) Cekigiicii Masrafi, Hasat (elle) Isciligi, Harman (patoz)
Cekigiicii Masrafi, Harman (patoz) Isciligi, Cuvallama Isciligi, Yiikleme + Tasima
Cekigiicii Masrafi, Yiikleme + Tasima Isciligi

. Cesitli Girdilere Ait Masraflar: Cuval Masrafi

IV. Giibre ve Zirai ilagc Masraflari: Taban Giibresi, Ust Giibresi, Yaprak Giibresi, Zirai
Miicadele Tlac1 (Herbisit)

V. Doner Sermaye Faizi (%8.50)

(E) Uretim Dénemi Sabit Masraflari: Genel Idare Giderleri (%3), Arazi Kiras1, Uriin Sigortasi,
Beklenmeyen Giderler (%5), Tesis Donemi Masraflarinin Amortisman Pay1, Tesis Donemi
Sermaye Faizi

(F)  Uretim Dénemi Toplam Masraflar1 (D+E)

Aragtirmaya dahil olan igletmelerde, kekik tiretiminde is¢ilik masraflarinin hesaplanmasinda, yorede yabanci
isgilere yevmiye usulii ddenen iicretler dikkate alinmistir. Cekigiicii masrafinin belirlenmesinde ise {ireticinin
kendi makinesini kullanmasi durumunda, alternatif maliyet prensibi uygulanarak, aragtirma alaninda gegerli olan
birim arazi igleme ticretleri dikkate alinmigtir. Yiiriitiilen arastirmada toprak hazirligi, fide ve dikim iglemleri tesis
donemi degisken masraflar icerisinde yer alirken, ¢apalama, giibre ve giibreleme, ilag ve ilaglama, hasat ve tagima
masraflari tiretim donemi degisken masraflari i¢erisinde yer almaktadir (Kiral ve ark., 1999).
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Yonetim giderleri, beklenmeyen giderler, ¢iplak arazi degeri faizi ve yatirimin cari yil faiz degeri tesis
doneminin sabit masraf kalemlerini olusturmaktadir. Yonetim giderleri masrafi toplam masraflarm %3 iini
olustururken, beklenmeyen giderler ve yatirimin cari yil faiz degeri ise toplam masraflarin %51 baz alinarak
hesaplanmistir. Ciplak arazi degeri faizi, arazi degerinin %5’1 veya arazinin kira degeri dikkate alinarak
hesaplanmigtir (Kiral ve ark., 1999).

Arazi kirasi, yonetim giderleri, doner sermaye faizi, beklenmeyen giderler, tesis donemi masraflariin
amortisman pay1 ve tesis donemi sermaye faizi ise iiretim donemi sabit masraf kalemlerini olusturmaktadir. Doner
sermaye faizi, T.C. Ziraat Bankasinin 2021 yilinda bitkisel iiretime uyguladig: yillik faiz oranindan siibvansiyon
kismi diistildiikten sonra geriye kalan %17 faiz oranmin yar1 degeri alinip degisen masraflarla carpilmasi ile
hesaplanmistir. Yonetim giderleri masrafi toplam masraflarin %31, beklenmeyen giderler ise %5’i alinarak
hesaplanmigtir (Kiral ve ark., 1999).

Kekik bitkisi ¢ok yillik bir bitki olup, ortalama ekonomik émrii 7 yil olarak kabul edilmektedir (TOB, 2020).
Kekik tiretiminde ilk yil tesis dénemi ile gegmektedir. Ancak kekik ilk y1linda iiriin verdigi i¢in hem tesis donemi
hem de iiretim donemi girdi kullanimi ve masraflar birlikte yapilmaktadir. Sonraki yillarda ise sadece iiretim
doneminde girdi kullanimi1 ve masraflar dikkate alinmistir. Bundan dolay1 tesis doneminde yer alan masraflar
iretim donemi igerisine yansiyacak sekilde amortisman pay1 ve sermaye faizi olarak sabit masraflar kaleminde
gosterilmektedir (Kiral ve ark., 1999; Giil ve ark., 2014; Karli ve ark., 2021). Buna gore, tesis donemi masraflariin
amortisman pay1 denklem 5°de, tesis donemi sermaye faizi ise denklem 6’da yer alan formiillerde belirtilmistir
(Kiral ve ark., 1999).

Tesis Donemi Masraflarinin Amortisman Pay1 = [(Degisen Masraflar Toplam1 +
Sabit Masraflar Toplami )/ Ekonomik Omiir (7 Yil ) (Es. 5)

Tesis Donemi Sermaye Faizi = [(Toplam Tesis Donemi Masraflari /2) * %5] (Es. 6)

Genel masraflar toplami (iiretim maliyeti) ise sabit ve degisken masraflarin toplanmasi ile bulunmustur (Kiral
ve ark., 1999). Calismada briit kar, gayrisafi iiretim degerinden (GSUD), degisken masraflarin ¢ikarilmasi sonucu
elde edilirken, net kar, gayrisafi iiretim degerinden (GSUD) toplam masraflarin ¢ikarilmast ile elde edilmistir (Agil
ve Demirci, 1984). Toplam masraflar ise degigken ve sabit masraflarin toplanmasi ile hesaplanmaktadir (Kiral ve
ark., 1999).

Yiiriitiilen aragtirmada tek bir tiretim dali degerlendirildigi i¢in briit kar ve net kar hesaplart yapilirken kekik
iiretim degeri (UD), dikkate alinmistir. Kekik iiretim degeri (UD), iiriiniin verimi (kg/da) ile iiriiniin birim satis
fiyatinin (TL/kg) carpilmasi ile elde edilmistir. Kekik tiretim degerinin, {iretim masraflarina béliinmesiyle nispi
karlihk (fayda/masraf orani) bulunmustur. Yapilan ¢alismada elde edilen bulgularin, benzer bulgular ile
karsilagtirilmasini kolaylagtirmak igin bazi veriler TL degerinden ABDS$ degerine ¢evrilmistir. Bu baglamda
calismada 1,00 ABDS$ = 8,5148 TL kur orani iizerinden islem yapilmistir (TCMB, 2021).

3. Arastirma Sonugclar1 ve Tartisma
3.1. Isletme Yoneticilerinin Ozellikleri

Incelenen isletme sahiplerinin yas ortalamast 53.65 yil, giftcilik tecriibesi 28.56 yil ve kekik iiretimindeki
tecriibesi 16.30 y1l olarak hesaplanmistir. Elde edilen degerlere gore isletme yoneticilerinin isletme biiyiikliikleri
arttikca yas ortalamasi, ¢iftgilik tecriibesi ve kekik tiretimindeki deneyim siirelerinin azaldigi anlasilmaktadir
(Tablo 1).

Denizli ilinde kekik iireten tarim igletmelerinin sosyo-ekonomik yapisini inceleyen bir ¢aligmada kekik
iireticilerinin yas ortalamasi1 51.47 yil, cift¢ilik deneyimi 25.57 yil, kekik iiretim deneyimi ise 17.05 yil olarak
hesaplanmigtir (Karli ve ark., 2020). Yine baska bir ¢aligmada ise kekik tireticilerinin yas1 48.01 yil, giftgilik
deneyimi 28.10 yil ve kekik iiretim deneyimi 8.79 yil olarak bulunmustur (Aslan ve Giil, 2017). Incelenen
isletmelerde iireticilerin %60.98’i ilkokul mezunu iken, %20.73’ii ortaokul ve %18.29’u lise mezunudur.
Ureticilerin ortalama egitim siiresi 6.72 y1l olarak tespit edilmistir. Isletme biiyiikliikleri arttik¢a egitim seviyesinde
de artig oldugu goriilmektedir (Tablo 2).
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Tablo 1. Isletme sahiplerinin yas ve mesleki tecriibe durumu

Table 1. Age and professional experience of farm business owners’

. iftilik Kekik Ureti
Isletme Yas Ortalamasi Ci Gl ! . e . re ?m
Gruplari Frekans (i) Tecriibesi Tecriibesi

P (Y1) (Y1)

1 35 56.06 29.46 16.89

2 26 53.04 28.35 16.31

3 21 50.38 27.33 15.33
Toplam 82 53.65 28.56 16.30

Tablo 2. Isletme sahiplerinin egitim durumu
Table 2. Educational status of farm business owners’

. 1. Tabaka 2. Tabaka 3. Tabaka Genel Toplam
Egitim P P P P
Sevivesi ayl1 ayl1 ayl1 ayl1

Yy Frekans (%) Frekans (%) Frekans (%) Frekans (%)
ilkokul 27 77.14 13 50.00 10 47.62 50 60.98
Ortaokul 5 14.29 7 26.92 5 23.81 17 20.73
Lise 3 8.57 6 23.08 6 28.57 15 18.29
Toplam 35 100.00 26 100.00 21 100.00 82 100.00

Denizli ilinde yapilan bir ¢alismada kekik tireticilerinin ortalama egitim siiresi 5.92 y1l olarak tespit edilmistir
(Gl ve ark., 2014). Aymi calismada benzer sekilde iireticilerin biiyiik ¢ogunlugunun ilkokul ve ortaokul
seviyesinde egitime sahip olduklari tespit edilmistir.

3.2. Isletmelerin Tarumsal Faaliyetleri

Incelenen isletmelerde tarimsal iiretimden elde edilen toplam gelir 9.131.982,15 TL’dir. Bu
degerin %60.57’sini kekik iretimi, %21.40’m1 diger bitkisel {iirlinlerden elde edilen ftretim degerleri
ve %18,03’inii hayvanciliktan elde edilen tretim degerleri olusturmaktadir. Denizli ilinde yapilan benzer bir
caligmada isletmeler gelirlerin %62.52’sini kekik, %21.59’unu hayvancilik ve %15.89’unu diger bitkisel {iriin
gruplarindan saglamiglardir (Karli ve ark., 2021).

3.3. Bitkisel Uretim Faaliyetleri

Incelenen isletmelerde 5.630,70 da alanda bitkisel iiretim yapilmaktadir. Uretim deseninde %65.54 ile kekik
dretimi ilk sirada yer alirken, bunu %12.38 ile bugday ikinci sirada, %6.39 ile arpa iigiincii sirada, %4.23 ile
adagay1 dordiincti sirada ve %2.89 ile bagcilik besinci sirada takip etmektedir. Yapilan ¢alismada isletmelerin
kekik iiretiminde ortalama parsel sayis1 2.61 adet, isletme basina ortalama kekik tiretim alan1 ise 45 da olarak
belirlenmistir. Denizli ilinde kekik maliyetlerinin incelendigi bir ¢aligmada ortalama igletme biiytikligii 53.93 da
olarak tespit edilmistir (Karli ve ark., 2021).

Denizli ilinde yiiriitiilen diger bir ¢alismada isletme basina diisen toplam iiretim alanmin %81.69’unu kekik,
%8.95’ini ceviz, %3.68’ini hububat, %2.59’unu adagay1 ve %1.18’ini zeytin olusturmaktadir (Karl ve ark., 2020).
Yine Denizli ilinde yapilan bagka bir ¢alismada kekik tiretim alaninin toplam tiretim alanindan aldig1 pay %48.48
olarak tespit edilmistir (Aslan ve Giil, 2014). Arnavutluk’ta tibbi ve aromatik bitkilerin yaygin olarak yetistirildigi
Shkodér Bolgesi’nde yapilan bir ¢alismada 3.361 ha bitkisel iiretim alaninin, 122 hektarinda (%3.63) kekik tarimi
yapildig1 saptanmistir (Imami ve ark., 2015).

Yiriitiilen arastirmada incelenen isletmelerin bitkisel liretim faaliyetleri sonucu elde ettikleri tiretim degeri
7.485.482,15 TL olarak bulunmustur. Toplam {iiretim degerinde en bilyik payr %73.89 ile kekik iiretimi
almaktadir. Kekik iiretimi lizerine yapilan benzer bir caligmada isletmelerin elde ettikleri toplam tarimsal iiretim
degerinin %42.20’sini kekik, %29.90’1n1 hayvancilik, %17.20’sini tarla {irinleri, %10.20’sini meyve iiretimi ve
%0.50’sini sebze tiretiminden karsilamaktadir (Aslan ve Giil, 2014).
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3.4. Kekik Uretim Faaliyetleri

Incelenen isletmelerde 2021 yilinda 3.690,20 dekar alanda, 350.921,24 kg kekik iiriinii elde edilmis olup,
ortalama kekik verimi 95.10 kg da? olarak belirlenmistir. Bununla birlikte isletme biiyiikliigii arttikca verimde
azalma goriildiigii tespit edilmistir. Isletmeler geneli dikkate alindiginda ise isletme basina diisen ortalama kekik
tiretim alan1 45 da olup, bu alanda 4.279,53 kg kekik {iiriinii elde edilmistir (Tablo 3).

Tablo 3. Isletmelerde kekik iiretim bilgileri

Table 3. Thyme production information in agricultural enterprises

isletme Uretim Isletme Uretim Istetme .
Basina Diisen . Basina Diisen Verim
Tabakalar Sayis1 Alam o Miktar: L . A
(Adet) (da) Uretim Alani (kg) Uretim Miktari (kg dat)
(da) (kg)
1 35 701,70 20.05 75.480,28 2.156,58 107.57
2 26 1.115,50 42.90 114.640,41 4.409,25 102.77
3 21 1.873,00 89.19 160.800,55 7.657,17 85.85
Toplam 82 3.690,20 45.00 350.921,24 4.279,53 95.10

2019 yil1 iiretim doneminde Denizli ilinde yapilan bir ¢alismada kekik tiretiminde ortalama isletme biiyiikliigii
53.93 da olup, kekik verimi 144.28 kg da? gerceklesmistir. Ayrica isletme biiyiikliikleri arttik¢a verimde diisiis
yasandig tespit edilmistir (Karli ve ark., 2021). Romanya’da yapilan bir caligmada ise kekik verimi 1.300 kg da*
olarak saptanmustir (Dumitru ve ark., 2020). TUIK 2021 yili verilerine gore, Denizli ilinde kekik verimi dekar
basia 98.69 kg olarak dlciilmiistiir (TUIK, 2022). incelenen isletmelerde kekik iiretiminde verim, iiriin satis fiyati
ve kekik tiretim degerleri Tablo 4’te verilmistir.

Tablo 4. Kekik iiretim degeri bilgileri

Table 4. Thyme production value in agricultural enterprises

Tabakalar Verim Uriin Satis Kekik UD Kekik UD

(kg dat) Fiyati1 (TL) (TL/Isletme) (TL da?)
1 107.57 15.72 1.186.550,00 1.691,00
2 102.77 15.47 1.773.487,14 1.589,85
3 85.85 16.00 2.572.808,80 1.373,60
Toplam 95.10 15.71 5.512.972,68 1.494,02

2021 yilinda incelenen isletmelerde kekik iiriiniine ait iiretim degeri; ortalama 15.71 TL kg™ {iriin satis fiyatiyla
toplam 5.512.972,68 TL olup, isletme ortalamas1 dekar basina 1.494,02 TL olarak hesaplanmustir. sletme
biiyilikliik gruplarina gore iiretim degerleri incelendiginde, en yiiksek iiretim degeri birinci grup isletmelerde
goriiliirken, en diisiik iiretim degeri {i¢iincii grup isletmelerde tespit edilmistir. Buna ek olarak {iretim degerinin
elde edilmesinde verim miktar1 ve {iriin satis fiyatinin etkili oldugu gorilmektedir (Tablo 4).

3.5. Kekik Uretiminde Girdi Kullanimi ve Maliyet Analizi

Yapilan aragtirmada kekik tiretim alanlar1 dikkate alinarak olusturulan 3 biiytikliik grubunda girdi kullanimi
degerlendirilmistir. Her gruba ait veriler kendi i¢inde incelenmistir. Birinci grupta 30 dekar ve altinda kekik
iretimi yapan 35 adet igletme bulunmaktadir (Tablo 5).

Birinci grupta yer alan igletmeler tarafindan toprak hazirlig1 ve fide dikim islemleri ile gegen tesis doneminde
toplam 2.72 sa da? isgiicii ve 2.49 sa da? ¢ekigiicii kullanilmigtir. Calisma alaninda fide dikimi islemi tiitiin
dikiminde kullanilan alet ve ekipmanlarla yapilmakta olup hem isgiicii hem de c¢ekigiiciine gereksinim
duyulmaktadir. Bu nedenle toplam isgiiciiniin %47.02’sini fide dikimi ve beraberinde uygulanan can suyu verme
islemi olusturmaktadir. Ayrica dekara 10.282,93 adet fide kullanilmistir. Yine tesis doneminde toplam yakitin
%38.45’ini derin siiriim, %23.27’sini ise fide dikimi ve can suyunda harcanmstir (Tablo 5).
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Tablo 5. 1. Grupta yer alan isletmelerin birim alana girdi kullanim miktarlar

Table 5. Input usage amounts per unit area of enterprises in the 1%t group

. Harcanan Isgiicii ve ~ Materyal
® o o . Islem et 1 A
Uretim Islemleri Sayisi -Ceklgll(‘.ll (dk da™t) (kg-cc-It- Cinsi
Isgiicii  Cekigiicii adet da?)

Tesis Donemi Girdi Kullanim ve Uygulamalari

(A) Toprak Hazirlig1 ve Dikim

Derin Siiriim 1-2 37.61 34.57 4.66 Mazot (It da?)

Ikileme 1 15.67 14.13 1.89 Mazot (It da?)

Ugleme 1 5.26 4.67 0.64 Mazot (It da?)

Tas Toplama 1 28.02 26.41 2.11 Mazot (It da?)

Fide Dikimi + Can Suyu 1 76.83 69.84 2.82 Mazot (It da?)
Isgiicii ve Cekiglicii

Toplam 163.39 149.61 (dk da®)

Uretim Dénemi Girdi Kullanim ve Uygulamalari

(B) Bakim Isleri

Giibreleme (makine) 2-3 6.85 5.62 0.25 Mazot (It da?)

Giibreleme (elle) 1-2 11.37 0.00 Isgiicii (dk da™)

Capalama (makine) 1-2 24.20 22.12 0.82 Mazot (It da?)

Capalama (makine) 1-2 23.47 21.45 0.51 Benzin (It da?)

Capalama (elle) 1-2 776.39 0.00 Isgiicii (dk da™)

Yaprak Giibreleme 1 1.03 0.95 0.04 Mazot (It da?)

Ilaglama (Herbisit) 1 2.88 2.44 0.08 Mazot (It da?)
Isgiicii ve Cekigiicii

Toplam 846.18 52.59 (dk da)

(C) Hasat

Hasat (makine) 1 22.32 20.66 1.68 Mazot (It da?)

Hasat (elle) 1 75.10 0.00 Isgiicii (dk da™)

Toplama (elle) 1 20.35 0.00 Isgiicii (dk da™)

Harman 1 13.87 12.34 0.71 Mazot (It da?)

Cuvallama (elle) 1 16.52 0.00 Isgiicii (dk da™)

Tagima (Nakliye) 1 32.69 28.71 0.12 Mazot (It da?)
Isgiicii ve Cekigiicii

Toplam 180.85 61.71 (dk da)

Cesitli Girdiler

Fide 10.282,93 adet da’?

Cuval 1.96 adet da!

Giibre ve Zirai Ilag Girdileri

Taban Giibresi 1 25.90 kg da!

Ust Giibresi 1-2 26.45 kg da

Yaprak Giibresi 1 12.57 ccda?

Zirai Miic. Ilc. (Herbisit) 1 4.41 ccda?

Uretim donemi igerisinde yer alan bakim masraflarinda giibreleme ve gapalama islemlerinin hem makine hem
de elle yapildig1 goriilmekte olup, toplam 14.10 sa da™ isgiicii ve 0.88 sa da* ¢ekigiicii kullanilmistir. Kullanilan
toplam isgiiciiniin %91.75’ini elle yapilan ¢apalama islemi olusturmaktadir. Uretim dénemi igerisinde yer alan
hasat iglemleri hem makine hem de isgiicli ile yapildig1 goriiliirken, toplama ve g¢uvallama islemleri elle
yapilmaktadir. Hasat islemleri sirasmda toplam 3.02 sa da? isgiicii ve 1.03 sa da? gekigiicii kullanilmustir.
Kullanilan isgiicliniin %41.53’{inii elle yapilan hasat islemi olusturmustur. Bigimi yapilan kekikler kurutulup
toplandiktan sonra harmanlama igsleminden gegirilir ve guvallanir. Cuvallama isleminde ise dekara 1.96 adet guval

kullanilmastir (Tablo 5).
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Tablo 6. 2. grupta yer alan isletmelerin birim alana girdi kullanim miktarlar

Table 6. Input usage amounts per unit area of enterprises in the 2" group

Harcanan Isgiiciive ~ Materyal
Cekigiicii (dk da?) (kg-cc-It- Cinsi
Isgiicii  Cekigiicii  adet da?)
Tesis Donemi Girdi Kullanim ve Uygulamalari
(A) Toprak Hazirligi ve Dikim

islem

Uretim islemleri
Sayisi

Derin Siiriim 1-2 37.47 34.68 4.24 Mazot (It da?)

ikileme 1 16.74 15.05 2.02 Mazot (It da?)

Ugleme 1 5.99 5.47 0.69 Mazot (It da?)

Tas Toplama 1 28.94 27.60 211 Mazot (It da?)

Fide Dikimi + Can suyu 1 72.71 67.30 2.84 Mazot (It da?)
Isgiicii ve Cekiglicii

Toplam 161.85 150.10 (dk da®)

Uretim Dénemi Girdi Kullanim ve Uygulamalari

(B) Bakim Isleri

Giibreleme (makine) 2-3 7.50 6.57 0.28 Mazot (It da?)

Giibreleme (elle) 1-2 4.39 0.00 Isgiicii (dk da™)

Capalama (makine) 1-2 19.63 17.73 0.75 Mazot (It da?)

Capalama (makine) 1-2 35.83 32.93 0.55 Benzin (It da?)

Capalama (elle) 1-2 691.21 0.00 Isgiicii (dk da™)

Yaprak Giibreleme 1-4 1.45 1.34 0.07 Mazot (It da?)

Ilaglama (Herbisit) 1 2.53 2.32 0.09 Mazot (It da?)
Isgiicii ve Cekigiicii

Toplam 762.54 60.88 (dk da)

(C) Hasat

Hasat (makine) 1 23.98 22.35 1.92 Mazot (It da?)

Hasat (elle) 1 15.06 0.00 Isgiicii (dk da™)

Toplama (elle) 1 17.49 0.00 Isgiicii (dk da™)

Harman 1 12.21 10.87 0.68 Mazot (It da?)

Cuvallama (elle) 1 13.53 0.00 Isgiicii (dk da™)

Tasima (Nakliye) 1 29.44 26.19 0.12 Mazot (It da?)

Toplam 111.72 59.41 Lif;)ve -glicti (dk

Cesitli Girdiler

Fide 10.140,47 adet da*

Cuval 1.87 adet da!

Giibre ve Zirai Ilag Girdileri

Taban Giibresi 1 22.53 kg da!

Ust Giibresi 1-2 27.03 kg da

Yaprak Giibresi 1-4 25.44 ccda?

Zirai Miic. Ilc. (Herbisit) 1 5.15 ccda?

Isletmeler ortalama 2-3 sefer giibreleme yapmakta olup, bir defa taban giibresi uyguladiktan sonra bir veya iki
defa {ist giibresi atmaktadirlar. Birinci grupta yer alan igletmeler dekara 25.90 kg taban giibresi ve 26.45 kg iist
giibresi kullanmakta olup, bu kullanim sonucunda dekara 11.81 kg saf azot, 7.76 kg saf fosfor ve 1.12 kg saf
potasyum diismektedir. Bunun yani sira isletmeler 12.57 cc da? yaprak giibresi kullamirken, yabanci ot ilact
(herbisit) diginda baska zirai miicadele ilac1 kullanilmamakta olup, dekara 4.41 cc herbisit uygulanmistir (Tablo
5). ikinci grup isletmelerde 26 adet kekik iireten isletme yer almakta olup, bu isletmelerin arazi genislikleri 30.01-
59.99 da arasinda degismektedir (Tablo 6).
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Tablo 7. 3. grupta yer alan isletmelerin birim alana girdi kullanim miktarlar

Table 7. Input usage amounts per unit area of enterprises in the 3™ group

Harcanan Isgiiciive =~ Materyal
Cekigiicii (dk da?) (kg-cc-It- Cinsi
Isgiici  Cekigiicii  adet da™)

Islem

Uretim islemleri
Sayisi

Tesis Donemi Girdi Kullanim ve Uygulamalari

(A) Toprak Hazirlig1 ve Dikim

Derin Siiriim 1-2 34.79 31.81 4.43 Mazot (It da?)

ikileme 1 13.86 12.41 1.75 Mazot (It da?)

Ugleme 1 5.91 5.32 0.87 Mazot (It da?)

Tas Toplama 1 34.76 32.69 2.79 Mazot (It da?)

Fide Dikimi + Can suyu 1 73.23 68.09 2.97 Mazot (It da?)
Isgiicii ve Cekigiicii

Toplam 162.54 150.32 (dk da)

Uretim Dénemi Girdi Kullanim ve Uygulamalar1

(B) Bakim Isleri

Giibreleme (makine) 2-3 9.61 8.42 0.33 Mazot (It da)

Glibreleme (elle) 0 0.00 0.00 Isgiicii (dk da™)

Capalama (makine) 1-2 34.28 31.19 1.37 Mazot (It da)

Capalama (makine) 1-2 28.12 25.96 0.36 Benzin (It da)

Capalama (elle) 1-2 521.51 0.00 Isgiicii (dk da™)

Yaprak Giibreleme 1-3 1.54 1.43 0.06 Mazot (It da)

flaglama (Herbisit) 1 3.24 2.91 0.13 Mazot (It da)
Isgiicii ve Cekigiicii

Toplam 598.30 69.91 (dk da)

(C) Hasat

Hasat (makine) 1 24.76 23.05 1.75 Mazot (It da?)

Hasat (elle) 1 15.70 0.00 Isgiicii (dk da™)

Toplama (elle) 1 18.04 0.00 Isgiicii (dk da™)

Harman 1 11.20 9.72 0.61 Mazot (It da?)

Cuvallama (elle) 1 13.93 0.00 Isgiicii (dk da™)

Tagima (Nakliye) 1 33.30 30.02 0.10 Mazot (It da?)
Isgiicii ve Cekigiicii

Toplam 116.92 62.79 (dk da)

Cesitli Girdiler

Fide 10.471,17 adet da!

Cuval 1.56 adet da!

Giibre ve Zirai Ilag Girdileri

Taban Giibresi 1 22.55 kg da!

Ust Giibresi 1-2 24.77 kg da’

Yaprak Giibresi 1-3 26.47 cc da’

Zirai Miic. Ilc. (Herbisit) 1 6.90 ccda?

Ucgiincii grupta yer alan isletmelerin tesis désneminde toplam 2.71 sa da™ isgiicii ve 2.51 sa da™ ¢ekigiicii
kullanilmigtir. Toplam isgiiciiniin %45.05’sini fide dikimi ve can suyu verme iglemi olusturmaktadir. Toplam yakit

titketiminin %34.58’ini derin siiriim, %23.19’unu fide dikimi ve can suyu olustururken, %21.78’1 ise tas toplama
isleminde harcanmistir. Tesis doneminde dekara 10.471,17 adet fide dikimi yapilmustir (Tablo 7). Uretim dénemi
icerisinde bakim islemleri igin 9.97 sa da’* isgiicii ve 1.17 sa da* gekigiicii kullanilmistir. Bakim islemlerinde
toplam isgiiciiniin %87.17’sini elle yapilan ¢apalama islemi olusturmaktadir. Hasat islemlerinde ise 1.95 sa da*

isgiicii ve 1.05 sa da ¢ekigiicii kullanilirken, dekara 1.56 adet guval kullanilmistir (Tablo 7).
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Ucgiincii grupta yer alan isletmeler dekara 22.55 kg taban giibresi kullanirken, 24.77 kg iist giibresi
kullanmiglardir. Bu kullanimda dekara 11.43 kg saf azot, 6.99 kg saf fosfor ve 1.65 kg saf potasyumun diistiigii
tespit edilmistir. Isletmeler 1-3 kez yapraktan giibre uygulamakta olup, bu kullanim 26.47 cc da’’dir. Zirai
miicadele ilac1 olarak kullanilan herbisit ise 6.90 cc da™¥’dir (Tablo 7).

Tiim isletme gruplari (82 isletme) itibariyle incelendiginde tesis doneminde toplam 2.71 sa da! isgiicii ile 2.50
sa da* cekigiicii kullanilmis olup, dekara 12.41 1t mazot harcanmistir. Isgiicii kullaniminin %45.39’unu fide dikimi
ve akabinde verilen can suyu islemi olusturmaktadir. Toplam yakit tiiketiminin %35.62’sini derin siiriim,
%23.37’sini fide dikimi ve can suyu verme islemi olusturmustur. Ayrica dekara 10.335,41 adet fide dikimi
gerceklestirilmistir.

Tiim isletme gruplar1 bazinda incelendiginde iiretim déneminde toplam 13.71 sa da™* isgiicii kullanilmis olup,
bu islemlerin %85.50’sini bakim islemleri olustururken, %15.50’sini hasat islemleri olusturmaktadir. Uretim
déneminde toplam 2.09 sa da* ¢ekigiicii kullanilmis olup, bu islemlerin %50.92’sini bakim islemleri, %49.08 ini
ise hasat iglemleri olusturmaktadir. Goriildiigii tizere tiretim déneminde girdi kullanimlarinin 6nemli bir kismini
bakim iglemleri olustururken, bunun biiyiikk ¢ogunlugu isgiiciinde harcanmaktadir. Bakim iglemlerinde toplam
isgiicliniin %89.38’ini elle yapilan ¢apalama isleminin olusturdugu goriiliirken, bu oran iiretim déneminde toplam
isgiicli kullaniminin %75.53line tekabiil etmektedir. Bunlarin yani sira hasat islemlerinde ambalaj gideri olarak
dekara 1.73 adet ¢uval kullanilmistir.

Denizli ilinde kekik iiretimi iizerine yapilan bir caligmada, kekik iiretimi igin 31.85 sa da! isgiicii ile 1.32 sa
da! ¢ekigiicii kullanilmis olup, isletme biiyiikliikleri arttik¢a hem isgiicii hem de gekigiicii kullaniminin azaldig1
tespit edilmistir (Giil ve ark., 2014).

Isletmeler ortalamasi verilerine gore incelenen isletmelerde bir dekar kekik iiretimi i¢in birim alanda; 23.18 kg
taban giibresi, 25.77 kg iist giibresi, 23.52 cc yaprak giibresi ve 5.90 cc zirai miicadele ilac1 (herbisit) kullanilmistir.
Isletmelerin yapmis oldugu giibreleme sonucunda ise dekara 11.70 kg saf azot, 6.81 kg saf fosfor ve 1.52 kg saf
potasyumun diistigii tespit edilmistir. Gl ve ark. (2014), yaptig1 ¢alismada kekik tiretimi igin dekara 7.67 kg saf
azot, 2.37 kg saf fosfor ve 0.12 kg saf potasyum kullanildig: bildirilmistir.

Yiiriitiilen ¢alismada fide dikimi, bakim ve hasat iglemleri sirasinda yogun isgiiciine ihtiyag duyuldugundan
isletmeler yabanci isgiicii kullanimina gitmektedir. incelenen isletmelerde 1.33 sa da® yabanci isgiicii
kullanilmakta olup, isletme gruplari itibariyle incelendiginde birinci grup isletmelerde 1.89 sa da’l, ikinci grup
isletmelerde 1.27 sa da! ve iigiincii grup isletmelerde 1.16 sa da yabanci isgiicii kullanimi tespit edilmistir.

3.6.Kekik Uretim Maliyeti

Uretim déneminde ortalama birim alana toplam masraf 1.101,36 TL (129,35 ABD$) olup, bu masraflarin
%55.50’sini degisken masraflar, %44.50sini ise sabit masraflar olusturmaktadir. Uretim déneminde yapilan
degisken masraflarda en biiyiik pay1 %37.77 ile bakim masraflart alirken, bunu %30.74 ile giibre ve zirai ilag
giderleri ve %30.33 ile hasat masraflar1 takip etmektedir. Toplam {iretim masraflarinimn %20.53{inii arazi kirast,
%16.62’sini tesis donemi masraflarinin amortisman pay1 ve %12.22°sini elle yapilan g¢apalama iglemi
olugturmaktadir. Siralanan ti¢ faaliyet iiretim doneminde yapilan toplam masraflarin neredeyse yarisini (%49.37)
olusturmaktadir (Tablo 8).

Gruplar itibariyle incelendiginde iiretim doneminde birim alana en yiiksek kekik iiretim maliyeti birinci grupta
yer alan isletmelerde goriiliirken, en diisiik maliyet ise liglincii grup isletmelerde tespit edilmistir (Tablo 8).
Incelenen isletmelerde ortalama kekik verimi 95.10 kg da? olup, en yiiksek verim birinci grup isletmelerde
goriiliirken, isletme biiyiikliikleri arttik¢a verimde diisiis yasandig1 tespit edilmistir (Tablo 9). TUIK (2022) 2021
yili verilerine gore Tiirkiye’de kekik verimi 106.10 kg da*, Karli ve ark. (2021) Denizli ilinde yaptiklar1 ¢alismada
144.48 kg dat, Aslan ve Giil (2014) Denizli ilindeki calismasinda 150.03 kg da*, Celik (2019) Hatay ilinde yapmis
oldugu calismasinda 247.22 kg da, kekik verimi alindig1 tespit edilmistir. Dumitru ve ark. (2020) tarafindan
Romanya’da yapilan ¢alismada kekik iiretiminde verim 1,300 kg da™* olarak belirlenmistir. Khest ve ark. (2021)
fran’da yaptiklar1 ¢alismada 110 kg da™ verim elde edilirken, Ibishi ve Musliu (2021) Kosova’da yaptiklari
calismada 592.40 kg da, Almansour ve Ali (2021) tarafindan Suriye’de yapilan ¢alismada 1,000 kg da* verim
degeri tespit etmislerdir.
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Tablo 8. incelenen isletmelerde kekik iiretim maliyeti

Table 8. Thyme production cost in the examined enterprises

Birim Alana Masraf (TL dat)
Uretim Masraflan islem Sayis1 Tabakalar
1 2 3 Ortalama

(A) Uretim Dénemi Degisken Masraflar

|. Bakim Masraflar1

Toplam 247.11 239.51 219.66 230.88
II. Hasat Masraflari

Toplam 217.65 181.16 175.91 185.43
III. Cesitli Girdi Masraflar1

Toplam 8.15 7.51 6.36 7.05
IV. Giibre ve Zirai Ilag Masraflar1

Toplam 142.48 133.77 142.84 140.03
V. Déner Sermaye Faizi (%8,50) 52.31 47.77 46.31 47.89
Toplam Degisken Masraflar 667.69 609.71 591.07 611.28
(B) Uretim Donemi Sabit Masraflar

Genel Idare Giderleri (%3) 20.03 18.29 17.73 18.34
Arazi Kirasi 233.29 228.08 211.90 226.16
Beklenmeyen Giderler (%5) 33.38 30.49 29.55 30.56
Tesis Donemi Masraflarinin Amortisman Pay1 188.46 175.68 183.56 183.00
Tesis Donemi Sermaye Faizi 32.98 30.74 32.12 32.02
Toplam Sabit Masraflar 508.14 483.28 474.87 490.08
© Uretim Dénemi Toplam Masraflar (A+B) 1.175,83 1.092,99 1.065,94 1.101,36

* Toplama (elle) islemi sirasinda yapilan ¢ekigiicli ve tasima (nakliye) masraflarini ifade etmektedir.
** Toplama (elle) islemi sirasinda yapilan iggiicii masraflarini ifade etmektedir.

Yapilan calismada ortalama kekik fiyat1 15.71 TL kg* (1,85 ABD$ kg?) olup, isletmeler bazinda
incelendiginde en yiiksek fiyata l¢iincii grup isletmeler {riiniinii satarken, bu oran en diisiik ikinci grup
isletmelerde goriilmiistiir (Tablo 9). Karli ve ark. (2021) Denizli ilindeki tespitlerine gore 7.04 TL kg™ (1.24 ABD$
kg™), Giil ve ark. (2014) Denizli ilindeki ¢alismasinda 2.16 TL kg, Celik (2019) Hatay ilinde yapmis oldugu
calismada 8.89 TL kg™ olarak hesaplamuislardir.

Caligmada elde edilen isletmeler ortalamasi kekik iiretim degeri 1.494,02 TL da (175.46 ABD$ da) olup, en
yiiksek tiretim degeri birinci grup isletmelerde goriiliirken, bu deger en diisiik {iglincli grup isletmelerde tespit
edilmistir (Tablo 9). Bu degeri; Aslan ve Giil (2014) Denizli ilindeki ¢alismasinda 324.60 TL da?, Celik (2019)
Hatay ilinde yapmus oldugu ¢alismasinda 2.197,79 TL da!, Ibishi ve Musliu (2021) Kosova’da yapilan ¢alismada
71.66 Avro (€) dal, ve Karli ve ark. (2021) Denizli ilinde yaptiklari galigmada 686.45 TL da (121.07 ABD$ da-
1) olarak hesaplanmustir.

Incelenen isletmelerde toplam iiretim maliyeti 1.101,36 TL da™* (129.35 ABD$ da™) olup, en yiiksek iiretim
maliyeti birinci grup isletmelerde goriiliirken, en diigiik iiretim maliyeti {iclincli grup isletmelerde tespit edilmistir
(Tablo 9). Kekik iiretim maliyetini Aslan ve Giil (2014) Denizli ilindeki ¢aligmasinda 249.19 TL da, Karli vd.
(2021) Denizli ilinde yaptiklari ¢alismada 557.66 TL da* (98.35 ABD$ da?), ile elde edilen bulgudan daha diisiik
bulunurken, bu deger TOB (2020) tarafindan kekik {iretimi iizerine yaymlanan fizibilite raporunda 1.156,60 TL
da, Suriye’de Almansour ve Ali (2021) tarafindan yapilan ¢alismada 421.94 ABD$ dat, Dumitru ve ark. (2020)
tarafindan Romanya’da yapilan ¢alismasinda ise 2.669,34 Avro(€) da! bulunmus olup, galismalara ait maliyetlerin
elde edilen bulgunun tizerinde degerler aldig1 goriilmiistiir. Bunlara ek olarak Ukrayna’da kekik {iretimi iizerine
yapilan bir ¢alismada tesis doneminin yer aldig: ilk yil yiiksek iiretim maliyetleri ile karsilasilirken, 2. yildan
itibaren tiretim maliyetlerinin giderek azaldig: bildirilmistir (Mirzoieva ve ark. 2021).
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Tablo 9. Kekik iiretiminde briit kir ve net kdr degerleri

Table 9. Gross profit and net profit values in thyme production

. . Tabakalar
Gelir-Gider Ozeti Ortalama
1 2 8
1.Verim (kg da?) 107.57 102.77 85.85 95.10
2.Uriin Satig Fiyat1 (TL kg™) 15.72 15.47 16.00 15.71
3.Uretim Degeri (TL da) 1.691,00 1.589,85 1.373,60 1.494,02
4 Degisken Masraflar (TL da?) 667.69 609.71 591.07 611.28
5.Sabit Masraflar (TL dal) 508.14 483.28 474.87 490.08
6.Toplam Masraflar (TL da) 1.175,83 1.092,99 1.065,94 1.101,36
7.Kg Bagma Masraf (TL kg™) 10.93 10.64 12.42 11.58
8.Briit Kar (TL da™) 1.023,31 980.14 782.53 882.74
9.Net Kar (TL da') 515.17 496.86 307.66 392.66
10.Nispi Kar 1.44 1.45 1.29 1.36

Isletmelerde kekik iiretiminde toplam iiretim masraflarinin %55.50’sini degisken masraflar olusturmaktadir.
Bir baska ifade ile toplam 1.101,36 TL da* (129,35 ABD$ da) olan iiretim maliyetinin 611.28 TL da* (71.79
ABDS$ da) degisken masraflara aittir. En yiiksek degisken masraf birinci grup isletmelerde goriiliirken, en diisiik
degisken masraf tigiincii grup isletmelerde tespit edilmistir (Tablo 9). Aslan ve Giil (2014) ¢alismasinda 141.36
TL da! diger bir ifade ile %56.70°1, Karli ve ark. (2021) Denizli ilinde yaptiklar ¢aligmada 332.76 TL da’* (58.69
ABD$ dal) diger bir ifade ile %59.67’si, degisken masraflarin toplam masraflardan aldiklari paylari
olusturmaktadir. Belirtilen oranlar bu ¢alismada elde edilen bulgulara olduk¢a yakin seyretmektedir. Dumitru ve
ark. (2020) tarafindan Romanya’da yapilan ¢alismada 1.808,85 Avro(€) diger bir ifade ile %67.80’sini olusturdugu
goriiliirken, ¢alismanin bulgularindan oransal olarak daha yiiksek bir deger almaktadir. Yapilan ¢aligmalarda
toplam masraflarin icerisinde degisken masraflarin almis oldugu pay sabit masraflara gére daha biiyiiktiir.

Incelenen isletmelerde kekik iiretiminde toplam {iretim masraflarinin  %45.50’sini sabit masraflar
olusturmaktadir. Bir bagka ifade ile toplam 1.101,36 TL da* (129.35 ABD$ da) olan iiretim maliyetinin 490.08
TL da! (57.56 ABD$ da?) sabit masraflara aittir. En yiiksek sabit masraf birinci grup isletmelerde gériiliirken, en
diisiik sabit masraf ti¢iincii grup isletmelerde tespit edilmistir (Tablo 9). Aslan ve Giil (2014) ¢alismasinda 107.83
TL da? diger bir ifade ile %43.30’u, Karl ve ark. (2021) Denizli ilinde yaptiklar1 ¢alismada 224.90 TL da’* (39.66
ABDS$ dal) diger bir ifade ile %40.33’ii, sabit masraflarin toplam masraflardan aldiklar1 paylar: olusturmaktadir.
Oransal olarak bakildiginda elde edilen bulgulara oldukga yakin seyretmektedir. Dumitru ve ark. (2020) tarafindan
Romanya’da yapilan ¢aligmada 860.40 Avro(€) diger bir ifade ile %32.20’sini olusturdugu goriiliirken, ¢alismanin
bulgularindan oransal olarak daha diisiik bir deger almaktadir. Yapilan ¢aligmalarda toplam masraflarin igerisinde
sabit masraflarin almis oldugu pay degisken masraflara gore daha diistiktiir.

Aragtirma alaninda elde edilen bulgulara gore isletmeler genelinde kekik iiretiminde kilogram (kg) basina
maliyet 11.58 TL (1.36 ABDS$) olarak saptanmistir. Isletme biiyiikliik gruplar1 bazinda en yiiksek maliyet {igiincii
grup isletmelerde goriiliirken, en diisiik maliyet ikinci grup isletmelerde tespit edilmistir (Tablo 9). Bu degerler
Aslan ve Giil (2014) Denizli ilindeki ¢alismasinda 1.66 TL kg™, Karli ve ark. (2021) Denizli ilinde yaptiklari
calismada 3.86 TL kg (0.68 ABD$ kg?), Suriye’de Almansour ve Ali (2021) tarafindan yapilan calismada ise
0.42 ABD$ kg* bulunmus olup, calismada elde edilen bulgu diger calismalardan daha yiiksek, Dumitru ve ark.
(2020) tarafindan Romanya’da yapilan galismada elde edilen degere gore (2.05 Avro(€) kg?l) daha diisiik
bulunmustur.

Yapilan ¢aligmada isletmeler geneli itibariyle ortalama briit kar degeri 882.74 TL da (103.67 ABD$ da™)
olup, en yiiksek briit kar degeri birinci grup isletmelerde goriiliirken, en diisiik briit kar degeri {igiincli grup
isletmelerde tespit edilmistir (Tablo 9). Kekik iiretimi {izerine Aslan ve Giil (2014) tarafindan yapilan ¢aligmada
183.24 TL da’t, Karl1 ve ark. (2021) Denizli ilinde yaptiklar1 calismada 353.69 TL da? (62.38 ABD$ da) ile elde
edilen bulgudan daha diisiik bulunurken, Nasr ve ark. (2011) Urdiin’de yapilan ¢alismada 647.62 ABD$ dat,
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Dumitru ve ark. (2020) tarafindan Romanya’da yapilan galismada ise 1.527,82 Avro(€) da* bulunmus olup, elde
edilen bulgunun iizerinde degerler alindig1 goriilmiistiir.

Incelenen isletmelerin kekik iiretiminde ortalama net kar degeri 392.66 TL da™ (46.11 ABD$ da) olup, en
yiiksek net kar degeri birinci grup isletmelerde goriiliirken, en diisiik net kar degeri tiglincii grup isletmelerde tespit
edilmistir (Tablo 9). Kekik iiretimi iizerine Aslan ve Giil (2014) tarafindan yapilan ¢aligmada 75.41 TL da, Karh
ve ark. (2021) Denizli ilinde yaptiklar1 calismada 128.79 TL da! (22.71 ABD$ da™!) ile elde edilen bulgudan daha
diisiik, Suriye’de Almansour ve Ali (2021) tarafindan yapilan ¢alismada ise 538.06 ABD$ da*, Nasr ve ark. (2011)
Urdiin’de yapilan ¢alismada 606.71 ABD$ da*, Dumitru ve ark. (2020) tarafindan Romanya’da yapilan ¢aligmada
ise 667.33 Avro(€) da net kar degeri bulunmus olup, elde edilen bulgunun iizerinde degerler aldig1 goriilmiistiir.

Incelenen isletmelerde nispi karlilik orani 1.36 olarak hesaplanmistir (Acil ve Demirci 1984). Bu deger en
yiiksek ikinci grup isletmelerde goriiliirken, en diisiik {iglincli grup isletmelerde seyretmistir. Bununla beraber
birinci ve ikinci grup isletmeler arasinda nispi karlilik agisindan ¢ok bir farklilik goriillmezken, {igiincli grup
igletmelerin diger gruplara gore oldukea diisiik diizeyde karlilikla ¢alistiklar1 soylenebilir (Tablo 9). Karli ve ark.
(2021) Denizli ilinde yaptiklari ¢aligmada nispi karlihigi 1.23, Dumitru ve ark. (2020) tarafindan Romanya’da
yapilan ¢alismada 1.25, Aslan ve Giil (2014) tarafindan yapilan ¢alismada 1.30 ile elde edilen bulgudan daha diisiik
bulunmus olup, Nasr ve ark. (2011) Urdiin’de ki calismasinda 2.22, Suriye’de Almansour ve Ali (2021) tarafindan
yapilan caligmada ise 2.28 ile elde edilen bulgunun iizerinde degerler aldig1 goriilmiistiir. Genel itibariyle
bakildiginda kekik iiretiminin karli bir faaliyet dali oldugu séylenebilir.

4. Sonuc¢

Yiiriitiilen aragtirmanin orijinal verileri Denizli ilinde yer alan ve Basit Tesadiifi Ornekleme Yontemi’ne gore
belirlenen 82 adet kekik iireten tarim isletmesinden elde edilmistir. Yapilan ¢caligmada {ireticilerin yas ortalamasi
53.65 yil, ¢iftcilik tecriibesi 28.56 yil, kekik iiretim tecriibesi 16.30 y1l ve ortalama egitim siiresi 6.72 yil olarak
tespit edilmistir. Yapilan ¢alismada incelenen isletmelerde kekik iiretimi toplam 3.690,20 da alanda, 95.10 kg da
! verim ile 350.921,24 kg iiriin elde edilmistir. Kekigin ortalama satis fiyat1 15.71 TL kg olup, iiriiniin toplam
degeri 5.512.972,68 TL dir. Isletme gruplar1 bazinda kekik iiretiminde ortalama isletme biiyiikliigii 45.00 da, dekar
bagina diisen iiretim miktar1 4.279,53 kg ve dekar basina tiretim degeri 1.494,02 TL olarak tespit edilmistir. En
yiiksek tiretim degeri birinci grup isletmelerde goriiliirken, en diisiik tiretim degeri tiglincii grup isletmelerde tespit
edilmigtir.

Arastirma kapsaminda, birinci grupta yer alan isletmelerin kekik verimi 107.57 kg da’%, iiriin satis fiyat1 15.72
TL kg2, iiretim degeri 1.691,00 TL da%, toplam iiretim masrafi 1.175,83 TL dal, kg bagina maliyet 10.93 TL, briit
gelir 1.023,31 TL da’*, net gelir 515,17 TL da™* ve nispi kar oran1 1.44 olarak hesaplanmustir. ikinci grupta yer alan
isletmelerin kekik verimi 102.77 kg da’, {iriin satis fiyat1 15.47 TL kg™, iiretim degeri 1.589,85 TL da’l, toplam
iiretim masrafi 1.092,99 TL da’, kg basma maliyet 10.64 TL, briit gelir 980,14 TL da*, net gelir 496.86 TL da™*
ve nispi kar oran1 1.45 olarak bulunmustur. Ugiincii grup isletmelerin kekik verimi 85.85 kg da™, {iriin satis fiyat1
16.00 TL kg7, iiretim degeri 1.373,60 TL da™', toplam {iretim masrafi 1.065,94 TL da™, kg basmna maliyet 12.42
TL, briit gelir 782.53 TL da?, net gelir 307.66 TL da™* ve nispi kér oran1 ise 1.29 olarak tespit edilmistir.

Isletmeler ortalamasinda kekik verim 95.10 kg da™, iiriin satis fiyat1 15,71 TL kg™, iiretim degeri 1.494,02 TL
da, toplam iiretim masrafi 1.101,36 TL da?, kg basina maliyet 11.58 TL, briit gelir 882.74 TL da’, net gelir
392.66 TL da, nispi kar ise 1.36 olarak saptanmustir. Isletmeler geneli itibariyle nispi karlilik 1’in {izerinde
oldugundan kekik tiretimi karli bir faaliyet dali olarak belirtilebilir. Ancak diger gruplara nazaran iigiincii grup
isletmelerde nispi karlilik orant daha diisiik bulunmustur.

Ekonomik ve kirsal kalkinmada turizm etkili faktorlerden birisidir. Cografi isarete konu olan yerel tiriinler
bélgenin turizm potansiyelinin gelismesinde etkili olmaktadir. Ozellikle Fransa, Ispanya, Italya gibi iilkeler birgok
farkl iirlintin kiiltiirel turizm, kirsal turizm, gastronomi turizmi, eko turizm gibi faaliyetler ile tanitmalar1 ve bu
bolgelere turist gekerek yerel ekonomiye 6nemli katki saglamaktadir. (Kan ve ark., 2012). Benzer sekilde
Tiirkiye’de Isparta ilinde gergeklesen “Lavanta Kokulu K&y Projesi” ile tibbi ve aromatik bitki olan lavanta yore
icin kirsal turizm ve alternatif istihdam olanaklarinin saglandigi bir marka degeri olusturmustur (Bozok ve
Karaman, 2018). Denizli ili kekik ve kekik tirlinlerinde cografi isaret ve elinde bulundurdugu iiretim giicii dikkate
alindiginda benzer 6rneklerde oldugu gibi kirsal turizm ile marka degerlerinin olusturulabilecegi ekonomik
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avantajlara yon vermelidir. Buna ek olarak kekik bitkisinin tabiat olanaklar1 sayesinde yorede aricilik ve bal

iiretimi gibi ek gelir saglayan alternatif is kollarinin yaratilmasi 6nerilmektedir.

Kekik tiretiminde saglanacak iyi bir tarimsal organizasyon (6rgiitlenme) girdi maliyetlerinin diisiiriilmesini,
fiyat istikrarini, ireticiler igin giivenilir pazar kosullarinin olugsmasini ve yasanan sorunlarin hizli bir sekilde
¢ozlimlenmesini kolaylastiracaktir. Ayrica katilimer bir tarimsal 6rgiitlenme kekik ve kekik iiriinlerine katma deger
yaratmada, deger zinciri olusturmada, markalasmay1 ve kirsal turizm olanaklarmin giiglendirilmesinde olanak
saglayacaktir. Bununla birlikte arastirma alaninda kekik tiretiminden daha fazla verim ve gelir elde edilebilmesi
icin; kekik bitkisi 6zelinde tarimsal 6rgiitlenmelere 6nem verilmeli, alan bazli desteklerin birim fiyatlar1 glintimiiz
sartlarina uygun olarak belirlenmeli, dis ticareti 6zendirici, rekolteyi artirict ve kirsal kalkinma olanaklarin
giiclendirici proje, tesvik ve desteklere yer verilmelidir.

Etik Kurul Onay1

Bu calisma Canakkale Onsekiz Mart Universitesi Lisansiisti Egitim Enstitiisii Bilimsel Arastrma Etik
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Abstract

The silage corn (SC) production and yield per area in Turkey have increased over the last decade owing to their
high economic importance. The first objective of the current study was to determine the agronomic and nutritive
profiles of SC hybrids in the Central Anatolian region of Ankara, Turkey. The other objective was to determine
the relationship between silage maturity and corn heat unit (CHU) and growing degree day (GDD) ratings. The
current study was set up as a randomized complete block design with three replications. Certified seeds of five
dissimilar SC hybrids (cv PL 712, cv TORRO, cv CHAMP, cv MACHA, cv RANGER) (n=5) were established in
the field. SC hybrids showed variation among themselves. Differences were also detected in all parameters, except
dry matter (DM) content and crude protein (CP) yield. Cv “MACHA” had the highest nutritive profile [CP: 9.60%;
acid detergent fiber (ADF): 30.02%; neutral detergent fiber (NDF): 51.62%; acid detergent lignin (ADL): 3.72%;
total digestible nutrient (TDN): 62.60%; metabolic energy (ME): 2.34 Mcal kg* DM; net energy production (NEy):
1.50 Mcal kg™ DM]. One of the other hybrids, Cv “CHAMP” had the highest yield components [silage yield:
104.20 t hal; dry matter yield: 35.4 t hal; TDN vyield: 21.10 t ha'!; ME yield: 77880.00 Mcal ha; NE, yield:
49914.00 Mcal ha-']. There was a significant correlation between silage maturity and CHU and GDD ratings
[CHUseea (r = 0.84, P=0.001), CHUsii (r = 0.90, P<0.001), and GDD (r = 0.89, P<0.001). Based on these results,
it was determined that the low-CHU SC hybrid had higher yield values and nutrient profiles in Ankara. In addition
to this, SC hybrids; “cv CHAMP” and “cv MACHA” could be recommended for their agronomic profile, nutritive
profile, and yield components in the Central Anatolian regions, Ankara, Turkey.
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Oz

Tiirkiye'de silajlik misir (SM) {iretimi ve alan basina verim, ekonomik 6neminin fazlalig1 nedeniyle son on yilda
artmistir. Bu ¢alismanin ilk amaci, Tiirkiye-Ankara'da Orta Anadolu bélgesinde SM hibritlerinin agronomik ve
besleyici profilini belirlemektir. Calismanin diger amaci, silaj olgunlugu ile misir 1s1 birimi (CHU) ve yetistirme
derecesi giinleri (GDD) arasindaki iliskiyi gostermektir. Bu arastirma, tesadiif bloklar1 deneme desenine gore ii¢
tekrarlamali olarak kurulmustur. Sertifikali bes farkli SM hibriti (cv PL 712, cv TORRO, cv CHAMP, cv MACHA,
cv RANGER) (n=5) tarlaya kurulmustur. SM hibritleri kendi aralarinda farkliliklar géstermistir. Kuru madde (KM)
igerigi ve ham protein (HP) verimi harig¢ tiim parametrelerde de farkliliklar tespit edilmistir. Cv “MACHA” en
yiiksek besleyici profile sahip olmustur [HP: 9.60%; asit deterjan lifi (ADF): 30.02%; nétr deterjan lifi
(NDF): %51.62; asit deterjan lignin (ADL): 3.72%; toplam sindirilebilir besin (TSB): 62.60%; metabolik enerji
(ME): 2.34 Mcal kg'* KM; net enerji liretimi (NE,):1.50 Mcal kg* KM]. Diger hibritlerden biri olan, Cv “CHAMP”
ise en yiiksek verim bilesenlerine sahiptir [Silaj verimi: 104.20 t ha™*; KM verimi: 35.4 t ha'; TSB verimi: 21.10 t
ha'l; ME verimi: 77880.00 Mcal ha'; NE, verimi: 49914.00 Mcal ha?]. Silaj olgunlugu ile CHU ve GDD
dereceleri arasindaki iligski, 6nemli derecede korelasyon gostermistir [CHUseeq (r = 0.84, P= 0.001), CHUjsii (r =
0.90, P<0.001) ve GDD (r = 0.89, P<0.001)]. Yukaridaki sonuglara dayanarak, Ankara’da diisiik CHU degerlerine
sahip olan SM hibritlerinin daha yiiksek verim ve kaliteye sahip olduklar1 belirlendi. Buna ek olarak; Tiirkiye’nin
Orta Anadolu bolgesindeki Ankara’da agronomik profil, besleyici profil ve verim bilesenleri i¢in SM
hibritlerinden “cv CHAMP” ve “cv MACHA” 6nerilebilmektedir.

Anahtar Kelimeler: Agronomi, Olgunluk, Cesit segimi, Verim, Kalite
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1. Introduction

Quality forage deficits and their related costs are major problems for the livestock sector in Turkey. Production
of silage corn (SC) has the main role to close this deficit. Silage corn has also been used globally as ensiled forage,
particularly in Europe, the United States, China, Canada, and other developing countries. SC production in Turkey
increased by 74% between 2011 and 2021 (from 300.797 ha to 524.842 ha) (showing an increase of 300%, 156%,
63%, and 63% in Konya, Ankara, Aydin, and Balikesir, sequence), and with the greatest percentile in Turkey by
approximately 45% of the total forage crop production in 2021 (Anonymous, 2021). This increment in SC
production has been achieved through government support, which has exceeded 100% in the last ten years in
Turkey. Expanding SC production is due to its potential for high yield and digestibility compared to small grains
such as barley and oats (Baron et al., 2000). Owing to limiting digestible energy intake by beef and dairy cattle
production, SC gives an opportunity to increase meat and milk production (Guyader et al., 2018).

The current market shows the great diversity of SC hybrids, with specific characteristics to attempt regional
requirements, taking into account the environmental conditions (Zopollato and Sarturi, 2009). Also, the forage
yield and nutritive profile of SC are influenced by soil nutrients, plant species, genotype within species, and stage
of harvest. (Baron et al., 2012). Livestock producers expect higher productivity and higher dry matter content for
meeting their total mixed rations. Several researchers have documented that agronomic profile, nutritive profile,
and yield components were affected by SC hybrids (Singh et al., 2020; Gunes and Oner, 2019; lleri et al., 2018;
Ahmad et al., 2012). Cultivar selection based on weather conditions and growing period longevity is an important
application for achieving sustainable yields (lleri et al., 2018). SC growth pattern in Turkish prairies is known to
generally warm climatic conditions. Thus, SC has a high potential as the second crop under irrigated conditions of
dry environments with at least 3 months of extra growing period (lleri et al., 2018). SC growth parameters of the
cultivars are influenced by weather conditions and growing period longevity. These changes lead to changes in
plant length, stem strength, leaf size, cob size, seed count, and storage of compounds in the plant nutrient
composition of silages (Mahanna, 2010a, b).

Evaluating the economical production of the SC depends on silage dry matter (DM) yield and nutritive profile.
Silage maturity and yield are correlated positively with Corn Heat Unit (CHU) accumulation. Therefore, cultivar
maturity affects nutritive profile (Lardner et al., 2017; Guyader et al., 2018). CHU system proposed by Brown
(1963) is used as a way to categorize SC hybrids for maturity. The CHU system determines regions with suitable
air temperatures for SC production, and within regions of adaptation, it is used by farmers to select hybrids based
on their maturity rating. The CHU system uses a growing-degree-day algorithm, in which daily air temperatures
are accumulated over the growing season (Major et al., 2021). Many corn cultivars require 2000 or more CHU to
reach the silage harvest stage (Abeysekara et al., 2013). Additionally, western Canada require > 2300 CHU for
ensiling corn (Lardner et al., 2017). SC’s agronomic and nutritive profile of SC with CHU’s correlated relationship
needs to be better understood in one of the Central Anatolian Prairies, Ankara. Therefore, the first objective of this
study was to determine the agronomic and nutritive profiles of SC hybrids. The second objective was to identify
the relationship between silage maturity and CHU and GDD ratings.

2. Materials and Methods
2.1. Experimental Design and Agronomic Practices

The experimental area was established at Ankara University, Faculty of Agriculture, Field Crops Department.
Ankara Province has a temperate, dry, and hot summer climate (Csa), according to the updated K&ppen-Geiger
climate classification (Rahimi et al., 2020) (Table 1). The soil in the experimental area is clay-sandy with 8.02 pH.
The organic matter content was low, particularly in the layers below the given depth. The samples were rich in
potassium (582 ppm), medium in phosphorus (13.28 ppm), and low in nitrogen (0.074%).

SC hybrids were planted using 65000 seeds ha2; with row spacing of 70 cm; mean plot size of 10.5 m? keeping a
distance of 1m gap among three replications in a randomized complete block design. Certified seeds of 5 SC hybrids
(cvPL 712, cv TORRO, cv CHAMP, cv MACHA, cv RANGER) (n=5) were established in the experimental area. All
SC hybrids were planted on May 23, 2022 and harvested between 16-21 September, 2022. The harvest decision was
made according to the level of achieving milk stage. The cobs in the plots that were in between 1/3 to 2/3 milk stage,
were considered mature for silage (Bal et al., 1997, Johnson et al., 2002). Phosphorus (in the form of 46% di-
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ammonium phosphate) (80 kg ha) and nitrogen (in the form of 18% ammonium sulfate) (200 kg ha™*) were applied
to the soil with planting, except nitrogen. Nitrogen was divided into two parts, half of it applied during the planting and
second part was applied when the plants reached up to 40-50 cm length. Weeding was picked out mechanically when
the plants were at 30-40 cm length. Silking date (days), cobs’ emergence (days), silage maturity (days), plant length
(cm), were measured for obtaining agronomic profile. Plant length was measured for ten corn plants, and followed by
taking an average for each plot. Upon harvesting, all plants per replicate were weighed to determine silage yield on as
hectare basis (t ha*). The dry matter yield (t ha'*) was recorded for all respective plot by multiplying the dry matter (%)
and silage yield.

Table 1. Location, soil description, and climatic information of Ankara in 2022 (Anonymous, 2022)

. . . Mean Precipitation Acc. GDD
Latidute Longitude Elevation (m) Texture AT ) i) 4CHU
Clay 22.90 184.70* 3150.23 2108.55

390°97"N  32°86'E 891
sandy

Acc. dCHU: Accumulated daily CHU, GDD: Growing degree days, * May- end of the September total rainfall

The CHU accumulated between seeding and harvesting was calculated for Ankara province. Also, CHU between
seedling to harvest (CHUseeq), Silking to harvest (CHUsii) and growing degree days (GDD) were calculated for each
plant as the sum of daily CHU, as provided by the Turkish State Meteorological Service. Corn heat unit (CHU) were
calculated on a daily basis, using the maximum (Tma) and minimum (Twmin) daily air temperatures, measured from
midnight to midnight, in °C. The following equation was used to calculate daily CHU, also it is presented below;

Yinax = [3.33 % (Tmax-10)] - [0.084 X (Tmax-10)2] (if Yimax< 0, 6t Yomax = 0) (Eq.2).
Ymin = [18 X (Tmin - 44)] (lf Ymin <0, Set Yma)( = 0) (Eqs)

Growing degree days (GDD) are calculated using the following equation below;

GDD = [(Tmax, °C + Trin, °C) /2 — 5] (Eq.4).

For each SC hybrid, CHUseeq, CHUsiik, GDD values, and important dates are presented in Table 2.

Table 2. Selected corn hybrids with corn heat unit (CHU) and growing degree days (GDD) ratings for Ankara

Silage Sowing Seedling Silking CHUseed CHUsik GDD FAO
Corn date emergence date Maturity
Hybrids Groups
PL 712 May 23 May 31 July 31 2969 1315 1972 700-712
TORRO May 23 June 1 August 1 2875 1209 1910 680
CHAMP  May 23 June 1 August 3 2798 1072 1879 700
MACHA  May 23 June 1 July 30 2855 1280 1917 550-580
RANGER May 23 June 1 July 29 2937 1371 1969 600

2.2. Sampling and Nutritive Profile Analysis

A total of 500 g representative samples were retained to determine the DM content and nutritive profiles for
all plots. The samples were dried at 70 °C for 48 h. Dried samples were ground to pass through a 1-mm screen in
a mill. All collected samples were analyzed for DM, CP, ADF, NDF, ADL, and TDN. DM was analyzed from the
collected sample (10 g) (135 °C for 2 hours) (AOAC, 2005a). Nitrogen was analyzed by traditional Kjeldahl acid
digestion, converting nitrogenous compounds to ammonia, which was distilled and titrated (AOAC, 2005b), and
CP was calculated as N x 6.25. ADF and NDF were determined by a sequential procedure (Van Soest et al., 1991)
with an ANKOM200 Fiber Analyzer (Ankom Technology Corp, Macedon, NY, USA) after pre-treatment with
sodium sulfite and a-amylase, and expressed inclusive of residual ash. ADL was analyzed using ADF residues
with the direct sulfuric acid (72%) method (Robertson et al., 1981). TDN was calculated by Horrocks and
Valentine (1999) [(TDN = (-1.291 x ADF %) + 101.35)]. The estimated energy values are ME and NE,, which
were calculated following NRC (1989). After determining DM, CP, TDN, ME, and NE,, the yield values of these
parameters were converted on a hectare basis (t ha) after multiplying the dry matter yield.
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2.3. Statistical Analysis

The data obtained from the measurements and observations were subjected to analysis of variance according to
randomized complete block design (5% significance level) with three replications using “JMP” v.13 computer software
(SAS, 2017). For each hybrid, agronomic profile (the silking date, cobs’ emergence, silage maturity, plant length),
nutritive profiles (DM, CP, ADF, NDF, TDN, ME, and NE), yield components (silage yield, dry matter yield, CP yield,
TDN yield, ME yield, and NE, yield), CHU ratings and GDD were analyzed from each plot. Data for DM, CP, ADF,
NDF, ADL, and TDN were arcsine transformed before statistical analysis to stabilize variances and normalize
proportional data. Probabilities equal to or less than 0.05 were considered significant (" P<0.05, ™ P<0.01). If ANOVA
indicated differences between treatment means, a LSD test was performed to separate them. Correlations ( r) between
agronomic profile, nutritive profile, yield components, and CHU ratings, GDD were determined for all SC hybrids
(data not shown). Examining the relationship between CHU’s, GDD and silage maturity, nutritive profile; correlation
(r) and regression ( r?) were performed with “JMP” v.13 (SAS, 2017). The dependent variables of the observation
were CHUgeed, CHUsiik, and GDD.

3. Results and Discussion
3.1 Agronomic Profile

The effects of the SC hybrids on agronomic profile; silking date, cobs’ emergence, silage maturity, and plant
length are presented in Table 3, and differences (P<0.01) were detected in all agronomic traits, excluding cobs’
emergence (P<0.05), in accordance with one-way ANOVA. “CHAMP” matured early for silage (109.00 days) in
comparison with other hybrids. It also had the highest plant length (348.40 cm), latest silking date (72.67 days),
and cobs’ emergence (73.67 days). Silage maturity of “CHAMP” were 3% lower than the mean silage maturity
value. The earliest silking date (67.33 days) and cobs’ emergence (71.00 days) were observed in “RANGER.” This
hybrid also matured late for silage (115.67 days) compared to the other hybrids. The plant length of these hybrids
were lined as “CHAMP” (348.40 cm), “MACHA” (330.10 cm), “PL 712” (306.71 cm), “RANGER” (298.35 cm),
and “TORRO” (277.31 cm), respectively (Table 3).

Table 3. Agronomic and Nutritive Profile of SC hybrids

SC Hybrids
“PL 712” “TORRO” “CHAMP” “MACHA” “RANGER” Mean SE

Agronomic Profile

Silking date (day)™ 69.00bc 70.00b 72.67a 67.67c 67.33c 69.33 0.54
Cobs’ emergence (day)” 72.67ab 71.67ab 73.67a 72.00ab 71.00b 72.20 0.30
Silage maturity (day)™  114.67a 111.33ab 109.00b 111.33ab 115.67a 112.40 0.75
Plant length (cm)™ 306.71bc  277.31c 348.40a 330.10ab 298.35bc 312.18 7.18
Nutritive profile

DM % (ns) 29.00 30.00 34.00 34.00 31.00 31.6 0.01
CP (% DM)™ 6.40d 7.32c 7.52c 9.60a 8.45b 7.86 0.30
ADF (% DM)™ 36.95a 37.09a 32.38b 30.02b 31.18b 33.52 0.88
NDF (% DM)™ 59.32a 57.73ab 56.59abc 51.62c 52.99bc 55.65 0.92
ADL (% DM)” 4.67a 4.46ab 3.91bc 3.72¢ 4.03bc 4.16 0.11
TDN (% DM)™ 53.65b 53.46b 59.55a 62.60a 61.10a 58.07 1.14
ME (Mcal kg DM)™ 1.94b 1.93b 2.20a 2.34a 2.27a 2.14 0.05
NE, (Mcal kgt DM)*  1.24b 1.23b 1.41a 1.50a 1.45a 1.37 0.28
Yield

Silage yield (t hat)™ 89.60a 81.20a 104.20a 96.10a 87.00a 91.60 2.51
Dry matter yield (t ha?)" 26.20bc 24.20c 35.40a 31.80ab 26.70bc 28.80 1.43
CP yield (t hal) (ns) 1.90 2.00 2.80 2.90 2.40 2.40 0.15
TDN vyield (t ha)” 14.00b 12.90b 21.10a 19.80a 16.20ab 16.80 1.01

ME yield (Mcal hal)” 50828.00b 46706.00b  77880.00a  74412.00a  60382.00ab  62041.60 4118.30
NE; yield (Mcal ha')" 32488.00b  29766.00b  49914.00a  47700.00a  38715.00ab  39716.60 2590.63

Values within rows with different letters are significantly different (* P<0.05; ** P<0.01; ns: non-significant, SE: standart error).

397



Ozkan
Observance of Agronomic and Nutritive Profile of Some Silage Corn Hybrids in Central Anatolian Region of Turkey

The variation in the agronomic profile of SC hybrids affected silage yield and nutritional value of silages (Jiang
et al., 2022). The silking dates of SC hybrids ranged as 67.33 cm to 72.67 c¢cm in the current study; showed lower
variation and early silking, compared to the findings of Bulut (2016), Kir and Yavuz (2019). Cobs’ emergence
ranged from 71.00-73.67 days among the SC hybrids. Similar to silking date, cobs’ emergence in the current study
showed earliness over the findings of Bulut (2016), and Kir and Yavuz (2019). Although “CHAMP” had the latest
silking date and cobs’ emergence, it matured earlier for silage in comparison to other hybrids. All SC hybrids in
the current study matured earlier than the maturity values findings of Bulut (2016), and Kir and Yavuz (2019).
Corn plant length is a very important parameter for biomass yield and nutritional quality of silages. It also reflects
crop growth attained during the growing period (Jiang et al., 2022). The plant length of SC hybrids ranged 277.31-
348.40 cm. These findings in the current study were higher compared to the findings of Jiang et al. (2022), Singh
et al. (2020), Kir and Yavuz (2019), lleri et al. (2018), Bulut (2016). The variation observed in agronomic profile
among the SC hybrids could be related to differences in genetic makeup such as days to germination, nitrogen
uptake capacity, adaptation to a certain soil and sowing temperature, and maturity period of these SC hybrids
(Jiang et al., 2022). “CHAMP”, which was an early-maturing hybrid (109.00 days), reached a higher plant length
compared to those having late maturity like “PL 712” and “TORRO”, which had the earliest silking and cobs’
emergence respectively in the current study. The plant lengths of “PL 712” and “TORRO” also were below the
mean plant length.

3.2 Nutritive profile

The effect of the SC hybrids on nutritive profile; DM, CP, ADF, NDF, ADL, TDN, ME, and NE values are
presented in Table 3. In accordance with one-way ANOVA, differences (P<0.01) were detected in all nutritive
profile, excluding DM (ns). “MACHA” had the best nutritive profile values with DM (34%), CP (9.60%), ADF
(30.02%), NDF (51.62%), ADL (3.72%), TDN (62.60%), ME (2.34 Mcal kg* DM), NE, (1.50 Mcal kg™ DM).
The lowest DM (29%), CP (6.40%) and TDN (53.46%), ME (1.93 Mcal kg™ DM), NE, (1.23 Mcal kg* DM)
values were determined in “PL 712” and “TORRO?”, in the same vein (Table 3, Figure 1). Also, the highest NDF
(59.32%) and ADF (37.09%) values were observed again in “PL 712 and “TORRO”, respectively (Table 3). The
nutritive profile of “MACHA” was greater than the mean nutritive profile values, especially 18% more CP, 11%
ADL and 10% ADF.
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Figure 1. Nutritive profile of SC hybrids (1: “PL 712”; 2: “TORRO”; 3: “CHAMP”; 4: “MACHA”; 5:
“RANGER”)

Harvesting the crop at optimum DM content optimizes silage quality (Guyader et al., 2018) and increases the
uptake availability of dry matter for ruminant animals. Bal et al. (2000), lleri et al. (2018), Singh et al. (2020) have
noted that DM content of silage corn 32.00- 40.00%, 20.57- 23.35%, 24.77- 27.57%, respectively. Wet silage
material (<28% DM) lead to seepage from the silo and decrease the DM intake of ruminants, just like dry silage
material (>40% DM) is difficult in making the packets which are hard to ferment in the silo (Allen et al., 2003;
Mahanna, 2017). All SC hybrids had more than 30% DM content, excluding “PL 712”, which was a late-maturing
hybrid. In the current study, the mean CP content (7.86%) was greater compared to the findings of lleri et al. (2018)
(6.91%). On the other hand, the mean CP content of the SC hybrids was lower compared to the findings of Jiang
et al. (2022) (8.06%), and Singh et al. (2020) (9.65%). Two of the SC hybrids — “MACHA” (9.60%) and
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“RANGER?” (8.45%), was higher than the mean CP content in the current study. In agreement with current study’s
findings (6.4-9.6%), previous studies have reported different CP contents ranging 6.4 - 8.0% among different corn
genotypes (Guyader et al., 2018; Loucka et al., 2018; Kung et al., 2015; Opsi et al., 2013).

Digestibility is defined as the percentage of silage that is absorbed in the animal digestive tract (Barricre et al.,
2003). Additionally; ADF, NDF, and ADL which are related to cell wall composition show a significant correlation
with whole plant and cell wall digestibility (Truntzler et al., 2010). The CHU ratings and digestibility parameters
of nutritive profile’s relationship did not show significant differences. Just ADL content had a very weak
correlation with CHUgeeq (r = 0.37, P = 0.16). The mean ADF and NDF concentration was 33.52% and 55.65% in
the current study. ADF and NDF concentrations of “MACHA” (30.02%) (51.62%), “RANGER” (31.18%)
(52.99%), “CHAMP” (32.38%) (56.59%) were lower than the mean ADF and NDF. It is determined that
“MACHA” is more digestible SC hybrid in comparison with other hybrids. ADF and NDF values obtained by Kir
(2020) and lleri et al. (2018) were as 24.26%, 49.78% and 22.23%, 39.20%, in the same vein. NDF values of
Guyader et al. (2018) (53.00%), Opsi et al. (2013) (44.4-46.8%), Schwab et al. (2003) (45.00%) were much lower
than current study which means their hybrids are more digestible. Khan et al. (2011) stated that ADF, NDF, and
ADL values as 37.73-39.70%, 66.60-71.40%, and 3.0-5.45% according to different cutting stages, which are less
digestible values compared to the current study’s hybrids. TDN defines the available nutrients for livestock and
the energy content of forages (Sayar et al., 2014; Posada et al., 2012); therefore, the highest TDN (62.60%), the
highest estimated energy values with ME of 2.34 Mcal kg* DM, and NE, of 1.50 Mcal kg™ DM observed in
“MACHA”. In agreement with the current study, similar results were noted by Hundal et al. (2019), Sayar et al.
(2014), Khan et al. (2011) for TDN and estimated energy values. TDN values of 57.2-62.6% were noted in 18
binary legume-grass mixtures by Bélanger et al. (2017) in agreement with the current study with mean value of
58.07%.

3.3 Yield Components

The effect of SC hybrids on yield components; silage yield, dry matter yield, CP yield, TDN yield, ME yield
and NE; yield values are presented in Table 3. In accordance with one-way ANOVA, differences (P<0.01) were
detected in all yield components, excluding CP yield (ns). “CHAMP” had maximum silage yield (104.20 t ha®),
dry matter yield (35.40 t ha*), TDN yield (21.10 t ha'l), ME yield (77880.00 Mcal ha'!) and NE, yield (49914.00
Mcal ha't). The lowest silage yield (81.20 t ha'), dry matter yield (24.20 t ha), TDN yield (12.90 t ha'), ME yield
(46706.00 Mcal ha) and NE, yield (29766.00 Mcal ha) was noted in “TORRO” (Table 3, Figure 2). The highest
CP yield (2.90 t ha) was documented in “MACHA” (Table 3). All yield components of “CHAMP” were at least
12% higher than the mean yield values, especially in TDN yield (20%), dry matter yield (18%).
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Figure 2. Yield components of SC hybrids (1: “PL 7127; 2: “TORRO”; 3: “CHAMP”; 4: “MACHA”; 5:
“RANGER”)

The mean of silage yield, dry matter yield, CP yield, and TDN yield was 91.60 t ha*, 28.80 t ha', 2.40 t ha,
and 16.80 t ha in the current study. “CHAMP” and “MACHA” that became early-matured hybrids were higher
than the mean yield components. Silage yield values obtained by Kir (2020) (67.10 t ha™), lleri et al. (2018) (77.00
t ha'?), Malasli et al. (2017) (42.00-52.00 t ha?), and Carpici et al. (2010) (18.70 t ha*) were lower compared to
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the current study. Similarly, Kir (2020) and Malasli et al. (2017) also determined that dry matter yield was 26.20
t hal and 12.10 t ha''. Different morphological and physiological traits of the SC hybrids may result in different
yields of silage and dry matter. These differences arose from the hybrids’ genetic structure. These traits also
affected the plant length and dry matter content of the SC hybrids. Due to its highest CP contents (9.6%), “MACHA”
was the hybrid that had the highest CP yield (2.90 t ha%). Kir (2020) and Carpici et al. (2010) indicated CP yield
in Kirsehir (2.10-2.30 t ha) and Bursa (0.90-1.50 t ha') conditions. Mean CP yield in the current study was higher
(2.40 t ha't) compared to these studies. The mean TDN vyield was 16.80 t ha™. “CHAMP” (21.10 t hal) and
“MACHA” (19.80 t hal) were higher than mean TDN yield. Agnew et al. (2022), Song et al. (2021), Kim et al.
(2018) indicated that TDN yield was 10.00 t ha* for sole corn, 10.40 t ha* for corn + lablab (cv. “Rangai”), 9.80 t
ha* for corn + soybean intercropping. Burken et al. (2017)’s TDN yield (17.90 t ha') had a similar trend with the
current study. TDN vyield differences between these studies in the current study could have arisen from DM content
and silage yield. Lardner et al. (2017) has mentioned that ME yield of silage corn was 31126.00 Mcal ha* which
had lower ME yield compared to the current study.

3.4 Corn Growing Environment and Influence on Maturity

The range of the hybrids CHUg.d, CHUsii, and GDD in the current study are presented in Table 2. The
differences were detected in CHUgeeq, CHUsii, and GDD (P<0.001) by SC hybrids in accordance with one-way
ANOVA. CHUseeq, CHUsiik, and GDD values of SC hybrids varied from 2798 to 2969, 1072 to 1315, and 1879 to
1972, in the same order (Table 2, Figure 4). Silage maturity had a positive strong correlation with CHUgeeq (r =
0.84, p = 0.001), CHUjs;ji (r = 0.90, P<0.001), and GDD (r = 0.89, P<0.001) (data now shown). Silage maturity
was reasonably predictable from CHUseed, CHUsii, and GDD measured. Their expression of regressions and their
Rsquare values of silage maturity by CHUxeeq (r? = 0.70), CHUsii (r? = 0.81), and GDD (r? = 0.79) are presented
in Figure 3.

120 120 120
118 . 118 . 118 .
116 116 116 .

114 . 114 114 .

12 0 112 12

Silage maturity
Silage maturity

Silage maturity
-

104 e . 110 . . 110
I #=0.70 . . =081
108 . 108 o . 108
SM=9.923 +0.0356*CHUseed SM =83.73 +0.023*CHUsilk
106 106 106
2800 850 2900 2950 3000 1000 1050 1100 1150 1200 1250 1300 1350 1400 1450 1850 1900 1950 2000
CHU seed to harvest CHU silk to harvest GOD

=079
SM=-9.86+0.063*GDD

Figure 3. Expression of regression between CHUseed, CHUSsilk, GDD and silage maturity

The range of the hybrids' CHU ratings (CHUseed, CHUsii) and GDD ratings showed narrow variation (Table
2). Successful growth of SC hybrids depends on the availability of CHU, and SC is considered more suitable to
the areas with a minimum of 2000-2100 CHU’s, in the western Canada that require > 2300 CHU’s for ensiling
corn (Lardner et al., 2017; McCartney et al., 2009). Guyader et al. (2018) detected a significant weak correlation
(r = 0.42) between yield and CHU ratings (2000-2600). They also indicated that late-maturing hybrids had higher
biomass yield. But, these hybrids had less than desired DM content (< 30%). Lardner et al. (2017) noted a non-
significant weak correlation between DM content (P>0.05) and forage yield to CHU’s (r = 0.31, P = 0.06)
respectively, which had similar trend with the current study. A significant correlation between yield and nutritive
profile to CHU and GDD ratings was not detected in the current study. But, the SC hybrids used in the current
study had higher CHU ratings compared to Guyader et al. (2018). Additionally, the SC hybrids had more than
desired DM content (> 30%), excluding “P1 712”.
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Figure 4. CHU and GDD ratings of SC hybrids (1: “PL 712”; 2: “TORRO”; 3: “CHAMP”; 4: “MACHA”; 5:
“RANGER”)

4. Conclusion

Based on the above results, “CHAMP” and “MACHA” could be recommended for their agronomic profile,
nutritive profile, and yield components. “MACHA” had more quality and digestible forage, and “CHAMP” had
more Yyield potential, which is very near to the nutritive profile of “MACHA”. “CHAMP”, and “MACHA” had
more adaptation capability to the Central Anatolian region among all hybrids used in the current study. These
hybrids had very few differences in yield components and nutritive profiles. Although there was a relationship
between silage maturity with CHU and GDD ratings, the CHU rating system used for selecting SC hybrids might
be challenging due to the annual variation of climatic conditions. The current study showed that low CHU SC
hybrid had higher yield values and nutritive profile. In the Central Anatolian region like Ankara, early-maturing
SC hybrids (as much as 2850 CHUseeq) Would be ideal due to their optimum DM content for ensilaging and their
desired yield levels and nutritive profiles.
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Driving Factors for Agricultural Graduates’ Involvement in Agribusiness Enterprise in
Nigeria
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Abstract

Eradicating the high level of youth unemployment remains a global challenge, especially in sub-Saharan Africa.
Youth involvement in agriculture, which could have lower unemployment, is low. Despite a high volume of
literature on youth involvement in agriculture, agricultural graduates have received little research attention.
Therefore, this study assessed agricultural graduate involvement in agribusiness enterprises to fill the research gap.
Data were collected from 200 agricultural graduates who were randomly selected. Descriptive statistics and logistic
regression were methods of data analysis. The results revealed that, unlike other youths, agricultural graduates had
a positive opinion about agriculture. Although about half were involved in agribusiness, almost all of them were
willing to engage in it if supplied with production resources, especially land and capital for start-ups. Family land,
access to credit, perceived benefits, attitudes, location, and gender significantly influenced agricultural graduates’
participation in agribusiness. To be self-employed and an employer, to be financially independent, to be food
secure, due to access to land, due to access to credit, parental influence, satisfaction, and personal growth, and to
continue the family business were the reasons why agricultural graduates became involved in agribusiness
enterprises. On the other hand, lack of capital, lack of access to land, the risk involved in agriculture, poor
agricultural pricing, poor agricultural support from the government, seeking a white-collar job, and peer influence
were reasons why some agricultural graduates were not involved in agribusiness. Hence, agricultural graduates
should be encouraged and supported with resources, especially arable land, and capital, by the government,
development agencies, and financial institutions to ensure effective participation in agribusiness.
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1. Introduction

Unemployment among the youth, which is a key driver of poverty, remains a serious global phenomenon
and a concern to world leaders, researchers, and policymakers, which makes it the eighth Sustainable Development
Goal. Globally, there is a 13% youth unemployment rate, 40% in sub-Saharan Africa (SSA) (ILO, 2020), and 42.5%
in Nigeria (National Bureau of Statistics, 2022). Nigerian youths’ unemployment rate remains a major social,
economic, and political barrier in the country (Fasakin et al., 2022). Further escalation of the present
unemployment rate in Nigeria and other SSA nations among youths will have detrimental effects such as migration
of youths from one economy to another, as it is currently seen where youths are leaving less developed or
developing countries for developed nations, which could consequently create an economic crisis in such developed
countries. It could also increase brain drain in an economy, increase crime and violence, increase income
inequalities, and increase rural-to-urban migration (Mulema et al., 2021).

Eradicating or at least reducing unemployment requires youths to engage in entrepreneurial activities as the
government cannot provide jobs for every citizen, especially in developing countries. Because of the abundance
of arable land in Africa, agribusiness is an important agricultural entrepreneurship activity (agripreneurship). To
boost agricultural output and sustainable food production, students at the primary and secondary school level were
taught agriculture in most African countries, and some studied it at the higher institution level. Graduates of
agriculture are trained professionals in their different areas who are also expected to be entrepreneurs given their
training backgrounds in livestock farming, crop production, agricultural and food processing, and marketing,
creating jobs and employing workers. Thus, agricultural graduates’ engagement in agribusiness will not only serve
as a means of self-employment but also as a means of providing jobs for other youth globally, especially in SSA.
Youths’ involvement in agricultural activities will play a critical role in food availability, employment, and poverty
reduction (Fasakin et al., 2022; Mukaila, 2022).

Agriculture remains the mainstay of the economies of most developing countries in the world, Nigeria
included. It provides employment and means of livelihood for the majority of the people living in the rural and
urban areas of these countries (Liu et al., 2020; Mukasa et al., 2017) and attracts private investors (Geza et al.,
2021), which consequently enables the achievement of economic goals (Magagula and Tsvakirai, 2020). Therefore,
agriculture is a critical pathway to empowering youths as it provides them with several opportunities to create jobs
(Akrong and Kotu, 2022; Mulema et al., 2021) and reduce poverty among them (Osabohien et al., 2021).

Despite its numerous benefits, youth are disinterested in agriculture, as they see it as a poor man's business
with low profits (Afande et al., 2015; Daum and Regina, 2017; Magagula and Tsvakirai, 2020; Mulema et al.,
2021; Yami et al., 2019). Meanwhile, these are the views of most young people who did not study agriculturally
related courses. The agricultural graduate could have a different opinion on agriculture than other youth. Although
a graduate of agriculture can be an employee of the government, there are business opportunities for him or her to
explore agriculture based on the training, and they are likely to see agriculture as a business—agribusiness. Thus,
agricultural graduates have critical roles to play in the agricultural sector globally. In Nigeria, they are needed to
boost agricultural outputs and restore Nigeria's glory as a food-self-sufficient nation.

Several studies (Adeyanju et al., 2021; Afande et al., 2015; Akrong &and Kotu, 2022; Ibrahim et al., 2021;
Mabe et al., 2021; Magagula and Tsvakirai, 2020; Maritim, 2020; Mukaila, 2022; Mulema et al., 2021; Ng'atigwa
et al., 2020; Ogunmodede et al., 2020; Osabohien et al., 2021; Twumasi et al., 2019; Udemezue, 2019; Yami et
al., 2019; Yusoff et al., 2016) have been conducted on youth engagement in agricultural participation; yet, little is
known about agricultural graduates’ participation in agribusiness, especially in Nigeria, creating a research gap in
the literature on youth involvement in agriculture.

Thus, this study contributes to the literature by (i) assessing agricultural graduates’ opinions on agriculture;
(if) examining their level of involvement in agribusiness; (iii) investigating the driving factors of agricultural
graduates’ involvement in agribusiness; (iv) evaluating the reasons agricultural graduates participate in
agribusiness enterprises; and (v) evaluating agricultural graduates’ reasons for not participating in agribusiness
enterprises. The results of this study would serve as a policy reference point for enhancing food production and
eradicating unemployment through agricultural graduates’ participation in agribusiness. This would consequently
result in agricultural transformation and economic growth.
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2. Materials and Methods
2.1. Study area and data collection

This study was conducted in Enugu State, located in Southeastern Nigeria. The state hosts the University of
Nigeria, a first-generation university established in 1960 with the Faculty of Agriculture as a pioneer faculty.

The study adopted a survey design method, using a multi-stage sampling procedure. The first stage involved
choosing three distinct locations: a university (University of Nigeria, Nsukka), a government secretariat (Nsukka local
government area secretariat), and ten autonomous communities within Enugu state (Lejja, Opi, Nru, Orba, Nguru,
Ibagwa, Igho Eze, Ogwogo Nike, Abakpa Nike, and Emene Nike). The University of Nigeria and the Nsukka local
government area secretariat were purposefully selected due to the availability of a large population of agricultural
graduates in the locations. However, the ten communities were randomly selected. In stage two, ten agricultural
graduates were randomly selected from each of the ten communities and Nsukka LGA secretariat, and ninety were
randomly selected from the University of Nigeria. In all, a total of 200 respondents were used for the study.

From November to December 2022, data were primarily collected using a pre-tested structured questionnaire. The
questionnaire contains information on the socio-economic characteristics of agricultural graduates, information on their
involvement in agribusiness, their willingness or non-willingness to venture into the agricultural enterprise(s), their
opinions about agriculture, and their reasons for involvement or non-involvement in agriculture.

2.2. Data analyses
Data were analysed using descriptive statistics, and logistic regression.

Descriptive statistics such as percentages, frequency, mean, and distribution tables were used to describe the
socioeconomic characteristics of agricultural graduates and to assess agricultural graduates' involvement in
agribusiness.

A four-point Likert scale was used to assess agricultural graduates’ opinions on agriculture, evaluate the
reasons agricultural graduates participate in agribusiness enterprises, and evaluate agricultural graduates’ reasons
for not participating in agribusiness enterprises. The four-point scale of 1-4 was assigned as follows: strongly agree
as 4 points, followed by agree as 3 points, then disagree as 2 points, and strongly disagree as 1 point. To arrive at
the decision rule, the average weight was calculated with the four-point scale as (4 + 3 + 2 + 1)/4 = 2.50. Hence,
the benchmark for the Likert mean score was established at 2.50. The established value was used to decide if the
responses given by agricultural graduates were accepted or rejected. Therefore, based on the above criteria, any
response with a score of 2.50 and above was regarded as accepted or a main reason and any that fell from 2.49
downward were regarded as rejected or not a main reason, as the case may be.

Involvement in agribusiness is a dummy outcome, whether an agricultural graduate participates in agribusiness
or not. Thus, logistic regression was used to investigate the driving factors of agricultural graduate involvement in
agribusiness, as it can perfectly estimate the drivers of a dummy outcome. This has been widely employed by
researchers (e.g., Akrong and Kotu, 2022; Cheteni, 2016; Ogunmodede et al., 2020) to investigate drivers of
participation in agriculture. It is explicitly represented as:

Y = By + B1FL + B2A + B3YG + BLAC + BsPI + B¢PB + B,Ed + BgAt + BoG + B1oL + € (Eq. 1)

Where,

Y is the probability of an agricultural graduate's involvement in agribusiness (1 = involved, 0 = not involved)
FL is family land (1 = yes, 0 = no),

A is age (years),

YG is years after graduation,

AC is access to credit (1 = yes, 0 = no),

Pl is parents' influence (1 = positive, 0 = negative),

PB is perceived benefit (4 = high, 3 = medium, 2 = low, 1 = non),
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Ed is education level (5 = PhD, 4 = MSc, 3 = BSc, 2 = Higher National Diploma, 1 = Ordinary National
Diploma),

At is attitudes (1 = positive, 0 = negative),

G is gender (1 = male, 0 = female),

L is the location (1 = rural, 0 = urban),

B, is constant or intercept, B, to 3, are the coefficients, and e is the error term.

Following logistic regression estimation, we calculated the marginal effects of the explanatory variables to
provide an easy and comprehensive interpretation of the coefficient and to demonstrate its predictive power.

3. Results and discussion
3.1 Socioeconomic characteristics of the agricultural graduates

Table 1 presents the socioeconomic characteristics of agricultural graduates. The proportion of male
agricultural graduates was slightly higher than their female counterparts. This indicates that both males and females
studied agriculturally related courses; however, males were more than females. The majority of agricultural
graduates were between the ages of twenty-six and thirty, followed by those between the ages of thirty-one and
thirty-five, and those between the ages of twenty and twenty-five. Their average age was 27.5 years. This indicates

Table 1. Socio-economic profile of the agricultural graduates

Variables Categories Frequency Percentage
Gender Male 117 58.5
Female 83 41.5
Age 20-25 33 16.5
Mean = 28.4 26 - 30 96 48
31-35 71 35.5
Education Level OND 14 7
HND 34 17
B.SC 107 53.5
M.SC 42 21
PhD 3 15
Marital status single 121 60.5
Married 79 39.5
Membership in social Yes 111 55.5
organization No 89 44.5
Occupation Crop farming 65 32.5
Livestock farming 17 8.5
Business 2 1
Salary earner 99 49.5
Avrtisan 2 1
Agricultural processing/marketing 15 7.5
Years of experience 1-5 139 69.5
Mean = 4.53 6-10 61 30.5
Access to credit Yes 82 41.0
No 118 59.0
Access to agricultural Yes 67 335
extension No 133 66.5
Parents/Relatives’ opinion  Positive 100 100
about agriculture Negative 0 0
Access to family land Yes 69 34.5
No 131 65.5
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that the respondents were youths who were energetic, adequately mature, and emotionally stable enough to partake
in agriculture. The larger proportion of the agricultural graduates had a Bachelor of Science degree. This was
followed by the Higher National Diploma, a Master of Science degree, the Ordinary National Diploma, and a
Doctor of Philosophy. Thus, the respondents were well-trained professionals in agriculture. The larger proportion
of the respondents was single, while the smaller proportion was married.

Over half of the graduates belong to a societal organization, while 44.5% do not belong to any organisation. A
social organisation such as a cooperative society motivates members to save which consequently helps them to
achieve beneficial and favourable outcomes in their farming business (Akanbi et al., 2022; Mukaila et al., 2022).
About half of the agricultural graduates were salary earners working in the Ministry of Agriculture, universities,
and the private sector. About 33% of the agricultural graduates were in crop production. This was followed by
livestock production, agricultural processing and marketing, business, and artisanship. The male agricultural
graduates were mainly involved in crop farming, while the females were involved in agricultural processing and
marketing. This is an indication that young females prefer off-farm agribusiness activities to on-farm activities.
The opposite is true for male agricultural graduates. This could be related to the higher energy demand of on-farm
agricultural activities than off-farm activities, and males possess the required energy for on-farm farming activities,
ceteris paribus. The majority of the respondents had less than six years of working experience, with an average of
4.53 years. A larger proportion of agricultural graduates did not have access to credit facilities, which could
influence their decision to participate in agricultural enterprises. In the same vein, access to agricultural extension
was low. This could inhibit their participation in agriculture, as agricultural extension could assist them in getting
land for farming and further train them (Falola et al., 2022a). The parents and relatives of the agricultural graduate
had positive opinions about agriculture; thus, there are no family hindrances to their participation in agriculture.
A few of the agricultural graduates had access to family land. This could influence their participation in agriculture.
Because the youth cannot afford to buy land for agribusiness purposes due to poor funding, family land or inherited
land is the primary source of youth access to arable land in Nigeria.

3.2 Agricultural graduates’ opinion about agribusiness

Table 2 presents agricultural graduates’ opinions or views about doing agriculture as a business. The result
showed that agricultural graduates deemed it fit for the government to empower agricultural graduates with
agricultural production resources such as capital in the form of a grant or loan, fertilizer, improved seeds and
seedlings, land, machinery, and equipment, among others, for effective participation in an agricultural enterprise.
The agricultural graduates also view agriculture as a profitable enterprise, unlike other youths who see agriculture
as not profitable. They further opined that agricultural graduates and other graduates should participate more in
the agricultural sector than other sectors due to their youthful age, level of education, and skills needed to boost
agricultural output in the country. They, however, disagreed that no formal education is needed to establish
agribusiness farms; thus, education plays a critical role in the establishment of agribusiness. They also disagreed
that a white-collar job is preferable to farming and that agriculture is for the poor, in contrast to the belief of other
youths who did not take agriculturally related courses that agriculture is for the poor.

Table 2. Agricultural graduate opinion or view about agriculture

Respondents’ opinions or views about agriculture Mean Std. Dev.  Decision
The government should empower agricultural graduates 3.71 0.50 Agreed
Agriculture is a profitable enterprise 3.64 0.59 Agreed
Agricultural graduates should participate more in the agricultural 3.05 0.88 Agreed
sector than non-agricultural sector

Graduates should participate more in the agricultural sector than  3.01 1.14 Agreed
non-agricultural sector

No Formal education/training is needed for the establishment of 2.44 0.90 Disagreed
agribusiness

White-collar jobs are better than farming 2.43 0.90 Disagreed
Agriculture is for the poor 1.84 0.92 Disagreed

3.3 Agricultural graduates’ involvement in agribusiness and their intention to participate

Table 3 presents the results of agricultural graduates’ involvement in agricultural enterprises and intentions to
participate among those currently not involved in agricultural enterprises. Agricultural graduates’ involvement in
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agricultural enterprises was about half (48.5%). This implies that about five out of every ten agricultural graduates
participate in agricultural enterprises. The current level of agricultural graduates’ participation was relatively low,
considering that this set of youths were trained to venture into agriculturally related activities, which could be due
to several reasons. The few that were involved in agricultural enterprises engaged in crop production, livestock
production, agricultural processing, and agricultural marketing. This result further implies that agricultural
graduates are not fully involved in agribusiness enterprises despite being trained in the sector. This could be due
to a lack of land and capital, which makes some of them prefer white-collar jobs in the banking sector, the Ministry
of Agriculture and Rural Development, universities, and the private sector because they involve less physical stress
and do not require start-up capital. According to Udemezue (2019), today's youths are uninterested in agriculture
because it does not provide the types of dividends and status lifestyles that young people today desire and expect.

Almost all of the agricultural graduates who are not currently involved in agribusiness enterprises are willing
to participate or intend to become involved in agriculture soon if the necessary support is provided. This is an
indication that although agricultural graduate participation in agriculture is not as high as expected, the agricultural
graduates are ready to involve themselves in food production and other agriculturally related activities so far, given
the availability of needed agricultural facilities, which would serve as motivation for them.

Table 3. Agricultural graduates’ involvement in agribusiness and their intention

Variables Categories  Frequency Percentage
Involvement in agriculture Yes 97 48.5

No 103 51.5
Intention to participate among those Yes 101 98.1
currently not involved in agriculture No 2 1.9

3.4 Factors influencing agricultural graduates’ involvement in agriculture

Table 4 presents the driving factors for agricultural graduate involvement in agribusiness. Family land, access
to credit, perceived benefits, attitudes, location, and gender were the significant factors that influenced agricultural
graduates’ participation in agriculture.

Family land had a positive influence on agricultural graduates’ participation in agriculture. According to the
marginal effect, the availability of family land suitable for farming increased the likelihood of agricultural
graduates participating in agribusiness enterprises by about 26%. Thus, agricultural graduates who had access to
land were involved in agriculture. This is because agriculture depends on the availability of land, and most
graduates cannot afford to purchase land; hence, they depend on family or inherited land. The unavailability of
land will push most agricultural graduates into other sectors that do not require land ownership or access. This is
supported by the findings of Maritim (2020) and Twumasi et al. (2019) that youths' access to land increased their
likelihood of engaging in agriculture.

Access to credit had a positive influence on agricultural graduates’ involvement in agriculture. The marginal
effect implies that access to credit facilities increased the likelihood of agricultural graduates' involvement in
agribusiness enterprises by 11.8%. Because farmers' capital is always not enough, credit is an important source of
capital in agribusiness firms; thus, credit facilities increase the amount of capital available for investment (Falola
et al., 2022b; Gbigbi, 2022). As a result, agricultural graduates who have received external financial assistance
will venture into agriculture because they will have the capital required to establish an agribusiness farm. A similar
finding was reported by Fletschner and Kenney (2014) and Ng'atigwa et al. (2020), who found that youth’s access
to credit increased their probability of engaging in agriculture.

The perceived benefit had a positive influence on agricultural graduates’ participation in agribusiness.
According to the marginal effect, perceived benefits increased the likelihood of agricultural graduates’
involvement in an agricultural enterprise by 9.4%. Agricultural graduates who believed agriculture provided
significant benefits engaged in agricultural activities, whereas those who did not believe agriculture provided
significant benefits did not participate in agribusiness. This is because engagement in any business depends on the
perceived benefits or perceived utility derived from such a business. This is in line with Maritim (2020), who
reported that youths' perceptions of the benefits of agriculture increased their probability of engaging in agriculture.
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Attitudes had a positive influence on agricultural graduates’ participation in agribusiness. The marginal effect
implies that agricultural graduates’ positive attitudes towards agriculture increased their probability of venturing
into agricultural enterprise by 33%. Thus, agricultural graduates who had a positive attitude towards agriculture
were involved in agribusiness enterprises, while those with negative attitudes were not. Individual attitudes play a
critical role in excelling in any field and profession, and one must have a positive attitude before embarking on
any business enterprise (Baah, 2015; Salleh and Njeru, 2005). This result is supported by Thomas and Eforuoku
(2016) and Maritim (2020), who found that youths’ attitudes were a key factor that influenced their involvement
in agriculture.

Gender had a positive influence on agricultural graduates’ participation in agribusiness. According to the
marginal effect, being male increased the likelihood of agricultural graduate involvement in an agricultural
enterprise by 17.3%. This could be because men possess the physical strength required for agriculture, while most
young women prefer a white-collar job to agriculture. Thus, male agricultural graduates were more involved in
agriculture than their female counterparts, which is in line with Ng'atigwa et al. (2020).

The location had a positive influence on agricultural graduates’ participation in agribusiness. The marginal
effect indicates that living in rural areas increased the likelihood of agricultural graduates participating in
agricultural enterprises by 15.5%. Given that agriculture is dominated by rural areas due to the availability of key
agricultural production resources (land) and a favourable environment, agricultural graduates who live in rural
areas are more likely to go into farming than their city counterparts. Mulema et al. (2021) found that being located
in an urban area negatively influenced Zambian youths’ engagement in agribusiness and vice versa. Akrong and
Kotu (2022) also opined that youths located in rural areas are likely to be involved in farming, while those in urban
areas are likely to participate in non-farming activities. Thus, putting social infrastructure in rural areas will
motivate young graduates to stay and start agribusiness enterprises in rural areas.

Table 4. Factors influencing agricultural graduates’ involvement in agribusiness

Marginal Effect  Coef. Std. Err. Z P>z
Family land .2591303 1.481877* .7862055 1.88 0.059
Age -.0061851 -.0374929 .3856065 -0.10 0.923
Years after graduation ~ -.0192514 -.1166982 .3671308 -0.32 0.751
Access to credit 1176195 .7129878*** 2536938 2.81 0.005
Parents influence .0619222 375361 5408272 0.69 0.488
Perceived benefit .0943792 .5721096* 3163253 1.81 0.071
Education level -.0719057 -.4358793 3119335 -1.40 0.162
Attitudes .3304605 2.003191** 7964118 2.52 0.012
Gender 1731843 1.444014* .8595321 1.68 0.092
Location 1545368 .9367735* 4884166 1.92 0.055
_cons -4.943819 3.692372 -1.34 0.181

LR chi? = 25.26, Prob > chi? = 0.0049, Pseudo R? = 0.2929, Log-likelihood = -30.484819
*** P<0.01, ** P<0.05, * P<0.1

3.5 Reasons for agricultural graduates’ participation in agribusiness

Table 5 shows agricultural graduates’ responses to their reasons for participating in agriculture. The first major
reason for agricultural graduates' participation in agricultural enterprises was to be food secure. Due to the high
level of food insecurity in the country, the agricultural graduates go into crop production, livestock rearing,
agricultural processing, and agricultural marketing to have a nation with zero hunger, which is in line with
achieving the second Sustainable Development Goal of the United Nations. They added that they bought food that
they did not produce on their farms with the money they earned from their farming activities. The second major
reason an agricultural graduate embarked on agriculture was to become financially independent. Agriculture has
gone beyond just producing food for the immediate family (subsistence farming); agriculture is now seen as a
business (agribusiness); thus, agriculture is a form of sustainable income generation. Young graduates ventured
into agribusiness enterprises to have a sustainable income and, consequently, to be financially independent. The
third major reason for their participation in agribusiness is their satisfaction and personal growth. They were
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content with venturing into agriculture because they wanted to contribute to the nation's growth in terms of food
security and the economy.

Being self-employed was another major reason for agricultural graduates to become involved in agriculture.
This could be related to the need for financial security through effective business management. Agricultural
graduates also venture into agriculture to be employers and reduce the high level of unemployment among youths
in the country. Maritim (2020) stated that youths participated in agribusiness due to a lack of jobs. Access to land
was also a main reason for agricultural graduates’ participation in agriculture. The land is an important factor in
production, as most farming activities happen on the land; thus, graduates who have access to land embark on
agriculture. Therefore, access to land plays a critical role in agricultural graduates’ involvement in agriculture and
related enterprises. This is in line with Maritim (2020), who reported that youth’s access to land was the main
reason for their participation in agribusiness. Another main reason for agricultural graduate participation in
agriculture was access to credit. Capital is a key factor of production not only in agribusiness but across other
business ventures; thus, the availability and accessibility of financial assistance from both formal and informal
sources motivate agricultural graduates' involvement in agribusiness. However, most of them access financial
assistance from the informal sector, especially from family and friends. Maritim (2020) reported a similar finding
that youth’s access to credit was a key factor in their participation in agribusiness. Parents' influence was also a
main reason for agricultural graduates’ involvement in agricultural enterprises. The parents of those involved in
agriculture motivated and encouraged them through the provision of financial resources and by giving their family
land for agricultural purposes. To continue a family business was also considered a main reason for agricultural
graduates’ involvement in agribusiness. An agricultural graduate whose family business is farming was motivated
to embark on agribusiness to sustain their family's farming business. Peer influence was not considered the main
reason for agricultural graduates’ participation in agriculture.

Table 5. Agricultural graduates’ responses on their reasons for participating in agribusiness

S/IN  Reasons for Participating in Agriculture Mean Std. Dev. Decision
1 To be food secure 3.85 0.50 Main

2 To be financially independent 3.55 0.56 Main

3 For my satisfaction and personal growth 3.52 0.56 Main

4 To be self-employed 3.51 0.65 Main

5 To be an employer 3.51 0.61 Main

6 Access to land 3.28 1.03 Main

7 Access to credit 2.56 1.04 Main

8 Parents influence 2.55 1.04 Main

9 To continue the family business 2.54 1.05 Main
10 Peer influence 2.27 1.08 Not main

3.6 Reasons for non-participation in agribusiness by some agricultural graduates

Table 6 presents the responses of some agricultural graduates regarding their reasons for not being involved in
agribusiness. Lack of access to land, which was an important factor in production, was a major barrier to
agribusiness participation for some agricultural graduates; thus, it was the main reason for agricultural graduates'
non-participation in agriculture. Since most agricultural activities occur on land in developing countries, graduates
who have no access to land are constrained from becoming involved in agriculture. In most African settings, youths
are constrained by a lack of access to land (Lindsjo et al., 2021). This is in line with Gichimu and Njeru (2014),
who stated that most youths who are interested in agriculture are constrained by a lack of land. In the same vein,
lack of capital, which was also a factor in production, hindered agricultural graduates from participating in
agricultural enterprises. Capital is needed to establish an agribusiness firm, cultivate crops, or rear livestock; thus,
young graduates without capital or who could not access external finance (credit) were unable to participate in any
agricultural enterprise. Mulema et al. (2021) and Muthomi (2017) also reported that youths are not involved in
agriculture due to a lack of credit to finance the establishment of the farm. Yusoff et al. (2016) also reported that
lack of funds was responsible for agricultural students' non-intention to go into agribusiness.
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Poor agricultural pricing was also a major barrier to participation for some agricultural graduates. Poor
agricultural product pricing due to their perishable nature impeded agricultural graduates' involvement in
agricultural enterprises. Poor agricultural pricing results in low revenue from agribusiness farms, which
consequently lowers the motivation of agricultural graduates to participate in agriculture. Agricultural graduates'
non-participation in agribusiness was also due to the high risk involved in agriculture. Some are afraid of losing
their invested capital due to risks and uncertainties such as crop failure, flooding, diseases, and poor yield, among
others. Poor government agricultural support was also a main reason for some agricultural graduates' non-
involvement in agribusiness. Some agricultural graduates in this category (i.e., non-participants) lamented the lack
of agricultural support available to youth, which prevented them from becoming agripreneurs. Yusoff et al. (2016)
also reported that inadequate support from the government was responsible for the inability of students to go into
agribusiness. Therefore, the provision of empowerment facilities such as financial support, storage facilities, an
efficient market, and land will allow youth to make significant contributions to agricultural development
(Ng'atigwa et al., 2020).

Seeking a white-collar job was also a major reason some agricultural graduates did not participate in agriculture.
This could also be linked to a lack of production resources, such as land and capital, needed to participate in
agricultural enterprises. Some gave the impression that they seek white-collar jobs to raise funds to establish an
agribusiness farm. The agricultural graduates who did not participate in agriculture agreed that peer influence was
also a main reason for not participating in agriculture. On the other hand, parental influence was not the main
reason for agricultural graduates’ non-participation in agriculture.

Table 6. Agricultural graduates’ responses on their reasons for non-participating in agriculture

SIN  Reasons for not participating in agriculture Mean Std. Dev. Decision
1 Lack of access to land 3.90 0.31 Main

2 Lack of capital 3.83 0.47 Main

3 Poor government agricultural support 3.62 0.49 Main

4 Poor agricultural pricing 3.03 1.05 Main

5 Risks involved in agriculture 3.00 1.28 Main

6 Seeking a white-collar job 2.90 1.18 Main

7 Peer influence 2.59 1.05 Main

8 Parent influence 2.45 1.12 Not main

4. Conclusions

This study investigates agricultural graduate participation in agribusiness. The study concludes that agricultural
graduates had a positive opinion about agriculture, unlike other youths. Agricultural graduates’ participation in
agribusiness is currently not as high as expected, which is due to a lack of production resources such as land and
capital at their disposal. However, almost all of them have the intention to engage in agribusiness if adequate
support is given to them. The factors influencing agricultural graduate involvement in agribusiness are access to
family land, access to credit, the perceived benefit of agribusiness, attitudes, location, and gender. The key
motivating factors for agricultural graduates’ involvement in agribusiness are to be financially independent, be
self-employed, be food secure, be employers, and due to access to land, and credit. On the other hand, lack of
access to land, lack of capital, the risk involved in agriculture, poor agricultural pricing, poor agricultural support
from the government, and seeking a white-collar job are the key reasons for non-participation in agribusiness by
some agricultural graduates.

To enhance agricultural graduate participation in agricultural enterprises, there is a need for the provision of
accessible arable land and capital (grants and/or credit) by the government, development agencies, and financial
institutions. Graduates’ participation in agricultural enterprises could only be effective when there are available
resources, both materially and financially, that could promote effective delivery. Graduates will not be motivated,
and their attitude toward venturing into agricultural enterprises could be hampered if there is no availability of
resources. Hence, they should be encouraged and supported with every needed resource to ensure effective
participation in an agricultural enterprise. The establishment of agribusiness villages (a large expanse of land for
agriculture and related activities) with the needed modern facilities by the government will solve the problem of
land constraint among agricultural graduates. They can also be encouraged through the subsidization of agricultural

412



JOTAF/ Journal of Tekirdag Agricultural Faculty, 2024, 21(2)

inputs such as fertilizers and improved seeds and seedlings. The agricultural graduates on their side should join
resources to form an association (cooperative society), where they can help themselves financially and enjoy
economies of scale.
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Bitki Gelisimini Destekleyici Rizobakteriler ve Kimyasal Giibrelerin Domates
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The Effect of Plant Growth Promoting Rhizobacteria and Chemical Fertilizers on Tomato
Cultivation
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Oz

Mevcut caligmada, ortii altt domates yetistiriciliginde bitki gelisimini tesvik eden kdk bakterileri ve kimyasal giibre
uygulamalarinin domatesin bazi verim ve kalite 6zelliklerine etkisi arastirilmistir. Calismada yer alan bakteriler
bakteri | (Stenotrophomonas maltophilia strain BY-44, Bacillus licheniformis strain HK-13 ve Pseudomonas
putida strain NK-12) ve bakteri Il (Pseudomonas fluorescens strain FC-42, Bacillus subtilis strain SK-26 ve
Rhizobium radiobacter strain SK-63) uygulamasi olmak tizere iki farkli grup olarak uygulanmistir. Kimyasal giibre
programina paralel olarak bitkilere azot igerikli (NPK) giibre verildiginde bakteri uygulamalar1 i¢in azot fikse
edebilme 6zelligine sahip NK-12 ve SK-26 strainleri, fosfor icerikli (NPK) ve saf giibreler verildiginde fosfor
¢ozebilme ozellikleri pozitif olan BY-44 ve SK-63 strainleri, potasyum orani yiiksek NPK giibrelerin uygulandigi
donemde ise potasyumu ¢ozebilen HK-13 ve FC-42 strainleri karigtirlmadan tek olarak inokule edilmistir.
Deneme, 2017 yilinda Hasyurt’da (Finike-Antalya) bulunan plastik serada, tesadiif parselleri deneme desenine
gore kurulmus ve 3 tekerriirlii olarak yiiriitiilmiistiir. Calismada yer alan uygulamalarin domateste salkim sayisi,
birikimli meyve sayisi, meyve boyu, meyve ¢ap1, meyve sertligi, ortalama meyve agirhgi, erkenci verim, birikimli
verim, meyve kuru agirligi, toplam suda ¢oziinebilir kuru madde, meyve suyunun pH degeri ve titre edilebilir asit
miktarina etkisi degerlendirilmistir. Yapilan uygulamalar sonucunda bakteri I ve bakteri II uygulamalarinin
ortalama meyve agirlig1, meyve ¢api, toplam suda ¢oziinebilir kuru madde, meyve suyunun pH degeri, meyve kuru
agirligi ve meyve sertligi acisindan kimyasal giibre uygulamasi ile arasinda istatistiki olarak énemli bir farklilik
olmadig1 belirlenmistir. Bakteri II uygulamasimin meyve boyuna etkisinin kimyasal giibre uygulamasi ile ayn
oldugu, titre edilebilir asit miktarina etkisinin de istatistiki olarak kimyasal giibre uygulamasiyla ayni grupta yer
aldig1 gorilmistiir. Birikimli meyve sayisi, meyve boyu, erkenci verim ve birikimli verim parametrelerinde en
yiiksek degerlerin kimyasal giibre uygulamasindan elde edildigi belirlenmistir. Ayrica uygulamalarda kullanilan
bakteri stainlerinin 1AA, siderofor, ACC-deaminaz ve katalaz gibi bitki gelisimini tesvik mekanizmalar
aragtirllmistir. En yiitksek IAA Bacillus licheniformis strain HK-13"de (61.24pg ml-1), en yiiksek siderofor tiretimi
Pseudomonas putida strain NK-12’de (36 mm) bulunmustur. Strainlerin hepsinin ACC- deaminaz ve katalaz
enzimine sahip oldugu tespit edilmistir. Bakteri I ve bakteri Il uygulamalarinin bir¢cok parametrede kimyasal giibre
uygulamasi ile ayn1 veya yakin sonu¢ vermesi domates yetistiriciliginde bakteri uygulamalarina yer verilmesinin
kimyasal giibre kullanimimin azaltilmasinda etkili olacagini1 gostermistir.

Anahtar Kelimeler: PGPR, Biyogiibre, Verim, Kalite, Solanum lycopersicum

ICengiz Donmez, Igdir Universitesi Ziraat Fakiiltesi, Bitki Koruma Boliimii, Igdur, Turkiye. E-mail: cengiz.dmz@hotmail.com OrclID: 0009-0007-1966-6151
2*Sorumlu Yazar/Corresponding Author: Mesude Figen Donmez, 1gdir Universitesi Ziraat Fakiiltesi, Bitki Koruma Bolimii, Igdir, Tiirkiye. E-mail:

sudefigen@hotmail.com “=* OrcID: 0000-0002-7992-8252

3111 Temel, Igdir Universitesi Ziraat Fakiiltesi, Bitki Koruma Béliimii, Igdir, Tiirkiye. E-mail: isil.temel @hotmail.com OrclID: 0000-0001-5968-3609

4irfan Coruh, Atatiirk Universitesi, Ziraat Fakiiltesi, Bitki Koruma Boliimii, Erzurum, Tiirkiye. E-mail: icoruh@atauni.edu.tr "' OrcID: 0000-0002-6569-6163
Atif: Donmez, C., Dénmez, M. F., Temel, 1., Coruh, I. (2024). Bitki gelisimini destekleyici rizobakteriler ve kimyasal giibrelerin domates yetistiriciligine etkisi.
Tekirdag Ziraat Fakiiltesi Dergisi, 21(2): 416-428.

Citation: Dénmez, C., Dénmez, M. F., Temel, L., Coruh, 1. (2024). The effect of plant growth promoting rhizobacteria and chemical fertilizers on tomato cultivation.
Journal of Tekirdag Agricultural Faculty, 21(2): 416-428.

*Bu Calisma Cengiz Donmez’in Yiiksek Lisans tezinden 6zetlenmistir.

©Bu ¢aligma Tekirdag Namik Kemal Universitesi tarafindan Creative Commons Lisansi (https://creativecommons.org/licenses/by-nc/4.0/)
kapsaminda yayinlanmustir. Tekirdag 2024

416


mailto:cengiz.dmz@hotmail.com
https://orcid.org/0009-0007-1966-6151
mailto:sudefigen@hotmail.com
https://orcid.org/0000-0002-7992-8252
mailto:isil.temel@hotmail.com
https://orcid.org/0000-0001-5968-3609
mailto:icoruh@atauni.edu.tr
https://orcid.org/0000-0002-6569-6163
https://orcid.org
https://orcid.org
https://orcid.org

JOTAF/ Journal of Tekirdag Agricultural Faculty, 2024, 21(2)

Abstract

In the current study, the effects of root bacteria and chemical fertilizer applications that promote plant growth in
greenhouse tomato cultivation on some yield and quality characteristics of tomato were investigated. Bacteria in
the study were applied as two different groups, bacteria | (Stenotrophomonas maltophilia strain BY-44, Bacillus
licheniformis strain HK-13 and Pseudomonas putida strain NK-12) and bacteria Il (Pseudomonas fluorescens
strain FC-42, Bacillus subtilis strain SK-26 and Rhizobium radiobacter strain SK-63). Parallel to the chemical
fertilizer program, NK-12 and SK-26 strains, which have the ability to fix nitrogen when nitrogen-containing (NPK)
fertilizers were applied to the plants, and BY-44 and SK-26 strains, which have positive phosphorus dissolving
properties when phosphorus-containing (NPK) and pure fertilizers were applied, HK-13 and FC-42 strains, which
can dissolve potassium when NPK fertilizers with high potassium content were applied were inoculated
individually, without mixing. The experiment was established in a plastic greenhouse located in Hasyurt (Finike-
Antalya) in 2017, according to the randomized plots trial design and was conducted out with 3 replications. In the
study the number of tomato cluster, cumulative fruits, fruit size, fruit diameter, fruit hardness, average fruit weight,
early yield, cumulative yield, fruit dry weight, total water-soluble dry matter, pH value of fruit juice and titrable
acid amount were evaluated. As a result of the applications, it was determined that there was no statistically
significant difference between the applications of bacteria | and bacteria Il with chemical fertilizer application in
terms of average fruit weight, fruit diameter, total water-soluble dry matter, pH value of fruit juice, fruit dry weight
and fruit hardness. It was found that the effect of bacteria Il application on fruit length was the same as chemical
fertilizer application. In addition, it was observed that the effect of bacteria Il application on the amount of titratable
acid was statistically in the same group as chemical fertilizer application. It was determined that the highest values
in cumulative fruit number, fruit size, early yield and cumulative yield parameters were obtained from chemical
fertilizer application. In addition, plant growth promoting mechanisms (IAA, siderophore, ACC-deaminase and
catalase) of bacterial stains used in applications were investigated. The highest IAA was found in Bacillus
licheniformis strain HK-13 (61.24ug ml-1), the highest siderophore production was found in Pseudomonas putida
strain NK-12 (36 mm). It has been determined that all of the strains have ACC-deaminase and catalase enzymes.
The results showed that including bacterial applications in tomato cultivation would be effective in reducing the
use of chemical fertilizers.

Keywords: PGPR, Biofertilizer, Yield, Quality, Solanum lycopersicum
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1. Giris

Insan sagligmin korunmasi ve beslenme agisindan 6nemli bir yere sahip olan domates (Solanum lycopersicum
L.), diger sebzelere kiyasla daha kolay yetistirilebilmesi ve iklim degisikliklerine dayaniklilig ile en ¢ok tercih
edilen sebze tiirii olarak ilk sirada yer almaktadir (Anonim, 2007). Tiirkiye’de tarla ve orti alti tretimi
incelendiginde, domatesin en fazla iiretilen sebzelerin basinda geldigi goriilmektedir. Son dénemde ortii alt1
domates yetistiriciliginin yayginlagmasi ile birlikte hem domates iiretim miktar1 artmakta hem de iiretim sezonu
genislemektedir. 2022 yili verilerine gore Tiirkiye’de, domates iiretiminin yapildig1 toplam plastik sera alani
212.493 dekardir ve bu alanin 127.318 dekar1 Antalya ilinde yer almaktadir. Konuya tiretim a¢isindan bakildiginda
Tiirkiye® de plastik sera domates {iretimi 3.466,581 ton’dur ve bu {iretimin 2.057,085 tonu Antalya ilinden elde
edilmektedir. Veriler plastik sera ekim alan1 olarak Tiirkiye’nin domates {iretiminde Antalya ilinin dikkate deger
bir paya sahip oldugunu gostermektedir (TUIK, 2022).

Tarimsal tiretimde, bitki sagligini ve toprak 6zelliklerini etkileyen en 6nemli sorunlarin baginda bilingsiz ve
yogun kimyasal giibre kullanimi gelmektedir. Son yillarda bu sorunun istesinden gelebilmek amaciyla bitki
gelisimini tesvik eden kok bakterileri (Plant Growth Promoting Rhizobacteria= PGPR)’nin kullanimi alternatif bir
yontem olarak 6ne ¢ikmaktadir. PGPR’lar bitkinin kok aktivitesini artirarak bitkiler tarafindan besin elementi
alinmmini arttirmakta, havanin serbest azotunu topraga baglayarak bitkiye sunmakta, toprak yapisinin
iyilestirilmesinde diizenleyici olarak rol almakta, irettikleri fosfataz, fitaz ve C-P liyaz enzimleri ile toprakta
bitkiye yarayissiz formda bulunan fosfat1 kullanilabilir forma doniistiirmekte ve potasyumu ¢dzebilme dzellikleri
sayesinde toprak verimliligini arttirmaktadir (Mason D’Croz ve ark., 2019; Yilihamu ve ark., 2020; Babalola ve
ark., 2021). Ayrica bitki gelisimini tesvik de rol oynayan bitkisel hormonlar tiretmekte, ACC-deaminaz enzim
aktivitesi yoluyla etilen sentezine engel olmakta, agir metallerin bitkiler tarafindan alinmasimi kisitlamakta,
tirettikleri polisakkaritlerle toprakta agregatlagmayi arttirmakta, artan bitki enzim aktivitesi ile abiyotik stres
kosullarina (radyasyon, yiiksek sicaklik, metal toksisitesi, kuraklik, tuzluluk vb.) kars1 bitkilerin dayanikliligim
arttirmaktadirlar (Lugtenberg ve Kamilova 2009; Venkadesaperumal ve ark., 2014; Numan ve ark., 2018). Ayrica
PGPR’ lar fitopatojen funguslarin ¢im tiipii ve spor olusumunu inhibe etmekte, antimikrobiyal bilesikler
(pyrrolnitrin, kanosamin, butirolacton, oligomisin A, oomycin A, 7 pyoluteorin, mycobacillin, subtilin, pantocin,
viscosinamid ve iturin A) veya fungal hiicre duvarini pargalayan litik enzimler (kitinaz, sellulaz ve glukonaz gibi)
iireterek hastalik ¢ikigini azaltmakta veya engellemektir (Karthika ve ark., 2020; Santoyo ve ark., 2021) . Bunlarin
yaninda siderofor iiretimi ile bitkinin demir alimimini arttirmakta, hidrojen siyanid (HCN) iiretimi ile toprak
kaynakli patojenlerin gelisimini engellemekte ve bitkilerin savunma sistemini uyarmaktadir. Bu mekanizmalar
bitkilerin farkli gelisim dénemlerinde birbirinden bagimsiz olarak veya ayni anda aktif olabilmektedir (Van Loon,
2007; Beneduzi ve ark., 2012; Berger ve ark., 2017).

Yetistiricilikte kullanilan fosfor icerikli giibrelerin kaynagi olan fosfat kayasi, ¢iftlik giibreleri ve tarimda
kullanilan ilaglarin bir kismi 6nemli oranda toksik agir metal igerebilmektedir. Endiistriyel {iriinlerden elde edilen
organik ve inorganik giibrelerde de agir metal riski bulunmaktadir. Daha ¢ok As, Cr, Cd, Hg, Ni ve Pb igeren bu
giibrelerin topraga verilmesi ile toksik metaller kokler araciligiyla bitkiye alinarak {iriine kadar tasinmaktadir. Bu
tiir glibrelerin kullanimi sadece toprak verimliligi ve ekosistem iizerinde degil, ayn1 zamanda besin zinciri yoluyla
insan ve hayvan saglig1 iizerinde de 6nemli tehlikeler olugturmaktadir (Ajilogba ve ark., 2013; Khalid ve ark.,
2017; Verla ve ark., 2019; Kotan ve Tozlu, 2021). Ayn1 zamanda tarim triinlerinde bulunan kalinti, bu iiriinlerin
ihracatini da olumsuz yonde etkilemektedir (Gallo ve ark., 2020). Bitki beslemenin 6nemli unsurlarindan biri olan
PGPR’larin, tarimsal iiretimde kullanilmalar: ile en biiyilik girdi payina sahip olan kimyasal giibre tiiketiminin
azaltilabildigi, bitkisel iirinlerin miktar ve kalitesine olumlu katkilar sagladigi yapilan g¢aligmalarla ortaya
konulmustur (Niranjiyan ve ark., 2006; Saharan ve Nehra, 2011; Porcel ve ark., 2014; Cordero ve ark., 2018). Bu
nedenle mevcut calismada, kimyasal giibre ve PGPR strainlerinin domates bitkisinde bazi verim ve kalite
parametrelerine etkisinin sera liretim sartlarinda karsilastirilmast ve kullanilan strainlerin bitki gelisimini tesvik
mekanizmalarinin (IAA ve siderofor iiretimi, ACC-deaminaz ve katalaz aktivitesi) belirlenmesi amaglanmistir.

2. Materyal ve Metot
2.1. 2.1. Calismada kullanilan bitki materyali, kimyasal giibreler ve bakteri strainleri

Antalya ilinde hakim ¢esit olmasi sebebiyle Yiiksel Tohum’dan temin edilen Giilpembe F1 domates ¢esidi bitki
materyali olarak kullanilmistir. [lkbahar ve sonbahar dikimine uygun olup hasata hizli gelen bir gesittir. Meyveleri
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parlak pembe renkli, az dilimli, sert ve raf omrii uzundur. Bogum aras1 kisadir ve salkimda 4-5 adet meyve
bulunmaktadir. Tat ve aromasi ¢ok iyidir. Domates mozaik tobamo viriisiine, Verticillium dahliae, Verticillium
albo-atrum ve Fusarium oxysporum f. sp. lycopersici’ ye dayanikli bir ¢esittir. Giibre olarak, Toros Tarim San.
ve Tic. A.S. firmasindan temin edilen wsf NPK giibreler (Toros Map 12.61.0, Toros MKP 0.52.34, Torosol
18.18.18, Torosol 15.30.15, Torosol 16.8.24, Torosol 20.10.20, organomineral giibre, Cinko ve Bor) ve Kusbaba
Tarim’dan temin edilen hiimik-fulvik asit icerikli organik madde kullamlmustir. Igdir Universitesi, Fitopatoloji
Laboratuvar kiiltiir koleksiyonunda bulunan ve azot fikse edebilme, fosfor ve potasyum ¢ézme 6zellikleri tespit
edilmis olan alt1 bakteri straini kullanilmistir. Calismada kullanilan strainlerin yag asit metil ester analizine ait tan1
sonuglar1 ve strainlere ait baz1 6zellikleri Tablo 1’de verilmistir.

Tablo 1. Bakteri strainlerinin FAME Analiz Sonucu ve baz ozellikleri

Table 1. FAME analysis result and some properties of bacterial strains

SN* FAME Analiz Sonucu Benzerlik indeksi (%0) N P K
HK-13 Bacillus licheniformis 66 K* - +
NK-12 Pseudomonas putida 53 K* + -
BY-44 Stenotrophomonas maltophilia 83 + K* +
SK-63 Rhizobium radiobacter 59 + K* -
SK-26 Bacillus subtilis 66 K* + -
FC-42 Pseudomonas fluorescens 78 + + K*

*SN: Strain no, FAME; Faty asit metil ester, N: Azot fikse etme 6zelligi, P: Fosfor ¢ozme 6zelligi, K: Potasyum ¢ézme 6zelligi,
+: Pozitif, -: Negatif, K+: Kuvvetli pozitif

2.2. Deneme plani ve PGPR gruplart

Deneme, Antalya’nin Finike il¢esine bagli Hasyurt mahallesinde yer alan plastik serada tesadiif parselleri
deneme desenine gore 3 tekerriirlii olarak kurulmustur. Caligma bakteri uygulamasi 1 (Stenotrophomonas
maltophilia strain BY-44, Bacillus licheniformis strain HK-13 ve Pseudomonas putida strain NK-12), bakteri
uygulamasi I (Pseudomonas fluorescens strain FC-42, Bacillus subtilis strain SK-26 ve Rhizobium radiobacter
strain SK-63), kimyasal giibre ve negatif kontrol olmak tizere 4 uygulamadan olusmustur. Her parselde 15 domates
fidesi olacak sekilde toplam 180 fide ile ¢aligma yiirtitilmiistiir.

2. 3. Bakteri soliisyonlarinin hazirlanmasi

Nutrient Agar besi ortaminda gelistirilen bakteriler, igerisinde Nutrient Broth (NB) bulunan steril
erlenmayerlere aktarilmistir. Kontamine edilen sivi besi ortamlart 140 rpm’ de 28°C’ye ayarli ¢alkalayicida 1 gece
inkiibasyona birakilmistir. Hazirlanan inokulumun konsantrasyonu turbitimetre ile 108 CFU ml! olarak
ayarlanmigtir.

2. 4. Bitkilere kimyasal giibrelerin uygulanmasti

Dikimden sonraki 7-10 giinliik siirede 3 giinde bir damlama sulama sisteminden 15-20 dk siireyle sulama
yapilmustir. Bitkide hizli kok olusumunu saglamak i¢in Genta firmasina ait Spinter+Plus (6-30-0) yaprak
giibresinden 400 g sulama suyu ile verilmis ve bu uygulama 2 kez tekrarlanmistir. MAP (12.61.0) uygulamasi
doniime 1.5 kg olacak sekilde 20 giin siireyle 7 giinde bir ortalama 25-30 dk damlama sulama sistemi ile verilmistir.
Bir giibrelemede MKP (0.52.34) déntime 2 kg olarak uygulanmistir. MAP igerisine NPK (18.18.18) eklenerek bir
hafta ara ile 4 kez damlama sulamadan verilmistir. 3 sulamada bir magnezyum nitrat 1.5 kg da* olarak damlama
sulama sistemi ile uygulanmistir. Bitki 4. veya 5. meyve salkimina geldiginde NPK (18.18.18) ve NPK (16.08.24)
uygulamasi 3’e 1 oraninda yapilmistir. Bu uygulama icerisine de magnezyum siilfat 2 sulamada bir olarak 2 kg
damlama sulama sistemi ile verilmistir. Bitkide 6. meyve salkiminda tepe korlemesi yapilmis ve hasat doneminin
sonuna kadar NPK (16.08.24) verilmesine devam edilmistir. MAP uygulamas1 yapilmaya bagladiktan sonra 3
sulamada bir doniim bagina kalsiyum nitrat 2.5 kg ve yarim litre nitrik asit uygulanmistir. Bu asamada donim
basina humik-fulvik asit igeren tliriinlerden 2 litre damlama sulama sistemine ait tanka eklenmistir.
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2.5. Domates bitkilerine bakterilerin inokulasyonu

Kimyasal giibre programina paralel olarak bakteri uygulamasi yapilmistir ve bakteri strainlerinden hazirlanan
soliisyonlar bitkilerin topragina (100 ml bitki™) uygulanmistir (Sekil ). Bitkilere azot igerikli giibre verildiginde
bakteri uygulamalari igin azot fikse edebilme 6zelligine sahip NK-12 ve SK-26 strainleri, fosfor igerikli ve saf
giibreler verildiginde fosfor ¢ozebilme 6zellikleri pozitif olan BY-44 ve SK-63 strainleri, potasyum orani yiiksek
NPK giibrelerin uygulandigi dénemde ise potasyumu ¢ozebilen HK-13 ve FC-42 strainleri karistirilmadan tek
olarak inokule edilmistir.

Figure 1. Application of bacterial solutions to plant roots
Sekil 1. Bakteri soliisyonlarinin bitki koklerine uygulanmasi
2. 6. Calismada incelenen parametreler

Calismada bitkilerin yetisme periyodu boyunca gerekli olan biitlin kiiltiirel islemler yapilmis, yetisme siiresi
sonunda bitkiler verim ve meyve 6zellikleri bakimmdan degerlendirilmistir. Calismada yer alan uygulamalarin;
salkim sayisina (adet bitki?), erkenci verime, birikimli verime (gr parsel?), birikimli meyve sayisina (adet parsel
1), ortalama meyve agirlifina, meyve boyuna, meyve ¢apina, meyve sertligine (delinme direnci), toplam suda
¢oziinebilir kuru madde miktarina, meyve suyunun pH degerine ve titre edilebilir asit miktarina etkisi
arastirilmigtir.

2.7. Calismada kullanilan strainlerin PGPR ozelliklerinin belirlenmesi
2.7.1. Strainlerin indol asetik asit (IAA) iiretimi

Bakteri strainlerinin IAA tiretimi hazirlanan spesifik besi ortaminda belirlenmistir (Asghar ve ark., 2002).
Icerisinde 20 ml NB besi ortam1 bulunan 250 ml’lik erlenmayerler steril edilmis ve her bir erlenmayer icerisine
0.2 pum por ¢apl filtreden gegirilen %0.5’ lik 5 ml tryptophane (L-TRP) ilave edilmistir. Ardindan bakteri
kolonileri (1 6ze) ilave edildikten sonra 24°C’ye ayarli ¢alkalayicida 120 rpm’de 48 saat inkiibe edilmistir.
Inkiibasyondan sonra siispansiyonlar falkon tiiplere konularak 6000 rpm’de 10 dk. boyunca santrifiij edilmistir.
Filtre kagidindan (Whatman, No:2) siiziilerek elde edilen filtrat 10.000 rpm’ de 5 dk santrifiije tabi tutulmustur.
Santrifiij isleminden sonra siipernatanttan 3 ml alinarak steril tiip icerisine aktarilmis ve lizerine 2 ml Salkowski
ayract (2 ml 0.5 M FeCI3+98 ml %35 HCIO,) eklendikten sonra pembe renk olusumu i¢in 30 dk bekletilmistir.
Spektrofotometrede 535 nm’de okumasi 6rneklerin absorbans degerleri kaydedilmistir. Farkli ppm dozlarida (0,
5, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100 ppm) IAA standart soliisyonlar1 hazirlanmis ve 535 nm’de okunan
absorbans degerleri kullanilarak JMP istatistik programinda regresyon analizi yapilarak standart dogru grafigi
(Sekil 2) ¢izilmis ve standart dogru denklemi (y=17.23+48.37x) bulunmustur. Orneklere ait degerler bu denklemde
X yerine yazilarak bakterilerin iirettigi IAA miktarlar1 pg/ml olarak hesaplanmaistir.
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Figure 2. Standard graphic of 1AA solutions prepared at different doses (p<0.001)
Sekil 2. Farkh dozlarda hazirlanan IAA soliisyonlarinin standart grafigi (p<0.001)
2.7.2. Strainlerin siderofor iiretimi

Strainlerin siderofor iiretimi Crom Azurol S (CAS) agar besi ortaminda test edilmistir. Besi ortami1 asagida
belirtilen sekilde hazirlanmistir:

CAS soliisyonu; a (0.06 g CAS 50 ml sdH20), b (0. 0027 g FeCl36H20 10 ml HCI) ve ¢ (0. 073 g HDTMA 40 ml
saf su) ¢ozeltileri ayr1 ayr1 hazirlanip birlestirilerek otoklavlanmigtir. Mineral tuz soliisyonu; pH~ 12 olan salt stok
soliisyonu (15 g KH2POy, 25 g NaCl, 50 g NH4CI, 500 ml saf su) ve %20 glukoz stok soliisyonu (20 g glukoz, 100
ml saf su) ayr1 ayr1 hazirlanmigtir. Casamino asit soliisyonu; 4 g casamino asit, 36 ml saf su ve 1.08 g %3 liik 8-
hydroxyquinoline 36 ml kloroform karistirilarak hazirlanmistir ve 24 saat bekletildikten sonra 0.22 pl’ lik filtreden
gegirilerek besi ortamima katilmistir. D soliisyonu; 750 ml saf suya 100 ml salt stok soliisyonundan ilave edilmis,
pH 6’ ya ayarlandiktan sonra 32.24 g Pipes (piperazine-N,N’-bis2-ethanesulfonic acid) yavas yavas eklenmistir.
pH 6.8’¢ ayarlandiktan sonra 15 gram agar ilave edilerek ortam otoklavlanmistir. Steril kabin igerisinde D
soliisyonuna 30 ml steril casamino asit soliisyonu ve 10 ml steril %20’ lik glukoz soliisyonundan eklendikten sonra
100 ml olan A soliisyonu yavasca kdpiik olusumuna izin vermeden ortama eklenmistir. Hazirlanan besi ortami
dikkatli bir sekilde petrilere dokiilerek sogutulmustur. Bakteri strainleri ¢izgi ekimle 4 ayr1 noktaya inokule edilmig
ve 27°C’ de 5 giin inkiibasyona birakilmigtir. Bakteri gelisiminin etrafinda portakal renkli alanin olusmasi
siderofor tiretimi pozitif olarak degerlendirilmis ve bu alanin ¢ap1 dlgiilerek kaydedilmistir (Louden ve ark., 2011).

2.7.3. ACC-deaminaz testi

Bakteri strainlerinin bitkilerde olusan zararli etilen iiretimini baskilayan 1-aminocyclopropane-1-carboxylic
acid deaminase (ACC-deaminaz) enzimini iiretebilme yetenekleri Penrose ve Glick (2003)’ in belirttigi yonteme
gore DF besi ortami kullanilarak degerlendirilmistir. Strainlerin ¢izgi ekim metodu ile ekimleri yapilmig ve
ardindan petriler 27°C’ ye ayarl inkiibatorde 48-72 saat bekletilerek koloni gelisimleri gézlemlenmistir. Gelisim
gosteren strainler ACC-deaminaz pozitif olarak belirlenmistir.

2.7.4. Katalaz testi

Katalaz enziminin varligini belirlemek amaciyla bakteri strainleri NA besi ortaminda gelistirilmis ve gelisen
kiltiirlerden bir 6ze alinarak lam {izerine konulmus ve 1 damla H,O, damlatilmigtir. Koloni yiizeyinde kabarcik
olusumu pozitif olarak degerlendirilmistir (Klement ve ark., 1990).

Yapilan 6l¢iimler sonucunda elde edilen verilere SPSS (17.0) paket programi kullanilarak varyans analizi
uygulanmis ve ortalamalar arasindaki farkliliklar %5 hata payi ile yapilan LSD testiyle belirlenmigtir (SPSS,
2010).
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3. Arastirma Sonuclar1 ve Tartisma

3.1. Caligymada incelenen parametreler

Uretim sezonunun sonunda incelenen parametrelere dair gerekli lgiimler yapilmistir. Elde edilen veriler
degerlendirildiginde bitkilerde yapilan dort uygulamada da (bakteri I, bakteri II, kimyasal giibre ve negatif kontrol)
bitki bagina salkim sayis1 6 olarak belirlenmistir. Ortalama meyve agirlig1 bakteri I uygulamasinda 210 g, bakteri
II uygulamasinda 216 g ve kimyasal giibre uygulamasinda 219 g saptanmistir. Negatif kontrol uygulamasinda ise
bu deger 201 g olarak tespit edilmistir. Caligmada yer alan biitiin uygulamalarin negatif kontrole kiyasla daha iyi
sonug verdigi, kimyasal giibre ve bakteri II uygulamalarindan elde edilen sonuglarin birbirine yakin degerlerde
oldugu goriilmiistiir. Meyve capi1 bakteri II uygulamasinda 7.7 cm ve kimyasal giibre uygulamasinda 8 cm olarak
oOlciiliirken, bakteri I uygulamasinda ve negatif kontrolde 7.5 cm olarak belirlenmistir. Uygulamalarin bitki basina
salkim sayisina, ortalama meyve agirligina ve meyve capima etkisinin istatistiki olarak énemsiz oldugu tespit
edilmigtir (Tablo 2).

Bakteri | (BY-44, HK-13 ve NK-12) uygulamasinin yapildig1 parselde 15.05 kg, bakteri IT (FC-42, SK-23 ve
SK-63) uygulamasinin yapildigi parselde 15.9 kg, kimyasal giibre uygulamasi yapilan parselde 16.61 kg ve negatif
kontrolde 11.68 kg verim elde edilmistir. Erkenci verim igin en yiiksek deger kimyasal giibre uygulamasindan
almirken her iki bakteri uygulamasinin da negatif kontrole kiyasla daha iyi sonug¢ verdigi belirlenmistir. Birikimli
verim bakteri I uygulamasinda (BY-44, HK-13 ve NK-12) 44.3 kg, bakteri II uygulamasinda (FC-42, SK-23 ve
SK-63) 49.4 kg, kimyasal giibre uygulamasinda 51.9 kg ve negatif kontrolde 34 kg olarak tespit edilmistir. Her iki
bakteri uygulamasindan da kontrole kiyasla oldukg¢a iyi sonug¢ alindigi, kimyasal giibre uygulamasinin ise tim
uygulamalar arasinda en yiiksek degere sahip oldugu saptanmistir. Birikimli meyve sayisi kimyasal giibre
uygulamasinda 237, negatif kontrolde 169 adet olarak sayilmistir. Bakteri I ve II uygulamalarinda ise bu deger
sirastyla 211 ve 229 adet olarak kaydedilmistir. Meyve boyu degerleri bakteri II ve kimyasal giibre uygulamasinda
7 cm, bakteri I uygulamasi ve negatif kontrolde 6.5 cm olarak tespit edilmistir (Tablo 2). Uygulamalarin birikimli
meyve sayisi, birikimli meyve boyu, erkenci verim ve birikimli verime etkisi istatistiki olarak (p>0.05) 6nemli

bulunmustur.
Tablo 2. Uygulamalarin domateste bazi verim parametrelerine etkisi
Table 2. The effects of the applications on some yield parameters in tomato
OMA (or
BMS* MB M EV (k BV (k
S meyver) (cm) C (cm) (kg) (ka)

B-1  211.0£1.732¢  210.0£1.732™™  6.50+£0.115°  7.5£0.288™  15.05+0.017°  44.33+0.145°
B-1l 229.0+1.732°  216.0+1.732" 7.0+0.1152 7.7£0.173™  15.09+0.014° 47.70+1.800%
KG 237.0+1.732%  219.0+1.732™ 7.0+£0.0572 8.0+£0.115™  16.61+0.0082 51.93+0.0332
NK  169.0+1.732¢ 167.6+34.844" 6.5£0.057° 7.5+£0.057™  11.68+0.014° 33.66+2.027°¢

Sig.  0.000 0.212 0.004 0.240 0.000 0.000

* BMS; Birikimli meyve sayisi, OMA; Ortalama meyve agirhigi, MB; Meyve boyu MC; Meyve ¢ap1 EV; Erkenci verim, BV;
Birikimli verim, , B-I; Bakteri |, B-II; Bakteri II, KG; Kimyasal Giibre, NK; Negatif Kontrol

**ns; Nonsignificant, Sig; Significant, 2°¢; Degerler ii¢ tekerriir ortalamasidir ve farkli harfler gruplar arasindaki farkliliklar:
gostermektedir

Meyve sertligi bakteri I uygulamasi yapilan meyvelerde 65, bakteri II uygulamasi yapilan meyvelerde 68,
kimyasal giibre uygulamasi yapilan meyvelerde 67 ve negatif kontrolde yer alan meyvelerde 62 olarak
saptanmistir. Meyve kuru agirligina ait degerler bakteri II ve kimyasal giibre uygulamalarinda %72, bakteri I
uygulamasinda %75 ve negatif kontrolde %78 olarak belirlenmistir. Toplam suda ¢oziilebilir kuru madde miktari
bakteri II ve kimyasal giibre uygulamalarinda 4.7, bakteri I uygulamasinda 4.4 ve negatif kontrolde 4.3 olarak
tespit edilmistir. Meyve suyunun pH degeri bakteri I ve II uygulamalarinda 4.8, kimyasal giibre uygulamasinda
4.5, negatif kontrolde 4.86 olarak 6l¢iilmiistiir. Uygulamalarin meyve sertligi, meyve kuru agirhigi, toplam suda
¢oziilebilir kuru madde miktar1 ve meyve suyunun pH degerindeki degisimine etkisi istatistiksel olarak dnemsiz
bulunmustur. Uygulamalarin titre edilebilir asit miktari lizerinde istatistiksel olarak dnemli oldugu (p>0.05) tespit
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edilmis ve titre edilebilir asit miktar1 en diisiik negatif kontrol grubunda (2.95), en yiiksek kimyasal giibre
uygulamasinda (3.35) bulunmustur. Bakteri I ve II uygulamalarinda ise bu deger sirasiyla 3.18 ve 3.0 olarak
belirlenmistir (Tablo 3).

Tablo 3. Uygulamalarin domateste bazi kalite parametrelerine etkisi

Table 3. The effects of applications on some quality parameters in tomato

UYG TA(mval 100 mlY)  TSCKM (%) pH MKA (%) MS (N)*
B-l  3.18+0.011° 4.4+0.057" 4.8+0.115M™ 75+1.732" 65+1.732"
B-1l  3.40+0.023% 4.7+0.115" 4.8+0.173™ 7241.732% 68+1.732"
KG  3.35+0.0172 4.7+0.057" 4.86+0.34" 78+1.732" 67+1.732"
NK  2.95+0.023¢ 4.3+0.173™ 4.5+0.173 ™ 7241.54" 62+1.7327
Sig.  0.000 0.074 0.308 0.084 0.150

*TA: Titre edilebilir asit, TSCKM: Toplam suda ¢oziilebilir kuru madde, MS: Meyve sertligi, MKA: Meyve kuru agirhgi, B-
I: Bakteri I uygulamsi1 (BY-44; Stenotrophomonas maltophilia, HK-13; Bacillus licheniformis ve NK-12; Pseudomonas
putida), B-II: Bakteri IT uygulamas1 (FC-42; Pseudomonas fluorescens, SK-26; Bacillus subtilis ve SK63; Rhizobium
radiobacter), UYG: Uygulamalar, KG: Kimyasal Giibre, NK: Negatif Kontrol

**ns; Nonsignificant, Sig; Significant, 2¢: Degerler iig tekerriir ortalamasidir ve farkli harfler gruplar arasindaki farkliliklari
gostermektedir

3.2. Calismada kullanilan strainlerin PGPR ézellikleri

Yapilan ¢aligmada kullanilan bakteri strainlerinin IAA iiretimleri kolormetrik olarak belirlenmigtir. Test edilen
bateriler arasinda Bacillus licheniformis strain HK-13, Pseudomonas putida strain NK-12, Pseudomonas
fluorescens strain FC-42 ve Rhizobium radiobacter strain SK-63’{in indol asetik asit trettigi tespit edilmistir.
Stenotrophomonas maltophilia strain BY44 harig strainlerin tamaminda siderofor tiretimi belirlenmistir. Bitki
gelisimini tegvik mekanizmalarindan biri olan ACC-deaminaz {iretimi strainlerin tamaminda pozitif bulunmustur.
Test edilen tiim strainlerin katalaz enzimine sahip oldugu tespit edilmistir. Caligmada test edilen bakterileri PGPR
Ozelliklerine ait sonuglar Tablo 4’ te sunulmustur.

Tablo 4. Bakteri strainlerin PGPR ozelliklerine ait sonuglar

Table 4. Results of PGPR properties of bacterial strains

Strainler Sid.(mm)*  TAA (ug mlI!) ACC-d. KAT
Bacillus licheniformis strain HK-13 4 61.24 + +
Pseudomonas putida strain NK-12 36 60.76 + +
Stenotrophomonas maltophilia strain BY-44 - - Z+ +
Rhizobium radiobacter strain SK-63 6 39.48 Z+ +
Bacillus subtilis strain SK-26 8 - + +
Pseudomonas fluorescens strain FC-42 35 40.44 + +

*Sid: Siderofor, IAA: Indol asetik asit, ACC-d: ACC-deaminaz, KAT: Katalaz

Tabloda yer alan degerler incelendiginde, strainler arasinda en yiiksek siderofor liretimi Pseudomonas putida
NK-12’ de, en yiiksek IAA iiretimi Bacillus licheniformis HK-13" de goriilmektedir. Genel olarak elde edilen
veriler degerlendirildiginde biitiin uygulamalarin negatif kontrole kiyasla daha iyi sonug verdigi belirlenmistir.
Domateste en yiiksek verim kimyasal giibre uygulamasi yapilan bitkilerden elde edilmis, bu uygulamayi takiben
bakteri II uygulamasinin da kimyasal giibre uygulamasi kadar etkili sonug verdigi tespit edilmistir.

Yapilan bu ¢alismada Bacillus, Pseudomonas, Rhizobium ve Stenotrophomonas cinslerine ait 6 rizobakteri
kullanilmistir. Caligmada yer alan strainlerin tamaminin azotu fikse ettigi, 5 strainin fosfor, 2 strainin de potasyum
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¢cozebilme yeteneginde oldugu bilinmektedir. Strainlerin bu 6zellikleri ile domateste verim ve kalitenin
artirtlmasinda rol oynadiklart diisiiniilmektedir. Sonuglarimiza paralel olarak yapilan gesitli aragtirmalarda faydali
bakterilerin azot fikse edebilme, fosfat ve potasyum c¢ozebilme ozellikleri ile bitkiler tarafindan besin
elementlerinin alimini arttirarak bitki gelisimini tesvik ettikleri ifade edilmektedir (Aseri ve ark., 2009; Bashir ve
ark., 2017). Ornegin PGPR kullanimimin domates gelisimine etkisinin arastirldig1 bir caligmada Pseudomonas
putida strain HV 24’{in kuvvetli azot fikse etme yetenegine sahip oldugu ve bitkinin ana kok uzunlugu, gévde
uzunlugu, gévde kalinlig1 ve dal sayis1 iizerine 6nemli dl¢iide etki ettigi rapor edilmistir (Sahin ve Donmez, 2020).
Oral ve Kotan (2021) tarafindan domateste bazi bakteri uygulamalarinin (Bacillus megaterium’un KBA 10, TV
91C ve TV 60D strainleri) kontrole gére meyve sayisi, meyve agirligi, meyve capi, meyve yiiksekligi gibi
parametrelerde istatistiki olarak onemli artiglara sebep oldugu bulunmustur. Fidelik ve sera sartlarinda Bacillus
licheniformis’in domates ve biber bitkilerine yapilan uygulamalarinda bakteri uygulamasinin iki bitkide de
fidelikte yaprak alani be bitki boyunu, serada ise meyve sayist ve meyve ¢apini 6nemli dlgiide artirdig1 rapor
edilmistir (Garcia ve ark., 2004). Mevcut calisgmada da B. licheniformis straininin yer aldigi bakteri I
uygulamasinda kontrole kiyasla meyve sayisinda artis saglanmistir. Yine bu c¢alismada, her iki bakteri
uygulamasinin da meyve sayisi, ortalama meyve agirligi, meyve boyu, erkenci ve birikimli verimde kontrole
kiyasla daha iyi sonuglar verdigi goriilmistiir. Elde edilen sonuglara paralel olarak, Pseudomonas, Serratia ve

Bacillus cinslerine ait 6 bakteri straininin domates verimine etkisinin arastirildigi bir baska ¢alismada bakteri
uygulamalarinin bitki verimini, gévde kuru agirligini, bitki boyunu ve bitki basina meyve sayisini kontrole kiyasla
onemli miktarda artirdigi bildirilmistir (Almaghrabi ve ark., 2013). Azosprillum, Rhizobium, Azotobacter ve
Acetobacter gibi azot fikse eden bakterileri igeren ticari Symbion-N biyolojik giibresinin sera sartlarinda kontrole
kiyasla bitki basina meyve sayisin1 (42.4 adet/ bitki), toplam verimi (11.27 kg m?), meyve agirhgm (122.8 g),
meyve sertligini (35.17 N), TSCKM’ yi (5.40) ve titre edilebilir asidi (3.40 mval ml™?) artirdig1 rapor edilmistir
(Oztekin ve ark., 2015). Mevcut calismada bakteri II uygulamasinda BMS 229 adet/bitki, OMA 216 g, meyve
sertligi 68 N, birikimli verim 47.70 kg, TSCKM 4.7, titre edilebilir asit 3.40 olarak tespit edilmistir. Domateslerde
meyve eti sertligi iiriiniin depolanmasi ve dagitiminda zedelenmelere karsi 6nemli bir hasat kriteridir (Batu, 2004)
ki bakteri Il uygulmasinda elde edilen deger bu konuda 6nem tagimaktadir. Domates meyvesinde lezzeti olusturan
en 6nemli kalite bileseni suda ¢ziiniir kuru madde miktaridir (Ozkaplan ve Balkaya, 2019). Calismada belirlenen
SCKM degeri (4.7) farkli arastirma sonuglarint bu yoniiyle destekler niteliktedir (Tiizel ve ark., 2009;
Bonakdarzadeh, 2014; Oztekin ve ark., 2015). Domates meyve suyunda tad1 belirleyen pH degeri, 6nemli kalite
parametrelerinden birisidir. Genel olarak kalite analizlerinde, diigiikk pH (2.0 civar1) meyvelerin eksiligini, diisiik
asitlik degeri ise meyvelerin tatliligini ifade etmektedir (Brown, 2007). Arastirmada meyve suyu pH’s1 bakteri
uygulamalarinda 4.8 olarak belirlenmistir. Benzer sekilde farkli uygulamalarda meyve suyu pH degerinin
Ozkaplan ve Balkaya (2019) 4.39, Toprak ve Giil (2013) 4.52-4.66 ve Kirac1 ve Karatas (2015) 4.37-4.58 arasinda
degistigini bildirmislerdir.

S6z konusu bakteri strainlerinin etki mekanizmalar ile ilgili 6zellikleri dikkate alindiginda 6 strainden 5
tanesinin siderofor, 4 tanesinin IAA {irettigi belirlenmistir. Strainlerin hepsinin ACC deaminaz ve katalaz
enzimlerine sahip oldugu saptanmistir. Rizobakterilerin biiyiik ¢ogunlugunun hormon {rettikleri ve bitki
gelisimini diizenledikleri cesitli calismalarda rapor edilmistir (Samaras ve ark., 2021; Shahid ve ark., 2021). Indol
asetik asitin bitkide hiicre boliinmesi, uzamasi ve farklilagmasina etki ettigi, yan kok olusumunu tesvik ettigi, cesitli
stres kosullarinda bitkiye dayaniklilik sagladigi, birgok metabolitin biyosentezinde rol aldig: ve bitkide biiylimeyi
artirdigt bildirilmistir (Tan ve ark., 2021). Antagonist bakterilerin ¢ilek bitkisinin gelisimine etkisinin arastirildigi
caligmada Pseudomonas cinsine ait strainler test edilmis ve bu strainlerin bitkide %14.19-159.92 oraninda agirlik
artis1 sagladigi gérilmiistiir. Bu strainlerden Pseudomonas putida strain 6k4 ve 6ks’in sirastyla 62.4 ve 1.9 ug ml-
LIAA iirettikleri belirlenmistir (Ozyilmaz, 2007). Mevcut ¢calismada kullanilan bakteri strainlerinden HK-13, NK-
12, SK-63 ve FC-42’nin TAA iirettigi saptanmigtir. En yiiksek TAA tiretimi (61.24 pg/ml) Bacillus licheniformis
strain HK-13"de bu straini takiben Pseudomonas putida strain NK-12de (60.76 pg/ml) tespit edilmistir. Bu
strainlerin yer aldig1 her iki uygulamada da incelenen parametreler agisindan en yiiksek degere sahip olan kimyasal
giibre kullanilan uygulamaya yakin sonuglar alindig tespit edilmistir. Demir; fotosentez ve solunum gibi bircok
onemli biyolojik siiregte yer aldigindan bitkiler igin gerekli bir mikro besin elementidir. PGPR’ lar siderofor
iireterek demiri baglamakta, boylelikle bitkinin ihtiyact olan demiri bitkiye sunarak gelisimini tegvik etmektedir
(Dixon ve Kahn, 2004). Mevcut ¢alismada kullanilan bakteri strainlerinin siderofor {iretimi ile domates gelisimini
tesvik ettigi disiintilmiistir. PGPR’ lar tarafindan tretilen 1-aminoklopropan-1-karboksilat (ACC) deaminaz
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enziminin, stres hormonu olan etilenin bitkide olusturdugu olumsuzluklar1 dengeleyerek bitki biiyiime ve
gelisimini tesvik ederek {irlin veriminin artmasini sagladigi bildirilmistir (Rai ve Nabti, 2017). Bu ¢alismalarin
sonuglarina benzer sekilde bu ¢aligmada kullanilan strainlerin tamaminda ACC-deaminaz aktivitesi tespit edilmis
ve bunun bitki biiylimesi ve verimin artmasinda rol oynadigi kanisina varilmigtir. Yine baska bir ¢aligmada
Pseudomonas ve Bacillus’ unda aralarinda bulundugu 4 cinse 74 strainin PGPR 6zellikleri test edilmis ve 7 strainin
ACC-deaminaz, IAA aktivitesine ve siderofor iiretimine sahip oldugu belirlenmis ve bu strainler ile yapilan
uygulamalarin domateste bitki gelisimini artirdig1 rapor edilmistir (Vaikuntapu ve ark., 2014). Cesitli calismalar
gostermigtir ki antioksidan enzimlerden olan katalazin, oksidatif stres sonucu olusan cesitli reaktif oksijen
tiirevlerinin su ve oksijene doniigerek yok edilmesini ve bitki hiicrelerinin reaktif oksijen tiirlerinin zararli
etkilerinden korunmasini saglamaktadir (Lakhdar ve ark., 2010; Sadou ve ark., 2016). Mevcut ¢aligmanin sonuglari
degerlendirildiginde kullanilan tiim bakteri strainlerinin katalaz aktivitesine sahip oldugu ve boylelikle bitki
gelisimini tesvikte rol oynadigi diigiiniilmiistiir.

Domateste bakteriyel kanser ve solgunluk etmeni Clavibacter michiganensis subsp. michiganensis 6nemli
verim kayiplarina neden olmaktadir (Tireng Karut ve ark., 2019). Yapilan bu denemede de negatif kontrol
grubunda yer alan bitkilerde, Clavibacter michiganensis subsp. michiganensis’in neden oldugu siddetli bir
enfeksiyon gozlenmistir. Kimyasal giibre uygulamasi yapilan bitkilerde hastalik hafif bir sekilde gozlenirken,
bakteri uygulamasi yapilan bitkilerde ise hastalik belirtisine rastlanmamustir. Bitkilerde gézlemlenen biyokontrol
etkinin strainlerin siderofor ve IAA {tretiminden kaynakli oldugu diigiiniilmiistir. Yapilan bir ¢aligmada da
Rhizobium ve Bacillus tiirlerinin demir alimini engelleyen sideroforlari salgilamasi ile antagonistik etki gosterdigi
bulunmustur (Lurthy ve ark., 2020). Ayrica yiiksek rekabet yetenegine sahip olan PGPR’larin hizli bir sekilde bitki
koklerine kolonize olup bitki ylizeyinde biofilm olusturarak hastalik etmenlerine karsi etkili bir biyokontrol
gosterdikleri belirtilmistir (Boudyach ve ark., 2001; Rezzonico ve ark., 2007). Bununla birlikte tirettikleri ¢esitli
antimikrobiyal bilesikler sayesinde hastalik etmenlerinin gelisimini engelledikleri ve bitkide dayaniklilig:
uyardiklar1 tespit edilmistir (Whipps, 2001; Compant ve ark., 2005).

4. Sonu¢

Caligmada iki farkli bakteri uygulamasi ve kimyasal giibre uygulamasinin domateste cesitli verim ve kalite
ozelliklerine etkisi arastirimis ve bakteri I uygulamasindan (Pseudomonas fluorescens strain FC-42, Bacillus
subtilis strain SK-26 ve Rhizobium radiobacter strain SK-63) elde edilen sonuglarin kimyasal gilibre uygulamasinin
sonuglarina yakm oldugu goriilmiistiir. Bakteri uygulamasinin bitki gelisim parametrelerinde artisa sebep
olmasimin temelinde azot fiksasyonu, fosfat ve potasyumu ¢6zebilme 6zelliklerinin yan1 sira hormon, siderofor ve
ACC-deaminaz iiretme oOzelliklerinin de etkili oldugu belirlenmistir. Ancak kimyasal giibre uygulanan
parsellerden elde edilen meyvelerde renklenmenin daha homojen oldugu, bakteri uygulamasmin yapildigi
meyvelerde ise daha zayif renklenme tespit edilmistir. Kimyasal giibre ve pestisit kullanimina alternatif olarak
bakteri II grubunda yer alan strainlerin kullaniminin hem bitkilerin verimliligini arttirmada hem de bitki
hastaliklarinin kontroliinde umut verici oldugu goriinmektedir. Yiiksek girdi kullanilan geleneksel tarimsal iiretim
sistemlerine alternatif olabilecek bu tiir mikrobiyal kaynaklarin degerlendirilmesi bitkisel tiretimde verim ve kalite
artisina katki sunacaktir. Kimyasal formiilasyonlarin sik ve gelisigiizel kullanimindan kaynaklanan insan sagligi,
toprak ve su kirliligi gibi ekolojik toksisiteye iliskin artan endiseler diisliniildiigiinde hem insan hem ¢evre sagligi
acisindan hem de tarimsal ortamlarimn siirdiiriilebilirligi bakimindan mikrobiyal uygulamalar destek saglayacaktir.

Etik Kurul Onay1

Bu ¢alisma i¢in etik kuruldan izin alinmasima gerek yoktur.

Cikar Catismasi1 Beyam

Makale yazarlari olarak aramizda herhangi bir ¢ikar ¢atismasi olmadigini beyan ederiz.
Yazarhk Katki Beyam

Planlama: Dénmez, C., Donmez, M. F.; Materyal ve Metot: Dénmez, C., Donmez, M. F., Temel, |.; Veri toplama
ve Isleme: Dénmez, C.; Makale Yazimi, Inceleme ve Diizenleme: Dénmez, C., Dénmez, M. F., Temel, I., Coruh, 1.
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Abstract

One of the most profitable vegetable crops for farmers to plant is peas. Pea seeding by hand is still one of the most
tedious techniques farmers use today. Pea seed sowing requires a more significant number of skilled workers. The
soil is dug by one person, and the pea seeds is sown there by another. Regarding farmers, the availability of skilled
labor is still another issue. Egypt has many small farms; hence, it is necessary to produce small-scale farming
machinery. Thus, this research manufactures a solar-powered seeding mechanism exclusively for small farmers at
a low cost to overcome the problems of a lack of labor skills, sowing times, labor cost, accurate seeding, and seed
losses. Increase profit for farmers who plant vegetable crops. The machine is provided with an accurate system to
achieve accurate seed distribution. A complex gear mechanism is replaced with a sensor to make seeding simpler.
There isan input LCD screen to sow at various distances between seeds. The distance between rows can be maintained.
Also, there is a solar tracking system, which is essential for receiving more direct sunlight. Also, the motors used are
12 volts, so they are compatible with the electricity produced from the solar panel without the need for a voltage
converter, which reduces costs. Also, both fuel costs and air pollution do not exist. The study includes two
experimental variables: four theoretical hill spacings of 15, 18, 21, and 24 cm and four sowing depths of 2, 3, 4,
and 5 cm. The measurements include the plant's longitudinal dispersal, lateral dispersal, emergence percentage,
and operating costs. The minimum values of longitudinal and lateral dispersal and the highest value of emergence
percentage were obtained at a theoretical hill spacing of 24 cm and a sowing depth of 5 cm. The developed machine
can lower the operational cost by 94.96%, as one skilled worker can adequate complete the seeding operation.
Therefore, it is suggested to use the solar-powered system for seeding pea seeds in small-scale farming.
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Al-Rajhi & Osman & Salem
Development of a Solar Powered Seeder for Pea Seeds

1. Introduction

Pea is a popular and nutritious pulse crop from the leguminous family. About 22 million tons and 14.5 million
tons of dried and green pea seeds are produced globally annually. In Egypt, peas are cultivated in an area of
801,4.02 faddan, with a production of 229.29 tons per year from dry peas and 156,249.98 tons from green peas
(FAOSTAT, 2021). Pea seeds are famous for their essential nutrients, primarily soluble and insoluble fibers,
proteins (lysine and tryptophan), complicated carbohydrates, folate, B vitamins, and minerals such as iron,
potassium, and calcium, but minimal in cholesterol, saturated fat, and salt. Green seeds contain 17-22 g of
carbohydrates, 14-26 g of dietary fiber, 20-50 g of starch, 0.4 g of fat, 6.2-6.5 g of protein, and 1.0 g of ash per
100 g. They also contain 9-10 mg of calcium, 97-99 mg of potassium, 3-5 mg of sodium, 0.7 mg of riboflavin, 5-6
mg of thiamine and 0.54-mg folate per kg (Goswami and Shukla, 2019; Kaiser et al., 2019; Millar et al., 2019;
Robinson et al., 2019).

The main goals of the sowing process are to distribute seeds properly, put soil over them, and compact it around
them. Most farmers still use the old method of sowing pea seeds. Peas are traditionally planted using a method that
requires a lot of experienced laborers and considerable labor costs. One person must prepare the soil, and another
must plant the pea seeds in the prepared soil. More laborers are needed for this kind of seeding activity, resulting
in inefficient and inaccurate seed sowing. The cost of labor has been rising significantly over the past few years.
Moreover, because of the lack of skilled labor, seeding peas takes longer and becomes more tedious.

Especially with the scattered holdings, small machines are considered helpful in Egypt. Also, the production
and productivity of pea seeds as a vegetable crop were relatively low in Egypt. The reasons for low production
and productivity were the unavailability of machines in the cultivated field. Most of the farming work in Egypt is
done manually, compared with other countries. There were no machines for seeding pea seeds, and it is done by
laborers only, so the cost was higher and the speed of the operation was lower.

The planter's main parts are hopper, metering system, and furrow opener (Ani et al., 2016). The metering
device, which comes in various forms, is the brain of the seeder. The metering system prevents skipping, doubling,
and damage to the seeds during seeding by releasing the seeds at the correct pace and creating the precise spacing
required for high yields (Rabbani et al., 2016). According to Bashiri et al. (2013), sown tubes are a passage used
to transmit seed from the seeds container into opening furrows. Furrow openers prepare the soil for dropping by
covering the metered seeds and falling via the seed tube. When developing furrow openers, seeding depth should
be considered (Ani et al., 2016).

Egypt also receives sunlight. Based on the solar atlas, it receives 3,050 hours of sunlight each year, with indirect
normal irradiations varying from 1,970-3,200 kwh m2 and total annualized irradiance varying from 2,000-3,200
kWh m2. Therefore, according to Moharram et al. (2022), Egypt has excellent solar resources that may be used
for several industries and solar energy systems.

Swetha and Shreeharsha (2015) designed a machine that uses a solar panel to absorb solar energy, transform it
into electricity, and then use that electricity to charge a 12 V battery, which in turn powers a shunt-wound motor
to perform tasks like digging, sowing seeds, pouring water, and fertilizing. Rohokale et al. (2014) compared the
differences between conventional and modern seed-sowing procedures through the developed machines. Also,
they calculated the row-wise spacing, and seeding rates, which vary for each crop. Also, these complicated issues
are overcome with the development of their idea of the machine. This machine has decreased skilled labor, sowing
times, maintenance costs, and labor costs (Mishra et al., 2017) successfully. Later, the design, development, and
construction of a machine that can sow seeds, is operated by a toggle switch, and runs on solar and battery power
were completed (Shree Harsha et al., 2017). Researchers have created devices that could perform tasks like
autonomous sowing. Moreover, it offers manual management as necessary (Bute et al., 2018).

Pundkar and Mahalle (2015) developed high-precision pneumatic planters for various crops and seed sizes that
uniformly distribute the seeds along the travel path. Also, Umarkar and Karwankar (2016) developed an agribot
for reducing the cost of working and the period of digging for seeding. The effects of various seeding methods,
machines, and rates of seed treatment on the establishment of seed-emergence plants and grain yield were
determined by Sujon et al. (2018).
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In order to supply sufficient electric power, solar panels could be used anywhere in the world (Turkboylari and
Yuksel, 2021). It is clean and environmentally friendly compared to fossil fuels (Turkboylari, 2018). So, we can
use a solar-powered machine to plant pea seeds and provide a seeder at a low cost compared to the available
machines. Therefore, this study aims to: develop a solar-powered seeder that is renewable for sowing peas that is
more ecological and needs little manual labor; facilitate the improvement of small-scale farming with the
utilization of the new machine; study the optimal operation conditions for the assessed machine to optimize
longitudinal and lateral dispersing; maximize emergence percentage, minimize costs; and overcome the
disadvantages of the manual method.

2. Materials and Methods

Pea (Pisum sativum L.), namely cvs; Master, was used to test the manufactured machine. It is a dwarf modern
variety, as its vegetative growth is limited, except that the length of the pod reaches 14 cm and contains about 10-12
seeds, and thus it outperforms all short varieties with an increase in the percentage of neglect, as it reaches 55-60%.
The nodes are on the eighth node. The average length, width, thickness, and thousand seed mass were 7.6 mm, 6.5 mm,
5.5 mm, and 180.12 g, respectively, at a moisture content of about 10% on a dry basis. The amount of seed planted per
feddan is about 35 kg. The germination percentage for laboratory conditions for the tested seeds was 98%.

2.1. Description of the manufactured machine

It has a frame assembly mounted on two drive wheels and a solar panel to absorb solar energy, which is then
transformed into electrical energy. Seeds are fed to the seed metering mechanism by two hoppers on either side of the
machine, and a two-motor systems is used to operate the seeding metering device. The machine was made in a local
workshop. Two driving handles have been modified for quick movement and simple pea seeding. An acceptable
working width of 70 cm was selected to allow seeding at vast distances. Figures 1 and 2 show the developed machine's
components, and Figure 3 shows the assembled parts in their ideal places. The layout of components was modeled
using Solidworks software. Specifications are listed in Table 1.

Table 1 The specifications of the machine

Power source - solar panel 50 kw for operating 4 motors (2 for metering devices and 2 others for vacuum)
length, 117 cm
Dimensions  width, 76 cm
height, 122 cm
Weight 78 kg

Figure 1. The machine's rear View and right side
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Right and left isometric View of the seeder

Figure 3. Design for the proposed machine

432



JOTAF/ Journal of Tekirdag Agricultural Faculty, 2024, 21(2)

The frame was created as the backbone for the other components, with a length of 80 cm, to achieve smooth
operation as intended. The whole thing is mounted on it in a suitable arrangement. The chassis has a variable
width, but it was set at 60 cm to match the planning row spaces and make turning the machine easier. The
chassis was made from an L-shaped plate to sustain various loads. Two rubber wheels of 40 cm diameter and
10 cm width fixed on a 3 cm shaft make up the two-wheeled chassis. The machine's wheels must be strong
enough to carry the whole machine.

The front two openers have dimensions of 15 cm in length and 10 cm in width. They are curved with a
support structure that is 45 cm high and is used to dig the furrow and sow the seeds. The removable bolts and
nuts attach the opener to the frame at the front.

The hopper's capacity entire capacity is about 6 kg of pea seeds, and the conveyor receives sorted seed drops
from the conical structure.

A portable solar panel (peak power: 50 watts, maximum current: 2.81 amps, peak voltage: 22.1 volts, allowed
voltage: 12 volts, dimensions: 600x400x25 mm) that is put on top of the machine and used to charge the 12
V battery. A solar charge controller is installed between the solar panel and the battery to regulate the voltage
from the solar panel. A battery provided the electric power needed to run four motors (12 V) (two for operating
the metering devices and two for vacuum) and produce mechanical work. Since the solar panel should always
be positioned with its face towards the sky and be as vertical as the sun. The solar panel has a circuit with two
photocells and a tracking motor that follows the sun's disc at an inclination angle of 30°, as shown in Figure
4,

Figure 4. Photovoltaic panel position

The driver gets a signal from the controller and amplifies it. Thus, they gain a higher voltage and convert it
to suit the machine. This will prevent the motors from being damaged.

LCD is used to enter the distance between two seeds and display it.

A pair of handles displaying backwardly from the frame. The handles extended on either side, allowing the
operator to push and direct the machine.

The vacuum-based seed metering device consists of two circular plates arranged in a suitable manner. These
plates are housed in the hopper. When the metering device is in operation, seeds are sucked and rotated by
the plates until they reach point of atmospheric pressure. The pea seeds are then delivered to the seeding hose
through a designated arrangement, as shown in Figure 5. This technology automates the seeding process,
replacing manual labor and making sowing easier. Prior to delivery, a suitable cultivator arrangement is
prepared to prepare the ground for seed sowing.
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Isometric View of feeding device A schematic diagram of the feeding device
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Figure 5. Feeding device

e  The wheel-fixed sensor converts rotation into the distance for seed sowing at a particular distance. Also, there
is an input LCD that can be adjusted to plant seeds at various distances on the same line.

e  The control panel holds all the components needed to run the system.

The main feature of the seeding process is shown in Figure 6. The feeding two units are powered by a solar panel
connected to a 20 amp, 12 volt battery. Each unit consists of two main components: the first is the seed metering device,
which includes a perforated plate with an installed stepper motor. The input unit consists of a rheostat (variable
resistance) and a digital screen LSD that operates based on signals received from the wheel-fixed sensor. The second
component involves a vacuum motor responsible for vacuuming the seeds and adhering them to the perforated plate
until they are released into the seeding hose. The suction speed can be adjusted using the input unit, which includes the
same rheostat (variable resistance) and an LSD digital screen.

Solar panel Charge controller Wheel-fixed sensor

12 V Battery

a Controller board

Vacuum Motor

Input unit

Metering device Motor

Figure 6. The main feature of the seeding process

e Thearticulated covering and compacting wheels are two wheels attached to two axes and hinged on either
side, supported with two attraction springs, and used after the seeds are placed in the furrowed land to cover
the sown and apply appropriate pressure to the seeds.
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2.2. Principles of operation

The main working principle of the developing machine is precision agriculture, which uses sensors to enable, for
example, more efficient seeding. In this study, a complex gear mechanism is replaced with a sensor to make seeding
simpler. The sensor converts rotation into the distance for certain seed sowing distances. Also, an input LCD screen
can be adjusted to sow at various distances between seeds. With this machine, the distance between rows can be
effectively maintained by securely attaching the axle of the two wheels, which are provided with several holes, to a
hollow square main shaft. To modify the two seeding units, a square-shaped enclosure is mounted around the main
hollow square shaft, featuring several holes along the shaft that allow for precise modification of the seeding distance
as seeding is done in two rows simultaneously. As a result, this machine sows seeds with great accuracy and efficiency.
Most solar panels are statically oriented, fixed at a certain angle towards the sky. As a result, the solar panel receives
less direct sunlight, both in terms of time and intensity, which causes the P.V. cells to produce less power. The solution
to this problem is a solar tracking system essential to optimizing solar energy. Also, the motors used are 12 volts, so
they are compatible with the electricity produced from the solar panel without the need for a voltage converter, which
reduces costs. Also, both fuel costs and air pollution do not exist. According to a statistical survey, Egypt has many
small farms; hence, it is necessary to manufacture small-scale agricultural machines suitable for small holdings. Table
2 shows the distribution of fields in Egypt (MOAGS, 2016).

Table 2. The distribution of fields

The percentage size of landholding (Fed.)

Region <1 1to <3 3to<5 >5 Total area, fed.
The lower part of Egypt 29.28 32 11.76 26.96 5,916,546.1
The upper part of Egypt 42.31 35.89 10.95 10.85 3,085,823.6

2.3. The experimental procedure

The trials were completed at the Faculty of Agricultural Engineering, Al-Azhar University, Cairo, Egypt. The initial
experiments were conducted in the laboratory to determine grain germination as an indicator for loss in germination in
the field and some physical and mechanical properties of pea seeds.

2.3.1. Variables that were evaluated
Studies were conducted on two variables.
e Theoretical hill spacing, cm: four theoretical hill spacings of 15, 18, 21, and 24 cm, respectively, were studied.

e  Sowing depths, cm: three sowing depths of 2, 3, 4, and 5 cm were studied. The sowing depth can be adjusted
with the help of a screw arrangement.

2.3.2. Measurements

e The coefficient of variation of plants' longitudinal dispersal was calculated by determining the deviation in
the longitudinal line at a distance of 10 m along the sowing row, and it was measured as follows:

—\2
sd = /Z(’C‘T’” (Eq. 1)

C.V.= %100 (Eq. 2)

where sd is the standard deviation, X is the spacing between plants at 10 m along the seeding row, X" is the mean spacing
between plants at 10 m along the seeding row, n is the number of observations, and C.V. is the coefficient of variation.

o Lateral dispersing was calculated by determining the cross-dispersed grains along the row, and the location
of the plants along the center of the row was determined after 14 days of seeding and irrigation. The number
of plants at each 10-meter interval along the row was compared to estimate the distribution. This relationship
was employed for each experiment using the frequency distribution curve.

e The emergence percentage was also determined after 14 days of seeding and irrigation by using the equation
below:
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Emergence, % = x—‘:; x 100 (Eq. 3)

Nac is the actual plant number at 10 m long, and N is the theoretical plant number at 10 m long.
e The total operating cost, EGP/h, was estimated according to the following:
= Fixed costs, EGP/h

. Machine price—0.1XMachine price
» Depreciation costs = P P (Eq. 4)

The Machine life,5 years
Machine price+0.1xXMachine price

* Interest costs = > x 0.12 (Eq. 5)
= Costs for shelter, taxes, and insurance were estimated to represent 3% of the machine's price.
- Then fixed costs = Depreciation costs+Interest costs+Shelter,taxes and insurance costs (Eq 6)

hours of use per year

= Variable costs, EGP/h

*  Repair and maintenance costs = 100% Depreciation costs (Eq.7)
hours of use per year

»  Labor costs = Salary of one worker X Number of workers (Eq. 8)

=  Then variable costs= Repair and maintenance costs + Labor costs (Eq.9)

= Total cost, EGP/h = fixed costs + variable costs — (Eq. 10)

2.3.3. Statistical analyses

M.S. Excel (Microsoft Corporation, Redmond, WA, U.S.A.) was used to edit the data. To evaluate the machine, a
factorial design for the experiment was used. The experiments were performed five times, and Microsoft Excel 2021
was used to draw each graph. The obtained data are analyzed statistically by using a computer program (SAS.,
2012).

3. Results and Discussion
3.1. Factors affecting hills' lateral dispersing

Figure 8 shows the effect of theoretical hill spacing between plants and sowing depth on hills' lateral dispersion
around the centerline. Increasing the theoretical hill spacing and sowing depth decreases lateral dispersion and vice
versa. This finding could be because the machine is well-designed with has less vibration.

——2 =%—3 —O0—4 —A—5

25

20 F

15

C.V. of hills longitudinal dispersing, (%)
p

0 M ./I/I. M M PR R | PR T PR T PR T 1
0 15 18 21 24 27

Hill spacing (cm)

Figure 7. Effect of sowing depth (cm) and theoretical hill spacing between plants (cm) on the coefficient of
variation of plants longitudinal dispersing (%).

438



JOTAF/ Journal of Tekirdag Agricultural Faculty, 2024, 21(2)
3.2. Factors affecting the coefficient of variation of plants' longitudinal dispersal (%)

Figure 7 shows the relationships between theoretical hill spacing between plants and the coefficient of variation of
plants' longitudinal dispersal at different levels of sowing depth. Increasing the hill spacing indirectly decreased the
coefficient of variation of plants' longitudinal dispersing by increasing the various levels of sowing depth. However,
the mean best value for the coefficient of variation of plants longitudinal dispersal was 9.76%, directly related to a
theoretical hill spacing of 24 cm and a sowing depth of 5 cm. The mean maximum value for the coefficient of variation
of plants longitudinally dispersing was 19.45% at a theoretical hill spacing of 15 cm and a sowing depth of 2 cm.
According to Coates (1992), a coefficient of variation under 10% is regarded as excellent, while a value under 20% is
typically regarded as acceptable for most field applications.
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Figure 8. Effect of sowing depth (cm) and theoretical hill spacing between plants (cm) on hill lateral
dispersal.

A simple power regression analysis was used to relate the change in the coefficient of variation of hills' longitudinal
dispersing with the change in the tested factors for all treatments

The regression equation was C.V. (%) = 29.296 -2.025 Sq - 0.3758 Hs (R?=0.9582), where Sq is sowing depth, and
H; is hill spacing.

3.3. Factors affecting emergence (%)

Figure 9 illustrates the correlation between theoretical hill spacing and the average emergence percentage at various
sowing depths. Increasing theoretical hill spacing and sowing depth improved the mean emergence percentage. The
highest value of the mean emergence percentage was 93.26% for theoretical hill spacing of 24 cm and a 5 cm sowing

depth. The minimum value of the mean emergence percentage was 83.23% for theoretical hill spacing of 15 cm and a
2 cm sowing depth.
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Figure 9. Effect of sowing depth (cm) and theoretical hill spacing between plants (cm) on emergence (%)
The obtained regression equation was emergence (%) = 73.73 + 1.660 Sy + 0.4181 Hs (R?=0.9267).

The current results indicated that the sowing depth had Significant effects on both of longitudinal dispersing and
emergence percentage (p<0.0001). The increased sowing depth coupled by an ascending order for longitudinal
dispersing as well as descending order for emergence. Regardless the effect of sowing depth, the effect of hill spacing
also affected aforementioned two parameters significantly (p<0.0001, 0.0014, respectively). In contrast, the effect of
the interaction between sowing depth and hilling spacing had not significant effects (p>0.05) (Table 3).

Table 3. Means along with their standard error for longitudinal dispersing and emergence percentage
affected by studied factors.

Items Longitudinal dispersing (%) Emergence (%)
Sowing depth
2 19.47+0.79? 85.33+0.81°
3 18.42+0.742 86.44+0.64°
4 16.26+0.90° 89.03+0.75°
5 13.40+0.58° 89.98+1.25°
Hill spacing
15 18.44+0.912 85.92+0.76°
18 17.63£0.71% 86.81+0.61%
21 16.44+0.76 88.55+0.86%
24 15.04+0.80° 89.50+0.932
p-Value
Sowing depth <.0001 <.0001
Hill spacing <.0001 0.0014
Interaction 0.9776 0.9282

Lin; linear regression; Means within a row without a common superscript letter differ at p<.05.

3.4. Cost analysis

Table 4 shows the materials utilized for this project and its overall cost. The total fabrication cost of the seeder was

about 3835 EGP (US 127.83 $) in 2023. The materials required were available in the local market.
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Table 4. lists the materials utilized for this project and its overall cost.

SIN Material description Quantity Eg; Total, EGP
1 Metal - - 420
2 Arduino Board (Arduino Uno) 1 200 200
3 P.W.M. Board (kit mosfet board 15 A 400 W) 1 30 30
4 Bearings (ID : 10 mm, O.D.: 15 mm, T: 4.5 -5 mm) 1 30 30
5 Cultivator 2 50 100
6 Rubber wheels (dia. 35 cm) 2 100 200
7 Pressure wheels (dia. 20 cm) 2 50 100
8 Springs 2 10 20
9 Insulation and paint materials - - 50
10  Circular plate 2
11  Bolts and nuts - - 50
12 Solar panel 600x400%25 mm 1 350 350
13 Solar charger controller 1 200 200
14 Photocell 2 15 30
15  Stepper motor Nema 23 2 45 90
16  DC motors 12 V (775) 2 180 360
17  Stepper Motor Driver (TB6600 4A) 2 100 200
18 Battery (12V-T7A) 2 200 400
19  Incremental Optical Rotary Encoder (for Wheel " 360+ P/R 1 250 250
- 500+ R/m ")
20  Rotary Encoder (for LCD Screen "KY040 ") 1 20 20
21  LCD Screen + 1IC Board (2X16 Green) 1 45 45
22 Power Switches + LED + fan - - 50
23 2 Pin Power Connectors (G.X. 16) 4 8 32
24 4 Pin Power Connectors (G.X. 16) 6 8 48
25  Stepper Motor Coupler (6.35X10 mm) 2 15 30
26 DC Motor Coupler (Fixed 5X8 mm) 2 15 30
27 Vacuum Cleaner Turbin 2 75 150
28  Cables - - 50
Manufacturing 300
Total machine price, EGP 3,835 (US
127.83 $)

Table 5. Comparing the total cost of the developed machine and the manual process.

Specification

Manufactured boat Manual method

Machine price, EGP

Depreciation costs, EGP

Interest costs, EGP

Shelter, taxes and insurance costs, EGP
Fixed costs, EGP h!

Repair and maintenance costs, LE h
Labor costs, EGP h!

Variable costs, EGP h

3,835 (127.83 $)

690.3 (23.01 %)

253.11 (8.44 $)

115.05 (3.84 %)

0.147 (0.005 $ per hr)
0.096 (0.003 $ per hr)
1x30 =30 (1.0 $ per hr)
30.096 (1.003 $ per hr)

20x30=600 (20 $ per hr)

Total cost, EGP h1

30.243 (1.008 $ per hr) 600 (20 $ per hr)

EGP Egyptian pound
One U.S$=30EGP

The total operating costs of the manufactured machine and the traditional manual method are compared in Table 5.
Its expected life is about ten years. It is utilized eight hours a day, or about 90 days a year, so the total operating hours
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were 7,200. One skilled worker is adequate to complete the entire seeding operation, so the labor cost was 30 EGP per
hr. (1.0 $ per hr.). In comparison, the manual method required twenty workers to sow the required crop on 4,200 m?
per day, and this costs about 600 EGP per hr. (20 $ per hr). The manufactured machine can reduce seeding costs from
600 EGP per hr. (20 $ per hr) to 30.243 EGP/h (US 1.008 $ per hr), for an approximate 94.96% cost reduction ratio.
As aresult, the costs associated with paying labor payments will be significantly decreased, increasing farmers' profits.
Moreover, labor time and effort are saved.

4, Conclusions

Egypt is a developing country that depends mainly on agriculture to feed its people. Especially with the scattered
holdings, small machines are considered helpful in Egypt. Also, the production and productivity of pea seeds as a
vegetable crop were relatively low in Egypt. With the latest technological improvements, the developed machine could
make farming more feasible, affordable, and user-friendly. This research explored the possibility of utilizing new
equipment for seeding pea seeds. Four theoretical hill spacings of 15, 18, 21, and 24 cm and four sowing depths of 2,
3, 4, and 5 cm were studied. The best values of longitudinal dispersing, lateral dispersing, and emergence percentage
were obtained at a theoretical hill spacing of 24 cm and a sowing depth of 5 cm. The manufactured machine can reduce
seeding costs from 600 EGP h* (20 $ per hr) to 30.48 EGP h™ (1.008 $ per hr), for an approximate 94.96% reduction. It
is recommended to utilize this machine for small and medium farmers to plant pea seeds and other seeds such as corn,
soybeans, etc. To get more benefits and enhance the usage of this machine, it is recommended that it be used for
spraying pesticides, etc. By utilizing this machine, we can enhance sowing rates while also protecting seeds from
damage. Also, it can be utilized in small spaces, so it is very beneficial for small-scale farmers.

Challenges and Future Studies

This machine will require human power to push it, which is a disadvantage. Efforts should be made to convert it
to a self-propelled machine.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

A Research on Satisfaction Levels of Water Buffalo Breeders in Sivas Province, Tiirkiye

Tiirkiye, Sivas Ili Manda Yetistiricilerinin Memnuniyet Diizeyleri Uzerine Bir Arastirma

Gokce OZDEMIRY
Abstract

Buffaloes can adapt to different regional and climatic conditions, yield high quality milk and meat products and
are suitable for organic animal husbandry, which provides significant advantages in livestock raising. In this study,
a total of 122 buffalo breeders living in the center of Sivas province, Sarkisla and Susehri districts were examined
in terms of age, gender, educational level and satisfaction with breeding buffaloes, reasons for breeding, problems
encountered in breeding and expectations using a survey. The participants were mostly middle-aged individuals
(89.3%). It was found that 67.2% of them graduated from primary school while 12.3% graduated from high school.
It was revealed that the participants were breeding buffaloes in order to meet the daily needs of their homes (29%),
were pleased with breeding them (91.8%) and had such positive views that they advised their children to breed
buffaloes (62.7%). 64 % of the participants stated that they were satisfied with buffalo breeding for quality of dairy
products and the high prices of these products. The buffalo breeders reported their breeding problems as high costs
of fodder (35%), low meat price (25%) and the lack of market (10%) while they predicted that the buffalo breeding
may become more profitable (95.6%) with the help of solutions to be made by the authorities. In order to achieve
this aim, the breeders declared their demands to increase prices of their products sold in the market (34.4%), and
loan limits for purchasing fodder and husbandry (33.7%). A significant relationship was found between the
participants’ gender and the views that their work could be made profitable (p<0.001). It was also revealed that
there was a significant relationship between the satisfaction level of the participants and recommending breeding
buffaloes to their children (p<0.05) and the views that their work could be made profitable (p<0.001). When the
problems of buffalo breeders in Sivas province, expectations from the authorities and solutions to be offered are
considered as a whole, it can be interpreted that increasing the quality of production, preference of conscious
breeding practices in animal selection, pricing that will guarantee production and developing new marketing
opportunities will be beneficial to overcoming problems.
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Oz

Farkli bolge ve iklim kosullarina adapte olabilen, kaliteli siit ve et iiriinlerine sahip ve organik hayvanciliga uygun
olan mandalar, 6nemli avantajlara sahip bir hayvan yetistiriciligi koludur. Bu ¢alismada, Sivas ili Merkez, Sarkigla
ve Susehri ilgelerinde toplam 122 manda yetistiricisine ait yas, cinsiyet, egitim ve memnuniyet durumlari, manda
yetistirme nedenleri, yetistiricilik sorunlar1 ve beklentilerine yonelik olarak yapilan anket verileri incelendi.
Katilimeilarin, agirlikli olarak; orta yas (%89.3) grubunda ve egitim durumunun %67.2’sinde ilkokul, %12.3iinde
lise diizeyinde oldugu tespit edildi. Katilimcilarin, daha ¢ok evlerinin giinliik ihtiyaglarimi karsilamak (%29)
amaciyla manda yetistiriciligi yaptiklari, yetistiricilikten memnuniyet duyduklar1 (%91.8) ve ¢ocuklarina tavsiye
etme (%62.7) yoniinde olumlu diisiincelere sahip olduklari tespit edildi. Manda yetistiriciliginden memnun olma
nedeni olarak katilimcilarin %64’ siit ve siit iriinlerinin kalitesi ile bu {iriin fiyatlarinin yiiksek oldugu goriigiinii
belirttiler. Yetistiricilik sorunlart; yiiksek yem fiyati (%35), diisiik et fiyat1 (%25) ve pazar bulunamamasi (%10)
olarak belirtilirken, yetistiriciler yetkili merciler tarafindan iiretilecek ¢oztimler ile manda yetistiriciliginin daha
karl1 bir hale gelebilecegi noktasinda bir 6n goriiye (%95.6) sahip olduklarini bildirdiler. Manda yetistiriciligin
karli hale getirilebilmesi igin yetistiriciler, pazar fiyatlarinin artirilmasi (%34.4), yem alimi ve damizlikta kredi
artirilmasi (%33.7) yoniindeki taleplerini beyan ettiler. Katilimcilarin, cinsiyetleri ile islerinin karli hale
getirilebilecegi goriisleri (p<0.001) ve yaptiklar isten memnuniyetleri ile gocuklarina tavsiye etme (p<0.05) ve
memnuniyetleri ile islerinin karli hale getirilebilecegi goriisleri (p<0.001) arasinda bir iliski oldugu saptandi. Sivas
ili 6zelinde manda yetistiricilerinin sorunlari, yetkililerden beklentileri ve ¢6ziim &nerileri bir biitiin olarak
degerlendirildiginde; iretim kalitesini artirilmasi, damizlik hayvan se¢iminde bilingli yetistiricilik
uygulamalarinin tercih edilmesi, iiretimi garanti altina alan fiyatlandirma ve yeni pazarlama imkanlarinin
gelistirilmesi gibi yaklasimlarin faydali olacagi sdylenebilir.

Anahtar Kelimeler: Manda yetistiriciligi, Memnuniyet, Sorunlar, Beklentiler, Karlilik
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1. Introduction

In the past century, the number of buffaloes has decreased significantly in many countries in Asia, Europe and
the Near East due to several factors such as low milk yield, preference of imported dairy cattle products, decreased
demand for products, mechanization in the agricultural sector and rapidly changing socio-economic conditions
(Borghese, 2010; Yilmaz et al., 2012; Naveena and Kiran 2014). In order to eliminate this situation, many countries
have put great efforts to increase milk and meat production and create a market for quality buffalo products that
will increase consumer demand and dealt with the problems of buffalo breeding (Bernardes, 2007; Borghese, 2010;
Sariozkan, 2011; Naveena and Kiran 2014). Buffalo breeding has managed to exist in difficult conditions as a
traditional economic activity that provides motivation especially for small family businesses with its advantages
such as quality milk and meat products and suitable for organic animal husbandry in any climatic condition in a
period when climate change is invariably a part of global agenda (Atasever and Erdem, 2008; Sahin et al., 2013;
Borghese and Mazzi 2005; Soysal, 2014).

The number of buffaloes, which was 1,117,000 in the 1980s in Tiirkiye, decreased to 84,705 in 2007. This
decrease in buffalo population is explained by application of genotype improvement efforts only in cattle and the
change of preference for cattle breeds (Giircan et al., 2011; Sariézkan, 2011). In order to reverse the current
situation, special incentives and support programs have been established by the Ministry of Agriculture and
Forestry, and the institutions and organizations related to national and regional projects contributed to the
development of buffalo breeding by supporting producers (Sariozkan, 2011; Soysal, 2014). As a result of all these
efforts, in 2021, the population of Anatolian buffaloes reached 185,574 (TUIK, 2022). The new developments that
focus on buffalo breeding as a branch of livestocking and problems encountered in buffalo breeding have also
required to conduct more research in this field (Ci¢ek and Tandogan, 2009; Yilmaz et al., 2012).

While the number of buffaloes in Sivas province was 1,807 in 2009, it increased to 5,103 in 2022. As a result
of the studies carried out within the scope of both public and breeding unions and universities in order to develop
buffalo breeding as a livestock production branch, an increase was seen in the number of buffaloes in Sivas as well
as throughout the country (Anonymous, 2015; 2016; 2018; 2022). The province of Sivas ranks ninth in Tiirkiye in
terms of the number of buffaloes and has appropriate conditions for livestock raising with its geographical structure
and large pastoral areas (Anonymous, 2015; 2018).

This study sought to ascertain breeders' motivations for breeding buffalo, their levels of satisfaction, production
issues, breeders' expectations, and suggestions for solutions in the Sivas province.

2. Materials and Methods

The study sample consisted of the buffalo breeders selected according to tha data provided by Sivas Provincial
Directorate of Agriculture and Forestry and Buffalo Breeders Union. It was determined by the clustered sampling
method among 177 water buffalo breeders on the basis of districts, villages and businesses where breeding is
intensively made (Ozdamar, 2013). The study data were collected through face-to-face interviews with a total of
122 buffalo breeders in 20 villages located in the center of Sivas (68 participants), Sarkisla (15 participants) and
Susehri (39 participants) districts. The survey questions were developed by using previous studies in the literature
(Ozdemir and Ozdemir, 2016; Ozdemir, 2021). Questionnaire was conducted between September 2019 and
January 2020. The data obtained from 18 questions from the problems and expectations section of the
questionnaire. The survey included questions related to age, gender, educational and satisfaction level, reasons for
breeding buffalo, breeding problems, expectations and solutions.

2.1. Statistical analysis

The data obtained in the study were analyzed by using and with Chi-Square (y?2) independence test on SPSS
28.0 package program. The number of cells with expected values less than 5 in the Chi-Square test crosstabs r*c
tables belonging to some variables is more than 20% of the total number of cells in the table. Monte Carlo Exact
Pearson Chi-Square test analysis done, instead of combining row and column cells. R*C Exact Chi-Square test
results obtained with the combinatorial approach were used (Ozdamar, 2013). Based on the analysis of the cross
tables, the results were presented using descriptive statistics, frequencies, p significance level and Monte
CarloPearson Chi-Square values (MC %), and correlation coefficients (r) (Spearman) of the variables.
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3. Results and Discussion

The participants’ characteristics such as age, gender, educational level, social security and business ownership
were presented in Table 1. 43.4% of the participants were found to be 46-50 years of age. 29.5% of them were
aged between 36-45 years and 16.4% of them were 56 years and older. 73.8% of them were male and 26.2% of
them were female. 67.2% of the participants reported that they were primary school graduate while 12.3% of them
were high school graduate and 9% of them were secondary school graduates. 3 participants from Sivas and Susehri
were university graduates. Although the participants had different social security statuses, it was determined that
they were mostly members of BAG-KUR (56.6%) (Social Security Organization for Artisans and the Self-
Employed) and SGK (11.5%) (The Social Security Institution). The rate of the breeders who did not have any
social security was determined as 20.5%. 96.7% of the breeders stated that they owned their business. Age, gender
and educational level of buffalo breeders in Sivas, Sarkisla and Susehri districts were found to have greater socio-
demographic advantage compared to the literatiire. Askan and Dagdemir (2015) reported that both gross
production value and milk production value was increased by the fact that the breeders were young and had a high
level of education. In his study, Cift¢i and Yilmaz (2020) found that 98.53% of the breeders were male, 54.41 %
of them were 40 years and older and were primary school (55.9%), secondary school (16.2%) and high school
(15.4%) and university graduates. Soysal et al. (2005) found in his study that 79% of the participants were aged
between 18-60 years and 93 % of them graduated from at least primary school while 7% of them did not receive
any education. Saner et al. (2022) reported that the average age of buffalo breeders was 45.89 years and received
education for an average of 6.58 years. Seker et al. (2012) found that 8.0% of the breeders in Mus were not literate,
38.4% of them graduated from primary school while 2.4% of them graduated from university. Karadavut et al.
(2010) found that 53.85% of the participants did not have a social security in their study. The low rate of
participants (20.5%) without social security in this study can be explained by the fact that female breeders who are
housewives are included in this group. It is mandatory for the producers/breeders to ensure the continuity of
production with stable income in their own businesses and to have social security for the sectors based on natural
conditions.

Table 1. Demographic, social security and property information of the participants

Central Sarkisla  Susehri Sivas
Questions Parameters Total %2/ p
n % n % n % n %
0-15 - - - - - - - -
16-30 8§ 118 3 20 2 51 13 107
Age 31-45 20 294 6 40 10 256 36 295 5.855MS
46-50 31 456 4 267 18 46.2 53 434
51>+ 9 132 2 133 9 231 20 164
Man 51 75 9 60 30 769 89 738 NS
cender " \oman 17 25 6 40 9 231 32 262 2
Illiterate 4 59 1 67 1 26 6 4.9
Literate 4 59 - - 1 26 5 4.1
: Primary school graduate 47 69.1 8 533 27 692 82 67.2 NS
Education Secondary school graduate 8 118 - - 3 77 1 9 18.055
High school graduate 3 44 6 40 6 154 15 123
University graduate 2 29 - - 1 26 3 2.5
BAG-KUR 34 50 10 667 25 641 69 56.6
Social SGK 10 147 - - 4 103 14 115
Insurance Green Card 3 44 - - 3 17 6 49  7.293N\s
Pension fund 6 88 1 67 1 26 8 6.6
No assurance 15 221 4 267 6 154 25 205
Yes 65 956 15 100 38 974 118 096.7
Ownership of  No 3 44 - - 1 26 4 33 0.847NS
the business  Partner - - - - - - - - :
Rent - - - - - - - -

n: Frequency, %: Percent, 2 Monte CarloPearson Chi Square (MC #?),, P: Significance Level, NS: Not
significant.
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The breeders expressed the reasons for breeding as “meeting daily household needs” (29%), “income for
livelihood” (25%), “due to geographical conditions” (16%) and “my family profession” (12%) (Figure 1).
Breeding buffaloes is a livestock branch with significant advantages, including utilising the geographical
conditions for production while also providing a source of nutrition as well as serving as a bumper for support for
the family in case of cash needs and income through the sale of surplus products in the countryside. In a study
conducted in Bingdl, the breeders stated that they breeded buffaloes to meet household needs, keep family business
and due to appropriate geographical conditions (Ozdemir and Ozdemir, 2016). Seker et al. (2012) reported that
those who were engaged in breeding cattle did this work for livelihood (55.1%) or financial contribution to family
(33.9%). In a study conducted in the Philippines, the main reasons for breeding buffaloes especially due to the
effect of climate changes included the need for alternative livelihoods, having regular income (95%) and support
from government programs (42%) and non-governmental orgaisations (28%), maintaining health (24%) and a
passion for breeding buffalo (6%). In the same study, it was reported that the participants unanimously considered
the buffaloes as a source of livelihood for their family and benefitted from their milk (86%), force (70%), and
fertilizer (39%) sales by selling alive animals (94%), since it is a production model that gains value thanks to its
multi-faceted production (Escarcha et al., 2020).

| love animals Disease High quality
Due to 6% resis milk and more
geographical expensive
1%

| got your
education
1%

Figure 1. Reasons of the participants to raise the water buffalo

The participants’ responses of to the questions related to satisfaction levels, recommending breeding buffaloes
to their children, work areas if they quit breeding and costs were presented in Table 2. 91.8% of the participants
clearly reported that they were satisfied with buffalo breeding. The fact that the high level of satisfaction and
general positive attitudes towards breeding buffaloes is thought to be the main factor in the sustainability of this
breeding. Only 10 (8.2%) participants stated that they were not satisfied with buffalo breeding. When these
participants were asked to explain the reasons for thier dissatisfaction, they expressed the difficulties they
experienced in terms of caring for buffaloes general livestock raising problems such as high fodder prices,
inadequacy of support and lack of marketing. In a study conducted in Balikesir, it was found that the breeders
intended to make new investments in buffalo breeding in the upcoming periods and that this situation will continue
to be more widespread (Saner et al., 2022). In his study Karadavut et al. (2010) found that 87.18 % of the breeders
were not satisfied with breeding. In the same study, 66.67% of the breeders complained about the low prices of
their products. 16.67% of them stated that they did not have any other job. 11.76% of them were not satisfied with
their low income and 4.90% of them emphasised the lack of marketing opportunities. It was found that 62.7% of
the breeders had a positive idea about whether they would recommend buffalo breeding to their children while
37.3% did not agree with this view (Table 2). 35.4% of the breederswho were asked what to do if they quit buffalo
breeding stated that they would never do this. However, 31.9% of the participants stated that they would start
farming if necessary while 15% of them stated that they would breed cattle, and 15% of them stated that they
would give up livestock raising and deal with other livestocking branches. A significant number of the breeders
who stated that they would not give up their buffalo breeding and that they were satisfied with buffalo breeding
emphasized that they would continue to work in another livestock raising branch if necessary. The indispensability
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of buffalo breeding in view of the breeders’ views can be explained by their durability and adaptability to every
climate, relatively low consumption of fodder and grazing in the pastures, capacity to benefit from larger areas
and the importance of buffalo products in nutrition and their high economic value. The views of the participants
related to buffalo breeding are thought to be influenced by guaranteed income in addition to traditions and cultural
structure. In a study conducted in Bing6l, 80% of the participants recommended breeding buffaloes to their
children (Ozdemir and Ozdemir, 2016). Although the farmers never rely on a single livelihood as a source of
income within the agricultural production economy, they always focus on areas with the highest profits and
develop a productive behavior towards diversifying their agricultural activities (Escarcha et al. 2020). It is seen
that the buffalo breeders in Sivas have such a similar background in producing animal products. Mostly, small
family businesses, which prefer mixed (vegetative-animal) production model, generally optimize the benefits of
both production. Basically, vegetative production is used as a source of income and cash flow while animals
production is used as a source of capital. Since animal production is a more adaptable and sustainable source of
livelihood, it always maintains its potential and place in rural production (Escarcha et al. 2020).

Table 2. Satisfaction status data of participants in buffalo farming

Central Sarkisla  Susehri Sivas
Questions Parameters Total X2/ p
n % n % n % n %
o Yes 60 882 15 100 37 949 112 918 NS
Satisfaction No 8 118 - > 51 10 82 2.978
Recommending Yes 37 561 11 846 26 66.7 74 627
breeding buffaloesto  No 29 439 2 154 13 333 44 373 4177
their children
Farming 27% 429 3 214 6 167 36 319
| dont give up 102 159 8° 571 22° 611 40 354
Cattle Breeding 152 237 - 2> 56 17 15

(dairy/meat)

Livestock (Poultry 11 175 2 143 4 111 17 15 33.984**
/ Sheep-Goat

breeding /

Beekeeping)

Pension - - 1 71 2 56 3 2.7

Work areas if they quit
breeding

n: Frequency, %: Percent, »>: Monte Carlo PearsonChi Square (MC #2,),, P: Significance Level, NS: Not
significant., *:p<0.05

a,b: Within a row, different superscript letters indicate statistically significant differences between compared
frequencies(% within district).

64% of the participants stated that they were satisfied with buffalo breeding for quality of dairy products and
the high prices of these products (Figure 2). During the interviews of the participants, it is notable that they are
breeding buffaloes to meet their daily needs and emphasize the quality and taste of buffalo products with superior
and distinctive properties against cattle products. Buffalo milking is a special livelihood strategy that offers
economic advantages to the breeders in the midst of agricultural difficulties. The profits obtained from the buffalo
milk ensure that the breeders guarantee their livelihood and security. The buffalo milk can be priced about two to
three times compared to cattle milk (Bernardes, 2007; de la Cruz-Cruz et al., 2014; Escarcha et al., 2020). Milk is
the staple product in buffalo businesses. The buffalo milk is used to prepare various special products. As a rising
trend, it is reported that buffalo breeding gained more importance among the animal breeders since the popularity
of buffalo meat and milk production rose with the consumer demand (Soysal et al. 2005). The buffalo milk is
appreciated due to production of famous Turkish desserts besides quality products such as yoghurt, cheese and
butter, and thus is preferred. This is the most important source of motivation for the breeders to raise buffaloes
(Soysal and Kok, 2004; Azabagaoglu and Hurma, 2014; Degirmencioglu et al., 2015).
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Figure 2. Reasons for participants’ satisfaction with buffalo breeding

The breeders as the most important cost items in the business stated that they spent money for fodder (94.2%),
animal diseases/health services (2.5%), shepherding (1.7%), workers' cost (0.8%), respectively. They also stated
that the most important problem in breeding was high fodder prices, which is an important evidence that the fodder
supply for the buffaloes makes the the breeding economically difficult. 48.7% of the breeders in Mus (Seker et al.,
2012) reported that fodder/fodder raw materials ranked the first place among their total costs. Most of the costs in
livestock businesses are related to fodder supplies (70-80%). The high costs of fodder materials and the
insufficiency of fodder production of fodder raw materials are the most important problems of livestock raising in
Tiirkiye. Although the fodder costs are at the forefront, feeding based on natural pasture is the main feature of the
buffalo breeding system (Ligda and Georgoudis, 2005; Borghese, 2010; Degirmencioglu et al., 2015). The fact
that the buffalo breeding is a livestock activity carried out under extensive conditions due to the geographical
conditions reported as one of the main reasons for breeding is considered the main reason for the continuation of
buffalo breeding in this region for many years and its huge popularty among the breeders. However, 0.8% of the
participants did not have any costs.

The Shepherd

Breeding Animal ___Problem
Insufficient I ——— 2%
3%

Hard to No problem
milking 3% No money No grant and

10% loan support

Pasture ?reas Health
are limited problem
1%

2%

We cannotfind a
market / We
cannot sell the
product
10%

Figure 3. Problems of buffalo farming

They reported the major problems of buffalo breeding as high fodder prices (35%), low meat prices and lack of
marketing (25%) and failure to sell their products (10%) (Figure 3). Although the buffalo meat has an excellent
sensory quality, the change in market prices causes the breeders not to gain much in response to their efforts. The

450




JOTAF/ Journal of Tekirdag Agricultural Faculty, 2024, 21(2)

prices of the buffaloes in live or their meat are significantly low compared to cattle prices. The findings of the
current study (Karadavut et al., 2010; Ozdemir and Ozdemir 2016; Ciftci and Yilmaz 2020) overlap with other
studies that identified other variables that affect the profitability of the breeders such as low product prices and
high fodder prices. In addition to these problems, Saner et al. (2022) stated that the problems such as inadequacy
of supports, insufficiency of pastures around the villages and inadequate payments for milk. Commercial
production, decisions and actions of businesess in the livestock sector are shaped by the costs, needs and
preferences for production. Knowing needs and preferences makes it possible to predict future market reactions
(Marin et al., 2017).

The breeders reported their expectations from the authorities to lower fodder prices (26.2%), increase
marketing facilities of the products (17%) and distributing breeding animals (17%) (Figure 4). In some studies
carried out in different livestock branches, it has been reported that the breeders have expectations from the
government in terms of fodder prices, bank credits, veterinary medical services, breeding animal supply, education
and marketing issues (Sahinli and Ozcelik, 2011; Seker et al, 2012; Karli et al., 2018). In order for the businesses
to make a more economical production under current conditions, they are required to organize the production by
applying new methods and techniques and to develop new marketing policies (Marin et al., 2017). In order to meet
the expectations of the breeders, sustainable marketing conditions should be created. First of all, this should be
focused on environmental, social equality and economic concerns while developing access of small-scale
businesses to market and marketing services as a holistic approach and marketing strategies. Local delicacies, safe
production methods, protection of the environment and human health, local products and highlighting biodiversity
issues will be beneficial to the production of buffalo and marketing of their products (Adanacioglu, 2015). In the
subject of breeding animal demand, the participants' desire to have animals with high milk yield for yielding more
and high quality production will be possible by genetic improvement of the herds and increasing their quality. Due
to the neglect of buffalo breeding for many years, the individual milk yields of buffaloes remain stable. In cattle,
on the other hand, the efficiency per animal has increased continuously by efforts to improve herd genetics in order
to increase milk production (Yilmaz et al., 2012). In order to increase productivity by transferring the experiences
and advancements seen in cattle breeding to buffalo breeding, the conditions of breeders should be optimized for
milk and meat production. Thanks to this information and accumulation transfer, a faster and greater success can
be achieved (Bernardes, 2007). In order to develop buffalo cultivation and to guarantee its sustainability, the
breeders should be informed and supported in production, herd management and marketing process. As they
declare in the study, the breeders expect more support and incentives from the authorities.

Solve the shepherd's problem

Provide Health Insurance

Increase the support goverment

Increase product prices

Lower fodder prices

Let the pasture/grassland problem be solved
Increase marketing facilities of the products
Increase veterinary services

Let credit be given

Distributing husbandy animals

Provide education on animal husbhandry.

| have no expectations

T T T T T T

0 5 10 15 20 25 30

Figure 4. Expectations of breeders from authorities

When they were asked whether buffalo breeding could be made more profitable, 95.9% of the breeders
responded positively. The buffalo is a stable source of income for farmers, a profitable breeding branch that
provides production by using more efficient use of home labor and local resources. Profit is the main driving factor
in the decisions and activities of farmers (Naveena and Kiran, 2014; Escarcha et al., 2020). In order to achieve this
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aim, the breeders declared their demands to increase prices of their products sold in the market (34.4%) and loan
limits for purchasing fodder and breeding animal (33.7%) (Figure 5). The two most important problems affecting
the competitiveness of businesses in the livestock sector are low yield and high production costs. The low yield is
closely related to the genetic structure of hushandry animals, caring and feeding conditions. The increased costs
of the production compels the breeders more than in the past. At this point, in addition to productivity and cost
issues, attempts should be made to provide cost and competitive advantage in the long term in terms of production,
markets, incentives and supports (Oren and Bahadir, 2005). The fact that the breeders demand the marketing
opportunities of their products to be increased is an urgent problem that is necessary to be solved immediately. It
has been reported that the profits obtained from buffalo breeding promotes the welfare and livelihood of the family
and allow the farmers to accumulate more livelihoods (Naveena and Kiran, 2014; Escarcha et al., 2020). Saner et
al. (2022) stated that the continuation of the buffalo breeding businesses depends on the structure of input resources
and the effective marketing. In another study on making buffalo breeding profitable, 95.9% of the participants
responded positively and emphasized that the market prices (54.9%) and credits should be increased for fodder
and breeding animal (23.9%), pasture areas (15.9%) and herd genetics should be improved (5.3%) (Ozdemir and
Ozdemir, 2016).

By reducing the prices of diesel and medicine
By taking better care of animals

By solving the shepherd problem

By establishing a milk collection center

By increasing the number of animals

By lowering fodder prices

By improving herd genetics

By increasing loan limits for fodder and
husbandry

By expanding pasture areas

By increasing the market price

Figure 5. Solution proposals of breeders to make buffalo breeding profitable

When the breeders were asked whether they had difficulties in breeding buffaloes compared to cattle breeding,

35.7% of them had difficulty and 64.3% of them did not have difficulty (x2=12.888, p<0.001). The main diffiulties
reported by the breeders included the following: Milking the buffaloes (21.3%), intractable and grumpy nature of
buffaloes (19.7%), and buffaloes not grazing in the faraway pastures (16.4%) and not finding shepherds (Figure
6). The motherhood instinct is strong in buffaloes, and their grumpiness while milking them is actually associated
with this feature. The buffaloes are influenced by their caregivers’ behaviors during milking and are curious
animals about their environment and are not culturally-adapted animals, which accounts for all these problems
expressed by the breeders (Napolitano et al., 2013). The buffaloes have gained a special place in Turkish cultural
life with their unique living spaces (Semi-aquatik), feeding, and the features of their processed products. The
buffaloes have their own requests in terms of breeding, feeding and pasture conditions. It has been demonstrated
by the studies that the buffaloes that are forced to compete with cattle breeding are much more economical than
cattle and their milk production can be increased if they are genetically improved (Bernardes, 2007; Napolitano et
al., 2013; Sahin, 2015; de Lima Carvalhal et al., 2017; Degirmencioglu, 2022). The natural characteristics of being
grumpy and vicious mentioned by the breeders is explained by the fact that they do not create problems in grazing
and herding, especially in the pasture or barn to the caregivers they are accustomed to, are obedient to their
caregivers as long as they are cared by them or if they are not disturbed during the milking and they can be milked
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(Bernardes, 2007; Napolitano et al., 2013; de la Cruz-Cruz et al., 2014). The buffaloes are educable animals. If
they are trained to behave in a docile manner, they are reported to be easily accustomed to new conditions.
However, the knowledge that the temperament of animals is an important element in the selection of breeding
animals must be expanded among the breeders. Contrary to what many breeders believe, there is evidence that
buffaloes can easily adapt to the machine milking (Yilmaz et al., 2012; Yilmaz and Karaca 2013).

infertility and difficult acceptance of the
offspring

cannot go far in the pasture and needs a
separate shepherd

easier than cattle

low milk yield and short lactation period

low price of meat and livestock

difficult to maintain

buffalo grumpy and stubborn

hard to milking

Figure 6. Comparison of cattle and buffalo breeding from the perspective of the breeder

The negative relationship between the participants’ age and their social security status (p<0.05) was identifed
as an indication that young participants did not have social security (Table 3). A significant relationship was found
between the gender and social security statuses (p<0.05) of the participants and their views that their business
could be made profitable (p<0.001). It can be argued that this relationship is due to the lack of social security and
the low number of female breeders (26.2 %) in the livestocking sector. It will be beneficial to promote the
employment of women who play an active role in both animal care and milking within the livestocking sector and
to offer social security for them. Surprisingly, there was no relationship between social security statuses and
satisfaction levels of the breeders. It was found that there was a significant relationship between the satisfaction
levels of the participants' with their business and the advising buffalo breeding to their children (p<0.05) and the
views that their business could be made profitable (p<0.001) (Table 3). As expected, there was a positive
relationship between increasing profitability and breeders’ increased satisfaction. Economic self-sufficiency and
profitability in production constitute the main sources of satisfaction. The high level of satisfaction promotes the
desire of the breeders to sustain production and increase product quality. In accordance with the findings of the
study, in Akpinar et al. (2019) and Karli et al. (2018) reported that the tendency to continue production increased
greatly as long as satisfaction levels were high.

Table 3. Relationships between some parameters obtained from study data

Social Security Recommending

Parametreler Gender Statuses Satisfaction to their children Profitability
Age -0.092 -0.199" -0.110 -0.087 -0.075
Gender 0.225" 0.026 0.137 0.252™"
Social Security Statuses -0.030 -0.162 0.076
Satisfaction 0.206" 0.239™
;;eitlzgrr:rr]nendlng to their 0.102

p: Significance Level, *:p<0.05, **:p<0.001.
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4, Conclusions

When the age and educational status of the buffalo breeders in Sivas, Sarkigla and Susehri districts were examined,
most of them were in the middle age group and it was found that they mostly graduated from primary and high school.
The advantages of buffalo breeding include high satisfaction of the buffalo breeders in Sivas province, their views that
buffalo breeding is indispensable, advising buffalo breeding to their children, the use of their products in their own
consumption. The positive correlation in buffalo breeding between the satisfaction levels of the breeders, their advice
to their children and the profitability of buffalo breeding can be counted among other remarkable advantages that
support the sustainability of breeding. The disadvantages of the buffalo breeding include low milk yield, bad
temperament of these animals, difficulty in milking. The breeding problems related to low yield, bad temperament and
animal behaviors can be handled by technological applications such as selecting animals with high genetic efficiency
and more docile temperament as husbandry, genetic improvements and artificial insemination.

When the problems, proposed solutions and expectations of the buffalo breeders in Sivas province from the
authorities are considered as a whole, developing new practices and processes is necessary in order to increase the
competitiveness of buffalo breeding in rural economy. The participants reported that buffalo breeding is threatened by
high fodder prices, lack of market opportunities, limited or no access to loans with governmental support and incentives.
The geographical location of Sivas province, the vastness of wetlands, pastures and lakes, which are natural habitats
for buffaloes, the traditional production made in the region, and the organic production and geographically registered
and/or organic product potential will contribute to overcoming these difficulties. In addition to the geographical
possibilities, buffalo breeding should be highlighted more than cattle breeding since it is easier and cheaper, and that
buffalo milk and products create better income than cow's milk and products. In order to better integrate animal food
manufacturers into the production-food chain, various cooperation forms such as supporting local markets, the
consumer and manufacturer coordination, and short marketing chains should be encouraged. Connections that provide
local food products between livestocking and tourism sectors should be developed. Direct sales of fresh products are
an important source of income for a large number of small farmers. Ensuring an increase in economic profits in
production is seen as a solution that will ensure the development of buffalo breeding. With the implementation of the
Anatolian Buffalo Improvement program, which is carried out by the Ministry of Agriculture and Forestry, with the
cooperation of Buffalo Breeders Association, the support and incentives for the Local Buffalo Breeding Improvement
Project can increase satisfaction levels and efforts of the breeders in terms of sustainability. Review of support for
buffalo breeeding, and determining production and marketing problems will contribute to the introduction of a new
approach to the process.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Tarim Arabas1 Imalat Siirecinin ve Baz1 Ortam Kosullarinin Bir isletme Orneginde
Incelenmesi*

Investigation of Trailer Manufacturing Process and Some Environmental Conditions in a Case
Workplace

Damla ATES?!, Anil CAY?"

Oz

Giin gectikce tarim arabasi ve traktor parkinda yer alan {inite adedi giderek artmaktadir. Bu araglarin imalat
stireglerinde kullanilan tezgahlar, aletler ve makineler gelisen teknolojiler ile paralel olarak iiretim siirecini nitelik
ve nicelik bakimindan hizlandirmaktadir. Ancak bu teknoloji yogun iiretim siiregleri, ¢alisanlarin saghigi ve is
giivenligi bakimindan zafiyetler olusturabilmektedir. Bu ¢alismada, tarim arabasi imalat siirecinin ve bazi ortam
kosullarinin bir igletme 6rneginde incelenmesi ve degerlendirilmesi amaglanmistir. Bu amag¢ dogrultusunda,
Canakkale ilinde tarim arabasi liretiminde segilen drnek bir isletmede kullanilan makineler ve tezgédhlar ile yapilan
imalat siireci incelenmis ve bu makineler ve tezgahlarin calismasi esnasindaki giiriiltii ve aydmlatma diizeyleri
belirlenmistir. Ayrica, elde edilen giiriiltii ve aydinlatma degerlerinin ¢alisanlar izerinde etkilerinin azaltilabilmesi
icin degerlendirmeler yapilmigtir. Makineler i¢in elde edilen giiriiltii 61¢iim sonuglari incelendiginde, L aeq (esdeger
stirekli ses basing diizeyi) degerleri 61.74-93.33 dB(A) araliginda, Lmax (tepe ses basing diizeyi) degerleri 79.53—
94.3 dB(A) araliginda ve Lex (giinliik kisisel maruziyet seviyesi) degerleri, 47,38—80,02 dB(A) araliginda
degismistir. Elde edilen sonuglar ve giiriiltii yonetmeligi dikkate alinarak, giiriiltiiniin ¢alisan isciler tizerindeki
etkileri ve bu etkilerin azaltilmasina yonelik énerilerde bulunulmustur. Oneriler, giiriiltiiniin ¢alisanlar iizerinde
fiziksel, fizyolojik ve psikolojik etkileri dikkate almarak belirlenmistir. Isletmenin aydilatma dlgiimlerine ait
sonuglar incelendiginde en yiiksek aydinlatma degerinin d6gleden 6nce 6lgtim 1°de 951 liiks ile pres makinesinde
ve 0gleden sonra dlgiim 2’de 1082 liiks ile pres makinesinde oldugu belirlenmistir. En diisiik aydinlatma degeri
ise 6l¢lim 1°de 6gleden 6nce 107 liiks ile gazalti kaynak makinesi ve 6l¢lim 2’de 6gleden sonra 54.4 liiks ile torna
tezgahinda oldugu belirlenmistir. Caligma kapsaminda bulunan bilgiler 1g1g1nda aydinlatma 6l¢iim degerlendirme,
armatiir se¢imi, aydinlatma hesaplama ve aydinlatma kosullar1 i¢in de 6neriler sunulmustur.
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Abstract

The number of units in the agricultural trailer and tractor park is increasing day by day. The benches, tools and
machines used in the manufacturing processes of these units accelerate the production process in terms of quality
and quantity in parallel with the developing technologies. However, this intensive production processes can create
vulnerabilities in terms of employee health and work safety. In this study, it is aimed to examine and evaluate the
agricultural trailer manufacturing process and some environmental conditions in a case workplace. In accordance
with this purpose, benches and machines used in agricultural trailer production at Canakkale were investigated.
Noise and lighting levels during the operation of these machines and benches were determined in a sample
workplace. In addition, evaluations were made in order to reduce the effects of the obtained noise and lighting on
the employees. When the noise measurement results obtained for machines Laeq (the level of sound pressure)
values were in the range of 61.74-93.33 dB(A), Lmax (the level of measured sound pressure) values were in the
range of 79.53-94.3 dB(A), and Lex (exposure level) values were in the range of 47.38-80.02 dB(A). Considering
the results of the study and the noise regulation, suggestions were made to reduce the effects of noise on workers.
Suggestions were presented to protect them from these physical, physiological and psychological effects and to
increase their working efficiency. When the measurement data results for the machines were analyzed, it was
specified that the maximal illumination value which was found in the hydraulic press machine with 951 lux at
Measurement 1 before noon and 1082 lux at Measurement 2 in the afternoon. It was specified that the minimal
value illumination was the gas welding machine with 107 lux at Measurement 1 before noon and the lathe with
54.4 lux at Measurement 2 in the afternoon. Based on the information determined within the scope of the study,
suggestions were also presented for lighting, luminaire selection, lighting calculation and lighting conditions.

Keywords: Agricultural trailer, Lighting, Noise, Exposure level, Machine tools
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1. Giris

Insanlik tarihinin baslangicindan beri siire gelen tarim, gerek 6nemli bir ge¢im kaynagi olmasi, gerek endiistri
sektoriine hammadde saglamasi nedeniyle insanlik igin ¢ok biiyilk dnem tasimaktadir (Yildiz, 2017). Aym
zamanda, iklim ve toprak sartlarina baglilig1 sebebiyle tarim, tehlike ve degiskenliklerin oldugu bir sektordiir.
Topragin islenmeye basladigi ilk kademeden {iiriinlerin islenip tiiketime sunuldugu son kademeye kadar tarimsal
iiretim giic ve karmasik bir siire¢ olmustur. Tarimsal mekanizasyon araglart ile bu zorlu ve karmasik siire¢
kolaylastirilmaya ve daha verimli hale getirilmeye calisilmaktadir (Yildiz, 2017). Calismanin zamaninda
gerceklestirilmesi i¢in iyi bir tarimsal mekanizasyon uygulamastyla topragi hazirlama (toprak isleme), ekim, dikim,
bakim, sulama, gilibreleme hasat, nakliye vb. gesitli tarimsal islemlerin daha modern bir sekilde yapilmasi
saglanmakta, birim alandan elde edilen iiriin nemli 6lciide artirabilmektedir (Ozbilgi, 2019).

Diinyada oldugu gibi tilkemiz tariminda da enerji gereksinimi ve tiiketimi siirekli artmaktadir (Anonymous,
2022). Bu durum enerjiyi verimli kullanmay1 zorunlu hale getirmektedir. Enerji etkinligini ve ¢evre boyutunu
6lgmek enerji girdi ve ¢ikti analizleri ile yapilmaktadir. Boylelikle enerjinin ne boyutta etkin kullanilip
kullanilmadig tespit edilebilecektir. Boylelikle gerek enerjinin gereginden ¢ok tiiketilmesi engellenerek israfin
online gegilecek gerekse fazla enerji tiketimi (aydmnlatma, girilti, yakit vb.) ile enerji kaybinin Oniine
gecilebilecektir (Goktolga ve ark., 2006). Tarimsal mekanizasyon uygulamalariyla tarimsal iiretim faaliyetlerinde
insan ve hayvan ig giiciiniin yerini alet ve makineler alarak verimliligi yiikseltmekte, caligmalarin rahat, seri ve
zamaninda yapilabilmesi saglanabilmekte ve ¢cok zor olan tarimsal faaliyetler basit bir hale gelmektedir (Karabulut,
2022). Giin gectikce tarim arabasi (romork) ve traktor parkinda yer alan iinite adedi giderek artmaktadir. Bu
araglarin imalat siireclerinde kullanilan tezgahlar, aletler ve makineler gelisen teknolojiler ile paralel olarak iiretim
stirecini nitelik ve nicelik bakimindan hizlandirmaktadir. Ancak bu teknoloji yogun iiretim siiregleri, ¢alisanlarin
saglig1 ve is giivenligi bakimindan zafiyetler olusturabilmektedir. Oncelikle her alanda oldugu gibi tarim
makinalar1 imalati esasinda da ¢aligma kosullari, aydinlatma ve giiriiltii seviyesindeki mevcut durumun ortaya
konmasi1 6nem arz etmektedir.

Bu ¢alismada, tarim arabasi imalat siirecinin ve bazi ortam kosullarinin bir isletme 6rneginde incelenmesi ve
degerlendirilmesi amaglanmistir. Calismada Canakkale’de tarim arabasi imalati yapan isletmeler arasindan
secilmis olan Ugel 17 Tarim Makineleri Ltd. Sti. de iiretim siirecinin; tezgah yiikleri, aydmlatma, giiriiltii diizeyi
ve islem siireleri acisindan irdelenmesi yapilmistir. Isletmede iiretim siirecinin analizi yapilirken iiretilen tarim
arabalarimin tanimi, teknik 6zellikleri, hammadde girisinden imalat boyunca yapilan iglem siiregleri ve ¢esitleri,
ortam giiriiltii 6l¢iimii, ortam aydinlatma 6l¢iimii kullanilan tezgahlarin islem silsileleri irdelenmistir.

2. Materyal ve Metot

Calisma Canakkale ilinde tarim arabasi imalat1 yapan énde gelen firmalardan Ugel 17 Tarim Makineleri Ltd.
Sti. materyal olarak secilmistir. Firmanin {irlin yelpazesinde bulunan ve en yogun talep alarak iirettigi tek ve ¢ift
dingilli tarim arabalar1 imalat siiregleri irdelenmistir (Sekil 1). Uretimde kullanilan makine ve tezgahlarin
bulundugu ortamda makine operatoriiniin ¢aligma alanindaki aydinlatma kosullari, giiriiltii maruziyet diizeyleri,
isletmede konumlu tezgah ve makinelerin giin igerisindeki kullanim siireleri dikkate alinarak incelenmistir. S6z
konusu Olctimler 2022 yili Ocak ve Ekim aylar1 igerisinde degisik zaman dilimlerinde ilgili standartlarda
belirtildigi sekilde farkli makineler ve tezgahlar iizerinde gergeklestirilmistir. Firmada bulunan makinalar ve
tezgéhlarin marka ve modelleri Tablo 1’de verilmistir.

Firma biinyesinde 15 adet floresan 6zellikli 11k bulunmaktadir. Aydinlatma 6lgtimleri i¢in TES—1332A marka
liksmetre ve igletmede bulunan tiim floresan lambalar agik oldugu zaman Olgiimler yapilmistir. Aydinlatma

Olglimleri 6gleden 6nce ve 6gleden sonra olmak iizere, her biri ti¢ dakikalik Giger 6lgtim seklinde yapilmigtir (Seki/
2).

Firmada bulunan makinelerin ve tezgahlarin, ortam giiriiltii 6l¢iimleri i¢in Uluslararas: degerlendirmeye sahip
TS EN ISO 9612:2009 standardinda belirtilen IEC 61672—-1:2002’ye uygun, ¢alisma aralig1 0° ile +40°C olan
Testo 816-1 giiriiltii seviyesi 6l¢iim cihazi kullanilmigtir. Standart, ¢alisanlarin ¢alisma ortaminda maruz kaldiklari
giiriiltiintin 6l¢iimiinde ve giiriilti maruziyet seviyesinin hesaplanmasinda kullanilan miihendislik yontemini
kullanilmaktadir. Alinan dlgiimler, mikrofon giiriiltii kaynag: yoniinde yerlestirilmis sekilde ve ¢ tekerriirlii ve
her tekerriir igin 5’er dakika (A) agirlikl ses basing diizeyi dB(A) ve 6lgiim araligi 30—-130 dB(A) olacak sekilde
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gerceklestirilmigtir.  Yapilan ¢alismadaki, Ol¢iim stratejisini belirlemek i¢in, c¢alisma Oncesinde giiriiltii
maruziyetine katki da bulunacagi diigiiniilen biitiin etkenler (is, iiretim, siireg, organizasyon, g¢alisanlar ve
faaliyetler) incelenmistir. Incelenen Laeq (esdeger siirekli ses basing diizeyi) Esitlik (1) ile hesaplanmugtir (Ozkul
Coskun ve Siimer, 2022). Olgiimler sonucu giinliik giiriiltii maruziyet seviyeleri, ayr1 ayr1 biitiin tezgih ve
makineler i¢in hesaplanmis ve degerlendirmelerde, operatorlerin gilinlik giiriiltii maruziyet seviyeleri

Figure 1. Agricultural trailers and liquit tankers manufactured by Ugel 17 Ltd (a: 2.5 tons agricultural car b:
3.5 tons agricultural trailer ¢ 5 tons agricultural trailer ¢: 12 tons agricultural trailer d: 18 tons agricultural
trailer e:24 ton agricultural trailer, f:3 ton water tanker g:5 ton fire extinguishing tanker)

Sekil 1. Ucel 17 Ltd. Sti. biinyesinde iiretimi yapilan tarim arabalari ve tankerler (a:2.5 ton’luk tarim
arabast b:3.5’tonluk tarum arabasi c:5 ton’luk tarim arabasi ¢:12 ton’luk tarim arabasi d:18 ton’luk tarim
arabasi e:24 ton’luk tarum arabasi f:3 ton’luk su tankeri g:5 ton’luk yangin sondiirme tankeri)

Tablo 1. imalat amaciyla satin alinan malzeme, hammadde ve cesitli elemanlar

Table 1. Materials, raw materials and various elements purchased for manufacturing purposes

Makine Marka Model

Torna tezgihi Tezsan SN50C-1988

Siitunlu matkap Sevindik 1990

Testere makinesi Imak Agi1l1-1995

Pres makinesi Hirsan 500 tonluk-2002

Taslama makinesi Makita—AEG 2020-2021

Mengene [zeltas MMS200-2016

Gazalt1 kaynak makinesi Oerlikon—geka 2016-400/2019-400/2020-250+plus
Lp.AeqT,m = 10log [%23:1 100’1XLP’AeqT’mi] (Es. 1)

Esitlikte;

Lp,aeqrmi : Tm siireli gorev boyunca A-agirlikli es deger siirekli ses basing diizeyi, dB(A)
I : m gorev drneginin numarasi
I : m gorev O6rneklerinin toplam sayisi

m : GOrev numarast

Tm
Lgx ghm = 10log [Z%:l T, 100’1XLp’AeqT’m] (Es. 2)

Esitlikte;
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Lex g, : Glinliik giiriiltii maruziyet seviyesi, dB(A)

M : Giinliik giiriiltii maruziyet seviyesine katkida bulunan toplam gorevlerin sayisi
42{ Y ~ = 3 ad
A.— -‘-‘-.‘ _1‘!§ 4

B -
oo | v Bk

-

Figure 2. Places where lighting measurements are made within the company (a: Lathe bench b: Press machine
c: Gas metal arc welding ¢: Vice d: Column drill e: Saw cutting f: Administrative office)

Sekil 2. Firma biinyesindeki aydinlatma él¢giimii yapilan yerler (a:Torna tezgdhi b:Pres makinesi c: Gazalti
kaynak ¢:Mengene d:Siitunlu matkap e:Testere kesim f:Idari ofis)

3. Arastirma Sonuclar1 ve Tartisma
3.1. Aydinlatma Olciimlerine Ait Sonuclar

Isletmede bulunan her bir tezgah ve idari ofis i¢in aydilatma dlciimleri Tablo 2°de gosterilmistir. En yiiksek
aydinlatma degerinin 6gleden 6nce 6l¢iim 1°de 951 liiks ile pres makinesinde ve 6gleden sonra 6lgiim 2°de 1082
likks ile pres makinesinde oldugu belirlenmistir. Aydinlatma degeri en diisiikk 6gleden 6nce 6lgiim 1°de 107 liiks
ile gazalt1 kaynak makinesi ve 6gleden sonra 6l¢iim 2’de 54.4 liiks ile torna tezgahi oldugu belirlenmistir. Pres
makinesinin aydinlatma 6l¢timii en yiiksek degerde olmasinin sebebi isletmenin girigsinde agik alanda ve agik alana
en yakin yerlerde konumlandirilmis olmasi, yiiksek aydinlatma verilerinin olusmasinda énemli bir faktordiir.

Tablo 2. Isletmede élciilen aydinlatma degerleri

Table 2. Lighting values measured in operation

Olgiilen yerler —— Ogl COCTHONCC = (")glfeden sonra
Olgiim 1 Olgiim 2 Olgiim 3 Olgiim 1 Olgiim 2 Ol¢iim 3

Torna tezgahi 151 177 174 160.9 54.4 104.4
Siitunlu matkap 413 352 332 164.1 170.3 222.0
Gazalt1 kaynak 107 137 124 164.1 170.3 137.0
Mengene 278 197 227 268.0 181.0 273.0
Testere kesim 276 152 176 290.0 248.0 170.0
Pres makinesi 951 563 774 685.0 1082 590.0
Idari ofis 208 178 165 179.7 139.8 146.5

*: Degerler liix olarak verilmistir

Ogleden dnce 6l¢iim 1 ortalama degeri 340.6 liiks, 6l¢iim 2 ortalama degeri 250.9 liiks, 6lgiim 3 ortalama degeri
281.7 liiks olarak hesaplanmstir. Ogleden sonra lgiim 1 ortalama degeri 273.1 liiks, dlgiim 2 ortalama degeri
292.3 liiks, 6l¢iim 3 ortalama degeri 234.7 liiks olarak belirlenmistir. Ogleden dnce genel aydinlatma ortalama
degeri 291 liikks ve 6gleden sonra ortalama degeri 266.7 liikks olarak saptanmistir. Tezgdh ve makineler bazinda
ayri1 ayr1 yapilan aydinlatma dlgtimlerine ait sonuglar Sekil 3’te gosterilmistir.
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Figure 3. Average results for before noon and afternoon (a:Turn b:Hydrolic press c:Gas welding d:Vice
d:Pillar drill e:Saw cut f:Administrative office)

Sekil 3. 0gleden once ve 0gleden sonra icin ortalama sonuclari (a:Torna b: Pres makinesi c: Gazalti
kaynak ¢:Mengene d:Siitunlu matkap e:Testere kesim f:Idari ofis)

Torna tezgahi incelendiginde 6gleden once ortalamasi 167.33 liiks olan aydinlatma degerinin 6gleden sonra
yapilan Ol¢iimler ortalamasinda 106.56 liks oldugu bulunmustur. Hidrolik pres incelendiginde 6gleden 6nce
ortalamasi 762.66 liiks olan aydinlatma degerinin 6gleden sonra yapilan Olglimler ortalamasinda 785.66 liikks
oldugu bulunmustur. Gazalti kaynak incelendiginde 6gleden Once ortalamasi 122.66 liiks olan aydmlatma
degerinin 6gleden sonra yapilan dlgiimler ortalamasinda 157.13 lLikks oldugu bulunmustur. Mengene tezgahi
incelendiginde 6gleden Once ortalamasi 234 lilks olan aydinlatma degerinin 6gleden sonra yapilan 6lgiimler
ortalamasinda 240.66 liiks oldugu bulunmustur. Siitunlu matkap tezgahi i¢in 6gleden 6nce ortalamasi 365.66 liikks
olan aydinlatma degerinin 6gleden sonra yapilan dlgiimler ortalamasinda 185.46 likks oldugu bulunmustur. Testere
kesim tezgahi incelendiginde ise 6gleden once ortalamasi 201.33 litks olan aydinlatma degerinin 6gleden sonra
yapilan dlgiimler ortalamasinda 236 liiks oldugu bulunmustur. Idari ofis igin yapilan &gleden 6nce ortalamasi
183.66 likks olan aydinlatma degerinin 6gleden sonra yapilan Slgiimler ortalamasinda 155.33 liiks oldugu
bulunmustur. Olgiilen degerlerin “Isyeri Bina ve Eklentilerinde Alinacak Saghk ve Giivenlik Onlemlerine Iliskin
Yonetmelik” EK-1 22 inci maddesi geregince TS EN 12464- 1: 2013; TS EN 12464-1.2011: 201 standard
minimum aydinlik diizeyi degerleri ile kiyaslanmistir. Torna tezgahi, siitunlu matkap, gazalt1 kaynak, mengene,
testere kesim ve idari ofis 6gleden dnce ve 6gleden sonra ortalama degerleri 300 liiks altinda oldugu belirlenmistir.
Nitelikli bir aydinlatma i¢in hem yeterli seviyede aydinlatma siddeti hem de uygun aydinlatma sistemi gerekli
sartlardandir. Ornegin, akkor telli lamba tiiriiniin 151nlar1 titresime sebep olmayacagi igin floresan lambalara oranla
akkor telli lamba kullanimi géz yorgunlugu yasanmasina yol agmaz. Yapilan ¢alismalarda, beyaz 15181n en iyi 151k
oldugunu belirtmis; giin 15181 yeterli seviyede olmadiginda veya gece caligmalarinda bu 1518a benzer 1siklarin
kullanilmasi gerekliligini bildirmislerdir (Sandikci, 2020).

Bayrakdar (2016) yaptigi ¢aligma sonucunda, aydinlatmanm tiim igyerlerini etkileyen bir etken olmasina
ragmen inceledigi isletmeler i¢in yeterli aydinlatmanin dogru sekilde saglanamadigini bildirmistir. Ayni ¢alismada,
isyerlerinde aydinlatma yetersizliginin énemli bir sorun oldugunu ve dolayisiyla uygun aydinlatma kosullarinin
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standarda gore degerlendirilmesi gerektigini ifade etmistir. Ancak glinlimiizde hem kisilerin sahsi taleplerine cevap
vermek hem de olagan ve olagan dist durumlarda ortaya ¢ikan sorunlart ¢ézebilmek gayesi ile dogru segilen bir
aydinlatma gereksinimden gok kaginilmaz bir hal almistir. Dogru segilen bir aydinlatmanin sagladigi yararlar ise;

» Ekonomik potansiyel artmis olur
> Is verimi artar

» Goziin gérme kabiliyeti artar
Go6z saglig1 korunmus olur

Tehlike ve kazalar azalir

vV V V

Gtivenlik saglanir
» Yasam konforu arttirir seklinde siralamistir (Onur, 2012).

Calismada elde edilen veriler 1s181nda benzer igletmelerin dizayni1 ve modernizasyonu yapilirken giin 1s1gimndan
daha fazla yararlanilmas: gerektigi belirtilmekte iken, her zaman giin 1518min yeterli olamayacagi ve ¢aligsirken
parlamalar yapabilecegi ve bunun dikkatsizlik yaptig1, ayn1 zamanda yapay aydinlatmanin aksine bazen golgeleme
ve yansimalara neden olabileceginin unutulmamasi gerektigi vurgulanmaktadir (Katunsky ve ark., 2017).
Dolayisiyla giin 1s1gmin hem olumlu hem de olumsuz etkileri oldugu agiktir. Bu yiizden is giivenligi agisinda
tehlikeli imalat tezgahlarina sahip isletmelerde saglikli aydinlatmanin saglanmasi ancak entegre aydinlatma
teknikleri ve degisken akilli aydinlatmalarla saglanabilecektir (Perez ve ark., 1993).

3.2. Giiriiltii Olciimlerine Ait Sonuclar

Calisma kapsaminda elde edilen giiriilti 6lgiimiine dair sonuglar Tablo 3’te sunulmustur. Sonuglar
incelendiginde Laeq (ses basing diizeyi) degerleri 61.74-93.33 dB(A) arasinda degismistir. Laeq (ses basing diizeyi)
sonuglar1 torna tezgaht 84.04 dB(A), siitunlu matkap 67.36 dB(A), gazalt1 kaynak 76.77 dB(A), mengene 61.74
dB(A), testere kesim 71.83 dB(A), hidrolik pres 90.30 dB(A) ve taslama makinesi 93.33 dB(A) bulunmustur. En
diisiik Laeq (ses basing diizeyi) 61.74 dB(A) mengene, en yiiksek LAeq (ses basing diizeyi) 93.33 dB(A) ile taglama
makinesinde tespit edilmistir.

Isletme tek vardiyali olarak galismaktadir. Giiriiltii seviyelerinin hesaplanmasinda yemek aras1 bir saat ve
aralarda toplam yarim saat mola oldugu belirtilmis olup bu degerler dikkate alinmistir. Calisanlar yemeklerini is
yerine ¢ok yakin bir yemek isletmesinde yemektedir ve bu siire zarfinda da ortam giiriiltii kosullarina maruz
kalinmaktadir. Fakat kisisel ihtiya¢ ve baska gereksinimler i¢in fabrika, makine ve tezgah cevresi harici farkli
ortamlarda da bulunmaktadirlar. Bu ortamlarda 6lgiilen giinliik maruziyet seviyesi yemek arasi 39.94 dB(A) ve
mola 44.51 dB(A) olarak bulunmustur. Calisan isciler giinlik bir buguk saat diliminde bu alanlarda vakit
gecirmektedirler. Etkin ¢aligsma ortamut ile karsilastirildiginda bir hayli diigiik ses basing diizeyinin bulundugu bu
alanlarda, bir buguk saat gibi kisitli bir stirede bulunmalar1 dahi, kigisel giinliik maruziyet seviyesinin ehemmiyet
derecesinde azalmasi saglanmustir.

Tablo 3. isletmede bulunan tezgih ve makineler icin elde edilen Glciim veri sonuclart

Table 3. Measurement data results obtained for benches and machines in the enterprise

Makine Laeq dB(A) Lmax dB(A) Lex dB(A)
Torna tezgahi 84.04 89.40 71.49
Mengene 61.74 85.80 47.38
Testere kesim 71.83 85.23 59.28
Gazalt1 kaynak 76.77 87.73 74.21
Stitunlu matkap 67.36 79.53 54.81
Taslama 93.33 94.30 80.02
Pres 90.30 92.83 74.73
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Tiim tezgah ve makineler icin belirlenen Lmax (6l¢iilen ses basing diizeyi) degerleri 79.53-94.3 dB(A) arasinda
degismistir. Lmax (ses basing diizeyi) sonuglar1 torna tezgahi 89.40 dB(A), siitunlu matkap 79.53 dB(A), gazalti
kaynak 87.73 dB(A), mengene 85.80 dB(A), testere kesim 85.23 dB(A), hidrolik pres 92.83 dB(A) ve taslama
makinesi 94.30 dB(A) bulunmustur. En diisitk Lmax (6lgiilen ses basing diizeyi) 79.53 dB(A) siitunlu matkap, en
yiiksek Lmax (6l¢iilen ses basing diizeyi) 94.30 dB(A) ile taslama makinesinde tespit edilmistir. Tim tezgah ve
makineler igin belirlenen Lex (maruziyet seviyesi) olgtimleri, 47,38-80,02 dB(A) araligindadir. Lex (ses basing
diizeyi) sonuglar1 incelendiginde, torna tezgahi 71.49 dB(A), siitunlu matkap 54.81 dB(A), gazalt1 kaynak 74.21
dB(A), mengene 47.38 dB(A), testere kesim 59.28 dB(A), hidrolik pres 74.73 dB(A) ve taglama makinesi 80.02
dB(A) bulunmustur. En diigiik Lex (maruziyet seviyesi) 47.38 dB(A) mengene, en yiiksek Lex (maruziyet seviyesi)
80.02 dB(A) ile taglama makinesinde tespit edilmigtir. Makineler ve tezgahlara ait giinliik giirtilti maruziyet
seviyeleri ve esdeger ses basing diizeyi degerleri incelendiginde, mengene diger makine ve tezgahlara kiyasla daha
diisiik degerde oldugu goriilmektedir.

Giinliik ¢aligma siiresi incelendiginde; tiim makinelerin bir giinliik ¢alisma siiresi toplam 7.5 saattir. Torna
tezgahi i¢in 0.5, mengene 0.33, testere kesim makinasi igin 0.5, gazalti kaynak 5, siitunlu matkap 0.5, taglama
makinesi 0.42 ve pres makinasi igin 0.25 saat oldugu saptanmistir. Makinalarin ¢alisma saatlerinin toplam ¢aligma
saatine ytizdesel orani Sekil 4’te verilmistir. Sekil incelendiginde; en fazla gazalti kaynak makinesinde %66.6, en
az ise pres makinesinde %3.3 ¢alisma siiresi oldugu goriilmiistiir.

3.30% 6.70%

5.60% 4.40%

6.70% 6.70% H Torna

Mengene
Testere Kesim
Gazalti Kaynak

m Siitunlu Matkap

66.60%

® Taglama

H Pres

Figure 4. Average daily time occupancy of production benches and machines
Sekil 4. Tezgdh ve makinelerin ortalama giinliik zaman isgal durumlart

Laeq (ses basing diizeyi) ortalama degeri 77 dB(A), Lmax (0l¢iilen ses basing diizeyi) ortalama degeri 87.8 dB(A)
ve Lex (maruziyet seviyesi) 65.9 olarak hesaplanmustir.

Isletmede bulunan makineler ve tezgahlarin, ortam giiriiltii 6lciimii TS EN ISO 9612:2009 akustik ¢alisma
ortaminda maruz kalian giiriiltiiniin belirlenebilmesi miithendislik yontemi standardina gore;

»  En diisiik eylem maruz kalma degerleri: 80 dB(A) ve 135 dB(C)
»  En yiiksek eylem maruz kalma degerleri: 85 dB(A) ve 137 dB(C)
»  Maruz kalinan sinir degerleri: 87 dB(A) ve 140 dB(C)’dir

En yiiksek eylem maruz kalma degeri 85 dB(A)’ya degerlendirme degerinde yapilan kiyaslamaya gore maruz
kalinan giirtiltii degerleri diisiik ve yiiksek olacak bir sekilde incelenmistir. Dozimetre ile yapilan kisisel giiriiltii
maruziyeti 6l¢iim sonuclarina gore, makinelere ve tezgahlarm siir degerleri sagladigi degerlendirilmistir.

Ates ve Alagdz (2018), Balikesir sanayi bdlgesinde bulunan tarim makinalari iiretimi yapan bir fabrikada
calisanlar iizerindeki giiriiltiinlin etkilerini arastirmislardir. Fabrikada iki tiir 6l¢iim (aktif ¢alisma saatleri ve
calisma saatleri dis1) yapilmistir. Yapilan sesli ve sessiz 6l¢lim degerleri incelendiginde sessiz halde alinan
Ol¢limlerden, en diigiik degerin 38.4 dB(A) yemekhane olarak da kullanilan takimhanede, en yiiksek degerin 54.4
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dB(A) ise siit sagim ve sac imalati arasinda kalan ana giriste Olciildiigii belirtilmistir. Sesli 6l¢lim yapilan
atlyelerde, en az deger 61.8 dB(A) takimhanede, en biiyilik degerin ise 86.1 dB(A) ile montaj alaninda Sl¢iim
yapildigt belirtilmistir. Yonetmelikler ve literatiir arastirmalari neticesinde igyerleri igin tehlikeli olmasi nedeni ile
onaylanan 85 dB(A) giiriiltii seviyesi i¢gin olusturacagi olasi sonuglari azaltict dnlemler ve dneriler sunulmustur.
Yine benzer olarak Yagmur (2016)’da un fabrikalarinda ¢alisan isgilerin bulundugu alanlarda giinliik giiriilti
maruziyet verilerinin yasal mevzuatta yer alan maruziyet sinir degerinin iizerinde oldugu belirtilmistir. Caligma
kapsaminda maruziyet degerlerinin ¢alisan isgilerde olusturacagi olasi tesirleri azaltici onlemler ve Oneriler
sunulmustur. Giiriiltii seviyesinin makul seviyelerde tutulmasi 6nem arz etmekle beraber bazi ¢aligmalarda 50-60
dB(A) seviyelerinde uzun siire maruz kalmanin ¢aligma performansinin olumsuz etkilendigi de goz ardi
edilmemelidir (Kroemer and Grandjean, 1997). Ortamindaki giiriiltii seviyesini azaltmak i¢in giincel standartlar
saglayan koruyucu kulaklik ve 6zel basliklarin ses seviyesinde onemli diisiisler saglayabildigini belirten bir
calismada (Ling ve ark., 2021); giiriiltiinlin zararl etkilerinin maruz kalinan siireye, sikligina ve zaman igerisindeki
degisimine ve yasa gore farkli etkiler gosterebildigi belirtilmektedir. Ayni ¢alismada standartlarin iistiinde maruz
kalinan giiriiltiiniin maruz kalinan kisinin mental saghigma ve hatta sinir sistemine de zarar verebilecegi
belirtilmektedir. Ancak diinya genelinde yapilan ¢aligma sonuglarinda 6rnegi Polonya i¢in; makine imalat sektorii
calisanlarinin neredeyse %40°lik kisminin 85 dB(A) seviyesinin iizerinde giiriiltiiye maruz kaldigi ve PN-EN-1SO
11200 standardinda belirtilen denetimlerin ilgili mekanizmalar tarafindan daha siklikla kontroller yapmalarin
gerektigini vurgulamaktadirlar. Bu durum bulgulardaki sinir altt maruziyet degerlerinin her igletme de bu
caligmada oldugu gibi olamayacagini1 gostermektedir (Jozvik ve ark., 2017).

4. Sonuc¢

Calisma sonuglar1 degerlendirildiginde, incelenen isletmede elde edilen aydinlatma degerleri “Isyeri Bina ve
Eklentilerinde Alinacak Saglik ve Giivenlik Onlemlerine Iliskin Yonetmelik” EK-1 22 nci maddesi geregince TS
EN 12464- 1: 2013; TS EN 12464-1.2011: 201 standard1 minimum aydinlik diizeyi verileri ile kiyaslanmistir.
Karsilagtirmalar sonucunda 6lgiilen degerler ilgili standartlarda belirtilen degerlerden daha diisiik bulunmustur.
Isletme biinyesinde mevcut kurulu bulunan floresan lambalar yerine akkor telli lamba kullanilmas1 aydinlatma
acisindan daha verimli sonuglar verebilecektir. Ciinkii bu lamba tiirliniin 1ginlar1 titresime neden olmaz. Oysa ki
titresime sahip aydinlatma araclarmin kullaniminda insan gozi titresimin neden oldugu hizli degisimleri
algilayabilmek i¢in daha ¢ok yorulur. Dolayisi ile akkor telli lamba floresan lambaya oranla g6zii daha fazla
yormamaktadir. Standartlar neticesinde Uluslararasi Aydimlatma Komisyonu’nun yaymlar1 ve Is giivenligi
mevzuati da dikkate alinarak ¢6ziimiin elde edilebilecegi uygun aydmlatma kriterleri belirlenmelidir.

Firma biinyesinde bulunan makineler ile yapilan ¢aligmalara iliskin sonuglar incelendiginde, giinliik 7.30 saat
ile en diisiik maruziyet degerinin 47.38 dB(A) ve en yiiksek maruziyet degerinin 80.02 dB(A) oldugu belirlenmistir.
Isletme kapsaminda elde edilen 6l¢iim sonuglarmnin, TS EN ISO 9612:2009°da bildirilen akustik ¢calisma ortaminda
maruz kalinan giiriiltiiniin belirlenen ortam giiriiltii 6l¢imii sinirlarina uydugu goriilmektedir. Ayrica, isletme
biinyesinde, 4857 say1l1 is kanununda belirtilen “giinliik en fazla 11,5 saat mesai yapilabilir” maddesine uyuldugu
da goriilmiistiir. Dolayisiyla giiriiltiiye maruz kalma siirelerinin de ilgili ¢aligma standartlarinda maruz kalinan
gliriiltii diizeyinin uygun belirtilen aralikta kalinmasina katk: sagladigim da séylemek miimkiindiir. Benzer bir
calismada, ¢ay liretimi yapilan bir fabrikada yapilan 6l¢timlerde giinliik kisisel giiriiltii maruziyet diizeyinin 73.55
dB(A) oldugu bildirilmis ve ¢alismada belirlenen ortam giiriiltiisiiniin standartlar igerisinde kaldigini bildirmistir.
Ancak ayni1 ¢aligmada giiriiltii maruziyetinin belirlenmesinin insan sagligi agisindan siirekli izlenmesi gerektigi de
sOylenmektedir (Cigek and Siimer, 2021). Kapali alanlarda kullanilan tarim makinalarinin giiriiltii 6l¢iimlerinin
yapilarak, giiriiltii diizeylerinin es diizey egriler ve renklendirme haritalar1 kullanilarak yogun giiriiltii olan
bolgelerin saptanmasi da biiyiik énem arz etmektedir (Ozgiiven, 2012). Ek olarak mekanik sistemlere alternatif
olan ve daha az giiriiltli saglayan hidrolik sistemlerin tercih edilmesi de ortam giiriiltiisiiniin kontroliinde yardimci
olabilecektir (Mert ve ark., 2021). Calisanlarin giinlitkk faaliyetleri igerisinde verilen mola ve yemek aralarinin
stireleri ile kosullar1 Lex degerleri tizerinde etkili olmaktadir. Tablo 3‘de goriilldigii gibi taslama makinesi Laeg
degeri 93.33 dB(A) ve pres makinesi Laeq degeri 90.30 dB(A) degerleri TS EN ISO 9612:2009 standardina
uymamaktadir ancak mola ve yemek aralari bu degerleri standarda uygun hale getirmistir.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Celtik Uretiminde Enerji Bilancosunun Belirlenmesi (Corum ili Osmancik Ilgesi
Ornegi)

Determination of Energy Balance in Paddy Production (Example of Osmancik District of
Corum Province)

Harun HACIOGLU?, Ebubekir ALTUNTAS? Mehmet Firat BARAN®

Oz

Bu ¢alismada, Corum ili Osmancik Ilgesinde celtik iiretiminde kullanin enerji girdi ve ciktilar1 belirlenerek,
iiretimin enerji etkinliginin saptanmasi amaglanmistir. 2020-2021 y1l1 tiretim sezonunda Corum ili Osmancik ilgesi
ornegi icin celtik iiretimi yapan isletmelerin iiretimdeki enerji parametrelerini belirlemek amaciyla anket yontemi
ile 8 koyden 166 isletmeyle yiiz yiize goriisiilmiigtiir. Caligilan isletme sayisini belirlemek icin tesadiif 6rnekleme
metodu kullanilmistir. Bu isletmeler biiyiikliiklerine gore 5.00-30.00, 30.01-60.00, 60.01-90.00 ve 90.01-110.00
da olarak simiflandirilmistir. Calisma sonucunda belirlenen bulgu ve etkinlik gostergelerine bagl olarak, mevcut
tretimin iyilestirilmesine yonelik ¢6ziim Onerileri verilmistir. Celtik {iretiminde enerji  kullaniminin
hesaplanmasindaki girdiler arasinda insan iggiicii, tarim makineleri imalati, elektrik, yakit-yag, kimyasal giibre,
kimyasal ilag, sulama ve tohum girdisi yer almistir. Sonuglarda Osmancik ilgesi i¢in toplam girdi ve ¢ikt1 enerjisi
geltik tarrminda sirasiyla 275 729.24 MJha't ve 534 472.11 MJha? olarak belirlenmistir. En yiiksek enerji girdileri
sirastyla sulama (%31.56), yakit-yag (%30.55), elektrik (%18.73) ve kimyasal ilag enerji (%6.84) girdileri olarak
belirlenmistir. Celtik tariminda enerji oran1 ve enerji liretkenligi sirastyla 2.17 ve 0.13 kgMJ ! olarak belirlenmistir.
Sonuglar agisindan ¢eltik tariminda salma sulama uygulamasi ve elektrikli pompa kullanimiyla sulama girdiler
icerinde 6nemli bir yer tutmaktadir. Corum ili Osmancik il¢esindeki celtik iireticisi igletmelerin uyguladiklari
iretim sisteminde enerji etkinligi parametreleri ¢ercevesinde oncelikle isletme bazli, enerji oranint ve enerji
karliligin1 diigiiren parametreleri dikkate alarak alinabilecek tedbirler, iiretim girdilerinin daha etkin kullanimina
katk1 saglayacagi disiiniilmektedir. Ayrica, teknolojik bir kullanim olan Drone ile ilaglamanin girdi olarak
hesaplamalara katilmasi da enerji hesaplamalarinda 6nemli bir adimdir. Girdiler icerisinde en yiiksek tiiketim
girdisi olan sulamada etkin sulama ile kaynaklarin korunmasia yonelik girdi miktarlarinin azaltilmasiyla enerji
etkinliginin arttirilmasi saglanabilir.
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Abstract

In this study, It is aimed to determine the energy efficiency of production by determining the energy inputs and
outputs used in paddy production in Osmancik District of Corum province. 166 enterprises from 8 villages were
interviewed face-to-face with the survey method in order to determine the energy parameters of paddy production
in the enterprises in Osmancik district of Corum province in the production season of 2020-2021. The simple
random sampling method was used to determine survey volume. These enterprises were classified as 5.00-30.00,
30.01-60.00, 60.01-90.00 and 90.01-110.00 according to their sizes. Depending on the findings and efficiency
indicators determined as a result of the study, solution suggestions were given for the improvement of the current
production. Inputs in the calculation of energy use in paddy production included human labor, agricultural
machinery, electricity, fuel-oil, chemical fertilizers, chemical pesticides, irrigation and seed inputs. In the results,
the total input and output energy in paddy production were determined as 275 729.24 MJha* and 534 472.11 MJha"
! respectively, for Osmancik district. The highest energy inputs were determined as irrigation (31.56%), fuel-oil
(30.55%), electricity (18.73%) and chemical pesticide energy (6.84). The energy ratio and energy productivity in
rice farming were determined as 2.17 and 0.13 kgMJ™, respectively. In terms of the results, irrigation with the
application of flood irrigation and the use of electric pumps had an important place in paddy agriculture. It is
thought that the measures that can be taken by taking into account the parameters that reduce the energy rate and
energy profitability, primarily enterprise-based, within the framework of energy efficiency parameters in the
production system implemented by the paddy producers in the Osmancik district of Corum will contribute to the
more effective use of production inputs. In addition, the inclusion of spraying with drone, which is a technological
use, to the calculations as an input is an important step in energy calculations. In irrigation, which is the highest
consumption input among inputs, energy efficiency can be increased by reducing the amount of inputs for the
protection of resources with efficient irrigation.

Keywords: Paddy, Enterprise size, Energy ratio, Energy productivity
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1. Giris

Tarimsal faaliyetlerdeki kullanilan tiim girdilerin etkin sekilde kullanimini arttirmaya yonelik planlamalarin
yapilmasiyla tiretimdeki siirdiiriilebilirligin saglanmasinin yaninda, tarimda verimlilik artmaktadir. Siirdiiriilebilir
bir tarimda enerji ve ekonomik boyut yaninda ¢evrenin korunmasi da 6nemlidir. Genellikle enerji etkinligini ve
cevre boyutunu 6l¢gmek icin yapilan ¢aligmalarda iiretimde kullanilan enerji analizleri igerisinde girdi ve ¢ikt
degerleri dikkate alinmaktadir (Goktolga ve ark., 2006). Tarimsal verimliligi ortaya koymada ana degigkenler girdi
ve ciktr iligkisidir. Tarimsal tretimdeki girdi ve ¢ikti1 degerlerini bilimsel ve giincel rakamlarla hesaplamak
yontemsel olarak ele alinmasi gerekli temel konulardir (Isikli ve Isin, 1991). Hem karli ve hem de basarili bir
tarimsal Uretimde, birim alandan elde edilen c¢ikt1 iriiniin enerjisi ile tiiketilen toplam girdi enerjisinin
oranlanmasiyla elde edilen enerji oran1 hesaplanmasi 6nemli bir kistas olarak degerlendirilir.

Enerji oranini artirmada verimin artirilmasi yaninda tiiketilen girdilerin de azaltilmasi gereklidir. Enerji
girdileri toplami iginde dnemli bir pay olan kimyasal giibre, kimyasal ilag, yakit-yag, traktdr ve tarim makineleri
girdilerinin de azaltilmasi dnemlidir. Verimi arttirmak belli sinirlar dahilinde saglansa da enerji etkinlik degerini
artirabilmek icin iiretimde tiiketilen kimyasal ilag, makine ve kimyasal giibre kullanimin1 belirli oranda ve bilingli
diizeyde azaltmak gerekmektedir (Goziibiiyiik ve ark., 2012).

Enerjinin ne kadar verimli kullanilip kullanilmadigi, iiretimdeki enerji girdi ve c¢ikti analizleri ile
goriilebilecektir. Enerji girdi ve ¢iktt analizleri, ¢ogunlukla enerji etkinligini ve ¢evre boyutunu 6lgmek i¢in
uygulanan c¢aligmalardir. Ciktt miktarlarinin diisiik ¢ikmasi, kullanilan girdilerin verimli halde kullaniimadigini
gostermektedir. Girdilerin verimli halde kullanilmamasi bazi olumsuzluklara neden olabilmektedir. Uretimde,
bilingli kullanilmayan giibre ve ilag, hem girdilerin israfina ve hem de gevrenin zarar gérmesine neden olmaktadir
(Goktolga ve ark., 2006).

Diinyanin ¢eltik {iretimi i¢in iklim sartlar1 agisindan en uygun bolgesi, Dogu Asya olup, Tiirkiye de toprak ve
iklim yapist itibariyle geltik yetistiriciligine elverigli imkanlara sahiptir. Diinya niifusunun %21’inin ve Dogu Asya
Bolgesi tilkeleri niifusunun %76’smin kalori ihtiyaci geltik tirliniinden karsilanmaktadir. Celtik tiretimi, genelde
tliman iklim kusaginda Giiney ve Giineydogu Asya’da 6zellikle Pakistan’dan Japonya’ya kadar bulunan iilkelerde
yapilmaktadir. Diinya’da en fazla geltik yetistiren 25 iilkeden 17’si bu bdlgede bulunmaktadir (Tasligil ve Sahin,
2011). Celtik iiretimi, 6zellikle Asya kitasinda ve diinyadaki tarim alanlarinin yaklasik %10°unda yapilmaktadir
(Bal ve Altuntas, 2019).

Diinya’daki geltik iiretim degerlerinde yillara gére dalgalanmalar goriilse de ekim alani, iiretim ve verim
degerlerinde artis s6z konusudur. FAO’nun 2022 yili verilerine gore, 2010 yilindaki 160 833 727 ha olan ekim
alani, 2020 yilinda 164 192 164 ha olarak %2 oraninda artig gostermistir. Celtik tiretim miktar1 2010-2020 yillart
arasinda ise %9 artarak 2020 yilinda 756 743 722 tona ulasmistir. Celtik verimi ise belirtilen yillarda %7 oraninda
artarak 2020 yilinda 461 kg/da olarak gerceklesmistir.

Tiirkiye’de celtik tiretimi yillara gore dalgalansa da ekim alani ve tiretim miktart degerlerinde 6nemli oranda
artislar s6z konusudur. TUIK (2022) yili verilerine gore, 2010 yilinda 990 000 ha olan ekim alani, 2021 yilinda 1
294 904 ha olup %31 oraninda artis gdstermistir. Tiirkiye’de geltik tiretim miktar1 2010-2021 yillar1 arasinda %16
oraninda artarak 1 000 000 tona ulagsmustir. Celtik verimi ise ekim alani ve iiretim miktarmnin aksine belirtilen
yillarda %11 oraninda azalarak 2021 yilinda 772 kgda™ olarak gergeklesmistir. Celtik ekim alanindaki arts,
verimdeki azalistan fazla oldugundan iiretim miktar1 artisini stirdiirmiistiir (Kaya ve Ates, 2022).

Tarimsal tiretimde etkin enerji kullanimi, tiim girdilerin etkin kullanimi, isletmelerin ekonomik kazanimi ve
girdilerin gevreye olan etkisini en iyi hale getirmek agisindan 6nemlidir. Enerji analizleri ile bulunan sonuglar,
isletmelerde enerjinin ne derece etkin kullanildig1 dolayisiyla kaynaklarin verimli yonetimi agisindan oldukca
onemlidir. Tiirkiye’de Karadeniz Bolgesinde geltik tariminda ve 6zellikle yogun iiretimin yapildig: yerlerden olan
Osmancik ilgesinde enerji kullanim etkinliklerinin belirlenmesine yonelik yapilmis bilimsel bir caligma
bulunmamaktadir. Bu nedenle, bu ¢alismada Karadeniz Bolgesi, Corum ili Osmancik ilgesindeki geltik tarimindaki
enerji kullanim etkinligi belirlenmistir.

Bu ¢alismada bulunan veriler ile Corum ili ve Osmancik il¢esindeki ¢iftcilerin ¢eltik {iretiminde kullandiklari
girdiler olarak insan iggiicii, alet makine/traktdr kullanimi, kimyasal giibre ve ilag kullanimi, sulama, tohum, yakit-
yag enerjisi ve elektrik enerjisiyle tiretimdeki enerji kullanim enerji parametrelerinin belirlenmesiyle, isletmelerin
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celtik tiretim planlamasint gerceklestirmede kullanilan yiiksek enerji girdilerini azaltma yoniinde 6nlemler
almasina katkida bulunabilecektir. Enerji bilangosunun belirlenmesiyle elde edilen sonuglar, isletmelerin tim
enerji kalemlerinin ne derece etkin kullanildigin1 dolayistyla kaynaklarin verimli yonetimi agisindan da biiyiik
yararlar saglamaktir.

2. Materyal ve Yontem
2.1. Materyal
2.1.1. Anket uygulanacak isletme sayisiminbelirlenmesi

Arastirmada kullanilan veriler, Corum ili Osmancik ilgesinde geltik tiretimi yapan 8 kdydeki 166 igletme sahibi
ile bire bir goriigiiliip anket ¢aligmast yapilarak elde edilmis ve gergek bilgiler olusturulmusgtur. Bununla beraber
aragtirma konusuna benzer daha once yapilan diger ¢alismalardan, mevcut istatistiki bilgilerden, arastirmanin
yapildig1 bolgede faaliyet gosteren flge Tarim ve Orman Miidiirliigii, Osmancik Ilgesi Ziraat Odasindan ve ilgili
diger kurum ve kuruluslarin verilerinden faydalanilmistir.

Osmancik ilge Tarim ve Orman Miidiirliigii’nden alinan verilere gore, Corum ili Osmancik il¢esine bagl 25
koyde 776 iiretici toplamda 22.832 da, mahalle statiisiinde olan 18 mahallede ise 346 iiretici 11.447 da alanda
olmak iizere toplamda 34.279 da alanda celtik iiretimi yapilmaktadir. Calismada ‘Basit Tesadiifi Ornekleme’
yontemine gore 166 liretici ile yiiz ylize goriisme saglanmig olup anket uygulamasi yapilmustir.

N* SZ*-[Z

n= (Es.1)
(N-1)*d>+ S2*t2
Esitlikte;
n: Ornek hacmi
S Standart sapma
t: Giliven smir
N : Ornekleme cercevesine ait toplam birim sayis1 (ana popiilasyon)
Kabul edilebilir hata pay1
Tablo 1. Celtik iiretimi yapan isletmelerin biiyiikliiklerine gore dagilimi

Table 1. Distribution of the paddy production enterprises by size

Isletme Biiyiikliikleri (da) Toplam fsletme Sayisi %
5.00-30.00 17 10.24
30.01-60.00 92 55.42
60.01-90.00 45 27.11
90.01-110.00 12 7.23
Toplam 166 100.00

Anketlerde, tliretim alani, yapilan islemler ve sayisi, kullanilan alet-makine ve traktor ozellikleri, is giicil,
kullanilan kimyasal giibre ve kimyasal ilacin miktarlari, arazinin sulama sekli, hasat uygulamasi, hasat verimi ve
tiim uygulamalarda sarf edilmis toplam yakit miktar1 ve araziye atilan tohum miktar1 sorulmustur. Elde edilen
veriler 2021 yil iiretim dénemine ait verilerdir. Anket ¢aligmasi ile ulagilan veriler i¢in daha 6nceki paragraflarda
bahsedildigi gibi 5 da altinda ve 110 da iizerindeki isletmeler ankete dahil edilmemistir. Isletmelerdeki enerji
etkinlikleri hesaplamalari, iiretim yapilan arazi biiyiikliigiine gore; 5.00-30.00 da, 30.01-60.00 da, 60.01-90.00 da
ve 90.01-110.00 da olmak iizere dort farkli grupta siniflandirilmig olup, buna gore hesaplamalar yapilmistir.
Osmancik ilgesinde ankete dahil edilen kdylerde yer alan isletmelerin biiyiikliiklerine gore dagilimlari ve yiizdeleri
Tablol’de verilmistir.
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2.2. Enerji analizi
Celtik yetistiriciliginde girdilerin hesaplanmasinda kullanilan enerji esdegerleri Tablo 2°de verilmistir.
Tablo2. Celtik yetistiriciliginde girdilerin hesaplanmasinda kullanilan enerji esdegerleri

Table 2. Energy equivalents used in the calculation of inputs in paddy cultivation

Girdiler ve Ciktilar Birim Degerler Kaynaklar
(MJ/birim)

Girdiler

Insan isgiicii h 1.96 Mani ve ark. (2007); Karaagag ve ark.
(2011); Baran ve Gokdogan (2014)

Traktor 158.5 Barut ve ark. (2011)

Makine ve Ekipman 64.8 Gokdogan ve Erdogan (2018)

Kimyasal giibreler

Azot kg 66.14 Shrestha (2002).

Fosfor kg 12.44 Shrestha (2002).

Potasyum kg 11.15 Shrestha (2002).

Kiikiirt kg 1.12 Mohammadi ve ark. (2008);
Esengiin ve ark. (2007)

flaglama kg 101.2 Yaldiz ve ark. (1993)

Yakit-yag | 56.31 Demircan ve ark. (2006)

Su m3 0.63 Yaldiz ve ark. (1993)

Elektrik kWh 11.93 Ozkan ve ark. (2004b); Zangeneh ve
ark. (2010)

Tohum kg 15.20 Yadav ve ark. (2013)

Ciktilar

Celtik kg 17 Kitani (1999)

2.2.1. Dogrudan enerji girdileri

Elektrik, komiir, dogalgaz, petrol {iriinleri ve biyokiitle enerjisi dogrudan enerji kaynaklar1 olarak
siniflandirilabilir. Uretim esnasinda harcanan girdilerin en basinda yakit-yag ve elektrik gelmekte ve dogrudan
enerji girdilerinin biiyiik bir kismini kapsamaktadir.

Yakit-yag enerjisi

Celtik iretiminde kullanilan traktoriin harcadigi yakit tiiketimi degerleri anket yardimiyla isletme sahiplerinden
elde edilen verilerle belirlenmistir. Yag tiiketimi ise yakit tiiketiminin %4.5°1 alinacak sekilde hesaplamaya dahil
edilmistir (Ozcan, 1985; Alpkent, 1984). Celtik iiretimi ile ilgili ele alinan enerji analizinde yag-yakit tiiketimi
degerleri Esitlik 2 yardimiyla hesaplanmigtir (Demircan ve ark., 2006; Singh, 2002).

YYE = YYT x YED (Es.2)

YYE : Yakit-yag Enerjisi (MJ/ha)
YYT :Yakit-yag Tiiketimi (I/ha)
YED : Yakit-yag Enerji Egdegeri (MJ/1) (Tablo 2)

Elektrik enerjisi

Sulama amagcli olarak kullanilan pompanin elektrik enerjisi Ilaglama ve giibreleme amagh da son yillarda
kullanilan Drone (insansiz hava araci), bataryasmin harcadigi elektrik enerjisi de, elektrik enerji girdisine
eklenerek hesaplamalar yapilmistir. Dolayistyla Drone’un bataryasinin tiikettigi elektrik enerjisi miktari ile sulama
amagcli pompa ile harcanan elektrik enerji esdegeri icin 11.93 MJ/m® degeri dikkate alinmistir (Zangeneh ve ark.,
2010; Ozkan ve ark., 2004a).

EE = (3 X ha)/kw} x EED (Es.3)
EE : Elektrik Enerjisi (kWhha-1)
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b : Uretim Sezonunda 1 ha alan i¢in ddenen iicret (TL)
ha : Isletme Biiyiikliigii
kwb :2021 Yili Igin 1 kw elektrik ticreti (TL/KWh)
EED  : Elektrik Enerji Esdegeri (Tablo2)
2.2.2 Dolayh enerji girdileri

Alet ve makine iiretimi, tohum, insan isgiicti, sulama, kimyasal ila¢ ve kimyasal giibre enerjileri dolayli enerji
kaynaklari igerisinde yer almaktadir.

Kimyasal giibre enerjisi

Osmancik ilgesindeki ¢eltik iiretiminde ankete dahil olan koylerdeki igletmelerde iiretim boyunca, geltik
tariminda kimyasal giibre olarak; ekimden dnce DAP veya 15/15/15 kompoze toprak giibresi ekimden 35-40 giin
sonrasinda tire giibresi EKimden 65-70 giin sonra ise amonyum siilfat giibresi uygulanmaktadir.

Kimyasal ilac enerjisi

Osmancik ilgesindeki ¢eltik iiretiminde ankete dahil olan kdylerdeki isletmelerde; ekimden 15-17 giin sonra
birinci ilaglama islemi, ekimden 30-35 giin sonra ise, 2. ilaglama islemi yapilir. Celtik tiriiniinde {ilkemizde sik
goriilen birtakim hastaliklar mevcuttur. Ozellikle celtik yaniklig1, kahverengi yaprak lekesi, kok bogaz ciiriikliigii,
beyaz u¢ nematodu gibi hastaliklarla miicadele edilebilmek i¢in ilaglamaya ihtiya¢ duyulmaktadir.

Sulama suyu enerjisi

Celtik tariminda sulamada pompanin tahrikinde kullanilan, Elektrik motorunun enerji tiiketimi belirlenerek,
hesaplamalarda dolayli enerji girdisi olarak ifade edilmistir.

Tohum enerjisi

Celtik tariminda tohumlugun enerji girdisi belirlenirken; uygulanan anketlerden elde edilen veriler yardimiyla
birim alana atilan tohum miktar1 bulunmus ve celtik tohumunun enerji esdegeri yardimiyla da hesaplamalar
yapilmistir.

Makine/traktor imalat enerjisi (Agregat enerjisi)

Celtik tariminda kullanilan traktor ile tarimsal aletler ve makinelerin imalat enerji degerleri, Makine/traktor
imalat enerji girdisini meydana getirmektedir. Bu girdinin bulunmasinda anketlerden elde edilen veriler ve Esitlik
4’den yararlanilmistir.

MIE = MG x MUE/TMKO X TiB (Es. 4)
Belirtilen formiilde;

MIE  : Makine imalat Enerjisi/ Agregat Enerjisi (MJ ha)

MG : Traktor/Makine Agirlig: (kg)

TMKO : Traktér/Makine Kullanim Omrii (h)

TiB : Tarla kapasitesi/Is basaris1 (ha h)

MUE  : Traktdr/Makine Uretimi igin Gerekli Olan Enerji Esdegeri (MJ kg™)
Esitlik 4’de gecen TIB (Tarla kapasitesi/Is basarisi) ise, Esitlik 5 yardimiyla hesaplanmistir (Sehri, 2012).
TiB = (SWEf)/10 (Es. 5)

TiB: Tarla kapasitesi/ls basaris1 (ha h™)

S: Calisma Hiz1 (km hl)

Ef: Tarla Etkinligi

W: Makine Is Genisligi (m)
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Insan isgiicii enerjisi

Celtik insan isgiiciine fazlaca ihtiya¢ duyulmaktadir. Arastirmada insan ig giicii degerlerinin bulunmasinda
uygulanan anketten ve Esitlik 6’dan yararlanilmistir.

IIGE = IIG x BIiG (Es. 6)

Yukarida yer alan formiilde;

[IGE : Insan Isgiicii Enerjisi (MJ ha*)
G : Insan Isgiicii (h ha)
BiiG : Birim Alanda Yapilan insan isgiicii Enerji Esdegeri (MJh™)

2.2.2.1. Enerji etkinligi analizi

Enerji oram

Enerji oran1 hesaplamalari, iiretim esnasinda harcanan girdiler ve elde edilen g¢iktilarin oranlanmasi ile
hesaplanmaktadir. Enerji orani, isletmedeki girdi faktorlerinin etkin kullanilip kullanilmadigini ve ¢iktiya ne kadar
verimli yansidigin1 gostermektedir. Caligmadaki her bir girdinin enerji esdegeri ile ortaya ¢ikan iiriinlerin enerji
karsilig1 oran1 olan enerji orani asagida yer alan Esitlik 7 yardimiyla hesaplanmistir (Erdogan, 2009: Sehri, 2012).

EO = TEGC/TEG (Es.7)
EO : Enerji orant
TEC  : Toplam Enerji Ciktis1 (MJ ha'l)
TEG : Toplam Enerji Girdisi (MJ ha)

Ozgiil enerji

Uretim sirasinda yapilan biitiin islemlerin enerjilerinin, hasad: gerceklestirilen iiriiniin miktarina yapilan
oranlama seklinde ifade edilir (Erdogan, 2009: Sehri, 2012).

OE = TEG/TUM (Es. 8)
OE : Ozgiil Enerji (MJ kg%)
TEG  : Toplam Enerji Girdisi (MJ ha?)
TUM  : Toplam Uriin Miktar1 (kg ha?)

Enerji iiretkenligi

Hasat islemi gergeklestirilen {iriiniin tamaminin, iretim asamasinda uygulanan tiim girdi enerjisine
oranlanmasiyla elde edilir (Erdogan, 2009: Sehri, 2012).

EU = TUM/TEG (Es. 9)
EU : Enerji Uretkenligi (kg MJ?)
TUM  : Toplam Uriin Miktar1 (MJ ha'?)
TEG  : Toplam Enerji Girdisi (MJ ha?)

Net enerfji

Uretimde uygulanan islemlerin yani ¢iktilarin tamamuyla, {iretim sonunda elde edilen toplam girdi miktarmdan
¢ikarilmasiyla hesaplanan degerdir (Erdogan, 2009: Sehri, 2012).

NE = TEC — TEG (Es.10)
NE : Net Enerji (MJ/ha)
TEC  : Toplam Enerji Ciktist (MJ hal)
TEG  :Toplam Enerji Girdisi (MJ ha%)
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Enerji karhhgi

Yapilan iiretimde uygulanan islemlerdeki toplam enerji ¢iktist ile toplam enerji girdisi arasindaki farki
olugturan Net enerjinin (NE) toplam enerji girdisine oranlamasiyla hesaplanan degerdir (Erdogan, 2009: Sehri,
2012).

EK = NE/TEG (Es. 11)
EK : Enerji Karlihgi (MJ ha'l)
NE : Net Enerji (MJ hat)
TEG  : Toplam Enerji Girdisi (MJ ha')

3. Arastirma Sonuglar1 ve Tartisma

Elde edilen verilere gére Corum ili Osmancik ilgesi geltik iiretimindeki toplam enerji girdisi, toplam enerji
¢iktis1 ve enerji etkinligi analizi sonuglart Materyal ve Yontem bolimiindeki belirtilen siraya gore verilmistir.

3.1. Corum ili Osmancik ilgesi celtik iiretiminde kullanilan girdi ortalama degerleri

Anket verileri ile elde edilen verilerin degerlendirilmesi sonucu ortalama iiretim girdi miktarlari ile ¢eltik verim
degerleri Tablo 3’te gosterilmistir.

Tablo3. Celtik iiretiminde girdi miktarlari ve verim degeri

Table3. Input amounts and yield value in paddy production

isletme Gruplari (da)
Girdiler 5.00-30.00 30.01-60.00  60.01-90.00 90.01-110.00
Toprak isleme 215.93 275.37 395.96 526.25
Ekim 2.63 2.37 1.99 2.38
Yakat (1 ha't) Giibreleme 9.45 11.17 9.94 13.93
flaglama 7.91 7.45 5.76 6.86
Hasat 0.17 0.17 0.17 0.17
Elektrik (kWhha'?) 194.59 607.27 803.31 2723.26
Makine-imalat Tarm Alet 18.30 20.15 23.70 19.82
ve Makinalari
Traktor 0.223 0.164 0.159 0.104
Toprak igleme 21.94 15.20 15.23 14.54
Ekim 4.48 4.61 5.29 4.13
Is giicii (h ha'®) Gilibreleme 11.66 11.33 10.31 7.50
flaglama 8.99 12.67 6.05 4.57
Hasat 5.99 5.99 5.99 5.99
Giibre (kg ha®) Azot 47.10 43.64 52.36 72.90
Fosfor 22.29 28.67 30.23 34.38
flag (kg ha®) Herbisit 26.44 39.44 52.38 68.15
Tohum (kg ha®) 207.35 205.82 200.30 206.00
Sulama (m3ha?) 29201.16 35155.70 40552.09 33240.03
Verim (kg ha?) 7958.82 7867.93 8037.78 7575.00

Aragtirma kapsaminda celtik iiretimi yapan isletmelerde girdi miktarlar1 incelendiginde, tohum kullanimi
acisindan 5.00-30.00 da aras1 isletmelerde 207.35 kg ha? ile en yiiksek sonug elde edilmistir. Insan is giicii
girdisinin ise 5.00-30.00 da isletmelerde 21.94 h ha degerle toprak islemede en fazla oldugu hesaplanmustir.
Toplam giibre tiiketimi ise 90.01-110.00 da isletmelerde 107.28 kgha™ degerle en yiiksek degerdedir. 90.01-110.00
da isletmelerde ilag girdisi 68.15 kgha® degerle diger isletme gruplarindan daha fazladir.

Makine imalat girdisi olarak 23.70 h ha ile 60.01-90.00 da biiyiikliigiindeki isletmelerde en yiiksek deger
olarak bulunmustur. Sulama girdisi 40552.09 m®ha? ile 60.01-90.00 da biiyiikliigiindeki isletmelerde en fazladir.
Yakit-yag tiiketiminin 526.25 1 ha'l degerle 90.01-110.00 da isletmelerde yiiksek oldugu hesaplanmstir. Elektrik
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girdisinin en fazla oldugu isletme ise 2723.26 MJ haile 90.01-110.00 da isletmelerde bulunmustur. Toplanan
veriler dogrultusunda ortalama geltik veriminin 8037.78 kg ha® degerle 60.01-90.00 da isletme grubunda yiiksek
oldugu goriilmistiir.

3.2. Enerji etkinliginin degerlendirilmesi

Arastirma kapsaminda geltik iiretimi yapan isletmelerden elde edilen verilerin degerlendirilmesi sonucunda,
geltik iiretimi igin tiiketilen toplam enerji ile birim ¢eltik {iretim alani basina enerji tiikketimleri hesaplanmistir.
Tablo 4’te enerji girdi bilesenleri toplu sekilde 6zetlenmistir. Tablo 4’te ayrica, geltik veriminden hareketle
incelenen biitiin isletmeler i¢in hesaplanmig toplam enerji ¢ikti degerleri verilmistir.

Tablo 4. Osmancik ilgesi genelinde celtik iiretiminde toplam girdi ve toplam ¢ikt1 enerjileri ve yiizdeleri

Table 4. Total input and total output energies and percentages in paddy production throughout Osmancik

Girdiler Enerji degeri Yiizde Toplam (%)  Toplam Girdi Enerjisi
(MJ ha') (%) %

Yakit-yag 84 241.06 62.00 30.55
Elektrik 51 638.21 38.00 18.73
Dogrudan enerji toplami 135 879.27 100.00 49.28

Makine imalat 5414.54 3.87 1.96
Insan is giicii 357.57 0.26 0.13
Kimyasal giibre 15723.87 11.24 5.70
Kimyasal ilag 18 864.16 13.49 6.84
Tohum 12 455.97 8.91 4.52
Sulama 87 033.86 62.23 31.56
Dolayl1 enerji toplami1 139 849.97 100.00 50.72

Girdi Enerjileri Toplami 275729.24 100.00 100.00

Arastirma kapsaminda celtik iiretiminde toplam enerji girdisinin degeri 275 729.24 MJ ha ‘olarak toplam enerji
ciktis1 ise 534 472.11 MJ ha*olarak bulunmustur. Dogrudan enerji girdisi 135 879.27 MJ ha™, dolayli enerji girdisi
ise 139 849.97 MJhaolarak bulunmustur. Dogrudan ve dolayli enerji girdileri oranlandiginda ise, toplam enerji
girdisinin %49.28’inin dogrudan enerji, %50.72sinin ise dolayli enerji girdisi oldugu hesaplanmistir. Benzer
sekilde Pishgar-Komleh ve ark. (2011) Iran'in Guilan eyaletindeki isletmelerde celtik iiretimindeki dogrudan enerji
girdileri toplamin1 18 072.93 MJha! ile hesaplarken, Baran ve ark. (2015) ise, Trakya Bolgesi, Kirklareli ilindeki
geltik iiretiminde toplam dogrudan enerji girdi enerjisini 12 050.34 MJ ha? olarak bulmuslardir.

Dogrudan enerji girdilerine bakildig1 zaman, en yiiksek girdi 84 241.06 MJ ha™* degeri ve %62.00 oran1 ile
yakit-yag enerjisi, 51 638.21 MJ hadegeri ve %38.00 oran ile de elektrik enerjisi olarak bulunmustur. Dolayli
enerji girdileri igerisinde en yiiksek girdiyi, 87 033.86 MJhal degeri ve %62.23 oraniyla sulama enerjisi
olustururken, bunu %13.49 oraniyla kimyasal ilag¢ enerjisi ve %11.24 oraniyla kimyasal giibre enerji girdisi takip
etmistir. Toplam enerji girdisi oranlarina bakildigi zaman; sirasiyla en yiiksek girdi orani1 %31.56 ile sulama
enerjisi, %30.55 ile yakit-yag enerjisi, %18.73 ile elektrik enerjisi ve %6.84 ile kimyasal ilag enerjisi olarak
hesaplanmuistir.

Alipour ve ark. (2012), iran-Guilan eyaletindeki geltik iiretimindeki isletmelerin toplam girdi enerjileri
igerisindeki kimyasal giibre enerjisi girdisinin 9 459.13 MJ ha (%19.88) degeri ile sulama enerjisi (%38.84),
elektrik (%27.87) enerjisinden sonra {iglincii sirada yer aldigini belirlemislerdir.

Baran ve ark. (2015), Trakya Bolgesi, Kirklareli ilindeki geltik tiretiminde dolayli enerji girdileri toplaminin
50 412.21 MJ haoldugunu ve en yiiksek girdi enerjisinin 19 293.75 MJ haldegeri ve %38.27 oran ile sulama
enerjisi oldugunu, 11 211 MIJ haile kimyasal giibre enerjisinin ise %22.14 ile iigiincii sirada yer aldigm ifade
etmislerdir.

Nabavi-Pelesaraei ve ark. (2017), iran'in Guilan eyaletindeki isletmelerin celtik iiretiminde dolayli enerji girdi
toplamu icerisindeki en yiiksek oranin %65.02 ile kimyasal giibre enerjisinin, en diisiik oranin ise %3.75 ile makine
imalat enerjisinin oldugunu belirlemislerdir. Caligmada, sulama enerjisi dolayli enerjiler igerisinde %66.33 ile en
yiiksek dolayl girdi enerjisini olusturmaktadir.
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Literatiirle karsilagtirmalar yapildiginda, Alipour ve ark. (2012) ve Baran ve ark. (2015)’in buldugu sonuglarda
yer alan sulama enerjisinin en yiiksek girdi olmasi noktasinda yapilan bu ¢alisma ile benzerlik gostermektedir.

Diger yapilan ¢aligmalarda Baran ve Gokdogan (2017) kimyasal giibre enerjisini, Baran ve ark. (2019) sulama
enerjisini, Baran ve ark. (2021) elektrik enerjisini, Demir ve ark. (2022) ¢iftlik giibresi enerjisini, Seydosoglu ve
ark. (2023) yakit enerjisini, Giingdrmez ve ark. (2023) yakit enerjisini, Turan ve ark. (2023) kimyasal giibre
enerjisini Giretimde en yiiksek girdi olarak hesaplamislardir.

Isletmelerde geltik iiretiminin enerji bilangosunun belirlenmesinde yer alan; enerji orani, dzgiil enerji, enerji
tiretkenligi, net enerji ve enerji karlilig1 parametreleri ayr1 ayr1 Tablo 5’te verilmisgtir.

Enerji hesaplamalarinda yer alan enerji orani, 6zgiil enerji, enerji liretkenligi, net enerji ve enerji karlilig:
parametreleri ayr1 ayri belirlenmistir. Enerji etkinlik hesaplamalari, tiretim esnasinda yapilan girdiler ve bunun
sonucunda elde edilen ¢iktilarin karsilastirilmasi, 6zgiil enerji, lretim sirasinda yapilan biitiin islemlerdeki
enerjilerin, hasadi gergeklestirilen iiriiniin miktarina oranlanmast ile belirlenir.

Enerji tiretkenligi degeri, hasat islemi gergeklestirilen iirlinlin tamaminin, iiretim agamasinda uygulanan tiim
enerjiye oranlanmasiyla elde edilirken, net enerji ise yapilan iiretimde uygulanan iglemlerin yani ¢iktilarin
tamamiyla, iiretim sonunda elde edilen iiriiniin yani girdinin miktarindan ¢ikarilmasiyla hesaplanarak, enerji
karlilig1 da yapilan tiretimde uygulanan islemlerdeki toplam enerji ¢iktisi ile toplam enerji girdisi arasindaki fark:
olusturan net enerjinin toplam enerji girdisine oranlamasiyla hesaplanmistir.

Enerji orani, birim iiretim alaninda (ha) tiiketilen birim miktar (MJ) enerji miktarina karsilik, {iretim sonucunda
birim iiretim alanindan (ha) kazanilan enerji miktarmi (MJ) belirtir (Oztiirk, 2011) ve toplam enerji giktisinin
toplam enerji girdisine boliinmesiyle hesaplanmustir.

Tablo 5. Enerji orani, zgiil enerji, enerji iivetkenligi, net enerji ve enerji kirliigt parametrelerinin
gostergeleri

Table 5. Indicators of energy ratio, specific energy, energy productivity, net energy and energy profitability

parameters
Isletme Enerji Oram  Ozgiil Enerji Enerji Net Enerji  Enerji
Biiyiikliikleri (da) (MJ ha') (MJ kg™ Uretkenligi (MJhal) Karlihg
(kg MJ)

5.00-30.00 3.07 5.54 0.18 91 206.32 2.07
30.01-60.00 2.36 7.21 0.14 76 990.69 1.36
60.01-90.00 2.05 8.31 0.12 69 844.76 1.05
90.01-110.00 1.20 14.14 0.07 21 657.33 0.20

Toplam 2.17 8.80 0.13 64 924.78 1.17

Tablo 5’e gore, enerji orani i¢in en yiiksek deger 3.07 ile 5.00-30.00 da biiyikliigiindeki isletmelerde
bulunurken, en diisiik deger 1.20 ile 90.01-110.00 da biiytikliigiindeki isletmelerde bulunmustur. Tiim isletmeler
icin ortalama enerji oran1 ise Osmancik ilgesi i¢in 2.17 MJ haolarak hesaplanmustir. Enerji orani degerinin yiiksek
olmasi iiretimde enerjinin etkin kullanildiginin gostergesidir.

Ozgiil enerji, toplam enerji girdisinin hasat edilen toplam iiriin miktaria béliinmesiyle elde edilen bir degerdir.
Uretimdeki enerji iiretkenligi ile ters orantili olup, dzgiil enerjinin diisiik olmas iiretimdeki enerji etkinliginin
yiiksek olmasi olarak ifade edilir. Yapilan hesaplamalara gore en yiiksek deger 90.01-110.00 da biiyiikliigiindeki
isletmelerde 14.14 MJkg? olarak bulunurken, en diisiik deger 5.54 MJkg™ ile 5.00-30.00 da biiyiikliigiindeki
isletmelerde bulunmustur. Ortalama 6zgiil enerji degeri ise 8.80 MJ kg™ olarak hesaplanmustir.

Enerji tiretkenligi, hasat edilen toplam iirtin miktarinin, {iretim islemlerinde kullanilan toplam enerji miktarina
orani olarak ifade edilir. Tiiketilen birim miktar (MJ) enerji miktarina karsilik tiretilen {iriin miktarini (kg) belirtir.
Sonucun biiyiik olmasi, enerjinin etkin kullanildigin1 gdstermektedir (Oztiirk, 2011).

Tablo 5’e baktigimizda, enerji iiretkenligi en fazla 0.18 kgMJ* ile 5.00-30.00 da biiyiikliigiindeki isletmeler
cikarken, en diisiik deger ise 0.07 kgMJ! degeriyle 90.01-110.00 da biiyiikliigiindeki isletmelerde bulunmustur.
Ortalama enerji iiretkenligi degeri ise 0.13 kgMJ* olarak hesaplanmustir.
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Net enerji verimi degeri tiretim girdileri enerjisi toplaminin {iretilen {iriin enerjisinden ¢ikarilmasiyla elde
edilmekte, net enerji verimi degerinin yiiksek olmasi, iiretimdeki enerji etkinliginin yiiksek olmasi anlamina gelir.
Buna gore, net enerji degeri en yiiksek 91 206.32 MJha! ile 5.00-30.00 da biiyiikliigiindeki isletmelerde
bulunurken, en diisiik deger ise 21 657.33 MJhaile 90.01-110.00 da biiyiikliigiindeki isletmelerde bulunmustur.
Ortalama net enerji degeri ise 64 924.78 MJha! olarak hesaplanmistir.

Enerji karlilig1, net enerji degerinin enerji girdisi degerine oranlanmasiyla bulunmaktadir. Enerji karlilig1 igin
en yiksek deger 2.07 ile 5.00-30.00 da biiyiikliigiindeki isletmelerde hesaplanirken, en diisiik deger ise 0.20 ile
90.01-110.00 da biyiikligiindeki isletmelerde bulunmus olup, ortalama enerji karliligr ise 1.17 olarak
belirlenmistir.

Baran ve Karaagac (2014), Kurklareli ili ikinci iiriin ay¢icegi iiretimindeki enerji etkinligi i¢in enerji ¢iktt/girdi
oranini 3.21 MJha'l, dzgiil enerji degerini 8.19 MJkg™, net enerjiyi 34 404.90 MJha'! olarak bulmustur. Pishgar-
Komleh ve ark. (2011), Iran'in Guilan eyaletinde geltik iiretiminin enerji kullanim etkinligi ve enerji verimliligi
degerlerini sirastyla 1.53 MJhave 0.09 kgMJ™* olarak bulmuslardir.

Alipour ve ark. (2012), geltikte enerji oram ve enerji verimliligi sirasiyla 2.19 MJha ve 0.064 kgMJ* olarak
belirlemislerdir. Calismada, enerji orani, 6zgiil enerji, enerji verimliligi ve enerji liretkenligini sirasiyla 2.17 MJ
ha'l; 8.80 MJkg?; 0.12 kgMJ* ve 64 924.78 MJha ‘olarak belirlenmistir. Buna gore ¢alismada bulunan enerji orani
degeri, literatiir degerleri araliginda bulunmustur.

Ozgiil enerji degeri ortalama Osmancik ilcesi geneli i¢in Baran ve Karaagag (2014)’m belirttigi degere yakin
degerdedir. Enerji verimliligi (enerji tiretkenligi) degeri acisindan bakildiginda, Alipour ve ark. (2012) ile Pishgar-
Komleh ve ark. (2011) belirttigi degerlere gore bu caligmadaki deger daha yiiksek bulunmustur.

4. Sonug ve Oneriler

Arastirma kapsaminda Corum ili Osmancik ilgesinde geltik {iretimi yapilan ve anket uygulanan isletmelerin
celtik tiretimindeki enerji bilangolar1 belirlenmis, celtik {iretimi yapan isletmelerin enerji kullanim etkinligi tim
islemler dikkate alinarak toprak hazirligi, ekim-bakim giibreleme, ilaglama, sulama, hasat islemleri i¢in
belirlenerek, enerji parametreleri ayri ayri hesaplanmistir. Enerji bilangosunun belirlenmesinde, dogrudan ve
dolayli enerji tiiketimleri ve enerji parametreleri olarak enerji orani, 6zgiil enerji, enerji iiretkenligi, net enerji ve
enerji karlilig1 gibi cok 6nemli parametrelere ait sonuglar elde edilmistir.

Corum ili Osmancik ilgesindeki ¢iftcilerin geltik tiretiminde kullandiklar traktor ve tarim alet-makinelerinin
yaninda, bu makinelerin kullanim etkinliginin belirlenmesi ile geltik iiretiminin genel olarak enerji kullanim
etkinliginin belirlenmesi, liretim planlamasi agisindan biiyiik 6nem arz etmektedir. Enerji bilangosunun
belirlenmesiyle bulunan sonuglar, isletmelerde enerjinin ne derece etkin kullanildigini belirlemeye, dolayisiyla
kaynaklarin verimli yonetimi agisindan da biiyiik yararlar saglayacaktir.

Celtik tariminda salma sulama uygulamasi ve elektrikli pompa kullanimiyla sulamanin girdiler icerinde 6nemli
bir yer tuttugu, teknolojik bir kullanim olan Drone ile ilaglamanin girdi olarak hesaplamalara katilmas1 da enerji
hesaplamalarinda 6nemli bir adimdir. Girdiler igerisinde en yiiksek tiikketim girdisi olan sulamada etkin sulama ile
kaynaklarmm korunmasina yonelik girdi miktarlarinin azaltilmastyla enerji etkinliginin arttirilmasi miimkiin
olabilecektir.

Bu calisma ile geltik treticisi isletmelerin uyguladiklar1 iiretim sisteminde enerji etkinligi parametreleri
gergevesinde Oncelikle isletme bazli, enerji oranini ve enerji karliligini diisiiren parametreleri dikkate alarak
alinabilecek tedbirlerin liretim girdilerinin daha etkin kullanimina katki saglayacag: diisiiniilmektedir.

Etik Kurul Onay:

Bu calisma Tokat Gaziosmanpasa Universitesi Sosyal ve Beseri Bilimler Arastirmalari Etik Kurulu’ndan
01/10/2021 tarih ve 01-17 sayih izin kapsaminda hazirlanmustir.

Cikar Catismasi1 Beyam

Makale yazarlari olarak aramizda herhangi bir ¢ikar ¢atismasi olmadigini beyan ederiz
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Yazarhk Katki Beyam

Calisma bir yiiksek lisans tezi kapsaminda gergeklestirilmis olup planlanmasi, yiiriitiilmesi ve sonuclandiriimasi
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Modelleme ve Tahmin Amach Veri On isleme Yontemlerinin Uriin Kurutma Ornegi ile
Aciklanmasi

Explaining Data Preprocessing Methods for Modeling and Forecasting with the Example of
Product Drying

Cem KORKMAZY, flyas KACAR?

Oz

Regresyon geleneksel bir veri isleme yontemi olsa da, makine ve derin 6grenme yontemleri hem modelleme hem
de tahmin i¢in son yillarda literatiirde yaygin olarak kullanilmaktadir. Ancak, bu yontemlerin verimli bir sekilde
kullanilabilmesi i¢in veri tiirliniin anlagilmasina yonelik bir 6n degerlendirme yapilmasi 6nem arz etmektedir. Bu
nedenle, bu ¢aligmada 6n degerlendirme prosediirleri agiklanmigtir. Kurutma deney diizeneginde kullanilan 6lgiim
cihazlar1 ve sensorlerindeki 6l¢iim belirsizliklerini belirlemek igin deneysel belirsizlik analizi yapilmistir. Veri
setindeki degiskenler arasindaki anlamli ve anlamsiz iligskiler Pearson korelasyon matrisi ile belirlenmistir.
Kurutma verilerindeki zaman serisi gecikmesini belirlemek igin otokorelasyon ve kismi otokorelasyon
fonksiyonlart kullanilmis ve 5 gecikmeli bir AR(5) serisi belirlenmistir. Kurutma siirecinin dogal davranisindan
kaynaklanan ham verilerdeki tepe ve dip noktalar nedeniyle verilerin degisken varyansa sahip oldugu goriilmiistiir.
Ham verileri bozmadan gergeklestirilen normalizasyon 6n degerlendirme islemi ile modelleme bagarist elde
edilmistir. Boylece geleneksel modellere gore daha iyi modeller elde edilebilecegi gosterilmistir. Makine
O0grenmesi yonteminde gizli katman ve noron sayisini belirlemek i¢in kullanilan deneme yanilma y6éntemindeki,
gereksiz zaman ve hesaplama maliyetlerinden kagmmak i¢in, literatiirde Onerilen g¢esitli formiiller
karsilastirilmistir. Korelasyon katsayisinin, modelin iyiligini belirlemede tek basina yeterli olmadigi gosterilmistir.
Bu ¢alismadaki verilerin modellenmesinde, NARX modelinin ANFIS ve LSTM modellerine gore daha hizli ve
daha az hata ile istenen degere yakinsadigi goriilmiistiir. Doner tamburlu bir kurutucunun simiilasyonunda, ag
bagimsizlik analizi ile optimum ag elemani sayisi 1137 olarak belirlenmistir. Bu sayede gereksiz asiri
hesaplamalarin da Oniine gecilmistir. Elbette tiim bu yontemler istatistik biliminde zaten mevcuttur. Ancak bu
calismada ozellikle bu alanin diginda olan geng arastirmacilarin hiz kazanmasi ve kolay kavrayabilmesi igin
modelleme ve tahmin amagli kullanilacak yontemler, 6zenle secilmis ve 6rneklerle agiklanmistir.

Anahtar Kelimeler: Veri isleme, Regresyon, Pearson, Oto korelasyon fonksiyonu, Kismi oto korelasyon fonksiyonu,
Heteroscedasticity, Yakinsama, Dogrulama
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Abstract

Although regression is a traditional data processing method, machine and deep learning methods have been widely
used in the literature in recent years for both modelling and prediction. However, in order to use these methods
efficiently, it is important to perform a preliminary evaluation to understand the data type. Therefore, pre-
evaluation procedures are described in this study. Experimental uncertainty analysis was performed to determine
the measurement uncertainties in the measurement devices and sensors used in the drying experimental setup.
Significant and insignificant relationships between variables in the data set were determined by Pearson correlation
matrix. Autocorrelation and partial autocorrelation functions were used to determine the time series lag in the
drying data and an AR(5) series with 5 lags was determined. The data were found to have variable variance due to
peaks and troughs in the raw data resulting from the natural behaviour of the drying process. Modelling success
was achieved with the normalisation pre-evaluation process performed without distorting the raw data. Thus, it
has been shown that better models can be obtained compared to traditional models. In order to avoid unnecessary
time and computational costs in the trial and error method used to determine the number of hidden layers and
neurons in the machine learning method, various formulas proposed in the literature were compared. It is shown
that the correlation coefficient alone is not sufficient to determine the goodness of the model. In modelling the data
in this study, the NARX model was found to converge to the desired value faster and with less error than ANFIS
and LSTM models. In the simulation of a rotary drum dryer, the optimum number of mesh elements was
determined as 1137 by mesh independence analysis. In this way, unnecessary over-calculations were also
prevented. Of course, all these methods are already available in statistical science. However, in this study, the
methods to be used for modelling and prediction purposes are carefully selected and explained with examples,
especially for young researchers who are outside this field to gain speed and easy comprehension.

Keywords: Data processing, Regression, Pearson, Autocorrelation function, Partial autocorrelation function,
Heteroscedasticity, Convergence, Validation
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1. Giris

Modelleme/tahmin yontemleri, tiim bilimsel ¢aligmalarda oldugu gibi tarimsal alanda yapilan arastirmalarda
da yaygi olarak kullanilmaktadir. Ozellikle kurutma ¢alismalarinda bu yontemlere sikga basvurulmaktadir. Bu
amagla yillardir kullanilan ve yaygim bir yontem olan regresyonun (Celen, 2016; Karacabey ve ark.,2020)
giinlimiizde makine ve derin 6grenme yontemleri ile birlikte daha hassas modeller iiretilebildigi goriilmiistiir.
Modelleme yontemleri; model esasli ve veri esasli olmak tizere iki kategoriye ayrilmaktadir (Tobon-Mejia et al.,
2012; Amiroh et al., 2021). Model esasli olan yontemler, ilgili bilim alanindaki yasalara dayanmakta ve kesin
¢oziim vermektedirler. Ayrica, model esasli yontemler, tahminleri artik (kalint1) kullanarak yapmaktadirlar.
Bununla birlikte, gercek sistemlerin karmasik dogasi nedeniyle bu tiir matematiksel modellerin olusturulmasi
nispeten zordur. Gergek sistemlerin karmagsik yapisi kabuller ile basitlestirilse de ne kadar ¢ok kabul yapilirsa
sonuglar {izerinde o kadar ¢ok hata olusabilmektedir. Veri esasli yontemler, sistemden elde edilen veri setinin
istatistiksel Ozelliklerini 6grenerek tahmin gergeklestirmektedir. Bu yontemler genellikle karmagik sistemlerin
tanimlanmasi i¢in tercih edilmektedir. Her iki yontemin derinlemesine arastirilmalari, karsilastirilmalar: yapilmis
ve veriye dayali yontemlerin daha avantajli oldugu belirlenmistir (Dash and Venkatasubramanian, 2000;
Venkatasubramanian et al., 2023). Veriye dayali yontem ayrica iki kategoriye ayrilmaktadir. Birincisi, sinir ag1 ve
bulanik mantik tarafindan temsil edilen yapay zekd yontemidir. En sik kullanilan yapay zeka yontemleri; nonlineer
otomatik gerilemeli harici girigli model (NARX), cok katmanli algilayic1 (MLP), uzun kisa siireli bellek (LSTM)
ve uyarlamali ag tabanli bulanik g¢ikarim sistemi (ANFIS) modellerdir. Son yillarda hibrit modeller de
incelenmektedir. Bununla birlikte daha pek ¢ok yapay zeka yontemi bulunmaktadir. Veriye dayali ikinci yontem
ise istatistiksel 6grenme yontemleridir (Dong et al., 2020). Mevcut veriyi temsil etmek icin ARIMA, SARIMA,
SARIMAX, Poisson otomatik gerileyen, dogrusal vb. gibi uygun bir regresyon modelleri kullanilmaktadir. Mevcut
Verinin disindaki noktalarin tahmininde ise destek vektor makinesi (SVM), gizli Markov modeli (HMM) vb
yontemler kullanilmaktadir.

Her ne kadar yapay zeka yontemleri, veri setine bir 6n islem yapmay1 gerektirmese de kullanicinin, verinin
dogasini anlamasi, uygun makine 6grenme parametrelerini segebilmesi ile elde edilen modelin dogrulanmasinda
kolaylik saglamaktadir. Yontemlerin esasi istatistik bilimi olmakla birlikte, uzmanlik alan1 daha farkli disiplinler
olan arastirmacilarin, bdylesi genel yontemleri kendi alaninda uygulayabilmesi igin, tiim istatistik bilimini
ogrenmek yerine, hizli bir baglangi¢ olarak ilgili yontemleri kavramasi, alan dis1 arastirmacilara ¢ok biiylik zaman
kazanci saglayacaktir. Caligmanin ikinci boliimiinde, yontemlerde kullanilmak {izere zaman serisi halinde deneysel
veri toplanmasi, belirsizlik analizi, hata kriterleri, korelasyon matrisi, model randiman degerlendirmesi, zaman
gecikmesi tayini, gizli katman ve noron sayilarinin tespiti icin kullanilan usul ve yéntemler verilmistir. Ugiincii
bolimde bir modele varyans, regresyon, hata yakinsama analizi yapilmasi ve model dogrulama yontemleri
verilmistir. Dordiincii ve son boliimde ise ¢alisma sonunda elde edilen temel ¢ikarimlar sunulmustur.

2. Materyal ve Metod

Bu ¢alismada kullanilan veriyi toplamak tizere Sekil 1’de verilen deney diizenegi kullanilmistir. Ist aktarima,
firm igerisindeki fan kullanilmadiginda, dogal konveksiyon ile veya fan kullanilarak zorlanmig konveksiyon
yollariyla gergeklesebilmektedir. Firin, nem, sicaklik, gii¢, kiitle ve siire dl¢lim sensdrleri ile donatilmistir.
Kurutma isleminde leonardit organik maddeli organomineral toprak diizenleyici ticari gold siilfiir giibresi
kullanilmistir (Agrotime, 2023). Uriin 70 °C’de kurutulmustur. Kurutma siiresince 35741 adet veri toplanmistir.
Bu deneysel islem neticesinde hesaplanan nem orani, difiizyon katsayisi degerleri kullanilarak déner tamburlu bir
firindaki kurutma isleminin simiilasyonlar1 yapilmistir (Kacar ve Korkmaz, 2021).
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Figure 1. Drying experiment setup

Sekil 1. Kurutma deney diizenegi
2.1. Belirsizlik Analizi

Deneysel calismalarda kullanilan 6l¢iim aletlerinin, sensdrlerin belirli dl¢lim araliklart ve ¢oziiniirliikleri
mevcuttur. Olgiim aletlerinin hassasiyetlerindeki kabaliklar, sonug iizerinde ufak da olsa belirli bir hataya sebep
olmaktadir. Bu hata miktarin1 gérebilmek i¢in belirsizlik analizi yapilmaktadir. Deneysel belirsizlik analizi Esitlik
(1) kullanilarak hesaplanmaktadir (Khanlari et al., 2020).

Un = J(200,) + (20,) 4.+ (20,) (Es. )

Oxp

Burada Ugitoplam belirsizliktir. M, 6l¢iilen boyuttur (nem kiitlesi). x, (zaman, sicaklik), 6l¢iilen bu boyutlar
etkileyen n adet bagimsiz degiskenden olusan bir kiimedir. U,,, bagimsiz degiskenleri 6l¢mek i¢in kullanilan her
bir cihazin kendi 6l¢iim hatasidir. Olgiim cihazlarmin hata araliklar1 ve hesaplanan belirsizlikleri Tablo 1°de
verilmistir.

Tablo 1. Kurutma sirasinda parametre élgiimlerindeki hatalar ve hesaplanan belirsizlikler

Table 1. Errors in parameter measurements and calculated uncertainties during the drying process

Olciim Cihazlarni  Birim Hata

Firin sicaklig °C +0.19

Kronometre sn +0.1E-9

Terazi gr +0.18
Belirsizlik Birim  Deger

Sicaklik dl¢timiindeki % +0.0027
Zaman ol¢iimiindeki % +3.3E-11
Kiitle 6l¢timiindeki % +0.017

2.2. Korelasyon Matrisi

Korelasyon matrisi, iki veya daha fazla degiskenin birbirleri ile karsilikli olarak ne kadar gii¢lii ve ne yonde
lineer iliskili oldugunu gosteren istatistiksel bir aragtir. On arastirma igin pratik bir yoldur. En sik kullanilanlar,
Spearman ve Pearson korelasyon matrisleridir. Bu matrise bakarak, ilgisiz parametrelerin, daha bagtan hesaplama
dis1 birakilmasi miimkiindiir. Her ne kadar giiniimiizde kullanilan bilgisayarlar ile hizli hesaplamalar yapilabiliyor
olsa da biitiin parametrelerin hesaplamada kullanilmasi ¢6ziimii uzatmakta ve daha da 6nemlisi yakinsama
problemlerine neden olabilmektedir. Bu agidan bakildiginda, daha az parametre ile hesaplama yapilmasi;
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bilgisayar kaynak gereksinimi ve hesaplama siirelerini (maliyet) azaltacaktir. Ayrica ilgisiz verinin hesaplama digi
birakilmasi sayesinde hesaplamada olasi bir saptirma etkisinin oniine de gegilebilecektir. Tablo 2°de Pearson
korelasyon matrisi verilmistir. Matristeki degerler -1 ve 1 araligindadir. 1 degeri ¢cok kuvvetli dogrusal iliskiye
isaret ederken -1 degeri ise ¢cok kuvvetli ters iliskiye igaret etmektedir. 0 ise iligki olmadig1 anlamina gelmektedir.
Matrise bakilarak 1sitma hizinin kiitle ile yiiksek dogrusal iliskili (R = 0.66) oldugu, fan hiziyla ters dogrusal
iliskili (R = — 0.23) oldugu, nem ile iliskisiz oldugu (R = 0.05) sonucu ¢ikartilabilmektedir. Diger parametreler
icin de benzer tarzda ¢ikarimlar yapabilmek miimkiindiir.

Tablo 2. Pearson korelasyon matrisi

Table 2. Pearson correlation matrix

Parametreler  Sicaklik Kiitle Nem Fanhizi  Isitma giici  Siire  Salinim  Isitma hizi Bekletme

Sicaklik -0.01  0.06 0.01 0.00 -0.09  -0.14
Kiitle -0.02 0.02 -0.02 -0.17 0.02
Nem 0.06 0.02 0.02 0.04 0.01 -0.05 -0.04 -0.05 -0.05
Fan hiz1 0.01 0.02 -0.05 0.09 0.07 -0.01 -0.01

Isitma giicii 0.00 -0.02  0.02 -0.08
Siire -0.09 -0.17 0.04

Salimim -0.14 0.02 0.01

Isitma hizi -0.05

Sogutma hizi -0.04

Rotasyon 0.05 -0.05

Bekletme 0.05 -0.05

2.3. Modellerin Randimanlarimin Olgiilmesi

Modellerin verimliligini (bagarisini) degerlendirmenin en iyi yolu, veri seti ile modelin tahmin degerleri
arasindaki farki kargilagtirmaktir. Boylesi bir karsilagtirma i¢in hata analizi yapmak yaygin bir yontemdir. Esitlik
(2)'de sik kullanilan hata fonksiyonlar1 verilmistir.

MSE = 1S5 Ip(0) — o()” (Es. 2.2)
RMSE = \MSE (Es. 2.b)
MAE = (5 Ip() = o(0)] (Es. 2.0)
MAPE =231, |(”(Z)(—:;’(° (Es. 2.d)
R= 2 (Ip® = pllo® - 0] « [VELTG® - DT + VEL 0@ - OF| ) (Es. 2.6)
Hata = p(t) — o(t) (Es. 2.f)
Oransal Sapma (%) = 100 * [0(t) — p()] * o(t)™* (Es. 2.9)
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o= (Tl -2« N1) (Es. 2.)

Burada o(t) eldeki veri kiimesindeki degerler olup p(t) ise bunlarin modeller tarafindan tahmin edilen
karsiliklaridir. p, modelden elde edilen degerlerin ortalamasi o, deneysel verilerin ortalamasi, t degeri zaman
adimi, o ise standart sapma olup verilerin ortalamasina gore yayiliminin (sapmanin) istatiksel bir dl¢iistidiir. R ve
R? sirast ile korelasyon ve determinant katsayilaridir. MSE; hata karelerinin ortalamasi olup birimi, incelenen veri
biriminin karesidir. RMSE ise MSE’ nin karekokiidiir. MAE; mutlak hatanin ortalamasidir. RMSE ve MAE
incelenen veri ile ayn1 birimdedir. MAPE mutlak hata ortalamasinin yiizde degeri olup yiizde birimindedir.

Genel bir kural olarak; 1'e en yakin R (veya R?) degeri ve sifira yakin MSE, RMSE, MAPE, MAE degerleri
hedeflenmektedir. Bu degerlerinin sifira yakin olmasi, tahmindeki ortalama hatanin azligini gostermektedir. R igin
0.01-0.29 arasindaki degerler diisiik diizeyde iliski, 0.3-0.7 arasinda orta diizeyde iliski, 0.71-0.99 degeri yiiksek
diizeyde iliski anlamlarina gelmektedir. Negatif degerler, ters bir iligki anlamina gelmektedir (Koklii ve ark., 2006).

2.4. Zaman serilerinde zaman gecikmesinin tayini

Belli zaman adimlarinda toplanan veriye zaman serisi (ARIMA, SARIMA, NARX, LSTM vb.) denmektedir.
Giinliik hava sicakliklari, saniyelik kiitle 6l¢timleri vb. 6rnek olarak verilebilir. Bir veriyi modellemek i¢in hem
istatistiksel hem de yapay zeka yontemleri mevcuttur. Ancak bu yontemlerde gecikme degerinin bastan bilinmesi
gerekmektedir. Eger zaman serisinin tahmin ve modellemesinde terim degerlerinin, kendisinin 6nceki degerlerine
olan bagimlihig 6l¢iilecekse otokorelasyon (OKF) ve kismi otokorelasyon fonksiyonlar: (KOKF), farkl serilerin
gecikmelerinden, birbirlerine olan bagimlihig1 6lgiilecekse ¢apraz korelasyon (CK) fonksiyonlari kullanilmaktadir.
Bunlar bir siirecin rastgeleligini ve veri diizensizligini degerlendirmek i¢in iyi birer Kriterdir. Sinyal isleme
yontemi de, bi¢im belirlemek i¢in giiglii bir aragtir. OKF ve KOKF grafiklerini birlikte degerlendirmek daha
anlamlidir. Grafikler dikey eksenin tek tarafinda gizdirilebilecegi gibi sag-sol iki tarafinda da ¢izdirilebilmektedir.
Bu grafiklere korelogram da denmektedir. CK korelasyonu Esitlik (3) ile hesaplanmaktadir. Korelogramlar, R’den
farkli olup 1 veya -1 araliginin diginda da deger alabilmektedirler.

R(@) = [T x() xy(t + 1) » dt (Es. 3)

Burada x ve y fonksiyonlari, t anindaki zaman serisi halindeki veri kiimeleridir. 7 negatif, sifir veya pozitif
olabilen zaman gecikmesidir. R(z) ise T zaman gecikmesinin bir fonksiyonu olan ¢apraz korelasyondur. X serisi, y
serisine esit oldugunda capraz korelasyon, otokorelasyon haline gelmektedir. Periyodik bir sinyal, OKF’da
periyodik ve gittik¢e azalan davranig géstermektedir.

e  Eger OKF’de azalma ve ayn1 zamanda KOKF’de ani kesilme varsa bu tiir serilerin otomatik gerileyen
(AR) tiiriinde oldugu anlasilmalidir (Sekil 2-a). Bu durumda KOKF’deki kesilme sayis1, gecikmeyi verecektir.

e  Eger OKF’de ani kesilme ve ayn1 zamanda KOKF’de azalma varsa bu tiir serilerin hareketli ortalama
(MA) tiriinde oldugu anlagilmalidir (Seki/ 2-b). Bu durumda OKF’deki kesilme say1s1 gecikmeyi verecektir.

e Eger OKF, sadece sifir gecikme degerinde bir adet pik yapmis ancak geri kalaninda beyaz giiriiltii olarak
adlandirilan sifira yakin seviyede ise, seriler birbirlerine higbir gecikme degerinde baglh degil, korelasyonsuzdur
ve rastgele olarak ifade edilir. Sifir gecikmedeki pikin varligi, olmasi gereken sonugtur. Boylelikle seriler tam iist
iiste cakisarak (sifir gecikme) birbiri ile ayn1 olmaktadir (Sekil 2-c). Eger iki farkli serinin CK grafiginde higbir
pik yok ve sadece beyaz giiriilti varsa seriler birbirlerine higbir gecikme degerinde bagh degildir ve
korelasyonsuzdur. Sifir gecikmede bile birbirinden farklidir (Sekil 2-d).
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Figure 2. (a) ACF-PACF pattern in AR series (b) ACF-PACF pattern in MA series (c) an ACF pattern
without delay, (d) an CC pattern without delay

Sekil 2. (a) AR serilerindeki OKF-KOKF deseni (b) MA serilerindeki OKF-KOKF deseni (c) gecikmesi
olmayan bir OKF deseni, (d) gecikmesi olmayan bir CK deseni

Kurutma deneyinden elde edilen serinin korelogramlar1 Sekil 2-a, b ile verilmis olup buna gére veri rastgele
degildir. Sekil 2-a’da OKF giderek azalmaktadir. OKF katsayilar1 sifirdan 6nemli 6l¢iide farklidir ve yavas da olsa
sifira dogru diismektedir. KOKF’nin 5. gecikmeden sonra kesildigi goriilmektedir. Besten sonrasi sifira yakindir
ve bu nedenle beyaz giiriiltii olarak adlandirilmaktadir. Beyaz giiriiltii, bu ¢aligmada, + iki standart sapma (+20)
kadarlik olusturulan giiven simirlarimin hemen hemen icinde kalmaktadir. +2¢ araligi, %95.4 giiven seviyesine
denk gelmektedir.
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120 ile gosterilen mavi renkli alt st sinir ¢izgilerinin arasinda kalan degerler, tiim degerlerin %95.4'liik
kismidir (Datatab, 2024; The Data Scientist, 2024). Yani tiim verinin %95.4'i, beyaz giirtiltiidiir. Bu durum ilk 5
gecikmenin, birbirleri ile yiiksek iligkili ve sonraki ardigik degerlerin ise iliskili olmadig1 anlamina gelmektedir.
Bu davranis, serinin ilk bes gecikmeye bagli ve otomatik gerileyen bir seri AR(5) oldugunu gostermektedir. Sekil
2-b’de ise KOKF giderek azalmakta ve OKF besinci gecikmeden sonra kesilmektedir. Bu nedenle bu seri MA(5)
tirtindedir. Sekil 2-c 6rnek olmasi agisindan verilmis olup verilerin rastgele oldugu iki ayni seriyi, Sekil 2-d ise
verilerin rastgele oldugu iki farkl: seri halini gostermektedir.

2.5. Gizli Katman ve Noron Saydarmin Tespiti

Makine 6grenme yontemlerinde girig-¢ikis olusturmak {izere ag modeli kullanilmaktadir. Ag olusturulurken;
katman sayisi1, katmanlardaki néron sayisi, 6grenme hizi, momentum, aktivasyon fonksiyonu, egitim algoritmasi,
bias, iterasyon sayisi, agirliklarin uygun secilmesi 6nem arz etmektedir. Gizli katmanlarda ¢ok az noron
kullanilmasi, yetersiz uydurma olarak adlandirilan bir duruma neden olurken, ¢ok fazla néron olmasi asurt uydurma
ile sonuglanabilmektedir. Bu nedenle en uygun ag parametrelerinin belirlenmesi gerekmektedir.

Maalesef, heniiz her tiirli ag i¢in kullanigh olacak tek bir formiil mevcut degildir. Veri seti ve model ile
hesaplanan degerler arasindaki korelasyonun en yiiksek veya degerler arasindaki farkin (hatanin) en diisiik olacagi
agm, deneme-yanilma yoluyla tespit edildigi goriilmektedir (Amini et al., 2021; Beigi and Torki, 2021). Fakat
deneme-yanilma metodu uzun zaman almakta, zaman, enerji ve hesaplama maliyeti randiman: agisindan yetersiz
kalmaktadir. Ayrica bir YSA, egitimi esnasinda gergeklestirilen iterasyonlarin gereginden az veya fazla olmasi da
(Ogiindiir, 2019) ag hatas1 olusturabilmektedir (Erenturk and Erenturk, 2007). YSA egitimi i¢in kullanilan pek ¢ok
algoritma arasinda Levenberg-Marquardt algoritmasi, hiz ve kararlilik sagladigi icin ¢okga tercih edilmektedir
(Kacar ve Korkmaz, 2022a).

Gizli katmanlarin sayist problemin karmasikligina baghdir. Sinir aglarindaki daha fazla sayida gizli katman,
daha karmagik ozellikleri temsil etmektedir (Rachmatullah et al., 2020). Sifir gizli katman, dogrusal ayrilabilir
fonksiyonlarda veya kararlarda iyidir. Bir adet gizli katman, bir sonlu uzaydan digerine siirekli bir esleme igeren
herhangi bir fonksiyon i¢in iyiyken, iki gizli katman, rasyonel aktivasyon fonksiyonlari sayesinde keyfi bir karar
smirint keyfi dogrulukla temsil edebilmede iyidir. Herhangi bir diizgiin eslemeyi herhangi bir dogrulukla
yapabilmektedir (Heaton, 2008).

Gizli katmandaki noron sayisinin belirlenmesinde ise farkli dneriler mevcuttur. Onerilerin esas1 da deneme-
yanilma yoluyla ortaya ¢ikan belirli formiillerdir. Bunlardan biri Esitlik (4)'te verilmistir. Asir1 uydurmay1 6nlemek
icin gizli katmanindaki néron sayisi bu esitlik kullanilarak hesaplanan N, degerinin altinda olmalidir (Heaton,
2008).

Nh < Ns * (0( * (Ni + No))_1 (E$- 4)

Burada N; giris néronlarinin saysidir, N, ¢ikis ndronlarinin sayisi, Ng egitim veri setindeki 6rnek sayisidir. o,
keyfi bir dlgeklendirme garpani olup genellikle 2-10 arasinda alinmaktadir. Bu ¢alismada N; =35741 ve N; =11
(sicaklik, kiitle, nem, fan hizi, 1sitma giici, siire, salinim, 1sitma hizi, sogutma hizi, rotasyon, bekletme), N, = 1
(nem) ve a=10 olup bu durumda gizli katmandaki néron sayist N, <298 olmaldir. flave olarak gizli
katman(lar)daki noron sayisi, giris katmani boyutu ile ¢ikis katmani boyutu arasinda olmalidir. Yani 11 > N, > 1
olmalidir. Bir bagka yaklasima gore gizli katmandaki néron sayisi, girig katmani boyutunun 2/3'% ile ¢ikis katmani
boyutunun 2/3"iniin toplam1 kadar olmalidir. Yani N, = 8 olmalidir. Bagka bir yaklagima gore gizli ndronlarin
sayisl, giris katmani boyutunun iki katindan az olmalidir. Bu durumda N, <22 olmalidir. Masters’a (1993) gére
tek gizli katmanli bir sinir ag1 i¢in gizli ndron sayis1 N, = \/I\W‘tﬁr. Yukaridaki 6rnek icin Nj, = 4 olacaktir.
Bir oriintilye ve Oznitelik c¢ikarimina giderek daha fazla yaklagsmak ve hedef sinifi belirlemek igin sonraki
katmanlarda gizli nronlarin sayis1 azalmaya devam etmelidir (Masters, 1993). Bir ¢alismada, N, = N; — 1 ile bir
gizli katman formiilii kullanmigtir (Sheela and Deepa, 2013). Bu durumda N;, =10 olmalidir. Bir sinir ag1 iki gizli
katmana sahipse, birinci katmandaki ndron sayis1 Np; = N, * 72 ve ikinci katmandaki ndron sayzs,
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Np, = N, * 7 ile hesaplanmaktadir. Burada r = 3/N; * Ny 1 olmaktadir (Rachmatullah et al., 2020). Bu
formiile gére Ny; = 3 ve Ny, = 3 olmalidir. Tamura ve Tateishi (1997) iki gizli katman kullanmis, karsilik gelen
gizli katmanin néron sayisim1 N, = 3 + N; * 271 formiiliinii kullanarak hesaplanmislardir (Heaton, 2008).

Bu formiile gore Ny; = 9 ve Ny, = 8 olmalidir. Tiim bu formiiller bir biitiin halinde degerlendirildiginde néron
sayisinin 22’yi asmamasi ve 3’ten biiyiik olmasi gerektigi sonucu ¢ikmaktadir.

2.5. Normalizasyon

Alt ve st limiti ¢cok biiyiik degerde olan verilerin alt ve iist limitlerini -1 ve 1 veya 0 ve 1 araligina getirmeye
yarayan iglemlere normalizasyon denmektedir. Bu sayede verinin seklinde, davranigsinda herhangi bir degisiklik
olmadan standart bir aralik icerisine getirilmesi saglanmaktadir. Bu sayede normalize edilmis diger serilerle de
kiyaslama imkani elde edilmektedir. Ilaveten, eger normalize edilmis veri, ilk haline gore daha kiiciik olacagindan
dolay1 hatalar da daha kiigiilecektir. Bu nedenle istatiksel islemden 6nce verilerin normalize edilmesine siklikla
rastlanmaktadir. Farkli normalize metotlari mevcut olup 6rnegin; min-max normalizasyon metodu ile veriler O ile
1 araligina getirilmektedir.

2.6. Tanimlayict ve Cikarimsal Istatistik

Tanmimlayict istatistik, bir veri setinin 6zelliklerini belirlemeyi amaglayan bir istatistik tliriidiir. Bu amagla,
ortalama, mod, medyan, standart sapma, varyans, ¢arpiklik, aralik gibi pek ¢ok ara¢ kullanilmaktadir. Cikarimsal
istatistik, daha ufak bir 6rneklem grubu kullanarak biiyiik popiilasyonlar hakkinda c¢ikarimlar yapmaya
yaramaktadir. Ulkedeki tiim niifusun secimlerde kime oy verecegini, daha az sayida insana uygulanan anketlerden
elde edilen veri sayesinde tahmin etme islemi bu tiire 6rnek olarak verilebilmektedir. Bu amagla regresyon
analizleri, hipotez testleri, gliven araliklar1 gibi araglar kullanilmaktadir.

3. Sonuclar ve Tartisma

Makine 6grenme yoluyla elde edilmis olan bir modele varyans, regresyon ve hata yakinsama analizi
yapilmalidir. Hesaplamanin teyidi i¢in islemlerin dogrulamasi ve sonuglarin gegerliliklerinin ispati gereklidir.
Bunlar1 yapabilmeyi saglayan ¢esitli metrikler ve araglar mevcuttur. Bu boliimde bunlar izah edilmistir.

3.1. Varyans

Model tahminine karsin hata grafigine bakildiginda eger degerler sabit bir varyansa sahip ise es varyans
(homoscedasticity) oldugu anlagilmakta ve sifira yakin rastgele dagilim gézlemlenmektedir. Heteroscedasticity ise
degisken varyans olup tahmine karsin hata grafiklerinde dagilim sabit olmay1ip koni bigiminde giderek artan veya
giderek azalan seklinde kendisini gostermektedir. Tanimlar: izah edebilmek iizere dncelikle Sekil 3’te bu tiir
grafikler verilmis olup bu tiir varyanslar gosterilmistir. Sekil 3-a ve b’deki gibi iki paralel ¢izgi arasinda kalan sabit
ve rasgele dagilim, es varyansa isaret etmektedir (Kacar ve Korkmaz, 2022a). Sekil 3-c ve d’deki gibi koni sekilli
dagilimlar ise degisken varyans olup giderilmesi gerekmektedir.

Bununla birlikte ham dataya uygulanan Engle’s ARCH testi de varyans hakkinda bilgi veren bir bagka
yontemdir. Ancak ham verilerin degisen varyans icermesi pek muhtemeldir. Bu degisim eger hata degil ise verinin
dogal davraniginin bir sonucu da olabilecektir. Ancak bu degisim regresyonlarda egri uydurmay1 zorlastirdigi i¢in
herhangi bir regresyondan 6nce arastirmacilar, deneysel ham verilerdeki tepe ve ¢ukurlari ortadan kaldirmak, veri
egrisini yumusatmak i¢in siklikla bazi1 6n islemler uygulamaktadirlar (HosseinTabari et al., 2012; Shen et al., 2020;
Taheri et al., 2021). Ancak hangi siddette uygulanirsa uygulansin, bu sekilde bir 6n iglem, verinin dogalligini
azaltmakta, olay1 temsil yetenegini diisiirmektedir.
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Figure 3. Error values versus the model's forecast; (a) constant, (b) constant, (c) variable, (d) variable

variance (Kacar ve Korkmaz, 2022a, 2022h)

Sekil 3. Modelin tahminlerine karsin hata degerleri; (2) sabit, (b) sabit, (¢) degisken, (d) degisken varyans

(Kacar ve Korkmaz, 2022a, 2022b)

Sekil 4'te ticari gold siilfir giibresinin kurutulmas: deneyinden elde edilmis veri gdsterilmistir. Verinin
dogalligin1 bozmadan degisken varyansi gidermek i¢in uygulanan bir strateji; ham veriye logaritma, karekok ve
kiip kok gibi baz1 6n islemler uygulamaktir. Bu islemleri yapmadaki temel fikir sudur: Bu fonksiyonlar mevcut
veriyi kiigiilttigiinden dolay1, hatanin da daha kii¢iik olmasi saglanmaktadir. Model tahmin yaptiktan sonra da
bulunan sonuca, bu iglemlerin tersi uygulanarak mevcut boyuta geri getirilmesi saglanabilmektedir. Dolayisiyla,

bu islemler veriyi bozmamaktadir.
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Figure 4. For gold sulfur(a) Experimental data, (b) logarithm of experimental data, (c) square root of

experimental data, (d) cube root of experimental data

Sekil 4. Gold siilfiir giibresine ait (a) Deneysel veriler, (b) deneysel verilerin logaritmasi, (c) deneysel

verilerin karekokii, (d) deneysel verilerin kiip kokii

Varyanst gostermenin bir yolu da modelden elde edilen tahmin degeri ile karsilik gelen hatay1 grafik olarak
cizmektir. Onceki sekildeki (Sekil 4) gosterilen logaritma, karekdk ve kiipkdk islemlerinin sonucunda elde edilen
modellerin, tahminleri esnasinda olusan varyans Sekil 5'te verilmistir. Sekillerden goriilebilecegi gibi her ne kadar
dagilimin sekli degismemisse de hem hata hem de varyans bu iglemler sayesinde azaltilmistir.
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Figure 5. (a) The variance in the experimental data for gold sulfur, (b) the variance over the logarithm of the
experimental data, (c) the variance over the square root of the experimental data, (d) the variance in the cubic
root of the experimental data

Sekil 5. (a) Gold siilfiir giibresine ait deneysel verilerdeki varyans, (b) deneysel verilerin logaritmast
iizerindeki varyans, (c) deneysel verilerin karekokii iizerindeki varyans, (d) deneysel verilerin kiibik
kokiindeki varyans

3.2. Regresyon Analizi

Modeller i¢in iyilik belirleme araglarindan biridir. Regresyon tipki interpolasyon gibi bir egri uydurma
yontemidir. Kacar and Korkmaz (2022b)’in kurutma modellemesinde kullandigi aglardan elde edilen tahminler ve
ham veri {izerine yapilan bir regresyon analizi Sekil 6-a’da verilmistir. Bir eksende veri setindeki degerler diger
eksende de modelin tahmin ettigi degerler bulunmaktadir. Arzu edilen (idealde olmasi beklenen) durum Model
tahmini = Ham veri olmasidir. Bu durumda R = 1 olacaktir ve tiim noktalar tam olarak ayni1 dogrultu iizerinde

olacaktir.
@15 o Model, ham veri noktast ®) 35 i
= Lineer regresyondogrusu &F y=07.*x+5.3 =
s |7 Model=Veri 30 R=0.85468
2 1 =
_g = 25¢
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Figure 6. Comparison of model forecast and raw data; (a) R=0.99994, (b) R=0.845555
Sekil 6. Model tahminleri ile ham verinin kiyaslanmasi; (a) R=0.99994, (b) R=0.845555

492



JOTAF/ Journal of Tekirdag Agricultural Faculty, 2024, 21(2)

Halbuki gercekte, model tahminleri, ham veriye ¢ok yakin olmakla birlikte aralarinda belli bir ufak fark
olabilecegi i¢in 45° dogrusunun etrafinda ufak sacilmalar gdzlemlenebilecektir.

Sekil 6-a’ya bakildiginda lineer regresyon dogrusunun neredeyse 45° dogrusunun tam {izerinde oldugu
goriilmektedir. Ancak gozle bir karar vermek yerine bu uyumun bir gostergesi olarak korelasyon katsayisini
kullanmak ¢ok daha giivenilirdir. Sekil 6-a’da R = 0.99995 ve (b) ile de R = 0.845555 olan iki ayr1 model
gosterilmistir. (a)’daki modelin tahmin yetenegi ¢ok iyidir. Lineer regresyon fonksiyonu ile model fonksiyonu
birbirleri ile karigtirilmamalidir! Model fonksiyonlar1 genellikle ¢ok terimli nonlineer fonksiyonlardir. Lineer
regresyon fonksiyonu ise modelin tahmini ile karsilik gelen veri arasindaki lineer egri uydurmadir.

Ancak R veya R? degerleri bir karar vermek igin tek bagina kesinlikle yeterli degildir! Zira Tablo 3’te verilen
degerlerin regresyon dogrusu Sekil 7°de verilmis olup tablodan goriilecegi iizere ham veri ve model tahminleri
arasinda ¢ok biiyiik fark mevcut olmasma ragmen Sekil 7°deki regresyon grafiginden goriilecegdi iizere R? = 1
¢itkmaktadir! Sadece regresyon grafigine bakilarak yorum yapilirsa, sanki ham veri ile tahmin degerleri birbirlerine
esitlermis gibi bir yanlig algt olusabilmektedir. Bu duruma karsi baska hata olgiitlerini de degerlendirmek
onerilmektedir.

Tablo 3. Bir érnek veri seti ve model tahmini

Table 3. An example dataset and model prediction

Ham veri Tahmin

-3 -6

-2 -4

-1 -2
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1 2
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3 6
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Figure 7. Graph of a regression applied to the data given in Table 3 (Saplioglu Akademi, 2020)
Sekil 7. Tablo 3’te verilen veriye uygulanmus bir regresyona ait grafik (Saplioglu Academy, 2020)

Modellerin iki boyutlu grafiklerine dogru, egri, ii¢ boyutlu grafiklerine ise yiizey denmektedir. Gerek dogrular,
egriler olsun gerekse de ylizeyler olsun ani tepe veya ¢ukurlukliar modeldeki veya hesaplamadaki bir hataya isaret
edebilmektedir. Eger bu durum beklenen bir davranis ise bu davranigin nedeni o seklin agiklandigi metin igerisinde
muhakkak izah edilmelidir. Aksi halde hata olarak diisiintilebilecektir. Boyle bir egri ve yiizey Sekil 8’de 6rnek
olarak verilmistir. Egrideki veya yiizeydeki beklenmedik, agiklanamayan, dogal olmayan tepe ve gukurlar modelin
giivenilirligini azaltmaktadir.
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Figure 8. Model; (a) curve, (b) surface

Sekil 8. Model; (a) egrisi, (b) yiizeyi

Bununla birlikte kurutma deneyi ile elde edilen ham verilerin zamana goére degisiminin grafigi detayli olarak
incelendiginde, pek ¢ok tepe ve cukurlarin var oldugu goriilmektedir. Sebebi ise kapali bir firin igerisinde,
kimyasal icerige sahip olan giibre tanelerinden sicak havaya ve havadan giibre tanelerine olan kiitle gegisleridir.
Difiizyon olarak adlandirilan bu olay bu gibi malzemelerin kurutulmasinda goriilebilen bazi termo-kimyasal
reaksiyonlarin neticesinde ortaya ¢ikmaktadir. Bu nedenle beklenen bir davranis olup kurutma isleminin dogal bir
sonucudur (Seki/ 9). Bu nedenle kullanilacak modelin, genel veri egrisini yakalayabilmesinin yan1 sira egrideki
tepe ve gukurlar1 da yakalayabilmesi, bu modelin ayirt edici 6zelliklerinden birisidir.

Nem miktari (gr)

0 1000 2000 3000
Zaman (s)

Figure 9. An example of the drying curves

Sekil 9. Kuruma egrilerine bir érnek

3.3. Hata Yakinsama

Regresyon, makine ve derin 6grenme yontemleri, simiilasyonlar teknik itibariyla iteratif olarak gerceklestirilen
matematiksel islemlerdir. Iterasyonlarin amaci, her seferinde istenen degere yaklagmak, yani hata farkini istenilen
degere kadar azaltabilmektir. Bu amagla yakinsama egrileri olarak adlandirilan grafikler kullanilmaktadir.
Yakinsama kelimesi ile kastedilen aslinda hatanin sifira yakinsamasidir. Hedeflenen ise iterasyonlar sonunda
hatanin sifira tam olarak esitlenmis olmasidir. Ancak sayisal yontemlerin dogasinda yuvarlama hatasi, kesme
hatasi, bilgisayar kaynakli hatalar basta olmak {izere ¢esitli hatalar mevcut olup bunlarin birikmesi nedeni ile tam
degere ulagsmak yerine, iyi bir farkla yaklagmak miimkiindiir. Bunun takibi i¢in hata yakinsama egrileri (kalinti,
artik) kullanilmaktadir. Eger gittikge sifira yaklagsan ve umulmadik yiikselisler yapmayan (yani stabil) bir egri
mevcutsa, iterasyonlarin sonuclarina giivenilecegi anlami ¢ikartilabilecektir. Sekil 10°da ii¢ adet hata yakinsama
egrisi verilmistir. Dikey eksen logaritmiktir. RMSE hatasi takip edilmistir. Biitiin modellerin stabilitesini korudugu
sOylenebilmektedir. Ancak NARX modelinin, ANFIS ve LSTM’ye gore sifira daha hizli yaklastig1 i¢in daha
hatasiz model oldugu sdylenecektir.
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Figure 11. Coupled simulation of the discrite
element method and computational fluid mechanics
for the fertilizer drying process in a rotary drum
Figure 10. Error convergence curves dryer
Sekil 10. Hata yakinsama egrileri Sekil 11. Doner tamburlu kurutcuda giibre

kurutulmasu siirecinin hesaplamali akiskanlar
mekanigi ile ayrik eleman metodunun birlesik
simiilasyonu

Sekil 11’ de doner tamburlu kurutucuda giibre kurutulmast siirecinin hesaplamali akigkanlar dinamigi ve ayrik
eleman metotlarinin birlesik simiilasyonuna ait bir ekran goriintiisii verilmistir (Kacar ve Korkmaz, 2021). Sekil
12’ de ise bu simiilasyon esnasinda kaydedilmis olan hata yakinsama (kalinti, artik) egrileri verilmistir. Ancak
bunlar, yakinsamadan emin olmak igin tek baslarina yeterli degildirler. Monitor olusturmak, akis yolunu izlemek
de gereklidir. Analiz sonunda hiz, basing, sicaklik, nem, debi vs. gibi degerler elde edilmektedir. Fakat bu degerleri
analiz esnasinda es zamanli olarak takip edebilmek i¢in daha analize baglamadan dnce bunlarin bulundugu monitér
olarak adlandirilan pencerelerin olusturulmasi gerekmektedir. Dinamik analizlerde her bir zaman adiminda
egrilerin periyodik olmasi beklenen bir durumdur. Bu durum yakisamada sikint1 tegkil etmemekle birlikte her bir
zaman adiminin icerisinde egrideki degisim ise diiz (zikzaksiz) ve kararli olmasi gereklidir.
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Figure 12. Error convergence(residual) curves of equations during the transient calculation steps
Sekil 12. Transient hesaplama adimlart esnasinda denklemlerin sifira yakinsama (artik) grafikleri

Bu grafik sayesinde, hesaplama esnasinda siireklilik, hiz, tiirblilans, enerji, kiitle transferi vs. denklemlerinin
sonuglar1 takip edilerek her denklemin sonucunun sifira ne denli yakin oldugu goriilebilmektedir. Her bir
denklemin sifira esit olmasi gerektigi i¢in, hesaplama neticesinde de elde edilen degerin en fazla 1e-3 kadar sifira
yakin olmasi istenmistir. Analiz transient (zamanla degisen) oldugundan dolay1 birden fazla zaman adimi1 mevcut
olup her zaman adiminin igerisinde de en fazla 20 iterasyon yaptirilmasina miisaade edilmistir. Hesap adimlarinin
her birinin igerisinde en fazla 12 iterasyon sonunda yakinsama oldugu goriilmiis, bu nedenle de 20 iterasyon
smirlamasinin yeterli oldugu anlasilmigtir.
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Grafik incelendiginde, her bir zaman adimindan sonra yeni bir hesap yapildigi gériilmiistiir. Bu durum Sekil
12°de zikzak seklinde goriilmektedir. Zaman adim sayisinin birden fazla olmasi da analizin zamana bagh tipte
yapildiginin bir bagka gostergesidir. Her zaman adimi igerisinde (iki tepe arasinda) degisim stabildir, zik zak
icermemektedir.

3.4. Dogrulama

Dogrulama(lar) sadece veri isleme gerektiren hallerde degil ayni1 zamanda da biitiin ¢aligmalarda yapilmalidir.
Herhangi bir isin, analizin vb. dogrulugundan emin olmak i¢in, izlenen yonteminin ve sonucun dogrulugunun
ispatina yonelik olarak saglama, kiyaslama, kanitlama, teyit ve gecerlilik kontrolii saglanmalidir. Bu iglemler,
Ingilizce dilinde “verification” ve “validation” olarak ayr1 ayr1 ifade edilmektedir (Kacar, 2023). Tiirk¢e’de bu
ikisine “dogrulama” denildigi i¢in aradaki fark, anlatilamamakta ve anlagilamamaktadir. Fark: belirtmek iizere
burada orijinal kelimler kullanilmak zorunda kalinmisgtir.

Verification; ¢oziim esnasindaki hesaplamalarin hatasiz, eksiksiz yapildigim teyit etmek ig¢in yapilan
dogrulama islemleridir. Sekil 10, 12 ve 13’te verilen grafikler verification i¢in kullanilan yontemlere birer 6rnektir.
Daha pek ¢ok farkli yontemler de mevcuttur. Validation ise ¢oziim sonunda bulunan sonuglarin hedeflere,
isteklere, standartlara, sartnameye, miisteri talebine uygun oldugunun ispatini, teyidini yapmaktir. Hedef(ler) ise
bulunan sonucun en az bir kriteri sagladiginin 6lgiilebilir randiman ve fiziksel degerlerdir. Verification sonunda
yanlis oldugu ortaya ¢ikan bir hesaplama daha bastan yanlhstir, dolayisiyla validation yapmakla vakit kaybetmeye
gerek bile yoktur! Validation yapmak i¢in asagidaki yontemler kullanilabilmektedir:

e  Mevcut ise analitik formiillerden elde edilen sonuglarla kiyaslama. Bu en gecerli yontemdir. Ancak
analitik formiiller her tiirlii problem i¢in mevcut olmayabilir!

o  Deney yaparak elde edilen deneysel sonuglarin mevcut model sonuglari ile kiyaslanmasi: Bu yontem de
¢ok gliglidiir ancak pahali olmasi nedeni ile deney diizenegi, deneysel veri temini her zaman miimkiin
olmayabilmektedir.

e  Benzer ¢alismalarla kiyaslamak: Caligmanizda lirettiginiz model, sundugunuz yontem vs. ne ise, ona girdi
olarak, literatiirde bulunan o alandaki ¢alismalardaki sartlari, girdi degerlerini verdiginizde, o ¢alismalarda sunulan
sonuglar1 aynen saglamalidir. Arada fark varsa nedenleri makul olarak agiklanabiliyor olmahidir. Elbette ki kendi
modelinizin, mevcut caligmalardakilerle kiyaslandiginda birebir kopya olmamasi i¢in, ilave bir yenilik¢i
ozelligi/ozellikleri de olsa daha iyi olur!

. Varsa standart, tasarim dokiimanlari, sartname isteklerini saglamali.
e  Mevcut ise baska hesaplama yontemi veya simiilasyonlar kullanilarak, sonuglari birbirleri ile kiyaslama.
e  Mevcut tasarimin, referans olarak alinabilecek, ayni amacla kullanilan bagka tasarimlarla mukayesesi.

Sonlu eleman simiilasyonlarinda verification i¢in yapilan iglemlerden biri yakinsama analizidir (agdan
bagimsizlik analizi). Ag eleman sayis1 degistirilerek elde edilen sonucun bir degere dogru yakinsamasini gésteren
bir grafik olup bir 6rnek Sekil 13’te verilmistir. Bu grafige gore eleman sayisimin 1137 adetten fazla olmasi
durumunda incelenen degiskene (nem) ait sonugta bir degisim olmamaktadir. Bununla birlikte artan eleman sayisi
hesaplama siiresini artirdigindan dolay1 en az eleman ve en dogru sonu¢ amaglarina ayn1 anda uyan denge
noktasinin tam olarak 1137 eleman oldugu goriilmektedir. Basta yapilan bu analiz sayesinde simiilasyon esnasinda
eleman sayisinin eksikliginden kaynakli bir hatanin olmayacagi ispat edilmis olmaktadir. Ancak bu tek basina
hatasiz bir analiz i¢in yeterli degildir!
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Figure 13. Convergence analysis and graph of percent change in results
Sekil 13. Yakinsama analizi ve sonuclardaki degisim yiizdesi grafigi
3.5. Tartisma

Virlisiin  ¢ogalma-yayilma hizindan, gidalarin  kurutulmasinin tahminine kadar pek ¢ok alanda
modelleme/tahmin teknikleri kullanilmaktadir. Esasen istatistiki olan bu yontemlerin 6zii, varsa analitik formiil
kullanmak ya da veriyi modellemektir. Bununla birlikte kurutma alaninda g¢aligan arastirmacilar, regresyon
analizleri ile {irliniin kuruma davranigini belirlemede literatiirdeki ¢ok yaygin matematik modelleri kullanmaktadir
(Baran ve ark., 2015; Bayhan, 2021). Misirin kuruma davranigini en iyi ifade eden matematiksel modelin Page
denklemi oldugu ifade edilmistir (Korkmaz, 2007). Kurutma isleminin dogasi geregi nem belirli bir kritik seviyeye
dogru (2.azalan bolgede) siirekli azalmaktadir (Kavheci, 1998; Hacihafizoglu, 2004). Kurutma deneyi ile elde
edilen ham verilerin zamana gore degisiminin grafigi detayli olarak incelendiginde, nem miktarindaki azalma
esnasinda tepe ve ¢ukur seklinde malzeme davranisi olustugu, bunun da kurutma igleminin dogal sonucu oldugu
anlagilmaktadir. Bununla birlikte deneysel kuruma davranigini ifade etmek i¢in kullanilan matematik model
sonuglar ile deneysel sonuglar arasinda yiiksek dogruluk elde etmek i¢in 6n islemler yapilarak pik ve gukurluklarin
diizlestirildigi goriilmiistiir (Evci ve Ulger, 2006; Aydin, 2016; Kars ve Ekberli, 2021). Zira regresyon modelleri
genel egri seklini yakalayabilse de tepe ve ¢ukurlari istenen hassasiyette temsil edememektedir. Zaman serileri
modeli ve yapay sinir ag1 yontemleri ile herhangi bir sekilde verilere 6n hazirlik iglemi gerekliligi ortadan
kalkmaktadir (Altan et al., 2021). Zira bu yontemler tepe ve ¢ukurlari daha yiliksek basari ile modelleme yetenegine
sahiptir. Bu alanda yapay zekd ile modellemeler, her gecen giin artmakta ve ham deneysel verilerin
modellenmesinde kullanilan geleneksel modellere gore daha yiikksek modelleme ve tahmin randimani elde
edilebilmektedir.

4. Sonuglar

Istatistiksel pek ¢ok veri isleme yontemi ve degerlendirme metrikleri mevcuttur. Diger disiplinlerde de ortak
olarak kullanilan bu yontemlere has hangi metriklerin kullanilacagi ve bunlarin yorumlanmasi istatistik biliminin
haricindeki aragtirmacilar, hele hele de geng arastirmacilar tarafindan nadiren bilinmektedir. Pek ¢ok metrik
arasindan modelleme ve tahmin amacglh kullanilanlara 6zgii tekniklerin derli toplu bir sunumu bu g¢alismada
verilmigtir. Kadim bir yontem olan regresyona kiyasla temsil etme yeteneginin yiiksekligi, veriyi diizeltmeye
yonelik 6n islem gereksinimini ortadan kaldirmasi basta olmak iizere pek ¢ok ilave avantaji bulunan makine
o0grenme yontemleri mevcuttur. Ancak aglari uygun tasarlayabilmek ve sonuclarin dogrulugundan emin olabilmek
i¢in bu yontemlere 6zgli metrikler olarak regresyon analizi, korelasyon matrisi, oto korelasyon fonksiyonu, kismi
oto korelasyon fonksiyonu, degisen varyans, gizli katman, néron sayilarinin tespiti, hata metrikleri, yakinsama,
belirsizlik analizi ve dogrulama teknikleri 6rneklerle izah edilmistir.

Tesekkiir

Yazarlar, bu ¢aligmanin inceleme ve degerlendirme asamasinda yapmis olduklart degerli katkilardan dolay;
editor, hakem ve emegi gecenlere icten tesekkiir etmektedir.

Etik Kurul Onay:

Bu ¢alisma i¢in etik kuruldan izin alinmasina gerek yoktur.
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Cikar Catismas1 Beyam
Makale yazarlari olarak aramizda herhangi bir ¢ikar ¢atigmasi olmadigini beyan ederiz.
Yazarhk Katki Beyam

Biitiin yazarlar esit katkida bulunmuslardir.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Trakya Bolgesi’nde Uretilen Bazi Kiiltiir Bitkilerinin iklim Degisimine Uyumunun
Modellenmesi

Modelling the Adaptation of Some Cultural Plants Produced in Thrace Region to Climate
Change

Amil Saygin SEN?, Huzur DEVECI?, Fatih KONUKCU?

Oz

Giiniimiizde yogun bir sekilde iklim degisikliginin etkileri yasanmaya baglamistir ve devam da edecektir. Tklim
degisikliginden birgok sektoriin etkilenecegi tahmin edilmektedir. Bu sektorlerin baginda tarim sektorii
gelmektedir. Trakya Bolgesi Tiirkiye’de bugday, kanola ve aycicek iiretimine katkisi olan dnemli bolgelerimizden
biridir. Dolayisi ile iklim degisikligiyle birlikte Ongoriilemeyen durumlar ortaya ¢iktiginda, tarim ve gida
sektoriinde dnemli bir yer tutan bu ii¢ bitkinin iklim degisikligine kars1 gelecekte yetistirilme alanlarinin nasil
degiseceginin dogru bir sekilde belirlenebilmesi cok dnemlidir. Oncelikle iklimin nasil degiseceginin hassas bir
sekilde tahmin edilmesi ve sonrasinda planlamalar yapilarak, nasil onlemler alinmasi gerektiginin ortaya
konulmasi biiyiik 6nem arz etmektedir. Bu g¢alismanin amaci, iklim degisikliginin Trakya Bolgesi’nde
yetistiriciligi yapilan bugday, kanola ve ay¢igegi bitkilerinin cografi dagilimlarinin gelecekte iklim degisiminden
nasil etkilenecegini, bitki uygunluk modeli kullanarak tahmin etmektir. Bu amagla, Trakya Bolgesi’nde oncelikle
glintimiiz (1950-2000) dénemi igin bugday, kanola ve aygicegi bitkilerinde DIVA-GIS program i¢inde yer alan
Ecocrop modiilii kullanilarak uygunluk belirlenmis, sonrasinda ise gelecek donem yani 2050’ler icin
HADGEM2_ES model RCP4.5 ve RCP8.5 senaryo sonuglart dogrultusunda bu ii¢ bitkide yine Ecocrop modiilii
kullanilarak uygunluk tahmini yapilmistir. Giiniimiiz ve gelecek dénem uygunluk sonuglari birbirleri ile
kargilagtirtlmistir. Sonug olarak, TR21 Trakya Bolgesi’nde 2050°lerde HADGEM?2 ES model RCP4.5 ve RCP8.5
senaryolarinda bugdayda giiniimiize gore uygun, cok uygun ve milkkemmel alanlarin yerini genellikle uygun degil,
¢ok marjinal, marjinal alanlarin alacagi, bu olumsuz durumun RCPS8.5’de daha fazla olusacagi; kanolada
giliniimiize gore uygun ve ¢ok uygun alanlarin yerini 2050°lerde genellikle uygun ve mitkemmel alanlarin alacag,
bu olumlu durumun RCP4.5 senaryosunda daha fazla olusacagi; aygiceginde ise giliniimiizde miikemmel olan
alanlarin gelecekte degismeyecegi tahmin edilmistir. Ureticilerin, karar vericilerin ve uygulayicilarin
planlamalarin1 yaparken, bu sonuglar dogrultusunda gelecege y6n vermesi onerilmistir.
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Abstract

Today, the effects of climate change have started to be experienced and will continue to be experienced. It is
estimated that many sectors will be affected by climate change. The agricultural sector is one of these sectors.
Thrace Region is one of our important regions that contribute to wheat, canola, and sunflower production in Turkey.
Therefore, when unpredictable situations arise with climate change, it is very important to accurately determine
how the cultivation areas of these three plants, which have an important role in the agriculture and food sector,
will change in the future against climate change. First of all, it is necessary to predict precisely how the climate
will change, and then to determine what precautions should be taken by making plans. The aim of this study is to
predict how climate change will affect the geographical distributions of wheat, canola and sunflower plants grown
in the Thrace Region in the future, using a plant suitability model. For this purpose, the suitability of wheat, canola
and sunflower plants for the current period (1950-2000) in the Thrace Region was determined using the Ecocrop
module included in the DIVA-GIS program, and then in line with the results of the HADGEM2_ES model RCP4.5
and RCP8.5 scenarios for the next period, in the 2050s, suitability estimates were made for these three plants by
using the Ecocrop module. Current and future prediction results are compared with each other. As a result, in the
TR21 Thrace Region in the 2050s, in the HADGEM2_ES model RCP4.5 scenario for wheat, suitable, very suitable,
and excellent areas will be replaced by not suited, very marginal, marginal areas, respectively. This will be more
severe under RCP8.5 scenario. For canola, suitable and very suitable areas will be replaced by suitable and
excellent areas, respectively, in the 2050s, and this positive situation will occur more in the RCP4.5 scenario. In
sunflower, on the other hand, it has been predicted that the areas that are excellent current will not change in the
future. It is recommended that producers, decision makers and practitioners direct the future in line with these
results while planning.

Keywords: Climate change, Wheat, Canola, Sunflower, Ecocrop model, Suitability
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1. Giris

Sanayi devrimiyle beraber fosil yakitlarin agir1 kullanimi, arazi kullanimindaki degisiklikler, orman alanlarinin
yok olmasi, sanayilesmenin hizla artmasi sonucunda 19. yiizyilin ortalarindan itibaren iklimdeki dogal degisiklige
ek olarak antropojenik etkilerin de rol oynadigi bir doneme girilmistir. Bu yeni déonemde deniz seviyesindeki arts,
sicakliklarla birlikte buzullarin erimesindeki artig, sicak hava dalgalarindaki artis, afetlerin siklig1 ve siddetindeki
artig gibi iklim degisikligine bagl olarak ¢ok yonlii etkiler tespit edilmistir. Bu etkilerin de dniimiizdeki giinlerde
artarak devam edecegi beklenmektedir (SYGM, 2020).

Iklim degisikliginin etkiledigi sektorlerin arasinda tarim, gida ve hayvancilik, balik¢ilik ve ormancilik gibi
insan beslenmesini dogrudan etkileyen sektorler yer almaktadir. Ayrica tarim sektorii milli gelir, istihdam, i¢ ve
dis ticaret, tarima dayali sanayi, destekleme ve tiiketim harcamalari igerisinde bulunan pay1 ve insanlarin zorunlu
gida maddelerini iireten bir sektor olmasi nedeniyle ekonomilerde ¢ok dnemli bir yere sahiptir Tarim sektdri,
insanlarin temel ihtiyaci olan gida {iretimini saglamasi, iilkelerin milli gelirlerinde ve istihdamlarinda payinin
yiiksek olmasi nedeniyle ¢ok dnemli bir yere sahiptir (Bayra¢ ve Dogan, 2016).

Iklim degisikliginin su kaynaklarina etkisi projesi nihai raporuna gére 2015-2100 projeksiyon déneminde
HadGEM2-ES, MPI-ESMMR ve CNRM-CMS5.1 modelleri RCP4.5 senaryosunda sirasiyla 3.4°C, 2.0°C ve 2.5°C
ve RCP8.5ta ise sirastyla 5.9°C, 4.5°C ve 4.3°C sicaklik artislari olusacagi tahmin edilmektedir. Yagista ise ayni
modeller i¢in RCP4.5 senaryosunda -50 mm ile 40 mm arasinda ve RCP8.5 senaryosunda ise -60 mm ile 20 mm
arasinda degisimler 6ngoriilmektedir. Dolayisi ile buradan Tiirkiye’nin de iklim degisikliginden oldukga fazla
etkilenecegi sonucu ¢ikarilmaktadir (SYGM, 2016).

Bitki gelisimini etkileyen pek ¢ok neden olmakla birlikte en énemli etken iklimdir. iklim parametrelerinden
ozellikle sicaklik ve yagisin bitkiler iizerindeki etkileri, bitki verimi ve bitkinin o bolgede yetisebilmesi i¢in ¢ok
onemlidir (Konukcu ve ark., 2020). Bu nedenle iklimin tarimsal aktiviteleri de etkileyecegi ongoriilmektedir.
Ozellikle yagis ve sicaklik degerlerindeki degisimler tarimsal potansiyeli, {iriin verimini ve kalitesini dogrudan
etkiler. Bu nedenle iklimin degismesi, bitkinin yetistigi cografi konumlarda daha 6nce yaganmamig iklim
olaylarinin meydana gelmesi, bitkinin bulundugu cografyanin iklimine uygunlugunu da tartismaya agar. iklimsel
uygunlugun analizi o bolgedeki ciftgiler ve yoneticilerin iklim degisikligine adaptasyon ve uyum siirecini
yonetebilmeleri igin bir gerekliliktir (Holzkédmper ve ark., 2011).

T.C. Tarim ve Orman Bakanliginin Mayis 2022°de yayinladigi bugday biiltenine gore diinyada 2021/22 {iretim
sezonunda kiiresel bugday iiretiminin bir dnceki yila gore %1’lik artigla 781 milyon ton, tiiketiminin bir dnceki
yila gore %1’lik artisla 778 milyon ton olacag1 ongdriilmektedir. Yine ayni rapora gore Tiirkiye’de ise 2021 yil1
bugday ekilisi 67.4 milyon dekar, toplam iiretim 17,7 milyon tondur. Ekilis alanlarinin 55.4 milyon dekarinda 14.5
milyon ton ekmeklik bugday, 12 milyon dekarinda 3.2 milyon ton makarnalik bugday iiretilmistir. Diinya’nin en
biiyiik tahil ihracatgilar1 arasinda yer alan Rusya ve Ukrayna arasinda devam eden olumsuzluklar neticesinde
tarimsal emtia fiyatlarindaki artis, 6zellikle Yakin Dogu Asya ve Afrika’daki ithalata bagimli iilkelerde potansiyel
gida giivenligi risklerine iliskin endigeleri artirmistir (Anonim, 2023a). Kanola {iretiminde Tiirkiye
degerlendirildiginde ise gecen yil 122 bin ton kanola iiretilmistir. Diinyada yillik kanola iiretimi yaklasik 71.5
milyon ton olarak hesaplanirken, Tiirkiye’de iiretim gecen yil 122 bin ton olmustur. Tiirkiye kanola iiretimi son
10 y1lda ortalama 115 bin ton olarak gergeklesmistir. Tekirdag, 2022 yilinda yaklasik 38 bin ton kanola iiretimiyle
ilk sirada yer alirken, bu ili 24 bin tonla Edirne ve 16 bin tonla Konya takip etmistir (Anonim, 2023b). T.C. Tarim
ve Orman Bakanliginin Ocak 2022’de yayinladig: aycigek biiltenine gore Tiirkiye yaglik aygicegi ekilis alanlar1
2015 yilinda 5.6 milyon dekar iken 2020 yilinda yaklasik %17 artarak 6.5 milyon dekara yiikselmistir. Diger
yandan 2015 yilinda 1.45 milyon ton olan yaglik aygicegi iiretimi 2020 yilinda 1.9 milyon tona ulagmugtir. TUIK
2019/2020 pazarlama yil1 verilerine gore aygigeginin yeterlilik oran1 %60.1°dir. Dekara verim ortalamas1 2015
yilinda 264 kg iken 2020 yilinda yaklasik %11 artarak 292 kg’a yiikselmistir. 2021 yil1 iiretimi bir onceki yila
gore %16.8’lik artigla 2.42 milyon ton olarak Cumhuriyet tarihinin rekor iiretimi gergeklesmistir. Tiirkiye’de
aygicegi liretiminin yogun olarak yapildigi iller sirasiyla; Tekirdag, Konya, Edirne, Kirklareli ve Adana’dir. Bu
iller, toplam {iretimin %68’ini karsilamaktadir (Anonim, 2023c). Dolayisi ile bu ii¢ bitki (bugday, kanola ve
aycigegi) Trakya Bolgesi ve Tiirkiye i¢in yetistiriciligi biiyiik onem tagiyan bitkilerdir. Ancak, iklim degisiminden
en ¢ok etkilenecek olan Akdeniz iklim kusaginda yer alan iilkemizde, iklim degisimiyle birlikte bitki verimlerinin
yaninda bolgelerin bitki yetistirilmesine uygunluklarinda da 6nemli degisimler olmasi kaginilmazdir.
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Diinyada cesitli bitkilerde iklim degisikligine kars1 arazilerin uygunlugunun belirlenmesine yonelik ¢ok sayida
aragtirmalar yapilmistir (Ramirez-Villegas ve ark., 2013; Pawar-Patil ve Mali, 2015; Makinano-Santillan ve
Santillan, 2015; Shikalgar, 2017; Chhogyel ve ark., 2018; Rhiney ve ark., 2018; Egbebiyi ve ark., 2019; Wichern
ve ark., 2019; Abdallah ve Jaafar, 2019; Shiny ve ark., 2020; Beltran-Tolosa ve ark., 2020; Taba-Morales ve ark.,
2020; Manners ve ark., 2021; Labaioui ve Bouchoufi, 2021; Joshi, 2021; Mgller ve ark., 2021; Mumo ve ark.,
2021; Mulinde ve ark., 2022; Zagaria ve ark., 2023). Tiirkiye’de ise sadece musir, aspir, kanola, pamuk, bugday ve
dalli dar1 (Aydin ve Sarptag, 2018) ve biyoenerji bitkileri (Aydin-Kandemir ve Sarptas, 2022) i¢in uygun alanlar
belirlenmistir. Tlrkiye’de ve Trakya’da uygunluk tahmini ile ilgili calismalar oldukca kisitlidir. Dolayistyla iklim
degisikligine kars1 hassasiyeti azaltabilmek i¢in bu ¢aligmalarin 6zellikle stratejik bitkilerle, ¢esitli modeller ile
denemeler yapilarak desteklenmesi ve ¢cogaltilmasi gerekmektedir. Bugiine kadar bu bdlgede iklim degisikligi ile
toprak nemi ve verim iliskisi ¢alistlmis (Ozdogan, 2011; Deveci, 2015; Altiirk ve ark., 2019; Deveci ve ark., 2019;
Konukcu ve ark., 2020; Deveci, 2022; Coskun, 2023; Coskun ve ark., 2023) fakat bitki uygunluk haritalari
iiretmeye yonelik caligmalar yapilmamaistir.

Bu calisma ile Trakya Bolgesi’nde giiniimiiz (1950-2000) donemi ve gelecek donem 2050’ler igin
HADGEM2_ES model RCP4.5 ve RCP8.5 senaryo sonuglart dogrultusunda bugday, kanola ve aygigegi icin
DIVA-GIS programi i¢inde yer alan Ecocrop modiilii kullanilarak uygunluk tahmini yapilmigtir. Caligmada elde
edilen sonuglar 1s181nda, bitki yetistiriciligi icin en dnemli etken olan sicaklik ve yagisin aycicegi, bugday ve
kanola tiretimine etkisi ortaya konmustur.

2. Materyal ve Metot
2.1. Materyal
2.1.1. Arastirma alan

Avrupa ile Asya kitalari arasindaki cografi, kiiltiirel ve ticari bir gegis bolgesi olan Tiirkiye’nin topraklarmin biiyiik
bir kismi (Anadolu) Asya kitasinda, kiigiik bir kismi (Trakya) ise Avrupa kitasinda yer almaktadir. TR21 Trakya
Bolgesi, Tiirkiye’nin Avrupa kitasi iizerindeki topraklarmin bilyiik bir boliimiinii olugturmaktadir. Tekirdag, Edirne ve
Kirklareli illerinden meydana gelen TR21 Trakya Bolgesinin yiizdlgiimii (goller harig) 18.665 km? dir. Karadeniz,
Marmara Denizi ve Ege Denizi olmak iizere ii¢ denize kiyist bulunmaktadir. Bolgenin dikkat ¢eken ii¢ temel
karakteristigi s6z konusudur. Bunlardan birincisi, tarima elverisli arazi miktarinin oldukga yiiksek olmasi iken, ikincisi
tarimsal faaliyetlerin yogunlugudur. Ugiincii karakteristik ise, Kocaeli-istanbul Corlu-Liileburgaz hatti iizerinde D-100
Karayolu etrafinda konuglanmig olan sanayi bélgelerinin 6nemli bir kisminin bdlge i¢inde yer almasidir (Anonim,
2023d). Arastirma alan1 Seki/ I’de gosterilmistir.

Figure 1. Research area

Sekil 1. Aragtirma alani
2.1.2. Arastrma alanimn iklimi

Aragtirma alaninda bulunan Tekirdag’da uzun yillar ortalama sicaklik 14.1°C, Kirklareli’nde 13.3°C ve
Edirne’de13.8°C’dir. Uzun yillar ortalama en yiiksek sicaklik 6l¢iimiinde ise 19.8°C ile Edirne, ardindan 18.9°C ile
Kirklareli ve 17.9°C ile Tekirdag gelmektedir. Ortalama en diisiik sicaklikta Edirne 8.4°C, Kirklareli 8.8°C ve Tekirdag
10.4°C olarak goriilmektedir. Aylik toplam yagis miktari ortalamasi 601.9 mm ile en yiiksek Edirne ilinde, 580.4 mm
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ile en diisiik Tekirdag ilinde gorillmiistiir. Tiim illere ait uzun yillar y1illik ortalama iklim verileri Tablo 1’de verilmistir.
Tablo 1. Arastirma alanina iliskin iklim degerlerinin uzun ydlar ortalamalart (MGM, 2023a; b; ¢)

Table 1. Long-term averages of climate data of the research area (MGM, 2023a; b; c)

iklim Parametreleri Tekirdag Kirklareli Edirne
(Ol¢iim Donemi) (1940-2022) (1959-2022) (1930-2022)

Yillik Ortalama Sicaklik (°C) 14.1 13.3 13.8
Yillik Ortalama En Yiiksek Sicaklik (°C) 17.9 18.9 19.8
Yillik Ortalama En Diisiik Sicaklik (°C) 104 8.8 8.4

Yillik Ortalama Giineslenme Siiresi (saat) 5.6 4.8 6.0

Yillik Ortalama Yagish Giin Sayist 98.1 98.8 105.7
Yillik Aylik Toplam Yagis Miktar1 Ortalamasi (mm) 580.4 583.7 601.9
Yillik En Yiiksek Sicaklik (°C) 40.2 425 441
Yillik En Diisiik Sicaklik (°C) -13.5 -15.8 -19.5

2.1.3. Arastirma alan bitkilerine ait ozellikler

Aycicek (Helianthus annuus L.): Giiniimiiziin en 6nemli yag bitkilerinden biridir. Tohumlarinm en iyi bir sekilde
cimlenebilmesi i¢in 8-10°C’lik toprak sicakligi gerekir. Aycicegi bitkisi fideleri kotiledon devresinde -4°C sicakliga
dayanabilir. Aycigegi icin en iyi yetisme sicakliklari 21 ile 24°C arasidir. Ekim zamani toprak sicakligi ile yakindan
ilgilidir. Cimlenmenin iyi olabilmesi i¢in toprak sicakligi en az 8-10°C olmalidir. Aygigegi ekiminde hassas havali
(pnomatik) mibzerler kullanilmaktadir. Bu tip havali ekim makineleri kullanildiginda bir dekara kullanilan tohum
miktarindan da énemli tasarruf saglanarak (300-350 gr da*) miitecanis bir ¢ikis elde edilmektedir (Siizer, 2022a).

Bugday (Triticum aestivum L.): Bugday iklim istegi ¢imlenme ve kardeslenme sirasinda 5-10°C sicaklik ve nem
ise %60 oranindadir. Bugday geligsmesinin ikinci devresi olan sapa kalkmada ise 10-15°C sicaklik ve %65 oraninda
nispi nem istegi olmaktadir. Bugday bitkisi her ¢esit toprakta yetismekle birlikte genellikle yiiksek verim derin, killi,
tili-killi, humusga zengin topraklardan alinmaktadir. Bugday tariminda dekardan yiiksek verim ve kaliteli {iriin elde
etmenin 6n kosullarindan biri de uygun bir zamanda ekim yaparak diizenli bir ¢cimlenme ve ¢ikig saglamaktir. Bugday
tariminda ekim zamanini belirleyen en dnemli faktorlerden biri de tohum yatagindaki toprak sicakligidir. Toprak
sicakliginin 8-10°C oldugu zaman ekim yapilirsa kok gelismesi hizl ve kok taci da derin olur (Siizer, 2022b).

Kanola (Brassica napus L.): Kanola verimli ve iyi drenaja sahip topraklara ihtiyag duymaktadir. Tropikal kuru
cografyalar ile nemli orman bdlgeleri arasinda degisim gosteren bolgelerde yetisebilir. 300 ile 2.800 mm arasinda yillik
yagisa ve 5 ile 27°C arasinda yillik ortalama sicakliga toleranshdir (Almond ve ark., 1986). Kislik olarak ekilen
bolgelerde 15 Eyliil tarihinden Ekim sonuna kadar ekimi yapilabilmektedir. Kiglik ekilen kanola, kisa girerken
rozetlesmesini tamamladigi ve kuvvetli bir kok olusturdugu takdirde -15°C’ye kadar dayanabilmektedir. Kiglik
kanolanin sicaklik istegi toplami 2.300-2.500°C”dir. En iyi bitki geligimi, derin yapili, humuslu topraklarda gergeklesir.
Kanola tarimi i¢in en uygun topraklar pH’1 6.5-7.5 arasi1 olan topraklardir (Siizer, 2023).

2.1.4. Giiniimiiz ve gelecek iklim verileri

Calismada kullanilan giiniimiiz (1950-2000) iklim verileri WorldClim veri tabanindan elde edilmis, DIVA-GIS
tarafindan iklim dosyasina doniistiiriilmiis verilerdir. Bu ¢alismada kullanilan giinimiiz verileri DIVA-GIS sitesinden
almarak kullanilmigtir (Anonim, 2022a). Bu veriler 2.5 dakikalik minimum sicaklik (°C), maksimum sicaklik (°C),
ortalama sicaklik (°C) ve yagis (mm) verileridir. Caligmada kullanilan gelecek 2050’leri kapsayan iklim verileri ise
Climatic Change, Agriculture, and Food Security (CCAFS) sitesinden elde edilen 2.5 dakikalik minimum sicaklik (°C),
maksimum sicaklik (°C) ve yagis (mm) verilerini kapsamaktadir (CCAFS, 2023).

2.1.5. Bitki uygunluk modeli: Ecocrop

Ecocrop, bir mahsuliin belirli bir ortam i¢in uygunlugunu belirlemek i¢in kullanilan bir veri tabanidir. Birlesmis
Milletler Gida ve Tarim Orgiitii (FAO) tarafindan gelistirilmistir. Bolgede en ¢ok yetistiriciligi yapilan bugday, kanola
ve aygicek bitkilerine ait veriler Ecocrop’tan elde edilmistir. Elde edilen veriler minimum bitki biiylime sezonu
uzunlugu (Gmin), maksimum bitki biiylime sezonu uzunlugu (Gmax), bitkinin 6ldiigi sicaklik (KTmp), bitkinin
biiylidiigii minimum sicaklik (Tmin), optimal maksimum sicaklik (TOPmax), optimal minimum sicaklik (TOPmn),
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bitkinin biiyiimeyi durdurdugu maksimum sicaklik (Tmax), minimum yagis miktar: (Rmin), maksimum yagis miktari
(Rmx), optimal minimum yagis miktart (ROPmn), optimal maksimum yagis miktari (ROPmx) verilerini
kapsamaktadir. Bu veriler ayni1 zamanda girdiler olup, galisilan bugday, kanola ve ayg¢igegi i¢in asagida tablo halinde
sunulmustur (Tablo 2). Ecocrop modelde uygunluk indeksi 0 ile 100 arasinda degismektedir.

Tablo 2. Ecocrop modelden elde edilen iklim ve bitki bityiime donemi verileri (FAO, 2023)
Table 2. Climate and plant growth period data obtained from the Ecocrop model (FAO, 2023)

Iklim ve Biiyiime Dénemi Verileri Birim Bugday Kanola Aycicek
Minimum bitki biiytime sezonu uzunlugu (Gmin) giin 90 85 70
Maksimum bitki biiyiime sezonu uzunlugu (Gmax) giin 250 340 200
Bitkinin 61diigi sicaklik (KTmp) °C 0 -6 -10
Bitkinin biiylidiigii minimum sicaklik (Tmin) °C 5 5 5
Optimal minimum sicaklik (TOPmn) °C 15 15 17
Optimal maksimum sicaklik (TOPmx) °C 23 25 34
Bitkinin biiylimeyi durdurdugu maksimum sicaklik (Tmax) °C 27 41 45
Minimum yagis miktar1 (Rmin) mm 300 400 300
Optimal minimum yagis miktar1 (ROPmn) mm 750 500 600
Optimal maksimum yagis miktar1 (ROPmx) mm 900 1.000 1.000
Maksimum yagis miktar: (Rmax) mm 1.600 2.800 1.600

DIVA-GIS programinin ¢aligma prensibi; bitkinin sicaklik ve yagis isteklerinin, bolgenin sicaklik ve yagis
degerlerinin uygunluguna goére degerlendirilerek, bitkinin o yerin iklimine uygunlugunun hesaplanmasina
dayanmaktadir. Bir bolgenin aylik ortalama sicaklik ve toplam yagis miktari (bir biiyiime sezonunda diisen toplam
yagis miktar1) bitkinin sicaklik ve yagis uygunluk araligina gére belirlenen optimum bdlgede kaliyorsa bolge -
incelenen ay igin- yetistiricilik i¢in uygun kabul edilmektedir. Sicaklik ve yagis degerleri marjinal bolgede kaliyorsa
zor da olsa yetisebilme yetenegi bulunmaktadir (Aydm, 2015). Uygunluk indeksi 0 uygun degil, %1-20 ¢ok
marjinal, %21-40 marjinal, %41-60 uygun, %61-80 ¢ok uygun, %81-100 miikkemmel olarak smiflandirilmustir.

2.1.6. Haritalama ve cografi veri analiz programlari

Aragtirmada Ecocrop modiiliinii ¢alistirmak i¢in DIVA-GIS (versiyon 7.5), haritalar1 diizenlemek ve analiz yapmak
icin ise QGIS (versiyon 3.28.2) programlar1 kullanilmistir.

DIVA-GIS 7.5: DIVA-GIS yazilimi, Uluslararasi Bitki Genetik Kaynak Enstitiisii (International Plant Genetic
Resources Institute (IPGRI)) destegiyle Uluslararasi Patates Merkezi’'nde (International Potato Center (CIP))
gelistirilmistir. DIVA-GIS, haritalama ve cografi veri analizi i¢in iicretsiz bir bilgisayar programidir. DIVA-GIS,
tiirlerin dagilim1 veya diger ‘nokta dagilimlari’ gibi biyolojik ¢esitlilik verilerinin haritalanmasi ve analiz edilmesi i¢in
yararli bir programdir. ESRI sekil dosyalar1 gibi standart veri formatlarini okuyabilir ve yazabilir. Biyolojik ¢esitliligin
dagiliminin 1zgara (raster) haritalarmi yaparak, yiiksek, diisiik veya tamamlayici gesitlilik seviyelerine sahip alanlar1
bulmak, verileri analiz etmek i¢in kullanabilir (Anonim, 2022b). Ayrica iklim verilerini haritalayabilir ve sorgulayabilir.
Aragtirmasi yapilacak bitkinin tarimsal ekolojik uygunlugunun mekansal analizini de yapilabilmektedir (Hijmans ve
ark., 2012). Hijmans ve ark. (2001) yaptiklar1 ¢aligmada bitkilerin iklimsel uygunlugunu belirlemek ve mekansal
verileri analiz ederek haritalamak amaciyla bir yontem/model olarak DIVA-GIS’i gelistirmislerdir.

QGIS (Quantum GIS): QGIS bir A¢ik Kaynak Cografi Bilgi Sistemi {izerine gelistirilen bir projedir (QGIS, 2023).
Proje 2002 mayis aymda baglamis ve ayni yilin haziran ayinda SourceForge’da kullanima sunulmustur. Bu projenin
yapilis amaci, genel olarak pahali bir ticari CBS yazilimini kisisel bilgisayara temel erisimi olan herkes i¢in uygun hale
getirmektir. QGIS birgok platformda (Mac OSX, Linux, Windows ve Android) ¢alismaktadir. QGIS, Qt arag seti ve C
++ yazilim dili kullanilarak gelistirilmistir. Bu, QGIS’in hizl1 bir sekilde kullanilmasini sagladig1 gibi, kullanimi kolay
bir grafik kullanici arayiiziine sahip oldugu anlamma da gelmektedir. QGIS, eklenti (plugin) mimarisi kullanilarak
kolayca eklenen yeni kodlamalar ile bir dizi raster, vektor ve ag veri formatini desteklemektedir. QGIS’te ekstra
islevsellige ihtiyaciniz varsa, bir dzelligin gelistirilmesine sponsor olabilir veya programlama beceriniz var ise onu
kendiniz ekleyebilirsiniz. QGIS siirekli gelisen agik erigim bir yazilimdir (Albut ve Sener, 2023).
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2.2. Yontem

Iklim degisikliginden Trakya Bolgesi’nde yetistiriciligi yapilan bugday, kanola ve aygigek bitkilerinin cografi
dagilimlarmin gelecekte nasil etkilenecegini, bitki uygunluk modeli kullanarak tahmin etmek amaci ile DIVA-GIS
sitesinden 1950-2000 yillar1 arasina ait iklim verilerini kapsayan dosya indirilmistir. Indirilen iklim dosyas1 {izerinden
elde edilen verilerden QGIS’te TR21 Trakya Bolgesi’nde giiniimiiz (1950-2000) i¢in sicaklik ve yagis analizleri
yapilmustir. Gelecek tahminlerinin yapilabilmesi i¢in ise CCAFS sitesinden 2050’ler HADGEM?2 ES model RCP4.5
ve RCP8.5 senaryo sonuglart minimum sicaklik (°C), maksimum sicaklik (°C) ve yagis (mm) verilerini kapsayan 2.5
dakikalik gelecek iklim verileri indirilmistir. Bugday, kanola ve aycigegi bitkilerinin uygunluk tahminleri DIVA-GIS
programt i¢indeki Ecocrop modiilii kullanilarak yapilmistir. Elde edilen haritalar QGIS programina aktarilarak
haritalama iglemleri gergeklestirilmistir (QGIS, 2023).

3. Arastirma Sonuclari ve Tartisma

Sonuglar ilk asamada iklim verilerinin degerlendirilmesi ve sonraki asamada ise bugday, kanola ve aygiceginde
uygunluklarin degerlendirilmesi seklinde ortaya konulmustur.

3.1. Iklim verilerinin degerlendirilmesi

Iklim verileri QGIS te iklim haritalar1 {izerinden yapilan hesaplamalarla degerlendirilmistir. TR21 Trakya Bélgesi
i¢in giiniimiiz (1950-2000) ortalama sicakligr 13.1°C’dir. 2050’lerde HADGEM2 ES model RCP4.5 senaryosunda
ortalama sicaklik 16.1°C’dir. HADGEM2_ES model RCP8.5 senaryosunda ise ortalama sicaklik 16.9°C’dir. Dolayis1
ile giiniimiize gore HADGEM2_ES model RCP4.5 senaryosunda sicaklik 3.0°C artarken, HADGEMZ2_ES model
RCP8.5 senaryosunda ise 3.8°C sicakliklar artacaktir. Yagis ise TR21 Trakya Bolgesi i¢in giiniimiizde (1950-2000)
631 mm’dir. HADGEM2 ES model RCP4.5 senaryosunda yagis 669 mm iken HADGEM2 ES model RCP8.5
senaryosunda yagis 677 mm’dir. Giiniimiize gore yagis degerleri HADGEM2 ES model RCP4.5 senaryosunda 38
mm, HADGEM2_ES model RCP8.5 senaryosunda ise 46 mm artmaktadir. WorldClim’den alinan bu iklim degisimi
verileri TR21 Trakya Bolgesinde yapilan iklim degisimi verileri ile uyum saglamaktadir. “Trakya Bolgesi’nde iklim
Degisikligine Kars1 Adaptasyon i¢in Kapasite Gelistirme” projesi kapsaminda Edirne, Kirklareli ve Tekirdag illerinde
sicaklik ve yagis degerleri 10’ar yillik donemler halinde degerlendirilmistir. Bu projede genel olarak her 3 model
MPI_ESM_MR, HadGEM2_ES ve CNRM_CMS5.1, RCP4.5 ve RCP8.5 senaryo sonuglarinda da sicaklikta benzer
artiglar ongoriilmektedir (Hanedar ve ark., 2019). Yagislarda ise bu arastirmada artis olacag1 ongoriiliirken proje
sonuglarinda dénem doénem artma ve azalmalar olacagi belirlenmistir. Ayni zamanda proje de Edirne, Kirklareli ve
Tekirdag il bazinda degerlendirilmistir. Edire’de yagista HADGEM2_ES model RCP4.5 senaryosunda 2041-2050
doneminde 7.95 mm artacagi, 2051-2060 déneminde 9.05 mm azalacagi, RCP8.5’te 2041-2050 déneminde 0.12 mm
artacagi, 2051-2060 doneminde 13.12 mm azalacagi tahmin edilmistir. Kirklareli’nde HADGEMZ2_ES model RCP4.5
senaryosunda 2041-2050 doneminde 9.74 mm artacagi, 2051-2060 déneminde 6.56 mm azalacagi, RCP8.5’te 2041-
2050 doneminde 0.44 mm artacagi, 2051-2060 déneminde 13.7 mm azalacagi tahmin edilmistir. Tekirdag’da ise
HADGEM2_ES model RCP4.5 senaryosunda 2041-2050 déneminde 2.27 mm ve 2051-2060 déneminde 7.75 mm
azalacagi, RCP8.5’te 2041-2050 doéneminde 8.92 mm ve 2051-2060 déneminde 0.64 mm azalacagi tahmin edilmistir
(Hanedar ve ark., 2019). Her ne kadar yagislarda baz1 farkliliklar var gibi gériinse de bu farkliliklarin alinan referans
donemden, degerlendirmenin il bazinda yapilmasindan ve projeksiyon doneminden kaynaklandig: diisiiniilmektedir.
Bu ¢aligmada referans donem 1950-2000 ve gelecek dénem 2050’1er iken, projede referans dénem 1970-2000 olarak,
gelecek donem 2041-2050 ve 2051-2060 olmak tizere 2050’lere yakin iki dénem olarak hesaplanmistir. Bu ¢aligmada
degerlendirme il bazinda degil bolge bazinda ortalamalar alinarak yapilmistir. Ayrica sicakliklarin genel olarak artma
egiliminde olmasindan dolay1 referans, gelecek dénem farkliliklarinin, il bazinda ya da bdlgesel bazda olusan
farkliliklarin ¢ok fazla sicaklik degerlerini etkilemedigi diisiintilmiistiir.

3.2. Bugday uygunluk degerlendirmesi

Bugday icin yapilan giiniimiize ve gelecek i¢in uygunluk haritalar1 Sekil 2°de gosterilmistir. Seki/ 2°den de
goriildiigh gibi gliniimiizde uygun, ¢cok uygun ve milkkemmel alanlar mevcutken HADGEM2 ES Model RCP4.5 ve
RCP8.5 senaryolarinda uygun degil, ¢ok marjinal, marjinal, uygun, ¢cok uygun ve miikemmel alanlar mevcuttur.
RCP4.5 ve RCPS8.5 senaryolar arasindaki belirgin fark ise RCP4.5 senaryosunda artan uygun degil alanlarin RCP8.5
senaryosunda daha da fazla artmis olmasidir.
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Figure 2. Suitability maps for wheat (a) current, (b) HADGEM2_ES RCP4.5-2050s and (¢) HADGEM2_ES RCP8.5-
2050s

Sekil 2. Bugday icin (a) giiniimiiz, (0)) HADGEM2_ES RCP4.5-2050’ler ve () HADGEM2_ES RCP8.5-2050’ler
icin uygunluk haritalar
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Figure 3. Shift in suitability for wheat current, HADGEM2_ES RCP4.5 and HADGEM2_ES RCP8.5
Sekil 3. Bugday icin giiniimiiz, HADGEM2_ES RCP4.5 ve HADGEM?2 _ES RCPS.5 icin uygunluk degisimi

Sekil 3 degerlendirildiginde giiniimiizde %0.6 uygun, %86.3 ¢ok uygun ve %]13.1 oraninda miikemmel alanlar
vardir. HADGEM?2 ES model RCP4.5 senaryosunda ise %46.3 uygun degil, %22.2 ¢ok marjinal, %23.1
marjinal, %6.2 uygun, %1.9 ¢ok uygun ve %0.3 oraninda miikemmel alanlar olusacagi tahmin edilmistir.
HADGEMZ2_ES model RCP8.5 senaryosunda ise %61.3 uygun degil, %22.9 ¢ok marjinal, %13.6 marjinal, %1.9
uygun, %0.3 ¢ok uygun ve %0.1 oraninda mitkemmel alanlar olusacagi s6z konusudur.

Giiniimiiz ile HADGEM2_ES model RCP4.5 ve RCP8.5 senaryo sonuglari karsilastirildiginda her iki senaryoda
da bugday yetistirilen alanlarin 2050’lerde ¢ok uygun ve mitkemmel alanlarin belirgin bir sekilde yerini uygun degil,
¢ok marjinal ve marjinal alanlarin alacagr géziikmektedir. HADGEM?2 ES model RCP4.5 ve RCP8.5 senaryo
sonuglar1 birbirleri ile karsilastirildiklarinda ise RCP8.5’te marjinal ve uygun degil alanlarin daha g¢ok arttig
goriilmektedir. Aslinda bu da beklenen bir durumdur. Ciinkii RCP8.5 RCP4.5’e gore daha kotiimser bir senaryodur.
Ayni1 zamanda Aydin ve Sarptag (2018)’de yaptiklar1 ¢aligmada 2070 projeksiyonu i¢in TerrSet ortaminda, Climate
Change Adaptation Modeler (CCAM)’in alt modeli olan Crop Climatic Suitability Modeling (CCSM) uygulanarak
yaptiklar1 ¢alismada Tiirkiye igin bugdayda giinimiizdeki mevcut yiiksek iklimsel uygunluk 2070 yilinda 6nemli
diizeyde azalacaktir seklinde yorumlamislardir. Calismalarindaki bugday i¢in olusturulan gliniimiiz ve 2070 yili
haritas1 Trakya Bolgesi i¢in incelendiginde yiiksek ve en yiiksek uygun alanlarm 2070 yilinda yerini en diisiik, diisiik
ve orta iklimsel uygunluk alanlarmin alacagi géziikmektedir. Bu sonuglar da bugday i¢in bu arastirma sonuglari ile
benzerlikler gostermektedir.

3.3. Kanola uygunluk degerlendirmesi

Kanola i¢in yapilan giiniimiiz ve gelecek 2050’ler i¢in uygunluk haritalar1 Sekil 4’te gosterilmistir. Sekil 4’ten de
goriildigii gibi glinlimiizde marjinal, uygun ve ¢ok uygun alanlar mevcutken HADGEM2 ES model RCP4.5
senaryosunda uygun, ¢ok uygun ve mitkemmel alanlar mevcuttur. HADGEM?2_ES model RCP8.5 senaryosunda ise
¢ok uygun ve miikemmel alanlar mevcuttur. RCP4.5 ve RCP8.5 senaryolar arasindaki belirgin fark ise RCP4.5
senaryosunda artan miikemmel alanlarin RCP8.5 senaryosunda daha az artmig olmasidir.
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Figure 4. Suitability maps for canola (a) current, (b)) HADGEM2_ES RCP4.5-2050s and (C)HADGEM2_ES
RCP8.5-2050s

Sekil 4. Kanola icin (a) giiniimiiz, (b)) HADGEM2_ES RCP4.5-2050’ler ve (c) HADGEM2_ES RCP8.5-2050’ler
icin uygunluk haritalari
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Figure 5. Shift in suitability for canola current, HADGEM2_ES RCP4.5 and HADGEM2_ES RCP8.5
Sekil 5. Kanola igin giiniimiiz, HADGEM?2 _ES RCP4.5 ve HADGEM?2 _ES RCP8.5 i¢in uygunluk degisimi

Sekil 5 degerlendirildiginde giintimiizde %0.4 marjinal, %16.1 uygun, %83.5 oraninda ¢ok uygun alanlar vardir.
HADGEM2_ES model RCP4.5 senaryosunda ise %0.1 uygun, %16.3 ¢ok uygun ve %83.6 oraninda mitkemmel
alanlar olusacagi tahmin edilmisti. HADGEM2 ES model RCP8.5 senaryosunda ise %41.1 ¢ok uygun ve %58.9
oraninda miilkemmel alanlar olusacagi s6z konusudur. Giiniimiiz ile HADGEM2_ES model RCP4.5 ve RCP8.5
senaryo sonuglari karsilastirildiginda her iki senaryoda da kanola yetistirilen alanlarin 2050°lerde uygun ve ¢ok uygun
alanlarm belirgin bir sekilde yerini ¢ok uygun ve Ozellikle milkemmel alanlarin alacagi goziikmektedir.
HADGEM2_ES model RCP4.5 ve RCP8.5 senaryo sonuglart birbirleri ile karsilastirildiklarinda ise RCP4.5°ta
miikemmel alanlarin RCP8.5 senaryo sonuglarina gore daha ¢ok arttigi goriilmektedir. Aslinda bu da beklenen bir
durumdur. Ciinkii RCP4.5 RCP8.5’a gore daha iyimser bir senaryodur. Aym zamanda Aydin ve Sarptas (2018)’de
yaptiklar1 calismada Tiirkiye igin kanolada giiniimiizdeki uygunluk degerlerinin giderek yiiksek uygunluk degerine
kaydigidir seklinde yorumlamiglardir. Calismalarindaki kanola igin olusturulan giinimiiz ve 2070 y1l1 haritas1 Trakya
Bolgesi icin incelendiginde yiiksek ve en yiiksek uygun alanlarin 2070 yilinda yerini sadece en yiiksek iklimsel
uygunluk alanlarinin alacagi goziikmektedir. Bu sonuglar da kanola i¢in bu arastirma sonuglari ile benzerlikler
gostermektedir.

3.4. Aycicek uygunluk degerlendirmesi

Aygigek i¢in yapilan giiniimiiz ve gelecek 2050’ler i¢in uygunluk haritalart Sekil 6 ve 7°de gOsterilmistir. Sekil
6’dan gorsel olarak goriildiigii gibi giiniimiizde milkkemmel alanlar mevcutken HADGEM2 ES Model RCP4.5 ve
RCP8.5 senaryolarinda da miikemmel alanlar mevcuttur. Bu sonuglara gore aygigek i¢in 2050’lerde uygunluk
tahmininde miikkemmel alanlarda giiniimiizle gelecek arasinda bir degisiklik olmayacagi gozlenmistir. Sekil 7°deki
sayisal sonuglar degerlendirildiginde ise giiniimiizde %100 olan miikemmel alanlar 2050’ lerde HADGEM2_ES Model
RCP4.5 ve RCP8.5 senaryolarmnda da %100 oraninda milkemmel alanlar olarak tahmin edilmistir.

Sonug olarak, TR21 Trakya Bolgesi’'nde giiniimiize gore HADGEM?2 ES model RCP4.5 senaryosunda sicaklik
3.0°C artarken, HADGEMZ2_ES model RCP8.5 senaryosunda ise 3.8°C sicakliklarin artacagi, giiniimiize gore yagis
degerlerinin ise HADGEM2_ES model RCP4.5 senaryosunda 38 mm, HADGEM2 ES model RCP8.5 senaryosunda
ise 46 mm artacag1 tahmin edilmistir. Buna gore bugdayda giiniimiize gére uygun, ¢ok uygun ve milkemmel alanlarin
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Figure 6. Suitability maps for sunflower (a) current, (b) HADGEM2_ES RCP4.5-2050s and (c) HADGEM2_ES
RCP8.5-2050s

Sekil 6. Aygicek icin (a) giiniimiiz, (b)) HADGEM2_ES RCP4.5-2050’ler ve (c) HADGEM2_ES RCP8.5-2050’ler
icin uygunluk haritalar
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Figure 7. Shift in suitability change for sunflower current, HADGEM2_ES RCP4.5 and HADGEMZ2_ES RCP8.5
Sekil 7. Aycigek icin giiniimiiz, HADGEM2 _ES RCP4.5 ve HADGEM?2 ES RCPS.5 icin uygunluk degisimi

yerini 2050’lerde HADGEM2_ ES model RCP4.5 ve RCP8.5 senaryolarinda genellikle uygun degil, cok marjinal,
marjinal alanlarin alacagt bu olumsuz durumun RCP8.5’te daha fazla olusacag:i tahmin edilmistir. Kanolada ise
giinlimiize gére uygun ve ¢ok uygun alanlarm yerini 2050’lerde HADGEM?2 ES model RCP4.5 ve RCP8.5
senaryolarinda genellikle uygun ve miikemmel alanlarin alacagi, bu olumlu durumun RCP4.5 senaryosunda daha fazla
olusacagi tahmin edilmistir. Aygicekte ise sicaklik artislarina ve yagis artiglarina ragmen giintimiizde mitkemmel olan
alanlarmn 2050’lerde HADGEM?2_ES model RCP4.5 ve RCP8.5 senaryolarinda degismeyecegi tahmin edilmistir.

4. Sonug

TR21 Trakya Bolgesi’nde bugdayda giiniimiize gore uygun, ¢ok uygun ve mitkemmel alanlarin yerini 2050’lerde
HADGEM2_ES model, RCP4.5 ve RCP8.5 senaryolarinda genellikle uygun degil, ok marjinal, marjinal alanlarin
alacagi bu olumsuz durumun RCPS8.5’te daha fazla olusacagi tahmin edilmistir. Iklim tahminlerine gore 2050’li
yillarda bugdayin gelisme doneminde diisen toplam yagis miktarinda gok 6nemli bir degisim olmayacag, sicakliklarda
ise 6nemli artislar olacag: dikkate alindiginda; bugdayda uygunlugun azalmasimda en 6nemli etkenin sicaklik olacagi
sonucuna varilmistir. Dolayisiyla bolgede bugdayda sicaklik toleransi ile ilgili ¢aligmalara agirlik verilmeli, sicaga
dayanikli bugday ¢esitleri 1slah edilmelidir. Ayn1 zamanda ayni alanlarda yine bugday yetistirilebilmesi i¢in ekim ve
hasat tarihi degisiminin giindeme gelmesi s6z konusu olacagindan bu konuyla iliskili ¢aligmalar planlanmalidir.
Bugday ile ilgili bolgede yapilan verim tahmini ¢aligmalarinda, verim artiglari olacagi tahmin edilen ¢aligmalar bulunsa
da uygunluk agisindan alanlarin azalacagi tahmin edilmistir. Bu nedenle bu konuyla ilgili daha ¢ok g¢alismanin
yapilmasina ihtiya¢ duyulmaktadir.

Kanolada giinlimiize gore uygun ve ¢ok uygun alanlarin yerini 2050’lerde HADGEM?2_ES model RCP4.5 ve
RCP8.5 senaryolarinda genellikle uygun ve miikemmel alanlarin alacagi, bu olumlu durumun RCP4.5 senaryosunda
daha fazla olusacagi tahmin edilmistir. Kanola kisin ekildiginden, daha az su istegi oldugundan, artan yaz sicaklarma
denk gelmediginden ve yiiksek miktarda verim alindigindan dolayr ¢ok Onemli bir alternatif bitki olarak
degerlendirilebilir.

Aygigeginde sicaklik artiglarma ve yagis artiglarina ragmen giinimiizde miikkemmel olan alanlarm 2050’lerde
HADGEM?2 ES model RCP4.5 ve RCP8.5 senaryolarinda degismeyecegi tahmin edilmistir.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Manisa ili Demirci ve Selendi ilceleri Tarim Topraklarmin Verimlilik Durumlarinin
Belirlenmesi ve Haritalanmasi™

Determining and Mapping the Fertility Levels of Agricultural Soils in Manisa Demirci and
Selendi Districts of Manisa Province

Omer SOKMENY, Nejat OZDEN? Selcuk GOCMEZ3, Nalan DOYURAN?*

0z

Siirdiiriilebilir tarimda topragin verimliligi, tiriiniin verim giiciinden daha &nemlidir. Esasta ana 6ge topraktir.
Topragin verimliligi, bitkiler yetistirmenin en 6nemli sartidir. Toprakta bitki besin maddelerinin diisiik diizeyde
olmasi, yetersiz ve bilingsiz kiiltiirel islemler (sulama, giibreleme, ilaglama vb.) bitkinin saglikli gelisimini
olumsuz etkiler. Verimli bir topragm 0.45’inde mineral madde, 0.25’inde su, 0.25’inde oksijen ve 0.05’inde
organik olmasi istenmektedir. Bu kosullar1 saglamadig1 durumlarda topragim verim giicii diisiik olmaktadir. ideal
bir tarim topraginda, tekstiir, su tutma kapasitesi, toprak derinligi, pH, tuz ve kireg igerigi ile organik madde miktar1
baslica verimlilik gdstergesidir. Verimliligin diisiik oldugu durumlarda, ekim ndbeti sistemlerinin uygulanmasi
(bolgeye gore), bitki atiklarinin yakilmasinin onlenmesi, egimli arazilerde egime dik toprak isleme, toprak
analizine dayali giibreleme, organik maddeyi arttirici 6nlemler (yesil giibreleme, kompost, hayvan giibresi
uygulamalari) gibi yontemlerle verimlilik arttirilabilir. Aragtirma, Manisa ili Demirci ve Selendi ilgeleri tarim
alanlarinda topraklarin verimlilik potansiyelini belirlemek amaciyla yiritiilmistir. Calisma g¢ergevesinde,
ilgelerin tarim alanlarini igine alacak sekilde, 0-20 cm derinlikten, 2500 mx2500 m gridlere boliinerek 83 noktadan
ornekleme yapilmistir. Ornekleme yapilan noktalarda; biinye, pH, EC, kireg, organik madde, makro (fosfor,
potasyum, kalsiyum, magnezyum) ve mikro element (demir, bakir, ¢inko, mangan) analizleri yapilmistir.
Sonuglara gore, bolge {iretim alanlarindaki topraklarin %26.51’inin kumlu tin (SL), %24.10’unun killi tin (CL)
bilinyede, %40.96’sinin ndtr, %38.55’inin hafif alkali, tamamimin tuzsuz, %37.35’inin az kirecli, %43.37’sinin
organik madde igerigi az, %53.01’inde fosfor, %43.37’sinde magnezyum, %86.75’inde bakir yeter
diizeyde, %61.45’inde potasyum, %66.27’sinde kalsiyum fazla seviyede, %65.06’sinda  demir
yiiksek, %48.19’unda ¢inko ¢ok az ve %44.58’inde manganin az oldugu ortaya konulmustur. Toprak 6zellikleri
belirlendikten sonra, CBS sistemlerinde IDW yontemi ile dagilim haritalari elde edilmistir.
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Sokmen & Ozden & Gégmez & Doyuran
Manisa ili Demirci ve Selendi ilgeleri Tarim Topraklarinin Verimlilik Durumlariin Belirlenmesi ve Haritalanmas1

Abstract

In sustainable agriculture, the fertility of the soil is more important than the yield strength of the product. In fact,
the main element is the soil. The fertility of the soil is the most important condition for growing plants. The low
level of plant nutrients in the soil, insufficient and inappropriate cultural applications (irrigation, fertilization,
spraying, etc.) adversely affect the healthy crop growth. A fertile soil is required to have 0.45 mineral matter, 0.25
water, 0.25 oxygen and 0.05 organic matter. If these conditions are not met, the productivity of the soil decreases.
In an ideal agricultural soil, texture, water holding capacity, soil depth, pH, salinity, lime content and organic
matter are the main fertility indicators. If the fertility is low, it can be increased by methods such as crop rotation
systems (depending on the region), prevention of burning of plant wastes (stubble), tillage perpendicular to the
slope in sloping lands, fertilization based on soil analysis and applications to increase organic matter (green manure,
compost, animal manure applications). The research was carried out in order to determine the fertility levels of
agricultural soils in Demirci and Selendi districts of Manisa province. Within the scope of the research, 83 soil
samples were taken from 0-20 cm soil depth with the grids of 2500 m x 2500 m to cover agricultural lands of the
districts. In the soil samples; body, pH, EC, lime, organic matter, macro (phosphorus, potassium, calcium,
magnesium) and microelement (iron, copper, zinc, manganese) analyzes were run. According to the results of the
research, it has been found that 26.51% of the region's soil is sandy loam (SL), 24.10% is clayey loam (CL), 40.96%
is neutral, 38.55% is slightly alkaline, all is salt-free, 37.35% is slightly calcareous, 43.37% has low organic matter,
53.01% has sufficient phosphorus levels, 43.37% has sufficient magnesium levels, 86.75% has sufficient copper
levels, 61.45% has high potassium levels, 66.27% has high calcium levels, 65.06% has high iron levels, 48.19%
has very low zinc levels and 44.58% has low manganese levels. After the determination of soil parameters,
distribution maps were created using the IDW method in GIS systems.

Keywords: Soil analyses, Soil fertility, Nutrients, IDW, Demirci, Selendi
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1. Giris

Tarimsal {iretimin temeli topraktir. Toprak hem kayalarin parcalanmasi hem de organik maddenin
¢ozlinmesinden meydana gelen, bir¢ok canliya ev sahipligi yapan, bitkilere mekan ve besi ortami saglayan dogal
bir yapidir. Tarimda saglikli {iriin elde edilmesinin ilk sarti, toprak verimliliginin arttirilmasidir. Topragin
iiretkenligini etkileyen etmenlerin basinda bitki besin elementleri gelmektedir. Bitkiler, ihtiyact olan besin
maddelerinin biiylik bir kismini topraktan alirlar. Bitki besin maddeleri makro ve mikro olarak ikiye ayrilirlar.
Bunlardan karbon, hidrojen, oksijen, azot, fosfor, kiikiirt, potasyum, kalsiyum, magnezyum, sodyum makro
elementler olarak ayrilirken; demir, bakir, ¢inko, mangan, molibden, bor ve klor ise mikro elementler olarak
tanimlanirlar.  Sitirdiiriilebilir toprak verimliligi icin iiretim alanlarimin 6zelliklerinin bilinmesi gerekmektedir.
Topragi tanima ¢alismalar1 yanindan toprakta yapilan islemlere ait gegmisin ve ¢evresel faktorlerin de bilinmesi
iyi bir toprak yonetimi igin gerekli sartlardan birisidir. Uretim alanlariin 6zelliklerinin saptanip, elde edilecek
sonuglarin bir veri tabaninda toplanmasi, bdlge iiretim alanlarinin siirdiiriilebilir yonetimine yonelik gelecekte
yapilacak c¢alismalar i¢in de yol gosterici olacaktir.

Insanoglunun sorumsuzca yaptig1 giibreleme, ilaglama ve sulama gibi uygulamalar neticesinde topragmn
stirekliligi ve verimliligi azalmakta, toprak yorgunluguna sebep olmaktadir. Toprak yorgunlugu da, ¢evre kirliligi
kadar 6nemsenmese de, topraklarin ekonomikligi agisindan dikkat edilmesi gereken konulardan biridir (Bellitiirk,
2011). Tarim yapilan topraklara uygulanan bitki besin maddeleri (giibreleme), dogru sekilde ve ihtiyaci kadar
uygulandiklar sartlarda herhangi bir kirliligi sebep olmazlar. Fakat ihtiyactan fazla uygulanan besin maddeleri,
diger besin maddelerinin alinmasini engelledikleri i¢in kirletici unsur olabilirler.

Uretim alanlarindaki toprak dzelliklerine ait verilerin giincel olmayisi, toprak verimliligi acisindan iilkemizde
onemli bir sorun olusturmaktadir. Ihtiya¢ duyulan toprak dzelliklerine ait verilerin etkinligi, giincellikleri ile dogru
orantilidir. Tarim alanlarimizin 6zelliklerinin belirlenip, giincel veri tabani olusturulmasi, toprak kaynaklarinin
dogru kullanimimna yonelik yeni galismalar i¢in de 6n bilgiler saglayacaktir. Koordinatlart belirlenmis tarim
alanlarindan alinan topraklarda yapilacak analizler sonucunda, tespit edilen 6zelliklerin zamansal degisimleri de
takip edilerek, tiretim alanlarindaki olumlu-olumsuz degismeler izlenebilecektir.

Manisa ili Demirci ve Selendi ilgelerinde, tarim topraklarinin verimlilik potansiyelinin bazi fiziksel ve
kimyasal analiz sonuglariyla degerlendirilmesi, elde edilen verilerin CBS kapsaminda ters mesafe agirlik yontemi
kullanilarak haritalanmasi bu ¢alismanin amacin olusturmaktadir.

2. Materyal ve Metot
2.1. Materyal
2.1.1. Cografi konum

Manisa iline bagli 1230 km? ‘lik alana sahip Demirci ilgesi Ege Bolgesi’nin I¢ Bat1 Anadolu kisminda 39° 2’
45" kuzey enlemleri ile 28° 39’ 32" dogu boylamlar: arasinda yer alir. Ilgenin ortalama denizden yiiksekligi
ortalama 900 metre olup, il merkezine 165 km uzakliktadir. Dogu ve kuzeydogusunda Kiitahya, kuzeyinde
Balikesir ili ile giineyinde Manisa ilgelerinden Selendi, Kula, batisinda ise Gordes ile kismen de Kopriibasi ilgeleri
ile komsudur. Selendi ilgesi ise Manisa ilinin dogu kisminda 850 km?’lik yiiz 6l¢iime sahip olup 38° 44' 38" kuzey
enlemleri ve 28° 52' 2" dogu boylamlarinda bulunmaktadir. Kuzeyinde Kiitahya ili Simav ilgesi ve Demirci,
batisinda Kula ve Demirci ilgeleri, dogusunda Usak, giineyinde yine Usak ve Kula yer almaktadir (Seki/ 7).

2.1.2. iklim ézellikleri

Calisma alani, Karasal iklim ve Akdeniz ikliminin gegis bolgesinde yer alir. Bélgede aylik ortalama sicaklik
13.6°C olup, en yiiksek sicaklik 39.0°C ile temmuz, en diisiik sicakligin ise -12.6°C ile subat ayinda saptanmustir.
Ortalama yagis 624 mm, nispi nem %58.5°dir. Riizgar hiz1 ortalama 2.8 m sn™V’dir. Aylik ortalama sisli giinler
sayist 7.35 olup, bulutlu gilinler sayis1 197.5°dir. Aylik ortalama kar yagish giinler sayisi ise 7.76’dir. En hizli
riizgr yoniiniin NNW ve hizinin ise 35.1 m sn! oldugu goriilmektedir (Anonim, 2019).

519



Sokmen & Ozden & Gégmez & Doyuran
Manisa {li Demirci ve Selendi ilgeleri Tarim Topraklarinin Verimlilik Durumlarinin Belirlenmesi ve Haritalanmast

Figure 1. Research area
Sekil 1. Arastirma alant
2.2. Metot
Manisa ili Demirci ve Selendi ilgeleri tarim alanlarinda 6rnekleme yapilarak, verimlilik durumlarimin
belirlenmesi ile haritalanmas1 amaciyla gergeklestirilen bu arastirma baslica 4 asamada yiiriitilmiistiir.
2.2.1. Uretim alanlarinda toprak érneklerinin alinmast

Calismada, alinacak toprak 6rnegi sayisini tespit etmek icin iiretim alanlari, 2500 m x 2500 m’lik gridlere

boliinmiis ve 83 drnekleme noktasi belirlenmistir (Sekil/ 2). Belirlenen 6rnekleme noktalarina gidilerek 0-20 cm
derinlikten toprak drnekleri alinmistir.

Figure 2. Soil sampling points

Sekil 2. Toprak ornekleme noktalar

2.2.2. Toprak érneklerinde laboratuvar analizleri

Laboratuvarda kurutulan toprak érnekleri 2 mm’lik elekten elenmis ve analize tabi tutulmustur. Orneklerde;
kum, kil ve silt yiizdeleri, Bouyoucos hidrometre yontemiyle (Bouyoucos, 1951); toprak reaksiyonu (pH),
saturasyon ¢amurunda cam elektrotlu pH metre ile tayin edilmistir (Richards, 1954). Topraklarin elektriksel
iletkenlik (EC) degerleri, saturasyon ¢amurunda kondaktivite cihazi ile dl¢iilmesiyle (Aydemir, 1992); kireg
(CaCOg) igerikleri, Scheibler kalsimetresi ile voliimetrik metotla (Hizalan ve Unal, 1966); organik madde,
modifiye Walkley-Black yontemiyle saptanmistir (Jackson, 1962). Alkalin ve nétr karakterli topraklarin fosfor
igerikleri Olsen (1954) yontemine gore, asit karakterli topraklarin fosfor igerikleri ise Bray ve Kurtz (1945)
yontemine gore, potasyum Pratt (1965), kalsiyum ve magnezyum Jackson (1962)’a gore, alinabilir mikro element
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(Zn, Fe, Mn, Cu) miktarlari, Lindsay ve Norvell (1978)’e goére, DTPA ile ekstraksiyon yOntemine gore
belirlenmistir.

2.2.3. Analiz sonucglarinin degerlendirilmesi

Caligma alan1 topraklarinda yapilan fiziksel ve kimyasal analiz sonuglarina gore saptanan veriler Tablo 1'deki
sinir degerlere gore incelenmistir. Verilerin istatistiki analizlerinde SPSS paket programi kullanilmustir.

Tablo 1. Toprak analiz sonuclarinin degerlendirilmesinde kullanilan sinwr degerler

Table 1. Limit values used in the evaluation of soil analysis results

Ozellik Yeterlik Sinifi
H Kuvvetli asit Orta asit Hafif asit Notr Hafif alkali Kuvvetli alkali
p <45 45-55 5.5-6.5 6.5-7.5 7.5-8.5 >8.5
ot Tuzsuz Hafif tuzlu Orta tuzlu Kuvvetli tuzlu Cok kuvvetli tuzlu
EC (@sm?) < 24 48 8-16 >16
. Az kiregli Kiregli Orta kiregli Fazla kirecli Cok fazla kiregli
0,
Kireg (CaCOs) (%) 0-1 15 5.15 15-25 >25
. Cok az Az Orta Tyi Yiiksek
0,
Organik madde (%) 0-1 12 2.3 3.4 >4
1 Cok az Az Yeterli Fazla Cok fazla
Fosfor (mg kg™) <5 258 8-25 25-80 >80
1 Cok az Az Yeterli Fazla Cok fazla
Potasyum (cmol kg) <0.13 0.13-0.28 0.28-0.74 0.74-2.56 >2.56
. " Cok az Az Yeterli Fazla Cok fazla
Kalsiyum (cmol kg~) <1.19 1.19-5.75 5.75-17.5 17.5-50 >50
3 Cok az Az Yeterli Fazla Cok fazla
Magnezyum (cmol kg™) <0.42 0.42-1.33 1.33-4 4-1255 >12.5
Demir (mg kg™) Az Orta Yiiksek
9 kg <25 25-45 >45
o Yetersiz Yeterli
Bakir (mg kg™?) <02 0.2
. " Cok az Az Yeterli Fazla Cok fazla
Ginko (Mg kg™) <02 0.2-0.7 0.7-2.4 24-8 >8
1 Cok az Az Yeterli Fazla Cok fazla
Mangan (mg kg") <4 4-14 14-50 50-170 >170

2.2.4. Veri tabant olusturma ve haritalama

Calismada; bolgeye ait temel cografi veriler ile analiz sonuglarindan elde edilen veriler, ArcGIS ortaminda
olusturulan veri tabanina yiiklenerek analizleri yapilmis ve haritalar olusturulmustur. Arazide belli bir koordinat
sisteminde alinan topraklara ait analiz degerleri kullanilarak, deterministik bir yontem olan “Inverse Distance
Weighting (IDW)” enterpolasyon metodu ile haritalar tiretilmistir.

IDW’de formiilasyonu (Loyd, 2007);

Yoy z(Xp).djy
n -r
Yi=1dig

z(Xo) = (Es. 1)

seklindedir.

1 numarali denklemde; tahminlerin yapildig1 Xo lokasyonu, komsu dlgiimleri n’nin bir fonksiyonudur (z(Xoi)
ve i=1,2,...,n); r gézlemlerin her birinin atannug araligini belirleyen istiir ve d gézlem lokasyonu X; ile tahmin
lokasyonu X¢’1 ayiran mesafedir.

3. Arastirma Sonuclari1 ve Tartisma

Aragtirma alani topraklarina ait analiz sonuglarina ait istatistiksel degerler Tablo 2 ve 3’te, toprak Kriterlerine
ait degerlendirmeler ise Tablo 4 ve 5’te verilmistir.

Toprak tekstiirii, kum, Kil ve silt niceliginin oransal tespitidir. Tekstiir, toprakta degisimi minimum diizeyde
olan 6nemli fiziksel Ozelliklerinden biridir. Tekstiir, topragin islenebilirligini, suyun tutma kapasitesini ve
hareketini, agregat olusumu, erozyona karsi direncini ve bitki besin maddesi muhteviyatini 6nemli oranda
etkilemektedir (Brady ve Weil, 2008). Tablodan da goriildiigii gibi, aragtirma alani topraklarinin yarisin1 kumlu
tin (%26.51) ve killi tin (%24.10) biinyeli topraklar olusturmaktadir ve bunu kumlu killi tin, kil ve tinli kum biinye
siniflar1 izlemektedir (Sekil 3, 4 ve 5).
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Tablo 2. Arastirma alani topraklarina ait fiziksel ve kimyasal ozellikler yoniinden tanimlayici istatistikler

Table 2. Descriptive statistics in terms of physical and chemical properties of the soils of the research area

Kirec

6 e oh P sy S Ty
En Diisiik 23.28 5.28 1.28 5.10 0.05 0.01 0.59
En Yiiksek 90.72 36.00 55.44 7.93 2.19 42.65 3.87
Ortalama 54,51 20.57 24.92 7.13 0.55 9.58 1.73
Basiklik 0.34 0.05 0.25 -1.25 1.66 141 0.73
Carpiklik -0.95 -0.42 -0.81 0.72 6.25 0.83 0.03
Ortanca 53.84 20.72 22.72 7.35 0.54 3.95 1.52
Std. Sapma 16.92 6.44 1.40 0.69 0.34 12.70 0.78
Varyans 286.30 41.51 195.37 0.48 0.11 161.18 0.62
Deg. Kat. 31.04 31.31 5.62 9.68 61.82 132.56 45.09

Tablo 3. Arastirma alant topraklarina ait makro ve mikro elementler yéniinden tanimlayici istatistikler

Table 3. Descriptive statistics in terms of macro and micro elements belonging to the soils of the research area

Fosfor Potasyum Kalsiyum L2 Demir Bakir Cinko Mangan
(mgkg)  (cmolkg?) (cmol kg™) (CmOTkg.l) (mgkg?)  (mgkg?)  (mgkg’)  (mgkg?)
En Diisiik 1.22 0.25 1.55 0.48 1.36 0.01 0.01 1.06
En Yiiksek 109.62 3.46 57.62 13.55 182.98 14.37 3.94 48.35
Ortalama 14.77 1.06 24.42 4.08 14.66 0.95 0.51 8.33
Basiklik 3.72 1.25 0.24 1.25 451 7.66 2.83 2.52
Carpiklik 19.76 2.10 -0.62 0.84 26.08 65.13 8.59 5.84
Ortanca 10.86 0.96 23.07 2.97 6.21 0.69 0.22 4.40
Std. Sapma 14.92 0.60 13.28 3.17 24.86 1.58 0.76 10.36
Varyans 222.49 0.36 176.29 10.05 618.04 2.50 0.57 107.30
Deg. Kat. 101.02 56.60 54.38 77.70 169.58 166.32 149.01 124.37

Figure 3. Change in the sand content of the soils of the region

Sekil 3. Bolge topraklarimin kum icerigine ait degisimi
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Tablo 4. Arastirma alani topraklarimn fiziksel ve kimyasal ézellikler yoniinden siniflandirilmast

Table 4. Classification of the soils of the research area in terms of physical and chemical properties

Toprak Simir . . Ornek Sayisi
Ozellikleri Degerler Degerlendirme Sermirci Selondi Toplam %
- Kum 1 1 1.20
- Tl Kum 9 2 11 13.25
- Kumlu Tin 18 4 22 26.51
- Tin 3 2 5 6.02
- Siltli Tin
Biinye ) Silt
- Kumlu Killi Tm 4 8 12 14.46
- Killi Tin 8 12 20 24.10
- Siltli Killi Tin
- Kumlu Kil
- Siltli Kil
- Kil 7 5 12 14.46
<45 Kuwvvetli asit
45-55 Orta asit 3 3 3.61
H 5.5-6.5 Hafif asit 10 4 14 16.87
P 6.5-7.5 Notr 27 7 34 40.96
7.5-8.5 Hafif alkali 9 23 32 38.55
>8.5 Kuvvetli alkali
<2 Tuzsuz 49 34 83 100.00
2-4 Hafif tuzlu
(dgfr:rl) 4-8 Tuzlu
8-16 Cok tuzlu
>16 Asirt tuzlu
<1.0 Az kiregli 20 11 31 37.35
Kireg 1.0-5.0 Kiregli 9 6 15 18.07
(CaCO0s) 5.0-15.0 Orta kiregli 11 5 16 19.28
(%) 15.0-25.0 Fazla kiregli 6 3 9 10.84
>25.0 Cok fazla kiregli 3 9 12 14.46
<1.0 Cok az 17 2 19 22.89
Ora. madde 1.0-2.0 Az 17 19 36 43.37
g o 2.0-3.0 Orta 11 12 23 21711
(%) 3.0-4.0 fyi 4 1 5 6.02
>4.0 Yiiksek

50 - 60

¥ ) I 50-90

. - 100

nn TKilometers
024 5 2 16

Figure 4. Change in the silt content of the soils of the region

Sekil 4. Bolge topraklarvmn silt icerigine ait degigimi
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Tablo 5. Arastirma alani topraklarinin makro ve mikro elementler yoniinden siniflandirilmast

Table 5. Classification of the soils of the research area in terms of macro and micro elements

Toprak Ozellikleri Smir Degeri Degerlendirme Ornek Sayisi Toplam %
Demirci Selendi

<25 Cok az 2 2 241
2.5-8 Az 12 14 26 31.33

Fosfor (mg kg% 8-25 Yeter 31 13 44 53.01
25-80 Fazla 6 4 10 12.05
>80 Cok fazla 1 1 1.20
<0.13 Cok az 2 2 241

Potasyum (cmol kg) 0.13-0.28 Az 2 2 241
0.28-0.74 Yeter 20 9 29 34.94
0.74-2.56 Fazla 26 25 51 61.45
>2.56 Cok fazla 1 1 1.20
<1.19 Cok az

Kalsiyum (cmol kg™) 1.19-5.75 Az 7 1 8 9.64
5.75-17.5 Yeter 12 6 18 21.69
17.5-50 Fazla 29 26 55 66.27
>50 Cok fazla 1 1 2 241
<0.42 Cok az

Magnezyum (cmol kg™) 0.42-1.33 Az 10 3 13 15.66
1.33-4 Yeter 28 8 36 43.37
4-12.5 Fazla 11 21 32 38.55
>12.5 Cok fazla 2 2 241
<25 Az 3 7 10 12.05

Demir (mg kg™) 2.5-45 Orta 11 8 19 22.89
>4.5 Yiiksek 35 19 54 65.06

o <0.2 Yetersiz 11 11 13.25

Baar (mg kg™) >0.2 Yeterli 38 34 72 86.75
<0.2 Cok az 26 14 40 48.19
0.2-0.7 Az 12 13 25 30.12

Cinko (mg kg™?) 0.7-2.4 Yeter 8 6 14 16.87
2.4-8 Fazla 3 1 4 4.82
>8 Cok fazla
<4 Cok az 21 12 33 39.76
4-14 Az 26 11 37 44.58

Mangan (mg kg™) 14-50 Yeter 2 11 13 15.66
50-170 Fazla
>170 Cok fazla

Figure 5. Change in the clay content of the soils of the region

Sekil 5. Bolge topraklarimin Kil igerigine ait degisimi
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Toprak reaksiyonu (pH), topragin verim giiciinii belirleyen énemli kriterlerden biridir. pH; topragin fiziksel,
kimyasal ve biyolojik 6zelliklerini 6nemli 6l¢giide etkilemektedir (Brady ve Weil, 2008; Saglam, 2008). Arastirma
alani1 topraklarinda pH; 5.10-7.93 arasinda degismekte olup, topraklarin %40.96’sinin nétr, %38.55’inin hafif
alkali karakterde oldugu saptanmistir. pH’s1 7.5’in iizerinde olan topraklara kiikiirt ve jips uygulamalari ile pH
diigiiriilebilir (Sekil 6).

nn Kilometers
024 8 12 16

Figure 6. Change in the pH content of the soils of the region
Sekil 6. Bolge topraklarinin pH icerigine ait degisimi

Bitki besin maddelerinin topraktaki miktarinin eksik veya ¢oklugu bitkinin diizenli gelisimini etkilemektedir.
Ornek olarak, toplam eriyebilir yiiksek tuz igerigi gosterilebilir. Bitki gelisimi, tuz ihtivas1 0.1 kg olan toprakta,
0.15 kg’m iizerinde olma durumunda bitki biiyiimesini olumsuz etkiler (Altinbas ve ark., 2004). Ornekleme yapilan
noktalarda EC; 0.05-2.19 dS m™ arasinda olup, topraklarin tamaminin tuzsuz oldugu belirlenmistir (Sekil 7).

e
*  Omekieme nokmlan
[Jpewmicci.
) seens

£casm
. o-:
K

mnr 1 Kilometers
024 8 12 16

Figure 7. Change in the EC content of the soils of the region
Sekil 7. Bolge topraklarinin EC icerigine ait degisimi

Topraklarda kireg gogunlukla CaCO3 veya CaMg(COs). seklinde bulunur. Kireg, suyun etkisi ile ¢oziinerek
iyonlara ayrilir. Bunlarin ortamda fazla bulunmasi bitkinin beslenmesi agisindan sorun olusturur. Arastirma alant
topraklarinda kireg (CaCOs); %0.01-42.65 arasinda degismekte olup, topraklarin %37.35’inin az
kiregli, %19.28’inin orta kiregli ve %18.07’sinin ise kire¢li oldugu tespit edilmistir (Sekil 8).
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Figure 8. Change in the CaCOj3 content of the soils of the region
Sekil 8. Bolge topraklarimin CaCQOs icerigine ait degisimi

Topraktaki azotunun biiyiik bir kismini toprak organik maddesi olusturur (Altinbas ve ark., 2004). Bolge
topraklarinin organik madde miktari; %0.59-3.87 arasinda olup, topraklarin %43.37’sinde az diizeyde organik
madde kapsadigi bulunmustur. Organik madde, topragin verim kabiliyetini etkileyen 6ncelikli kriterlerden biridir.
Minimum toprak isleme, yeterli-zamaninda yapilan azotlu giibre uygulamalari, yesil giibreleme ve olgunlastirilmig
ahir giibresi uygulamalar1 yapilarak organik madde seviyesi toprakta zenginlestirilebilir (Sekil 9).

Figure 9. Change in the organic matter content of the soils of the region
Sekil 9. Bolge topraklarimin organik madde icerigine ait degisimi

Ozdemir (2019), degisik arazi kullanim tiirlerindeki topraklarin dzelliklerini agiklamak amactyla, Manisa-
Demirci yoresinde yaptig1 aragtirmada iki farkli derinlikten (0-30, 30-60 cm) tesadiifi olarak toprak drneklemesi
yapmugstir. Yapilan analizlere gore, topraklarin; biinye sinifin1 kumlu balgik 6zellikte, ndtr reaksiyonlu, tuzsuz ve
az kirecli olarak saptamustir. Ozkan (2021), Manisa ili, Demirci ilgesinde tiitiin {iretim alanlarmin toprak verimlilik
haritalarinin  olusturulmasi1 amaciyla yaptigi c¢alisma sonucunda, topraklarin biiyiik ¢ogunlugunun hafif
alkali, %55.70’inin orta kiregli, %73.34’linlin tuzsuz ve %60.99’unda ise organik maddenin diisiik oldugunu
saptamistir. Ozden ve ark. (2022), Manisa’da yaptiklar1 ¢alismada, il topraklarmin %33.29’unun kumlu
tin, %62.20’sinin hafif alkali, %94.36’simin tuzsuz, %33.57 sinin orta kirecli, %64.88’inin organik madde igerigini
diistik olarak belirlemiglerdir.

Toprakta fosfor; bitkilerin gereksinim duydugu mutlak elementlerden biridir. Bitki agisindan fosfor; kdk
gelisimi, bitki olgunlagmasi, erken tohum tesekkiilii, dollenme ile hastalik ve zararlilara karsi direnci arttirdigindan
onemli besin elementidir. Fakat fosforun topraktaki fiksasyonu fazla oldugu igin bitki agisindan da elverisliligi
ortam sartlarina gore az olabilmektedir. Toprakta fosfor fiksasyonuna toprakta bulunan kil tipi ve miktari, toprak
pH's1, organik madde miktar1 ve kireg¢ gibi etmenler etki eder (Bilen ve Sezen, 1993). Arastirma alan1 topraklarinda
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fosfor; 1.22-109.62 mg kg* arasinda degismekte olup, topraklarin %53.01’inde yeter ve %31.33’iinde fosforun az
seviyede oldugu belirlenmistir (Sekil 10).

Figure 10. Change in the phosphorus content of the soils of the region
Sekil 10. Bolge topraklarinin fosfor icerigine ait degisimi

Potasyum, toprakta en fazla bulunan besin maddelerinden biridir. Toprak ¢dzeltisinde bulunan potasyum,
inorganik ve organik toprak kolloidleri tarafindan adsorbe edilmis degisebilir potasyum ve minerallerin yapisinda
bulunan potasyum olmak iizere ii¢ grup altinda tanimlanir. Topraklarin kil miktar1 ve ¢esidi, kire¢ igerigi, pH
degeri gibi diger bazi toprak o6zelliklerinin toprakta potasyumun serbest birakilmasi veya fikse edilmesi gibi
stirecler tizerinde etkili olmasindan dolay1 potasyumun toprakta dagilimi degiskenlik gostermektedir (Bilen ve
Sezen, 1993). Arastirma alam topraklarinda potasyum; 0.25-3.46 cmol kg arasinda ve topraklarin %61.45’inde
potasyumun fazla diizeyde oldugu belirlenmistir (Sekil 11).

Figure 11. Change in the potassium content of the soils of the region
Sekil 11. Bolge topraklarinin potasyum igerigine ait degisimi

Kalsiyum bitkiler i¢in 6nemli besin maddelerinden biridir. Kalsiyum toprakta; primer mineraller, aliiminyum
silikatlar (feldispatlar ve amfiboller), kalsiyum fosfatlar ve kiregli topraklarda kalsit veya dolomit seklinde bulunur.
Kalsiyum; bitki hiicre ¢eperinin 6énemli unsurlarindan biridir, bitki koklerinin gelismesinde ve meyve Kkalite
ozellikleri iizerinde 6nemli etkileri vardir. Arastirma alani topraklarinda kalsiyum 1.55-57.62 cmol kg arasinda
degismekte olup, topraklarin %66.27’sinde fazla seviyede oldugu saptanmustir (Sekil 12).

527



Sokmen & Ozden & Gégmez & Doyuran
Manisa ili Demirci ve Selendi ilgeleri Tarim Topraklarinin Verimlilik Durumlariin Belirlenmesi ve Haritalanmas1

Figure 12. Change in the calcium content of the soils of the region
Sekil 12. Bolge topraklarinin Kalsiyum icerigine ait degigimi

Magnezyum; bitkilerde yapragin yesil rengini veren klorofilin temel yapi1 tasi olmakla birlikte, protein
sentezinde, enzimatik tepkimelerde ve vitaminlerin ortaya ¢ikmasinda etkili olan mikro elementlerden biridir.
Arastirma  alan1  topraklarinda magnezyum; 0.48-13.55 cmol kg' arasmnda degismekte olup,
topraklarin %43.37’sinde yeter, %38.55’inde fazla diizeyde belirlenmistir (Seki/ 13).

Figure 13. Change in the magnesium content of the soils of the region
Sekil 13. Bélge topraklarinmin magnezyum igcerigine ait degisimi

Ozdemir (2019); degisik arazi kullanim tiirlerindeki topraklarin zelliklerini agiklamak amaciyla, Manisa-
Demirci yoresinde yaptig1 arastirmada, orman topraklarinda 21.34 mg kg fosfor, 206.21 mg kg™ potasyum, 46.09
mg kg'magnezyum, tarim topraklarinda 16.94 mg kg fosfor, 203.32 mg kg! potasyum, 49.51 mg kg’
magnezyum, mera topraklarinda 7.59 mg kg*fosfor, 151.57 mg kg*potasyum ile 72.85 mg kg magnezyum tespit
etmistir. Ozkan (2021), Manisa ilinin Demirci ilgesinde tiitiin iiretim alanlarmin toprak verimlilik haritalarinin
olusturulmasi amactyla yaptig1 calisma sonucunda, topraklarin %67.58’inde fosforun diisiik, %45.57’sinde
potasyumun yeterli, %54.12’sinde kalsiyumun ¢ok fazla, %87.68’inde magnezyumun orta diizeyde oldugunu
saptamistir. Ozden ve ark. (2022), Manisa ilinde yaptiklar1 ¢aligmada, topraklarm %25.39’unda ¢ok yiiksek
alinabilir fosfor ve %94.07’sinde ise alinabilir potasyumun yiiksek oldugunu saptamiglardir

Mikro elementler bitki biinyesinde ve topraklarda makro elementlere gore oransal olarak daha kiigiik
yogunlukta yer alirlar. Demir, bakir, ¢inko ve mangan mikro elementlerden bazilaridir (Koca ve ark., 2019).

Asit tepkimeli topraklarda ¢oziinebilir demirin fazla miktarda olmasina karsilik nétr ve alkali toprak pH’sinda
demirin ¢dzlniirliigli azalmaktadir. Kurak ve yari kurak bdlgelerde olusan topraklarda yetistirilen bitkilerde
noksanlig1 en ¢ok goriilen besin maddesidir. Kurak kosullarda, toprakta fazla miktarda kire¢ bulunmasi ve toprak
pH’sinin yiiksek olmasi durumunda toprakta demir noksanligi goriilmesi olasidir. Toprak analiz sonuglarina gore,
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demir elementi miktari; 1.36-182.98 mg kg™ arasinda degismekte olup, topraklarin %65.06’sinda demirin yiiksek
diizeyde oldugu belirlenmistir (Sekil 14).

Figure 14. Change in the iron content of the soils of the region
Sekil 14. Bolge topraklarinin demir icerigine ait degisimi

Bakir, bitkiler tarafindan az miktarda kullanilan besin elementidir. Bitkiler tarafindan az kullanilmasi, bu
elementin diger elementlerden daha dnemsiz oldugunu gostermez. Bitki biinyesinde protein tiiketimini ayarlayan,
klorofil yapilar1 ve solunumda gorev alan bir elementtir (Aktas ve Ates, 1998). Toprak analiz sonuglarina gore
bolge topraklarinin bakir diizeyi; 0.01-14.37 mg kg arasinda olup %86.75’inde bakirin yeterli diizeyde oldugu
belirlenmistir (Sekil 15).

Figure 15. Change in the copper content of the soils of the region
Sekil 15. Bolge topraklarinin bakir icerigine ait degisimi

Cinko, ¢inko siilfat seklindedir. Fakat silikatlarda Mg?* ile yer degistirdigi bilinir. Havalanma islemleri sirasinda
ozellikle asit oksitleyici ¢evrelerde ¢inko mineralinin ¢dziinmesiyle Zn?* olusur. Fakat cinko mineral ve organik
maddelerce kolayca adsorbe olur ve boylece tiim toprak cesitlerinde yiizeyde ¢inko birikimi goézlenir (Bakircioglu,
2009). Béolge topraklarinmn ¢inko diizeyi; 0.01-3.94 mg kg? degerleri arasinda ve %48.19’unda ¢inkonun
az, %30.12’sinde az diizeyde oldugu saptanmustir (Sekil 16).
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Figure 16. Change in the zinc content of the soils of the region
Sekil 16. Bélge topraklarimin cinko igerigine ait degisimi

Mangan elementi, toprak ¢ozeltilerinde basit veya kompleks iyonlari seklinde olabilir. Biitiin Mn bilesikleri
toprak icin 6nemlidir. Bolge topraklarmda mangan miktar1; 1.06-48.35 mg kg? arasinda ve %44.58’inde
az, %39.76’smda ise manganin ¢ok az diizeyde oldugu tespit edilmistir (Sekil 17).

1
24

Kilometers
0 s 12 6

Figure 17. Change in the manganese content of the soils of the region
Sekil 17. Bélge topraklarinin mangan icerigine ait degigimi

Eyiipoglu ve ark. (1996), Tiirkiye topraklarinin mikro element kapsamlarini saptamak amaciyla yaptiklari
calismada Manisa ili topraklarmm %45.25’inde demir element miktarmni 4.5-9 mg kg™ arasinda, %48.48’inde
bakir miktarm 1.0-1.6 mg kg, %57.58 inde ¢inko miktarin1 <0.5 mg kg* ve %72.72’sinde mangan miktarmi 10-
20 mg kg* arasinda belirlemislerdir. Ozkan (2021), Manisa ili, Demirci ilgesinde tiitiin {iretim alanlarinin toprak
verimlilik haritalarinin olusturulmas1 amaciyla yaptigi ¢alisma sonucunda, topraklarin %51.31’inde ¢inko
miktarin1 ¢ok diisiik, %80.44’{inde mangan miktarin1 ¢ok yiiksek, %51.78’inde demir ve %56.40’inda bakir
miktarin1 orta seviyede saptamistir. Ozden ve ark. (2022), Manisa ilinde yiiriittiikleri ¢aligmada ilin tarim
topraklarinin %67.84’linde demir, %95.35’inde bakirn yeterli, %56.84’iinde mangan ve %42.59’unda ¢inko
elementinin az seviyede oldugunu bildirmiglerdir.

4. Sonu¢

Aragtirma sonuglarina gore; Manisa ili Demirci ve Selendi ilgeleri tarim topraklariin genellikle kumlu tin,
killi tin tekstiirli, notr-hafif alkali diizeyde, tuzsuz, az-orta kiregli, diisiik organik maddece az oldugu belirlenmistir.
Topraklar makro elementler agisindan degerlendirildiginde fosfor ve magnezyum bakimindan yeterli seviyede,
potasyum ve kalsiyum bakimindan ise yiiksek diizeyde saptanmigtir. Mikro elementler diizeyinde
degerlendirildiginde demir yiiksek, bakir yeterli, ¢inko ¢ok az ve mangan ise ¢cok az-az seviyede saptanmistir.
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Tarimsal tiretimin temelini toprak olusturmaktadir. Verimliligin arttirilmasindaki 6nemli etken bitki besin
elementleridir. Uriiniin miktarinda ve kalitesinde artis saglarken, ekonomik ve gevreye dostu programlarin
uygulanmasi gerekmektedir. Bu amaglara hizmet edecek bir uygulama ise ancak toprak ve yaprak analizlerine
dayali giibreleme programi1 olugturmaktan geger. Arastirma alaninda, toprak analiz sonucuna dayali fosforlu giibre
kullaniminin tesvik edilmesi ve fosfor birikimini 6nlemek amacli fazla fosforlu giibre kullanimidan kaginilmast
gerekmektedir. Bolge topraklarmin organik madde diizeylerinin diisik olmasi nedeniyle toprakta organik
giibrelemenin yapilmasi, bu amacla 6zellikle ahir giibresi ve yesil giibreleme gibi organik kdkenli giibrelerin
kullanilmas1 gerekmektedir. Ozellikle; hafif alkali reaksiyon gosteren alanlarda toprak pH’sini diisiirmek ve
manganin yarayisliligim arttirict bir 6zellige sahip olan elementel kiikiirdiin giibreleme programinda katilmasi
yararli olacaktir. Topraklarda mikro element noksanliginin goriildiigii kesimlerde temel giibrelemenin yaninda
mikro element giibrelemesine de 6nem verilmesi gerekmektedir. Sonucta bu arastirmanin bolge ciftgisine, yol
gosterici olacagl ve ayrica toprak analizine dayali giibreleme bilincini asilayacag diisiiniilmektedir.

Tesekkiir

Bu ¢alisma Tarim ve Orman Bakanligi Tarimsal Arastirmalar ve Politikalar Genel Miidiirliigii tarafindan desteklenen
TAGEM/TSKAD/13/A13/P07/01-01 Nolu Aragtirma Projesi olarak desteklenmistir.

Etik Kurul Onay1

Bu calisma i¢in etik kuruldan izin alinmasina gerek yoktur.

Cikar Catismasi1 Beyam

Makale yazarlari olarak aramizda herhangi bir ¢ikar ¢atismasi olmadigini beyan ederiz.
Yazarhk Katki Beyani

Planlama: Omer SOKMEN, Nejat OZDEN, Selcuk GOCMEZ; Materyal ve Metot: Nejat OZDEN, Omer
SOKMEN; Veri toplama ve Isleme: Nejat OZDEN, Omer SOKMEN, Selguk GOCMEZ, Nalan DOYURAN;
Istatistiki Analiz; Nejat OZDEN; Literatiir Tarama: Omer SOKMEN; Makale Yazim, Inceleme ve Diizenleme: Omer
SOKMEN, Nejat OZDEN
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Machine Learning-Based Prediction of NPSH, Noise, and Vibration Levels in Radial
Pumps Under Cavitation Conditions

Radyal Pompalarda Kavitasyon Kosullar1 Altinda ENPY, Giiriiltii ve Titresim Diizeylerinin
Makine Ogrenimine Dayali Tahmini

Nuri ORHANY", Mehmet KURT?, Hasan KIRILMAZ3, Murat ERTUGRUL*
Abstract

Cavitation, a physical phenomenon that detrimentally affects pump performance and reduces pump life, can cause
wear on pump elements. Various engineering methods have been developed to identify the initiation and full
development of the cavitation process. One such method is the determination of the net positive suction head
(NPSH) through a 3% decrease in total head (Hm) at a constant flow rate. In radial pumps, commonly used in
agricultural irrigation and industry, cavitation conditions result in a sudden drop in the Hm-Q curve, making it
challenging to detect the 3% Hm value drop. This study differs from others in the literature by modelling NPSH,
noise, and vibration levels using three machine learning models, specifically artificial neural networks (ANN),
support vector machines (SVM), and decision tree regression (DTR). The best-performing model predicts NPSH,
noise, and vibration levels corresponding to a 3% decrease in Hm level. The present study determined the NPSH
values of a horizontal shaft centrifugal pump at different flow rates and constant operating speed, and the vibration
and noise levels were measured for these NPSH values. For each of the NPSH, noise, and vibration levels, ANN,
SVM and DTR models were created. The performances of these models were evaluated using criteria such as root
mean squared error (RMSE), Mean Absolute Error (MAE) and mean absolute percentage error (MAPE). In
addition, Taylor and error box diagrams were created. The ANN model and DTR yielded high accuracy predictions
for NPSH values (R? = 0.86 and R? = 0.8, respectively). The ANN model provided the best prediction performance
for noise and vibration levels. By entering the level of 3% drop in the Hm value of the pump as external data input
to the ANN model, NPSHj3, noise, and vibration levels were determined. The ANN models can be effectively
employed to determine NPSHs, noise, and vibration levels, particularly in radial flow pumps, where detecting 3%
reductions in manometric height value is challenging.
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Oz

Kavitasyon, pompa performansini olumsuz etkileyen ve pompa omriinii azaltan fiziksel bir olgudur ve pompa
elemanlarinda aginmaya neden olabilir. Kavitasyon siirecinin baglangicini ve tam gelisimini belirlemek i¢in ¢esitli
miihendislik yontemleri gelistirilmistir. Bunlardan biri, sabit bir debi hizinda toplam basing diisiisii (%3 Hm) ile
emmedeki net pozitif yik (ENPY) degerinin belirlenmesidir. Tarim sulamasi ve endiistride yaygin olarak
kullanilan radyal pompalarda, kavitasyon kosullart Hm-Q egrisinde ani bir diisiise yol agarak %3 Hm deger
diisiistinii tespit etmeyi zorlastirir. Bu ¢aligma, yapay sinir aglar1 (ANN), destek vektor makineleri (SVM) ve karar
agac1 regresyonu (DTR) olmak iizere iic makine 6grenmesi modeli kullanarak ENPY, giiriilti ve titresim
seviyelerini modellenmesiyle literatiirdeki diger calismalardan farklilik gosterir. En iyi performans gosteren
model, %3 Hm distsiine karsilik gelen ENPY, giiriiltii ve titresim seviyelerini tahmin eder. Bu ¢alisma, yatay
saftli santrifiij pompada farkli debi hizlarinda ENPY degerlerinin belirlendigi ve bu ENPY degerleri igin titresim
ve glriilti seviyelerinin 6l¢iildiigi bir ¢alismadir. ENPY, giiriiltii ve titresim seviyeleri igcin ANN, SVM ve DTR
modelleri olusturulmustur. Bu modellerin performanslar1 kok ortalama kare hatas1 (KOKH), ortalama mutlak hata
(OMH) ve ortalama mutlak ylizde hatast (OMYH) gibi kriterler kullanilarak degerlendirildi. Ayrica Taylor ve
hata kutu diyagramlari olugturulmustur. ANN modeli ve DTR, ENPY degerleri i¢in yiiksek dogrulukta tahminler
saglamistir (sirastyla R? = 0.86 ve R? = 0.8). ANN modeli, giiriiltii ve titresim seviyeleri i¢in en iyi tahmin
performansini saglamistir. Pompa Hm degerindeki %3 diisiis seviyesini ANN modeline harici veri girisi olarak
kullanarak, ENPY3, giiriiltii ve titresim seviyeleri belirlenmistir. ANN modelleri, 6zellikle radyal akis
pompalarinda manometrik ytikseklik degerlerinde %3'liik azalmalarin tespit edilmesinin zor oldugu durumlarda,
ENPY 3, giiriiltii ve titresim seviyelerini belirlemek i¢in etkili bir sekilde kullanilabilir.

Anahtar kelimeler: Santrifiij pompalar, Emmedeki net pozitif yiik (ENPY), Titresim, Giiriiltii, Makine 6grenimi
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1. Introduction

Centrifugal pumps play a significant role in energy conversion and liquid transfer in various sectors such as
agriculture, industry, and other industrial fields (Dong et al., 2019). However, the performance of pump
applications can be adversely affected by cavitation (Brennen, 2011). Cavitation is a physical phenomenon that
results in the wearing of pump elements and a serious reduction in pump life (Yiiksel and Eker, 2009). Cavitation
can also lead to cavitation erosion, which is a form of wear and tear that can be harmful to pumps. Cavitation
erosion occurs when vapor bubbles form in places where the pressure decreases, and then rapidly collapse when
they pass into a high-pressure zone, causing damage to the pump surfaces (Dzhurabekov et al., 2021). This
phenomenon occurs when the absolute pressure of the liquid moving in the pump falls below the vaporisation
pressure of that liquid at a constant temperature, leading to the formation of vapour bubbles. The collapse of these
bubbles generates a high velocity micro-jet that impacts the adjacent inner metal surface, producing wave shock
and causing flow pulsation in both radial and axial directions. In the event that the pump operates under cavitation
conditions for an extended period, the unsteady flow condition may have detrimental effects on components such
as the impeller, volute, bearing, shaft, seal, and other mechanical parts (Sahdev, 2005).

Cavitation is a phenomenon that relies on both the pump design and operating conditions. To prevent cavitation
formation, it is crucial to select the appropriate pump for the installation. The parameter that determines whether
the pump will operate with cavitation or not is the positive head at the suction port, also known as the NPSH. In
centrifugal pumps, cavitation is a critical factor that restricts the pump inlet (suction) pressure, rotational speed,
and consequently, the dimensions, weight, and cost of the pump. Furthermore, cavitation also limits the
mechanically and hydraulically stable and reliable operating range. To ensure cavitation-free operation, it is
necessary to guarantee that the NPSH value determined based on the system, installation, pumped liquid, and
operating conditions, denoted as NPSHm, is greater than the pump-specific NPSHg value with a specific tolerance
(Delale et al., 2020).

The detection and prevention of cavitation in pumps require a thorough understanding of the onset and full
development of this phenomenon. A considerable number of studies have focused on investigating cavitation in
kinetic pumps, as well as water turbines, as revealed by the literature (Al-Obaidi and Towsyfyan, 2019; Bordoloi
and Tiwari, 2017; Cdina, 2003; Durdu et al., 2021; Kan et al., 2022; Panda et al., 2018). Recently, researchers
have attempted to identify cavitation by utilizing machine learning models (Arendra et al., 2020; Bordoloi and
Tiwari, 2017; Matloobi and Riahi, 2021; Panda et al., 2018; Wang, et al., 2019; Wang et al., 2020) . However,
given the unpredictable nature of cavitation, an accurate numerical estimation of the resulting noise and vibration
is not feasible. To detect the onset and full development of cavitation, various engineering methods have been
proposed, among which determining the net positive suction head (NPSH) through measuring the 3% decrease in
total head (Hm) at a constant flow rate represents a critical value beyond which cavitation is fully developed. The
method necessitates a specialized test stand and a series of measurements at various flow rates, following the 1ISO
3555 standards.

The early detection of cavitation is essential for ensuring the reliability and efficiency of pumps and extending
their service life. Effective detection requires the characterisation of cavitation, and the selection of an appropriate
indicator. The analysis of signals acquired from sensors, such as those measuring vibration, pressure, and noise, is
a widely used technique for cavitation detection (Sun et al., 2020). Previous studies have shown that the acoustic
emission of background noise during pump operation can be used to detect incipient cavitation (Escaler et al.,
2006; Neill et al., 1997) analysed various signals to determine the cavitation condition for hydraulic turbines.
Cdina (2003) developed an electrical control system for preventing cavitation by initiating an alarm, shutdown, or
control signal based on noise signal reception. The research in this area is generally focused on cavitation
prevention based on manometric height, noise, and vibration data.

Radial pumps are commonly used in agriculture and industry, and under cavitation conditions, there is a sharp
decline in the Hm-Q curve (Keskin, 2002). As a result, determining the 3% decrease in Hm value becomes difficult.
To address this issue, some studies have utilized artificial neural networks or other machine learning algorithms to
predict cavitation in (Arendra et al., 2020; Matloobi and Riahi, 2021; Wang et al., 2020; Wang et al., 2019; Yong et
al., 2009). Unlike these previous studies, the present study focuses on predicting the NPSH, noise, and vibration levels
associated with the 3% decrease in Hm using an artificial neural network model.
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The present research focuses on the determination of NPSH values for a horizontal shaft centrifugal pump operating
at various flow rates. Concurrently, vibration and noise levels corresponding to different NPSH values at various flow
rates were measured. Machine learning models including ANN, SVM and DTR were generated to predict NPSH,
vibration and noise levels under a constant pump speed. The predictive success of each model is discussed based on
metrics such as R?, RMSE, MAE, MAPE, error values, and Taylor diagrams. Taylor diagrams were utilized to assess
the results obtained from the models in terms of standard deviation and correlation. The external input data for the best-
performing model was adjusted to the level of 3% decline in the manometric height of the pump, and subsequently,
the NPSH, noise and vibration values were forecasted.

2. Materials and Methods

The present study utilized a 3" nominal diameter horizontal shaft, stepless centrifugal pump, and the pump
performance evaluations were conducted at the Sedat Calisir Pumping Plant, affiliated with the Department of
Agricultural Machinery and Technologies Engineering of Selguk University. The pump speed was monitored by
employing a mechanical/optical tachometer to measure the electric motor shaft speed, where a linear relationship
exists between the frequency of the electrical network f (Hz) and the electric motor speed n (rpm), while the
number of electric poles is denoted by P (Hanson et al., 1996). In order to alter the speed of the pump, a frequency
control device (FCD) with the technical specifications FCD, ATV61, 31 kW, 380/480V HD 37 N4 was utilized.
The flow rate was measured by employing an electromagnetic flow meter of type S MAG 80, capable of working
with a flow rate of 1-280 m® h%, while the negative pressure was determined via a glycerine type vacuum meter
and the positive pressure by utilizing a glycerine type manometer. Furthermore, the noise level measurements were
carried out by employing a Jetnorl brand S4001 type digital sound level meter capable of measuring within the
range of 30-130 dBA, whereas the vibration measurements were executed by employing a Time brand digital
TV110 type vibration meter operating within the frequency range of 50-10000 Hz.

The centrifugal irrigation pump was driven by an 11 kW Watt brand EFF2 class electric motor with a speed of
2960 rpm, a current of 34 A, a voltage of 380/660 V, and a torque of 60.9 Nm. The pump was directly coupled to
the motor. During the experiments, the water temperature and ambient temperature were recorded as 13°C and
10°C, respectively. The measurements were conducted at a constant speed of 2960 rpm (50 Hz) and at various
flow rates, namely 13.9, 12.5, 11.1, and 9.7 I/s. The measurements of the pump's operating characteristics and the
subsequent calculations were carried out according to the 1ISO 2548 standard (Anonymous, 2002).

The determination of the NPSHp curve that reflects the cavitation characteristics of the pump was conducted
through simultaneous control of the suction and discharge valves (Eryilmaz, 2004). Initially, the valves were
adjusted to any position except for being fully open or fully closed, and the pressure values corresponding to a
certain flow rate (Q1) were obtained. The value of the total manometric height (Hm) was calculated using the
standard equation and positioned on the vertical axis of the graph as H1. By utilizing the following equation, the
NPSHp value was calculated, and the values at the same point were placed on the horizontal axis, resulting in the
acquisition of the Q1 point. Afterwards, the outlet valve was slightly opened, and the flow rate was gradually
increased. To bring the flow back to the Q1 value, the inlet valve was slightly reduced while the total manometric
height and Q1 point were obtained using the equation in (1). This process was repeated until the head was at least
three percent lower than the initial reading.

Pa

NPSH=H, + 22
pg

(Ea.1)
lez—;+V2/2g (Eq .2)

The present paragraph describes the measurements and standards used for evaluating the vibration and noise
levels of the horizontal shaft centrifugal pump. The pressure values of atmospheric pressure (Pa), evaporation
pressure of pump water (Pv), vacuum in suction line (Pe), and water inlet velocity (V) are specified. The vibration
levels were assessed in three axes of the housing containing the pump shaft, and the composite vibration vectors
were computed. The 1SO 2372 standard was applied for evaluating the vibration acceleration. The vibration and
noise measurements were performed in triplicate at each flow rate value and for all total manometric height (Hm)
values acquired for that particular flow rate. The noise measurements adhered to the TS 2709-10, TS 2773, and
EN ISO 1680 standards, and were conducted within the area encompassing 1 m diameter of the pump. The research
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employed the approaches outlined in Cucit et al. (2018); Calisir et al. (2006a); Calisir et al. (2006b, 2007) for
assessing the vibration and noise levels.

2.1. Machine Learning

Machine learning involves the creation of computer programs that can access data and utilize it to learn
autonomously (Pattnaik et al., 2021). This method emphasizes the input and the solution to the problem in order
to discover the optimal algorithm that leads to the solution. Machine learning is an application of artificial
intelligence, which allows systems to learn and improve from experience without explicit programming (El
Guabassi et al., 2021). In machine learning algorithms, models are constructed with the aim of achieving the
desired prediction in the most efficient and quickest manner, with the highest probability (Giiltepe, 2019).

2.1.1 Artificial neural network

The Artificial Neural Network (ANN) is composed of a multilayer perceptron structure, including input,
hidden, and output layers. Learning algorithms commonly employed in ANNs encompass radial basis function
networks, perceptron algorithms, backpropagation, and elastic backpropagation (Liakos et al., 2018). These
learning algorithms operate as a machine learning mechanism that updates the weights between each node by
learning the correlation between input and output variables (Shin and Cho, 2021)

The neural network model follows two primary processes. The first process is a feed-forward process that
computes the output value by considering the input variables, variables in the hidden layer, relationships between
each variable (connectivity, weight), and transfer functions. The second process is a backpropagation process that
rectifies the relationship between the variables using the error between the output value computed from the model
and the actual value to ensure accurate calculation. In the neural network, each node has a weight that reflects the
significance of its signal. It receives an input signal and calculates the information according to the relevant
equation (Shin and Cho, 2021).

2.1.2 Decision Tree regression

Decision trees are machine learning models that take the form of a tree-like structure and can be used for
classification or regression (Liakos et al., 2018). In a decision tree, each node in the tree represents a test on an
attribute or feature, and each branch represents the outcome of the test. The process of creating a decision tree
involves recursively splitting the dataset into subsets based on the value of a particular attribute or feature until a
stopping criterion is met (Loh, 2011; Pekel, 2020). During the training phase, the algorithm evaluates the fitness
of each attribute or feature to serve as a decision node by calculating the error between the predicted values and
the actual values, using a predefined fitness function. The attribute or feature that results in the lowest error is
selected as the decision node (Pekel, 2020). Subsequent splits are performed in the same manner until a stopping
criterion, such as a predefined tree depth or minimum number of instances at a node, is reached.

2.1.2 Support vector machine regression

The Support Vector Machine (SVM) is a frequently employed machine learning method for the
characterization and classification of data, using information derived from their characteristics (Shin and Cho,
2021). SVM operates as a binary classifier by creating a linear separation hyperplane to differentiate between
data samples. The most common SVM algorithms encompass Support Vector Regression, Least Squares Support
Vector Machine, and Successive Projection Algorithm-Support Vector Machine (Liakos et al., 2018). The
foundation of the SVR algorithm lies in the e-insensitive function and the kernel function (Takeda et al., 2007).
SVR functions transform the data into a higher dimensional feature space to achieve a non-linear learning
algorithm in the original low dimensional space (Geng et al., 2020).

3. Results and Discussion
3.1. Experimental results

At the optimal operational speed of the pump (2960 rpm), the hydraulic system achieved an efficiency of
38.5%, a flow rate of 13.5 | s-1, and a manometric height of 46.3 m. At this speed point, the specific speed of the
pump was computed as ng=19.2 (ns=70.5), thereby indicating that the pump belongs to the category of radial flow
pumps. Figure 1 presents the variation of manometric height, noise level, and vibration values in relation to NPSH
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at a constant speed of the pump. The Hm value remained constant up to a specific NPSH level, after which there
were sudden drops in the Hm value. These sudden decreases in manometric height were also observed in the works
of other researchers, including Coutier et al. (2003); Kaya (2020); Salvadori et al. (2015). Notably, these sudden
drops were more noticeable at flow rates of 11.1 and 9.7 | s* in our study. (Kaya, 2020) also reported that sudden
drops were observed at low flow rates.
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Figure 1. Hm, noise and vibration values depending on NPSHp variation at 2960 min~L rpm of the pump

The results of the experiment indicate that, at constant speed and flow rate values of the pump, noise and
vibration levels increased significantly beyond a certain level of NPSH, as depicted in Figure 3. This suggests that
the pump was operating in a cavitated state (Cdina, 2003). According to Cdina (2003), the sound frequency of a
cavitated pump differs from that of a non-cavitated one. The noise levels of the pump were measured at 83.8-82.9-
83.0 and 82.5 dBA for flow rates of 13.9-12.5-11.1 and 9.7 | s’%, respectively, with a decrease in the Hm value of up
to 3%. Conversely, the average noise levels after the 3% reduction in the Hm value of the pump were 86.8-85.3-
85.9 and 85.4 dBA, respectively. The vibration levels measured until the 3% reduction zone of the Hm value of the
pump were 15.45-14.78-14.77 and 14.36 m s°2 for flow rates of 13.9-12.5-11.1 and 9.7 | 5%, respectively. Following
the 3% drop zone of the Hm value, the average vibration levels of the pump were determined as 25.45-22.78-25.6-
and 24.2-mm s, respectively. As evident from these results, cavitation significantly affected the noise and vibration
levels of the pump. Cavitation is typically accompanied by structural vibration and noise, with a specific sound
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frequency or broadband peak corresponding to the 3% load drop due to cavitation (Cdina, 2003; Cudina and Prezelj,
2008; 2009; Kan et al., 2022). It is essential to accurately measure the noise and vibration levels associated with this
3% reduction. However, measuring the 3% reduction in radial type pumps used in the study proved to be a
challenging task. To overcome this issue, the subsequent part of the study determined the optimal model
performance by applying a machine learning algorithm to NPSH, noise, and vibration levels. The machine learning
algorithm was employed to estimate the values corresponding to the 3% reduction in the Hm value over the best
model.

3.2. Machine learning modelling and performances

In typical machine learning models, the data set is divided into training and test sets, with the majority of the
data being used for training and a smaller portion reserved for testing. Splitting the data is a crucial step in machine
learning to evaluate model performance and determine its suitability for real-world applications. Testing the model
on the held-out data is the best approach to assessing its accuracy. The commonly used split is 75% for training
and 25% for testing. However, a better way to evaluate the accuracy of the model is to test it on the data that was
not used during training (Salem et al., 2022).

Various error metrics are used to assess model performance and measure the relationship between predicted
and actual values (Giiven, 2022). Three commonly used measurement methods are root mean square error
(RMSE), relative root mean square error (RRMSE), and coefficient of determination (R2). RMSE measures the
difference between predicted and observed values, while RRMSE or normalized RMSE enables a direct
comparison between different meta-models and output variables with different units. R2 is used to assess model
performance by determining the proportion of variance in the response variable explained by the independent
variables (Shahhosseini et al., 2019). The algorithms were implemented and evaluated using the R statistical
programming language.

Flow rate

Figure 2. Neural network model applied to NPSH

The present study employs artificial neural network (ANN) models to process the data, which are first normalised.
In the literature, several data normalisation techniques have been proposed, such as Minimum, Maximum, Median,
Sigmoid, and Z-Score rules (Jayalakshmi and Santhakumaran, 2011). The Z-Score rule is utilised in this study as it
generates a statistically normal distribution and indicates the position of each data point in terms of the standard
deviation. The standard value represents how far the data point is from the mean, where negative values indicate that
the data point is below the mean, and positive values indicate that the data point is above the mean (Cho, 2020).

The ANN models implemented in this study are composed of four hidden layers. The threshold value of 0.04 and
learning rate value of 0.05 are determined to yield the best outcomes. Figure 2 presents an overview of the network
model applied to NPSH. The error values of the ANN models of NPSH, noise, and vibration data are determined as
3.76, 1.28, and 0.43, respectively, and the number of steps is found to be 578, 229, and 286, respectively.
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The input variables of the artificial neural network models were the flow rate and Hm, while the output variables
were NPSH, noise and vibration. For each model, 24 data points were allocated for training, and 8 data points were
allocated for the test set. The support vector machine regression algorithm was used to create the NPSH, noise, and
vibration models with specific parameters, such as SVM-Type: eps-regression, SVM-Kernel: radial, cost: 1, gamma:
0.5, and epsilon: 0.1. The number of support vectors was determined as 15, 16, and 18 for the NPSH, noise, and
vibration models, respectively. Table 1 presents the parameters used for the decision tree regression models.

Table 1. Decision tree regression models

Minsplit cp Maxdepth Terminal nod Decision nod
NPSH 12 0.01 5 3 1
Noise 4 0.01 5 11 9
Vibration 3 0.01 5 15 13

The ANN model yielded the highest performance among the models created for NPSH prediction, as illustrated
in Figure 3. The prediction performances of the ANN and DTR models were found to be comparable. The
coefficient of determination (R?) values for the ANN, SVM, and DTR models were 0.86, 0.37, and 0.8,
respectively, while the corresponding root mean square error (RMSE) values were 0.55 m, 1.28 m, and 0.7 m,
respectively. The MAPE values of the models were 6.09, 15.1 and 8.7, and the MAE values were 0.4 %, 1.1 %
and 0.65 %, respectively. The success of the SVM model in predicting NPSH was found to be markedly low.

The prediction performance of the models for the vibration level of the pump were evaluated using R?, RMSE,
MAE and MAPE values. Among the models, the ANN model achieved the highest R? value of 0.86, indicating
that the model was able to explain 82% of the variance in the data (Figure 4). The RMSE, MAE and MAPE values
of the ANN model were also the lowest at 2.1 m s2, 0.42% and 8.77%, respectively. The SVM model achieved an
R? value of 0.69, while the DTR model had an R? value of 0.57. However, the SVM and DTR models had higher
RMSE and MAE values compared to the ANN model. Therefore, the ANN model was found to be the most
successful in predicting the vibration level of the pump.
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6.5 || R2:0.86 R2:0.37 R?:0.8 L
‘ RMSE:0.55 m || RMSE:1.28 m || RMSE:0.7 m
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Figure 3. Performance of models created for NPSH estimation
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Figure 5. Performance of models created for noise estimation

The R? values for the prediction performances of artificial neural network (ANN), support vector machine
(SVM), and decision tree regression (DTR) models with respect to the noise level of the pump were determined
as 0.86, 0.79, and 0.68, respectively, as depicted in Figure 5. The corresponding root mean square error (RMSE)
values for these models were measured as 0.64 dBA, 0.8 dBA, and 1.04 dBA, while the mean absolute error (MAE)
values were calculated as 0.51%, 0.58%, and 0.84%, respectively. Notably, the ANN model exhibited the most
successful prediction performance among the models evaluated. In terms of noise level prediction, the SVM model
outperformed the NPSH model. Furthermore, the ANN model demonstrated superior performance in predicting
the vibration level of the pump compared to the other models considered.

The errors in the NPSH, vibration, and noise prediction values for the models are presented in Figure 6.
According to these graphs, the models generally underestimated the NPSH predictions compared to the actual
values (Figure 6a). Specifically, the models performed poorly in predicting the 26th data point. The error values
for the vibration level of the models varied, either being low or high, depending on the test data (Figure 6b). The
least accurate prediction for the vibration level was observed for the 32nd test data point. Furthermore, the models

541



Orhan & Kurt & Kirilmaz & Ertugrul
Machine Learning-Based Prediction of NPSH, Noise, and Vibration Levels in Radial Pumps Under Cavitation Conditions

generally overestimated the noise level prediction compared to the actual value. Upon an overall examination of
the graphs, it can be observed that the ANN model achieved the highest level of success in terms of error values.

a) NPSH b) Vibration
| ®ANN =SVM =DTR | [ SANN ®SVM =DIR |
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Figure 6. Error diagrams a) NPSH b) Vibration ¢) Noise

a) NPSH b) Vibration

0.0 05 10 15 20 0.0 05 10 15
Standard deviation Standard deviation

01 * SVM

05 10 15
Standard deviation

Figure 7. Taylor diagrams of test results a) NPSH b) Vibration ¢) Noise
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Taylor diagrams given in Figure 7 were used to evaluate the results obtained from the variables with standard
deviation and correlation ( Demir, 2022; Bayram and Citakoglu, 2023). The NPSH, vibration, and noise values,
along with the estimation values derived from SVM, ANN, and DTR models, have been thoroughly analyzed
within these diagrams based on statistical criteria including standard deviation, correlation coefficient, and
centered root mean square difference (RMSD).

Based on the Taylor diagram presented in Figure 7, it is evident that the ANN model displayed the highest
level of success among the models for predicting vibration and noise, particularly in relation to NPSH. In Figure
7a, it can be observed that while the ANN and DTR models exhibit similar R? values for the NPSH predictions,
the ANN model surpasses the DTR model in terms of error criteria. ANN gave the best results in terms of the
errors of the models of noise and vibration values (Figure 7b, ¢). According to Taylor diagrams, the ANN model
gave the best result.

Due to the abrupt reduction in the Hm-Q curve of radial pumps during cavitation, measuring or reading the
3% reduction value of Hm is problematic. Among the machine learning algorithms utilized for the NPSH, noise,
and vibration values of the pump, the ANN models that displayed the best performance had the 3% decrease level
of Hm value incorporated as external data. During the data input procedure, the flow values were kept constant
in the models, and the Hm values were computed by taking 3% reduction of the initial Hm value. Consequently,
the NPSHj; values, noise, and vibration levels of the pump were projected from the models and presented in
Table 2.

Table 2. Prediction of NPSH3, noise and vibration levels via ANN model

Speed (min™?) Flow rate (I s Hmsz (m) NPSHs (m)  Noise (dBA)  Vibration (m s?)

2960 13.9 47.72 551 83.4 15.25
2960 12.5 48.79 5.25 83.5 15.47
2960 11.1 50.22 4.22 83 15.66
2960 9.7 51.72 41 82.88 16.3

The artificial neural network model yielded a range of 5.51-4.1 m for the NPSHj3 value. At this point, the pump
exhibited an average noise level of 83.19 dBA and an average vibration level of 15.67 ms™. Prior to reaching the
NPSHj; point, the average noise level and vibration level of the pump were determined as 83.01 dBA and 14.56
ms2, respectively. Notably, a small change of 0.18 dBA was observed between the average noise levels before and
after the NPSH; point. In contrast, a significant difference of 1.11 m s was observed between the average vibration
levels before and after the NPSH; point.

4. Conclusions

In summary, this study aimed to model and predict the net positive head (NPH), noise, and vibration levels of
a horizontal shaft centrifugal pump in suction using machine learning algorithms such as artificial neural network
(ANN), support vector machine regression (SVR), and decision tree regression (DTR). The results revealed that
at constant speed and flow rate values, the Hm value followed a constant course until a certain NPSH value, after
which sudden decreases in Hm level were observed. The measured noise and vibration levels of the pump were
clearly separated before and after cavitation, with average noise values of 85.8 dBA and average vibration levels
of 24.4 m s2 during cavitated operation. The ANN model demonstrated the best performance in NPSH prediction
(R? = 0.86), followed by the DTR model (R? = 0.8), whereas the SVR model was found to be less successful in
NPSH prediction. Both ANN and DTR models were found to be suitable for NPSH prediction, with the ANN
model exhibiting the most favorable performance in predicting the noise and vibration levels of the pump during
the NPSH test. Moreover, it was determined that the change in vibration level can be used to monitor the beginning
of cavitation before the NPSH3 value, which is difficult to detect through a 3% reduction in manometric height
value. Hence, the ANN model can be effectively used to determine NPSH3, noise, and vibration levels, particularly
in radial flow pumps.
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Optimization of Cellulose Extraction Parameters and Production of Nanocellulose from
Black Carrot Juice Wastes*

Siyah Havu¢ Suyu Atiklarindan Seliilloz Ekstraksiyon Parametrelerinin Optimizasyonu ve
Nanoseliiloz Uretimi

Nergiz HAYATIOGLUY, idil TEKiN?, Seda ERSUS**
Abstract

Agricultural wastes are abundant worldwide with increased production and consumption activities as a result of
human population growth. Waste recycling processes, which are important to support sustainable production,
remain popular due to the increasing amount of agricultural waste. In particular, there are various studies on the
recovery of valuable components from waste. In this context, the recovery of cellulose and nanocellulose from
waste, which has the potential to be used and applied in many sectors, especially in food, draws attention. Although
black carrot juice waste, which is one of the important agricultural wastes, is frequently used in the production of
natural colorants, it was used for the production of cellulose and nanocellulose in this study due to its high cellulose
content. Response Surface Method-Central Composite Design was used to improve the alkaline extraction
conditions of cellulose for the optimum yield and whiteness index by using process parameters of NaOH
concentration (2-12%), process temperature (25-110 °C), and time (60-240 min). The optimum process
parameters were determined as the NaOH concentration (7.06%), process temperature (44.83°C), and time (114.21
min) for alkaline extraction of cellulose from black carrot juice waste where the yield of cellulose was
22.90+2.48%, and whiteness index was 60.32+0.07%. Nanocellulose was produced from cellulose obtained from
black carrot juice waste by acidic hydrolysis using 25% H.SO.. Nanocellulose yield and whiteness index were
found as 15.76+0.16% and 58.77+0.26% respectively. The average diameter (61+2.89 nm) and length (281+18.50
nm) of the nanocellulose were determined by Atomic Force Microscopy (AFM). As a result of the Fourier
Transform Infrared (FTIR) spectroscopy, it was determined that non-cellulosic components were removed.
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Hayatioglu & Tekin & Ersus
Optimization of Cellulose Extraction Parameters and Production of Nanocellulose from Black Carrot Juice Wastes

Oz

Diinya niifusunun siirekli artig gdstermesiyle birlikte, liretim ve tiiketim faaliyetleri de hizla artmakta ve sonucunda
tarimsal atiklar diinya genelinde biiyiik miktarlarda birikmektedir. Bu durum, siirdiiriilebilir iiretimi desteklemek
amaciyla atik geri doniisiim siireclerine olan ihtiyac1 da artirmaktadir. Ozellikle tarimsal atik miktarinin artmastyla
birlikte, atiklardan degerli bilegenlerin geri kazanimi konusunda ¢esitli caligmalar yogunlagsmistir. Bu baglamda,
seliiloz ve nanoseliiloz gibi maddelerin atiklardan geri kazanimi, 6zellikle gida sektdrii bagta olmak iizere bircok
sektorde kullanim ve uygulama potansiyeline sahip oldugu i¢in énem tagimaktadir. Siyah havu¢ suyu atig1 da
onemli bir tarimsal atik olarak kabul edilmekte ve genellikle dogal renklendirici iiretiminde siklikla
kullanilmaktadir. Renk maddesi iiretiminin yan1 sira yiiksek seliiloz igerigi sebebiyle bu calismada siyah havug
suyu atig1, selilloz ve nanoseliiloz iiretiminde kullanilmistir. Yanit Yiizey Yontemi (Response Surface Method)-
Merkezi Tiimlesik Tasarim (CCD) yontemi kullanilarak, selillozun alkali ekstraksiyon kosullart optimize
edilmistir. Bu optimizasyon siirecinde, NaOH konsantrasyonu (%2-12), proses sicakligi (25-110 °C) ve proses
stiresi (60-240 dakika) gibi parametreler dikkate alinarak yanit olarak seliiloz verimi ve beyazlik indeksi
se¢ilmistir. Bu sayede, farkli parametre kombinasyonlarina karsilik gelen selilloz verimi ve beyazlik indeksi
degerleri ile birlikte optimum ekstraksiyon kosullar1 belirlenmistir. Seliiloz veriminin %22,90+2,48 ve beyazlik
indeksinin %60,32+0,07 oldugu siyah havug suyu atiklarindan seliilozun alkali ekstraksiyonu igin optimum proses
parametreleri NaOH konsantrasyonu %7,06; proses sicakligi 44,83 °C ve proses siiresi 114,21 dk olarak
belirlenmistir. Siyah havug suyu atiklarindan elde edilen seliillozdan %25 konsantrasyonda H,SO4 kullanilarak
asidik hidroliz ile nanoseliiloz iiretilmistir. Nanoseliiloz verimi ve beyazlik indeksi sirasiyla %15,76+0,16
ve %58,77+0,26 olarak bulunmustur. Nanoseliillozun ortalama ¢ap1 (61£2,89 nm) ve uzunlugu (281£18,50 nm)
Atomik Kuvvet Mikroskobu (AFM) ile belirlenmistir. Fourier Transform Infrared (FTIR) spektroskopisi
sonucunda ise seliilozik olmayan bilesenlerin uzaklastirildigi belirlenmistir.

Anahtar Kelimeler: Siyah havug suyu atig1, Seliiloz, Optimizasyon, Asit hidrolizi, Nanoseliiloz
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1. Introduction

The black carrot (Daucus carota L. ssp. sativus var. atrorubens Alef.) is a type of carrot originated from Middle
Asia and has been cultivated for thousands of years (Sucheta et al., 2020; Agcam and Akyildiz, 2015). Nowadays,
mostly in eastern countries such as Turkey, India, and the Far East black carrots are grown and consumed widely.
Particularly in Turkey, they are raw materials of a fermented beverage called salgam (Unal and Bellur, 2009). The
consumption of black carrots has been increasing in recent years due to their rich content of phytochemicals like
flavonoids that play a role in preventing diseases (Akhtar et al., 2017; Sucheta et al., 2020). Furthermore, previous
studies have reported that they are rich sources of many bioactive components such as carotenoids, and
anthocyanins (Arscott and Tanumihardjo, 2010; Akhtar et al., 2017) which can be used as natural colorants in
processed food products such as fruit juices, jam, and marmalade. In addition, it is known that the pulp that
emerged during the processing of black carrot is an important waste in terms of vegetable fiber content (Unal and
Bellur, 2009; Singh et al., 2016).

Cellulose, a vegetable fiber, is the most abundant raw material in nature (Perez and Mazeau, 2005). Cellulose
forms the structure called lignocellulose together with hemicellulose, lignin, ash, and extractives in the plant cell
wall (Aksoy et al., 2023; Ghaemi et al., 2019; Smyth et al., 2017). The composition of lignocellulose found in
plants and their wastes varies according to its source (Ghaemi et al., 2019). Previous studies showed that the plants
and their wastes such as cotton, flax, hemp, sugar cane (Dorez et al., 2014), corn stover (Wartelle and Marshall,
2006; Liu et al., 2016), corn husk (Smyth et al., 2017) and rice straw (Wartelle and Marshall, 2006; Krishania et
al., 2018) has high cellulose content in their structure. Cellulose is used in the production of many materials such
as paper, coatings, and films, as well as cosmetics and pharmaceutical products (Perez and Mazeau, 2005).

Cellulosic materials with particle sizes generally below 100 nm are called nanocellulose. Nanocelluloses, each
of which has different sizes and functions, are divided into three groups according to the cellulose source and
process conditions. With the help of mechanical methods, acid hydrolysis or bacterial synthesis, microfibrillated
cellulose (MFC), nanocrystalline cellulose (NCC), and bacterial nanocellulose (BC) can be obtained (Klemm et
al., 2011). In previous studies, MFC was obtained from hemp (Pacaphol and Aht-Ong, 2017), kenaf (Davoudpour
etal., 2015), bamboo (Wang et al., 2015), and lemon (Impoolsup et al., 2020) where the NCC was produced from
apple pomace (Melikoglu et al., 2019), rice peel (Johar et al., 2012), coffee peel (Collazo-Bigliardi et al., 2018)
and mango seed (Henrigue et al., 2013).

In this study, the lignocellulosic composition and physicochemical properties of black carrot juice waste were
determined, and it was used as a source for the production of cellulose and nanocellulose. Extraction conditions
were optimized to obtain a high-yield cellulose and whiteness index according to the properties of the black carrot
juice waste.

2. Materials and Methods
2.1. Materials
2.1.1. Plant Materials

Black carrot (Daucus carota L. ssp. sativus var. atrorubens Alef.) juice waste (BCW) was obtained from Dohler
Gida San. A.S. BCW was dried in a vacuum oven (Niive EV 018, Turkey) at 65 “C until reaching to 10-11% moisture
content and grounded to ~500 microns in a laboratory-type grinder (Brook Crompton Series 2000, England). The dry
powder product was stored at 4 °C.

2.1.2. Chemicals

Merck (Darmstadt, Germany) branded benzene (CeHs), ethanol (C:HsOH), hydrochloric acid (HCI), sodium
hydroxide (NaOH), sodium hypochlorite (NaClO), and sulfuric acid (H.SO.) were used for extractions. All chemicals
were used in analytical purity.

2.2. Methods
2.2.1. Raw Material Analysis
The total dry matter content (TDM) of BCW was determined in triplicates (AOAC, 1990). Known amount weighed

549



Hayatioglu & Tekin & Ersus
Optimization of Cellulose Extraction Parameters and Production of Nanocellulose from Black Carrot Juice Wastes

samples were placed in aluminum weighing dishes and then dried in a vacuum oven (Niive EV 018, Turkey) (65 °C,
515-775 mmHg) until reaching a constant weight. The TDM content was calculated according to Eq. 1.

TDM (%) — Weightgish+sample— Weightgisp x 100 (Eq 1)

Weightinitial sample

The water activity of BCW was measured by a Testo 645 water activity analyzer (Cemeroglu, 2013). The pH value
was measured potentiometrically by a pH meter (Inolab, WTW pH 720) (Albas et al., 2022; Cemeroglu, 2013). L", ",
and b values (CIELAB color values) of BCW were measured by Hunter-Lab colorimeter Colorflex model color
measurement device (Management Company, USA) (Toews and Wang, 2013; Tekin et al., 2023).

2.2.2. Compositional Analysis

For ash content, the BCW samples were weighed into the tared crucible and then burned at 550 “C for 5 hours
(Rannou et al., 2015) and calculated according to (Eqg. 2).

Weight L — Weight
Ash (%) — g crm:zble+sample ghtpot x 100 (Eq 2)
Weightinitial sample

The extractive content of 10 g of BCW (W;) was measured by treated with a solution of 2:1 benzene:ethanol (1:10
viw) for 2 hours at 20 °C. After that sample was filtered and washed with distilled water and dried in a vacuum oven
at 105 °C until reaching a constant weight (W1) (Eq. 3) (Degermenci et al., 2019).

Extractives (%) = (%) x 100 (Eq. 3)

Holocellulose content was determined as the remaining part of the sample was treated with 100 mL sodium
hypochlorite (NaClO - 5%) solution containing 2 mL acetic acid (CH3COOH). The sample was kept in a water bath at
70 °C for 4 hours, then filtered and washed with distilled water. The sample was dried at 105 °C and then weighed (W-)
(Eq. 4) (Degermenci et al., 2019).

Holocellulose (%) = E//—(z) x 100 (Eq. 4)

For cellulose content of BCW determination, the remaining sample was treated with 50 mL of 17.5% sodium
hydroxide (NaOH) at 20 °C for 2 hours. The sample was filtered and washed with distilled water and weighed after
drying at 105 °C (W) (Eq. 5) (Degermenci et al., 2019).

Cellulose (%) = ://—z x 100 (Eq.5)

The amount of hemicellulose was calculated by subtracting the amount of cellulose from the amount of
holocellulose determined experimentally.

To determine the lignin content, the extractive-free sample was treated with 30 mL of 72% sulfuric acid (H2SO4)
solution at 20 °C for 2 hours. Next, 300 mL of distilled water was added to the sample and boiled for 4 hours. The
sample filtered and washed with distilled water was weighed after drying at 105 C (W,) (Eq. 6) (Degermenci et al.,
2019).

Lignin (%) = % x 100 (Eq. 6)

2.2.3. Preparation of Cellulose from Black Carrot Juice Waste

The sequential extraction method was used to obtain cellulose from BCW (Szymanka-Chargot et al., 2017;
Melikoglu et al., 2023). The sample was treated with a 2:1 benzene:ethanol (1:10 w/v) solution at 10 °C for 16 h and
then boiled with 1 L distilled water at 80+5 “C for 30 min to remove extractives and water-soluble compounds. After
these pre-treatments, the sample was boiled with 1 L of 1 M HCl solution at 80+5 °C for 30 min for acid treatment. In
order to remove hemicellulose from BCW, the alkaline process parameters NaOH concentration (2-12%), temperature
(25-110 °C), and time (60-240 min) were optimized (Chirayil et al., 2014; Collazo-Bigliardi et al., 2018; Dinand et al.,
1999). Then, bleaching treatment was carried out using 5% NaClO solution at 90 °C for 30 min. The sample was
filtered, washed with distilled water, and dried in a vacuum oven at 65 °C for 24 h.
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2.2.4. Optimization of Alkaline Treatment Conditions

For the optimization of alkaline treatment parameters based on a previous study by Melikoglu et al. (2023), Central
Composite Design (CCD) of the response surface method (RSM) in the Design Expert program version 7.0.0 was used
(State-Ease, Inc., Minneapolis, MN, USA). In this context, NaOH concentration (2-12%) (A), process temperature (25-
110°C) (B), and time (60-240 min) (C) were chosen as independent variables. Cellulose yield (%) and whiteness index
(%) were chosen as responses. A total of 20 experiments were carried out under different conditions, with 6 repetitions
at the central point. According to the experiment results, a mathematical model was created for dependent variables
using the multiple regression analysis method. The significant terms in the model were determined with the one-way
analysis of variance (ANOVA), and the accuracy of the model was evaluated with the lack of fit and Fischer’s test (F-
value).

2.2.5. Nanocellulose Preparation from Black Carrot Juice Waste Cellulose

The acid hydrolysis process was applied to obtain nanocellulose from black carrot juice waste cellulose (BCW-C).
Firstly, 10 mL of distilled water was added to the 5 g sample. In order to prevent overheating of the solution, 25 mL of
H>S0O. in the burette was slowly dropped on the sample, which was also kept in an ice bath, and the sample’s volume
was made up to 100 mL by adding distilled water. Then, the sample was treated with 25% H,SO4 solution and mixed
in a magnetic stirrer (MTOPS MS300, South Korea) at 40 °C for 40 min. After that, centrifugation and dialysis
processes were carried out to remove the acid residue in the samples. Centrifugation was performed at 4000 rpm for
15 min (Niive NF 800, Turkey) and the supernatant was removed. Centrifugation was repeated 3 times by adding
distilled water, the collected suspension was diluted with distilled water and kept in a dialysis bag (width of 33 mm,
cut-off value: 14000). The dialysis process was continued for 4-7 days at 4 °C until the sample reached to neutral pH
level. Then, the sample was homogenized with Ultra-Turax T25 (France) at 9000 rpm for 2 min. The next stage
involved redistributing the nanocellulose by homogenizing the sample that had been held in an ice bath for 15 minutes
(probe: 3 mm, power: 70 W) using an ultrasonic homogenizer (Bandelin Sonopuls 2450, Germany). The nanocellulose
sample was dried in a freeze dryer at -48 °C for 24 h (Kumar et al., 2014; Melikoglu et al., 2023).

2.2.6. Yield (%) Determination

The yield of cellulose and nanocellulose obtained from BCW was calculated with Eq. 7 (Melikoglu et al., 2019).

Obtained cellulose or nanocellulose (g)

- 0 —_—
Yield (%) = BCW sample (g)

x 100 (Eq.7)

2.2.7. Whiteness Index (%) Determination

The whiteness index of the cellulose and nanocellulose was calculated using Eg. 8 (Rodsamran and Sothornvit,
2015).

Whiteness index (%) = /(100 — L*)2 + a*2 + b*2 (Eq. 8)
2.2.8. Fourier Transform-Infrared (FTIR) Analysis
Changes in the chemical composition of cellulose and nanocellulose obtained from BCW were determined with a

Perkin Elmer FTIR spectrophotometer (Model System 2000, Perkin Elmer, USA). The spectra were recorded at the
wavenumber range of 4000-500 cm™ (Kumar et al., 2014; Melikoglu et al., 2023).

2.2.9. Atomic Force Microscopy (AFM) Analysis

The AFM analysis was performed using a Dimension Edge with ScanAsyst-SPM (Bruker, US) microscopy in a
non-contact mode. One drop of a diluted suspension (1:100, v/v) of the dried BCW-C was placed on a mica substrate
and allowed to air dry. The morphology and rough estimation of the size of the BCW-C were examined by the DME
SPM software version 14.06 (Melikoglu et al., 2019).

2.2.10. Statistical Analysis

The evaluation of the results of the analysis was made with the IBM SPSS 22 package program (SPSS Inc., Chicago,
IL, USA). The effect of the parameters on the results was determined by performing variance analysis and the
differences between the means (P <0.05) were determined by Duncan multiple comparison test.
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3. Results and Discussion
3.1. Raw Material Analysis

Total dry matter, water activity, pH value, and color value analysis results of BCW are given in Table 1. The
total dry matter content of BCW was 10.90%. The total dry matter content for black carrots was found as 13.15%
(Ersus and Yurdagel, 2007), 11.62% (Demir, 2010), and 11.54% (Ugan Tiirkmen et al., 2018) in previous research.
The samples were found very acidic (pH 2.96) and the water activity was 0.98.

Table 1. Total dry matter, water activity, pH value, and color value analysis results of BCW

. Color Values
Sample Total dry matter (%) Water activity  pH Value R & g
BCW 10.90+0.46 0.98+0.01 2.96+0.01 45.09+£0.05 13.95+0.02 9.50+0.02

3.2. Compositional Analysis

Compositional analysis results of BCW are given in Table 2. It has been determined that the most abundant
lignocellulosic compound in BCW is extractives. Extractives in the plant cell wall, consist of low molecular weight
carbohydrates, salts, waxes, oils, resins, phenolic compounds, and flavonoids (Ghaemi et al., 2019). In previous studies,
BCW has been reported to be a good source of carbohydrates, terpenes (terpinolene, terpinene, caryophyllene), and
phenolic compounds (Smeriglio et al., 2018; Sharma et al., 2012). Also, in previous studies, the hemicellulose, lignin,
and cellulose contents of carrot, which is a different species from black carrot, were reported to vary between 1.80-
17.50%, 0.49-6.70% and 10.01-28.00%, respectively (Rani and Kawatra, 1994; Nawirska and Kwasniewska, 2005;
Szymanska-Chargot et al., 2017). It was found that the lignin and cellulose concentration of BCW was comparable to
that of previous research on carrots. However, it was determined that the hemicellulose content of BCW was higher
than the literature where the type of raw material, the time of planting and harvesting, the cultivation method and
extraction conditions could be the reasons of these differences (Ghaemi et al., 2019).

Table 2. Compositional analysis results of BCW

Analysis Result
Ash (%) 3.10+0.30
Extractives (%) 44.27+2.06
Holocellulose (%) 38.58+5.10
Hemicellulose (%) 17.9245.24
Lignin (%) 2.03+0.32
Cellulose (%) 20.67+1.35

3.3. Preparation of Cellulose from Black Carrot Juices Waste
3.3.1. Optimization of the Alkaline Treatment

The effects of alkaline treatment parameters on the yield (%) and whiteness index (%) of BCW-C are given in
Table 3. In the RSM-CCD experimental design of BCW-C, it was found that the cellulose yield varied between 17.45
and 25.63% and the whiteness index value ranged from 60.91 to 67.66% (Table 3).

According to ANOVA results, with a 95% confidence level (P <0.05), it was determined that the model is
significant for cellulose yield (P <0.0001) and whiteness index values (P <0.0001). Also, the lack of fit values for both
responses (P = 0.2865 and P = 0.1187, respectively) was found to be insignificant. The significance of the model and
the insignificance of the lack of fit shows the suitability of the mathematical model in terms of cellulose yield and
whiteness index of BCW (Behera et al., 2018). Also, the R? value, which is a value that shows how much of the
experimental data change is met in the model, is above 0.75 proves that the model is successful (Le Man et al., 2010;
Owolabi et al., 2018). However, for a good model and a correct optimization, the adj-R? value, which is one of the
other criteria, should also be higher than 0.80 (Myers et al., 2009; Rheem et al., 2017). The R? value was 0.95 for the
cellulose yield and 0.94 for the whiteness index, and the adj-R? values were 0.91 for both responses. Therefore,
considering these results, it has been seen that the model is suitable for optimization. ANOVA results also stated that
all three alkali process parameters alone did not have significant effects on the cellulose yield (P >0.05) and have
significant effects on the whiteness. index (P <0.05). For cellulose yield, the effects of temperature x temperature, time
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X time, NaOH concentration x NaOH concentration x temperature, and NaOH concentration x temperature X
temperature were found to be statistically significant (P <0.05). The effects of NaOH concentration x NaOH
concentration, and NaOH concentration x NaOH concentration x time were found to have significant effects on the
whiteness index (P <0.05).

Table 3. RSM-CCD experimental design prepared for BCW-C

NaOH . Temperature . . . .

RUN concentration C) Time (min) Yield (%) Whiteness index
(%) B) (©) (%)

(A)

1 7.00 25.00 150.00 21.67 63.79
2 4.03 42.23 96.49 25.17 62.05
3 4.03 42.23 203.51 25.63 62.46
4 9.97 42.23 96.49 23.18 63.92
5 9.97 42.23 203.51 23.35 64.25
6 2.00 67.50 150.00 22.17 61.53
7 7.00 67.50 60.00 21.69 60.91
8 7.00 67.50 150.00 22.36 65.30
9 7.00 67.50 150.00 23.13 64.82
10 7.00 67.50 150.00 23.64 65.87
11 7.00 67.50 150.00 23.67 65.02
12 7.00 67.50 150.00 23.86 65.40
13 7.00 67.50 150.00 23.08 65.04
14 7.00 67.50 240.00 19.87 67.66
15 12.00 67.50 150.00 21.73 66.20
16 4.03 92.77 96.49 21.01 64.75
17 4.03 92.77 203.51 20.76 65.20
18 9.97 92.77 96.49 17.45 67.51
19 9.97 92.77 203.51 17.86 66.50
20 7.00 110.00 150.00 20.89 66.17

Model equations for cellulose yield and whiteness index of BCW are given in Eq. 9 and 10.
Yield (%) = 23.27 — 0.13x(A) — 0.23x(B) — 0.17x(C) — 0.27x(A)x(B) — 0.35x(4?) — 0.59x(B?) —

0.76x(C?%) — 2.30x(4%)x(B) — 1.21x(A)x(B?) (Eq. 9)

Whiteness Index (%) = 65.20 + 1.14x(4) + 1.12x(B) + 2.01x(C) — 0.19x(A)x(C) — 0.43x(A?) —

0.28x(C?) — 1.98x(42)x(C) (Eq. 10)

The effect of the interaction between NaOH concentration, temperature, and time on the cellulose yield and
whiteness index was represented by the 3D response surface plots (Figure 1-2). It was observed that the cellulose yield
increased at the experimental points where the NaOH concentration and temperature were low, while it decreased at
the points where both parameters increased (Figure 1a). Also, in Figure 1b, ¢, where the effects of time x NaOH
concentration and time x temperature interactions on cellulose yield are given, it is seen that cellulose with high yield
is obtained regardless of time, where NaOH concentration and temperature were low. As can be seen from the results,
it can be concluded that the cellulose was damaged at the points where the concentration and the temperature were
high, thus decreasing the cellulose yield (Rodsamran and Sothornvit, 2015; Melikoglu et al., 2019).

When the effects of alkali process parameters such as NaOH concentration, temperature, and time interactions on
the whiteness index were examined, it was observed that the whiteness index value increased due to the increase of all
three parameters (Figure 2a, b, ¢). In previous studies, it has been reported that the whiteness index value of cellulose
increases with the removal of non-cellulosic components that form brown shades with high alkali treatment conditions
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applied before bleaching (Rodsamran and Sothornvit, 2015).
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Figure 1. 3D response surface plots of optimization (a: Effect of NaOH concentration and temperature on
cellulose yield, b: Effect of NaOH concentration and time on cellulose yield, c: Effect of time and
temperature on cellulose yield.)
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Figure 2. 3D response surface plots of optimization (a: Effect of NaOH concentration and temperature on
whiteness index, b: Effect of NaOH concentration and time on whiteness index, c: Effect of time and
temperature on whiteness index)

The effects of alkali process parameters on the cellulose yield and whiteness index of the wastes were determined
by one-way analysis of variance (ANOVA). In the next step, the point where the alkali process parameters give the
optimum cellulose yield and whiteness index values was found using the RSM-CCD in the Design Expert program.
According to the RSM-CCD results, a NaOH concentration of 7.06%, a temperature of 44.83 °C, and a time of 114.21
min were found as optimum points. Cellulose yield and whiteness index values at the optimum points were predicted
by the program as 22.76 and 62.76%, respectively. When the experiments were performed at the optimum points,
cellulose with 22.90+2.48% yield and 60.32+0.07% whiteness index was handled from BCW which fits with the
theoretical results properly.

3.4. Nanocellulose Preparation From Black Carrot Juice Waste Cellulose

Nanocellulose was obtained from BCW-C by acid hydrolysis (Figure 3). For this purpose, 25% H,SO4 solution
was used, and the process was applied at 40 °C for 40 min. When the previous studies on the production of
nanocellulose were examined, it was found that H.SO4 was generally used above 60% concentration for acid hydrolysis
(Frone et al., 2017; Collazo-Bigliardi et al., 2018; Smyth et al., 2017). However, in the present study, it has been
observed that the obtained nanocellulose burns, and its color turns black when the H,SO4 exceeds 25% due to the
increase in acid concentration and temperature. Similar results were reported by Vanderfleet et al. (2019) and Yu et al.
(2021). As a result of acid hydrolysis, nanocellulose with 15.76+0.13% yield and 58.77+0.26% whiteness index was
found for BCW-C. It has been found that the whiteness index value of the nanocellulose obtained from BCW-C is
lower than the cellulose. This is due to the conversion of some of the hydroxyl groups into sulfate groups in the
crystalline region of cellulose depending on the acid hydrolysis conditions (Borjesson and Westman, 2015).
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Figure 3. a: BCW, b: BCW-C, c: Nanocellulose from BCW-C

3.5. Fourier Transform-Infrared (FTIR) Analysis

The FTIR spectrum of the BCW, BCW-C, nanocellulose, and their typical functional groups are shown in Table 4
and Figure 4. BCW, BCW-C, and nanocellulose peaks were observed in the O-H stretching band, which is an indicator
of hydrophilic tendency (Chirayil et al., 2014). It has been reported that the band gap of 1720 to 1750 cm™ in the FTIR
spectrum corresponds to the C=0 stretching vibrations of the xylene, carbonyl, and acetyl groups in hemicellulose and
lignin, thus the peaks formed at this point prove the presence of hemicellulose and lignin (Qazanfarzadeh and Kadivar,
2016). The peak which is clearly observed in the spectrum of BCW at 1731 cm™, but disappears in the cellulose and
nanocellulose spectrum, shows that the chemical processes applied to the BCW effectively remove the hemicellulose
and lignin in its structure (Qazanfarzadeh and Kadivar, 2016). Furthermore, there is a prominent peak in the BCW
spectrum at the 1237 cm® band, indicative of the presence of lignin (Smyth et al., 2017; Szymanska-Chargot et al.,
2018; Borges de Oliveira et al., 2016). The disappearance of this peak in BCW-C and nanocellulose spectra indicates
that lignin is removed from their structure. Effective processes for removing hemicellulose and lignin from black carrot
waste include alkali treatment, acid hydrolysis, steam explosion, enzymatic hydrolysis, microbial pretreatment, and
solvent pretreatment, often employed individually or in combination to optimize lignin and hemicellulose removal
while preserving cellulose (Tian et al., 2017). When the FTIR results obtained in this study are evaluated, it can be
concluded that the applied alkaline and bleaching process is effective in removing hemicellulose and lignin in the
structure of BCW.

Table 4. Spesific band in FTIR spectrum

Wave numbers

Absorption band Emd BCW BCW-C Nanocellulose
O-H stretching intramolecular hydrogen 3250-3400 3360 3360 3360
bond
C-H stretching ~2900 2917 2917 2917
C=0 stretching vibration of the carbonyl and 1720-1750 1731 - -
acetyl groups
O-H bending of water ~1600 1624 - -
C-O-C streching ~1230 1237 - -
C-O stretching vibration band in the ~1000 1031 1031 1031
structure of cellulose
Glycosidic C-H stretch vibration band of 850-900 897 897 897
cellulose

3.6. Atomic Force Microscopy (AFM) Analysis

2D and 3D images of the nanocellulose obtained from BCW-C are given in Figure 5. It can be seen that the obtained
nanocellulose is interlocked like a network structure. In addition, the average values of the nanocellulose were
calculated as 281+18.50 nm in length with a diameter of 61+2.89 nm. It has been determined that the mean diameter
of nanocellulose obtained from BCW is in the range of diameter given for the nanocellulose samples obtained by acid
hydrolysis in the literature. In previous studies, it was determined that the diameter values of 30 to 70 nm for
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nanocellulose obtained from corn cob and 50 nm for nanocellulose obtained from rice husk are close to the diameter
values of nanocelluloses obtained in the present study (Ditzel et al., 2017; Islam et al., 2018).
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Figure 4. FTIR spectrum of BCW, BCW-C, and nanocellulose.

Figure 5. 2D and 3D images of nanocellulose from BCW-C

4. Conclusions

It is known that the production of black carrot juice and concentrate as a natural colorant is quite high, therefore
waste assessment is very important in economic and environmental approaches. The waste is a very valuable source
for nanocellulose production due to the high cellulose (20.67%) content. Cellulose with a yield of 22.90+2.48% and a
whiteness index of 60.32+0.07% was gained at the optimum alkaline extraction conditions which were 44.83 °C /
114.21 min with 7.06% NaOH solution. Nanocellulose with 15.76+0.16% yield and 58.77+0.26 whiteness index was
obtained from cellulose. Chemical treatments were found effective in the removal of lignin and hemicellulose and did
not affect the structure of cellulose negatively. The nanocellulose gained from cellulose had an average diameter of 61
nm and a length of 281 nm.
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