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ABSTRACT
This study planned to investigate the characteristics of the diet and its

contribution to the carbon footprint-the greenhouse gas (GHG)
emissions. Data were collected through face-to-face interview methods

Nutrition and Dietetics

Research Article

via a questionnaire including socio-demographic information, Article History
anthropometric measurements, the Three-Factor Eating Questionarre- Received 119.12.2023
21, and 24-hour recall food consumption record. This cross-sectional Accepted 117.04.2024
study was conducted with 619 adults (M = 266 (43.0%), F = 353 (%57.0))

aged 18-64 years. The carbon footprint value of the overall diet was 3.84 Keywords

+ 0.1 kg COz2-eq per person per day and 2.10 + 1.2 kg CO2-eq per 1,000
kcal per day. Meat and dairy groups are the major contributors to
carbon footprint (34.8%, and 18.9%, respectively). Uncontrolled eating

Carbon footprint
Eating behaviour
Sustainable nutrition

scores were higher in the highest quantile (Q5) group for the carbon
footprint (CO2-eq kg?) group (p = 0.048), and according to the multiple
regression model, uncontrolled eating scores significantly affecting the
increase of carbon footprint (8 = 0.122, p = 0.006). While high carbon
footprint groups have higher dietary protein intake (43.30+0.8 g per
day, 29.0£0.7 g per day, respectively, p = 0.048), low carbon footprint
groups have higher carbohydrate intake (103.75+3.7 g per day,
85.86+3.4 g per day, respectively, p <0.001). The results of this study
provide important knowledge on the contribution of diet patterns and
eating behaviour to the carbon footprint and draw attention to the
importance of developing sustainable nutrition recommendations in
parallel with healthy nutrition recommendations.

Yetigkin Bireylerde Diyet Karbon Ayak Izinin Siirdiiriilebilir Bir Diyet Belirteci Olarak
Degerlendirilmesi: Kesitsel Bir Caligma

OZET

Bu calismada, diyetin karbon ayak izi-sera gazi emisyonuna katkisini

Beslenme ve Diyetetik

degerlendirmek amacland. A]t.'.alg,tlrmanln verileri, sosyo-demografik Aragtirma Makalesi
bilgiler, antropometrik 6lgtimler, U¢ Faktorli Yeme Anketi-21 ve 24 saatlik

geriye doniik besin tiiketim kaydini igeren bir anket araciligiyla toplandi. Makale Tarihgesi

Bu kesitsel ¢aligma, 18-64 yas araligindaki 619 yetiskin (E = 266 (%43.0), Gelig Tarihi  :19.12.2023

K=353 (%57.0)) ile gerceklestirilmistir. Toplam diyet karbon ayak izi degeri
kisi bagina gunluk 3.84+0.1 kg COz-eq ve 1.000 kcal bagsina 2.10+1.2 kg
COz2-eq olarak belirlenmigtir. Et ve stit Grtnleri gruplarinin karbon ayak
izine en biyiik katkiy1 sagladigi belirlenmistir (sirasiyla %34.8 ve %18.9).
Kontrolsiiz Yeme puanlari, karbon ayak izi (COz-eq kg!) en yiiksek kantil
(Q5) grubunda daha yiiksek bulunmustur (p = 0.048). Coklu regresyon
modeline gore Kontrolsiiz Yeme puanlar1 artan karbon ayak izi ile iligkili
bulunmustur (B8 = 0.122, p = 0.006). Yiiksek karbon ayak izi grubunda
diyetle protein alimi daha yiiksek (sirasiyla 43.30+0.8 g giin!, 29.0+0.7
g/giin, p=0.048) iken diisiik karbon ayak izi grubunda karbonhidrat alimi
daha yiiksektir (103.75+3.7 g giin!, 85.86+3.4 g giinl, p<0.001). Bu
¢alismanin sonuglari, diyet modelinin ve yeme davranisinin karbon ayak
izine katkis1 konusunda o6nemli veriler sunmakta ve ayrica saglkl
beslenme oOnerilerine paralel olarak stirdiriilebilir beslenme o6nerilerinin
gelistirilmesinin 6nemine dikkat ¢gekmektedir.

Kabul Tarihi :17.04.2024

Anahtar Kelimeler
Karbon ayak izi

Yeme davranisi
Stirdiirilebilir beslenme



KSU Tarim ve Doga Derg 27 (5), 1005-1014, 2024
KSU J. Agric Nat 27 (5), 1005-1014, 2024

Aragtirma Makalesi
Research Article

At1f Icin  Bozkurt, O., Macit-Celebi, M.S. & Kocaadam-Bozkurt, B. (2024). Yetiskin Bireylerde Diyet Karbon Ayak Izinin
Surduruleblhr Bir Diyet Belirteci Olarak Degerlendirilmesi: Kesitsel Bir Calisma. KSU Tarim ve Doga Derg 27
(5). 1005-1014. DOI: 10.18016/ksutarimdoga.vi.1407160.

To Cite:

Bozkurt, O., Macit-Celebi, M.S. & Kocaadam-Bozkurt, B. (2024). Evaluation of the dietary carbon footprint as a

sustainable diet marker in adults: A cross-sectional study. KSU J. Agric Nat 27 (5). 1005-1014. DOI:

10.18016/ksutarimdoga.vi.1407160.

INTRODUCTION

Dramatic changes in the world's climate have
attracted attention in recent years. The activities of
humans and those mediated by humans are the most
significant factors in these changes, including the
food production process (Huseinovic et al., 2017). Food
production and human food systems substantially
contribute to global environmental footprints (Heller
et al., 2018; Laine et al., 2021). In the past 50 years,
agriculture, forestry, and fishing production processes
have significantly increased their carbon footprint -
the greenhouse gas (GHG) emissions (Aydin Eryilmaz
& Kilig, 2018; Huseinovic et al., 2017; Smith P. et al.,
2014). Nearly, 19-29% of GHG emissions produced
worldwide at every stage of the food life cycle are
related to food production (Hjorth et al.,, 2020;
Huseinovic et al., 2017). On the other hand, food
production systems need to meet the increasing food
demands of a growing population. Regulation of this
scenario should take into account the Sustainable
Development Goals (SDGs) (Binns et al., 2021).

Meat and dairy products are two food groups that
produce high GHG and have a high dietary carbon
footprint (Binns et al., 2021). Plant-based foods such
as cereals, pulses, fruit, and vegetables are less likely
to cause GHG emissions than meat, fish, and dairy
products (Huseinovic et al., 2017). This means that
consumers' food choices significantly impact the diet's
effect on climate and public health interventions
provide an opportunity to reduce global GHG
emissions (Binns et al., 2021). It is crucial to
appreciate the environmental impact to create
sustainable public health policies and improve global
health (Laine et al., 2021). The most basic dietary
approach within the scope of sustainability is to
increase plant sources by reducing animal sources.
However, although sugar and starchy foods have low
carbon emissions, it 1s known that their nutritional
values are low. For this reason, sustainable nutrition
recommendations should be in line with dietary
recommendation guidelines.

Eating behaviour can affect individuals' food choices
and dietary patterns (Telleria-Aramburu &Arroyo-
Izaga, 2022). Individuals' food choices and eating
habits also significantly affect their carbon footprint
(Gonzalez-Garcia et al., 2018; Kause et al., 2019).
Evaluating the contribution of individuals' nutritional
behaviour, dietary patterns, and food choices to the
carbon footprint may be necessary for supporting and
developing strategies to reduce the carbon footprint.

To achieve the global 2 °C climate objective, emissions
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from agriculture, food production, and consumption
must be decreased, especially in wealthier economies
(Hjorth et al., 2020). In this instance, it is necessary
to take quick action at the national and global levels.
Plans and policies that will be developed to address
this issue must take into account people's dietary
preferences and nutritional practices. However,
research focuses on nutrition and health, ignoring
environmental health. With this background, this
study aimed to evaluate the dietary carbon footprint
of Turk adults living in the east region (Erzurum
city); the relationship between eating behaviour, and
develop population-based recommendations.

MATERIAL and METHODS
Participants

This cross-sectional study was conducted with adults
aged between 18 and 64 years in Erzurum/Turkiye.
At an 80% power probability and a 5% type 1 error
level in the Power analysis, the sample size goal for
the correlation analysis is at least 416 individuals.
The inclusion criteria met the age criteria and did not
follow a special diet or eating model. Exclusion
criteria were the inability or reluctance to complete
the surveys, not meeting the age criteria, being
pregnant or breastfeeding, and following a special
diet or eating model. The potential volunteers were
either contacted by researchers in person or invited to
Erzurum Technical University Department of
Nutrition and Dietetics via email. At the end of the
study, 619 participants had been enrolled. Ethical
permission was obtained from the Erzurum Technical
University Ethics Committee (Meeting Number: 11,
Decision Number: 02, 2023). The research was carried
out in line with the Helsinki Declaration. Participants
were informed about the study and asked to volunteer
after receiving their declarations.

Tools

In this study, data were collected through face-to-face
interview methods through a questionnaire including
socio-demographic information, the Three-Factor
Eating Questionarre-21 (TFEQ-21), and a 24-hour
recall food consumption record form.

Three-Factor Eating Questionnaire

The Three-Factor Eating Questionnaire-21 (TFEQ-21)
is one of the scales that gives a prediction about the
eating behaviour of individuals and provides data on
the nutritional patterns of individuals (Kirac et al.
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2015, Koksal et al. 2021, Kruger et al. 2016). The
TFEQ-21 is one of the widest-used instruments for
assessing eating behaviour (Engstrom et al., 2015).
The TFEQ-21 measures eating behaviours with a
score between 0-100. A high score on any of the sub-
factors of the scale indicates that the eating
behaviour related to that factor is high. TFEQ-21
evaluates eating behaviour with three sup-groups:
cognitive restraint, uncontrolled eating questionnaire
and emotional eating (Engstrom et al., 2015).
Reliability and validity of the Turkish version of the
scale were conducted by Karakus, Yildirnm and
Biiyiikéztiirk (2016), and it was described as a
reliable tool for the Turkish population (Karakus et
al., 2016). Although the questionnaire was developed
for obese individuals, it was reported that it would be
appropriate to use it in the whole population (Kirac et
al., 2015).

Anthropometric measurements

The researchers measured the participant’s height
and weight according to the techniques explained by
Lohman et al. (1988). Body Mass Index (BMI) was
calculated by dividing weight (in kilograms) by height
(in meters) squared. For the BMI -classification
individuals with a BMI below 1850 kg/m2 are
underweight, between 18.50-24.99 kg/m2? normal
weight, 25.00-29.99 kg/m? overweight, and 30 kg/m?2
and above were classified as obese according to the
World Health Organization (WHO, 2000).

Calculation of carbon footprint

The carbon footprint was calculated from 24-hour food
consumption with the Nutrition Information System
program  (BeBis). This program calculates
macronutrients and micronutrients and also reports
food groups. From the results of the food group
analysis of the program, foods were divided into 10
main groups and 39 subgroups. The carbon footprint
(COs-eq kg')) of different foods was specified in the
unit of carbon dioxide-equivalent and each subgroup
was given a carbon footprint (CO2-eq kg'l) based on
results from life cycle analyzes. For the COz2-eq kg
values of the food groups, DataFIELD version 1.0 was
used (DataField). The DataFIELD was constructed
through a comprehensive literature search of Life
Cycle Assessment studies from 2005 to 2016, and
from GHG emission values (COz-equivalent per kg of
commodity [COs-equivalent]), most to the farm gate
for entities to the processor gate for processed
ingredients such as flour and oil (Willits-Smith et al.,
2020). Life cycle analysis is an ISO-standard
approach for evaluating a product's environmental
impact from "cradle to grave," which encompasses all
environmental effects. Life cycle assessment data
obtained from relevant articles were used for food
subgroups not included in the DataFIELD database
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(Hjorth et al., 2020, Huseinovic et al., 2017). Finally,
some foods (beer, offal meats etc.) were excluded due
to their low amount of consumption or not belonging
to the major food groups. Carbon footprint is
presented by quantiles (Q1 = 0.320-1.092, Q2 = 1.093-
1.567, Q3 = 1.568-2.142, Q4 = 2.142-2.910, and Q5 =
2.192-7.160). Macronutrient and micronutrient intake
obtained from the Nutrition Information System
program and TFEQ-scores were analyzed according to
the carbon footprint quantiles with the ANOVA test.
According to the quantiles for carbon footprint, the Q1
group was accepted as the low carbon footprint group,
and the Q5 group as the high carbon footprint group.
The carbon footprint (COz-eq kg?) of diets was both
calculated for the overall diet and also calculated
after adjustment for 1000 kcal. The subgroups were
ranked based on their respective contribution to GHG
emissions associated with total diet (Supplementary
Table 1). The current carbon footprint (COz-eq kg)
was for foods as they were bought at the shop and did
not account for customer transportation from a retail
location to their homes, preparation at home, disposal
at home, or trash. According to estimates of
consumer-specific GHG emissions, home preparation,
storage, and removal may account for 2.7% of all
GHG emissions and 16% of all food-related emissions
(Drewnowski et al., 2015).

Data analyzes

Statistical analyses were conducted with the SPSS
21.0 program. The purpose of the normality test was
to ascertain whether the assumptions of the
parametric test were fulfilled. Independent sample t-
test and One-Way ANOVA were used in independent
groups for comparison. Chi-square analysis was used
to compare qualitative data. Descriptive variables are
given as mean + standard error (x + SE), and nominal
variables as frequency and percentage. Relationships
between TFEQ-scores and carbon footprint values
were presented by correlation test and multiple
regression models. The variables BMI, gender, energy
(kcal), and age (years) were used as adjustment
variables in the multivariate analysis. p < 0.05 was
considered significant for the differences.

RESULTS and DISCUSSION

This cross-sectional study was conducted with adults
(M = 266 (43%), F = 353 (57.0%)) aged from 18 to 64
years. Study participant characteristics are presented
by the study group in Table 1. The majority of
respondents were not working (68.8%), graduate
(56.5%), and single (59.6%). A greater proportion of
participants (49.6%) have normal BMI (kg/m?) values.
There is no statistical significance for age (years),
body weight (kg), and BMI (kg/m2) between low and
high carbon footprint (CO:-eq kg1) groups (p>0.05)
(data not shown in the table).
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Dietary carbon footprint (COz-eq kg'!) among Turkish fold that of low carbon footprint (COz-eq kg!) diet
adults was 3.84 £ 0.1 kg CO2-eq per person per day respondents (Q1) (7.47 £ 0.55 vs. 1.63 £ 0.08 COz-eq)
and 2.10 = 1.2 COz-eq kg per 1000 kcal (data not for total dietary intake and five-fold for dietary intake
shown in the table). High carbon footprint (COz-eq kg adjusted for 1000 kcal (4.0 = 0.09 vs. 0.83 = 0.01 COg-
1) diet respondents (Q5) had a carbon footprint seven- eq per 1000 kcal).

Table 1. Demohgraphic characteristics and BMI classification of participants
Cizelge 1. Katilimcilarin demogratik ozellikleri ve BKI siniflamasi

N (%) Carbon footprint (CO2-eq kg)) P-value
Working status
Yes 193 (31.2%) 2.21+1.2 0.128
No 426 (68.8%) 2.05+1.1
Educational status
Literate 5 (0.8%) 2.44+1.1 0.195
Primary school 59 (9.5%) 2.18+1.1
Middle School 45 (7.3%) 1.83+0.7
High school 138 (22. 3%) 2.12+1.1
University 350 (56.5%) 2.06£1.2
Higher education 22 (3.6%) 2.83+1.8
Marital status
Married 250 (40.4%) 2.09+1.2 0.922
Single 369 (59.6%) 2.10+1.2
BMI classification
Underweight 45 (7.3%) 1.93+1.02 0.339
Normal 307 (49.6%) 2.11+1.22
Overweight 192 (31.0%) 2.06+1.24
Obese 75 (12.1%) 2.24+1.14

BMI: Body Mass Index, Data are given as mean, standard error, number (N) and percent (%). Independent sample t-test, One
way ANOVA (Buras1 daha ciklayici olmali, eksik yazilmis)

Three-Factor Eating Questionnaire scores, age, body quantiles, and uncontrolled eating scores were higher
weight (kg), and BMI (kg/m?) are presented according Q5 group than Q1 and Q2 groups. The difference was
to carbon footprint (COz-eq kg!) quantile in Table 2. statistically significant (p=0.048).

Accordingly, uncontrolled eating differed between

Table 2. TFEQ scores, age (years) and BMI (kg/m?) according to carbon footprint quantile
Cizelge 2. Karbon ayak izi kantiline gore TFEQ skorlari, yas (vil) ve BKI (kg/m?)

Q1 (n=123) Q2 (n=124) Q3 (n=124) Q4 (n=124) Q5 (n=124)

Mean+SE Mean+SE Mean+SE Mean+SE Mean+SE P-value
Cognitive 14.79+1.9 14.44+2.1 14.27+2.1 14.50+2.1 14.32+2.4 0.411
restriction
Emotional 18.28+5.3 18.52+5.1 18.71+5.3 18.37+4.9 19.09+4.6 0.841
eating
Uncontrolled 20.06+3.92 20.08+3.42 20.76+3.82b 20.51+3.34b 21.41+3.7b 0.048
eating
Age (years) 29.0+11.6 30.48+12.5 30.44+12.2 31.45+12.6 30.15+12.3 0.880
BMI (kg/m?2) 24.85+4.6 24.67+4.63 24.24+4.5 24.77+4.4 24.38+4.8 0.487

Data are given as mean, standard error, number (N), and percent (%). p<0.05
a,b.c: There is difference between groups that share the different letter. One way ANOVA, SE: Standart error

Table 3 provides the multiple regression model for uncontrolled eating scores were examined to
carbon footprint prediction (COs-eq kgl). In the considerably influence the increase of carbon footprint
results of the statistical analysis, cognitive restriction (3=0.122, p=0.006).

and emotional eating scores had no significant effect Figure 1 represents the distribution of the
on the development of carbon footprint (p = 0.120, p = contribution of food groups to the carbon footprint.
0.832). However, across TFEQ subgroups, the Meat and dairy groups are the major contributors to
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carbon footprint (34.8%, and 18.9%, respectively). The
distribution of the food groups between low and high

carbon footprint (COz2-eq kgl) groups is demostrated

in Figure 2. Meat (p < 0.001), dairy (p<0.001),

vegetable, drink and beverages (p < 0.001)
consumption is higher in high carbon footprint (CO2-
eq kg'l) groups.

Table 3. Multiple regression model for the prediction of carbon footprint (COs-eq kg1, adjusted for 1000 kkal)
Cizelge 3. Karbon ayak izi tahmini i¢in ¢oklu regresyon modeli (COz-esd kg, 1000 kkal'a gére ayarlanmistir)

Model Unstandardized Standardized t p-value R? Adjusted F-
Coefficients Coefficients R? value
B SE Beta
(Constant) 1.637 .569 2.874 .004 .022 .011 1.997
Cognitive restriction -.035 .023 -.063 -1.555 .120
Emotional eating .002 011 .009 212 .832
Uncontrolled eating .040 .014 122 2.763 .006

a. Dependent Variable: Carbon footprint eq/kg/1000 kkal

b. Predictors: (Constant), Cognitive restriction, Emotional eating, Uncontrolled eating, Adjusted for: BMI, Gender, Energy

(keal), Age (years)
SE: standard error
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Figure 1. The distribution of the contribution of food groups to the carbon footprint
Sekil 1. Besin gruplarinin karbon ayak izine katkisinin dagilimi

Table 4 displays participants' macro and
micronutrient intake according to carbon footprint
(COs-eq kg'l) quantiles. Dietary intake of protein (g),
carbohydrate (g), potassium (mg), calcium (mg), zinc
(mg), and iron (mg) are statistically significantly
different between quantiles according to carbon
footprint (CO2-eq kg?) groups (p < 0.001). While the
high carbon footprint group has higher dietary
protein intake (43.30 = 0.8 g per day, 29.0 = 0.7 g per
day, respectively, p < 0.001), the low carbon footprint
group has higher carbohydrate intake (103.75 + 3.7 g
per day) than Q4 and Q5 groups (p = 0.001). The
carbon footprint (COsz-eq kg!) of individuals
consuming a higher protein diet (protein intake
>20%) is statistically significantly higher (2.82 + 0.2,
2.01 £ 0.04, p = 0.048 respectively, data not shown in
the table).

The main purpose of this study is to evaluate the
carbon footprint of the diets in a Turkish population.
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Hence, this study provides important data on the
carbon footprint (3.84 + 0.1 COqz-eq kg!) of diets in
adults living in the east region (Erzurum city) of
Turkiye. The carbon footprint can vary according to
the countries’ nutritional culture, traditional habits,
and socioeconomic status. According to in a study
evaluated results from Turkey Nutrition and Health
Survey 2017, the COz2-eq value was found to be 3.21 +
2.07 kg COgz-eq/person/day (Ilhan et al., 2023).
Canadian self-selected diets’ carbon footprint was
3.98 + 0.06 COz-eq kg, the Netherlands diets’ was
3.9 kg CO2-eq kg! (Temme et al., 2015), which were
similar to this study’s results, the US diet’ was 4.72
CO2zeq kg! (Heller et al., 2018, Rose et al., 2019), and
France diets was 4.092 CO2-eq kg! (Drewnowski et
al., 2015). After calorie consumption was adjusted for
1000 kcal, the Canadian and US estimations were
similar (2.15 vs. 2.21 COz2-eq/1000 kcal, respectively)
(Rose et al., 2019).
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Figure 2. The distribution of the food groups between low and high carbon footprint groups (CO:z-eq kg?)
Sekil 2. Besin gruplarinin diisiik ve yiiksek karbon ayak izi gruplari arasindaki dagilimi (COz-esd kg)

Table 4. Macro and micronutrient intake of participants according to carbon footprint quantiles (COz-eq kg1)
Cizelge 4. Katilimcilarin karbon ayak izi kantillerine gore makro ve mikro besin alimlari (COs-esd kg)

Q1 (n=123) Q2 (n=124) Q3 (n=124) Q4 (n=124) Q5 (n=124) p-
valua
Mean+SE Mean+tSE Mean+SE Mean+SE MeantSE
Protein (g) 29.0+0.72 33.86+0.82 37.34+1.1ab 39.52+1.1ab 43.30+0.8b <0.001
Protein (%) 15.07+0.4 14.73+0.3 15.25+0.4 14.99+0.4 15.16+0.4 0.110
CHO (g) 103.75+3.72bc  105.5+4.0b 97.56+3.9abed  96.63+3.7d 85.86+3.4¢ 0.001
CHO (%) 38.82+0.9 39.56+1.0 38.45+0.9 38.31+1.0 38.52+1.0 0.111
Fat 41.35+1.3 38.47+1.3 38.57+1.2 38.97+1.1 41.94+1.2 0.186
Fat % 46.09+1.0 45.65+1.0 46.31+1.0 46.66+1.1 46.31+1.1 0.603
Fiber (g) 9.12+0.4 10.32+0.5 10.20+0.4 9.42+0.4 9.01+0.4 0.110
Saturated fat (g)  12.21+0.6 12.41+0.6 11.65+0.6 12.62+0.6 13.05+0.7 0.429
Polyunsaturated  10.45+0.7 8.45+0.5 7.86+0.5 8.19+0.5 7.59+£0.5 0.216
Monounsaturated 13.18+0.7 12.71+0.6 11.78+0.7 12.52+0.6 13.04+0.7 0.767
Vitamin A (mcg)  434.41+117.26 479.80+86.1  668.89+122.1 402.54+32.1  387.2+34.4 0.064
Vitamin D (mcg)  3.05+0.4 2.55+0.5 2.92+0.4 2.39+0.6 2.36+0.3 0.556
Vitamin E (mg) 8.94+0.6 8.36+0.6 8.07+0.5 7.49+0.5 8.40+0.4 0.504
Sodium (mg) 912.55+816 989.56+44.3  1030.00+60.0 988.20+51.2  1031.46+55.2  0.068
Potassium(mg) 809.10+39.92  1024.94+44.8> 1091.92+56.2> 1170.69+46.7> 1071.83+43.2> <0.001
Calcium (mg) 210.74+9.12 269.85+11,.3> 303.23+5.3P 322.17+5.5b 268.07+6.2P <0.001
Zinc (mg) 3.13+0.12 3.79+0.1b 4.07+0.1b 4.71%0.1¢ 6.03+0.34 <0.001
Iron (mg) 4.71+0.12 5.42+0.2a 5.35+0.12 5.58+0.1b 6.29+0.1b <0.001

Data are given as mean, standard error, number (N), and percent (%). p<0.05, p<0.001
a,b.c.d, et There is a difference between groups that share different letters. One way ANOVA test, SE:Standart error

This study also presents a close carbon footprint
(CO2-eq kg?) (2.10 + 1.2) to the Canadian and US self-
selected diets after adjustment for 1000 kcal. Carbon
footprint (CO2-eq kgl) values were also reported
according to demographic and anthropometric
characteristics (Table 1). High carbon footprint (CO2-
eq kg!) diet respondents (Q5) had a carbon footprint
seven-fold that of low carbon footprint (CO2-eq kg1)
diet respondents (Q1) (7.47 + 0.55 vs. 1.63 = 0.08 COs-
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eq kg1 for total dietary intake and five-fold for
dietary intake adjusted for 1000 kcal (4.0 = 0.09 vs.
0.83 + 0.01 COs-eq per 1000 kcal). Similar to these
findings, high- GHG emissions diets in the US also
had an energy-adjusted carbon footprint 5-fold that of
low-GHG emission diets (Rose et al. 2019). In a study
comparing Mediterranean, Atkins (20/40/100),
Ornish, Zone diets, and Turkey Dietary Guidelines-
2015 recommendations’ according to the COz-eq
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levels. Ornish and Mediterranean diet models had
less harmful environmental impacts, contributing to
sustainable nutrition (Kemaloglu et al., 2023).

Individuals' food choices are among the crucial
determinants of the carbon footprint and their effects
on health (Gonzalez-Garcia et al., 2018; Kause et al.,
2019). In this article, as a second purpose, the effects
of eating behaviour on the carbon footprint were
evaluated by considering its possible impact on the
food choice. There are several studies in the literature
examining the association between eating behaviour
and food choice in different aspects (Cecchini &Warin
, 2016; Dressler &Smith, 2013; Scully et al., 2012;
Segura-Garcia et al., 2014; Vilaro et al., 2016).
Impaired eating behavior affects the food choice of
individuals and might cause adverse effects on
general health (Nagata et al., 2018). Although this
subject has been defined in detail and frequently
researched in the past years, there is no study
investigating the relationship between impaired
eating behavior, food choice and sustainability, hence,
it is a concept of recent years. In this study, eating
behavior was evaluated with the TFEQ-21 and
accordingly, individuals with high uncontrolled eating
behavior had a higher carbon footprint. Cornelis et al.
found that wuncontrolled eating was positively
correlated with energy intake in their study (Cornelis
et al.,, 2014). In another study, similar results were
also found and uncontrolled eating was positively
associated with energy-dense foods (de Lauzon et al.,
2004). We also found a positive correlation between
energy intake (kcal) and uncontrolled eating and also
for emotional eating. However, it would be more
beneficial to interpret this relationship through food
choices rather than simple energy intake. Impaired
eating behavior is generally associated with increased
intake of palatable foods (Robinson et al., 2014), and
these foods might have low and high Carbon footprint
(CO2-eq kg'!) values depending on the product type. It
is predicted that uncontrolled eating behavior may
lead to unhealthy food choices in the dietary pattern
in terms of sustainability. More comprehensive
analysis would be beneficial for the dietary patterns
of individuals for future research.

Heller et al. (2018) stated that the meat and dairy
group made the most significant Carbon footprint
(COz2-eq kg) contribution to diets (Heller et al., 2018).
Auclair and Borges (2021) found that the single top
contributor was beef (36%), followed by luncheon and
other meats (7%), poultry (6%), and milk (6%)
(Auclair &Burgos, 2021). Similar to other studies, in
this analysis places the meat group top (34.8%), and
the dairy group (18.9%) comes in second place as the
top carbon footprint (COsz-eq kg?!) contributors.
Considering the carbon footprint (COz-eq kg?) values
of the meat and dairy group, it is an expected result
consistent with the literature due to the high COz2-eq
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kgl values of these food groups. Beef, in particular,
contributes significantly to global greenhouse gas
emissions, and generally speaking, animal goods emit
greater emissions than plant items (Willits-Smith et
al., 2020). Food groups were additionally split into 39
subgroups to increase and improve understanding of
diet-associated GHG emissions from both plant- and
animal-based diets. The subgroups were ranked
based on their respective contribution to GHG
emissions associated with total diet (Supplementary
Table 1).

In this study, individuals consuming a high-protein
diet had a higher dietary carbon footprint (CO2-eq kg’
1). It is recommended that dietary protein intake be
between 15-20% or 10-20% in healthy individuals
(Cuenca-Sanchez et al., 2015; TUBER, 2022). In the
present study, protein intake above the amount of
20% was associated with a higher carbon footprint
(COz-eq kg). Apart from diet-specific and disease-
specific conditions, high protein intake might increase
urinary calcium excretion, triggering the development
of osteoporosis, and may cause liver and kidney
problems (Cuenca-Sanchez et al.,, 2015, TUBER
2022). In this study, the fact that it has a high carbon
footprint (CO2-eq kg)) and health risks shows that it
also poses a risk in terms of sustainability.
Micronutrient deficiencies, particularly iron, zinc, and
vitamins, are of great importance (Binns et al., 2021).
On the left side of the curve, insufficient food intake
leads to undernutrition, which carries a significant
risk of illness and death. On the other end of the
scale, obesity and its associated conditions pose a
significant threat to the health of the two billion
adults who are overweight or obese worldwide (Binns
et al., 2021). K, Ca, Zn and Fe consumption were
lowest in the lowest quantile according to carbon
footprint (CO2-eq kg!). Recommendations must be
compatible with both human and planetary health.
The definition of a sustainable diet is one that
"protects and respects biodiversity and ecosystems, is
culturally acceptable, accessible, economically

equitable, and inexpensive; is nutritionally adequate,
safe, and healthy; and maximizes natural and human
resources." (Binns et al., 2021, Rose et al., 2019).
Ending hunger, eliminating food insecurity,
enhancing nutrition, and promoting sustainable
agriculture are other Sustainable Developmet Goals
that strongly emphasize on nutrition; nonetheless,
the majority of Sustainable Development Goals have
some impact on food production and nutrition (Binns
et al.,, 2021). The majority of food-based dietary
recommendations are built on the following tenets:
they should address important issues in both acute
and chronic public health, be based on food to make
them more easily translated into practical dietary
recommendations, provide the necessary nutrients,
support healthy growth and body weight, and
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promote overall health. Accordingly, there are
opinions that dietary guidelines should emphasize
Sustainable Development Goals and GHG emissions
(Binns et al., 2021). Auclair and Borges, (2021) stated
that the significant variation in GHG emissions
associated with diet among Canadians shows the
possibility for dietary advice to reduce the country's
overall carbon footprint, a soft policy lever that some
nations have already incorporated into their food
guides (Auclair &Burgos 2021). Turkiye Dietary
Guidelines (2022) was published in 2022 and has
included sustainable nutrition, and also emphasized
the carbon footprint of foods (TUBER, 2022).
Accordingly, the Turkiye Dietary Guideline (2022)
encourages consumers to purchase more plant-based
foods and consume animal-based proteins in the
recommended amounts, besides advising the
consumption of dairy products with low fat. It is also
suggested decrease consumption of meat, animal
products, saturated fats, sugar, salt, and alcohol, and
increase consumption of fish, grains, nuts, fruits,
berries, and vegetables (FAQ, 2020).

Heller et al. (2018) drew a framework for the
evaluation of individual diets. They claimed that
individual-level data are necessary for extra
sophisticated modeling of regulations because they
permit for knowledge of the variety of effects inside a
population and for linking of individual-level features

(e.g., age, gender,
race-ethnicity, educational  level, nutritional
knowledge, environmental attitudes, etc.) to the

nutritional behaviors and environmental results
(Heller et al., 2018). Willits-Smith et al. (2020), also
highlighted the significance of individual-level diet
studies and reported that comprehension of the
consequences of climate policies, such as those that
incorporate sustainability information in national
dietary guidelines, can be improved by research that
considers consumer response variability (Willits-
Smith et al., 2020). There is no national study
evaluating the dietary carbon footprint at the
individual level in the Turkish population. This study
provides important data about Turkish adults' dietary
carbon footprint values.

CONCLUSION

In summary, this study provides important data for
the carbon footprint (COz-eq kg1) of Turkish adults
living in east region (Erzurum city). Overall carbon
footprint (CO2-eq kg?) of diets is lower than the US
and higher than the national diet in Turkey (results
from Turkey Nutrition and Health Survey, 2017).
Beef and dairy groups are the major contributors of
carbon footprint (COsz-eq kgl). This study’s results
show that individuals with high uncontrolled eating
behavior had a higher carbon footprint. Uncontrolled
eating behaviour can lead to food choices that are
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unhealthy from a sustainability perspective and have
a high carbon footprint. Considering the traditional
dietary habits in the region where the study was
conducted, we can say that the results may differ
regionally.

While reducing the diets’ carbon footprint is a very
important issue for planetary health, diets with low
carbon footprint must be compatible with human
health and meet daily recommendations. For this
reason, sustainable diets and the concept of
sustainable nutrition should be drawn very well and
both human and planetary health should be observed.
Studies need to evaluate both the carbon footprint
and diet quality of individual diets on this subject. It
is very important to raise awareness about healthy
and sustainable nutrition in people. For this reason,
sustainable and healthy nutrition education is
necessary for environmental health sustainability and
can increase the adaptation of individuals to healthy
and sustainable diets to reduce the carbon footprint.
It is important that governments/policy makers
should pay attention to sustainable nutrition and
environmental health.

Strenghts and limitations

This study provides important data for calculating
the carbon footprint of diets in Turkey. It also has
important data in terms of being the first study to
investigate sustainability and eating behavior. The
characteristics of this study reflect part of whole
population due to the cross-sectional design. The food
consumption record was taken with the 24-hour recall
method. It may not present the general habits of
individuals. Different regions may contribute to the
carbon footprint to varying rates due other traditional
dietary habits.
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ABSTRACT

Clerodendrum bungei (Lamiaceae) is a deciduous shrub that occurs both
within its native Asian range and beyond to temperate and tropical
regions around the world as a result of both unintentional and
intentional introductions for ornamental uses. Although it was listed as
an ornamental plant in parks and gardens of Tirkiye, this paper
presents a list of 55 records including 47 new records of C. bungei
outside parks and gardens of Black Sea Region. The new list includes 11
records from Artvin, 10 from Rize, 8 from Trabzon, 14 from Giresun, 3
from Ordu, and 1 from Samsun. The rapid increase in the number of
new localities outside gardens and parks of Tiirkiye in the last 10 years
shows that the species will become an invasive alien species in this
region shortly. So, it will outcompete native plant species and impact
habitat values, thus it is important to closely monitor the populations
outside parks and gardens in this region and should take the necessary
precautions for local farmers and administrations.
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Clerodendrum bunger: Tirkiye’de Park ve Bahgeler Diginda Cok Sayida Yeni Kaydi Tespit Edilen Bir

Siis Bitkisi
OZET

Clerodendrum bungei (Lamiaceae) siis amach kullamimlar icin hem
kasith hem de kasitsiz olarak, dogal yayilis alani olan Asya’da ve
diinyanin iliman ve tropikal bolgelerinde yayilis gésteren, yaprak doken
bir calidir. Turkiye'deki park ve bahcelerde sus bitkisi olarak
bildirilmesine ragmen, bu makalede C. bungernin Karadeniz
Bolgesi'nde park ve bahgeler disinda 47 adeti yeni olmak lizere, toplam
55 kaydinin bir listesi sunulmaktadir. Sunulan listede, Artvin'den 11,
Rize'den 10, Trabzon'dan 8, Giresun'dan 14, Ordu'dan 3 ve Samsun'dan
1 yeni kayit yer almaktadir. Tirkiye'de bahce ve parklar disinda yeni
popiilasyonlarin son 10 yilda hizla artmasi, tiriin yakin gelecekte bu
bolgede istilaci yabanci bir tiir haline gelecegini gostermektedir.
Dolayisiyla dogal bitki tiirlerine ustiinlik saglayacagi ve habitat
yapisini etkileyeceginden, bu bélgedeki park ve bahge disindaki
populasyonlarin yerel yonetici ve ciftciler tarafindan yakindan takip
edilmesi ve gerekli 6nlemlerin alinmasi 6nemlidir.
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Atif Igin:  Cogkungelebi, K., & Terzi, S (2024). Clerodendrum bunger: Turkiye’de park ve bahgeler disinda ¢ok sayida yeni
kaydi tespit edilen bir siis bitkisi. KSU Tarmm ve Doga Derg 27 (5), 1015-1020. DOIL: 10.18016/

ksutarimdoga.vi.1373789.

To Cite: Coskuncelebi, K., & Terzi, S (2024). Clerodendrum bungei: an ornamental plant with several new records
outside of parks and gardens in Tiirkiye. Article title. KSU J. Agric Nat 27 (5), 1015-1020. DOI: 10.18016/

ksutarimdoga.vi.1373789.

INTRODUCTION

The genus Clerodendrum L. (Lamiaceae) is comprised
of shrubs, woody vines and perennial herbs (Rueda,
1993). This genus was formerly called Verbenaceae,
but it is treated under the Lamiaceae following a
series of molecular-based studies (Olmstead et al.,

1993; Wagstaff et al., 1998). It is one of the largest
genera within the Lamiaceae (Labiatae) and native to
tropical, subtropical regions of both hemispheres and
well known for its showy and attractive ornamental

and frequently cultivated species (Wearn &
Mabberley, 2011).
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Clerodendrum 1is represented by C. bunger Steud.
(Kismetagac)) and C. trichotomum Thunb. (Hos
kismetagac1) as indoor and outdoor ornamental plants
in parks and gardens in Tirkiye (Aslan, 2014; Giiner
et al., 2012). Both species were first planted in parks
and gardens of Tirkiye as ornamental plants,
however, C. bunger has become naturalized on the
edges of roads at altitudes of 0—500 m a.s.l. in the
Black Sea Region of Tiirkiye (Aslan, 2014) and
present observation revealed that it has gained an
invasive feature in the cited region. It is well known
that such plant species mostly introduced by humans
deliberately or else through human activity or
unintentionally from one area to another have
negative effects on native flora in various ways
(Wilson & Hoch 2009; Gupta et al., 2021). In the last
few decades, it has been reported that many alien
species became invasive due to several human
activities in several ecosystems of Turkiye. In the
previous decades, several alien species have been
reported from Turkiye such as Sicyos angulatus L.
(Duman & Giiner, 1996; Terzioglu ve Angin, 1999),
Rhus chinensis Mill. (Terzioglu & Coskuncelebi,
2017), Impatiens glandulifera Royle (Coskuncelebi &
Terzioglu, 2022), Reynoutria japonica Houtt. (Karaer
et al, 2020) and Spiraea japonica (L.) Desv.
(Terzioglu & Coskuncelebi, 2022). One of these alien
species, Sicyos angulatus, has been reported to have
rapidly increased its population in the east of the
Black Sea Region in the last twenty years, causing
damage to both ecological and agricultural areas
(Terzioglu et al., 2014). Therefore, the populations of
such new naturalized alien species must be
monitored, and necessary precautions must be taken
to prevent them from spreading further outside parks
and gardens and becoming invasive (Emiroglu et al.,
2022).

In this paper, the new distribution records outside of
parks and gardens of C. bungei with high invasion
potential in the agricultural areas of the middle and
east of the Black Sea Region of Tiirkiye are presented
and discussed.

MATERIAL and METHODS

Clerodendrum  bunger was  identified  using
morphological characters provided by Aslan et al.
(2009). Field surveys were conducted in the Black Sea
Region during field studies on invasive alien species
of terrestrial areas and inland waters in Tirkiye
(TERIAS, 2020). The list of new distribution records
of the species is ordered alphabetically by the names
of the cities including the name of the administrative
area, the name of localities with GPS coordinates,
altitudes and the date of collection/observation.
However, only two selected voucher specimens were
deposited in both herbaria at Karadeniz Technical
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University, Faculty of Forestry (KATO: 19256!) and
Faculty of Science (KTUB: Coskuncelebi 1443!). The
physiographic division of Tiirkiye followed by Davis et
al., (1965) and Giiner et al. (2012).

RESULTS and DISCUSSION

Invasive alien species (introduced species) pose one of
the greatest threats to biodiversity and alter land use
natural disturbance patterns, and ecosystem
processes such as nutrient cycling (CBD, 2010). After
habitat destruction, they are also considered the
second most significant threat to biodiversity (Wilcove
et al., 1998). Thanks to their wide ecological
adaptability, they occupy the places of natural species
in the new habitats they enter, causing damage and
changes in the ecosystem that are very difficult to
restore. Humans spend billions of dollars yearly to
reduce the losses caused by invasive alien species
(McGeoch et al., 2010). The number of invasive plant
species in Turkiye has increased significantly in
recent decades (Coskuncelebi & Terzioglu, 2022).
Detecting the new records of invasive species in
agricultural and natural areas is one of the most
important steps to eliminate them. C. bungei is
reported as an ornamental plant species in parks and
gardens of the Middle and East Black Sea (Aslan,
2012). The fruits of this species are eaten by birds,
which also disperse the seeds (Moldenke, 1985). This
deciduous shrub grows rapidly up to 1.8 m in height
escapes from gardens and rapidly forms a spreading
colony in NE Anatolia (Figure 1).

According to Aslan et al. (2009) C. bungei is reported
from Trabzon (Yomra, Yesilyurt village, 500 m a.s.l.,
roadside), Samsun (Carsamba, Degirmenbasi, 10-15
m a.s.l; Salipazari, Karaman Village, 300 m a.s.l.)
and Artvin (Hopa, road to Artvin, roadside). However,
during the field study, an ongoing project on another
invasive alien species bur cucumber (Sicyos
angulatus), new localities for the species were
recorded or/and observed in 2020 by the present
authors. The list contains 46 new records of C.
bungei, including 11 records from Artvin, 10 from
Rize, 8 records from Trabzon, 14 records from
Giresun, 3 from Ordu and 1 from Samsun (Table 1,
Figure 2 These new localities show that C. bungei
continues to increase its distribution ranges and
population density rapidly in the east of the Black
Sea Region. The fact that this species has escaped
from gardens to natural environments in the last 10
years poses a danger to both the natural ecosystem
and the agricultural activities in the area. For this
reason, the species should be monitored by local
governments and farmers in the region and the
necessary measures should be implemented in the
future.
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Figure 1. a: Blooming flowers; b: Coordinate; c: Habit; d-k: Habitats (d-g: Along the road, h: Edge of tea plantation, i:
Garden, j: Cemetery, k: Woodland).
Sekil 1. a: A¢mis cicekler; b: Koordinat; ¢: Habitus, d-k- Habitatlar (d-g- Yol boyu, h: Cay bahgesi kenari, 1’ Bahge, j-

Mezarhk, k: Orman).

Table 1. Records of Clerodendrum bungei in Tiirkiye (NR: New records. Altitudes are given relative to sea level).
Cizelge 1. Clerodendrum bungeinin Tiirkiye'deki kayitlar1 (NR: Yeni kayitlar. Rakimlar deniz seviyesine gore

verilmistir).

-No | Square (Davis, 1974) and locality information Remarks

1 A8 Artvin, Arhavi, Asagi Hacilar, Camli, 04.08.2020, 19 m, 41.377071N, 41.361482E NR

2 A8 Artvin, Hopa, Sarp merkez, 04.08.2020, 29 m, 41.518456N, 41.548668E NR

3 A8 Artvin, Hopa, Kazimiye, 04.08.2020,182 m, 41.511163N, 41.563959E NR

4 A8 Artvin, Hopa, Kazimiye, 04.08.2020, 236 m, 41.507885N, 41.563913E NR

5 A8 Artvin, Hopa, Kazimiye, 04.08.2020,195 m, 41.511909N, 41.564036E NR

6 A8 Artvin, Hopa, Uckardes, 04.08.2020, 72 m, 41.493333N, 41.556667E NR

7 A8 Artvin, Hopa, Camurlu, 04.08.2020, 58 m, 41.491944N, 41.566564E NR

8 A8 Artvin, Borcka, Ciftekoprii, 07.08.2020, 585 m, 41.387642N, 41.550941E NR

9 A8 Artvin, Bor¢ka, Muratli, 05.08.2020, 82 m, 41.484032N, 41.711317E NR

10 A8 Artvin, Hopa, Cavuglu, 07.08.2020, 111 m, 41.388382N, 41.488793E NR

11 A8 Artvin, Hopa-Artvin Camburnu Tabiat1 Koruma Alani yolu giizergahi, yol Isik & Eminagaoglu
kenarlari, ¢calilik iginde, 275 m, 21.06.2013, S.ISIK 184 (2023)

12 A8 Artvin, Bor¢cka, Demirciler, 05.08.2020, 180 m, 41.368886N, 41.636204E NR

13 A8 Artvin, Borgka, Giiresen Koyt Kopriisii mevkii, yol kenari, 115 m, 08.04.2013, Isik & Eminagaoglu
S.ISIK 183 (2023)

14 A8 Artvin, Hopa, Hopa yolu, 01.10.2007, 10 m, 41.387786N, 41.413308E Aslan et al. (2009)

15 A8 Rize, Camlihemsin, Kavak, Dikkaya Koy, 18.08.2020, 342 m, 41.083614N, NR
41.026563E

16 A8 Rize, Kalkandere, Unalan, 19.08.2020, 526 m, 40.927206N, 40.498368E NR

17 A8 Rize, Ardesen, Isikli, 07.08.2020, 119 m, 41.200396N, 41.043162E NR

18 A8 Rize, Ardesen, Isikl1, 07.08.2020, 20 m, 41.208415N, 41.051140E NR
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19 A8 Rize, Ardesen, Seslikaya, 07.08.2020, 183 m, 41.153110N, 41.026307E NR
20 A8 Rize, Ardegen, Akdere, 07.08.2020, 310 m, 41.137009N, 41.037821E NR
21 A8 Rize, Cayeli, Beyazsu Kaéyii, 07.08.2020, 52 m, 41.053699N, 40.726394E NR
22 A8 Rize, Camlihemsgin, Behice, 18.08.2020, 274 m, 41.086474N, 41.037044E NR
23 A8 Rize, Camlihemsgin, Merkez, 18.08.2020, 305 m, 41.044534N, 41.006375E NR
24 A8 Rize, Iyidere,Hazar, 08.08.2020, 120 m, 40.993662N, 40.345320E NR
25 AT Trabzon, Macka, Cosandere, 25.08.2020, 534 m, 40.766201N, 39.602265E NR
26 A8 Trabzon, Of, Caltili, Hayrat Yolu, 08.08.2020, 57 m, 40.957489N, 40.307500E NR
27 A8 Trabzon, Of, Eskipazar, 08.08.2020, 16 m, 40.970471N, 40.310585E NR
28 AT Trabzon, Macka, Yazlik Koyii, 25.08.2020, 736 m, 40.776783N, 39.620006E NR
29 AT Trabzon, Ortahisar, Yesilbiik, 25.08.2020, 283 m, 40.921682N, 39.733588E NR
30 AT Trabzon, Ortahisar, Yesilbiik Koyt Yolu, 25.08.2020, 211 m, 40.923625N, NR
39.747968E
31 AT Trabzon, Ortahisar, Yesilbiik Koyii, 25.08.2020, 320 m, 40.918359N, 39.754393E NR
32 A8 Trabzon, Of, Yemigalan, 25.08.2020, 191 m, 40.908552N, 40.296835E NR
33 A8 Trabzon, Yomra, Yesilyurt Koy, 08.08.2006, 500 m, 40.922216N, 39.775177E, Aslan et al. (2009)
ibid., 25.06.2008, S. Aslan 2620
34 A7 Giresun, Eynesil, Oren, 11.08.2020, 211 m, 41.039997N, 39.149878E NR
35 A7 Giresun, Eynesil, Oren Kéyii Yolu, 11.08.2020, 272 m, 41.035324N, 39.148428E NR
36 A7 Giresun, Eynesil, Oren, 11.08.2020, 365 m, 41.019205N, 39.144336E NR
37 A7 Giresun, Eynesil, Ishakli,11.08.2020, 295 m, 41.036096N, 39.128312E NR
38 A7 Giresun, Eynesil, Koseli, 11.08.2020, 33 m, 41.053853N, 39.126895E NR
39 A7 Giresun, Eynesil, Koseli, 11.08.2020, 10 m, 41.055150N, 39.126790E NR
40 A7 Giresun, Gorele, Cavuslu, 11.08.2020, 5 m, 41.042009N, 39.072011E NR
41 A7 Giresun, Eynesil, Derebasi, 11.08.2020, 135 m, 41.057042N, 39.155998E NR
49 A7 Giresun, Gorele, Sayfiye, Manastir Yolu, Dayili, 11.08.2020, 115 m, 41.019493N, NR
39.003657E
43 A7 Giresun, Kesap, Camlica, 12.08.2020, 600 m, 40.776102N, 38.540724E NR
44 A7 Giresun, Yaghdere, Umiitbiikii, 12.08.2020, 301 m, 40.774490N, 38.670160E NR
45 A7 Giresun, Tirebolu, Diizkoy, 12.08.2020, 16 m, 40.964065N, 38.741698E NR
46 A7 Giresun, Tirebolu, Adabiik, Arageris, 12.08.2020, 110 m, 40.952470N, 38.761989E NR
47 A7 Giresun, Tirebolu, Demirci, Halkoval, 12.08.2020, 10 m, 41.009678N, 38.866160E NR
48 A6 Ordu, Persembe, Ordu, Efirli, 02.09.2020, 10 m, 41.023752N, 37.810678E NR
49 A6 Ordu, Persembe, Ramazan, 02.09.2020, 258 m, 41.105410N, 37.733179E NR
50 A6 Ordu, Fatsa, Ayazli, 02.09.2020, 9 m, 41.022501N, 37.479051E NR
51 A6 Samsun, Terme, Giindogdu, 23.08.2020, 15 m, 41.214771N, 36.935575E NR
59 A6 Samsun, Carsamba, Degirmenbas1 Mahallesi, 14.07.2005, 15 m, 41.189449N, Aslan et al. (2009)

36.719500E

53 A6 Samsun, Salipazari, Karaman Kéyi, 01.06.2007, 300 m, 41.052755N, 36.802066E

Aslan et al. (2009)

54 A6 Samsun, Salipazari, Merkez, 01.09.2008, 70 m, 41.079716N, 36.826125E

Aslan et al. (2009)

55

05' 56.3" D, MSZK 1096

A3 Duzce, Aydinpinar Selalesi, selalenin batisi, 154 m, 19.06.2014, 40° 44' 33.3" K, 31°

Seydioglu & Kaya
(2016)

Clerodendrum bunger distributes 0-500 m a.s.l. in
Tiirkiye (Aslan et al., 2009) however, we described its
highest distribution at 736 m a.s.l. in A7 Trabzon:
Magka-Yazlhik Koyiu. It is an early successional
colonizer via root runners of gardens, cemeteries, and
degraded lands along the roads. This is because it can
easily become invasive and displace native vegetation
if not properly controlled in the newly arrived areas of
the Black Sea Region. Additionally, C. bungei has the
potential to hybridize with C. trichotomum and share
the same habitats somewhere in Tirkiye, which can
lead to the formation of invasive hybrids. The
invasive effects of C. bunger can have a negative
impact on native ecosystems, including reduced
biodiversity and alterations in ecosystem processes.
Thus, it is important to monitor and control the

spread of this species in regions where it 1s considered
invasive in Turkiye.

C. bungei is one of the species of this genus that in
traditional medicine, in China, leaves and stems are
used for detoxification (Wu & Raven, 1994; Kasmaei
et al., 2022) and its rhizome has been reported to be
used in the treatment of livestock diseases (Shen et
al. 2010). Furthermore, work suggests that the
essential oil of C. bungei has promising potential to
develop into botanical repellents to control pest
damage in warehouses and grain stores (Lu et al.,
2021). For these purposes, collecting materials of this
species from its newly introduced ecosystems may
both support the Ilocal people financially and
contribute to controlling invasions in the Black Sea
Region.
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Figure 2. Distribution map of Clerodendrum bunger in Black Sea Region.
Sekil 2. Clerodendrum bungei’nin Karadeniz Bélgesi' ndeki yayilis haritasi.
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ABSTRACT

Mycoplasma agalactiae in sheeps and goats causes significant economic
losses worldwide. The disease can cause mastitis, arthritis, ophthalmitis
and less commonly abortion. This study aimed to reveal what kind of
changes the disease causes in routine biochemical parameters and PCT
and CRP levels in naturally infected goats. The material of the study
consisted of fifteen naturally infected with Mycoplasma agalactiae and
nine healthy (control group) female goats in a private commercial
enterprise. M. agalactiae was diagnosed by a growth inhibition test in
milk and blood serum. Serum biochemical analysis was performed by
autoanalyzer. In the statistical study conducted between the control and
infected groups, a significant decrease was found in albumin levels and
A/G ratio in the infected group, and a significant increase in globulin,
chlorine and potassium levels. No significance could be determined in
levels of ALT, AST, D.BIL, T.BIL, BUN, Creatinine, Urea, Glucose, Na,
P, CRP and PCT. As a result, it was revealed that PCT is not an
important biomarker in goats with Mycoplasma agalactiae.
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Biyokimyasal Parametrelerin

Degerlendirilmesi
OZET Biyokimya
Koyun ve kecilerde Mycoplasma agalactiae, dinya capinda o6nemli
ekonomik kayiplara neden olmaktadir. Hastalik, mastitis, artrit, Aragtirma Makalesi
oftalmitis ve daha az yaygin olarak abort yapabilir. Bu ¢alismanin
amaci, dogal olarak enfekte olan kegilerde hastaligin rutin biyokimyasal Makale Tarihgesi
parametreleri ile PCT ve CRP seviyelerinde meydana gelen Gelig Tarihi  :12.02.2024
degisiklikleri ortaya koymaktir. Calismanin materyalini, 6zel bir ticari Kabul Tarihi :03.04.2024
isletmede dogal olarak Mycoplasma agalactiae ile enfekte olmug 15 ile
9 adet saglikl (kontrol grubu) disi keci olusturmaktadir. M. agalactiae, Anahtar Kelimeler
siit ve kan serumunda Growth Inhibition Test ile teshis edildi. Serum Mycoplasma agalactiae
biyokimyasal analizi otomatik analizér ile yapildi. Kontrol ve enfekte Biyokimyasal
gruplar arasinda yapilan istatistiksel calismada, enfekte gruplarda PCT
albimin seviyelerinde ve A/G oraminda onemli bir azalma, globulin, CRP
klorin ve potasyum seviyelerinde ise 6nemli bir artis tespit edildi. ALT, Keai

AST, D.BIL, T.BIL, BUN, kreatinin, tire, glukoz, Na, P, CRP ve PCT
seviyelerinde anlamlihik belirlenemedi. Sonu¢ olarak, Mycoplasma
agalactiae enfeksiyonlu kegilerde PCT’'nin 6nemli bir biyobelirteg
olmadig ortaya konuldu.

Atif Sekli:  Arslan, S (2024). Mycoplasma agalactiae ile Dogal Infekte Sanen Kegilerinde Bazi Biyokimyasal
Parametrelerin Degerlendirilmesi. KSU Tarmm ve Doga Derg 27 (5), 1021-1025. DOI: 10.18016/
ksutarimdoga. vi.1435506.

To Cite : Arslan, S (2024). Evaluating Some Biochemical Parameters In Saanen Goats Naturally Infected With
Mycoplasma agalactiae. KSU J. Agric Nat 27(5), 1021-1025. DOI: 10.18016/ksutarimdoga.vi.1435506.

INTRODUCTION 2014; Jaj & Tardy, 2019). The main microorganism of

Contagious agalactia is a common disease that is seen
in sheeps and goats worldwide and causes significant
economic losses (Corrales et al., 2007; Kumar et al.,

contagious agalactia in sheeps and goats is
Mycoplasma agalactiae (M. agalactiae). However,
Contagious agalactia is caused by Mycoplasma
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mycoides subsp. mycoides (large colony type)
(MmmLC) and Mycoplasma capricolum subsp.
capricolum (Mcc) (Bergonier et al., 1997). Contagious
agalactia causes severe  mastitis, arthritis,
ophthalmitis (Kusiluka & Kambarage, 1996) and
sometimes respiratory disease (Bergonier et al.,
1997). Less frequently, it may cause abortion during
advanced pregnancy (Bergonier et al., 1997). Clinical
signs can be observed 5 to 7 days after inoculation of
infective organisms or 60 days after infective
organisms are removed from the environment.
Clinical cases are most common in spring (Anderson
et al.,, 2002). The organism is excreted with milk,
urine, faeces, eye and nasal discharge for months, and
this may be a source of infection for other animals in
the herd (Plummer & Plummer, 2012). Mortality rate
can be detected up to 20% in untreated animals.
(Smith & Sherman, 2009).

In recent years, procalcitonin (PCT) has become a
promising new biomarker for the early detection of
systemic bacterial infections (Cleland & Eranki,
2022). A correlation between PCT and the severity of
sepsis has been observed, and PCT-levels are low or
only slightly elevated in patients without bacteremia
or systemic infection (Assicot et al., 1993; Durna$ et
al., 2016). The concentration of procalcitonin (PCT)
increases in bacterial infections, but not in viral
infections (Moulin et al., 2001; Matur et al., 2023).
Parasitic infections such as malaria (Al-Nawas &
Shah, 1997; Uzzan et al., 2006) and babesiosis
(Arslan et al., 2018) are also expressed (Hausfater et
al., 2007). C-reactive protein (CRP) is an acute-phase
protein and a non-specific marker of systemic
inflammation (Black et al., 2004; Kang et al., 2009).
In individuals with acute disease, cytokines,
particularly interleukin-6, stimulate hepatic CRP
production and their rising plasma levels (Bock,
2011). Plasma CRP level is increased in various
diseases, mostly bacterial infections (Bock, 2011).
CRP rises rapidly with the onset of inflammation and
decreases with healing (Pincus et al., 2011). CRP is
often applied for the detection and preliminary
classification of latent infections, as bacterial
infections can induce much higher levels of CRP than
viral ones (McPherson, 2011).

In a study conducted on goats infected with M.
agalactiae (Kizil & Ozdemir, 2006), it was reported
that body temperature, pulse and respiratory rates
increased, but rumen contractions decreased in
clinical examination of infected goats. In a
biochemical examination, it has been reported that
detection of increasing levels of aspartate
aminotransferase (AST) and lactate dehydrogenase
(LDH) activity in plasma, whereas decreasing levels
of plasma total protein, albumin and glucose
concentrations. Moreover, no significant changes were
detected in PCV, Hb, alkaline phosphatase (AP) and
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yglutamyl transferase (GGT) activity, sodium,

potassium and chloride concentrations.

Biochemical reports on M. agalactia in goats are
inconclusive. There are no studies on PCT levels in
goats with Mycoplasma agalactiae. This study aimed
to determine the changes in clinical and biochemical
values including CRP and PCT in goats naturally
infected with Mycoplasma agalactiae.

MATERIALS and METHODS
Ethical Statement

The ethical approval of this study was obtained from
the Local Ethic Committee of Animal Experiments at
Tekirdag Namik Kemal University (T2021-576).

Animals and Clinical Examination

The study material consisted of 24 female Saanen
goats (aged 3-6 years), 15 naturally infected with A/
agalactia (infected group) and 9 healthy (control
group). All goats in the study were bred on a private
commercial farm in Kirklareli district of Turkiye with

the same feeding, housing and management
conditions. None of these animals had been
vaccinated against M. agalactiae. On clinical

examination, sick animals had symptoms of mastitis,
arthritis, and keratoconjunctivitis specific to
contagious agalactia. Control animals had no history
of symptoms or signs associated with contagious
agalactia.

Microbiological Procedure

Blood samples were taken from the vena jugularis
into sterile tubes (Kaygisiz & Sénmez, 2018; Akkose,
2020). Sera was obtained by centrifugation of blood
samples at 3000 rpm for 20 minutes. Some of the
serum samples, milk samples and some internal
organs of the dead animals were transported to
Mycoplasma National Reference Laboratory of Pendik
Veterinary Control and Research Institute under
freezing conditions. Some of the serum samples were
also stored at -20°C for biochemical analysis. A
growth inhibition test in milk and blood serum and
latex agglutination test for Mycoplasma capricolum
subspecies capripneumoniae was performed for the
diagnosis of M. agalactiae (TCGTHB, 2014). In
addition, the indirect ELISA test (IDvet, France) for
the detection of antibodies to M. agalactiae in the sera
of the infected and healthy goats was performed
according to the manufacturer’s instructions for use.

Biochemical Parameters

Serum Sodium (Na), potassium (K), chlorine (CD),
phosphorus (P), Calcium (Ca*2), Total protein (TP),
Albumin, Alanine aminotransferase (ALT), Aspartate
aminotransferase (AST), Direct bilirubin (D.BIL),
Total bilirubin (T.BIL), Urea (U), Creatinine (CR),
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Glucose (GLU) and C-reactive protein (CRP)
concentrations were analyzed with an autoanalyzer
(Roche, Hitachi cobas® 6000, biochemistry analyzer,
Germany/Japan). Serum procalcitonin (PCT) levels
were measured with an immunoassay autoanalyzer

(Roche/Hitachi cobas® e411, Germany/Japan). Serum
Globulin (G) values were obtained by subtracting the
serum albumin value from the serum Total protein
value for each goat and Albumin/Globulin (A/G) ratios
were calculated for each goat.

Table 1. Biochemical parameters in control and naturally infected goats
Cizelge 1. Kontrol ve dogal olarak enfekte kegilerde biyokimyasal parametreler

Parameters Units Infected Group (X+Sx) Control Group (X+Sx) P

TP g dL! 7.43 + 0.30 6.84 + 0.16 0.174
ALB g dLt 2.69 + 0.1 3.30 + 0.04 0.000
G g dL! 4.74 + 0.27 3.55 + 0.18 0.001
AIG - 0.6 + 0.04 0.94 + 0.05 0.000
ALT UL! 15.07 + 3.67 14.89 + 1.54 0.892
AST UL! 89.07 + 22.00 84.89 + 10.60 0.601
D.BIL mg dL1 0.02 + 0.02 0.02 + 0.01 0.893
T.BIL mg dL1 0.14 + 0.04 0.13 + 0.01 0.285
BUN mg dL1 12.33 + 1.76 12.33 + 0.50 1.000
CRE mg dL1 0.38 + 0.08 0.38 + 0.04 0.938
UREA mg dL1 26.24 + 4.00 26.33 + 0.91 0.946
GLU mg dL1 49.67 + 4.40 50.00 + 4.27 0.858
K mmol L! 3.52 + 0.18 3.37 + 0.20 0.035
Na mmol L1 140.07 + 2.09 140.67 + 1.32 0.449
Cl mmol L1 97.63 + 2.11 95.63 + 0.52 0.003
P mg dL1 4.78 + 1.32 4.97 + 0.74 0.699
CRP mg L1 0.05 + 0.07 0.03 + 0.02 0.414
PCT ng mL! <0.02 <0.02 1.000
Statistical Analysis 1. It was detected that a significant decrease in

Statistical analyses were performed using the IBM
SPSS Statistics 24 statistical software. The normality
of data was analyzed with the Shapiro-Wilk test.
Non-parametric Mann-Whitney U and parametric t-
tests were used for comparing the groups. Statistical
significance was determined as p<0.05.

RESULTS and DISCUSSION

In the herd, clinical findings such as loss of appetite,
depression, fatigue, diarrhoea, mastitis, arthritis and
keratoconjunctivitis were widely seen in the goats.
The infection started with mastitis characterized by
increased udder heat, pain and swelling, followed by
udder atrophy and a decrease in the amount and
quality of milk production. In carpal and tarsal joints,
swelling and pain were observed in affected goats.
Also, mucopurulent exudation, conjunctivitis, corneal
opacity and keratitis were detected in the eyes.
Respiratory signs ranged from mild cough to dyspnea.

M. agalactiae was isolated and identified from milk
and serum samples. Mycoplasma capricolum
subspecies capripneumoniae could not be detected by
latex agglutination test. While antibodies against M.
agalactiae were detected in the affected goats with
the indirect ELISA test, they could not be detected in
the healthy goats (control group).

Serum biochemical parameters are presented in Table

albumin levels and A/G ratio and a significant
increase in globulin, chlorine and potassium levels in
the infected group. No significance was detected in
ALT, AST, D.BIL, T.BIL, BUN, Creatinine, Urea,
Glucose, Na, P, CRP and PCT levels when comparing
the infected and healthy goats.

In studies on other mycoplasma species (Mondal et
al., 2004; Shah et al., 2017), total serum protein and
albumin were found to be significantly decreased. In
this study, we have found that a decrease in the
amount of albumin in infected goats compared to the
control group and the normal levels of liver enzymes
may be due to malabsorption disorder of
hypoalbuminemia or malnutrition as a result of
anorexia due to the disease. Decrement in albumin
level was consistent with previous similar studies
(Mondal et al., 2004; Kizil & Ozdemir, 2006).
Increment in globulin level in the infected group may
be due to the increase in the antibodies of the
organism against the infection. Similar biochemical
changes have also been reported by Mondal et al.
(2004). In a previous study (Mondal et al., 2004), a
decrease in the A/G ratio was detected, and in this
study, we found a decrease in the A/G ratio in infected
goats. This decrease may have occurred due to the
increase in the amount of globulin in serum samples.

Although Kizil and Ozdemir (2006) could not detect a
significant difference in potassium and chlorine
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levels, an increase in potassium and chlorine levels
has been found in infected goats in this current study.
This has been suggested that it may be due to
metabolic acidosis following diarrhoea. It has been
reported that there are increases in AST and ALT in
caprine mycoplasmal pneumonia (Mondal et al.,
2004), increasing levels of ALT in Mycoplasma
mycoides subsp. (Shah et al., 2017), and increasing
levels of AST and LDH in goats infected with M.
agalactiae (Kiz1l & Ozdemir, 2006). In this current
study, we could not detect significant changes in AST
and ALT levels. This suggests that the agent does not
cause a significant failure in the liver. This finding is
similar to the study conducted by Rosendal (1981), in
which no liver changes were detected in
experimentally induced mycoides in goats.

There was no significant difference in PCT levels in
goats infected with mycoplasma spp. compared to the
control. No study has been found on the effect of A
agalactiae on PCT levels in goats. In humans, it has
been stated that the PCT levels do not increase in
Mycoplasma and Chlamydia infections, which are
among atypical bacteria (Self et al., 2017; Saleem,
2019). In the current study, no increase in CRP levels
was detected in infected goats. There is no literature
available on CRP in goats with M. agalactiae. Studies
have reported that CRP may not be an acute phase
protein in goats (Maudsley et al., 1987; Pathak &
Agrawal, 2019).

CONCLUSION

As a result, the absence of increased levels of PCT
and CRP in goats with M. agalactiae infection can be
attributed to the immune response exhibited by the
goats. Furthermore, a decrease in albumin levels and
an increase in globulin, chlorine, and potassium levels
were observed. Therefore, evaluating these
parameters is likely to be clinically beneficial in
managing the disease.
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ABSTRACT

Microbiology

In this study, the antiproliferative effects of Pseudopediastrum
boryanum isolated and cultured from Tokat Yesilirmak River benthic
habitats were investigated with in-vitro experiments. The Anticancer
activity of algae extracts was tested in cancer cell lines using the BrdU
cell proliferation ELISA method. Vero (African Green Monkey Kidney
Tumour Cells) and HeLa (Human Uterine Carcinoma Cells) were
examined in concentrations of 100, 250 and 500 pg mL1. As a result of
antiproliferative tests, P. boryanum was found to have effective anti-
cancer properties. P. boryanum extract concentrations of 250 and 500 pg
mL1 had a significant cytotoxic effect on Vero and HeLa cell lines after
24 hours. According to the results, P. boryanum is estimated to be a
good option for quantitative pharmaceutical analyses and could be
evaluated in the pharmaceutical industry.
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Pseudopediastrum boryanum (Turpin) E. Hegewald Ekstraktlarinin Cesitli Kanser Hiicre Hatlarinda

Antiproliferatif Ozelliklerinin (In Vitro) Aragtirilmasi

OZET

Bu calismada, Tokat Yesilirmak Nehri bentik habitatlarindan izole
edilip kulturt yapilan Pseudopediastrum boryanumun antiproliferatif
etkileri, invitro deneylerle arastirildi. Alg ekstraktlarinin antikanser
aktivitesi, BrdU hiicre proliferasyon ELISA yéntemi kullamlarak
kanser hiicre hatlarinda denendi. Vero (Afrika Yesil Maymun Bébrek
Tiimér Hiicreleri) ve HeLa (Insan Servikal Kanser Hiicreleri) iizerinde
100, 250 ve 500 pg mL?Y lik konsantrasyonlarda
Antiproliferatif testler sonucunda, P. boryanum’un, etkili antikanser
ozellige sahip oldugu goruldi. P. boryanumin 250 ve 500 ug mL? lik
ekstrakt konsantrasyonlarimin 24 saat sonunda Vero ve Hela hiicre
hatlar1 tizerinde, 6nemli derecede sitotoksik etki gosterdigi kaydedildi.
Elde edilen sonuglara gore, P. boryanum'un kantitatif farmasotik
analizler i¢in 1iyi bir aday oldugu ve ila¢ endustrisinde
degerlendirilebilecegi tahmin edilmektedir.
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INTRODUCTION can also develop a symbiotic life with tropical plants,

Chlorophyta (Green algae) is a big and widespread
group that can form dense populations in all aquatic
environments. It also has species that have a complex
structure, as well as single-celled species. They can be
in the form of phytoplankton of microscopic size in the
marine environment, as well as in meters in
macroscopic size (Norris, 2010). Chlorophyta algae

foraminifera, lichens.

This group, which has been worldwide in vast areas,
has become widespread from the Antarctic to the
Arctic, oceans or even freshwaters (Leliaert et al.,
2007), and they are represented by 6801 species
belonging to 13 classes at the macro and micro level
(Guiry & Guiry, 2021).
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Plant organisms that can produce their food by
photosynthesis are called “primary producers” as they
are always the first ring in the food chain in nature.
About 70% of the oxygen in the atmosphere, which is
the source of our lives, is produced by the
photosynthesis of algae. Algae have many economic
benefits. In addition to being used as human and
animal food with high protein that they contain, they
are also often used in the production of natural
fertilizer, medicine, pharmacy, cosmetics, and food
industries. Another reason why algae are among the
most studied groups of organisms today is that they
can be produced relatively quickly for other
organisms in cultural environments (Altuner et al.,
2002).

One of the most significant illnesses that are
currently threatening humankind's future is cancer.
There is no basic cause for cancer. In all types of
cancer, some of the body's cells begin to divide
without stopping and spread to adjacent tissues,
causing uncontrolled cell growth throughout the body
(Mofeed et al., 2018; Yousefi et al., 2018).

Currently, existing drugs used to treat cancer cause
some side effects such as vomiting, diarrhea, fatigue,
and nausea. Therefore, there have been no safe drugs
to be used in cancer treatments. Thus, it's critical to
find and classify novel, low-cost, safe, and less
hazardous anticancer agents derived from natural
sources. The majority of pharmacological drugs come
from different plants, algae, and microorganisms
(Mofeed, 2019).

This article aimed to investigate the antiproliferative
effects of P. boryvanum. The anticancer activity of
algal extracts was tested in cancer cell lines using the
BrdU cell proliferation ELISA method. Vero (African
Green Monkey Kidney Tumor Cells) and HeLa
(Human Uterine Carcinoma Cells) were examined at
concentrations of 100, 250 and 500 pg mL1.

MATERIALS and METHODS
Isolation and culture of algae

P. boryanum was isolated in the laboratory using
mechanical isolation and microinjection techniques
after being removed from the Yesilirmak River
(Tokat). They were then placed in a culture
environment at 26 °C (155 pmol/m2/h, L: D period) in
a Sanyo MLR 351 climate cabin containing BG11
medium (Andersen, 2004; Pabuccu & Demiriz Yiicer,
2022). Purely cultured algal species were stored in a
—86 °C freezer in a culture collection to be used for
postharvest bioactivity studies (Rippka et al., 1979;
Lobban et al., 1988; Coskun et al., 2023).

Preparation of algae extracts

Algae extract was prepared according to the literature
method (Chon et al. 2009). 5 g of dried and grounded
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algae material was soaked in 100 mL methanol for
two days at room temperature. After filtration
(Whatman 1 filter paper), the solvent was evaporated
by reduced pressure to produce the extract (Erenler et
al., 2016, Elmastas et al., 2018).

Antiproliferative Activity Tests
Cell lines

P. boryanum was tested for its antiproliferative effect
using two cancer cell lines: Vero (African Green
Monkey kidney tumor cells) and HeLa (Human
Cervical Cancer Cells).

Cell culture

Trypsin-EDTA (10 mL) was treated with DMEM
medium-prepared cells for one to two minutes at 37°C
in a COgz incubator. The environment was neutralized
by adding 10 mL of DMEM medium to the flask
removed from the incubator. After giving the flask a
good shake, the cell solution was moved to the Falcon
tube (600 rpm, 5 min), and centrifugation was used to
precipitate the cells (Dulbecco & Freeman, 1959; Liu
et al., 2002; Yang et al., 2004).

Proliferation experiment of in Vitro tumour cells
(Vero, HeLa)

Stock solution of the samples, 5-florouracil (5-FU) and
cisplatin were prepared in sterile dimethyl sulfoxide
(DMSO) and were diluted with Dulbecco’s modified
eagle’s medium (DMEM; 1:20). The final
concentration of DMSO was kept below 1% in all
tests. The stock solutions were stored at+4°C until
usage. Sterile stock solutions of algae extract at three
different concentrations (100, 250, and 500 pg mL1)
were added to all wells except the control group,
resulting in a total volume of 200 pL in the wells.
Instead of the test substances, sterile solvent DMSO
was added to the negative control wells and left the
cells in incubation for 24 hours. Treated cells were
incubated at 37°C with 5% CO:2 for 24 h. Cell
proliferation was measured by using BrdU Cell
Proliferation ELISA, a colorimetric immunoassay
based on BrdU incorporation into the cellular DNA
according to manufacturer’s procedure. At the end of
this period, BrdU cell ELISA was used in accordance
with a manufacturer's protocol to examine an
experiment on cellular proliferation and its
Absorbance at wavelengths ranging from 450 nm to
650 nm has been measured using an ELISA reader
(Masterson & O'Dea, 2007; Isikdag et al., 2011;
Lehner et al., 2011).

Statistical analyses

The SPSS® program was used for statistical
evaluations for anticancer activity studies.
Differences between experimental groups were
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evaluated statistically by applying one-way variance
analysis (one-way ANOVA) and the Duncan test as
post hoc (differences between the results were
considered statistically significant at the level of
p<0.01). The results were expressed as mean =
standard error.

RESULTS and DISCUSSION
Antiproliferative Activity
Results of proliferation experiment with Vero cells

In the analysis of variance, the difference between
groups was found to be significant when the test
results at concentrations of 100, 250 and 500 pg mlL!
(p<0.01) were considered. P. boryanum was found to

have a higher effect than DMSO and the control
group in terms of anticancer test results at 500 g mL
and 250 g mL in the multiple comparison Duncan test
(p<0.01). (Table 1, Figure 1).

Results of proliferation experiment with HeLa cells

According to the variance analysis results, the
difference between groups was found to be significant
when the test results at concentrations of 100, 250
and 500 pg mL1 were considered (p<0.01). In terms of
anticancer agent test results at concentrations of 250
and 500 ug mLin the multiple comparison (Duncan)
test, P. boryanum was found to be higher than DMSO
and control group (p<0.01) (Table 2, Figure 2).

Table 1. Statistical analysis results of anticancer activity tests for Vero Cells
Cizelge 1. Vero Hiicreleri igin antikanser aktivite testlerinin istatistiksel analiz sonuglari

Vero 100 pg mL1 250 pg mLt 500 pg mL1
Afrika Yesil Maymun Bébrek Timor Hicreleri
Groups Again (N) x+(SS) x+(SS) x+(SS)
Gruplar Tekrar (N) ortalamatstandart ortalama+standart ortalamatstandart
sapma sapma sapma
Control 3 2.5661+0.171 2.561+0.171 2.5661+0.171
DMSO 3 2.8440+0.040 2.808+0.0410 2.427+0.355
P. boryanum 3 2.723+0.103 2.554+0.0132 1.774+£0.022
x£(8S); Value+standard deviation
Vero Cell Line
3,50
250 - z I o
2,00
1,50
1,00
000 — W
Pediastrum Cisplatin 5-FU DMSO Control
boryanum
B 500 pg/mL 250 pg/mL 100 pg/mL
Figure 1. Results of antiproliferative activity on Vero Cells (p<0.01)
Sekil 1. Vero Hiicreleri lizerindeki antiproliferatif aktivitenin sonuglar: (p<0.01)
Cisplatin; Anticancer compound, 5-FU; Anticancer compound, DMSO; Dimethylsulfoxide
Table 2. Statistical analysis results of anticancer activity tests for HeLa Cells
Cizelge 2. HeLa Hiicreleri i¢in antikanser aktivite testlerinin istatistiksel analiz sonuglari
HeLa 100 pg mL? 250 pg mL1? 500 ug mL!
Insan Servikal Kanser Hiicreleri
Groups Again (N) x+(SS) x+(SS) x+(SS)
Gruplar Tekrar (N) ortalamatstandart  ortalamatstandart ortalamatstandart
sapma sapma sapma
Control 3 2.486+0.023 2.486+0.023 2.486x0.023
DMSO 3 2.030+0.030 1.896+0.045 1.240+0.045
P. boryanum 3 2.046+0.020 1.740+0.020 0.970+0.020

x+(SS); Valuetstandard deviation
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Hela Cell Line
3
I I
2 . T L T
1 ]
0 . [ | B —-— e
Pediastrum Cisplatin 5-FU DMSO Control
boryanum
W 500 pg/mL 250 pg/mL 100 pg/mL

Figure 2. Anticancer activity results for HeLa Cells (p<0.01)
Sekil 2. HeLa Hiicreleri i¢in antikanser aktivite sonuglar: (p<0.01)
Cisplatin; Anticancer compound, 5-FU; Anticancer compound, DMSO; Dimethylsulfoxide

Currently, the compounds derived from algae extracts
with antimicrobial and antiproliferative activity have
caught intense interest worldwide. Amino acids,
terpenoids, phlorotannins, steroids, phenolic
compounds, halogenated ketones and alkanes, cyclic
polysulfonates and fatty acid components are among
the algal constituents. In addition, acrylic acid,
especially found in some planktonic algae and
responsible for antimicrobial activity, is also available
(Mtolera & Semesi, 1996).

Among the functional components identified based on
algae, natural pigments, especially decobili proteins
and carotenoids, are notable. Because of the
antibacterial and antioxidant effects of these
substances, they are especially preferred in
pharmaceutical applications. Natural pigments
and algal photosynthesis and pigmentation play an
important role in antioxidant metabolism and have a
number of  benefits such as anti-cancer, anti-
inflammatory, anti-obesity, anti-angiogenesis and
neuroprotective effects (Sathasima et al., 2017).

It was found in the study that the algae species used
had different antiproliferative effects at different
concentrations on the tested cancer cell lines. P.
boryanum's extract concentration of 250 and 500 pg
mL! was found to have had a significant cytotoxic
effect on Vero and HeLa cell lines after 24 hours. In
particular, a high activity of cisplatin and 5-FU, an
anticancer compound, was noted in the study (Figure
1, 2, Table 1, 2).

BG11 medium was wused as the incubation
medium in this study. This is the
environment where P. boryanum shows the best

biological activity of the culture. Garcez et al. (2020)
examined the antioxidant effects of P. boryanum
produced in 6 different cultural settings and found
that they showed high amounts of biomass and
phenolic compound when incubated in BG11 It has
been stressed that if P. boryanum is grown in this
medium, it may be a new source of polyphenols with
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potential antioxidative effects. (Garcez et al., 2020).

In Pediastrum taxa, various toxic effects against
certain cells have been observed. For example,
polyunsaturated fatty acid (hexadecatetraenoic acid)
isolated from a Pediastrum species was found to have
a toxic effect at a concentration of 25 pg/ml,
preventing the development of fertilized Echinoderm
eggs (Murakami et al., 1989). The toxicity of P.
boryanum against HelLa and Vero cells has been
shown in our study.

Some species of Pediastrum, on the other hand, were
found to have helped a lot in moisturizing epithelial
tissue in cosmetics. For example, Wang et al. (2015)
stated that Pediastrum duplex can be used to
moisturize skin. It has been unclear while P
boryanum has a similar effect.

Syahril et al., (2011) conducted a study on Chlorella
sp. and Spirulina sp. and used the MTT method,
which is a mitochondrial-based method, and human
breast cancer cell line MCF-7, HepG2 human liver
cancer cell line, and normal cell line WRL-68. It was
found in the study that ethanol extract of S. platensis
had an antiproliferative effect on human breast
cancer cell line-MCF-7 at a concentration of 85 pg/mL
for 72 hours but had no effect for 24 and 48 hours. In
this study, DMSO-dimethyl sulfoxide extracts of P.
boryanum were found to have a significant cytotoxic
effect on Vero and HeL.a cell lines for 24.

Yousefi et al. (2018) conducted research using P.
tenuis, C. sinuosa, I stellate, D. indica and used
breast cancer cells, the most common cancer type in
women. The extract obtained from D. indica has been
shown to have a cytotoxic effect on breast cancer cell
lines for 24 hours at a concentration of 50 g mL in a
study conducted using the MTT method.

Alghazeer et al. (2018) researched Chlorophyta (Ulva,
Codium), Phaeophyta (Cystoseira, Sargassum), and
Rhodophyta (Gelidium, Hypnea, Jania), and used
human colorectal carcinoma (Caco2) and human
corneal epithelial cells (HCEC). Extracts of algae
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species were examined using the MTT method at
concentrations of 50, 100, 150, and 200 pg mL1. C.
crinita, out of the examined species, was found to
have a cytotoxic effect on the Caco-2 cancer cell line.
According to the researchers, anticancer research
programs could use marine algae rich in bioactive
compounds.

CONCLUSION

The fact that algal products and their derivatives are
compatible with the body's immune system and that
they can help the body increase its resistance without
damaging healthy cells when effective value is
obtained are the main reasons why they are preferred
in treatments. In the discovery of new alternatives to
synthetic drugs, which have many side effects on
human cells and also cause cell resistance, algae have
been the main focus.

The increase in the resistance of microorganisms to
existing antibiotics has led to an increase in the
search for photosynthetic antibiotics and anticancer
agents and caused an increase in the research on this
subject.

In future studies, the antiproliferative effect of this
algal species will be investigated with different cancer
cell lines and at varying concentrations, and
preliminary studies can be completed to move on to in
vivo studies. With the current results, it can be said
that 250 and 500 pg mL?! concentrations of P
boryanum will be suitable for in vivo studies.

Based on this study, it is also possible to say that P.
boryanum can be used as an alternative anticancer
drug source in the healthcare field, especially in the
pharmaceutical industry, in the future.

ACKNOWLEDGMENT

The author thanks Prof.Dr. Kéksal Pabugcu for his
help in the diagnosis of algae species.

Author’s Contributions

The experimental work in this article was done and
written by a single author.

Conflict of Interest Statement
No conflict of interest is associated with this work.
REFERENCES

Alghazeer, R., Howell, N. K., El-Naili, M. B. &
Awayn, N. (2018). Anticancer and Antioxidant
Activities of Some

Algae from Western Libyan Coast. Natural Science,
10(7), 232-246. doi: 10.4236/ns.2018.107025

Altuner, Z., Pabuccu, K. & Tirkekul, I. (2002).
Tohumsuz Bitkiler Sistematigi, Altan Yayinlari,
Ankara, pp. 1:87.

Andersen, R. A. (2004). Algal Culturing Techniques.

1030

Elsevier Academic Press, Phycological Society,
New York, 356 pg.

Chon S.U., Kim Y.M.,, Park Y.J., Heo B.G., Park Y.S,,
& Gorinstein S. (2009). Antioxidant and
antiproliferative effects of methanol extracts from
raw and fermented parts of mulberry plant (Morus
alba L.). European Food Research and Technology,
230,231-237. doi: 10.1007/s00217-009-1165-2

Cogkun, T., Celekli, A., Solak, C.N., Ongun Sevindik,
T., Demir, N., Soylu, E. N., S6mek, H., Cetin, T.,
Karaaslan,Y., Oterler, B., Maraghoglu, F., Yilmaz,
E., Tunca, H., Guizel, U., Koca, M. & Temizel, B.
(2023). New Records for the Turkish Freshwater
Algal Flora in Twenty Five River Basins of
Turkiye, Part I: Bacillariophyta. KSU Journal of
Agriculture and Nature, 26 (5), 991-1004.
d01:10.18016/ ksutarimdoga.vi. 1058856

Dulbecco, R. & Freeman, G. (1959). Plaque production
by the polyoma virus. Virology, 8(3), 396-397. doi:
10.1016/0042-6822(59)90043-1

Elmastas, M., Celik, S. M., Gene, N., Aksit, H.,
Erenler, R., & Gulcin, I. (2018). Antioxidant
activity of an anatolian herbal tea—Origanum
minutiflorum: isolation and characterization of its
secondary metabolites. International Journal of
Food Properties, 21(1), 374-384.
doi:10.1080/10942912. 2017.1416399

Erenler, R., Pabuccu, K., Yaghoglu, A. S., Demirtas,
I, & Giil, F. (2016). Chemical constituents and
antiproliferative effects of cultured Mougeotia
nummuloides and Spirulina major against
cancerous cell lines. Zeitschrift fur Naturforschung
- Section C Journal of Biosciences, 71(3-4), 87-92.
doi:10.1515/znc-2016-0010.

Garcez, M. C. S., Ferreiraa, S. P., Dora, C. L., Horta,
M. A., Giroldob, D., Prates, D. F., Radmannd, E.
M., Bemvenutid, R. H., Costad, J. A. V., Furlongd,
E. V. & Baisch, A. L. M. (2020). Phenolic
compounds and antioxidant capacity  of
Pediastrum boryanum (Chlorococcales) biomass.
International Journal of Environmental Health
Research, 23, 1-13. doi: 10.1080/09603123.
2020.1744113

Guiry, M. D. & Guiry, G. M. (2021). AlgaeBase.
World-wide electronic publication, National
University of Ireland, Galway. Retrieved in July,
21, from http://www.algaebase.org

Isikdag, I., Ozkay, Y. & Incesu, Z. (2011). Synthesis
And Anticancer Activity of Some Bisquinoxaline
Derivatives. Turkish Journal of Pharmaceutical
Sciences, 8(2), 179-188

Lehner, B., Sandner, B., Marschallinger, J., Lehner,
C., Furtner, T., Couillard-Despres, S., Rivera, F. &
Brockhoff, G. (2011). The dark side of BrdU in
neural stem cell biology: Detrimental effects on
cell cycle, differentiation and survival. Cell and
Tissue Research, 345(53), 313-28. doi:
10.1007/s00441-011-1213-7


http://www.algaebase.org/

KSU Tarim ve Doga Derg 27 (5), 1026-1031, 2024
KSU J. Agric Nat 27 (5), 1026-1031, 2024

Aragtirma Makalesi
Research Article

Leliaert, F., De Clerck, O., Verbruggen, H., Boedeke,
C. & Coppejan, E. (2007). Molecular phylogeny of

the Siphonocladales (Chlorophyta:
Cladophorophyceae). Molecular Phylogenetics and
Evolution, 44(3), 1237-1256. doi: 10.1016/

J.ympev.2007.04.016

Lobban, C. S., Chapman, D. J. & Kremer, B. P.
(1988). Experimental Phycology A Laboratory
Manual. Chambridge Univ.Press, London.

Liu, M, La, X. Q., Weber, C., Lee, C. Y., Brown, J. &
Liu, R. H. (2002). Antioxidant and
Antiproliferative  Activities -of Raspberries.
Journal of Agricultural Food Chemistry, 50(10),
2926-2930. doi: 10.1021/jf0111209

Masterson, C. & ODea, S. (2007). 5-Bromo-2-
deoxyuridine activates DNA damage signalling
responses and induces a senescence-like phenotype
in pl6-null lung cancer cells. Preclinical report,
18(9),1053-1068. doi: 10.1097/CAD.
0b013e3282520916

Mofeed, J., Deyab, M. A. & Abd El-Halim, E. H.
(2018). Anticancer activity of some filamentous
cyanobacterial isolates against Hep-G2 and MCF-7
cancer cell lines. International Journal of Life
Sciences, 8(1), 10-117.

Mofeed, J. (2019). Stimulating Gamma-Linolenic acid
productivity by Arthrospira platensis (Spirulina
platensis) under different culture conditions
(temperatures, light regime, and H20: stress).
Egyptian Academic Journal of Biological Sciences,
11(1), 89-99. doi: 10.21608/EAJBSG.2019.85014

Mtolera, M. S. P. & Semesi, A. K. (1996).
Antimicrobial activity of extracts from six green
algae from Tanzania. Current Trends in Marine
Botanical Research in East African Region, 211-
217.

Murakami, M., Makabe, K., Yamaguchi, K. & Konosu,
S. (1989). Cytotoxic polyunsaturated fatty acid
from Pediastrum. Phytochemistry, 28(2),625-626.
doi: 10.1016/0031-9422(89)80065-2

Norris, J. N. (2010). Marine Algae of the Northern

1031

Gulf of California: Chlorophyta and Phaeophyceae.
Smithsonion Contributions to Botany, 94, 210-271.
doi: 10.5479/s1.0081024X.94.276

Rippka, R., Deruelles, J., Waterbury, J. B., Herdman,
M. & Stanier, R. Y. (1979). Generic assignments,
strain histories and properties of pure cultures of
cyanobacteria. . Gen. Microb., 111, 1-61.

Pabuccu, K. & Demiriz Yiicer, T. (2022). Antibacterial
and Antifungal effects of extracts of Spirogyra
aequinoctialis prepared with different solvents.
KSU Journal of Agriculture and Nature, 25 (5),
927-932. do1:10.18016/ ksutarimdoga.vi. 979361

Sathasivam, R., Radhakrishnan, R., Hashem, A. &
AbdAllah, E. F. (2017). Microalgae metabolites: A
rich source for food and medicine. Saudi Journal of
Biological  Sciences, 26(4), 709-722. doi:
10.1016/j.sjbs.2017.11.003

Syahril, M. Z., Roshani, O., Hasyimah, R., Hafiz, M.
S., Sharida, M. D. & Ahmed, H. Y. (2011).
Screening of Anticancer Activities of Crude
Extracts of Unicellular Green Algae (Chlorella
Vulgaris) And Filamentous Blue Green Algae
(Spirulina Platensis) On Selected Cancer Cell
Lines. [International Conference on Applied
Sciences, 82-87.

Wang, H. M. D., Chen, C. C., Huynh, P. & Chang, J.
S. (2015). Exploring the potential of using algae in
cosmetics. Bioresource Technology, 184, 355-362.
doi: 10.1016/j.biortech.2014.12.001

Yang, J., Meyers, K. J., Heide, J. V. D. & Liu, R. H.
(2004). Varietal Differences in Phenolic Content
and Antioxidant and Antiproliferative Activities of
Onions. Journal of Agricultural and Food
Chemistry, 52(22), 6787-6793. doi:
10.1021/jf0307144

Yousefi, M. K., Hashtroudi, M. S., Moradi, A. M. &
Ghasempour, A. R. (2018). In vitro investigating of
anticancer activity of focuxanthin from marine
brown seaweed species. Global J Environ Sci
Manage, 4(1), 81-90. doi:10.22034/2018.04.01.008



KSU Tarim ve Doga Derg 27 (5), 1032-1041, 2024 3
KSU J. Agric Nat 27 (5), 1032-1041, 2024
DOI: 10.18016/ksutarimdoga.vi.1410509

% ’v‘%‘%

Investigation of The Efficacy of Plantago Major Flavonoids in The Healing of Diabetic Foot
Wound in Silico Analysis

Ismail-KELES'™, Alpaslan-BAYRAKDAR2, Nermin-OLGUNS

1Igdir University, Vocational School of Health Services, Igdir, Tirkiye, 2Igdir University, Vocational School of Health Services, Igdir, Turkiye
3Hasan Kalyoncu University, Faculty of Health Sciences, Department of Nursing, Gaziantep, Tirkiye.
thttps://orcid.org/0000-0002-6575-8029, 2https://orcid.org/0000-0001-7967-2245, 3https://orcid.org/0000-0002-8704-4588

P4 ismail keles@igdir.edu.tr

ABSTRACT

Diabetes is a chronic disease that is rapidly increasing worldwide due to
insulin deficiency. Diabetic foot ulcer is one of the most important
complications of diabetes. There are many synthetic and natural
treatment methods in the treatment of these wounds. Among the possible
side effects of synthetic drugs, the use of natural flavonoids such as
Quercetin is preferred in the treatment of diabetic wounds. In this study,
Plantago’s major flavonoids, which can be an alternative to Quercetin,
were investigated in silico. Whether Plantago major and its flavonoids
show similar properties with Quercetin was investigated in silico with
the help of AutoDockTools software. The ADME study of flavonoids was
investigated with the help of SwissAdme, an open-access web tool. The
results of the in silico study of Plantago majors flavonoids and
Quercetin's 4ZZd, one of the SIRT 1 receptors that play a role in diabetic
wound healing; Plantago major flavonoids luteolin (-4.81 kcal.mol),
apigenin (-4.74 kcal.mol!) and Hispidulin (-4.58 kcal.mol!) are better
than Quercetin (-4.56 kcal.mol!). showed that it has binding energy. In
conclusion, this in silico study showed that Plantago major flavonoids
luteolin, apigenin and hispidulin could be natural alternatives to
Quercetin for diabetic wound healing.

OZET

Diyabet, instilin eksikligine bagh olarak tiim diinyada hizla artan kronik
bir hastaliktir. Diyabetik ayak tlseri diyabetin en Onemli
komplikasyonlarindan biridir. Bu yaralarin tedavisinde sentetik ve dogal
birgok tedavi yontemi bulunmaktadir. Sentetik ilaglarin olasi yan
etkilerinden dolayr Quercetin gibi dogal flavonoidlerin kullanimi
diyabetik yaralarin tedavisinde tercih edilmektedir. Bu c¢alismada
Quercetine alternatif olabilecek Plantago major flavonoidleri in silico
olarak arastirilmasi1 amaclanmistir. Plantago major ve flavonoidlerinin
Quercetin ile benzer o6zellikler gosterip gostermedigi AutoDockTools
yazilimi yardimiyla 1n silico olarak arastirilmistir. Flavonoidlerin ADME
calismasi, acik erisimli bir web araci olan SwissAdme yardimiyla
arasgtirilmigtir. Plantago major'un flavonoidleri ile Quercetin'in diyabetik
yara iyilesmesinde rol oynayan SIRT 1 reseptorlerinden 4ZZJ'min in silico
calismasinin sonuclary; Plantago major flovonoidlerinden luteolin (-4,81
kcal.mol ), apigenin (-4,74 kcal.mol!) ve Hispidulin'in (-4,58 kcal.mol?)
Quercetin'den (-4,56 kcal.mol!) daha iyi baglanma enerjisine sahip
oldugunu goéstermektedir. Sonug olarak, bu in silico ¢alisma Plantago
major flavonoidleri luteolin, apigenin ve hispidulinin diyabetik yara
iyilesmesi igin Quercetine dogal alternatifler olabilecegini gostermistir
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INTRODUCTION

Diabetes is described as a chronic disease that occurs
when the pancreas no longer produces insulin
adequately or when the body cannot effectively use the
insulin it produces (Lazzarini et al., 2023; Dogan et al.,
2022). The inability to produce insulin or use it
effectively leads to an increase in glucose levels in the
blood. In the long term, high glucose levels cause
damage to the body and deterioration of various organs
and tissues (IDF, 2022). According to the International
Diabetes Federation (IDF) 2021 atlas, approximately
537 million adults (aged 20-79) worldwide live with
diabetes. It is also estimated that the total number of
people living with Diabetes will increase to 643 million
by 2030 and to 783 million by 2045 (IDF, 2021).
Additionally, diabetes accounts for approximately 9%
of total global health expenditure on adults and is
responsible for 6.7 million deaths worldwide (IDF,
2021). Both the number of cases and the prevalence of
diabetes have been increasing steadily over the past
few decades (Uslu et al., 2022). When comparing the
data of the "Turkey Diabetes, Hypertension, Obesity,
and Endocrinological Diseases Prevalence Study-II
(TURDEP-ID" completed in 2010 in our country with
the TURDEP-I data from 12 years ago, it is evident
that the prevalence of diabetes has increased by 90%.
The study reveals that the prevalence of diabetes in the
Turkish adult population has risen from 7.2% to 13.7%
(Satman et al., 2013).

One of the most common complications in diabetic
patients is diabetic foot ulcers, which occur at a rate of
25%. These ulcers can lead to infection, gangrene,
amputation, and even death (Chirico et al., 2016;
Najafian et al., 2019). The most common risk factors
are neuropathy (86% of cases), peripheral arterial
disease (49% of cases), trauma and foot deformities
(Salvo et al., 2017). In addition, diabetic foot wounds
are the main cause of hospitalization and amputation
in diabetic patients (Chirico et al., 2016; Salvo et al.,
2017).

Wound healing and repair of damaged tissue are very
important for diabetes patients (Vyas & Vasconez,
2014). The wound healing process includes a series of
overlapping phases such as hemostasis, inflammation,
proliferation, and remodeling, which can be inhibited
by the presence of free oxygen radicals, microbial
infection, and high blood glucose (Patel et al., 2019).
Chemical or herbal medicines that can modulate one
or more of these phases are shown as candidates for
wound healing agents in normal or hyperglycemic
conditions (Kartini et al., 2021). Routinely, wound
healing is a quick and uncomplicated process, but
causes such as diabetes and infection make it difficult
for these wounds to heal (Khaire et al., 2023). Elevated
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glucose levels in diabetic patients decrease cell
proliferation and collagen production while increasing
the likelihood of tissue injury (Sanganalmath et al.,
2023).

The high cost, toxicity and side effects of synthetic
drugs have revealed the need for new and effective
treatment approaches for diabetic wounds (Dubey et
al., 2021). Many people's concerns about the side
effects of newly released drugs have increased interest
in plant-based treatments as an alternative system to
modern medicine (Ghanadian et al., 2022).

In traditional Asian medicine, Plantago major has
been used for thousands of years as a potent and non-
toxic therapeutic agent in the prevention of
inflammation (Al Baihaqi et al., 2022). Plantago major
is a plant belonging to the Plantaginaceae family,
found in a wide region including Europe, Asia, North
Africa, and North America (Ghanadian et al., 2022). In
vivo and in vitro studies have shown that this herb is
beneficial in wound healing (Amini et al., 2010;
Gongalves & Romano, 2016; Mahmood & Phipps, 2006;
Zubair et al., 2012). Plantago major contains many
effective phytochemicals such as flavonoids in its
leaves, anthocyanins in its flowers, iridoids in its roots
and cinnamic acid in its aerial parts (Abate et al., 2022;
Al Baihagi et al., 2022).

Phytochemicals increase insulin secretion, production
and efficiency by affecting various metabolic
mechanisms (Salla et al., 2020). Plantago major is
known to have antioxidant, antiulcerative,
antidiabetic, anti-inflammatory, and antimicrobial
effects due to its polyphenolic compounds, which
contribute to its healing wound properties (Kartini et
al., 2021). Literature research studies have shown that
Plantago majoris used as a phytotherapeutic plant in
the healing of acute and chronic wounds in many parts
of the world (Adom et al., 2017; Goncalves & Romano,
2016; Hosseinkhani et al.,, 2017; Jari¢ et al., 2018;
Jivad et al., 2016; Khaire et al., 2023).

In the design of new drugs for wound treatment, not
only in silico, in vitro, and In vivo studies but also
nursing care applied in clinical settings is important.
Therefore, multidisciplinary approaches are
prominent in new drug designs (Figure 1). It is
predicted that these multidisciplinary approaches will
reduce costs and improve the quality of life in the
treatment of diabetic foot ulcers (Eraydin, 2019).

Advancements in computer technology over the past
quarter century have significantly contributed to
multidisciplinary research. One such area is molecular
docking, which encompasses the disciplines of physics,
chemistry, and biology. Molecular docking studies
conducted in silico on computer platforms are cost-
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effective in terms of time, expense, and safety. New
drug designs frequently use these studies to provide
insights into 1n vitro, in vivo, and clinical trials.

Diabetic

I

wound-healing

SIRT1 receptors, which are involved in insulin
regulation, are one of the signalling proteins involved
in metabolic regulation.

Flavonoids of
Plantago Majo

2
r

a M

Y

luteolin
apigenin
baicalein

! el

diabetic wound

hispidulin
scutallarein
plantaginin

luteolin 7-glucoside
hispidulin 7-glucuronide
luteolin 7-diglucoside
apigenin 7-glucoside
homoplantaginin

Figure 1: Multidisciplinary approach to new drug designs for diabetic foot wound.
Sekil 1° Diyabetik ayak yaralari igin yeni ila¢ tasarimlarina multidisipliner yaklasim.

In this study, the binding of flavonoids found in the
leaves of Plantago majorfrom SIRT1 receptors to 4Z7ZdJ
PDB-encoded receptors were studied in szlico with the
help of computer-aided molecular docking study to
provide an insight into new drug designs.

MATERIALS and METHODS

Theoretical and experimental studies conducted on
diabetic wound healing have demonstrated the
positive effects of Quercetin on reducing glucose
production and increasing the expression of 5'-
adenosine monophosphate-activated protein kinase
(AMPK) and Sirtuin 1 (SIRT1) (Khursheed et al.,
2020). As nature has a large reserve of phytochemicals
that may have similar therapeutic activities as
Quercetin but are still unexplored, there is a need to
identify similar compounds that could improve
diabetic wound healing. One of these similar
compounds is thought to be the leaves of the Plantogo
major plant, which has been used for wound healing
for many years.

In this study, the interactions between the flavonoids
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found in the leaves of Plantago major and the allosteric
region of SIRT1, shown in red in Figure 2, were
investigated in silico. The results obtained in silico
were compared with the in silico results of Quercetin
for the discovery of new phytotherapeutic biochemicals
effective in diabetic wound healing.

Ligands typically interact with the amino acid residues
in the active site of enzymes, thereby altering their
mechanisms. On the other hand, some enzymes
possess regulatory centers called allosteric sites, where
they can interact with effector molecules outside the
active site. These effectors, by binding to the allosteric
site, exhibit regulatory effects by inhibiting or
activating the enzyme's activity. The conformational
changes resulting from this interaction cause the
enzyme mechanism to change (Srinivasan et al., 2014).
Luteolin [1], apigenin [2] (Kawashty et al., 1994;
Nishibe et al., 1995), baicalein [3], hispidulin [4],
scutallarein [5] (Sanz et al., 1994), plantaginin [6]
(Yuting et al., 1990), luteolin 7-glucoside [7],
hispidulin7-glucuronide [8], luteolin 7-diglucoside [9],
apigenin 7-glucoside [10] (Kawashty et al., 1999), and
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PDB: 477J)

Allosteric
region

Figure 2. The 3D solid surface structure of the 4ZZJ receptor (allosteric region of the receptor shown in red)
Sekil 2. 4Z7.J reseptoriiniin 3D kat1 yiizey yapisi (reseptoriin allosterik bolgesi kirmizi ile gosterilmistir)

Table 1. Flavonoids in the leaves of Plantago major and their molecular structures
Cizelge 1. Plantago major yapraklarindaki flavonoidler ve molekiiler yapilari
No  Flavonoids Molecular structure No Flavonoids Molecular structure

Luteolin 7-

1 Luteolin: 7 glucoside: CC

i anin: Hispidulin  7-
’ Apigenin: 8 glucuronide:
N\
3 Baicalein: =l 9 L_UtGOIm. . 7-
diglucoside: ’I’
4 Hispidulin: 10 Apigenin  7-
glucoside ’I
ey
5 Scutallarein: 1 Homoplantagi

nin

6 Plantaginin: C}\
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homoplantaginin [11] (Skari et al., 1999). These are
flavonoids isolated from the leaf structure of Plantago
Major. These flavonoids and their chemical structures
are taken from the literature and listed in Table 1.

Drug-likeness Properties

There are certain criteria such as Lipinski's rule of
five, Veber's rules, and Egan's criteria to determine
whether compounds have a structure similar to drugs
and their activity in living organisms. In this study,
the drug-likeness properties of flavonoids from
Plantago major were investigated using Lipinski's rule
of five. An analytical technique called Lipinski's rule of
five is used to assess a substance's drug-likeness and
decide if a chemical compound with a particular
pharmacological or biological activity can be taken
orally by people as a medication (Lipinski, 2004).
According to Lipinski's criteria, an orally active drug is
expected not to violate multiple of the following
criteria. Based on these criteria, chemical structure
limitations are defined as <500 for molecular weight,
<10 for hydrogen bond counts, <5 for hydrogen bond
donor counts, and <5 for compound lipophilicity (log P
or clog P).

Molecular Docking Study

The chemical structures of flavonoids, which are ligand
molecules for in silico studies, were obtained from the
open-access PubChem database. For the molecular
docking study, the SIRT1 family protein with the PDB
code 47ZZJ, known to play a role in the healing
mechanism of diabetic wounds, was selected as the
target receptor. The crystal structure of the 4ZZJ

receptor was retrieved from the protein database.

Water molecules, hetatoms and ligand groups were
extracted from the structure of the 4ZZdJ protein using
BIOVIA Discovery Studio software. Polar hydrogen
atoms and Kollman charges were introduced to the
477d protein using AutoDockTools-1.5.6. The grid box
settings were adjusted to encompass the active amino
acid residues Leu206, Thr209, Pro211, Pro212,
Gln222, I1e223, Asn226, [1e227, and Glu230, located in
the allosteric region of the 4ZZJ protein, completing
the pre-docking procedures. Molecular docking focused
on the allosteric region of 4ZZJ was performed using
AutoDockTools-1.5.6. The best binding modes and
protein-ligand interactions were analyzed by
visualizing with Biovia Studio Visualizer (Hubbard et
al., 2013).

RESULTS and DISCUSSION
Drug-likeness Properties

The drug-likeness properties of flavonoids isolated
from the leaf structure of Plantago major were
calculated according to Lipinski's rule of five using the
SwissADME web tool, and the relevant parameters are
provided in Table 2. As seen in Table 2, the 7-glucoside
flavonoids of luteolin, apigenin, baicalein, hispidulin,
and apigenin complied with the Lipinski criteria.
These results indicate that these five compounds can
be used as orally active drugs in living organisms. On
the other hand, scutallarein, plantaginin, luteolin 7-
glucoside, hispidulin 7-glucuronide, luteolin 7-
diglucoside, and homoplantaginin flavonoids have two
violations.

Table 2. Lipinski criteria agreement table for drug-likeness properties of flavonoids
Cizelge 2. Flavonoidlerin ilaca benzerlik ézellikleri i¢in Lipinski kriterleri uyum tablosu

No Compounds Molecular  weight LogP H-Bond Donor H-Bond Acceptor (
(<500 Da ) (<5) (<5) <10)

1 Luteolin 286.24 v 1.86 v 4 v 6 v

2 Apigenin 270.24 v 1.89 v 3 v b v

3 Baicalein 270.24 v 2.43 v 3 v b v

4 Hispidulin 300.26 v 2.27 v 3 v 6 v

5 Scutallarein 462.36 v 1.11 v T X 12 X

6 Plantaginin 462.36 v 1.11 v T X 12 X

7 Luteolin 7-glucoside 448.38 v 1.83 v T X 11 X

g  Hispidulin T 466.39 /009 v 8 X 12 X

glucuronide

9 Luteolin 7-diglucoside  466.39 v -009 v 8 X 12 X

10 Apigenin 7-glucoside 432.38 v 2.17 v 6 X 10 v

11 Homoplantaginin 462.40 v 2.29 v 6 X 11 X

Vi Accept X: Violation
Molecular Docking Study of the most abundant polyphenolic flavonoids in nature
Studies conducted on  Quercetin  (3,3'.4'5,7- and exhibits diabetic wound healing activity

pentahydroxyflavone) have demonstrated that it is one
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(D'Andrea, 2015; Mahabady et al., 2021). In addition,
Quercetin is a highly remarkable natural flavonoid not
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only for its therapeutic activities, but also for its lack
of known toxicity or side effects (Ebrahimpour et al.,
2020).

In docking studies between Plantago major flavonoids,
Quercetin effector and the allosteric region of 4ZZdJ, the
interactions of effectors with active residues and the
calculated binding energies are given in Table 3. As
can be seen from Table 3, Plantago's major flavonoids
interacted with the same active amino acid residues in
the allosteric region, similar to Quercetin.
Hydrophobic interactions between active amino acid
residues and flavonoids in the allosteric region of the
receptor have been interpreted as indicative of the
selectivity of the 4ZZJ receptor towards flavonoids.

As a result of the molecular docking study, the binding
energy between Quercetin and the 4ZZJ receptor was
found to be -4.56 kcal/mol. 2D and 3D images of the

Quercetin
(2D)

Hydrophobic I: h

Hydrogen [

Luteolin
(20)

Hydrophobie [

Hydrogen [

Interactions

B piSignma
L Pi-Alkyl
L] van der Waals
B Conventionnl Hydrogen Bond

Internctions

B Pi-Sipma
1 PrAlkyl
| vau dei
B Conventional Hydrogen Bond

interactions between Quercetin and the allosteric
region of 4Z7ZJ were presented in Figure 3a. As seen in
Figure 3a, Quercetin performed hydrophobic
interaction with amino acids I1e223 and I1e227 in the
allosteric region of 4ZZJ, and acceptor hydrogen bond
interaction (HBA) with amino acids Asn226, Glu230
and Thr219.

As seen in Table 3, the flavonoid compounds with the
best binding energies are luteolin with -4.81 kcal/mol
and apigenin with -4.74 kcal/mol. The results of
docking of luteolin with active amino acid residues in
the allosteric region of 4ZZJ were given in Figure 3b.
The luteolin compound performed hydrophobic
interactions with the active amino acid residues I1e223
and I1e227 of the allosteric region, and acceptor
hydrogen bond interactions (HBA) with residues
Asn226, Glu230 and Thr219.

Allosteric region

Allosteric region

1 Waals

Figure 3. 3D and 2D binding modes of interactions of Quercetin and Luteolin in the allosteric region of 4ZZdJ.

a)Quercetin, b)Luteolin

Sekil 3. Quercetin ve Luteolin'in 47ZZJ'nin allosterik bélgesindeki etkilesimlerinin 3D ve 2D baglanma modlari.

a)Quercetin, b)Luteolin
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Table 3. Summative results of molecular docking Plantago major flavonoids and Quercetin with 4ZZd.
Cizelge 3. Plantago major flavonoidleri ve Quercetin'in 477 ile molekiiler kenetlenmesinin é6zet sonuglari

Ligand
No

Quercetin

10

11

5

AG
(kcal/mol)

-4.56

-4.81

-4.74

-4.58

-4.32

-3.81

-3.79

-3.73

-3.26

-3.06

-1.37

-2.64

Conventional

and

Carbon Hydrogen
Bonds Interaction

Asn226(1.84),
Glu230(1.89),
Asn226(3.07),
Glu230(1.77),
Thr219(2.01)

Asn226(1.75),
Glu230(1.85),
Glu230(1.78),
Thr219(1.99)

Asn226(1.82),
Asn226(2.94),
Glu230(2.11),
Thr219(1.92)

Asn226(2.54),
Gln222(2.19),
Glu230(2.16)

Glu230(1.80),
Glu230(1.78)

Asn226(1.84),
Glu230(1.84),
Glu230(2.11),
Glu214(2.12),
Glu214(2.51)

Asn226(2.54),
Thr219(2.13),
T1e210(1.94)

Glu230(1.88),
Glu230(1.97),
Glu214(1.85)

Asn226(1.84),
11e210(2.10),
11e227(2.24),
11e223(3.64)
Asn226(2.04),
Glu230(2.77),
Glu230(2.17),
Glu214(1.88),
Glu214(1.93),
Pro212(3.13)

Glu208(2.00-2.

Leu205(2.18),
Thr209(2.03)
11e210(2.11),
Gln222(1.98),
Pro212(3.35)

32),

Hydrophobic
Interactions

11e223(3.69),
11e223(3.86)
11e227(5.36)

11e223(3.72),
11e223(3.85),
Ne227(5.32)

11e223(3.72),
11e223(3.81)
11e227(5.16)

Asn226(4.40),
11e223(4.30),
11e223(4.12),
11e227(5.01)
Asn226(5.50),
Asn226(4.15),
11e223(4.62),
I1e223(4.14),
Leu215(3.62),
Leu215(3.41),
11e223(3.58),
11e223(3.75),
11e223(3.79),
Pro212(4.71)
Thr209(3.84),
11e223(3.58),
11e223(3.93),
Pro211(5.42),
Pro212(5.45)
Leu215(3.25),
11e223(3.55),
11e223(3.85),
Pro212(5.16)

I1e223(4.84),
11e223(4.60),
11e227(3.73)

Leu215(4.00),
Leu215(3.54),
1e223(3.77),
11e223(3.50),
Pro212(4.61)

11e223(3.38),
11e223(4.77),
11e223(4.82),

Van der Waals
Interactions

GIn222

Gln222

Gln222

Leu206, Thr219

Leu206, Thr219, 11e227

Leu206, Thr209, 11e227

Leu206, Gln222, Ile227

Leu206, Thr219, Ile227,

GIn222, Asn226

Leu206, Thr209, Pro211
Pro212 Leu215, Glu230

Leu206, Thr209, Pro211,
Tle227

Leu206, Thr209, Pro211,
Tle227, Thr219, Asn226

Luteolin(1), Apigenin(2), Baicalein(3), Hispidulin(4 ), Scutellarin(5), Plantaginin(6), Luteolin_7_glucoside(7),
Hispidulin_7_glucuronide(8), Luteolin_7_diglucoside(9), Apigenin_7_glucoside(10), Homoplantaginin(11)
Bold are active amino acid residues of 4ZZdJ.

Molecular

docking

studies

between 477J and

flavonoids revealed that the important active residues
involved in the allosteric region in hydrophobic

1038

interactions are Ile223 Ile227 and Asn226. These
results are consistent with previous in silico studies for
SIRT1 (Azminah et al.,, 2019). When Table 3 was
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examined, it was determined that other flavonoids also
interacted with similar active amino acid residues in
the allosteric region of the receptor. According to Table
3, it was seen that flavonoids luteolin, apigenin and
hispidulin exhibited higher binding affinity than
Quercetin.

CONCLUSION

The flavonoids of Plantago major, luteolin, apigenin,
hispidulin and apigenin 7-glucoside gave positive
results in drug similarity studies. A molecular docking
study to elucidate the interaction mechanisms between
the compounds and the receptor has shown in silico
that flavonoids can be as effective as Quercetin as a
potential phytochemical in the healing of diabetic foot
wounds. These results are important as they provide a
promising prediction for in vitro studies on Plantago
mayjor flavonoids.
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ABSTRACT

Investigate the effects of water stress on grape berry heterogeneity and
composition in Cabernet-Sauvignon (Vitis vinifera L.) grapes under
different farming practices (organic and conventional) based on soil
structure and provide valuable information for the wine industry
regarding quality. The research was conducted in two vineyards, one
certified organic and the other following conventional practices. The
experiment, designed with Split-Plot Experimental Design based on
stress levels, was divided into two main plots, Organic and
Conventional, and each of these plots was further divided into two
subplots. The predawn leaf water potential results categorized the vines
into two groups: those with values lower than -8 MPa and those above -
8 MPa, which were labeled as Dryland-shallow soil and Baseland-deep
soil, respectively, based on the location and soil type. During the
harvest, grape clusters were collected and classified into three groups
based on berry diameter (10mm-12mm, 12mm-14mm, 14mm-16mm).
The results indicated that the 10mm-12mm berry size group generally
exhibited the desired characteristics across all evaluated criteria. The
total anthocyanin and total tannin content were higher in the 10mm-
12mm berries from vines experiencing moderate stress (Stress 1),
regardless of location. Additionally, the Dryland-shallow soil condition
showed higher tannin content. On the other hand, grapes from high-
stress vines displayed lower antioxidant values. The total polyphenol
index content was higher in the organic vineyard. Based on the findings,
it was suggested that to obtain high phytochemical compounds from
Cabernet-Sauvignon grapes in the Tekirdag region, cultivation should
be carried out under Dryland-shallow soil conditions, where the
predawn leaf water potential can drop as low as -0.8 MPa during the
period between veraison and harvest. Moreover, berries between 10 mm
and 12 mm might suit for this purpose.
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Organik ve Konvansiyonel Bagda Yetigtirilen Vitis vinifera Cabernet-Sauvignon Uzum Cesidinde;
Farkli Su Stresi Seviyelerinin, Tane Heterojenitesinin ve Konumun Fitokimyasal Ozellikler Uzerine
Etkileri

OZET Bahge Bitkileri
Cabernet-Sauvignon (Vitis vinifera L.) iiziim cesidinde farkl tarim

uygulamalarindaki (organik ve konvansiyonel) toprak yapisina bagh Aragtirma Makalesi
olarak su stresinin tane heterojenitesi ve bilegimi ilizerine etkilerini

arastirmak ve sarap sektoriine ham madde kalitesi konusunda 6nci Makale Tarihgesi

bilgi saglamaktir. Arastirma organik tarim sertifikali ve konvansiyonel Gelig Tarihi  :28.07.2023
bagcilik yapilan iki bagda yiritilmustir. Stres diizeylerine goére Kabul Tarihi :04.02.2024
Bolinmiis Parseller Deneme Desenine gore kurulmus olan deneme,

Organik ve Konvansiyonel olarak iki ana ve ikiger alt parsele Anahtar Kelimeler

ayrilmigtir. Olciilen safak 6ncesi yaprak su potansiyeli sonuclarina gére
-8 MPa’dan dusiik olan ve -8 MPa’dan biiyiik olan omcalar, arazi ve
toprak tipine gore Kira¢ arazi-yuzlek toprak ve Taban arazi-derin
toprak olarak gruplandirilmistir. Hasat yapilan salkimlardaki taneler
caplaria gore 3 ayr1 grupta toplanmistir (10mm-12mm, 12mm-14mm,

Cabernet-Sauvignon
Uztim kalitesi
Heterojenite
Organik bag
Konvansiyonel bag
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14mm-16mm). Deneme sonucunda 10mm-12mm tane boyut grubunun
genel olarak incelenen tiim kriterlerde istenilen ozellikleri tagidig:
belirlenmigtir. Toplam antosiyanin miktar1 ve toplam tanen miktari
konumdan bagimsiz olarak orta stresteki (Stres 1) omcalarda 10mm-
12mm arasindaki tanelerde yliksek degerler elde edilmistir. Kirag arazi-
yiuzlek toprakta tanen miktar1 daha fazla bulunmustur. Yiksek
stresteki omcalardan diisiik antioksidan degerleri kaydedilmigtir. TPI
miktar1 organik bagda daha yiksek bulunmustur. Tekirdag ilinde
Cabernet-Sauvignon tzum cesidinden yiiksek fitokimyasal bilegenler
elde edilmesi igin ben disme-olgunluk arasi donemde safak Oncesi
yaprak su potansiyelinin -0,8 MPa’a kadar disebildigi Kira¢ arazi-
yuzlek toprak kosgullarinda yetistiricilik yapilmasi ve 10mm-12mm
arasinda capa sahip tanelerin kullanilmasinin uygun olabilecegi

distintlmistir.
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INTRODUCTION Organic  viticulture is becoming widespread

Grape quality is a general term that represents the
levels of various fruit chemical compounds within a
grape berry. These are commonly categorized as fruit
flavonoids  (anthocyanins, tannins, and total
phenolics), titratable acidity (TA), pH, and total
soluble solids (TSS). The concentrations of these
components are determined by the combined effects of
various factors in the vineyard. These factors include
plant-related characteristics (vine, berry, and
canopy), physicochemical properties of the soil in the
root zone, and mesoclimate-microclimate attributes of
the vineyard. The interactions among these factors
must be considered because they contribute to the
desired levels of grape chemical components known as
"grape quality" (Zerihun et al., 2015). Additionally,
Kontoudakis et al. (2011) stated that the most crucial
factor at harvest time is the degree of grape maturity.
It has been observed that high-quality wines come
from grapes with optimal ripeness.

Along with vineyard soil, climate, vine, and cultural
practices also affect the vineyard's performance and
grape berry composition (Deloire & Rogiers, 2014;
Candar et al., 2021). Even in regions with sufficient
annual rainfall, irrigation may be necessary
depending on soil structure (Tard4guila et al., 2011).
It should be considered that some plots in the same
vineyard may require irrigation, leading to
differences in yield, quality, and grape heterogeneity.
In red varieties and under dry conditions, vine water
status has been found to have positive and negative
effects on TSS, total acidity, pH, malic and tartaric
acid concentrations, phenolic compounds,
anthocyanins, and tannins (van Leeuwen et al., 2009;
Cheng et al., 2014).
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worldwide (Calderone et al., 2022). However, it has
been reported that organic vineyards increased soil
compaction, inability to replenish deficient nutrients,
and increased disease pressure (Provost & Pedneault,
2016).

Berry size is a quality factor for wine production
(Melo et al., 2015). Kontoudakis et al. (2011) found
that when grouping berry heterogeneity based on
berry density (NaCl solution), the group with the
highest density had higher levels of pH, total phenolic
content, total anthocyanins, and proanthocyanins.
Zouid et al. (2013) reported a negative correlation
between berry size and anthocyanin content, while
Liu et al. (2016) found that the group with the highest
density had the highest antioxidant content. Rolle et
al. (2015) determined that high-density groups had
higher total phenolic content and aromatic profile.

Temperature, drought, and light intensity determine
the veraison process and affect the polyphenol content
in the berries (Vilanova et al., 2015). Due to soil
properties and spatial variations in topography, all
soils do not retain water to the same extent. If
irrigation 1is applied without considering these
differences, it can reduce yield and quality in areas
with excessive water stress. Similarly, in over-
irrigated areas, the desired grape quality may not be
achieved (Bellvert et al., 2021; Valdés et al., 2022).
Echeverria et al. (2017) found that shallow vineyard
soils have limited water access, leading to low yield
and quality. Mirds-Avalos and Intriglio (2017) found
that the variety, timing of water stress, and must
composition have a significant impact, while Caruso
et al. (2023) determined that different rootstocks and
irrigation regimes did not affect yield, despite climate
variations in trial years.
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This study aims to observe the effects of water stress
on grape berry heterogeneity and composition due to
long-term exposure to high water stress in some plots
of an organic vineyard, by grouping the grapes based
on leaf water potentials at harvest and their berry
sizes. As a control, the study also aims to monitor the
effects of water stress resulting from the difference in
water stress between Dryland-shallow soil and
Baseland-deep soil, by classifying the grape berry
sizes based on the average leaf water potentials of
two different soil depths within a conventional
vineyard. The main focus is to investigate the effects
of water stress on grape berry heterogeneity and
composition in Cabernet-Sauvignon (Vitis vinifera L.)
grapes under different farming practices (organic and
conventional) based on soil structure and provide
valuable information for the wine industry regarding
quality.

MATERIAL and METHODS
Vineyard site and climate

This study was conducted with the berries of cv.
Cabernet-Sauvignon, grown in two different
vineyards: SatoNuzun Vineyard and Winery Llc. was
organic (41° 2' 20.74" N, 27° 48' 41.90" E) and
Umurbey Vineyards Llc. Was conventional (40° 55'
50.23" N, 27° 25' 19.16" E) selected as the "Control"
vineyard. During the period from veraison (EL 35) to
harvest (EL 38), only 16 mm of rain has fallen. The
average temperature during this period was 25.2°C,
and the average relative humidity was 71.5%. The
Index Winkler (IW) value for this region was recorded
as 2235 days.

The phenological development dates for the first
vineyard were recorded as follows: bud break on 15th
April (EL 4), flowering on 25t May (EL 23), veraison
on 24th July (EL 35), and harvest on 31st August (EL
38). As for the second vineyard (Control vineyard), the
dates were as follows: bud break on 10t April (EL 4),
flowering on 28th May (EL 23), veraison on 26t July
(EL 35), and harvest on 17th September 2018 (EL 38).

Vineyard management

The organic vineyard, planted in 2006, consists of
Cabernet-Sauvignon grafted on 1103P rootstock. It is
oriented N-S and located at 130 m altitude with an
18% slope. Row and vine spacing is 2 x 2.5 m. The
vine training system is VSP, and the soil composition
includes gravel, sand, and clay. The conventional
vineyard was planted in 1993, and the row spacing
and vine spacing are 1.5 x 2.5 m. It is located 5 km
from the sea at an altitude of 200 m. The vineyard is
trained using the bilateral Cordon Royat system, and
the soil composition is clayey and sandy. In winter
pruning, 2 buds above 5 heads are left on each main
branch, in short, each spur carries 10 buds, a total of
20 buds per vine. No cluster thinning process has
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been performed on the spurs. Both vineyards on
sloped terrain, exhibit soil structure differences
between the S and N-facing slopes. The N slope has a
gravel + sand + limestone topsoil layer with low
organic matter, leading to dry soil. Water retention is
poor due to shallow soil tillage and an impermeable
limestone layer, resulting in high evaporation rates
and significant water scarcity. Conversely, the S slope
has a fertile top layer rich in clay + sand and organic
matter, with a lower layer consisting of gravel + sand
+ clay, providing high water holding capacity.

Berry sampling

Shoot and cluster numbers were not equalized in the
application clusters. Harvested clusters from both
vineyards were placed in plastic coolers and quickly
transported to the laboratory. The clusters were
divided into four berry size groups: 10mm-12mm,
12mm-14mm, 14mm-16mm, and 16mm-18mm. The
berries, classified according to their sizes, were stored
at -20°C until the analyses were performed. However,
it was impossible to find samples belonging to the
16mm-18mm group in some criteria.

Measuring by Scholander Pressure Chamber

At harvest time, pre-dawn leaf water potential (Piear)
was measured using the Scholander pressure
chamber, and stress levels were determined according
to Carbonneau (1998) and Deloire & Rogiers (2014).

Location and soil types

Dryland — Shallow soil (D): Refers to the vines in the
region with arid and highly absorbent, gravelly soil,
Baseland — Deep soil (B): Includes vines in the area
with high clay content and deep subsoil.

Stress levels

Conventional vineyard (Control): Represents the
vineyard cultivated wusing traditional methods,
Organic vineyard (Stress 1): Vines with low pre-dawn
leaf water potential were grouped, Organic vineyard
(Stress 2): Vines were grouped based on high Wiear
values.

Statistical evaluation

The field experiment was conducted in a Split-Plot
Design with two types of land (Dryland-shallow soil
and Baseland-deep soil), three different stress levels
(Control, Stress 1, and Stress 2), and three
replications with two vines in each plot. The data
obtained were analyzed using the MSTAT-C
statistical program, and the LSD test (1% and 5%)
was applied to reveal the differences. In some
statistical analyses, the 16mm-18mm berry size group
was not used due to the insufficient number of berries
in this size group.
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Data collection

After harvest, clusters were separated into individual
berries and sorted into size classes using sieves with
openings of 10mm, 12mm, 14mm, 16mm, and 18mm.
Each cluster's berries were destemmed, and 200g of
grape berries were blended. 50ml of resulting puree
was transferred to a light-proof container, and 62m]l of
80% (v/v) acidified methanol was added. After 24
hours in a dark room, the mixture was filtered with
Whatman No. 1 paper to obtain grape extract and
stored in air-tight containers. This process was
applied to each size group separately. 1 ml was taken
from the bottled samples, and 5 ml of methanol was
added (dilution factor 1/6). For all other analyses,
extracts were taken from this diluted extract and
used.

Analysis of sugars

The TSS was measured using a refractometer and
recorded as °Brix (Cemeroglu, 2007). Sugar
concentration (g L'1) was determined based on the
°Brix values. The sugar content in the berry (mg
berryl) was calculated using the following formula
(Carbonneau & Bahar, 2009):

Sugar content in the berry (mg/berry) = [1/
1.3 x Sugar (g/L)] x [1/100 x 100 berry weight (g)] (1)

Additionally, the sugar content per gram of grape (mg
g-berryl) was calculated using the following formula:

Sugar content per gram of grape (mg/g — berry) =
Sugar content in the berry / berry fresh weight (2)

Total acid content (TA) (g L)

Samples from the must were measured using 1N
NaOH solution and phenolphthalein indicator. The
amount of NaOH consumed with phenolphthalein
indicator on 5 ml of must solution was recorded as
tartaric acid (Cemeroglu, 2007).

the pH of the must

The pH was determined using a digital pH meter
(Cemeroglu, 2007).

Analysis of total phenolic compounds

The Folin-Ciocalteau method was used for
spectrophotometric readings (Waterhouse, 2002;
Sanchez-Rangel et al.,, 2013). 1 ml of the diluted
extract (1/6 ratio) was transferred to a 100 ml
volumetric flask using a micropipette. Then, 5 ml of
Folin-Ciocalteau reagent and 10 ml of Na2COs
solution (20g L!) were added, and the mixture was
shaken. After leaving it for 2 hours at 75°C in a water
bath with 70 ml of distilled water, the volume was
adjusted to 100 ml with distilled water, and the
absorbance was measured at 765 nm using a
spectrophotometer.
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Formula (mg/kg) = Read Value x 11197.6 (3)

Analysis of total anthocyanin compounds (mg kg)

Different pH methods were used for anthocyanin
determination (Cemeroglu, 2007). The buffer solution
(696.5 ml citric acid + 303.5 ml disodium
monophosphate solution) is a mixture. Monometric
anthocyanins in black-colored grapes, extracted using
disodium monophosphate, were determined using the
pH-Differential method and expressed as malvidin-3-
glucoside (mg kg?1). Methanol was used for the
preparation of extracts in the determination of total
anthocyanins. Two tubes were prepared for each
sample: Tube 1: 1 ml of the extract + 1 ml of 80% (viv)
methanol diluted with distilled water and 10 ml of 2%
HCI solution. The reading was taken at 520 nm using
a spectrophotometer. Tube 2: 1 ml of the extract + 1
ml of methanol + 10 ml of buffer solution. After
shaking, the reading was taken at 520 nm using a
spectrophotometer.

Formula 4645.8 x (High reading — Low reading) (4)

Analysis of total monomeric anthocyanins by pH
differential method

Potassium chloride buffer (pH1.0) and Sodium Acetate
buffer (pHass) solutions were prepared, and samples
were compared with predetermined ratios in
preliminary tests to establish equilibrium after
waiting for 30 min. The absorbances of both buffer
solutions for each sample were then measured at 520
nm and 720 nm using a spectrophotometer. The
number of anthocyanins in the samples was
determined using the following equation. pH1.0 Buffer:
In a container, 250 ml of 0.2 N KCI (14.9 g L'Y) and
650 ml of 0.2 N HCl (17 ml L1) solutions are
combined and mixed. The pH of the solution should be
adjusted to 1.0. If it is not, it is adjusted using an HCI
solution. pHas Buffer: 1.64 g of Sodium Acetate
(CHsCH’Na.3H:20) is dissolved in 100 ml of distilled
water, and then 1 N HCI (83 ml of concentrated HC1
per L) is added to adjust the pH to 4.5 + 0.1.

A = (A520 — A720) pH 1.0 — (A520 — A720) pH 4.5

Total Anthocyanin Content (mg/kg) =

(A) x (MW) x (Sf) x 1000 / (e)*1 (5)

(e): Molar absorption coefficient for Malvidin-3-
glucoside: 28,000

MW: Molecular weight of Malvidin-3-glucoside: 493.5
Sf: Dilution factor
I: Cuvette layer thickness: Set as 1.

Analysis of total tannin compounds
From the 1/6 diluted extract, 1 ml was transferred
into a 100 ml volumetric flask. Then, 10 ml of Folin-

Denis reagent was added, and it was filled up to 100
ml with NaCO: solution (%35 (m:v) in distilled water)
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and thoroughly mixed. After waiting for 30 min and
ensuring no turbidity, the samples were transferred
into the spectrophotometer cuvette and read at 750
nm. If the 100 ml volumetric flask and the sample did
not align precisely due to differences in micropipette
and volumetric flask diameters, the sample was
transferred to another container after shaking. After
waiting for 30 min and without disturbing the
sediment, the sample was taken.

Formula (mg/kg) = 13417.2 x Read value (6)
Analysis of total phenolic compounds (TPC) for
antioxidant content

Total phenolic compounds in grape methanol extracts
were determined using the Folin-Ciocalteau reagent
(FCR) method (Kupina et al., 2017). The FC reagent,
a mixture of phosphotungstic acid (HsPW12040) and
phosphomolybdic acid (HsPMo12040), undergoes a
colour change to blue compounds during phenol
oxidation. This color change read at 760 nm on a
spectrophotometer, is proportional to the amount of
polyphenolic compounds, and is expressed as gallic
acid or pyrocatechol equivalents. The calculation is
based on the formula obtained in terms of gallic acid.

From the 1/6 diluted extract, 1 ml was transferred
into a 100 ml volumetric flask. Then, 5 ml of FCR and
10 ml of NaCOs solution (20 g L'1) were added and
shaken. After that, 70 ml of distilled water was
added, and the flask was kept in a water bath at 75°C
for 2 hours. After, the flask was filled up to 100 ml
with distilled water, and a sample was taken from
this solution for reading at 760 nm on a
spectrophotometer to calculate the antioxidant
content in terms of gallic acid.

Absorbance (1: 760 nm) = 0.0011[Gallic acid]-0.0022(7)

Analysis of antioxidant enzyme activities by H.O:
method

The antioxidant content of grape extracts was
determined by measuring their hydrogen peroxide
(H.0.) removal activity using the method described by
Benmeziane (2017). A specific amount of hydrogen
peroxide solution was added to the reaction medium,
and the breakdown by the sample extract was
monitored by measuring the absorbance change at
230 nm. A 0.1M Phosphate buffer (pH=7.4) was
prepared, and a 0.40mM H-O: solution. The sample
extract was added to the solution, and after a 10-
minute waiting, the absorbance at 230 nm was
measured. A control determination was also
performed without H20..

% Inhibition = [(Acontrol — Asample) /
Acontrol] x 100 8

A control = Absorbance of the control, A sample =
Absorbance of the sample.
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Analysis of total polyphenol index (TPI)

Grape juice was first passed through a coarse filter
and then centrifuged at 8000 rpm for 5 minutes in a
conical tube. Afterwards, it was filtered again
through a coarse filter. From this filtrate, 1 ml was
taken and diluted with 50 ml of pure water in a
volumetric flask, and then measurements were made
using a spectrophotometer. The obtained values were
multiplied by the dilution factor and used for further
analysis.

RESULTS
Leaf water potential (Wp4, MPa)

The grapevine water status Wpa (Pre-dawn leaf water
potential) was determined through measurements
(Data not shown). According to the Location x Stress
interaction, in the Dryland-shallow soil x Stress 1
interaction, the average value was measured as -0.77
MPa. In the Dryland-shallow soil x Stress 2
interaction, the average value was -1.22 MPa, and in
the Dryland-shallow soil x Control interaction, it was
-0.92 MPa. The Dryland-shallow soil interactions
were found to be in the high-stress and severe-high-
stress groups according to Carbonneau (1998) and
Deloire and Rogiers (2014). On the other hand,
Baseland-deep soil reduced the Wyq values, indicating
a stress reduction. They were recorded as Control (-
0.29 MPa) for low-moderate stress, Stress 1 (-0.77
MPa) for severe-high stress, and Stress 2 (-0.92 MPa)
for high stress (Korkutal et al., 2023). Ojeda et al.
(2002) stated that the grape berry quality slightly
increased with moderate water stress.

Sugar Contents

In terms of Total Soluble Solids (TSS) values, the
Stress Main Effect (STME) and Location x Stress
interactions, as well as the main effect of Location
(LOME), were found to be significant. Regarding the
LOME, Dryland-shallow soil (D) had a value of
23.94°Brix, and Baseland-deep soil (B) had a value of
22.83°Brix. Concerning the STME, the lowest value
was obtained from the Stress 2 group (23.12°Brix),
and the highest value was from the Control group
(23.85°Brix). Stress 1 (23.18°Brix) fell between these
two values. In terms of the Location x Stress
interaction, the Dx Control interaction (24.81°Brix)
had the highest value, while the B x Stress 1
interaction (22.50°Brix) had the lowest value. These
findings are consistent with the observation made by
Lafontaine et al. (2013) and Melo et al. (2015) that as
the berry size decreases, the °Brix ratio increases.
Additionally, in Dryland-shallow soil (Stress 2 < -0.8
MPa), the effect of water deficiency in the vine, as
noted by Koundouras et al. (2006), led to a reduction
in sugar accumulation in the berries during the
ripening process (Data not shown). Romero et al.
(2010), and Zufiga et al. (2018) contradict each other
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in their research findings regarding the effect of
moderate water stress on increased TSS in red grape
varieties. It is thought that this discrepancy may
have resulted from differences in soil structure.

When evaluating the sugar concentration (g L1) the
STME, LOME, and Location x Stress interactions
were found to be significant (Data not shown). For the
STME sugar concentration values, it was observed
that the Control vines (236.34 g L)) had higher
values, followed same group by Stress 1 (228.52 g L))
and Stress 2 (227.87 g L'1). The sugar concentration
in the D (237.42 g Li')) was found to be higher than in
the B (224.40 g L71). The obtained values are
consistent with the findings of Matthews & Nuzzo
(2007), which suggest that sugar concentration in
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berries decreases as berry size increases.

Regarding the sugar amount in berries (mg berry?),
only the BSME showed statistical significance (Figure
1). It was observed that the 14mm-16mm size group
had the highest sugar amount (137.48 mg berry?).
For STME, the amount of sugar in berry values
between 112.74 mg berry! (Control) to 103.77 mg
berry! (Stress 2) were observed. This finding is
consistent with the study by Ojeda et al. (2002),
which reported that water deficiency after veraison
reduces sugar content in berries. On the other hand,
the research findings of Zarrouk et al. (2012) are
parallel with the result that there was no difference
in sugar content in the berries between non-irrigated
and regulated water restriction conditions.

=== BSME

109,46 1108,79

10-12mm

12-14mm

14-16mm LOME

Figure 1. Effects of different berry sizes depending on the land-soil type on the sugar amount in berries
Sekil 1. Arazi ve toprak tipine bagh olarak farkli tane boyutlarinin tanedeki seker miktarina etkileri

BSME LSD %1 =13,41675

The amount of sugar per gram of grape berry (mg g-
berry!) showed statistical significance in terms of
berry size groups, LOME, STME, and Location x
Stress interactions (Data not shown). In terms of
LOME, values of 79.14 mg g-berry?! for D and 74.80
mg g-berry! for B were obtained. The results are
consistent with Bahar et al. (2017), who stated that
the lowest sugar content in a single grape berry is
obtained when Wpyq falls below -0.7 MPa, in terms of
Location.

Total acidity (TA) (g L')

In terms of TA criteria, significant differences were
found only for LOME among different berry size
groups based on location and soil type. A TA value of
7.71 g L'l was obtained for B. This value was followed
by D with a TA value of 6.50 g L'1. Kontoudakis et al.
(2011) reported that the group with higher density
(smaller berries) had higher TA content. This finding
is in line with results where smaller berries were
observed to have higher TA values (Data not shown).
Furthermore, the results are consistent with the
findings of Koundouras et al. (2006) and Caruso et al.
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(2023) that water deficiency determined based on Wpa
values disrupts the accumulation of malic acid in the
must and reduces TA (Romero et al., 2010).

Grape must pH

In terms of grape must pH, STME, Location x Stress
interaction, and LOME have shown significant effects
(Table 1). For STME, when pH values were examined,
Stress 2 (3.34) and Control (3.31) were in the same
significance group, while Stress 1 (3.26) was in
another significance group. Regarding Location x
Stress interactions, D x Stress 2 interaction (3.43)
and D x Control interaction (3.38) were in the first
significance group. On the other hand, B x Stress 1
interaction (3.31) formed the second significance
group, and B x Stress 2 (3.25), B x Control (3.23), and
D x Stress 1 (3.20) values constituted the last
significance group. When pH values were examined
concerning LOME, D had a pH value of 3.34, and B
had a pH value of 3.27. The findings are consistent
with the study of Munitz et al. (2016), where they
reported that different vine water statuses did not
have a significant effect on grape must pH. Similarly,
the results align with the study by Bahar et al.
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(2017), where they observed that although the pH
values of groups separated based on stress levels were
not statistically significant, vines under stress levels
above -0.7 MPa had the lowest pH values in the must.
However, the results contradict the findings of Gil et

al. (2015), who reported that small-sized berries
contained high pH, and Caruso et al. (2023), who
indicated that irrigation affects pH. It is thought that
this discrepancy may have arisen from differences in
field and soil types.

Table 1. pH values in different berry size groups based on location-soil type
Cizelge 1. Arazi ve toprak tipine bagl olarak farkli tane boyut gruplarinda pH

. Berry Size
Location and Stress 10mm-12mm 12mm-14mm 14mm-16mm LOME
Dryland-shallow soil (D) 3.34+0.05 3.32+0.04 3.34+0.03 3.34+0.02 a
Baseland-deep soil (B) 3.24+0.02 3.26+0.02 3.29+0.02 3.27+0.01 b
STME
Control 3.32+0.06 3.29+0.03 3.32+0.03 3.31+0.02 a
Stress 1 3.23+0.03 3.25+0.03 3.29+0.03 3.26+£0.02 b
Stress 2 3.33+0.05 3.34+0.04 3.35+0.04 3.34+0.02 a
LocationxStress int
Control 3.42+0.07 3.35+0.03 3.37+0.03 3.38+0.03 A
D Stress 1 3.17+0.02 3.19+0.02 3.24+0.02 3.20+0.01 C
Stress 2 3.43+0.03 3.42+0.02 3.43+0.04 3.43+ 0.02 A
Control 3.21+0.04 3.23+0.03 3.26+0.02 3.23+ 0.02 C
B Stress 1 3.29+0.01 3.31+0.01 3.35+0.04 3.32+£0.01 B
Stress 2 3.23+0.02 3.25+0.02 3.26+0.01 3.25+ 0.01 C
BSME 3.29+0.03 3.29+0.02 3.31+0.02

STME %5 LSD = 3.710355E-02 (Small bold letters); Location x Stress int. LSD %5 = 5.247234E-02 (Big bold letters), LOME %5 = 1.029411

(Small letters)

Total phenolic content (mg kg'1)

Table 2 revealed statistically significant differences
among the grape berry size groups concerning total
phenolic content, Berry Size Main Effect (BSME),
STME, Location x Stress, Location x Stress x Berry
size interaction, and LOME. In terms of total phenolic
content, BSME analysis revealed that the 14mm-
16mm berry size group had the highest value of
1615.68 mg kg'l. In terms of total phenolic content, D

had a value of 1627.67 mg kg'! and B had a value of
1461.49 mg kg?! for LOME. For the total phenolic
content in terms of STME, Control had a value of
1639.00 mg kgl and Stress 1 had a value of 1361.73
mg kg1, forming the first significant group. The stress
1 x 14mm-16mm group had the highest value of
1811.63 mg kg'l. B x Stress 1 x 14-16mm group had a
value of 2087.58 mg kg'!, having the highest total
phenolic content.

Table 2. Total phenolic content in different stress levels according to land-soil type
Cizelge 2. Arazi ve toprak tipine bagh olarak farkl stres seviyelerinde toplam fenolik madde miktari

Berry Size

Location and Stress 10mm-12mm

12mm-14mm

LOME

14mm-16mm

Dryland-shallow soil (D) 1719.66+62.53 a

1601.01+47.49 a

1562.35+53.83 a 1627.67+33.20 a

Baseland-deep soil (B) 1367.73+100.42 b

1347.73+103.01 »

1669.00+106.30 a 1461.49+64.13 b

STME

Control 1713.66+26.90 ab 1625.67+169.30 abce 1577.68+81.94 bed 1639.00+61.04 a

Stress 1 1683.66+:100.17 ab 1403.72+59.02 de 1811.63+123.41a 1633.01+67.27 a

Stress 2 1233.75+111.80 e 1393.72+38.49 de 1457.71+£29.51 cd 1361.73+44.5b

LocationxStress int

Control 1767.64+16.00 BCD 1787.64+12.00 ABC 1759.64+20.00 BCD 1771.65+9.16

D Stress 1 1907.62+0.00 AB 1535.69+0.00 CDEF 1535.69+0.00 CDEF 1659.67+61.99
Stress 2 1483.70+4.00 CDEF 1479.70+4.00 CDEF 1391.72+0.00 EF 1451.71+15.10
Control 1659.67+21.16 BCDE 1463.71+341.95 DEF 1395.72+8.00 EF 1506.37+106.55

B Stress 1 1459.71+4.00 DEF 1271.75+0.00 FG 2087.58+0.00 4 1606.35+123.34
Stress 2 983.80+0.00 G 1307.74+0.00 1523.70+0.00 CDEF 1271.75+78.45

BSME 1543.69+71.51 AB

1474.37+63.02 B

1615.68+59.22 A

STME LSD %1 = 126.9938 (Small-bold letters); LOME LSD %1 = 130.9765 (Small letters); BSME LSD %5 = 94.59129 (Big letters); Location x
Berry size int. LSD %1 = 179.5963 (Small-italic letters); Stress x Berry size int. LSD %1 = 219.9596 (Small-underline letters); Location x

Stress x Berry size int. LSD %1 = 311.0699 (Big-italic letters)

The findings are not in line with Mulero et al. (2010)
and Provost & Pedneault (2016) studies, which
reported the same phenolic content values for organic
and conventional grapes during harvest time. The
total phenolic values in the conventional (=Control)
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vineyard were lower than those in the organic
vineyard's Stress 1 and Stress 2, which is believed to
be due to location differences. The results are
consistent with Martin & Rasmusen (2011) who
reported that organic vineyards had higher total
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phenolic content compared to conventional vineyards.
However, it is not consistent for D, which is believed
to be due to differences in water accessibility and soil
structure. On the other hand, Melo et al. (2015)
reported that the phenolic content in the small berry
group was higher than that in the medium and large
berry groups, which is not consistent with the results.
It was observed that D in the 10mm-12mm berry size
group had a higher total phenolic content, while B
had a higher phenolic content in the 14mm-16mm
berry size group, which is believed to be due to
differences in soil and land structure.

Total anthocyanin content (mg kg1

When total anthocyanin content 1s considered,
Location, stress groups, different berry size groups,
and their interactions were found to be statistically
significant (Table 3). When the total anthocyanin
content was examined for BSME, it was observed that
the 10mm-12mm berry size group had the highest
value (1245.07 mg kg?1). The fact that the highest

anthocyanin content is found in the smallest berry
size is consistent with the findings of Zouid et al.
(2013), Lafontaine et al. (2013), and Gil et al. (2015).
However, it contradicts the results of Chen et al.
(2018), who found an increase in anthocyanin with an
increase in berry size. It is believed that this
discrepancy may be due to differences in terrain-soil
type and climate.

The high anthocyanin content was obtained from
Location D (1406.47 mg kg1), and the low value was
from Location B (879.78 mg kg1). Regarding STME,
the Stress 1 level (1247.91 mg kg'!) had the highest,
and Control (1025.69 mg kg1) had the lowest
anthocyanin content among stress levels. The
findings of Koundouras et al. (2006), Romero et al.
(2010), Zarrouk et al. (2012), Cheng et al. (2014),
Oner (2014), and Munitz et al. (2016) that
anthocyanin content can increase under water deficit
conditions align with the findings of this study in
Dryland-shallow soil.

Table 3. Total anthocyanin content in different stress levels depending on land-soil type
Cizelge 3. Arazi ve toprak tipine bagh olarak farkl stres seviyelerinde toplam antosiyanin miktari

Berry Size

Location and Stress

LOME

10mm-12mm

12mm-14mm

14mm-16mm

Dryland-shallow soil (D)

1625.00+61.83 a

1351.41+17.805h

1243.01+21.72 ¢

1406.47+38.30 a

Baseland-deep soil (B)

865.15+36.58 e

821.79+52.59 £

952.39+94.08 d

879.78+37.98 b

STME

Control 1094.08+131.93 e 1026.72+157.90 g 956.26+157.59 h 1025.69+82.30 ¢

Stress 1 1409.23+177.99 a 1080.15+140.24 f 1254.36+2.08 b 1247.91+78.10 a

Stress 2 1231.91+199.80 ¢ 1152.93+57.14 d 1082.47+35.32 e 1155.77+67.64 b

LocationxStress int

Control 1389.09+0.00 C 1379.80+0.00D 1308.56+7.74 £ 1359.15+12.92 C

D Stress 1 1807.22+0.00 4 1393.74+0.00C 1259.01+0.00 G 1486.66+82.47 A
Stress 2 1678.68+1.55 B 1280.69+1.55 F' 1161.45+0.00 7 1373.61+78.19 B
Control 799.08+0.00 M 673.64+0.00 P 603.95+0.00 @ 692.22+28 55 F

B Stress 1 1011.23+1.55 K 766.56+0.00 O 1249.72+0.00 H 1009.17+69.74 D
Stress 2 785.14+0.00 N 1025.17+1.55 J 1003.49+0.00 L 937.934+38.33 E

BSME 1245.07+98.51 A

1086.60+69.64 C

1097.93+58.61B

STME LSD %1= 3.007017 (Small-bold letters); Location x Stress int. LSD %1 = 4.252564 (Big-bold letters); LOME LSD %1 = 5.208306 (Small
letters); BSME LSD %1 = 3.007017 (Big letters); Location x Berry size int. LSD %1 = 4.252564 (Small-italic letters); Stress x Berry size int.
LSD %1 = 5.208306 (Small-underline letters); Location x Stress x Berry size int. LSD %1 = 7.365656 (Big-italic letters)

Total monomeric anthocyanin content (pH differential
method) (mg kg

The effects of berry size, stress, and location, as well
as their interactions, on the total monomeric
anthocyanin content were found to be significant
(Figure 2). When the total monomeric anthocyanin
content was examined for BSME, it was observed that
the lowest value was obtained from the 14mm-16mm
berry size group (133.66 mg kgl), and the highest
value was obtained from the 10mm-12mm group
(160.30 mg kg'l). These findings are consistent with
the results of Zouid et al. (2013) and Lafontaine et al.
(2013), which also reported a negative relationship
between berry size and anthocyanin content.

1049

Total tannin content (mg kg1

STME, Location x Stress, BSME, Location x Berry
size, Stress x Berry size, Location x Stress x Berry
size, and LOME were found to be significant (Table
4). Tt has been observed that there is a negative
correlation between the total tannin content and
berry size. This finding is parallel to the studies of
van Leeuwen et al. (2009).

LOME total tannin values were recorded as D
(5165.76 mg kg') and B (4565.83 mg kg!). However,
the research findings contradict the study of
Lafontaine et al. (2013), who reported that tannin
content increases with an increase in berry size. This
discrepancy can be attributed to differences in
location and vineyard soil characteristics.
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Total phenolic content determination with
antioxidant PCR method (g kg?)

STME, BSME, Location x Stress interactions,
Location x Berry size, Stress x Berry size, Location x
Stress x Berry size, and LOME were found to be
statistically significant (Table 5). The highest value of
121.95 g kg! was obtained from the 14mm-16mm
berry size group. Regarding LOME, D (123.81 g kg'1)
had the highest value. In terms of the Location x
Berry size interaction, the total antioxidant values of
the berries in the D x 10mm-12mm size group were
the highest (132.00 g kg1). These findings are not
consistent with the results reported by Buchner et al.
(2014), Mulero et al. (2010), and Provost & Pedneault
(2016), who found no significant difference in total
antioxidant content between conventional and organic
vineyards. For STME, Control (128.71 g kg1) and
Stress 1 (124.17 g kg'!) were in the same group. In the
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Stress x Berry size interactions, the Stress 1 x 14mm-
16mm group (137.60 g kg') had the highest value.
Looking at the Location x Stress interaction, D x
Control (132.20 g kg'?) had the highest value, and B x
Stress 2 (98.36 g kg'!) had the lowest value. In the
Location x Stress x Berry size interactions, the
highest value was obtained from the B x 14mm-16mm
x Stress 1 interaction (158.36 g kgl). On the other
hand, the results are not consistent with the findings
of Chen et al. (2018), who reported a linear
relationship between berry size and anthocyanin
concentration, as well as with the result that water
stress increases anthocyanin concentration
(Koundouras et al., 2006; Romero et al., 2010). It is
thought that these discrepancies may be due to
differences in grape variety, climate, vineyard, and
soil type.

mmm B

14-16mm LOME

Figure 2. Total monomeric anthocyanins (pH differential method) in different stress levels depending on land-soil

type

Sekil 2. Farkli tane boyut gruplarina gore toplam monometrik antosiyvanin (pH differansiyel metodu) miktarlar
BSME LSD %1 = 1.182305 (Big letters); Location x Berry size LSD %1 = 1.672031 (Small-italic letters)

Table 4. Total tannin content at different stress levels based on land-soil type
Cizelge 4. Arazi ve toprak tipine bagh olarak farkl stres seviyelerinde toplam tanen miktari

Berry Size

LOME

Location and Stress Tomm-12mm

12mm-14mm

14mm-16mm

Dryland-shallow soil (D) 5559.75+137.34 a

4865.97+217.54 ¢

5072.12+373.22 b 5165.76+£155.96 a

Baseland-deep soil (B) 4730.31+311.31 d

4646.82+348.04 e

4560.36+275.97 £ 4645.83+174.24 b

STME

5013.56+454.28 d

4197.98+270.78 h

4900.47+216.13 b

4577.50+343.08 g

5675.47+136.04 a

5104.50+£169.33 a

4678.13+£258.03 f

4575.27+478.35 g

4712.42+239.73 ¢

LocationxStress int

3998.33+33.77 L

3592.60+8.99 O

4240.26+230.27 E

5344.52+11.83 F

5979.60+4.47 A

5600.94+96.94 B

5255.07+4.47 G

5644.17+38.99 D

5656.09+118.08 A

6028.79+4.47 AB

4803.36+7.74 1

5560.68+191.11 C

3810.48+7.75 M

5371.35+4.47 F

4608.06+225.50 D

Control 5489.87+161.28 b
Stress 1 5060.52+187.41 ¢
Stress 2 4883.86+530.04 e
Control 5129.84+19.49 H
D Stress 1 5478.69+23.66 £
Stress 2 6069.04+4.47 A
Control 5849.90+7.75 C
B Stress 1 4642.35+13.42 J
Stress 2 3698.68+4.47 N

4101.1944.47 K

3506.36+4.47 P

3768.74+87.65 F

BSME 5144.75+£193.25 A

4756.40+£200.86 C

4816.24+233.55 B

STME LSD %1 = 22.68181 (Small-bold letters); Location x Stress int. LSD %1 = 32.07692 (Big-italic letters); LOME LSD %1 = 22,68181
(Small letters); BSME LSD %1 =22.68181 (Big-bold letters); Location x Berry size int. %1 =32.07692 (Small-italic letters); Stress x Berry size
int. %1 = 39.28605 (Small-underline letters); Location x Stress x Berry size int. LSD %1 = 55.55886 (Big-italic letters)

The total antioxidant content (H2O:2 method g kg)
values were not found to be statistically significant

(Data not shown). The STME antioxidant values were
not found to be statistically significant, but they were
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ranked from highest to lowest as follows: Control
(91.60 g kg1), Stress 1 (98.84 g kg'1), and Stress 2
(112.11 g kg')). D obtained a value of 88.72 g kg1, and
B obtained a value of 112.98 g kg'l. These results are
in line with Mulero et al. (2010), Bunea et al. (2012),
Buchner et al. (2014), and Provost & Pedneault
(2016), who reported no difference in antioxidant
values between organic and conventional vineyards.

Total polyphenol index (TPI)

Table 6 presents the TPI values. Regarding TPI,
BSME values were not found to be statistically
significant; however, they were ranked from highest
to lowest as follows: 12mm-14mm group (7.72),
10mm-12mm group (6.84), and 14mm-16mm group

(5.56).

The TPI values, in ascending order, for LOME are D
(6.15) and B (7.26). When examined for STME, the
numerical values are Control (6.00), Stress 2 (6.68),
and Stress 1 (7.43). Blouin & Guimberteau (2000)
reported an average TPI of 13.3 for Cabernet-
Sauvignon grape berries. However, the highest TPI
value (10.23) obtained in this study was significantly
lower, measuring, which is considerably below the
value reported by other researchers (Bahar et al.,
2017). Furthermore, it has been observed that the
total phenolic content in organic vineyards is higher
than in conventional vineyards due to their increased
exposure to biotic stresses (Mulero et al.,, 2010;
Martin & Rasmussen, 2011; Bunea et al., 2012).

Table 5. Antioxidant PCR method at different stress levels depending on the land-soil type
Cizelge 6. Arazi ve toprak tipine bagl olarak farkl stres seviyelerinde antioksidan PCR metodu

Berry Size

Location and Stress

LOME

10mm-12mm

12mm-14mm

14mm-16mm

Dryland-shallow soil (D)

132.00+4.86 a

121.60+2.64 ¢

116.55+2.86 d

123.38+2.36 a

Baseland-deep soil (B)

106.24+6.93

112.00£7.06 e

127.35+7.83 b

115.20+4.40 b

STME

132.90+2.44 ¢

136.09+1.83 b

117.1544.10 e

128.71+2.57 a

127.91+7.52 d

107.00+4.67 g

137.60+9.28 a

124.17+£5.07Db

96.54+7.32 h

107.30+3.63 g

111.09+2.03 f

104.98+3.03 ¢

LocationxStress int

138.36+0.00 D

132.00+0.00 £

126.24+1.09 F

132.20+1.78 A

144.73+0.00 B

117.45+0.00 G

116.85+0.30 GH

126.34+4.60 B

112.91+0.00 J

115.34+1.21 7

106.55+0.00 L

111.60+1.36 E

Control

Stress 1

Stress 2
Control

D Stress 1
Stress 2
Control

B Stress 1
Stress 2

127.45+0.00 F

140.18+0.00 C

108.06+0.30 L

125.23+4.67 C

111.09+0.00 K

96.55+0.00 NV

158.36+0.00 A

122.00+9.33 D

80.18+0.00 O

99.27+0.00 M

115.64+0.00 H7

98.36+5.12 F

BSME 119.1245.16 B

116.80+3.83 C

121.95+4.25 A

STME LSD %1 = 0.6154878 (Small-bold letters); Location x Stress int. LSD %1 = 0.8704298 (Big-bold letters); LOME LSD %1 = 0,8704298
(Small letters); BSME LSD %1 = 0.6154868 (Big letters); Location x Berry size int. LSD %1= 0.8704298 (Small-italic letters); Stress x Berry
size int. LSD %1 = 1.066054 (Small-underline letters); Location x Stress x Berry size LSD %1 = 1.507629 (Big-italic letters)

Table 6. TPI values at different stress levels based on land-soil type
Cizelge 6. Arazi ve toprak tipine bagh olarak farkl stres seviyelerinde TPI degerleri

Berry Size

Location and Stress 10mm-12mm 12mm-14mm 14mm-16mm LOME
Dryland-shallow soil (D) 6.72+1.23 6.56+1.26 5.16+1.30 6.15+0.71
Baseland-deep soil (B) 6.96+1.35 8.88+0.76 5.95+0.54 7.26+£0.57
STME
Control 5.82+1.39 7.17+1.45 5.02+0.98 6.00+0.73
Stress 1 7.43+1.86 9.37+1.29 5.49+0.84 7.43+0.85
Stress 2 7.26+1.52 6.62+1.17 6.16+1.75 6.68+0.82
LocationxStress int
Control 5.73+2.78 4.90+2.12 3.92+1.44 4.85+1.12
D Stress 1 7.984+2.51 8.00+2.33 5.45+1.50 7.14+1.16
Stress 2 6.45+1.68 6.77+2.59 6.12+3.84 6.44+1.43
Control 5.92+1.37 9.434+0.96 6.12+1.23 7.16+0.83
B Stress 1 6.88+3.27 10.73+1.05 5.53+1.14 7.72+1.30
Stress 2 8.08+2.83 6.48+0.36 6.20+0.71 6.92+0.90
BSME 6.84+0.89 7.72+0.77 5.56+0.69
N.S. (Not Significant)
CONCLUSION conditions. Additionally, the phytochemical

In the same vineyard, variations were observed in
total phenolic compounds, anthocyanins, and tannins
accumulation depending on stress levels under
Dryland-shallow soil and Baseland-deep soil
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parameters of the berries were influenced by berry
size. The 10mm-12mm group consistently showed
desired values in all criteria. Therefore, it 1is
suggested to develop cultural practices aimed at
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reducing berry size in this vineyard. Regarding stress
levels (Wya) and TSS, vineyards experiencing extreme
water scarcity (Stress 2 < -0.8 MPa) generally
exhibited lower TSS values. Baseland-deep soil vines
showed moderate TSS levels (22.81 °Brix) due to

relatively lower stress levels. However, under
Dryland-shallow soil conditions, even with extreme
water scarcity, vineyards showed lower sugar

accumulation (TSS: 20.94 °Brix). In conclusion, TSS
varied depending on soil type and stress level, while
berry size had a relatively minor impact on TSS.

Higher total phenolic compound levels were measured
in berries between 14mm-16mm in size, considering
all stress levels and locations. However, vines under
moderate stress conditions showed higher total
phenolic compound levels regardless of berry size.
Total anthocyanin and total tannin levels were higher
in berries between 10mm-12mm under Stress 1
conditions, regardless of location. Among the different
conditions, Baseland-deep soil under conventional
(Control) conditions exhibited the lowest total
anthocyanin levels (799.08 mg kg1), while Dryland-
shallow soil under conventional conditions showed the
highest levels (1389.09 mg kg'!). Total tannin levels
were also higher under Dryland-shallow soil
conditions compared to Baseland-deep soil. Total
antioxidant levels were highest in Dryland-shallow
soil vines under moderate stress conditions (Stress 1)
and lower in vines under high-stress conditions
(Stress 2), showing no correlation with berry size. The
total Polyphenol Index did not significantly differ
with berry size, stress, or location, but it was found to
be higher in organic vineyards compared to
conventional vineyards. Overall, vines under Stress 1
(> -0.8 MPa) conditions showed the best results in
terms of total phenolic compounds, total
anthocyanins, total tannins, and total antioxidants.

In conclusion, to achieve high-quality must and wine
from Cabernet-Sauvignon grapes in Tekirdag
province, it is advisable to cultivate under Dryland-
shallow soil conditions, where leaf water potential
(Wyd) can drop to -0.8 MPa during the pre-dawn
period, and to prefer berries between 10mm and
12mm in diameter by making a selection based on
berry size.
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ABSTRACT

Root-knot nematodes are the most important plant parasitic nematode
group due to their wide host range and difficulties in control and cause
significant quality and yield losses in vegetables including lettuce
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plants. Root-knot nematodes are causing symptoms such as yellowing,
wilting, and stunting on lettuce plants. For monitoring lettuce fields for
detecting nematode-infected areas, surveys were made to the lettuce
growing areas of Canakkale province in the winter months of 2021-2022
and the plants infected with root-knot nematodes were examined and
pure nematode cultures were obtained in the laboratory. A total of 16
plant and soil samples were taken and 3 of them were found to be
infected with root-knot nematodes. Species identification was made
using morphological methods and morphometric measurements from
second-stage infective juvenile and female individuals obtained from
pure cultures. As a result, the first record of Meloidogyne javanica in
lettuce-growing areas in the Southern Marmara Region was made in
this study.
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Giiney Marmara Bolgesi Marul (Lactuca sativa L.) Yetistirilen Alanlarda Meloidogyne javanica

(Treub, 1885) (Chitwood, 1949)mn Ik Kayd1
OZET

Bitki paraziti nematodlar arasinda yer alan Kok-ur nematodlari, genis
konukcu yelpazesi ve miucadelesindeki zorluklardan dolay:r en oénemli
bitki paraziti nematod grubunu olusturmaktadir. Sebzelerde Gnemli
kalite ve verim kayiplarina sebep olan Kok-ur nematodlarir marul
bitkisinin de o6nemli bir konukg¢usudur. Kok-ur nematodlar1 marul
uzerinde sararma, solma ve bodurlagsma gibi belirtiler meydana
getirmektedir. Marul yapraklar: tuketilen bir sebze olmasindan dolay:
ureticiler tarafindan bu durum istenmemektedir. Bu amacla Canakkale
ili marul yetigtirilen alanlara 2021-2022 yillar1 kis aylarinda periyodik
olmayan arazi c¢ikiglar1 yapilmis ve Kok-ur nematodlariyla bulasik
bitkiler incelenmis, ardindan saf kaltirleri olusturulmustur. Toplam 16
bitki ve torpak oOrnegi alinmis 3 tanesinin kok-ur nematodlar: ile
bulagik oldugu tespit edilmistir. Morfometrik Ol¢imler ve morfolojik
yontemlere gore, saf kulturlerden elde edilen ikinci donem larva ve disi
bireylerden tir teshisi yapilmistir. Bu ¢calisma Giiney Marmara Bolgesi
Marul yetistirilen alanlardaki Meloidogyne javanicamin ilk kaydidir.
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INTRODUCTION

over the world and live as parasites on plants,
animals, and humans (Cavaness & dJensen, 1955;

Nematodes have adapted to almost all environments,
including terrestrial and aquatic habitats; and belong
to the “Nematoda” clade, which are distributed all

Boag et al., 1998). The Tylenchida (Nematoda) order
constitutes the most important group among the



KSU Tarim ve Doga Derg 27 (5), 1055-1060, 2024
KSU J. Agric Nat 27 (5), 1055-1060, 2024

Aragtirma Makalesi
Research Article

Plant Parasitic Nematodes (PPNs), containing most of
the harmful species.

Root-knot nematodes (RKNs) are in first place among
PPNs in terms of their prevalence in the world,
difficulties in control, and the level of economic
damage they cause to plants (Taylor & Sasser, 1978;
Whitehead, 1998; Karssen & Moens, 2006;
Kalaiarasan, 2009; Jones et al., 2013). About 100
RKN species have been identified in different hosts in
the world to date (Trinh et al., 2019), but most
commonly, M. incognita (Kofoid & White, 1919)
Chitwood, 1949, M. arenaria (Neal, 1889) Chitwood
1949, M. javanica (Treub, 1885) Chitwood 1949 ve M.
hapla Chitwood 1949 (Netscher & Sikora, 1990;
Eisenback & Triantaphyllou, 1991; Karssen, 2000;
Hunt et al., 2005) are known all over the world.

Root-knot nematodes are among the most important
organisms in vegetable production because they are
found in 52% of cultivated agricultural lands and
have a wide host range (Sasser, 1977; Taylor, 1987;
Trudgill & Blok, 2001). This is because RKNs are
polyphagous organisms, having about 5500 host
plants, and cause significant yield losses in vegetables
reaching up to 15-85% of total production (Trudgill &
Block, 2001; Anonymous, 2008).

Root-knot nematodes are distinguished from other
plant parasitic nematodes (PPNs) by the typical galls
they form on the roots, which gives the species its
name. Root-knot-type root galls occur as a result of
hypertrophy (cell growth) and hyperplasia (increase
in the number of cells) of the cells on which the
nematode creates a feeding site (Bridge & Starr,
2007). Above-ground symptoms (yellowing, wilting,
stunting) caused by root-knot nematodes on
vegetables produce significant quality and yield
losses, especially for vegetables whose leaves are

consumed.

The lettuce plant (Balkaya et al., 2017), which
originated from Anatolia, Caucasus, Iran, and
Turkistan region, is among the vegetables whose
leaves are consumed in the Asteraceae family. The
optimum growth temperature of lettuce, which is a
one-year cool climate vegetable, is around 15-18 °C,
and the temperature exceeding 20 °C negatively
affects its development. In addition, lettuce can
withstand temperatures as low as -2 or -3 °C below 0
°C for a short time (Splittstoesser, 1990; Giinay,
1992).

As a result of the studies, aphids (Aphis gossypii,
Myzus persicae), thrips (Thrips tabaci, Frankliniella
occidentalis), leathoppers (Empoasca decipiens,
Asymetresca decedens), whitefly (Bemisia tabaci) and
leaf worms (Spodoptera Iittolarigera) are among the
species that cause significant damage in lettuce
cultivation. Apart from these, RKNs are also reported
to cause significant yield and quality losses in lettuce
cultivation (Akyazi & Ecevit, 2011; Uzunogullar: et
al., 2022).

Therefore, in this study, it was aimed to determine
the distribution of root-knot nematodes in lettuce-
growing areas in Canakkale and to determine the
species found in the areas by morphological and
morphometric methods.

MATERIAL and METHOD

The main material of the study consists of root and
soil samples taken from lettuce cultivation areas of
Canakkale province and its districts and female and
second-stage infective juveniles of Meloidogyne spp.
obtained from these samples.

Figure 1. Lettuce plant roots infected by Meloidogyne javanica a: Sample No: 85, b: Sample No: 107, and c:

Sample No: 115.

Sekil 1. Meloidogyne javanica ile infekteli marul bitkisi kokleri a: Ornek 85, b’ Ornek 107 ve ¢ Ornek 115.
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In the winter months of 2021-2022, non-periodic land
surveys were made to the lettuce-growing areas in
Canakkale. A total of 16 plant and soil samples were
taken from lettuce growing areas in Canakkale
province and its districts, including 7 in the center, 3
in Ezine, 2 in Ayvacik, 2 in Biga, 1 in Can, and 1 in
Lapseki.

The plants found in these areas were examined, and
the roots of the plant samples showing signs of
infestation with root-knot nematode were brought to
the laboratory and examined under a binocular
microscope (Figure 1). After the roots infested with
root-knot nematodes were detected, an egg pack was
taken from the root of each sample with forceps under
a binocular microscope. The collected egg packets
were used to infect the root-knot nematode-sensitive
tomato cultivar "Troy F1" and pure nematode
cultures were formed ahead. After about 60 days,
female individuals of root-knot nematodes grown in
pure cultures for diagnostic studies and second-stage
infective juveniles (J2s) were obtained from the egg
packages laid by these females using the sieve
method.

J2s obtained from egg packs were fixed in TAF
solution and then fixed on a slide in pure glycerin
according to the method of Seinhorst (1959) and made
ready for species identification. Twenty-five root-knot
nematode second-stage infective juveniles were
measured for each infected sample. Standard
identification characters used in the morphological
and morphometric diagnosis of second-stage infective
juveniles were made using a Leica DM1000 light
microscope according to Jepson (1987), and species-
level diagnosis was made according to Whitehead
(1968) and Ozarslandan (2009). After the female
individuals were obtained, they were kept in 45%
lactic acid. After that step, 1/3 of the vulva region was

cut and put in pure glycerin between the slide and the
coverslip (Hooper, 1986). Morphological
identifications of female individuals were made
according to Jepson (1987) and Karssen (2002).

RESULTS and DISCUSSION

The results of the diagnostic studies performed with
morphological and morphometric methods showed
that the species infecting the roots of the lettuce plant
was M. javanica (Table 1; Figure 2,3).

According to the species identification, taxonomy
studies related to root-knot nematodes conducted in
Turkey, 11 different root-knot nematode species (I.
Incognita, M. javanica, M. arenaria, M. hapla, M.
chitwoodi, M. artiellia, M. Arita, M. luci, M. exiqua,
M. Thames and M. Ethiopia) were identified
(Kepenekei et al,, 2002; Devran & Sogiit, 2009;
Ozarslandan & Elekcioglu, 2010; Aydinh et al., 2013;
Imren et al., 2014; Aydinli & Mennan, 2016; Aydinls,
2018; Atas, 2021; Yilmaz et al., 2023). In previous
studies, M. javanica species were detected in
tomatoes, cucumber, eggplant, bean, celery, okra
plants, and lettuce (Uysal et al., 2017; Yagcikése,
2021).

In previous studies in our country, M. incognita
species was detected in lettuce-growing areas (Akyazi
& Ecevit, 2011: Uzunogullar et al., 2022). Uysal et al.
(2017) detected the M. javanica species in the lettuce-
growing areas of the Lake District. However, M.
javanica has not been detected in lettuce-growing
areas in the Southern Marmara Region.

In this study, a survey was made in the lettuce-
growing areas of the Southern Marmara Region and
it was confirmed that the species obtained from the
lettuce plant was M. javanica by morphological and
morphometric methods.

Figure 2. The perineal pattern of Meloidogyne javanica from lettuce a: Sample No: 85, b: Sample No: 107, and c:

Sample No: 115 (Scale Bar: 20 pm).

Sekil 2. Maruldan elde edilen Meloidogyne javanica’va ait perineal pattern a: Ornek 85, b: Ornek 107 ve ¢: Ornek

115 (Olgek Cubugu’ 20 um).
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Figure 3. J2s of Meloidogyne javanica from lettuce a: anterior region of Sample No: 107, b: posterior region of
specimen 107 (Scale Bar: 20 pm).
Sekil 3. Maruldan elde edilen Meloidogyne javanica’va ait J2s a’ Ornek 107 anterior bélgesi, b: Ornek 107
posterior bolgesi (Olgek Cubugu:’ 20 ym).

Table 1. Morphometric measurements of J2s of Meloidogyne javanica obtained from lettuce plant roots
Cizelge 1. Marul bitkisi kéklerinden elde edilen Meloidogyne javanica’ya ait J2s’lerin morfometrik élgtimleri

Diagnostic This Study This Study This Study Whitehead  Ozarslandan
Characters Sample 85 Sample 107 Sample 115 (1968) (2009)
416.93+19.14  428.97+17.94  431.33 £13.01
Body length (392.92-456.24)  (401.30-450.00)  (405.15-450.80) 01 459 408-454.4
. 15.32+0.76 15.89+0.37 15.66+0.49
Greatest body width ;4 7 16 gg) (15.10-16.54) (14.46-16.54)
Body width at stylet ~ 9.75+0.37 9.94+0.34 9.99+0.54
base (9.13-10.63) (9.11-10.50) (8.48-10.85)
Body width at the 9.80+0.52 9.93+0.45 10.17+0.52 (9.21-
anus (8.60-10.63) (9.00-10.73) 10.91)
15.66+0.42 15.54+0.38 15.42+0.37
Stylet length (14.80-16.30)  (15.01-16.19)  (14.60-16.09)  41h4  11.2014.40
2.98+0.36 2.78+0.37 2.93+0,41 )
DGO (2.15-3.58) (2.04-3.37) (2,27-3.99) 4 3.24
. 52.14+2.05 54.29+1.57 53.66+2.10
Tail length (48.39-56.28)  (51.30-57.84) (49.63-57.22) 36756 46.40-59.20
EXxcretory pore to 84.54+2.01 84.79+1.21 84.45+1.62
head end (81.71-89.79)  (82.94-87.83) (81.55-87.45)
Body width at the 13.32+0.65 14.51+0.46 13.93+0.69
excretory pore (12.03 -14.38) (13.35-15.33) (12.57-15.13)
27.94+1.23 26.98+1.16 27.46+1.10
a (24.92-30.38)  (25.18-28.91) (25.36-29.27) 211359 30.33
b 3.90+0.19 4.08+0.14 4.06+0.14
(3.63-4.21) (3.81-4.34) (3.80-4.34)
8.00+0.37 7.9140.36 8.01+0.37
¢ (7.39-8.81) (7.39-8.71) (7.39-8.72) 73111 8.31
. 5.33+0.34 5.46+0.29 5.27+0.28
(4.83-6.13) (5.02-5.97) (4.83-5.97)

Note: Note: All measurements are in um Body length/Body width, b: Body length/ Intestine to the head end, c:
Body length/Tail length, c¢": Tail length/Body width at the anus) and in the form: mean + s.d. (range) n: 25.

ground (yellowing, wilting, and stunting) and root
symptoms caused by M. javanica in the lettuce plant

This study is the first record of M. javanica detected
on lettuce in the Southern Marmara Region. Above-
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cause significant yield and quality losses in this plant.
For this reason, it is recommended to carry out more
comprehensive studies in the future, in lettuce
growing areas to monitor and conduct control
strategies against root-knot nematodes such as
rotation, use of resistant varieties, and solarization
applications.
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OZET Bitki Koruma

Tokat ilinde patates yetistiriciligi yapilan Niksar, Erbaa ve Artova

ilcelerindeki patates tretim alanlarindan viriis belirtisi gosteren Aragtirma Makalesi
patates bitkilerinden 91 adet yumru o6rnegi toplanmigtir. Yumru

ornekleri, potato virus Y (PVY), potato virus S (PVS), potato virus X Makale Tarihgesi

(PVX) ve potato leafroll virus (PLRV) etmenlerinin varhigini tespit Gelig Tarithi  :11.02.2024
etmek amaciyla RT-PCR testine tabi tutulmustur. Test edilen yumru Kabul Tarihi :30.02.2024

orneklerinin 68 tanesinde (%74.72) tekli veya karisgtk viriis
enfeksiyonun varligi tespit edilmistir. Cimlendirilen 91 yumrunun 67’si
PVY (%73.62), 6's1 PVS (%6.59) ve 1 tanesi de PLRV (%1.09) ile

Anahtar Kelimeler
Patates yumru

enfekteli bulunmustur. Ayrica PVS ile enfekteli bulunan yumrulardan 5 PLRV
tanesinde PVY+PVS karisik enfeksiyonu belirlenirken, PLRV ile PVS
enfekteli yumruda da PVY enfeksiyonu tespit edilmistir. Tokat ilinde PVX
farkl: ilcelerden toplanan yumrularda en yaygin PVY gorulirken bunu PVY

PVS’ etmeninin izledigi belirlenmistir. Tohumluk olarak kullanilan
enfekteli yumrular yildan yila verimde ciddi kayiplara neden
olmaktadir. Virtusten ari ve sertifikali tohumluklarin kullanilmasi
viral kaynakli kaybin 6niine ge¢ilmesinde en énemli faktordiir.

Molecular Detection of Infectious Viruses in Potato Tubers in Potato Production Areas in Tokat

Province

ABSTRACT

Ninety-one potato tuber samples showing virus symptoms were
collected from potato production areas in Niksar, Erbaa, and Artova
districts, where potato cultivation is done in Tokat province. Tuber
samples were subjected to RT-PCR tests to determine the presence of
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GIRIS

Patatesin (Solanum tuberosum L. -Solanaceae)
anavatani Giiney Amerika olmakla birlikte, farkl
toprak ve iklim kosullarina kolayca uyum
saglayabilmesi nedeniyle diinya tlizerinde genig bir
iretim alanina sahiptir (Giiner & Yorganci, 2006;
Kadakoglu & Karli, 2022 ). Patates insanlarin
beslenmesinde en 6nemli Uc¢lunci besin kaynagidir
(Devaux ve ark., 2014). Yiiksek besin icerigi
sayesinde hem taze olarak hem de ¢esitli sekillerde
islenmis (dondurulmus parmak patates ve cips vs.)
olarak  tiiketilmektedir. Patates yumrularinda
yiksek oranda nigasta halinde karbonhidrat, protein,
demir ve vitamin gibi 6nemli besin maddelerini
barindirmaktadir.

Patates tretiminde en oOnemli konularin basinda
tohumluk olarak kullanilan materyalin hastalik ve
zararhlardan ari olmas1 gelmektedir. Ulkemiz i¢in
ekonomik 06nemi olan patatesin Uretiminde ciddi
verim kayiplarina neden olan etmenlerden biri de
viriislerdir. Bugiine kadar patatesi enfekte eden
50°den fazla viriis rapor edilmistir (Kreuze ve ark.,
2020; Lesley & Michael, 2020). Bu viral etmenler
arasindan basinda potato virus Y (PVY, Potyvirus),
potato leafroll virus (PLRV, Polerovirus), ve potato
virus S (PVS, Carlavirus) patates iiretimin yapildig
her bélgeden rapor edilmistir (Zhang ve ark., 2010;
Duan ve ark., 2018; Mao ve ark., 2019; Kreuze ve
ark., 2020). PVY ve PLRV su anda diinya c¢apinda
patatese en ¢ok zarar veren virtislerdir ve bunlardan
PVY en 6nemlisidir (Kreuze ve ark., 2020). Yumruda
verim kayiplari her iki virtusin tekli enfeksiyonlar:
sonunda meydana gelir ve diger viruslerle
kombinasyon halinde ise verim kaybi %80’in lizerine
cikabilir (Kreuze ve ark., 2020). Potato virus X (PVX)
diinya capinda yaygin olarak gorilen ve tek
enfeksiyonlarda %10-40 kayiplara neden olan bir
etmendir. Ayrica etmen, PVY veya potato virus A
(PVA) ile konukgusunda birlikte bulundugunda bu
potyviriuislerle arasinda olan sinerjistik etkilesimden
dolay1 yumruda %80e¢ varan kayiplara yol
acabilmektedir. PVS diinya ¢apinda yaygin olarak
gorilen diger viral etmenlerden biridir, enfekteli
bitkilerde hafif simptomlar seklinde (hafif mozaik)
veya bazen de simptomsuz olarak enfeksiyon
yapmakta ve sadece kii¢iik yumru verimi kayiplarina
neden olmaktadir. Asil siddetli belirtilerini PVA ile
birlikte neden oldugu karigik enfeksiyonlar
sonucunda olusturmaktadir (Kreuze ve ark., 2020).

Tirkiye'de patates iiretim alanlarindan elde edilen
verim, dinya ortalamasinin {Uzerindedir. Ancak,
tohumluk olarak kullanilan yumrularin virtslerle
bulagik olmasindan dolay1 verim gelismis tlkelerin
oldukca altindadir (Bostan ve ark., 2006). Viriisler,
enfekteli tohumluk patates yumrular: ile yildan yila
ve yil icerisinde ise fiziksel temas yoluyla veya afit
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gibi vektorlerle tasinarak yayilirlar (Jones, 1988;
Bostan ve ark., 2006). Ayrica viriisler, enfekteli
tohumluklarin kisa slrede kalitesizlesmesine ve

genellikle ¢ yi1l st duste ayni tohumlugun
kullanilmasi  durumunda  enfeksiyon  oraninin
artmasmma ve ciddi verim kayiplarinin ortaya

cikmasina yol agmaktadirlar (Spiegel & Martin, 1993;
Slack, 1995).

Patateste enfeksiyonlara yol acan viral etmenler ile
ilgili pek cok calisma bulunmaktadir. (Cali & Yalgin,
1991; Gimis & Erkan, 1998; Bostan & Haliloglu
2004; Arli-Sékmen ve ark., 2005; Kokten, 2007).
Yogun olarak sofralik ve tohumluk patates tretimi
yapilan Tokat ilinde patates Uretim alanlarinda
viriislerin tanisina yonelik hem serolojik hem de
molekiiler calismalar yapilmistir. (Topkaya, 2020;
Topkaya ve ark., 2023). Ancak patates yumrulari ile
yapilan molekiler c¢alisma bulunmamaktadir. Bu
kapsamda calismanin amaci, Tokat ilinde patates
yumrularinda enfeksiyon yapan viral etmenlerin
(PVY, PLRV, PVX ve PVS) molekiiler testler ile
belirlenmesidir.

MATERYAL ve METOD [Century10 bold]
Ornekleme Yontemi

Calisma kapsaminda kullanilan yumru o6rnekleri,
Tokat ili patates lretim alanlarindan 2018 yilinda
yapilan arazi calismalarinda esnasinda ciftciler ile
gorustilerek, ertesi yil tohumluk olarak kullanilacak
olan ve viriis belirtileri (mozaik, yapraklarda
deformasyon,  bodurluk) gosteren  bitkilerden
saglanmiglardir. Bu amacla, Tokat ili Niksar, Erbaa
ve Artova ilgeleri patates tarlalarinda hasat
olgunluguna  erigsen  bitkilerin  yumrularindan
ornekleme yapilmistir (Cizelge 1). Arazi calismalar:
boyunca toplanan yumrular etiketlenerek uygun
kogullarda laboratuvara getirilmis ve molekiler
calismalara kadar (2 hafta) buzdolabinda +4 °C’de
saklanmigtir.

Toplam Niikleik Asit izolasyonu

Sera kosullarinda ¢imlendirilip yetistirilen patates
yumrularindan geligen taze yapraklardan (Sekil 1 A,
B, C, D) RNA ekstraksiyonu yapilmistir. Toplam RNA
izolasyonu, Astruc ve ark. (1996)min belirttigi
yontemde, modifikasyonlar yapilarak asagidaki gibi
yapilmigtir.

Serada yetigtirilen bitkilerden yaklagik 100-150 g
yaprak dokusu alinmis ve ezme c¢ozeltisinde (0.1 M
Tris-HCI pH 8.0, 0.5 M EDTA pH 7.0, 5 M NaCl, 2-
mercapto-ethanol ~ (1/1000) ile ezme  islemi
gerceklestirilmistir. Ezme igleminden sonra elde
edilen suspansiyondan 1 ml mikrosantrifiij tipiine
alinmig ve tizerine 50 pLL Sodium Dodecyl Sulphate
(SDS) (%20) eklendikten sonra vortekslenmistir.
Mikrosantrifiij tiipleri 65 °C’de 30 dakika (dk) su
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banyosunda inkube edildikten sonra karigimin
iizerine 250 pL potasyum asetat (5 M) ilave edilmig

ve 20 dk. buz igerisinde bekletildikten sonra 13.000
rpm’de 15 dakika santrifiigasyon yapilmistir.

Cizelge 1. Patates ekimi yapilan alan (dekar), incelenen tarla sayisi ve alinan érneklerinin sayilar:
Table 1. Cultivated area (decares), number of fields examined and number of samples taken in the districts

Tlce Ada Ekilen Alan(dekar) Incelenen Tarla Sayist Almman Yumru Ornedi Sayisi
District Name Cultivated Area (decare) Number of Fields Number of Tuber Samples
FExamined Taken

Erbaa 4.034 9 26

Niksar 10.060 14 59

Artova 1.015 5 6

Toplam 15.109 28 91
Stupernatantin 600 upl’si  yeni  hazirlanmig
mikrosantrifiij tuplerine konulup igerisine 600 uL
etanol (%96) ilave edilmis ve vorteks ile

Sekil 1. Toplam niikleik asit izolasyonu (TNA)
izolasyonu i¢in araziden toplanan patates
yumrularinin cimlendirilme asamalari. A)
patates yumrularinin ekim iglemi. B:
Izolasyon agsamasindaki ¢imlenen
yumrudan gérinum. C, D: yumrudan
gelisen patates Dbitkilerinden genel bir
gorunum.

Figure 1° Germination stages of potato tubers
collected from the field for RNA isolation. A)
Planting process of potato tubers. B: View of
the germinating tuber at the isolation stage.
C, D: General view of potato plants
developing from tuber.
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karistirilmistir. Karistma 50 pL sodyum asetat (3M)
eklendikten sonra alt st edilmis ve -20 °C’de bir gece
bekletilmistir. Ertesi giin 14.000 rpm’de 15 dk.
santrifiiyj edildikten sonra ustte kalan sivi kisim
uzaklastirilmigtir. Tupler filtre kagidi tzerinde ters
kapatilarak 5 dakika kurutmaya birakildiktan sonra
tiip dibinde olusan pellet tizerine 1 pL etanol (%70)
eklenerek yikama iglemi yapilmigtir. Santrifij
tuplerinde RNA’lar1 ¢6ktiirmek i¢gin 13.000 rpm’de 5
dakika santrifiij edilip tiip igerisindeki ethanol
uzaklagtirilarak tipler kurutulmustur. Izolasyon
sonunda elde edilen toplam RNA’lar 50 pL steril su
ile sulandirilarak agaroz jelde toplam nikleik asit
icerisinde ribosomal RNA’larin varligi kontrol edilmig
ve kullanilincaya kadar -20 °Cde muhafaza
edilmistir.

Tamamlayic1 DNA sentezi

Toplam niikleik asit izolasyonu (TNA) izolasyonunda
elde edilen toplam RNA’lar kullanilarak tamamlayici
DNA (cDNA) sentezi yapilmistir. cDNA sentezi icin,
PCR tuplerinde 2 pli toplam RNA, 1 pL. random
hexamer primer (10 pmol) ve 7 pL steril suyla
karigtinlmistir. Karigim 65 °C’de 5 dakika inkiibe
edildikten sonra 3 dakika buzda Dbekletilmigtir.
Tiiplere 5x MMLV buffer (5x), 0.2 mM dNTP (25
mM), 10 pmol random hexamer primer, 10 u/pL
RNAse inhibitér 20-20 u/ul. Reverse transcriptase
enzimi (RevertAid First Strand cDNA Synthesis Kit-
Scientific-K1621)

Thermo ve sterll su igeren
karistmdan 10 pL  eklenmis ve 20 juL’ye
tamamlanmigtir. PCR tiipleri daha sonra PCR

cihazinda 25 °C’de 5 dk., 42 °C’de 60 dk. ve 72 °C’de
10 dk, inkube edilerek cDNA sentezi yapilmigtir
(Bostan & Peker 2009).

Molekiiler tespit calismalar:

Molekiiler tespit c¢alismalarinda, cDNA’lar kalip
olarak kullanilarak viriislere 6zgii primerler (Cizelge
2) kullanilmistir. Bu asamada PCR tiipleri icinde 25
mL hacimde olacak sekilde, cDNA’dan 2 nuL, 5 puL 5%
Green GoTaq Flexi Buffer (Promega), 0.2 pL. ANTP,
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0.5 pL forward primer (100 pmol), 0.5 pL reverse
primer (100 pmol), 1.5 pL. MgCly (25 mM), 1.25 pL
Dimethyl sulfoxide (DMSO), 0.25 pL GoTaq enzimi
(Promega, Madison USA) ve 13. 75 uL saf sudan
olusan karigim PCR cihazina yerlestirilmigtir.

PCR islemi, 94 °C’de 2 dk. (baslangic denatiirasyonu

icin), 35 déngii 94 °C’de 1 dk., 58 °C’de (PVY ic¢in) 30
sn. (diger virisler icin 62 °C), 72 °Cde 2 dk.
amplifikasyon ve bir dongli tamamlanmayan
boélgelerin tamamlanabilmesi i¢gin 6rnekler 72 °C’de
10 dk. (son uzama) seklinde gerceklesmistir.

Cizelge 2. Calismada kullanilan primerlere ait baz dizilimleri, gogalttiklar1 gen bolgeleri ve beklenen bant

biiyiikliikleri (Peker, 2007)

Table 2. Base sequences of the primers used in the study, gene regions they amplify, and expected band sizes

Primerlerin
spesifik Beklenen Primerlerin
Viris Primerlerin baz dizilimleri Polarite oldugu gen bant baglanma
polarity bélgesi biytkligi sicaklig1
Virus Base sequences of primers Gene region (bp) Binding
Expected temperature
band size of primers
PVS 5-TGGGGAATCAGTCCGGCTAGTC-3' Sense
5-ACTGGACCTGCGCTTAGGCT-3' Antisense Kilif protein 1100 bp 62°C
PLRV 5'- CGCGCTAACAGAGTTCAGCC-3' Sense
5'-GCAATGGGGGTCCAACTCAT-3' Antisense Kalif protein 336 bp 62°C
PVX 5-TAGCACAACACAGGCCACAG-3' Sense
5'-GGCAGCATTCATTTCAGCTTC-3' Antisense Kilif protein 562 bp 62°C
PVY 5-AAGCTTCCATACTCACCCGC-3' Sense
5'-CATTTGTGCCCAATTGCC-3' Antisense P1 protein 856 bp 58°C
Elektroforez ¢aligmalar: yogun olarak  mozaik  belirtileri, bitkilerde

PCR driinlerini gorintileyebilmek igin 10 mg/ml
ethidium bromide igeren %1.2 oraninda agaroz jel
hazirlanmigtir. PCR islemi sonunda urunler jel
kuyucuklarina yiklenmis ve 100 Vda 1 saat
elektroforez igleminin sonunda jel goruntiilleme
cihazinda PCR urtnlerin gorintiileri
fotograflanmigtir.

BULGULAR ve TARTISMA [Century10 bold]

Surveyler sirasinda viris belirtisi gosteren bitkilerin
yumrulari toplanmigtir. Araziden toplanan 6rneklerin
incelendiginde,

yapraklarinda go6zlenen belirtiler

bodurlasma, yapraklarda sekil bozuklugu, ice ¢okiik
damarlar, tepe u¢ yapraklarinda kivrilma, damar
renk acilmalari, damar bantlasmasi, damarlarda
kivrilma, yapraklarda kizariklik, yaprak uglarinda
kahverengilegsme seklinde gbzlemlenmigtir.
Yumrularda sekil bozuklugu, catlama ve yumru
gozlerinde hilale benzeyen oyuklar seklinde
belirtilere rastlanmistir (Sekil 2. A, B). Cimlendirilen
yumrulardan PVS ile enfeksiyon tespit edilen patates
bitkilerinde yaprak damarlarinda ige c¢okmeler ve
bitkide gelisme geriligi gézlemlenmistir (Sekil 3).

Sekil 2. (A, B) Viriis enfeksiyonu bulunan yumru gézlerinde hilal seklinde oyuklar.
Figure 2. (A, B) Crescent-shaped cavities on virus-infected tubers.
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Sekil 3. Niksar ilgesinden toplanan PNY3-6 kodlu
PVS ile enfekteli oldugu tespit edilen
patates bitkisinde gozlemlenen belirtiler;
gelisme geriligi ve damarlarda sekil
bozuklugu

Figure 3. Symptoms observed in potato plants
infected with PVS coded PNYS3-6 collected
from Niksar district; growth retardation
and inward collapse of the vessels.

RT-PCR Bulgulan

Tokat ilinde patates yetistirilen tarlalarda viris
etmenlerini arastirmak igin toplanan 91 yumru
orneginde PVY, PVX, PLRV ve PVS etmenlerinin
varhigini belirlemek amaciyla viriislerin 6zgiin gen
bolgelerinin  amplifikasyonuna yonelik RT-PCR
caligmalar1 yapilmistir. RT-PCR sonuglarina gore, 67

yumru oOrneginde PVY’nin bulasik oldugu tespit
edilmigtir ve 856 bp Dbiuyukliginde bant elde
edilmistir (Sekil 4). Bir yumru érneginde PLRV’ye ait
(336 bp) (Sekil 5) ve alti yumruda PVSe spesifik
beklenilen biiyiikliikkte (1100 bp) bant elde edilmistir
(Sekil 6). Herhangi bir yumru érneginde PVX’e 6zgii
bant olusumu gézlenmemistir.

91 adet patates yumrularindan elde edilen
yapraklarda PVY, PVX, PVS ve PLRV’nin varhg
acisindan test edilmistir. Yumrulardan elde edilen
orneklerinin 68inde viris enfeksiyonu tespit
edilmigtir. RT-PCR islemi sonucunda testlenen
yumrularin 67 tanesinin PVY (%73.63), altis1 PVS
(%6.59) ve bir tanesinin de PLRV (%1.1) ile enfekteli
oldugu belirlenmistir (Cizelge 3).

Ilcelere gore degerlendirdigimizde, Niksar ilgesinden
alinan 59 yumrunun 43 tanesinin (%72.88) bir veya
birden ¢ok viriis ile enfekteli oldugu belirlenmistir.
Viriisle enfekteli 6rneklerin 42’ si (%71.19) PVY, besi
(%8.47) PVS ve biri (%1.69) PLRV ile enfekteli tespit
edilmigtir. Test edilen enfekteli yumrularin dérdi
PVY + PVS, biri PVY + PLRYV ile karigik enfeksiyona
sahip oldugu belirlenmigtir. Viriis enfeksiyonu tespit
edilen oOrneklerde en yaygin etmenin PVY oldugu
bulunmustur.

Erbaa ilgesinden alinan 26 yumru 6rneginin 19’'unun
(%73.08) PVY ile enfekteli oldugu belirlenmistir.
Erbaa ilcesine ait orneklerde sadece PVY
enfeksiyonu tespit edilmis olup, PLRV, PVX ve PVS
enfeksiyonu bulunmamustur. Artova ilgesinden elde
edilen 6 yumrunun hepsi tekli veya karigsik
enfeksiyonlu olarak tespit edilmigtir. Yumrularin
hepsinde PVY enfeksiyonu varken, érneklerden biri
(%16.67) PVS enfeksiyonu ve 1 6rnekte ise PVY +
PVS karisik enfeksiyonu saptanmistir (Cizelge 3).

m: 100 bp

NK PM6-1 PM6-2 PMG-3 PMBE-4 PMB-5 PME-6 PM6-7 PM6-8

-
P = e R I

1000 bp
856 bp

500 bp

Sekil 4. PVY ile enfekteli 6rneklere ait RT-PCR sonucu. M: Fermentas 100-bp Gene Ruler Plus DNA ladder
Figure 4. RT-PCR results of PVY-specific primer. M: Thermo Fisher 100-bp Gene Ruler Plus DNA ladder

Tokat ilinde patates yetistiren lireticilerden toplanan
yumru Orneklerinin molekiiler testlerinin sonucundas;
tohumluk patates yumrularimin 6nemli olgiide
viriislerle enfekteli oldugu tespit edilmigtir. Citir
(1982) tarafindan yapilan calismada, Tirkiye'ye
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viriislerin ithal edilen tohumluk patates yumrulariyla
girdigini ve Ureticiler tarafindan kullanilan tohumluk
patates yumrularinin ortalama % 95nin en az bir
viriisle enfekteli oldugunu tespit edilmistir. Yine
Bostan ve Haliloglu (2004) patates iiretiminin yogun
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sekilde yapilan illerde ureticilerin firmalardan aldig:
tohumluk patates yumrular: i¢cin de benzer sonucu
rapor etmistir. Bu durumun nedenleri arasinda, ithal
edilen veya tohumluk amaclhh kullanimdan 6&nce
yumrulara viriis etmenleri i¢in testleme yapilmamasi

dustntlebilir. Patatesi enfekte eden virtsler
yumrularla yildan yila ve yil igcerisinde de vektorlerle
ya da mekanik yollarla taginarak hizli bir sekilde
yayilim gosterir (Bostan ve ark., 2006).

Sekil 5. PLRV ile enfekteli 6rneklere ait RT-PCR sonucu. M: Fermentas 100-bp Gene Ruler Plus DNA ladder.

1:pozitif kontrol, 2: PNY6-5, 3: Negatif kontrol.

Figure 5. RT-PCR results of PLRV-specific primer. M- Thermo Fisher 100-bp Gene Ruler Plus DNA ladder. 1-

positive control, 2: PNY6-5, 3° Negative control.

1100 bp
<

Sekil 6. PVS ile enfekteli 6rneklere ait RT-PCR sonucu. M: Fermentas 100-bp Gene Ruler Plus DNA ladder, 1-3,
5-7: PVS enfekteli izolatlar, 8-12: negatif izolatlar, 13: Negatif kontrol.

Figure 6. RT-PCR result of PVS-specific primer. M: Thermo Fisher 100-bp Gene Ruler Plus DNA ladder, 1-3, 5-7:
PVS infected 1solates, 8-12° negative isolates, 13° Negative control.

Cizelge 3. Tokat ilinin farkl ilgelerinden patates Gretim alanlarindan alinan yumru érneklerinde RT-PCR
sonuglarina gore PVY, PVX, PLRV, ve PVS’in bulunma durumlar:
Table 3. Presence of PVY, PVX, PLRV, and PVS in tuber samples taken from potato production areas in different
districts of Tokat province, according to RT-PCR results

Enfekteli 6rnek sayis1 ve bulagiklik orani (%)
Number of infected samples and contamination rate (%)

Tlce Alinan Enfekteli PVy PVS PVX PLRV PVY + PVY +
District 6rnek 6rnek sayisi PVS PLRV
sayisi Number of
Samples infected
number samples
Niksar 59 43 42 (71.19) 5 (8.47) 1(1.69) 4(6.78) 1(1.69)
Erbaa 26 19 19 (73.08) -
Artova 6 6 6 (100) 1(16.67) 1(16.67) -
Toplam 91 68 67 (73.63) 6 (6.59) - 1(1.10) 5(5.49) 1(1.10)

Patateste yumrularla taginan viriislerin arastirilmasi
uzerine cesitli c¢aligmalar yapilmigtir. Izmir'de
Odemis bolgesinde patates yumrularinda RT-PCR
yontemiyle PVY, PLRV, PVS ve PVX in varhig

arastirilmigtir. Calismada dort viral etmenin varlig:
ayr1 ayri belirlenirken yumrularin hicbirinde dort
viral etmen bir arada tespit edilmemistir. Ancak ikili
ve Uclu karigik enfeksiyonlarin varligi belirlenmistir
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(Kokten, 2007). Bostan ve Haliloglu (2004) tarafindan
Bolu, Erzurum, Nigde, Nevsehir, Izmir illerinden
toplanan patates yumrularinda yapilan ELISA testi
sonucunda PVY (% 17.7), PLRV (%14.2), PVX (%11.8)
ve PVS (%4.6)'i tespit edilmigtir. Arli-Sékmen ve ark.
(2005)'n1n yaptig1 ELISA testi sonucunda, Bayburt ve
Trabzon illerinde test edilen yumrularda % 38.9
oraninda PVX ve %1.9 oraninda PVY enfeksiyonu
bulundugunu ve PLRYV ile enfekteli olmadigini rapor
etmiglerdir.

SONUC ve ONERILER

Patates, tim diinyada oldugu gibi tilkemizde de
6nemli bir besin kaynagidir. Virtsler patates
bitkilerinde yesil aksam enfeksiyonlar1 yaninda
yumrularda énemli verim kaybina neden olmaktadir.
Ayrica gelecekte kullanilacak tohumluklarda da
stirekliligin devami engellenmektedir. Diger hastalik
etmenleri ve zararh béceklerin miicadelesinden farklh
olarak virtslerin aktif bir kimyasal miicadelesi
bulunmamaktadir. Bundan dolay1 uretimde
kullanilacak  tohumluk  patates  yumrularinin
sertifikali ve viral etmenlerden ari olmasina 6zen

gosterilmelidir. Patates tretimi yapan ¢iftcilerin
viriislerle miicadele konusunda bilinglendirilmesi
gerekmektedir. PVY, PVS ve PLRV gibi afit

vektorleriyle tasinan viruslerin kontroli i¢in bu
etmenleri tasiyan afit ve diger vektorlerle etkin
micadeleye 6nem verilmelidir. Diger taraftan fiziksel
temas yoluyla tasinabilen PVY, PVX ve PVS’e kars:
miicadelede hasat esnasinda kullamilan alet
ekipmanlarin temizligine dikkat edilmeli ve bitkilerin
yesil doéneminde yaralanmamasina 0zen
gosterilmelidir.
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ABSTRACT

The study aims to isolate the bacterial disease agent Fhizobium vitis
causing crown gall of grapevine in Kahramanmaras and its surrounding
provinces, determine its prevalence in the region, and conduct its
identification. Between June and September of 2017-2019, strains
obtained from the shoots and galls of vines showing symptoms of galls
in vineyards in Kahramanmaras, Adiyaman, Kilis, Gaziantep, and
Sanliurfa provinces were subjected to pathogenicity tests, classical,
molecular, and MALDI-TOF MS identification. In this study, the
prevalence of crown gall disease in 46 vineyards showing disease
symptoms was determined as follows: Kahramanmaras 76.47%,
Adiyaman 75%, Gaziantep 50%, Kilis 33.33%, and Sanlhurfa 20%. From
the 46 contaminated vineyards in the study area, 24 pathogenic
Rhizobium vitis strains were obtained. In the pathogenicity test
conducted with R. Vitis strains on the Hatun Parmag: grape variety
under greenhouse conditions, the most virulent strains were determined
based on the weights of the galls formed, and they were identified as
CU52-3/2, CU39-11/5, and CU39-8/1. According to classical tests, 13
strains showed 100% similarity to R. witis, while molecular
characterization with K. vitisspecific primers revealed that 17 strains
had the virA gene, 13 strains had the pehAA gene, 10 strains had the
virF' gene, and 6 strains had the octopine-type plasmid. Ten strains,
representing the sample, were identified as K. vitzs through MALDI-
TOF MS analysis. This study revealed the impact of pathogenic strains
with different virulences on the same grape variety. In line with this,
control methods against highly virulent bacterial agents in reducing
losses in plants can be investigated for their applicability in field and
orchard areas in subsequent studies. Research on different grape
varieties is essential to develop varieties that are resistant or tolerant to
R. vitis, the pathogen causing this prevalent disease in Turkish
viticulture.

Kahramanmaras ve Cevre Illerdeki Rhizobium vitis Tarafindan Neden Olunan Asma Uru

Hastaliginin Tespiti
OZET

Calismanin amaci, Kahramanmaras ve c¢evre illerde asma ur
hastaligina neden olan bakteriyel etmeni Rhizobium vitisi izole etmek,
bolgedeki yayginligini belirlemek ve teshisini yapmaktir. 2017-2019
Haziran-Eylil aylarinda Kahramanmarag, Adiyaman, Kilis, Gaziantep
ve Sanliurfa illerindeki bag alanlarindan ur belirtisi gosteren asmanin
stirgin ve urlarinda izolayon sonucunda elde edilen izolatlar patojenite
testi, klasik, molekiiler ve MALDI —TOF MS tanilamasi yapilmistir. Bu
calismada hastalik belirtisi gésteren 46 bag alaninda, asma ur hastalig:
yayginligi Kahramanmaras %76,47, Adiyaman %75, Gaziantep %50,
Kilis %33,33 ve Sanhurfa %20 olarak belirlenmistir. Calisma
bolgesindeki bulagik 46 bag alanindan 24 hastalik etmeni Rhizobium
vitis izolat1 izole edilmistir. Sera kosullarinda Hatun Parmag: asma
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¢esidinde R. vitisizolatlar: ile yapilan patojenite testi sonucunda olugan
urlarin agirhiklarina gore en viriilent izolatlar; CU52-3/2, CU39-11/5 ve
CU39-8/1 olarak belirlenmigtir. Klasik testler sonucunda 13 izolatin £.
vitise %100 benzer oldugunu; R. vitise 6zellesmis primerler ile yapilan
molekiiler karakterizasyon sonucunda 17 izolatin virA geni, 13 izolatin
pehA geni, 10 izolatin virF geni, 6 izolatin ise oktopin tipi plazmide
sahip oldugu belirlenmigtir. Temsilen se¢ilen 10 izolat MALDI-TOF MS
analizi sonucunda K. vitis olarak teghis edilmistir. Bu c¢alisma ile aym
asma cesidi uzerinde farkl viriilenslikteki patojen izolatlarin etkisi
ortaya konmustur. Bu dogrultuda, yiiksek viriilens bakteriyel etmenlere
karsi kontrol yontemleri, bitkilerdeki kayiplar1 azaltmak ic¢in tarla ve
bahce alanlarinda uygulanabilirliginin arastirilmasi1 saglanacaktir.
Turkiye bagciliginda sorun olan bu hastalik etmeni i¢in farkli asma
cesitleri tizerinde ¢alismalar yapilarak R. vitise dayanikli veya tolerant

¢esitlerin gelistirilmesi saglanabilecektir.

Atif Sekli :
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Olunan Asma Uru Hastahgmin Tespiti. KSU Tarmm ve Doga Derg 27 (5), 1069-1079. DOI: 10.18016/

ksutarimdoga.vi.1414216.
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INTRODUCTION Osmaniye, Hatay, Gaziantep, Adiyaman,

Anatolia lands, including Turkiye, is the homeland of
the grapevine (Vitis vinifera L.). Grape production in
Turkiye has a significant place in the world with
4,165,000 tonnes in an area of 3,845,365 decares in
2022 (excluding 2021) by increasing in the last five
years in terms of variety richness, large vineyard
areas and yield (Anonim, 2022). In the region of
Kahramanmaras and its surrounding provinces,
viticulture predominantly takes place in calcareous
and arid areas, primarily utilizing low-structured,
unsupported vineyard configurations such as goblet-
style, and focuses on the cultivation of seeded table
grapes and seeded drying grapes (Kiisek, 2007).
Today, many diseases and pests threaten the
development of viticulture. These diseases and pests
cause significant losses in growth and yield with the
formation of favorable climatic conditions (Celik et
al., 1998). Rhizobium (Agrobacterium) Vitis ((Ophel &
Kerr 1990) Young et al. 2001) is a bacterial agent
carried by sap in grapevines and causes crown gall of
grapevine disease (Young et al., 2001). The typical
symptom of the disease is the formation of galls on
the root collar, trunk, and shoots older than one year.
It is not possible to determine the infection with the
pathogen until the galls in grapevines become
apparent. Fresh galls on the shoots and trunk are
initially light in color and irregularly clustered,
gradually darkening and developing a rough texture
over time until they crack (Aysan & Kiisek, 2018).
The crown gall disease was first identified in
vineyards in our country by Oktem (1978). In recent
years, studies have reported crown disease in grape
production areas in Central Anatolia, Mersin, Adana,
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Kahramanmaras, Tokat, and the Aegean and Thrace
regions of Turkey (Benlioglu and Ozakman, 1998;
Argun, 2001; Kuasek, 2007; Altinparmak, 2009; Orel,
2013; Durak et al., 2017; Akgul et al., 2018; Sivri,
2020). Burr and Katz (1983) suggested that the most
suitable period for isolating the pathogen from the
soil and gall is from June to September, while the
period from April to May is recommended for isolation
from plant sap. The entry of the pathogen through
wounds and its ability to persist in plant tissues and
soil for extended periods, coupled with the absence of
an appropriate pesticide to prevent the disease,
highlights the significance of the condition. Cultural
measures, the use of biological control agents, and the
planting of disease-resistant grape varieties are
methods that can be applied in the control of the
disease. In our country, Demir et al. (1998)
determined the sensitivities of 24 different V. vinifera
varieties and 20 different American grape rootstocks
to various K. Vitis strains. The study concluded that
the Cardinal grape variety had the least gall weight
and exhibited the highest resistance. Additionally,
varieties such as Hatun Parmagi, Pink Seedless,
Sultana Seedless, Royal, Hamburg Misketi, Perlette,
Ttalya, and Alphonse Lavallee were identified as
susceptible grape varieties to K. Vitis strains.

The physiological and biochemical tests proposed by
Moore et al. (2001) are employed for the species-level
identification of the Rhizobium genus. The molecular
characterization of Rhizobium vitis strains obtained
in our country was conducted using primers
specialized for different plasmid types. Argun (2001)
reported that all 8 K. Vitis strains obtained from the
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Central Anatolian region produced
octopine/cucumopine, while Akgiil et al. (2018)
determined, through PCR tests using specialized
primer sets targeting the pehA, virF, octopine,
nopaline, and virD2 gene regions, that 16 R. Vitis
strains from vineyards in the Aegean region produced
octopine/cucumopine type opines. Kiisek et al. (2007)
identified 47 R. Vitis strains through PCR testing
using specialized primers for the vird and tms2a gene
regions.

The study aims to isolate the bacterial agent causing
grape tumor disease in Kahramanmaras and its
surrounding provinces, determine its prevalence in
the region, and conduct its identification. In line with
this, control methods against highly virulent bacterial
agents in reducing losses 1in plants can be
investigated for their applicability in field and
orchard areas in subsequent studies.

MATERIAL and METOD

The primary plant material for the study consisted of
the diseased grapevine tissues collected from
vineyards in the provinces of Kahramanmaras,
Adiyaman, Kilis, Gaziantep, and Sanliurfa from June
to September in the years 2017-2019.

Sampling Method

The prevalence and incidence of the disease were
calculated as percentages for each vineyard exhibiting
symptoms in the study area. To determine the disease
incidence in a vineyard, 50-200 plants were randomly
selected based on the vineyard's size, beginning from
different sections. These selected plants were
examined for disease symptoms, and the number of
plants displaying symptoms was recorded. The
incidence was then calculated by multiplying the ratio
of symptomatic plants to the total number of plants
by 100 (Bora and Karaca, 1970). To assess the disease
prevalence in vineyards, representative vineyards
from each province were surveyed. The incidence was
calculated by dividing the number of infected
vineyards by the total number of surveyed vineyards
and multiplying the result by 100.

Isolation of Disease Agent Rhizobium spp. Strains

Following the surveys in the study area, the skin
tissue of freshly collected galls was incised using a
sterile scalpel, and small fragments were excised from
the underlying fresh living tissue. The gall tissue
underwent superficial sterilization by immersion in
70% alcohol-soaked cotton. Subsequently, within a
sterile mortar, the grape tissues were homogenized in
sterile saline buffer (8.5% NaCl) and left to stand for
one hour. A portion of this suspension was inoculated
onto glass Petri dishes containing King B agar

1071

medium by streaking with a loop. Petri dishes were
incubated at 25 + 1°C for two days, and the typical
colonies of Rhizobium spp. (cream-colored, partially
transparent, flat, round, odorless, and convex) that
developed on the petri dishes were subcultured until
pure cultures were obtained by streaking on an NGA
medium. Pure cultures were then transferred to
Nutrient Broth (NB) agar plates containing +4°C and
stored at -20°C with 20% glycerol for subsequent use
in further studies.

Identification of Disease Agent Rhizobium spp.
Strains

Pathogenicity test: Purified pathogenic strains
obtained from grapevine tissues were carried out
pathogenicity tests on Mother of Thousands
(Bryophyllum daigremontianum), tomato (Solanum
esculentum Mill.), and grapevine (Vitis vinifera L. cv.
Hatun Parmag) plants. After culturing the bacteria
strains on Nutrient Glucose Agar (NGA) medium,
they were inoculated using a sterile toothpick onto
Mother of Thousands and tomato 2-3 weeks old
seedlings plants using a sterile toothpick. For the
Hatun Parmagi grapevine variety, which was rooted
from 3-4-buds vineyard bud, were created three holes
(5 mm wide, 5 mm deep) using a hand drill. Into these
holes, 100 ul of a bacterial suspension containing 108
cfu/ml was inoculated using a sterile pipette. The
holes were then sealed with moist cotton and wrapped
with parafilm. After 24 hours of incubation, the cotton
and parafilm were removed, and three months later,
the formation of galls from the holes was assessed.
The dimensions of the galls, including width, length,
and height, were measured using calipers.

Classical identification: The classical identification of
Rhizobrum spp. strains demonstrating gall formation
in pathogenicity tests were evaluated through the
criteria specified by Moore et al. (2001). This involved
assessing Gram reaction, acid clearing on
PDA+CaCO3 medium, growth on medium containing
2% NaCl, acid production from sucrose and
melezitose, reaction in litmus milk, alkali production
from malonic acid, oxidase test, KOH test, growth at
35°C, and citrate utilization.

Molecular identification: DNA isolation was
performed for the 24 Rhizobium spp. strains with
positive pathogenicity tests, following the protocol
outlined by De Boer and Ward (1995). Polymerase
Chain Reaction (PCR) studies utilized seven different
primer pairs for specific genes: PGF/PGR for the pehA
gene specific to . vitis (Szegedi and Bottka, 2002),
virAl/virA2 for the vird gene (Eastwell et al., 1995),
virFF1/virFR2 for the virF gene (Burr et al., 1997),
OCTF/OCTR for the octopine synthesis gene (Burr et
al., 1997), NOPF/NOPR for the nopalin synthesis
gene (Burr et al., 1997), virD2S4F/virD2S4R for the
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virD2 gene (Burr et al., 1997), and Tms2A/Tms2B for
the TmsZ2 gene specific to R. radiobacter (Pulawska
and Sobiczewski, 2005). For the PCR mix of
Rhizobium spp. strains, 2 pl of DNA sample was
combined with 38 nl of PCR Mix (4 nl Buffer, 1 pl
DNTP mix, 1 pl Forward primer, 1 pl Reverse primer,
0.5 pl DNA Taq polymerase, 30.5 pl ddH:20).
Amplification in the PCR machine included an initial
denaturation at 95°C for 1 minute, followed by 35
cycles of denaturation at 94°C for 10 seconds,
annealing at 56°C for 15 seconds for R. vitis-specific
PGF/PGR, virFF1/virFR2, and OCTF/OCTR primers,
52°C for 15 seconds for NOPF/NOPR primers, 58°C
for 15 seconds for virD2S4F/virD2S4R primers, 50°C
for 30 seconds for virAl/virA2 primers, 63°C for 30
seconds for R. radiobacterspecific tms2A/tms2B
primers, and extension at 72°C for 15 seconds.
Finally, a 5-minute extension at 72°C concluded the
amplification. PCR products were analyzed on a 1.5%
agarose gel electrophoresis following the protocol of
Sambrook et al. (1989). For gel loading, 2 pl loading
buffer and 6 pl of the PCR product mixture were
added to the wells. Electrophoresis was run at 80
volts and 350 mA for approximately 2 hours. To
determine band weights, a 100 bp molecular weight
marker (Fermentas SM 0632) was used. Bands were
visualized under UV light after staining the gels with
Ethidium bromide, and the bands on the gels were
examined and photographed.

Identification with MALDI-TOF MS: The 24
Rhizobium spp. strains, isolated from diseased plant
tissues and determined to be pathogens based on
pathogenicity studies, were also identified at the
species level using MALDI-TOF MS (Bruker
Daltonics GmbH, Bremen, Germany) for diagnosis
(Pavlovic et al.,, 2012; Soylu et al., 2022). The
identification service was obtained through service
procurement at the Plant Health Clinic Application
and Research Center of Hatay Mustafa Kemal
University (https://www. mku.edu.tr/
departments.aspx?birim=218).

RESULTS and DISCUSSION

In the vineyards inspected in Kahramanmaras and
surrounding provinces, it has been determined that
out of 74 vineyards, 46 vineyards are infected with
crown gall disease. In Kahramanmaras province, out
of 34 vineyards inspected, 26 vineyards are infected
with crown gall disease. In Adiyaman province, out of
12 vineyards inspected, 9 are infected. In Gaziantep
province, out of 14 vineyards inspected, 7 are infected.
In Kilis province, out of 6 vineyards inspected, 2 are
infected. In Sanliurfa province, out of 10 vineyards
inspected, 2 are infected.

Referencing  Table 1,
Kahramanmaras province

that
highest

evident
the

it 1s
exhibits

disease prevalence at 76.47%, whereas Sanliurfa
province demonstrates the lowest prevalence,
standing at 20%. Analyzing the frequency of disease
occurrence, Kahramanmaras emerges as the province
with the highest incidence, recording a rate of 4.05%,
whereas Sanliurfa exhibits the lowest incidence at
0.73%. In the study by Altinparmak (2009), 280 £F.
Vitis strains were derived from grapevine samples in
Konya province, demonstrating a prevalence rate of
90.61%. Similarly, Durak et al. (2017) isolated 34 F.
Vitis strains from vineyards in Tokat province,
reporting an infection rate of 75.65%. Sivri (2020), in
an investigation on K. Vitis prevalence in the Thrace
region, identified rates of 88.86% in Kirklareli,
80.21% in Edirne, and 65.91% in Tekirdag.

Table 1. The incidence and prevalence of crown gall disease
by province.
Cizelge 1. Asma ur hastaliginin illere gore rastlanma sikligi

ve yayginligi
Province Incidence (%) Prevalence (%)
Kahramanmaras 4.05 76.47
Adiyaman 3.87 75.00
Gaziantep 1.84 50.00
Kilis 1.00 33.33
Sanlhurfa 0.73 20.00
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A total of 107 Rhizobium spp. strains were examined,
and 24 strains demonstrated gall or hairy root
formation on Bryophyllum daigremontianum, tomato
(Lycopersicum esculentum Mill.), and the Hatun
Parmag1 grapevine cultivar were identified (Table 2).
Kiisek (2007) obtained 47 R. Vitis strains from
grapevine gall samples collected in the Central
Mediterranean Region. Akgiil et al. (2018) obtained
16 R. Vitis strains from 31 gall samples collected from
vineyards in the Aegean Region.

In the pathogenicity test on the Hatun Parmag:
(susceptible) grapevine cultivar, 21 strains showed
gall formation, and the strains with the highest gall
dry weight were evaluated as CU52-3/2, CU39-11/5,
and CU39-8/1, respectively. The CU38-1/2 strain
could not be evaluated due to environmental
adversities in the grapevine plant, and the CU37-1/4
and CU39-11/4 strains did not show gall formation in
the grapevine. This situation is thought to arise from
differences in host plant sensitivity, pathogen
virulence levels, or the interaction between both
(Anderson and Moore, 1979; Kiisek, 2007; Altiparmak
and Bastas, 2011).

The classical diagnostic of the 24 candidate
Rhizobium spp. strains showing gall/root hair
formation in the pathogenicity test were determined
through biochemical and physiological tests, as
recommended by Moore et al. (2001). Similarity ratios
to Rhizobium vitis are presented in Table 3. Among
the pathogen strains obtained from pathogenicity
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tests and classical tests, 13 strains exhibited 100%
similarity to Rhizobium vitis in 12 tests specified by
Moore et al. (2001). The remaining isolates showed
similarities to R. vitis ranging from 58% to 92% in 7-

11 tests. These findings align with the results of the
studies conducted by Argun (2001) and Kiisek (2007),
supporting that the dominant species causing galls in
vineyards is K. vitis.

Table 2. Strains that formed gall as a result of pathogenicity tests
Cizelge 2. Patojenite testi sonucunda ur olugturan izolatlar

Pathogenicity Test

Isolate no Mother of Sampling location Coordinate

Tomato thousands Grapevine
CU5-4/4 + + + Golbag/Adiyaman 37°43'17°K; 37°33°22”D
CU5-4/10 + + + Golbag/Adiyaman 37°4317°K; 37°33’22”D
CU14-3/1 + + + Islahiye/Gaziantep 36053'37"K; 36°34’16”D
CU14-3/2 + + + Islahiye/Gaziantep 36053'37"K; 36°34’16”D
CU14-3/7 + + + Islahiye/Gaziantep 36053'37"K; 36°34’16”D
CU25-2/1 + + + Hilvan/Sanliurfa 37°32’8”K; 38°46’50”D
CU37-1/4 + + - Kilagli/Kahramanmaras 37°41’517K; 37°3°48”D
CU38-1/2 + + + Bahgeli/Kahramanmaras 37°42’30”K; 37°6°12”D
cuss-1/11  + + + Bahgeli/Kahramanmaras 37°42’30”K; 37°6°12”D
cus39-11/2 + + + Bagdervigli/Kahramanmaras  37°43’24”K; 37°9'4”D
CuU39-11/3 + + + Bagdervigli/Kahramanmaras  37°43’24”K; 37°9'4”D
CuU39-11/4 + + - Bagdervigli/Kahramanmaras  37°43’24”K; 37°9'4”D
CU39-11/5 + + + Bagdervigli/Kahramanmaras  37°43’24”K; 37°9’4”D
CU39-13/2 + + + Bagdervigli/Kahramanmaras  37°43’24”K; 37°9’4”D
CU39-8/1 + + + Bagdervigli/Kahramanmaras  37°43’24”K; 37°9’4”D
CU39-8/2 + + + Bagdervigli/Kahramanmaras  37°43’24”K; 37°9’4”D
CU52-2/2 + + + Bulutoglu/Kahramanmarag 37°39°46”K; 360°48°34”D
CU52-2/4 + + + Bulutoglu/Kahramanmarag 37°39°46”K; 360°48°34”D
CU52-3/1 + + + Bulutoglu/Kahramanmarasg 37°39°46”K; 36048°34”D
CU52-3/11  + + + Bulutoglu/Kahramanmarasg 37°39°46”K; 36048°34”D
CU52-3/2 + + + Bulutoglu/Kahramanmarasg 37°39°46”K; 36048°34”D
CU52-3/4 + + + Bulutoglu/Kahramanmaras 37°39°46”K; 36048°34”D
CU52-3/5 + + + Bulutoglu/Kahramanmaras 37°39°46”K; 36048°34”D
CU52-3/6 + + + Bulutoglu/Kahramanmarag 37°39°46”K; 36°48’34”D

+: Pathogenicity test positive; -: Pathogenicity test negative

Number of gall Wet weight of gall Dry weight of gall =—#=—Diameter of gall
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Figure 1. Pathogen strains occorred number,

cultivar

Sekil 1. Hatun Parmagi asma ¢egidinde izolatlarin ur sayisi, agirlik ve ¢aplari

1073

weight, and diameter of the gall of in Hatun Parmag: grapevine
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As a result of pathogenicity and classical tests,
molecular identification of 24 strains thought to be A.
Vitis was performed using different primers, and
electrophoresis gel images were taken (Figure 2). As a
result of the PCR test with Tms2A/Tms2B,
NOPF/NOPR, and virD2S4F/ virD2S4R primer pairs,
none of the strain formed bands. According to the
PCR test results with the PGF/PGR primer pair,
which amplifies a fragment of 466 bp; CU38-1/2,
CU39-8/1, CU39-8/2, CU39-11/3, CU39-11/5, CU39-
13/2, CUb52-2/2, CU52-2/4, CU52-3/1, CU52-3/4,
CU52-3/5, CU52-3/6 and CU5-4/4 strains, according to
the PCR test results with virAl/virA2 primer pair,
which amplifies a fragment of 480 bp; CU14-3/2,
CU39-8/1, CU39-8/2, CU39-11/2, CU39-11/3, CU39-
11/4, CU39-11/5, CU39-13/2, CU52-2/2, CU52-2/4,

CU52-3/1, CU52-3/2, CU52-3/4, CU52-3/5, CU52-3/6,
CU52-3/11, and CU5-4/4 strains, according to the
PCR test results with virFF1/virFR2 primer pair,
which amplifies a fragment of 382 bp; CU39-8/2,
CU39-11/4, CU39-11/5, CU39-13/2, CU52-2/4, CU52-
3/1, CU5L2-3/2, CU52-3/5, CUb52-3/6 and CU52-3/11
strains and according to the PCR test results with
OCTF/OCTR primer pair, which amplifies a fragment
of 475 bp; CU39-8/2, CU39-11/5, CU52-2/2, CU52-3/2,
CU52-3/2, CU52-3/5 and CU52-3/11 strains formed
bands. Additionally, strain CU14-3/1, CU14-3/7,
CU25-2/1, CU37-1/4, CU38-1/2, CU38-1/11, and CU5-
4/10 did not produce bands in the gel electrophoresis
in the PCR test with the specific primer pairs (Table
4).

Table 3. The biochemical test used to differentiate Rhizobium spp. strains results.
Cizelge 3. Rhizobium spp. tiirlerini ayirmak i¢in kullanilan biyokimyasal test sonuglari

_ = : £ E sz .= 2

o .8 o ? = Z Z - pals 5% 9 0 e Q

Z 5§ 2 & EF 3 :r By £z Eg 2 ¢ £9 %

2 S E g g = £ 58 ET 28 g f RS

iz an 3 2 5 g £8 g8 €T < ST B

2 s N 5 =1 = = S < g < ) o T A —

3 S 2 & & = = £5 5 & E

5 5 4 < = 2
CU5-4/4 - + + ALK + + - + + + 100
CU5-4/10 - + + ALK + + + + + 100
CU14-3/1 - + - ALK + + + + + 100
CU14-3/7 - + + ALK + + + + - 100
CU38-1/2 - + Z+ ALK + + + + + 100
CU39-8/1 - + + ALK + + - + + 100
CU39-8/2 - + Z+ ALK + + + + 100
CU39-11/5 - + + ALK + + + + 100
CU39-13/2 - + + ALK + + + + 100
CU52-2/2 - + Z+ ALK + + + + 100
CUb52-3/1 - + + ALK + + + + 100
CUb2-3/2 - + Z+ ALK + + + + 100
CU52-3/5 - + + ALK + + + + 100
CU52-3/11 - + + ALK + + + + 100
CU39-11/3 - + Z+ ALK + + + - + 92
CU39-11/2 - + + AC + + + + - 83
CU14-3/2 - + - ALK + + + + + - + 75
CU38-1/11 - + - ALK - - - - + + 75
CU37-1/4 - + + ALK - + + - 67
CU39-11/4 - + - AC + + + - NC - 67
CUb2-2/4 - + - AC + + + - NC 67
CUb2-3/4 - + - ALK - + + + 67
CUb52-3/6 - + 7+ ALK + + + + + + - 67
CU25-2/1 - + 7+ AC + + - + NC 58

AC: Acid; ALK: Alkaline; NC: No colour; +: 80% or more isolates positive;

positivite
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- 80% or more isolates negative; M+ : Mild
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Figure 2. Primer gel images; strains forming bands for a) the VirA gene, b) the PehA gene, c) the virF gene, and

d) the Octopine gene.

Sekil 2. Primer jel gortintiileri; a) VirA geni bant olusturan izolatlar; b) PehA geni bant olusturan izolatlar; c)
virF geni bant olusturan izolatlar; d) Oktopin geni bant olusturan izolatlar

Table 4. The band formation status of Rhizobium spp. strains with different primers
Cizelge 4. Rhizobium spp. 1zolatlarinin farkli primerlerde bant olusturma durumlar:

Primers

virAl PGF virFF1 OCTF NOPF virD2S4F Tms2A
Isolate no virA2 PGR virFR2 OCTR NOPR virD2S4R Tms2B
CU5-4/4 + + - - - - -
CU5-4/10 - - -
CU14-3/1 - - -
CU14-3/2 + - -
CU14-3/7 - - -
CU25-2/1 - - -
CU37-1/4 - -
CU38-1/2 - + -
CU38-1/11 - - -
CU39-11/2 + - -
CU39-11/3 + + -
CU39-11/4 + - + -
CU39-11/5 + + +
CU39-13/2 + + + -
CU39-8/1 + + - -
CU39-8/2 + + + +
CU52-2/2 + + - +
CU52-2/4 + + + -
CU52-3/1 + + + -
CU52-3/2 + - + +
CU52-3/4 + + - -
CU52-3/5 + + + +
CU52-3/6 + + + -
CU52-3/11 + - + +
Genov et al. (2015) reported that most of the strains octopine/cucumopin plasmids, but nopaline-type

isolated from grapevines were A. vitis and some were
A. tumefaciens. Considering the opine utilization of
these strains, they reported that most A. vitis and
some A. tumefaciens strains contained
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plasmid was detected only in one A. tumefaciens
strain.

The primers used in the study are synthesized from
the plasmid regions of the bacterium, and mutations
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that may occur on the plasmid can affect the PCR
product formation (Kiisek, 2007). In the PCR test
conducted by amplifying R. vitis-specific primer sets,
17 strains were identified as K. Vitis with genes in
different plasmid regions (pehA, virA, virF, octopine).

Eastwell et al. (1995) stated that the use of the pehA
primer is more suitable for all A. Vitis strains causing
galls in grapevines. Altiparmak and Bastas (2011)
identified 280 R. vitis strains using pehA and virA
primers. In a study by Rouhrazi and Raiminan
(2012), where vir gene sequences of 99 strains
belonging to R. radiobacter and R. vitis species were
determined, 49 strains were found to have octopine,
35 strains vitopine, and 8 strains nopaline-type opine
synthesis genes, while the opine type of 7 strains
could not be determined. In the primer set specific to
R. radiobacter, it was observed that none of the
strains produced a band. The results of molecular
identification were found to be consistent with the

results obtained from classical tests. Lamovsek et al.
(2014) identified 80 Agrobacterium spp. strains from
Slovenian vineyards as A. vitis and A. tumefaciens
using pehA and multiplex PCR methods. Orel et al.
(2017) revealed the presence of nopaline-type
plasmids in 18 strains and vitamin-type plasmids in
three strains among 82 K. Vitis strains obtained from
Turkish vineyards using PCR and opine-specific
primers. Akgiil et al. (2018) determined that 16 R.
Vitis strains obtained from the Aegean region were
responsible for the synthesis of octopine/cucumopine-
type opines The pathogenicity, classical tests, and
molecular characterization of the 24 Rhizobium spp.
strains were determined, and their identification was
performed through service procurement using
MALDI-TOF MS (Bruker Daltonics GmbH, Bremen,
Germany) at the Plant Health Clinic Application and
Research Center of Hatay Mustafa Kemal University.

Table 5. The species identification of Rhizobium spp. strains by MALDI-TOF MS
Cizelge 5. Rhizobium spp. izolatlarinin MALDI-TOF MS ile tiir tanilamasi

Isolate No Matching Results Reliability Level
CU14-3/7 CFBP-5523- Rhizobium vitis_20170306 2,215
CU39-8/1 CFBP-5523- Rhizobium vitis_20170306 2,149
CU39-11/2 CFBP-5523- Rhizobium vitis_20170306 2,325
CU39-11/5 CFBP-5523- Rhizobium vitis_20170306 2,291
CU39-13/2 CFBP-5523- Rhizobium vitis_20170306 2,336
CUb2-2/2 CFBP-5523- Rhizobium vitis_20170306 2,211
CU52-3/1 CFBP-5523- Rhizobium vitis_20170306 2,110
CU52-3/2 CFBP-5523- Rhizobium vitis_20170306 2,331
CU52-3/5 CFBP-5523- Rhizobium vitis_20170306 2,071
CU52-3/11 CFBP-5523- Rhizobium vitis_20170306 2,153

2.30-3.0: Highly reliable at the species level; 2.00-2.299: Reliable at the genus level, highly reliable at the species level; 1.70-
1.999: Reliable at the genus level, probable at the species level; <1.7: Unreliable identification

After MALDI-TOF analysis, the similarity status of
10 strains with an index value of 2.00 and above to
Rhizobium vitis species is presented in Table 5.
CU39-13/2, CU39-11/2, and CU52-3/2 strains showed
a high similarity to R. Vitis at the species level, while
CU14-3/7, CU39-11/5, CU39-8/1, CU52-3/11, CU5L2-
2/2, CU52-3/1, and CU52-3/5 strains exhibited a
definite resemblance to R. Vitis at the genus level and
a high similarity at the species level. MALDI-TOF MS
is a rapid, inexpensive, and reproducible method for
the identification of plant pathogenic and saprophytic
microorganisms (Uysal et al., 2019; Weis et al., 2020).
It allows the differential identification of filamentous
fungi, endophytic, and epiphytic bacterial species
from a variety of environments using the distinct
protein and peptide profiles of microbial cells. (Aktan
and Soylu, 2020; Kara et al., 2020; Soylu et al., 2021;
Tarfeen et al., 2022; Uysal et al., 2022; Soylu et al.,
2022; Bozkurt et al., 2023).
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CONCLUSION and RECOMMENDATIONS

The prevalence of crown gall disease in vineyard
production areas in Kahramanmaras, Adiyaman,
Gaziantep, Kilis, and Sanliurfa provinces was
determined as follows: Kahramanmaras 76.47%,
Adiyaman 75.00%, Gaziantep 50.00%, Kilis 33.33%,
and Sanhurfa 20.00%. As a result of surveys
conducted in the study area, a total of 24 pathogenic
strains were obtained from galls collected from
grapevines in the July-August period. These strains
were tested on Bryophyllum daigremontianum
(kalanchoe) and tomato (Lycopersicum esculentum
Mill.) plants, resulting in the formation of galls and/or
hairy roots. In the pathogenicity test conducted on the
Hatun Parmag: grapevine variety, strains with
virulence were determined based on gall dry weights
as CUbB2-3/2, CU39-11/5, and CU39-8/1. The strains
CU38-1/2 could not be evaluated due to
developmental issues observed in the plant in the
pathogenicity test. In the biochemical tests, 13 of the
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24 pathogenic strains showed 100% similarity to
Rhizobium vitis, as specified by Moore et al. (2001),
while 11 strains exhibited similarity ranging from
66.6% to 75% with R. wvitis. As a result of the
molecular characterization of pathogenic strains, it
was determined that 17 strains possessed the vird
gene, 13 strains had the pehA gene, 10 strains
contained the first gene, and 6 strains carried the
octopine synthesis gene. None of the strains was
found to have plasmids containing the nopaline,
virD2, and Tms2 genes. Using primer sets specific to
R. Vitis, 18 strains (CU14-3/2, CU38-1/2, CU39-8/1,
CU39-8/2, CU39-11/2, CU39-11/3, CU39-11/4, CU39-
11/5, CU39-13/2, CU52-2/2, CU52-2/4, CU52-3/1,
CU52-3/2, CU5B2-3/4, CU5S2-3/5, CU52-3/6, CU52-3/11,
and CU5-4/4) were identified as R vitis, each
harboring genes in different plasmid regions (pehA,
vird, virF, octopine). According to the MALDI-TOF
MS analysis of pathogenic isolates, 10 strains (CU39-
13/2, CU39-11/2, CU52-3/2, CU14-3/7, CU39-11/5,
CU39-8/1, CU52-3/11, CU52-2/2, CUb52-3/1, and
CU52-3/5) showed high similarity to R. vitis, with an
index value of 2.00 or above.

In conclusion, it has been determined that the
dominant species causing grapevine galls in
vineyards 1s R. vitis, and the pathogen is widespread
in the region's vineyards. Furthermore, classical and
molecular tests support each other in the
identification of K. witis. This study reveals the
impact of pathogenic isolates with different virulence
on the same grapevine variety. However, studies on
different grape varieties can be conducted to develop
R. Vitis-resistant or tolerant varieties, addressing
this problematic pathogen in Turkish viticulture.
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ABSTRACT

The apple orchards in Nigde, Turkiye were surveyed for ‘Candidatus
Phytoplasma mali’ associated with apple proliferation disease, and the
suspicious samples were tested by PCR-RFLP methods. A comprehensive
study was conducted which included sampling from a total of 19 orchards
from four different districts. The samples were collected according to the
major symptoms of phytoplasma disease which were foliar reddening,
witches’ brooms, leaf rosettes, yellowing, longer peduncles and
development of undersized fruits. It was determined that six out of 62
plant samples were infected with phytoplasma. Also, two out of six
infected samples were determined as infected by ‘Ca. P. mali’ and
unexpectedly four out of six infected samples were determined as infected
by ‘Ca. P. prunorum’ is associated with European Stone Fruit Yellows
disease. Even if the incidence of the disease (9.7%) was low, the
characterized phytoplasmas were considered a significant potential
threat for these locations.
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Elma agaclarinda ‘Candidatus Phytoplasma mali’ ve ‘Candidatus Phytoplasma prunorum’ teghisi

OZET

Nigde ilindeki eki elma bahgelerinde elma c¢oklu stirgiin hastaligina
neden olan 'Candidatus Phytoplasma mali' tespiti i¢in survey yapilmistir
ve glpheli érnekler PCR-RFLP yontemiyle test edilmistir. Dort farkl
ilcedeki toplam 19 meyve bahgesinden orneklemeler yapilmigtir.
Ornekler, fitoplazma hastalhiginin baglica belirtileri olan yaprak
kizarmasi, cadi stupiirgesi, yaprak rozetleri, sararma, saplarin uzamasi
ve meyvelerin ciliz gelismesi gibi belirtilere gore toplanmigtir. Toplam 62
bitki 6rneginden altisinin fitoplazma ile enfekte oldugu belirlendi.
Ayrica, enfekte olmus alt1 6rnekten ikisinin 'Ca. P. mali' ile enfekte
oldugu ve beklenmedik bir sekilde enfekte olmus alt1 6rnekten dordintiin
Avrupa Sert Meyve Sarilar1 hastalhigr ile iligkili 'Ca P prunorum'
tarafindan enfekte oldugu belirlenmistir. Hastaligin gérilme sikligi
(%9,7) diisiik olsa bile, karakterize edilen fitoplazmalarin bu lokasyonlar
icin 6nemli bir potansiyel tehdit oldugu degerlendirilmigtir.
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INTRODUCTION foreign trade (Oguz & Karacayiwr, 2009). Although

Apple (Malus communis L.) is a member of the genus
Malus of the Pomoideae subfamily of the Rosaceae
family in the Rosales order. Apple plays a significant
part in the fruit production and economy of Nigde in
Turkiye. The apple production in Nigde has
significantly supplied the needs of domestic and

research on virus diseases in apples is quite common
(Oztekin & Buzkan, 2012; Morca et al., 2021) there are
limited studies on apple phytoplasma diseases in our
country.

Phytoplasmas are phloem-inhabiting and cell wall-less
bacterial plant pathogens. They are commonly
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transmitted from infected plants to healthy ones by
insect vectors. They interact with host plants and
insect vectors, causing biological, morphological and
physiological changes in them to survive in nature. As
a result of these interactions, they cause significant
economic losses in cultivated plants (Seemiiller &
Schneider, 2004). Phytoplasmas cause destructive
damage in more than 700 plant species worldwide
(Maejima et al., 2014). Infected plants by
phytoplasmas exhibit several disease symptoms, and
these symptoms include a purple or yellow
discolouration of shoots and leaves, virescence
(greening of petals), phyllody (transformation of floral
organs into leaf-like formations), proliferation of
shoots, witches’ broom, stunting, general decline, and
plant death (Bertaccini & Duduk, 2009).

Phytoplasmas are classified in terms of the sequence
analysis of the 16S rRNA gene that has been widely
used in classification because it is considerably
conserved (Marcone et al. 1996). Classification of
phytoplasmas is generally based on the amplification
of the 16S ribosomal RNA gene by Polymerase Chain
Reaction (PCR) and Restriction Endonuclease Enzyme
Analysis (RFLP) of these PCR products. (Duduk
&Bertaccini, 2011).

In fruit orchards, apple proliferation (AP), pear decline
(PD) and European stone fruit yellows (ESFY) are
economically important plant diseases associated with
phytoplasmas (Seemiiller &Schneider, 2004). AP's
disease-related agent is ‘Candidatus Phytoplasma
mall’, which is associated with the reduction in fruit
sizes and the decrease of the market values of fruits by
infecting the apple trees in almost all European
countries. It has been reported transmitting with
Cacopsylla melanoneura (Jarausch et al. 2019). Pear
decline disease associated with phytoplasma is ‘Ca. P.
pyri’ was first discovered in North America as recently
as 1945, but today, it is a primary biotic factor that has
limited pear production in Europe, and transmitting
psyllid vector C. pyri (Jarausch et al. 2019). ESFY
disease-associated ‘Ca. P. prunorum’ is infecting
several stone fruits including apricots, peaches,
almond and other stone fruit orchards, and C. pruniis
the primary vector (Jarausch et al. 2019). All these
phytoplasmas fall within the same 16SrX group.

‘Ca. P. mali’ is the associated agent of a severe
proliferation disease affecting apple trees (Seemiiller
&Schneider 2004). The agent is closely related to ‘Ca.
P. pyri’ and ‘Ca. P. prunorum’ in terms of phylogeny.
Additionally, ‘Ca. P. mali’ have infrequently been
identified in stone fruits (Navratil et al., 2001; Mehle
et al., 2007; Cieslinska & Morgas, 2011). ‘Ca. P. mali’
has been observed in numerous European countries
with ongoing apple production. In recent years, the
presence of this disease has been confirmed in Turkiye
(Canik &Ertunc, 2007; Sertkaya et al., 2008). This
pathogen predominantly colonizes sieve tubes,
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typically near sections of plant sieve plates. Colonized
sieve tubes may undergo necrosis during the summer.
The modified phloem tissue then forms small,
irregular sieve tubes that are subsequently invaded.
While this pathogen is primarily found in functional
sieve tubes, its dispersion can vary significantly in the
stems and shoots of infected apple trees throughout the
year (Seemiiller et al., 1984). Late summer and
autumn are active periods for the phytoplasma in
stems and shoots. In winter, the phytoplasma
transforms into stringlike structures after sieve tube
degeneration, disappearing from the aerial parts of
trees and passing into the roots, where numerous
functional sieve tubes are present throughout the year.
Recolonization of the phytoplasma in the stems and
branches continues with the formation of new aerial
sieve elements in April or May (Schaper & Seemiiller,
1984).

Phytoplasma presence in fruit trees of Turkiye has
been reported by visual observation of symptoms as
well as by PCR-based analyses since 1999. The
presence of the apple proliferation group phytoplasma
(16SrX) agents has been reported in Turkiye
(Caglayan, 2023). This study aims to investigate apple
orchards in Nigde province for AP disease using PCR-
RFLP methods, to confirm the presence of AP disease
in these locations, to contribute to Turkey's
phytoplasma  disease maps and to make
recommendations for future studies on the subject.

MATERIAL and METHODS
Surveys and Plant Materials

The samples were randomly collected from apple trees
exhibiting symptoms of AP and those without AP
symptoms in selected apple orchards of Nigde (Figure
1), representing local orchards and cultivation regions,
during October and November 2017 (Table 1). At the
time of sample collection, both general and specific
symptoms of AP were considered through the
observation of the development of apple trees and
fruits, assessing physiological conditions of shoots and
leaves, and evaluating general physiological
parameters in apple trees. The samples were collected
by cutting 20 - 25 cm long shoots from symptomatic
branches or various directions on randomly chosen
apple trees from asymptomatic plants. The samples
were placed in labelled plastic bags and stored at +4 °C
for subsequent analysis procedures.

DNA Isolation from Plant Materials

DNA isolation of plant materials was performed by
using 100 mg of leaf midribs crushing in mortars with
liquid nitrogen, followed by the addition of 1 ml of a 2%
CTAB (2% CTAB, 1.4 M NaCl, 20 mM EDTA and 500
mM Tris, 2% 2-mercaptoethanol) (Doyle &Doyle 1990)
solution. The resulting homogenate was incubated at
60 °C for 30 min, followed by centrifugation at 15000
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rpm for 10 min at 25 °C. The supernatant was washed
once by phenol-chloroform-isoamyl alcohol (25:24:1)
and once chloroform-iscamyl alcohol (24:1). After
precipitation with cold isopropanol and washed with
cold ethanol (70%), the pellet was suspended in 80-100
pl TE (10 mM Tris and 1 mM EDTA) solution.

PCR Analysis

DNA materials were analyzed by direct and nested
PCR using primer pairs P1/P7 and R16F2n/R16R2,
which amplify approximately 1800 bp and 1240 bp
fragments, respectively, from the 16S rRNA gene
sequence of phytoplasmas. (Deng & Hiruki, 1991; Lee
et al., 1992, 1995). The PCR mixture included 1 ul of

20 ng/ul DNA, 5 uL 10xPCR buffer (100 mM Tris-HCI
pH 8.3, 500 mM KCI, 0.01% gelatin) (Thermo
Scientific) 1.5 mM MgClz, 0.25 uM each dNTPs, 0.4 uM
each primer, 2 U Taq DNA polymerase (Thermo
Scientific) in a total of 50 pl volume. The following
amplification  conditions were applied: pre-
denaturation for 3 min at 94°C; amplification for 35
cycles of 94°C for 1 min denaturation, 57°C for 2 min
(60°C for 1 min for nested PCR) annealing, 72°C for 3
min (1 min for nested PCR) extension, and a final cycle
72°C for 10 min. The amplified products were
visualized under UV after electrophoresis of 1%
agarose gel and staining with ethidium bromide.

Figure 1. The survey area of apple trees for phytoplasma diseases in Nigde province of Tirkiye.
Sekil 1. Tiirkiye Nigde ili elma agaglarinda fitoplazma hastaliklar: yoniinden arastirma alani.

RLFP Analysis

The restriction endonucleases of 7rull, Rsal and Sspl
(Thermo Scientific) were used for RFLP analysis of the
nested PCR products. The digestions were performed
separately for each endonuclease overnight at 37°C for
Rsal and Sspl, and 65°C for 7rull. Phytoplasma-
infected positive control plant materials [‘Ca. P.
prunorum’ (ESFY), ‘Ca. P. mali’ (AP) and ‘Ca. P. pyri’
(PD) isolates]| were kindly provided by Dr B. Schneider
(Germany). The digested products were analyzed by
electrophoresis using 2% agarose gels as described
above.

RESULTS AND DISCUSSION

The main observed symptoms similar to the symptoms
of AP disease in these survey studies were foliar
reddening, leaf rosettes, yellowing, longer peduncles
and development of undersized fruits (Figure 2). A
total of 62 plant samples were collected from 19
orchards (Table 1). The amplicons of nested-PCR
products showed as a result of electrophoresis that six

samples formed the same size amplification profiles
with the positive controls of ESFY, AP and PD around
1240 bp. The incidence of the disease was low 9.7%.
Three samples (1, 7, and 13) were from Ulukigla
location and the other three (27, 29, and 56) from the
Central Districts of Nigde province.

RFLP analyses of samples 1, 7, 13, 27, 29 and 56
exhibited the expected digestion for 16SrX group
phytoplasmas (Figure 3). The RFLP patterns revealed
that the band profiles of these phytoplasma-infected
samples matched those of positive controls for both ‘Ca.
P. mali’ and ‘Ca. P. prunorum’ (Lee et al., 1995). The
FRsal RFLP pattern of samples 1 and 7 was the same
with the positive control of ‘Ca. P. mali’, and the
samples 13, 27, 29 and 56 were the same with the
positive control of ‘Ca. P. prunorum’. The Sspl RFLP
pattern also exhibited identical results. Samples 1 and
7 resulted in the restriction profiles of ‘Ca. P. mali’, and
the samples 13, 27, 29 and 56 resulted in the
restriction profiles of ‘Ca. P. prunorum’. According to
the RFLP analysis, none of the phytoplasma isolates
was ‘Ca. P. pyr1’.
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The detection of ESYF in apple trees is attributed to predominantly affecting both cultivated and wild apple
vector transport and vegetative propagation as the tree varieties. Nevertheless, there has been a report on
main contributing factors. Specifically, 'Ca. P. mali' is different hosts, such as cherry (Prunus avium), apricot
associated with inducing apple proliferation disease,

Table 1. The apple samples were collected according to locations in Nigde province
Cizelge 1. Nigde 1li lokasyonlarina gére toplanan elma érnekleri

District Location Number of orchards Number of apple trees*
(Ige) (Lokasyon) (Bahge say1si) (Elma agaci sayisi)
Ulukigla Zayincak 2 2/9
Kardes Gedigi 1 0/1
Tatbogazi 1 0/1
Tepekoy 1 0/1
Acipinar 1 1/2
Alpagut 2 0/2
Hiisniye 1 0/1
Bor Kaynarca 1 0/6
Camardi Degirmenli 2 0/4
I¢meli 1 0/6
Bademdere 1 0/4
Center 2 0/4
Centre Sazlica 2 1/12
Central 1 2/9
Total (Toplam) 19 6/62

*infected/total sample.

symptomatic (leaf rolling and reddening) (7, 29, 56) appearances of

f / R, A

Figure 2. Asymptomatic (no 1, 13, 27) and
phytoplasma infected apples

Sekil 2. Fitoplazma ile enfekte elmalarda asimptomatik (no 1, 13, 27) ve simptomatik (yaprak kivrilmasi ve

kizarmasi) (7, 29, 56) goriiniimler
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Figure 3. Restriction profiles of nested-PCR products amplified by using R16F2n and R16R2 primer pair formed
after the digestion with Rsal, Sspl and Trull restriction enzymes. M: 100 bp DNA ladder mix (Thermo
Scientific), phytoplasma positive controls ES: European stone fruit yellows, AP: Apple proliferation and

PD: Pear decline, -E: Undigested amplicon

Sekil 3. Rsal, Sspl ve Trull restriksiyon enzimleri ile kesim sonrasinda olusturulan R16F2n-R16R2 primer ¢ifti
kullanilarak ¢ogaltilan nested PCR tirtinlerinin fragment profilleri. M. 100 bp DNA ladder karisimi
(Thermo Scientific), fitoplazma pozitif kontroller ES: Avrupa sert ¢ekirdekli meyve sariligi, AP: Elma
¢oklu stirgiin ve PD: Armut yikim, -E: Enzim eklenmeyen amplicon.

(P. armeniaca) and plum (P. domestica) (Mehle et al.,
2007). Additionally, the agent has been detected in
hazelnut (Corylus spp.) (Marcone et al., 1996), pear
(Pyrus communis), and dJapanese plum (Prunus
salicina) (Mehle et al., 2007). Cieélinska & Morgas
(2011) stated that ‘Ca. P. mali’ and ‘Ca. P. pyri’ were
found to infect not only pome fruits but also stone fruits
such as nectarines and cherries. While ‘Ca. P. maly’
was identified in the nectarine cultivar (Super Queen),
‘Ca. P. pyrl’ was observed in the cherry cultivar
(Kordia). Canik-Orel et al. (2019) reported that pear
samples infected with 16SrX-A (‘Ca. P. mali) and
16SrX-C (‘Ca. P. pyri) subgroup phytoplasmas in
mixed infections, while apricot samples showed the
presence of 16SrX-B (‘Ca. P. pronotum). They also
identified the occurrence of phytoplasma, along with
mixed infections involving 16SrX-C (‘Ca. P. pyri) and
16SrX-A/16SrX-C, as well as 16SrX-C/16SrI (aster
yellows). Although the possibilities of transmission of
identified ‘Ca. P. mali’ and ‘Ca. P. pronotum
phytoplasmas in these locations with infected saplings
and grafting or budding materials were considered
most likely (Canik & Ertung, 2007; Sertkaya et al.,
2008), their potential vectors and alternative hosts
should be investigated.

Kaya et al. (2016) stated that Cacopsylla picta, C.
melanoneura-C. affinis complex
individuals carry ‘Ca. P. mali’ as well as ‘Ca. P. pyr?’.
Furthermore, the presence of C. pruni has been
identified in Nigde in previous research and it has been
confirmed in neighbouring provinces such as Adana
and Mersin (Ulubas Serce, 2011, unpublished).
Additionally, C. pruni has also been reported in Bursa
province (Ulubas Serce et al., 2012).

The phytoplasma disease incidence in apple was
determined as 9.68% in this study. Sertkaya et al.,
(2008) stated that they examined a total of 31 samples
(28 symptomatic, 3 symptomless) from Adana, Nigde,
and Mersin provinces in Turkiye, to investigate the
presence of phytoplasma. The results of this research

and C. pyri
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showed that six out of 31 tree samples consisting of two
samples from Nigde and four samples from Adana
were infected by ‘Ca. P. mali’. Based on the findings,
the calculated disease incidence was 19.35%. Canik &
Ertunc (2007) conducted a study in Isparta, Yalova and
Ankara provinces of Turkiye to assess the presence
and spread of ‘Ca. P. mali’. The researchers collected
201 samples from randomly selected apple orchards,
encompassing both symptomatic and asymptomatic
cases. The findings indicated that 8 out of the 201
samples were infected by ‘Ca. P. mali’. Consequently,
the disease incidence was calculated as 3.9%. Even if
this incidence of the disease is low, the fact that these
pathogens were identified in these locations and able
to be transmitted by psyllid vectors, should be
considered as a significant potential threat for fruit
tree production. Although the main pest of apple trees
in Giilnar (Mersin) district of Turkey has been
determined as Cydia pomonella (Sar1 and Yildirim,
2021), the prevalence of psylid vectors in apple
orchards needs to be investigated.

CONCLUSION

In this research, the presence of ‘Ca. P. mali’ associated
AP disease was surveyed within the Nigde region. This
study provides further evidence for the presence of ‘ Ca.
P. mal’’ in Turkiye and also provides updates about
phytoplasma occurrence in Nigde province in apple
orchards. Because of the categorization of these
pathogens as an A2 pest by EPPO and the Plant
Quarantine Regulation of Turkiye, apple growers have
to be provided with phytoplasma-free saplings. Also,
only this measure is not sufficient for the control of the
disease because of the transmission of the disease by
insect vectors. Although the detected phytoplasmas
will likely be transmitted by infected seedlings, grafts
or bud material in these locations, precautions should
be taken by investigating their potential vectors and
alternative hosts.
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ABSTRACT
Sharka is the most destructive viral disease of Prunus species caused by

Plant Protection

the plum pox virus (PPV). A unique strain of PPV has been identified Research Article

from Turkey and named as PPV-Turkey (PPV-T). Being obligate

parasitic organisms, viruses cannot be cultured in artificial nutrient Article History

media. Weeds play a significant role in virus ecology and epidemiology Received $14.09.2023
as they serve as alternative hosts for plant viruses and food for virus Accepted 114.02.2024
vectors. This study investigated the indicator potential of some weeds

(such as Chenopodium album and Amaranthus retroflexus) for PPV-T. Keywords

C. album and A. retroflexus plants were inoculated by dusting three Plum pox virus,

leaves on each 3-week-old plant. A homogeneous group of 10 plants PPV-Turkey,

grown singly in pots was inoculated with PPV-T. Mock- and non-
inoculated plants were used as negative controls. Inoculated plants
were monitored daily for symptom development. The PPV-T inoculated
leaves were tested by reverse transcription-polymerase chain reaction
(RT-PCR) following the appearance of symptoms. The results of the
indicator test revealed that C. album (6 out of 10 plants) and A.
retroflexus (10 plants) reacted with the infection. Initially, this indicator
reacted with local symptoms, and later symptoms of systemic infection
occurred.

Herbaceous hosts,
Indicator plant

Baz1 Yabanci Otlarin Plum Pox Viriis T ile Ilgili Caligmalarda Indikatér Bitki Olarak Kullanim
Potansiyelinin Belirlenmesi

OZET Bitki Koruma

Plum pox virus (PPV)’iin neden oldugu sarka hastaligi, sert cekirdekli

meyvelerin en 6nemli ve en yikici viral hastaligidir. PPV, Tirkiye'de Aragtirma Makalesi

sert ¢ekirdekli meyve yetistiriciligi yapilan bazi bolgelerdeki bahgelerde

oldukca yaygindir ve ciddi bir sorun tegkil etmektedir. Ulkemize 6zgii Article History

bir 1wk olan PPV-T (Turkey) ilk olarak kayisi, seftali ve erikte Received 114.09.2023
agaclarinda tespit edilmigtir. Virtisler obligat parazit organizmalar Accepted :14.02.2024
olduklar: i¢in yapay besin ortamlarda kiltiire alinamazlar. Bu nedenle

deneysel ortamda ¢alisma yapabilmek i¢gin canli bir konukg¢uya ihtiyag Keywords

vardir.  Yabanci otlar bitki  wviris hastaliklar1  agisindan Plum pox virus
degerlendirildiginde viruslerin ve vektorlerinin dogal yada alternatif PPV-Turkey

konukg¢usu olabilir ki buda yabanci otlarin viriis epidemiyolojisinin Yabanci ot konukgular
dogal bir unsuru oldugunu géstermektedir. Bu projede Tirkiye'nin yerli Indikatér bitki

irki kabul edilen PPV-T ile ilgili arastirmalarda kullanilabilecek en
uygun indikatér yabanci ot konuk¢unun belirlenmesi amag¢lanmigtir.
Indikatér bitki olarak kullanilacak Chenopodium album ve Amaranthus
retroflexus yabanci otlarinin ¢ yapragina PPV-T mekanik
inokiilasyonla uygulanmistir. Her bir wuygulama i¢in 10 bitki
kullanilmigtir. PPV-T inokulasyonu yapilmamig bitkiler kontrol bitkisi
olarak kullanilmigtir. Simtom gelisimini takiben inoktulasyon yapilmig
ve kontrol bitkileri RT-PCR testi ile analiz yapilmigtir. Kullanilan g
bitkinin ikisinde simptomolojik gézlemler ve RT-PCR sonucunda PPV-T
inokulasyonunun basarili oldugu belirlenmistir (C. album (10 bitkiden
6's1) ve A. retroflexus (10 bitkinin tamamu).



KSU Tarim ve Doga Derg 27 (5), 1087-1094, 2024
KSU J. Agric Nat 27 (5), 1087-1094, 2024

Aragtirma Makalesi
Research Article

At1f Icin Temur Cmar, C., Dertli, E., Kaya, Y., Isik, D. (2024). Baz1 yabanca otlarm Plum pox viris T ile ilgili

caligmalarda 1nd1kat0r b1tk1 olarak kullanlm potansiyelinin belirlenmesi.

Kahramanmaras Siit¢ii Imam

Universitesi Tarim ve Doga Dergisi 27 (5), 1087-1094. https:/doi.org/10.18016/ksutarimdoga.vi.1360250

To Cite: Temur Cinar, C., Dertli, E., Kaya, Y., Isik, D. (2024). Determination of the potential of some weeds to be used
as an indicator plant in studies on Plum pox virus-T. KSU J. Agric Nat 27 (5), 1087-1094. https://doi.org/
10.18016/ ksutarimdoga.vi.1360250.

INTRODUCTION PPV. Of these 78 species, 46 were Solanaceae (30

Plum pox virus (PPV) is the etiological agent of
sharka disease and causes the most destructive viral
disease in stone fruit trees. The PPV is a member of
the genus Potyvirus in the family Potyviridae. As a
significantly regulated pathogen, the detection of PPV
is thus of crucial significance to quarantine and
elimination of the spreading disease (Garcia et al.,
2014; Sheveleva et al., 2021).

The PPV was first reported from Bulgaria in 1917-18
and recognized as a virus infection by Atanasoff
(1932). It spread relentlessly across Europe and the
Mediterranean basin during the 20th century before
appearing in other parts of the world in the last two
decades. The PPV isolates are grouped into different
strains based on their traits (Kerlan & Dunez, 1979;
Candresse et al., 1998). Initially, two main PPV
serotypes, serotype D (Dideron) and serotype M
(Marcus) were established using polyclonal antisera
(Kerlan and Dunez, 1979; Candresse et al., 1998).
Strains differ in antigenic and epidemiological
properties, host preference, and pathogenicity for
different species and cultivars of stone fruit crops
(Sheveleva et al., 2021). Currently, 10 strains (D, M
Rec, T, An, EA, W, C, CR, and CV) have been
identified based on variances in the full genomic
sequences (Garcia et al., 2014; Chirkov et al., 2018).
Three PPV strains (PPV-M, PPV-Rec, and PPV-T)
have been reported from Turkey each with a distinct
distribution (Caglayan et al., 2012; Morca et al., 2021;
Morca et al., 2022).

The PPV was discovered for the first time in Turkiye
in 1968 (Sahtiyanci, 1969). Although PPV-D, PPV-M,
and Rec strains of PPV were previously reported from
Turkey, Ulubas Serce et al. (2009) reported a novel
strain of PPV named as PPV-Turkey (PPV-T) and
described as the most common strain in the country
(Giircan & Ceylan, 2016; Teber et al., 2019; Temur
Cinar et al., 2022).

Although many plant viruses have restricted host
ranges, others can infect a large number of plant
species. The PPV can infect both woody and
herbaceous hosts (van Oosten 1970, 1975). While PPV
is mostly found in Prunus trees and causes the
devastating viral disease known as sharka in stone
fruit trees, it has the potential to infect a wide range
of experimental herbaceous hosts, such as Nicotiana
spp. (Hervas, 2020). European and Mediterranean
Plant Protection Organization (OEPP/EPPO, 1974)
has referred 78 species from 9 families as hosts of
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Nicotiana spp.) and 16 were Papilionaceae (Llacer,
2006). Weeds are widely distributed throughout the
world and have high environmental adaptability
(Prajapati et al., 2014). Weeds may act as an
alternative host of phytopathogens, serving as sources
of inoculum and playing a significant role in disease
epidemiology.

Weeds have an important place in the ecology of
cultivated plants and adversely affect their yield and
quality. Weeds often become the main hosts for plant
viruses and serve as insect vectors at crop harvests
(Chen et al., 2013). Viruses rely on other hosts to
sustain their survival as they are obligate
intracellular parasites (Duffus et al., 1971). Weeds
can affect the spread of viruses by serving as breeding
substrates for aphids and enabling the vector to pick
up the virus from infected plants (Sedhain et al.,
2021). The prevalence of weed species in the fields
during crop-free times or cultivation seasons makes
managing virus diseases even more difficult (Aguiar
et al., 2018).

Weeds are also used for inducing plants’ resistance to
viruses. Many efforts have been made worldwide to
obtain stone fruit trees resistant to PPV. Transgenic
technology is effective in producing stone fruit plants
resistant to PPV. Most research to produce PPV-
resistant transgenic plants used herbaceous hosts
first. Compared to herbaceous hosts, the cultivation
and inoculation of woody hosts is a laborious process.
Therefore, in studies related to resistance to PPV,
herbaceous model plants are frequently used. (Ilardi,
2011). Therefore, studies related to PPV resistance
are commonly conducted using Nicotiana spp. (Lardi,
2011).

Even though plant virologists often concentrate their
research on commercially significant crops, there are
several instances where non-crop plants are studied.
Such plants (mostly weeds) are important for viral
reservoirs that cause economic losses in crop plants,
and experimental hosts for such discovery,
characterization, upkeep, or simpler manipulation of
viruses (Adkins et al., 2002). Additionally, it has been
determined that fresh leaf tissue is a better source of
viral RNA and viral protein compared to frozen leaf
tissue. A perennial plant species that is easily
manipulated under experimental conditions and
susceptible to widely studied plant viruses could find
applications in virus culture collections and be used
in research involving viruses that lose infectivity
during storage (Adkins et al., 2002).
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In a study conducted by Saenz et al. (2000), the
impact of the differences in the genomic structures of
the PPV-M and PPV-D strains on symptom
development in experimental herbaceous hosts was
investigated. It was found that PPV-D caused local
necrotic lesions and systemic chlorotic ring spots in
Pisum sativum, whereas PPV-M only resulted in
systemic chlorotic ring spots. In contrast to the
symptoms observed in P. sativum, both the PPV-D
and PPV-M strains have been found to cause systemic
chlorotic ring spots in Nicotiana clevelandii. In a
study where C. foetidum was used as an indicator
plant, it was reported that the PPV-D strain caused
chlorotic or necrotic lesions (Martinez-Turifio et al.,
2021). In studies related to PPV, herbaceous hosts
such as C. foetidum, N. clevelandii, and P. sativum
are commonly used as experimental hosts. It has been
reported that different strains of PPV cause chlorotic
or necrotic lesions in these plants. The research
focused on determining the natural hosts of PPV,
although C. album and A. retroflexus were obtained
as suspected samples, and weren’t determined to be
PPV infections (Virééek Marn et al., 2004; Stobbs et
al., 2005).

Chenopodium album and Amaranthus retroflexus are
the most common weeds in orchards (Esitmez & Isik
2016). Chenopodium genus comprises about 250
herbaceous, suffrutescent, and arborescent perennial
species (Giusti, 1970) and belongs to the family
Chenopodiaceae (APG 111, 2009). The most prevalent
weed species are C. album. C. album, which possess
unique biological features that help them to tolerate
sub-optimal and/or harsh environmental conditions.
High seed production, rapid and vigorous
development, taller height, short life cycle, and the
capacity to germinate under various environmental
conditions are some of these characteristics.
Numerous plant viruses also use C. album as a host
plant (Bajwa et al., 2019).

A. retroflexus grows in a wide range of soil types and
textures. It thrives in fertile soils and has a high N
demand. It tolerates soil pH from 4.2 to 9.1 (Feltner,
1970). It is an aggressive and competitive weed in a
variety of row crops. It is an alternative host for
several crop pests and diseases (Weaver &
MacWilliams, 1980).

The major aim of this study was to discover new
weed-virus interactions. Although some information
is available about the determinants of pathogenicity
and host range of PPV in herbaceous plants such as
C. album and A. retroflexus, there is no information
about the experimental and natural weed hosts of the
PPV-T strain. In this study, it was evaluated whether
C. album and A. retroflexus are indicators of PPV-T.

MATERIALS and METHODS
Plant Material
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The seeds of Chenopodium album and Amaranthus
retroflexus were collected from the experimental
fields of Erciyes University Kayseri, Turkey in
September 2019. Seeds from different plants were
pooled and stored at 5°C. The PPV-T isolates used in
this study were initially recovered from an infected
apricot tree in Kayseri, Turkey (GenBank accession
number: MW413816.1) (Temur Cinar et al., 2022).

Planting and Management

All experiments were performed in the greenhouse of
the Department of Plant Pathology at the Faculty of
Agriculture at Erciyes University, Kayseri, Turkey.
Greenhouse temperatures ranged from 23 to 43 °C
(day) and from 12 to 24 °C (night). Weeds seeds were
directly sown in plastic pots (100X100 mm size, 600-
mL volume) filled with a soilless mix (Potgrond H,
perlite). Ten weed seeds were planted per pot and
thinned to one to ensure a uniform experiment. For
each experiment, a homogeneous group of 10 plants
grown singly in pots was inoculated with PPV-T.
Mock- and non-inoculated plants were used as
negative controls.

Mechanical Inoculation

For this study, Chenopodium album and
Amaranthus. retroflex was used for mechanical
transmissions. C. album, A. retroflexus plants were
inoculated by dusting three leaves on each 3-week-old
plant with 600-mesh carborundum and then inoculum
was applied to the leaf with a pestle, which was
rotated in a circular motion eight to 10 times as if
painting the leaf with inoculum. The plants were kept
in aphid-proof cages and carborundum was rinsed off

the leaves after inoculation to optimize light
absorption.
RNA Extraction.

Inoculated plants were monitored weekly for
symptom development. Following the appearance of
symptoms on PPV-T inoculated leaves 15 days post-
inoculation, uninoculated leaves were collected from
all plants and tested for the presence of the input
virus by reverse transcription-polymerase chain
reaction (RT-PCR). Leaf samples from plants were
collected 15 days post-inoculation and used for RNA
extraction. Total DNA was extracted from leaf
samples using a previously reported, modified method
(Spiegel et al., 1996). Approximately 50—-100 mg of
fresh or frozen leaves were ground to a fine powder in
liquid nitrogen and mixed with 1 ml of LiCl extraction
buffer (0.1M LiCl, 0.1 M Tris—HCI, pH 8.0, 0.01 M
EDTA, pH 8.0, and 1% SDS). The 1 pL of
mercaptoethanol was added to the extraction buffer
before use, which was then incubated for 15 minutes
at 65 °C. Following incubation an equal volume of 6 M
potassium acetate, pH 6.5, was added and maintained
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on ice for 15 min. After centrifugation at 14,000 rpm
for 10 min, nucleic acids were precipitated from the
supernatant with isopropanol and centrifuged as
above. The pellet was washed with cold 70% ethanol
by centrifugation at 4000 rpm for 5 min at 4 °C,
dissolved in 50 pl of sterile water, and stored at —20
°C (or —80 °C for long-term storage).

Molecular Characterization of PPV

A two-step RT-PCR protocol was used for cDNA
synthesis: 10 pul of RNA, 1 pul of Random hexamer, and
1 pl of ANTP and incubated at 65 °C for 5 min then
—20 °C for 5 min. For second step, 1 ul M-MLV
(Moloney ~ Murine  Leukemia  virus reverse
transcriptase, 200 unite/pl, Invitrogen), 4 ul 5x
Transcriptase buffer, 2 ul 0.1M DTT, ve 1 ul RNAse
free of dH20 incubated as follows 25 °C 10 min, 37 °C
50 min, 70 °C 15 min (Invitrogen). The PCR was
carried out in 20 pl total mixtures containing 4 pl of
c¢DNA, 2 pl of 5 mM dNTPs, 2 ul of 25 mM MgClz, 2 nl
of 10X Taq Buffer, and 0.5 ul of 10 uM of each virus-
specific primer with 0.5 pl of Tag DNA polymerase
(Invitrogen). PCR was performed using PPV universal
primer pairs that amplify 243 bp fragments: P1, (5'-3'
ACC GAG ACC ACT ACA CTC CC) ve P2, (5-3' CAG
ACT ACA GCC TCG CCA GA) (Olmos et al., 2005).
Cycling parameters were 95 °C for 3 min, followed by
35 cycles of 94 °C for 30 sec, 53 °C for 1 min, and 72
°C for 1 min, followed by 72 °C for 10 min. All RT-
PCR products were analyzed by electrophoresis in 2%
(p/vol) agarose gels.

RESULTS

Weeds serve as alternative hosts for phytopathogenic
viruses. The herbaceous host range of PPV-T is still
not fully known. However, N. benthamiana has been

the sole herbaceous indicator used for PPV
greenhouse indexing since serology-based and
molecular viral detection methodologies were
established.

Occurrence of PPV-T Symptoms in Weeds

Virus-like symptoms, including yellowing and

interveinal chlorosis, were observed in only a small
number of weed plants found to be positive for PPV-T.
The first symptom appeared 13 days post-inoculation.
Leaf yellowing and interveinal chlorosis were
observed in 4 C. albumin and 3 A. retroflexus plants
infected with PPV-T (Figs. 1-2), whereas no symptoms
were observed in PPV-T negative samples. The C.
album and A. retroflexus were identified as the weeds
in terms of PPV-T symptoms with observation rates of
40% and 30%, respectively. However, asymptomatic
C. album (six) and A. retroflexus (seven) plants were
PPV-T positive based on the results of RT-PCR-based
assays.
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C. album and A. retroflexus were very useful for use
as an indicator of PPV-T. The most obvious symptoms
on the PPV-T infected C. album were vein clearing
and interveinal chlorosis and A. retroflexus were
chlorotic local lesions (Figs. 1-2).

Both weed species have been hosts for PPV-T for one
month without losing their viability. C. album and A.
retroflexus, which continue to grow actively after
infection, can be evaluated as alternative indicator
plants in studies on PPV-T. The results with the PPV-
T assessed here demonstrate the utility of these two
plants as a new experimental host (Figs. 1-2).

RT-PCR Analysis

A 243-bp amplicon using the P1 and P2 primers was
amplified for all PPV-T inoculated plants, (Figs. 3-4).
A fragment of similar size was observed for the
positive PPV-T controls. No amplification was
observed with any of the healthy controls included in
this study. (Fig. 4).

This study reveals that A. retroflexus and C. album
satisfy their needs as PPV-T hosts.

DISCUSSION

Numerous weed species (both native and introduced)
have been discovered to act as PPV hosts and have a
considerable impact on the epidemiology and spread
of PPV around the world (Llacer, 2006). High
incidences of plant viral diseases are influenced by
weed hosts of their causative agents (Asala et al.,
2014). This study demonstrates that C. album and A.
retroflexus meet needs as PPV-T hosts and in
agreement with results from similar studies
(Desvignes, 1999; Llacer, 2006), also suggests that C.
album and A. retroflexus may find more general
application as a host for viruses of herbaceous plants
which is making another experimental tool available
to plant virologists. It was determined that the
symptoms observed in herbaceous experimental hosts
such as C. foetidum, N. clevelandii and P. sativum
used in studies on PPV-D and PPV-M strains (Saenz
et al., 2000; Virocek Marn et al., 2004; Stobbs et al.,
2005; Martinez-Turifio et al., 2021) were similar to
the symptoms observed in the herbaceous plants C.
album, and A. retroflexus used in this study. Vein
clearing and chlorotic rings were the most noticeable
signs on the PPV-T-infected C. album, while chlorotic
lesions were seen on A. retroflexus. Similar vein
banding and round dots were seen in PPV-M-infected
Senecio sylvaticus in a study by Morvan &
Chastelliére (1980). While the PPV-C strain does not
induce systemic infection in any Arabidopsis spp., it
has been reported to cause systemic infection in
certain species of Arabidopsis spp. This observation
suggests that PPV strains may exhibit host specificity
towards herbaceous hosts (Decroocq et al., 2009)
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Furthermore, C. album and A. retroflexus are more
adaptable to various environmental conditions than
tobacco. The current analysis illustrates this species'
value as a long-term host for PPV-T, but more
investigation 1s needed to produce a more
comprehensive "virus range" for this species. One
widely used MNicotiana species is N. benthamiana,
which has been known for nearly 30 years to be
susceptible to many plant viruses (Quacquarelli et al.,

1997; Christie et al., 1978; Adkins et al., 2002). Most
of these Solanaceous species are annual plants with
short life cycles, frequently made shorter by virus
infection. Although this has no bearing on using these
species for virus detection, characterization, and/or
replication, it can pose a significant obstacle to the
long-term maintenance of viruses like PPV-T in these
plants.

Figure. 2.

Virus infection symptoms on inoculated Amaranthus retroflexus plants. C, D, Necrotic spots on the leaf after

inoculation with PPV-T are indicated with an arrow sign

Sekil. 1.

PPV-T inokule edilmis Amaranthus retroflexus bitkilerinde viriis enfeksiyonunun belirtileri. C, D, PPV-T ile

Inokulasyonun ardindan yaprakta klorotik lekeler ok isareti ile belirtilmistir

I
Figure 3. Detection of systemic infection in inoculated Chenopodium album plants by reverse transcription-polymerase chain
reaction (RT-PCR). Total RNA was extracted from uninoculated leaves of mock (N), PPV-T positive control sample
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(P), and virus-inoculated (lanes 1, 2, 3, 4, 5, 6, 7, 8, 9, and 10). M:100 bp DNA ladder. For each sample, a 243-bp
fragment was amplified.

Sekil 3. PPV-T inokule edilmis Chenepodium album bitkilerinde sistemik enfeksiyonun ters transkripsiyon-polimeraz zincir
reaksiyonu (RT-PCR) ile tespiti. Total RNA, viriis inokule edilmemis (N), pozitif control érnegi (P) ve viriis inokule
edilmis (1, 2, 8, 4, 5, 6, 7, 8, 9 ve 10) bitkilerin yapraklardan ekstre edilmistir. M-100 bp DNA Iadder. Her numune

(7 [8 o[ n][P
Tt |

i¢in 243 bp'lik bir fragman amplifiye edildi.

— -‘»__ ‘ﬁ

Figure 4. Detection of systemic infection in inoculated Amaranthus retroflexus plants by reverse transcription-polymerase
chain reaction (RT-PCR). Total RNA was extracted from uninoculated leaves of mock- (N), PPV-T positive control
sample (P), and virus-inoculated (lanes 1, 2, 3, 4, 5, 6, 7, 8, 9, and 10). M:100 bp DNA ladder. For each sample, a

243-bp fragment was amplified.

Sekil 3. PPV-T inokule edilmis Amaranthus retroflexus bitkilerinde sistemik enfeksiyonun ters transkripsiyon-polimeraz
zincir reaksiyonu (RT-PCR) ile tespiti. Total RNA, viriis inokule edilmemis (N) ve viriis inokule edilmis, pozitif
control érnegi (P), (1, 2, 8, 4, 5, 6, 7, 8, 9 ve 10) bitkilerin yapraklardan ekstre edilmistir. M:100 bp DNA ladder. Her

numune igin 243 bp'lik bir fragman amplifiye edildl.

C. album possesses unique biological features that
help it tolerate sub-optimal and/or harsh conditions.
High seed production, rapid and vigorous
development, a habit of growing tall, a short life cycle,
and the capacity to germinate under various
environmental conditions are some of these
characteristics (Bajwa et al., 2019). A. retroflexus is
an aggressive and competitive weed in a variety of
row crops. And can be used as an alternative host for
several crop pests and diseases (Weaver &
MacWilliams, 1980). These herbaceous hosts, such as
Chenopodium spp., N. clevelandii, A. retroflexus, and
Pisum sativum are very useful for concentrating and
purifying the virus (Desvignes, 1999) in the current
study confirming previous studies reported in this
research (Desvignes, 1999; Ll4cer, 2006). The high
adaptability of weeds allows them to be considered as
long-term host plants for the like PPV-T.

A pathogen's host range may have unique effects on
how it evolves and how its virulence changes over
time. For generalists, adaptation to different hosts
may be conditioned by different trade-offs in the
pathogen’s life history and be affected by evolutionary
processes that shape pathogen populations (Sacristan
et al., 2005; Read, 1994). The creation of effective and
long-lasting control measures depends on an
understanding of the selection mechanisms that
influence the evolution of virulence. The host range of
the pathogen (i.e.,, whether the pathogen is a
generalist or a specialist) is predicted to be a major
factor in the evolution of virulence (Sacristan et al.,
2005). Determining the behavior of PPV-T in different
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hosts enabled us to find new indicator plants with
high adaptability to alternative nature for
experimental use. It will also be a preliminary study
in studies of the evolutionary development of PPV-T
in weed hosts. The current paper reveals that viable
experimental hosts for PPV-T have yet to be
discovered, even though plant virologists have access
to many great experimental hosts.

In conclusion, the indicator test findings revealed that
C. album (6 out of 10) and A. retroflexus (10 plants)
both experienced infection after being manually
inoculated. This indication initially responded with
local symptoms, and then systemic infection signs
appeared. Weeds as alternative hosts of plant viruses
and nutrient plants of virus vectors play an important
role in virus ecology and epidemiology. This study
showed that C. album and A. retroflexus could be
experimental hosts for PPV-T, it also showed that
PPV-T has the potential to be a natural source of
inoculum. The identification of different experimental
hosts is a preliminary study in determining the
change that PPV has shown for its adaptation in
different hosts in the evolutionary process. Plant
virologists have access to a wide range of excellent
experimental hosts, but the current study shows that
there are still plenty of useful experimental hosts to
be found.
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ABSTRACT

Honey is considered by people as an important food, included in diets
and used in the treatment of many diseases. Contamination of honey
with harmful compounds can render it unsafe, as honey is known to
naturally contain pesticides. These pests are transmitted to honey by
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this, many different analysis methods are developed and applied. In this HS-GC/MS
study, the naphthalene concentration of honey from Bingdl province and Gas chromatography
its districts, one of the important beekeeping centers in Tirkiye, was Headspace
determined by a new HS-GC/MS method that does not require sample
preparation. No naphthalene concentration was detected in eight
different honey samples. A concentration of 0.5 pg kg-! was used as the
detection limit. The fact that naphthalene concentration was not
detected in kinds of honey from Bing6l province indicates that
beekeepers do not use naphthalene and that naphthalene is not
contaminated by environmental factors.
Baldaki Naftalin Konsantrasyonunun Yeni Bir Yéntemle HS-GC/MS (Headspace-Gaz
Kromatografisi/Kiitle Spektrometresi) ile Belirlenmesi
OZET Biyokimya
Bal, insanlar tarafindan 6nemli bir gida olarak goriillmekte, diyetlerde
yer almakta ve bircok hastaligin tedavisinde kullanilmaktadir. Sifa Aragtirma Makalesi
kaynagi olan bala zararli bilesenlerin bulagsmasi bali zararli hale
getirebilir; zira balda pestisitlerin bulundugu bilinmektedir. Bu Makale Tarihgesi
zararhlar cevresel kogullar veya yanlis aricilik uygulamalar: ile bala Gelig Tarihi  :29.01.2024

bulagsmaktadir. Naftalin, aricilar tarafindan peteklerin giive tutmasini Kabul Tarihi :06.03.2024

onlemek icin kullanilmaktadir. Kanserojen 6zellige sahip olan naftalin,

farkli hastaliklara da neden olmaktadir. Bu nedenle baldaki naftalin

Anahtar Kelimeler

konsantrasyonunun belirli bir sinir1 agmamasi1 gerekmektedir. Bunun Bal

tespiti i¢in  bircok farklh analiz yontemi gelistirilmekte ve Naftalin
uygulanmaktadir. Bu c¢alismada, Turkiye'nin oOnemli aricihik HS-GC/MS
merkezlerinden biri olan Bingdl ili ve ilgelerinden elde edilen ballarin Gaz Kromatografisi
naftalin konsantrasyonu, numune hazirlama gerektirmeyen yeni bir Headspace

HS-GC/MS yontemi ile belirlenmigtir. Sekiz farkli bal 6rneginde
naftalin konsantrasyonu tespit edilmemistir. Tespit limiti olarak 0.5 pg
kg-1"lik bir konsantrasyon kullanilmistir. Bing6l ilinden gelen ballarda
naftalin konsantrasyonunun tespit edilmemis olmasi, aricilarin naftalin
kullanmadigin1 ve naftalinin ¢evresel faktorlerle kontamine olmadigini
gostermektedir.
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INTRODUCTION

Honey, created because of bees collecting plant pollen
and reacting it with their enzymes, has been a very
important food source throughout human history
(Izol, 2023a; 1zol et al., 2021). Honey consumed as a
source of healing contains rich bioactive components
and shows extensive biological activities (Izol et al.,
2023; Yapiaa et al, 2023). Honey is used for
therapeutic purposes in functional and modern
medicine (Izol, 2023b). However, honey, which is a
source of healing, becomes harmful when it contains
chemical residues such as pesticides (Turhan & Izol,
2023; Karakas, 2022). Honey can be contaminated
with polycyclic aromatic hydrocarbons from a variety
of sources, such as forest fires, stubble burning, and
industrial plants near apiaries, because of poor
practices by beekeepers (Izol, 2023c). The widespread
use of insecticides, fungicides, and acaricides in
agricultural practices to control pests and bee
diseases in beehives increases the possibility of direct
or indirect contamination of honey.

H H

CioHg
Figure 1. Chemical structure of naphthalene
Sekil 1. Naftalinin kimyasal yapis1

Naphthalene is used by beekeepers as a wax moth
control agent, leaving residues on bees and bee
products such as beeswax and honey (Bogdanov et al.,
2004). Naphthalene is an important chemical that
renders honey harmful (Topdemir et al., 2024).
Naphthalene is a polycyclic aromatic hydrocarbon
with the chemical structure CioHs. Naphthalene,
whose chemical structure is shown in Figure 1, is a
carcinogenic substance and has been found to cause
many different types of cancer. It has also been found

Table 1. Locations and altitudes where honey samples wer

to cause nervous system disorders and liver damage
in cases of ingestion, skin contact, and inhalation
(Yost et al. 2021).

For this reason, the concentration of naphthalene in
honey should be at a limit that does not harm human
health or is not present at all. For this purpose, the
naphthalene concentration of honey should be
determined continuously, and the results should not
exceed the upper limits specified by international
organizations.

In this study, naphthalene concentrations of honey
obtained from Bingél province and districts, one of the
important beekeeping centers of Tirkiye, were
determined by HS-GC/MS using a new method.

MATERIAL and METHOD
Chemicals

The naphthalene (molecular weight:128) standard,
naphthalene-D8 (molecular weight:136) internal
standard, and methanol used in the analysis process
were obtained from Sigma Aldrich.

Localities where honey samples were collected

Honey samples were provided by beekeepers from all
districts, including Bingél Center. The villages and
altitudes from which the honey was obtained are
given in Table 1.

HS-GC/MS device data and analytical parameters

Experimental conditions and analytical parameters
for the analysis are given in Tables 2 to 4.

Determination of naphthalene concentration in honey
by HS-GC/MS

The determination of naphthalene concentration in
honey was carried out based on a quantitative
determination by HS-GC/MS. In this method, the
naphthalene mass is determined based on the mass of
the naphthalene-D8 internal standard. The samples
are vaporized by heating in the headspace unit, and
the vaporized molecules are sent to the GC column
with the headspace needle, and the mass of
naphthalene is determined by the MS detector.

e obtained

Cizelge 1. Bal érneklerinin elde edildigi yerler ve rakimlar

District Collected Work Area (Village) Altitude (m)
Bingol Center Emtag 1661
Adaklh Hasbaglar 1788
Geng Saggoze 1725
Karhova Halifan 1793
Kigi Cicektepe 1599
Solhan Serafettin 2549
Yayladere Gokcedal 1623
Yedisu Elmal 1789
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Table 2. GC Parameters
Cizelge 2. GC Parametreleri

Parameters Specifications

Gas Chromatograph PerkinElmer Clarus 690

Oven 35 °C for min, then 6 °C/min to 245 °C
Column 30 m, 0.25 mm, 0.25 pm Elite-WAX
Carrier Gas Helium at 2.0 mL/min

Injector A

Software TurbaMass Ver. 6.1.2

Library NIST

Table 3. MS Parameters

Cizelge 3. MS Parametreleri

Parameters Specifications

Mass Spectrometer

PerkinElmer Clarus SQ 8T

Scan Range

35 to 250 Daltons

Scan Time 0.1s
Interscan Delay 0.06 s

Inlet Line Temp 200 °C

Source Temp 180 °C
Multiplier 1700 V
Tonization El+

Table 4. HS Trap Parameters

Cizelge 4. HS Trap Parametreleri

Parameters Specifications
Headspace System PerkinElmer TurboMatrix 40 HS Trap
Needle 120 °C

Transfer Line

140 °C, long, 0.25 mm i.d. fused silica

Vial Equilibration

90 °C for 10 min

Carrier Gas Helium
GC Cycles 15 min
Column 20 psi
Inject 20 psi
Dry Purge 10 min
Oven 90 °C

First of all, the HS-GC/MS device was prepared
according to the conditions specified in Tables 2 and
4. Then the calibration graph was plotted according to
the established method. In the calibration graph, six
different concentrations of naphthalene were used:
0.5, 1, 5, 10, 25, and 50 (ug kg?!). Naphthalene
solutions of six different concentrations were added to
20 mL headspace wvials containing 1 g of honey,
respectively. Naphthalene-D8 standard prepared at a
concentration of 10 mg/kg was added to the vials in a
volume of 30 uL, and the sealed vials were placed in a
headspace autosampler. The analysis was started by
typing the sequence information from the device
software, and the calibration graph was generated.
The calibration graph is given in Figure 2. In the
calibration graph, the rZ value was found to be 0.9959
and the calibration curve: was 0.950780 * x +
0.289365. The limit of detection (LOD) was calculated
as 0.5 pg kgt

For naphthalene analysis of honey samples, 1 g of
each sample was weighed into a different vial, and 30
uL of naphthalene-D8 standard at a concentration of

10 mg kg! was added to all vials. The vials were
sealed, placed in headspace autosamplers, and
analyzed by writing down the sequence information.
The results were calculated according to the
calibration graph. Methanol was used as a solvent in
all solutions prepared.

RESULTS and DISCUSSION

Naphthalene concentration in honey Results by HS-
GC/MS

The results of the naphthalene concentrations of
honey obtained from Bing6l province and its districts
by HS-GC/MS are given in Table 5.

The naphthalene concentration in all honey samples
was below the limit of quantification (LOQ) and could
not be detected. Naphthalene and naphthalene-D8
chromatograms of honey samples are shown in
Figures 3 to 10.

The appearance of a naphthalene peak in the
chromatograms indicates the presence of naphthalene
well below the detection limit of 0.5 pug kg
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Naphthalene i1s a polycyclic aromatic hydrocarbon.
Natural sources of naphthalene include burning
biomass and fossil fuels like coal tar and petroleum
(Yost et al.,, 2021). The production of chemical
intermediates (such as phthalic anhydrides), dyes,

surfactants, leather tanning agents, dispersants,
pesticides, resins, and solvents are the main
industrial applications of naphthalene. Many

consumer products that contain naphthalene are
moth repellents and blocks of toilet deodorant
(Turhan & Izol, 2023; Yost et al., 2021).

Animal studies and human case studies have
provided most of the evidence linking naphthalene
exposure to cancer and non-cancer health problems.
Over the past ten years, hundreds of researches
pertinent to the health impacts and mechanisms of
naphthalene exposure have been published,
contributing to the growing body of scientific
literature defining naphthalene toxicity (U.S. EPA,
2021). Studies on rats have shown that exposure to
naphthalene causes different types of cancer and
some respiratory disorders. Studies have shown that
naphthalene also causes hemolytic anemia (NTP,
20186).

Tablo 5. Naphthalene concentration results of honey samples
Cizelge 6. Bal érneklerinin naftalin konsantrasyon sonuglari

Honey Samples Retention Time (RT) Concentration (ug kg
Bingol Center 7.77:6 N.D.
Adakl 7.77:2 N.D.
Geng 7.78;6 N.D.
Karhova 7.78;9 N.D.
Kig 7.78:16 N.D.
Solhan 7.78;12 N.D.
Yayladere 7.77:11 N.D.
Yedisu 7.78;11 N.D.

N.D.: Not Detected. Retention time is given in minutes. seconds; salisse

7.58 768
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Figure 3. Naphthalene HS-GC/MS chromatogram of Bing6l center honey
Sekil 3. Bingol merkez balinin naftalin HS-GC/MS kromatogrami
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Figure 4. Naphthalene HS-GC/MS chromatogram of Adakli honey
Sekil 4. Adakli balinin naftalin HS-GC/MS kromatogrami

2 ZIR of 2 Channeis El+
TIEAMETIIS 135.00
9.58a5

Time
7.38 T.48 T.58 768 T.7E 7.88 798 B.08 §.18

GEng 2 SIR of 2 Channels EH+
. TTEEMAFTALIN 123.00
257
Arsa
A AN RV A Y A VA
L B R I L L LI B R BRI LI UL IULILIL LI I i A e L
7.38 748 7.58 768 7.78 7.58 7.38 £.08 5.18

Figure 5. Naphthalene HS-GC/MS chromatogram of Geng¢ honey
Sekil 5. Geng¢ balinin naftalin HS-GC/MS kromatogrami
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Figure 6. Naphthalene HS-GC/MS chromatogram of Karliova honey
Sekil 6. Karliova balinin naftalin HS-GC/MS kromatogrami.
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Flgure 7. Naphthalene HS-GC/MS chromatogram of Kig1 honey
Sekil 7. Kig1 balinin naftalin HS-GC/MS kromatogrami
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Flgure 8. Naphthalene HS-GC/MS chromatogram of Solhan honey
Sekil 8. Solhan balinin naftalin HS-GC/MS kromatogrami
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Figure 9. Naphthalene HS-GC/MS chromatogram of Yayladere honey
Sekil 9. Yayladere balinin naftalin HS-GC/MS kromatogrami
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Figure 10. Naphthalene HS-GC/MS chromatogram of Yedisu honey
Sekil 10. Yedisu balinin naftalin HS-GC/MS kromatogrami

Beekeeping methods and environmental factors are
two examples of the many ways that bee products can
get polluted. The primary risk of direct contamination
of honey products, however, is beekeeping methods,
particularly the use of chemicals like naphthalene
inside the hives to protect honeybee combs from wax
moths. These substances are dangerous volatile
organic compounds, and prolonged exposure to them
can have negative effects on the neurological system,
kidney, heart, lung, and blood cells (Seidi et al., 2020;
Aggrawal, 2006). Naphthalene has been used in many
countries to reduce the effects of the Galleria
mellonella pest on honeycombs (Koltsakidou et al.,
2015). However, because of scientific studies,
naphthalene was found to be harmful, and therefore
many countries banned the use of naphthalene in
honeycombs. However, some beekeepers have
continued this habit. For this reason, many countries
specify in their food codex honey communiqués the
highest limit of naphthalene concentration in honey
and report that honey exceeding these limits is not
suitable for consumption. A value intended to give an
exposure limit at which some protection to human
health can be assumed is referred to as a "reference
value." The most popular result of the dose-response
assessment part of the National Research Council's
risk assessment paradigm is reference values (NRC,
2009). A maximum residue limit of 10 pg/kg of
naphthalene has been set by the European Union
(EU) and Switzerland for food samples such as honey.
In the Turkish Food Codex Honey Communiqué, the
highest concentration of naphthalene for honey is
accepted as 10 pg kg! (Anonymous, 2023). Numerous
tests carried out in many nations, including Greece,
Germany, and Switzerland, at various times, revealed
that a significant number of honey samples were
contaminated with naphthalene (Aggrawal, 2006).

Due to the harmful aspects of naphthalene, it is
necessary to monitor naphthalene concentrations in
significant and widely consumed foods, such as honey.
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So far, many papers have reported on the
measurement of trace amounts of polycyclic aromatic
hydrocarbons in different environmental, biological,
and food samples (Poster et al., 2006; Santos et al.,
2019; Bansal et al., 2017). These analytical
techniques include gas chromatography with mass
spectrometry (GC-MS) (Dobrinas et al, 2008),
headspace gas chromatography with  mass
spectrometry (HS-GC/MS), gas chromatography with
tandem mass spectrometry (GC-MS/MS) (Saitta et al.,
2017), gas chromatography with ultrasound-assisted
extraction (USAE)-GC/MS (Iwegbue et al., 2016), gas
chromatography with matrix solid-phase dispersion
(MSPD)-GC/MS  (Albero et al., 2003), gas
chromatography with flame ionization detection (GC-
FID) or ion trap mass spectrometry (GC-IT-MS)
(Russo et al., 2017), solidification of floating organic
droplet-based dispersive liquid-liquid microextraction

(SFOD-DLLME)-GC/MS (Fazaieli et al., 2020), and
solid  phase microextraction (SPME)-GC/MS
(Tananaki et al, 2005; Tsimeli et al., 2008;

Moniruzzaman et al., 2014; Bulut et al., 2014; Soria
et al., 2003; Wang et al., 2020; Al-Alam et al., 2017).
GC-MS techniques provide superiority over other
techniques in terms of short analysis time, accurate
and reliable results, advanced technology, and the
application of different analysis methods. For this
reason, it is the primary method, especially in the
analysis of volatile components (Moliner-Martinez et
al., 2015; Wang et al., 2014; Queiroz et al., 2019).

In this study, a method that can determine the
concentration of naphthalene in honey without any
extraction process has a short analysis time and high
accuracy using an internal standard was developed.

Research on the naphthalene content of honey in
Tirkiye started in the 2000s. In a study, naphthalene
concentration was investigated in 100 honey samples,
and the naphthalene concentration was found to be
1.13 pg kg! in only 1 honey sample. It was not
detected in other kinds of honey (Beyoglu & Omurag,
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2007). In the study in which 120 commercially
strained honey samples produced in different climatic
and geographical regions of Tirkiye and offered for
consumption in Ankara were analyzed for
naphthalene residues, naphthalene was detected in
11 honey samples. It was determined that the
concentration range of naphthalene in honey samples
was 1.1-6.2 pg kg'! (Sireli & Ulker, 2013). In another
study, the effect of 60 days of aeration on the residue
of naphthalene-treated foundation combs was
investigated, and as a result, it was determined that
there was a significant decrease in naphthalene
concentration at the end of the specified period
(Karacaoglu et al., 2012). In the study in which the
naphthalene concentration of 45 honey samples sold
in the Bursa province of Turkiye was determined,
naphthalene was not detected in honey samples using
the method with a detection limit of 2 nug kg!
(Tosunoglu, 2016). In the study in which naphthalene
was analyzed by the HS-SPME-GC/MS method,
naphthalene was detected in only one of the 30
different honey samples obtained from the
Mediterranean  region. The concentration of
naphthalene in the detected honey (8.76 ug kg!) was
below the maximum value of 10 pg kg. In addition,
the naphthalene concentration in two honey samples
was found to be below the detection limit in trace
amounts (Muku et al., 2019).

In the study in which the naphthalene concentration
of 90 strained honey samples obtained from different
provinces in the Mediterranean region was
investigated by GC/MS, naphthalene was detected in
only 1 honey sample. The determined naphthalene
concentration was 115.234 pg kg'!. Method validation
was also performed in this study (Gélge et al., 2017).
In the study in which naphthalene concentrations of
30 strained and 30 honeycomb honey were
determined by GC/MS, 3 honey samples were found to
be 3, 3.9, and 8.9 ug/kg below the naphthalene limit
value of 10 pg kg!in the Turkish Food Codex Honey
Communiqué. Naphthalene was not detected in other
honey samples (Cakar & Giiler, 2019). In a study
conducted in the UK, the concentration of
naphthalene in 49 different honey samples was
investigated. As a result of the study, naphthalene
was not detected in honey samples (Castle et al.,
2004). A new method for the detection of naphthalene
in honey was developed and optimized by SPME-
GC/MS. In the study, it was stated that salt addition,
extraction temperature, and analysis time are
important for the success of the method. In addition,
naphthalene was not detected in the studied kinds of
honey (Tsimeli et al., 2008). Similarly, in another
study, a new method was developed to indicate the
concentration of naphthalene in honey (Badertscher
et al.,, 2010). In a study conducted in Nigeria, the
concentration of 16 different polycyclic aromatic
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hydrocarbons collected from different parts of the
country was determined by GC-MS. In the study, 40
honey samples were used, and naphthalene was not
detected in the honey (22). In a study conducted in
Greece, 90 unifloral honey samples were investigated
for pesticide residues. Naphthalene was found at
traceable levels in about 79% of the honey samples.
However, 5.6% of them were above the limit value.
This indicates that the combs were contaminated. In
this study, it was also stated that naphthalene in
honey may be of plant origin, as naphthalene was
found in plants in the region studied (Harizanis et al.,
2008).

CONCLUSION

Honey is a significant food in the human diet. Honey
must therefore be free from foreign or harmful
substances. Naphthalene 1is wused to protect
honeycombs, but it is very harmful to human health.
Honey should therefore be analyzed regularly and
should not be consumed if it contains more harmful
components than the set limits. This is why new
methods are being developed to analyze mothballs in
honey. In this study, the naphthalene concentration
of honey from Bingoél province and its districts, one of
the important beekeeping centers in Turkiye, was
determined using a new HS-GC/MS method. Eight
different honey samples were investigated, and no
naphthalene was detected. With this study, a new
method was introduced to the world of science. The
most significant feature that distinguishes this
method from other methods is that it does not require
any sample preparation or extraction. As a result of
this study, because of scientific studies and pieces of
training given to beekeepers, it has been observed
that mothballs used for the protection of honeycombs
are rarely used anymore.
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ABSTRACT
Using 59 years of pistachio production data between 1961 and 2019,

Agricultural Economics

the production data of the leading countries in the 2020-2025 periods Research Article

were tried to be predicted with the help of the ARIMA time series

model. ARIMA (p, d, q) analysis model has been used by obtaining 59 Article History

years of production data from the United Nations Food and Received 129.11.2023
Agriculture Organization (FAO). In addition, the data obtained from Accepted $11.02.2024
the Turkish Statistical Institute (TSI), FAO, and the International

Trade Centre (ITC) were also used in the comparison of production, Keywords

export, and import per capita. In the study, the world production data ARIMA model

for the period of 2020-2025 were to be estimated with the data between World

1961-2019. As a result of the findings obtained, according to the data Leader countries

obtained in the world, Iran, USA, Turkey, China, and Syria, an Predict

increase in production is foreseen in all countries and the world where Pistachio

studies are carried out in pistachio production. While the share of the
five countries, which are the leaders in Pistachio production between
1961 and 2019, in the total world production is 97.99%, the share of
Pistachio production between 2020-2025 in the total production is
expected to be 97.51%. While the share of Iran and Syria from these
five countries in world production will decrease, the share of the USA,
Turkey, and China will increase. The two leading countries in
pistachio exports are Iran and the USA. The fact that Germany, which
does not influence production, has a significant share in both exports
and imports brings to mind the derivative demand situation. Turkey,
Iran, and Syria can create a better marketing strategy by reducing
imports to Germany and increasing exports to European Union
countries.

2020-2025 Yillar1 igin Diinya Geneli Antepfistig1 Uretim Tahminleri

OZET
1961-2019 yillarin1 kapsayan 59 yillik antepfistigi tUretim verileri

Tarim Ekonomisi

kullanilarak, énde gelen tlkelerin 2020-2025 donemindeki tretim Aragtirma Makalesi
verileri ARIMA zaman serisi modeli yardimiyla tahmin edilmeye

caligilmistir. Birlesmig Milletler Gida ve Tarim Orgiiti'nden (FAO) 59 Makale Tarihgesi

yillik diretim verileri alinarak ARIMA (p, d, q) analiz modeli Gelis Tarihi  :29.11.2023
kullanilmigtir. Ayrica kigsi bagina turetim, ihracat ve ithalat Kabul Tarihi :11.02.2024
karsilagtirmalarinda Tirkiye Istatistik Kurumu (TSI, FAO ve

Uluslararas1 Ticaret Merkezi'nden (ITC) elde edilen veriler de Anahtar Kelimeler
kullanilmigtir. Calismada 1961-2019 yillar1 arasindaki verilerle 2020- ARIMA modeli

2025 donemine ait dinya tretim verileri tahmin edilmeye Diinya

calisilmigtir. Elde edilen bulgular sonucunda diinyada Iran, ABD, Lider tilkeler

Tirkiye, Cin ve Suriye'de elde edilen verilere gore antepfistigi Tahmin

uretiminde ¢aligma yiritilen tiim tilkelerde ve diinyada tiretim artisi Antepfistigi

ongorulmiustir.1961-2019 yillar1 arasinda antepfistigl tretiminde
lider olan beg tilkenin toplam diinya iiretimindeki pay1 %97,99 iken,
2020-2025 yillar1 arasinda %97,51 olmasi beklenmektedir. Bu bes
iilkeden Iran ve Suriye'nin diinya tiretimindeki pay1 azalirken, ABD,
Turkiye ve Cin'in pay1 artacaktir. Antepfistig1 ihracatinda lider iki
iilke Iran ve ABD’dir. Uretimde higbir etkisi olmayan Almanyanin da
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hem ihracatta hem ithalatta énemli bir payinin olmasi tiirev talep
durumunu akla getirmektedir. Ozellikle Tirkiye, Iran ve Suriye
Almanya'ya yapilan ithalati azaltip, Avrupa Birligi ulkelerindeki
ithracatlarimi artirarak daha iyi bir pazarlama stratejisi yapabilirler.

Atf iginl Uzundumlu, A.S.,Pinar, V., Ertek Tosun, N. & Kumbasaroglu, H. (2024). 2020-2025 Yillari i¢cin diinya geneli
antepfistig1 {iretim tahminleri. KSU Tarim ve Doga Derg 27 (5), 1105-1115. DOI: 10.18016/ksutarimdoga.vi.
1397897.
To Cite: Uzundumlu, A.S.,Pinar, V., Ertek Tosun, N. & Kumbasaroglu, H. (2024). Global pistachio production forecasts
for 2020-2025. KSU J. Agric Nat 27(5), 1105-1115. DOI: 10.18016/ksutarimdoga.vi. 1397897.
INTRODUCTION (FAO, 2022).

Pistachio (Pistacia vera L.) is an edible nut fruit
belonging to the gum-tree (Anacardiaceae) family, and
it is produced in a low number of countries due to its
microclimate feature (Yavuz, 2011).

Pistachio, which is considered a nut with nutritional
properties, contains fatty acids, minerals, vitamins,
sterols, and phenolic compounds (Brufau et al. 2006).
Pistachio is getting to attend to consumers with fresh,
roasted, and salted snacks. In addition, it is used in
cakes, confectionery products, desserts, biscuits, ice
creams, chocolates, sausages, and sauces (Kahyaoglu,
2008; Hojjati et al. 2015). It supports the increase of
blood flow by providing flexibility in blood vessels in
some studies. Therefore, it 1is effective in the
prevention of coronary heart disease and many
cancers, has a low glycemic index, improves the
tolerance of the body to carbohydrates with a high
glycemic index, does not pose a risk of obesity despite
being a high-energy food, strengthens the immune
system, contributes  cell  maintenance and
regeneration, but sometimes causes allergic reactions
in children (Caglar et al. 2017).

According to the 2020 data, just about 1.13 million tons
of pistachios were produced worldwide, and the highest
producers of them were the USA with 42.12%, and
Turkey with 26.33%. These two countries were
followed by Iran, China, and Syria, with a percentage
of 16.88, 7.13, and 6.17, respectively. While these five
countries got approximately 98.64% of the world's
pistachio  production, other countries include
Madagascar, Tunisia, Afghanistan, Australia,
Kyrgyzstan, Uzbekistan, Jordan, Pakistan, Mexico,
Morocco, and Azerbaijan produce the remaining 1.36%
(FAO, 2022).

According to averages of 2016-2020 export data,
43.92% of the world's 422,731 tons of pistachio exports
were realized by the USA, 24.79% by Iran, 13.74% by
Hong Kong, 3.42% by Germany, and 2.28% by the
United Arab Emirates. Among the leading producers,
Turkey had a share of 2.07%, Syria 0.84%, and China
0.57%. Based on the records in the same period, the
average pistachio import amounts were realized as
367,615 tons in the world annually. Hong Kong was the
largest importer with 20.39%, followed by China with
17.34%, Germany with 11.54%, Italy with 4.34%, India
with 4.09%, and the United Arab Emirates with 3.59%

1106

The time series is based on the fact behavior of the data
measured in the past years and iterates in a similar
vein in the future. They forecast that a variation
applied to a model would make a similar difference in
the future (Kaynar and Tastan 2009). Such series are
widely used for future forecasts by many scientific
disciplines. In addition to the fact that the correctness
of estimation helps legislators make more accurate
decisions in terms of a macro perspective, such time
series in micro terms are very significant in reducing
future concerns of enterprises and protecting their
capital. In the literature, there are so models used in
the time series (Ataseven 2013). The most used time
series are moving averages, exponential smoothing,
and trend analysis. One of these models is the
autoregressive integrated moving average (ARIMA)
model (Kobu 2017).

There are very few studies in the literature on
forecasting pistachio production and export values. In
some studies, conducted it was aimed to determine the
factors influencing the production and export of hard-
shelled nuts. In these studies, Zheng and Saghaian
(2011) identified the main factors influencing the
export demand for pistachios. Boshrabadi and Javdan
(2012) examined the world pistachio market and Iran's
situation in this market; Karacan and Ceylan (2017)
investigated the market situation of Turkey in terms
of pistachio production amount and area among
producing countries. On the other hand, Salami and
Mafi (2018) developed a forecasting model to predict
the export prices of Iran pistachio in the future. Sacti
and Kilci (2016) established an ARIMA model for
Turkey's walnut production predictions in the 2015-
2019 periods; Baser et al. (2018) forecasted Turkey's
chestnut production and exports for the next five years
with an ARIMA model. In addition, the ARIMA time
series model was used by various researchers. Bars et
al. (2018) investigated the current situation of
hazelnut markets in the world and Turkey.
Uzundumlu et al. (2019) forecasted the data for the
2019-2025 production period of ten provinces that have
a say in hazelnut production in Turkey. Kilic and
Turhan (2020) made forecasts regarding Turkey's
hazelnut exports for the 2019-2023 production period,
and Uzundumlu et al. (2022) predicted the production
and export values of the leading countries in hazelnut
production in the world.
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This study aimed to predict the production amounts of
the leading countries for the 2020-2025 periods period
with the help of the ARIMA model, using the world's
pistachio production values between 1961 and 2019. In
addition, a quantity of increase in production per
capita was forecasted based on the data of the leading
pistachio-producing countries for the 1961-2019
period.

MATERIALS and METHODS
Materials

The values used in this study are secondary data taken
from FAO and ITC. Apart from the data obtained from
these international references used as various
domestic and foreign internet data, proceedings,
journals, reports, papers, and theses in this study.
They are related to obtaining data, and future
forecasting methods include pistachio production,
consumption, export, and import.

Methods

The data relating to the world's pistachio production
were obtained from the FAO database. Also, the
ARIMA time series model was used to forecast the
production amounts for the future six years in the five
countries with the highest pistachio production in the
1961-2019 year. The SAS 9.4 statistical software
package program was employed to calculate the
statistical data to be applied to the ARIMA time series
model. Accounting mathematical processes and
preparing tables/graphics using the Microsoft Excel
program.

ARIMA models

Time series forecasting is the predicting process of
future data by analyzing a set of historical data
arranged in chronological order with a statistical
model (Panigrahi and Behera, 2017). The ARIMA

where y; = the value to be forecast at time t,

Y(t—p): shows the variable values
at different lag times

model proposed by Box and Jenkins (1973) in the early
1970s is one of the best-known and most successful
linear statistical models for time series estimation
(Reinsel, 1994). The full name is the Autoregressive
Integrated Moving Average model is a time series
forecasting approach used to predict the future value
using its past variable values (Alabdulrazzaq et al.,
2021). The ARIMA time series models follow a three-
stage iterative procedure (Box et al., 2016). Those are
stationary time variable models (ARMA), non-
stationary variable time models (ARIMA), and
seasonality-exponential smoothing models (SARMA).
Stationary time series have no patterns according to
time, on the other hand, non-stationary time series
includes a design known as seasonality. Thence the
mean and variance of non-stationary data are not
constant in time. It eliminates trends and seasonality
by removing changes at the time series level with the
difference-taking procession and then uses the data
obtained for forecasting. (Arunkumar et al. 2021).

Before developing statistical models based on the
ARIMA time series, the data is checked for compliance
with a set of hypotheses. These hypotheses are that the
data are stationary according to time and have a
normal  distribution and non-anomalies  or
contradictions in the data no deficiency in the data
(Hasmida, 2009). The ARIMA (Box-Jenkins) model is
used in time series forecasting and it is carried out in
three stages: determination, estimation, and
application of the model (Palabicak, 2019). Before
commencing data processing of the ARIMA time series
model, the time series data were recorded as t, t1, t2,
and t3 in four different columns in the Microsoft Excel
program, and the first, second, and third difference
processions were applied at t1, t2, and t3.

Expressing the automatic regression AR(p) can be
written as the following formula, (SAS, 2014; Cihan,
2021).

yt = ao + aly t—1 + azyt_2+. “ e +apy t-p + St (1)

v:_,:value realized one step before time t,
Vi_,- value realized two steps before time t,

V:_3 : value realized three steps before time t,

Ag, Qg evnven - Ay
&t é

When y(g)> 0 for h>q, yh (auto common variance
function) is stationary and the mean of the MA (q)
model is zero, the equation of the moving average
series at the gt? level is given below (Yesilyayla 2013).

o= 0480q (2)

—> coefficieats of the AR model,

Ve =uter—01600— 0360 5— ..
yt: current data,
ett error terms of the current period,

et-1: Error terms of the previous period and

shows the sum of error values (Uzundumlu et al. 2021 and Uzundumlu et al. 2022).

0: refers to unknown parameters

Stationary or not-stationary of series determined with
white noise et If it has a mean of 0 and a constant
variance, WN (0, 02), is getting stability. The Dickey-
Fuller test is used to determine a unit root test in the
series that if they have one or more unit roots, the
series will be non-stability (Uzundumlu and Dilli,
2022).

If the ARMA model is stationary, it transforms into the
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ARIMA model (Celik, 2013).

Kadilar (2009) expressed the ARIMA model as in
formula 5.

The equation to be applied to the ARMA model is given
below.

yt = ao + aly t—1 + A +apy t—p + gt - alé‘t_l - azgt_z_ .. ......—aqSt_q (3)
Ye(@o+ a1y g+ +apyep) * (1-B)*+ Er— 018 — 060 53— ..—048¢4 (4)
(1—a;B' — a;B* ...— apBP) * (1 — B)y, = (1 — 0,B" — 0,B2 — - — §,BV)e, (5)

The most suitable models were determined according
to the results of AIC (Akaike Information Criterion),
BIC (Bayesian Information Criterion), DW (Durbin
Watson Test), HQC (Hannan-Quinn Criterion), MAE
(Mean Absolute Error), MAPE (Mean Absolute
Percentage Error), SSE (Sum of Squared Estimate of
Errors), MSE (Mean Squared Error), RMSE (Root
Mean Square Error), SBC (Schwarz's Bayesian
Criterion), and R2 (Coefficient of Determination) in this
study. In general, it is desired that DW be close to 2.00
and R2 value close to 1.00, while the smallest values in
AIC, BIC, HQC, MAE, MAPE, SSE, MSE, RMSE, and

SBC constitute the best model. The model that met
most of these 11 criteria was accepted as the most
suitable model (Pinar, 2021; Uzundumlu and Dilli,
2022).

RESEARCH and DISCUSSION

Pistachios productions were realized and predicted
worldwide in the period 1961-2025

Table 1 shows consideration of the data of 1961-2020
FAOSTAT, the ranking of four leading countries in
apricot production worldwide were compared in ten-
year periods.

Table 1. The pistachios of leading countries according to the pistachios production of realized and estimated in 10-

year periods.

Cizelge 1. Antepfistig1 tliretiminde 6nde gelen tilkelerin 10’ar y1llik donemler itibariyle ger¢eklesen ve

tahmin edilen antepfistig1 tliretimleri

Years HI CR: CRs CRs CRs+ Ranking of Leading Countries Number of Countries
1961-1970 0.26 33.91 30.78 21.19 5.92 Iran, Turkey, China, Italy 6-7
1971-1980 0.27 4091 23.15 20.26 6.74 Iran, Turkey, China, Syria 7-12
1981-1990 0.36 56.66 12.14 11.79 9.76 Iran, Turkey, USA, China 13-14
1991-2000 0.34 54.23 17.08 12,59 6.43 Iran, USA, Turkey, China 16-20
2001-2010 0.26 41.68 25.13 13.90 9.17 Iran, USA, Turkey, Syria 20-21
2011-2020 0.26 34.11 32.83 15.89 8.88 Iran, USA, Turkey, China 17-21
2021-2025* 0.29 38.91 31.99 14.37 11.38 USA, Iran, Turkey, China 17-21

Source: FAOSTAT, 2023.

Note: 1977-2019 years were taken into consideration in the production estimation.

* Estimation values made with the ARIMA model
HHI: Herfindahl-Hirschman Index

CR1, CR2, CR3, CR4: condensation rates of 4 leading countries in pistachios production

There were only seven countries producing pistachios
in the years the 1960s. According to the amount of
production, these countries are Iran, Turkey, China,
Italy, Syria, Greece, and Tunisia, respectively. In
terms of the concentration ratio, the share of the first
four countries is 91.8%, and the percentage of the first
five countries is 96.9%. The fact that the Herfindahl-
Hirschman index (HHI) of the market is 2581.52 (0.26)
indicates that the market is an oligopoly market, and
the leader of the market concentration is Iran.
Supporting this finding, the study conducted by
Boshrabadi and Javdan, (2012) emphasized that Iran's
share in exports decreased due to the increase in the
percentage of its rivals, the USA and Turkey, in the
world market and that the market structure continues
as an oligopoly formed by four dominant countries.

After the 1970s, the number of producing countries
started to rise gradually, and Italy lost its fourth place
to Syria in the 1970s and the 2000s to China in other
years. Also, there was no pistachio production in Italy,

Spain, and Greece between 2017 and 2020. The USA
has been in production since 1977, has gradually
increased its production, and risen the second place
since the 90s, and it is expected to be the leader of the
sector in the 2020s. Although Turkey generally ranks
second, with the start of production in the USA, it
dropped to third place, and in some periods, it ranked
second by producing more than Iran. After 2020 years,
the conspicuous countries in production are the USA,
Iran, Turkey, China, and Syria. This data indicates
that the shares of the first five countries will continue
to come close to each other, and the percentage of the
fourth and fifth-ranked countries in production will
exceed 10%. Asadi et al. (2018) stated that the USA
and Turkey reduced the share of Iran's pistachio trade
market that was 77% in 1980 to 48% by 2020 and that
the market share of the first four countries will drop to
74.67% by 2020 from 92% in the 1980s. Unlike these
results, it is forecast that the percentage of the first
four countries will be above 95% in the present study.
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Difference between actual and forecasted values

Data on pistachio production in the world and leading
countries

Table 2 presents the differences and deviations
between the actual pistachio production amounts and
those forecasted based on the ARIMA model for the
world and the five leading countries in the 1962-2019
period.

Approximately 357.42 thousand tons of pistachios
annually were produced worldwide in the 1962-2019

production period. The forecasted production value in
the world could be 357.90 thousand tons in the same
period. According to the ARIMA (1, 1, 2) time series
model, it was determined by the analysis that there is
a deviation of 0.13% between the predicted value and
the actual value regarding the world pistachio
production. Asadi et al. (2018) determined that the
ARMA (1, 4) model was the most appropriate model to
forecast the share of four countries in the pistachio
market.

Table 2. Deviations between the realized and the ARIMA model estimation of average pistachio production for the

1962-2019 period (thousand tons*years)

Cizelge 2. 1962-2019 dénemi ortalama fistik tiretiminin ARIMA modeli tahmini ile gerceklesen tahmini arasindaki

sapmalar (bin ton*y1l’)

Countries Model Realized Estimation Deviation (%)

Aa) (B) (100*(B-A)/A)
Iran 1,1,1 157.6406 164.9599 4.64
USA 1,1,0 114.7591 114.8689 0.09
Turkey 1,1,1 50.37731 50.49623 0.24
China 1,1,1 31.27369 31.04675 -0.73
Syria 2,1,2 22.82528 22.84867 0.10
Others Countries 2,1,1 12.16262 12.1887 0.21
World 1,1,2 357.4169 357.8956 0.13

Note: 1978-2019 years were taken into consideration in the production estimation of the USA.

157.64 thousand tons with the annual average
pistachio production Iran leads worldwide in the 1962-
2019 production period. In the same period, the
predicted pistachio production amount in Iran was
determined to be approximately 164.96 thousand tons.
The ARIMA (1, 1, 1) time series model indicated that
the deviation between the forecasted value of Iran and
the actual value was determined to be 4.64%. Asadi et
al. (2018) reported that the ARIMA (2, 1, 3) was the
most appropriate model for forecasting Iran's share in
the pistachio market. In addition, Pakravan and
Kavoosi (2011) calculated the Revealed Comparative
Advantage (RCA) Index based on agriculture and total
economy exports separately and made forecasts with
the use of ARIMA (3, 1, 3) and ARMA (2, 1) approaches
for the years from 2008 to 2013.

114.76 thousand tons of pistachio were produced per
year in the USA in the 1978-2019 period. On the other
hand, the ARIMA model used in the present study
predicted the pistachio production in the USA as
114.87 thousand tons in the same period. The
calculations found there was a deviation of 0.09% in
terms of the USA pistachio production between the
value predicted by the ARIMA (1, 1, 0) time series
model and the actual value. Pakravan and Kavoosi
(2011) forecasted the effect of pistachio on the
agricultural and total economy exports of the USA with
the RCA Index for the years 2008-2013 by using the
ARIMA (3, 1, 2) and ARIMA (3, 1, 3) approaches.

50.38 thousand tons of pistachios were produced
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annually in Turkey in the 1962-2019 production
period. The pistachio production forecast of Turkey in
the same period was determined to be 50.50 thousand
tons. Based on the ARIMA (1, 1, 1) time series model,
the forecasted and actual value among deviation was
detected to be 0.24% in Turkey. Pakravan and Kavoosi
(2011) used the ARMA (3, 1) and ARMA (3, 2)
approaches to forecast the effect of pistachio on the
agricultural and total economy exports of Turkey with
the RCA index for the years between 2008 and 2013,
whereas Celik (2013) employed an ARIMA (2, 1, 0)
model in forecasting pistachio production. Oztep and
Isin (2023) predicted that Turkey's pistachio
production in 2022 will increase by 58.93% compared
to 2021, reaching 189,697 tons. They predicted that
pistachio production would be 130,100, 168,100,
105,982, and 132,166 tons in 2023 and 2026,
respectively.

China produced annually 31.27 thousand tons in the
1962-2019 production period. It was forecasted in the
present study that annual production was predicted to
be 31.05 thousand tons in the same year. The deviation
between the value forecasted based on the ARIMA (1,
1, 1) time series model and the actual value for China
was found to be -0.73%.

The average annual pistachio production in Syria
between 1962 and 2019 is 22.83 thousand tons. An
average of 22.85 thousand tons of pistachio was
predicted to be produced in the same years. It was
determined that there is a 0.10% deviation between the
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value forecasted by the ARIMA (2, 1, 2) time series
model and the actual value.

Other pistachio-producing countries produced on
average in the 1962 and 2019 periods. The predicted
pistachio production was 12.19 thousand tons in the
same period. For the pistachio production amounts of
other countries, the deviation between the values
forecasted based on the ARIMA (2, 1, 1) time series
model and the actual value was observed to be 0.21%.

As a result, according to the production data in Table
2, while the highest deviation occurs in the data of Iran
and China, the lowest deviation is observed in the data
of Syria and Turkey. Iran and the USA are the
countries with the highest average production of
2020-2025 period.

pistachios in the world, followed by Turkey, China, and
Syria, respectively. Among those five countries, Syria
has the annual lowest production amount. According
to the forecasted values, the USA and Iran will be the
countries with the highest average production,
whereas Syria will have the lowest average production
amount.

Comparison of the world shares of the five leading
countries in production according to periods

In Table 3, a comparison was made considering the
world production shares between the 1961-2019
production data of the five leading countries in
pistachio production and the forecasted data for the

Table 3. The shares of the five producing countries in world pistachio production and the differences between the

two periods (%)

Cizelge 3. Bes tiretici iilkenin diinya fistik iiretimindeki paylari ve iki donem arasindaki fark (%)

Countries A (1961-2019) B (2020-2025) Difference
(B_A)
USA 24.65 37.94 13.29
Iran 44.11 30.73 -13.38
Turkey 14.09 14.43 0.34
China 8.75 10.81 2.06
Syria 6.39 2.49 -3.9
The share of the five countries 97.99 97.51 -0.48

Note: 1978-2019 years were taken into consideration in the production estimation of the USA

In the world pistachio production, the share of the five
countries in the 1961-2019 production period is
97.99%. However, it is predicted that this rate will be
decreased to 97.51% in the 2020-2025 years.
Accordingly, a decrease of 0.48% is forecasted to occur
in the shares of the five countries. The highest
production increase is predicted to happen in the USA
with 13.29%, followed by China with 2.06% and Turkey
with 0.34%. Also, the highest production decrease is
expected to occur in Iran at 13.38% and with 3.9% in
Syria. As stated by Razavi (2010), Iran has a share of
more than 50% of world pistachio production and
carries out 66% of its production in the provinces of
Kerman and Rafsanjan. However, its market share has
gradually decreased as the USA has achieved a
breakthrough since the '90s (Table 1). Almadani (2014)
reported that Syria ranked second after Turkey among
the Mediterranean countries in pistachio production in
the 2000s, producing 13% of the total global market at
that time, and half of Syria's cultivation area and 60%
of its production was concentrated in the provinces of
Hamah and Idlib. However, according to the statement
made by Bayram and Gok (2020), because of the war
in some periods of the 2010s, its production amount
has decreased by 50 percent.

Looking at the countries that raise their production, it
1s seen that the USA has been in pistachio production
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since 1977 and has become one of the leading producer
countries, especially since the 90s. Of the USA
production, 99.3% is harvested in California where
more than 92% of the production was obtained in Kern,
Madera, Fresno, Kings, and Tulare counties in
California's southern San dJoaquin Valley, the
remaining 0.7% is provided by the states of New
Mexico and Arizona (Acpistachios, 2021). The USA is
expected to be the leader in the world in the 2020s.
Because both tend towards varieties with high yield
and an increase in their cultivation area. China is
expected to increase its share of production by
approximately 2.1% in the 2020s. Which is generally
known as the country that imports this product from
Iran and the USA. As reported by the USDA (2019),
China has planted pistachio trees on approximately
4,000 hectares in the Xinjiang (Uyghur) region in the
northwest of the country, most of these pistachio
plantings are for experimental purposes and it would
take time for China to determine the appropriate
varieties and farming technology to achieve
commercial pistachio production. Another leading
country is Turkey. That has increased albeit slightly
its market share, it has decreased in some periods,
with the increasing influence of the USA in the market,
and it is predicted that it will maintain its market
share in the next six years. Eighty-five per cent of
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approximately 300,000 tons of pistachios produced in
Turkey in 2020 were harvested from the provinces of
Sanliurfa (42%), Gaziantep (34%), and Siirt (9%)
(AEPDI, 2022). In addition, Aydogdu et al. (2020)
reported that the production of Adiyaman Province
exceeded that of Siirt Province and that the production
of these four provinces accounts for 95% of Turkey's
total production. Sharp decreases have been seen in
Turkey's pistachio production in some years. As also
stated by Nurbaki et al. (2021) the most important
reasons for these decreases are the unfavorable effects
of the climate, non-irrigation of pistachio gardens as
periodicity. The total production shares of the USA,
Iran, and Turkey are predicted to be approximately
85% in the 2021-2025 period, these three countries
have the same value in 2020.

According to the USDA's assessments (2021 and
2022a) regarding global pistachio production in 2021-
2022, the decreases in pistachio production in Iran and
Turkey will be compensated by the USA whose
cultivation area and yield have increased in recent
years, and thus world pistachio production will be
balanced.

Comparison of the average pistachio production of the
leading countries in pistachio production between
1961-2019 and 2020-2025

Table 4 shows the percentage changes in pistachio
production of the leading producing countries in the
2020-2025 period compared to the 1961-2019 period.

Table 4. Comparison of pistachio production of the five countries between the periods (thousand tons)
Cizelge 4. Besg iilkenin fistik liretiminin dénemler arasi karsilastirilmasi (bin ton)

Countries Model 1961-2019 (A) 2020-2025 (B) mgf(%rfi‘; A
USA 1,1,0 114.76 425.61 270.87
Chinese 1,1,1 31.27 121.31 287.92
Syria 2,1,2 22.83 40.28 76.49
Iran 1,1,1 157.64 344.76 118.70
Turkey 1,1,1 50.38 161.93 221.43
Other Countries 2,1,1 12.16 27.91 129.44
World Total 1,1,2 357.42 1,078.49 201.75

Note: 1977-2019 years were taken into consideration in the production estimation of the USA

While the world average annual pistachio production
was around 357.42 thousand tons in the 1961-2019
production period, it is expected to be 1.07849 million
tons in the 2020-2025 period. Based on the analysis
performed, it is predicted that pistachio production in
the 2020-2025 production period will increase by
201.75% on average, compared to the 1961-2019
production period data. When the forecasted pistachio
production data of the five largest producing countries
for the 2020-2025 period and the production realized in
the 1961-2019 period are compared, it is predicted that
when listed from largest to smallest, the production
will increase by 287.92% in China, by 270.87% in the
USA, by 221.43% in Turkey, by 118.70% in Iran, by
76.49% in Syria and by 129% in other countries.
Among these five countries, China, the USA, and
Turkey are expected to have a higher increase than the
average increase in the world (201.75%). USDA (2019-
2022a) explained that the USA and China are expected
to achieve a significant production increase by
developing varieties with higher yields and expanding
their cultivation areas.

Comparison of production per capita of producer
countries

Table 5 shows the per capita and total pistachio
production of the world and the leading countries in
the 2020-2025 period compared to the 2019 and 1961-
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2019 period.

The pistachio production per capita, which is very low
in all leading producing countries, tends to increase,
and an increase of 0.011-0.9 kg is predicted. According
to the 2019 production values, Iran has the highest per
capita production value with 4 kg, expecting it will
reach an average of 4.1 kg in 2020-2025, with an
increase of 0.1 kg. Turkey's pistachio production per
capita is 1 kg according to the 2019 data, forecasting
that this value will increase to 1.9 kg on average in
2020-2025 and that the country will have the highest
increase rate with an increase of 0.9 kg. On the other
hand, Syria with 2.4 kg of production per capita will
reach the highest value after Iran. The pistachio
production per capita in China i1s 0.075 kg; it 1s
expected that this value will rise to an average of 0.086
kg in 2020-2025 with an increase of 0.011 kg.
Considering the world pistachio production averages of
10 years provided by FAOSTAT (2022), production
increased by 147.6% in the 1970s, 169.2% in the 1980s,
92.4% in the 1990s and 37.7% in the 2000s, and 66.5%
in the 2010s. The present study predicts that there will
be a production increase of 19.4% in the 2021-2025
period compared to the average of the previous decade.

The 10-year averages of the World Bank (2022) reveal
that the world population increased by 21.7%, 19.7%,
17.5%, 13.8%, and 12.4%, respectively, in the same
period. It is predicted according to the FAO population
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projections that the world population will increase by
8.5% in 2021-2025 compared to the average of the
previous decade. That is the increase in pistachio
production, which is twice as much as the population
growth in the last 30 years, will also continue in the
2020s likewise. When the per capita consumption of
pistachios in 2000 is compared to that in 2020, the per
capita consumption value [(production + import-
export)/(population value)] calculated based on the
FAOSTAT data (2022) increased from 88 gr to 140 gr
in the world, from 337 gr to 900 gr in the USA from 1.2
kg to 3.5 kg in Turkey and from 2.3 kg to 3.8 kg in

Syria. The average consumption per capita in Iran, on
the other hand, is 2.8 kilograms based on the 1961-
2019 data, the consumption value in 2019 was 3.1 kg,
and it decreased to 690 g due to the low production and
rise in exports in 2020. According to the TURKSTAT
data (2022), the consumption in Turkey increased from
1 kg to 3 kg, whereas the USDA (2022b) indicated that
the consumption increased from 100 g to 280 g in the
USA. As understood from these data, the increase or
decrease in production due to the effect of periodicity
In some years can cause a high consumption variation
In successive years.

Table 5. Comparison of per capita pistachio production of the world and the five leading countries
Cizelge 5. Diinya ve énde gelen bes tlilkenin kisi bagina fistik tiretiminin karsilastirilmasi

Countries Variables 1961 2019 1961-2019 (Avr.) 2020-2025 (Avr.)
A 20,714 911,829 357,417 1,078,490
World
B 0.0069 0.12 0.067 0.14
A 6,000 337,815 157,641 344,760
Iran
B 0.27 4.0 3.2 4.1
A 2,087 335,660 114,760 425,610
USA
B 0.0095 1.0 0.43 1.3
A 5,280 85,000 50,377 161,930
Turkey
B 0.19 1.0 0.97 1.9
. A 4,000 106,155 31,273 121,310
China
B 0.0062 0.075 0.039 0.086
. A 2,000 31,813 22,825 40,280
Syria
B 0.44 1.9 1.7 2.4

Notel: A=Pistachio Production (ton)and B=Pistachio Production Per Capita (kg)
Note2: 1978-2019 years were taken into consideration in the production estimation of the USA

When looking closely, it is seen that the pistachio
production and consumption per capita over the years
have increased, and the largest exporters, the USA and
Iran, share almost all its exports, that of the other
producing countries, Turkey and Syria, also have a
share, albeit small, in exports. On the other hand,
China, one of the major producers, comes to the
forefront with its imports rather than exports. Karacan
and Ceylan (2020) indicated that although Iran and
the USA are two unrivalled countries in exports,
Turkish and Iranian pistachios, due to being snacks,
are preferred for individual consumption over USA
pistachios. They explained this situation by the fact
that the increased income in the importing countries
leads to the export revenues of Turkey and Iran
increasing and that of the USA decreasing. In addition,
Pakravan and Kavoosi (2011) stated that Turkey and
Iran had a comparative advantage in pistachio exports
between the years 1982 and 2007, however, the USA,
after implementing policies to promote pistachio
exports in the last six years, can increase its share in
the market in Iran and Turkey. They remarked that
the US pistachios are concentrated in Shanghai and

Beijing and Iranian pistachios in other cities in the
market, viewing China, one of the other producing
countries, as an importing country. Also, Xu and Wang
(2014) expressed that a Chinese supplier used a toxic
chemical to colour pistachio’s purpose to make them
look attractive and that California pistachios were
unsafe because of salmonella contamination.
According to the ITC (2022), China accounts for almost
50% of Iran's pistachio market, other important
markets are India, Russia, Iraq, Turkey, Germany,
United Arab Emirates, and Kazakhstan. The USA,
another important exporter, sells nearly 30% of its
exported pistachio to China, 15% to Germany, 13% to
Belgium, and 10% to Hong Kong. Germany, an
important importer of Pistachio, creates derivative
demand for this product in the case of hazelnuts and
generally exports the imported product to European
Union countries.

CONCLUSION and RECOMMENDATIONS

While there were seven countries producing pistachios
in the world in 1961, and this number reached 21
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countries in the 2020s. With the USA starting
production in the 1980s, Iran's share in world
production has gradually decreased. Accordingly, in
recent years, the production shares of the countries
ranked fourth and fifth have exceeded 10%, so they
have expanded their market shares. However, the
pistachio production percentage in these countries is
expected to decrease from 98% to 97.5% from 1961-
2019 to the 2020-2025 period. It can be possible for the
USA and China, which are among the leading
producing countries, to share the first two places in
production in the future by researching to develop
varieties with high yields. On the other hand, since
countries such as Turkey and Iran meet the demand
for high-income consumer preferences, they contribute
more to the country's economy by exporting more
during periods of high production. Thus, with the
contribution of the income obtained, these two
countries may strive to take a step forward in
competition with the USA by increasing yield and
quality.

Having high economic value and benefit is a reel factor
in the fact that the world pistachio production doubles
every ten years. This situation is explained by the
gradual increase in technological studies, the
expansion of cultivation areas in leading producing
countries, as well as carrying many trial methods into
practice for producers to grow more products. However,
the USA and China will need studies demonstrating
their research to develop effective marketing
strategies and rebuild consumer trust. The two leading
countries in pistachio export are Iran and the USA.
The fact that Germany, which does not influence
production, also has a significant share of both exports
and imports brings to mind the derivative demand
situation. It can be possible for Turkey, Iran, and Syria
to increase exports to other European Union countries
by reducing their exports to Germany. In conclusion,
the pistachio market is an oligopoly market, and the
countries in the market where need to follow each
other's practices.
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ABSTRACT

The study aims to determine dairy farmers' perceptions of
Climate-related risks, their adaptation strategies, and the factors
affecting their decisions about adaptation strategies in the Southern
Marmara Region of Tirkiye. Data was collected from 379 dairy farmers
by proportional sampling method. The survey was performed between
October and December 2023. Descriptive statistics and probit models
were used in the evaluation of the data. The majority of dairy farmers
had a high perception of heavy storms. Changing the feed ratio
seasonally was the most widespread adaptation strategy employed by
dairy farmers. It was followed by diversification of animal production
activities (sheep and goat), livestock insurance, and diversity of feed
crops. Among these adaptation strategies, changing the feed ratio
seasonally was the most preferred adaptation strategy in the study
area. In contrast, the diversity of feed crops was the least chosen
adaptation strategy. The probit model results showed that dairy
farmers' age and household size had a negative and statistically
significant impact on their decisions about all adaptation strategies.
These results of the study stated that most dairy farmers perceived the
rise in temperatures and decline in rainfall as noticeable changes in
climate. Few dairy farmers used advanced agricultural applications to
deal with the negative impacts of climatic change and many dairy
farmers continued use to simple adaptation measures. As a result, the
present study findings can shed light on policy/decision makers in
agricultural research, practices regarding the climate change impact on
dairy farming, and new studies in the literature.
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Tiirkiye’nin Giiney Marmara Bolgesindeki Siit Ureticilerinin Iklim Degigikliginin Etkilerine Yénelik

Algilar ve Adaptasyon Stratejileri
OZET

Calisma, Tirkiye'nin Giney  Marmara Bolgesindeki stit
ureticilerinin iklim kaynakli risklere iliskin algilarini, adaptasyon
stratejilerini ve adaptasyon stratejilerine iliskin kararlarini etkileyen
faktorleri belirlemeyl amacglamaktadir. Veriler, oransal &rnekleme
yontemiyle 379 sit ureticisinden toplanmigtir. Anketler Ekim-Aralik
2023 tarihleri arasinda gerceklestirilmigtir. Verilerin
degerlendirilmesinde tanimlayici istatistikler ve probit model analizi
kullanilmigtir. Siit tireticilerinin gogunlugunun siddetli firtinaya iligkin
algis1 yuksektir. Yem rasyonunu mevsimsel olarak degistirmek, siit
ureticileri tarafindan kullanilan en yaygin adaptasyon stratejisidir. Bu
stratejiyi, hayvansal tretim faaliyetlerinin  ¢esitlendirilmesi,
hayvancilik sigortasi ve yem bitkilerinin cesitliligi izlemistir. Bu
adaptasyon stratejileri arasinda, yem rasyonun mevsimsel olarak
degistirilmesi, arastirma alaninda en cok tercih edilen adaptasyon
stratejisi iken yem bitkileri gesitliligi en az secilen adaptasyon stratejisi
olmustur. Probit modeli sonuglari, siit tireticilerinin yasinin ve hane
buytukliginin tim adaptasyon stratejilerine iliskin kararlarinda
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negatif ve istatistiksel olarak oOnemli bir etkisinin oldugunu
gostermistir. Bu c¢alismanin sonuglari, c¢ogu siit Ureticisinin
sicakliklardaki artisi ve yagistaki azalmayr iklimde gézle gorulir
degisiklikler olarak algiladiginmi ortaya koymustur. Tklim degisikliginin
olumsuz etkileriyle basa ¢ikmak i¢in az sayidaki sit treticisi gelismis
tarim uygulamalarimi kullanmakta ve birgok sit tureticisi basit
adaptasyon onlemlerini kullanmaya devam etmektedir. Sonug¢ olarak,
mevcut c¢alismanin bulgulari tarimsal arastirmalarda politika/karar
vericilere, siit hayvanciliginda iklim degisikliginin etkilerine iligkin

uygulamalara ve literatiirdeki yeni ¢caligmalara 1s1k tutabilir.
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INTRODUCTION

Globally, the change of climate is one of the most
important environmental menaces in terms of all life
forms, including humans, plants and animals (Akyiiz
& Atig, 2018; Hayran et al., 2021). Specifically, the
adverse effects of climate change (drought, flood etc.)
have increased even more in recent years. The
Intergovernmental Climate Change Panel (IPCC)
report stated to increase by 2.5-3°C of average
temperatures by 2050 (IPCC, 2017). According to this
report, climate change will have the highest impact

on agriculture and socio-economic development
(IPCC, 2017, Fahad & Wang, 2020). Since
agricultural activity is dependent on natural

conditions, it can be inferred that plant and animal
production processes are highly prone to climate
change (Abid et al., 2019, Estiirk & Mert, 2022).
Furthermore, climate change effects are more serious
in regions, especially due to the weak adaptability
capacity of developing regions (Baloch et al., 2022).
This situation is causing great concern, especially
among farmers in rural areas. For this reason,
farmers must be aware of the climate impact on
agricultural activities and decide on agriculture to
prevent any negative effects. In this context, it is
necessary to determine the perceptions of farmers
regarding this change, their response to this change
and the factors that influence their preferences for
adapting precautions (Zhang et al., 2020; Hayran et
al., 2021).

Dairy farming activity, which is a significant branch
of the livestock sector, also plays a major role in
creating employment opportunities for people living
in rural areas as well as providing basic food to people
for Tirkiye and the world (Ata et al., 2021). However,
the Mediterranean basin is predicted to become
warmer and drier in the future because of the
increase in temperature and decrease in rainfall
(IPCC, 2017). Therefore, the risk-group countries that
will face climate change include Tirkiye, which is in
this basin. For this reason, the measuring of dairy
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farmers' adaptation to climate change and the
interplay between climate change and dairy farming
is of great importance. South Marmara Region (TR22
region) also known as Northwest Tiirkiye
encompasses the sub-region of Balikesir province
located under the West Marmara Region which is one
of the regions of Tiirkiye (TURKSTAT, 2022). This
region is important for dairy farming activity. It is
formed in Balikesir and Canakkale provinces and has
a 5.1% share of the total animal population (bovine).
About 6.3% of the total milk production of Turkiye is
produced in this region (TURKSTAT, 2022).

The data of Tirkiye on weather events in the past
decade has revealed that floods, storms and heavy
rain events are more common, especially in these
provinces (RTMEU, 2018). For this reason, farmers'
production activities in these provinces are being
negatively impacted by this reason daily. In Turkiye,
the findings of the coastal vulnerability index method
that is implemented in all the coastal areas have
shown that these provinces with delta areas are
among the riskiest provinces in Tiirkiye (GMKA,
2014). According to environmental change scenarios,
animals may face severe and extreme weather events
that can result in death and production losses
(Koyuncu, 2017). Thus, it is rather important to
define the perceptions of dairy farmers and
adaptation strategies towards the implications
related to climate change in this region where dairy
farming potential is high. Although there is a
significant field of study in the literature on farmers'
perceptions and their adaptations regarding climate
change, most national and international studies are
generally related to crop production (Bryan et al.,
2013; Hayran et al., 2021; Jeder et al., 2021; Baloch et
al., 2022). However, the research on livestock,
particularly in dairy farming, is limited. Some of
these studies investigated farmers' perceptions,
adaptation and attitudes related to climate change
(Ko¢ & Uzmay, 2019; Ata et al., 2021; Ko¢ & Uzmay,
2021). A study in southwest Iran evaluated the
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adaptability of producers (livestock) to climate change
(Karimi et al., 2018). In a few studies, it has been
investigated the impact of heat stress on animal
production and the effects of climate change,
particularly in dairy farming (Yashoglu & Ilhan,
2016). In this context, there is no research on the
factors that affect dairy farmers' adaptation
strategies in Turkiye. Therefore, it is necessary to
investigate this issue. Concerning the significance of
the TR22 region and its present negative situation
(the risky region in terms of climate change effects),
as well as the current gap in the study area, the
current study is aimed at defining the perceptions of
dairy farmers regarding climate-related risks, their
adaptation strategies and factors that impact their
decisions regarding adaptation strategies. The
findings can contribute to policy and decision-makers
in agricultural research and practices regarding dairy
farming and climate change and can help shape the
measures that can be taken to cope with extreme
weather events. The study intended to answer three
research questions;

1 How do dairy farmers perceive climate-related
risks?

2-Which adaptation strategies do they wuse to
minimise the adverse effects of climate change?

3 What are the factors affecting dairy farmers'
decisions about adaptation strategies?

Research hypotheses

The current study has a hypothesis according to the
conceptual framework and model.

H1: Socio-demographic (e.g., household size, land
ownership) and socio-economic factors (e.g., age,
income) have a significant impact on dairy farmers'
decisions on adaptation strategies.

The conceptual framework

The study's methodology was developed by considering
previous literature (Fahad & Wang, 2018; Ko¢ &
Uzmay, 2021; Baloch et al., 2022). Figure 1 presents
factors that influence dairy farmers' decisions on
adaptation strategies. The framework for this study
was created with the consideration of risk perception,
which is a significant factor for dairy farmers. In
addition, some socio-demographic and socio-economic
factors were also considered.

Dairy farmers’ climate change perceptions

v' Heavy storm
v" Rise in temperature
v" Drought

v" Change in rainfall
v" Livestock disease
v Flood

f Dairy farmers’ adaptation N

strategies

v" Changing the feed ration
seasonally

v Diversification of animal
production activities

v Livestock insurance

&\/ Diversity of feed crops J

Dairy farmers' attitude
regarding

Dairy farmers' socio-demographic and
socio-economic features

v Age v' Education level
v" Household size v' Scale of farm
v' Off-farm income
v" Dairy farming experience
v' Agricultural land ownership
v' Agricultural cooperative membership
v' Access to agricultural credit

Figurel. Factors affecting dairy farmers' decisions on adaptation strategies
Sekil 1. Siit tireticilerinin adaptasyon stratejilerine iliskin kararlarini etkileyen faktorler

MATERIAL and METHOD
The study area and the sample size

The present study consists of the responses obtained
from dairy farmers in two provinces of the TR22

region (Figure 2). This region was chosen as a study
area since the current region has a strategic
importance in dairy farming, two provinces in this
region are among the risky provinces damaged by
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climate change effects, and there i1s no study
performed related to this issue. The questionnaire for
the study was completed from October 2023 to
December 2023. Data collection was accomplished
through a face-to-face interview technique. Ethics
committee approval required for the study was
obtained from the Ethics Committee of Canakkale
Onsekiz Mart University of School of Graduate
Studies (2023-YONP-0672, Date: 05 October 2023,
Decision no: 12/44).

»~

TURKEY

Northwest Turkey

Marmara Sea 7y

Cannkkale Balikesir

Aegean Sea

Figure 2. The map of study area
Sekil 2. Arastirma alaninin haritasi

The total number of dairy farms in Balikesir and
Canakkale provinces was provided by the
records/data of the Directorate of Provincial
Agriculture and Forestry (Anonymous, 2022). This
number for Balikesir (27,121 farms) and Canakkale
(14,511 farms) provinces was defined as 41,632 farms
(TURKSTAT, 2022). Dairy farmers’ number to be
surveyed was defined by the proportional sampling
method (Newbold, 1995). This is shown in the formula
below;

N*p*q
(N-1)*a’p+p*q
where n is the size of sampling, N is the number of
farms in the population (41,632), o2p is the ratio of
variance, p is the prediction rate (0.5), q is the
probability of the examined situation not occurring (1-
p), the error margin (0.05) is r and the critical value
for a/2 (p=0.5, the critical value of Z for a= 0.05 is
1.96) is Z_(a/2). In case there is no estimate of the p
ratio, the p and q ratios can be taken as 0.5 (Oguz &
Karakayaci, 2017; Ko¢ & Uzmay, 2021). Since the
characteristics of the dairy farms that constitute the
main population were not known at the beginning, p

, ozp=r/Zg [1]

2

1119

0.5 was taken to maximize the sample size.
Obtaining a maximum sample size is one of the aims
of the study. The ratio of those who adapt to climate
change was accepted as 0.5. Thus, the size of the
sample was defined as 379. According to the
proportionally distributed sample size, 247 and 132
surveys were applied to the dairy farmers in Balikesir
and Canakkale provinces, respectively.

A multi-stage sampling technique was used to
identify sample farms. Firstly, the districts with the
highest milk production from the two provinces were
determined. They have 43.6% of the dairy farms and
milk production (44.7%) of the research region. The
majority of farms (83%) in these districts are mixed
farms. In addition, the daily milk yield is 24.12+7.18
L, the average milk yield is 4517.71 (kg/head/year)
and the farms' average size is 38.21 hectares. Silage
corn, oat, alfalfa, and vetch are grown in 63.32% of
the land. Secondly, the ratio of interviews in these
provinces was calculated concerning the share from
the production of the districts; 65.2% from Altieylil
(90), Bigadic (82), and Karesi (75) districts in
Balikesir province (247) and 34.8% from Biga (74),
Yenice (41) and Can (17) districts in Canakkale
province (132). Finally, it was decided to survey farms
that have at least 5 and at most 100 dairy cows. Thus,
farms were grouped into the following four categories
according to the number of dairy cows: 5 to <20 (95
farms), 21 to <36 (95 farms), 37 to <52 (95 farms), and
53 to <100 (94 farms). Dairy farmers were randomly
selected from these groups. While preparing the
survey questions for the current study, some previous
studies were considered (Fahad & Wang, 2018; Jeder
et al., 2021; Ko¢ & Uzmay, 2021; Baloch et al., 2022).
The questionnaire for this study gathers information
about the socio-demographic and economic factors of
dairy farmers, as well as measures of their
perceptions and adaptation strategies regarding
climate change effects.

Empirical model
Probit model

Probabilistic models such as logit and probit are the
most suitable methods used to predict discrete
selection problems. These models are generally used
to estimate the relationship between a two-way
response variable (0 and 1 values) of the model and
one or more predictors (Xu & Long, 2005; Bai et al.,
2016). Accordingly, this method was implemented to
define the factors that affect dairy farmers' decisions
on adaptation strategies. It is as follows:

Y =X{'B+e (2]
Where, Y* is the dependent variable for the decision
of adaptation strategy, Xi' is the explanatory variable,
an unknown parameter is B and the error term is ¢. It
may be found as follows:

Yi=a+XX;B+¢ (3]
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Where Yj is the response variable and dairy farmers'
decisions on adaptation strategies (j=3) are iwm. It gets
a value of 1 if Y; is greater than zero, and it gets a
value of 0 if Yi is less than 0.

{

The parameter estimates are restricted to explaining
each impact direction (coefficient Bix) and value (p)
between dependent and independent variables.
Therefore, they can not predict how much a certain
independent variable affects a response variable. To
measure exactly the size of the impact of a specific
independent variable (Xx) on P:(Y;=1), marginal
effects (yij) are calculated. It may be shown as follows:

(5]

0=Y<0, Dairy farmers don't show willingness to adaptation strategies
1=Y>0, Dairy farmers show willingness to adaptation strategies

Y. =

1

[4]

yii = (Pr (Y5=1).1 - Px(Y35=1)).Bx

The significance of the model (hypothesis testing)

To measure the goodness of fit of the model and its
importance, the null hypothesis approach was used in
the current research. It assumes that all of the
parameters are equal to O and one of the coefficients
is not equal to 0 (Peng et al., 2002).

Ho=8Bk =0 ; Hi=at least one Bk #0 (6]

In the model, the values of LR chi-square varied from
70.17 to 72.13 for adaptation strategies models. The
chi-square probability was at the level of p=0.000. For
all the models, the pseudo-R2 value varied from 0.14
to 0.18, and it can be assumed that this model fits the
study.

Definition of variables for the model

The descriptive statistics results (min, max, frequency,
percentage, mean, and standard deviation) regarding
dairy farmers' socio-demographic and socio-economic
features as well as adaptation strategies are shown in
Table 1. In determining the explanatory variables
(socio-demographic and socio-economic factors of dairy
farmers), the previous literature was considered in the
current study (Ko¢ & Uzmay, 2021; Ata et al., 2021;
Jeder et al.,, 2021; Baloch, 2022). In this context, the
independent variables were determined as age, level of
education, size of household, dairy farming experience,
scale farm (dairy cows’ number), off-farm income,
agricultural land ownership, agricultural cooperative
membership, and agricultural credit access.
Adaptation strategies towards the impacts of climate
change (changing the feed ration seasonally,
diversification of animal production activities (sheep
and goat), livestock insurance, and diversity of feed
crops) were considered as dependent variables. STATA
program, which is statistical software, was used in the
analysis of this study data (StataCorp, 2005).

RESULTS and DISCUSSION
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Dairy farmers’ general features

Dairy farmers averaged 44.3 years of age, had a total
of 6.76 years of education, had a household size of 3.31
persons, had 14.85 years of experience in dairy
farming, and had 20.74 dairy cows (scale of farm).
Many of them (68.1%) had off-farm income, 64.4%
owned agricultural land, 61.2% were members of
agricultural cooperatives and 57.3% had access to
agricultural credit (Table 1).

Dairy Farmers’ climate-related risk perceptions

Dairy farmers reported that the overall amount of
rainfall has decreased over the years. In addition, they
explained increases in heavy storms, temperatures
(especially in the summer months), and excessive
rainfall/flood and drought. According to the Seventh
National Communication Report of Turkiye, especially
in the last 10 years, these provinces in the research
area have the provinces with the highest flood, storm
and heavy rainfall events (RTMEU, 2018). This result
is supported by the findings in the research area.
Figure 3 illustrates dairy farmers' perceptions about
climate change. These results revealed that most dairy
farmers (70.7%) had a high perception of heavy storms
while 19.3% and 10% of them had medium and low
perceptions of heavy storms, respectively. For the
changes in rainfall, 66.2% of dairy farmers had a high
perception while 25.8% and 8% had a medium and a
low perception, respectively. Similarly, 60.7% of dairy
farmers had a high perception of the rise in the
temperature while 28.2% and 11.1% of them had a
medium and a low perception, respectively. In
addition, many dairy farmers perceived heavy storms
as a high threat among all the decisive factors of
climate change. Also, these results showed that most
dairy farmers perceived the rise in temperatures and
decline in rainfall as noticeable changes in climate. Kog
& Uzmay (2021) indicated that farmers in the Thrace
region mostly perceived changes in climatic factors
such as a reduction in precipitation and rising in
temperature and drought in the last ten years. In a
study performed by Sima et al. (2015), farmers
explained that temperature increases during the
summer months and drought becomes more severe.
Therefore, the previous research results are in parallel
with the findings obtained from the study area.

Dairy farmers’ adaptation strategies

In the research area, dairy farmers prefer to apply
some strategies to cope with the climate changes that
they have faced in recent years. These strategies
implemented by them can be listed as changing the
feed ratio seasonally, diversification of animal
production activities, diversity of feed crops, and
livestock insurance. Accordingly, the most common
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Table 1. Descriptive statistics of variables
Cizelge 1. Degiskenlerin tanimlayici istatistikleri

Variables Min. Max. n % Mean aSD
Continuous variables
Age (year) 28 63 379 100.0  44.30 9.63
Educational level (schooling year) 5 15 379 100.0 6.76 2.46
Household size (person) 2 6 379 100.0  3.31 1.09
Dairy farming experience (year) 7 29 379 100.0 14.85 5.07
Scale of farm (dairy cows’ number) (head) 5 58 379 100.0  20.74 13.69
Categorical variables
Off-farm income
(Yes) 258 68.1
(No) 0 1 121 31.9 0.68 0.47
Agricultural land ownership
(Yes) 244 64.4
(No) 0 ! 135 35.6 0.64 0.48
Agricultural cooperative membership
(Yes) 232 61.2
(No) 0 ! 147 38.8 0.61 0-49
Access to agricultural credit
(Yes) 217 57.3
(No) 0 ! 162 427 08T 050
Adaptation strategies
Changing the feed ration seasonally
(Yes) 138 36.4
(No) 0 L 241 63.6 0.36 0.48
Diversification of animal production activities (sheep and
goats)
(Yes) 115 30.3
(No) 0 1 264 697 030 046
Livestock insurance
(Yes) 85 22.6
(No) 0 1 294 77.4 0.23 0.42
Diversity of feed crops
(Yes) 78 20.6
(No) 0 ! 301 79.4 020 040
aSD=Standart deviation
Decisive factors of climate change
Heavy storm
Change in rainfall 80
Rise in temperature 111
Livestock disease
Drought o251
Flood - 309
0% 20% 40% 60% 80% 100%
E High ®mMedium ®Low

Figure 3. Dairy farmers’ climate change perceptions

Sekil 3. Siit tireticilerinin iklim degisikligi algilar:
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The adaptation strategy preferred by dairy farmers is
to change the feed ratio seasonally (36.4%). It was
followed by diversification of animal production
activities (30.3%) and livestock insurance (22.6%),
respectively. In addition, the diversity of feed crops
(20.6%) was the least implemented strategy by dairy
farmers. These results revealed that few dairy farmers
used advanced agricultural applications to deal with
the negative impacts of climate change, and many
dairy farmers continued to use simple adaptation
measures. Ko¢ & Uzmay (2021) stated that the most
widely used application among adaptation methods is
the use of supplementary nutrients (35.7%), ensuring
bedding for livestock during extreme winter/cold (35%)
and feed rations (32.9%). In a study performed in
Jordan, it was reported that most dairy farmers
(81.5%) apply the strategy of using proper ration to
cattle in distinct production phases to decrease losses
of feed (Ata et al., 2021). Amamou et al. (2018) stated
that dairy farmers are focusing on increasing the
capacity of water their livestock and improving
livestock housing conditions. Considering previous
studies’ findings, these results indicate that the
percentage of dairy farmers who implement adaptation
strategies is quite low, and hence there is a need to
enhance the tendency of these farmers to implement
various adaptation strategies.

Factors affecting dairy farmers’ decisions
adaptation strategies

on

The probit model approach findings used to define
factors that affect dairy farmers' decisions about
adaptation strategies are shown in Table 2. Since age
is considered an indication of matriculation and
experience, it has a significant influence on
individuals' decisions (Ali & Rose, 2021). In this
study, age had a negative and statistically significant
impact on dairy farmers' decisions about all
adaptation strategies. These results revealed that the
increase in the age of dairy farmers by one year would
decrease the possibility of being preferred by them as
an adaptation strategy of changing the feed ration
seasonally (-2.70%), diversification of animal
production activities (-1.79%), livestock insurance (-
1.34%) and diversity of feed crops (-1.21%). As age
increases, dairy farmers are less likely to adapt to
new adaptation measures, as indicated by these
negative effects. Thus, a one-year increase in the age
of dairy farmers would decrease the probability of
adapting to a strategy regarding changing the feed
ratio seasonally by 2.7%. Furthermore, these results
revealed that most young dairy farmers chose a
change the feed ration seasonally to adapt to the
negative effects of climate conditions compared to
older dairy farmers. Old dairy farmers were less
likely to adopt these strategies than young dairy
farmers, and giving up these practices was not easy
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for them. They were more familiar with traditional
agricultural practices than young dairy farmers. In
addition, young dairy farmers were more willing to
adapt to new adaptation strategies. These results are
backed by the findings of Mabe et al. (2014) and
Baloch et al. (2022), which stated that elderly farmers
are less likely to adapt and choose new adaptation
precautions. However, they are not in line with the
findings of Deressa et al. (2009), which stated that
there is a positive relationship between farmers' age
and adaptation to climatic change.

Education is considered a significant factor in
farmers' decision-making process and influences their
adaptation process. In addition, adaptation in
agriculture is believed to be enabled by education
because it allows farmers to access information about
innovations that increase their benefits in
agricultural production (Ali & Rose, 2021). Deressa et
al. (2009) suggest that access to knowledge about
advanced technologies and higher productivity are
linked to higher education levels. Previous studies
have demonstrated that farmers' education levels
correlate positively with the adoption of advanced
technologies, which can aid them in coping with
climate change (Lin, 1991). The present study
revealed that the educational level had a positive and
statistically significant impact on dairy farmers’
decisions about all adaptation strategies. The
increase in the educational level of dairy farmers by
one year would increase the possibility of being
preferred by them as an adaptation strategy of
changing the feed ration seasonally (6.49%),
diversification of animal production activities (2.65%),
livestock insurance (2.42%) and diversity of feed crops
(2.05%). As educational levels increase, dairy farmers
are more likely to adapt to new adaptation measures,
as indicated by these positive effects. Thus, a one-year
increase in the educational level of dairy farmers
would increase the probability of adapting to a
strategy regarding changing the feed ration
seasonally by 6.49%. Furthermore, these results
revealed that the majority of educated dairy farmers
chose a change the feed ration seasonally to adapt to
the negative effects of climate conditions compared to
less educated dairy farmers. According to these
results, educated dairy farmers were more likely to
adopt these strategies than less educated dairy
farmers. Also, the high literacy rate (secondary school
and above) of most dairy farmers can be shown as the
reason for this result. These results showed that
educated dairy farmers were more likely to adopt
strategies than less educated dairy farmers. Also, the
high literacy rate (secondary school or above) of most
dairy farmers can be cited as a reason for this result.
Furthermore, these results revealed that the majority
of educated dairy farmers chose to change their feed
ration seasonally to adapt to the negative effects of
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climate conditions. Baloch et al. (2022) stated that
farm households' education level in Pakistan has a
negative relationship with their adaptation strategy
decision. This study's findings are consistent with the
results of Bryan et al. (2013), who explained that
farmers who have high educational levels may be
more cautious about adopting new technologies and
agricultural practices and in reply to shocks
regarding the climate, they are not in line with the
findings of Baloch et al. (2022).

The household size had a negative and statistically
significant impact on dairy farmers’ decisions about
adaptation strategy regarding changing the feed
ration seasonally and a positive and statistically
significant impact on farmers’ decisions about
adaptation strategies regarding diversification of
animal production activities, diversity of feed crops
and livestock insurance. These results indicated that
the increase in the number of family members by one
person would decrease the possibility of being
preferred by them as an adaptation strategy of
changing the feed ration seasonally (-6.71%) while it
would increase the possibility of being preferred by
them as adaptation strategies of diversification of
animal production activities (9.84%), livestock
insurance (4.97%) and diversity of feed crops (7.99%).
As the number of family members increases, dairy
farmers are less likely to adapt to new adaptation
measures expressed as changing the feed ration
seasonally, as indicated by this negative effect. Thus,
dairy farmers with small family sizes are more likely
to choose the adaptation strategy of changing the feed
ratio seasonally. However, as the number of family
members increases, dairy farmers are more likely to
adapt to new adaptation measures expressed as
diversification of animal production activities,
livestock insurance and diversity of feed crops, as
indicated by these positive effects. Thus, dairy
farmers with large family sizes are less likely to
choose the adaptation strategy of diversification of
animal production activities, diversity of feed crops
and livestock insurance as an adaptation strategy.
Furthermore, most dairy farmers with large family
sizes chose a diversification of animal production
activities to adapt to the negative effects of climate
conditions. Deressa et al. (2009) stated that the
increasing size of households did not significantly
increase the likelihood of adaptation for most
adaptation practices. The current study results are
not congruent with the findings of Deressa et al.
(2009) whereas they are in line with the results of
Bryan et al. (2013), which explained that there is a
positive association between household size and
adaptation strategies. Many of the adaptations in
agriculture can be positively related to the many
years of farming experience. This experience develops
the perceptions of potential benefits and helps to
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make adaptation decisions (Abid et al., 2019; Ali &
Rose, 2021).

The experience in dairy farming had a positive and
statistically significant impact on dairy farmers’
decisions about adaptation strategies regarding
diversification of animal production activities and
livestock insurance. These results showed that the
increase in farmers' dairy farming experience by one
year would increase the possibility of being preferred
by them as an adaptation strategy of diversification of
animal production activities (2.55%) and livestock
insurance (1.93%). As dairy farming experiences,
dairy farmers are more likely to adapt to new
adaptation measures, as indicated by these positive
effects. Thus, a one-year increase in the dairy farming
experience would increase the probability of adapting
to a strategy regarding diversification of animal
production activities by 2.55%. Furthermore, these
results revealed that most farmers having more dairy
farming experience chose a diversification of animal
production activities to adapt to the negative effects of
climate conditions compared to farmers having less
dairy farming experience. Farmers having more dairy
farming experience were more likely to adopt these
strategies than farmers having less dairy farming
experience. In addition to farm and off-farm income,
one of the factors representing wealth in agriculture
is livestock ownership. Furthermore, livestock plays a
major role in ensuring factors (animal traction and
manure) needed for agricultural productivity,
especially the maintenance of soil fertility (Deressa et
al., 2009). The scale of the farm (dairy cows’ number)
had a positive and statistically significant effect on
dairy farmers’ decisions about adaptation strategies
regarding livestock insurance and diversity of feed
crops. These results revealed that the increase in the
scale of the farm (dairy cows number) by one unit
would increase the possibility of being preferred by
them as an adaptation strategy of livestock insurance
(0.59%) and diversity of feed crops (0.44%). As the
scale of farms increases, farmers are more likely to
adapt to new adaptation measures, as indicated by
these positive effects. Thus, a one-unit increase in the
scale of the farm would increase the probability of
adapting to the strategy regarding livestock
insurance by 0.59%. Furthermore, these results
revealed that the majority of dairy farmers having
more dairy cows chose livestock insurance to adapt to
the negative effects of climate change compared to
dairy farmers having fewer dairy cows. Dairy farmers
having more dairy cows were less likely to adopt
these strategies than dairy farmers having fewer
dairy cows. These study results are consistent with
those of Deressa et al. (2009), who stated that the
ownership of livestock is positive regarding most of
the adaptation alternatives.

Off-farm income is among the most important factors
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that represent wealth in agriculture. It is assumed
that there is a regular need for adequate financial
well-being to adopt new agricultural technologies and
practices (Knowler & Bradshaw, 2007). In the present
study, off-farm income had a positive and statistically
significant effect on dairy farmers’ decisions about
adaptation strategies regarding diversification of
animal production activities and livestock insurance.
These results revealed that the increase in dairy
farmers' off-farm income by one unit would increase
the possibility of being preferred by them as an
adaptation strategy of diversification of animal
production activities (16.06%) and livestock insurance
(9.97%). As off-farm income increases, dairy farmers
are more likely to adapt to new adaptation measures,
as indicated by these positive effects. Thus, a one-unit
increase in the off-farm income of dairy farmers
would increase the probability of adapting to a
strategy  regarding diversification of animal
production activities by 16.06%. Furthermore, these
results revealed that the majority of dairy farmers
who have off-farm income chose a diversification of
animal production activities to adapt to the negative
effects of climate conditions on dairy farmers without
off-farm income. Dairy farmers who have off-farm
income were more likely to adopt these strategies
than dairy farmers without off-farm income. The
findings of this study are in line with those of Deressa
et al. (2009), which explained that non-farm income
has a positive relationship with some adaptation
measures. These study findings are supported by the
results of Baloch et al. (2022) and Tiet et al. (2022),
which found that households of farms that have non-
farm income have a higher likelihood to adopt crop
diversification as an adaptation strategy.

Land ownership is a natural heritage that must be
protected for biodiversity and sustainable progress,
and the main source of farmers’ agricultural income
(Jeder et al., 2021). It is recognized as a sign of the
wealth of farmers, and farmers with bigger farms are
expected to adopt more (Ali & Rose, 2021). In this
study, land ownership had a positive and statistically
significant impact on dairy farmers’ decisions about
adaptation strategies regarding diversification of
animal production activities and livestock insurance.
These results revealed that the increase in the
agricultural land ownership of dairy farmers by one
unit would increase the possibility of being preferred
by them as an adaptation strategy for diversification
of animal production activities (19.95%) and livestock
insurance (14.32%). As agricultural land ownership
increases, dairy farmers are more likely to adapt to
new adaptation measures, as indicated by these
positive effects. Thus, a one-unit increase in the
agricultural land ownership of dairy farmers would
increase the probability of adapting to a strategy
regarding diversification of animal production
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activities by 19.95%. Furthermore, these results
revealed that most dairy farmers having agricultural
land ownership chose a diversification of animal
production activities to adapt to the negative effects of
climate conditions compared to dairy farmers without
land ownership. Farmers who have agricultural land
ownership were more likely to adopt these strategies
than dairy farmers without land ownership. These
results are supported by those of Abid et al. (2019)
and Baloch et al. (2022), which found that there is a
positive association between landholding and the
probability of adaptation. However, these findings are
inconsistent with those of Nabikolo et al. (2012), who
explained that there i1s an adverse relationship
between land ownership and adaptation measures.

Dairy farmers who have membership in agricultural
cooperatives had a positive and statistically
significant impact on dairy farmers’ decisions about
adaptation strategies regarding changing the feed
ratio seasonally and diversity of feed crops. These
results revealed that the increase in agricultural
cooperative membership of dairy farmers by one unit
would increase the possibility of being preferred by
them as an adaptation strategy of changing the feed
ratio seasonally (13.10%) and diversity of feed crops
(15.19%). As agricultural cooperative membership
increases, dairy farmers are more likely to adapt to
new adaptation measures, as indicated by these
positive effects. Thus, a one-unit increase in the
agricultural cooperative membership of dairy farmers
would increase the probability of adapting to a
strategy regarding changing the feed ratio seasonally
by 13.10%. Furthermore, these results revealed that
the majority of dairy farmers with agricultural
cooperative membership chose a change the feed
ration seasonally to adapt to the negative effects of
climate conditions compared to dairy farmers without
agricultural cooperative membership. Dairy farmers
with agricultural cooperative membership are less
likely to adapt these strategies than dairy farmers
without agricultural cooperative  membership.
Accessibility to agricultural credit resources is a
significant factor contributing to the increased
adoption of new technologies and practices (Kandlikar
& Risbey, 2000; Hassan & Nhemachena, 2008).

The access to agricultural credit had a negative and
statistically important impact on dairy farmers’
decisions about adaptation strategies regarding
diversification of animal production activities,
livestock insurance, and diversity of feed crops. These
results showed that the increase in access to
agricultural credit for dairy farmers by one unit
would decrease the possibility of being preferred by
them as an adaptation strategy of diversification of
animal production activities (-17.91%), livestock
insurance (-17.37%) and diversity of feed crops
(-12.14%). As access to agricultural credit increases,
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dairy farmers are less likely to adapt to new
adaptation measures, as indicated by these negative
effects. Thus, a one-unit increase in the access to
agricultural credit of dairy farmers would decrease
the probability of adapting to a strategy regarding
diversification of animal production activities by
17.91%. Furthermore, these results revealed that
most dairy farmers without access to agricultural
credit chose a diversification of animal production
activities to adapt to the negative effects of climate
conditions compared to dairy farmers with access to
agricultural credit. Dairy farmers with access to
agricultural credit were less likely to adopt these
strategies than dairy farmers without access to
agricultural credit. In this context, it can attribute
this result to two reasons. Firstly, it can be said that
dairy farmers may have adequate financial resources
(property, income) to cope with climate shocks.

Secondly, dairy farmers' access to agricultural credit
can offer financial relief for them. But at the same
time, farmers must repay the amounts related to the
loans they receive, and this obligation causes them to
become indebted (Pakdemirli, 2019). Farmers are
worried about repaying their debts because of this
result. For this reason, it can be said that dairy
farmers' tendencies towards agricultural credit
during the adaptation process to climate change are
quite low. This study's findings are compatible with
the results of Baloch et al. (2022), which explained
there is a negative relationship between access to
credit and farmers’ adaptation strategies. However,
the current results are inconsistent with the findings
of Mabe et al. (2014), Abid et al. (2019) and Deressa et
al. (2009), which stated there is a positive association
between credit practices and adaptation to climate
change.

Table 2. Factors affecting dairy farmers’ decisions on adaptation strategies
Cizelge 2. Slit lireticilerinin adaptasyon stratejilerine iliskin kararlarini etkileyen faktorler

Adaptation Strategies

Diversification of animal

Changing feed ration

[ndependent variables seasonally

production activities
(sheep and goat)

Livestock insurance Diversity of feed crops

Coef. MEP p Coef. MEP

p Coef. MEP p Coef. MEP p

Age -0.0733* -0.0270 0.000 -0.0546" -0.0179 0.000 -0.0505* -0.0134 0.003 -0.0510" -0.0121 0.004
(0.0153)2 (0.0156) (0.0168) (0.0175)

Education level 0.1761* 0.0649 0.000 0.0804* 0.0265 0.018 0.0913" 0.0242 0.010 0.0866° 0.0205 0.020
(0.0343) (0.0339) (0.0354) (0.0372)

Household size -0.1820* -0.0671 0.006 0.2986" 0.0984 0.000 0.1873" 0.0497 0.009 0.3367° 0.0799 0.000
(0.0662) (0.0676) (0.0713) (0.0759)

Dairy farming 0.0241 0.0088 0.316 0.0773° 0.0255 0.002 0.0727° 0.0193 0.007 0.0298 0.0071 0.278

experience (0.0240) (0.0253) (0.0269) (0.0276)

Scale of farm 0.0770 0.0028 0.135 0.0067 0.0022 0.201 0.0224* 0.0059 0.000 0.0187° 0.0044 0.001
(0.0051) (0.0052) (0.0056) (0.0057)

Off-farm income 0.0787 0.0288 0.612 0.5218° 0.1606 0.002 0.4027* 0.0997 0.025 -0.1980 0.0487 0.260
(0.1554) (0.1683) (0.1802) (0.1757)

Agricultural land 0.0403 0.0148 0.786 0.6497° 0.1995 0.000 0.5849* 0.1432 0.001 0.2660 0.0607 0.122

ownership (0.1480) (0.1615) (0.1742) (0.1719)

Agricultural 0.3633* 0.1310 0.019 0.1423 0.0464 0.365 0.2206 0.0572 0.196 0.6923" 0.1519 0.000

cooperative (0.1544) (0.1571) (0.1707) (0.1885)

membership

Access to 0.0691 0.0254 0.645 -0.5350* -0.1791 0.001 -0.6320° -0.1737 0.000 -0.4939* -0.1214 0.004

agricultural (0.1502) (0.1539) (0.1669) (0.1702)

credit

Log-likelihood -213.01467 -196.62729 -167.54665 -157.57538

LR chi2 (9) 72.13 71.96 70.83 70.17

McFadden’s 0.1448 0.1547 0.1745 0.1821

Pseudo R2

Prob > chi? 0.0000 0.0000 0.0000 0.0000

The significance level' *p<0.05; values [n parenthesis are the standard errors; "ME: Marginal effect the probit model

CONCLUSION and RECOMMENDATIONS

In the present study, dairy farmers' perceptions of
climate-related risks, their adaptation strategies and
factors affecting their decisions about adaptation
strategies have been analysed. Most dairy farmers
(70.7%) had a high perception of heavy storms while
66.2% of dairy farmers had a high perception of

change in rainfall. Among all the decisive factors of
climate change, most dairy farmers perceived heavy
storms and changes in rainfall as high-threatening
factors. Dairy farmers are implementing strategies
for adaptation to cope with negative impacts related
to climate change. The most common adaptation
strategy implemented by dairy farmers was changing
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the feed ration seasonally (36.4%). It was followed by
diversification of animal production activities (30.3%),
livestock insurance (22.6%) and diversity of feed crops
(20.6%). While diversity of feed crops was the least
preferred  adaptation strategy among these
adaptation strategies, changing the feed ration
seasonally was the most preferred adaptation
strategy. Dairy farmers' age and access to
agricultural credit had a negative relationship with
their decision of adaptation strategies while dairy
farmers' educational level, dairy farming experience,
scale of farm, off-farm income, agricultural land
ownership and access to agricultural credit had a
positive relationship with their decision on adaptation
strategies. The advantages of adaptation strategies
and the importance of investing in risk-mitigating
precautions are highlighted by these results. The lack
of information on the negative impacts of climate
change on dairy farmers should not be ignored. For
this reason, more importance should be given to
training and extension activities related to climate
change adaptation among dairy farmers. Also, dairy
farmers should be made aware of the benefits of
adaptation strategies to be applied in the face of
climate change by extension services and mass media,
and they need to be informed about the significance of
implementing these strategies by regional conditions.
The tendency of dairy farmers to purchase livestock
insurance is quite low in the research area. Thus, it is
important to improve and disseminate livestock
insurance practices. Losses caused by the negative
effects of climate change can be included in this
practice. The current study revealed that agricultural
cooperative membership played a significant role in
the selection of dairy farmers' adaptation strategies.
Therefore, it is important to improve the efficiency of
agricultural cooperatives during the adaptation
process. They can support dairy farmers by helping
them to access financial support or encouraging them
to adapt. Although many dairy farmers are affected
by changes in the climate and are worried about the
future of dairy farming activities, they are less
inclined towards adaptive strategies. According to
this result, dairy farmers' adaptation to adaptation
strategies cannot be increased by anxiety and
perception of risk alone. This shows that socio-
demographic and socioeconomic factors, as well as
risk perceptions, have become more prominent. For
this reason, a scientific and statistical infrastructure
on climate change should be developed on a regional
basis. Therefore, appropriate adaptation strategies
should be determined. In this process, the cooperation
from some stakeholders (such as the ministries and
the media) should also be beneficial. Within the
purposes of the present study, dairy farmers need to
receive financial support so that they can minimize
the negative impacts of climate change and adapt to
it. Implementation of adaptation strategies within the

scope of special and regional policy measures will
provide to reduce adverse effects of climate change or
to adapt to this situation may increase dairy farmers'
tendency to adopt these strategies. In this context,
policymakers can implement programs and training
to increase awareness of dairy farmers about climate
change by providing extension services.
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OZET

Bu galismada amag¢ Erzurum ili Pasinler ilgesinde tarim arazilerinin
degerine etki eden faktorlerin belirlenmesidir. Bu kapsamda Erzurum
ili Pasinler ilgesine bagli 14 mahallede 60 adet anket uygulanmak
suretiyle veriler toplanmigtir. Verilerin analizinde dogrusal regresyon
modeli kullanilmigtir. Bagimli degisken olarak arazi degeri dikkate
alinmistir. Bagimli degiskeni etkiledigi diiguiniilen arazinin kiraya
verilme durumu, alim satim durumu, geometrik sekli,
durumu, ciftcinin egitim durumu ve yetistirilen Urin cesidi gibi
bagimsiz degiskenler denklemde yer almistir.
bolgede arazi degerini etkileyen en oOnemli faktorlerin arazinin
kiralanma durumu, geometrik sekli ve milkiyeti oldugu tespit
edilmigtir. Calismanin yapildigi alanda arazi degerini etkileyen
faktorlerin daha objektif bir bicimde ortaya konabilmesi i¢in verilerin
daha ayrintili bir bigimde elde edilmesine ihtiya¢ bulunmaktadir.

Analysis of Factors Affecting the Value of Agricultural Lands in Pasinler District of Erzurum Province

ABSTRACT

This study aims to determine the factors affecting the wvalue of
agricultural lands in the Pasinler district of Erzurum province. In this
context, data was collected by applying 60 surveys in 14 neighborhoods
of the Pasinler district of Erzurum province. A linear regression model
was used to analyze the data. Land value was taken into account as the
dependent variable. Independent variables such as the leasing status of
the land, its buying and selling status, geometric shape, ownership
status, educational status of the farmer, and the type of product grown,
which are thought to affect the dependent variable, were included in the
equation. As a result of the study, it was determined that the most
important factors affecting land value in the region are the rental
status, geometric shape, and ownership of the land. There is a need to
obtain more detailed data to reveal the factors affecting land value more
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GIRIS

Tarim arazileri hem lilke hem de aile ekonomileri i¢in
biuyluk o6nem arz etmektedir. Tarim sektori birgok
ulkede ekonominin temel tas1 olarak goérilmus
(Cennet & Ziihal, 2004) ve bu sektoriin ekonominin
kalkinmas1 ve biiylimesi i¢in stratejik bir Gneme
sahip oldugu belirtilmistir (Arslan & Oztiirk, 2021).
Tarim sektérii oncelikle toplumun gida ihtiyacinin
karsilanmasi, yatirim, ihracat, isttihdam, hammadde
temini ve katma deger olusturma gibi ekonomik
katkilar1 sebebiyle biitin tlkelerde 6nemini strekli
korumaktadir (Sav & Sayin, 2018).

faaliyetlerin devlet tarafindan
planlama, uygulama destegi ve kontroli, o0zetle
yonetilmesi  gerekmektedir. Arazilerin  sinirhi
biytlklikte olmasi1 bu kaynaklarin iyi yonetilmesini
zorunlu kilmaktadir. Bu baglamda tarim arazisi ile
ilgili politikalarin kisa, orta ve uzun vadeleri dikkate
alacak sekilde yapilmasi bu arazilerin gelecegi
acisindan olduk¢a 6nemlidir. Diinyada son yillarda
yasanan iklim degisiklikleri, kuraklik ve diger dogal
ve dogal olmayan felaket ve sebepler tarim
arazilerinin bulundugu konumu ve buna bagh olarak
kiymetini daha da artirmistir. Arazilerin bu derece

Arazilerle ilgili
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degerli olmasina ragmen son yillarda kirsaldan
kentlere olan goglere bagh olarak tahil tiretiminin
azalmasi, hayvan sayisinda ortaya c¢ikan azalma ve
arazilerin kiigik ve dagmmik hale gelmesi gibi
nedenlerden dolay1 tarimsal kazanimlar olumsuz
yonde etkilenmistir (Er ve ark., 2022).

Arazilerin  ekonomik ac¢idan 6nemli olmasinin
yaninda degerlemesinin diizgiin yapilmasi hususu da
son derece 6nemli bir husus olarak goriilmektedir.
Degerleme faaliyetinin bilimsel yontemler
kullanilarak yapilmasi ve arazinin tim olumlu ve
olumsuz 6zelliklerinin  birlikte degerlendirilmesi
olduk¢a o6nemlidir. Bunun yaninda degerleme
igsleminin hangi amag i¢in yapildiginin bilinmesi de
degerlemenin dogru yapilabilmesi ve sonucglarinin
saghikli bir sekilde yorumlanmasi agisindan 6nem
tagimaktadir (Serez ve ark., 2022). Bu baglamda
degerleme amaclar: alim-satim, arazi gelirinin tespiti,
ipotek, vergilendirme, kamulastirma, tarim sigortasi,
toplulagtirma c¢alismalari, miras paylasimi, tarim
reformu c¢alismalar1 ve diger amaclar seklinde
siralanabilir (Aclar & Cagdas, 2008; Cosar &
Engindeniz, 2013; Serez ve ark., 2022).

Bir degerleme islemi arazi sahibi, devlet, finans
kurulusu ve diger paydaslar1 dogrudan veya dolayh
olarak etkileyebilmektedir. Tarim arazilerinde
degerleme islemi ozellikle kamulagtirma konusunda
yogun olarak yapilmaktadir. Devlet Su Igleri,
Karayollar: ve BOTAS gibi kurumlarin kamulagtirma
igslemlerinde 6denen kamulagtirma bedelleri ve
mahkeme stlirecgleri géz 6nline alindiginda degerleme
igsleminin 6nemi daha da dikkat g¢ekmektedir. 2942
sayih Kamulastirma yasasit ve bu yasanin bazi
maddelerinde degisiklik yapan 4650 sayil1 yasa, tarim
arazilerinin  degerlemesinde  gelir  yonteminin
uygulanmasini zorunlu olarak igsaret etmektedir. Her
bir gayrimenkulin kendine 6zgu karakteristikleri
bulunmaktadir. Bu 6zellikler neticesinde bir
gayrimenkulin degeri ortaya cikmaktadir. Tarim
arazilerinin degerlemesi yapilirken, arazi degerini
etkileyen faktorler bilimsel c¢alismalarda farkh
sekilde ele almmmastir. Istatistiki yontemlerden
hedonik fiyat modeli, regresyon analizi ve faktor
analiz yontemi sgseklinde genel olarak kullanilan
yontemler olarak dikkat cekmektedir (Vural, 1987;
Hurma, 2007; Cosar & Engindeniz, 2013).

Tarim arazileri homojen o6zellik sergilemediginden
gelir yonteminin uygulanmasinda problemler ortaya
cikabilmektedir. Bu durum dikkate alinarak
degerlemenin  yapildigi  bdélgenin  sartlar1  ve
ozelliklerine gore gelir yontemi ve pazar degeri
beraber uygulanarak en iyi deger takdiri yapilmasi
miimkiin olabilmektedir (Karakayaci, 2011). Tarim
arazilerinin degerlemesinde en yaygin kullanilan
yontemlerden  birisi  gelirlerin  kapitalizasyonu
yéntemidir (Miilayim, 2008). Bu yéntemin tiim tarim
arazilerinde, 6zellikle kent merkezlerine veya kiy1
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kesimlerine yakin tarim arazilerinde uygulanmasinin
zor oldugu ifade edilmektedir (Tanrivermis & Dogru,
2004).

Gelirlerin kapitalizasyonu yontemi tarim arazilerine
deger bigmede en ¢ok kullanilan yoéntemlerdendir.
Yasa geregi kamulastirma ¢alismalarinda bu yontem
zorunlu olarak kullamilmaktadir. Kamulagtirma
islemlerinde arazi degerleri genellikle mahkemeler
tarafindan gorevlendirilen Dbilirkisiler marifetiyle
belirlenmektedir. Gelir yonteminde bir malin strekli
gelir getirmesi esastir. Ayrica bir malin ileride elde
edebilecegi diigtiniilen bitiin gelirlerinin degerleme
giiniine indirgenmesi hususu dikkate alinmaktadir
(Aclar & Cagdas, 2008). Gelirlerin kapitalizasyonu
yonteminde taginmazin yillik net geliri ve o bolgede
gecerli olan kapitalizasyon orani kullanilarak deger
bicme islemi uygulanmaktadir (Karakayaci, 2011).
Bolgeden bolgeye farklihk arz eden kapitalizasyon
oraninin, bélgenin 6zellikleri incelendikten sonra
tespit edilmesi gerekmektedir (Oztiirk ve ark., 2017).
Kapitalizasyon orani araziye yatirilmis sermayenin
kullanim hakkidir (Miilayim, 2001) ve
gayrimenkuliin net gelirinin degerine orani olarak
ifade edilmektedir. Arazinin degeri ile kapitalizasyon
orani ters orantili oldugundan kapitalizasyon orani
distiikce arazinin degeri artmaktadir (Vural, 1987).
Kapitalizasyon orani arazi degerini énemli derecede
etkiledigi i¢cin tespit edilirken hassas calisilmalidir.
Ayrica bu orani etkileyen faktorler iyice irdelenmeli
ve bolgenin  ozelliklerinin  de iyl  bilinmesi
gerekmektedir. Tirkiye’ de baz1 illerde tarim
arazilerinin kapitalizasyon oraninin tespit edilmesine
yonelik akademik ¢calismalar yapilmistir (Vural, 1987;
Demircan, 1991; Keskin, 1994; Sayili & Esengiin,
1996; Birinci, 1997; Aktas, 2000; Aslan, 2002; Avc,
2010; Bastiirk, 2011; Incir, 2015; Oztirk ve ark.,
2017; Sert, 2019; Karakayaci, 2023).

Bir tasinmazin degerine etki eden faktorler igsel
faktorler; fayda, kithk, fiziksel sartlar ve
aktarilabilirliktir. Digsal faktorler; ekonomik faktor,
sosyo-kiltiirel faktor ve yasal mevzuat faktori olarak
béliimlendirilebilir (Biiyiikkaracigan, 2021). Tarim
arazilerinin fiyatlar1 bélgeden bolgeye farklhilik arz
edebildigi gibi fiyat1 etkileyen faktorler de farklihik
gosterebilir (Serez ve ark., 2022).

Bu calismada dikkate alinan tarla arazisi degerini
etkileyen faktorleri genel olarak iki ana baglik altinda
incelemistir. Dogal (Fiziki) faktor olarak; topragin
verim kapasitesi, arazinin topografik yapisi, iklim
ozellikleri ve arazinin cografi konumudur. Sosyal ve
ekonomik faktorler olarak; niifus sayisi ve artma hizi,
tarimdan elde edilen mahsuliin fiyati, arazinin arzi
ve talebi, arazinin getirisi, pazarlama imkanlari, para
kiymetindeki meydana gelen degismeler, kredi
miktar1 ve nevi, arazi Kkirasi, teknoloji dizeyi,
insanlarin trin talep aligkanliklar1 ve imkanlar ile
sosyal ve cevre sartlar1 dikkate alinmaktadir (Birinci,
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1997).

Amerika Birlesik Devletlerinde 1960-1981 yillan
arasinda 24 eyalette yapilan arastirmadan elde edilen
verilerle olusturulan modellerde; tarim arazisi
fiyatlar1 tizerinde etkili olan faktorlerin arazi talebi,
arazi ranti ve enflasyon oldugu tespit edilmigtir.
Ayrica, c¢ok sayidaki eyalette tarim arazisi
degerlerinin, tarim dis1 talepten etkilendigi de
calismada ifade edilmektedir (Robison ve ark., 1985).

Gayrimenkuliin degerini etkileyen faktorler sosyal,
ekonomik ve c¢evresel faktorlerdir. Bu faktorlerin
bazilar1 gayrimenkulin degerini olumlu bazilar1 ise
olumsuz etkileyebilmektedir. Olumlu etkileyenler;
yiksek niifus yogunlugu, arazinin taban suyu
yuksekligi, c¢oraklik, yaslik ve arazide taslhihk
durumunun olmamasi gibi faktérlerdir. Olumsuz
etkileyenler ise; yiiksek erozyon riski, arazinin egimli
olmasi, arazinin il-ilce-belde ve kodye uzak olmasi,
verimli Uist toprak tabaka derinliginin yetersizligi ve
yaygin toprak sighigr sorunudur (Tanrivermis, 2017).
Bunun yaninda tarim arazilerinde degere etki eden
ve arazinin net geliri ve kapitalizasyon oranini
olusturan biitin etkenlerin incelenmesi gerektigi
belirtilmigtir. Bu dogrultuda topragin fiziksel,
kimyasal ve biyolojik 6zellikleri, arazinin ulagim

kolayligl, yerlesim merkezine yakinligl, sulanma
kolayligi, miulkiyet guvencesi gibi faktorlerin
degerlendirilmesi  gerektigi  konularmna  dikkat

cekilmistir (Tanrivermis ve ark., 2002).

Tarim arazilerinin énemi her gecen giin artmaktadar.
Son yillarda tarim arazileri ile birlikte arazilerin
degerleme iglemi de onem kazanmigtir. Tarim
arazilerinin o6zellikleri, degerine etki ettigi i¢cin bu
ozelliklerin iyi incelenmesi gerekmektedir. Kiresel
olarak yasanan kuraklik ve iklim degisiklikleri tarim
arazilerinin 6nemini daha da artirmaktadir. 2022
yilinda baslayan Rusya ve Ukrayna tlkeleri
arasindaki savas, dunya genelinde gida fiyatlarim
olumsuz yonde etkilemistir. Bu dogrultuda sinirh
miktarda ki tarim arazilerinin degeri her gecen giun
daha da artmaktadir. Tarim arazilerinin kiymetinin
dogru tespit edilmesi 6nemli bir konudur.

Bu calismanin amaci, Erzurum ili Pasinler ilgesinde
tarim arazilerinin degerine etki eden faktorlerin
belirlenmesidir. Erzurum ilinde Pasinler ovasi
tarimsal potansiyeli yiksek bolgelerden biridir. Arazi
alim satimi agisindan dinamik bir yapiya sahiptir. Bu

nedenle arastirma alan1 olarak  segilmisgtir.
Calismanin bolgede yapilmasi olasi degerleme
calismalarinda bilimsel altlik olusturmasi ve

literatiire bu acidan yapacagr katkilar acisindan
onemli oranda o6zglin bir degere sahip olacagi
asikardir. Ayrica, elde edilen sonuglarin
kamulastirma yapan DSI, Karayollar1 ve BOTAS gibi
kurumlarla birlikte, 6zel sektor temsilcilerinin arazi
degerleme ¢alismalarina yardimci olacagi
distinilmektedir.
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MATERYAL ve METOD
Aragtirmada kullanilan veriler 2019 yilinda Ocak-
Eylil aylar1 arasinda, Pasinler Ilge Tapu

Midirliginde arazi alim satimi yapan 60 milk
sahibi ile, tamamen gonullilik esasina dayali ve 6zel
bilgilerinin paylasilmamasi1 hususuna dikkat edilerek
anket yontemi uygulanarak elde edilmigtir. Bu
calisma Erzurum ili Pasinler ovasindaki Alvar,
Ardigh, Cogender, Demirdoven, Golcigez, Kasimpasa,
Karavelet, Kurtulus, Otlukapi, Ovenler, Pasabey,
Pusudere, Sehit Burak Karako¢ ve Yastiktepe
koylerini kapsamaktadir. Kéyler (6360 sayili
Biiyiiksehir yasas1 kapsaminda mahalle olmustur) ve
anket sayisimin belirlenmesinde Gayeli Ornekleme
yontemi kullanilmigtir (Giines & Arikan, 1988;
Birinci, 1997). Gayenin belirlenmesinde tarimsal
faaliyetlerin yogun olarak yurutilmesi ve milk
sahibinin bilgi verme konusundaki yetkinligi
(Pasinler Ilge Gida Tarim ve Hayvancilik Midirligi
ile yapilan gériismeler neticesinde) hususlar1 dikkate
alinmistir. Akrabalik bagi olan kisiler arasindaki
yapilan satigslar gayrimenkuliin piyasa degerini tam
olarak yansitmayacagindan bu kapsama girmeyen
satiglar tercih edilmigtir. Veriler elde edilirken
taginmazlarin belediye emlak beyan degerleri genel
olarak piyasa degerini yansitmadigi i¢in gercek alim-
satim degerleri kullanilmigtir.

Verilerin analizi SPPS 20 programi kullanilarak
yapilmigtir. Calismada degiskenlerin normal dagilim
gostermesi nedeniyle dogrusal regresyon modeli
tercih edilmistir. Analizler yapilirken bagimh
degiskeni en c¢ok etkileyen bagimsiz degiskenlerin
tespit edilmesi ig¢in en uygun modelin sec¢ilmesi
hedeflenmis bu nedenle Stepwise (adimsal) yéntemi
uygulanmagtir.

Tarim arazilerinin degerine etki eden faktorler igin
arazinin degeri bagimli degisken, mahalle, arazinin
yuz6lgimi, arazinin egimi, arazinin sulu kuru
olmasi, arazinin sulama kaynagl, arazinin ilge
merkezine uzakligl, arazinin yerlesim yerine uzakligi,
araziye ulasan yol varhgi, tirtin gesidi, ¢ift¢inin egitim
durumu, arazinin milkiyet durumu, arazinin
geometrik sekli, arazinin tashk durumu, arazinin
alim satim durumu, arazinin belediye hizmetlerinden
yararlanmasi, arazinin tapu kaydinda herhangi bir
serh olup olmamasi ve arazinin kiraya verilmesi ise
bagimsiz degisken olarak kabul edilmistir.

Degigskenler modele numaralandirilarak
yerlestirilmigtir. Ornegin iriin ¢esidi degiskeninde
patates 1, bugday 2, seker pancar1 3..vb. Arazinin
geometrik gekli kare 1, dikdoértgen 2, yamuk 3 ve
ucgen 4 seklinde, Arazinin milkiyet durumu ise
hisseli miulkiyet 1 ve tam miilkiyet 2 seklinde, Arazi
sahibinin egitim durumu ilkokul 1, ortaokul 2, lise 3
ve Universite 4 seklinde, Arazinin alim-satim durumu
ve Arazinin kiraya verilme durumu degigkenleri ise
kolay 1, zor 2 olacak sekilde modele dahil edilmistir.
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Calismada tarim arazilerinin fiyati, yuzol¢imi, ilge
merkezine ve yerlesim yerlerine uzakliklar
incelenmis olup, bu faktorlere ait tanimlayici
istatistikler Cizelge 1’ de verilmistir. Buna gore tarim
arazilerinin ortalama olarak; fiyatinin 7.60 TL,
yuzolgimi 17.46 da, ilge merkezine uzakliklar1 3.42
km, yerlesim yerine uzakliklar1 ise 1.52 km oldugu
tespit edilmigtir.

Cizelge 1. Tammlayic: Istatistikler
Table 1. Descriptive Statistics

Calismada tarim arazilerinin degerine etki eden
faktorler incelenmis olup, Cizelge 2’ de verilmigtir.
Buna gore; arazilerin %601nin zemin olarak diiz
oldugu, %83.3 sulu, %85  nin taghk olmadigi, %91.7
sinin yolunun mevcut oldugu, %26.7’sinin belediye
hizmetlerinden faydalandigni ve %95nin tapu
kaydinda herhangi bir serh (ipotek, haciz vb.)
olmadig tespit edilmistir.

Degigkenler Ortalama Standart Sapma  Gézlem Sayisi (Adet)
Arazinin Fiyat1 (TL) 7.60 4.529 60
Arazinin Yiizélciimi (Da) 17.46 15.141 60
Arazinin Ilce Merkezine Uzakhg (Km) 3.42 1.030 60
Arazinin Yerlesim yerine uzakligi (Km) 1.52 0.504 60

Cizelge2. Degigkenlere ait Istatistikler

Table 2. Statistics of Variables

Arazi 6zelliklerine ait alt gruplar, sayilar1 ve yuzdeleri

Faktorler Alt Gruplar N=60 %100
Egimli 5 8.3
.. o . Az egimli 19 31.7
Arazinin Egimi Diiz 36 60.0
- e 1w Sulu 50 83.3
Arazinin Sulanabilirligi Kuru 10 16.7
DSI kanalh 27 45.0
.. . Artezyen 5 8.3
Arazinin Sulama Kaynagi Dere vb. 20 333
Diger 8 13.3
0-2 km 6 10.0
s . . 2,1-4 km 6 10.0
Arazinin Ilge Merkezine Uzaklig1 4.1-6km 5 3.3
6km+ 43 71.7
.. . . . 1 km (Yakin) 29 48.3
Arazinin Yerlesim Yerine Uzaklig: 1.1-5 km uzak 31 517
. . Var 55 91.7
Arazi Ulagan Yolun Varligi Yok 5 3.3
Tlkokul 42 70.0
cp e e Tyees Ortaokul 4 6.7
Cift¢inin Egitim Durumu Lise 10 16.7
Universite 4 6.7
.. e Hisseli Milkiyet 30 50.0
Arazinin Miulkiyet Durumu Tam Miilkiyet 30 50.0
Dikdértgen 27 45.0
Arazinin Geometrik Sekli Yamuk 31 51.7
Uggen 2 3.3
Taghk 3 5.0
Arazinin Taghik Durumu Az taghk 6 10.0
Taglik degil 51 85.0
Arazinin Alim-Satimi1 Durumu Kolay 47 78.3
Zor 13 21.7
Araziye Belediye Hizmeti Verilme Durumu Faydalaniyor 16 26.7
Faydalanmiyor 44 73.3
Arazi Tapu Kaydinda Serh Olma Durumu Var 3 5.0
Yok 57 95.0
Arazinin Kiralanma Durumu Kolay 44 73.3
Zor 16 26.7
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Calismada olusturulan modelin 6zet sonuglar: Cizelge
3’ te verilmistir. Modelde bagimsiz degiskenlerin

bagimli  degiskeni %58,1 oraninda acikladig:
gérilmustir.
Model 1i¢in yapilan ANOVA testi Cizelge 4te

verilmigtir. Cizelge 4 incelendiginde ANOVA testinin
sonuglarina gore; olusturulan modelin timuyle
istatistiksel olarak anlamli oldugu belirlenmigtir

Cizelge 3. Model Ozet Cizelgesi
Table 3. Modal Summary Chart

(p<0.001). Bagimsiz degiskenlerin bagimli degisken
uzerinde etkili oldugu soylenebilir.

Model i¢in olusturulan hipotezlerde;

HO Bagimsiz degiskenlerden higbiri
degiskenleri agiklamamaktadir.

H1 Bagimsiz degiskenlerden en az bir tanesi
bagiml degiskeni anlaml olarak agiklamaktadar.

bagimli

Model R R2 Diizeltilmig R2 Durbin-Watson

1 0.790¢f 0.624 0.581 1.265

a. Bagimli degisken: Arazinin fiyat:

Cizelge 4. ANOVA Testi

Table 4. Test ANOVA
Model Kareler Toplam1 SerbestlikDerecesi  Kareler Ortalamasi  F Anlamhilhik
Regresyon 755.244 6 125.874 14.657 <0.0008
Kalint1 455.156 53 8.588
Toplam 1210.400 59

a. Bagimli degisken: Arazinin fiyati

Model i¢in regresyon analiz sonuglari Cizelge 5 te
gosterilmistir. Modelin test edilmesi i¢in g¢oklu
regresyon modeli kullanilmistir. Stepwise (adimsal)
yontem tercih edilmigtir. Coklu regresyon analizleri
yapilirken sorunlardan birisi de c¢oklu dogrusal
baglanti  sorunudur. Coklu regresyon analiz
sonuclarinda, varyans enflasyon faktéri (VIF-
Varyans Inflation Factor) ¢oklu dogrusal baglanti
sorununun tespiti noktasinda 6nemli bir géstergedir
(Bai ve ark., 2010; Adeboye ve ark. 2014).
Degigkenler arasinda baglant1 (collinearity)
problemini veya coklu dogrusal baglant1
(multicolinearity) problemini bagimsiz degigkenler
arasindaki  gucli  iliski  etkilemektedir. VIF
sonuclariin 10’ a esit ya da biyiik cikmas1 (VIF>10)
¢oklu baglanti sorununun oldugunu yansitmaktadir
(Albayrak, 2005). Cizelge 5 incelendiginde VIF
degerlerinin 10’ dan kigiik ve Tolerans degerleri 0.20
den yuksek degerde olmasi da c¢oklu dogrusal bir
iligkinin olmamas1 anlamina gelmektedir.

Bagimsiz degiskenlerden arazinin kiraya verilmesi,
¢iftginin egitim durumu, arazinin alim satim durumu,
arazinin geometrik sekli, arazinin miilkiyet durumu
ve Urin gesidi bagimli degisken olan arazi fiyatini
%58.1 diizeyinde anlamli bir gekilde agikladig:
gorilmustir. Mahalle, arazinin yliz6l¢gimi, arazinin
egimi, arazinin sulu kuru olmasi, arazinin sulama
kaynagi, arazinin ilge merkezine uzakligi, arazinin
yerlesim yerine uzakligi, araziye ulasan yolun varhg,
arazinin  taghk  durumu, arazinin belediye
hizmetlerinden yararlanma durumu ve arazinin tapu
kaydinda herhangi bir serh olma durumu
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degigkenleri ise bagiml degiskeni istatistiki acidan
anlaml bir sekilde agiklamadig tespit edilmisgtir.
Cizelge 5 incelendiginde bagimsiz degigkenlerden
arazinin kiraya verilmesi (Beta=-4.012, t=-3.676 ve
p=0.001) arazinin fiyat1 bagimh degiskeni {izerinde
anlamli ve negatif yonli bir etkisinin oldugu tespit
edilmigtir.  Ciftginin  egitim durumu bagimsiz
degiskeni (Beta=1.023, t=2.418 ve p=0.019) bagimh
degisken tuzerinde anlamhi ve pozitif yonli bir
etkisinin oldugu belirlenmigtir. Arazinin alim satim
durumu degiskeni (Beta=-2.257, t=-1.930 ve p<0.049
bagiml degisken lizerinde anlamh ve negatif yonla
bir etkisinin oldugu Dbelirlenmigtir. Arazinin
geometrik sekli bagimsiz degiskeni (Beta=2.730,
t=3.584 ve p=0.001) bagimli degisken iizerinde
anlamli ve pozitif yonli bir etkisinin oldugu tespit
edilmigtir. Arazinin milkiyet durumu bagimsiz
degiskeni (Beta=2.636, t=3.066 ve p=0.003) bagimh
degisken tuzerinde anlamhi ve pozitif yonli bir
etkisinin oldugu tespit edilmigtir. Uriin ¢esidi (Beta=-
0.292, t=-2.292 ve p=0.026) arazinin fiyat1 bagimh
degigkeni tlzerinde anlamli ve negatif yonli bir
etkisinin oldugu tespit edilmigtir.

Kirikkale ili Keskin ilgesinde, 1989-2007 yillar1
arasinda, tapuda satig1 yapilan 1148 adet tarim
arazisi ile ilgili olarak tarim arazisi fiyatinmi etkileyen
faktorleri tespit amaciyla bir anket c¢alismasi
yapmigtir. Tarim arazilerinde degere etki eden 2 ana
unsurun arazi ranti ve kapitalizasyon orani oldugunu
ortaya koymustur (Kog, 2011).
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Cizelge 5. Regresyon Analiz Cizelgesi
Table 5. Regression Analysis Chart

Standardize Edilmemis Standart Coklu Dogrusallik

Model Katsayilar Katsayilar t Anlamhilik &
B Standart Hata Beta Tolerans VIF

Arazinin Kiralanma -4.012 1.091 -0.395 -3.676 0.001 0.615  1.627
Durumu
Cift¢inin Egitim Durumu 1.023 0.423 0.225 2.418 0.019 0.822 1.216
Arazinin Ahm Satim -2.257 1.169 -0.207  -1.930 0.049 0.617  1.620
Durumu
Arazinin Geometrik Sekli 2.730 0.762 0.338 3.584 0.001 0.797 1.255
Arazinin Milkiyet Durumu 2.636 0.860 0.293 3.066 0.003 0.775 1.291
Uriin cesidi -0.292 0.127 -0.211  -2.292 0.026 0.836 1.196

a. Bagiml degisken: Arazinin fiyati

Izmir ili Menemen ilcesinde yapilan bir caligmada
sulu tarla arazilerinin degerine etki eden faktérlerin
diger degiskenler sabit olmak sartiyla arazinin pazar
degerini olumlu yonde en ¢ok etkileyen degiskenin
parselin miistemilat durumu oldugunu ve bu durumu
parselin toprak ozellikleri ve parsel buytikligu takip
etmistir (Cosar & Engindeniz, 2013).

Samsun ili Ladik il¢esinde arazi fiyatlarini dogrudan
ve dolayh etkileyen faktorler aragtirilmigtir. Verim ve
sulamanin tarim arazisinin fiyatin1 olumlu yoénde
etkilerken, kéye ve anayolu uzaklik, taglilik ve egim
arazi fiyatina olumsuz yonde etkisi oldugu
belirtilmistir (Bager ve ark., 2019).

Ankara ili Evren ilgesinde yapilan bir ¢calismada arazi
degerinin etkilendigi faktorleri; arazinin
verimliliginin %19.63, arazi genigligi %9.60, arazi
sekli %4.47, arazi egimi %3.63, arazinin yola uzakhig:
%2.57, arazi konumunun yerleske yerlerine mesafesi
%2.84, arazi olanaklarinin sulamaya elverigliliginin
%30.38, arazi satis hareketlerinin %3.31, arazi
mevkisinin kadastro gérme durumunun %2.70, arazi
alaninin yol ile cephesini durumunun %2.80 ve
arazinin toprak ozelliklerinin %18.06 etkili oldugu
bildirilmistir (Bayramoglu & Ozdemir, 2021).

Konya' nmin Cumra ilgesindeki tarimsal arazilerin
degerinde etkili faktorlerin belirlenmesinde; arazi
kullanim kabiliyeti sinifi %24.22, bitki értiist %23.31,
jeolojik yap1 %11.33, kirsal merkeze mesafesi %7.74,
yola uzaklik %7.74, sulama kanalina uzakhik %17.92
ve ilgenin merkezine olan mesafesi %7.74 gibi
faktérlerin énemli oldugu bildirmislerdir (Karakayaci
ve ark., 2016).

SONUC

Calismada elde edilen sonuglara gére Erzurum ili
Pasinler ilgesine baghh 14 mahallede tarim
arazilerinin degerine etki eden faktoérler igin bir
model  olusturulmustur.  Olusturulan  modelde
degigskenlerden arazinin kiraya verilme durumu,

¢ift¢inin egitim durumu, arazinin alim satim durumu,
arazinin geometrik sekli, arazinin milkiyet durumu
ve urun c¢esidi, arazinin fiyatin1 %58.1 dizeyinde
anlaml bir sekilde agikladig1 gérulmustir.

Bagimsiz degiskenlerden mahalle, arazi yluzoél¢imi,
arazl egimi, arazinin sulu kuru olmasi, arazinin
sulama kaynagi, arazinin ilge merkezine uzaklig,
arazinin yerlesim yerine uzakligi, araziye ulasan
yolun varligi, arazinin tashk durumu, arazinin
belediye hizmetlerinden yararlanmasi ve arazinin
tapu kaydinda herhangi bir serh olma durumu

degigkenleri, arazi fiyatim istatistiksel acidan
anlamh olarak agiklamadigi belirlenmistir.
Calisma sonuglarn tarimsal arazi degerlemesi

alaninda calisan kisi ve kurumlara yol goésterici bir
nitelik tagimaktadir. Ayrica konuyla ilgili literatiire
de katki saglayacag: dustiniilmektedir.

Aragtirmacilari Katk: Orani1 Beyan Ozeti
Yazarlar makaleye esit oranda katki saglamigtir.

Cikar Catigmasi Beyani
Makale yazarlar1 aralarinda
catismasi bulunmamaktadar.
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ABSTRACT

The investigation of two sour cherry genotypes such as the SC genotype,
a small-fruited wild sour cherry, and the LC genotype, a large-fruited
cultivated sour cherry, for antimicrobial, mutagen, antimutagen, and
antioxidant activities, and bioactive compounds was aimed. Total
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phenolic, flavonoid, and ascorbic acid contents, antioxidant activity Received 120.09.2023
(DPPH, ABTS, FRAP), phenolic, sorbic, benzoic acids, sugar contents, Accepted 1 08.02.2024

and antibacterial activities (agar well diffusion, MIC, MBC, and MTC)

were studied. Additionally, Salmonella typhimurium revision tests were Keywords

made. The SC genotype had higher values for total phenolic, flavonoid, Phenolic acid,

and ascorbic acid contents than the L.C genotype. Similarly, antioxidant Minimum inhibition
activity was found to be higher in the SC genotype. The dominant concentration,

phenolic acids in both sour cherry genotypes were succinic acid and rutin Minimum bactericidal
trihydrate among the phenolic acid contents. While benzoic acid, sorbic concentration,

acid, and sucrose could not be detected in both genotypes, glucose and Mutagen/antimutagen,

fructose contents were higher in the LC genotype. Bacillus spizizenii Antioxidant

ATCC 6633 was the most sensitive bacteria to both sour cherry extracts,
and a weaker antibacterial activity was observed in the other test
bacteria. In addition, no mutagenic and antimutagenic activities were
found in both sour cherry genotypes. The SC genotype, a wild sour cherry,
contains more bioactive components and exhibits higher antioxidant
activity than the LC genotype, a cultivated variety. Consequently,
because of its contents and biological activities, sour cherry has the
potential to play a supportive role in human health.

Yabani ve Kiiltlire Alinmig Vigne Genotiplerinin Biyokimyasal, Mikrobiyolojik ve Toksikolojik
Ozelliklerinin Kargilagtirilmasi

OZET Gida Bilimi

Bu ¢alismada kii¢lik meyveli yabani bir visne olan SC genotipi ve biiytik

meyveli bir kiiltir visnesi olan LC genotipi olmak tizere iki vigne Aragtirma Makalesi
genotipinin antimikrobiyal, mutajen, antimutajen ve antioksidan

aktivite ve biyoaktif bilesenler yoninden arastirilmasi amag¢lanmistir. Makale Tarihgesi
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benzoik asit, seker icerikleri ve antibakteriyel aktiviteler (agar kuyu
difizyon, MIC, MBC ve MTC) yéniinden incelenmistir. Ayrica,
Salmonella typhimurium revizyon testleri yapilmigtir. Sonuglara gére SC

Anahtar Kelimeler
Fenolik asit,

genotipinin toplam fenolik, toplam flavonoid ve askorbik asit igerikleri Minimum inhibisyon
acisindan LC genotipine gore daha yiiksek degerlere sahip oldugu konsantrasyonu,

gorulmustur. Benzer sekilde SC genotipinde antioksidan aktivitenin Minimum bakterisidal
daha ylksek oldugu belirlenmistir. Her iki vigsne genotipinde baskin konsantrasyon,

fenolik asitlerin siiksinik asit ve rutin trihidrat oldugu belirlenmigtir. Mutajen/antimutajen,

Benzoik asit, sorbik asit ve sakkaroz her iki genotipte de tespit Antioksidan

edilememigken; LLC genotipinde glikoz ve fruktoz icerikleri daha yliksek
bulunmustur. Bacillus spizizenii ATCC 6633nin her 1ki visne
ekstraktina karsi en duyarh bakteri oldugu tespit edilmis ve diger test
bakterilerinde daha zayif bir antibakteriyel aktivite gozlenmistir. Ayrica
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her iki vigsne genotipinde de mutajenik ve antimutajenik aktiviteye
rastlanmamigtir. Yabani visne olan SC genotipinin, kiltiire alinan bir
cesit olan LLC genotipine gére daha yiiksek miktarda biyoaktif bilesen
icerdigi ve daha yiiksek antioksidan aktivite gosterdigi goérulmuistir.
Sonug olarak vigne, sahip oldugu icerik ve biyolojik aktiviteleri nedeniyle
insan saglhigini destekleyici rol oynayabilecek potansiyele sahiptir.
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INTRODUCTION

Sour cherry (Prunus cerasus L.) is a sour, stone fruit
from the Rosaceae family (Ferretti et al., 2010). It took
its name (cerasus) from "Kerasus" which is the old
name of the Giresun Province of The Black Sea Region
of Turkiye and its homeland is the North Anatolian
mountains (Anonymous, 2008). It also grows in many
parts of the world such as Europe, North America, and
Asia (Wojdylo et al., 2014). Due to its acid/sugar ratio,
sour cherry has a characteristic sour taste, which
limits its consumption as fresh fruit (Yilmaz et al.,
2019). So, sour cherry is generally consumed as jam,
marmalade, and fruit juice and has recently been used
in the production of vinegar and alcoholic beverages.
Sour cherry is one of the fruits that are rich in phenolic
substances, especially anthocyanins, and its unique
color is due to the anthocyanins it contains (Chandra
et al.,, 1992). Biochemical contents such as total
phenolic substance and total anthocyanin content
(Kim et al., 2005) differ according to the cherry variety.

In studies on the effects of sour cherry and cherry juice
on human health, it has been reported that the
consumption of sour cherry juice may be beneficial in
regulating sleep quality in adults with insomnia
(Pigeon et al., 2010) and it may reduce the average
serum triglyceride amount, the very low-density
lipoprotein (VLDL) amount and triglyceride to high-
density lipoprotein cholesterol (TG/HDL) ratio, and the
amount of serum uric acid, which is a risk indicator of
inflammation and cardiovascular diseases (Martin et
al., 2011). Similarly, the consumption of sour cherry
juice can significantly reduce the loss of strength and
pain caused by exercise (Connolly et al., 2006) and
post-race pain in runners (Kuehl et al., 2010).

In this study, the antibacterial, antioxidant, mutagen,
and antimutagenic activities of two sour cherry
genotypes such as the SC genotype, a small-fruited
wild sour cherry, and the L.C genotype, a large-fruited
cultivated sour cherry, were evaluated and compared.
Moreover, total phenolic, total flavonoid, and total
ascorbic acid contents and phenolic, sorbic, benzoic
acids, and sugar contents of these sour cherries’
genotypes consumed for different purposes by the local
people were investigated and compared. The main
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reason for the preference of these samples is that sour
cherry genotypes grown in Posof (Ardahan/Tiirkiye)
have not been studied before.

MATERIALS AND METHODS
Cherry Samples

Two sour cherry genotypes such as the SC genotype
which is a small-fruited wild sour cherry and the LC
genotype which is a large-fruited cultivated sour
cherry grown in Posof where there are suitable
conditions for fruit-growing activities due to
microclimatic properties of Ardahan in Eastern
Anatolia region of Turkiye were used in this study. The
SC genotype has fruit that is about two times smaller
than the L.C genotype. Fruit samples of two sour cherry
genotypes were collected from Posof
(Ardahan/Tiirkiye) in the harvest period of 2019 and
brought to the laboratory under appropriate conditions
and stored at +4 °C.

Extract Preparation

The stems, leaves, and seeds were removed from fruit
samples. Extraction was carried out as previously
described (Erbil et al.,, 2020). The filter-sterilized
aqueous extracts were stored at -20 °C and they were
used in antibacterial and mutagenic/antimutagenic
activity tests.

For the extract prepared to be used in total phenolic
and flavonoid content and antioxidant activity tests, 2
g of fresh fruit sample was homogenized with 20 ml of
methanol (80%), and the resulting mixture was kept in
a shaker (ACMI 006) at +4 °C for 24 hours. Afterward,
it was centrifuged for 10 min at 5000 rpm, and then
the supernatant was collected. For the total ascorbic
acid measurements, the supernatant obtained by using
the same extraction method with oxalic acid (0.4%) was
used instead of methanol.

Determination of Total Phenolic Content

Using the Folin-Ciocalteu method (Spanos & Wrolstad,
1992), the total phenolic content was determined. The
absorbance was measured at 750 nm in a UNICO
S1205 Visible Spectrophotometer. Using the gallic acid
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standard, the total phenolic content was calculated
()=0.863x+0.134, R?=0.998). All tests were performed
in triplicate.

Determination of Total Flavonoid Content

The total flavonoid contents of sour cherry genotypes
were determined according to the method developed by
Quettier-Deleu et al. (2000) using a UNICO S1205
Visible Spectrophotometer at 415 nm. Using the
routinely prepared calibration curve, the total amount
of flavonoid substance was calculated
(y=0.021x+0.040, R?=0.999). All tests were performed
in triplicate.

Determination of Total Ascorbic Acid Content

Total ascorbic acid contents of sour cherry genotypes
were determined spectrophotometrically (UNICO
S1205 Visible Spectrophotometer) (AOAC, 1990) and
the absorbance values were measured at 520 nm. The
total amount of ascorbic acid content was calculated
using the calibration curve. All tests were performed
in triplicate.

Determination of Antioxidant Capacity

DPPH (2,2-diphenyl-1-picrylhydrazyl) assay

DPPH free radical scavenging activity was performed
according to methods suggested by Bakhshi and
Arakawa (Bakhshi & Arakawa, 2006). The absorbance
was read in a spectrophotometer (UNICO S1205
Visible Spectrophotometer) at 515 nm. Trolox was used
as an antioxidant standard. The IC50 was calculated
from a graph of inhibition against the different
concentrations. All tests were performed in triplicate.

ABTS  [2,2-azino-bis
sulfonic acid)] assay

(3-ethylbenzothiazoline-6-6-

ABTS free radical scavenging activity was determined
according to the method suggested by Re et al. (1999).
The absorbance was measured spectrophotometrically
at 734 nm (UNICO S1205 Visible Spectrophotometer).
Trolox was used as an antioxidant standard. The IC50
was calculated from a graph of inhibition against the
different concentrations. All tests were performed in
triplicate.

FRAP (ferric ion reducing antioxidant power) assay

The FRAP method was performed according to Benzie
& Strain (1996). The absorbance was measured at 593
nm. The standard curve was prepared using FeSO4
solution (100-1000 pl) (y=0.0011x0.0029, RZ0.999.
The results were calculated in terms of “pmol Fe (IT) g
1 All tests were performed in triplicate.

Phenolic Acid Analysis
Fruit samples were used fresh in the analysis and the
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juice was squeezed. 5 ml of cherry juice samples were
taken, and it was completed with methanol up to its
volume in a 25 ml. The filtrate was filtered through a
0.45 pl syringe tip microfilter. Phenolic acid analyses
were performed with SHIMADZU-LCMS/MS 8040 and
Inertsii  ODS-4  (3umx2.1mmx50mm)  column.
Methanol (B) and ammonium acetate (ImM)-acetic
acid (0.02%) solution (A) were used as the mobile
phase. The flow rate was 0.4 ml minl, the column
temperature was 40 °C, and the injection volume was
10 pl. Additionally, the nebulizing gas flow was 2.9 1
min’l, the drying gas flow was 15 1 minl, the DL
temperature was 400 °C, and the heat block
temperature was 250 °C.

Benzoic and Sorbic Acid Analyses

In the analysis, sour cherry samples were used fresh,
and the juice was squeezed. 5 ml of cherry juice
samples were taken. 17.5 ml methanol was added, and
it was completed with ultrapure water up to its volume
in a 50 ml. After mixing well, the solution was filtered
through filter paper and then the filtrate was filtered
through a 0.45 pl syringe tip microfilter. Bezoic and
sorbic acid analyses were made via Shimadzu/LC-
20AD HPLC and DAD (Diode Array Detector) was
used as the detector. Inertsil ODS-3 column
(5umx4.6mmx150mm) was used as the column.
Acetonitrile/water (80/20) was used as the mobile
phase. The injection volume was 20 ul, the column
temperature was 30 °C, the flow rate was 1 ml min,
and the processing time was 10 minutes.

Sugar Analysis

The sour cherry samples were used fresh in the
analysis and the juice was squeezed. 3 ml of
acetonitrile/water (80/20) solution was added to 1 ml of
fresh cherry juice samples and the mixing solution was
filtered through a 0.45 pl syringe tip microfilter. Sugar
analyses were made by Shimadzu/ LC-20AD HPLC.
RID (Refractive Index Detector) and Inertsil NH2
column (5umx4.6mmx250mm) were used.
Acetonitrile/water (80/20) was used as the mobile
phase. The flow rate was 1.3 ml min!, the column
temperature was 40 °C, the injection volume was 20 ul,
and the processing time was 25 min.

Determination of Antibacterial Activity

Antibacterial activities of sour cherry extracts were
studied by agar well diffusion, minimum inhibition
concentration (MIOC), minimum bactericidal
concentration (MBC), and maximum tolerable
concentration ~(MTC)  methods.  Pseudomonas
aeruginosa ATCC 9027, Klebsiella pneumoniae ATCC
33495, Enterobacter aerogenes ATCC 13048,
FEscherichia coli ATCC 8739, Bacillus spizizenii ATCC
6633 (American Type Culture Collection, Manassas,
VA) were used as test microorganisms.
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Muller Hinton Agar (MHA) (Merck, Germany) was
used as the medium for the agar well diffusion method
(Hufford et al., 1975) and wells with a diameter of 10
mm were prepared. 150 pul of each sour cherry extract
was added to the wells, and erythromycin was used as
a positive control. Petri plates were incubated at 37 °C
for 48 hours and inhibition zones were measured with
the help of a digital caliper. All tests were performed
in triplicate.

Minimum inhibition concentration (MIC) was
determined by the broth microdilution method
(Abbasoglu et al., 1995; Duman et al., 2016). Muller
Hinton Broth (MHB) (Merck, Germany) was used as
the medium and sour cherry extracts were diluted
(7.43-0.0290 mg ml?! for LC genotype, 8.2-0.0320 mg
ml1 for SC genotype). 16-hour bacterial cultures were
adjusted according to the 0.5 McFarland standard and
all plates were incubated at 37 °C for 18 hours. After
the incubation, 0.5% 2,3,5-triphenyl tetrazolium
chloride (TTC) solution was added to each well and the
well in which no colour change was observed was
determined as MIC.

To determine the minimum bactericidal concentration
(MBC), 10 pl of samples were taken from each of the
wells in which no bacterial growth was observed and
inoculated on Muller Hinton Agar medium and
incubated for 24-48 hours at 37 °C. The highest extract
dilution providing 99% Dbacterial inhibition was
determined as MBC (Erkmen, 2016).

The highest extract concentration, which does not
affect bacterial growth, was determined as the
maximum tolerable concentration (MTC) (Erkmen,
2016).

Determination of Mutagenic and Antimutagenic
Activities

The mutagenic activities of aqueous sour cherry
extracts were performed according to the plaque
incorporation method suggested by Maron and Ames
(Maron & Ames, 1983) in the absence of an S9 mix. The
pre-incubation test of the Salmonella/Microsome test
was also applied to investigate the antimutagenic
effects of extracts in the presence of S9 mix (Maron &
Ames, 1983). To determine the mutagenic and
antimutagenic activities, Sa/monella typhimurium TA
98 and Salmonella typhimurium TA 100 strains were
used as test microorganisms. While 4-Nitro-O
phenylenediamine (4-NPD; Product Number: 1088898-
5@, Sigma Aldrich, St. Louis, MO, USA) was used as a
positive control for TA 98 (10 pg/plate), sodium azide
(SA; Cat. No. S 2002, Sigma Aldrich) was used as a
positive control for TA 100 (100 pg plate?). In addition,
2-aminofluorene (2-AF) (cat. no A-9031; Sigma) was
used as a positive mutagen (20 pg/plate) in the
presence of S9 mix in both TA 98 and TA 100 test
strains. Plates were incubated at 37°C for 48-72 hours,
and then his+ revertant bacterial colonies were
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counted on the plates. All tests were performed in
triplicate.

Statistical Analysis

The results of this study were analyzed by the SPSS
statistical analysis package program (version 25) and
results were presented as “mean + standard deviation”.
The statistical data were subjected to the analysis of
the t-test. The differences at p<0.05 were considered
statistically significant. According to the Shapiro-Wilk
test, the data of the mutagenic and antimutagenic
activity tests showed a normal distribution. Using the
SPSS software, these data were analyzed by one-way
ANOVA, followed by Dunnett’s test, with p< 0.05,
being statistically significant.

RESULTS and DISCUSSION

Sour cherry is rich in bioactive components, and its
health-promoting effects are associated with these
components (Yilmaz et al., 2019). The phenolic content
of sour cherry is affected by factors such as
temperature, light, and fruit maturity level (Ferretti et
al., 2010).

The total phenolic, total flavonoid and total ascorbic
acid contents were determined as 176.9 mg 100g, 70.3
mg 100gt and 342.7 mg 100g!, respectively, and these
values were statistically higher than the values of the
LC genotype V(p<0.05) in this study (Table 1). Piljac-
Zegarac and Samec (2011) established that while the
total phenolic contents of sour cherry fruits were
176.73-291.39 mg GAE 100g! FW, total flavonoid
contents were found as 97.45-130.13 mg CE 100g! FW.
In another study, total phenolic content was reported
as 235.81 and 340.80 mg GAE 100g! FW in two sour
cherry cultivars (Kazazic et al., 2022).

The phenolic compounds in herbal products have
antioxidant activity as well as beneficial effects on
health because thanks to the scavenging feature of free
radicals, they can prevent the damage caused by
reactive oxygen. In addition to their antioxidant
properties, these compounds also affect many sensory
properties of foods, especially colour, astringency, and
flavour (Garcia-Parrilla et al., 2016). Polyphenols have
potential antioxidant properties since they have a
phenolic ring that can stabilize and replace the
unpaired electrons in the aromatic ring (Qiu et al.,
2010). Antioxidant activity may vary according to the
number and binding sites of hydroxyl (-OH) groups
attached to the structure (Heim et al., 2002).

Different plants may have different levels of
antioxidant activity (Can Agca et al., 2023; Seker and
Karacelik, 2023). In this study, in parallel with the
phenolic contents, ABTS (ICs0) and FRAP values were
found to be statistically higher in the SC genotype
(30.22 pg/ml and 234.8 pmolFell g1, respectively) than
the LC genotype (20.77 ug/ml and 211.4 pmolFell g1,
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respectively). However, there was no statistically cherry had an antioxidant effect (Wang et al., 1999;
significant difference between samples in DPPH Traustadottir et al., 2009; Damar and Eksi, 2012;
radical scavenging activity results (p<0.05) (Table 1). Bonerz et al., 2007; Blando et al., 2004).

It was also reported in previous studies that the sour

Table 1. Bioactive components and antioxidant activities of sour cherry genotypes
Cizelge 1. Vigne genotiplerinin biyoaktif bilesenleri ve antioksidan aktivitesi

Total Phenolic Total Flavonoid  Total Ascorbic ABTS DPPH FRAP
Content Content Acid Content (ICs0) (ICs0) (umolFell g1)
(mg 100g) (mg 100g1) (mg 100g1) ng/ml ng/ml

LC genotype 143.7+£6.13b 65.1+2.9> 298.2+12.8b 20.77+1.6> 23.744+1.32 211.4+12.3P

SC genotype 176.9+13.52 70.3+£0.992 342.7+18.52 30.2240.92  25.36+1.52 234.8+13.92
Different letters (a-b) shown in the same column show statistical differences according to the test (p<0.05)
Herbal phenolics have an antimicrobial effect on in Table 2. As a result of the analyses, Bacillus
microorganisms, and this effect is significant in spizizenii ATCC 6633 was the most sensitive
eliminating food-borne pathogens (Kolodziejczyk et al., bacterium among the test bacteria and the highest
2013; Demirdéven et al., 2015). The results of the antibacterial effect was developed against this
antibacterial activity of the LC genotype are presented microorganism. It is observed that the antibacterial

effects against other test bacteria were weaker.

Table 2. Antibacterial effects of the LC genotype
Cizelge 2. LC genotipinin antibakteriyel etkisi
Inhibition Zone (mm) MIC (mg ml'Y) MBC (mg ml') MTC (mg ml)

Bacillus spizizenii ATCC 6633 34.0067+ 0.23 0.2321 0.2321 0.1160
Escherichia coli ATCC 8739 - 3.715 7.43 1.8575
Klebsiella pneumoniae ATCC 33495 13.23+ 0.4464 3.715 7.43 1.85.75
Enterobacter aerogenes ATCC 13048 - 3.715 7.43 1.8575
Pseudomonas aeruginosa ATCC 9027  17.0667+ 0.4860 3.715 7.43 1.8575
The results of the antibacterial activity of the SC caries. In another study, it was reported that the oil
genotype are presented in Table 3. It was observed that obtained from the cold-pressed sour cherry seeds was
Bacillus spizizenii ATCC 6633 was also the most effective on Staphylococcus aureus (Basyigit et al.,
sensitive bacterium among test bacteria similar to the 2021). Additionally, it was reported that sour cherry
LC genotype and the antibacterial effects against the had an antifungal effect against some food-borne
other test bacteria were weaker. Homoki et al (2018) mould species (Tomar et al., 2022). When the results
reported that sour cherry extract was effective on obtained from this study and the results obtained from
Streptococcus mutans and that chewing gum with sour previous studies are evaluated together, it is concluded
cherry extract may be beneficial in preventing dental that sour cherry has an antimicrobial effect against

different microorganisms at different rates.
Table 3. Antibacterial effects of the SC genotype
Cizelge 3. SC genotipinin antibakteriyel etkisi
Inhibition Zone (mm) MIC (mg ml') MBC (mg ml') MTC (mg ml'l)

Bacillus spizizenii ATCC 6633 34.88+ 0.3364 1.025 1.025 0.5125

FEscherichia coli ATCC 8739 - 4.1 8.2 2.05

Klebsiella pneumoniae ATCC 33495 - 4.1 8.2 2.05

Enterobacter aerogenes ATCC 13048 - 8.2 8.2 4.1

Pseudomonas aeruginosa ATCC 9027 14.58+ 0.6753 4.1 8.2 2.05
Interest in bioactive phytochemicals obtained from both SC and LC genotypes (75.3 mg L' and 45.4 mg L-
natural sources is increasing day by day (Serra et al., 1 respectively) (Figure 1), followed by rutin trihydrate
2010). Polyphenols have protective effects against (27.15 mg L%, 22.2 mg L1, respectively) (Figure 2). In
some diseases such as cancer, coronary, and a previous study, rutin was determined as 0.22 mg L!
cardiovascular diseases and reduce the tendency to in sour cherry fruit (Tomar et al., 2022). In another
these diseases (Cilek et al., 2012). The phenolic acids study, it was found that the main phenolics in sour
of LC and SC genotypes of sour cherry were evaluated, cherry were flavonols such as catechin, epicatechin,
and results were presented in Table 4. According to the quercetin-3-glucoside, quercetin-3-rutinoside,
results, succinic acid was the main phenolic acid in camferol-3-rutinoside (Goncalves et al., 2004).
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Table 4. Phenolic acids of the LLC and SC genotypes
Cizelge 4. LC ve SC genotiplerinin fenolik asit icerigi

Phenolic Acid LC Genotype SC Genotype
Caffeic acid 493.7 pg L1 485 pg L1
Resveratrol - -
Rutin trihydrate 22.2 mg L' 27.15 mg I,'1
Sinapic acid - -
Quercetin 674 pg L1
Gallic acid - -
Transferulic acid 255.7 pg L1 184.3 ng L1
p-coumaric acid 132.3 ng L1 705.6 ng L1
Vanillic acid 803.3 pg L1 473 pg L?
Naringin - -
Succinic acid 45.4 mg LL'! 75.3 mg L1

While the SC genotype had higher amounts of rutin
trihydrate (27.15 mg L'1), p-coumaric acid (705.6 ng L
1), and succinic acid (75.3 mg L'1); the LC genotype
contains more caffeic acid (493.7 pg L), transferulic
acid (255.7 pg LY, and vanillic acid (803.3 ng L'1). SC
genotype included 674 pg L1 of quercetin, but the LC
genotype did not. Similarly, quercetin was found to be
0.63 mg L1 in Prunus cerasus fruit (Tomar et al.,
2022). Quercetin is an important bioflavonoid
(Lakhanpal et al., 2007) and because of its
pharmacological effects on mammalian cells and
tissues, it is considered health-promoting and disease-
preventing (Block, 1992).

Resveratrol, sinapic acid, gallic acid, and naringin
were not detected in both sour cherry genotypes, in this
study. The phenolic and flavonoid contents of plants
and fruits can be easily affected and changed by many
factors such as climatic conditions, soil structure,
geographical factors, etc. So, it is expected that the
bioactive components and their amounts of fruit
samples grown in different geographical conditions at
different times may vary.

According to the result of sorbic and benzoic acid
analyses, both genotypes had no sorbic and benzoic
acids. Different amounts of glucose and fructose were
determined, and it was observed that both glucose and
fructose values of the LC genotype (73.672 g L1 and
40.942 g L1, respectively) were higher than SC
genotype (68.270 g L't and 34.046 g L1, respectively).
However, it was determined that neither genotype had
any sucrose (Table 5). It was reported that the fructose
contents of sour cherry cultivars were between 16.1-
18.3 mg 100g! DW and glucose contents were between
46.1-56.4 mg 100g1 DW (Wojdylo et al., 2021). In
another study, fructose and glucose contents were
determined as 3.98 ug g and 6.03 pg g'! (respectively)
in wild sour cherry (Karaat et al., 2019).

Due to the various biological activities of plants, the
interest in herbal products has increased considerably
in recent years. However, plant cells contain varying
amounts of different phytochemicals, and their
consumption above a certain dose can create toxic or
mutagenic activity in humans (Wan-Ibrahim et al.,

2010). The mutagenicity tests of the LC and SC
genotypes were investigated on  Salmonella
typhimurium TA 98 and TA 100 strains (Table 6). Four
different concentrations of both sour cherry extracts
(10, 20, 40, 80 uL plate!) were determined via
preliminary works and used in analyses. As a result of
the analyses, no mutagenic effect was detected against
TA 98 and TA 100 strains at any doses of both sour
cherry genotypes.

Table 5. Sugar contents of LC and SC genotypes
Cizelge 6. LC ve SC genotiplerinin seker igerikleri
LC Genotype (g L'1) SC Genotype (g L)

Glucose 73.672 68.270
Fructose 40.942 34.046
Sucrose - -
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Antimutagenicity tests of LC and SC genotypes of sour
cherry were investigated on Salmonella typhimurium
TA 98 and TA 100 strains in the presence of the S9 mix
(Table 7). According to the results of the pretesting,
four different concentrations of both sour cherry
extracts (10, 20, 40, 80 pL plate'!) were determined and
used in analyses. As a result of the analyses, no
antimutagenic effect was detected against TA 98 and
TA 100 strains at any doses of both sour cherry
genotypes. It was reported that sour cherry inhibited
tumour development in mice and the proliferation of
colon cancer cells in humans (Kang et al.,, 2003;
Traustadottir et al., 2009). The antimutagen activity
was found in previous studies for different fruit
samples. The different doses of aqueous extracts of
Kizil, Giigiim, Banda, and Deveci pears (Erbil et al.,
2018) and different doses of methanolic extracts of
apple leaves exhibited antimutagenic activity (Erbil et
al., 2020).

CONCLUSIONS

Because of their health-promoting and disease-
preventing effects, plants, plant-derived materials,
and fruits have been used by humans for different
purposes for centuries. Especially fruits have an
essential place in the human daily diet. Nowadays,
many fruits are considered functional foods due to
their bioactive compounds and biological activities.

One of these fruits is sour cherry, which has a wide
range of uses. In this study, the bioactive components
and various biological activities of two sour cherry
genotypes grown in Posof/Ardahan (Tiirkiye), which
have not been studied previously, were evaluated.
Succinic acid and rutin trihydrate were the most
dominant phenolic acids in these sour cherry
genotypes. In addition, sour cherry extracts possessed
antioxidant and antibacterial activities but did not
show any mutagen and antimutagen effects. Based on
these results, it may be said that sour cherry has
health-supporting effects for humans and may be
considered a functional food.
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Figure 1. Chromatograms of succinic acid of the LLC and SC genotypes, a: Calibration curve, b: Chromatogram of
standard solution, ¢: Chromatogram of SC genotype, d: Chromatogram of L.C genotype

Sekil 1. LC ve SC genotiplerinin suksinik asit kromatogramlari, a’- Kalibrasyon egrisi, b: Standart soliisyonun

kromatogrami, ¢’ SC genotipinin kromatogrami, d: LC genotipinin kromatogrami
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Table 6. The mutagenic effects of LC and SC genotypes (in the absence of S9 mix)
Cizelge 7. LC ve SC genotiplerinin mutajenik etkisi (S9 mix yoklugunda)
Sour Cherry Genotypes TA 98 TA 100
Mean + Sd*
Control 19.00 + 2.65 116.0+12.5
Positive Control 6329 + 444 3969 + 220
LC Genotype 10 14.00 £ 2.89 79.33 +£ 7.22
20 12.00 £ 0.577 113.33 + 8.69
40 14.00 + 2.52 115.7+10.4
80 20.67 + 3.33 117.00 £ 5.29
Control 19.00 + 2.65 116.0 + 12.5
Positive Control 6329 + 444 3969 + 220
SC Genotype 10* 23.00 + 3.21 135.7 £ 30.1
20 18.00 £ 3.21 138.3 £ 28.7
40 21.00 £ 2.08 77.33 +4.63
80 17.33 £ 4.06 60.00 + 8.50

*Sd: Standard deviation; **: Concentration of sour cherry extracts (uL plaque); 4-NPD for TA 98 and SA for TA 100 were used

as positive controls

Table 7. The antimutagenic effects of LC and SC genotypes (in the presence of S9 mix)

Cizelge 8. LC ve SC genotiplerinin antimutajenik etkisi (S9 mix varliginda)

Sour Cherry Genotypes TA 98 TA 100
Mean + Sd*

Control 57.0+ 16.2 119.7 + 22.6
Positive Control 402.0 £ 60.4 571+ 122

LC Genotype 10** 463.0 £ 72.9 442.0 +£ 22.5
20 347.0 £ 62.5 612.0 £ 65.0
40 265.0 + 54.6 414.0 + 36.9
80 303.0 £ 59.6 410.0 + 42.6
Control 57.0+16.2 119.7 £ 22.6
Positive Control 402.0 + 60.4 571+ 122

SC Genotype 10* 699.0+ 33.4 690.0 + 39.0
20 276.0 £ 21.7 392.0+11.1
40 525.0 £ 52.8 403.0 £ 79.2
80 240.0 £ 21.0 373.0 £ 58.2

*Sd: Standard deviation; **: Concentration of sour cherry extracts (uL plaque); 2AF was used as positive controls for TA 98
and TA 100
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ABSTRACT

This is due to approaching the upper limits of the harvest index. The
study aimed to determine the effect of sowing density (SD) practices
on BY in the Central Anatolian Region and the use of normalized
vegetation index (NDVI) values in estimating BY easily. Field trials
were carried out for three consecutive years in rainfed and irrigated
conditions in Eskisehir between 2012 and 2015. Four different SDs
(Sparse, Ordinary, High, and Very High) were applied to six winter
wheat cultivars. Biomass samples were taken during flowering and
harvesting periods. NDVI values were measured using the Green
Seeker Handhold Sensor (GSHS) tool during the flowering period. In
both conditions, the correlation between the NDVI values during the
flowering period and the biomass yields obtained during the
harvesting period was found to be positive and significant (in rainfed
conditions (R = 0.837), in irrigated conditions (R = 0.786)). To obtain
high BY, it is recommended that to be sowed with High SD in rainfed
conditions, and Ordinary SD practices in irrigated conditions.
Considering the varieties, Alpu 2001 and Harmankaya-99 stand out
from the others in terms of getting high biomass yield in both
conditions. In addition, it was determined that the GSHS is a reliable
tool that can be used for the estimation of BY.

OZET

Bu calismanin amaec, ig: Anadolu Bolgesinde ekim sikligi(ES)
uygulamalarinin BV'ye etkisini ve BV'nin kolayca tahmin edilmesinde
normalize edilmis bitki indeksi (NDVI) degerlerinin kullanimini
belirlemektir. Tarla denemeleri 2012-2015 yillar1 arasinda arka
arkaya g yil siireyle yagmura bagiml ve sulu kogullarda Eskigehir'de
yapilmigtir. Alt1 adet kighik bugday ¢esidine dort farkli ekim sikligi
(Seyrek, Siradan, Yiiksek ve Cok Yiiksek) uygulanmigtir. Biyokiitle
ornekleri c¢iceklenme ve hasat donemlerinde alinmigtir. NDVI
degerleri c¢iceklenme doneminde Green Seeker Handhold Sensor
(GSHS) cihaz1 kullanilarak 6lcilmiistiir. Her iki kosulda da
ciceklenme dénemindeki NDVI degerleri ile hasat déneminde elde
edilen BV’leri arasindaki korelasyon pozitif ve istatistiksel olarak
énemli bulunmustur (yagmura bagimli kosullarda (R = 0,837), sulu
kogullarda (R = 0,786)). Yiiksek BV elde etmek icin cesitlerin yagish
kogullarda Yiiksek ES uygulamasiyla, sulu kogullarda Normal ES
uygulamasiyla ekilmesi onerilir. Cegitler arasinda Alpu 2001 ve
Harmankaya-99 c¢esitlerinden her iki kosulda da yiiksek verim
alinmigtir. Ayrica GSHS'min BV tahmini ig¢in kullanilabilecek
giivenilir bir ara¢ oldugu belirlenmistir.
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INTRODUCTION

Bread wheat (7Triticum aestivum L.) is an ancient

nutritionally important field crop grown worldwide. It
is also the most widely used crop for making bread,
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which is one of the most consumed foods worldwide and
has a sacred status in many religions (Shewry, 2009).
Knowledge of the various physiological traits
associated with genetic gains in yield potential is
essential for understanding yield-limiting factors and
informing future breeding strategies (Aisawi et al.,
2015). Thanks to effective breeding strategies, wheat
grain yield (GY) has increased tremendously over the
last five decades (Lovegrove et al., 2020). However, to
meet the food needs of the world population, which is
expected to reach 9.8 billion by 2050 (Anonymous,
2022), additional increases in wheat yield per unit area
are required (Reynolds et al., 2022). In the studies
carried out so far, shortening of plant height has led to
an increase in yield due to an improvement in the
harvest index, but the harvest index has approached
the upper limit of significance (Foulkes et al., 2011).
The challenges of increasing the harvest index also
emphasize the importance of improving biomass in
recent years (Reynolds et al., 2017; Savash et al.,
2023). There is a need to increase biomass yields due
to its use in many industries such as food, paper
production, energy, and especially livestock (Foulkes et
al., 2007; Khan & Mubeen, 2012; Dai et al., 2016;
Ravindran & Jaiswal, 2016; Townsend et al., 2018).
Increasing total biomass production seems inevitable
to achieve higher grain yields (Reynolds et al., 2012;
Mitchell & Sheehy, 2018; Savasli et al., 2023). Crossing
and selecting germplasm solely for biomass yield
seems to be insufficient, as negative relationships
between biomass yield and grain yield often lead to
inappropriate and off-target results (Aisawi et al.,
2015). For many reasons, high biomass yield has
become one of the most sought-after traits in wheat
agriculture (Molero et al., 2019). Higher total biomass
yields can result from increasing the light-blocking and
radiation-use efficiency of the plant or its component
traits (Reynolds et al., 2020).

Since sowing density is shaped under the influence of
both genotype and environment, it may vary according
to the annual rainfall amount and distribution, soil
characteristics, agricultural techniques applied, and
the variety of characteristics to be grown. In this
respect, it is important to determine the optimum
sowing density in each region and variety. Many
researchers have reported that the relationship
between planting density and photosynthetic
efficiency, nitrogen use efficiency, and nutrient and
water use efficiency of plants positively affects plant
growth (Carr et al., 2003; Amanullah et al., 2010; Khan
et al., 2020; Shah et al., 2020). Sowing density is one
of the agronomic practices that have a significant effect
on obtaining high grain yield and biomass yield per
unit area (Bhatta et al., 2017; Ma et al., 2018; Khan et
al., 2020). In this study, it was aimed to determine the
optimum sowing density to obtain high biomass yield
by investigating the effect of different planting
frequencies on the biomass yield of bread wheat
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varieties under rainfed and irrigated conditions.
Measuring the biomass yield of wheat is both difficult
and time-consuming for wheat breeders and
agronomists. Therefore, they need new reliable
methods to measure biomass yield more easily (Walter
et al., 2019; Atkinson Amorim et al., 2022; Savagh et
al., 2023). Optical sensors can be widely used to
estimate yield and biomass characteristics in wheat
(Savasl et al.,2021a). Normalized vegetation index
(NDVI) data has been used successfully by many
scientists in different regions of the world (Giindogdu,
2018). The use of vegetation index is one of the reliable
methods of biomass yield estimation for researchers
willing to work with a large number of genotypes, as it
allows rapid and non-destructive assessment of plant
traits. (Cabrera-Bosquet et al., 2011; Zecha et al., 2018;
Chandel et al., 2019; Savash et al., 2023). To make
better use of such new methods, it is necessary to test
whether their use is appropriate for the plant variety
and region (Savash et al., 2021b). In this study, it was
aimed to measure the effect of planting density on
biomass yield as well as the usability of the Green
Seeker Hand Sensor (Lapidus et al., 2022) to estimate
biomass yield easily and quickly.

MATERIALS and METHODS
Trial area, soil properties, and climate data

Field trials were conducted for three consecutive years
between 2012 and 2015 crop years in the central
campus of the Transitional Zone Agricultural Research
Institute, Eskisehir (39° 46' N, 30° 24' E, 780 m above
sea level). Soil samples taken from 0-50 cm depth
before sowing were examined at the Soil-Water
Research Laboratory of the Transitional Zone
Agricultural Research Institute and analyzed as clay
loam with a slightly alkaline structure and no salinity.
It was also classified as moderately calcareous, with
low organic matter and phosphorus content and a high
content of plant-useful potassium. Total annual
rainfall was 254.1 mm, 318.7 mm, and 643.0 mm,
respectively. The highest rainfall occurred in the 2014-
15 crop year, but this rainfall was not effective enough
to increase biomass yields due to the maturing period
of wheat. This high rainfall in the 2014-15 crop year
positively affected biomass yield in rainfed trials as
expected, but not in irrigated trials due to the increase
in lodging and diseases (Table 1).

Plant materials and crop cultivation

Six winter wheat (7riticum aestivum L.) cultivars
released between 1969 and 2001 years by the
Transitional Zone Agricultural Research Institute
were used as plant material. The cultivars are grown
widely in the Central Anatolia Region. Alpu 2001,
Atay-85, and Sultan 95 are white-grained, awned
cultivars  recommended for irrigated areas.
Bezostajal, Harmankaya-99, and S6nmez 2001 are red
grain varieties that are recommended for rainfed areas
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Table 1. The precipitation (mm) and air temperature data ("C) for the average of years and long years in which the

trials were conducted in Eskigehir.

Cizelge 1. Eskisehir'de denemelerin yapildig: yillara ve uzun yillara ait yagis (mm) ve hava sicakligi verileri (°C)

Precipitations (mm)

Air temperature (°C)

Months 2012-13 2013-14 2014-15 Long years* 2012-13 2013-14 2014-15 Long years**
October 0.0 2.0 41.4 14.5 18.7 16.7 18.4 17.1
September 16.1 65 66.1 27.2 14.2 9.8 13.6 11.9
November 14.5 15 26.2 29.3 7.3 6.7 7.6 6.4
December 73.2 1.5 72.1 45.1 2.2 1.7 5.8 2.0
January 18.5 21 39.0 38.4 1.7 3.6 0.8 -0.2
February 36.5 7.0 60.9 32.3 4.3 6.0 2.3 1.3
March 33.2 27.1 46.0 33.6 7.1 6.2 5.1 4.9
April 37.8 23.2 41.3 35.1 10.8 11.3 7.1 10.2
May 9.5 53.8 61.2 44.9 17.7 16.4 14.9 15
June 14.0 70.5 125.3 30.5 20.0 19.9 16.3 18.8
July 0.8 20.4 0.0 13.8 21.6 23.7 21.0 21.5
Agust 0.0 12.2 63.5 7.8 22.4 24.1 21.7 21.4
Monthly average 21.2 26.6 53.6 29.4 12.3 12.2 11.2 10.9
Annual total 254.1 318.7 643.0 352.5 148 146.1 134.6 130.3

*: Means of between 1995-2015 years; **: Means of between 1925 - 2015 years

and Bezostajal and Sénmez 2001 have awnless spikes
Sowing density amounts were determined to cover one
degree below and one degree above the normal and
high sowing densities currently practiced in the
Central Anatolia Region. According to this, four sowing
density treatments were used (SSD: Sparse Sowing
Density is 350 seeds m'2;, OSD: Ordinary Sowing
Density 1s 500 seeds m2; HSD: High Sowing Density is
650 seeds m2 and VHSD: Very High Sowing Density is
800 seeds m). Drilling was done by a six-row plot
seeder on a plot size 7.0 x 1.2 m and 20 cm distance
between rows. The plot size was 6 m2(1.2 m x 5 m) and
drilled on the second week of October in all three years.
The fertilizing was made 70 kg ha! N and 70 kg hal P
for rainfed trials and 120 kg ha'! N and 90 kg ha! P for
irrigated trials. Half of the nitrogen fertilizer was
given at drilling and the rest was given in spring at the
tillering stage Zadoks Growth Stage (GS) 25 (Zadoks
et al., 1974). Field trials were conducted in rainfed and
irrigated conditions. The irrigated trials were watered
three times (after sowing, at stem-elongation and
heading stages) by sprinkler method with 40 mm of
water. To control broadleaf weeds in all three years of
the experiment, an herbicide with 2-4 D 2-Ethylhexyl
ester + 6.25 g/l Florasulam active ingredient was
applied to the plots at a dose of 1500 mL ha-1 before
the stem-elongation period using a sprayer method
under windless and suitable temperature conditions.

Data collection and statistical analyses

Flowering biomass yield (FBY) was measured at the
anthesis stage (GS 65) and harvesting biomass yield
(HBY) was measured at the harvest stage (GS 94).
Biomass samples were taken from the soil surface at
both ends of the plots using a knife and a 50 cm line
was selected from the middle rows considering the
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edge effect. They were immediately placed in a plastic
bag to prevent moisture loss and weighed in the
laboratory. Thus, the total green plant weight was
obtained. After, randomly selected 50 spiked plants
were weighed and placed in a paper bag. Then, drying
at 75 °C for 48 hours, it was weighed again and the dry
weight of the sub-sample was obtained. The biomass
yields were calculated according to Onder (2007).
NDVI values were obtained at the flowering (GS 65)
stage by using the Green Seeker Handheld Crop
Sensor (Savash et al., 2021b). Field trials were set up
in randomized complete blocks according to factorial
experimental design with three replications. A gap of
30 m was left as an isolation distance between rainfed
and irrigated trials. The rainfed and irrigated trials
were analyzed separately. Statistical analysis was
performed using the JMP statistical software (JMP,
2016). The equality of variances was checked with
Levene's test to determine whether the multiyear data
were suitable for analyses by combining them. The
significance of the differences among sowing densities,
cultivars, years, and interactions was determined by
analysis of variance. After testing the significance of
treatment effects by analysis of variance, means were
compared using Student's t method (Student, 1908).
The Least Significant Difference (LSD) test was used
to compare the means.

RESULTS
Flowering period biomass yield (FBY)

According to the results of the analysis of variance, the
differences between years were found significant in
both rainfed and irrigated conditions (Table 2). The
highest average FBY was obtained in 2014-15 years at
11.13 t hal under rainfed conditions and 13.45 and
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13.34 t ha'! under irrigated conditions in 2012-13 and
2014-15 years, respectively (Table 3). The differences
between sowing density treatments were significant
only in rainfed conditions and the highest average FBY
value was obtained from VHSD application with 10.31
t hal. Although the difference was not significant in
irrigated conditions, the highest value was obtained
from the OSD treatment with 13.38 t ha'l. While linear
increases were observed in rainfed conditions and a
parabolic curve was observed in irrigated conditions.
The effect of cultivars was significant only in irrigated
conditions and Alpu 2001, Harmankaya-99, and
Sultan 95 cultivars stood out with 13.81, 13.85, and
13.05 t ha respectively. The mean FBY value was
obtained in irrigated conditions with 12.92 t ha! and
the average FBY value was 33% higher than the
rainfed conditions with 9.72 t hal. In addition, since
the cultivars showed different performances according
to the mean of years, the Year x Genotype interaction
was found to be significant in irrigated conditions. For
instance, in the 2012-13 season, the Harmankaya-99
cultivar came to the forefront, while the Alpu 2001
cultivar came to the forefront in 2013-14, and no
difference was observed between the cultivars in 2014-
15. Similarly, since the performance of SD treatments
in irrigated conditions differed between years, the Year
x Sowing Density interaction was also found
significant (Table 2). While OSD and HSD were
prominent in 2012-13, there was no difference between
SD applications in other years (Table 3).

Harvesting period biomass yield (HBY)

According to the results of the analysis of variance, the
differences between years, sowing densities, and
genotypes were found statistically significant in both
rainfed and irrigated conditions (Table 2). When the
years were analyzed, the highest HBY was acquired in
2014-15, the year with the highest rainfall with 9.90
and 11.75 t ha’l, under both rainfed and irrigated
conditions, respectively (Table 4). This was followed by
the years 2013-14 and 2012-13, respectively.

Considering the SD applications in Table 4, the highest
average HBY values were obtained from VHSD and
HSD applications in rainfed conditions with 8.97 and
8.73 t ha'l respectively. In irrigated conditions, OSD
application stood out with 11.49 t hal. The effect of
increasing sowing density on HBY values was positive
and linear in rainfed conditions, while it was positive
and quadratic in irrigated conditions. When looking at
the cultivars, Alpu 2001, Harmankaya-99 and
Bezostajal cultivars stood out in both cases according
to the average HBY values. While 9.01, 8.97, and 8.26
t hal were obtained in rainfed conditions respectively,
11.97 and 11.41 t ha! were obtained in irrigated
conditions, respectively. It was determined that the
average HBY value was obtained at 10.88 t ha! in
irrigated conditions and it was 31% higher than in
rainfed conditions. In addition, the Years x Genotype
interaction was found to be significant due to the
different performances of cultivars in both conditions.
According to the mean values, it was determined that
the differences between the cultivars were significant
and they showed similar performance in both
conditions. While Alpu 2001 and Harmankaya-99
cultivars stood out in the 2012-13 years, only the Alpu
2001 cultivar was prominent in the 2013-14 season in
both conditions. In the 2014-15 season, all cultivars
except Atay-85 were similar to each other under
rainfed conditions. Again, according to the average
values, since sowing density treatments showed
different performance in both conditions according to
years, the interaction of Years x Sowing Density was
found to be significant (Table 2). In rainfed conditions,
HSD and VHSD stood out with 8.73 and 8.97 t hal,
respectively, while in irrigated conditions, OSD values
stood out with 11.49 t hal.

Normalized difference vegetation index (NDVI)

According to the results of the analysis of variance, the
differences between years, sowing densities, and
genotypes were significant in terms of NDVI in both
rainfed and irrigated conditions (Table 2).

Table 2. Analysis of variance table with mean squares for biomass yields and NDVI values
Cizelge 2. Biyokliitle verimleri ve NDVI degerlerinin kareler ortalamasi ve varyans analiz tablosu

FBY HBY NDVI

Source of variation Df Rainfed Irrigated Rainfed Irrigated Rainfed Irrigated
Years (Y) 2 144.41%*%  49.25%* 205.11%*  41.59** 285.20%* 69.59%*
Sowing density (SD) 3 14.23* 8.79 23.49%* 9.00* 133.86%** 48.18%*
Genotypes (G) 5 6.17 27.51%* 11.82%*  21.74%* 22.04* 33.63**
Error 108 3.66 3.91 2.08 2.91 7.91 563.33
YxG 10 5.22 12.46%* 4.42%* 8.16%* 306.90*%* 23.54%*
Y x SD 6 6.4 9.05* 8.43* 11.28%* 24.69%* 7.13
SDx G 15 3.07 1.71 2.76 1.57 6.90 5.74
YxSDxG 30 3.62 4.06 3.49 4.3 5.79 6.92

* Significant at the 0.05 probability level; ** Significant at the 0.01 probability level; ns: Not significant; Df: Degree of freedom; FBY: Flowering
period biomass yield; HBY: Harvest period biomass yield; NDVI: Normalized difference vegetation index
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Table 3. Flowering period biomass yield values (t ha'l) and comparison of its means in both conditions

Cizelge 3. Ciceklenme dénemi biyokiitle verimi degerleri (t ha) ve her iki kosulda ortalamalarin karsilastirilmasi

Rainfed
Treatment 2012-2013 2013-2014 2014-2015 Mean
Sowing density
SSD 7.04+0.30Db 9.78+0.32 a 11.02 £0.31 ab 9.28+0.44Db
OSD 8.14+0.62 a 9.21+0.71a 10.42+0.45b 9.29+0.40b
HSD 8.93+0.33 a 10.18 £+ 0.42 a 10.88 £ 0.32 ab 10.00 £ 0.28 ab
VHSD 9.01+0.61 a 9.82+0.44 a 12.21+0.71 a 10.31 £ 0.46 a
LSD (0.05) 0.73*
Varieties
Alpu 2001 8.09+0.65 a 11.16 +0.55 a 11.38+0.59 a 10.22 £ 0.56 a
Atay-85 7.96+1.26 a 9.43+0.32b 10.25+0.36 a 9.21+0.50Db
Bezostajal 8.561+0.82a 8.61+0.65Db 11.96 £ 0.72 a 9.66 + 0.61 ab
Harmankaya-99 8.98+0.52 a 9.77 £ 0.60 ab 1190+ 1.01 a 10.22 £0.54 a
Sonmez 2001 8.12+ 0.52 a 9.39+0.46 Db 10.75+£0.09 a 9.42 +0.39 ab
Sultan 95 8.03+0.33 a 10.12+0.24 a 10.55+0.47 a 9.58 £ 0.38 ab
LSD (0.05) ns
Means of years 8.28+0.28 C 9.75+0.24 B 11.13+0.26 A 9.72**
CV (%) 17.75 19.28 20.64 19.68
Sowing density
SSD 12.69+0.74 ¢ 11.38+0.63 b 13.12+ 0.50 a 12.40+0.39Db
OSD 14.29+1.10a 13.06+0.34 a 12.80 £ 0.62 a 13.38+0.44 a
HSD 13.98 £ 0.98 ab 11.60+0.23 b 13.38£0.27 a 12.98 £ 0.41 ab
VHSD 12.82 £ 0.93 be 11.82+0.61 ab 14.05+0.57 a 12.90 + 0.45 ab
LSD (0.05) ns
Varieties
Alpu 2001 14.11 £ 0.94 be 13.43+£0.67 a 13.88 £ 0.44 a 13.81 +£0.38 ab
Atay-85 12.71+0.45 ¢ 11.33+0.93 b 13.07+0.65 a 12.37+0.43 cd
Bezostajal 10.45+0.47d 11.30+£0.29b 12.94+0.28 a 11.56+0.36 d
Harmankaya-99 15.84+1.03 a 11.81+0.68b 13.91+0.37a 13.85+0.63 a
Sonmez 2001 13.19+ 0.98 be 11.57+0.43b 13.80+1.08a 12.85 + 0.54 be
Sultan 95 14.38 £ 1.03 ab 12.34 £ 0.21 ab 12.42+0.60 a 13.05 + 0.46 abce
LSD (0.05) 0.96**
Means of years 13.45+0.46 A 11.96+0.26 B 13.34 £ 0.26 A 12.92**
CV (%) 13.29 16.20 16.47 15.30

* Significant at the 0.05 probability level; ** significant at the 0.01 probability level; ns: Not significant; LSD: Least significant difference;
CV: Coefficient variation; SSD: Sparse sowing density; OSD: Ordinary sowing density; HSD: High sowing density; VHSD: Very High sowing

density

Looking at the mean NDVI values of the years, the
highest NDVI values were acquired at 73.17% and
72.568% in 2013-14 and 2014-15, respectively in rainfed
conditions, while it was obtained with 75.47% and
75.67%, in 2013-14 and 2014-15 years, respectively in
irrigated conditions. When the NDVI values of the

sowing densities were evaluated, the highest average
NDVI values were obtained at 72.52% and 73.51%
respectively from HSD and VHSD applications in
rainfed conditions. In irrigated conditions, OSD, HSD,
and VHSD applications stood out with 75.11%, 75.48
and 75.78% respectively. Considering the average
NDVI values of genotypes, the highest values were
obtained from Bezostajal, Harmankaya-99, and
Sultan 95 cultivars in both conditions. While 71.78,
72.97, and 72.34% values were obtained from these
cultivars in rainfed conditions, respectively, 76.08,
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75.42, and 75.47% values were obtained in irrigated
conditions, respectively. When the effect of the
environment on NDVI values was evaluated, the
average NDVI value obtained from irrigated
conditions was found to be 75.00%. This value was
4.5% higher than the average NDVI value of 71.76% in
rainfed conditions. On the other hand, due to the
instability of Harmankaya-99, Bezostajal, and Sultan
95 cultivars in years, the interaction of Years x
Genotypes was found statistically significant in both
conditions. Years x Sowing Density interaction was
significant only in rainfed conditions because of 2013-
14 years SSD value stood out (Table 5).

Correlations between NDVI and Biomass Yield

A very high positive correlation was found between
biomass yields of flowering and harvest period under
rainfed and irrigated conditions (Table 6). This value
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was slightly higher in rainfed conditions (R = 0.837)
compared to irrigated conditions (R = 0.786). In
parallel with this, the correlation value between NDVI
values and biomass yields in both the harvest and
flowering period was found to be positive and

significant too. Similarly, the correlation values
between NDVI, FBY, and HBY values were higher in
rainfed conditions (R = 0.645 and R = 0.659) compared
to irrigated conditions (R = 0.313 and R = 0.359),
respectively.

Table 4. Harvesting period biomass yield values (t ha'!) and comparison of its means in both conditions

Cizelge 4. Hasat dénemi biyokiitle verimi degerleri (t ha'') ve her iki kosulda ortalamalarin karsilastirilmasi

Rainfed
Treatment 2012-2013 2013-2014 2014-2015 Mean
Sowing Density
SSD 5.17+0.36 b 7.84+027D 10.26 £ 0.37 ab 7.76+0.37b
OSD 5.98+0.51Db 8.09+0.56b 8.98+0.50Db 7.67+0.30Db
HSD 7.36+0.63 a 9.21+0.31a 9.63 +0.36 ab 8.73+0.30 a
VHSD 7.59+0.68 a 8.62+ 0.35 ab 10.73 £ 0.69 a 8.97+0.35a
LSD (0.05) 0.69**
Cultivars
Alpu 2001 6.93 + 0.68 ab 9.87+0.48 a 10.24 £ 0.33 ab 9.01+£0.42 a
Atay-85 6.37+ 1.34 be 8.02+0.24Db 894+ 0.48b 7.77+0.39Db
Bezostajal 6.07 +£ 1.04 be 7.82+0.48Db 10.94+0.84 a 8.26+0.47b
Harmankaya-99 7.59+0.78 a 8.48+0.60Db 10.85+0.73 a 8.97+0.43 a
Sénmez 2001 6.31 £ 0.56 bc 8.17+£0.39b 9.30+0.38 ab 7.92+0.34b
Sultan 95 5.88+0.44 c 8.26+0.36b 9.14 £ 0.54 ab 7.77+£0.39Db
LSD (0.05) 0.60%*
Means of years 6.52+0.33 C 8.44+0.21 B 9.90+0.27 A 8.28%*
CV (%) 18.97 17.09 22.55 21.71
Irrigated
Treatment 2012-13 2013-14 2014-15 Mean
Sowing Density
SSD 9.75+0.64b 10.33+0.57Db 11.85+0.43 a 10.65+0.31Db
OSD 11.06 £ 0.61 a 12.06 £ 0.47 a 11.35+0.62 a 11.49+0.30 a
HSD 10.89+0.77 a 9.69+0.32b 11.63+0.22 a 10.74+0.27b
VHSD 9.64+0.59Db 10.14+0.60 b 12.16 £ 0.68 a 10.65+0.32 b
LSD (0.05) 0.65*
Cultivars
Alpu 2001 11.10+0.74 ab 12.40 £ 0.85 a 12.42+0.39 a 11.97+0.40 a
Atay-85 10.21+0.30b 10.64+0.59b 11.38+0.69 a 10.74 £ 0.28 b
Bezostajal 7.99+045¢ 9.74+0.35Db 11.25+0.18a 9.66+ 0.36 c
Harmankaya-99 12.07+0.65 a 10.31+£0.74 b 11.86+0.18 a 11.41+£0.37 ab
Sonmez 2001 10.41+0.73b 9.58+0.74b 12.43+1.06 a 10.81+0.37b
Sultan 95 10.23+0.54 b 10.68 £ 0.38 b 11.15+0.72 a 10.69+0.29b
LSD (0.05) 0.82%*
Means of years 10.34+0.33 B 10.56 £ 0.30 B 11.75+0.25 A 10.88**
CV (%) 14.4 14.94 17.05 15.69

* Significant at the 0.05 probability level; ** significant at the 0.01 probability level; ns: Not significant; LSD: Least significant difference;
CV: Coefficient variation; SSD: Sparse sowing density; OSD: Ordinary sowing density; HSD: High sowing density; VHSD: Very High sowing

density.

DISCUSSION

In this study, the effect of sowing density treatments
on total biomass yield at flowering and harvest periods
in bread wheat was found statistically significant
under both rainfed and irrigated conditions. However,
this effect varied depending on the condition. When the
average values of the years in rainfed conditions were
analyzed, it was determined that there was a linear
and positive effect on the biomass yield with increasing
sowing density. This result is compatible with the

studies of some researchers (Sajjad et al., 2009; Hu et
al., 2018; Ozkan, 2020; Shah et al., 2020). The lower
germination rate of seeds in rainfed conditions may be
one of the reasons for this situation. In addition, it has
been reported by many studies that high sowing
density provides an advantage in weed control
(Menegat & Nilsson, 2019; Aharon et al., 2021; Wu et
al.,, 2021). In the region of Central Anatolia, it has
traditionally been adopted to use higher sowing
density in wheat farming, generally in rainfed
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conditions. On the other hand, Bhatta et al. (2017)
have reported that the increase in sowing density did
not have a significant effect.

Table 5. NDVI values (%) and comparison of its means in rainfed and irrigated conditions

But, when it comes to

irrigated conditions, the situation is different. The
highest biomass yield was obtained from the OSD
treatment in both flowering and harvesting periods.

Cizelge 5. NDVI degerleri (%) ve yagisa dayali ve sulu kosullarda ortalamalarinin karsilastirilmasi

Rainfed Conditions

Treatment 2012-2013 2013-2014 2014-2015 Mean
Sowing density
SSD 65.83+0.85¢ 72.78 £ 0.79 ab 70.83+0.87b 69.91+0.85¢
OSD 69.46 £ 0.75b 71.67+0.93b 71.83+0.72b 71.10+0.51b
HSD 70.83 £ 1.02 ab 73.89+0.52 a 72.83 £ 0.95 ab 72.52+0.49 a
VHSD 71.71+0.93 a 74.33+0.64 a 74.83+0.77 a 73.51+0.46 a
LSD (0.05) 1.08**
Cultivars
Alpu 2001 69.31 + 1.03 be 73.83 + 0.62 ab 70.83+0.83 b 71.32 +0.72 be
Atay-85 69.24 £ 1.77 be 72.17+0.74 Db 71.25+1.11b 70.82+0.77 ¢
Bezostajal 67.28+1.71c¢ 72.42+1.24D 75.67+0.71 a 71.78 £ 1.24 abc
Harmankaya-99 72.42+1.44 a 73.92 +1.36 ab 72.568 £1.55b 72.97+0.79 a
Sénmez 2001 69.75+1.36b 72.17+1.09b 72.00+0.65b 71.31+0.65 be
Sultan 95 68.83 £ 1.54 be 7450+ 0.52 a 73.17 £ 0.63 ab 72.34 £ 0.92 ab
LSD(0.05) 1.46%*
Means of years 69.46 + 0.63 B 73.17+041 A 72.68+0.49 A 71.76**
CV (%) 3.97 3.29 4.60 3.92
Irrigated Conditions
Treatment 2012-2013 2013-2014 2014-2015 Mean
Sowing density
SSD 72.06+0.93b 74.17+0.92b 74.72+0.83 b 73.65+0.56 b
OSD 74.11+0.74 a 76.28 £ 0.62 a 74.94+0.74b 75.11+0.44 a
HSD 74.67+0.17 a 75.78 £+ 1.04 a 76.00 + 1.05 ab 75.48+0.49 a
VHSD 74.67+0.38 a 75.67 + 1.00 ab 77.00+0.71 a 75.78 £ 0.46 a
LSD (0.05) 0.87**
Cultivars
Alpu 2001 73.67+1.05Db 75.83 £ 0.42 be 75.50+1.06 b 75.00+0.55Db
Atay-85 72.83+1.27b 74.50 + 1.00 cd 72,42+ 044 ¢ 73.25+0.57¢
Bezostajal 73.75+0.52Db 76.75+0.83 ab 77.75£0.71 a 76.08 £0.63 a
Harmankaya-99 75.42 £ 0.83 a 74.25+ 1.25 cd 76.58 £ 0.25 ab 75.42 £ 0.54 ab
Sénmez 2001 74.25 + 0.50 ab 73.67+1.16d 76.50 £ 0.93 ab 74.81+0.60b
Sultan 95 73.33+1.04b 77.83+0.62 a 75.25+0.69b 75.47 £ 0.70 ab
LSD(0.05) 0.99%*
Means of years 73.88+0.37B 75.47+0.45 A 75.67+0.44 A 75.00%*
CV (%) 2.68 3.01 3.21 3.04

** gignificant at the 0.01 probability level; LSD: Least significant difference; CV: Coefficient variation; SSD: Sparse sowing
density; OSD: Ordinary sowing density; HSD: High sowing density; VHSD: Very high sowing density

Table 6. Correlation coefficients and significance status of NDVI and biomass yield values
Cizelge 6. NDVI ile biyokiitle verimleri arasindaki korelasyon katsayilari ve 6nemlilik durumu
Irrigated Conditions

NDVI FBY HBY
NDVI 1 0.313** 0.359%* NDVI
FBY 0.659*%* 1 0.786%* FBY
HBY 0.645** 0.837** 1 HBY
NDVI FBY HBY

Rainfed Conditions
** Significant at the 0.01 probability level; NDVI: Normalized difference vegetation index; FBY: Flowering period
biomass yield; HBY: Harvest period biomass yield

1154



KSU Tarim ve Doga Derg 27 (5), 1148-1158, 2024
KSU J. Agric Nat 27 (5), 1148-1158, 2024

Arastirma Makalesi
Research Article

The HSD and VHSD treatments caused a decrease in
biomass yield. In other words, increasing sowing
density had a parabolic effect. This result is consistent
with the result of the study of Amanullah et al. (2010).
In this case, the importance of optimum sowing density
in the utilization of nutrients and light in the soil has
emerged. Soomro et al. (2009) reported that the
increase in sowing density caused a decrease in total
weight per plant.

Biomass yields obtained in this study varied
significantly between years. This was observed to be
more evident, especially in the trials under rainfed
conditions (Table 3, 4). The fact that the highest
biomass yields were reached in 2014-15 when the
highest rainfall was received, also supports this view.
Kara & Akkaya (2009) found similar results to this
study and reported that the amount of precipitation
had a significant and positive effect on biomass in
rainfed conditions. This can be explained by the fact
that temperature and precipitation values can vary
considerably from year to year in Central Anatolia
(Table 1). In addition, it has been reported that the
distribution of precipitation within the season
significantly affects the biomass yield values, and
drought, especially during the stem-elongation and
heading periods, negatively affects the biomass yield
(Oztiirk, 2011). In this case, since water stress is less
experienced in irrigated trials, it can be expected that
the biomass yields of rainfed trials will show more
variability compared to irrigated trials. Some
researchers declared that higher biomass yields were
obtained from irrigated trials than from rainfed trials
(Onder, 2007; Savagh et al., 2012). In the study
conducted by Onder (2007), it was reported that the
biomass yield obtained from the irrigated trial was
37% higher than that obtained from the rainfed trial.
In the research, it was observed that the increase in
sowing density had a linear and positive effect on
NDVI values under both rainfed and irrigated
conditions (Table 5). In the 2013-14 and 2014-15 crop
years, NDVI values were higher than in 2012-13, when
less rainfall was received. On the other hand, NDVI
values were proportional to the amount of water
received during the vegetation period. Consequently,
NDVI values acquired from the irrigated trials were
higher than rainfed trials. This result is consistent
with the results obtained in many studies (Onder,
2007; Savash et al., 2012; 2023; Morgounov et al.,
2014). In recent years, NDVI has been widely used to
monitor wheat growth and correlate it with grain and
biomass yield (Morgounov et al., 2014, 2019). NDVI
has a positive relationship with biomass yield
(Gutiérrez-Rodriguez., 2004; Onder, 2007; Savash et
al., 2012; 2023; Trentin et al., 2021: Walsh et al., 2022).
According to Babar et al.(2006), the best growth
periods for the application of vegetation index in
biomass production were heading and grain-filling
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periods. Many studies have indicated that NDVI
values can be used for biomass estimation (Onder,
2007; Meng et al., 2013; Morgounov et al., 2014;
Savash et al., 2023).

When the results of correlation analysis were
examined (Table 6), a significant positive correlation
was found between the NDVI value and the biomass
yield results obtained in both flowering and harvesting
periods in both conditions (Table 1). However, the
correlation between NDVI and biomass yield was
stronger in rainfed conditions than in irrigated
conditions (Table 6). In other words, the biomass yield
obtained during the flowering period and the NDVI
values achieved during the flowering period gave
parallel results (Table 5). In this case, it was
determined that NDVI values obtained during the
flowering period can be used reliably in the estimation
of biomass yield. The findings obtained in this study
are similar to many studies on the same subject. Many
researchers have found a strong positive correlation
between NDVI values during the flowering period and
biomass yields obtained during the harvest period and
reported that the NDVI tool can be used safely in
biomass yield estimation (Meng et al, 2013;
Mourgunov et al., 2014; Trentin et al., 2021; Walsh et
al., 2022; Savash et al., 2023).

When we examine the reasons why the year x genotype
interaction was significant, in 2012-13, the
Harmankaya-99 cultivar stood out in both rainfed and
irrigated conditions, while the Alpu 2001 variety stood
out in 2013-14. In 2014-15, there was no difference
between the cultivars in irrigated conditions, while
only the Bezostajal cultivar lagged the other cultivars
in rainfed conditions (Table 3). It is one of the expected
results that the cultivars responded differently to
precipitation, cultivation, and temperature conditions
over the years (Savash et al., 2023).

CONCLUSION

It has been observed that sowing density practices
have a significant effect on biomass yields and NDVI
values in both rainfed and irrigated conditions. As a
result, it can be recommended to plant the cultivars by
applying High Sowing Density in rainfed conditions
and with Ordinary Sowing Density in irrigated
conditions to achieve a high biomass yield. When it
comes to the evaluation of cultivars, Alpu 2001 and
Harmankaya-99 are recommended for getting a high
biomass yield in both conditions. These cultivars can
be used as parents for breeding studies to develop new
cultivars with high biomass in the future. In addition,
it has been seen that the NDVI values obtained during
the flowering period have a strong correlation with
flowering and harvesting period biomass yields.
Consequently, it can be said that the Green Seeker
Hand Sensor used to obtain NDVI values is a fast and
more reliable tool for biomass yield estimation.
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However, in the future, investigating the relationship
between NDVI values at other growing stages of wheat
(e.g. tillering, stem elongation, booting, or heading)
and biomass yield may also be beneficial for breeding
studies.

Acknowledgment

This research was supported by The Republic of Turkiye
Ministry of Agriculture and Forestry, General
Directorate of Agricultural Research and Policy,
Transitional Zone Agricultural Research Institute,
Eskigehir, Turkiye.

REFERENCES

Aharon, S., Fadida-Myers, A., Nashef, K., Ben-David,
R., Lati, R. N., & Peleg, Z. (2021). Genetic
improvement of wheat early vigor promotes weed
competitiveness under the Mediterranean climate.
Plant Science, 303, 110785.
doi:10.1016/j.plantsci.2020.110785

Aisawi, K. A. B., Reynolds, M. P., Singh, R. P,, &
Foulkes, M. J. (2015). The physiological basis of the
genetic progress in yield potential of CIMMYT
spring wheat cultivars from 1966 to 2009. Crop
Science, 55(4), 1749-1764. doi:10.2135/
cropsci2014.09.0601

Amanullah, Khan, A., Hussain, & Z., Jan, D. (2010).
Performance of wheat cultivars sown at different
seeding rates under drought-stress conditions.
Archives of Agronomy and Soil Science, 56(1), 99-
105. do0i:10.1080/03650340.902897641

Anonymous. (2022). The world population is projected
to reach 9.8 billion in 2050, and 11.2 billion in 2100.
Retrieved from https://www.un.org/en/desa/ world
population-projected-reach-98-billion-2050-and-
112 billion-2100

Atkinson Amorim, J. G., Schreiber, L. V., de Souza, M.
R. Q., Negreiros, M., Susin, A., Bredemeier, C., ... &
Parraga, A. (2022). Biomass estimation of spring
wheat with machine learning methods using UAV-
based multispectral imaging. International Journal
of Remote Sensing, 45(13), 4758-4773.

Babar, M. A., Reynolds, M. P., Van Ginkel, M., Klatt,
A. R., Raun, W. R., & Stone, M. L. (2006). Spectral
reflectance to estimate genetic variation for in-
season biomass, leaf chlorophyll, and canopy
temperature in wheat. Crop Science, 46(3), 1046-
1057. doi:10.2135/cropsci2005.0211

Bhatta, M., Eskridge, K. M., Rose, D. J., Santra, D. K.,
Baenziger, P. S., & Regassa, T. (2017). Seeding rate,
genotype, and topdressed nitrogen effects on yield
and agronomic characteristics of winter wheat.
Crop Science, 572), 951-963.
doi:10.2135/cropsci2016.02.0103

Cabrera-Bosquet, L., Molero, G., Stellacci, A., Bort, J.,
Nogusés, S., & Araus, J. (2011). NDVI is a potential
tool for predicting biomass, plant nitrogen content,
and growth in wheat genotypes subjected to

1156

different water and nitrogen conditions. Cereal
Research Communications, 3K1), 147-159.

Carr, P. M., Horsley, R. D., & Poland, W. W. (2003).
Tillage and seeding rate effects on wheat cultivars:
I. Grain production. Crop Science, 45(1), 202-209.

Chandel, N. S., Tiwari, P. S., Singh, K. P., Jat, D.,
Gaikwad, B. B., Tripathi, H., & Golhani, K. (2019).
Yield prediction in wheat (Triticum aestivum L.)
using spectral reflectance indices. Curr. Seci, 116(2),
272.

Dai, J., Bean, B., Brown, B., Bruening, W., Edwards,
J., Flowers, M., ...& Wiersma, J. (2016). Harvest
index and straw yield of five classes of wheat.
Biomass and Bioenergy, 85, 223-2217.
doi:10.1016/j.biombioe.2015.12.023

Foulkes, M. J., Snape, J. W., Shearman, V. J.,
Reynolds, M. P., Gaju, O., & Sylvester-Bradley, R.
(2007). Genetic progress in yield potential in wheat:
recent advances and prospects. The Journal of
Agricultural Science, 145(1), 17-29.
doi:10.1017/S0021859607006740

Foulkes, M. dJ., Slafer, G. A., Davies, W. J., Berry, P.
M., Sylvester-Bradley, R., Martre, P., .. &
Reynolds, M. P. (2011). Raising yield potential of
wheat. III. Optimizing partitioning to grain while
maintaining lodging resistance. Journal of
Experimental Botany, 6242), 469-486.
do1:10.1093/jxb/erq300

Giindogdu, K. S. (2018). Bugday ekili parsellerde
NDVI degerlerinin konumsal ve zamana bagh
degisiminin belirlenmesi. Kahramanmaras Sltitgii
Imam Universitesi Tarim ve Doga Dergisi, 21(4),
492-499.

Gutiérrez-Rodriguez, M., Reynolds, M. P., Escalante-
Estrada, J. A., & Rodriguez-Gonzalez, M. T. (2004).
Association between canopy reflectance indices and
yield and physiological traits in bread wheat under
drought and well-irrigated conditions. Australian
Journal of Agricultural Research, 55(11), 1139-
1147. do1:10.1071/AR04214

Hu, C., Zheng, C., Sadras, V. O., Ding, M., Yang, X., &
Zhang, S. (2018). Effect of straw mulch and seeding
rate on the harvest index, yield, and water use
efficiency of winter wheat. Scientific reports, &1),
1-8. d0i:10.1038/s41598-018-26615-x

JMP. (2016). JMP Users Guide, Version 13.0.0, SAS
Institute Inc., Cary, NC, USA.

Kara, R., & Akkaya, A. (2009). Kahramanmaras
yoresine ait yerel ekmeklik bugday genotiplerinin
verim ve fizyolojik 6zellikler yéniinden incelenmesi.
Tiirk Tarim ve Doga Bilimleri Dergisi, 7(4), 1186-
1204.

Khan, A., Ahmad, A., Ali, W., Hussain, S., Ajayo, B. S,,
Raza, M. A., ...& Yang, W. (2020). Optimization of
plant density and nitrogen regimes to mitigate
lodging risk in wheat. Agronomy Journal, 11X4),
2535-2551. doi:10.1002/agj2.20211



KSU Tarim ve Doga Derg 27 (5), 1148-1158, 2024
KSU J. Agric Nat 27 (5), 1148-1158, 2024

Arastirma Makalesi
Research Article

Khan, T. S., & Mubeen, U. (2012). Wheat straw: A
pragmatic overview. Curr. Res. J. Biol. Sci, 4(6),
673-675.

Lapidus, D., Salem, M. E., Beach, R. H., Zayed, S., &

Ortiz-Monasterio, I. (2022). Greenhouse gas
mitigation benefits and profitability of the
GreenSeeker Handheld NDVI sensor: evidence

from Mexico. Precision Agriculture, 25(6), 2388-
2406.

Lovegrove, A., Pellny, T. K., Hassall, K. L., Plummer,
A., Wood, A, Bellisai, A., ... & Shewry, P. R. (2020).
Historical changes in the contents and compositions
of fiber components and polar metabolites in white
wheat flour. Scientific reports, 10K1), 1-9.
doi:10.1038/s41598-020-62777-3

Ma, S. C., Wang, T. C., Guan, X. K., & Zhang, X. (2018).
Effect of sowing time and seeding rate on yield
components and water use efficiency of winter
wheat by regulating the growth redundancy and
physiological traits of root and shoot. Field Crops
Research, 221, 166-174.
doi:10.1016/.fcr.2018.02.028

Menegat, A., & Nilsson, A. T. (2019). Interaction of
preventive, cultural, and direct methods for
integrated weed management in winter wheat.
Agronomy, 49), 564.

Meng, J., Du, X., & Wu, B. (2013). Generation of high
spatial and temporal resolution NDVI and its
application in crop biomass estimation.
International Journal of Digital Earth, 6(3), 203-
218. d0i:10.1080/17538947.2011.623189

Mitchell, P. L., & Sheehy, J. E. (2018). Potential yield
of wheat in the United Kingdom: How to reach 20 t

ha-1. Field crops research, 224, 115-125.
doi:10.1016/j.fcr.2018.05.008
Molero, G., dJoynson, R., Pinera-Chavez, F. J.,

Gardiner, L. J., Rivera-Amado, C., Hall, A., &
Reynolds, M. P. (2019). Elucidating the genetic
basis of biomass accumulation and radiation use
efficiency in spring wheat and its role in yield
potential. Plant biotechnology journal, 177), 1276-
1288. do1:10.1111/pb1.13052

Morgounov, A., Gummadov, N., Belen, S., Kaya, Y.,
Keser, M., & Mursalova, J. (2014). Association of
digital photo parameters and NDVI with winter
wheat grain yield in variable environments.
Turkish journal of agriculture and forestry, 35(5),
624-632. doi:10.3906/tar-1312-90

Morgounov, A. 1., Ozdemir, F., Keser, M., Akin, B,
Payne, T. S., & Braun, H. J. (2019). International
Winter Wheat Improvement Program: history,
activities, impact, and future. Front. Agr. Sci. Eng.
2019, 6(3), 240-250. doi:10.15302/J-FASE-2019261

Onder, O. (2007). Orta Anadolu kuru sartlarinda
yetigtirilen baz1 ekmeklik bugday ¢esitlerinin
kardeslenme dinamiginin arastirilmasi (Tez No
179009). [Yiiksek Lisans Tezi, Eskisehir

1157

Osmangazi Universitesi, Fen Bilimleri Enstitisi
Tarla Bitkileri Ana Bilim Dali] Yiiksekégretim
Kurulu Ulusal Tez Merkezi

Ozkan, M. (2020). Bingol sartlarinda farkli ekim
sikliklarinda bazi ekmeklik bugday (Triticum
aestivum. L) cesitlerinin verim ve verim
komponentlerinin belirlenmesi (Tez No 629037).
[Yiiksek Lisans Tezi, Bingél Universitesi Fen
Bilimleri Enstitiisii Tarla Bitkileri Ana Bilim Dalil
Yiiksekogretim Kurulu Ulusal Tez Merkezi

Oztirk, I. (2011). Ekmeklik bugday (Triticum
aestivum L.) genotiplerinde kuraga dayaniklihgin
karakterizasyonu ve kalite ile iligkileri (Tez No
297713). [Doktora Tezi, Namik Kemal Universitesi
Fen Bilimleri Enstitiisti Tarla Bitkileri Ana Bilim
Dali] Yiiksekogretim Kurulu Ulusal Tez Merkezi

Ravindran, R., & Jaiswal, A. K. (2016). A
comprehensive review on pre-treatment strategy
for lignocellulosic food industry waste: challenges
and opportunities. Bioresource Technology, 199, 92-
102. doi:10.1016/j.biortech.2015.07.106

Reynolds, M., Foulkes, dJ., Furbank, R., Griffiths, S.,
King, J., Murchie, E., ..& Slafer, G. (2012).
Achieving yield gains in wheat. Plant, cell &
environment, 35(10), 1799-1823.
doi:10.1111/.1365-3040.2012.02588.x

Reynolds, M. P., Pask, A. J., Hoppitt, W. J., Sonder, K.,
Sukumaran, S., Molero, G., ... & Joshi, A. K. (2017).
Strategic crossing of biomass and harvest index—
source and sink—achieves genetic gains in wheat.
Euphytica, 215(11), 1-23. doi:10.1007/s10681-017-
2040-z

Reynolds, M., Chapman, S., Crespo-Herrera, L.,

Molero, G., Mondal, S., Pequeno, D. N., ... &
Sukumaran, S. (2020). Breeder-friendly
phenotyping.  Plant Science, 295, 110396.

doi:10.1016/j.plantsci.2019.110396

Reynolds, M. P., Slafer, G. A., Foulkes, J. M., Griffiths,
S., Murchie, E. H., Carmo-Silva, E., ... & Flavell, R.
B. (2022). A wiring diagram to integrate
physiological traits of wheat yield potential. Nature
Food, 55), 318-324.

Sajjad, M. R., Rashid, M., Akram, M., Ahmad, M. J.,
Hussain, R., & Razzaq, A. (2009). Optimum seed
rate of wheat in available soil moisture under
rainfed conditions. Journal of Agricultural
Research (03681157), 47(2), 143-151.

Savasgh, E., Cekig, C., Onder, O., Dayioglu, R., Kalaycx,
& H. M. (2012). Evaluation of Some Bread Wheat
Cultivars and Advanced Breeding Lines for Yield,
Biomass and Vegetation Index International
Journal of Agricultural and Natural Sciences, 5(2),
33-37.

Savagh, E., Onder, O., Cekic, C., Kalayci, H. M.,
Dayioglu, R., Karaduman, Y., ... & Gezgin, S.
(2021a). Orta Anadolu Kuru Sartlarinda Ekmeklik
Bugdayda Optik Sensére Dayal Mevsim I¢i Azotlu



KSU Tarim ve Doga Derg 27 (5), 1148-1158, 2024
KSU J. Agric Nat 27 (5), 1148-1158, 2024

Arastirma Makalesi
Research Article

Gibre Kalibrasyon Optimizasyonu.
Kahramanmaras Stit¢ii Imam Universitesi Tarim
ve Doga Dergisi, 24(1), 130-140.

Savaglh, E., Onder, O., Daywoglu, R., Ozen, D.
Karaduman Y., Ozdemir, S., ... & Ozsayin, M.
(2021b). Ekmeklik Bugdayda Optik Sensor ile

Azotlu Gibre Tavsiyesi. Yuzuncu Yil University

Journal of Agricultural Sciences, 31(2), 453-465.
Savaglh, E., Onder, O., Daywoglu, R., Belen, S.,

Cakmak, M., Cekic, C., ... & Ergahin, S. (2023).

Estimating grain and biomass yield of bread wheat

genotypes by optical sensors. Furopean Journal of

Agronomy, 150, 126923.

Shah, F., Coulter, J. A., Ye, C., & Wu, W. (2020). Yield
penalty due to delayed sowing of winter wheat and
the mitigatory role of increased seeding rate.
FEuropean Journal of Agronomy, 119, 126120.

Shewry, P. R. (2009). Wheat. Journal of experimental

botany, 6X6), 1537-1553.

Soomro, U. A., Rahman, M. U., Odhano, E. A., Gul, S.,
& Tareen, A. Q. (2009). Effects of sowing method
and seed rate on growth and yield of wheat

(Triticum aestivum). World Journal of Agricultural

Sciences, 5(2), 159-162.

Student, (1908). The probable error of a mean.
Biometrika, 1-25.

Townsend, T. J., Sparkes, D. L., Ramsden, J., Glithero
N. J., & Wilson, P. (2018). Wheat straw availability
for bioenergy in England. Energy policy, 122, 349-
357. doi:10.1016/j.enpol.2018.07.053

1158

Trentin, C., Bredemeier, C., Vian, A. L., Drum, M. A.,
& Santos, F. L. D. (2021). Biomass production and
wheat grain yield and its relationship with NDVI as
a function of nitrogen availability. FRevista
Brasileira de Ciéncias Agrarias (Agrdria), 16(4),
e34, 1-7 p.

Walsh, O. S., Marshall, J., Jackson, C., Nambi, E.,
Shafian, S., Jayawardena, D. M., ... & McClintick-
Chess, J. R. (2022). Wheat yield and protein
estimation with handheld and UAV-based
reflectance measurements. Agrosystems,
Geosciences & Environment, 54), e20309.

Walter, J. D., Edwards, J., McDonald, G., & Kuchel, H.
(2019). Estimating biomass and canopy height with
LiDAR for field crop breeding. Frontiers in plant
science, 10, 1145.

Wu, Yue, Nianxun Xi, Jacob Weiner, and Da-Yong
Zhang. (2021). Differences in weed suppression
between two modern and two old wheat cultivars at
different sowing densities. Agronomy 2021, 11(2),
253. d01:10.3390/agronomy11020253

Zadoks, J. C., Chang, T. T., & Konzak, C. F. (1974). A
decimal code for the growth stages of cereals. Weed
Research, 14(6), 415-421.

Zecha, C. W., Peteinatos, G. G., Link, J., & Claupein,
W. (2018). Utilization of ground and airborne
optical sensors for nitrogen level identification
and yield prediction in wheat. Agriculture, &6),
79.



KSU Tarim ve Doga Derg 27 (5), 1159-1168, 2024
KSU J. Agric Nat 27 (5), 1159-1168, 2024
DOI:10.18016/ksutarimdoga.vi.1385941

)

Kavuzsuz Arpa Cesitlerinde Mikro Besin Elementi Uygulamalarinin Baz1 Verim ve Kalite
Ozelliklerine Etkileri

Hakan OZDEMIRlE, Saime UNVER IKINCIKARAKAYAZ2, Soner YUKSELS3

1Bitkisel Uretim Genel Mudiirligii, Tarla ve Bahce Bitkileri Daire Bagkanhgi, Ankara, Tiirkiye 2Ankara Universitesi, Ziraat Fakiiltesi, Tarla
Bitkileri Bolumiu, Ankara, Turkiye 3Gecit Kusag: Tarimsal Arastirma Enstitist Mudurlugi, Eskisehir, Tirkiye
thttps://orcid.org/0009-0004-4194-9172, 2https://orcid.org/0000-0001-8561-9002, 3https://orcid.org/0000-0002-0984-0765

4: ozdemirhakan@tarimorman.gov.tr

OZET Tarla Bitkileri

Bu arastirma; 2021-2022 uretim sezonunda, Tesadif Bloklarinda

Bolinmiis Parseller Deneme desenine gore 4 tekerrurli olarak Ankara Aragtirma Makalesi
kosullarinda yiratilmustir. Calismada tescilli Yalin, Ozen ve Osvit

kavuzsuz arpa cesitleri kullanilarak bu gesitlerin verim ve kalite Makale Tarihgesi
ozellikleri incelenmigtir. Calismada ekimle birlikte 2.3 kg saf N ve 6 kg Gelig Tarithi  :03.11.2023
P205 (13 kg da'! DAP) ve sapa kalkma devresinden énce dekara yaklasik Kabul Tarihi :05.02.2024
6 kg saf N kullanilmig ve siit olum déneminden énce yapraktan mikro

element (demir ve ¢inko) uygulamasi gerceklestirilmistir. Deneme; ana Anahtar Kelimeler
parsellere cesitler alt parsellere mikro besin maddesi uygulamalari Kavuzsuz arpa

gelecek sekilde planlanmigtir. Arastirma sonuglarina goére bin tane Cesit

agirlig: ve basakta tane agirligr bakimindan Yalin ¢esidi sirasi ile 49.53 Verim

ve 1.53 gram ile demir uygulamasina en iyi tepkiyi vermigtir. Protein Kalite

oran1 yoniinden Osvit ¢esidi ¢inko uygulamasina %16.48 ile en yiiksek

Mikro besin elementi

tepkiyli veren cesit olarak Dbelirlenmigtir. Verim yoniinden ise
¢inko+demir uygulamasi ile 405 kg da'! verim elde edilen Ozen ¢esidi ilk
sirada yer almigtir. Mikro besin elementi uygulamasinin verim ve kalite
uzerinde istatistiksel olarak %1 seviyesinde énemli etkiye sahip oldugu
bulunmustur. Kavuzsuz arpada yapraktan mikro besin elementi
uygulamasinin verim ve kaliteye etkisinin arastirilmasi amac¢lanmagtir.
Materyal ve Metod: Ankara Tarla Bitkileri Merkez Arastirma Enstittisii
tarafindan 2012 yilinda tescil edilen Ozen ve yine ayni enstitii
tarafindan 2014 yilinda tescil edilen Yalin kavuzsuz arpa cesitleri ile
Tareks Tarim Uriinleri Arag¢ Gereg Ithalat Thracat ve Ticaret A.S. ne ait
2020 yilinda tescil edilen Osvit kavuzsuz arpa cesitleri materyal olarak
kullanilmistir. Denemede demir (Fe) ve ¢inko (Zn) giibrelemesi siit olum
doéneminden once yapraktan uygulanarak, 4 tekerrir ve her tekerriurde
bir ¢esit i¢in 4 sira belirlenmistir. Ekim yapilacak alanlarda kontrol, Zn,
Fe ve Zn+Fe uygulamalar: icin parseller siralanmistir. Kontrol parseli
disindaki alanlarda Zn, Fe ve Zn+Fe giibrelemesi, belirlenen dozlarda
yapraktan uygulanmistir. Yapilan saha gozlemleri neticesinde Ozen ve
Yalin cesitlerinde ¢ikiglarda herhangi bir problem goériilmemistir. Osvit
cesidinde ise cikislarda problem yasanmis bu yuzden en disuk veriler
bu cesitten elde edilmistir. Yapilan bu ¢alismada mikro besin elementi
uygulamalarinin bin tane agirhigi, basakta tane agirhigi, protein orani
ve birim alan tane verimine etkisine yonelik bulgulara yer verilmistir.
Baz1 kavuzsuz arpa gesitleri ile yuriitiillen bu ¢alismada ekimi yapilan
kavuzsuz arpa gesitlerinin glinimiiz kosullarinda verim ve kalitesi
uzerine etkisinin arastirilmasi hedeflenmigtir. Bu bakimdan tane
doldurma déneminden o6nce yapraktan ¢inko, demir ve g¢inkotdemir
uygulamasi yapilmigtir. Elde edilen veriler degerlendirildiginde
ozellikle demir uygulanan alanlarda ortalama veriler bakimindan
bagsakta tane agiliginin ve bin tane agirliginin diger uygulamalara gore
daha yiiksek oldugu belirlenmigtir.
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Some Micronutrient Applications in Hulles Barley Varieties Effects on Yield and Quality

Characteristics

ABSTRACT

This research was carried on in the district of Ankara conditions, with 4
replications, according to Split-Plot Design in the 2021-2022 production
season. The study examined the yield and quality characteristics of the
registered hulless barley varieties Yalin, Ozen, and Osvit. In the study,
2.3 kg of pure N and 6 kg of P205 (13 kg da'! DAP) were used at sowing,
and about 6 kg of pure N da! and leaf microelements (iron and zinc)
before the stem elongation phase. The application took place before the
milk development phase. The main plot of the study constituted
varieties, whereas the sub-plots of the study constituted micronutrient
applications. According to research results of the research, in terms of
thousand grain weight and grain weight per ear, the Yalin variety gave
the best response to iron application with 49.53 and 1.53 grams,
respectively. In terms of protein content, the Osvit variety was found to
be the most responsive to zinc application with 16.48%. In terms of
yield, Ozen, which achieved a yield of 405 kg da’! with zinc+iron
application, took the first place. The effect of micronutrient application
has been found statistically significant on yield and quality at 1% level.
Investigation of the effect of foliar micronutrient application on yield
and quality in hulless barley. Ozen, registered by Ankara Field Crops
Central Research Institute in 2012, Yalin hulless barley varieties,
registered by the same institute in 2014, and Osvit hulless barley
varieties, registered in 2020, belonging to Tareks Tarim Uriinleri Arag
Gerec Ithalat Ihracat ve Ticaret A.S. was used as material. In the
experiment, iron (Fe) and zinc (Zn) fertilization was applied to the
leaves before the milking period, 4 repetitions and 4 rows for one variety
were determined in each repetition. In the areas where planting will be
done, parcels are lined up for control, Zn, Fe, and Zn+Fe applications. In
areas other than the control parcel, Zn, Fe, and Zn+Fe fertilization was
applied to foliar at determined doses. As a result of field observations,
no problems were observed in the emergence of Ozen and Yaln
varieties. There was a problem with the output of the Osvit variety, so
the lowest data was obtained from this variety. In this study, findings
regarding the effects of micronutrient applications on thousand-grain
weight, grain weight per spike, protein ratio, and grain yield per unit
area are included. This study was conducted with some hull barley
varieties, and it aimed to use hulled barley varieties on the yield and
quality under today's conditions. In this regard, foliar zinc, iron, and
zincHron applications were made before the grain-filling period. When
the data obtained was evaluated, it was determined that the grain
weight per ear and thousand-grain weight were higher than other
applications in terms of average data, especially in areas where iron
was applied.
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GiRiS zincirinde sikinti  yasanmamasi igin  Uretimde

Giunlumiuzde yasanilan ve gelecekte de yasanmasi
muhtemel olan COVID 19 salgim gibi hastaliklarin
yvaninda iklim degisiklikleri gibi ekolojik faktorlerin
etkisiyle gida guvenliginde ciddi sorunlarin olugmasi
muhtemeldir. Bu nedenle tarimsal {retimin
artirilmasi, gidaya ulasimi saglamak ve gida tedarik
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devamlilik gerekmektedir. Uretim yapilmayan
arazilerin ve nadas alanlarinin azaltilmas1 igin
alternatif Urinlerin ekilmesiyle tarimsal cesitliligin
saglanmasi, uretimin artirilmasi ve TUreticilerin
ekonomik  refahinin  ylkseltilmesi amac1 ile
surdurulebilir tarim hedefleri uygulanmalidar.



KSU Tarim ve Doga Derg 27 (5), 1159-1168, 2024
KSU J. Agric Nat 27 (5), 1159-1168, 2024

Aragtirma Makalesi
Research Article

Saglikli ve dengeli beslenmek, guvenilebilir ve kolay
ulagilabilir gidalarla saglanabilmektedir. Insan ve
hayvan beslenmesinde en o6nemli pay1 tahillar
almaktadir. Serin iklim tahili olan arpa (Hordeum
vulgare L.) diinyada ve iilkemizde yetistiriciligi
yapilan ve beslenmede 6énemli yeri olan bir bitkidir.
Arpanin diinyada ekim alani yaklasik 49 milyon
hektar, tretim miktar1 ise 146.6 milyon tondur.
Diinya ortalama verimi ise 327 kg da’! ’dir. Dinyada
18 milyon ton uretim ile Rusya ilk sirada, Avustralya
14.6 milyon ton ile ikinci ve 11.3 milyon ton ile
Fransa tciinci sirada yer almaktadir (FAO, 2022).
Turkiye arpa ekilis alani 31 milyon da olup tretimi
ise 8.5 milyon ton ve verimi 266 kg dal 'dir (TUIK,
2022). Arpa tiiketiminin biiyiik bir kism1 hayvan yemi
olarak kullanilmaktadir. Ayni1 zamanda maltlik
olarak gida endiistrisinde ve bira sanayinde yer
almaktadir.

Kultur bitkisi olarak bilinen arpa taneleri kavuzlu ve
kavuzsuz olarak ikiye ayrilir. Kavuzsuz arpada ig
kavuzlar yoktur ya da ¢ok ince yapida olmasi
nedeniyle harman yapilirken kavuz arpa tanesinden
kolayca ayrilabilmektedir. Kavuzsuz arpalar insan
gidast olarak kullanilabilmektedir (Kiin, 1988). Son
yillarda kavuzsuz arpa ile ilgili cok farklh gida
uygulamalarinda calismalar yapilmaktadir. Saghkh
beslenme agisindan  kavuzsuz arpanin  gida
saniyesinde kullaniminin artirilmasi gerekmektedir,
bunun en o6nemli sebeplerinde biride beta-glukan
oraninin kavuzlu arpaya gore yliksek olusudur.

Mikro besin elementleri arasinda yer alan cinko (Zn),
insan ve hayvan beslenmesi yonunden biiyik éneme
sahiptir. Eksikliginde insanlarda ve ilk gelisim
cagindaki cocuklarda o6nemli saghik problemlerine
neden olabilmektedir (Cakmak ve ark., 1996).
Turkiye gibi tahil agirlikli beslenen tilkelerde ¢inko
eksikligine  rastlanildigr  gorulmektedir.  Bitki
iceriginde yer alan ¢inkonun insan beslenmesine etki

ettigi ve bu durumun insan saghgim etkiledigi
belirtilmektedir. Tahillar, fitin asidi bakimindan
zengindir, bu durum c¢inkonun insan ve

hayvanlardaki biyolojik etkisini sinirlandirmaktadar.
Fitin asidi/¢inko orani ¢inkonun biyolojik olarak
yararhhigin etkilemektedir (Erdal ve ark., 1997). Bu
oran ise gubreleme ile iligkilidir. Bu nedenle ¢inko
giibrelemesi yapilarak tahillarin hem ¢inkonun
biyolojik yarayigliigini hem de ¢inko igerikleri
arttirilabilir (Brohi ve ark., 2000).

En 6nemli mikro elementlerden biri olan ¢inko, tim
canli organizmalar tarafindan disik miktarda
ihtiya¢ duyulan ve mutlaka alinmasi gereken bir
elementtir. Ozmen (2013) tarafindan yiirttilen bir
calismada arpa cegitleri arasinda c¢inko kullanim
etkinlikleri ve artan g¢inko dozlarina dayaniklilik
acisindan 6nemli farkliliklar tespit edilmistir.

Dinyada ve Turkiye’de tarim alanlarinin g¢ogunda
gorilen ¢inko noksanligi 6nem arz eden bir mikro
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element problemidir (Cakmak ve ark., 1998; Cakmak
ve ark., 1999). Bitkisel iiretimde ¢inko noksanlifinin
onemli sorunlara sebep oldugu belirlenmistir. Yapilan
bir ¢ok calismada tahillarda ¢inko uygulamasiyla
onemli verim artiglarinin gergeklestigi belirlenmigtir
(Cakmak ve ark., 1997, 1998;, Kalayc1 ve ark., 1999;
Ekiz ve ark., 1998).

Demir (Fe) noksanhigi bitki, toprak ve insanda
goriillen o6nemli bir beslenme sorunudur. Demir
noksanliginda beslenmede yasanan problemler
insanlarda saglik sorunlar1 gorilirken, bitkilerde ise
kalitede ve verimde olumsuzluklara neden
olmaktadir. Diinyada demir eksikligi nedeniyle okul
oncesi c¢ocuklarin %47den fazlasinin saghgim
etkilemekte olup mental gelisim bozuklugu, 6grenme
kapasitesinde azalma ve fiziksel biliyumede
gerilemeye yol agmaktadir (Cakmak ve ark., 2010).

Mineral madde eksikligi gintimiz kosullarinda
insanlik i¢in ciddi boyutlarda kiiresel sorun arasinda

gosterilmektedir (Copenhagen Consensus., 2004).
Mineral madde yetersizligi problemi; mineral
takviyesi, gida zenginlestirilmesi ve bitkilerin

yenilenebilir kisimlarindaki mineral derisimlerinin
arttirilmasi ile ¢oztimlenebilir.

Tahillarin, bitki 1slahi ve gitibreleme 6zellikle Cinko
ve Demir gibi mikro elementlerce zenginlestirilmesi
ile insan ve hayvan beslenmesine o6nemli katk:
saglanacaktir.

Calismada, baz1 kavuzsuz arpa c¢esitlerine uygulanan
mikro besin elementlerinin verim ve kalite
ozelliklerindeki etkilerinin arastirilmasi
amaclanmaktadir. Bu amacla, Ankara Ili Haymana
Ilcesinde Yalin, Ozen ve Osvit kavuzsuz arpa
cesitlerinde mikro besin elementleri uygulanarak (Zn,
Fe) verim ve kalite iizerine etkileri incelenmistir.

MATERYAL ve METOD

Deneme; Ankara Universitesi Ziraat Fakiiltesine ait
Haymana  Arastirma ve  Uygulama  Ciftligi
Tarlalarinda normal yagis kosullarinda bir énceki yil
nadas uygulanmig tarlada 2021-2022 uretim
sezonunda yazlik ekim olarak yuratalmustir.
Deneme yeri Orta Anadolu Boélgesini temsil eden
ozelliklere sahiptir. Bolgede yillik yagis ortalamasi
yaklagik 250 ile 450 mm arasinda degismektedir.
Bolge genelinde iller bazinda degisiklik olsa da
mevsimlere goére yagisin dagilimi diizensiz olup
yetistirme kogullarinda kurak bir iklim hakim
olmaktadir.

Denemenin yapildigi 2021-2022 tiretim yilinda ve
uzun yillara ait aylik yagis ve sicaklik verileri Cizelge
1T’de verilmigtir. Denemenin ekimi erken ilkbaharda
yazlik olarak gergeklestirilmis olup mart ay1
itibariyla uzun yillar ortalama yagis miktar1 158.5
mm iken Uretimin yapildigi aylarda 83.8 mm yagis
elde edilmistir. Uzun yillar ortalama degerlerine gore
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uretim déneminde 74.7 mm daha az yagis meydana
gelmistir. Sicaklik degerleri ise mart ay1 (0.4 °C) haric
uzun yillar ile benzer sekilde gergeklesmistir. Uzun
yillar ortalama sicaklik ve yagis degerleri olarak son

yirmi yihin (2002-2022 yillar1 aras1) verileri
degerlendirmeye alinmigtir.
Ekim oncesinde deneme alanmindan, 3 farkh

derinlikten alinan toprak oOrneklerinin analizleri,
Ankara Tarla Bitkileri Merkez Arastirma Enstitiisi
laboratuvarlarinda yapilmigs ve bu analizlere iligkin
sonuglar Cizelge 2'de verilmistir. Buna gore; toprak
biinyesi hafif alkali, organik madde icerigi diustk,

yarayigh fosfor degerleri az, kire¢ miktari ¢cok yuksek,
tuzsuz, potasyum bakimindan iyi diizeyde oldugu
belirlenmigtir.

Bu c¢alismada, Ankara Tarla Bitkileri Merkez
Arastirma Enstitist tarafindan 2012 yilinda tescil
edilen Ozen ve yine aym enstitii tarafindan 2014
yilinda tescil edilen Yalin kavuzsuz arpa gesitleri ile
Tareks Tarim Uriinleri Ara¢ Gereg Ithalat Thracat ve
Ticaret A.S.’ne ait 2020 yilinda tescil edilen Osvit
kavuzsuz arpa cesitleri materyal olarak
kullanilmigtir. Her ti¢ kavuzsuz arpa ¢esidinin bagak
tipi iki siral 6zelliktedir.

Cizelge 1.Denemenin yurituldagi 2021-2022 sezonu ve uzun yillara ait meteorolojik veriler
Table 1. Meteorological data for the 2021-2022 season and many years in which the trial was conducted

Aylar Yagis Uzun Yillar Yagis Ortalama Sicaklik Uzun Yillar Ortalama
(mm) (mm) °C Sicaklik °C

Ekim 4 22.7 11.3 11.5
Kasim 40 29.1 7.7 5.7
Aralik 36.6 37.7 1.9 0.9
Ocak 17.8 36.3 -1.7 -0.9
Subat 20.4 34.0 1.6 1.0
Mart 32.4 35.7 0.4 5.1
Nisan 21.4 40.2 12.0 9.7
Mayis 27.2 46.9 14.6 14.4
Haziran 2.8 35.7 19.0 18.1
Toplam 202.6 318.3

Kaynak: Tarla Bitkileri Merkez Arastirma Enstitiisii (Anonim, 2022)

Cizelge 2. Deneme alanina ait toprak 6zellikleri
Table 2. Soil properties of the trial area

Su ile doygun toprakta Bitkiye yarayish

Kirec Organik | Alinabilir | Alinabilir

Lokasyon o Fosfor (P205) Potasyum Madde Demir Cinko

pH gc | @ osfor (20910 | o0 | (Fo | (o

(kg da-1) (ppm) (ppm)

(kg da't)

Ikizce 7.50 0.18 31.5 4.5 110 1.45 3.44 0.28

Calisma, tesaduf bloklarinda bolinmiis parseller yaklagik 2.3 kg saf N ve 6 kg P205 verilmistir (13 kg

deneme deseninde, ana parsellere cesitler, alt
parsellere mikro besin maddesi uygulamalar: gelecek
sekilde  planlanmagtir. Incelenen parametreler
varyans analizine tabi tutulmus ve ortalamalar
Student’s t testi ile kargilagtirilmigtir.

Arastirmada mikro element uygulamasi olarak demir
(Fe) ve cinko (Zn) kullanilmistir. Denemelerin ekimi
parsel ekim mibzeri ile m?ye yaklagitk 500 tohum
gelecek sekilde yapilmistir. Parseller 5 m uzunluk ve
1.20 m geniglikte olacak gekilde 4 swradan
olugsmustur. Sira arasi mesafe 20 cm olacak sekilde
ekim yapilmigtir. Parseller arasinda 40 cm bosluk
birakilmigtir.

Denemenin ekimi 28 Mart 2022 tarihinde erken
ilkbahar déneminde yapilarak ekimle birlikte dekara

dal DAP). Ayrica sapa kalkma devresinden &nce
dekara yaklasik 6 kg saf N verilmis olup yagislar
istenilen seviyede gerceklesmedigi i¢in sapa kalkma
déneminde yagmurlama sulama yontemi ile bir kez
ilave sulama yapilmigtir.

Diger bakim iglemleri normal yetistirme kogullarinda
oldugu gibi yapilmig, yabanci otlar ile kimyasal ilag
kullanmadan elle micadele edilmigstir. Deneme
parsellerinde yetistirilen Urtinler hasat déneminde
parsellerin her iki tarafindan 0.5 m kenar tesiri
alinarak parsel bicerdéveriyle (Hege-Wintersteiger)
yapilmigtir.

Denemede demir (Fe) ve ¢inko (Zn) giibrelemesi siit
olum déneminden &nce yapraktan uygulanarak, 4
tekerriir ve her tekerrirde bir ¢esit i¢in 4 sira
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belirlenmigtir. Ekim yapilacak alanlarda kontrol, Zn,
Fe ve ZntFe uygulamalari igin parseller
siralanmistir. Kontrol parseli digsindaki alanlarda
suda ¢ozunur ¢inko % 5w/w ile EDTA selath ¢inko %
1 w/w (40 cc/da, 16 litre su) ve suda ¢oéziiniir demir %
6 w/w ile EDDHA selath demir % 6 w/w (1,2 gr/da, 16
litre su) dozlarinda yapraktan uygulanmistar.

Bin tane agirhig tayini (g): 20 g 6rnekteki tane sayisi,
tane saylci cihazi kullanilarak Koéksel vd. (2000)
tarafindan belirlenen metoda uygun olarak yapilarak
sonuglar kuru madde tzerinden gram olarak
verilmistir.

Basakta tane agirhigi (g): Her bir arpa basagindan
elde edilen taneler 0.01 g diizeyindeki hassas terazi
ile tartilarak bulunmustur.

Protein tayini (%): Analiz cihaz1 ile Ham Protein /
Yakma Metodu, AACC Metod No:46-30 (AACC,
2000)’a uygun olarak yapilmistar.

Elde edilen verilerin istatistiksel analizi JMP
istatistik programi (JMP, SAS Institute, Cary, NC) ile
yapilmistir (JMP, 2014). Varyans analizi ile
uygulama etkilerinin 6nemlilik derecesi test edilmis
ve ortalama degerlerin karsilastirilmasinda Student’s
t yontemi kullanilmistir.

BULGULAR ve TARTISMA

Yapilan saha gézlemleri neticesinde Ozen ve Yalin
gesitlerinde ¢ikiglarda  herhangi bir problem
goriilmemistir. Osvit ¢esidinde ise ¢ikiglarda problem
yasanmig bu ylizden en diisiik veriler bu cesitten elde
edilmigtir.

Denemedeki kavuzsuz arpa cegitlerine yapraktan
¢inko, demir ve ¢inko+demir uygulamasi yapilarak
elde edilen sonuclara ait varyans analiz (Anova)
degerleri Cizelge 3’de verilmistir.

Cizelge 3. Kavuzsuz arpa genotiplerinde incelenen 6zelliklere ait varyans analizi sonuglari
Table 3. Variance analysis results of the traits examined in hulless barley genotypes

Bagakta Tane Verim Bin Tane Protein
Agirhig (g) (kg da't) Agirhig (g) (%)

Kaynak SD KO F KO F KO F KO F
Tekerrir 3 0.00157 0.2628 9015.91 7.1802* 6.22472 0.8037 0.89601 2.4924
Cesit 2 0.19608 32.8506** 472177 376.0392** 118.282 15.2727** 15.861 44.1206**
Uygulama 3 0.04124 13.5288** 1979.58 1.1087 2.91861 0.5048 0.39541 1.5203
Cesit*Uygulama 6 0.00437 1.4350 1222.83 0.6849 2.04278 0.3533 0.19972 0.7679
Hatal 6 0.00597 1.9580 1255.66 0.7033 7.74472 1.3395 0.35949 1.3822
Hata2 27 0.00305 1785.50 5.78190 0.26009
Toplam 47 0.01414 22136,59 10.18793 0.97817

*k—

Cizelgede goruldugi gibi cesitlerde incelenen tiim
ozellikler arasindaki farkhiliklar istatistiksel olarak
%1  seviyesinde o6nemli cgkmistir (P<0.01).
Uygulamalar da ise sadece basakta tane agirlig1 (g)
istatistiksel olarak %1 seviyesinde onemli ¢ikmigtir
(P<0.01). Demir uygulamas: tek basina a grubunda
yer alirken, Cinko+Demir uygulamasi b, Cinko ve
Kontrol uygulamalar1 ise istatiksel olarak ayni
grupta (c) yer aldiklar: goriilmektedir.

Calismada yer alan kavuzsuz arpa genotiplerinde
incelenen ozelliklere iligkin ortalamalar Cizelge 4’te
belirtilmistir.

Bagakta Tane Agirliz ()

Cizelge 3’'de goruldugu gibi, basakta tane agirhgi
bakimindan c¢esitler ve uygulamalar arasindaki
farkhiliklar istatiksel olarak %1 seviyesinde énemli,
¢esit x uygulama interaksiyonu ise Onemsiz
bulunmustur. Cesitlerin bagakta tane agirligina
iligkin ortalama verileri ise Cizelge 4’te verilmigtir.

Basakta tane agirligi ortalama verileri incelendiginde
(Cizelge 4) tiim wuygulamalarda basakta tane
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istatistiksel olarak % 1’de 6nemli; *= istatistiksel olarak % 5’te 6nemli; SD= serbestlik derecesi; KO= kareler ortalamasi.

agirhginda artis  oldugu gorulmustir. Demir
uygulanan c¢esitlerde ise basaktaki tane agirlig:
degerlerinin diger uygulamalara gore daha fazla
oldugu tespit edilmigtir. Cesitlerde bagsakta tane
agirligl ortalama verileri bakimindan Ozen gesidinde
yapraktan demir uygulamasi ile tanelerde ortalama
agirlik 1.47 g olarak tespit edilmistir. Yalin cesidinde
demir uygulanan alanlarda 1.53 g ve Osvit gesidinde
ise demir uygulanan alanlarda ortalama 1.32 g tane
agirligi verilerine ulagilmistir. Bu sonuclara gore
yapraktan demir uygulamasi ile her 3 cesitte %7 ile
%13 arasinda degisen basakta tane agirlign artis
saglanmigtir. Cegitlere bagsakta tane agirhigr 1.53-1.19
g arasinda degismis ve en yiksek bagakta tane
agirligit Yalin cesidinde demir uygulamasinda, en
diisiik ise kontrol uygulamasinda Osvit gesidinde
tespit edilmistir (Cizelge 4). Her {ic cesit icerisinde
yapilan uygulamalara en yiiksek tepkiyi Yalin cgesidi
vermis istatiksel olarak Yalmn ve Ozen cesitleri A
grubunda yer alirken Osvit ¢esidi ise B grubunda yer
almigtir.

Konya sartlarinda yurutilen bir ¢alismada, t¢ farkh
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kuraklik uygulamasi yapilmigs ve uygulamalarin
genotiplerde bagakta tane agirligina olan etkileri
énemli bulunmus, en yiiksek Erken Kuraklk (1.44 g)
onu Dogal Kuraklik (1.40 g ve en diisik Geg

Kurakhk (1.34 g  uygulamasinda  oldugu
belirlenmistir (Yildirim ve ark., 2021).
Ozdemir (2019), 2018-2019 yillarinda Konya

lokasyonunda 12 arpa genotipi kullanmlarak (11
kavuzsuz ve 1 kavuzlu arpa genotipi) kislik ve yazlik

doénemlerde ekimi yaparak bir ¢calisma ylritmustir.
Arastirmada yazlik ekimde bagakta tane agirlhig1 0.84-
1.36 g, kiglik ekiminde ise bagakta tane agirligi 0.91-
1.33 g arasinda degistigini belirlemistir. Kyzylorda
(Kazakistan)  lokasyonunda  2017-2019  yillan
arasinda tuzlu topraklarda yetistirilen 50 adet
kavuzsuz arpa genotipi ile yurutilen c¢alismada
bagakta tane agirligi 0.95-1.99 g arasinda degistigi
bildirilmistir (Tokhetova vd., 2020).

Cizelge 4. Kavuzsuz arpa genotiplerinde incelenen 6zelliklere iligkin ortalama degerler ve standart hatalar
Table 4. Averages and standard errors for the traits examined in hulless barley genotypes

Bagakta Tane Verim Bin Tane Protein
Cesit  Uygulama Agirhig (gr) (kg da') Agirhig (g) (%)
OSVIT Cinko 1.19 =+ 0.02 52.50 + 11.33 42.80 + 1.21 16.48 + 0.13
OSVIT Cinko+Demir 1.25 £ 0.02 50.00 + 12.37 43.22 + 1.02 16.00 =+ 0.19
OSVIT Demir 1.32 =+ 0.04 51.75 + 16.01 42.55 <+ 1.56 16.47 =+ 0.24
OSVIT Kontrol 1.19 =+ 0.02 40.00 + 15.74 43.47 + 1.43 16.12 + 0.55
OSVIT 1.24 + 0.02 B 48.56 + 640 C 43.01 + 060 C 16.27 =+ 0.15 A
OZEN Cinko 1.40 =<+ 0.03 379.75 =+ 42.80 44.37 =+ 0.44 14.81 =+ 0.61
OZEN Cinko+Demir 1.39 <+ 0.01 405.25 + 12.03 4555 <+ 1.30 14.18 =+ 0.18
OZEN Demir 1.46 =+ 0.02 398.25 <+ 24.12 46.50 =+ 1.58 13.96 =+ 0.11
OZEN Kontrol 1.38 <+ 0.06 337.75 £+ 45.00 46.27 + 1.21 14.18 =+ 0.06
OZEN 141 + 0.02 A 380.25 + 16.59 A 4567 =+ 058 B 14.28 =+ 0.17 C
YALIN Cinko 1.40 =+ 0.02 296.50 =+ 7.92 48.30 <+ 2.25 15.18 + 0.11
YALIN Cinko+Demir 1.50 =+ 0.01 277.00 = 9.91 4755 <+ 0.46 15.15 =+ 0.36
YALIN Demir 1.53 =+ 0.02 306.25 + 35.28 49.52 <+ 0.40 15.11 £ 0.09
YALIN Kontrol 1.35 =+ 0.03 288.25 + 11.19 48.42 + 0.37 15.02 =+ 0.09
YALIN 1.44 + 0.02 A 292,00 + 918 B 4845 + 056 A 1512 + 0.09 B
Cinko 1.33 =+ 0.03 c¢ 24291 <+ 44.01 45.15 + 1.05 1549 + 0.29
Cinko+Demir 1.38 + 0.03 b 244.08 + 44.69 45.44 + 0.74 15.11 + 0.26
Demir 1.44 + 0.03 a 252.08 <+ 46.28 46.19 <+ 1.10 15.18 =+ 0.32
Kontrol 1.30 £+ 0.03 c¢ 222.00 + 41.96 46.05 =+ 0.84 15.11 + 0.29
Ortalama 1.36 =+ 0.02 240.27 + 21.48 45.71 £ 0.46 1522 + 0.14
A.O.F. (0.05) Cesit 0.067 30.656 2.408 0.519
A.O.F. (0.05) Uygulama  0.046 0.D. 0.D. 0.D.
A.O.F. (0.05) Cesitx Uyg  0.D. 0.D. 0.D. 0.D.
V.K. % 4.0 17.6 5.3 3.3

+ ! Standart Hata

Birim Alan Tane Verimi (kg da)

Calismada kullanilan arpa cesitlerinde birim alan
tane verimine ait varyans analiz sonuclar1 Cizelge
3’de verilmistir. Cizelgede gorildigi gibi, birim alan
tane verimi yoniinden ¢esitler arasindaki farkhihiklar
istatistiksel  olarak %1  seviyesinde  G6nemli
bulunmustur (P<0.01).

Birim alan tane verimi ortalamalar:1 yoninden Osvit

cesidinde  verimlerin  oldukca  disik oldugu
goriilmektedir (Cizelge 4). Bunun sebebi bu cesitle
lgili ¢ikigta yasanan problemden oldugu

belirlenmistir. Ozen cesidinde kontrol uygulamasina
gére her ¢ uygulama ile verim artis1 olmus, en
yiksek verim artisi1 ¢inko+demir uygulamasi ile
%1.60 verim artis1 saglanmigtir. Yalin ¢esidinde ginko
ve ¢inkotdemir uygulamasi ile verim artis1
saglanirken demir uygulamasi ile kontrol cesidine
gore %12.0 oraninda verim azalmasi oldugu tespit
edilmigtir. Osvit ¢esidinde ise her ne kadar her g
uygulama ile verim artisi oldugu goériilse de yasanan
¢ikis problemi nedeni ile verim sonuglarinin dikkate
alinmamasi gerektigi kanaatine varilmistir.
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2019-2020  uretim  yilinda  Isparta  ekolojik
kosullarinda yurutiilen bir ¢calismada farkli kavuzlu
arpa ve kavuzsuz arpa ¢esit ve hatlarinda tane verimi
ile baz1 agronomik ozellikler incelenmis tane verimi
156.4-465.5 kg da! olarak bulunmustur (Gimiis &
Akgiin, 2021).

Sirat ve Sezer (2009); Mut ve ark. (2014) genotiplerin
tane veriminin genetik yapi1 ve gevre faktorlerinden
etkilenebildigini  ileri  stirmuslerdir.  Eskigehir
kogullarinda  yurttilen bir arastirmada tane
veriminin yillara (1. y1l 159.37-271.63 kg da’l, 2.y1l
ise 163.13-242.08 kg dal) ve genotiplere gore
degistigini belirtmiglerdir (Yiiksel & Ikincikarakaya,
2020).

Bursa ve Balikesir lokasyonlarinda, Yalin kavuzsuz
arpa cesidi ile yurutilen bir calismada tane veriminin
lokasyonlara ve dozlara gore degistigini Bursa
lokasyonunda 164.56-404.39 kg da’l, Balikesir
lokasyonunda ise 80.03-378.41 kg dal tane verimi
alindigin belirlemistir (Kilercioglu, 2020). Birim alan
tane verimi konusunda yapilan diger c¢alismalarda
tane verimi 36.24-236.50 kg da! (Baydilli, 2017) ve
169.67-363.0 kg da! (Coken & Akman, 2016) olarak
tespit edilmigtir.

Bin Tane Agirhig (g)

Cizelge 3 ’de gorilduga gibi, bin tane agirhg:
yoninden cesitler arasindaki farklhiliklar istatiksel
olarak %1 seviyesinde 6nemli, uygulamalar ve cesit x
uygulama interaksiyonu ise Onemsiz bulunmustur.
Cesitlerin bin tane agirlhigina iligkin ortalama verileri
ise Cizelge 4’te verilmistir.

Cizelge 4 incelendiginde cesitlere ait bin tane
agirhgimin 42.80-49.52 g arasinda degistigi ve en
yiksek bin tane agirligr Yalin cesidinde en dusik ise
Osvit ¢esidinde demir uygulamasinda tespit
edilmistir. Ozen ve Yalin c¢esitlerinde demir
uygulamas: ile bin tane agirhiginda artis oldugu
gorulmektedir. Diger uygulamalarda ise kontrol
uygulamasina gore bir artis olmamistir. Demir
uygulamas1 ile Ozen cesidinde 46.50 g bin tane
agirhg elde edilirken bu oran Yalin ¢esidinde 49.52 g
olarak tespit edilmistir. Osvit ¢esidinde ise tim
uygulamalarda herhangi bir artis olmamis kontrol
uygulamasinda 43.47 g ile en yiliksek bin tane agirlig:
elde edilmigtir. Cizelge genel olarak
degerlendirildiginde her ¢ ¢esit icerisinde yapilan
uygulamalara en yiiksek tepkiyi Yalin ¢esidinin
verdigi tespit edilmistir. Istatiksel olarak Yalin ¢esidi
A grubunda yer alirken Ozen ¢esidi B ve Osvit cesidi
ise C grubunda yer almigtir.

Yazlik ve kighik olarak yiriitilen bir g¢alismada
denenen arpa cegitlerinin tane veriminde m?2 'deki
basak sayisinin etkili oldugu, sadece yazlik arpada
bin tane agirliginin 6nemli oldugu bildirilmigtir
(Stock ve ark., 1988). Yiiksel vd. (2011) 35 kavuzsuz
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arpa genotipinde kiglik ekiminde 35.2-44.3 g, yazlik
ekiminde  34.8-45.0 g arasinda  degistigini
belirlemiglerdir.

Eskigehir kogullarinda ilk yil kuru kosullarda 33.66-
41.66 g ve sulu kosullarda 38.33- 48.00 g, ikinci yil
kuru kogullarda 35.66-45.66 g, sulu kosullarda ise
36.61-45.88 g (Yiiksel, 2017), Yalin kavuzsuz arpa
genotipinde ilk yil 39.99-43.46 g, ikinci yila ise 33.64-
35.11 g (Kon, 2019), 29 farkhi kavuzsuz arpa genotipi
kullanilarak yiiriitiillen calismada 32.5-49.1 g (Kumar
vd., 2021) arasinda oldugu bildirilmistir.

Ilgili kaynaklar incelendiginde calismamizda elde
edilen bulgulara benzer sonuglar oldugu gibi, daha
yiksek ve disik bin tane agirlhigi degerleri de
belirlenmigtir. Bunun nedeni olarak kullanilan
gesitlerin farkli olmas1 yaninda, uygulanan kiultiirel
islemler ve iklim sartlarinin da etkili oldugu
soylenebilir.

Protein Orani (%)

Protein orani degerlerine ait varyans analiz sonuglari

incelendiginde  ¢esitler arasindaki  farkhiliklar
istatistiksel = olarak %1  seviyesinde  G6nemli
bulunmustur (P<0.01).

Cesitlerde protein degerleri ortalama verileri

bakimindan en yuksek veri ¢inko uygulamasinda ve
Osvit c¢esidinde %16.48 oraninda tespit edilmistir.
Ayrica Yalin ve Osvit cgesitleri protein oranlar
bakimindan Ozen cesidine gére daha yiiksek veriler
elde edilmistir (Cizelge 4).

Ozen cegidi protein degerleri bakiminda kontrol
uygulamasi ile karsilagtirildiginda ¢inko
uygulamasina en yiiksek tepkiyi verirken (%14.81)
demir uygulamasina ise eksi yénde (%13.96) bir tepki
gostermistir. Ozen cesidi ¢inko+demir uygulamasina
ise bir tepki gostermemis %14.18 ile kontrol
uygulamasi ile ayn1 sonug elde edilmigstir. Yalin ¢esidi
ise her U¢ uygulamaya pozitif yonde tepki gostermis
ve protein degerleri artmistir. En yluksek artis ise
yaklagsik %1.07 ile ¢inko uygulamasindan elde
edilmigtir. Osvit ¢esidinde ise ¢inko ve demir
uygulamalar: ile protein orani artarken ¢inko+demir
uygulamasinda ise %16.00 protein orani ile kontrol
uygulamasinin altinda deger elde edilmigtir. En
yiksek protein degeri artig orani ise %2.18 ile ¢inko
uygulamasindan elde edilmistir.

Arpada tane protein orani %8-16 arasinda degisirken
maltlik arpalarda bu oranin %9-11.5 arasinda olmasi
arzu edilir (Anonim, 2019). Tanenin icerdigi protein
orani tanenin yemlik veya malthk olarak
belirlenmesinde 6nemli kalite kriterlerinden biridir.
Tanedeki protein orani c¢evre kosgullari, kultirel
uygulamalar ve genotiplere gore farklihk gosterdigi
bildirilmistir (Oztiirk ve ark., 2016).

Kavuzsuz arpa genotipleri ile
calismalarda protein oranlari

baz1
ve

yapilan
Yiksel
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Ikincikarakaya (2020) tarafindan %7.72-16.86 ve
Ozdemir (2019) tarafindan %12.02-15.09 arasinda
oldugu belirlenmigtir. Ottekin ve ark. (1996) ’'nin
yuruttigu bir bagka arastirmada ise protein oraninin
kavuzlu arpalarda daha disik bir varyasyon
gosterdigi (%11.8-15.5), kavuzsuz arpalarin ise daha
yiiksek protein oranina sahip oldugunu (%13.2-19.5)
ifade etmiglerdir.

Eskisehir kogullarinda sulamasiz ¢evrede yiriitilen
bir arastirmada tane protein orani bakimindan
deneme ortalamasi %12.42, sulu kogullarda bu
degerin %13.63 ile daha yiiksek gergeklesmistir
(S6nmez ve ark., 2020).

Giimiis (2022) tarafindan 2019-2020 iiretim yilinda
Isparta ekolojik kosullarinda ytritilen bir calismada
farkli kavuzlu arpa (Hordeum vulgare L.) cesitleri ve
kavuzsuz arpa (Hordeum vulgare L. var. nudum)
cesit/hatlarinin adaptasyonu ve baz1 agronomik
ozellikleri incelenmis protein orani %12.58-15.75
olarak bulunmustur.

2 adedi kavuzlu, 12 adedi kavuzsuz olan 14 farkh
genotipte arpa materyali kullanilarak yuritilen bir
c¢alismada numunelerin protein oranlar1 %13.35 ile
%17.55 arasinda  degistigi  tespit  edilmistir
(Abdullahoglu, 2022).

Literatiirden elde edilen bu sonuglar ile
arastirmamizdan elde edilen sonuclar benzerlik
gostermektedir. Yapilan ¢alismalardan arpalarin
cesidine ve yetigtirildigi bolgeye gbre protein
degerlerinin degistigi gézlemlenmigtir.

SONUC ve ONERILER

Baz1 kavuzsuz arpa cgesitleri ile yuratilen bu
calismada ekimi yapilan kavuzsuz arpa cesitlerinin
ginumuz kosullarinda verim ve kalite kriterlerine
olan etkisi hedeflenmistir. Bu bakimdan tane
doldurma déneminden énce yapraktan ¢inko, demir
ve ¢inko+demir uygulamas1 yapilmigtir. Elde edilen
veriler degerlendirildiginde 6zellikle demir uygulanan
alanlarda ortalama veriler bakimindan bagakta tane
agiliginin ve bin tane agirliginin diger uygulamalara
gore daha yuksek oldugu belirlenmigtir.

TESEKKUR
Bu cahsma Prof. Dr. Saime UNVER
IKINCIKARAKAYA danigmanhginda Hakan

OZDEMIR tarafindan yuriitilen “Kavuzsuz Arpa
Cesitlerinde Mikro Besin Elementi Uygulamalarinin
Baz1 Verim ve Kalite Ozelliklerine Etkileri” isimli
doktora tezinden tretilmistir.

Aragtirmacilarin Katk: Oran1 Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamig

olduklarini beyan ederler.

Cikar Catigmas1 Beyani
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Tum  yazarlar makalelerinde, sonuglar1i veya
yorumlar1 etkileyebilecek herhangi bir maddi veya
diger asli ¢ikar ¢atismasi olmadigini beyan ederler.
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ABSTRACT

In this study, the standard karyotype and the C-band features of
chromosomes of the Microtus daghestanicus species have been
determined, and the karyological characteristics among closely related
species have been compared. The diploid chromosome number of M.
daghestanicus was found as 2n=54, NFa=54. M. daghestanicus
karyotype has a pair of small metacentric and 25 pairs of different sizes
of acrocentric chromosomes. The x chromosome 1is a large
submetacentric. Positive C-bands are in the pericentromeric region of
acrocentric autosomal chromosomes. Additionally, there 1s a
heterochromatin block in the pair of small metacentric chromosomes.
Moreover, there is a wide interstitial heterochromatin block on the long
arm of the X chromosome.
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Microtus daghestanicus (Rodentia: Arvicolinae) tiiriiniin sitogenetik 6zellikleri: Standart ve C banth

karyotipler
OZET

Bu calismada, Microtus daghestanicus turiniin standart karyotipi ve
kromozomlarin C-bant 6zellikleri belirlenerek, yakin tirler arasindaki
karyolojik ozellikleri karsilastirilmistir. M. daghestanicus tlirinin
diploid kromozom sayisi 2n=54 ve otozomal kromozomlarin kol sayisi
NFa=54 seklindedir. M. daghestanicus karyotipinde bir cift kicuk
metasentrik ve 25 c¢ift farkli buytkliklerde akrosentrik kromozom
bulunmaktadir. X kromozomu biiyik metasentriktir. Akrosentrik
otozomal kromozomlarda pozitif C-bantlar perisentromerik bélgededir.
Ilaveten kiicitk metasentrik kromozom c¢iftinde heterokromatin blok
bulunmaktadir. M. daghestanicus turinin X kromozomunun uzun
kolunda geniglemis heterokromatin blok bulunmaktadar.
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INTRODUCTION Three

Microtus species

M. daghestanicus, M.

Microtus Schrank genus which is the group with the
most branching among mammals, is a remarkable
group in terms of the karyotypic diversity they show
(Maruyama & Imai, 1981; Shenbrot & Krasnov,
2005). The karyotypes of Microtus species range from
2n=17 to 2n=62 (Zima & Kral, 1984; Modi, 1987;
Zagorodnyuk, 1990; Lemskaya et al., 2010). Microtus
species are frequently used in cytotaxonomic studies
due to their karyotypic variation (Lemskaya et al.,
2010; Romanenko et al., 2020; Orlov et al., 2023).

subter,raneus and M. majori classified in the
Terricola subgenus (Jaarola et al., 2004) are
distributed in Turkey (Krystufek & Vohralik, 2005).
Microtus (Terricola) dagestanicus is distributed in a
narrow area in the Northeast Anatolia region of
Turkey and the Caucasia. Variation has been found in
M. daghestanicus diploid chromosome number
(Ivanov & Tembotov, 1972; Hatuhov, 1982; Zima &
Kral, 1984; Zagorodnyuk, 1990; Akhverdyan et al.,
1992). The karyotypic characteristics of this species
(standard karyotype, C banding, G banding) were
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found in the samples obtained from the Caucasian
region (Baskevich, 1997; Kuliev & Bickham, 2010;
Lemskaya et al., 2010). The diploid chromosome

number (except M. Macholan, personal
communication in Krystufek & Vohralik, 2005) and
chromosome characteristics of the Anatolian

population of this species have not been determined
so far.

This study aims to compare the standard karyotypes
of Microtus (T.) daghestanicus and their constitutive
heterochromatin regions (C-banding) which is a
karyotypic characteristic, with previously conducted
studies and contribute to future karyological studies.

MATERIAL and METHOD

Chromosome preparations were obtained from the
femoral bone marrow cells of -colchicine-treated
animals (Ford & Hamerton, 1956). Two specimens
(two females) of M. daghestanicus species were
obtained from the province of Kars village (height:
2100m, Northeast Anatolia) by using live animal
traps. Species identification was performed according
to chromosome results (current study) and mtDNA
cytb gene region (Genbank accession number:
MZ198174, Bogdanov et al., 2021). Diploid
chromosome number (2n), number of fundamental
arms (FN), fundamental number of autosomal arms
(NFa), and sex chromosomes of M. daghestanicus
used in the study were defined as metacentric,
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Figure. 1.

acrocentric, and submetacentric. The constitutive
heterochromatin distribution was determined using
techniques from Summer (1972). Tissue samples
(sample no: 209-AYS), museum material, and
karyotype preparations of M. daghestanicus species
are kept in the Artvin-Coruh University Cytogenetic
laboratory for further studies.

RESULTS

Microtus daghestanicus Kkaryotype was diploid
chromosome number (2n) = 54, the fundamental
number of autosomal arms (NFa)= 54, and the
number of fundamental arms NF)= 58. The
karyotype has 25 pairs of different sizes of acrocentric
chromosome (chromosome no: 1-25) and a pair of
small metacentric (chromosome no: 26). Metacentric
chromosome pair is the smallest in the autosomal

chromosomes. X  chromosome is a large
submetacentric (Fig.1).
In M daghestanicus karyotype, constitutive

heterochromatin is in the pericentromeric region in
acrocentric autosomal chromosomes. In the autosomal
small metacentric chromosome (chromosome no: 26),
the heterochromatin region is extended towards the
long arm. X chromosome shows a C-positive band.
Additionally, there is a wide interstitial
heterochromatin block on the long arm of the X
chromosome (Fig. 2).
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Metaphase plates and karyotype of M. daghestanicus (female) from Kars (Northeast Anatolia). The

arrow indicates a bi-armed X chromosome and autosomal chromosome.

Sekil 1.

Kars bolgesinden (Kuzey dogu anadolu) elde edilen M. daghestanicus tiiriiniin standart karyotipi

ve metafaz plaklar:. Ok: ¢ift kollu X kromozomu ve otozomal kromozomlar
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Figure. 2. C-banded karyotype of M. daghestanicus (female) from Kars, Arrow: interstitial
heterochromatin block on X chromosomes and the heterochromatin area on the long arm of the
small metacentric chromosome.

Sekil 2. Kars bolgesinden elde edilen M. daghestanicus tiiriiniin C bant yéntemi kullanilarak elde edilen
karyotip ve metafaz plaklar:. Ok’ X kromozomundaki kromozom kol i¢i heterokromatin bolge ve
kiigiik metasentrik kromozom c¢iftinin uzun kolundaki heterokromatin bolge.

DISCUSSION 2022). In a study conducted within the distribution

Microtus daghestanicus is distributed in a narrow
area as Caucasia and Northeast Anatolia. In
previously conducted studies in the Caucasia region,
the diploid chromosome number (2n=38-54) of M.
daghestanicus varies (Ivanov & Tembotov, 1972;
Hatuhov, 1982; Akhverdyan et al., 1992; Baskevich,
1997; O’Brien et al. 2006; Kuliev & Bickham, 2010;
Lemskaya et al., 2010) and some of these Caucasian
chromosome races were previously proposed to
represent separate species (Krystufek and Shenbrot,

;

=]

borders of this species in Anatolia, the diploid
chromosome number is 2n=54 (Krystufek & Vohralik,
2005; in the current study). M.daghestanicus displays
variability in terms of diploid chromosome count, yet
it is highly stable regarding the number of
fundamental arms (NF=58) (Baskevich et al. 2016). X
chromosome 1is meta/submetacentric in Caucasia
(Baskevich, 1997; O’Brien et al., 2006; Kuliev &
Bickham, 2010; Lemskaya et al., 2010) and Anatolia
(in current study).

~

p

=

M. daghestanicus M. subterraneus M. majori

2n=54

2n=54

2n=54

2019) from Anatolia. Arrow: centromeric heterochromatin, intermittent

Figure. 3. C-banded of the X chromosome of M. daghestanicus (in the current study), Microtus subterraneus in
Samsun (N41°25°, E35°44°) village (Selcuk & Kefelioglu, 2018) and Microtus major in Artvin (N41°18’
E41°59) village (Selguk et al.,
arrow: interstitial heterochromatin block. Bracket: unstained block

Sekil 3.

Bu g¢alismada elde edilen M. daghestanicus tiiriiniin X kromozomundaki C bant motifi,

Samsun

bélgesinden elde edilen M.subterraneus tiiriiniin X kromozomundaki C bant motifi (Selguk & Kefelioglu,
2018), Artvin bélgesinden elde edilen Microtus majori tiiriiniin X kromozomundaki C bant motifi (Selguk
et al., 2019). Diiz ok: sentromerik C bant, Kesikli ok Kromozom kol i¢i heterokromatin blok. Parantez, C-

negatif blok
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The distribution of heterochromatin is an important
part of the karyotype characterization (Dimitri et al.,
2009; Lemskaya et al., 2018). Microtus species tend to
have large heterochromatin blocks or interstitial
heterochromatin blocks in sex chromosomes (Modi,
1987, 2003; Burgos et al., 1988, Macholan et al., 2001;
Marchal et al., 2003, 2004; Mitsainas et al., 2010;
Lamelas et al., 2018). The amplification of repetitive
DNA regions on sex chromosomes can lead to the
formation of heterochromatin blocks on the
chromosomes (Kozlova et al., 2003; Marchal et al.,
2003, 2004; Acosta et al., 2008). M. subterraneus
(2n=54) and M. major (2n=54) species classified
within the Zerricola subgenus have interstitial
heterochromatin blocks (Borodin et al., 1995;
Macholan et al., 2001; Kuliev & Bickham, 2010;
Selcuk & Kefelioglu, 2018,2020; Selcuk et al., 2019). A
similar situation is seen in M. daghestanicus’'s X
chromosome (Baskevich et al., 2016, Romanenko et
al., 2020, in the current study). In the M.
daghestanicus karyotype, the heterochromatin block
is in the distal region of the long arm of the
chromosome, as in its sister taxon (M. subterraneus)
(Jaarola et al., 2004; Baskevich et al., 2016; Bogdanov
et al., 2021). However, variation can be seen in the
heterochromatin distribution in sex chromosomes
within  Microtus species (Fredga et al., 1990;
Yakimenko & Kryukov, 1997; Acosta et al., 2009;
Mitsainas et al., 2009; Pavlova & Tchabovsky, 2011).
Contrary to the C banding results obtained in the
current study, No interstitial heterochromatin block
was found in the X chromosome in Azerbaijan
(Caucasia) samples of M. daghestanicus (Kuliev &
Bickham, 2010).

As a result of the chromosomal rearrangements in the
X chromosome of M. daghestanicus, M. subterraneus,
and M. majori species (Baskevich et al. 2016;
Romanenko et al., 2020), changes may have occurred
in the heterochromatin block motif (Fig. 3). The role
of constitutive heterochromatin regions containing
highly repetitive DNA sequence (Acosta et al., 2008,
2009; Saksouk et al., 2015) in the speciation of
arecoline rodents could play a significant role (Modi,
1987; Rubtsov et al. 2002; Romanenko et al., 2020).
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ABSTRACT Animal Physiology
Bombyx mori 1s an important insect due to its genome, homology to

humans, and ease of growth. Sialylation has been reported in some Research Article

insects, but sialic acid biosynthesis cannot be observed in these insects.

Sialic acids are negatively charged nine-carbon sugars located terminally Article History

on glycoconjugates. Sialylation, which occurs after translation and is Received 101.02.2024
regulated by enzymes, has been studied in prokaryotes, deuterostomes, Accepted 129.03.2024
and protostomes. One of the enzymes that is important for sialylation is

sialyltransferases. This enzyme plays a role in linking sialic acid to Keywords

glycoconjugates. In this study, we investigated sialyltransferase (8- Sialic acid

Galactoside a-2,6-Sialyltransferase I) gene expression in tissues of B. Sialyltransferase

mori. B. mori larvae, which were fed with fresh mulberry leaves since Gene expression

hatching, were divided into two groups; the control group, which RT-PCR

continued to be fed with fresh mulberry leaves in the 5th instar (last Bombyx mori

instar) and the treatment group, which was fed with mulberry leaves
treated with a sialic acid solution. Midgut, fat body, hemocyte, ovary, and
testicular tissues were dissected, and gene expressions were examined
with Real-Time PCR. The expression level is observed in every tissue, but
an increase is seen in only the fat body. The fat body is a vital tissue for
insects and plays a fundamental role in immunity, endocrine, and
detoxification processes. The reason for the highest gene expression in
the fat body can be attributed to the similarities in the functions of the
fat body and sialic acid and their roles in insects.

Bombyx mori Dokularinda B-Galaktozit o 2-6 Siyaliltransferaz Geninin Ifadesi

OZET Hayvan Fizyolojisi
Bombyx mori genomunun bilinmesi, insanlarla homoloji géstermesi ve

kolay yetistirilmesi a¢isindan en 6nemli bocek tiirlerinden biridir. Bazi Aragtirma Makalesi
boceklerde sialilasyona iligkin raporlar mevcuttur, hatta sialile edilmig

molekiillerin cesitli yapilar:1 bildirilmistir ancak béceklerde sialik asit Makale Tarihgesi

biyosentezi go6zlenmemektedir. Sialik asitler, terminal olarak Gelig Tarihi  :01.02.2024
glikoproteinler ve glikolipitler tizerinde bulunan negatif yikli dokuz Kabul Tarihi :31.03.2024
karbonlu sekerlerdir. Sialilasyon, enzimler tarafindan diizenlenen bir

translasyon sonrasi modifikasyondur. Prokaryotlar, dueterostomlar ve Anahtar Kelimeler
protostomlarda calisilmistir. Sialilasyon icin 6nemli olan enzimlerden Sialik asit

biri de sialiltransferazlardir. Bu enzim, sialik asidin glikokonjugatlara Sialiltransferaz
baglanmasinda rol oynar. Bu c¢alismada ipek bécegi Bombyx mori Gen ifadesi
dokularinda sialiltransferaz (B-Galaktozit a 2-6 Sialiltransferaz) geninin RT-PZR

ifade diizeylerinin belirlenmesidir. Yumurtadan ¢ikigindan itibaren taze Bombyx mori

dut yapraklar: ile beslenen B. morilarvalar, 5. instar (son instar)’da taze
dut yapraklar: ile beslemeye devam edilen (kontrol grubu) ve sentetik
sialik asit soliisyonu uygulanmis dut yapraklari ile beslenilen uygulama
grubu olarak ayrildi. 5. instarin orta bagirsak, yag doku, hemosit,
ovayum ve testis dokular1 alinarak Real-Time PZR ile gen ifade diizeyleri
incelendi. Ekspresyon diizeyi her doku i¢in ayri ayri belirlendi, ancak
artis sadece yag dokuda tespit edildi. Yag doku bocekler i¢in oldukga
onemlidir, bagisiklik, endokrin ve detoksifikasyon stireclerinde temel rol
oynar. Yag dokuda sialiltransferaz gen ekspresyonunun en fazla
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olmasinin sebebinin yag doku ve sialik asidin fonksiyonlarindaki
benzerliklere ve boceklerdeki rollerine baglanabilir.

Ataf Sekli: Ersoy, C., Izzetoglu, S., & Turgay-Izzet'pglu, G., (2024). Bombyx mori dokularinda B-Galaktozit a 2-6
Siyaliltransferaz geninin ifadesi. KSU Tarim ve Doga Derg 27 (5), 1192-1198. https://doi.org/
10.18016/ksutarimdoga.vi.1430234

To Cite : Ersoy, C., Izzetoglu, S., & Turgay-Izzetoglu, G., (2024). B-Galactoside a 2-6 Sialyltransferase gene expression
in Bombyx mori tissues. KSU J. Agric Nat 27 (5), 1192-1198. https://doi.org/ 10.18016/ksutarimdoga.vi.
1430234

INTRODUCTION MATERIAL and METHOD

Glycoconjugates have significant roles in various Silkworm breeding and sialic acid application

biological ~processes, such as cell interaction, The domestic silkworm Bombyx mori hybrid eggs,
development, differentiation, and viral infection which constitute the study material, were obtained

(Varki, 2017; Miyazaki et al., 2019). N-glycosylation is
important post-translational modification.
Mammalian cell lines produce glycoproteins with
glycan patterns that terminate in sialic acid residues.
In insect cell lines, the final N-glycosylation pattern is
mostly mannose or paucimannosidic structures (Hsu et
al., 1997; Altmann et al., 1999; Lawrence et al., 2001).
Some studies suggested that insects can perform
sialylation, but others indicated that essential genes
may not be present or active (Lawrence et al., 2001).
The study of insect systems has revealed that N- and
O-glycans produced by all insect systems are similar or
identical to those produced by all eukaryotes. The role
of sialic acids in glycobiology is crucial. They are found
as terminal residues on cell-surface glycoconjugates
and are involved in immunological reactions, many
cell-cell interactions, and the clearance of circulating
glycoproteins (Marchal et al., 2001). Sialylation is the
formation of sialyl glycoconjugate by binding of sialic
acids to the terminal ends of glycans of glycoconjugates
by sialyltransferases. In some insects, sialyl
glycoconjugates were found and sialyltransferases,
NeuAc phosphate synthase, CMP- sialic acid synthase
(CMAS) was determined (Koles et al., 2007; Kuijura et
al., 2015; Ghosh, 2018).

The recent availability of complete genomic
information has the potential to make B. mori an
effective model system in elucidating the biochemical
components of insect glycosylation pathways. The
silkworm, B. mori, 1s one of the most important insects
used in silk production for centuries and in protein
production for the cosmetics, and medicine industries
(Resh & Carde, 2003). It is the model organism for
research and the first Lepidopteran whose genome was
available (Shimomura et al., 2009). Having a short
generation time, known genome, rich genetic
resources, and homolog genes to humans, silkworms
have widely been used in studies (Meng et al., 2017).
The present study was aimed at sialyltransferase (B-
Galactoside a-2,6-Sialyltransferase I) gene expression
in tissues of 5. instar B. morilarvae.
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from Koza Birlik (Bursa, TURKIYE). The breeding of
insects was actualized in the Silkworm Culture
Laboratory of Ege University Biology Department. The
leaves of mulberry trees were used three times a day
for larvae nutrition. In our study, in parallel with the
control group fed with normal mulberry leaves, a
treatment group fed with mulberry leaves with 0.1M
concentration of sialic acid (Sigma A0812) solution,
(sialic acid solution was sprayed on the leaves and
allowed to dry) prepared freshly with ultrapure water
every day from the Oth day of the 5th instar was
formed. Dissection was performed on the 1st, 4th, and
7th days of both control and treatment group 5th instar
silkworms, which continued this feeding procedure for
7 days. Bombyx mori sialyltransferase (BmST)
expression profile in B. mori was determined using
Real-Time PCR. Specific primers for BmST (Kajuira et
al., 2015) and cDNAs from B. mori 5th instar larvae
were used.

Total RNA isolation:

The midgut, fat body, ovary, testis, and hemocyte,
which were dissected from 10 silkworms belonging to
the control (feeding directly on mulberry leaves) and
treatment (feeding mulberry leaves with sialic acid)
groups, were placed in Eppendorf containing triazole
(Invitrogen 15596026) separately. A homogeneous and
pink image is obtained by adding triazole to the tissues
and vortexing them. Centrifugation is performed for
RNA isolation and RNAse-free water is added to the
remaining  precipitate. After isolation, RNA
concentrations were measured by spectrophotometric
methods.

cDNA synthesis:

Transcriptor First Strand cDNA Synthesis Kit (Roche)
was used for cDNA synthesis. For each sample, 11 ul
of RNA+RNAse free water mixture was added and 2 pl
of random hexamer primer was added. RNAs were
denatured for 10 min at 65°C by placing the tubes in a
thermal cycler.
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Real- Time PCR analysis: RESULTS and DISCUSSION
The primers used for B. mori ST6Gal I gene expression In this study, potential sialyltransferase gene

were benefited from the work of Kajiura et al. (2015).
The expressions of BmST were determined by
amplifying Bmrp49 as a control and BmST using
following gene-specific primer sets;

Bmrp49 gene:

(forward: 5'-CAGGCGGTTCAAGGGTCAATAC-3/,
reverse: 5-TGCTGGGCTCTTTCCACGA-3),

BmST:

(forward: 5'- GAGTCGCCGGTGTCATTACT-3',
reverse: 5-CCTCGTTGAAAGGTGTCGAT-3).

Master mix content created in real time PCR
experiments; Cyber Green 2X Rox Dye Master mix
(Qiagen), forward and reverse primers designed for
genes, cDNAs as templates and nuclease-free water.
After the master mixes were prepared, the samples
were analyzed in the Real Time PCR device [The real
time PCR device basically consists of a thermocycler,
excitation light source, a fluorescence detection system
and software (Tutar et al., 2015)] and run in the
optimized program. The AACT method was used to
provide the quantitative results obtained (Yildirim et
al., 2018).

Statistical analysis:

Statistical analysis was performed by comparing the
control and treatment groups from the results obtained
from the PCR analysis. For this analysis, the t-test
method was applied to independent groups in the “IBM
SPSS Statistics 26” statistical program.

expression in B. mori tissues was examined directly.
RNA amount measurements of the midgut, hemocyte,
fat body, testis, and ovary tissues from which RNA was
isolated were determined using nanodrop. Considering
the A260/A280 absorbance ratios, control groups and
treatment groups were found in ideal purity. The
amounts resulting from RNA isolation were diluted
with RNAase-free water to be 100 nanograms in a total
volume of 20 pl. When examining the real-time PCR
results, the expression levels of silkworms on the first,
fourth, and seventh days of the fifth instar in the
midgut, fat body, ovary, testis, and hemocyte tissues
are different in all of them. The expression level was
observed after the sialic acid application with the
normal-fed control group. Expression levels are noted
to be different in each organ and day. Sialyltransferase
gene expression levels were determined by giving
substrate to B. mori. Similar to this study, different
expression levels were detected in each tissue and day.
Statistically insignificant differences were found on
some days in the midgut, hemocyte, ovary, and testis
(Fig. 1-4). Although there were differences in
expression levels, gene expression activity was
observed in all tissues of the groups given sialic acid.

Sialylated glycans have been identified to be
responsible for neural regulation in Drosophila, and
sialioglycoconjugates have been found to play a role in
the viral transmission of dengue virus on mosquito
tissues (Koles et al., 2004; Cime-Castillo et al., 2015).

control and treatment groups of midgut

0,025
0,02
— 0,015
(8}
3
N 0,01 H control
* - treatment
0,005
==
0 [ . .
day 1 day 4 day 7
days

Figure 1. Comparison of sialyltransferase gene expression levels of control and treatment groups in midgut with

independent samples T-test (*; p<0.05).

Sekil 1. Kontrol ve uygulama gruplarinin orta bagirsaklarindaki sialiltransferaz gen ifade diizeylerinin bagimsiz
ornekler T- testi ile karsilastirilmas: (*; p<0.05).
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control and treatment groups of hemocyte
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Figure 2. Comparison of sialyltransferase gene expression levels of control and treatment groups in hemocyte with

independent samples T-test (¥; p<0.05).

Sekil 2. Kontrol ve uygulama gruplarinin hemositlerindeki sialiltransferaz gen ifade diizeylerinin bagimsiz
ornekler T- testi ile karsilastirilmas: (*; p<0.05).

control and treatment groups of ovary
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%
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Figure 3. Comparison of sialyltransferase gene expression levels of control and treatment groups in the ovary with

independent samples T-test (*; p<0.05).

Sekil 3. Kontrol ve uygulama gruplarinin ovaryumlarindaki sialiltransferaz gen ifade diizeylerinin bagimsiz
ornekler T- testi ile karsilastirilmas: (*; p<0.05).

The gene expressions determined in B. mori differ in
each tissue in the treatment and control groups.
Therefore, it cannot be interpreted that gene
expression increases or decreases when sialic acid is
given. A definite increase in fat body only after
treatment and the highest expression levels are in fat
body among the tissues treated with sialic acid (Fig 5).

The sialylation of glycoproteins and glycolipids plays a
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significant role in numerous biological functions.
Sialylglycoconjugates are involved in cell-cell
communication, immune responses, and the removal of
circulating glycoproteins (Marchal et al., 2001). A
family of sialyltransferases plays a role in transferring
sialic acid (NeuAc) from active sugar donor CMP-
NeuAc to terminal nonreducing positions of a variety
of oligosaccharide chains found on glycoconjugates
(Weinstein et al., 1987; Li & Chen, 2012; Petit et al.,
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2015; Teppa et al, 2016). Sialylation and Galleria mellonella, Philaenus spumarius, Bactrocera
sialyltransferases are found in some insects like B. dorsalis (Ghosh, 2018).
mori, Drosophila melanogaster, Aedes aegypti,

control and treatment groups of testis

0,025
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0,015

2AACT

]
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0 . | ﬁ
day 1 day 4 day 7
days

Figure 4. Comparison of sialyltransferase gene expression levels of control and treatment groups in testis with
independent samples T-test (¥; p<0.05).

Sekil 4. Kontrol ve uygulama gruplarinin testislerindeki sialiltransferaz gen ifade diizeylerinin bagimsiz érnekler
T- testi ile karsilastirilmasi (*; p<0.05).

control and treatment groups of fat body

0,016 o %
0,014
0,012
— 0,01
0
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0,002
o Il ]
day 1 day 4 day 7
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Figure 5. Comparison of sialyltransferase gene expression levels of control and treatment groups in fat body with
independent samples T-test (*; p<0.05).

Sekil 5. Kontrol ve uygulama gruplarinin yag dokularindaki sialiltransferaz gen ifade diizeylerinin bagimsiz
ornekler T- testi ile karsilastirilmas: (*; p<0.05).

In insects, sialic acids play a significant role in Koles et al., 2007). In A. aegypti, on the other hand,

phylogenetics and evolution. Drosophila genome sialyltransferases play a role in mediating contagious
database searches have revealed the existence of dengue infection (Malykh et al., 1999). Kajiura et al.
several genes encoding putative orthologs of vertebrate (2015) identified a B. mori sialyltransferase involved

enzymes of the sialic acid biosynthetic pathway, in the vertebrate ST6Gal I-like located in the Golgi.
including NeubAc phosphate synthase, CMP-Neu5Ac Unlike human a2,6-sialyltransferase, BmST required
synthase, CMP-Neub5Ac/CMP  antiporter  and post-translational = modification, specifically N-
sialyltransferase (Koles et al.,, 2004). The first glycosylation, for its full activity. On the other hand,
sialyltransferase that is identified in insects 1s . Kajiura et al. (2015) identified the BmST gene in their
melanogaster sialyltransferase (DmST). It was found study and performed RT-PCR analysis on 5th-instar
that sialylated N-glycans are present in Drosophila tissues as a method.

embryos and the nervous system (Koles et al., 2004;
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The fat body of insects has a mesodermal origin,
growing in the embryonic phase through the increase
in the number and differentiation of present cells. The
fat body is a distinct organ that only insects have. It
spreads throughout the body of insects (Law & Wells,
1989; Arrese & Soulages, 2010). The fat body is
commonly described as a resemblance to vertebrate
liver (Chapman, 2013; Zhang & Xi, 2014). It plays
numerous roles in insects. For example, synthesis,
absorption, and storage of nutrients from hemolymph
(Roma et al., 2010; Turgay-Izzetoglu & Giilmez, 2019),
immunity, endocrine and detoxification processes,
show high biosynthetic activity (Resh & Cardé, 2009;
Arrese & Soulages, 2010; Martins et al.,, 2012;
Chapman, 2013; Assis et al., 2014), reproduction
(Roma et al., 2010). Most hemolymphatic proteins are
synthesized in the fat body, which also stores lipids,
carbohydrates, and proteins (Feitosa et al., 2006; Alves
et al.,, 2010; Park et al.,, 2013; Zhang & Xi, 2014;
Nation, 2016). In addition to its numerous metabolic
functions, the fat body in insects serves as a receptive
tissue for the regulatory actions of all major insect
hormones (Roma et al., 2010).

According to this information, the higher expression of
sialyltransferase in B. mori than in other tissues
indicates that the enzyme has an important place in
fat body functions.

Sialic acids typically play roles in modulating cellular
adhesion processes, by either facilitating binding
Interactions or concealing recognition sites. These
functions are integral to processes such as cell
proliferation, ageing, phagocytosis, apoptosis,
transportation, and receptor-mediated functions
(Schauer, 2001). The function of sialic acid in
organisms 1s to control major biochemical events.
Sialic acids have a pivotal role in biological masking,
effectively shielding sites of recognition, such as the
penultimate sugar moiety in receptors and antigens.
This masking effect can be attributed to their
substantial size and negative charge, which grants
cells a "self-like" property. In parallel, sialic acids
function as ligands for various entities, including
hormones, lectins, antibodies, and inorganic cations,
thereby contributing to processes like adhesion,
inflammation, immune responses, and embryogenesis
in the nervous system (Buschiazzo & Alzari, 2008;
Schauer, 2009; Ghosh, 2018).

Sialylation contributes to the fat body in insects. This
showed that fat body and sialic acid have similar
features and they work together in the same functions.
Sialic acid was found on the prothoracic gland cells of
G. mellonella larvae. After sialylation, this
monosaccharide had a protective role on the juvenile
cells against degeneration (Schauer, 2001).

DmST plays a critical role in the biological functions.
Indeed, mutation of DmST resulted in a deficiency of
the sialylation of N-glycans and was associated with
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decreased longevity, abnormal locomotor activity and
temperature-sensitive paralysis because of the loss of
voltage-gated sodium channels (Repnikova et al., 2010;
Kajiura et al., 2015).

It was observed that the fat body is one of the most
important tissues, especially for the larvae stage.
Sialylateglucoconjugates play important roles in
mammals and insects. Therefore, it was thought that
the sialyltransferase expression profile is most in fat
body tissue.

CONCLUSION
This study demonstrated that B. morilarvae tissue has
shown sialyltransferase gene expression. We

considered not only sialyltransferase but the other
enzymes, that are responsible for the sialylation
pathway, were also activated. The provided substrate
led to sialyltransferase gene expression activity in all
tissues, thereby demonstrating the active state of the
sialylation pathway. The increase was determined only
in the fat body. This can be attributed to the
similarities in the functions of fat body and sialic acid
and their roles in insects. It was determined that
sialyltransferases are important for insect
development. Because of the sialyltransferase activity,
sialic acid has affected the tissues of the insect.
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OZET

Bu ¢alismanin amaci kahramanmarasg ilinde faaliyet gosteren yumurta
tavukculugu isletmelerinin 6zelliklerini belirlemektir. Veriler, ilde
mevcut bulunan toplam 50 igletmenin tamamindan anket yoluyla elde
edilmistir. Bu isletmelerin 6’s1 kafes sistemli, 44’ ise serbest gezinmeli
aile igletmeleri gseklindedir. Kafes sistemli igletmelerde; isletmecilerin
deneyim  surelerinin 12.67 yil, egitim duzeylerinin %33.3
ilk6gretim, %16.7 lise, %50 universite mezunu, kiimes sayisinin 4.33
adet, yem tuketim ortalamasimin 122.50 g giun-tavuk?l, ortam
sicaklhiginin 24.67 °C, ortam neminin %60.33, aydinlatma siiresinin 18
saat oldugu, isletmelerin %16.7’sinde ¢adir veya betonarme, %83.3linde
panel yapr malzemesi kullanildigi belirlenmistir. Serbest gezinmeli aile
isletmelerinde ise; igletmecilerin deneyim siirelerinin 5.09 yil, egitim
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duzeylerinin %40.9 ilkogretim, %40.9 lise, %18.2 universite mezunu,
kiimes sayisinin 1.07 adet, yem tiiketim ortalamasinin 121.59 g giin-
tavukl, ortam sicakliginin 25.23 °C, ortam neminin %57.73, aydinlatma
siiresinin 14.68 saat oldugu, isletmelerin %72.7’sinde cadir veya
betonarme, %27.3inde  panel yapr malzemesi kullanildig:
belirlenmistir. Ilde yumurta tavukculugu isletmelerinin biiyiik
¢ogunlugunu serbest gezinmeli aile igletmeleri olugsturmaktadir. Kimes
kurulumu, hayvanlarin sevk ve idaresi konularinda miihendislik
hizmetlerinin alinarak igletmelerin yapilandirilmas1 ve yonetilmesi
gerekmektedir. Kahramanmaras’ta tarima elverigsiz alanlarda kurulu
olan serbest gezinmeli aile igletmelerinin yogunlukta oldugu, bu ve
Turkiye’deki buna benzer diger igsletmelerin devlet tarafindan saglanan
hibe programlari (sletme kurulumu ve ekipman) kapsaminda
desteklenmesi durumunda, dogal tiretimin devamlilig1 saglanabilecek,
tarima elverigsiz araziler degerlendirilebilecek, kirsal kesimde yasayan
nifusun kalkinmasina katki saglanabilecek, boylece kirsaldan kente
yapilan gociin bir kesimi de 6nlenebilecektir.

Characteristics of Egg Poultry Enterprises: The Example of Kahramanmaras Province

ABSTRACT

This study aimed to determine the characteristics of egg poultry

Biosystem Engineering

enterprises operating in Kahramanmaras province. Data were obtained Research Article

from all 50 enterprises in the province by way of the questionnaire. Of

these, 6 enterprises operate as cage systems, while 44 enterprises Article History

operate as free-range family enterprises. In cage system enterprises, it Received 1 05.01.2024
was determined that the average experience of operators was 12.67 Accepted 101.03.2024
years, education levels were 33.3% primary school, 16.7% high school,

and 50% university graduates, the average number of coops was 4.33, Keywords

feed consumption was 122.50 g day-chicken’!, the ambient temperature Egg Poultry

Structural characteristics
Technical characteristics
Kahramanmaras

was 24.67 °C, ambient humidity was 60.33%, and lighting duration was
18 hours, 16.7% of the enterprises used tent or concrete structures,
83.3% used panel building material. In free-range family enterprises, it
was determined that the experience of the operators was 5.09 years,
education levels were 40.9% primary school, 40.9% high school, and
18.2% university graduates, the average number of coops was 1.07, feed
consumption was 121.59 g day-chicken!, ambient temperature was
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25.23 °C, ambient humidity was 57.73% and lighting duration was
14.68 hours, 72.7% of the enterprises used tent or concrete structures
and 27.3% used panel building material. Free-range family enterprises
constitute the majority of egg poultry enterprises in the province.

Enterprises should be

structured and managed by obtaining

engineering services on coop installation, and the handling and
management of animal issues. In Kahramanmaras, there is a high
density of free-range family enterprises established in areas unsuitable
for agriculture. If these and other similar enterprises in Turkey are
supported within the scope of grant programs (enterprise installation
and equipment) provided by the government, the continuity of natural
production can be ensured, lands unsuitable for agriculture can be
utilized, the development of the population living in rural areas can be
contributed, and thus, some of the migration from rural to urban areas

can be prevented.

Atif I¢in:  Adanal, A.S., Aybek, A., & Kuzu, H (2024). Yumurta Tavukculugu Yapan Isletmelerin Ozellikleri:
Kahramanmaras Ili Ornegi. KSU Tarim ve Doga Derg 275), 1183-1193. httpsi//doi.org/10.18016/
ksutarimdoga. vi.1415377

To Cite: Adanali, A.S., Aybek, A., & Kuzu, H (2024). Characteristics of Egg Poultry Enterprises: The example of
Kahramanmaras Province. KSU oJ. Agric Nat 275), 1183-1193. https://doi.org/10.18016/ ksutarimdoga.vi.
1415377

GIRIS ¢ocuklar i¢in ¢ok onemli bir besin kaynagidir

Diinya niifusunun 2050 yilinda, 2010 yihna gére 1.3 (Kayikgioglu & Soydan, 2009). Zengin besin igeriginin

kat artarak 9.2 milyar olacag1 ongériilmektedir. Bu yaninda kolay ulasilabilmesi, hazrlanabilmesi,

nedenle giderek artan gida talebine yamit olarak sindirilebilmesi ve ucuz olmasi yumurtanin tercih

bitkisel tiretimin yaninda hayvansal tretim sektori edilme sebgpl‘erldlr (Cigekgil & Yazicr, 2016).

de gelismektedir. Bu sektor diinya ekonomisine Bununla birlikte ~yumurtanin ucuz ve kolay

yaklagik %40 katkida bulunmaktadir ve gelismekte
olan diinyada tarimsal gayri safi yurti¢i hasilanin
(GSYIH) yaklagik %30"'unu olugsturmaktadir
(Yitbarek, 2019). Ayrica kiiresel olarak en az 1.3
milyar insana istihdam saglamakta ve gelismekte
olan dinyadaki bir milyar dar gelirli kiiciik ¢ift¢inin
gecimini dogrudan desteklemektedir (Thornton ve
ark., 2006; Frans ve ark., 2010).

Tarim endistrisinin  6nemli bir parcasi olan
hayvansal Uretim sektori, ekonomik kalkinmanin
tesvik edilmesinde, pazarin saglanmasinda, ¢ift¢ilerin
gelirlerinin artirnlmasinda, nifusun yeterli ve dengeli
beslenebilmesinde dikkate deger bir yeri vardir (Ruiz-
Garcia ve ark., 2009; Nkukwana, 2018; Wu ve ark.,
2022; Kaya & Giiclii, 2023). Sektoriin sagladig:
urinler, diinya ¢apinda kilokalori tiiketimine %17 ve
protein tiketimine %33 katkida bulunmaktadir
(Rosegrant ve ark., 2009). Ozellikle kiimes hayvanlari
tiriinleri (et ve yumurta), insanlar icin yiiksek
kalitede hayvansal protein elde etmenin 6nemli bir
yoludur (Scholten ve ark., 2013; Harchaoui ve ark.,
2023).

Yumurta insan vicudu i¢in gerekli biitin temel
aminoasitleri iceren yiiksek kaliteli degerli bir protein
deposudur. Ayni zamanda tim B vitaminleri, folik
asit ve yagda eriyen vitaminler (A, D ve E) acisindan
oldukca zengindir. Basta iyot, ¢inko, kalsiyum ve
demir olmak tizere iyi de bir mineral kaynagidir. Bu
nedenle de hizli biiyime ve gelisme c¢agindaki
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bulunabilir olmasi, orta ve dar gelirli ailelerin
beslenmesi agisindan da biiyiikk 6nem tasimaktadir.
Uretim siiresinin kisa ve maliyetinin goreceli olarak
diusiik olmasi nedeniyle yumurtanin, uretimi ve
tiketimi acisindan diger hayvansal uretim kollarina
gore daha avantajli oldugu soylenebilir (Sahin &
Yildirim, 2001; Cimrin ve ark., 2019). Bu degerli
besin kaynaginin tretimi de oOnemlidir. Cunka
insanlarin gereksinim duydugu yumurta tiiketimini
gerceklestirebilmesi icin gerekli miktarda ve kalitede
yumurta iiretiminin yapilmasi gerekmektedir (Diker,
2015).

Zengin toprak ve su kaynaklarina, uygun topografya
ve iklim faktorlerine sahip olan Turkiye i¢in 6nemli
bir tarimsal tretim potansiyeli bulunmaktadir.
Hayvansal {retim faaliyetleri igerisinde yumurta
ureticiligi; 6zellikle iklim ve toprak sartlarindan ¢ok
fazla etkilenmedigi i¢in dinyanin pek ¢ok yerinde
yapilabilmektedir. Ayrica tarim agisindan elverigsiz
olan arazilere tavuk isletmeleri kurularak bu
arazilerin de kullanilabilirligi artirilabilmektedir.
Turkiye’de geleneksel yontemlerle yapilan koy
tavukgulugunun yerini artik kiciikk ve orta
biiyiikliikte isletme (KOBI) seklinde faaliyet gdsteren
endistriyel tavuk yumurtas1 g¢iftlikleri almigtir
(Kurtaslan & Cicek, 2001; Diker, 2015).

Diinya tavuk yumurtas1 tretimi 2021 yilinda 86.4
milyon tona ulagmistir. Bu tdretimin 29.3 milyon
tonunu tek bagina yapan Cin, en 6nemli yumurta
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ureticisi konumundadir. Hindistan 6.7 milyon ton,
Amerika Birlesik Devleti (ABD) 6.6 milyon ton ve
Endonezya 5.2 milyon ton tavuk yumurtasi Uretimi
ile 6nde gelen diger o6nemli tlkelerdir. 2021 yihi
verilerine gore ulkelerin yumurta tretiminde Cin
%33.9, Hindistan %7.8, ABD %7.7, Endonezya %6 ve
Brezilya  %3.8lik  bir paya sahip oldugu
gorilmektedir. Tirkiye ise %1.4 orani ile 9. sirada yer
almaktadir (Giilag, 2023). Tirkiye'de modern
yumurta tavukc¢ulugunun temelleri 1930 yilinda
atilmis olup endistriyel tavukculuk sektériine gecis
1960 yillarinda olmustur (Tugluk & Yalgin, 2002).
Gunumizde, protein ihtiyacinmi ve dengeli beslenmeyi
en ekonomik gekilde karsiladigindan dolay:
Turkiye’de yumurtaya olan talep ile birlikte yumurta
tavugu sayisinda ciddi oranda artis gerceklesmigtir
(Kose & Durmus, 2014). Tirkiye'de yumurta
tavukculugu sektériinde 2020 yilina gore 2752 ticari
isletme, 4975 kimeste ve 121302869 yumurta
tavuguyla faaliyet gostermektedir (Yum-Bir Verileri,
2021).

Turkiye'de konuya iligkin olarak; Nigde ve Kayseri
(Noyan, 1996), Corum (Kurtaslan & Cicek, 2001), Van
(Sahin & Yildirim, 2001); Afyon (Cénk, 2006), Isparta
(Akkaya & Isgiizar, 2006), Karaman (Kocaman,
2010), Ordu (Kése & Durmus, 2014), Konya (Dogan,
2017) ve Hatay (Cimrin ve ark., 2019) illeri icin
yoresel bazli bazi calismalar yapilmigtir. Ancak,
Kahramanmarag yoresine ait yapilan herhangi bir
calismaya ulagilamamgtir.

Bu calismanin baglica amaci, Kahramanmaras ilinde
faaliyet gosteren yumurta tavukgulugu igsletmelerinin
ozelliklerinin ortaya konulmasidir.

Bu ana amaca ulasabilmek igin hedefler ise arastirma
bolgesindeki;

*Yumurta  tavuk¢ulugu yapan isletmecilerin,
calisanlarin ve igsletmelerin genel 6zelliklerinin,

« Isletmelerin iiretim 6zelliklerinin,

- Igletmelerin yapisal ve teknik &zelliklerinin

belirlenmesi ve

* Konuya iligkin 6nerilerin gelistirilmesidir.

MATERYAL ve METOD
Arastirmanin materyalini, Kahramanmaras
ilgelerinde yumurta tavukg¢ulugu faaliyetlerinde

bulunan toplam 50 isletmeden anket yoluyla ylz ylze
goriusme ile elde edilen veriler olusturmaktadir. Bu
igletmelerin 6’s1 kafes sistemli, 44’ ise serbest
gezinmeli aile igletmeleri seklindedir. Kafes sistemli
igletmelerin 51 Pazarcik ilgesinde, 1’i Onikigubat
ilgesinde yer almaktadir. Serbest gezinmeli aile
igletmeleri ise tim il¢elerde yer almakta, ancak en
fazla Onikigubat lgesinde bulunmaktadir.
Isletmelerin belirlenmesi asamasinda;
Kahramanmaras Il Tarim ve Orman Midirlugi
kayitlarindan yararlamilmigtir. Ildeki toplam isletme
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sayisi, isletmelerin 1ilgelere gére dagilimlar
belirlendikten sonra, isletme sayisinin Ornekleme
yapmaya yeterli olmamasi nedeniyle veriler tam
sayim yontemiyle anket verileri, 2022 yili Temmuz-
Eylil déneminde yiiz ylze gorisme yapilarak
saglanmigtir.

Anket sorular1 genis bir literatiir (tez, makale, rapor
vb.) taramasi sonucunda hazirlanmis olup, daha
sonra konu uzmanlar ile yapilan gérismeler ile son
seklini almistir. Anket formunda kapali ve acik ucglu
sorulardan olugan bélimler yer almigtir.

Calismada, anket formu ile elde edilen verilerin
gerekli kodlamalar1 yapilarak, bilgisayarda SPSS 23
programi yardimi ile degerlendirilmigtir. Elde edilen
veriler, isletme iiretim yontemine (kafes sistemli
isletmeler, serbest gezinmeli aile igletmeleri) gore
tanimlayic1 istatistikler 1ile analiz edilmis ve
gizelgelere aktarilarak yorumlanmigtir. Ayrica, baz
stirekli degiskenlerin kargilagtirnlmasinda bagimsiz
iki 6rneklem t testi (Nakip, 2006; Basg, 2008; Tekin,
2009; Ozdamar, 2018) kullamlmisgtir.

BULGULAR ve TARTISMA

Aragtirma bulgulari dort ana bolimden
olugsmaktadir. Bunlar; (1) Isletmecilerin, ¢aliganlarin
ve igletmelerin genel 6zellikleri, (2) Isletmelerin
yapisal ozellikleri, (3) Isletmelerin iiretim 6zellikleri,
(4) Isletmelerin teknik 6zellikleridir.

i§1etmecilerin, Caliganlarin ve Igletmelerin Genel
Ozellikleri

Kahramanmaras ilinde yumurta tavukculugu yapan
igsletmelerin igletme tretim yontemlerine gore;
isletmecilerin o6zellikleri Cizelge 1’de, calisanlarin
ozellikleri Cizelge 2’de, isletmelerin genel 6zellikleri
ise Cizelge 3’te verilmistir.

Ele alinan arastirma bdélgesinde, igletme sahipleri;
kafes sistemli igletmelerin tamaminda erkek, serbest
gezinmeli aile igletmelerinde ise %88inde erkek,
%12’sinde kadin olarak belirlenmigstir. Her iki igletme
uretim yonteminde de igletmecilerin yaglarinin biiytik
¢ogunlugunun 36 yas ve Uzeri oldugu ve yas
ortalamasinin ise 46 yil oldugu tespit edilmigtir.
Isletmecilerin  egitim diizeyleri, kafes sistemli
isletmelerde; %33.3’4 ilkégretim, %16.7'si lise ve
%50’s1 ise Universite mezunu iken, serbest gezinmeli
aile igletmelerinde; %40.9'u ilkégretim, %40.9’u lise
ve %18.2’si ise Universite mezunu olarak
belirlenmigtir. Kafes sistemli {retim yapan
isletmelerde igletmecilerin %66.7’sinin 11 ve daha
fazla yil deneyimli oldugu, serbest gezinmeli aile
isletmelerinde igletmecilerin yaridan fazlasimin 10 yil
ve daha az deneyime sahip oldugu ve her iki tGretim
yonteminde de igletmecilerin daha o6nce farkl
meslekler yaptig1 tespit edilmistir (Cizelge 1).
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Cizelge 1. Isletmecilerin 6zellikleri
Table 1. Characteristics of the operators

Isletme iiretim yontemi

Isletmeci 6zellikleri

Kafes sistemli igletmeler

Serbest gezinmeli aile igletmeleri

Adet % Adet %
Cinsiyet Erkek 6 100 39 88
Kadin - - 5 12
18-35 1 16.7 1 2.3
Yas 36-50 4 66.7 32 72.7
>51 1 16.7 11 25
Ilkégretim 2 33.3 18 40.9
Egitim Lise 1 16.7 18 40.9
Universite 3 50 8 18.2
Deneyim <10 2 33.3 41 93.2
>11 4 66.7 3 6.8
Serbest meslek 4 66.7 19 43.1
Emekli - - 1 2.3
Ilk isi 1 16.66 - -
- . .. Memur - - 1 2.3
Onceki Meslegi Ozel sektor-isci 13 29.5
Ciftci 7 16
Esnaf - - 2 4.5
Hayvancilik-besicilik 1 16.66 1 2.3
Afyon ilinde yumurta  tavukculugu  yapan isletmelerde ziraat mihendisi, veteriner hekim,
isletmecilerin  yaklastk %42.6’sitmin = 36-50  yas teknlk. fele.ma}n, bak101,'pa'1%§.etleme01, sofér, givenlik
araliginda, %50’sinin ise 51 ve tizeri yas araliginda gorevlisi istihdam edildigi saptanmigtir. Serbest
oldugu, isletmecilerin yaklasik %33 intn ilkokul, gezinmeli aile isletmelerinde ¢aliganlarin;

%61’inin ortaokul-lise, %6’s1n1in ise Universite mezunu
oldugu belirlenmistir (Coénk, 2006). Ordu ilinde
isletme sahiplerinin %31.5'inin ilkokul, %58’sinin
ortaokul-lise, %10.5'inin ise universite mezunu
oldugu tespit edilmistir (Kése & Durmus, 2014).
Hatay ilinde ise isletmecilerin; yaklasik %61’inin
erkek, %39unun ise kadin oldugu, kadin duretici
sayisinin artis gostermesinin nedeni olarak, son
yillarda verilen desteklerde prosedir acisindan
kadinlarin daha avantajli olmasi gosterilmis ve bu
desteklerin amacimin Tirkiye’de kadinlarin tretim
pay1 icerisindeki ytizdesini artirmak, ailesine ve lilke
ekonomisine katki saglayan kadin igletmecilerin
sayistmi artirmak  oldugu  ifade  edilmigtir.
Isletmecilerin yaklagik %40’min 36-50 yas araliginda,
%35’inin 51 yas ve uzerinde oldugu, isletmecilerin
yaklasik %35’inin ilkokul, %30 unun ortaokul-lise ve
%30'unun ise Universite mezunu oldugu
belirlenmistir (Cimrin ve ark., 2019).

Bu calismadaki isletmecilerin deneyimlerinin 10 yil
ve daha az olmasinin nedeni son yillarda uygulanan
tesviklerin sektére yeni igletmeciler kazandirmasi,
sektordeki igletme sayisinin artiginda son yillarda
canhiligin  oldugunun  bir  gostergesi  olarak
distintilmektedir.

Aragtirma bolgesinde, kafes sistemli igletmelerde
calisanlarin; %73.6’'sinin erkek %26.4inlin kadin,
bunlarin yaslarinin biiyiik cogunlugunun (%83.3) 18-
35 yas araliginda oldugu, is deneyimlerinin biyik
¢ogunlugunun 1-5 yil oldugu, egitim diizeylerinin
%65.6’sinin ilkégretim,  %21.50’sinin  lise  ve
%12.90'inin  ise Uuniversite mezunu oldugu ve bu
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%67.3unlin erkek, %32.7’sinin kadin, %45.5’inin 18-
36 yas araliginda, %47.7’sinin 36-50 yas araliginda
oldugu, i1s deneyimlerinin tamamina yakininin
(%97.7) 1-5 yil arasinda oldugu, egitim diizeylerinin
%64.29unun  ilkégretim, %28.57’sinin lise ve
%7.14Unlin ise Universite mezunu oldugu ve bu
igletmelerde c¢aligan olarak sadece bakici ve
p;iketlemeci istihdam edildigi belirlenmistir (Cizelge
2).

Glineydogu Anadolu Bolgesindeki yumurta
igletmelerinde c¢aliganlarin  %23.8’inin  kadin ve
%76.2’sinin  erkek oldugu yas dagiliminin 1ise

genellikle (20-29) ile (30-39) yaslar1 arasinda oldugu
egitim duzeylerinin  %41’inin  ilkokul, %41’inin
ortaokul ve %18inin lise mezunu oldugu
belirlenmistir (Aydin & Celen, 2017). Afyon ilinde ise;
caligsanlarin %30.34inlin 3 yildan az, %47.99unun 4-
7 yil aras1 ve %21.67’sinin 8 yildan fazla deneyime
sahip oldugu, calisanlarin egitim diizeylerinin;
%85.14untin  ilkokul, %5.88'inin  ortaokul ve
%8.98'1nin lise mezunu oldugu tespit edilmistir
(Akinc1 ve ark., 2001a).

Kafes sistemli igletmelerin; tamaminda milkiyetin
igletme sahiplerinde oldugu, toplam kapasitelerinin
%78.63Unun kullanildig1 ve igletmelerin gineydogu
yonl dogrultusunda inga edildigi, serbest gezinmeli
aile isletmelerinde ise isletme miilkiyetinin %88.64
oraninda igletme sahiplerinde, %11.36 oraninda ise
kira oldugu, kapasite kullanim oranlarinin %81.74 ve
isletmelerin  %50’sinin  Gilineydogu, %27.28inin
Giineybati, %15.9'unun Kuzeydogu ve %6.82’sinin ise
Kuzeybati yoni  dogrultusunda insa edildigi
saptanmistir (Cizelge 3).
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Cizelge 2. Caliganlarin 6zellikleri
Table 2. Characteristics of the employees

Isletme {iretim yéntemi

Caligsan 6zellikleri

Kafes sistemli igletmeler

Serbest gezinmeli aile igletmeleri

Adet % Adet %
Cinsiyet Erkek 137 73.6 66 67.3
Kadin 49 26.4 32 32.7
18-35 5 83.3 20 45.5
Yas 36-50 1 16.7 21 47.7
>51 - - 3 6.8
Deneyim 1-5 5 83.3 43 97.7
6-10 1 16.7 1 2.3
Tlkégretim 122 65.6 63 64.29
Egitim Lise 40 21.50 28 28.57
Universite 24 12.90 7 7.14
Ziraat Mihendisi 8 4.3 - -
Veteriner Hekim 5 2.68 - -
Teknik Eleman 56 30.14 1 1.02
Gorev Bakic1 59 31.72 48 48.98
Paketlemeci 36 19.14 49 50
Sofér 10 5.47 - -
Guivenlik 12 6.55

Cizelge 3. Isletmelerin genel 6zellikleri
Table 3. General characteristics of the enterprises

Isletme iiretim yéntemi

Isletme 6zellikleri

Kafes sistemli igletmeler

Serbest gezinmeli aile igletmeleri

Adet % Adet %
1y Kira - - 5 11.36
Miilkiyet durumu Kendisine ait 6 100 39 88.64
Gilineydogu 6 100 22 50
Isletme dogrultusu Kuzeydogu )
Kuzeybat1 7 15.9
3 6.82
Mevecut kapasite (Tavuk sayis1) 2272500 78.63 40392 81.74
Toplam kapasite (Tavuk sayis1) 2890002 100 49412 100
Toplam kiimes sayisi 26 100 47 100
Isletme alani (m? 60406 5838

Ildeki toplam isletme sayisi, isletmelerin ilcelere gore
dagilimlar1 belirlendikten sonra, isletme sayisinin
ornekleme yapmaya yeterli olmamasi nedeniyle
veriler tam sayim yontemiyle anket verileri, 2022 yili
Temmuz-Eylil déneminde yuz ylize goriisme
yapilarak saglanmistir.

Afyon ilindeki igletmelerin miulkiyet durumuna
bakildiginda %3.7’sinin  kira, %5.6’sitnin  ortak,
%90.7’sinin mal sahibi oldugu, isletmelerde ortalama
kurulu kapasitenin 72074 adet, ortalama kullanilan
kapasitenin ise 47898 adet oldugunu tespit etmigtir
(Coénk, 2006). Ordu ilinde ise; toplam kapasitenin
311800 adet ve kullanilan kapasitenin 250920 adet
oldugu, bunlarin ise 111120’sinin yumurta iretimi,
139800 iniin ise etlik pili¢ Giretimi yapan igletmeler
oldugu belirlenmistir (Kése & Durmus, 2014). Hatay
ilinde toplam kurulu tavukculuk igletme
kapasitesinin 104800 adet, kullanilan kapasitenin ise
83855 adet oldugu belirlenmistir (Cimrin ve ark.,
2019). Karaman ilinde yapilan calismada isletme
dogrultusu olarak, %50’s1 kuzey-giiney, %50’si ise
dogu-bati dogrultusunda konumlandirilan toplam 10
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adet igletmenin kapasitesinin 10000-100000 adet
arasinda degistigl ve ortalama degerin 38250 oldugu
belirlenmistir (Kocaman, 2010).

Isletmelerin Yapisal Ozellikleri

Kahramanmarag ilinde yumurta tavuk¢ulugu yapan
isletmelerin yapisal 6zellikleri Cizelge 4’te verilmigtir.

Ele alinan arastirma bolgesinde, kafes sistemli
isletmelerin; yapi malzemesinin, %16.7’sinin
betonarme, %83.3iniin  panel oldugu, cat1
malzemesinin %100 intn sandvi¢ panelden olustugu
ve tamaminda yalitim oldugu tespit edilmigtir.
Serbest  gezinmeli aile igletmelerinde; yap1
malzemesinin, %2.54inlin  ¢adir, %68.18inin
betonarme ve %27.3Uinin panel oldugu, cat1
malzemesinin %72.7’sinin trapez sac %15.9unun
panel, %6.8’inin betonarme oldugu ve %4.5inin
catisiz oldugu, isletmelerin %50’sinde yalitim oldugu
belirlenmistir (Cizelge 4).

Kayseri ve Nigde illerinde yapilan arastirma da
igsletmelerin %43nde yalitim bulundugu broiler
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isletmelerinde bu oranin %50, yumurtaci isletmelerde
%36 oldugu tespit edilmistir (Noyan, 1996). Karaman
ilinde yapilan ¢alismada ise; yapi1 malzemesi olarak
isletmelerin  %30’'unda tas %70'inde betonarme

Cizelge 4. Isletmelerin yapisal ézellikleri
Table 4. Structural characteristics of the enterprises

kullanildigi, cati malzemesi olarak igletmelerin
%50’sinde eternit %50’sinde 1ise galvanizli sac
kullanildig1 belirlenmistir (Noyan,1996).

Isletme iiretim yéntemi

Isletme yapisal 6zellikleri

Kafes sistemli igletmeler

Serbest gezinmeli aile igletmeleri

Adet % Adet %
Cadir - - 2 2.54
Yap: malzemesi Betonarme 1 16.7 30 68.18
Panel 5 83.3 12 27.3
Trapez sac - - 32 72.7
Cat: malzemesi Panel 6 100 7 15.9
Betonarme - - 3 6.8
Catisiz - - 2 4.5
Yalitim durumu \Yfgll; 6 1(_)0 g; 28

Isletmelerin Uretim Ozellikleri

Kahramanmaras ilinde yumurta tavukc¢ulugu yapan
isletmelerin  lretim  ozellikleri  Cizelge  5'de
verilmigtir.

Arastirma boélgesinde, kafes sistemli igletmelerde;
hibrit turlerinin %50’sinin  Hy-Line, %33.33’tinlin
Lohman Brown ve %16.67’sinin Lohman Lite oldugu,
tavuklarin degisim zamaninin timinde 81. haftadan
sonra yapildigi, hibritlerin %16.66’stnin  Afyon,
Ankara, Bolu, Bursa, Izmir ve Marmara Bélgesinden
temin edildigi, tamaminin kendi yemini urettigi,

Cizelge 5. Isletmelerin tiretim 6zellikleri
Table 6. Production characteristics of the enterprises

%83.3"inlin ek yem verdigi, %50’sinin veteriner
hizmetini digsaridan aldigt ve %50°sinin  kendi
biinyesinde veteriner c¢alistirdigi, tamaminda gunlik
temizlik yapildig1 ve gunliik tavuk basina verilen yem
miktar1i  ortalamasmnin  122.50 gram  oldugu
saptanmigtir. Serbest gezinmeli aile igletmelerinde
ise; toplam hibrit tirlerinin, %42.11'inin Atak-S,
%38.6’'sinin  Lohman Brown, %10.53iniin Lohman
Sandy, %5.26’sinin  Leghorn, %1.75’inin Sussex ve
%1.75inin  Tinted oldugu, tavuklarin degisim
zamaninin %34 tiinde 70’inci haftadan 6nce, %54 tinde

Isletme iiretim yéntemi

Isletme tiretim &zellikleri

Kafes sistemli igletmeler

Serbest gezinmeli aile igletmeleri

Adet % Adet %
Atak-S - - 24 42.11
Lohman Sandy - - 6 10.53
Lohman Brown 2 33.33 22 38.6
ey e Sussex - - 1 1.75
Hibrit tird Leghorn - - 3 5.26
Hy-Line 3 50 - -
Lohman Lite 1 16.67 - -
Tinted - - 1 1.75
<70 Hafta 15 34
Tavuklarin degisim zamani 71-80 Hafta - - 24 54
>81 Hafta 6 100 5 12
Afyon 1 16.66 10 22.72
Ankara 1 16.66 17 38.65
Bolu 1 16.66 - -
.. Bursa 1 16.66
Yarkalarin temini fpmir 1 16.66 } B
Kahramanmaras - - 6 13.63
Kayseri - - 11 25
Marmara 1 16.66 - -
Kendi yemini tiretme Evet 6 100 21 47.3
Hayir - - 23 52.7
L Evet 5 83.3 44 100
Yem takviyesi Hayir 1 16.7 _ X
. . . Disaridan 3 50 44 100
Veteriner hizmeti Kendi biinyesinde 3 50 - -
Kiimes temizligi Ginlik 6 100 ) )
>1Ay - - 44 100

Verilen yem ortalamasi (g giin-tavuk™)

122.50 121.59
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71 ile 80'inci haftalar arasinda ve %12’sinde 80’inci
haftadan sonra oldugu, hibritlerin %22.72’sinin
Afyon, %38.65'inin Ankara, %13.63inlin
Kahramanmaras ve %251nin Kayseri illerinden
temin edildigi, %47.3"intin kendi yemini urettigi,
tamaminin ek yem verdigi, tim igletmelerin veteriner
hizmetini digardan aldigi, isletmelerin tamaminda 1
ay ve daha fazla sire ile temizlik yapildig1 ve gunlik
tavuk basina verilen yem miktar1 ortalamasinin
121.59 gram oldugu tespit edilmistir (Cizelge 5).

Afyon ilinde yapilan bir c¢alismada isletmelerin
%53.46’s1n1n kendi yemini urettigi, %46.51’inin yem
iretimi yapmadigl belirlenmistir (Akinc1 ve ark.,
2001b). Hatay ilinde yapilan ¢alismada isletmelerde
bulunan hibrit tirlerinin %52.17 Atak-S, %34.78
Nick-Brown ve %13.04 Lohman oldugu, yarkalarin
temin edildigi yorelerin, %30.43 Ankara, %26.09
Konya, %8.70 Mersin ve %34.78 diger iller oldugu,
isletmelerin; %8.70inin  kendi yemini Urettigi,
%91.3’unln digsardan temin ettigi, %34.781inin yem
katki maddesi kullandigi, %65.22’sinin katki maddesi
kullanmadig1 bildirilmistir (Cimrin ve ark., 2019).
Kayseri ve Nigde ilinde yapilan ¢alismada ise, hibrit
tiirit olarak en ¢ok (%76) Hy-Line tercih edilmistir
(Noyan, 1996). Corum ilinde 32 isletmede yapilan
calismaya gore; isletmelerin, %96.9'unda gunlik
tavuk basina verilen yem miktarinin 100-120 gram,
%3.1’inde 121-130 oldugu, %78.1'inin kendi yemini
urettigi, %21.9unun yemi disaridan satin aldigi
bildirilmistir (Diker, 2015).

Isletmelerin Teknik Ozellikleri

Kahramanmaras ilinde yumurta tavukc¢ulugu yapan
isletmelerin teknik 6zellikleri Cizelge 6’da verilmigtir.

Ele alinan arastirma bolgesinde, kafes sistemli
isletmelerin; tamaminda otomasyon sistemlerin
kullanildigi, otomasyon sistemlerinin  kullanim
amacinin, yemleme ve suluk, havalandirma ve 1sitma
ile otomatik aydinlatma i¢in oldugu, %83.3’inde
tavuklarin giinlik rutin kontrollerinde, %66’sinda
yumurta gramajlarim1  ve yumurta paketleme
igslemleri i¢in kullanmildigi, igletmelerin tamaminda
kiimes ¢evre kogullarini izleme sistemlerinin oldugu,
mevcut havalandirma sistemlerinin  %83.3’Untn
yapay havalandirma ve %16.7’sinin dogal + yapay
havalandirma oldugu, fan sayisimin igletmelerin
%16.7sinde 1-4, %83.3'inde 9 ve tzeri oldugu,
igletmelerde istenilen sicaklik ortalamasinin 25 °C ve
istenilen nem ortalamasinin %60 oldugu tespit
edilmistir. Isletmelerin; tamaminda enerji kaynaginin
elektrik ve jenerator oldugu, aylik ortalama elektrik
tutariin 1001 TL ve tizeri oldugu, tiim isletmelerde
zaman roleli aydinlatma kullanmildigi, kullanilan
aydinlatma tipinin led oldugu, kiimes i¢i aydinlatma
stiresinin tamaminda 16-18 saat oldugu, kimeslerde
kullanilan kafes tipinin %50’sinin batarya tipi,
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%33.3inlin duz yatay kafes ve %16.7’sinin kompakt
tip oldugu, altlik tirinin %83.3iinde 1zgara oldugu
ve %16.7sinde altlik olmadigi, kullanilan yemlik ve
suluk turtnin tamaminda oluklu yemlik ve nipel
suluk oldugu, hepsinde kullanilan su kaynaginin
sebeke suyu ve kuyu suyu oldugu, tiimiinde su kalite
analizinin yapildigi, hepsinde su deposu bulundugu,
biyogiivenlik ve ig guivenligi ac¢isindan tamaminda

maske 1ile eldiven takildigi, kiimes giriglerinde
dezenfektanli havuz ve kumese girig-gikiglarda
buharli dezenfektan sistemlerinin oldugu tespit

edilmistir. Isletmelerde cevresel faktér acisindan
kiimeslerde biriken tavuk giibreleri degerlendirilme
durumu incelendiginde, isletmelerin %50’sinde glibre
olarak, %16.7’sinde tekrar hayvan yemi olarak
kullanildigi, %50’sinde depo edilip pazarlandigr ve
%50’sinde  biyogaz tesisine satildigi, Uretilen
yumurtalarin paketleme ve ambalajlamasi
igsletmelerin %83.3iinde makine ile ve %16.7’sinde
manuel olarak yapildigi, yumurtalarin muhafaza
edilmesi icin igletmelerin %50’sinde soguk hava
deposunun bulundugu saptanmistir (Cizelge 6).

Serbest gezinmeli aile igletmelerinde; %70.5'inde
otomasyon sistemlerinin kullanildigi, otomasyon
sistemlerinin  kullanma amacinin  igletmelerin

%20.5'inde yemleme ve suluk i¢in, %43.1’inde 1sitma
ve havalandirma sistemleri i¢in, %65.9’'unda otomatik
aydinlatma sistemleri i¢in, %4.54linde tavuklarin
ginlik rutin kontrolleri i¢cin ve %9unda yumurta
gramajlarini belirlemek i¢cin kullanildig, igletmelerin

yarisinda  kimes  ¢evre  kosullarimi  izleme
sistemlerinin kullanildig, havalandirma
sistemlerinin isletmelerin %54.5'inde dogal
havalandirma, %45.5'inde dogal + yapay

havalandirma oldugu, isletmelerin; %54.5'inde fan
kullanilmadigi, %40.9unda fan sayisimin 1-4 ve
%4.5'inde 5-8 oldugu, %18.2’sinde havalandirma
bacas1 olmadigi, %36.4Unde havalandirma baca
sayisinin 1-8, %3.6’sinda 9-15, %6.8'inde ise 16 ve
uzeri oldugu, istenen ortam ortalama sicakligr ve
neminin sirasiyla 25 °C ve %58 oldugu belirlenmigtir.
Isletmelerin; %97.7sinde enerji kaynag olarak
elektrik, %2.8’iinde elektrik ve GES (glines enerji
sistemleri) kullanildigi, ayhik ortalama elektrik
tutarmin %50’sinde 500TL ve altinda, %29.5'inde

501-1000TL, %20.5'inde 1ise 1001TL ve tzerinde
oldugu, %97.7sinde zaman roleli aydinlatma
yapildigi, igletmelerin  tamaminda  kullanmilan

aydinlatma tipinin led oldugu, giinlik aydinlatma
stiresinin %59.1’inde 15 saat ve altinda, %40.9unda
16-18 saat oldugu, kullamilan althik tirinin
%2.3’inde 1zgara, %70.5'inde talas, %9.1'inde toprak
ve %18.2’sinde 1zgara + talag oldugu, kullanilan
yemlik turinin %20.5'inde oluklu yemlik ve
%79.5'inde asmali kovali yemlik oldugu, kullanilan
suluk tiplerinin %61.4inde nipel suluk ve
%38.6’sinda asmali suluk oldugu, su kaynaginin
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Cizelge 6. Isletmelerin teknik ézellikleri
Table 6. Technical characteristics of the enterprises

Isletme 6zellikleri

Isletme iiretim yontemi

Kafes sistemli igletmeler

Serbest gezinmeli aile igletmeleri

Adet % Adet %
Otomasyon durumu Var 6 100 31 705
Yok - - 13 29.5
Yemleme ve suluk 6 100 9 20.5
Isitma ve havalandirma 6 100 19 43.1
Otomasyon kullanim Otomatik aydinlatma 6 100 29 65.9
amaci Tavuklarin ginliikk kontroli 5 83.3 2 4.54
Yumurtalarin gramaj tespiti 4 66 4 9
Yumurtalarin paketlenmesi 4 66 - -
Kiimes gevre kogullarin1 ~ Var 6 100 22 50
izleme sistemi Yok - - 22 50
Yapay havalandirma 5 83.3 - -
ls\il;::;;lf havalandirma Dogal havalandirma - - 24 54.5
Dogal + yapay havalandirma 1 16.7 20 45.5
Yok 0 - 24 54.5
Fan sayis1 1-4 1 16.7 18 40.9
5-8 - - 2 4.5
>9 5 83.3 - -
Baca yok 6 100 8 18.2
1-8 - - 16 36.4
Havalandirma baca sayis1 9-15 17 36
>16 3 6.8
Kumes i¢i istenilen sicaklik ortalamasi °C 25 25
Kiimes ici istenilen nem ortalamasi (%) 60 58
Elektrik - - 43 97.7
Isletme enerji kaynag Elektrik + jenerator 6 100 - -
Elektrik + GES - - 1 2.3
. <500 22 50
?I‘r}j;‘ak;r_lll)a elektrik tutari 501-1000 ) ) 13 29.5
>1001 6 100 9 20.5
Zaman roleli aydinlatma  Evet 6 100 43 97.7
yapiliyor mu? Hayir - - 1 2.3
Aydinlatma tipi Led 6 100 44 100
. <15 - - 26 59.1
Aydinlatma siiresi (saat) 16-18 6 100 18 10.9
Batarya tipi 3 50 - -
Kullanilan kafes tipi Dz yatay kafes 2 33.3
Kompakt tip 1 16.7 -
Izgara 5 83.3 1 2.3
Talag - - 31 70.5
Althk turd Toprak 4 9.1
Izgara + talas - - 8 18.2
Altlik Yok 1 16.7 - -
o Oluklu yemlik 6 100 9 20.5
Yemlik tirt Asma koval1 yemlik - - 35 79.5
. . Nipel suluk 6 100 27 61.4
Suluk tipleri Asmali suluk - - 17 38.6
: . Sebeke suyu 6 100 43 97.77
Isletme su kaynag Kuyu suyu 6 100 39 88.63
Su kalite analizi yapiliyor Evet 6 100 36 81.8
mu? Hayir - - 8 18.2
Isletmede su deposu var ~ Evet 6 100 39 88.6
mi1? Hayir - - 5 11.4
Kimeslerde maske takilmaktadir 6 100 44 100
Biyogtivenlik ve ig Kiimeslerde eldiven takilmaktadir 6 100 40 90
glivenligi nasil Kimes giriginde dezenfektanli havuz var 6 100 - -
saglanmaktadir? Kiumes giris ¢ikisinda buharh dezenfekte
. . 6 100
sistemi uygulanmaktadir
Cevresel faktor acisindan  Gubre olarak kullaniliyor 3 50 43 97.72
kiimeslerde biriken tavuk Tekrar hayvan yemi olarak 1 16.7 1 2.28
giibreleri degerlendirilme Depo edilip pazarlaniyor 3 50 9 20.45
durumu Biyogaz tesisine satiliyor 3 50 - -
Yumurtalarin paketlenme Makine ile 5 83.3 8 18.2
ve ambalajlanmasi Manuel 1 16.7 36 81.8
Yumurtalarin muhafazas1 Evet 3 50 3 6.8
i¢in soguk hava deposu Hayir 3 50 41 93.2
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%97.77sinde gsebeke suyu ve %88.63’tinde kuyu suyu
oldugu, %81.82’sinde su kalite analizinin yapildig,
%88.6’sinda su deposunun oldugu, biyogiivenlik ve ig
giivenligi acisindan igletmelerin tamaminda maske
takildigi ve %90ninda eldiven kullanildigi tespit
edilmistir. Isletmelerde; cevresel faktér acisindan
kiimeslerde biriken tavuk giibreleri degerlendirilme
durumu incelendiginde, %97.72’sinde giibre olarak,
%2.28'1nde tekrar hayvan yemi olarak kullanildig: ve
%20.45'inde  depo edilip pazarlandigi, Uretilen
yumurtalarin paketleme ve ambalajlamasi ise
%18.2’sinde makine ile ve %81.8'inde manuel olarak
yapildigl, yumurtalarin muhafaza edilmesi i¢in
igsletmelerin  %93.2’sinde soguk hava deposunun
bulunmadig belirlenmistir (Cizelge 6).

Afyon ilinde
%70.93inde

calismada, igletmelerde;
havalandirma sistemleri,
%29.7sinde dogal + mekanik havalandirma
sistemleri kullanildigi, kullanilan kafes tipinin
%86.05'inde apartman tipi, %13.95'inde kaliforniya
tipi  oldugu, %37.21'inde jeneratér bulundugu,
%62.79unda  jeneratér bulunmadigl, i¢cme su
kaynaginin %70.93iinde kuyu suyu, %29.07’sinde
sebeke suyu oldugu belirlenmistir (Akinci ve ark.,
2001b). Kayseri ve Nigde illerinde yapilan ¢alismada
ise; yumurta tavugu isletmelerinin tamami kafes
sistemli olup althk kullamilmadigi, masrafsiz
olmasindan dolayr kimeslerin %83’tinde dogal
havalandirmanin kullanmildigi, %17’sinde ise kig
mevsiminde havalandirma sorunu yasandigindan

yapilan
dogal

mekanik + dogal havalandirma kullanildig1 tespit
edilmistir Noyan, 1996).

Verilerin Analizi

Yumurta tavuk¢ulugu igletmelerinin Uretim
yontemlerine gore; Uretici, ¢calisan ve igletmelere ait
baz1 siirekli degisken o6zelliklerin istatistiksel

karsgilastirilmasi yapilarak Cizelge 7’de verilmigtir.

Yapilan t-testi sonucunda, lretim yontemlerine gore
stirekli degiskenlerden; tiretici deneyimi, kiimes
sayis1 ve aydinlatma siiresi (P<0.01) ile ortam
sicakliginda (P<0.1) istatistiksel olarak anlamli bir
farklilik saptanmag, tretici yasi, ¢calisan yasi, ¢alisan
deneyimi, yem tiliketimi ve ortam neminde ise
farkhlik  gérilmemistir. Isletmecilerin  deneyim
sureleri; kafes sistemli igletmelerde 12.67 yil iken
serbest gezinmeli aile igletmelerinde 5.09 yil, kiimes
sayisl; kafes sistemli igletmelerde 4.33 adet iken
serbest gezinmeli aile igletmelerinde 1.07 adet, yem
ortalamasi (g giin-tavuk'l); kafes sitemli isletmelerde
122.50 iken serbest gezinmeli aile igletmelerinde
121.59, ortam sicakligi; kafes sistemli isletmelerde
24.67 °C iken serbest gezinmeli aile igletmelerinde
25.23 °C, ortam nemi; kafes sistemli igletmelerde
%60.33 serbest gezinmeli aile igletmelerinde %57.73,
aydinlatma stiiresi; kafes sistemli igletmelerde 18
saat, serbest gezinmeli aile igsletmelerinde 14.68 saat
olarak hesaplanmistir (Cizelge 7).

Cizelge 7. Uretici, caligan ve isletmelere ait baz siirekli degisken 6zelliklerin karsilastirilmasi
Table 7. Comparison of some continuously variable characteristics of the producers, employees and enterprises

Isletme iiretim yéntemi

Ozellikler Kafes sistemli igletmeler Serbest gezinmeli aile igletmeleri

Surekli degiskenler Ortalama Standart hata Ortalama Standart hata t P
Uretici 6zellikleri

Yas 44.83 2.926 46.23 1.069 -0.451 0.654
Deneyim 12.67 1.838 5.09 0.442 5.557 0
Calisan o6zellikleri

Yas 25.96 4.813 32.1 1.838 -1.295 0.201
Deneyim 3.50 0.658 3.17 0.220 0.512 0.611
Isletme 6zellikleri

Kimes sayis1 4.33 2.092 1.07 0.038 4.488 (Ve
Yem ortalamasi (g giin-tavuk) 122.50 3.594 121.59 0.857 0.343 0.733
Ortam sicakligi °C 24.67 0.333 25.23 0.130 -1.855 0.075
Ortam nemi (%) 60.33 2.261 57.73 0.715 1.462 0.156
Aydinlatma siiresi (saat) 18 1.238 14.68 0.233 4.327 (O

* P<0.10, **: P<0.05, ***: P<0.01

SONUC ve ONERILER

Kahramanmaras ilinde faaliyet gosteren yumurta
tavuk¢ulugu igletmelerinin biiyik g¢ogunlugunun
serbest gezinmeli aile isletmeleri oldugu
belirlenmigtir. Bu tir igletmeler, hayvan refahim
olumlu y6nde etkileyebilmektedir. Ornegin, tavuklara
dogal davranim 6zgirligi saglamanin yaninda, agik
alanda gezmesinden dolay1 tavuklarin kemik
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dayanikliligr artmakta, iyi bir tiiy yapisi olugsmakta
ve Uretilen yumurtalarin besin degeri de
yiikkselmektedir (Yenilmez & Uruk, 2016). Ayrica bu
tir isletmelerin kurulum maliyetlerinin diisiik olmasi
ve tarima elverigli olmayan arazilerde
uygulanmasinin yayginlastirilmasi ile kirsal kesimde
yasayan nifusun kalkinmasina ve koyden kente
gocin oOnlenmesine de katki saglanabilir. Bu
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nedenlerden dolay1 serbest gezinmeli aile igletmeleri
devlet tarafindan kayit altina alinip, hibe programlar:

(isletme kurulumu ve ekipman) kapsaminda
destekler saglanarak gelistirilmelidir.
Hassas bir iretim faaliyeti olan yumurta

tavukculugunda daha saghkli ve verimli tavuklara
sahip olabilmek i¢in tavuklarin ortam sartlari en
uygun sekilde karsilanmalidir. Kimes i¢i ortam
havasinda, solunum ve atiklardan kaynaklanan
gazlarin verimi disliriip tavuklarin sagligini olumsuz
etkilememesi i¢in havalandirmanin uygun bir gekilde
yapilmas: gerekmektedir. Yorede faaliyet gosteren
kafes sistemli yumurta tavuk¢ulugu isletmelerin
tamaminda yalitim bulunmakta, serbest gezinmeli
aile igletmelerinin ise yarisinda yalitim
bulunmaktadir. Tium isletmelerde havalandirma
sistemleri mevcuttur.

Kahramanmaras ilinde faaliyet gosteren yumurta
tavukculugu igletmelerinin neredeyse tamami yemi
disardan satin almaktadir. Sirekli degisen yem
fiyatlari, yem maliyetlerinin artmasina sebep
olmustur. Yem fiyatlar1 karsisinda, yumurta
fiyatlarinda da artiga gidildiginde ise yumurta
satiglarinin  dismesine  sebebiyet  verdiginden
yumurta fiyatlarinda artiga gidilememektedir.

Kahramanmaras ilinde kiglar1 ilik ve yagigh yazlar
sicak ve kurak gegen Akdeniz iklimine sahip
olmasindan dolayr kis aylarinda isletmelerde 1sitma
sistemi kullanilmasina ihtiya¢ duyulmamaktadir ve
tavuklar i¢in daha uygun ortam kosullar
saglanmaktadir. Iklim kosullar: bakimindan tavuklar
icin uygun olmasindan dolayr bolgedeki yumurta
tavukculugu igletmelerine destek verilip isletme
sayilar1 ve kapasiteleri artirilabilir.

Sonu¢ olarak, Kahramanmaras ilindeki yumurta
tavuke¢ulugu igsletmelerinin  buyik c¢ogunlugunu
serbest gezinmeli aile igletmeleri olusturmaktadir.
Kumes kurulumu, hayvanlarin sevk ve idaresi
konularinda miihendislik hizmetlerinin alinarak

igletmelerin kurulmasi ve yoOnetilmesi, serbest
gezinmeli aile igletmelerinin ilgili  bakanlhk
tarafindan desteklenip, isletmelerin sayilar1 ve

kapasiteleri artirilip dogal uUretime destek verilip,
tarima elverigsiz arazilerin degerlendirilmesi ve
kirsal kesimde yasayan nifusun kalkinmasina katk:
saglanabilir. Boylece kirsaldan kente yapilan go¢ de
onlenebilir.
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OZET Biyometri

Bu calismanin amaci, varyansin ortalamadan biiylik oldugu Poisson

dagilimh verilerde, asir1 yayilim sorununun giderilmesidir. Bu amagcla Aragtirma Makalesi
Tirkiye Istatistik Kurumu (TUIK) hayvancilik istatistiklerinden elde

edilen, IBBS-1 duzeyinde aricilik yapan isletme varlhigina iliskin 2004 Makale Tarihgesi

yili ile 2022 yillari1 arasindaki veriler kullamilmigstir. Agiri yayilim Gelig Tarithi  : 08.09.2023

probleminin  giderilmesi i¢in, genellestirilmis dogrusal karma
modellerde (GLMM) farkli model algoritmalar: kullanilarak doért model
olusturulmustur. Modellemelerde birinci model olarak asir1 yayilim
durumu kontrol edilmigtir. Asir1 yayilim varhg: tespit edildikten sonra
Poisson ve Negatif Binom dagilimi varsayimi ile birlikte modellere
sansa bagli etkiler ilave edilmigtir. Aricilik yapan isletme varligina
iliskin verilerde, asir1 yayilimin giderildigi modellerde (Model 2, 3, 4)
sabit etki olan yil etkisi 6nemsiz bulunurken, asir1 yayilimin géruldiga
Model 1’de yil etkisi cok énemli bulunmustur (p<0.0001). Modellemeler
ise  “Genellestirilmis  Ki-Kare/Sd” uyum  istatistigine  gore
karsilagtirnlmigtir. Sonug¢ olarak, asira yayilimin oldugu verilerde
GLMM’de Negatif Binom dagiliminin kullanilmasi ya da Poisson
dagiliminda sansa baglh etkilerin modele dahil edilmesi agir1 yayilim
sorununu ortadan kalkabilir.

Modelling Over-Dispersion Countable Data with GLMM
ABSTRACT

This scholarly investigation aims to surmount the predicament of over-
dispersion in datasets with Poisson distributed that exhibit a variance
larger than the mean. For the aforementioned objective, information
regarding the number of beekeeping enterprises at the IBBS-1 level
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where over-spread was observed, the effect of year was found highly
significant (p<0.0001). The models were compared using the
"Generalized Chi-Square/Df" fit statistic. The utilization of the Negative
Binomial distribution in the GLMM or the incorporation of random
effects in the Poisson distribution within the model can effectively
address the issue of overdispersion.
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GIRIS
Varyans analizinin temel faraziyelerinden baglicalar::
gozlemlerin ve hatalarin normal dagilmasi,

varyanslarin homojenligi ve kovaryansin sifir olmasi,
ortalama ve varyanslarin bagimsizlig1 ve son olarak
da toplanabilirligidir (Mendes, 2002). Bu
faraziyelerden birinin ya da birkacinin saglanmamasi
durumunda uygulanan istatistik analizde testin glicl

zaylf olup, tahminlerin dogrulugu da yetersiz
olmaktadir  (Akbulut, 2024). Ancak  cogu
arastirmalarda  verilerin  normal  dagilmadig:

durumlar gériilebilmektedir. Ornegin, parsel bagina
yabanct ot sayist (Poisson veya negatif binom),
cimlenen tohumlarin yiizdesi (binom), c¢iceklenme
zaman (iistel veya gama) gibi. Verilerin normal
dagilmadign durumda, varyans ortalamaya baglh
olmakla birlikte normallik varsayimi ihlal edilir ve
dolayis1 ile homojen varyans varsayimi da ihlal
edilmis olunur (Stroup, 2015). 20007li yillarin sonuna
dogru, istatistiksel metodolojideki gelismeler ve ayni
zamanda bilgisayar teknolojisindeki patlayici artigla
birlikte Genellestirilmis Dogrusal Karma Modeller
(GLMM) ortaya cikmistir. GLMM, heterojen varyansa
sahip olabilen, korelasyonlu ve normal dagilmayan
verileri kapsayacak sekilde ANOVA teorisini
genigletmigtir. Aym1 zamanda GLMM, tstel dagilim
ailesinde bulunan dagilimlara sahip olan sayimlar: ve
oranlar1 iceren tahmin edicilere verilen yanitlari
bulmaya caligir.

Sayimla elde edilen veriler, negatif olmayan, kesikli
(integer) olup, saga carpik Poisson dagilimi
gostermektedirler. Poisson dagiliminda ortalama ve
varyans birbirine esittir. Ancak, uygulamada Poisson
dagilimi gosteren verilerde, ortalama ve varyans kimi
zaman egit olamamaktadir. Cogu veri analisti,
Poisson dagilimi gosteren sayimla elde edilen verilere

karekok  transformasyonu ya da  logaritmik
transformasyon uygulamaktadir. Ancak, Stroup
(2015) transformasyon uygulanmasinin biyolojik

verilerin dogasina ters dustigini bildirerek ortalama
ve varyansin zoraki esitlenmesinin  problem
olusturdugunun altimi ¢izmistir. Poisson dagiliminda,
varyans ortalamadan biyik ise asirni  yayilim
(overdispersion) sorunu ortaya cikmaktadir (Stroup
2013). Sayimla elde edilen verilerde asir1 dagilima
neden olan sebepler: bagimlh degiskenin (sayimla elde
edilmis) varyansinin cok biiyiik olmasi, goézlemlerin
kiimelenmesi ve aralarindaki heterojenlik, yanlisg
model kullanilmasi ve veri setinde ¢ok sayida sifirin
bulunmas1 olarak gosterilebilir (Morel, 2014; Ser &
Yesilova, 2016). Asirn dagilhimin ihmal edilmesi
durumunda, 1. Tip hata oran1 artar ve glven
araliklar1 da yetersiz olmaktadir. Boyle bir durumda,
Negatif Binom dagiliminin kullanilmasi alternatif bir
¢bziim sunmaktadir. Poisson dagilimh sayilarak elde
edilen verilerinin istatistiksel analizinde,
genellestirilmis dogrusal model (Generalized Linear
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Model, GLM) veya sansa bagh etkilerin modele
eklenmesi ile gelistirilen genellestirilmis dogrusal
karistk model (generalized linear mixed model,
GLMM) yaklasimlar: kullanilmaktadir.

Bu calismanin amaci, sayimla elde edilmis Poisson
dagilimhi  asir1 yayilim  gOsteren  verilerin,
genellestirilmis dogrusal karigik modellerle
(generalized linear mixed model, GLMM) ile farkh
algoritmalar kullanilarak asir1 yayilim sorununa
¢O6zUim Uretmektir.

MATERYAL ve METOD

Bu ¢alismanin verisini Tirkiye Istatistik Kurumunun
(TUIK) hayvancilik istatistikleri gostergelerinden
elde edilmis olup, IBBS-1 diizeyinde aricihik yapan
igletmelerin 2004 yili ile 2022 yillar1 arasindaki
sayima dayali veriler olusturmustur (TUIK, 2023).

Istatistik Analizler

Calismada, IBBS-1 diizeyindeki bélgeler (12 farkh
bolge) ile yillar (2004 ile 2022 yillar: aras1) bagimsiz
degigkenler olarak modele dahil edilirken, aricilik
yapan isletme sayisi ise bagimli degisken olarak
modele dahil edilmigtir.

Asir1 yayilim durumu
Poisson dagilimi “var(Y) = E(Y) = »” olarak ifade edilip

ortalamas1 varyansina esit olan bir dagilimdir.
Ortalamanin varyanstan biiyiik ya da kugiik olmasi
dagillmin asin ya da az olmasi durumunu
gostermektedir. Asin  yayihm  (overdispersion)
durumunda “Var(Y) > u (varyans ortalamadan

biiyiik)” seklinde ifade edilirken, az yayilimda
Var(Y) <u (varyans ortalamadan kiiciik)” seklinde

ifade edilir. Hilbe (2014), asir1 yayilimin veride
birbiri ile iligkili gézlemlerin olmasi durumunda ya
da yine verideki heterojenlik durumu séz konusu
oldugunda goérilebildigini  bildirmistir. Bununla
birlikte, yayilim parametresi (¢ ) asagidaki gibi

13

hesaplanir (Ser ve Yesilova, 2016):

Yayilim parametresi (ya da élceklendirilmis sapma) =
Sapma (Devians)/serbestlik derecesi

Yukarida bahsedilen ifadeye gore; Isitk (2011)
yvayinladigi c¢alismada ¢@>1 ise asir1 yayilim
(overdispersion), @ <lise az yayillim

(underdispersion), ¢ =1ise asir1 yayilim olmadigim

bildirmigtir. Bu c¢alismada sadece asir1 yayilim

gosterme egilimi incelenmistir.

Genellestirilmis Lineer Karma Model (GLMM)

Bagimli degiskenin normal dagilim géstermedigi
durumda kullanilabilen Genellestirilmis Lineer
Karma Modeller (Proc Glimmix), adindan da
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anlagilabilecegi gibi lineer modellerde sabit etkileri
iceren lineer tahmin edicilere ek olarak sansa bagh
etkilerin de modele dahil edilmesi ile olusturulan bir
istatistiksel modeldir (Authement and Knauer, 2023).
Diger bir ifade ile GLMM, dogrusal karisik model ile
genellestirilmis  dogrusal modelin  birlesimidir.
GLMM’ in genel formu su sekildedir:

g(E(Y | u))=XpB+2Zu veya

E(Y| u)=g " (XB+Zu)=9"(n) = u;

E(u)=0 ve Var(u) =G seklindedir.

Burada; Y(nx1) boyutlu goézlem degerleri vektori,
X(nxp) boyutlu sabit etkiler desen matrisi ve
Z(nxq) boyutlu sansa bagl etkiler desen matrisidir.
P(px1) sabit etkiler katsay1 vektori ve u(gx1) sansa
etkiler g7 ()ise
turevlenebilen monoton link fonksiyonunun tersidir.
Sansa bagh etkiler ¢ok degiskenli normal dagilima

sahip olup ortalamasi1 0, varyans-kovaryans matrisi
G’dir. Kisaca u ~ MVN(0,G) seklinde ifade edilir (Koc

& Cengiz, 2012). Bagimh degisken, dagilimi {istel
aileden oldugu stirece surekli, ikili, sayili, sirali,
kategorik vb. olabilir. Ustel dagilim ailesi, sayim
verileri i¢in Poisson ve Negatif Binom; kesikli veriler
i¢in Binom, Bernoulli ve Geometrik; siirekli yanit veri
setinin incelenmesi i¢cin Gamma, Normal, Ters Gauss,
Beta ve Ustel gibi uygun modelleme icin degerli olan
cok sayida dagilimi igerir. (Dobson ve Barnett, 2008).
Poisson siireci, sayisal verilerin stokastik farklarini
teorik bir beklenti etrafinda modellemek igin
baglangic noktasi1 olarak kullanilir. Modelin asgir

bagh katsayr  vektorudir.

dagilimi, varyansin beklenen degisimine yonelik
farkli model varsayimlari nedeniyle dikkate
alinmaldir. Istatistiksel ¢ikarimlarin degeri

acisindan, bu varsayimlarin se¢cimi énemli sonuglara
sahiptir. Bu nedenle, negatif binom dagilim
parametresi Onerilmektedir ¢linkii bu yontem, en
yaygin kullanilan yaklasimlarda varsayilan karesel
ortalama-varyans iligkilerini iceren cesitli yontemler
tanimlar (Yirga ve ark., 2020)

Ortalama ve dogrusal tahminleyici arasindaki
baglantinin fonksiyonu olarak ifade edilen link
fonksiyonu hem Poisson dagilimda hem de negatif
binom dagilimda “log’” baglant1 fonksiyonu olarak
kullanilmaktadir. Buna gore negatif binom ya da
poisson dagilimli regresyon modelinin ifadesi:

i=1
Calismada, oOncelikle veri setinin agir1  yayilim
gosterip gostermedigine iliskin uygulanan Model 1,
“Poisson Dagilim Varsayimli Genellestirilmis Lineer
Karma Model (Poisson Glimmix/ P-Glimmix)” olarak
tanimlanmigtir. Model 1’de uygulanan algoritmalar,
Stroup (2013) ile Gbur ve arkadaslarinin (2012) kendi
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calismalarinda kullandiklar: algoritmalardar.

Model 2, asir1 dagilima alternatif ¢6zim getirebilen
bir model olup, negatif binom dagilima sahip bir
modeldir ve “Negatif binom dagilim varsayimh
Genellestirilmis Lineer Karma Model (Negative
Binom Glimmix/NB-Glimmix)” olarak tanimlanmistir
(Yirga ve ark., 2020). Model 3 ve Model 4 de ise Model
1 ve Model 2’ ye ilave olarak rastgele kesim ve egim
noktasi eklenmigtir. Model 3 “Genellestirilmis
Poisson Dagilim Varsayimli Genellestirilmis Lineer
Karma Model (Poisson Glimmix/ GP-Glimmix)” ve
Model 4 “Genellestirilmis Negatif Binom Dagilim
Varsayimli Genellegtirilmis Lineer Karma Model

(Poisson Glimmix/ GNB-Glimmix)” olarak
tanimlanmistir.

SAS 9.4 yazilimi araciligt ile “Proc Glimmix”
prosediri  kullanilarak Genellestirilmis Karisik

Dogrusal Modelde (GLMM) analizler yapilmigtir.
GLMM’de iki farkli dagilimin kullanildig: doért farkl
modelde asir1 yayilimin belirlenmesi ve modellerin
mukayesesi uyum  iyiligi = kriterlerine  gére
(genellestirilmis ki-kare/sd veya Pearson ki-kare/sd)
kiyaslanmistir. Hilbe (2014) calismasinda, uyum
iyiligi kriterlerinin 1’den buylik olmasinin verinin
asirn1 dagilim  gosterdigi anlamina  geldigini
bildirmistir. Bununla birlikte link fonksiyonunun
yanlis tercih edilmesi, gozlemdeki degiskenligi
(varyansi) fazla olmasi asiri yayilimin
sebeplerindendir (Gbur ve ark., 2012).

Genellestirilmis Lineer Karistk Modeller (GLMM)
uygulanirken, veriler orijinal 6lcekleriyle (veri 6lcegi
olarak) korunur. Ancak, ortalama degerlerin
aciklayic1  degigkenlerin  lineer fonksiyonundan
tahmin edilmesi durumunda, bunlar model 6lgeginde
kullanilir. Bu 6lgekler arasinda bir uyum saglamak
i¢cin, bir baglanti fonksiyonu kullanilarak model
6lcegindeki ortalama degerler orijinal veri 6lcegine
geri baglanir. Bu metodoloji, orijinal odlgimleri
dogrudan farkl bir ¢lgek diizeyine dontstiirmekten
farklidir (Dawis, 2020). Bununla birlikte, Proc
glimmix igindeki dagilimlarin varsayilan baglanti
fonksiyonlar1 Cizelge 1’de gésterilmigtir.

Caligmada kullamlan modeller ise asagida belirtildigi
gibidir. Oncelikle Model 1, asir1 yayilim durumunun

belirlenmesi i¢in kurulmustur. Kategorik
degiskenlerin (bélge ve y1l) tanimlanmasi icim “Class”
ifadesi  kullanilmigtir. Bagimsiz ve  bagimlh

degiskenlerin tanimlanmasi igin ise “Model” ifadesi
kullanilmigtir. Syntax kisminda belirtilen “Solution”
ifadesi ise regresyon parametre tahminlerinin elde
edilmesini saglamaktadir. Verinin dagilimi igin ise,
“Dist=" opsiyonu ile birlikte bu opsiyondaki “link="
opsiyonunda da her dagilima gore o6zellestirilen
baglant1 fonksiyonu tamimlanmaktadir (Cizelge 1 de
ayrintili  bir sekilde belirtilmistir). Sansa bagh
degiskenlerin regresyon katsayilari i¢in “Random”
ifadesi tanimlamigtir. Calismada bu modelde sadece
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kesim (intercept) sansa baglh olarak kabul tanimlamak i¢in ise “Subject” ifadesi kullamilmigtir.
edilmesinde dolayi, bu model algoritmas1 ayni Kisaca  modeller asagida  belirtilen  sekilde
zamanda  rasgele kesim  noktast  modelidir. olusturulmustur.

Tekrarlanan (ardisik) élciimlerin alindig1 degiskeni

Cizelge 1. Tarimsal denemelerde kullanilan ortak dagilimlar ve baglant: fonksiyonlari.

Table 1. Common distributions and Ilink functions for agricultural experiments.

Distribution Link Function Syntax dist= Syntax Link=

Beta Logit dist=beta link=logit

Binomial Logit dist=binomial | bin | b link=logit

Normal Identity dist=gaussian | g | normal | n link=identity | id
Multinomial Cumulative logit dist=multinomial | multi | mult link=cumlogit | clogit
Negative binomial Log dist=negbinomial | negbin | nb link=log

Poisson Log dist=poisson | poi link=log

Model 1: Agin yayilim durumunun belirlenmesi
amaciyla kurulmustur.

Model 2: Model 1’den farkli olarak verilerin Negatif
Binom dagilimina sahip oldugu varsayilmigtir.

Model 3: Poisson dagilimi varsayimi altinda “random”
ifadesine, kesimin (intercept) yani sira bir sansa bagh
terim (y1l) daha eklenerek rasgele kesim ve egim
modeli olusturulmustur.

Model 4: Negatif Binom dagilimi varsayimi altinda
“random” ifadesine, kesimin (intercept) yam sira bir
sansa bagh terim (y11) daha eklenerek rasgele kesim
ve egim modeli olusturulmustur.

BULGULAR ve TARTISMA

Calismada aricilik yapan isletme sayisi verilerinin

her boélge igcin ortalama ve varyans degerlerine
bakilmigs ve Cizelge 2’de gosterilmistir. Elde edilen
sonuclar incelendiginde, her bélge i¢in aricilik yapan
isletme sayisina iliskin sayim yoluyla elde edilmig

veride varyansin ortalamadan buyuk oldugu
gorulmustiir. Dolayis1 ile asiri bir dagilim soz
konusudur. Sekil 1’'de verilerin  varyansinin

ortalamadan ne kadar uzakta oldugunu grafiksel
gosterimi sunulmaktadir, Sekil 2'de ise verilerdeki
buytik varyanstan dolayr dagilimin normal olmadigi
hatta saga carpik oldugu gorilmektedir.
Aragtirmacilar ¢ogu zaman normal dagilmayan
verilere log transformasyonu uygulamaktadir. Ancak,
Gbur ve arkadaslar1 (2012) calismalarinda, log
transformasyonun  asir1  dagilima  bir  ¢6ziim
olmadigini bildirmiglerdir.

Cizelge 2. Aricilik yapan isletme sayisi verilerinin her bolge i¢in ortalama ve varyansi
Table 2. Mean and variance of the number of beekeeping enterprises for each region

Region M+ SE Variance
Akdeniz 6496.68 = 1018.25 19699943.90
Bat1 Anadolu 2240.21 + 268.06 1365289.06
Bat1 Karadeniz 8024.11 + 819.36 12755523.88
Bat1 Marmara 3704.11 £+ 480.02 4377930.77
Dogu Karadeniz 7169.37 +£1107.18 23291120.25
Dogu Marmara 3519.58 + 415.57 3281190.48
Ege 3519.58 £ 415.57 3281190.48
Giineydogu Anadolu 2973.26 £+ 430.22 3516764.09
Istanbul 831.89 = 146.40 407232.99
Kuzeydogu Anadolu 3710.32 £ 463.35 4079105.67
Orta Anadolu 4582.63 + 639.70 7775042.02
Ortadogu Anadolu 4015.74 + 557.93 5914499.87

M: Mean (Ortalama); SE: Standard Error (Standart hata)

Cizelge 3’de de gorilecegi lzere, Tiirkiye’de IBBS-1
diizeyine gore gruplandirilmis aricilik yapan igletme
verisinin agir1 yayilimina iligkin sonuglarda Model 2,
3 ve 4'deki uyum 1iyiligi istatistiklerinden elde edilen
degerler Model 1’dekine gore oldukca diigiiktiir. Daha
once de bahsedildigi gibi Model 1, veri setinin agiri
dagilim daglmadigina iligkin olusturulan bir
modeldir. Poisson dagilimli Model 1’deki uyum
istatistigi (Genellestirilmis Ki-Kare/Sd degeri) 75.94
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olup 1’den oldukg¢a buylktiir ve dolayisiyla, dagilimin
asir1  yayillim gosterdig§i sonucuna varilmistir.
Dagilimin asir1  yayilim géstermesi durumunda
alternatif bir yaklagim olan Model 2’de negatif binom
dagilima gore model olusturulmustur. Model 2’de
uyum istatistigi 1’e yaklagsmig olup, asir1 dagilim
sorunu ortadan kaldirilmistir. Stroup (2013) ile Ser
ve  Yesilova  (2016), yaptiklarm  calismada,
genellestirilmis lineer karma modellerde negatif
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binom dagiliminin kullanilmasi ile asir1 dagilim

sorunun ortadan kalktiginm bildirmiglerdir.
Akdeniz
25000000
OD_A
20000000
15000000
0_A
10000000
500
KD_A
Istanbul
GD_A
Ege

Arastirmacilarin bildirdikleri bahsi gecen kani, bu
¢aligmanin sonucu ile uyumludur.

B_A
B_K
=@=\lean
B.M
==@==\/ariance
D_K
D M

B_A: Bat1 Anadolu, B_K: Bat1 Karadeniz, B_M: Bat1 Marmara, D_K: Dogu Karadeniz, D_M: Dogu Marmara,
GD_A: Giineydogu Anadolu, KD_A: Kuzeydogu Anadolu, O_A: Orta Anadolu ve OD_A: Ortadogu Anadolu bélgesi
Sekil 1. Her bélge icin sayilabilir verilerin ortalama ve varyans arasindaki uzaklik iligkisi

Figurel. Distance relationship between mean and variance of countable data for each region

40

Frequency

o

Sekil 2. Agir1 yayilim gosteren sayilabilir verilerin histogram grafigi
Figure 2. Histogram plot of countable data showing overdispersion

Cizelge 3. Agir1 yayilim durumuna iligkin uyum istatistigi sonuclari

Table 3. Fit statistic results for the case of overdispersion

Model Dagilim Uyum istatistigi Hesap degeri
Model Distribution Fit statistics P value
Model 1 (P-Glimmix) Poisson Genellestirilmis Ki-Kare/Sd1 75.94
Model 2 (NB-Glimmix) Negatif Binom Genellestirilmis Ki-Kare/Sd 1.02
Model 3 (GP-Glimmix) Poisson Genellestirilmis Ki-Kare/Sd 1.05
Model 4 (GNB-Glimmix) Negatif Binom Genellestirilmisg Ki-Kare/Sd 1.05

SD: Serbestlik derecesi (Degrees of Freedom)
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Az yayillm (underdispersion) gdsteren Poisson
verilerinde kullanilamayan Negatif binom dagilima,
verideki heterojenligi diizelten dagilima sahiptir. Bu
nedenle, asir1 yayilim problemine alternatif bir ¢6ziim
sunmaktadir (Hilbe, 2014).

Model 3 ve 4’de kesim (intercept) ile birlikte yil etkisi
sansa bagh terim olarak modellere ilave edilmistir.
Ciinkii Gbur ve ark. (2012), sansa bagh etkilerden
dolay1 ortaya c¢ikan degisimin o6nemli olmasi
durumunda, bu etkileri g6z ardi etmek de agir
yayillima neden oldugunu bildirmigtir. Bu sebepten
dolay1, Model 3 ve 4de sansa bagl etkiler dikkate
alinmigtir. Sansa bagl etkilerin dahil edildigi Model
3 ve 4de Genellestirilmis Ki-Kare/Sd degeri aym
¢ikmisg olup 1’e yakindir.

Ser ve Yesilova (2016),
verilerde yaptiklar

agir1 yayillim gosteren
modellemelere integral

Cizelge 4. Sabit etkilere iligkin sonuglar
Table 4. Results for fixed effects

yaklagimlarini da modele dahil etmisler, ancak
calismalarinda elde ettikleri sonucglar az yayilim
durumu ortaya cikmistir. Bu ¢alismada asir1 yayilim
durumu incelendiginden, integral yaklagimlari ihmal
edilmigtir.

Cizelge 4de GLMM ile yapilan dort farkli modelleme
ile sabit etkilere iligkin sonuglar verilmistir. Buna
gore, Model 1’den elde edilen standart hatalar, Model
2, 3, ve 4den olduk¢a kucuktir. Bu sonug, Ser ve
Yesilova (2016) ile Kog¢ ve arkadaslarinin (2013)
yaptiklar1 calismalardan elde edilen sonuglarla
tutarlidir. Bununla birlikte Koc¢ ve ark. (2013), asir1
yayillim durumunda standart hatalarin kigik
¢ikabilecegini bildirmigtir. Bununla birlikte elde
edilen sonuglarda 2022 yilinda sabit etkilere ait
tahminler O olarak bulunmus olup, Cizelge 4’de yer
verilmemistir.

Model 1 (P-Glimmix)

Model 2 (NB-Glimmix)

Model 3 (GP-Glimmix) Model 4 (GNB-Glimmix)

Y E SE  Pr> |t] E SE  Pr> |t] E SE  Pr> |t] E SE Pr> |t]
Sabit 8.77 0.17 <.0001 8.79 0.18 <.0001 8.77 0.19 <.0001 8.78  0.19 <.0001
2004 -1.40 0.01 <0001 -1.50 0.07 0.06 -1.45 0.08 0.052 -1.45 0.10 0.18
2005 -1.38 0.01 <.0001 -1.42 0.07 0.06 -1.43 0.08 0.054 -1.43  0.12 0.18
2006 -1.40 0.01 <.0001 -1.44 0.07 0.06 -1.45 0.08 0.051 -1.45 0.11 0.12
2007 -1.44 0.01 <0001 ~-1.48 0.07 0.06 -1.48 0.08 0.053 -1.48 0.13 0.19
2008 -1.46 0.01 <0001 -1.51 0.07 0.06 -1.50 0.07 0.051 -1.51  0.14 0.26
2009 -1.44 0.01 <0001 ~-1.49 0.07 0.06 -1.49 0.07 0.054 -1.49 0.11 0.25
2010 -1.48 0.01 <0001 -1.53 0.07 0.06 -1.52  0.07 0.055 -1.53  0.15 0.16
2011 -1.45 0.01 <0001 -1.50 0.07 0.06 -1.49 0.07 0.054 -1.50 0.13 0.12
2012 -1.45 0.01 <0001 -1.49 0.07 0.06 -1.49 0.07 0.051 -1.49  0.10 0.14
2013 -0.18 0.00 <.0001 -0.21 0.07 0.06 -0.22  0.07 0.057 -0.21  0.13 0.16
2014 -0.17 0.00 <.0001 -0.19 0.07 0.06 -0.18 0.07 0.056 -0.19  0.12 0.15
2015 -0.15 0.00 <.0001 -0.16 0.07 0.06 -0.16  0.07 0.053 -0.16  0.10 0.17
2016 -0.14 0.00 <.0001 -0.15 0.07 0.06 -0.15 0.07 0.052 -0.15  0.10 0.18
2017 -0.16 0.00 <.0001 -0.15 0.07 0.06 -0.15 0.07 0.055 -0.15 0.10 0.18
2018 -0.17 0.00 <.0001 -0.16 0.07 0.06 -0.16  0.07 0.051 -0.16  0.10 0.16
2019 -0.19 0.00 <.0001 -0.18 0.07 0.06 -0.18  0.07 0.054 -0.18 0.11 0.20
2020 -0.16 0.00 <.0001 -0.15 0.07 0.06 -0.15 0.07 0.053 -0.15 0.10 0.19
2021 -0.07 0.00 <.0001 -0.08 0.07 0.24 -0.08 0.07 0.26 -0.08  0.07 0.24

Y: Yil (Year); E: Tahmin (Estimate); SE: Standart Hata (Standart Error)

Aricilik yapan igletme varlhigina iligkin verilerde, agiri
yayilimin giderildigi modellerde (Model 2, 3, 4) sabit
etki olan yil etkisi Onemsiz bulunurken, asiri
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yayilimin gorildigi Model 1’de yil etkisi ¢ok 6nemli
bulunmustur (P<0.0001). Bununla birlikte, her dért
model i¢in en kii¢lik kareler ortalamasina ait sonuglar
Cizelge 5’de verilmistir.
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Cizelge 5. En kiigiik kareler ortalamasina ait sonuglar
Table 6. Least squares mean results

Model 1 (P-Glimmix)

Model 2 (NB-Glimmix)

Model 3 (GP-Glimmix) Model 4 (GNB-Glimmix)

Model (Log) Veri 6lcegi Model (Log) Veri 6lcegi Model (Log) Veri 6lcegi Model (Log) Veri 6lgegi
Olgegi Olgegi Olgegi Olgegi

Y E SE M SEM E SE M SEM E SE M SEM E SE M SEM

2004 7.37 0.17 1584.85 27393 7.34 0.19 1539.22 289.80 7.32 0.19 1513.81 288.82 7.34 0.19 1536.68 289.69
2005 7.39 0.17 1620.72 280.12 7.36 0.19 1578.80 297.25 7.35 0.19 1551.17 29593 7.36 0.19 1575.98 297.10
2006 7.37 0.17 1593.94 275.50 7.34 0.19 1547.46 291.35 7.33 0.19 1524.59 290.87 7.34 0.19 1545.15 291.29
2007 7.34 0.17 1534.64 265.26 7.31 0.19 1487.66 280.10 7.29 0.19 1470.54 280.56 7.30 0.19 1485.91 280.13
2008 7.31 0.17 1501.60 259.55 7.28 0.19 1455.72 274.10 7.27 0.19 1439.21 27459 7.28 0.19 1454.01 274.12
2009 7.33 0.17 1528.45 264.19 7.30 0.19 1474.57 277.64 7.29 0.19 1460.38 278.63 7.30 0.19 1473.11 277.72
2010 7.30 0.17 1474.24 254.82 7.26 0.19 1425.96 26850 7.25 0.19 1414.54 269.88 7.26 0.19 1424.75 268.61
2011 7.32 0.17 1510.62 261.11 7.29 0.19 1468.84 276.56 7.28 0.19 145291 277.20 7.29 0.19 1467.23 276.61
2012 7.33 0.17 1520.30 262.78 7.30 0.19 1479.66 278.60 7.29 0.19 1464.46 279.40 7.30 0.19 1478.11 278.66
2013 8.60 0.17 5406.89 934.03 8.58 0.19 5300.07 997.23 856 0.19 5212.72 993.74 857 0.19 5291.26 996.84
2014 8.60 0.17 5457.68 942.80 8.60 0.19 5446.95 1024.85 8.59 0.19 5399.48 1029.33 8.60 0.19 5442.42 1025.31
2015 8.62 0.17 5568.64 961.96 8.63 0.19 5596.43 1052.97 8.62 0.19 5540.34 1056.17 8.63 0.19 5591.00 1053.29
2016 8.63 0.17 5611.43 969.35 8.64 0.19 5627.23 1058.77 8.63 0.19 5583.18 1064.34 8.63 0.19 5623.06 1059.33
2017 8.62 0.17 5527.39 954.84 8.64 0.19 5645.41 1062.18 8.63 0.19 5585.00 1064.68 8.64 0.19 5639.38 1062.40
2018 8.60 0.17 5456.73 942.64 8.63 0.19 5590.27 1051.81 8.62 0.19 5528.79 1053.97 8.63 0.19 5584.03 1051.97
2019 8.59 0.17 5353.04 924.73 8.61 0.19 5467.95 1028.80 8.60 0.19 5408.29 1031.00 8.61 0.19 5462.12 1029.02
2020 8.61 0.17 5512.47 952.26 8.64 0.19 5653.67 1063.74 8.63 0.19 5570.28 1061.87 8.64 0.19 5645.38 1063.53
2021 8.70 0.17 5998.26 1036.16 8.71 0.19 6056.73 1139.56 8.70 0.19 5990.90 1142.05 8.71 0.19 6050.43 1139.82
2022 877 0.17 6454.64 1114.98 8.79 0.19 6562.98 1234.78 8.78 0.19 6477.18 1234.73 8.79 0.19 6554.77 1234.81

Y: Yil (Year); E: Tahmin (Estimate); SE: Standart
(Standard Error Mean)

Cizelge 5den elde edilen en kug¢uk kareler
ortalamasina iliskin sonuglar SAS yazilimindaki
“Ismeans year/ ilink” opsiyonu kullanilarak elde
edilmigtir. “ilink” ters baglanti kodunu ifade
etmektedir. Bu kodun modele dahil edilmesi ile,
verinin orijinal 6lceginden ortalama elde edilirken,
delta metoduyla ortalamanin standart hatasi (veri
olcegi) elde edilmektedir. Sabit etkilere iligkin elde
edilen sonuclarda oldugu gibi, en kiicik kareler
ortalamasina iliskin sonucglarda da asir1 yayilim
durumunda (Model 1) standart hatalar Model 2, 3, ve
4e gore daha kiuguk olarak elde edilmigtir. log-
baglant1 6lcegi olan Model 6lceginden (7) elde edilen

tahminlerle, veri 6lcegine () iliskin ortalamalar elde

edilmektedir (Ser ve Yesilova, 2016; SAS 2008). Bu
calismada, Model 1’de 2004 yili i¢cin =737 ve

e" =1584.85 dir.

n

/JZOOZ!:e

SONUC ve ONERILER
GLMM'ler, tustel dagilimlardan birine sahip olan
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Hata (Standart Error); M: Ortalama (Mean) ; SEM: Ortalamanin standart hatasi

bagiml degiskenler i¢in standart dogrusal modellerin
kavramini genigletir. GLMM’ler ¢ bilesenden
olusmaktadir. Bunlar; bagimli degiskeninin olasilik
dagilimini  belirleyen stokastik unsur, aciklayicl
degigskenler tarafindan karakterize edilen dogrusal
modeli gésteren sistematik bir bilegen olan dogrusal
tahminleyici ve bagimli degigkeninin ortalamasim
bagimsiz degiskenlerin dogrusal kombinasyonuna
baglayan bir baglant1i (link) fonksiyonudur.
Dagilimlar i¢in yaygin olarak kullamilan link
fonksiyonlari, bircok literatiirde tartisilmaktadir (Gill
ve Torres, 2019; Stroup, 2013). Genellestirilmis lineer
karma modellerde parametreler maksimum
olabilirlik prensiplerine dayanarak tahmin edilir.
Modellerde bagimli degiskene uygulanan cesitli
transformasyon yontemleri, modelin bazi
varsayimlarini (transforme edilmis verilerin sabit
varyansli  normal  dagilima sahip  oldugu)
kargilamasin1  saglar. Ancak, transformasyonlar,
regresyon modellerinde cogunlukla zorlayici
olabilmektedir, c¢unkl transformasyonlar bagimh
degisken ile kovaryanslar arasindaki iligkiyi etkiler.
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Hatta transformasyonlar degiskenler arasindaki
iligkinin ve dagilimin seklini degistirir ancak cogu
zaman modeli degistirdigi algilanmamaktadir (Yirga
ve ark., 2020). Transformasyon yénteminin se¢imi ise
arastirmacilarin farkl disiince seklinden dolay1r da
subjektif olabilmektedir.

GLMM'ler bu sorunlardan kac¢inir ¢iinki veriler artik
dontistirilmez; bunun yerine, ortalamalarin bir
fonksiyonu, ortak degiskenlerin dogrusal bir
kombinasyonu olarak modellenir (Gill ve Torres,

2019). Bazi durumlarda, o6rnegin, tahmin edilen
katsayinin biytk degerleri i¢in, bir
transformasyonun kullanilmasi, ¢gikarsamada
GLMM'lerin ve Wald tipi istatistiklerin

kullanilmasindan daha etkilidir (Menard, 2002).
Ancak genel olarak transformasyon yontemleri
GLMM’lerin karsisinda zayif kalmaktadir (AMFAR,
2015).

Bu yiizden bu ¢alismada veriler transformasyona tabi
tutulmadan aricilik yapan igletme sayilarinina ait
verilerin zamana ve bdlge etkilerine gore degigsimi
incelenmistir. Genellestirilmisg lineer  karma
modellerde (GLMM) Sas Proc Glimmix prosediirii
kullanilarak dort farkli model olusturulmustur.
Karigik etkili modeller olarak da adlandirilan
boylamsal c¢aligmalar, ilgili zaman veya mekan
boyunca bagiml degiskendeki degisiklikleri ve farklh
faktorlerin bu degisiklikler tizerindeki etkilerini
incelemek i¢in kullanilir.

Karigik etkili modellerde Genellestirilmis ki-kare/sd,
Poisson modeli icindeki asirl dagilmanin
degerlendirilmesi i¢in 1yl uyum istatistigini verir.
Poisson'un varyansi ve ortalamasi esit oldugundan,
olcek parametresi (a) 1'dir. Eger Poisson varsayimi
kargilaniyorsa, Genellestirilmis ki-kare/sd’'nin 1'e
yakin olmasi beklenir. Tahmini degeri olan 75.94
(Cizelge 3) asirn dagilma Poisson modeli altinda
saglam bir gostergesidir. Asir1 dagilmanin temel ve
en oOnemli sonucu, Cizelge 4'de gosterildigi gibi
SE'lerin ve test istatistiklerinin etkisidir. Asgiri
dagilim gosteren verilerin analiz (Poisson modeli)
sonuclari, yanli tahminlere ve sigsirilmis test
istatistiklerine neden olarak standart hatalar1 yanls
bir sekilde tahmin etmistir. Morel ve Neerchal (2012),
calismasinda " GLMM uyum saglandiginda asir1
dagilma kontrol edilmelidir ve uyum saglanan
modelden elde edilen ¢ikarimlarin dogru oldugundan

emin olunmalidir." seklinde aciklamada
bulunmustur. Asir1 daglma, kullanilan modelin
yanlg oldugunu gosterir ve diizeltmeler

gerektirmektedir. Bu istenmeyen sonucglari énlemek
amaciyla GLMM'lerde en yaygin olarak kullanilan iki
yaklasim ise, standart hatalar1 ve test istatistiklerini
diizelterek modelde asir1 dagilmaya bir diizeltme
eklemek veya sayilari daha uygun sekilde yaklagan
farkli bir olasilik dagilimini gerektirir. Bu amagla
Poisson'un yerine bir alternatif olarak en 6nde gelen
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aday olup ve makul ve oOnerilen diger bir metodoloji
olan negatif binom yaklagimidir. Cizelge 3’de
Genellestirilmis  ki-kare/sdnin nasil  degistirdigi
gosterilmistir (1.02). Elde edilen bu sonug, Negatif
binomun verilere Poisson modeline gére ¢ok daha iyi
uydugunu gosterir. Ayni sekilde Poisson dagilimi ve
negatif binom varsayimi altinda “random” ifadesine,
kesimin (intercept) yami sira bir sansa bagh terim
(y11) daha eklenerek rasgele kesim ve egim modeli
olusturulan modellerde (model 3 ve Model 4) ayn
sonuclar elde edilmistir. Bununla birlikte, yapilan
calismada asirn  dagilimi  bertaraf etmek igin
uygulanan diger modellerde Genellegtirilmis ki-
kare/sd’e goriilen ani dusls elde edilmigtir. Bu, asir
dagilma ile basa cikmak i¢in makul bir GLMM
yaklagimidir.

Sonu¢  olarak, bir¢cok alanda  kullanilabilen
Genellestirilmis lineer karma modeller (GLMM),
genellestirilmis karma modeller ile karma modellerin
kombine olarak birlikte kullanildigi bir modeldir.
Sayimla elde edilen verilerde asir1 yayilim varlig:
Poisson dagilimi altinda GLMM’de incelenebilir. Asiri
dagilim durumu oldugunda ise Poisson dagilima
alternatif olarak sansa baglh etkilerin modele dahil
edilmesi ve Negatif binom dagiliminin kullanilmasi
asir1 dagilim problemine ¢6ziim olabilir.
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OZET Zootekni

Bu calismada hanehalkinin et tiiketimi tercihi, tiketim sikhig1 ve

tuketim miktar: ile hayvan refah1 hakkindaki goriisleri bazi parametrik Aragtirma Makalesi
olmayan istatistik yontemleri ve ¢oklu uyum analizi ile arastirilmigtir.

Bingél ilinde 600 kisiye anket uygulanmis olup, hanehalkinin gelir Makale Tarihgesi

durumu, meslegi, yas gruplar: ve cinsiyete gore et tiiketim alisgkanliklar Gelig Tarithi  :17.07.2023
ve hayvan refahi konusundaki gorusleri degerlendirilmistir. Hayvan Kabul Tarihi :08.01.2024

refahi hakkinda hanehalkinin goriisleri cinsiyet degiskenine gére Mann-
Whitney U testi ile yas grubu, meslek ve aylik gelire gore Kruskal-Wallis
testi ile analiz edilmistir. Kruskal-Wallis testi sonucunda yas gruplarina
gore “fiyat etiketinde refah bilgisi isteme durumu”, ayhik gelire gore
“kesime gonderilen hayvanlarin refahina dikkat edilmesi” ve mesleklere
gore “hayvan refahina dikkat edilmesi durumunda fazladan ticret
0demeye razi olmak” ifadelerinin istatistiki olarak farkli olduklar:
saptanmistir (p<0.05). Coklu Uyum Analizi ile elde edilen sonuclar gérsel
olarak daha detayl ve aciklayici bir sekilde ifade edilmistir. Gerek bu
calismada gerekse Coklu Uyum Analizi ve diger istatistik yontemlerle
yapilmis bagka calismalarda hanehalkinin aylhk geliri ve hayvancilik
isletmelerine Ucret 6denmesi gibi etkenlerin hayvan refahini olumlu
yonde etkiledigi saptanmigtir. Coklu Uyum Analizi sonuclari ile
hanehalkinin et tiiketim aligkanliklar1 ve hayvan refahi konusundaki
gortigleri hakkinda fikir edinilmistir. Degisik demografik ve
sosyoekonomik kriterlere gore hanehalkinin et tiiketim tercihi ve
aligkanlhiklar: daha bilingli hale getirilebilir.

ABSTRACT

Aims: In this survey study, household opinions on meat consumption
preference, consumption frequency and the amount of consumption, and
animal welfare were investigated by using some Non-parametric

Anahtar Kelimeler
Uyum analizi
Refah

Et tercihi

Evaluation of Households' Views on Meat Consumption Habits and Animal Welfare Using Multiple
Correspondence Analysis

Animal Science

Research Article

statistical methods and Multiple Correspondence Analysis. A Article History
questionnaire was applied to 600 people in the province of Bingdl, Received 117.07.2023
household income status, profession, and meat consumption habits Accepted 108.01.2024
according to age groups and gender, and their approach to animal welfare

opinions was evaluated. Household opinions about animal welfare were Keywords

analyzed using the Mann-Whitney U test according to gender variable Correspondence analysis
and the Kruskal-Wallis test according to age group, occupation, and Welfare

monthly income. As a result of the Kruskal-Wallis test, "requesting
welfare information on the price tag" according to age groups, "paying
attention to the welfare of animals sent to slaughter" and "animal welfare
information on the price tag" according to monthly income, and "paying
the extra price for paying attention to animal welfare" according to
occupations. It was determined that the opinions on the issues were
statistically different (p<0.05). The results obtained with Multiple
Correspondence Analysis are expressed visually in a more detailed and
descriptive way. Both this study and other studies using Multiple
Correspondence Analysis and other statistical methods have found that

Meat preference
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factors such as the monthly income of the household and payment of
wages to livestock enterprises positively affect animal welfare. With the
results of Multiple Correspondence Analysis, an idea was obtained about
the household's meat consumption habits and their views on animal
welfare. Household meat consumption preferences and habits can be

made more consclous
socloeconomic criteria.

according to different demographic

and

Ataf igin i Celik, S., Tanman, T., & Aygiin, T., (2024) Hanehalkinin et tiikketim aligkanliklari ve hayvan refah1 hakkindaki
goriiglerinin ¢oklu uyum analizi ile degerlendirilmesi. KSU Tarim ve Doga Derg 27 (5), 1202-1216. DOI:
10.18016/ ksutarimdoga.vi.1329484.

To Cite: Celik, S., Tanman, T., & Aygiin, T., (2024) Evaluation of households' views on meat consumption habits and
animal welfare using multiple correspondence analysis. KSU J. Agric Nat 27 (5), 1202-1216. DOI: 10.18016/
ksutarimdoga.vi.1329484.

GIRIS gelirin dustk olmasi, yilhik niifus artisi, tiiketici
. . tercihleri, hazir gida tiilketiminin artmasi ve hayvan
Yeterli ve dengeli beslenme, toplumu olugturan .
. . . 1 refah1 sayilabilir (Tagkin ve ark., 2020).
bireylerin yasamlarini saghkh ve glcli ) )
stirdiirebilmesinde, refah diizeyinin artmasinda, Hayvan refahi kavrami; hayvanin kendi gevresiyle

ekonomik ve kiiltirel acidan gelisim saglamasinda
gerekli temel kosullardan biridir (Alparslan &
Demirbasg, 2019; Cakmak ve ark., 2023). Diinya Saghk
Orgiiti (WHO) 1984 yili verilerine gére saghkli bir
insanin ginde tiiketmesi gereken protein miktar:
vicut agirliginin her bir kilogrami i¢in 1 gramdir.
Alinan protein miktarmin ise % 42’sinin hayvansal
kokenli olmasi istenmektedir (FAO/WHO/UNU, 1985;
TIGEM, 2022). Kirmizi et hayvansal protein
kaynaklar1 arasinda, icerik bakimindan kaliteli
proteince zengin, vitamin, bazi mineraller (fosfor ve
demir basta olmak {izere) yéniinden yiiksek biyolojik
degere sahip, besleyici ve lezzetli bir gida maddesi
olmasi ile oldukca yiiksek bir 6neme sahiptir (Yibar &
Cetin, 2013).

Ulkelerin gelismiglik dizeyleri  ve yasam
standartlarinin belirlenmesinde et tiiketimi 6nemli bir
parametredir. Gelismiglik diizeyi artan tilkelerde
proteinli gidalarin tiikketimi artmakta, karbonhidrath
gidalarin tiikketimi azalmaktadir (Sariézkan ve ark.,
2007; Saygin ve Demirbag, 2018). Tirkiye'de ise
bitkisel kaynakli gida tiketimi daha c¢ok tercih
edilmektedir (Sayg1 & Bayhan, 2011).

Ekonomik Kalkinma ve Isbirligi Orgiiti'niin (OECD)
2021 y1l1 verilerine gore diinyada kisi basina tuketilen
toplam kirmizi et miktar1 ortalama 19.84 kg/yil,
Turkiye'de ise 15.23 kg/yil ile dinya ortalamasinin
altindadir. Bu oran Arjantin’de 48.62, Avusturya’da
44.48 ve ABD’de 50.23 kg/yil ile dinya ortalamasinin
tizerindedir (OECD, 2023). Diinya ortalamasinin
tuzerinde kirmizi et tliketimi olan tlkelerde kirmizi
etin elde edildigi hayvan tiiri incelendiginde bu
miktarin biiyiik bir kisminin domuz etinden saglandigi
gorilmektedir. Turkiye’de ise domuz eti
tiketilmemektedir.

Cografi 6zellikleri bakimindan biiyikbas ve kiigiikbas
hayvan yetigtiriciligine elverigli olan Turkiye'de kisi
basina dusen kirmizi et tiiketiminin bu kadar dustik
olmasimin baslica nedenleri ise kisi basina diisen
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uyumlu olmasi, i¢inde yasadig1 ¢evreye aci cekmeden
adapte olmasi, psikolojik ve fiziksel yonden saglikli
olmasidir (Koyuncu, 2007).

Hayvan refahi Turkiye’de ¢iftlik hayvanlar: yetigtirme
sistemleri iginde yeni taninmaktadir. Hayvan nakilleri
bunun 6nemli bir par¢asidir ve Tirkiye gibi biiytik bir
ilke icin énemlidir (Karshoglu Kara & Koyuncu,
2011).

Et kalitesi ve gida giivenligi hayvan refahi ile
yakindan iligkilidir. Yetersiz beslenme ve suya sinirh
erisim, degisken iklim sartlar1 ve gurultiye maruz
kalma, titresimler ve toksinler gibi stres, yaralanma,
yorgunluk ve hastalik potansiyeli tasima hayvan
refahiyla ilgili endigeler arasindadir (Aktas, 2020).

Insanlarin kirmiz1 et tercihi konusunda sadece fiyat
degil aym1 zamanda kesimin yapildigi ve urinin
islendigi yerlere olan giuven duygularinin da dikkate
alinmas1 gerekir. Bu yiizden, kirmizi et ureten
firmalarin fiyattan ziyade etin satildig1 yer veya satis
noktalarinda hijyen, tazelik ve hayvan refahi gibi
konulara daha fazla 6énem vermesi gerekmektedir
(Taskin ve ark., 2020).

Hayvan refahina dikkat edilmesi hem hayvanlarin
yasam kalitesini arttirmakta hem de tiiketiciye daha
fazla miktarda ve kaliteli ete ulagsma imkam
saglamaktadir (Yibar & Cetin, 2013). Refah
parametrelerine uyum ic¢in yetigtirilen hayvanlara
uygun c¢evre sartlarinin saglanmasi, sorumlu
personele hayvan refahi tizerine diizenli egitimler
verilmesi, hayvanlar kesimhaneye getirilirken
yikleme, nakil, bekletme ve kesim agamalarinda refah
uygulamalarinin en  Ust dizeyde tutulmasi
gerekmektedir (Yibar & Cetin, 2013).

Guniumuzde insan saghginin korunmasi ve gelecekte
saghikl nesillerin yetigtirilebilmesi agisindan saglikli
ve dengeli beslenmenin 6nemi tuzerinde durulmalidir.
Bu dogrultuda isabetli sonuglar alabilmek igin
oncelikle  bireylerin  tiketim  aliskanlhiklarinin
belirlenmesi ile dogru bir yol izlenebilir (Karakus ve
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ark., 2008). Tiirkiye’de kirmiz et tiikketim tercihlerini
ortaya koymak amaciyla cesitli illerimizde ¢calismalar
yapilmistir (Karakus ve ark., 2008; Yaylak ve ark.,
2010; Seker ve ark., 2011; Akcay & Vatansever, 2013,
Dogan, 2019, Alparslan & Demirbag, 2019, Tunaz ve
ark., 2022).

Bingo6l ilinde 2022 yili itibari ile 282 556 kisi
bulunmaktadir (TUIK, 2023a). Bingél ilinde 2022 yili
itibari ile biiyiikbas hayvan sayisi 119 672 bas ile
Turkiye'deki buylikbas hayvan sayisinin % 0.70’ine,
kigiikbag hayvan sayis1 668 994 bas ile Turkiye’deki
kigikbag hayvan varhigimin % 1.19ine dek
gelmektedir (TUIK, 2023b). Bingél ilindeki toprak
varhiginin yaklagik % 42’sini genis mera alanlar
kaplamaktadir. Bu yoniiyle de hayvansal ekonominin
desteklenmesine buyik katkilari bulunmaktadir
(Esen, 2017).

Bu arastirmanin amaci, Bingdl ilinde yasayan
tiketicilerin et tiketimi ve hayvan refahina iligkin
tutum ve davraniglarini etkileyen etkenlerin analiz
edilmesi ve degerlendirilmesi, bu perspektif ile
sorunlarin ve ¢éziim Onerilerin tespit edilerek bélge
ekonomisine katki saglanmasidir.

MATERYAL ve METOD

Bing6l ilinde 2022 yili Ekim-Kasim aylarinda 600
hanehalkina yluz ytze anket uygulanmistir. Ankete
katilanlara demografik o6zellikleri ile et tiketim
aliskanhklar1 ve hayvan refahi ile ilgili sorular
sorulmustur. Orneklem hacminin belirlenmesinde
uygun hata payr ve guvenilirlik simirlari iginde
calisilmigtir.

Ornekleme Yéntemi:

Anketin uygulanmasi i¢in gerekli goézlem sayisim
belirlemek icin asagidaki formiil kullanildi (Akbulut
ve ark., 2015; Yildiz ve ark., 2020).
Pazs )
n= 72

Burada, z: Standart z dagiliminin 6ngérilen o/2 hata
diizeyindeki teorik dagilim degeri, a: tahminin hatasi,
f: ( p -P) olarak érneklem orani ile popiilasyon orani
arasinda 6ngoriilen fark degeridir. Ayrica p: A olayinin
gerceklesme oranini, q: A olaymnin gerceklesmeme
oranini géstermektedir. Burada p=0.50, g=0.50, z2 2=
1.96'dir. f degerinin maksimum 0.05 olabilecegi

varsayilldi. Bu degerler o&rneklem biyikligini
hesaplama formiiluinde yerine konulup
hesaplandiginda
z5;  0.50 % 0.50 * 1.962
_ Pqzy _ = 384

I2 0.052

olarak hesaplandi. Hesaplanan bu deger uygulanmasi
gereken minimum anket sayisi olarak degerlendirildi.
Ancak bazi anket sonuglarinin tutarsiz ve gegersiz
olabilecegi  dusuniildi ve daha fazla anket
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hazirlanarak 600 hanehalkina uygulanda.

Istatistiksel Analizler

Kitle dagiliminin normal olmadigi durumda iki
orneklemli t testine karsilik parametrik olmayan
testlerden biri olan Mann Mhitney U testi kullanilir
(Miller ve Miller, 2006). Bu calismada kullanilan
degigkenlere ait veri tipi siralama diizeyinde ol¢ek
seklindedir ve t testinin varsayimi saglanamamistir.
Hanehalkinin hayvan refahi hakkindaki goértsleri
cinsiyete gore incelendi ve Mann Mhitney U testi
kullanilmigtir. Mann Mhitney U testine ait test
istatistigi asagidaki gibidir.

n(ny +1)
U =R, ——
ve
n,(n, + 1)
U, =R, -

olmak ftizere test istatistigi U = min{U;,U,} alnir
(Miller & Miller, 2006). Burada Ri: n1 hacimli birinci
orneklemde kuclikten blytige sirali olan rank
numarasi toplami, Rz: n2 hacimli birinci 6rneklemde
kiigiikten buytge sirali olan ranklarin toplamidir.

Halkin hayvan refahi hakkindaki gorisleri yas
gruplari, aylik gelir ve mesleklere gore incelendi ve
Kruskal-Wallis testi kullanilda.

Kruskal-Wallis testi tek yonlii varyans analizinin
parametrik olmayan karsihigidir. Kruskal-Wallis
(1952) tarafindan énerilen test istatistigi

n
12 S, R?
= — — 1
S n(n+1)Z n; 3+ 1)
i=

seklindedir. Burada R?: i. gruba ait sira sayilan
karesidir. Parametrik olmayan coklu karsilastirma
icin Tukey testi kullanilmistir (Dogan & Dogan, 2014).

Uyum analizi; iki veya daha fazla boyutlu, “kategorik
hale getirilmis degiskenlerin kategorileri arasindaki
birlikte  degisimleri, degiskenlerin kategorileri
arasindaki Oklid uzakliklar1 yardimiyla hesaplanan
inertia degerleri (farklilasma, varyans 6geleri) ile daha
az boyutlu bir wuzayda grafiksel goésterimi
gerceklestiren ¢ok degiskenli analiz teknigidir
(Ozdamar, 2013; Johnson & Wichern, 2007). Interia
terimi A? ile gosterilir ve

Az = Z Tidiz

L
Formiili ile hesaplanir. Burada d; i'ni noktanin
merkeze olan ki-kare uzakligi, r; inci noktanin
agirhgim ifade eder (Alpar, 2013). Ki-kare testi,
Fisher’'in kesin olasilik testi, oran karsilagtirmasi, G
istatistigi gibi testlerde kategorik degiskenlerin
analizinde uygulanabilir. Coklu Uyum Analizi ¢ok
biylk capraz tablolarin yapilarim1i arastirmada ¢ok
elveriglidir ve degisken kategorileri arasindaki
iligkileri analiz ederek ¢ok Dboyutlu uzayda
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gostermektedir.

Coklu uyum analizi (multiple correspondence analysis)
ise; uyum analizinin U¢ veya daha fazla degiskenle
uygulanmasidir. Coklu uygunluk analizi, r*c*m*p*t...
seklinde 1i¢ 1ice degisik bicimlerde c¢aprazlanan
tablolarda yer alan degiskenlerin alt kategorileri
arasindaki birlikteligi ve iligkileri ortaya koymak i¢in
basvurulan bir yontemdir (Ozdamar, 2013; Roux &
Rouanet, 2010). Yapilan analizde, degiskenler arasi
fark, bir kayip fonksiyon ile verilir ve burada amag
kayip fonksiyonunu minimum, degiskenler aras:
homojenligi maksimum yapmaktir (Aytac ve Bayram,
2001).

Calismada kullanilan degiskenlerden cinsiyet=r, aylik
gelir=c, yas=m, meslek=p ve incelenen sorun (et
tikketme sikligi, hayvan refahi vb.) icin goriisler=t
olarak planlanmistir. Degiskenlerin boyutlar: ise r=2,
c=5, m=5, p=6 ve t=4'dir. Baslangi¢c matrisi (indicator
matrix) olusturulduktan sonra coklu uyum analizinin
uygulamasi yapilir Mendes, 2002). L ile gosterilen bu
matris

1 0 1 0 1 0 1 07

[0 0 0 0 0 0 0 0]
L=]|o 0 0 0 0 0 0 0

0 1 0 1 0 1 0 1 600%22

seklinde belirtilir. L matrisinin sttunlarinda ele
alinan degiskenlerin toplam seviye sayis1 (2+
5+5+6+4=22). Satirlarinda ise ankete katilanlarin
sayisi (gézlem birimi) (600) alinmistir. Bu durumda L
matrisi 600x22 boyutlu bir matris olusur. L matrisi,
anketlerde bulunan degigkenlerin kategorileri i¢in 1,
digerleri i¢in 0 kodu verilerek olusturulur. Bu
durumda L matrisinde satir toplamlari bir degiskenin
kategorileri igerisinde l'e, tiim kategoriler igerisinde
ise degisken sayisina egit olur. L matrisinin analiz
edilmesinde, bu matrisin i¢ carpimlarindan olusan
Burt matrisi denilen matris esas alinmistir (Gifi 1990;
Mendes 2002). Bu matris;
B=L'L
esitligi ile elde edilir. Burt matrisinin ¢6zimu
CLBCy = UAU'

seklinde tekil deger parcalanmasi (singular value
decomposition) yéntemi ile yapilir. Bu esitlik ile ele
alinan bitun degiskenlerin seviyeleri icin birlikte
¢6ziim kiimesi elde edilir (Gifi, 1990). Son esitlikte A,
kosegen elemanlar: 6z degerleri temsil eden s boyutlu
kosegen matris, U; d denemedeki kategorik
degiskenlerin toplam seviye sayisimi (22) gostermek
izere; d x s boyutlu siitunlar1 6z vektorlerden olusan
bir matristir, s 1ise, Burt matrisinin rankidir.
Esitlikteki Cz matrisi ise P degisken sayisi olan
denklem asagidaki seklinde yazilabilir. Calismada
ayr1 ayr1 ele alinan Cr, Ce, Cm, Cp, Ct gibi 5 tane
kodlanmis degisken kullanildigindan; Burt matrisinin
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kosegen (diyagonal elemanlar1) elemanlaridir.

[Cr 0 0 O 0]
[0 C 0 0 0]
CB:plO 0 C, 0 0‘
0 0 0 ¢ O
0 0 0 0 G

Bu analiz grafiksel bir teknik oldugundan dolay: gerek
satirlar gerekse siitunlar acisindan aykiri (outlier)
degerlere karsi oldukca duyarhdir (Bayram, 2000).
Coklu uyum analizinde verilerin dagilimiyla ilgili bir
varsayim olmadigindan model kurulmamakta, sadece
elde edilen bulgular haritalar tizerinde incelenerek
yorumlanabilmektedir (Behdioglu, 2000). Verilerin
analizi SPSS 25.0 istatistik paket programi ile
yapilmistir.

BULGULAR ve TARTISMA

Ankete katilanlarin demografik 6zellikleri ve hayvan
refahi hakkinda gorislerini i¢ceren bilgiler Cizelge 1’de
sunulmustur.

Cizelge 1 incelendiginde ankete 358 erkek (%59.7) ve
242 kadin (%40.3) olmak iizere toplam 600 kisi
katilmig olup bunlarin %62.8’1 Bingolli ve %37.2’si
Bing6l disindandir. Ankete katilanlarin buytik
¢ogunlugu 40 yas ve alt1 bireylerden olusmaktadir. 169
kisi (%28.2) 18-23 yas araliginda, 151 kisi (%25.2) 24-
30 yas arast ve 163 kisi (%27.2) 31-40 yas arasl
katilimcilardan olusmaktadir. Hanehalk:
mevcudunun yariya yakini 2911 (%48.5) 5-7 kisiden
ibarettir. Bunu 186 (%31) ile 2-4 kisilik hanehalk:
izlemektedir. Aylik geliri en yiiksek olanlar sirasiyla
5001-8000 TL (%34.8), 8001-17000 TL (%33) ve 5000
TL ve daha az (%20.8) gelir gruplaridir. Ankete katilim
saglayanlarin meslekleri sirasiyla memur (%21),
serbest meslek (%20.8) ve esnaftir (%18). Ankete
katilanlarin 246’s1 (%41) kirmizi et, 187si (%31.2)
biitiin et tiirleri, 108’1 (%18) tavuk eti ve 4871 (%8) balik
eti tiiketirken, 11 kisi (%1.8) hic et tiiketmedigini ifade
etmistir. Ankete cevap verenlerin %26.8'1 “kesime
gonderilen hayvanin refahina dikkat edilmesi”, %53u
“hayvan refahina dikkat edilmesinde fazladan tcret
6deme” ve %66.2’si “fiyat etiketinde hayvan refahi
bilgisi isteme durumu” hususlarinda olumlu gorus
bildirmislerdir. Seker ve ark. (2011)in Elazig ilinde
463 kisiye uygulanan anket sonucunda katilimcilarin
%53.3"i hayvan refahi1 kriterlerine uygun bir gekilde
yetigtirilmis hayvanlardan elde edilen triinler igin
fazladan ticret 6demeyi kabul etmiglerdir. Bu ¢aligma
sonucuyla ayni degere sahiptir. Diger bir ¢aligsmada,
Mersin’de 100 kisiye uygulanan anket neticesinde
hayvan refahina uygun bir gekilde yetistirilmis
hayvanlardan elde edilen trlnler i¢in fazladan ticret
6deme hususunda katilimcilarin  %52’si  uygun
gormistir (Kaygisiz ve ark., 2022) ve bu calisma
sonucuyla uyum igindedir.
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Cinsiyete gore hanehalkinin hayvan refahi hakkindaki elde edilen sonuglar Cizelge 2’de verilmistir.
goriigleri Mann-Whitney U testi ile incelenmistir ve

Cizelge 1. Demografik ve hayvan refahi gérislerine ait bilgiler
Table 1. Information on demographic and animal welfare views

Degigkenler n % Degigkenler n %
Cinsiyet Memleketi

Kadin 242 40.3 Bingol 377 62.8
Erkek 358 59.7 Diger 223 37.2
Toplam 600 100 Toplam 600 100
Yas Tukettikleri et turt

18-23 169 28.2 Balik eti 48 8
24-30 151 25.2 Tavuk eti 108 18
31-40 163 27.2 Kirmiz et 246 41
41-50 78 13 Hepsi 187 31.2
51 ve Usti 39 6.5 Et tiiketmiyorum 11 1.8
Toplam 600 100 Toplam 600 100
Hanehalki buyikliga Kesime gonderilen hayvanin refahina dikkat edilmesi
2-4 186 31 Evet 161 26.8
5-7 291 48.5 Hayir 233 38.8
8-10 99 16.5 Fikrim yok 206 34.3
10 dan fazla 24 4 Toplam 600 100
Toplam 600 100 Hayvan refahina dikkat edilmesinde fazladan lcret 6deme
Gelir durumu Event 318 53
5000 ve daha az 125 20.8 Hayir 289 47
5001-8000 209 34.8 Toplam 600 100
8001-17000 198 33 Fiyat etiketinde refah bilgisi isteme durumu
17001-25000 48 8 Evet 397 66.2
25001 ve Ustl 20 3.3 Hayir 50 8.3
Toplam 600 100 Fark etmez 109 18.2
Meslek Fikrim yok 44 7.4
Serbest 125 20.8 Toplam 600 100
Memur 126 21

Isci 84 14

Esnaf 108 18

Ogrenci 81 13.5

Diger 76 12.7

Toplam 600 100

Cizelge 2. Mann-Whitney U testi sonuglari
Table 2. Mann-Whitney U test results

Degigkenler Mann-Whitney U Z p

Kesime gonderilen hayvanlarin refahina dikkat edilmesi 40985.5 -1.193 0.233
Hayvan refahina dikkat edilmesinde fazladan ticret 6demek 38247.5 -2.814 0.005
Fiyat etiketinde hayvan refahi bilgisinin istenmesi 39473 -2.201 0.028

Cizelge 2'de gorildigi gibi, Mann-Whitney U testi Fi.likkat' edilmesi” haﬂkkmdaki gorisler cinsiyete gore
sonucunda “Kesime gonderilen hayvanlarin refahina onemli farkhhk gostermezken, “Hayvan refahina
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dikkat edilmesinde fazladan tcret 6demek” ve “Fiyat
etiketinde refah bilgisi isteme durumu” hakkindaki
gorigler cinsiyete gore istatistiksel olarak o6nemli
farklilik géstermistir (p<0.01 ve p<0.05). Seker ve ark.
(2011)nin Elazig’da 463 kisiye uyguladigi ankette
katilimcilarin %80 1ndan fazlasi, kirmizi et Uriinleri
satin alirken iiriin etiketinde “hayvan refahina uygun

Cizelge 3. Kruskal-Wallis testi sonuglar:
Table 3. Kruskal-Wallis test results

sartlarda yetistirilmis hayvanlardan tretilmistir”
konusunda olumlu gériis bildirmiglerdir.

Yas gruplari, aylik gelir ve mesleklere gore halkin
hayvan refahi hakkindaki goérisleri Kruskal-Wallis
testi ile degerlendirilmistir ve elde edilen sonugclar
Cizelge 3'te gosterilmigtir.

Yag gruplarn

Degigkenler Kruskal-Wallis H sd p
Kesime gonderilen hayvanlarin refahina dikkat edilmesi 5.682 4 0.224
Hayvan refahina dikkat edilmesinde fazladan tcret 6demek 2.112 4 0.715
Fiyat etiketinde refah bilgisi isteme durumu 12.152 4 0.016
Aylik gelir
Degiskenler Kruskal-Wallis H df p
Kesime gonderilen hayvanlarin refahina dikkat edilmesi 13.4 4 0.009
Hayvan refahina dikkat edilmesinde fazladan ticret 6demek 29.407 4 0.001
Fiyat etiketinde refah bilgisi isteme durumu 7.834 4 0.098
Meslek
Degiskenler Kruskal-Wallis H df p
Kesime gonderilen hayvanlarin refahina dikkat edilmesi 6.113 5 0.295
Hayvan refahina dikkat edilmesinde fazladan ticret 6demek 13.807 5 0.017
Fiyat etiketinde refah bilgisi isteme durumu 6.068 5 0.300

sd: serbestlik derecesi, p: Anlamlilik diizeyi

Yas gruplarina gore “Kesime goénderilen hayvanlarin
refahina dikkat edilmesi” ve “Hayvan refahina dikkat
edilmesinde fazladan ticret 6demek” hususundaki
goriis farkhliklari 6nemsiz iken, “Fiyat etiketinde
refah bilgisi isteme durumu” hususundaki goris
farkliliklar: 6nemli bulunmustur (p<0.05). Aylik gelire
gore bunun tam tersi olarak “Fiyat etiketinde refah
bilgisi isteme durumu” hakkinda goris ve
distincelerin farkliliklar1 ©¢nemsiz iken “Kesime
gonderilen hayvanlarin refahina dikkat edilmesi” ve
“Hayvan refahina dikkat edilmesinde fazladan tcret
6demek” hususundaki goris farkhliklar: istatistiksel
olarak &énemli bulunmustur (p<0.05 ve p<0.01).
Katilimcilarin mesleklerine gore ise “Hayvan refahina
dikkat edilmesinde fazladan tcret édemek” hususu
istatistiksel olarak oOnemli farklihk gosterirken
(p<0.05) diger degiskenler 6nemsiz bulunmustur.

Torgut ve ark. (2019)min calismasinda, Tirkiye'de
igletmelerde hayvancilik desteklemelerinin etkileri
degerlendirilmig ve Kruskal-Wallis testi
kullanilmigtir.  Analiz ~ sonucunda  hayvancilik
desteklemelerinin igletme biyiikligline goére etkisi
istatistiki acidan anlamli bulunmustur. Bu ¢alisma
sonuclarindan farkli olarak diger bir c¢alismada
hayvan nakilleri sirasinda o6lim oranlarinin
artmasinin, hayvanlarda agirhik kaybi1 ve etlerin
kalitesinde azalma gibi hayvan refah1 standartlarinin
gbz ardi edilmesinden kaynaklanan problemler
hayvan refahi kurallarinin 6nemini ortaya koymustur.
Uretim siirecinde hayvanlarin isletmeden isletmeye
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veya igletmeden kesimhaneye tasinmasinda yiikleme
yogunlugu, mnakil suresi, ylkleme ve bosaltma
rampalar1 ve arag Ozellikleri gibi ¢esitli kosullar
hayvan refahina etkili olmustur (Karshoglu Kara &
Koyuncu, 2011). Ureticilerin yaklagik 1/3’tiniin yeterli
olmayan barinak buylklikiginde hayvanlarini
barindirmalar1  verimlilik ve hayvan  refal
bakimindan olumsuzluga neden olmustur (Giiven ve
Yavuz, 2020). Unal ve ark. (2008)in calismasinda,
yikleme ve hayvanlarin nakile aligik olmamasi, nakil
sliresinin uzun olmasi1 gibi kogullar hayvanlarda
refahin kotiilesmesine neden olmustur.

Yukarida bahsedildigi gibi hanehalklarinin et tiiketim
tercihi ve hayvan refah1 hakkindaki goriislerini
degerlendirmek icin ¢oklu uyum (correspondence)
analizi uygulanmigtir. Coklu uyum analizi sonuglari
asagidaki gibi 6zetlenmigtir.

Hanehalkinin cinsiyet, yas grubu, aylik gelir, meslek
ve et tiiketim tercihine ait ayirma o6lgiilerine iligkin
grafik Sekil 1’de sunulmustur. Ayirma o6l¢tleri iki
boyutta incelenir. Iki boyut tim degiskenligi
aciklamaktadir. Ayrica ¢ok boyutlu uzayda olan
veriden ¢ok fazla bilgi kaybi olmadan veriyi, disiik
boyutlu uzayda aciklamaya calismaktadir (Suner ve
Celikoglu, 2008). Sekil 1'e gore, meslek ve gelir
durumu degiskenleri hem birinci hem de ikinci boyutta
¢ok yliksek ayirma 6l¢lisiine sahiptir ve her iki boyutta
da yayilim gostermektedir. Yag grubu degiskeni birinci
boyutta ylksek, ikinci boyutta disiik, cinsiyet ve et
turt degiskenleri her iki boyutta da diisiik ayirma
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6lctstine sahiptir. Bu degiskenler dikkate alindiginda,
Kizilaslan ve Nalinci (2013a)’iin calismasinda, yas,
gelir dlzeyi, cinsiyet ve meslek gibi degiskenlerle
kirmizi et tliketimi arasinda istatistiksel olarak
anlaml bir iligki bulunmustur ve bu ¢aligma bulgulari
ile uyum i¢indedir. Bununla ilgili ¢oklu uyum analizi
Sekil 2’de verilmigtir.

Discrimination Measures

Dimension 2

Dimension 1

Vanable Principal Normalization

Sekil 1. Ayirma élciilerine ait grafik (Tiiketilen et tiiril)
Figurel. Graphic of separation measures (Type of meat

consumed)
Joint Plot of Category Points
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Dimension 1

Variable Principal Normalzation

Sekil 2. Coklu uyum analizi grafigi (Tiiketilen et tiiri)
Figure 2. Multiple fit analysis graph (Type of meat
consumed)

Sekil 2'de gorildigi gibi meslek degiskenine ait isciler
ve serbest meslek ile memurlar sirasiyla et
tiketiminde tavuk etini ve balik etini tercih
etmiglerdir. Aylik geliri 5001-8000 TL arasinda olan
katilimcilar ile 24-30 yas grubunda bulunan
katilimcilar ve cinsiyeti erkek olanlar kirmizi et
tirtni tercih ederken, diger mesleklerden olanlar ise
genel olarak et tiiketmeme egilimindedirler. 1. Boyut
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%36.55, 2. Boyut ise %26.89 diizeyinde aciklayici
olmustur.

Hanehalkinin cinsiyet, yas grubu, aylik geliri, meslegi
ve et tercih nedeni degigkenlerine ait ayirma
6lculerine iligkin grafik Sekil 3’te gosterilmigtir. Sekil
3’e gore, meslek ve gelir durumu degiskenleri hem
birinci hem de ikinci boyutta yliksek ayirma 6lgiisiine
sahiptir. Yag grubu degiskeni birinci boyutta yiiksek
ayirma Olgisline sahiptir ve kategorileri birinci
boyutta yayilim géstermektedir. Cinsiyet ve eti tercih
etme nedeni degigkenleri hem birinci hem de ikinci
boyutta diisik ayirma olgiistine sahiptir. Bununla
ilgili ¢oklu uyum analizi Sekil 4'de sunulmusgtur.

Discrimination Measures

06|

mesied

Dimension 2

00 01 02 03 04 05 085
Dimension 1

Varnable Pancipal Normalization

Sekil 3. Ayirma olciilerine iligkin grafik (Eti tercih
etme nedeni)
Figure 3. Graph of separation measures (Reason for
choosing meat)
Joint Plot of Category Points
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Dimension 1

Variable Princgal Normualizastion

Sekil 4. Coklu uyum analizi grafigi (Eti tercih etme
nedeni)

Figure 4. Multiple concordance analysis graph (Reason
for choosing meat)

Sekil 4 incelendiginde isciler ve 8001-17000 TL
arasinda geliri olanlar et tercihlerinde besleyici olmasi
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unsurunun  etkili  oldugunu, serbest meslek
mensuplar: ve geliri 5001-8000 TL araliginda olanlar
ve 24-30 yas arasi olan erkekler lezzetli oldugu igin;
esnaf olanlar ve 51 yas ve uzeri olanlar aliskanhk
oldugu icin eti tercih ettiklerini ifade etmislerdir. Iki
boyutlu c¢oziimde varyansin %36.3’ii birinci boyut,
%26.81 ise ikinci boyut tarafindan aciklanmigtir. Et
tercihinde gelirin 6n planda oldugu goérilmistir ve
ekonomik nedenlerin tiiketicilerin et tiiketimini
etkiledigi baz1 arastirmalarda ifade edilmistir (Akcay
ve Vatansever, 2013; Kizilaslan ve Nalinci, 2013a;
Onurlubas ve ark., 2018). Tiirkiye'de cesitli yerlerde ve
bélgelerde kirmizi ve beyaz et tiketimini etkileyen
faktorler tlizerine yapilmis baska calismalar da
bulunmaktadir (Ayyildiz ve Cigek, 2019; Dogan, 2019;
Ozyiirek ve ark., 2019). Ayyildiz ve Cicek (2019)’un
calismasinda Ankara ilinde, Mamak ve Cankaya
merkez ilcelerinde 70 Kkigiye anket uygulanmis,
katilimcilarin bliyiik gogunlugu son yillarda kirmizi et
ve tavuk eti tiiketiminin azaldigim ifade etmiglerdir.
Bu azalisin en 6nemli sebepleri olarak et fiyatlarindaki
artig, hijyen kosullar1 ve gilivenilirlik yetersizligini
gostermiglerdir. Dogan (2019)’un  ¢alismasinda
Erzurum, Erzincan ve Bayburt illerinde toplam 400
hanehalkina anket uygulanmagtir. Anketten elde
edilen bilgilere gore lezzetli ve besleyici olmasi
nedeniyle kirmizi eti tercih ettikleri, lezzetli ve ucuz
olmasi1 nedeniyle tavuk etini tiikettikleri tespit
edilmistir. Ozyiirek ve ark. (2019)’un ¢alismasinda
Erzincan il ve ilgelerinde 206 kigi ile yuz ytize yapilan
anket neticesinde tiiketicilerin kirmizi et satin alirken
en fazla dikkat ettikleri hususlar sirasiyla saticinin
giivenilir olmasi, Urinin taze olmasi, Uretim yeri,
Urinin fiyat, Urinin yagsiz olusu ve eti satilan
hayvanin gencg/yash olmasi gibi etkenlerdir.

Hanehalkinin cinsiyet, yas grubu, ayhk geliri, meslegi
ve eti tiketim siklhigr ile ilgili ayirma &lgilerine ait
grafik iki boyutta incelenmistir ve Sekil 5'de
verilmigtir. Birinci boyut yatay eksende, ikinci boyut
ise diisey eksendedir. Sekil 5’de goriildiigii gibi, birinci
boyutta yas grubu, meslek ve gelir durumu
degiskenleri yuksek ayirma olgiisine sahiptir. Ikinci
boyutta ise tiiketim sikligi, gelir durumu ve meslek
yiksek ayirma o&lgiisiine sahiptir. Cinsiyet degiskeni
birinci ve ikinci boyutta dusiik aywrma 6l¢lisiine
sahiptir. Bu degigkenlerle ilgili ¢oklu uyum analizi
Sekil 6’da verilmigtir.

Sekil 6'da goruldiigi tizere serbest meslek mensuplar:
ile aylik geliri 5001-8000 TL arasinda olanlarin ayda
1-2 defa et tiikettikleri, 18-23 yas araliginda bulunan
ogrencilerin yilda 1 kez et tiikettikleri, kadinlar ve
aylik geliri 8001-17000 lira arasinda olanlarin haftada
1-2 kez et tiikettikleri, esnaflarin ve diger meslek
grubunda bulunan katilimcilarin haftada 3-4 defa et
tikettikleri, aylik geliri 17001-25000 TL arasinda olan
katilimcilarin her giin ve aylik geliri 25000 TL ve daha
fazla olanlarin haftada 5-6 defa et tiikettikleri ortaya
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cikmistir. Tki boyutlu ¢6ziimde varyansin %37.8i
birinci boyut, %29.7’s1 ise ikinci boyut tarafindan
aciklanmigtir. Kirmizi ve beyaz et tiiketim sikligini
inceleyen cesitli calismalar vardir (Verbeke ve Vackier,
2005; Jagadeesh Babu ve ark., 2010; Mandal ve ark.,
2021). Verbeke ve Vackier (2005) tarafindan
Belgika’da 429 kisiye uygulanan anket bilgilerine
dayanarak en diigiik gelir grubunun en disiik balik
tiketim sikligina sahip oldugu ve yiiksek egitimli
olanlarin daha fazla balik tukettikleri séylenebilir.
Jagadeesh Babu ve ark. (2010)in calismasinda
Hindistan'in Andhra Pradesh eyaletinde 200 kisiye
anket uygulandi. Anketten elde edilen sonuglara gore,
katilimcilarin %88’inin lezzetli, %8.5’inin aligkanlik,
%4.02’sinin  ¢ocuklarin talabi ve %3.01'inin ise
misafirler istedigi i¢in et tukettikleri saptanmistir.
Katilimeilarin yaridan yaridan fazlasiin (%59.5)
maliyet, %28’inin dini duygular ve %10’unun ise saglik
problemi nedeniyle et tiikketmedikleri saptanmagtir. Bu
calismada elde edilen bulgulardan farklidir.

Discrimination Measures

aslir_curumu

TR ST _ ik

mesledl

Dimension2

0.0 .
0.8

0.4

0.0 0.1 0.9 0.6
Dimenesion 1
Sekil 5. Ayirma 6lciilerinin grafigi (Et tiiketim siklig1)
Figure 5. Graph of separation measures (Frequency of
meat consumption)

Joint Plot of Category Points

cinalyet
a 25000 ve daha fazla = gnllli_d:::lul11tl
s Comasla
haftada 5-6 Haketim_sikhi
yag

2
o™~
c 17000-25000
9 © hergun
w
(<]

1 ¥ .
g ‘l?'“‘" Odrencl

Ednal  haftada 3.4 yiga
( = 1029
yilda 2 ve Getd
24430 o
Erkek 1adhn 000 ve duha az
0 #1-50 haftada 1-2
A 1 € B00041 700051 ve yularn
BN 3140" o Iggi
50008000 faycla 3 ve GetQ
Serbext ~ Ayde1-2

0 1
Dimension 1

Varlabla Frincipal Normalization
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Hanehalkinin cinsiyet, yas grubu, aylhk geliri, meslegi
ve ayda ortalama alinan et miktar: ile ilgili ayirma
Olctulerine ait grafik Sekil 7’de verilmistir ve birinci
boyut ve ikinci boyut olarak adlandirilan iki boyutta
icelendi. Birinci boyutta yas grubu, meslek ve gelir
durumu degiskenleri yiksek ayirma Olglisiine
sahipken, ikinci boyutta ayda ortalama alinan et
miktari, gelir durumu ve meslek degigkenleri ylksek
ayirma Ol¢lisine sahiptir ve bu boyutta yayilim
gostermigtir. Meslek ve gelir durumu degiskenleri hem
birinci hem de ikinci boyutta yliksek ayirma 6lgiisiine
sahiptir. Bu degigkenlerle ilgili ¢coklu uyum analizi
Sekil 8de verilmigtir.

Discrimination Measures
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Figure 7. Graph of separation measures
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Figure 8 Multiple fit analysis graph (Average amount
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Sekil 8 incelendiginde aylhik geliri 17001-25000 TL
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kg’dan fazla et aldigr saptanmigtir. Aylik geliri 5000
TL ve daha az olanlarin hi¢ et almadigi, aylik geliri
5001-8000 TL olan ve serbest meslek mensuplarinin
ayda 3 kg’dan az et satin aldiklari, 24-30 yas grubu
erkeklerin ayda 4-5 kg et satin aldiklar1 tespit
edilmigtir. Tki boyutlu ¢éziimde varyansin %36.7’si
birinci boyut, %28.9’u ise ikinci boyut tarafindan
aciklanmigtir. Gelir diizeyi ile et ve hayvansal
uUrlnlerin satin alinma miktarlar: arasinda ¢ok 6nemli
bir iligki oldugu ¢esitli arastirmalarda da
vurgulanmistir (Sengiil, 2002; Atay ve ark., 2004;
Aygin ve ark., 2004; Karakus ve ark., 2008; Lorcu ve
Bolat, 2012). Sengil (2002), Tirkiye’'de gelir
gruplarina goére hanelerin gida taleplerini inceledigi
calisgmasinda orta, ylksek ve en yuksek gelir
gruplarindaki hanelerin gida talep parametrelerinin
fiyatlara, gelire ve sosyodemografik degiskenlere,
dustik ve en diigik gelir gruplarindaki hanelerin gida
talep parametrelerinin ise yalnizca fiyatlara ve gelire
duyarli oldugunu belirlemistir. Yazar ¢alismasinda,
Turkiye’de gida fiyat ve gelir esnekliklerinin hem
kentsel ve kirsal yerlesim yerleri arasinda hem de gelir
gruplarina gore degismesinin 6nemli bir sonug oldugu
bildirmistir. Atay ve ark. (2004)'1n calismasinda Aydin
ili  Cine ilgesinde 175 hanehalkina anket
uygulanmigtir. Katilimeilarin gelir diizeyi ne olursa
olsun sig1r etini daha fazla tercih ettikleri, ikinci tercih
olarak gelir diuizeyi yliksek olanlar keci etini, gelir
diizeyi diisik olanlar koyun etini tercih etmistir. Sigir,
koyun ve ke¢i etinin etini 6ncelikli olarak tercih
edenlerin ortalama orami sirasiyla %80, %8.6, %5.7
olarak saptanmigtir. Gelir gruplar ile kirmizi et
tercihleri arasinda bir iliski olmadig1 bildirilmigtir.
Van Ili Merkez ilgede 316 kisiye uygulanan bir anket
calismasinda lezzetli ve besleyici olmasi nedeniyle
kirmizi et (%38.3) tercihinin oldugu ortaya
konulmugtur (Aygiin ve ark., 2004). Gaziantep Ili
Merkez Ilcedeki kirmizi et tiikketim aligkanhgini
ortaya koymak 516 kisi tizerinde yapilan ankette
lezzetli ve hijyenik kogullarda tretilmesi nedeneiyle
kirmizi et (%50.6) tercihinin oldugu saptanmistir
(Karakus ve ark., 2008). Edirne ili Merkez ilcede 321
hanehalkina uygulanan anket sonucglar1 Ki-Kare
Analizi, Kruskal Wallis ve Mann Whitney U testi ile
degerlendirildi. Hanehalki kirmizi et tuketim
miktarini etkileyen 6nemli faktérlerden biri hanehalk:
geliri olmustur. Kruskal Wallis testi ile “hane halki et
tiketim miktarinin gelir gruplarina gére anlamli bir
farklilik gésterdigi” belirlenmistir.

Hanehalkinin cinsiyet, yas grubu, aylik geliri, meslegi
ve kesime gonderilen hayvanin refahina dikkat
edilmesi ile ilgili ayirma 6l¢tilerine ait grafik Sekil 9'de
verilmigtir. Sekil 9'da géruldigi gibi, meslek ve gelir
durumu degiskenleri hem birinci hem de ikinci boyutta
yiksek ayirma ol¢tisiine sahiptir. Yag grubu degiskeni
birinci boyutta yiiksek, ikinci boyutta diisiik, cinsiyet
ve kesime gonderilen hayvanin refahina dikkat
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edilmesi degiskenleri her iki boyutta da disiik ayirma
Olcuistine sahiptir. Analiz sonucunda Sekil 10°da
verilen bilgiler elde edildi.

Discrimination Measures
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Sekil 9. Ayirma 6lgiilerinin grafigi
Figure 9. Graph of separation measures

Joint Plot of Category Points

Dimension2

Sekil 10. Coklu uyum analizi grafigi (Hayvan refahina
dikkat edilmesi)

Figure 10. Multiple fit analysis graph (Attention to
animal welfare)

Sekil 10 incelendiginde yag1 51 ve tisti olanlar ile
meslegi esnaf olan katilimcilar kesime goénderilen
hayvanin refahina dikkat edilmesi hususunda olumlu
distinmislerdir. Serbest meslek sahipleri ile ayhk
geliri 5001-8000 lira arasinda olanlar “fikrim yok”
seklinde goriis bildirmislerdir. Iki boyutlu ¢éziimde
varyansin %36.2’si birinci boyut, %26.11 ise ikinci
boyut tarafindan agiklanmigtir.

Hanehalkinin cinsiyet, yas grubu, aylik geliri, meslegi
ve hayvanin refahina dikkat edilmesi hususunda
fazladan licret 6denmesi ile ilgili ayirma odlgiilerine ait
grafik Sekil 11’de verilmistir. Sekil 11’e bakildiginda,
meslek degisken hem birinci hem de ikinci boyutta
yiksek ayirma 6l¢lisiine sahiptir. Yas grubu ve gelir
durumu degiskenleri birinci boyutta yiiksek, ikinci
boyutta diisiik, cinsiyet degiskeni her iki boyutta da
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dustik ayirma olgiistine sahiptir. Hayvanin refahina
dikkat edilmesi hususunda fazladan ticret 6denmesi
degigkeni ise birinci boyutta dusiik, ikinci boyutta
yiksek ayirma oOlgiisiine sahiptir. Bu degigskenlere ait
¢oklu uyum analizi Sekil 12’da sunulmustur.

Discrimination Measures
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Sekil 11. Ayirma 6l¢tlerinin grafigi
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Sekil 12. Coklu uyum analizi grafigi (Refaha dikkat
konusunda fazladan iicret 6deme)

Figure 12. Multiple fit analysis graph (Paying extra
attention to welfare)

Sekil 12 incelendiginde, kadinlar, diger meslek
sahipleri, 24-30 yas grubunda olanlar ve aylik geliri
17001-25000 TL arasinda olanlar “hayvanin refahina
dikkat edilmesi hususunda fazladan ticret 6denmesi”
onermesine “evet”’ cevabi vermiglerdir. Meslegi isgi
olan katilimcilar ve 41-50 yas grubunda olanlar
“hayvanin refahina dikkat edilmesi hususunda
fazladan ticret 6denmesi” 6nermesine “hayir” cevabini
vermiglerdir. Iki boyutlu ¢oziimde varyansin %35.9’si
birinci boyut, %27.81 ise ikinci boyut tarafindan
aciklanmigtar.
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Hanehalkinin cinsiyet, yas grubu, aylhk geliri, meslegi
ve fiyat etiketinde refah bilgisi isteme durumu ile ilgili
ayirma Olglilerine ait grafik Sekil 13’de verilmistir.
Sekil 13%¢ bakildiginda, meslek ve yas grubu
degigkenleri hem birinci hem de ikinci boyutta yiiksek
ayirma oOlctisine sahiptir. Gelir durumu birinci
boyutta ylksek ikinci boyutta diigiik, cinsiyet her iki
boyutta da diigik ve fiyat etiketinde refah bilgisi
isteme durumu birinci boyutta diisiik ikinci boyutta
yiksek ayirma 6lgiistine sahiptir. Bu degigkenlere ait
¢oklu uyum analizi Sekil 14’de sunulmustur.

Discrimination Measures
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Sekil 13. Ayirma 6lgiilerinin grafigi
Figure 13. Graph of separation measures
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Sekil 14. Coklu uyum analizi grafigi (Etikette refah
bilgisi isteme durumu)

Figure 14. Multiple fit analysis graph (Requesting
welfare information on the label)

Sekil 14 incelendiginde, fiyat etiketinde refah bilgisi
isteme durumu hakkinda kadinlar, memurlar ve 24-30
yas araligindaki katilimcilar “Evet” cevabini verirken,
ig¢iler “Fikrim yok”, 5000-8000 lira geliri olanlar ile
erkekler “Fark etmez” seklinde gériis bildirmiglerdir.
Tki boyutlu ¢éziimde varyansin %36.1°1 birinci boyut,
%27.04’t ise ikinci boyut tarafindan agiklanmistir.
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Hanehalkinin et tuketim aliskanhklari {izerine
yapilmis calismalarin birinde, Kirgehir ilinde 324
kisiye anket uygulanmig ve Ki kare testi yapilmigtir.
Yazarlarin c¢alismasinda, bu c¢alismada ulagilan
sonuclarin aksine hanehalki en fazla tavuk etini tercih
etmistir (%94.6). Hanehalkinin satin almasini en fazla
etkileyen faktorlerin tavuk etine kolay ulasabilmesi ve
fiyatinin uygun olmasi olarak bildirilmistir (Altuntas
ve Dogan, 2017). Kanath eti satin alma siklig ile ilgili
Amasya ilinde 380 kigiye uygulanan anket sonucunda
hanehalkinin genel olarak haftalik, 15 glinde bir ve
ayda bir satin aldiklar1 saptanmistir (Kizilaslan ve
Nalinci, 2013b). Bu ¢alismada ise katilimcilarin daha
sik et tikettikleri goriilmustir ve bu yonuyle farklilik
gostermistir.  Uzundumlu ve ark. (2011)nin
calismasinda, kirmizi et tiiketimini etkileyen faktorler
regresyon analizi ile incelenmisgtir. Calismada cinsiyet,
yas, egitim, gelir, ev sahibi olup olamama ve meslek
degigskenlerinin et tiketimini 6nemli olarak etkiledigi
belirtilmistir. Bu 06nemli etkenlerin bazilar1i bu
calismada da ele alinmigtar.

Bir faktér analizi uygulamasinda beyaz et Gretiminde
hayvan refahi ve etiginin géz 6niine alinmig olmasi ve
beyaz etin géreceli olarak pisme siliresinin kisaligi, etin
hazirlanma kolaylig1 ve dengeli beslenme bakimindan
onemli olmasi faktorleri “diyet tizerindeki etkileri”
olarak kiimelenmistir (Top¢u ve ark., 2013). Mus ili
genelindeki igletmelerde yuritulen bir calismada
barinaklarin i¢ dizayma %39.1 oraninda “yemlik +
durak + servis yolu + buzagi bélmesi” ve %31.7
oraninda “yemlik + durak + servis yolu” olarak
saptanmigtir. Sadece 3 isletmede standartlara uygun
barinak bulunmus ancak igletmelerin %13.8'indeki
barmaklarin standartlara yakin oldugu tespit
edilmistir (Bakir ve Kibar, 2020). Kaygisiz ve Tiimer
(2009), Kahramanmaras'ta yaptiklar1 calismada,
ankete katilan igsletmelerin % 23'linde
havalandirmanin yeterli, %67'sinde orta, %10'unde ise
yetersiz oldugunu saptamiglardir. Literatiir taramasi
sonucunda son yillarda hayvan refahi konusunda
bir¢ok tlkede farkl yazarlar ve kuruluslar tarafindan
yayimnlanmig ¢calismalara erigsilmektedir. Bu ¢alismalar
hayvan refahi1 konusunda ilgili arastirilicilara rehber
olma niteligindedir.

SONUC ve ONERILER

Calismada 600 hanehalkina uygulanan ankette Coklu
Uyum Analizi, Kruskal-Wallis testi ve Mann-Whitney
U testi yontemleri kullanilarak Bingél'de yasayan
hanehalkinin et tiiketim aligkanliklari ve hayvan
refah1 hakkindaki dugstinceleri analiz edilmigtir.
Kategorik degigkenler arasindaki iligkilerin Coklu
Uyum Analiz yontemi ile incelenmesi, calismada
dikkate alinan degiskenler arasindaki ve her Dbir
degigskenin kendi seviyeleri arasindaki iligkilerin
degisik  yonlerden ele alinip yorumlanmasini
saglamigtir. Ayni zamanda bu yoéntem ile analitik
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olarak elde edilen sonuglara bir gorsellik
kazandirmigtir. Boylece arastirici  séz  konusu
degiskenler arasindaki iligkiler hakkinda daha detayl
bir bilgi elde edebilmigtir ve sonuglarin yorumlanmasi
kolaylagmistir. Coklu Uyum Analizi sonucunda elde
edilen boyutlara ve inertia degerlerine iligkin bilgiler
Cizelge 4’te sunulmustur.

Cizelge 4. Boyut sayis1 ve aciklanan inertia degerleri

Cizelge 4’te degiskenlere iligkin ayrisim olguleri ve
varyans yuzdeleri gérulmektedir. Degigskenler i¢in iki
boyutun toplam aciklanma oranlar1 %62.3-%67.5
arasindadir. Coklu Uyum Analizi sonucunda genel
olarak asagidaki bulgulara ulagilmigtir.

Table 4. Number of dimensions and declared inertia values

Degigkenler Boyut Oz deger Inertia Varyans yiizdesi (%)
1 1.827 0.365 36.550
) . ) 2 1.345 0.269 26.893
Tuketilen et tiurt
Toplam 3.172 0.634
1 1.814 0.363 36.300
1.341 0.268
Eti tercih etme nedeni 2 26.800
Toplam 3.155 0.631
Ortalama 1.578 0.316 31.600
1 1.889 0.378 37.800
1.486 0.297
Et tiketim siklig1 2 29.700
Toplam 3.375 0.675
Ortalama 1.688 0.338 33.800
1 1.836 0.367 36.700
1.446 0.289
Ayda tiiketilen ortalama et miktar: 2 28.900
Toplam 3.283 0.657
Ortalama 1.641 0.328 32.800
1 1.812 0.362 36.241
. . . 2 1.304 0.261 26.079
Hayvan refahina dikkat edilmesi
Toplam 3.116 0.623
1 1.793 0.359 35.863
. 2 1.389 0.278 27.779
Refaha dikkat konusunda fazladan ticret 6deme
Toplam 3.182 0.636
1 1.804 0.361 36.077
. e 2 1.352 0.270 27.044
Etikette refah bilgisi isteme durumu
Toplam 3.156 0.631

Hanehalkinin et tiiketim aligkanlhiklar1 ve hayvan
refahi hakkindaki gortglerinin ¢oklu uyum analizi ile
degerlendirilmesi ile elde edilen sonuglar arastirma
kapsamina alinan hanehalkinin et tiikketim yapis1 ve et
tiketimine yonelik harcama  aligkanhklarinda
zamanla meydana gelen degisim ortaya konulmaya
calisilmistir. Degisim genel olarak aylik geliri yuksek

olanlar ile gen¢ yastaki erkeklerin et tiiketim
tercihinde artis  yoniinde olmustur. Tldeki
hanehalklarin sosyo-ekonomik yapilarinin, gelir
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dagilimi ve hayvan refahina iligkin yaklagimlarinin
analiz edilmesinde ve tiiketici aligkanliklarinin ortaya
konmasinda kullanilan ¢oklu uyum analizi yontemine
gore elde edilen sonuglar cinsiyet, yas, meslek ve aylik
gelirin 6nemli etkenler oldugunu gostermektedir.

Aragtirmacilarin Katk: Orani1 Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamig

olduklarini beyan eder.
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Cikar Catismasi Beyan:
Makale yazarlar1 aralarinda herhangi bir c¢ikar

catismasi olmadigini beyan ederler.
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OZET

Bu c¢alismanin amaci, gecis doneminde Akkaraman koyunlarina
uygulanan farkl senkronizasyon protokollerinin tireme performansi ve
kuzularin toplam canli agirliklar1 tizerine etkilerini arastirmaktir.
Calisma, yaslar1 2-5 arasinda degisen 82 Akkaraman koyunu tizerinde
yiiriitiilmiistiir. Koyunlar, Kontrol (K, n=14), Melatonin Implant (MI,
n=15), Ovsynch (OH, n=13), Melatonin Implant/FGASiinger (MI/FGA,
n=18) ve FGA Siinger (FGA, n=22) olmak {izere rastgele bes gruba
ayrilmistir. K, MI, OH, MI+FGA ve FGA gruplarinda kuzulama orani
%64.29, %60, %61.54, %55.56 ve %50, tek kuzulama orami %77.78,
%33.33, %62. 50, %33,33 ve %27,27, ikiz kuzulama oranmi %22,22,
%55,56, %37,50, %50 ve %63,64 ve lc¢uz kuzulama orani1 %0,00, %11,11,
%0,00, %10,00 ve %9,09 olarak belirlenmistir. Gruplar arasindaki fark
onemsiz (P> 0.05), doguran koyuna gére kuzu verimi K, MI, OH, MI +
FGA ve FGA gruplarinda sirasiyla; 1.22, 1.78, 1.37, 1.50 ve 1.82 kuzu
ile 6nemli (P<0.05) bulunmustur. Sonuc¢ olarak, bu calismada kuzu
verimi, ikiz kuzulama orami ve toplam kuzu agirligi i¢cin en yuksek
degerler FGA ve MI gruplarinda elde edilmistir. Bu sonuglarin
olusmasinda, FGA grubuna uygulanan PMSG ve MI grubuna
uygulanan melatonin hormonlarinin etkili oldugu diugstintlmektedir.
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The Effect of Different Synchronization Protocols Applied to Akkaraman Sheep During the Transition

Period on Fertility
ABSTRACT

This study aimed to investigate the effects of different synchronization
protocols applied to Akkaraman ewes during the transition period on
reproductive performance and total live weights of lambs. The study was
conducted on 82 Akkaraman ewes ranging in age from 2 to 5. Sheep were
randomly divided into five groups: Control (C, n=14), Melatonin Implant
(MI, n=15), Ovsynch (OH, n=13), Melatonin Implant/FGA Sponge (MI/FGA,
n=18), and FGA Sponge (FGA, n=22). In K, MI, OH, MI+FGA and FGA
groups, lambing rate was 64.29%, 60%, 61.54%, 55.56% and 50%, single
lambing rate was 77.78%, 33.33%, 62. 50%, 33.33%, and 27.27%, twin
lambing rate 22.22%, 55.56%, 37.50%, 50%, and 63.64% and triplet lambing
rate 0.00%, 11.11%, 0.00%, 10.00% and 9.09% respectively. While the
difference between the groups was not significant (P>0.05), The fertility
rate per ewe was significant (P<0.05) at 1.22, 1.78, 1.37, 1.50, and 1.82 for
the K, MI, OH, MI + FGA and FGA groups, respectively. Consequently, in
this study, the highest values for lamb production, twin lambing rate, and
total lamb weight were obtained in the FGA and MI groups. It is thought
that PMSG applied to the FGA group and melatonin hormones applied to
the MI group are effective in the formation of these values.
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GIRIS

Tirkiye’de koyunculuk ekonomik, kiltiirel ve sosyal
amagclarla surdurilen bir faaliyettir. Kiigiikbag
hayvan yetistiriciligi, ge¢misten giiniimiize Ig
Anadolu havzasinda her zaman buylik 6neme sahip
olmustur. Bu bélge (11.558.892 bas), iilke genelinde
kii¢iikbas hayvan varhiginin (52.363.410 bas) yaklasik
%22.07’sine sahiptir (TUIK, 2023). Akkaraman irk:
koyunlar, I¢ Anadolu bélgesinde genellikle Eyliil-
Ekim aylarinda ciftlestirilir (Akcapinar, 2000).
Koyunlar, tUreme mevsimi boyunca ortalama 17
giinde bir dongliye giren mevsime bagl polidstrik
hayvanlardir (Hafez & Hafez, 2013). Akkaraman
koyunu, yaklagik 1.2 olan kuzu verimi nedeniyle dél
verimi yiiksek bir irk degildir (Koncagiil ve ark.,
2011). Dol veriminin artirilmasi, koyun
yetistiriciliginin ekonomik strdirulebilirligi
acisindan ¢ok 6nemli bir faktordiir. Buna ragmen ¢ok
az sayida yetigtirici, faaliyetlerinin ekonomik
stirdiriulebilirligi i¢in hayati 6nem tasiyan tureme
teknolojilerini kullanmaktadir. Koyunlarda tiremenin
denetlenmesi, planlanmasi ve gelistirilmesi amaciyla
cesitli yontemlere bagvurulmaktadir (Agwaan, 2023).
Koyunlarda tiremenin planlanmasi, ko¢ katim
oncesinde 1yi besleme gibi stratejilere ek olarak, dol
verimini artirmak igin hormonal uygulamalarin
kullanimimi da kapsamaktadir (Martinez ve ark.,
2015, Sotgiu ve ark., 2021). Koyunlarda kizginlik
senkronizasyonu, foto periyot (isik etkisi), koc etkisi
(Gelez & Fabre-Nys, 2004) ve cesitli hormonal
uygulamalar (Biehl ve ark., 2019; Hameed ve ark.,
2021) ile olusturulabilmektedir. Bu amacla kullanilan
eksojen  hormonlar arasinda  prostaglandinler,
progesteron, gebe kisrak serum gonadotropin,
melatonin ve insan koryonik gonadotropini (hCG)
sayilabilir (Mura ve ark., 2019; Dias ve ark., 2020;
Salarpoor ve ark., 2023: Daham ve ark., 2023;
Burutaran ve ark., 2024). Bu hormonlar, koyunlarda
kizginligr senkronize etmek amaciyla ciftlesme
mevsimi ve bu dénemin diginda kullanilabilmektedir
(Hameed ve ark., 2021).

Melatonin hormonu tiremenin mevsimsel kontroliinde
énemli bir rol oynamaktadir (Ferlazzo ve ark., 2020).
Koyunlarda melatonin uygulamalar1  genellikle
anostrus ve gecis donemlerinde yapilmaktadir
(Ozyurtlu & Bademkiran, 2010). Diger yandan Alkan
ve ark. (2012), Ovsynch protokoliiniin modifiye
edilerek ureme mevsiminde koyunlara
uygulanmasindan yeterli senkronizasyon ve fertilite
oranlar1 elde edilebilecegini bildirmiglerdir. Nikbakht
ve ark. (2022), Lake-Ghashghaei koyunlarda ilkbahar
mevsiminde c¢iftlesmeden sonra farkli giinlerde GnRH
ve hCG kullaniminin kontrol grubuna goére dogan
kuzu sayisim artirdigim bildirmislerdir. Ozyurtlu ve
ark. (2016), koyunlarda iireme mevsimine gecis
déneminde uygulanan progesteron+PMSG+PGF2a
kombinasyonu ile  Gstriaslerin  etkin  olarak
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uyarilabilecegini, benzer sekilde Cinar (2021), iireme
mevsimine gecis doneminde melatonin ve progesteron
uygulamalar ile kizginligin senkronize edilebilecegini
ancak diger treme o6zellikleri Uzerine bir etkisinin

olmadigini bildirmigtir. Ancak, Ataman ve ark.
(2009), gecis doénemindeki koyunlarda PGF2a
uygulamalarinin, G&striisleri uyarmada ya da

senkronize etmede farkli progesteron uygulamalarina
kiyasla yetersiz kaldigini ortaya koymustur. Diger
yandan Ravindranath ve ark. (2023), koyunlarin
normal fizyolojik silirecleri ve treme faaliyetleri
kapsaminda yiiksek verimlilik i¢in beslemenin de
o6nemli oldugunu vurgulamiglardir.

Kuzu tretiminin artirilmasi, koyun eti fiyatlarimin
yiksek oldugu doénemlerde koyunculuk yapan
isletmelerin  karlihgimi artirabilir. Bu durumda
koyunlarin tireme faaliyetlerinin dizenlenmesine
ihtiya¢ vardir. Igletmelerin kar edebilmesi icin
doguran koyun basina dogan kuzu sayisinin
artirillmas:1  gerekir. Uygulanan senkronizasyon
protokolleri ile geligen folikil sayisinin artirilmasi ve
ovulasyonun wuyarilmasi sonucu kuzu veriminde
onemli artiglarin saglanmasi yaninda ko¢ katimi ve
dogumlarin toplulastirilmasi, boylece isletmelerde is
giicinden tasarruf, ireme mevsimi disinda et ve siit
iiretimi ve yardimci tireme tekniklerinin (suni
tohumlama, embriyo transferi vb.) uygulanmasina
olanak saglamasi sayilabilir.

Bu calismada; Akkaraman irki koyunlarda ciftlesme
mevsimine gecis doneminde FGA stunger, melatonin
implant, Ovsycnh, melatonin implant / FGA slnger
uygulamalarin kuzu verimi ve toplam kuzu agirliklar
uzerine etkisinin belirlenmesi amaclanmagtir.

MATERYAL ve METOD
Hayvan Materyali

Calismanin hayvan materyalini, 82 bas Akkaraman
koyunu ile 5 bas asimda deneyimli Akkaraman kogu
olusturmustur. Hayvanlarin se¢iminde 2-5 yas
araliginda ve 60-70 kg canli agirhiginda olmasi ayrica
herhangi bir saghk sorununun olmamasi dikkate
alinmigtir.

Cahismanin Yeri

Calisma, Nigde Omer Halisdemir Universitesi Ayhan
Sahenk Tarimsal Uygulama ve Arastirma Merkezi
Kigikbags Hayvancilik Uygulama ve Arastirma
Birimi'nde yiriitilmiistir (Enlem 37° 52 39 N,
Boylam 34° 53’ 01E, rakim; 1174 metre, yagis miktar:
343.3 milimetre). Nigde ili, Tirkiyemin I¢ Anadolu
Bolgesi'nde yer almakta ve kis aylari soguk, yaz
aylar1 ise kurak gecen karasal iklim 6zellikleri
gostermektedir.
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Hayvanlarin Bakim ve Beslenmesi

Gruplardaki koyunlar ko¢ katim déneminde, her bir
grup ayr1 padokta olmak tiizere yar1 agik agillarda
tutulmus ve NRC (2007) esaslarina gore beslenmistir.
Bu dénemde hayvan basina ginlik 1 kg kuru ot ve
600 g konsantre yem verilmigtir. Ko¢ katimindan
sonra herhangi bir ek yemleme yapilmadan Kasim
aymna kadar koyunlar gece agilda barindirilmis,
giindiizleri ise 8 saat merada otlatilmigtir. Gebeligin
son iki ayinda hayvanlarin bakim beslenmesi agilda
yapilmistir. Koyunlara taze su otomatik suluklardan
serbest olarak verilmistir. Kuzulara dogum sonrasi
bakim yapilip emzirildikten hemen sonra igletme
kulak kiipesi takilmis daha sonra kuzularin dogum
agirliklar: belirlenmigtir. Ayrica dogum tarihi, dogum
tipi, cinsiyet ve ana kulak numarasi gibi bilgileri
kaydedilmistir. Kuzularin dogum sonrasi yeteri kadar
kolostrum almasi takip edilmigtir. Dogumdan sonra

kuzular bir hafta stireyle analar ile birlikte bireysel
dogum bélmelerinde tutulmustur. Kuzulara
dogumdan sonra 2. haftadan itibaren kuzu baslangic
yemi ve yonca kuru otu serbest sekilde verilmigtir.
Kuzular, yaklasik 90 glinliik yasta siitten kesilmigtir.

Caligma Dizaym

Calismada  kullanilan  Akkaraman  koyunlara
uygulanan farkli senkronizasyon protokolleri Cizelge
T’de verilmistir. Arastirmadaki senkronizasyon
protokolleri ve ko¢ katimi1 uygulamalari 18.06.2022-
15.08.2022 tarihleri arasinda yuritilmustir. Dogum
takipleri ise kontrol (K) ve melatonin implant (MI)
gruplarinda 20.12.2022-03.01.2023 tarihleri arasinda,
ovsycnh (OH), Melatonin Implant/ FGA Siinger
(MI/FGA) ve siinger (FGA) gruplarinda 06.01.2023-
18.01.2023 tarihleri arasinda yapilmistir.

Cizelge 1. Akkaraman koyunlarda uygulanan farkl senkronizasyon protokolleri
Table 1. Difterent synchronization protocols applied in Akkaraman sheep

Gruplar/ Groups

Tarihler/Dates Melatonln Ovsycnh : Melator}ln FGA stinger
Kontrol implant (OH. n=13) Implant/Stinger (FGA. n=22)
(K, n=14) (MI, n=15) T (MI/ FGA, n=18) T
Implant Uyg. Implant Uyg.
18.06.2022 (35 giin) (35 giin)
.. Sunger
o e Kelamo Qb Stk gy
& & & & (12 giin)
Koglarin Koglarin . Sunger
03.08.2022 Ayrilmasi Ayrilmasi Siinger Gikar/PMSG Cikar/PMSG
03.8.2022 / Kog¢ Katimi Kog¢ Katimi Kog¢ Katim1
15.8.2022 - - (12 giin) (12 giin) (12 giin)
Gebelik Gebelik
03.09.2022 Kontrol Kontrol
15.09.2022 - - Gebelik Kontrol Gebelik Kontrol Gebelik Kontrol
Dogumlar/ 20.12.2022- 20.12.2022- 06.01.2023- i 06.01.2023-
Lambing 03.01.2023 03.01.2023 18.1.2023 06.01.2023-18.1.2023 18.1.2023
Arastirmada deneme materyali olarak secilen uygulanmisgtir. Bu amagla; uygulamanin basladig1 0.

koyunlar; Kontrol (K, n=14), Melatonin Implant (MI,
n=15), Ovsycnh (OH, n=13), Melatonin Implant/ FGA
Siinger (MI/FGA, n=18), ve FGA siinger (FGA, n=22)
olmak ftizere 5 gruba yaslar1 dikkate alinmadan
tesadiifi 6rnekleme yontemiyle dagitilmistir.

MI grubundaki (n=15) koyunlara, 18.06.2022
tarihinde 18 mg melatonin igeren implant (Regulin®
Ceva Hayvan Saghgi A.S. Istanbul) 6zel aplikator
kullanilarak kulak derisi altina uygulanmig ve 35
giin sonra 23.07.2022-03.8.2022 tarihleri arasinda kog
katim1 yapilmistir.

K grubunu (n=14) olusturan koyunlara herhangi bir
eksojen uygulama yapilmamig, 23.07.2022-03.8.2022
tarihleri arasinda kog¢ katimi yapilmigtir.

OH grubundaki (n=13) koyunlara 25.07.2022-
03.08.2022 tarihleri arasinda Ovsynch protokoli
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giinde GnRH (1 ml Receptal, Intervet Vet. Ilag. Paz ve
Tic. Ltd. Sti. Istanbul), 7. ginde PGF2 (1 ml Dinolytic,
Zoetis Hayvan Saghgr Ltd. $ti. [stanbub ve 9. ginde
GnRH (1 ml Receptal, Intervet Vet. Ilag. Paz ve Tic.
Ltd. Sti. Istanbul kas i¢i enjekte edilmistir. Bu
gruptaki koyunlara 03.08.2022 ve 15.08.2022 tarihleri
arasinda ko¢ katimi yapilmigtir.

MI/FGA grubundaki (n=18) koyunlara, 18.06.2022
tarihinde 18 mg melatonin igeren kulak implant:
(Regulin® Ceva Hayvan Saghgi A.S. Istanbul)
uyguladiktan 35 gin sonra FGA igeren siinger
(Chronogest® CR Intervet Vet. Ilag Paz. ve Tic. Ltd.
Sti, Istanbul) uygulanmig (23.07.2022-03.8.2022), 12
giin sonra silinger cikarilarak 600 IU PMSG (im)
enjekte edilmis 03.08.2022 ve 15.08.2022 tarihleri
arasinda ko¢ katimi yapilmistir.

FGA grubundaki (n=22) koyunlara ise, 23.07.2022-
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03.8.2022  tarihleri arasinda 20 mg FGA
(Flugestone acetate) iceren intravaginal siingerler
(Chronogest® CR Intervet Vet. Ilag Paz. ve Tic. Ltd.
Sti, Istanbul) yerlestirilmis, 12 giin sonra siinger
cikarilarak 600 IU PMSG (G.m. uygulanmis
03.08.2022 ve 15.08.2022 tarihleri arasinda ve kog
katim1 yapilmigtir.

Her bir gruptaki koyunlar i¢in asimda deneyimli 2-5
yas araliginda bir adet kog¢ kullanilmig ve 12 glin siire
ile ko¢ katimi yapilarak kizginliga gelen koyunlarin
ciftlestirilmesi dogal agim yontemiyle saglanmistir.

Gebelik muayenesi, koglarin ayrilmasindan 30 gin
sonra ultrason (Esaote Pie Medical Aqulia, Tirkiye)
araciligl ile yapilmigtir.

D&l Verim Ozellikleri

Koyunlarda incelenen dol verim 6zellikleri Kaymakei
(2016)nin bildirdigi asagida verilen esitliklere gore
hesaplanmigtir.

Kuzulama Orani (%): (Doguran koyun sayis/ Koc alt1
koyun sayis1) x 100

Kisirlik Orani (%): (Kisir koyun sayisi/ Kog alt1 koyun
say1s1) x 100

Tek Dogum Orami (%): (Tek doguran koyun sayisi/
Doguran koyun sayis1) x 100

Ikiz Dogum Oram (%): (Ikiz doguran koyun sayisi/
Doguran koyun sayis1) x 100

Uciiz Dogum Oran1 (%): (Ugiiz doguran koyun sayisi/
Doguran koyun sayis1) x 100

Koc alt1 koyun basina dogan kuzu sayisi (bas): Dogan
kuzu sayis1/ Kog alt1 koyun sayisi

Doguran koyun basina dogan kuzu sayist (bas):
Dogan kuzu sayisi/ Doguran koyun sayisi

Kuzularda Canlh Agirlik ve Yagama Giicii

Kuzularin dogum agirhigan ve 90. giin siitten kesim
canli agirhiklar1 100 g duyarlh baskil ile
belirlenmigtir. Kuzularin 90. giin canh agirhiklari,
siitten kesim yasina gore Inyangala ve ark. (1992),
bildirdigi interpolasyon yontemine gére
diizeltilmigtir. Doguran koyun bagina toplam kuzu
dogum agirligi ve koyun basina toplam siitten
kesimde kuzu agirhigi hesaplanmigtir. Kuzularin
siitten kesimde (90 giin) yasama giicii oranm1 asagida
verilen egitlige gore bulunmustur.

Stitten kesimdeki kuzu sayisi

x 100

Yasama Giicii (%):

Dogan kuzu sayisi

Istatistiksel Analiz

Calismanin istatistiksel degerlendirilmesinde SPSS
(2019) 26.0 paket programi kullanilmistir. Dl verim
ozelliklerinin  degerlendirilmesinde  Kikare (x?)
onemlilik testi kullanilmigtir. Kuzularin toplam
dogum agirhg ve siitten kesim (90. giin)
agirhiklarinin analizinde asagidaki model
kullanilmigtir. Kuzularin = siitten kesim canh
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agirliklarin analizinde dogum agirhig1 kovaryans

olarak modele dahil edilmisgtir.

Yi=p+ A+ B1.(Xij -X) + ejj

Yy Bagimh degigken i¢in i. gruptaki j. kuzu

n: Beklenen ortalama,

Ait Muamale etkisi (: K, MI, OH, MI/FGA, FGA),

B1:j. biitliin veriler tizerinden X ve Y arasindaki
gercek dogrusal regresyon katsayisi (egim)

Xi - Bagimsiz degigken igin i. gruptaki j. kuzu
X : X degerlerinin ortalamasi
eij* Hata payim ifade eder.

Istatistiki olarak o6nemli olan (P<0.05) alt grup
ortalamalariin kargilagtirnlmasinda Duncan ¢oklu
karsilastirma testi kullamilmistir (Unalan, 2023).

Etik Kurul

Bu calisma, Ayhan Sahenk Tarimsal Arastirmalar
Uygulama ve Arastirma Merkezi Hayvan Deneyleri
Yerel Etik Kurulu'ndan alinan 26/09/2022 tarih ve 12
sayili karar ile yuritilmustur.

BULGULAR ve TARTISMA
D&l Verim Ozellikleri

Calismada, K, MI, OH, MI/FGA ve FGA gruplarinda
dogum orani swrasiyla; %64.29, %60.00, %61.54,
%55.56 ve %50.00, kisirhk orami %35.71, %40.00,
%38.46, %44.44 ve %50.00, tek dogum oram %77.78,
%33.33, %62.50, %33.33 ve %27.27, ikiz dogum orani
%22.22, %55.56, %37.50, %0.00 ve %63.64 ve uglz
dogum oram %0.00, %11.11, %0.00, %10.00 ve %9.09
olarak saptanmistir (Cizelge 2). Gruplar arasinda
gozlenen farkhiliklar istatistiki olarak Onemsizdir
(P>0.05). Kontrol grubunda dogum oraninin (%64.54)
yiksek bulunmasi1 Akkaraman irki koyunlarda gecis
mevsiminde (Temmuz-Agustos) iireme etkinliginin
dogal olarak basladiginmi gostermektedir.

Ozyurtlu ve ark. (2016), iireme mevsimine gecis
déneminde Zom ve Ivesi koyunlarinda uyguladiklar
progesterontPGF+PMSG  igerikli  senkronizasyon
protokolleri ile elde ettikleri gebelik (%43.5 ve %52)
sonuclari, calismanin MI+FGA ve FAG gruplarinda
elde edilen bulgularindan disiiktiir. Cinar (2021,
Kangal Akkaraman irki siseklerde tireme mevsimine
gecls déneminde aragtirdigi melatonin,
melatonin+progesteron, progesteron ve kontrol
gruplarinda gebelik oranlar sirasiyla; %60.0, %66.7,
%40.0 ve  %37.5  bildirilmis  olup, calisma
bulgularindan melatonin grubunda aynm (%60),
melatonin+progesteron grubundan diisiik (%55.56)
progesteron (%50) ve kontrol (%64.29) gruplarindan
ise yiiksek degerlere sahiptir. Take1 & Kivrak (2023),
Kangal koyunlarinda mevsim disinda progesteron
stinger ve prostaglandin ve eCG esash protokole ilave
olarak kas 1i¢i uyguladiklar1 vaginal siinger
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cikarmadan 1 glin 6nce 50 mg progesteron, 2 giin 6nce
50 mg progesteron ve kontrol gruplarinda elde
ettikleri dogum oranlar1 (%53.5, %56.3 ve %60) bu
calisma bulgular1 ile benzerlikler gostermektedir.
Ravindranath ve ark. (2023), Nari Suvarna
koyunlarini mera ve entansif kogullarda besleme
esasina goére gruplara ayirarak 12 giin boyunca
progesteron iceren intravajinal siinger ve 500 IU
PMSG uyguladiklar1 ¢alismada, entansif beslenen
gruplardaki (%83.3) bulgusu, bu calismadaki FAG
grubundan yiiksek iken mera grubunda (%55.0)
bildirilen dogum orani benzer bulunmustur. Ayrica
Gozer ve ark. (2024), Akkaraman irki siseklerde
tureme sezonu diginda MPA ile senkronize ederek eCG

sonuclar: (%64.70 ve %66.66, % 44.11), Ozyurtlu ve
ark. (2016), iireme mevsimine gecis doneminde
progestagen, PGF2a ve PMSG uygulamalarinin Zom
koyunlarinda %43.5, Ivesi koyunlarinda %52.0,
Berberoglu (2016), Acipayam ve Bafra 1rki
koyunlarda anéstrus dénemde uzun etkili (%44.83 ve
%61.54), kisa etkili (%73.08 ve %62.06) ve daha 6nce
7 giin kullanilmis vaginal siinger (%66.67 ve %58.33)
ve Korkmaz & Yaprak (2022) Morkaraman irk:
koyunlarda CIDR, Cronolone, dogal progesterone ve
MAP gruplart (%74, %61, %56 ve %33)
uygulamalariyla bildirdikleri dogum oranlar1 da
caligma bulgularinin bir kismi ile benzerlik kism ile
de farkliliklar gostermektedir.

ve PGF2a'min farkli zamanlarda uygulanmasi

Cizelge 2. Akkaraman koyunlarda doél verim 6zellikleri
Table 2. Reproduction characteristics in Akkaraman sheep

Ozellikler/ Traits K MI OH MI/FGA FGA Genel P

Ko¢ Alti Koyun Sayis/ The Number of Ewes

Joined per Ram 14 15 13 18 22 82

Gebe Koyun Sayis/ Number of Pregnant Ewes 9 9 8 10 11 47

Kisir Koyun sayisi/ Number of Infertil Ewes 5 6 5 8 11 35

Tek Doguran Koyun/ Ewes with Single Birth 7 3 5 3 3 21

Ikiz Doguran Koyun/ Ewes with Twin Birth 2 5 3 5 7 22

Uctiz Doguran Koyun/ Ewes with Triplets Birth - 1 1 1 3

Dogan Kuzu Sayisi/ Number of Born Lambs 11 16 11 15 20 73

Dogum Orani/ Birth rates 64.29 60.00 61.54 55.56 50.00 57.32 0.922

Kisirlik Orany/ Infertility Rate 35.71 40.00 38.46 44.44 50.00 42.68

Tek Dogum Orani/ Single Birth Rate 77.78 33.33  62.50 33.33 27.27 45.65 0.123

Tkiz Dogum Orani/ Twin Birth Rate 22.22 55.56 37.50 50.00 63.64 46.81

Uctiz dogum Orany/ Triplet Birth Rate 0.00 11.11 0.00 10.00 9.09 6.38

Doguran Koyun Goére Kuzu verimi/Fertility 1.22b 1,782 1.372b 1.502 1.82a  1.55 0.040

Kog¢ Alt1 Koyun Goére Kuzu verimi/Fecundity 0.79 1.07 0.85 1.06 0.91 0.93 0.056
K: Kontrol, MI: Melatonin implant, OH: Ovsycnh, FGA: Flugestone acetate stnger, MI/FGA: Melatonin implant/
Flugestone acetate siinger
Diger yandan Dogruer ve ark. (2015), Ivesi ki ¢alismadaki Ovsynch (OH) grubundan oldukca

koyunlara anéstris dénemde FGA uygulamalarina
ilaveten eCG ve PGF2anin farkli zamanlarda
uygulanmasinda kuzulama oranlari (%95.2 ve %100)
olarak bildirilmis, Duymaz & Koyuncu (2021)
andstrus donemdeki Kivircik koyunlarinda Regiilin,
CIDR, Chronogest, iki doz deri altina prostaglandin
F2a ve kontrol gruplarinda kuzulama oranlarin
(%80, %95, %88, %92 ve %76) olarak gostermistir.
Uyar ve Alan (2008), Akkaraman irki koyunlarda,
erken anéstriis déonemde melatonin uygulamas: ile
gebelik oranini (% 82.14) elde etmis ve Hermadi ve
ark. (2023), yagl kuyruklu Sidoarjo koyunlarinda
gebelik oraninmi kontrol grubunda %70, MPA 50 mg
stinger 5. giinde ¢ekilen grupta %80 ve MPA 50 mg
stinger 11. giinde c¢ekilen grupta %80 olarak bildirilen
oranlar, bu c¢alisma bulgularindan elde edilen
degerlerden oldukga yliksektir. Benzer gekilde Alkan
ve ark. (2012), tarafindan iireme mevsimindeki
Tahirova koyunlarinda modifiye Ovsynch protokolleri
ile elde ettigi gebelik oranlar1 (%96 ile %98) bu
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yiksek bulunmustur.

Bu calisma bulgularn ile yukarida verilen ¢aligmalar
arasinda gozlenen farkhiliklar; ¢aligmalarin dénemi,
hayvan materyali ve uygulanan protokoller,
hayvanlarin yasi, bakim ve besleme kogullarindaki
degisimlerden kaynaklanmisg olabilir.

Kog alt1 koyuna gore kuzu verimi K, MI, OH, MI/FGA
ve FGA gruplarinda sirasiyla; 0.79, 1.07, 0.85, 1.06 ve
0.912'dur. Gruplar arasinda kog¢ alti koyuna gore
kuzu verimi bakimindan goézlenen farkhliklar
onemsizdir (P>0.05). Doguran koyuna gére kuzu
verimi ise K grubunda 1.22, MI grubunda 1.78, OH
grubunda 1.37, MI/FGA grubunda 1.50 ve FGA
grubundan da 1.82’dir. Deneme gruplar1 arasinda
doguran koyun bagina elde edilen kuzu sayisi
bakimindan goézlenen farklhihiklar istatistiki olarak
onemli (P<0.05) bulunmustur. Calismada tek dogum
orani; %77.78, %33.33, %62.50, %33.33, %27.27, coguz
dogum orani; %22.22, %66.67, %32.5, %66.67 oldugu
saptanmistir.
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Hayvancilik isletmelerinin karhilig1 ve
stirdirulebilirligi agisindan dél verimi biuyik 6neme
sahiptir. Koyun yetigtiriciliginde uygulanan
senkronizasyon c¢alismalarinda, tretim zamani
planlanmasi yani sira kuzu veriminin artirilmasi
dolayisi ile koyun bagina diisen toplam kuzu sayisinin
artirilmas1 amaglanmaktir. Bu konuda aragtirmacilar
tarafindan yapilan senkronizasyon c¢alismalarinda
farkli irk, yas, doénem, yontem ve hormonlar
kullanilmistir.

Akbulut ve ark. (2023), Hasmer koyunlarina iireme
mevsiminde melatonin uygulamasinda bildirdigi
coguz dogum orami (%37.5) bu calismadaki MI
grubundan dusik, ancak melatonin+singer+PGF2a
(%48) grubundaki sonuclar bu calismadaki MI+FGA
grubundaki degerden (%32.25) ve kontrol gruplarinda
(%28) bildirdigi ¢oguz dogum orani bu calismadaki K
grubundan daha yiiksektir. Ozyurtlu ve ark. (2016),
tireme mevsimine gecis déneminde Zom ve Ivesi
koyunlarinda bildirdigi ikiz dogum orani (%20 ve
%23.1), Dogruer ve ark. (2015), Ivesi wkinda FGA
uygulanan anostristeki  koyunlarda eCG ve
PGF2a’nin ikizlik orani (%50 ve %31) ve Cinar (2021)
Kangal Akkaraman 1rki giseklerde Melatonin,
Melatonin+progesteron, progesteron ve kontrol
gruplarinda ikiz dogum oranlar1 (%16.7, %20.0, %33.3
ve %0.0) ile ilgili degerler, bu calismada elde edilen
sonucglardan oldukca diigtiktiir. Diger yandan Alkan
ve ark. (2012), Tahirova koyunlarinda modifiye
ovsynch protokolii ile ikizlik oranm (%10.41 ile %22.44)
bulgusu bu c¢alismadaki OH grubunda elde edilen
degerden (%32.5) diisiiktiir. Duymaz & Koyuncu
(2021), anoéstrus donemdeki Kivircik koyunlarinda
Regilin, CIDR+GKSH, Chronogest+GKSH, iki doz
PF2a ve kontrol gruplarinda c¢oguz dogum oranlar:
(%15, %26,3, %13,6, %4,3 ve %5,3), bu calisma
gruplarinda elde edilen sonuglardan  distik
bulunmustur.

Cmar (2021), Kangal Akkaraman irki siseklerde
Melatonin, Melatonin+progesteron, progesteron ve
kontrol gruplarinda kog¢ alti koyun basina kuzu
sayilari; 0.70, 0.78, 0.40 ve 0.38 kuzu ve doguran
koyun basina kuzu sayilari; 1.2, 1.2, 1.3 ve 1.0 kuzu
arastirma bulgularindan daha disuk kalmaktadir.
Bu durum hayvanlarin yasi, bakim beslenmesi,
protokollerin igerigi ve uygulama zamanindan
kaynaklanabilir. Akbulut ve ark. (2023), Hasmer
koyunlarinda melatonin, melatonin+stinger+PGF2a
ve Kontrol gruplarinda bildirdigi doguran koyuna
gore kuzu verimi (1.38, 1.48 ve 1.27 kuzu), Ozyurtlu
ve ark. '(2016), Ureme mevsimine gec¢is déneminde
Zom ve Ivesi koyunlarinda progesteron+tPGF+PMSG
ve kontrol gruplarinda elde ettikleri kuzu verimi (1.2
ve 1.23), Dogruer ve ark. (2015), Ivesi irkinda FGA
uygulanan anoéstriisteki koyunlarda eCG ve PGF2a
uygulamasiyla bildirilen kuzu verimleri (%150 ve
%131), Ozyurtlu ve ark. (2016), iireme mevsimine
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gecis doneminde progestagen, PGF2a ve PMSG
uygulamalarinda Zom ve Ivesi koyunlarinda kuzu
verimi (1.2, 1.23), Korkmaz & Yaprak (2022),
Morkaraman irki koyunlarda CIDR, Cronolone, dogal
progesterone, MAP ve kulak implant1 (Crestar)
uygulamalarinda elde ettigi kuzulama oranlar: (1.29,
1.0, 1,10, 1.18 ve 1.00) ve Duymaz & Koyuncu (2021),
anostrus donemdeki Kivircik koyunlarindan Regiilin,
CIDR, Chronogest, iki doz deri altina prostaglandin
F2a ve kontrol gruplarinda doguran koyuna gore
kuzu verimi (1.0, 1.3, 1.2, 1.0 ve 1.0 kuzu) sonuclar:
da bu calismada Akkaraman koyunlar1 igin
hesaplanan degerlerden daha dustiktir. Diger
yandan Nikbakht ve ark. (2022), Lake-Ghashghaei
koyunlarda GnRH ve hCG enjeksiyonunun, birinci
giin uygulamada 1.00 ve 1.54 kuzu (P>0.04) ve ikinci
gin uygulamada 1.50 ve 2.0 kuzu bulgusu bu
calismada OH grubundaki (1.34 kuzu) sonuclardan
daha yiksektir.

Bu calismada elde edilen bulgular ile yukaridaki
aragstirmacilarin  bildirdigi bulgularin bazilarinda

benzerlik  bazilarinda ise farklhiliklar oldugu
gozlemlenmektedir. Soz konusu farkliliklar
muhtemelen 1rk, senkronizasyon protokollerinin

icerikleri, koyunlarin fizyolojik donemleri, mevsim,
besleme gibi faktorlerden kaynaklanmaktadar.

Canli Agirlik ve Yagama Giicii

Deneme gruplarina goére doguran koyun basgina
kuzularin toplam dogum agirhigi ve sltten kesim
agirliklar Cizelge 3’te verilmistir. Doguran koyun
bagina en yiksek toplam dogum agirhg 7.01 kg ile
FGA grubu koyunlarda saptanirken bunu MI/FGA
(6.86 kg), OH (6.73 kg), MI (5.59 kg) ve K grubundaki
(5.09 kg) koyunlarin kuzular izlemistir (P>0.05).
Kuzularin dogum agirhiginin siitten kesim agirhigina
etkisi 6nemli (P<0.001) bulunmustur. Deneme
gruplarina gére kuzularin sitten kesim zamaninda
toplam canli agirhiklarinin MI ve FGA (47.70 kg ve
46.56 kg) gruplarinda en yiiksek oldugu, K grubunda
(44.51 kg) ise en diisiik oldugu belirlenmistir.
Yapilan senkronizasyon uygulamalarinin doguran
koyun basina siitten kesilen kuzularin toplam canl
agirliklar bakimindan farklilik olusturdugu ancak bu
farkliliklarin istatistiki olarak &nemsiz (P>0.05)
oldugu saptanmigtar.

Kuzularin sttten kesimde yasama gilici orani en
yiikksek K, MI ve MI/FGA (%100) gruplarindan dogan
kuzularda saptanirken bunu FAG (%91.7) ve OH
grubu (%88.9) izlemistir (Cizelge 3). Yasama giicii
bakimindan gézlemlenen farklhiliklar istatistiki olarak
onemsizdir (P<0.05).

Bu arastirmada koyun basina toplam dogum agirlig
ve siitten kesim agirligi en yiiksek FGA (7.01 ve 50.33
kg) ve OH (6.73 ve 49.93 kg) gruplarinda en diisiik K
grubunda (5.09 ve 37.51 kg) bulunmus, s6z konusu
farkin yaklagik %26 daha fazla canli agirhga karsilik
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geldigi hesaplanmistir. Akbulut ve ark. (2023),
Hasmer koyunlarindan dogan kuzularin canh
agirhiklarini; tek erkeklerde 4.86, 5.56 ve 5,74, tek
digilerde 4.70, 5.04, ve 5.17, ¢oguz erkeklerde 4.41,
4.32 ve 4.64, coguz digilerde 4.24, 3.80 ve 3.92 kg,
Yarali (2004), Kivircik koyunlarinda farklh PMSG
dozlarinin kuzu verimi lizerine etkilerini arastirdigi
calismada, 0, 400 ve 500 IU PMSG grubundan elde
edilen kuzularin dogum agirliklarini sirasiyla; 3.20
kg, 3.47 kg, 3.44 kg, pazarlama canl agirliklarini ise
sirasiyla; 21.06 kg, 21.84 kg, 22.84 kg, Koyuncu ve
ark. (2019), Kivircik koyoyunlarda CIDR, CIDR+Vit

A, E+Se, Vitamin A, Vitamin E+Se ve Kontrol
gruplarindaki dogum ve siitten kesim agirhik (3.1 ve
33.0, 2.9 ve 31.2, 3.2 ve 27.5, 3.3 ve 30.4, 3.0 ve 28.4
kg) ve Kutlu ve ark. (2022), Bingol Ilinde halk elinde
yetigtirilen Akkaraman 1rki kuzularda dogum
agirligim 2.71 ve 3.52 kg, siitten kesim agirhigini da
28.81 ve 32.82 kg bildirmiglerdir. Bu c¢alismada
Akkaraman irkinda elde edilen canli agirliklardan
daha dugiktir. Bu farklhihiklar irk, siitten kesim
zamani, mevsim, yil ve bakim beslemeden
kaynaklanmig olabilir.

Cizelge 3. Doguran koyun basina kuzularin dogum ve siitten kesim agirhig1 (kg) ve yasama giicii (%)
Table 3. Birth and weaning weight of lambs per lambing ewe (kg) and survival rate (%)

Ozellikler/ K MI OH MI/FGA FGA Genel  P-degeri
Traits
KTDA 5.09+0.79 5.59+0.84 6.73+0.84 6.86+0.72 7.01+0.72 5.09+0.79 0.313
KTSKA 44.51+£2.77  47.70+2.87  44.76+2.89  41.12+2.46  46.56+2.47  37.51+5.05 0.435
YGO 100 100 88.9 100 91.7 95.9 0.578
Regresyon/Regression
Dogum Agirligi/ Birth Weight: 0.853+0.498 0.001

KTDA: Koyun Bagina Toplam Dogum Agirhigi/ Average Birth Weight Per Ewe, KTSKA: Koyun Bagina Toplam Siitten Kesim
Agirhigi/ Average Weaning Weight Per Ewe, YGO: Yasama Giict Orany/Survival Rate, K: Kontrol/Control, MI: Melatonin
implant/Melatonin implant, OH: Ovsycnh/Ovsycnh, FGA: Flugestone acetate siinger/Flugestone acetate sponge, MI/FGA:
Melatonin implant/Flugestone acetate siinger, Melatonin implant/Flugestone acetate sponge,

Akkaraman irki koyunlara gecis doneminde farklh
senkronizasyon protokollerinin uygulandigi bu
calismada, uygulamalarin kuzularin yasama glcu
tizerine etkisi 6nemsiz (P>0.05) bulunmustur. Benzer
sekilde Duymaz & Koyuncu (2021), Regiilin, CIDR,
Chronogest, iki doz PF2a uygulanan gruplarda ve
kontrol grubunda yasama giicii oranlarmin (0.88,
0.96, 0.96, 0.96 ve 0.90) oransal olarak yiiksek
citkmasina ragmen, farkli senkronizasyon gruplari
arasindaki farkin énemsiz (P>0.05) oldugunu
bildirmiglerdir. Ayni sekilde Korkmaz & Yaprak
(2022) Morkaraman 1rki koyunlarda kuzulama
oranlarmi  CIDR (%90), Cronolone, progesterone
(%72.8), MAP (%69.6) olarak belirtmis ve yasama
gucleri acisindan uygulama gruplar: arasinda anlaml
bir fark olmadigimi bildirmiglerdir. Koyuncu ve ark.
(2019) Kivircik kuzularda siitten kesimde yasama
giicii oranimi %80 ile %95.0 olarak bildirmistir. Bu
arastirmada, kuzularda yasama gucli oraninin
istatistiksel olarak o6nemli olmamakla birlikte K
(kontrol) grubundaki koyunlarin kuzularinda yiiksek
olmas1 bu grupta tek dogum oranin yiiksek olmasiyla
iligkilendirilmektedir. Bu nedenle, c¢oguz dogum
oranini yliiksek oldugu senkronizasyon ¢aligsmalarinda
kuzu kayiplarinin 6nlenmesi ve yasama gliclinlin
artirilmas1 i¢cin kuzu biyltme yontemlerinin daha
dikkatli uygulanmasi gerekmektedir.

SONUC
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elde edilen bulgulara gore, dogum orani bakimindan
gruplar arasinda o6nemli fark olmamakla birlikte
tatmin edici dizeyde dol verimi saglanmistir. Ayrica
kontrol grubunda elde edilen sonuclarin uygulama
gruplarina benzer nitelikte oldugu g6z ard:
edilmemelidir. Dolayisi ile Akkaraman koyunlarda bu
dénemde treme faaliyetlerinin bagladigi, bu nedenle

senkronizasyon  protokolleri  hazirlanirken  bu
durumun dikkate alinmasi gerektigi
diustniulmektedir.

Ancak kuzu verimi bakimindan protokoller icerisinde
en yiiksek degerler progesteron (FGA) 1.82 ve
melatonin (MI) 1.78 gruplarinda, benzer sekilde coguz
dogum oram1 bakimindan en yiksek oranlar
progesteron (FGA) %72.73 ve melatonin (MI) %66.67
gruplarinda elde edilmistir. Bu etkinin ortaya
cikmasinda progesteron (FGA) grubuna uygulanan
PMSG ve melatonin (MI) grubunda ise melatonin
hormonun etkili oldugu degerlendirilmektedir.

Sonug olarak Akkaraman koyunlarda kuzu verimi ve
toplam kuzu agirliklarinin artirilmasinda FGA ve MI
gruplarina yapilan uygulamalarin olumlu katkilar
sagladigi ancak s6z konusu etkilerin ortaya
konulabilmesi igin daha kapsamh arastirmalara
ihtiyag oldugu kanisina varilmigtir.
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OZET Zootekni

Bu c¢alisma Esmer irki sigirlara ait siitlerin  kompozisyonunu,

fizikokimyasal o6zelliklerini ve yag/protein oranini bazi besleme Aragtirma Makalesi
hastaliklar1 agisindan incelemek igin yapilmistir. Bu amagcla Igdir ili

Merkez, Karakoyunlu, Aralik ve Tuzluca ilgelerinde Esmer irki sigir Makale Tarihgesi
yetistiren toplam 170 isletmeden elde edilen tank siiti ornekleri Gelig Tarihi  :06.11.2023
incelenmistir. Ilceler bazinda incelenen siit kompozisyonlarindan kuru Kabul Tarihi :14.05.2024

madde (p<0.01), donma noktas1 (p<0.01), protein (p<0.05) ve pH (p<0.05)
degerleri istatistik olarak farkli bulunmustur. Hayvan beslenme
diizeyleri i¢in yag/protein oranin incelenmesiyle, strtlerin %25.7’sinin

Anahtar Kelimeler
Esmer 1rki sigir

Asidoz, %62.4intun Normal ve %11.9unun Ketozis’e maruz kaldiklari Tank stutu

tespit edilmistir. Sitlerin yag/protein orani baz alindiginda ilge ve Stit kompozisyonu
mevsime gore ineklerin 1/3’1 Asidoz+Ketozis’e maruz kalmalar: rasyon Yag

iceriginin dengesizligine baglanabilir. Yem degisikliginde de bu durum Protein

onemli bir hal alir. Bu nedenle ineklerin kuru besleme déneminden sonra
merada otlatilmasi veya mera doneminden sonra kuru besleme dénemine
geciste yagi/protein orani kontrol edilmelidir. St treten igletmelerde
ineklerin siit yag/protein oraninin zamanla izlenmesi ketosis ve asidosis
hastaliklar: i¢in bilgi verici olup, hayvanlarin dengeli beslenmesi i¢in
zamanla 6l¢lilmesi 6nerilir.

ABSTRACT

This study was carried out to investigate the composition,
physicochemical properties and fat/protein ratio of milk of Brown cattle
in terms of some nutritional diseases. For this purpose, tank milk of 170
farms raising Brown breed cattle in Merkez, Karakoyunlu, Aralik and
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to 25.7% to Acidosis, 62.4% to Normal, and 11.9% to Ketosis. Based on Tank milk

the fat/protein ratio of the milk, 1/3 of the cows are exposed to Milk composition
Acidosist+Ketosis according to the district and season, which can be Fat

attributed to the imbalance of the ration content. This situation also Protein

becomes important in feed change. For this reason, the fat/protein ratio
should be checked when the cows are grazed on pasture after the dry
feeding period or when transitioning from the pasture period to the dry
feeding period. Monitoring the milk fat/protein ratio of cows in milk
producing enterprises over time is informative for ketosis and acidosis
diseases and it is recommended to measure it over time for animals.
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GIRIS

Inek siitii dilnya capinda en cok tiiketilen gidalardan
biri olup, proteinler, karbonhidratlar, yaglar,
mineraller ve vitaminler gibi temel besinleri i¢eren
yiiksek degere sahip bir iriindiir (Santos, 2013). Siit,
saghikli olan bir hayvanin tam olarak sagilmasindan
elde edilen normal meme salgisi olup, karmasik bir sivi
besindir (Aishwarya ve ark., 2017). Siit ayrica, yagin
globiiller, majér siit proteini (kazein) ve bazi1 mineral
maddelerin kolloidal halde ve laktozla birlikte bazi
mineraller ve ¢ozlinlir peynir alti suyu proteinleri
seklinde emiilsifiye edildigi karmasgik bir kimyasal
madde olarak ta tanimlanan heterojen bir karisgimdir
(Mehta, 2015).

Diinya ¢apinda siit, igme stuitii olarak ve siit tirtinlerine
dontstiriulerek tiketilmektedir. Fakat siit kolay
tagsis edilebilen bir yapiya sahiptir (Santos ve ark.,
2012). Tagsis siit kalitesini diisiiriir ve tiiketicilerin
saghgim tehlikeye atabilir. Siit i¢cin potansiyel tagsis
edici maddeler; yabanci su, yabanci proteinler, peynir
alt1 suyu proteinleri, melamin ve lre, bitkisel veya
hayvansal yaglardir. Siit yaginin bazi bilesenlerinin
eklenmesi gibi stit tagsis vakalar: diinya ¢apinda rapor
edilmistir (Poonia ve ark., 2017).

Sit ve sit trunleri, insanin yasam evrelerinin belirli
kisimlarinda bir dizi temel besin maddesinin 6nemli
kaynagidir. Kiigiik c¢ocuklarda kemik gelisimi ve
biuyumede; yine ergenlik doneminde o6zellikle kiz
cocuklar1 i¢in kalsiyum, magnezyum, iyot ve diger
onemli besinleri saglar. Insanlarm D vitamini
ihtiyacim1 kargsilamada ve bebeklerin biligsel geligimi
icin hamilelik sirasinda annenin iyot dengesinin
saglanmasinda onemlidir. Ayrica, siut ve sit Urtinleri
yaghlarda yetersiz beslenmenin azaltilmasina ve kas
kitlesi, kas iglevselligi ve kemik giici kayiplarim
azaltmada gereklidir (Givens, 2020).

Sutin kimyasal yapisi incelendiginde genel olarak
yag, protein, laktoz, mineral, vitaminler ve enzimler
stitiin besin madde degerini belirleyen igerikler olup,
sadece icilen siit i¢cin degil, isleme sanayiinde de stutin
smiflanmasinda kullanilan kriterlerdir (Caglayan &
Sehu 2016). Ciinkii ¢ig inek siitiiniin fizikokimyasal
bilesimi genellikle trinin kalite 6zellikleri, saklama
kogullar1 ve raf émrinin belirlenmesinde 6nemlidir
(Franzoi ve ark., 2020).

Inek siitd, yuzlerce farkli bilegsenden olugan, besin
acisindan zengin, kimyasal olarak karmasik bir
biyoakigkandir. Inek siitiiniin kimyasal bilegimi de
onlarca yildir ¢alisilmis olmasina ragmen, bu bilgilerin
pekistirilmesi ve glincellenmesi gereklidir. Bu amagla
ticari inek sltiindeki kimyasal bilegenlerin en
kapsamli ve glincel karakterizasyonunu igin yeni
teknolojileri kullanarak cok fazla sayida calismaya
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ihtiyac vardir (Foroutan ve ark, 2019).

Sutin elde edildigi hayvanin tiird, cinsi, yasi ve
beslenmesinde kullanilan yem materyalinin yan1 sira
laktasyon agsamasi, dogum sayisi, yetistirme sistemai,
fiziksel ¢evre ve mevsim gibi faktorler siitin rengini,
tadin1 ve bilesimini etkiler ve c¢esitli Urlnlerin
iiretilmesine olanak saglar (Murphy & Mara, 1993;
FAO, 2024). Sigirlardan elde edilen siitlerin
kompozisyonu ve yogunlugu da, basta hayvanin irka
olmak tzere siit verimi ile birlikte hayvanlar:
beslemede kullanilan rasyonun kaba yem miktari,
kalitesi, kaba/kesif yem orani, toplam karigimi,
rasyonun partikil buyukligi, rasyona ilave edilen
yaglarin miktar1 ve g¢esidi, protein kaynagi, rasyonun
karbonhidrat kaynag gibi bir ¢cok faktoriin tek bagina
veya ortak etkisi altinda sekillenmektedir (Walstra ve
ark., 2006; Ergiil ve ark., 2019).

Turkiye Tarim ve Orman Bakanlig ¢ig siit arzina dair
yayimnladig: tebligde ¢ig inek sttiinde proteinin en az
%2.8, yogunlugun en az 1.028, yagsiz kuru maddenin
en az %8.5 ve siit yaginin en az %3.4 olmasi gerektigini
bildirmistir (Anonim, 2017).

Ciftlik Hayvanlar1 Verisi i¢in Kiresel Standartlar
(ICAR, 2019)’a gore ise inek siitlerinin yag, protein,

laktoz oranlar1 sirasiyla %2.0-6.0, %2.5-4.5 ve
%4.0-5.5 degerleri arasinda olmalidir.
Uluslararas1 Siit Federasyonu Dernegi (IDFA,

2023)’ne gore ise, inek siitii yaklasik olarak %87 su ve
%13 kuru madde iceriginde %3.7 yag ve %9.0 yagsiz
kuru madde icermelidir ve sit iceriginde en az %3.25
yag ve %8.25 yagsiz kuru madde bulunmalidir.

Botswana Standartlar Biirosu (BOBS, 2018)
standartlarina gore ise; ¢ig inek sut yagr %3.3 ve
protein  %3.0, yagsiz kuru madde %8.3ten az
olmamali, pH 6.60-6.80 arasinda olmali ve yogunluk
ise 20 °‘Cde 1.026-1.032 g mL! aralklarda
Ol¢ulmelidir.

Stt proteini, toplam sit kuru maddesinin yaklagik
%25’in1 olusturur ve guinumiuzde siitten elde edilen
yagdan daha degerli bir bilesen olarak kabul
edilmektedir. Cunki sut proteini bir¢cok urinin
imalatinda kullamilmaktadir. St proteini, en biiyuga
kazein olan bir dizi farkli bilegsenden olugur. Siit
proteini peynir ve kazein tozu iiretimi i¢in en 6nemli
bilesendir (Murphy & Mara,1993).

Bununla birlikte siit sigircihiginda, siit iceriginden yag
ve protein orani (yag/protein) ineklerin rumen saghgi,
Asidoz ve Ketozis gibi metabolik hastaliklara
maruziyetin belirteci olarak da degerlendirilmektedir.
Bu nedenle hayvanlarda besleme kaynakh
olusabilecek hastaliklarin tespitinde ve 6nlenmesinde
kolay uygulanabilir bir yontemdir. Hayvan saglhginin
kontroli, siit kalitesi ve siit verimliliginin artirilmasi
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acisindan  gereklidir. Saghkli bir sigirin - st
yag/protein oran 1 ile 1.5 arasinda olmasi gerekir. Bu
oranin 1’'in altinda olmasi Asidoz, 1.5'In tuzerinde
olmas1 ise Ketozis riskini artirmaktadir (Eastridge,
2012). Bu nedenle inekleri beslemede kullanilan TMR
(kaba, kesif ve tiim yem katki maddelerinin bir
karissmda verilmesi); kaba/kesif yem orani, partikiil
biyukligini, kolay fermente olabilen
karbonhidratlarin kullanilan miktar: gibi faktérlerden
etkilenen siit kompozisyonunda, siit yag/protein
oranina bakilarak hayvanlarin dengeli ve saghklh
beslendikleri, Asidoz ve Ketozis gibi problemleri

yasayip yasamadiklar: da kolayca tespit
edilebilmektedir (Deniz, 2022).
Bu c¢aligmada, Igdir ilinde sit sigircilign

isletmelerinde; tank sutii kimyasal kompozisyonu
incelenmis ve yetistirilen ineklerin beslemeye bagh
olarak  maruz  kalabilecekleri  baz1  besleme
hastaliklarinin belirteci olan yag/protein oranina gore
degerlendirme yapilmistir.

MATERYAL ve METOD
Aragtirma Materyali

Aragtirma konusu hayvanlarin yetistirildigi Igdir
ovasi ve cevresi; Turkiye ve Dogu Anadolu 6lgeginde
kendine 6zgl iklim 6zelikleri ile y6resel mikroklima
ozelligine sahip olan, yazlari sicak ve kurak, kiglari
ihman bir iklim 6zelligindedir. Ilde Haziran—-Agustos
aylarinda sicaklik 39-42 °C arasinda degismekte olup,
1940-2020 yillar1 arasinda goérilen en dusik ve
yiksek sicakliklar sirasiyla —30.3 ve +42.0 °C olarak
belirlenmistir (Anonim, 2023).

Arastirma materyalini merkez ilgede 51, Karakoyunlu
ilgesinde 37, Aralik ilgesinde 68 ve Tuzluca ilgesinde
14 igletme olmak tzere 2015 yilinda her mevsim
alinan siit 6rnekleri olusturmustur. Arastirma konusu
isletmelerin belirlenmesinde siit toplayan firmalarin
stit topladiklar: igletmeler secilmis olup, boylece ticari
olarak sut tiretip satan ureticilere ulagilmigtir.

Ornekleme Yéntemi

Arastirma i¢in gerekli siit numuneleri, siit toplayan
firmalarin sut topladiklari isletmelerden temin
edilmigtir. Bu firmalarin araclariyla birlikte stit
toplama zamanlarinda  igletmelere gidilerek,
igletmelerden ara¢ ana tankina siitlerin bosaltilmasi
esnasinda slt 6rnekleri numune kaplarina alinmigtir.
Her mevsim alinan siit ornekleri, elde edildigi
igletmenin numarasinin yazildigr 50 cc’lik tiiplere
konularak, buz kaliplar1 arasinda muhafazali bir
sekilde analiz yerine taginmagtir.

Laboratuvar Analizleri

Sut  orneklerinin  fizikokimyasal  ozelliklerinin
belirlenmesinde, Igdir Universitesi Ziraat Fakiiltesi
Zootekni Laboratuvarinda bulunan siit analiz cihazi
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(BOECO Milk Analyzer) ve pH metre (HANNA
H199161) cihazi kullanilmistir. Boylece, tek o6l¢iim
ornekleriyle siit toplam kuru maddesi, yagsiz kuru
madde, stut yagi, laktoz, ham protein, donma noktasi,
iletkenlik, yogunluk ve pH 6zellikleri belirlenmistir.

Siit Yagi/Protein Orani

Bu c¢alismada siit igeriginin degisimine ve sit
kalitesine etki eden yem rasyonlarinin normal olarak
isletmelerde inekleri beslemede kullanimi hakkinda
bilgi elde etmek igin siit yag/protein oraninin
Eastridge (2012) tarafindan 6nerilen, ve hayvanlarin
beslenme diizeylerinin gostergesi olan yag/protein
oraninin; “ > 1 Asidoz”, “1-1.4 Normal” ve “ > 1.5
Ketozis” ve tlizeri gseklinde gruplar ile hayvanlardan
normal siit eldesi incelenmigtir.

Istatistik Analizler

Bu calismada Esmer irki sigir igletmelerinden elde
edilen tank sutlerinin sit kompozisyonlarr da
hayvanlarin yetistirildikleri isletmelerin bulunduklari
ilcelere ve mevsimlere gore varyans analizi tesadif

parselleri deneme deseni modeli kullanilarak
incelenmigtir.  Guruplar arasindaki farkhihiklar
Duncan c¢oklu karsilastirma testi kullanilarak

belirlenmistir. Istatistik analizleri IBM SPSS 2013
paket programi kullanmilarak yapilmistir. Ayrica
veriler yag/protein oranlari hesaplanarak Asidoz,
Normal ve Ketozis olmak tizere ¢ gruba ayrilmis elde
edilen verilere karar agaci algoritmalarindan CT
(Classification Tree) yoéntemi uygulanarak sonuclar
yorumlanmigtar.

CT analizinde Parent:Child digim orani 100:50
olarak, agac derinligi ise 4 olarak alinmistir (SPSS,
2013).

Yontemin  performanst  “Dogruluk  (Accuracy),
Hassasiyet (Precision), Ozgiillikk (Specificity), Geri
Cagirma (Recall) ve Hata Oram1 (Error Rate)
metriklerine gére R (stirim 3.6.1) programi
kullanilarak degerlendirilmistir.

Dogruluk= [(TP+TN) / (TP+TN+FP+FN)] x100 (1)

Hassasiyet= [(TP) / (TP+ FP)]x100 (2
OzgiilliiA= [(TN)/ (TN+FP)] x100 (3)
Duyarhlik= [(TP)/ (TP+FN)]x100 (4)
Hata Orani=1-Dogruluk (5)

Bu calisma deneysel olmayan tarimsal uygulamalari
(Anonim, 2011) kapsaminda degerlendirildiginden
“Etik Kurul belgesi” alinmasina gerek duyulmamistir.

BULGULAR ve TARTISMA

Stut kompozisyonunun, siitin iglenmesiyle elde
edilecek urtinlerin kalitesinde ve miktarinda 6nemli
bir rolii vardir. Bununla birlikte besleyicilik agisindan
da insana besin maddesi saglamada 6nemlidir.

Bu calismada Esmer irki sigirlardan elde edilen tank
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stitlerinin icerikleri incelenmis olup, elde edilen tank
sliti icerigine ait ele alinan tim o6zellikler igin

tanimlayici istatistikleri Cizelge 1’de verilmigtir.

Cizelge 1. Esmer 1rki sigirlardan elde edilen tank siitiine ait tanimlayic istatistikler
Table 1. Descriptive statistics of tank milk obtained from Brown cattle

Ozellikler N x SE SD Medyan Minimum Maximum

Toplam kuru madde (%) 680 12.90 0.04 1.10 12.82 9.60 18.39
Yagsiz kuru madde (%) 680 8.82 0.00 0.66 8.85 7.03 12.65
Yag (%) 680 4.08 0.03 0.85 4.06 2.12 6.96
Laktoz (%) 680 4.79 0.01 0.35 4.81 3.74 5.86
Kiil (%) 680 0.72 0.00 0.06 0.72 0.59 0.99
Yogunluk (g mL1) 680 1.029,99 0.08 2.17 1.030.00 1.025.71 1.038.86
Protein (%) 680 3.60 0.01 0.20 3.58 2.97 4.73
Donma noktas1 (°C) 680 -0.561 0.003 0.087 -0.546 -0.871 -0.221
pH 680 6.66 0.01 0.21 6.68 5.25 6.99

stitlerinde sonbaharda en yiliksek ve kis mevsiminde
en digiik bulunmustur (Cizelge 2). Parmar ve ark.
(2020) Holstein sigir wrkinda ¢ig siit toplam kuru
madde miktarin1 sonbahar ayinda en yliksek, yaz
mevsiminde ise en dusiik oldugunu bildirmiglerdir. Bu
degisimin istatistik olarak (p<0.05) anlamh
bulundugunu ifade etmislerdir. Ozdemir ve Tahmas
Kahyaoglu (2020), Kastamonu ilinde cig siit toplama
merkezinden elde edilen siit 6rneklerinde toplam kuru
madde miktarimi en yiiksek kis mevsiminde ve en
distik 1se yaz mevsiminde elde etmiglerdir.

Bu calismada mevsimlere gore tank situ igerigini
olusturan maddelerin varyans analiz sonuglar1 Cizelge
2’de verilmigtir.

Bu calismada mevsimlere gore siut kompozisyonu
incelendiginde (Cizelge 2), toplam kuru madde, yag,
kil, yogunluk, donma noktasi, yag/protein orani ve pH
degerlerinde p<0.001 seviyesinde, laktoz degerinde ise
p<0.05  seviyesinde mevsimden kaynaklanan
farklhiliklar istatistik olarak anlamli bulunmustur.

Bu calismada toplam kuru madde miktar: ¢ig inek

Cizelge 2. Mevsimlere gore siit kompozisyonu Varyans Analizi ve Duncan karsilastirma test sonuglari
Table 2. Analysis of Variance and Duncan comparison test results of milk composition according to seasons

Mevsim
. . Kis Ilkbahar Yaz Sonbahar Genel ? )

Stut Kompozisyonu degeri

n=170 n=170 n=170 n=170 N=680

x+SE x+SE x+SE x+SE x+SE
Toplam kuru 12.58+0.062  12.61£0.07¢  12.98+0.09>  13.45+0.10c  12.90+0.04  0.000**
madde(%)
Yags1z kuru 8.80+0.05 8.86+0.04 8.84+0.06 8.78+0.05 8.8240.00 0'6080s
madde(%)
Yag (%) 3.78+0.052 3.75+0.062 4.13+0.06P 4.67+0.07¢ 4.08+0.03  0.000**
Laktoz (%) 4.81+0.03ab 4.79+0.02ab 4.85+0.032 4.78+0.08b 4.80+0.01 0.018*
Kil (%) 0.71+0.00b 0.72+0.00b 0.74+0.012 0.70+0.00b 0.72+0.00  0.000%**
Yogunluk (g mL1) 1.029,86+0.19> 1.031,08+0.17a 1.029,89+0.15> 1.029,13+0.13¢ 1.029,99+0.08  0.000**
Protein (%) 3.58+0.02 3.60+0.01 3.61+0.02 3.60+0.02 3.60+0.01  0.4746s
Donma noktasi (°C) —0.540+0.012  —0.580+0.01>  —-0.570+£0.01>  —0.560+0.01> —0.561+0.00  0.000%**
Yag/protein oram 1.0620.02¢ 1.0440.02¢ 1.15+0.02b 1.3040.022 1.14+0.01  0.000%**
pH 6.62+0.01b 6.62+0.02b 6.67+0.022 6.71+0.022 6.66+£0.01  0.000**

a, b, ¢ farkli harfler ortalamalar arasindaki farklihg: gosterir.
0s: Onemsiz, *: p<0.05 seviyesinde anlamli, **: p<0.001 seviyesinde anlaml

Mevcut calismada, esmer 1irki sigirlara ait tank stiti
yagsiz kuru madde miktar1 ilkbaharda en ylksek,
sonbaharda en diisiik elde edilmistir (Cizelge 2).
Ozlem ve Kul (2020), esmer 1k sigirlara ait yagsiz
kuru madde miktarimi ilkbaharda en yiksek ve yaz

aylarinda en dugik bildirmiglerdir. Dobranié¢ ve ark.
(2008) tarafindan ise, yagsiz kuru maddenin yaz
aylarinda onemli olgiide diisik oldugu tespit
etmiglerdir.

Yine esmer irki sigirlarda yag verimi sonbaharda en
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yiiksek, ilkbaharda ise en diisiik bulunmustur (Cizelge
2). Ozlem ve Kul (2020) esmer 1rki sigirlarda siit yag
yuzdesinin sonbaharda en ylksek ve ilkbahar
aylarinda ise en digik oldugunu bildirmiglerdir.
Wangdi ve ark. (2016) farkl siit irk: ineklerden elde
edilen tank sitlerinde ortalama yag oranini kig
mevsiminde en yiiksek, sonbahar mevsiminde ise en
diisiik olarak bildirmiglerdir.

Bu ¢alismada en yuksek laktoz degeri yaz mevsiminde,
en diisiik ise kig mevsiminde tespit edilmistir (Cizelge
2). Konu ile ilgili yapilan calismalarda Noro ve ark.
(2006) kis mevsiminde siit laktoz seviyesinin daha
yiiksek oldugunu bildirmiglerdir. Ozlem ve Kul (2020)
ise mevsimin sit kompozisyonu tlzerine etkisinin
oldugunu tespit etmiglerdir. Pavel ve Gavan (2011)
ana sit bilesenlerinin mevsime gore degisimini
hayvanlara verilen yemlerin farkli sindirilebilir
ozelliklerinden kaynaklandigini ifade etmislerdir.

Kil miktar1 yaz mevsiminde en yiiksek ve sonbahar
mevsiminde en diisiikk elde edilmistir (Cizelge 2).
Ozdemir ve Tahmas Kahyaoglu (2020) Kastamonu
ilinde ¢ig siit toplama merkezinden aldiklari st
orneklerinde kil miktarinin mevsimlere gére
degistigini, en yiksek kis mevsiminde ve en disiik ise
yaz mevsiminde oldugunu bildirmislerdir.

Yine bu ¢aligmada yogunluk ilkbaharda en yiliksek ve
sonbaharda en diigiik bulunmustur (Cizelge 2).
Wangdi ve ark. (2016) farkl siit irki ineklerden elde
edilen tank sltlerinde ortalama olarak siit
yogunlugunun mevsimlere gore degismedigini ve esit
degerler aldigini bildirmislerdir. Bununla birlikte
Parmar ve ark. (2020) ise Holstein sigir irkinda en
disiik yogunlugu ilkbahar mevsiminde, en yiiksek ise
yaz mevsiminde belirlemiglerdir.

Mevcut ¢alismada, protein miktar: yaz aylarinda en
yiksek ve kis aylarinda en disiik bulunmustur
(Cizelge 2). Ozlem ve Kul (2020) proteini ilkbaharda en

yiksek ve yaz aylarinda en digsik bildirmiglerdir.
Noro ve ark. (2006) kisin daha yiiksek protein
seviyelerini bildirmiglerdir. Roma dJunior ve ark.
(2009) sonbaharda protein oranimi diger mevsimlere
gore daha yiiksek tespit etmiglerdir.

Donma noktasi ise, bu calismada ilkbahar mevsiminde
daha diisiik degerlere sahipken (-0.580+0.01), kis
mevsiminde daha yiiksek degerlere (-0.540+0.01)
sahip olmustur (Cizelge 2). Wangdi ve ark. (2016)
farklh siit 1irki ineklerden elde edilen tank siitlerinde
donma noktasinin mevsimlere goére degigimini
inceledikleri c¢alismada, sonbaharda elde edilen
stitlerde donma noktasinin daha dasik degerlere
sahip oldugunu (-0.550) ve ilkbahar mevsiminde ise
daha yiiksek (-0.524) degerler aldigin bildirmislerdir.

Bu calismada yag/protein orani sonbahar aylarinda en
yiksek ve yaz aylarinda en disik bulunmustur
(p<0.001). Wangdi ve ark. (2016) farkh siit irk:
ineklerden elde edilen tank sitlerinde ortalama
yag/protein oranimi 1.54 olarak bildirmis olup, en
diisiik sonbahar mevsiminde (1.53) ve en yiiksek ise
ilkbahar mevsiminde (1.63) elde etmislerdir.

Calismamizda igletmelerden alinan tank siitlerinden
elde edilen c¢ig sitlerin pH degerleri sonbahar
aylarinda en yusek ve kig aylarinda en dugiik seviye
bulunmustur (Cizelge 2). Ozlem ve Kul (2020) pH
degeri lizerine mevsimin etkisinin  oldugunu
bildirmigler (p<0.01) ve kig mevsiminde en yiiksek,
ilkbahar aylarinda en diisik oldugunu tespit
etmiglerdir. Fakat konu ile ilgili Ozrenk ve Inci (2008)
ile Syridion ve ark. (2012) yaptiklar1 calismada
mevsimlerin pH lzerindeki etkisinin olmadig:
bildirmiglerdir.

Yine bu calismada hayvanlarin yetistirildigi ilcelere

gore tank stti icerigini olusturan maddelerle ilgili
varyans analiz sonuclar1 Cizelge 3’de verilmistir.

Cizelge 3. Ilgelere gore siit kompozisyonuna ait Varyans Analizi ve Duncan karsilagtirma test sonuclar
Table 3. Analysis of Variance and Duncan comparison test results of milk composition according to districts

ﬂceler
) Merkez Karakoyunlu Aralik Tuzluca Genel )
Stut Kompozisyonu P deger1
n=204 n=148 n=272 n=56 N=680
x+SE x+SE x+SE x+SE x+SE
Kuru madde(%) 13.06+0.08 12.84+0.10 12.82+0.06 12.87+0.13 12.90+0.04 0.1156s
Yagsiz kuru madde (%) 8.86+0.05 8.76+0.06 8.82+0.04 8.87+0.07 8.82+0.03 0.1716s
Yag (%) 4.21+0.06 4.09+0.08 4.00+0.05 4.00+0.10 4.08+0.03 0.0876s
Laktoz (%) 4.79+0.02 4.76+0.04 4.812+0.02 4.824+0.04 4.80+0.01 0.1766s
Kiil (%) 0.70+0.00¢ 0.73+0.01= 0.73+0.002 0.71+0.01b 0.72+0.00 0.003**
Yogunluk(g mL1) 1.030,09+0.13 1.029,90+0.22 1.029,94+0.13 1.030,14+0.28 1.029,99+0.08 0.4006s
Protein (%) 3.58+0.01b 3.64+0.02a 3.59+0.01> 3.54+0.0b 3.60+0.01 0.041*
Donma noktas1 (°C) -0.535+0.01¢  —0.523+0.01c  —0.585+0.01> —0.642+0.002  —0.561+0.00 0.006**
Yag/protein orani 1.18+0.02 1.13+0.02 1.12+0.01 1.12+0.03 1.14+0.01 0.0646s
pH 6.68+0.012  6.63+0.022>  6.67+0.012P 6.62+0.04bc 6.66+0.01 0.044*

a, b, ¢ farkli harfler ortalamalar arasinda farklilig1 gosterir.
0s: 6nemsiz, *: p<0.05 seviyesinde anlamli, **: p<0.01 seviyesinde anlaml.
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Elde edilen sonuclara gore ilgeler bazinda tespit edilen
sit kompozisyonlarindan kil ve donma noktasi
(p<0.01), protein ve pH (p<0.05) degerleri arasindaki
farkliliklar istatistik olarak anlamli bulunmustur
(Cizelge 3). Yani isletmelerin bulundugu ve
hayvanlarin yetistirildigi ilgelerin, sit iceriklerinde
bir varyasyon kaynagi olusturdugu tespit edilmigtir.
Bu duruma hayvanlara sit tiretiminde verilen yemin
icerigi ve hayvanlarin merada otlatildigi bitkilerin
cesidinin sebep oldugu dustnilmektedir. Cinki
sigirlarda elde edilen siitlerin kompozisyonunu ve
yogunlugunu basta hayvanin 1rki olmak tlzere
yedirilen yemin icerigi sekillendirmektedir (Walstra
ve ark., 2006; Ergiil ve ark., 2019).

Calismada elde edilen ortalama siit kuru maddesi
%12.9040.04 olup (Cizelge 3), yapilan benzer
calismalarda kuru madde miktar1 El-Tarabany ve ark.
(2018) tarafindan Esmer 1rki sigirlarda %13.7 olarak
bildirilmistir. Sahin ve Kasikc1 (2014) ise Esmer 1rk:
sigirlarda  ortalama kuru madde oraninmi tank
stitlerinde %13.62+0.17 olarak bildirilmigtir.

Bu calismada Esmer 1irki sigirlarda ortalama sut yag
orani %4.07+0.0 olarak bulunmustur (Cizelge 3).
Saralioglu ve Lacin (2021) Esmer 1rki sigirlarda
ortalama st yagr oranmi aile tipi ve modern
igletmelerde sirasiyla %5.11-%4.05 olarak
bildirmiglerdir. Aym1 baglamda Esmer irki sigirlarda
siit yag1 oranini Visentin ve ark. (2018) %4.24+0.01,
Sahin ve Kasikct (2014) ise %4.5+0.61 olarak
bildirmiglerdir.

Bu calismada tank siuti ortalama laktoz oram
%4.80+0.0 olarak belirlenmistir (Cizelge 3). Sahin ve
Kagikgt (2014) Esmer wrki sigirlarda bu  oram:
%4.16+0.05 olarak bildirmiglerdir. El-Tarabani ve
ark. (2018) ise ortalama laktoz oranim1 Esmer irki

sigirlarda %5.12 olarak belirlemiglerdir. Dag ve
Zilkadir (2024) isletmelerdeki Siyah Alaca ve
Simmental 1wrki inek sltlerinde laktoz oranini

%4.56+0.04 olarak bildirmigtir.

Bu calismada protein oram ise, %3.60+0.0 olarak
belirlenmistir (Cizelge 3). Yapilan benzer ¢calismalarda
slitte ortalama protein orani Esmer irki sigirlarda;
Visentin ve ark. (2018) %3.68+0.01 ve El-Tarabani ve
ark. (2018) %3.79 olarak bildirmislerdir. Sahin ve
Kasike1 (2014) ise, Esmer 1rk: sigir isletmelerinde tank
stitii ortalama protein oramimi %3.07+0.06 olarak
bildirmiglerdir.

Bu ¢calismada donma noktasi ortalama —0.561+0.00 °C
olarak belirlenmistir (Cizelge 38). Cetiner (2017)
stitlerin donma noktasini sulandirilmig siit, herhangi
bir katk: yok ve siite farkli tuzlar katilmis seklinde
gruplandirarak sirasiyla > —0.480 °C, —0.540 °C ve <
-0.630 °C seklinde bildirmigtir. Bu siniflandirmaya
gore Igdir ilinde yetistirici sartlarinda Esmer irki
sigirlardan elde edilen siltlerin donma noktasi
bakimindan normal oldugu soéylenebilir. Yapilan
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benzer c¢alismalarda donma noktasimin Acgik ve
Ozdemir (2022) tarafindan ¢ig inek siitlerinde
—0.562°C ile —0.625°C arasinda degistigi ve ortalama
—0.592°C oldugunu tespit edilmistir. Yaylak ve ark.
(2007) ise siit érneklerinin donma noktasini —0.553 °C
olarak belirlemiglerdir.

Calismada elde edilen kiil oranmi %0.72+0.0 olarak
belirlenmistir (Cizelge 3). Eattsh ve ark. (2016) Esmer
ki sigirlarda ortalama kil oraninmi %0.71+0.01 tespit
etmiglerdir.

Bu calismada pH degeri 6.66+0.01 olarak tespit
edilmistir (Cizelge 3). Benzer olarak yapilan
calismalarda Macciotta (2012) Esmer 1rk: sigir siiriisii
stutlerinde ortalama pH degerini 6.67+0.15 olarak
bildirmistir. Simmental ki sigir siitlerinde ise pH
degeri 6.58+0.08 olarak bildirilmistir (Kurt ve
Kaygisiz, 2024). Diiz ve ark. (2021) yaptiklar
calismada Simmental ve Siyah Alaca irki sigir
stitlerinde somatik hiicre sayisinin 200.000 hiicre mL-
1 altinda olan siitlerde pH oramimi 6.77 olarak
bildirmiglerdir.

Bu c¢alismada yogunluk 1.029,99+0.08 ¢ mL™! olarak
belirlenmistir (Cizelge 3). Inek ¢ig siitlerinde
yogunluk; hile ve tagsis amach siGtin yaginin
alinmas1 veya siite su katilmasi durumlarinda da
yapilan uygulamaya gore disebilmekte veya
artabilmektedir (Demirci ve ark., 2010; Akin ve ark.,
2016). Yapilan bir calismada c¢ig siit yogunlugu
1.030+£0.003 g ml! olarak bildirilmistir (Tuncay ve
ark., 2021).

Stut  Uretiminde kullamilan sigirlarin  besleme
eksikliklerinin olmasi muhtemel olup, bu nedenle
Igdir ilinde yapilan bu c¢alismada st kalitesini
etkileyen ve slit kompozisyonun degisimine sebep olan
yetersiz ve dengesiz besleme eksikliklerinin
incelenmesi de yapilmis ve bu nedenle yag/protein
orami degerlerine gore ineklerin normal, Asidoz ve
Ketozis hastaliklarina maruz kalma durumlar: karar
agact yontemiyle incelenmistir. Elde edilen bilgiler
Sekil 1’de verilmistir.

Calismada CT yonteminde modelin dogru siniflama
yuzdesi %64.9 olarak, performans degerlerinden
dogruluk %75.3, hata oran1 %24.7, duyarlhihk %32,
ozgullik %90.3 ve hassasiyet %53.3 olarak tespit
edilmigtir.

Simiflandirma agaci yontemine gore yag/protein
oranlari bakimindan genel Asidosis orami %25.7,
Normal %62.4 ve Ketozis ortalamasi ise %11.9 olarak
belirlenmistir. Aynm sirayla Kaygisiz ve Sahin (2023)
bu degerleri Simmental sigir irkinda sirasiyla %46.0,
%46.0 ve %8.0 olarak bildirmiglerdir.

Stitlerin asitlik igerigini mevsim ve ilge faktérlerinden
en fazla mevsim faktoéru etkilemis olup, kig—ilkbahar
ve yaz—sonbahar olmak tizere kendi i¢cinde homojen
birbirleri arasinda ise heterojen olarak iki alt guruba
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ayrilmistir. Kis ve Ilkbahar aylarinda Asidoz oram
yiiksekken (%38.5 Node 1) Yaz ve Sonbahar aylarinda
Ketozis oranlarinin yiiksek oldugu tespit edilmistir
(%18.2 Ketozis Node 2). Siit iceriklerine etki eden
ikinci faktor olan ilgelerden, Karakoyunlu ve Aralik
ilgeleri bir grup (Node 3), Merkez ve merkeze diger
ilgelerden daha yakin olan Tuzluca ilgesi bir gurup
olusturmustur (Node 4). Karakoyunlu ve Arahk

ilcelerinde hem Asidoz (%43.8) oran1 hem de Ketozis
oraninin (%7.6) Merkez ve Tuzluca ilcelerinden daha
yiiksek oldugu tespit edilmigtir. Ayrica bu Asidoz oran
modeldeki en yiiksek Asidoz oranidir. Modelde dikkat
ceken diger bir nokta ise sonbahar aylarinda Merkez,
Tuzluca ve Karakoyunlu ilgelerinde Ketozis oraninin
en yiiksek diizeyde (%40.2 Node 10) olmasidir.

P - vy )
|

FATPROTEINRATIO

Node O
Category % n
W Asidosis 287 175

: B Asidosis B Normal 624424
® Normal : Ketosis 119 81
' Ketosis | Total 1000 630
=
SEASON
Improvement=0025
WINTER; SPRING SUMMERTIME; AUTUMN
Node 1 Node 2
Category % n Category % n
W Asidosis 385 131 W Asidosis 129 44
B Normal 559 190 B Normal 688 234
Ketosis 56 19 Ketosis 182 62
Total 500 340 Total 50,0 340
= =
DISTRICT SEASON
Improvement=0007 Improvement=0012
KARAKOYUNLU; ARALIK MERKEZ; TUZLUCA SUMMERTIME AUTUMN
Node 3 Node 4 Node 5 Node 8
Category % n Category % n Category % n Category % n
B Asidosis 4382 o2 ¥ Asidosis 300 39 ® psidosis 165 28 " Asidosis 24 16
N Normal 485 102 W Normal 877 88 B Nommal 776 132 B Normal 600 102
Ketosis 76 18 Ketosis 23 3 Ketosis 50 10 Ketosis 3086 52
Total 309 210 Total 19,1 130 Total 250170 Total 250 170
= =
SEASON DISTRICT
Improvement=0 007 Improvement=0.007
WINTER SPRING ARALIK MERKEZ; KARAKOYUNLU,
TUZLUCA
Node 7 Node 8 Node 8 Node 10
Category % n Category % n Category % n Category % n
® Asidozis 243 36 W pAsidosis 533 66 ® Asidosis 88 6 ® Aszidosis @28 10
B Normal 600 63 ® Normal 37,1 38 B Nommal 750 61 B Normal 500 51
Ketosis 57 8 Ketosis 95 10 Ketosis 162 1 Ketosis 402 41
Total 15,4 1056 Total 154 105 Total 100 68 Total 15,0 102

Sekil 1. Tlce ve mevsime gore yag/protein oraninin siniflandirma agac ile gosterimi
Figurel.Control month fat/protein ratio classification tree by district and season

Calismada elde edilen sonuglara gore sit
orneklerindeki yag/protein oranlari ilge ve mevsimlere
goére Asidoz, Normal ve Ketozis bakimindan sirasiyla
%25.7, %62.4 ve %11.9 seklinde tespit edilmistir (Sekil
1.

Yag/protein orani ile ilgili yapilan ¢alismalarda; Parlar
(2019) Holstein ki sigirlarla yag/protein oraninin
siird ortalama icin 1.18, Onoglu ve ark, (2014) Mersin
ili Tarsus ilgesinde yag/protein oranini Ocak ve Subat
ay1igin 0.79 oldugunu belirlemistir. Bursa ilinde Deniz
(2022) ise yag/protein oranini Yenisehir, Karacabey ve
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Mustafakemalpasa ilgelerinde yetistirilen ineklerde
ortalama olarak sirasiyla; 1.12, 1.04 ve 0.92 olarak
belirlenmigtir. Aym1 ¢alismada biytik, orta ve kiigiik
isletme gruplar i¢in ise sirasiyla; 0.95, 1.02 ve 1.12
olarak bildirmis olup, farkliliklarin anlamli bulundugu
ifade edilmistir (P<0.01).

Calisma kapsaminda elde edilen siuitlerin igerik olarak
siit kompozisyonlarinin korelasyonlar: da incelenmis
olup, Pearson korelasyonlar1 Cizelge 4’te verilmigtir.

Cizelge 4 incelendiginde; kuru maddenin yag ile
yiiksek ve laktoz ile orta diizeyde (p<0.01) pozitif
yonli; Yagsiz kuru maddenin laktoz ve yogunluk ile
yiiksek, kiil ile orta diizeyde (p<0.01) ve pozitif yonlii;
Laktoz ile yogunlunluk arasinda ylksek, kiil ile orta
diizeyde pozitif yonli; Kil ile yogunluk arasinda orta
diizeyde ve pozitif yonli (p<0.01) bir korelasyon
belirlenmistir (Cizelge 4).

Cizelge 4. Siit kompozisyonuna ait Pearson korelasyonlar: ve énemlilik dereceleri®
Table 4. Pearson correlations and significance levels of milk composition

Ozellikler Yag/protein KM YKM Y L K YG P DN
Kuru madde (KM) 0.700

Yagsiz kuru madde —-0.062 0.644%**

(YKM)

Yag (Y) 0.962 0.799**  0.054

Laktoz (L) 0.074 0.579**% 0.902%* (0.0460s

Kiil (K) -0.095  0.387**% 0.614** 0.023% 0.687**

Yogunluk (YG) -0.357  0.286%* 0.779** —0.238*%* 0.803** 0.636**

Protein (P) —-0.249  0.278%* (0.442*%* 0.015% 0.445%% (.442%*% (.476%*

Donma noktas1 (DN) 0.014 0.059% 0.0675s  0.0255s 0.033% —0.0256s 0.0465s 0.0476s

pH 0.029 0.110** 0.101** 0.065¢¢ 0.082* 0.025%= 0.084* 0.126%* 0.001%s

0s: Qnemsiz, *: p<0.05 seviyesinde anlamli, **: p<0.01 seviyesinde anlamli.
®: Ozellikler arasindaki korelasyonlar “r <0.5 zayif”, “0.5 <r <0.7 orta” ve “0.7 < r giiclii” (Moore ve ark., 2013).

SONUC ve ONERILER

Genel olarak, Igdir ilinde yetistirilen Esmer irki
sigirlardan elde edilen tank siiti kompozisyonu
incelendiginde; elde edilen tank sutleri igeriklerinin
Tirk Gida Kodeksi (TGK), Dinya Saghk Orgiiti
(WHO) ve diger uluslararas: standartlar (Diinya Siit
Orgiiti) 6lciileri icerisinde yer aldig: tespit edilmistir.
Bununla birlikte ineklerin beslenmesinde kullanilan
yem rasyonlarinin igerik itibariyle, bazi besleme
hastaliklarina sebebiyet verip vermedikleri hakkinda
bilgi elde etmek icin sit yag/protein orani karar agaci
yontemiyle incelenmis olup, sonug itibariyle siit
uretiminde kullanilan ineklerin yaklagik 1/3iniin
Asidoz+Ketozis rahatsizligina maruz kaldiklar:
belirlenmigtir. Bu nedenle igletme sahiplerine siit
uretimde kullandiklar1 inekler i¢in bakim-besleme ve
rasyon hazirlama konusunda egitim verilmelidir.
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