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YAYIN ILKELERI
FBED, Uluslararasi hakemli bir dergi olup yilda dort kez yayinlanir. Dergimiz herhangi bir iicret talep etmemektedir. Makalelerin
tiimiine agik erisimle ulasilabilir ve tam metin olarak indirilebilir.

Dergiye gonderilebilecek makale konular1 Bahge bitkileri, Bilgisayar miithendisligi, Bitki koruma, Biyoloji, Biyosistem miihendisligi,
Cevre miithendisligi, Elektrik elektronik miihendisligi, Endiistri miihendisligi, Fizik, Gida miihendisligi, Insaat miihendisligi, Kimya,
Makina miihendisligi, Matematik, Molekiiler biyoloji ve genetik, Orman miihendisligi, Peyzaj mimarligi, Su {iriinleri, Tarim
ekonomisi, Tarla bitkileri, Toprak bilimi ve bitki besleme ve Zootekni’dir. Dergide orijinal arastirma makalesi, derleme, teknik not
yayimlanabilir.
Tiim yazilar iki profesyonel hakem tarafindan degerlendirilir, Editér ve Yayin Kurulu tarafindan incelenir.
FBED Tiirkge ve Ingilizce dillerinde yazilmis orijinal arastirma makalesi, teknik not ve derleme (toplam yaymlarm %20)
yaymlamaktadir.
Yayinlanmast istenilen eserlerin herhangi bir yerde yayinlanmamis veya yayinlanmak iizere herhangi bir dergiye gonderilmemis olmasi
zorunludur.
Dergiye yayinlanmak iizere gonderilen eserlerle birlikte Telif Hakki Devir Sozlesmesi de tiim yazarlarca (farkli adreslerde bulunan
yazarlar forma ait tiim bilgileri doldurarak ayrica imzalamak suretiyle gonderebilirler) imzalanarak gonderilmelidir.
Eserlerin tiim sorumlulugu yazarlarina aittir.
Ayni sayida ilk isim olarak bir yazarin en ¢ok iki makalesi basilir.
Eserler bilim etigi ilkelerine uygun olarak hazirlanmali, gerekliyse Etik Kurul Raporu’nun bir kopyasi eklenmelidir.

. Herhangi bir sorunuz i¢in litfen fbed@igdir.edu.tr adresine bagvurun.
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All the manuscripts submitted to our journal are peer reviewed by two professional referees, Editor in Chief, and Editorial Board.
JIST intends to publish original research papers, technical notes, and reviews (20% of total papers) written in Turkish and English
languages.
Manuscripts and communications are accepted on the understanding that these have not been published nor are being considered for
publication elsewhere.
All the authors should submit their manuscript with transfer form of copyright for potential publication. The transfer form of Copyright
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Proximate Compositions and Fatty Acid Profiles of Promising Almond (Prunus amygdalus L.)
Genotypes Selected from Yesilyurt (Malatya) Region

Ersin GULSOY!

ABSTRACT: This research was carried out to determine various proximate chemical properties and
fatty acid profiles of ten promising almond genotypes selected from the Yesilyurt district of Malatya
province. The ratio of crude oil was minimum in YSY-14 (53.10%) and maximum in YSY-22 (66.42%)
genotypes, however, the ratio of protein was minimum in YSY-54 (63.1%) and maximum in YSY-68
(26.79%) genotypes. In the study oleic acid, linoleic acid, palmitic acid, palmitoleic acid, and stearic
acid, the content of the selected genotypes were ranged from 71.09% (YSY-15) to 79.49% (YSY-61),
11.04% (YSY-61) to 18.75% (YSY-59), 5.47% (YSY-68) to 6.65% (YSY-62), 0.56% (YSY-22) to
0.72% (YSY-14), 1.07% (YSY-50) to 1.64% (YSY-54), respectively. Besides, they had 86.85% -
91.39% unsaturated fatty acid content, 6.65% - 7.95% saturated fatty acid content, and 11.05-13.26%
unsaturated fatty acid/saturated fatty acid ratio.
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Proximate Compositions and Fatty Acid Profiles of Promising Almond (Prunus amygdalus L.) Genotypes Selected from
Yesilyurt (Malatya) Region

INTRODUCTION

Turkey, as in many fruit species almond is also among their homeland (Ozbek, 1971). Almond
cultivation can be done in almost every region of our country, except at very high altitudes (Giilsoy ve
Simsek, 2020). Turkey ranks fifth after the United States, Spain, Iran, and Morocco in almond production
(FAO, 2020). Almond contains valuable nutrients that have positive effects on human health in the
composition of its and therefore it is one of the fruit species whose importance is increasing today
(Giilsoy ve Balta, 2014). Almond, which high nutritional value, is rich in fat, protein, monounsaturated
fatty acids (MUFA's), polyunsaturated fatty acids (PUFAS), minerals, and vitamins. Almonds, which
contain high amounts of monounsaturated fat are among the foods similar to olive oil, recommended to
reduce bad cholesterol and protect against heart disease (Davis and Iwahashi, 2001). In recent years,
many studies are showing that almond has positive effects in preventing or treating many diseases such
as cardiovascular, diabetes, obesity, inflammation, and oxidative stress, lung, and colon cancer Lovejoy
etal., 2002; Wien et al., 2010; Dhillon et al., 2016; Topcuoglu ve Ersan, 2020). Studies have shown that
almond reduces the risk of heart attack by 50%, strengthens bones, prevents the development of tumor
cells, protects against prostate cancer, reduces kidney and liver pain, and is good for joints, rheumatism,
and skin diseases (McManus et al., 2001; Jenkins et al., 2002; Chen et al., 2005; Jia et al., 2006;
Mandalari et al., 2010).

The chemical composition and oil profile of almond kernel fruit are influenced by genotype
variations and ambient circumstances (Abdallah et al, 1998). Even though numerous researches have
been conducted upon the fatty acid composition of almond fruit, (Y1ildirim et al, 2008; Celik et al., 2010;
Ozcan et al., 2011; Beyhan et al, 2011; Balta, 2013; Karatay et al., 2014) there are few studies
investigating the fatty acid compositions on the ecological condition it was cultivated.

In this study, it was aimed to determine some proximate properties and fatty acid profiles of 10
almond genotypes selected as promising as a result of selection study carried out in Yesilyurt district
center and villages in Malatya province.

MATERIALS AND METHOD

Plant Materials and Sampling

The material of the study was composed of the fruits of 10 almond genotypes (YSY-14, YSY-15,
YSY-22, YSY-47, YSY-50, YSY-54, YSY-59, YSY-61, YSY-62, YSY-68) selected from Yesilyurt
district of Malatya province between 2016 and 2018. The study area is located at an altitude range of
980 to 1015 meters. In the research area, average annual temperature and precipitation are 13-14°C, and
470 mm, respectively (Anonymous, 2021). All almond genotypes were harvested between 19 and 30
September. After harvest, fruit samples were as immediate as possible dried and stored at room
temperature as shelled. In this study, the proximate chemical and fatty acid compositions of kernels of
promising almond genotypes were analyzed in 2018.

Chemical Analysis
Crude Protein (%)
The total raw protein ingredient was reckoned by multiplying the percentage nitrogen (N%) by a
constant factor of 6.26 (AOAC, 1990).
Crude protein% = N% x 6.26 1)
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Total oil (%)

The total oil contents of almond kernels were obtained by introducing 60-80 ml of hexane to 5 g
of ground dry almond kernels, extracting the mix in Soxhlet extraction device for 6-8 hours, and finally
scaling their weight before and after the extraction (James, 1995).

Moisture (%)

After weighing 3 g of sample in nickel dry matter containers (tared), it was obtained as oven dried
at 105°C when its weight was constant. The results were calculated as percent moisture (Cemeroglu,
1992)

Ash (%)

19 of kernel almond was weighed into porcelain crucible and kept at 105 °C for 24 hours. Later,
the samples were removed into the muffle oven at 560 °C and held for about ten hours. At the end of
this process it returned to white ash. The crucible and its content were cooled to about 100 °C in the air
then waited for room temperature in a desiccator and weighed. Ash content was reckoned as % (Goniil
etal., 1988).

Fatty Acids Analysis (%)

In gas chromatography (GC) analysis, in order to prepare fatty acid methyl esters (FAME), 0.1 g
of fat exemplary was melted in 2 ml of heptane, and 0.2 ml of 2M methanolic KOH solution was
introduced to it. The solution was shaken strongly for 30 seconds and was let idle until the supernatant
liquid became clear. Then, the heptane solution was injected into GC. FAME analysis was performed
on a 60 m capillary column (ID = 0.25 mm) covered with an Agilent 6890 series gas chromatography,
adorned with a flame ionization detector, and 0.25 um and 50% cyanopropyl methylpolysiloxane (J &
W Scientific, Folsom, CA, the US). Helium gas was used as carrier gas with a flow rate of 30 ml/m and
1:50 ratio, and the temperature degrees of the injector and the detector were arranged to be 260 °C and
280 °C respectively. The oven temperature was scheduled in accordance with a retention time of 1
minute in 120 °C, and the temperature was raised to 170 °C with 6.5 °C/m rate, and finally to 215 °C
with 2.15 °C/m rate. Fatty acid methyl esters were defined by using standard FAMEs (Supelco — 47885
- U) and calculated in accordance with their percentage values (Dieffenbacher and Pocklington, 1992;
Batun et al., 2017).

Statistical Assessment

The statistical package program SPSS 22.0 (SPSS Inc., College Station, TX) was used to
determined significance of difference among almond genotypes with Duncan multiple comparison test.
The P values of less than 0.05 were considered to be statistically significant.

RESULTS AND DISCUSSION

Proximate composition (total oil, crude protein, ash, moisture, saturated and unsaturated fatty acid
compositions) of selected almond genotypes in Yesilyurt were given in Table 1. There were statistically
significant differences among genotypes with regard to proximate compositions at 0.05 statistical levels.
Variations in the contents of total oil, crude protein, ash, and moisture among the different genotypes
were in the range of 53.10% to 66.42%, 15.78% to 26.79%, 4.00% to 7.00 %, and 3.28% to 4.36%
respectively.

Simsek and Demirkiran (2010) found that crude oil 43.50% - 54.81%, crude protein 21.18% -
32.90%, moisture 3.08% - 4.43% and total ash 2.54% - 4.42% in 10 almond genotypes selected from the
Diyarbakir region. Balta (2013), reported 52.8% - 54.0% fat content and 1.28% - 1.45% kernel moisture
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for the bitter and sweet kernelled almond genotypes from Tunceli. In other study conducted in Hilvan
(Sanhwurfa) region, the protein contents were determined as 20.41% to 25.82%, oil ratio 48.69% to
55.80%, moisture ratio 2.52% - 3.75%, ash 3.29% - 4.66% (Simsek et al., 2018). When the results
obtained in this study were compared with previous studies, the total fat percentage was found to be
higher and the protein percentage lower than the previous studies. The crude oil and protein contents of
almond genotypes and varieties can vary depending on genetic differences, ecological conditions,
cultural and maintenance.

The selected genotypes had 86.85% - 91.36% UFA (unsaturated fatty acids), 6.65% - 7.95% SFA
(saturated fatty acids), and 11.05 - 13.26 UFA/SFA ratio, respectively (Table 1). Most studies support
that uptake of unsaturated fatty acids (UFA) may reduce the risk of cardiovascular diseases and lower
cholesterol levels (Jia et al., 2006; Mandalari et al., 2010; Yang et al., 2019). Therefore, it is important
for them to consume a healthy diet. In previous studies, in twenty-five genotypes selected from Tunceli
and Balikesir it was found that the average fatty acid profiles UFA, SFA and UFA/SFU were in the range
of 87.85% - 91.97%, 7.99% - 11.59% and 7.60% - 11.50% respectively (Balta, 2013). Simsek et al.,
(2018) reported that fatty acid contents of ten almond genotypes ranged from 90.27% to 92.09% UFA,
from 7.62% to 9.73% SFA and from 9.29% to 12.12% UFA/SFA, respectively. SFA and UFA
compositions and UFA/SFA were found similar to previous studies.

Table 1. Values of crude oil, protein, ash, moisture, saturated and unsaturated fatty acids of selected genotypes.
Genotype

YSY-14 YSY-15 YSY-22 YSY-47 YSY-50 YSY-54 YSY-59 YSY-61 YSY-62 YSY-68

Crudeoil (%) 53.10g 54.40f 66.42a 58.65d 57.03e 61.02c 56.80e 62.13b 53.10g 60.59c
Protein (%) 17.12fg 16.24h  21.04d 22.19c 24.37b 15.78h  17.78f 19.32e 16.36gh 26.79a

Ash (%) 520bc  4.50fg 4.90c-e 4.00h 4.70d-f 7.00a 550b  5.00cd 4.20gh  4.60ef
Moisture (%) 3.28d 3.83bc 3.59cd 4.08ab 4.08ab  4.26a  4.05ab 4.17ab 4.36a  4.24ab
UFA (%) 86.85f 88.78d 87.91e 90.62b 91.39a 90.53b 91.04ab 91.21ab 88.20de 89.77c
SFA (%) 7.65a 7.68a 7.95a 7.86a 7.07bc 7.79a 75lab 7.03bc  6.65c  7.04bc
UFA/SFA 11.35c 11.56bc 11.05c 11.53bc 12.93a 11.62bc 12.12b 12.98a 13.26a 12.75a

UFA = Unsaturated fatty acids, SFA = Saturated fatty acids, YSY=Yesilyurt.
Significantly different means (at the 5% level), determined using SPSS 22.0 to run Duncan test, are shown with different letters

The fatty acid profiles of almond genotypes are presented in Table 2. Statistical differences
between genotypes were significant (P < 0.05). The most abundant fatty acid in almond samples was
oleic acid, followed by linolenic, and palmitic acids. The minimum amount of oleic acid, an important
unsaturated fatty acid, was found in genotype YSY-15 at 71.09% and the maximum amount in genotype
YSY-61 at 79.49%. After oleic acid, was determined 11.04% - 18.75% linolenic acid, 5.47% - 6.65%
palmitic acid, 1.07% - 1.64% stearic acid, 0.08% - 1.14% heptadecanoic acid, 0.56% - 0.72% palmitoleic
acid, 0.07% - 0.11%, and linolenic acid in the kernels of almond genotypes. Arachidic acid was found
only in two genotypes (YSY-15 and YSY-59). Eicosenoic acid was found in genotype YSY-15 at 0.08%
rate and in genotype YSY-22 at 0.09%, while decosahegzanoic acid (DHA) was found in genotype YSY -
14 at 0.17% and in genotype YSY-22 at 0.24%. When compared to other genotypes, the YSY-14
contained higher amounts of heptadecanoic acid and the YSY-22 higher amounts of DHA
(decosahegzanoic acid).

In previous studies, Celik and Balta (2011), recorded that the almond genotypes from Western and
Eastern contained, 6.29% - 6.48% of palmitic acid, 0.41% - 0.64% of palmitoleic acid, 1.60% - 1.76%
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of stearic acid, 72.02% - 76.41% of oleic acid, and 14.71% - 18.92% of linoleic acid. Ozcan etal. (2011),
reported contents of oleic acid from 72.51% to 79.97%, linoleic acid from 13.52% to 19.77%, palmitic
acid from 5.87% to 6.73%, palmitoleic acid from 0.18% to 0.82% for five almond cultivars
(Ferragnes, Tuono, Guara, Cristomorto and Nonpareil). In this study, some genotypes were found to have
higher values in terms of major fatty acids than commercial varieties. Colic et al. (2017), found that the
contents of the main fatty acids of almond genotypes were 63.14% - 77.37% oleic, 15.57% - 28.69%
linoleic, 4.68% - 6.48% palmitic, and 1.45% - 2.56% stearic acid. Ozcan et al. (2020) declared that
almond genotypes and varieties had 62.43% (T7) - 76.34% (T4) of oleic acid, 13.97% (T4) - 29.55%
(T3) of linoleic acid, and 4.97% (T2) - 7.51% (T3) of palmitic acid. These results were in accordance
with previous results of Ozcan et al. (2011), Celik and Balta (2011), and Colic et al. (2017). In this study,
some of genotypes (YSY-61, YSY-50) studied had higher amounts of oleic acid, especially (except of
Ozcan et al., 2011) compared to previous literature.

Table 2. Fatty acid composition of promising almond genotypes

Fatty acid Genotype

YSY-14 YSY-15 YSY-22 YSY-47 YSY-50 YSY-54 YSY-59 YSY-61 YSY-62 YSY-68
Palmitic acid (C16.0) 579%c 6.21ab 5.96bc 6.16ab 5.89bc 6.05a-c 6.14ab 5.51c 6.65a 5.47c
Palmitoleic acid (C16:1) 0.72a  0.68ab 0.56c 0.68ab 0.62a-c 0.63a-c 0.58a-c 0.57bc - 0.62a-c
Heptadecanoic acid (C17:1) 1.14a 0.10b 0.10b 0.10b 0.11b 0.10b 0.10b 0.08b 0.10b 0.23b
Stearic acid (C18.0) - 1.28bc 1.33bc 1.35bc  1.07d 1.64a 1.27c 1.44b - 1.34bc
Oleic acid (C18:1n9c) 71.36d 71.09d 74.22bc 74.87b 78.85a 74.89b 7153d 79.49a 73.58c 74.43bc
Elaidic acid (C18:1n9t) - 145ab 1.44ab 143ab 154a 141ab 135ab 1.29% - -
Linoleic acid (C18:2n6c) 15.49¢ 16.85b  13.04e 15.00cd 11.82f 15.01d 18.75a 11.04g 14.62d 14.63d
Linoelaidic acid (C18:2n6t) 1.68a - - - - 0.27b - - -
Linolenic acid (C18.3n3) - 0.07ab  0.09ab  0.07ab 0.10a - 0.08ab 0.11a - 0.09ab
Arachidic acid (C20:0) - 0.08a - - - - 0.11a - -
Eicosenoic acid (C20:1) - 0.09a 0.08a - - - - - -
DHA (C22:6n3) 0.17b - 0.24a - - - - - -

Significantly different means (at the 5% level), determined using SPSS 22.0 to run Duncan test, are shown with different letters

CONCLUSION

Almonds are a good source of nutrients that are important for human health, including vitamin E,
dietary fibers, proteins and unsaturated fatty acids. According to the results, the proximate compositions,
and fatty acids composition of the evaluated promising almond genotypes were found different. In study,
the oleic, palmitic, linoleic, and heptadecanoic acids were detected in all almond genotypes with
different amounts, while palmitoleic, stearic, linolenic, arachidic, elaidic, eicosenoic and
decosahegzanoic (DHA) acids were not determined in some genotypes. These results suggest that
chemical compositions such as fatty acids composition of almond kernels depend on the genotype,
ecological conditions, and soil structure. The findings of this study highlight the potential of all of
almond genotypes, as a valuable source of nutrients such as proximate compositions and fatty acids.
Also, it is thought that the findings from this study made several contributions to the current literature.
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Karadeniz Bolgesinin Yumusak Cekirdekli Meyve Uretiminde Mevcut Durumu ve Potansiyeli

Ahmet OZTURK'*, Sevgi SERTTAS"

OZET: Cok farkli ekolojik kosullara ve cografik yapiya sahip olan ve bu nedenle birgok meyve tiiriiniin
yetistiriciliginin yapilabildigi Karadeniz Bolgesi, iilkemiz meyveciliginde olduk¢ca 6nemli bir yere sahiptir.
Karadeniz Bolgesi, 2 573 222 ton ile Tiirkiye meyve tiretiminin % 11.1’ini, 225 bin tonluk yumusak ¢ekirdekli
meyve iretimi ile de tlilkemiz yumusak cekirdekli meyve tiretiminin yaklasik % 4.4’nii gerceklestirmektedir.
Bolgede yumusak cekirdekli meyve yetistiriciligi yaygin olarak ev bahgeleri, meyve bahgeleri ve kapama
bahgelerde yapilmaktadir. Bolge meyveciliginde yumusak ¢ekirdekli meyveler % 8.8’lik iiretim payi ile sert
kabuklu meyvelerden (% 23.9) sonra ikinci sirada yer almaktadir. Bolgede yumusak cekirdekli meyveler
icerisinde en fazla elma (149 275 ton, % 66.3) ve armut (59.931 ton, % 26.6) iiretilmektedir. Bélgede hem
iiretim alan1 hem de iiretim miktann bakimindan diger grupta yer alan elmalar {iretilirken (sirasiyla % 37.9 ve %
36.3) bu grubu iiretim alan1 bakimindan Amasya (% 20.9) iiretim miktart bakimindan ise Starking (%19.7)
takip etmektedir. Karadeniz Bolgesi 1 912 tonluk iiretimiyle lilkemiz musmula tiretiminin % 38.5’lik kismini
karsilamaktadir. Karadeniz Bolgesi’ndeki yumusak c¢ekirdekli meyve iiretim potansiyeli iller bazinda
degerlendirildiginde Amasya (46 004 ton), Samsun (27 874 ton), Kastamonu (21 509 ton) ve Tokat (20 450 ton)
en fazla liretimi yapan illerdir. Bu ¢alismada yumusak ¢ekirdekli meyveler igerisinde en fazla iiretilen tiirlerin
Karadeniz Bolgesi ve Tiirkiye iiretimindeki mevcut durumu ve potansiyeli detayli olarak ele alinmustir.

Anahtar Kelimeler: Armut, Ayva, Elma, Karadeniz Bolgesi, Yumusak Cekirdekliler
The Current Situation and Potential of Pome Fruit Production of Black Sea Region

ABSTRACT: The Black Sea Region, having very different ecological conditions and geographical structures
and therefore can grow many fruit species, has a very important place in fruit growing in our country. The
Black Sea Region realizes 11.1 % of Turkey's fruit production with 2 573 222 tons, and approximately 4.4 %
of our country's pome fruit production about 225 thousand tons of pome fruit production. Pome fruit growing in
the region is mainly performed in home gardens, fruit gardens and commercial orchards. Pome fruits with 8.8
% portion have second place after nuts (23.9 %) in fruit growing of the region. Apple (149 275 tons, 66.3 %)
and pear (59 931 tons, 26.6 %) are produced as the highest amount among pome fruits in the region. In the
region, while apples are produced in terms of both production amount and area with the other apple group (36.3
% and 37.9 %, respectively), the Amasya apple (20.9 %) in terms of production area and the Starking apple
(19.7 %) in terms of production amount are followed in this group. The Black Sea Region with 1 912 tons of
production supplies 38.5 % of total medlar production of Turkey. When the potential of pome fruit production
in the Black Sea Region is evaluated, Amasya (46 004 tons), Samsun (27 874 tons), Kastamonu (21 509 tons)
and Tokat (20 450 tons) are the main producer cities. In this study, the current situation and potential of the
most produced pome fruit species in the fruit production of the Black Sea Region and Turkey are discussed in
detail.
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GIRIS

Cok farkli iklim kosullarima sahip olan Tirkiye, pek ¢ok meyve tiriiniin anavatani veya
anavatanlari arasinda yer almaktadir (Davis, 1972). Diinya’da kiiltiirii yapilan 138 meyve tiiriinden
16’s1 subtropik meyve tiirli olmak {lizere 75’den fazla meyve tiirii Tiirkiye’de yetisebilmektedir
(Agaoglu ve ark., 2015). Diinya’da FAO verilerine gore 2019 yilinda yaklasik 883 milyon ton olan
meyve Uretiminde Tirkiye yaklasik 22 milyon tonluk iiretime sahiptir. Tiirkiye bu iliretimiyle diinya
meyve iretiminin yaklasik % 2.6’sm1 karsilayan ve meyve lretiminde ilk 10 {ilke igerisinde yer
almaktadir. Tiirkiye bu tiretimi ile yaklasik 81 milyon tonluk meyve iiretimine sahip olan Avrupa’da %
29.0’luk iiretim payma sahiptir (FAOSTAT, 2021). Ulkemizde ekstrem iklim kosullarmin goriildiigii
bazi iller disinda hemen hemen her bdlgede ekonomik anlamda meyve yetistiriciligi yapilabilmektedir.
Yaklasik 231.3 milyon dekar olan iilkemiz tarim alanlarmin 35.6 milyon dekarlik kisminda (% 15.4)
yaklasik 23.3 milyon tonluk meyve iiretimi yapilmaktadir. Bu meyve tliretim alani igerisinde %37.9’luk
payla sert kabuklu meyveler en yliksek pay1 alirken bunu sert ¢ekirdekliler, tiziim-liziimsii, yumusak
cekirdekli meyveler, turunggiller ve diger meyveler takip etmektedir. Uretim miktar1 bakimindan ise
en ylksek pay1 % 23.4’liik pay ile liziim ve iliziimsii meyveler alirken bunu yumusak ¢ekirdekliler
(%22.0), turunggiller (%18.7), sert ¢ekirdekliler (% 18.6), diger (% 10.9) ve sert kabuklu meyveler
(%6.4) takip etmektedir. 27.2 milyon dekar tarim arazisine sahip olan Karadeniz Bolgesi, 7.7 milyon
dekar meyvecilik alani ile Tiirkiye meyve iiretim alanlarinin % 22.3’iinti kapsamaktadir. Bolgede
meyvecilik bakimindan 6nde gelen iller Rize, Trabzon, Ordu, Artvin, Samsun, Tokat ve Amasya’dir
(TUIK, 2021).

Ulkemizde en fazla yagis alan Karadeniz Bélgesi’nin topografyasi: makineli tarmmi
sinirlandirmaktadir. Bu durum 6zellikle Dogu Karadeniz Boliimii’nde belirgindir. Ozellikle Rize ve
cevresinin bol yagisli olmasi, ¢ay tarimi igin elverisli ortam olustururken, diinyanin en kaliteli
findiklar1 Ordu, Giresun ve Trabzon illerinde iiretilmektedir. Ulkemiz meyveciliginde dnemli yer tutan
findigin da tiretim miktar1 bakimimdan biiyiik bir kismi (% 83.3) bolgede firetilirken bu iiriinleri tiretim
miktar1 bakimindan kizilcik (% 76.2), musmula (% 38.5), Kivi (% 32.9), maviyemis (% 25.7), hiinnap
(% 24.7) kestane (% 21.2) izlemektedir. Bolgede sahil kesiminde 6zellikle diiz veya diize yakin
alanlarda ve i¢ kesimlerde iklimin karasala doniistiigli kesimlerde tarla tarimi, egimin arttig1 ve iklimin
daha 1liman oldugu kesimlerde meyve yetistiriciligi yapilmaktadir (Oztiirk ve Serttas, 2018; Anonim,
2021). Ulkemiz meyve iiretiminde yaklasik 5.2 milyon tonluk iiretimiyle 2. sirada yer alan yumusak
cekirdekli meyveler Karadeniz bolgesinde yaklasik 225 bin ton Uretilmektedir. Bolgede yaklasik 150
bin ton elma, 60 bin ton armut, 10 bin ton ayva, 3.6 bin ton trabzonhurmasi, 1.9 bin ton musmula ve
184 ton yenidiinya iretilmektedir. Ayrica Karadeniz Bdlgesi sahip oldugu engebeli arazi yapisi,
kimyasal girdi (giibre, ilag vb.) kullaniminin diisiik olmasi, zengin flora ve faunasinin bulunmasi,
sanayi tesislerine dayali kirliligin az olmasindan dolay1 organik tarim potansiyeli yiiksek bir bolgedir
(Oztiirk ve Karabulut, 2017).

Karadeniz Bolgesi, meyvecilik i¢in uygun iklim ve toprak kosullarina sahip olmasi, tiretim
alanlariin fazla olmasi, bolgedeki iiriinlerin degerlendirilmesi acisindan tarim sanayisinin (6zellikle
meyve suyu) gelismis olmasi ve verimli ovalara sahip olmasi dolayisiyla meyve yetistiriciligi
acisindan ekonomik olarak dnemli bir potansiyele sahiptir (Oztiirk ve Serttas, 2018). Bolgede elma,
armut, ayva, musmula, trabzonhurmasi, yeni diinya, ali¢, ahlat ve livez gibi yumusak ¢ekirdekli meyve
tirleri yetismektedir. Karadeniz Bolgesi’nde Samsun, Amasya, Tokat gibi illerde 6zellikle elma, armut
ve ayva gibi yumusak cekirdekli meyve tiirlerinde kapama bahceler seklinde yetistiricilik soz
konusudur. Bolgede genellikle yumusak c¢ekirdekli meyve tiirleri kapama bahgeler seklinde degil,
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genel olarak Dogu Karadeniz Boliimii’nde findik ve ¢ay bahgelerinin arasinda tek tek agaclar seklinde,
Orta ve Bati Karadeniz Bolimii’nde ise orman ve tarla kenarlarinda smir agaci olarak veya ev
bahgelerinde daginik olarak bulunmaktadir (Ciftci ve ark., 2011; Dumanoglu ve ark., 2011; Oztiirk ve
Demirsoy, 2013; Yilmaz ve Gergekcioglu, 2013; Cakir ve Oztiirk, 2019; Maral-Giirbiiz ve Bostan,
2020). Buna ilaveten son yillarda modern tarim tekniklerinin de kullanildig: 6zellikle elma, armut ve
ayvada kapama bahgeler de kurulmaya baslanmistir. Bélgede standart ¢esitlerin yani sira gegmisten
gilinlimiize kadar 6nemini koruyan yumusak cekirdekli yerel meyve tiirleri ve ¢esitleri de mevcuttur.
Bolgede yapilan pek ¢ok calismada bdlgenin yumusak g¢ekirdekli meyve tiirlerine ait yerel cesit
potansiyeli ortaya konulmus, bunlarin farkli islah ¢alismalarinda kullanilmak amaciyla koruma altina
almmas1 vurgulanmistir (Karadeniz ve Sen, 1990; Karadeniz ve Kalkisim, 1996; Ozkan ve ark., 1997;
Bostan ve islam 2007; Demirsoy ve ark., 2007; Serdar ve ark., 2007; Aygiin ve Ulgen, 2009; Bostan,
2009; Yarilgag ve ark., 2009; Cift¢i ve ark., 2011; Saracoglu ve ark., 2011; Bostan ve Acar, 2012;
Aygiin ve Tasci, 2013; Oztiirk ve Demirsoy, 2013; Tepe, 2013; Yilmaz ve Gergekgioglu, 2013; Bak ve
ark., 2016; Bostan ve Celikel-Cubukcu, 2016; Karakaya ve ark., 2016; Senyurt ve ark., 2016; Cevahir
ve Bostan, 2017; Yarilgag ve ark., 2017; Dost ve Dumanoglu, 2018; Oztiirk ve Oztiirk, 2018; Cakir ve
Oztiirk, 2019; Maral-Giirbiiz ve Bostan, 2020). Ancak bu yerel ¢esitler ¢ogunlukla kendi mahallinde
yerel pazarlarda satilmaktadir.

Bu makalede TUIK tarafindan istatistiksel verileri yayinlanan ve yumusak cekirdekli meyve
tirleri igerisinde iiretim alanit ve miktar1 bakimindan en fazla paya sahip olan elma, armut, ayva,
yenidiinya, trabzonhurmasi ve musmulanin ililkemiz ve Karadeniz Boélgesi’ndeki iiretim alani ve
miktarlarindaki degisimler incelenmis olup bu tiirlerin bdlgedeki mevcut durumu ve potansiyeli ile
gelecekteki durumlari ortaya konulmaya calisilmistir.

Karadeniz Bolgesinin Cografik Konumu ve iklim Ozellikleri

Tiirkiye’nin kuzeyinde yer alan Karadeniz Bolgesi ismini aldig1 kuzeyindeki Karadeniz boyunca
doguda Giircistan smnirindan baglayarak, batida Sakarya Ovasi ile Bilecik’in dogusuna kadar uzanir.
Tiirkiye yilizol¢iimiiniin % 18’ine sahip olan bolge, yiizél¢limii bakimindan {ilkemizin ii¢lincii biiyiik
bolgesidir. Karadeniz Bolgesi, bati, orta ve dogu olmak iizere 3 boliimden olugsmaktadir. Bolgede
Artvin, Rize, Trabzon, Giimiishane, Bayburt, Giresun, Ordu, Tokat, Samsun, Amasya, Sinop, Corum,
Kastamonu, Bartin, Karabiik, Zonguldak, Diizce, Bolu olmak iizere toplam 18 il bulunmaktadir.
Karadeniz Bolgesi bol yagis almakta ve kiy1 bolgelerde yazlar serin (23-24 °C), kislar 1lik (5-7 °C)
Karadeniz iklimi, i¢ kesimlerde ise daha ¢ok karasal iklim goriilmektedir. Daglarin kiyiya paralel
uzanmasi tarim alanlarini kisitlamakta olup ikliminde farkli olmasma sebep olmaktadir. Ulkemizin en
fazla yagis alan bolgesi olan Karadeniz bolgesinde daglarin kiy1r kesimin nemli olan havasinin ig
kesimlere gegmesini engellemesi bitki Ortilistiniin de farklilik gostermesine neden olmaktadir. Kiyida
yaz mevsiminin yagisli ve bulutlu olmasi bugday, pamuk gibi iirlinlerin yetistirilmesine engel olurken

bulutlulugun ¢ok olmasi sebze, {iziim, sekerpancari gibi duriinlerin yetistirilmesini smirlandirir
(Anonim, 2021).

Yumusak Cekirdekli Meyve Uretiminin Tiirkiye ve Karadeniz Bélgesindeki Durumu

Tiirkiye’de 2005-2020 yillar1 arasindaki meyve iiretim miktarlar1 ve bu iiretim igerisindeki
yumusak c¢ekirdekli meyve tiirlerinin (armut, ayva, elma, musmula, trabzonhurmasi ve yenidiinya)
iiretim alani ve liretim miktar1 ve paylar1 Cizelge 1°de verilmistir. Tiirkiye’de 2005 yilinda 27.7 milyon
dekar olan meyve iiretim alani igerisinde yumusak g¢ekirdekli meyvelerin iiretim alan1 yaklagik 1.9
milyon dekar iken, 2020 yilinda iilkemiz meyve iiretim alani yaklasik 34.9 milyon dekara, yumusak
cekirdekli meyvelerin liretim alani ise yaklagik 2.1 milyon dekara yiikselmistir. Tiirkiye’de 2005 yili
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meyve lretim miktar1 yaklagik 15.9 milyon ton iken iiretimin % 19.5’1 (3.1 milyon ton) yumusak
cekirdekli meyve tiirlerine aittir. 2020 yilinda ise Tirkiye toplam meyve lretimi 23.3 milyon tona,
yumusak cekirdekli meyve iiretimi ise 5.1 milyon tona yiikselmistir. Buna gore, 2005-2020 yillar
arasinda hem tilkemiz toplam meyve iiretim alan1 ve miktarinda hem de yumusak ¢ekirdekli meyve
tiirlerinin iiretim alan1 ve miktarinda artis goriilmiistiir. Genel olarak Tirkiye’de yumusak cekirdekli
meyvelerin meyve liretim alanindaki pay1 2005 yilinda % 6.9 iken, 2020 yilinda % 6.0’a diismiis,
tiretim miktarindaki pay1 ise % 19.3’den azalan ve artan bir seyir izleyerek % 22.0’ye yiikselmistir
(Cizelge 1). Toplam meyve iiretimi igerisinde yumusak ¢ekirdekli meyve tiirlerinin {iretim alaninda
azalig goriiliirken lretim miktarinda yillar itibariyla goriilen artis verimli gesitlerle tesis edilen
bahgelerde kiiltiirel uygulamalarin ideal bir seklide yerine getirilmesinin sonucu olarak
degerlendirilebilir. Karadeniz Bélgesi’nin sahip oldugu iklim 6zellikleri “Granny Smith”, “Fuji” ve
”Royal Gala” gibi giines yanikligina hassas olan elma g¢esitlerinin yetistiriciligine uygun oldugu
(Dumanoglu ve ark., 2009) ve bolgenin ekolojisine uygun mantari hastaliklara dayanikli ¢cok sayida
yerel elma ¢esidinin bulundugu bildirilmistir (Dumanoglu ve ark., 2011; Dost ve Dumanoglu, 2018).
Yine bolgenin ayva, musmula, trabzonhurmasi ve 6zellikle de elma ve armut bakimindan énemli bir
potansiyelinin oldugu yapilan c¢alismalarda vurgulanmistir (Karadeniz ve Sen, 1990; Karadeniz ve
Kalkisim, 1996; Ozkan ve ark., 1997; Bostan ve Islam 2007; Demirsoy ve ark., 2007; Serdar ve ark.,
2007; Aygiin ve Ulgen, 2009; Bostan, 2009; Yarilga¢ ve ark., 2009; Dumanoglu ve ark., 2011; Bostan
ve Acar, 2012; Aygiin ve Tasci, 2013; Oztiirk ve Demirsoy, 2013; Yilmaz ve Gergekcioglu, 2013;
Bostan ve Celikel-Cubukcu, 2016; Karakaya ve ark., 2016; Cevahir ve Bostan, 2017; Dost ve
Dumanoglu, 2018).

Cizelge 1. Tirkiye 2005-2020 yillar1 toplam meyve ve yumusak cekirdekli meyve liretim alan ve
miktarlari

Tiirkiye Toplam Meyve Yumusak Cekirdekli Meyve ~ Yumusak Cekirdekli  Yumusak Cekirdekli
Meyvelerin Tiirkiye Meyvelerin Tiirkiye

Uretim Uretim Uretim Uretim Meyve Uretim Meyve Uretim
Yillar  Alami (da) Miktari (ton) ~ Alami (da)  Miktari (ton)  Alanindaki Pay1 (%)  miktarmdaki Payt (%)
2005 27 764 560 15907 479 1904 770 3065 100 6.9 19.3
2006 28 488 617 16 111 876 1925 253 2462 075 6.8 15.3
2007 28 648 793 15 465 865 1 868 540 2 949 486 6.5 19.1
2008 29 035613 16 694 268 1869 320 2 996 596 6.4 17.9
2009 28 944 228 17 492 066 1906 663 3305 363 6.6 18.9
2010 29 558 705 17 691 311 1934 442 3143 839 6.5 17.8
2011 30330433 18 224 617 1961 548 3238935 6.5 17.8
2012 31344 779 19 112 484 2069471 3517 311 6.6 184
2013 31 686 656 19 175 395 2057 916 3780372 6.5 19.7
2014 31829 527 18 180 512 2043 799 3100 527 6.4 17.1
2015 32176 973 18 852 946 2053 989 3196 929 6.4 17.0
2016 32588 204 20 043 529 2 086 053 3577 330 6.4 17.8
2017 32 808 797 21880 293 2112 367 3766 785 6.4 17.2
2018 33 756 065 21974 562 2120984 4 389 245 6.3 20.0
2019 34 271 460 21985901 2119 334 4 402 294 6.2 20.0
2020 34899 712 23270769 2097 615 5117 333 6.0 22.0

Tiirkiye ve Karadeniz Bolgesi’ndeki yumusak c¢ekirdekli meyve tiirlerinin 2005-2020 yillar
arasindaki tiretim alan1 ve miktarlar1 ve paylar1 Cizelge 2’de verilmistir. Karadeniz Bolgesi’nde 2005
yilinda 121 440 da alandan 220 614 ton, 2020 yilinda ise 87 497 bin da alandan 225 194 ton yumusak
cekirdekli meyve iiretimi gergeklestirilmistir. Buna gore, 2005-2020 yillar1 arasinda iilkemizde 2018
yilma kadar yumusak g¢ekirdekli meyve iiretim alan ve miktarinda artis meydana gelirken 2019 ve
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2020 yillarinda azalma meydana gelmistir. Karadeniz Bolgesi’nde 2005-2020 yillar1 arasinda {iretim
alaninda azalma goriiliirken iiretim miktarinda ise artis olmustur. Tiirkiye yumusak ¢ekirdekli meyve
dretim alani ve miktar1 icerisinde Karadeniz Bolgesi yumusak g¢ekirdekli meyve iiretim alan ve
miktarmin yillar itibariyla azaldigi goriilmektedir. Belirtilen yillar arasinda bdélgedeki yumusak
cekirdekli meyve iiretim alanin pay1 % 6.4’den % 4.2’ye, liretim miktarinin pay1 ise % 7.2’den % 4.4’e
dismistlir. 2019 yilina kadar iilkemiz meyve iiretim alan ve miktarinda goriilen artis Karadeniz
Bolgesi’nde de goriiliirken 2020 yilinda Tiirkiye yumusak cekirdekli meyve tliretim miktar1 artarken
Karadeniz Bolgesi’nde hem iiretim alani hem de iiretim miktar1 6nceki yillara gore azalmistir (Cizelge
2). Bolgedeki bu azalista yumusak cekirdekli meyve tiirlerinin ekonomik getirisinin bolgede iiretilen
cay, findik, kiraz ve kivi gibi iirlinlere gore diisiik olmasindan kaynaklandigi diisiintilmektedir.

Cizelge 2. Tiirkiye ve Karadeniz Bolgesi’nin 2005-2020 yillar1 yumusak ¢ekirdekli meyve tiirlerinin
iretim alan ve miktarlari ve bolgedeki paylari (%)

Yumusak Cekirdekli Meyveler Karadeniz Bolgesindeki Karadeniz
Tiirkiye Karadeniz Bolgesi Yumusak Cekirdekli Bolgesindeki Yumusak
Yillar Uretim Uretim Uretim Uretim Meyvelerin Tiirkiye Cekirdekli Meyvelerin
Alani (da) Miktar1 (ton) Alani (da) Miktari (ton) Uretim Alanindaki Tirkiye Uretim

Pay1 (%) Miktarindaki Pay1 (%)
2005 1904770 3065100 121 440 220614 6.4 7.2
2006 1925253 2462075 127 213 152 823 6.6 6.2
2007 1868540 2949 486 117 045 201179 6.3 6.8
2008 1869320 2996 596 117 150 209 414 6.3 7.0
2009 1906 663 3305363 113 436 212 175 5.9 6.4
2010 1934442 3143839 120 142 237 638 6.2 7.6
2011 1961548 3238935 116 458 238 368 5.9 74
2012 2069471 3517311 115510 254 205 5.6 7.2
2013 2057916 3780372 111 288 240 621 5.4 6.4
2014 2043799 3100527 105 006 183 468 5.1 5.9
2015 2053989 3196929 100 590 233 495 4.9 7.3
2016 2086 053 3577330 105 102 213432 5.0 6.0
2017 2112367 3766785 105 346 241 145 5.0 6.4
2018 2120984 4389245 102 471 233 684 4.8 5.3
2019 2119334 4402294 101 614 243 630 4.8 55
2020 2097615 5117333 87 497 225194 4.2 4.4

Tiirkiye ve Karadeniz Bdlgesi’'ndeki yumusak c¢ekirdekli meyve tiirlerine ait 2005-2020
yillarindaki meyve veren, meyve vermeyen ve toplam aga¢ sayilar1 Cizelge 3’de verilmistir.
Ulkemizde 2005 yilinda meyve veren yastaki yumusak cekirdekli meyve tiirlerine ait agag sayis1 52
814 000 adet iken 2020 yilinda bu say1 83 530 496 adete yiikselmistir. Yine {ilkemizdeki yumusak
cekirdekli meyve tiirlerine ait 2005 yilindaki meyve vermeyen yastaki agag¢ sayist 52 523 536 adet;
toplam agac sayis1 105 337 536 adet iken 2020 yilinda meyve vermeyen yastaki aga¢ sayis1 19 119
971 adete toplam agag¢ sayist 102 650 671 adete diismiistiir. Karadeniz Bolgesi’'nde 2005 yilinda
yumusak ¢ekirdekli meyve tiirlerine ait aga¢ sayist meyve veren yasta 7 857 991 adet, meyve
vermeyen yasta 1 585 359 adet ve toplam 9 443 350 adet iken 2020 yilinda meyve veren yasta 7 010
852 adet, meyve vermeyen yasta 1 722 202 adet ve toplam 8 636 637 adettir. Bolgede 2005 yilina gore
2020 yilinda meyve veren ve meyve vermeyen yastaki agac¢ sayisi ile toplam aga¢ sayisinda azalma
goriilmiistiir. Yine Tirkiye yumusak cekirdekli meyve tiirlerine ait aga¢ sayisi i¢erisinde Karadeniz
Bolgesi’nin 2005 yilinda % 9.0 olan payr 2010 yilinda % 13.0°e yiikselmis ve bu yildan sonra
genellikle azalarak % 8.4’¢ diismiistiir (Cizelge 3). Bu azalma &zellikle 2017 yilindan sonra daha fazla
olmustur. Bu azalmada iireticilerin yumusak c¢ekirdekli meyve tiirleri ile yeni bah¢e kurulumundan
vazgecip mevcut bahgelerin yerine diger {iriin gruplarma yonelmesinin etkili oldugu diistiniilmektedir.
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Yumusak ¢ekirdekli meyve tiirlerinin Tiirkiye ve Karadeniz Bolgesi’ndeki 2020 yil1 {iretim alani
ve miktar1 Cizelge 4’de verilmistir. Ulkemizde yumusak cekirdekli meyve tiirleri igerisinde iiretim
alan1 ve miktar1 bakimindan ilk siray1 elma almakta ve bunu sirasiyla armut, ayva, trabzonhurmasi,
yenidiinya ve musmula izlemektedir. Karadeniz Bolgesinde ise yumusak cekirdekli meyve tiirleri
icerisinde iiretim alan1 ve miktar1 bakimindan ilk siray1 elma almakta ve bunu sirasiyla armut, ayva,
trabzonhurmasi, musmula ve yenidiinya izlemektedir. Ulkemiz toplam yumusak cekirdekli meyve
iretim alaninin % 4.2’sine sahip olan Karadeniz Bolgesi iiretim miktarinin ise % 4.4’line sahiptir
(Cizelge 4).

Cizelge 3. Tirkiye ve Karadeniz Bolgesi yumusak ¢ekirdekli meyve tiirlerine ait 2005-2020

yillarindaki agac sayilari

Tiirkiye Karadeniz Bolgesi Karadeniz Bélgesi'nin
Tiirkiye Toplam
Verenvasia  Vermeyen ToPam - Meyveveren 0 TR Yumusak Cekirdekl
Yillar Agac Sa ? Vasta A5 Agac Sayis1  Yasta Agac Vasta A S £4¢ Meyve Turlerm@ Ait
£a¢ Sayisl asta Agag (adet) Sayisi (adet) ayta Agag YIS Agag Sayisindaki Pay1
(adet) Sayis1 (adet) Sayis1 (adet) (adet) (%)
2005 52814000 52523536 105337536 7857991 1585359 9443350 9.0
2006 54499562 55350166 109849728 7465704 1746188 9211892 8.4
2007 56651476 58435665 115087141 7676462 1744755 9421217 8.2
2008 45269000 45003141 90 272 141 7502 016 1774972 9276988 10.3
2009 46711714 47769 177 94 480 891 7458 732 1963534 9422 266 10.0
2010 55787 611 16 016 269 71 803 880 7 246 675 2074842 9321517 13.0
2011 56 987 186 17 691 690 74 678 876 7236 145 2011494 9247639 124
2012 60 077 595 19 092 246 79 169 841 7353704 2140142 9493 846 12.0
2013 62 061 115 19 708 438 87 608 346 7 375 020 2067969 9799561 11.2
2014 63996 268 20834 510 84 830 778 7 395 465 2056871 9452336 111
2015 67841210 21973996 89 815 206 7403 229 2171744 9483509 10.6
2016 71535277 21559 251 93 094 528 7553 044 1868862 9421906 10.1
2017 71801078 22628 758 94 429 836 7567 324 1816520 9383844 9.9
2018 77 699 507 18 968 869 96 668 376 7 383 256 1798453 9181709 9.5
2019 81 137 900 18972971 100110871 7303315 1727764 9031079 9.0
2020 83 530 496 19119971 102650467 7010852 1722202 8636 637 8.4

Karadeniz Bolgenin yumusak c¢ekirdekli meyve liretiminde tiretim alaninda en yiiksek paya
armut (% 5.7) ve elma (% 4.1) sahip olurken iiretim miktar1 bakimindan ise en yiiksek paya musmula
sahiptir (% 38.5). Bu veriler 15181nda Karadeniz Bolgesinin lilkemiz yumusak c¢ekirdekli meyve
tiirlerinin yetistiriciliginde 6zellikle musmula ve armut iiretiminde 6nemli bir yere sahip oldugu
goriilmektedir. Tiirkiye’de musmula {iretiminde alan bakimindan 1 488 da ile Marmara Bolgesi %
74.2°1ik pay ile ilk sirada olmasina ragmen Karadeniz Bolgesi 1 912 (% 38.2) tonluk iiretim miktariyla
ilk sirada yer almaktadir. Musmula Karadeniz Bolgesi’'nde orman altlarinda ¢ali formunda, tarla
kenarlarinda sinir agact seklinde ve ev bahgelerinde daginik halde bol miktarda bulunmaktadir.
Nitekim bolgede yapilan calismalarda musmulanin dogada bol miktarda bulundugu belirtilmistir
(Ozkan ve ark., 1997; Bostan ve Islam, 2007; Aygiin ve Tasc1, 2013; Y1lmaz ve Gercekcioglu, 2013;
Cakir ve Oztiirk, 2019; Maral-Giirbiiz ve Bostan, 2020). Armut iiretiminde ise Karadeniz Bolgesi
iretim miktar1 bakimmdan Marmara ve Akdeniz Bolge’lerinden sonra 3. sirada yer almaktadir.
Karadeniz Bolgesi’'nde ev bahgelerinde ve daginik halde hem standart hem de pek ¢ok yerel armut
c¢esidi bulunmaktadir. Cogunlugu yazlik ¢esitlerden olusan ve 6zellikle hasat sonrast dayanimi az olan
bu yerel armut cesitleri yerel pazarlarda tiiketiciler tarafindan begenilerek satin alinmaktadir. Ayrica
nemli bir ekolojiye sahip olan bdlgede 6zellikle ates yanikligi, monilya ve karaleke gibi hastaliklara
oldukga dayanikli bol miktarda yerel elma ve armut ¢esidi bulunmaktadir. Bu yerel gesitlerin ¢esit
1slah1 ¢aligmalarinda kullanilmak {izere arazi gen bankalarinda korunmaya alinmasi olduk¢a 6nem arz
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etmektedir. Yapilan calismalarda Karadeniz Bolgesi’nin armut yetistiriciligi acisindan 6nemli bir
potansiyelinin olduguna vurgu yapilmistir (Karadeniz ve Sen, 1990; Karadeniz ve Kalkigim, 1996;
Demirsoy ve ark., 2007; Bostan, 2009; Bostan ve Acar, 2012; Oztiirk ve Demirsoy, 2013; Bostan ve
Celikel-Cubukgu, 2016; Cevahir ve Bostan, 2017; Balta ve ark., 2019).

Cizelge 4. Yumusak cekirdekli meyve tiirlerinin 2020 yilindaki Tiirkiye ve Karadeniz Bdlgesi iiretim
alanlar1 ve iiretim miktarlarinin karsilagtirilmasi

L e Karadeniz Karadeniz
Tirkiye Karadeniz BSlgesi Bolgesi’nin Tiirkiye ~ Bolgesi'nin Tiirkiye
. . . . . Yumusak Yumusak Cekirdekli
Uriin Ad1 Uretim Uretim Uretim Uretim Cekirdekli Meyve Meyve
Alani (da) Miktari (ton) — Alani(da)  Miktari (ton)  Uretim Alanindaki ~ Uretim Miktarindaki
Pay1 (%) Pay1 (%)
Armut 260 707 545 569 14 815 59 931 5.7 11.0
Ayva 77376 189 251 2413 10 230 3.1 5.4
Elma 1709 032 4 300 486 69 392 149 275 4.1 3.5
Musmula 2 006 4964 17 1912 0.8 38.5
Trabzonhurmasi 40 400 60 661 860 3662 2.1 6.0
Yenidiinya 8 094 16 402 0 184 0.0 1.1
TOPLAM 2 097 615 5117 333 87 497 225 194 4.2 4.4

Karadeniz Bolgesi’'nde yumusak ¢ekirdekli meyve tiirlerinin 2015-2020 yillar1 arasindaki agag
sayilari, tretim alani ve miktarlar1 meyve tiirlerine gore Cizelge 5°de verilmistir. Armutta 2015
yilindan 2018 yilina kadar artan aga¢ sayist ve meyve iretim alan1 2019-2020 yillarinda azalmuis,
tiretim miktar1 ise 2019 yilina kadar artmig 2020 yilinda azalmistir. Ayvada aga¢ sayis1 2017 yilina
kadar artmis, 2018-2020 yillarinda azalmistir. Uretim alani 2015-2020 yillar1 arasinda artarken iiretim
miktarinda genellikle artis ve azalig gdsteren bir seyir izlemistir. Elmada 2015-2020 yillar1 arasinda
agac sayisinda azalma meydana gelmistir. Ozellikle 2019 yilindan sonra iiretim alan1 ve miktarida
onemli azalma meydana gelmistir. 2015-2020 yillar1 arasinda musmulada agag sayisinda azalig, iiretim
alaninda artig, liretim miktarinda ise 2018 yilina kadara artig goriilmiis olup bu yildan sonra azalmistir.
Trabzonhurmasinda 2015-2020 yillarinda agac sayisi ve iiretim alaninda artis, iiretim miktarinda 2019
yilma kadar artis bu yildan sonra ise azalis goriilmiistiir. Yenidiinyada aga¢ sayisinda azalma
goriiliirken, liretim miktarinda 2018 yilina kadar artis 2019-2020 yillarinda ise azalma goriilmiistiir.
Tiirkiye ve Karadeniz Bolgesi yumusak cekirdekli meyve liretim miktarinda 6nemli bir yeri olan
musmula bolgede diger bolgelere gore daha diisiik az bir alanda (17 da) tliretilmesine ragmen tiretim
miktar1 diger bolgelerden daha ylksektir. Karadeniz Bolgesi’nde musmulanin kapama bahgeler
halinde degil de daha ¢ok ev bahgeleri, tarla kenarlar1 veya ormanlik alanlarda yer alan bitkilerden
verimin elde edilmesi liretim miktarindaki fazlalikta etkili olmaktadir.

Karadeniz Bolgesi Yumusak Cekirdekli Meyve Tiirlerinin Dagilimi

Karadeniz Bolgesi’nde yetistiriciligi yapilan yumusak cekirdekli meyve tiirlerinin 2015 ve 2020
yillarindaki iiretim alan1 ve miktarlar1 Cizelge 6’da verilmistir. Buna gore, yillar arasindaki lretim
degisimine bakildiginda elmada tiretim alan1 bakimindan (%-16.78) iiretim miktar1 bakimindan ise (%-
8.08) azalma goriiliirken diger tlirlerde hem {iretim alant hem de liretim miktar1 bakimindan artig
meydana geldigi goriilmektedir. Karadeniz Bolgesi’nde 2015 ve 2020 yillar1 arasinda meyve iiretim
alan1 ve miktarlara bakildiginda ilk siray1 elma alirken bunu sirastyla armut, ayva, trabzonhurmasi,
musmula ve yenidiinya izlemistir (Cizelge 6). Bolgede yillara gére bu degisime bakildiginda tiretim
alan1 bakimindan en fazla artts musmulada (% 88.89), iiretim miktar1 bakimindan ise % 17.20’lik
oranla yenidiinyada olmustur. Genel olarak bolgedeki elma, armut, ayva ve trabzonhurmasi tiirlerinin
diger meyve tiirlerine gore iiretim alan ve miktarinin diger yumusak ¢ekirdekli meyve tiirlerine gore
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yiiksek oldugu goriilmektedir. Son yillarda Bdlgede bu tiirlere ait kapama bahgelerin tesis edilmesi

sonucunda iiretim alan1 ve miktarmin artisinin gergeklestigi degerlendirilmektedir. Ayrica bolgede

ozellikle Dogu ve Bati Karadeniz Boliimii'nde arazi egiminin fazla, isletme basma diisen arazi
biiylikligliniin #se az ve arazilerin ¢ok pargali olmasi yaninda yorede iiretimin daha ¢ok ¢ay ve findik
tiirleri ile monokiiltiir yetistiriciligin yapilmasina bagh olarak yumusak c¢ekirdekli meyve tiirlerinin
kapama bahgeler yerine ev bahgelerinde yetistirilmesi nedeniyle bolgenin meyve iiretim miktar1 ve
alaninda artig goriilmemektedir.

Cizelge 5. Karadeniz Bolgesi yumusak ¢ekirdekli meyve tiirlerinin 2015-2020 yillarina ait veriler

Meyve Veren Meyve Toplam Toplu Uretim
Tiirler Yillar Yasta Agag Vermeyen Yasta Agac Meyveliklerin Miktari
Sayisi (adet) Agag Sayisi (adet)  Sayisi (adet) Alam (da) (ton)
2015 1 989 566 449 284 2 438 850 14 816 56 325
2016 2022 362 431718 2 454 080 16 391 54 258
At 2017 2 048 307 415 760 2 464 067 16 396 60 200
2018 2078 356 426 737 2 505 093 16 116 60 721
2019 2 026 630 397 278 2423908 15585 61 087
2020 1957 734 393 023 2 350 757 14 815 59 931
2015 397 654 89 824 396 014 1848 9 485
2016 380 340 85 049 465 389 1645 6 650
2017 421517 88 237 509 754 2215 10 670
Ayva 2018 404 278 89 217 493 495 2277 10 280
2019 397 255 89 486 486 741 2365 10 881
2020 391 694 86 855 478 549 2413 10 230
2015 4786 075 1568 617 6 354 692 83380 162 401
2016 4914 238 1286 454 6 200 692 86 402 146 833
2017 4861 765 1245 508 6 107 363 86 059 164 641
Elma 2018 4663773 1215 800 5879 573 83 349 156 497
2019 4642 257 1174 446 5 816 703 82 852 165 406
2020 4 423 366 1175515 5 598 881 69 392 149 275
2015 129 529 25030 154 559 9 1876
2016 128 519 24 558 153 077 9 1913
2017 128 516 24233 152 749 8 1880
Musmula 2018 125 833 23596 149 429 11 1943
2019 122 805 22 830 145 635 13 1922
2020 121 798 21281 143 079 17 1912
2015 89 360 37635 126 995 537 3251
2016 96 584 39 760 136 344 655 3648
2017 96 195 41327 137 522 668 3615
Trabzonhurmast ). o 100 264 41986 142 250 718 4055
2019 103 601 42 627 146 228 799 4147
2020 105 504 44 451 149 955 860 3662
2015 11 045 1354 12 399 0 157
2016 11001 1323 12 324 0 130
o 2017 11 024 1365 12 389 0 139
Yenidiinya 2018 10 752 1117 11 869 0 188
2019 10 767 1097 11 864 0 187
2020 10 756 1077 11 833 0 184
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Tiirkiye Istatistik Kurumu verilerine gore ayva, musmula ve trabzonhurmasi iiretim alaninim
arttigi, tUretim miktarnmn ise elma disindaki yumusak c¢ekirdekli meyve tiirlerinde arttig1
goriilmektedir. Uretim miktarinda en fazla artigin oldugu musmula {iretiminin iilkemizde yogunlukla
Samsun ve Sinop illerinde gergeklestirilmektedir. Musmula agaglar1 daha ¢ok tarla kenarlarinda ve
bahgelerde daginik halde ve ormanhk alanlarda dogal olarak yetismekle birlikte (Bostan ve Islam,
2007; Yilmaz ve Gergekgioglu, 2013; Cakir ve Oztiirk, 2019) son yillarda tesis edilen yaninda bu
irtinden ekonomik gelir elde edilmeye baglanmasiyla birlikte kapama bahgelerin verim ¢agima
ulasmasinin ardindan tiretiminde artis olabilecegi degerlendirilmektedir. Bolgede sahil seridine yakin
alanlarda ve c¢ogunlukla ev bahgelerinde hobi amagli olarak yetistirilen trabzonhurmasi ve
yenidiinyada iiretim alan1i ve miktar1 bakimindan artis gorilmiistiir (Tepe, 2013). Ayrica bolgede
yetistirilen yenidiinyalarin genellikle tohumdan yetistirilen bitkiler olmas1 genis bir genetik cesitlilige
sahip olmasin1 saglamaktadir (Yarilgag ve ark., 2017; Oztiirk ve Oztiirk, 2018).

Cizelge 6. 2015-2020 yillarindaki Karadeniz Bolgesi yumusak c¢ekirdekli meyve tiirlerinin tiretim alani
ve miktar1 arasindaki degisimler

Karadeniz Bolgesi !faraq?n! z Karadeniz Bolgesi’nin

Bolgesi’nin . .

. L L . . . Yumusak Cekirdekli

Uretim Uretim Uretim Uretim Yumusak Cek}'rdel.(h Meyve Uretim

) Alant Miktari Alant Miktart Meyve Uretim (o indaki Yillara Gore

Tiirler (da) (ton) (da) (ton) Alanindaki Yillara Degisimi (%)

Gore Degisimi (%)
2015 2015 2020 2020 2015-2020 2015-2020

Armut 14 816 56 325 14 815 59 931 -0.01 6.40
Ayva 1848 9485 2413 10 230 30.57 7.85
Elma 83380 162401 69392 149275 -16.78 -8.08
Musmula 9 1876 17 1912 88.89 1.92
Trabzonhurmasi 537 3251 860 3662 60.15 12.64
Yenidiinya 0 157 0 184 0.00 17.20
TOPLAM 100590 233495 87 497 225194 -13.02 -3.56

Tiirkiye 2020 yili elma iiretiminde Starking grubu elmalar iiretim alan1 602.966 (% 35.3) ve
tiretim miktart 1 675 197 (% 39.0) bakimindan en yiiksek paya sahipken bunu diger grup elmalar takip
etmistir. Ulkemiz elma iiretiminin alan bakimindan % 4.1 iiretim miktar1 bakimmdan % 3.5’lik kismin
karsilayan Karadeniz Bolgesi’nde diger grupta yer alan elmalar hem iiretim alan1 [26 286 (% 37.9)]
hem de tretim miktar1 bakimindan [54 166 (% 36.3)] en fazla yetistirilmislerdir. Karadeniz
Bolgesi’nde bu elmalart iiretim alani bakimindan Amasya grubu elmalar [14 535 (% 20.9)], liretim
miktar1 bakimindan ise Starking grubu elmalar [29 389 (% 19.7)] takip etmistir. Ayrica liretim miktar1
bakimindan Golden grubu elmalar ile Amasya grubu elmalar da bolge iiretiminde sirasiyla % 18.9 ve
% 17.9’luk paya sahiptirler (Cizelge 7).

Cizelge 7. 2020 yili Tiirkiye ve Karadeniz Bolgesi'nde iiretilen elma cesitlerinin iiretim alani (da),
iretim miktar (ton) ile paylari (%)

Tiirkiye Karadeniz Bolgesi
Elmalar Uretim Alan1 (da) ve  Uretim Miktar1 (ton) ~ Uretim Alani (da) ve Payr  Uretim Miktar1 (ton) ve
Pay1 (%) ve Pay1 (%) (%) Pay1 (%)

Golden 390 291 (%22.8) 1042 445 (%24.2) 10 876 (%15.7) 28 173 (%18.9)
Starking 602 966 (%35.3) 1675 197 (%39.0) 12 830 (%18.5) 29 389 (%19.7)
Amasya 144 744 (%8.5) 237 146 (%5.5) 14 535 (%20.9) 26 715 (%17.9)
Granny Smith 77 750 (%4.5) 175 495 (%4.1) 4 865 (%7.0) 10 832 (%7.3)
Diger 493 281 (%28.9) 1170 203 (%27.2) 26 286 (%37.9) 54 166 (%36.3)
Toplam 1709 032 4 300 486 69 392 (%04.1) 149 275 (%3.5)
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Karadeniz Bolgesi’'nde yumusak ¢ekirdekli meyve tiirlerinin 2005-2020 yillar1 tiretim miktarinda
meydana gelen degisimler Cizelge 8’de verilmistir. Cizelgeye gore 2019-2020 yillar1 tiretim miktari
degisiminde tiim tiirlerde azalma meydana gelirken en fazla azalis trabzonhurmasi (% -11.7) ve elmada
(% -9.8) olmus bunu ayva (% -6.0) takip etmistir. Toplam yumusak c¢ekirdekli meyve iiretim
miktarinda 2019-2020 degisiminde % -7.6’lik, 2002-2020 degisiminde % -9.5’lik azalma meydana
gelmistir. Bolgede 2005-2020 iiretim miktarinda degisimde en fazla azalma elma (% -12.4), ayva (% -
5.7) ve armut (% -4.7) olmustur. Bu doénemde trabzonhurmasi, yenidiinya ve musmula tiretim
miktarinda artis meydana gelmistir (sirasiyla % 40.8, % 24.3 ve % 5.3).

Cizelge 8. 2005-2020 yillar1 Karadeniz Bolgesi yumusak cekirdekli meyve tiirleri iiretim miktarlar
(ton) ve degisimi (%)

Uriinler Yillar 201_9{2020 20Q5{2020
2005 2010 2015 2019 2020  Degisim (%) Degisim (%)
Armut 62 879 50714 56 325 61 087 59 931 -1.9 -4.7
Ayva 10 848 10 289 9485 10 881 10230 -6.0 -5.7
Elma 170 491 162 477 162 401 165 406 149 275 -9.8 -12.4
Musmula 1816 2091 1876 1922 1912 -0.5 53
Trabzonhurmasi 2601 2922 3251 4 147 3662 -11.7 40.8
Yenidiinya 148 145 157 187 184 -1.6 24.3
Toplam 248 783 237 638 233 495 243 630 225194 -7.6 -9.5

Karadeniz Bélgesi Yumusak Cekirdekli Meyve Tiirlerinin fllere Gére Dagihm
Bati, Orta ve Dogu Karadeniz olmak iizere 3 bolime ayrilmakta olup 18 ili iceren Karadeniz

Bolgesi’nde yetistirilen yumusak c¢ekirdekli meyve (elma, armut, ayva, musmula, yenidiinya ve
trabzonhurmasi) tiretim alan1 ve miktar1 Cizelge 9°da verilmistir.

Cizelge 9. Karadeniz Bolgesi’nde illere gore yumusak ¢ekirdekli meyve tiirlerinin iiretim alani ve
iretim miktarinin 2015-2020 yillar1 arasindaki degisimleri

Karadeniz Bolgesi

Karadeniz Bolgesi

Uretim Uretim Uretim Uretim Yumusak Q.ekirdekli Yumusak Q.eki?dekli
iller Alani Miktart Alan: Miktart Meyve Uretim Meyve Uretim
(da) (ton) (da) (ton) Alanindaki Yillara Gére ~ Miktarindaki Yillara Gore
Degisim (%) Degisim (%)
2015 2015 2020 2020 2015-2020 2015-2020

Amasya 15753 40 398 15 764 46 004 0.1 13.9
Artvin 2725 6872 2877 6 058 5.6 -11.8
Bartin 5131 10 730 5363 10 695 4.5 -0.3
Bayburt 530 795 855 763 61.3 -4.0

Bolu 20434 31 466 6 046 15 527 -70.4 -50.7
Corum 9714 12 065 414 12 189 -13.4 1.0
Diizce 518 6221 505 935 -2.5 -85.0
Giresun 1383 9643 698 9660 -49.5 0.2
Giimiishane 4 503 6 068 4 328 6730 -3.9 10.9
Karabiik 1174 2 899 1052 3465 -10.4 195
Kastamonu 8192 16779 14549 21509 77.6 28.2
Ordu 154 11 277 225 12 968 46.1 15.0

Rize 292 2 165 249 2412 -14.7 114
Samsun 6 768 29522 4 087 27 874 -39.6 -5.6
Sinop 4 345 9543 4320 10 381 -0.6 8.8
Tokat 14 969 21 297 12 228 20450 -18.3 -4.0
Trabzon 499 9427 517 11714 3.6 24.3
Zonguldak 3506 6328 5420 5860 54.6 -1.4
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Cizelge 10. Karadeniz Bolgesi’nde illere gore yetistiriciligi yapilan yumusak cekirdekli meyve
tiirlerinin 2020 y1l iiretim alan1 ve miktar1 ile bunlari bdlgedeki paylari

Meyve Tiiriiniin Meyve Tiirlinlin
iller Tiirler Meyve Uretim Alani Meyve Uretim Miktar Karadeniz Bolgesi Karadeniz Bélgesi
(da) (ton) Uretim Alanindaki Uretim Miktarindaki
Pay1 (%) Pay1 (%)

Amasya Armut 1411 7631 1.61 3.39
Ayva 394 3693 0.45 1.64
Elma 13813 34131 15.79 15.16
Trabzonhurmasi 146 549 0.17 0.24
Artvin Armut 517 1790 0.59 0.79
Ayva 302 378 0.35 0.17
Elma 1940 3104 2.22 1.38
Musmula 0 27 0.00 0.01
Trabzonhurmasi 118 750 0.13 0.33
Yenidiinya 0 9 0.00 0.00
Bartin Armut 1986 5222 2.27 2.32
Ayva 42 356 0.05 0.16
Elma 3335 4999 3.81 2.22
Musmula 0 117 0.00 0.05
Trabzonhurmasi 0 1 0.00 0.00
Bayburt Armut 145 126 0.17 0.06
Elma 710 637 0.81 0.28
Bolu Armut 881 2688 1.01 1.19
Ayva 139 260 0.16 0.12
Elma 5024 12 561 5.74 5.58
Musmula 2 18 0.00 0.01
Corum Armut 586 3103 0.67 1.38
Ayva 648 1349 0.74 0.60
Elma 7178 7 585 8.20 3.37
Musmula 0 143 0.00 0.06
Trabzonhurmasi 2 9 0.00 0.00
Diizce Armut 200 158 0.23 0.07
Ayva 3 68 0.00 0.03
Elma 265 330 0.30 0.15
Musmula 0 156 0.00 0.07
Trabzonhurmasi 37 195 0.04 0.09
Yenidiinya 0 28 0.00 0.01
Giresun Armut 57 3241 0.07 144
Ayva 0 210 0.00 0.09
Elma 637 6129 0.73 2.72
Musmula 0 38 0.00 0.02
Trabzonhurmasi 4 42 0.00 0.02
Glimiighane Armut 675 1905 0.77 0.85
Ayva 235 84 0.27 0.04
Elma 3418 4741 3.91 211
Karabiik Armut 58 664 0.07 0.29
Ayva 38 407 0.04 0.18
Elma 933 2314 1.07 1.03
Musmula 0 74 0.00 0.03
Trabzonhurmasi 23 6 0.03 0.00

Bolgede 2020 yilinda yumusak g¢ekirdekli meyve iiretim alaninin en fazla oldugu iller Amasya,
Kastamonu ve Tokat iken bu illeri Corum ve Bolu izlemistir. Meyve iiretim miktar:1 2020 yilinda en
fazla oldugu iller Amasya, Samsun ve Kastamonu iken bu illeri Bolu, Ordu ve Corum takip etmistir.
2015 ve 2020 yillar1 arasinda bdlgedeki meyve iiretim alani1 bakimindan en fazla artis Kastamonu (%
77.6), Bayburt (% 61.3) ve Zonguldak (% 54.6), azalis ise Bolu (% -70.4), Giresun (% -49.5) ve
Samsun (% -39.6) illerinde olmustur. 2015-2020 yillar1 arasinda bélgede yumusak g¢ekirdekli meyve
tiretim miktar1 bakimindan en fazla artis Kastamonu (% 28.2), Trabzon (% 24.3) ve Karabiik (% 19.5),
azalig ise Diizce (% -85.0), Bolu (% -50.7) ve Artvin (% -11.8) illerinde olmustur (Cizelge 9). Azalis
goriilen bu illerde meyve iiretim alan1 ve miktarinin diisiik olmasinin sebepleri arasinda egimin fazla
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olmasi ve yorede daha ¢ok findik, ceviz ve ¢ayin yetistirilmesi gosterilebilir. Bayburt ilinin soguk
iklime sahip olmasi ve bu ekolojik kosullara elma ve armut disinda uygun yumusak c¢ekirdekli meyve
tiir ve cesitlerinin yetistirilmemesi tiretim alanm1 ve miktarindaki azalisa neden olmaktadir. Bolu,
Samsun, Tokat, Giresun ve Corum illerinde fazla miktarda yetistirilen elma, armut ve ayvanin hastalik
ve zararlilar dolayisiyla yogun ilaghh miicadeleye ihtiyac duymasi ve lreticinin yeterince gelir elde
edememesi ireticilerin bu iriinler yerine findik, ceviz, kivi, kiraz vb. {riinlerin yetistiriciligine
yonelmesine neden olmaktadir.

Cizelge 10. Karadeniz Bolgesi’'nde illere gore yetistiriciligi yapilan yumusak c¢ekirdekli meyve
tiirlerinin 2020 y1l1 iiretim alan1 ve miktari ile bunlarin bolgedeki paylari (Devam)

Meyve Tiiriiniin Meyve Tiiriintin
ller Tiirler Meyve Uretim Alan1 ~ Meyve Uretim Miktar Karadeniz Bolgesi Karadeniz Bélgesi
(da) (ton) Uretim Alanindaki Uretim Miktarindaki
Pay1 (%) Pay1 (%)

Kastamonu Armut 1448 4732 1.65 2.10
Ayva 47 439 0.05 0.19
Elma 13042 16 247 14.91 7.21
Musmula 5 44 0.01 0.02
Trabzonhurmasi 7 47 0.01 0.02
Ordu Armut 0 4117 0.00 1.83
Ayva 0 255 0.00 0.11
Elma 150 7741 0.17 3.44
Musmula 0 78 0.00 0.03
Trabzonhurmasi 75 776 0.09 0.34
Yenidiinya 0 1 0.00 0.00
Rize Armut 0 1045 0.00 0.46
Ayva 0 21 0.00 0.01
Elma 125 997 0.14 0.44
Musmula 0 8 0.00 0.00
Trabzonhurmasi 124 285 0.14 0.13
Yenidiinya 0 56 0.00 0.02
Samsun Armut 951 7604 1.09 3.38
Ayva 72 1232 0.08 0.55
Elma 2 966 17 881 3.39 7.94
Musmula 10 463 0.01 0.21
Trabzonhurmasi 88 694 0.10 0.31
Sinop Armut 1115 3 246 1.27 1.44
Ayva 17 410 0.02 0.18
Elma 3168 6 354 3.62 2.82
Musmula 0 345 0.00 0.15
Trabzonhurmasi 20 26 0.02 0.01
Tokat Armut 2553 6398 2.92 2.84
Ayva 149 441 0.17 0.20
Elma 9526 13 482 10.89 5.99
Musmula 0 75 0.00 0.03
Trabzonhurmasi 0 54 0.00 0.02
Trabzon Armut 75 3880 0.09 1.72
Ayva 6 348 0.01 0.15
Elma 220 6919 0.25 3.07
Musmula 0 249 0.00 0.11
Trabzonhurmasi 216 228 0.25 0.10
Yenidiinya 0 90 0.00 0.04
Zonguldak Armut 2157 2381 2.47 1.06
Ayva 321 279 0.37 0.12
Elma 2942 3123 3.36 1.39
Musmula 0 77 0.00 0.03

Karadeniz Bolgesi illerinin 2020 yili yumusak cekirdekli meyve tiirlerinin liretim alani1 ve
miktar1 Cizelge 10°da verilmistir. Buna gore, elma iiretiminde en biiyiik paya sahip olan iller Amasya,
Samsun, Kastamonu ve Tokat’tir [sirastyla, 34 131 ton (% 22.9), 17 881 ton (% 12.0), 16 247 ton (%
10.9) ve 13 482 ton (% 9.0)]. Bu illerde 6zellikle Amasya ve Tokat yoresinde meyvecilik igin hem
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uygun ekolojik kosullarin olmasi hem de iiriinlerin farkli degerlendirme sekline yonelik tarim
sanayisinin gelismesi (6rnegin meyve suyu), meyve Uretim alani ve miktarin1 arttirmistir. Armut
yetistiriciliginde en fazla iiretim payina sahip olan iller Amasya, Samsun, Tokat ve Bartin [sirasiyla 7
631 ton (% 12.7), 7 604 ton (% 12.7), 6 398 ton (% 10.7) ve 5 222 ton (% 8.7)], ayvada ise Amasya (3
693 ton, % 36.1) olup bunu sirastyla Corum (1 349 ton, % 13.2) ve Samsun (1 232 ton, % 12.0) illeri
takip etmektedir. Trabzonhurmasinda Ordu, Artvin, Samsun ve Amasya; yenidiinyada Trabzon, Rize
ve Diizce, musmulada Samsun, Sinop, Trabzon, Diizce ve Corum illeri en fazla iiretime sahip illerdir.

SONUC

Karadeniz Bolgesi’nin yumusak g¢ekirdekli meyve tiirlerinin iiretim alani ve miktarinin yillar
itibariyle degisiminin incelendigi bu calismada tiim istatistiki veriler karsilastirmali olarak ortaya
konulmustur. 2005-2020 yillar1 arasindaki yumusak ¢ekirdekli meyve tiirlerinin tiretim alan1 ve miktari
bakimindan hem Tiirkiye hem de Karadeniz Bdlgesi’'nde artis oldugu goriilmiistiir. Karadeniz
Bolgesi’nde yumusak ¢ekirdekli meyve tlirlerinden elma en fazla iiretimi yapilan tiirdiir, bunu sirasiyla
armut ve ayva takip etmistir. Bolgede yumusak cekirdekli meyve liretimi bakimindan ilk sirada
Amasya ili olup bunu Samsun, Kastamonu, Tokat ve Bolu illeri izlemektedir. Bu illerde 6zellikle elma,
armut ve ayva lretimi 6n plana ¢ikmaktadir. Orta ve Dogu Karadeniz Bolgesi’nde ise elma, armut ve
ayva agaclar1 ise kapama bahge seklinde degil findik ve ¢ay bahgelerinin kenarlarinda ya da iglerinde
yetistirilmektedir.

Bolgede yumusak c¢ekirdekli meyve tiirlerinde genellikle yerel ¢esitlerin kullanilmasi ve bunlarin
cogunlukla yazlik g¢esitlerden olusmasi, verim ve kalitelerinin diisiik olmas1 yaninda bakim sartlarinin
da iyi olmamasi bdlgede verimin yillara gére dalgalanmalar gdstermesine neden olmaktadir. Ozellikle
yetistiricilige uygun alanlarda bdlge ekolojik kosullarina uygun, verim ve kalitesi yiiksek standart ve
yerel cesitlerin uygun anaclar kullanilarak yetistirilmesi meyve verim ve kalitesinin artmasina
yardimci olacaktir.

Bolgede son yillarda {izerinde ¢ok fazla durulan ve ireticilerin de yogun ilgi gdsterdigi bodur
meyve yetistiriciliginin uygun alanlarda yayginlastirilmas: bolge meyveciligi i¢in 6nemli bir avantaj
saglayacaktir. Yumusak cekirdekli meyve yetistiriciliginde on siralarda yer alan basta Amasya,
Samsun, Kastamonu, Tokat ve Bolu illeri olmak iizere modern meyvecilik tekniklerinin de kullanildigi
bahgelerin tesis edilmesi tesvik edilmelidir. Yetistiriciligin tesvik edilmesinin yani sira isleme,
muhafaza ve pazarlama ag1 da giiglendirilmelidir.

Sonug olarak Karadeniz Bolgesi yumusak ¢ekirdekli meyve iiretiminde 6zellikle elma, armut,
ayva, trabzonhurmasi ve musmula yetistiriciliginde dnemli bir yere sahip iken bolgede diger yumusak
cekirdekli meyve tiirlerinden olan yenidiinya, alig, ahlat, ivez de yetistirilebilmektedir. Bolgede elma,
armut, ayva, trabzonhurmasi, yenidiinya ve musmula gibi genetik ¢esitliligi fazla olan tiirlerde meyve
verim ve kalitesi bakimindan istiin olan genotiplerin belirlenmesi ve yeni ¢esitlerin gelistirilmesine
yonelik 1slah ¢aligmalarina hiz verilmesi bolge ekonomisine katki saglayacaktir.

Cikar Catismasi
Makale yazarlar1 arasinda herhangi bir ¢ikar catigmasi olmadigi beyan olunur.

Yazar Katkisi
Yazarlar makaleye esit oranda katk1 saglamislardir.
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Genetik Algoritma ile Es Zamanh Topla-Dagit Ara¢ Rotalama: Istanbul Anadolu Yakas icin Bir
Uygulama

Sinem BOZKURT KESER®", A¢elya TOPRAK?, Faruk Emre CIGER?®, Mehmet DEMIROZ?, inci SARICICEK?

OZET: Arag rotalama problemi, lojistik alanindaki en 6nemli problemlerden biridir. Es zamanli Topla-Dagit
Ara¢ Rotalama Problemi, Ara¢ Rotalama Problemi’nin bir tiriidiir. Bu problem tiiriinde, miisteri veya is
merkezlerinin toplama ve dagitim talepleri eszamanli olarak karsilanmaktadir. Coziimii zor problemler arasinda
yer alan Es zamanli Topla-Dagit Ara¢ Rotalama Problemi’nde dikkate alinmasi gereken bir diger unsur da
araglarin kapasitesidir. Bu probleme yonelik olarak son yillarda yapilan ¢aligmalarda metasezgisel yontemlerin
siklikla kullanildig1 gdzlemlenmistir. Bu ¢alismada, Istanbul’un Anadolu yakasinda yer alan Atasehir ilgesinde
ana deposu bulunan bir perakende isletmesinin 12 farkli marketinin dagitim ve toplama taleplerini es zamanlh
kargilayan ara¢ rotalama problemi ele alinmistir. Problemin ¢dzliimii ig¢in ceza-tabanli Genetik Algoritma
Onerilmistir. Bu dogrultuda, olusturulan 6rnek problem setleri lizerinde kat edilen toplam mesafe en kiiciiklenecek
sekilde en az sayida ara¢ ile miisterilerin tim dagitim ve toplama taleplerini karsilayan verimli rotalar
hesaplanmaktadir. Onerilen ceza-tabanli Genetik Algoritma ile elde edilen sonuclar bir diger metasezgisel
algoritma olan Tavlama Benzetimi ile Kkarsilastirilarak algoritmanin performanst degerlendirilmistir.
Karsilagtirma sonuglar1 incelendiginde ceza-tabanli Genetik Algoritma ile hem maliyet hem de islem siiresi
acisindan daha iyi sonuglarin elde edildigi goriilmiistiir.

Anahtar Kelimeler: Es zamanli topla-dagit arag rotalama problemi, genetik algoritma, tavlama benzetimi

Simultaneous Pick-Up and Delivery Vehicle Routing Using Genetic Algorithm: An Application for the
Anatolian Side of Istanbul

ABSTRACT: Vehicle routing problem is one of the most important problems in logistics. Simultaneous Pick-up
and Delivery Vehicle Routing Problem is a type of Vehicle Routing Problem. In this type of problem, pick-up
and delivery requests of customers or business centers are met simultaneously. Simultaneous Pick-up and
Delivery Vehicle Routing Problem is one of the difficult problems to solve. Another factor to consider is the
capacity of the vehicles. In recent years, it has been observed that metaheuristics methods are used for the solution
of this problem. In this study, the vehicle routing problem, which meets the pick-up and delivery demands of 12
different markets of a retail company with a main warehouse in Atagehir district on the Anatolian side of Istanbul,
is discussed. A penalty-based Genetic Algorithm is proposed for the solution of the problem. Accordingly,
efficient routes that meet all pick-up and delivery demands of the customers are generated with the least number
of vehicles so that the total distance traveled on the sample problem sets is minimized. The performance of the
algorithm is evaluated by comparing the results of the proposed penalty-based Genetic Algorithm with another
metaheuristics algorithm, Simulated Annealing. When the comparison results are analyzed, it is seen that better
results are obtained in terms of both cost and computation time with the penalty-based Genetic Algorithm.

Keywords: Simultaneous pick-up and delivery vehicle routing, genetic algorithm, simulated annealing.
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GIRIS

Ara¢ Rotalama Problemi (ARP, Vehicle Routing Problem (VRP)), depodan veya depolardan
belirli miisteri veya is merkezlerine ait talepleri karsilayan ara¢ rotalarinin belirlenmesi olarak
tanimlanir. Taleplerin karsilanmasi sirasinda, ortaya c¢ikan maliyetleri en aza indirgeyecek sekilde,
kullanilan araglarin izleyecegi rotanin belirlenmesi 6nemli karar problemlerinden biridir (Chen ve Wu,
2006). ARP tlizerine yapilan ¢alismalar, ilk olarak Dantzig ve Ramser tarafindan ele alinmistir (Dantzig
ve Ramser, 1959). Literatiirde, bircok ARP ¢esidi sz konusudur. Eksioglu ve ark. (2009) calisma tipi,
senaryo karakteristigi, problemin fiziksel karakteristigi, bilgi ve veri karakteristigine gore bir
siiflandirma yapmistir. Berbeglia ve ark. (2007) ise topla-dagit ara¢ rotalama problemleri igin bir
siiflandirma icermektedir.

Depolardan miisterilere veya is merkezlerine talep edilen iirtinlerin dagitilmasi; bu miisteri veya is
merkezlerinden {iriinlerin toplanmast Topla-Dagit Ara¢ Rotalama Problemi (TD ARP) olarak
tanimlanmaktadir (Goksal ve ark., 2013). TD_ARP ile ilgili daha ayrintil1 bilgi elde edebilmek i¢in Kog
ve Laporte (2018)’nin olusturdugu literatiir arastirmasi incelenebilir. TD_ARP’de kendi igerisinde
dagitim ve toplama islemlerinin sirasina gore ii¢ farkli sinifa (6nce dagit sonra topla, karma topla dagit
ve es zamanli topla dagit) ayrilmakta olup bu calismada Es Zamanli Topla Dagit Ara¢ Rotalama
Problemi (EZTD ARP) ele alinacaktir. Bu problem tiiriinde, depo veya depolardan dagitim talebi i¢in
ziyaret edilen miisteri veya ig merkezlerinin toplama talebi de es zamanli olarak ayni1 aracgla karsilanacak
sekilde depo veya depolara geri doniiliir. Dagitimi yapilacak olan iirtin(ler) birakildiktan sonra
toplanacak iirtin(ler) alinir. Her bir miisteri veya is merkezi yalnizca bir kez ziyaret edilir (Zachariadis
ve ark., 2009). Ozellikle, iiriinlerin dagittm noktasindan miisteriye ve miisteriden dagitim noktasma
tasinmast gereken gida (icecek endiistrisinde bos siselerin dagitimi yapildiktan sonra geri doniis
amaciyla toplanmast), otomotiv, elektronik, bilisim ve endiistri sektorii (iiriinlerin dagitimi1 ve parcgalarin
geri dontisiim i¢in fabrikalara geri gonderilmesi) gibi geri doniisiim uygulamalarinda siklikla kullanilir.

EZTD_ARP, NP-zor bir problemdir. Bu nedenle, biiyiik boyutlu ger¢ek hayat problemlerinde
EZTD ARP’nin ¢oziimiinde metasezgisel metotlar Onerilmektedir. Genetik Algoritma, Tavlama
Benzetimi, Yasakli Arama ve Karinca Kolonisi gibi algoritmalar, EZTD ARP’nin ¢6zlimiinde siklikla
kullanilan metasezgisel yontemlerdendir (Awad ve Elshaer, 2019).

Bu ¢alismada, bir depo iizerinden belirli sayida miisteri veya is merkezine hizmet saglayacak
EZTD_ARP probleminin uygulamasi olarak Istanbul’'un Anadolu yakasinda yer alan bir perakende
isletmesi dikkate alinmaktadir. Atasehir ilcesinde ana deposu bulunan bu perakende isletmesinin 12
farkli marketinin dagitim ve toplama taleplerini es zamanh karsilayan ara¢ rotalama sistemine ihtiyag¢
bulunmaktadir. Bu ara¢ rotalama sistemine ait dikkate alinan kisitlar su sekildedir.

» Tek bir merkezi depodan hareket edilecek ve yine ayn1 depoya geri donitilecektir.

* Tiim dagitim ve toplama talepleri araglarin hareketine baslamasindan 6nce belirlenmistir.

* Homojen ve esit kapasiteli araglar tagima sirasinda kullanilmaktadir.

* Planlama uzayinda her markete bir kez ugranilacaktir.

* Her arag i¢in hesaplanan rota depodan baslayip tekrar depoda sonlanacaktir.

* Aracin izleyecegi rota iizerindeki dagitim ve toplama talepleri ara¢ kapasitesini agmayacaktir.

* Bir marketten toplanan bir {irlinlin bagka bir markete dagitim1 miimkiin degildir.

Bu calismada, bu sistem i¢in ceza-tabanli Genetik Algoritma dnerilmistir. Onerilen algoritma ile
olusturulan 6rnek problem setleri iizerinde kat edilen toplam mesafe en kiiciiklenecek sekilde en az
sayida arag ile marketlerin tiim dagitim ve toplama taleplerini karsilayan verimli rotalar hesaplanmustir.
Onerilen algoritmanin performansini degerlendirebilmek amaciyla kiigiik ve bilyiik 6lgekli 6rnek test
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problemleri olusturulmustur. Bu test problemleri {izerinde 6nerilen algoritma ile bir bagka metasezgisel
algoritma olan Tavlama Benzetimi (TB) algoritmasinin sonuglar1 karsilastiriimistir.

Calismanin geri kalan béliimleri su sekilde olusturulmustur. ikinci bélimde EZTD ARP ile ilgili
bilimsel yazin taramasina yer verilmistir. Uciincii béliimde, ¢alismaya 6zgii EZTD ARP tanimi, Genetik
Algoritma (GA), TB ve onerilen ceza-tabanli GA verilmistir. Dordiincti boliimde, EZTD ARP igin
Onerilen ceza-tabanli GA ve TB algoritmalarinin performanslar1 test problemleri {izerinde
karsilastirilmistir. Son boliimde ise sonuglar ve gelecek calismalar anlatilmistir.

MATERYAL VE YONTEM

Kaynak Arastirmasi

Halse (1992), EZTD ARP ¢6zlimii i¢in Bender ayristirmasi temelli alt problemlerin siitun tiiretme
ile ¢ozlldiigli bir kiime-bolme modeli 6nermistir. Dethlof (2001) literatiirdeki test problemleri i¢in
uyguladig1 sezgisel bir algoritmay1 gergek hayat problemleri i¢in de ele almistir. Nagy ve Salhi (2003)
TD_ARP i¢in gelistirdikleri sezgisel algoritmay1 tek ya da ¢cok depolu durumlar i¢in degerlendirip Min
(1989)’in algoritmas1 ile karsilastirmis ve bu algoritmanin daha iyi sonuglar verdigini tespit etmistir.
Crispim ve Brandao (2005) yaptiklar1 ¢alismalarda degisken komsu inis ve reaktif yasakli arama
algoritmalarini gelistirmistir. Amico ve ark. (2006) EZTD_ARP’nin ¢dziimii i¢in dinamik programlama
ve konum uzay1 gevsetme yontemini dnermistir. Dal-sinir yaklagimini temel alan bu yontem, en fazla
40 miisterili problem kiimeleri i¢in en uygun ¢6ziimii vermektedir. Chen (2006) ekle-tabanli melez
sezgisel algoritma Onermistir. Montane ve Galvao (2006) EZTD ARP ¢6ziimii i¢in yasakli arama
algoritmasin1 Onermistir. Ropke ve Pisinger (2006) EZTD_ARP’ye zaman penceresini de dikkate
aldiklar1 sezgisel bir algoritma olan genis komsuluk arama algoritmasini Snermistir. Onerilen
algoritmanin, literatiirdeki 338 test probleminin 227’sinde daha iyi sonuglari elde ettigi gdriilmiistiir.
Bianchessi ve Righii (2007) yerel ve yasakli arama algoritmalarini, Ai ve Kachitvichyanukul (2009) ise
kus siiriisii davranig algoritmasini literatiirdeki test problemleri iizerinde degerlendirmistir. Gajpal ve
Abad (2009) EZTD_ ARP iizerinde karinca kolonisi algoritmasini kullanmistir. Zachariadis ve ark.
(2010) Yenilik¢i Bellek Programlama mekanizmasina dayali bir algoritma gelistirmistir. 50 ile 400
miisteri arasinda degisen test problemleri i¢in algoritma performansimi degerlendirilmis ve yiiksek
kaliteli ¢oziimlerin iiretildigi tespit edilmistir. Catay (2010) tasarruf-tabanli goriiniirliik fonksiyonu ve
feromon giincelleme prosediiriinii kullanan karinca kolonisi algoritmasini 6nermistir. Bu algoritmanin,
1yi bilinen karsilagtirma problemleri i¢in yapilan testleri neticesinde rekabetc¢i sonuglar verdigi ve en iyi
bilinen birka¢ ¢6ziimii elde ettigi tespit edilmistir. Subramanian ve ark. (2010) yinelemeli yerel arama
sezgiseli ile gelistirdikleri paralel algoritmay1 entegre etmistir. Zachariadis ve Kiranoudis (2011) yasakl
arama ve yerel arama algoritmalarinin bir araya getirildigi metasezgisel bir algoritma gelistirmistir. Fan
(2011) kat edilen toplam mesafenin en kiiciiklenmesini ve toplam miisteri veya is merkezi
memnuniyetinin en bilyliklenmesini amaglayan yeni bir model gelistirmistir. Zaman kisitinin da dikkate
alindigr bu model, yasakli arama algoritmasi ile degerlendirilmistir. Subramanian ve ark. (2011)
gelistirdikleri dal-kesme algoritmasini 50 ile 200 arasinda degisen miisteri sayisina sahip 87 test
problemi {izerinde uygulamistir ve yeni en iyi ¢6ziim degerlerini elde etmistir. Wang ve Chen (2012)
EZTD_ ARP i¢in zaman penceresi kisitin1 da dikkate alarak karma tamsayili model gelistirmis ve GA ile
bu modeli degerlendirmistir. Tasan ve Gen (2012) EZTD ARP’nin ¢6ziimiinde GA’ya basvurmustur.
Goksal ve ark. (2013) EZTD_ARP i¢in parcacik siiriisii optimizasyonunu ve degisken komsuluk arama
algoritmasini entegre ettikleri melez bir algoritma 6nermistir. Gelistirilen bu algoritma ile literatiirdeki
104 problem setinde en iyi ¢Oziimlere ulasilmistir. Liu ve ark. (2013) GA ve yasakli arama
algoritmalarint evde bakim hizmetleri uygulamasi igin gelistirdikleri yeni bir model {izerinde
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degerlendirmistir. Avci ve Topaloglu (2015), EZTD ARP’nin ¢dziimii i¢in uyarlanabilir yerel arama
algoritmasi1 Onermislerdir. Giinther ve ark. (2015) zaman kisitin1 da dikkate alarak degisken komsu
algoritmasini1 6nermistir. Kaya (2017) EZTD ARP i¢in degisken komsuluk arama ve karinca kolonisi
algoritmalarin1 bir araya getiren metasezgisel bir algoritma Snermistir. Literatiirdeki test problemleri
tizerinde degerlendirilen bu algoritmanin performansinin hem ¢6ziim kalitesi hem de CPU kullanimi
agisindan oldukga iyi oldugu tespit edilmistir. Yazgan ve Bliyiikyilmaz (2018) EZTD ARP’nin ¢6ziimii
icin uyarlanabilir genis komsuluk aramasi algoritmasini dnermistir. Test problemleri iizerinde 6nerilen
algoritmanin performansi degerlendirilmistir.

Es Zamanh Topla-Dagit Ara¢ Rotalama Problemi

Halse (1992), EZTD_ARP ¢6ziimii i¢in Bender ayristirmasi temelli alt problemlerin kolon {iretimi
ile ¢ozlldiigi bir kiime-bolme modeli 6nermistir. Dethlof (2001) literatiirdeki test problemleri igin
uyguladig1 sezgisel bir algoritmay1 ger¢ek hayat problemleri igin de ele almistir. Nagy ve Salhi (2003)

Problem Tanim

EZTD_ ARP, miisteri veya is merkezlerinin toplama ve dagitim taleplerinin eszamanli olarak
karsilandig1 bir TD_ARP tiirtidiir. Ayn1 aracla, araglarin kapasite kisitlar1 da dikkate alinarak, yalnizca
bir kez ziyaret edilen is merkezi veya miisterilerin 6nce dagitim sonra toplama talebi karsilanmaktadir
(Ai ve Kachitvichyanukul, 2009) Otomotiv, gida, saglik gibi bircok alanda uygulamalart mevcuttur
(Dethlof, 2001).

Bu calismada, Istanbul’un Anadolu yakasinda yer alan Atasehir ilgesinde ana deposu bulunan bir
perakende firmasinin 12 farkli marketinin dagitim ve toplama taleplerini es zamanl karsilayan arag
rotalama problemi ele alinmistir. Esit kapasiteye sahip en az sayida arag ile toplam kat edilen mesafenin
en kiigiikklenmesi hedeflenmistir. Problemin ¢dziimiinde metasezgisel yontemlere bagvurulmustur. Bu
amagla, ceza-tabanli GA Onerilmis, TB ise Onerilen algoritma ile elde edilen sonuclarin
karsilastirilmasinda kullanilmistir.

Genetik Algoritma (GA)

GA, ilk olarak John Holland ve ark. tarafindan 1975 yilinda Michigan Universitesi’ndeki
caligmalar1 sonucu ortaya ¢ikan sezgisel bir arama algoritmasidir. Dogadaki evrimsel silirece ait
kromozomlarin yeni dizilimler liretme esasin1 temel alan iyi olanin hayatta kalma prensibi ile ¢alisan bir
algoritmadir. Geleneksel yontemler ile ¢6zlimii zor olan karmasik problemlerin ¢oziimiinde oldukga hizli
ve 1yi sonugclar verir (Lee ve Kim, 1995). GA, ara¢ rotalama, ¢izelgeleme, eniyileme gibi bir ¢cok alanda
uygulanmaktadir.

GA’da biyolojik evrimi temel alan islemler uygulanmaktadir. Amag¢ en iyi uygunluk degerine
sahip kromozoma ulagsmaktir (Cheng ve ark., 1995). Tanimlanan probleme ait girdi degerlerinin her biri
genleri olusturmakta genler ise bir araya gelerek kromozomlar1 olusturmaktadir. Genlerin kromozom
icindeki sirast degistirilerek yeni nesiller olusturulmakta boylece en iyi kromozoma ulasilmasi
hedeflenmektedir (Chu ve Beasley, 1996).

GA’yarasgele iiretilmis bir baslangi¢ ¢6ziimii ile baglanir. Probleme ait rasgele olusturulmus olast
cozlimlerden bir popiilasyon olusturulur. Mevcut popiilasyondan nesil se¢im islemi gergeklestirilir.
GA’da, en iyi olanin hayatta kalma prensibi temel alinarak “iyi ¢ocuklar iyi aileden dogar” fikri
benimsenir. Bu nedenle, yiiksek uygunluk degerine sahip kromozomlarin aile olarak secilme olasiliklar
daha yiiksektir. Aile olarak secilen kromozomlara baz1 genetik operatdrler (¢caprazlama, mutasyon)
uygulanarak popiilasyonda ¢esitlilik olusturulur. Belirlenen nesil sayisina ulasilincaya kadar bu islemler
tekrarlanir (Chen ve ark., 1996). GA’ya ait islem adimlar1 Sekil 1 ile verilen akis diyagrami ile

acgiklanmaktadir.
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Bagla
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Baslangic populasyonu rassal
olarak olugtur.

v

Populasyondaki bireylerin
uygunluk degerlerini hesapla.

v

Secim

4

A 4

HAYIR Caprazlama

A 4

Mutasyon

v

Olugan yeni kromozomlaria
populasyonu glncelle.

Nesil sayisina
ulagildi mi1?

Sekil 1. Genetik algoritma akis diyagrami.

Tavlama Benzetimi Algoritmasi (TB)

TB stokastik bir arama yontemidir. Katilarin 1sitilmasi ve sonra yavas yavas sogutulmasi esasina
dayanir. ilk olarak Kirkpatrick ve arkadaslari tarafindan 1983 yilinda 6nerilmistir. TB’nin en dnemli
0zelligi yerel en 1yiye takilmay1 Onleyip biitiinsel en 1yiye ulagsmaya calisan bir stratejiye sahip olmasidir.
Bu stratejiye gore sadece amag fonksiyonunda iyilesme saglayan ¢oziimler kabul edilmeyip belli bir
olasilikla k&tii ¢oztimler de kabul edilmektedir. Problemin ¢6ziimiinde tavlama benzetimi algoritmasinin
kullanilabilmesi i¢in baglangic sicakligi (T), sogutma fonksiyonu, algoritma durdurma Kkriteri
parametrelerinin bilinmesi gerekir.

Baslangi¢c Sicakhigi: Iyi olmayan ¢oziimlerin kabul olasiligim1 degerlendirmek amaciyla sicaklik
parametresinden yararlanilir. Bu olasiligin 1’e yakin olabilmesi i¢in baslangi¢ sicaklik degeri yeterince
bliylik olmalidir. Ancak ¢ok yiiksek baslangi¢ sicakligi, cok uzun hesaplama siiresine veya kotii bir
performansa neden olabilir.

Sogutma Fonksiyonu: Mevcut iterasyonun sicakligi, bir oOnceki iterasyondaki sicaklik degeri
kullanilarak hesaplanir. Kaliteli c¢oziimlerin elde edilebilmesi i¢in sogutma islemi yavas yavas
gerceklestirilmelidir. Algoritmanin sonlarina dogru sicaklik, kotii ¢oziimleri kabul etme olasiligi 0’a
yaklasacak sekilde azaltilmalidir.

Durdurma Kiriteri: Belirlenen iterasyon sayisina, belirli sicaklik degerine ya da belirli bir amag
fonksiyonu degerine ulagsma durdurma kriteri olarak belirlenebilir.

Calismada uygulanan TB algoritmasina ait akis diyagrami Sekil 2°de verilmektedir.
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Sekil 2. Tavlama benzetimi algoritmasi akis diyagrama.

Baslangic Coziimii Olusturma: Perakende isletmesine ait tiim marketler {izerinden rassal se¢imler
yapilarak baslangic ¢6ziimii (S) olusturulur. Baslangic ¢6ziimiinde, tiim marketlere bir kez yer
verilmektedir.

Ama¢ Fonksiyonunun Hesaplanmasi: Mevcut ¢6ziimiinlin (ilk iterasyonda baslangi¢c ¢oziimiiniin)
amac fonksiyonu degeri (E) tiim araclarin kat ettigi mesafenin toplami olup uzaklik matrisinden
yararlanarak hesaplanir.

Komsu Coéziim Olusturma: Bu asama mevcut ¢oziim {lizerinden rassal olarak degisiklik yapilarak
komsu ¢6ziim iretilir ve komsu ¢6ziimiin amag fonksiyonu degeri (E’) hesaplanir. Calismada rassal
olarak secilen 2 marketin yerleri degistirilerek komsu ¢6ziim tiretilir.

Kabul Asamasi: Eger komsu ¢6ziim igin hesaplanan rotanin maliyeti (E'), mevcut ¢6ziim igin
hesaplanan rotanin maliyetinden (E) daha iyiyse komsu ¢6ziim (S’) yeni mevcut ¢oziim (S) olarak

giincellenecektir. Diger durumda (daha kétii komsu ¢oztimler i¢in), AE = E' — E igin r € (0,1) olacak
—AE
sekilde rassal bir sayi uiretilir. 7 < exp T kosulu saglanirsa komsu ¢6ziim (S’) yeni mevcut ¢6ziim (S)

olarak giincellenir. Daha kotii komsu ¢6ziimiin kabul edilmedigi durumlarda ise mevcut ¢6ziimiin baska
bir komsu ¢oziimii rassal olarak tiretilerek ayni sorgulama islemi tekrar edilir.

Sicaklik Giincelleme: @ soguma katsayi i¢in mevcut sicaklik degeri (T), T = T * a olarak giincellenir.
Durdurma Kriteri: Onceden belirlenen iterasyon sayisina ulasilinca algoritma sonlandirilir.

Onerilen Ceza-tabanh Genetik Algoritma
Bu calismada, Istanbul Anadolu yakasinda bulunan bir perakende isletmesi icin EZTD ARP
¢Oziilmeye calisilmaktadir. Her bir markete ayni aragla hem dagitim hem de toplama islemi
gergeklestirilecektir. Klasik kapasite kisith ara¢ rotalama probleminden farkli olarak EZTD ARP’de
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araglarin kapasitelerini kontrol altinda tutmak olduk¢a zordur. Arag¢ kapasitelerinin verimli kullanildig1
bir ara¢ rotalama sistemine ihtiya¢ duyulur. Aracglarin verimli kullanilmasi ile daha az sayida aracin
kullanilmas1 saglanabilir. Bu amagla, depodan hareket eden her bir aracin kapasite kisit1 dikkate alinarak
en az sayida arag ile tiim marketlerin dagitim ve toplama taleplerini karsilayan ve ayni zamanda kat
edilen toplam mesafeyi en kiigiikleyen bir ara¢ rotalama planlama algoritmasi, ceza-tabanli GA,
onerilmektedir. Onerilen algoritmaya ait akis diyagrami Sekil 3°de verilmektedir.

& mam S

Probleme ait veri setinin olusturulmasi (uzaklik matrisi
marketlere ait dag tim ve toplama talepleri)

¥

Algoritmaya ait parametrelerin belirlenmesi
(populasyon sayisi. iterasyon sayisi. capraziama
orani, mutasyon orani)

il

Gen ve kromozon yapisinin
Populasyondaki her bir bireyin (kromozomun) belirlenmesi
uyguniuk degerinin hesaplanmasi l

l Ceza-tabanlh uygunluk degerinin
Nesil uretimi belirlenmesi
(Seleksiyon) l

Rassal olarak baslangic
Capraziama populasyonun olusturulmas

I Mutasyon ‘

Nesil sayisina
ulas:iidi mM1?

EVET

HAYIR

S i
Sekil 3. Ceza-tabanli GA akis diyagramu.

Sekil 3 ile verilen 6nerilen ceza-tabanli GA ’da;
Problem setinin olusturulmasi ve algoritmaya ait parametrelerin belirlenmesi: Problemin ¢6zliimii
icin ihtiya¢ duyulan verilerin toplanmasiyla algoritmaya baslanilmaktadir. Google Earth tarafindan
onerilen yollar dikkate alinarak ilgeler arasindaki uzaklik matrisi hesaplanmistir. Her bir marketin
dagitim ve toplama talepleri ise rassal olarak olusturulmustur. Tasima sirasinda 13000 kg dara ve 29000
kg kapasiteye sahip homojen araglar kullanilmistir. Algoritmaya ait veriler (popiilasyon sayist, iterasyon
sayis1, ¢caprazlama ve mutasyon orani) ise yapilan tekrarli deneyler sonucunda belirlenmistir.
Gen ve kromozom yapisinin belirlenmesi: Problem setinde biri ana depo olmak iizere 13 farkli ilge
bulunmaktadir. Her bir ilge kromozom iizerinde bir geni temsil etmektedir. Kromozom gdsterimini
kolaylastirmak tizere her bir ilgeye, ana depo olan Atasehir “0” olmak iizere, 1’den 12’ye kadar numara
verilmigtir. Numaralandirma islemi alfabetik olarak artan sirada yapilmistir. Bu islem Cizelge 1°de
ozetlenmektedir.

Her bir marketin dagitim ve toplama talepleri ve araglarin kapasiteleri dikkate alinarak baslangig
¢dziim rassal olarak olusturulmustur. Ornek kromozom yapisi ise Sekil 4’de verilmektedir.
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Cizelge 1. Uygulama yapilan ilgeler

Iice No fice Ad Dagitim Miktari Toplama Miktari

0 Atagehir (Depo) 0 0

1 Beykoz 6164 6027
2 Cekmekoy 6248 6575
3 Kadikdy 6537 3235
4 Kartal 6305 5357
5 Maltepe 8420 2783
6 Pendik 1108 4398
7 Sancaktepe 7000 6323
8 Sultanbeyli 6514 2664
9 Sile 1235 1997
10 Tuzla 1008 1245
11 Umraniye 4124 1046
12 Uskiidar 2485 1452

R 2. - ST 4. R
Arac ' Arac ' Arac ' Arac ' Arac

Sekil 4. Ornek kromozom yapisi.

Her bir arag igin atanan rotadaki talepler aracin kapasitesini agsmamaktadir. Sekil 4’teki kromozom
yapisina gore her bir aracin izleyecegi rota asagidaki gibidir:

1. Arag: Depo = Cekmekoy — Sile = Depo

2. Arag: Depo — Sancaktepe — Pendik — Uskiidar — Depo
3.Arag: Depo = Maltepe — Kadikdéy — Depo

4. Arag: Depo — Kartal - Tuzla — Sultanbeyli - Depo
5.Arac: Depo — Beykoz — Umraniye — Depo

Ceza-tabanh uygunluk degerinin belirlenmesi: Bu adimda bireylerin (kromozomlarin) uygunluk
degerleri hesaplanarak en iyi uygunluk degerine sahip bireylerin, olusturulacak yeni popiilasyonda yer
almasi saglanmaktadir. Caligmada Gnerilen ceza-tabanli uygunluk degerinin hesabinda toplam kat edilen
mesafenin en kiiciiklenmesinin yaninda tiim marketlerin toplama ve dagitma taleplerini, arag
kapasitelerini de gz onilinde bulundurarak, en az sayida arag ile gergeklestirilmesi dikkate alinir. Bu
dogrultuda, ceza-tabanli uygunluk degeri toplam kat edilen mesafe ile ara¢ sayisi kadar ceza puaninin
(P) toplamidir. Bu ceza puani (P), aracin giinliik kiralama bedeli ve siirliciiniin giinliik ¢alisma
yevmiyesine bagli biiyiik bir sabit olarak belirlenmistir. Her bir kromozom i¢in ceza-tabanli uygunluk
degeri talep noktalar1 arasindaki mesafelerin toplamindan ibarettir. Ayrica, her bir arag i¢in P kadarlik
bir sabit maliyet ceza degerine eklenir. Sekil 4 ile verilen kromozom yapisi i¢in 5 arag kullanildigindan
bu deger 5 * P kadardir.

Baslangic popiilasyonunu olusturma: ikili kodlama, permiitasyon kodlama, deger kodlama, agac
kodlama gibi kodlama operatorleri popiilasyon olugturma asamasinda kullanilabilir. Bu ¢aligmada, deger
kodlama teknigi kullanilmigtir. Genler birleserek bireyleri veya kromozomlar1 olusturmaktadir ve
kromozomlar toplulugu da popiilasyonu olusturmaktadir. Ik popiilasyon bireylerinin gen siralamasi
rassal olarak olusturulmustur.

Olusan her yeni popiilasyonda her bir kromozomun ceza-tabanli uygunluk degeri hesaplanir ve siralanir.
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Bu siralama gergeklestirildikten sonra secilim islemine gegilmektedir.

Nesil Uretimi (Seleksiyon): Var olan nesil yerine yeniden nesil olusturmak igin rulet ¢gemberi, sirali
secim, elit se¢im yontemleri kullanilabilir. Bu ¢aligmada, en iyi bireyleri korumak amaglanmis ve bu
yonde elit se¢im kullanilmistir. Bu dogrultuda, yeni popiilasyondaki rasgele se¢ilmis herhangi bir birey
ile bir 6nceki popiilasyonun elit (en iyi) bireyi yer degistirilmektedir. Burada elit birey, en diisiik ceza-
tabanli uygunluk degerine sahip bireydir. Boylece, en iyi kromozomlarin gelecek neslin topluluklarina
aktarilmas1 saglanmaktadir. Yeni popiilasyonun sonraki bireyleri ise ¢aprazlama islemi sonrasinda
belirlenmektedir.

Caprazlama: Caprazlama islemi, iki ¢oziimden (kromozom) yeni bir ¢6ziim olusturulmasidir. Bu islem,
ikili dizilerin pargalarinin birbirleriyle yer degistirmesi ile gerceklestirilir. Farkli uygulamalarda farkl
kodlama yontemleri kullanilir. Caprazlama operatorlerine 6rnek olarak tek nokta ¢aprazlama, iki nokta
caprazlama, ¢ok nokta ¢aprazlama, uniform ¢aprazlama verilebilir. Bu ¢alismada, tek nokta ¢aprazlama
islemi kullanilmistir. Caprazlama islemine tabi tutulacak olan bireyler bir 6nceki popiilasyondan (segilen
elit bireyler hari¢) rassal olarak 4 yar1 finalist bireyin se¢ilmesiyle baglar. Secilen bu 4 birey kendi
aralarinda 2’li gruplara ayrilir. Bu gruplar kendi arasinda uygunluk degerlerine gore siralanir. Bu
siralamada en kiiciik uygunluk degerine sahip iki birey, finalist bireyler olarak segilir. Daha sonra bu
finalist bireyler tek noktali caprazlama yontemiyle ¢aprazlanir. Bu islem gergeklestirilirken birey
tizerinde bir nokta belirlenir. Belirlenen bu noktadan 6nce yer alan genler ¢aprazlanacak diger bireyden
silinir ve geri kalan genler bireye eklenir. Caprazlama islemi tamamlandiktan sonra olusan bireyler yeni
popiilasyona eklenmeye hazir hale gelmektedir. Popiilasyondaki birey sayis1 tamamlanana kadar bu
isleme devam edilmektedir. Caprazlama islemi gergeklestirildikten sonra rassal olarak belirlenen birey
veya bireyler mutasyon iglemine ugrar.

Mutasyon: Kromozom iizerindeki bazi dizilerin (DNA) yerleriyle oynayarak degisiklikler yapilmasidir.
Ozellikle problemin ¢dziim uzayinda mutasyon oldukca dnem tasir. Zira dar topluluklarda olusan bir
mutasyonun sonraki nesiller iizerindeki etkisi de yliksek olacaktir. Nesiller arasi cesitliligin azalmasi
durumunda mutasyon 1yi bir etki yaratabilmektedir. Boylece, nesiller arasindaki farklilagsmaya katkida
bulunarak ¢6ziim uzayinin farkl bélgelerinin aranmasini saglamaktir. Mutasyon operatorleri, probleme
gore ters cevirme, ekleme, yer degistirme, karsilikli degisim olarak tercih edilebilir. Bu ¢alismada, ters
cevirme mutasyon operatorii kullanilmistir. Caprazlama sonrasinda kullanici tarafindan girilen
mutasyon oranina bagli olarak bireyler rassal olarak secilerek mutasyona ugratilir. Mutasyon iglemi
gerceklestirildikten sonra yeni popiilasyon elde edilir.

Kullanicinin belirledigi iterasyon sayisina ulasincaya kadar yeni popiilasyon ile yukarida tanimlanan
islemler tekrar edilmektedir. Belirlenen iterasyon sayisina ulasildiginda en diisiik ceza-tabanli uygunluk
degerine sahip kromozomun elde edilmesi beklenmektedir.

BULGULAR VE TARTISMA

Onerilen ceza-tabanli genetik algoritmanin performansini degerlendirmek icin test problemleri
(Elbasan, 2015) kullanilarak ceza-tabanli GA ve TB algoritmalar1 karsilastirilmistir. Bu test
problemlerinde dagitim ve toplama degerleri i¢in aralik belirlerken araglarin toplam kapasitesi, miisteri
sayisina boliindiikten sonra bulunan degerlere bagli olarak alt ve iist sinirlar belirlenmistir. Bu sinirlar
temel alinarak dagitim ve toplama degerleri rassal olarak tiiretilmistir. Kiiciik 6lgekli problemlerde
dagitim ve toplama talebinde bulunan market sayis1 7 ile 10 arasinda, bu marketlerin taleplerini
karsilayan arag sayisi ise 2 ile 3 arasinda degigsmektedir ve 13000 kg dara ve 29000 kg kapasiteye sahip
homojen araglar i¢in rotalar olusturulmaktadir.
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Onerilen ceza-tabanli GA ve TB algoritmalari, ¢ift cekirdekli, Windows isletim sistemine sahip
bir bilgisayarda gergeklestirilmistir. 4 GB RAM'e sahip (Intel(R) Core(TM) 15-6200U CPU @ 2.30GHz
2.40GHz) bu bilgisayarda .NET Framework 4.6.1 ve MS Visual Studio 2017 altindaki MS C # .NET
kullanilarak algoritmalar kodlanmistir. Onerilen ceza-tabanli GA igin parametreler: iterasyon sayis1 50,
popiilasyon sayis1 500, caprazlama ve mutasyon orani 1 olarak belirlenmistir. TB i¢in ise baslangi¢
sicakligr (T) 500, o degeri 0.9 ve iterasyon sayist da 10000 olarak belirlenmistir.

Toplamda 8 adet kiigiik 6l¢ekli test problemi i¢in Onerilen ceza-tabanli genetik algoritma ve TB
algoritmalarinin toplam kat edilen mesafe (m) ve hesaplama siiresi (s) acisindan karsilastirilmasi Cizelge
2’de verilmektedir.

Cizelge 2. Kiiciik olcekli test problemleri iizerinde algoritmalarinin performanslarinin karsilagtirilmasi

Onerilen ceza-tabanh GA B % Sapma
Problem Market Sayis1  Arag Sayisi Mesafe (m) Siire (s) Mesafe (m) Siire (s) (Mesafe)
7TM_2A 7 2 136010 0.28 163010 5.54 19.85
7M_3A 7 3 166110 0.32 166110 5.63 0.00
8M_2A 8 2 132610 0.32 158060 5.39 19.19
8M_3A 8 3 162310 0.34 170460 5.62 5.02
9M_2A 9 2 156850 0.37 167310 5.7 6.67
9M_3A 9 3 167610 0.39 178110 591 6.26
10M_2A 10 2 221550 0.39 230510 5.73 4.04
10M_3A 10 3 232310 0.48 232310 5.9 0.00

Genetik algoritma, ceza-tabanli bir yaklasim ile ardistirma yaparken tavlama benzetimi
algoritmasinda ceza-tabanli yaklasim isletilmemistir. Esit ardistirma sayis1 i¢in kiyaslanan ceza-tabanl
genetik algoritma ve tavlama benzetimi algoritmasi kiyaslandiginda onerilen ceza-tabanli GA ile hem
kat edilen toplam mesafe hem de hesaplama siiresi acisindan TB’ye goreceli olarak daha iyi sonuglar
elde edilmistir. Ancak, tavlama benzetimi algoritmasinda ardistirma sayisinin arttirilmasi ile daha iyi
coziimler elde edilebilir. Biiylik olgekli test problemlerinde (Elbasan, 2015) algoritmalarin
performanslarinin karsilagtirilmasi 2 ile 6 arasinda degisen ara¢ sayisinda ve her bir arag¢ sayisi igin 3
farkl1 problem seti olmak {izere toplamda 10 test problemi {izerinde gerceklestirilmistir. Onerilen ceza-
tabanli GA ve TB algoritmalarinin toplam kat edilen mesafe (m) ve hesaplama stiresi (s) agisindan biiyiik
test problemleri i¢in karsilastirilmasi Cizelge 3’de verilmektedir.

Cizelge 3. Biiyiik 6lgekli test problemleri iizerinde algoritmalarinin performanslariin karsilastirilmast

Onerilen ceza-tabanh GA B 9 Sapma

Problem Arac Sayisi Problem Numarasi Mesafe (m) _ Siire (5) Mesafe (m) Sire (s) (Mesgfe)
2A 2 2 2 249440 0.58 251790 6.18 0.94
2A 3 2 3 236790 0.67 258830 6 9.31
3A 2 3 2 270280 0.66 281740 6.18 4.24
3A 3 3 3 272140 0.76 313440 6.7 15.18
4A 2 4 2 295340 0.64 329490 6.31 11.56
4A 3 4 3 318690 0.72 328240 6.12 3.00
5A 2 5 2 322890 0.69 330400 6.12 2.33
5A 3 5 3 312110 0.73 336340 6.16 7.76
6A 2 6 2 361110 0.63 361110 6.55 0.00
6A 3 6 3 408010 0.61 408310 6.36 0.07

Cizelge 3, perakende isletmesine ait tiim marketlerin dikkate alinarak tanimlandigi problem setleri
icin olusturulmustur. Cizelge 3’deki sonuglar1 degerlendirdigimizde, en yliksek 3A_2 kodlu problem seti
icin onerilen ceza-tabanli GA ile 11430m’lik bir iyilestirmeye ulasildigi goriilmektedir. Ustelik bu

1695



Sinem BOZKURT KESER ve ark. 11(3): 1686-1699, 2021
Genetik Algoritma ile Es Zamanh Topla-Dagit Arac Rotalama: istanbul Anadolu Yakas i¢in Bir Uygulama

degere, TB ile kiyaslandiginda ¢ok daha kisa (0.66s) bir siirede erisilmistir. Cizelge 3’de sonuglari
verilen 6rnek problemden 3A 2 kodlu problem seti i¢cin hem Onerilen ceza-tabanli GA hem de TB
algoritmalar1 ile bulunan en iyi rotalarin harita lizerinde gosterimi sirasiyla Sekil 5 ve Sekil 6’da
verilmektedir.

cayin

' 4

Sekil 5. Onerilen ceza-tabanli GA ile hesaplanan en iyi rota.

Sekil 5°de ana depo (Atasehir) yesil nokta ile gosterilmis olup her bir arag icin hesaplanan rotalar
ise farkli renklerde gosterilmistir. Kirmizi renk ile gosterilen rotanin en yiiksek maliyetli rota oldugu
goriilmektedir.

Kavag

AN

Sekil 6. TB algoritmasi ile hesaplanan en iyi rota.

Sekil 6’da benzer sekilde ana depo (Atasehir) yesil nokta ile araglarin izledigi rotalar farkli renkler
ile gosterilmistir. Burada ise sar1 renkli rotanin en yiiksek maliyetli rota oldugu goriilmektedir.

SONUC

Bu calismada, EZTD_ARP’nin gercek bir uygulama problemi iizerinde ¢oziilmesi ele alinmistir.
Atagehir’ de ana deposu bulunan 12 marketli bir perakende isletmesi i¢in hem dagitim hem de toplama
hizmetlerini karsilayacak sekilde arag¢ rota planlamasi gerceklestirilmistir. Araglarin kapasitesi esit olup
hem dagitim hem toplama islemlerinde es zamanli kullanilmaktadir. Bu durum, araglarin kapasitelerinin
kontroliiniin zorlagmasina neden olmaktadir. Bu calismada, araclarin en verimli sekilde kullaniminin
yaninda 12 market icin gidilen toplam mesafenin en kii¢liklenmesini saglayan giinliik rota planlarinin
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olusturulmasi hedeflenmistir. Bu dogrultuda, ceza-tabanli GA Onerilmistir. Farkli problem senaryolar1
icin biiyilik ve kiiclik 6lgekli test problemleri iiretilmistir. Olusturulan bu test problemlerinde 6nerilen
algoritma ve TB algoritmasinin performansi kat edilen mesafe ve algoritmalarinin islem siireleri
acgisindan karsilastirilmistir. Karsilagtirma sonuglari incelendiginde Onerilen algoritmanin, daha kisa
islem siirelerinde TB algoritmasina gore neredeyse her problem tipi i¢in daha iyi sonuglar verdigi
gorilmistir.

Es zamanh topla dagit ara¢ rotalama problemine zaman penceresi kisit1 eklenmesi, birden ¢ok
depo lizerinden dagitim ve toplama islemlerinin gergeklestirilmesi ve heterojen araglarin kullanilmasi
problemin dinamiklestirilmesi yoniinde gelecekte yapilacak ¢alismalar arasinda gosterilebilir. Onerilen
algoritma tarafinda yapilacak gelecek caligsmalar ise kromozomlarin tekrarli se¢iminin Onlenmesi,
algoritmada kullanilan operatorlerinin (¢aprazlama, mutasyon vb.) dinamik olarak degistirilebilir olmas1
ve algoritmaya ait islemlerin islemci iizerinde paralel olarak gergeklestirilmesi gosterilebilir.

Cikar Catismasi

Makale yazarlar1 aralarinda herhangi bir ¢ikar catismasi olmadigini beyan ederler.

Yazar Katkis1

Yazarlar makaleye esit oranda katki saglamis olduklarini beyan eder.
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Bitkilerde Programh Hiicre Oliimii
Halide Hande GUNGOR®", Begiim GULER?, Meltem BAYRAKTAR?, Aynur GUREL*

OZET: Canlilar; temel yasam dongiileri boyunca dogar, biiyiir, cogalir ve oliirler. Cok hiicreli organizmalarda
bu siire¢ icerisinde homeostazi (i¢ dengenin korunmasi); hiicre ¢ogalmasi ve programli hiicre 6liimii arasindaki
dengenin devamliligi ile saglanmaktadir. Trakeal elementlerin olusumu, yaprak senesensi ya da stres faktorlerine
dayaniklilik gibi c¢esitli nedenlerden dolayir yaslanmis, gorevini tamamlamig ya da hasar gérmiis dokularin
organizma tarafindan kontrollii olarak parcalanmast  “programli hiicre oOlimi (PCD)” yardimi ile
ger¢eklesmektedir. Cesitli gevresel etmenler tarafindan kontrol edilen bu siireg, ayn1 zamanda molekiiler olarak
da yonlendirilmektedir. Hayvanlarda belirlenen programli hiicre 6liimii tipleri oldukca detayli agiklanmustir.
Bitkilerde goriilen programli hiicre olimii tipleri ise tam olarak aydinlatilamamis olmakla birlikte; son
zamanlarda gelisimsel olarak diizenlenmis hiicre 6liimii (dPCD) ve gevre tarafindan indiiklenmis hiicre 6liimii
(ePCD) olarak iki ana baglik altinda toplanmustir. Gergeklestirilen bu derlemede bitkilerde goriilen programli
hiicre oliimii tipleri tanimlanarak 6rnekleriyle birlikte aciklanmaya ¢aligilmustir.

Anahtar Kelimeler: Bitki, programli hiicre 6liimii, PCD, homeostazi
Programmed Cell Death in Plants

ABSTRACT: Organisms are born, grow, reproduce and die throughout their basic life cycle. Homeostasis
(maintenance of internal balance) in multicellular organisms in these process is achieved by maintaining the
balance between cell proliferation and programmed cell death. Controlled disintegration of aged, completed, or
damaged tissues by organism due to various reasons such as the formation of tracheal elements, leaf senescence
or resistance to stress factors is realized with the help of programmed cell death (PCD). This process controlled
by a variety of environmental factors is also directed by molecularly. Programmed cell death types identified in
animals are explained in detail. As well as the types of programmed cell death in plants have not been completely
clarified, it has recently collected under two main topics as developmentally related programmed cell death
(dPCD) and environmentally induced cell death (ePCD). In this review, the types of programmed cell death in
plants are described and explained with their examples.
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GIRIS

Organizmalar; Omiirlerinin sonuna geldiklerinde bir biitiin olarak Olebildikleri gibi, yasam
periyotlarinin belirli donemlerinde kendilerini meydana getiren hiicre, doku ve organlarda da oliimler
gerceklesmektedir. Bazi hiicreler yillarca yasarken, bazilar1 sadece birkag saat canli kalabilmektedir.
Hiicrelere artik ihtiya¢ duyulmadigi zaman, hiicre i¢i 6liim aktiflesir ve hiicreler 6liir. Bu sekilde, hiicre
boliinme orani ve hiicre 6liimii kontrol edilerek hiicre sayist diizenlenmis olur (Palavan-Unsal ve ark.,
2005). Bu 6liimler, organizmanin biitiiniinii olumsuz etkilemezken, ¢ogu zaman olumlu sonuglara yol
agmaktadir. Ornegin; gelisimsel olarak istenmeyen hiicrelerin yok edilmesi, karmasik cok hiicreli
organizmalarin basarili bir sekilde gelisimi ve bliylimesi ic¢in sarttir. Hayvanlar ve bitkiler, hiicre
boliinmesinin ve hiicre Oliimiiniin aktivasyonunu koordine ederek hiicre, doku ve organlarin
sekillendirilmesi gibi ¢esitli gelisim siireglerini yonlendirmektedirler. Ayrica bu kontrol mekanizmasi;
hiicre poptiilasyonunun kontrol edilmesi, zararlilara kars1 savunma gibi bir dizi baska islemlerde de gorev
almaktadir (Palavan-Unsal ve ark., 2005; Locato ve De Gara, 2018).

Programlanmis hiicre 6limi (PCD; programmed cell death) artik ihtiya¢ duyulmayan, hasar
gormiis veya zararl hiicreleri hedefli bir sekilde ortadan kaldirmaya yarayan hiicresel bir intihar seklidir
(Locato ve De Gara, 2018; Buono ve ark., 2019). Genetik olarak kodlanmis ve oldukga sik1 bir bigimde
kontrol edilen ¢ok sayida ve farkli formlarda PCD yollar1 mevcuttur ve bunlarin ¢ogu bitki ve
hayvanlarin biiyiime ve gelismelerinin diizenlenmesinde, saglikli bir hayat siirdiirmelerinde ve hayatta
kalmalarinda yasamsal dnem tasimaktadirlar (Dauphinee ve Gunawardena, 2015; Lincoln ve ark., 2018;
Buono ve ark., 2019). 1923 yilinda bir fungus tarafindan istila edilmis bir bitkiyi inceleyen botanikgi
Ruth F. Allen ilk defa PCD kavramini ortaya atmis ve PCD’yi bitkilerin patojenlere kars1 kendilerini
savunmak igin aktive ettigi bir siire¢ olarak tanmimlamustir. ilk olarak bitkilerde gergeklesen bu
tanimlamanin ardindan, PCD’nin ¢esitli insan hastaliklarinda da gorev aldigina dair giiclii kanitlar ortaya
¢ikmig ve bu mekanizmalarin aydinlatilmasina olan ilgi her gegen giin artmistir (Locato ve De Gara,
2018). PCD, son zamanlarda, bitki ve hayvanlar diginda funguslarda, maya ve bakteriler de dahil olmak
tizere birgok mikrobiyal organizmalarda da gézlenmistir (Dauphinee ve Gunawardena, 2015). Bitkilerde
PCD, bir bitkinin tiim yasam siireci boyunca embriyogenezden dliimiine kadar normal gelisim siirecinde
meydana gelebildigi gibi, bitkinin gesitli biyotik ve abiyotik stres faktorlerine maruz kalmasiyla da
gergeklesebilir (Conway ve McCabe, 2018; Buono ve ark., 2019). Bitkilerde PCD’nin ¢ok cesitli
mekanizmalarla gergeklesiyor olmast ve c¢ok sayida farkli fonksiyonunun bulunmasi sebebiyle
hayvanlarda PCD’nin aydinlatilmasina dair bilgiler bitkilere gore daha fazladir (Daneva ve ark., 2016).

PCD, hiicrenin kendisi tarafindan aktiflestirilen, genetik ve biyokimyasal seviyelerde iyi organize
edilmis bir mekanizmadir. Normal gelisimin bir parcasi olarak gerceklesebilecegi gibi, cevresel etkilere
yanit olarak da aktiflesebilen olduk¢a diizenli bir siiregtir. Bu durum, hiicrelerin kendi yikimlarinm
gerceklestirmek i¢in gereken molekiiler mekanizmalar1 koruduklari anlamina gelmektedir (Wertman ve
ark., 2012; Locato ve De Gara, 2018).

PCD; ¢esitli bliylime ve gelisim siireglerinin dogru bir sekilde yiiriitiilmesi (Locato ve De Gara,
2018), hiicre popiilasyonlarinin kontrolii ve istilact mikroorganizmalara kars1 savunulmasi (Huysmans
ve ark., 2017), hiicre boliinme oraninin diizenlenmesi (Palavan-Unsal ve ark., 2005) ve homeostazi gibi
organizmalara ait yasam dongiisii i¢in 6nemli olaylarin gergeklesmesinde (Huysmans ve ark., 2017)
onemli bir rol oynamaktadir.

Programh Hiicre Oliimiiniin Tanimlanmasi
Programli hiicre 6liimii; birgok arastirmaci tarafindan farkl sekillerde tanimlanmistir. Daneva ve
ark. (2016), PCD’yi organizma i¢in belirli avantajlari olan, genetik olarak kodlanmus, aktif olarak kontrol
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edilen ve bitkilerde gozlemlenen ¢ogu oliim O6rnegini tanimlayict bir terim olarak ifade etmislerdir
(Daneva ve ark., 2016). Kacprzyk ve ark. (2016)’a gére PCD, bitki dmriiniin tamam1 boyunca aktive
edilebilen ve hiicrenin kontrollii bir bigimde tahrip edilmesine yol agan olaylar dizisidir (Kacprzyk ve
ark., 2016). Huysmans ve ark. (2017) ise bitkilerde, spesifik hiicre tiplerinde veya dokularda diizenli
gelisimin bir pargasi olarak ortaya c¢ikan hiicresel 6liim olarak ifade etmislerdir (Huysmans ve ark.,
2017). Locato ve De Gara (2018), PCD’nin abiyotik ve biyotik zararlara kars1 savunma stratejilerinin
yant sira; yaygin ve spesifik organ sekillendirme ve morfolojik adaptasyon cevaplariyla da iliskili bir
hiicre 6liimii oldugunu belirtmisler ve bu nedenle PCD’nin, nesillerdeki negatif genetik 6zelliklerin
yayilmasini engelleyen bir stratejiyi de temsil ettigini belirtmislerdir (Locato ve De Gara, 2018).

PCD; genetik olarak yonlendirilirken, bu siirecin aktivasyonu Onemli gelisimsel ve ¢evresel
faktdrlerden etkilenir. Ornegin, bitkiler kuraklik, sel, yiiksek UV 15181, tuz, agir metal veya 1s1 stresi gibi
cevresel stres kosullar1 altinda normal metabolik islevlerini devam ettiremezler ve hayatta kalmaya
devam edebilmek icin programli hiicre 6liimiinii aktiflestirirler. Hiicre 6liimii yalnizca birkag hiicrede de
meydana gelebilir, 6rnegin yaprak hasarimi takiben, hasarli alan1 c¢evreleyen hiicreler Olerek, yara
kapatilip su kayb1 ve patojen girisi onlenmeye ¢alisilir. Bu mekanizmalar in vivo olarak, PCD siirecine
giren hiicrelerin canli doku altina gémiilmesi nedeniyle ¢ogu kez siire¢ sonucunda gézlenebilmektedir.
Bu nedenle PCD’yi tetikleyen mekanizmalarin anlasilmast PCD'nin bitkilerdeki kontroliinii tam
anlayabilmede ¢ok onemlidir (Conway ve McCabe, 2018).

Programli hiicre 6liimii kavramu ilk olarak bitkilerde ortaya atilmasina ragmen; ilk tipi hayvan
hiicrelerinde tanimlanmis, tamamen karakterize edilmis ve ‘apoptoz’ olarak adlandirilmistir. 2015
yilinda “Hiicre Oliimii Uzerine Terimlendirme Komitesi-Nomenclature Committee on Cell Death”,
uygun uyaranlara tepki olarak hiicreler tarafindan harekete gecirilmekten ziyade, siddetli hasarin yol
actig1 6liim siirecleri i¢in ‘‘kaza sonucu hiicre 6liimii’” teriminin kullanilmasini énermistir (Locato ve
De Gara, 2018). Hayvanlarda programli hiicre 6liimii, apoptoz ve otofaji olarak iki alt gruba ayrilirken;
nekroz, kaza sonucu hiicre 6liimii sinifina girmektedir (Reape ve ark., 2008). Uzun bir siire boyunca
nekroz, yalnizca kaza sonucu kontrolsiiz bir hiicre 6liimii sekli olarak kabul edilmistir; ancak nekrotik
hiicre 6liimiiniin uygulanmasinin bir dizi sinyal iletim yollar1 ve katabolik mekanizmalar tarafindan
hassas bir sekilde diizenlenebilecegine dair kanitlarin artmasi ile NCDD’ye gore nekrotik hiicre 6limii
programl1 hiicre 6liimiiniin bir tipidir (Kroemer ve ark., 2009). Bitkilerde bu siniflandirilmanin yapilmasi
ise daha zordur. Ciinkii siniflandirmanin yapilabilmesi i¢in PCD’yi aktiflestiren mekanizmanin tam
olarak anlasilmas1 gerekmektedir. Bitkilerde bu islem saglikli dokuya gémiilii kiigiik bir hiicre grubunda
gerceklestigi i¢in tespiti ve karakterizasyonunda cesitli sikintilar yasanmaktadir. Arastirmacilar bu
baglamda PCD’yi morfolojik ve molekiiler 6zellikleri temel alarak basit¢e siniflandirmak yerine, farkl
kaynaklara dayanan farkli adlar altinda siniflandirmiglardir (Sekil 1) (Reape ve ark., 2008; Locato ve De
Gara, 2018).

Van Doorn ve Woltering (2005), tarafindan gerceklestirilen ilk siniflandirmaya gore bitkilerde
programli hiicre 6liimii; apoptoz-benzeri PCD, otofajik PCD ve nekroz benzeri olmak {izere 3 alt gruba
ayrilmistir. Hayvanlarda apoptoz; Olmekte olan hiicrenin canli bir hiicre tarafindan yutulmasini,
apoptotik cisimciklerin olusumunu ve canli hiicrenin lizozomunda bozunmay1 i¢eren hiicre 6liimii olarak
tanimlanmistir. Arastirmacilar, hayvan apoptozunun bazi karakteristik 6zelliklerinin bitki apoptozunda
da gerceklesmesinden dolayr bitkilerde ‘apoptoz-benzeri programli hiicre o6limii’ teriminin
kullanilmasini 6nermislerdir. Hayvanlarda gézlenen apoptoz ve bitkilerde gergeklesen apoptoz-benzeri
programli hiicre 6liimii; hiicre biizlismesi, kromatin yogunlasmasi, DNA fragmentasyonu, TUNEL-
pozitif ¢ekirdek (DNA parcalanmasti), kaspazlar ve proteazlarin varligi, mitokondri permeabilizasyonu-
depolarizasyonu ve sitokrom c salinimi gibi ortak 6zellikler gostermektedir.
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Bitkilerde Programli Hiicre Oliimii Siniflandirmalar:

Locato ve De Gara (2018)

Ve ve Wolteri Mini . !
(;1(;‘1() SI:))C;OH_] f Z ¢ rllerllng *’lm[na vd. 320 ]‘4] tarafindan yapilan simiflandirma
<02} laralindan yapuan tarafindan yapilan
suflandirma siniflandirma
Gelisimsel diizenlenmis PCD Cevre tarafindan indiiklenmis
(dPCD) PCD (ePCD)
Apoptoz Otofajik Nekroz- Vakuoler Nekrotik Reproduktif  gelisimde Bivotik faktorlerle
benzeri PCD benzeri hiicre hiicre PCD - induklenmis PCD
PCD PCD aliimi Slilmi +  Gametofit gelisimi
Fertilizasyon
Tohum geligimi Abiyotik faktorlerle

inditklenmiz PCD

Vejetatif gelisgimde PCD

+ Ksilogenez

* Kok sapka hocrelerinde
PCD

+  Aerankima olusumu
esnasinda PCD

* Yaprak morfogenez:

Senesens ile indiklenmis
PCD

* Yaprak senesens:

» Petal senesens

Sekil 1. Bitkilerde farkli arastirmacilar tarafindan gergeklestirilen PCD siniflandirmalari (Van Doorn ve Woltering, 2005;
Minina ve ark., 2014; Locato ve De Gara, 2018)

Ancak, hayvanlarda ger¢eklesen apoptozun 6nemli karakteristik 6zelliklerden biri olan apoptotik
cisimciklerin olugsumu her apoptoz-benzeri programli hiicre 6limiinde gézlenmemektedir (Van Doorn
ve Woltering, 2005; Dickman ve ark., 2017). Otofaji; sitoplazmik komponentlerin otofagozom denilen
¢ift membranl vezikiiller tarafindan icine alindigi, molekiillerin par¢alanmasi ve geri dontlistimii i¢in
lizozomlar (memeliler) veya vakuoller (bitkiler/maya) gibi organellere dagitildigi olduk¢a korunmus bir
mekanizmadir. Yunancada ‘‘kendi kendini yeme’’ anlamina gelen otofaji terimi; dkaryotik hiicrelerde
sitoplazmik bilesenlerin toplandig: ve geri doniisiim i¢in lizozomlara veya vakuollere iletildigi, hayatta
kalmanin ve hiicresel 6liimiin kararin1 kontrol eden ve karmasik molekiiler mekanizmalarla siki bir
sekilde diizenlenmis biiyiik bir katabolik stirectir (Kwon ve Park, 2008; Bozhkov, 2018). Bitkilerde
vakuol, organellerin ve hiicre atiklarinin uzaklastirilmasinda rol oynayan litik aktiviteden sorumludur
(Locato ve De Gara, 2018). Otofaji, her biri ayr1 ayri olarak tanimlanmus ti¢ ayr1 siireg ile gerceklesir.
Bu siireglerden mikro-otofaji ve makro-otofajinin eszamanli olarak gergeklestigi diisiiniiliirken, bunlari
mega-otofaji izlemektedir. Sitoplazmanin kiigiik bir kisminin vakuol tarafindan yutulmasi mikro-otofaji,
daha biiyiik bir sitoplazmik kismin yutulmasi: makro-otofaji olarak tanimlanmaktadir (Vianello ve ark.,
2007). Makro-otofajide, otofagozom adi verilen organelli ya da organelsiz sitoplazmanin biyiik bir
kismin1 yutan, benzersiz bir ¢ift membran yapisi olugur. Otofagozom, daha sonra bir lizozomal vakuolle
birlesir. Mega-otofaji ise hayvanlarda lizozom ya da bitkilerde tonoplastin permeabilizasyonunu ifade
etmektedir. Bu permeabilizasyon, bitki programli hiicre Oliimiinde yaygin olarak goriilmektedir.
Permeabilizasyon, hiicrede kalan her seyi parcalayabilme oOzelligine sahip vakuoler hidrolazlarin
salinmasina neden olmaktadir. Bitkilerde otofajinin genetik olarak baskilanmasi; bitkisel biliylime ve
verimliligin azalmasi, senesensin hizlanmasi ve ¢esitli stres tiplerine karst duyarliligin artmasi gibi bitki
sagliginda genel bir diisiise sebep olmaktadir (Bozhkov, 2018). Nekroz-benzeri (lizozomal olmayan)
programli hiicre Sliimiinde; 6lmekte olan hiicre, ne kendisinin lizozomunu, ne de diger hiicrelerin
lizozomunu kullanmaktadir. Hiicreler bazi biiyiik biyosentetik yollar1 inhibe ederek, zarlarini destabilize
ederek veya bagka bilinmeyen yollarla kendilerini 6ldiiriirler (Van Doorn ve Woltering, 2005). Apoptoza
neden olan faktorler nekroza da neden olabilir. Bu iki 6liim tipi arasindaki ayrim ise meydana gelen
hasarin zamanlamasia ve siddetine bagl olarak degisiklik gostermektedir (Reape ve ark., 2008).
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Nekrotik hiicre 6liimii, bitkilerde oldugu gibi, hayvanlarda da apoptotik veya otofajik belirtileri
icermeyen bir PCD seklidir (Locato ve De Gara, 2018).

Minina ve ark. (2014) tarafindan gergeklestirilen bir baska siniflandirmaya gore ise programli
hiicre 6liimii 2 alt gruba ayrilmistir. ilk alt grup; lmekte olan hiicrelerin kendiliginden parcalara
ayrilmasi araciligiyla metakaspaz bagimli otofaji ile yavas gerceklesen ve genellikle islevsel yapilarin
(6rnegin; embriyo-suspensor) olusmasini saglayan vakuoler hiicre dliimiidiir. ikincisi ise; vakuoler hiicre
Oliimiiniin kesintiye ugradigi durumlarda devreye giren hizli nekrotik 6liim stirecidir. Bu siniflandirmaya
gore, otofajik hiicre Sliimiini baska bir hiicre o6liimii smiflandirmasimna sokmanin yanlis oldugu
diisiiniilmektedir (Minina ve ark., 2014). Hayvanlardaki lizozomlarin aksine; bitki hiicreleri,
hacimlerinin ¢ogunu kaplayabilen vakuoler sistemler icerirler. Hayvanlardaki lizozomlarla benzer
sekilde, bitkiler normal gelisimleri sirasinda ve beslenme stresi slirecinde hiicrelerin kisimlarini tekrar
dongiiye sokmak i¢in litik vakuollerini kullanirlar. Vakuoler hiicre 6liimii, otofaji benzeri bir islem ile
litik vakuollerden hidrolazlarin salinmasit sonucunda hiicre igeriginin c¢ikarilmasi prosesine
dayanmaktadir. Vakuoler hiicre 6liimiinde ilk asamada; sitoplazma hacmi azalir, litik vakuoller genisler
ve vakuoler membranin (tonoplast) hiicre i¢ine dogru biiylimesi gergeklesir. Sonrasinda ise; tonoplast
parcalanir, vakuoler hidrolazlar salinir ve hizla tiim hiicre yok olur (Van Doorn ve ark., 2011). Cok
cesitli model sistemlerde yapilan morfolojik calismalar, bitkilerdeki gelisimsel PCD’nin tipik olarak
sitoplazmanin vakuolizasyonu ile iligkili oldugunu gostermistir. Bu nedenle PCD’nin vakuoler hiicre
olumdi ile iliskili oldugu diisiiniilmektedir. Yapilan son ¢aligsmalar ile gelisimsel PCD gegiren hiicrelerin
vakuolizasyonu i¢in otofajinin sart oldugu ve otofajinin tip II metakaspaz ile aktive edildigi konusunda
kanitlar elde edilmistir (Minina ve ark., 2014). Nekrotik hiicre 6liimiinii vakuoler hiicre 6liimiinden
ayiran sitolojik bulgular arasinda; protoplastin biiziilmesi, biiyiiyen litik vakuollerin bulunmamasi,
plazma membraninin erken parcalanmasi siralanabilir. Nekroz sirasinda sitoplazmay1 temizleyen higbir
litik vakuol gdrev almadigindan, nekrotik hiicrelerin artiklar1 biiyiik oranda islenmemis halde kalir.
Hayvan hiicrelerinde nekrozun incelenmesi sonucunda baslangicta gézlenen sismenin zaman igerisinde
azaldig1 belirlenmistir. Ancak bitki hiicrelerinde var olan hiicre duvari bu sismenin azalmasini
engellemektedir. Nekroz; tipik olarak abiyotik stres altinda, hipersensitif cevap ile iligkili hiicre
oliimlerinin bazilarinda ve nekrotrofik patojenlerle indiiklenmis hiicre 6liimlerinde meydana gelmesine
ragmen, vakuoler hiicre oliimii, bitki doku ve organ olusumu ve eliminasyonu esnasinda meydana
gelmektedir (Van Doorn ve ark., 2011).

Gecen yillar ve gelisen arastirma teknikleri sonucunda biitiin bu karmasik gruplandirmalara karsin,
bir¢cok arastirmaci; programli hiicre 6limi smiflandirmas: i¢in fonksiyonel bir ayrim yapilmasi
gerektigini belirtmistir (Locato ve De Gara, 2018). Bu baglamda, Locato ve De Gara (2018) tarafindan
aciklanan son programli hiicre 6liimii siniflandirmasina gore; gelisimsel diizenlenmis (dPCD) ve ¢evre
tarafindan indiiklenmis (ePCD) seklinde 2 alt gruba ayrilmistir. Gelisimsel diizenlenmis programli hiicre
olimii: reproduktif gelisimde programli hiicre 6liimii, vejetatif gelisimde programli hiicre 6limi ve
senesens ile indiiklenmis programli hiicre 6liimii olmak {izere 3 baslik altinda incelenmektedir. Cevre
tarafindan indiiklenmis programli hiicre 6liimii ise biyotik faktorlerle indiiklenmis programli hiicre
olimii (hipersensitif cevap) ve abiyotik faktorlerle indiiklenmis programli hiicre 6liimii bagliklarinda
incelenmektedir (Hautegem ve ark., 2015; Locato ve De Gara, 2018).

Gelisimsel Diizenlenmis Programh Hiicre Oliimii-dPCD

Bitkinin gelisimi sirasinda meydana gelen PCD olarak adlandirilmaktadir. dPCD otolitik olmakla
birlikte bitkinin vejetatif ve reproduktif siireglerinde kritik dnem tasimaktadir. Aktivasyonu igin i¢
uyaranlara gerek vardir ve bitki gelisiminde meydana geldigi yer ve meydana gelis zamani ¢ok cesitli
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molekiiler mekanizmalar tarafindan organize edilmektedir (Locato ve De Gara, 2018; Balakireva ve
Zamyatnin, 2019; Matilla, 2019).

Reproduktif gelisimde programh hiicre oliimii

» Gametofit gelisimi
1. Fonksiyonel olmayan megasporlarda programli hiicre Sliimii: Tohum taslaginda yer alan diploit

kromozomlu megaspor ana hiicresi (megasporofit) mayoz gegirerek dort adet haploit megaspor meydana
getirir. Hayvan oogenezine (yumurta olusumu) benzer sekilde, fonksiyonel olan megaspor biiyiimeye

devam ederken; 3 islevsiz megaspor dejenere olur. Fonksiyonel olmayan megasporlarin programli hiicre
Oliimii gecirmesi optimal tohum gelisimi i¢in onemlidir (Hautegem ve ark., 2015; Daneva ve ark., 2016).

2. Nusellus’da programli hiicre dliimii: Nusellus gelismekte olan embriyoyu ¢evreleyen besleyici
bir dokudur (Bertoni, 2016). Baz1 tlirlerde nusellus, oviil olgunluga erismeden once biiylik oranda
dejenere olurken; tahil gibi diger bitki gruplarinda nusellusun dejenerasyonu déllenmeden sonra ortaya
¢ikar ve erken tohum gelisimini destekler (Hautegem ve ark., 2015).

3. Tapetum’da programli hiicre Sliimii: Mikrospor ve polen gelisimi, angiosperm g¢igeklerinin
anterleri icinde gergeklesir (Kawanabe ve ark., 2006). Anter iki tekadan meydana gelir. Her bir teka iki
polen kesesi igerir. Polen keselerinde bulunan polen ana hiicreleri mayoz boliinme ile haploid kromozom

tagtyan dort polen (mikrospor) meydana getirir (Bliylikkartal, 2000). Mikrosporlar, bir hiicre tabakast,
yani tapetum ile ¢cevrelenmistir (Kawanabe ve ark., 2006). Anterdeki tapetum tabakasi; gelismekte olan
polen tanelerine besin tedarik eden kisa Omiirlii besleyici tabakadir. Yapilan caligmalar erkek
fertilitesinde tapetumda dogru zamanda gergeklesen PCD’nin ¢ok oOnemli oldugu belirtilmistir
(Hautegem ve ark., 2015). Tapetum disinda diger anter geper tabakalarinda ve konnektif dokuda da PCD
gdzlenmektedir (Vardar ve Unal, 2011; 2012).

4. Cinsiyet belirlenmesinde PCD: Biseksuel bitkilerde erkek ¢igeklerin gelisimi, pistillerin (stigma,
stil ve ovaryum); disi cigeklerin gelisimi ise stamenlerin (anter ve filament) programli hiicre Sliimii

sonucunda meydana gelir (Van Doorn ve Woltering, 2005). Bir monoik tiir olan misirin ¢igek cinsiyeti,
biseksiiel floral meristem i¢inde yer alan disi ya da erkek organ taslaklarindan (primordia) birinin
eliminasyonu ile belirlenir (Gunawardena, 2008).

» Dollenme
1. Uyumsuz polen tiiplerinde programli hiicre Sliimii: Kendine uyusmazlik; bir cicekte esey

organlart ve esey hiicreleri saglikli gelistikleri halde, kendi polenleriyle tozlagsmalar1 sonucunda
dollenmenin gerceklesmedigi, genetik olarak kontrol edilen bir durumdur. Haploit polen ¢ekirdeklerinde
bulunan allel genler ile stilus hiicrelerindeki allel genlerin ayni genetik yapida olmasi durumunda,
uyusmazlik meydana gelir. Eger stilusda polendeki gen bulunursa, polen tiipiiniin gelismesi engellenir
(Korkmaz ve ark., 2015).

2. lletim yolu hiicrelerinde programli hiicre &liimii: Disi iireme sisteminde &zel bir doku olan iletim
yolu (Transmitting tract, TT) polen tlip biiyiimesini oviile dogru yonlendirmekte ve gelistirmektedir
(Hautegem ve ark., 2015; Daneva ve ark., 2016). TT hiicreleri; glikoproteinler, glikolipidler ve polen
tiip biiylimesinin tesvikinde rol oynayan polisakkaritlerden olusan bir hiicre dis1 matriks tiretir. Polen

tiiplerinin biiylimesini desteklemek i¢in onemli olan TT hiicrelerinin Sliimii dollenme siirecinde
baslamaktadir (Hautegem ve ark., 2015).

3. Antipod hiicrelerde programli hiicre Sliimii: Faal megaspor 3 kez mitoz boliinme gecirerek n
kromozomlu 8 adet gekirdek olusturur. Embriyo kesesindeki bu 8 adet ¢ekirdekten merkezde olan 2
tanesi polar ¢ekirdek adini alir. Kalan ¢ekirdeklerden bir tanesi yumurta hiicresini olusturur. Yumurta
hiicresi mikropil tarafinda bulunmaktadir. Yumurta hiicresinin iki yaninda bulunan ¢ekirdeklere sinerjit

hiicreler denilmektedir. Kalan 3 ¢ekirdek mikropilin kars1 kutbuna (kalaza) yerlesir ve antipodal hiicreler
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adin1 alir (Biiytikkartal, 2000; Toker, 2004). Antipod hiicreleri; embriyo besin naklinde rol oynayan ve
dollenme sirasinda veya sonrasinda programli hiicre 6liimiine ugrayan hiicrelerdir. Birgok tahilda,
antipod hiicreleri dollenmeden sonra da islevine devam eder ve gogalirlarken; Arabidopsis thaliana’da
dahil olmak iizere bircok tiirde, déllenmeden 6nce veya dollenme esnasinda antipodlarda hiicre 6liimi
meydana gelir (Daneva ve ark., 2016).

4. Polen tiip patlamasi ve sinerjit hiicrelerin programli hiicre dliimii: Sinerjizm terimi, "beraber
calismak" anlamima gelen "sinerji" den tliremistir ve bu terim, 19. yiizyilda hiicrelerin yumurta
dollenmesine yardimci oldugunu fark eden iinlii botanik¢i Eduard Strasburger tarafindan ortaya
atilmistir (Eckardt, 2007). Sinerjit hiicreler, angiospermlerin disi gametofitindeki yumurta hiicresine
komsu olan ve polen tiipii yonlendirilmesinde 6nemli bir rol oynayan; dollenme sirasinda veya

sonrasinda programli hiicre 6liimiine ugrayan iki 6zel hiicredir (Eckardt, 2007; Daneva ve ark., 2016).
Sinerjit hiicrelerden biri alic1 sinerjit hiicre, digeri ise alic1 sinerjite gore daha uzun siire kalic1 olan kalici
sinerjit hiicredir. Alict sinerjit hiicre polen tiipiiniin embriyo kesesine yonelmesi i¢in gereken sinyalleri
yolladiktan sonra programli hiicre Oliimiine ugrar. Kalic1 sinerjit hiicre ise, polen tiipiiniin
yonlendirilmesi esnasinda 6lmez; ancak Arabidopsis thaliana’da belirlendigi gibi ¢ifte déllenmeden
sonra elimine edildigi vurgulanmistir. Bu kalict sinerjit hiicrenin eliminasyonunun programli hiicre
olimii ile degil; gelisen endosperm ile kaynasmasi ile ilgili oldugu belirlenmistir (Daneva ve ark., 2016).
Déllenme prosesi esnasinda erkek gametofitik polen tiipii, sinerjit hiicreler tarafindan iiretilen sinyallerle
embriyo kesesine ¢ekilir. Polen tiipi, sinerjit hiicrelerden biri araciligiyla mikropil’e getirildikten sonra
disi gametofit icine girer. Ardindan polen tiipii sperm hiicrelerini serbest birakmak icin pargalanir ve iki
sperm hiicresi alici1 sinerjit hiicre kalintilarina salinir (Hautegem ve ark., 2015).

» Tohum gelisimi

1. Endosperm gelisiminde programli hiicre 6liimii: Polen tiipiindeki spermlerden biri yumurta
hiicresi ile birlesir ve dollenme olur; digeri polar ¢ekirdekler ile birlesir ve iki polar ¢ekirdegin bir erkek
gametle birlesmesinden triploid sayida kromozom igeren endosperm meydana gelir (Biiyiikkartal, 2000).
Ddéllenmeden sonra endosperm, zigotun yaninda biiyiimeye baslar; biiyliyen embriyo i¢in alan ve besin
saglar. Hem embriyo hem de endosperm dollenme iiriinleri olmakla beraber; embriyo yeni bitki neslini

olusturmak i¢in yasarken, endospermin Omrii tohum gelisimiyle siirlidir ve ¢imlenme ile birlikte
programli hiicre 6liimii siirecine girer. Farkli tiirlere ait endospermlerde farkli hiicre 6liim siiregleri
gdzlenebilmektedir. Ornegin; bircok monokotil ve dikotil bitkinin embriyoyu cevreleyen bdlgesinde,
litik endosperm parcalanmasi; tahillarin nisastali endosperminde litik olmayan PCD ve ¢imlenme
esnasinda kalint1 endospermin (aloron) 6liimii bunlara baz1 6rneklerdir (Hautegem ve ark., 2015).

2. Embriyonik suspensdrde PCD: Déllenmeden sonra, bitki zigotu esit olmayan boliinmeye ugrar.
Kiigiik terminal hiicre veya embriyo hiicresi diizgiin olarak gelisirken; biiyiik bazal hiicre embriyonik
suspensOrii olusturur (Schwartz ve ark., 1997; Hautegem ve ark., 2015). Suspensdriin uzamasi,

embriyoyu embriyo kesesine dogru iter; bdylece embriyonun c¢evresindeki besleyici dokulara erisimi
kolaylasir. Ayrica suspensdr, embriyoyu yonlendirerek embriyo kesesinin smirli alani iginde
embriyonun normal sekilde biiylimesine olanak saglar. Gorevini tamamladiktan sonra PCD’ye ugrar ve
bu nedenle de olgun tohumlarda suspensor yapist gézlenmez (Schwartz ve ark., 1997).

3. Tohum kabugunda programli hiicre 6liimii: Tohum kabugu, mekanik ve kimyasal bir koruyucu
tabaka olmanin yani sira; embriyogenez, dormansi ve tohum ¢imlenmesi sirasinda gelisen embriyo ve
cevre doku arasinda metabolik olarak dinamik bir ara yiiz saglayan ¢oklu hiicre katmanlar1 igermektedir
(Lima ve ark., 2015). Zararh dis faktorlere karsi ilk savunma hattini olusturan tohum kabugu, cevresel
sinyalleri tohumun i¢ kismina iletmek i¢in de bir kanal gérevi gormektedir (Radchuk ve Borisjuk, 2014).
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Tohum kabugunda gergeklesen PCD, genisleyen endosperm i¢in yer agmak i¢in gereklidir (Dominguez
ve Cejudo, 2014).

Vejetatif gelisimde programl hiicre 6liimii

» Ksilogenez (Trake elemani farkhlasmasi): Trake elemanlarinin en son farklilasma basamagi
olarak programli hiicre 6liimii ge¢irmesi sonucunda, suyun taginmasi i¢in i¢i bos boru sistemleri olugur
ve bu sistemler etkili uzun mesafeli su tasinimina olanak tanir. Trake elemani farklilasmasinin kara
bitkilerinin evriminde ¢ok 6nemli bir yeri oldugu diistiniilmektedir (Hautegem ve ark., 2015). Trake
elemanlariin farklilasmasi; vakuoliin sismesi ve yirtilmasi, hiicre duvarmin kalinlagsmasi ve yeniden
yapilandirilmasi ile karakterize edilmektedir. Ikincil ¢eperin sentezinin tamamlanmasindan sonra biiyiik
merkezi vakuoliin hizli ¢okiisii; proteaz ve niikleaz gibi litik enzimlerin salinmasi, hiicresel
komponentlerin degredasyonu gozlenmekte, i¢i bos 6lii kanallar meydana gelmektedir (Lam, 2004).

» Kok sapkasi hiicrelerinde programh hiicre o6liimii: Kok ucundaki meristematik kok
hiicrelerden koken alan kaliptra; biiyliyen kok ucunun koruyucu kilifi olarak, kok hiicrelerin korunmasi
da dahil olmak iizere kok biiylimesi ve kok sisteminin yapisi i¢in 6nemli islevlere sahip bir bitki organidir
(Fendrych ve ark., 2014; Hautegem ve ark., 2015). Kok biiyiimesi sirasinda, kaliptra hiicrelerinin yeni
katmanlar stirekli olarak iiretilirken, pozisyonu ve biiyliyen kok ucunun biiyiikliigiinii korumak i¢in en
distaki lateral kaliptra hiicreleri siirekli olarak PCD gegirir (Hautegem ve ark., 2015).

» Aerankima olusumu sirasinda programh hiicre 6liimii: Aerankima olusum siirecinde PCD
onemli agamalardan birisini olusturmaktadir. Aerankima; oksijensiz kalmis kok veya yapraklarin korteks
bolgesindeki hiicrelerin PCD gegirmesi sonucunda olusan, gaz aligverisini ve taginmasini saglayan
biiyiik, birbirine bagli hiicre-i¢i bosluklarla (lakiin) karakterize edilen siingerimsi bir dokudur (Hautegem
ve ark., 2015; Daneva ve ark., 2016; Conway ve McCabe, 2018). Aerankima dokusu, birbirine bagl
hiicreleraras1 boglukta bir ag olusturarak gaz diflizyonunu ve bununla iliskili olarak da diisiik oksijenli
topraklarda ¢ogu bitkinin hayatta kalmasini kolaylastirir (Gunawardena ve ark., 2001). Bu doku
olusumu, sulak alanda yetisen bitki tiirlerinde sik sik gézlemlenmesine karsin; olumsuz sartlar altinda
baz1 kurak toprak tiirlerinde de olusabilmektedir (Hautegem ve ark., 2015). Tanimlanmis iki temel tipte
aerenkima dokusu mevcuttur: Lizogenik aerankima ve sizogenik aerankima. Hava ileten aerankima
dokusunun olusumu, bitkinin diisiik oksijenli topraklarda hayatta kalmasini kolaylastirir (Daneva ve
ark., 2016). Lizogenik aerenkimada, gaz boslugu olusturmak ic¢in hiicreler PCD gecirirler. Celtik,
bugday, arpa ve misir lizogenik aerenkimalara birer Ornektir. Sizogenik aerenkima da ise, hiicreler
gelisimleri sirasinda bosluk olusturacak sekilde boliiniirler ve bu siiregte PCD gorev almaz. Varolan
bosluklar, bitisik hiicrelerin birbirlerinden ayrilarak biiyiimeleri sonucunda olusur. Rumex ve Sagittaria
gibi sulak alan bitkileri PCD icermeyen sizogenik aerenkima dokularina sahip bitkilere ornektir
(Palavan-Unsal ve ark., 2005).

» Yaprak morfogenezi: Monstera obliqua (devetabani) bitkisinin yaprak ayasi gelisiminin erken
asamalarinda, farkli kistmlardaki hiicrelerin yamalar halinde 6liimii aracilifiyla ayirt edici gézenekler
olusur. igne biiyiikliigiindeki delikler yaklasik 10.000 kat genisler; bdylece yaprak biiyiimesiyle, olgun
yaprakta goze carpan delikler olusur. Devetabaninin yaprak deliklerinin fonksiyonlart icin cesitli
hipotezler ortaya konulmustur. Yaprak ana hattinin bozulmasinin, otgullari caydirdig: ya da deliklerin,
yaprak dokusundaki 1sil dengeyi sagladigi diisiinilmektedir. Aponogeton madagascariensis (dantel)
bitkisinde, her delik bolgesindeki merkezi hiicreler programli hiicre 6liimiinii baslatir ve hiicre 6limii
siral1 bir sekilde devam eder. Hiicre 6liimii, periferal hiicrelere dogru genisler. Bir su alt1 bitkisi olan
dantel bitkisinin yapraklarindaki delikler, kisa kiiresel bitki sogani iizerinde yapraklarinin yiikselmesini
saglamaktadir. Hem devetabaninda, hem de dantel bitkisinde programli hiicre oliimii, yapraklarin
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yeniden sekillendirilmesinde rol oynamasina ragmen; delik olusumu iki 6nemli agidan bu tiirler arasinda
farklilik gostermektedir. Birinci farklilik; PCD’nin baglama yeridir. Dantel bitkisinde, programli hiicre
Oliimii yapraklarin merkezinde baslatilir ve disa dogru yayilirken; devetabani bitkisinde, PCD 6lmesi
gereken hedef hiicrelerde es zamanli olarak basladigr i¢in 6lmek tizere olan doku ve saglikli doku
arasinda keskin bir smir goriilmektedir. Ikinci farklilik ise hiicre duvar1 bozulmasidir. Hiicre duvari
bozulmasi dantel bitkisinin yapraklarindaki deliklerin agilmasi i¢in gereklidir. Devetabaninda ise hiicre
duvarinin yikimina dair higbir kanit yoktur (Gunawardena ve ark., 2005).

Senesens ile indiiklenmis programl hiicre oliimii

Tiim bitki olgunlastiginda c¢esitli doku ve organlarin yaslanmasi (bazen yapraklar, petaller ve
meyveler) ve bazen dollenmeden sonra yasam dongiisiiniin son bulmasiyla gerceklesen biitiin bitkinin
Oliim siirecine “senesens” denir (Greenberg, 1996). Senesens, ¢esitli endojen ve g¢evresel faktorler
tarafindan diizenlenmektedir. Yaglanmanin erken asamalar1 geri doniisiimlii olmasina ragmen;
yaslanmanin son asamalarinda bitkinin yasiyla dogru orantili olarak hizli ve geri dondiiriilemez bir PCD
siireci baglar. Tapetum, ksilem veya kaliptra farklilasmas1 sirasinda gozlemlenen hiicre tipine 6zgii
programli hiicre oliimiiniin aksine; senesens ile indiiklenen hiicre 6liimleri bir organin tiim hiicre
tiplerinde gozlemlenir (Hautegem ve ark., 2015).

» Yaprak senesensi: Yaprak senesensi bitkinin gelisim siirecinin bir pargasidir ve bu siirecte
onemli bir rol oynamaktadir (Lim ve ark., 2007). Sonbaharda yapraklarin renginin yesilden sariya
donmesi; yaprak senesensinin tipik bir ornegidir ve yaprak gelisiminin son agamasini olusturur.
Senesensin son agamasinda yaprak oliir ya da absisyona ugrar (Yoshida, 2003). Senesens esnasinda;
yaprak hiicrelerinin hiicre yapisinda, metabolizmasinda ve gen ekspresyonunda degisiklikler meydana
gelir. Hiicre yapisindaki en erken ve en Onemli degisiklik kloroplastin parcalanmasidir. Yaprak
senesensi, i¢sel ve gevresel sinyallere yanit olarak olusabilmektedir (Lim ve ark., 2007). Yaprak
senesensi 3 agamadan olusmaktadir: birinci asama baslangi¢ fazi olarak tanimlanmistir. Bu asamada
besin gegisi ve fotosentetik aktivitede azalma meydana gelir. Ikinci asama, dejeneratif faz asamasi ve
bu asamada, hiicresel bilesenlerin ayrilmasi ve makromolekiillerin degredasyonu gerceklesir. Son asama
ise terminal fazdir. Terminal fazda hiicre biitiinliigiiniin kayb1 ve hiicre 6liimii meydana gelir (Yoshida,
2003).

Yaprak yaslanmast olduk¢a karmasik ve programlanmig bir islemdir, bir dizi sitolojik ve
biyokimyasal degisiklik igerir. Yaprak yaslanmasinin baslangici, gelisim programlarina ve gevresel
sinyallere baglhdir; diger bir ifade ile yasa bagl bir sekilde gergeklesir. Sonug olarak, genc yapraklar
yaslanmaya neden olan sinyallere duyarsizdir. Yaslanma sirasinda, klorofil ve karotenoitler gibi
fotosentetik pigmentler bozulur ve bu nedenle yapraklarin sararmasi yaslanmanin morfolojik bir
gostergesidir. Ote yandan, yaprak yaslanmasi, patojen saldiris1 gibi cesitli cevresel stres faktorleri
nedeniyle de hizlanabilmektedir (Ke ve ark., 2019).

> Petal senesens: Petal senesens; genetik olarak kontrol edilen, gelisimin son agamasini temsil
eden, petalin 6liimii ile sonuglanan, olduk¢a programlanmis ve geri dondiiriilemez olaylar dizisidir (Xu
ve ark., 2000; Munné-Bosch, 2016; Ma ve ark., 2018). Petal yaglanmasinin gozle goriiliir belirtileri renk
degisimi, kenarlarin kivrilmasi ve solmasidir (Ma ve ark., 2018). Ciceklerin anahtar bileseni olan
petaller, tozlayicilar1 ¢gekmek ve basarili bir tozlasma saglamak i¢in hayati bir dneme sahiptir. Cigekli
bitkilerdeki petaller; polinasyondan sonra ya da cicek actiktan sonra solar ve dokiiliirler (Shibuya ve
ark., 2016). Membran parcalanmasi ve DNA fragmentasyonu, petal senesensinin en énemli karakteristik
Ozellikleri arasindadir. Hidrolitik enzimlerdeki artis, makromolekiillerin bozunmasi, solunum
aktivitesindeki artma da dahil olmak lizere petal yaslanmasi ile iliskili biyokimyasal degisiklikler,
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ongoriilebilir bir programli hiicre Sliimii siirecini baslatir (Xu ve ark., 2000). Petallerin yaglanmasini
tetikleyen polinasyon, tozlanmis ¢iceklerdeki fonksiyonel olmayan petalleri dejenere eder (Rogers ve
Munne-Bosch, 2016).

Cevre Tarafindan Indiiklenmis Programh Hiicre Oliimii-ePCD

Bitkiler ¢evresel etkilere karsi son derece duyarlidirlar. Bu nedenle; metabolik siireglerini siirekli
degisen ortam kosullarina gore adapte edebilmelidirler. Patojenler, kuraklik, sel, yliksek UV 15181, tuz,
agir metal veya 1s1 stresi gibi stresli ¢evresel kosullarla karsilastiklarinda; normal metabolik siireclerine
devam edemezler ve PCD aktive edilir (Conway ve McCabe, 2018). PCD; hem abiyotik, hem de biyotik
cevresel streslere karsi bitkilerin aktif savunma yanitlarinin bir pargasidir (Locato ve De Gara, 2018).

ePCD, patojenler gibi biyotik stres saldirisinin yani sira; 1st stresi, tuzluluk, kuraklik ve sel gibi
abiyotik stres iceren harici uyaranlar tarafindan da tetiklenerek gerceklesen PCD tipi olarak ifade edilir
(Van Doorn, 2005). Olusan olumsuz ¢evre kosullarina karst miicadele eden bitkiler, canliliklarint devam
ettirebilmek adina bazi dokularindaki hiicrelerinde PCD’yi aktive ederler (Locato ve De Gara, 2018).
Ornegin; yaprak hasarini takiben, hasarl alan1 gevreleyen hiicreler liir ve yara kapanir; bdylece su kaybi
ve patojen girisi Onlenmis olur (Conway ve McCabe, 2018).

» Biyotik faktorlerle indiiklenmis programl hiicre 6liimii (Hipersensitif cevap-HR): Doku bir
mikrobik patojen tarafindan tahrip edildiginde, bir savunma mekanizmasi baslatilir, boylece isgalci
mikroorganizmanin etkisi; 6li hiicre tabakasi, antimikrobiyal bilesiklerin {iretimi ve konak¢inin sistemik
kazandirilmig direncinin kombinasyonu ile engellenir. Patojenlere karsi bu reaksiyon, hipersensitif
cevap (HR) olarak adlandirilmistir (Van Doorn, 2005). Hipersensitif terimi; ilk defa 1915 yilinda pas
hastaliklarina dayanikli tahillarda pas mantarlarinin indiikledigi hizli ve lokalize bitki hiicresi 6liimiinii
tanimlamak i¢in Stakman tarafindan kullanilmistir (Heath, 2000).

Bitkiler, hayvan benzeri bir bagisiklik sistemine sahip degildir. Bunun yerine, bir patojen
saldirisina maruz kalindiginda; patojeni izole etmek, onu besin kaynaklarindan mahrum birakmak ve
enfeksiyonun yayilmasini engellemek i¢in enfeksiyon bdlgesini ¢evreleyen hiicreler hipersensitif cevap
baglatirlar. Hipersensitif cevabin yanlhs diizenlenmesi; gereksiz yere asir1 doku kaybina neden
olabilecegi gibi, enfeksiyonun yayilmasi konusunda da yetersiz kalabilmektedir (Conway ve McCabe,
2018).

Hipersensitif cevap esnasinda organellerde bazi morfolojik degisimler gdzlemlenir. Vakuoliin
goriiniir bozulmasindan 6nce kromatin yogunlagmasi ve DNA fragmentasyonu, vakuol ve hiicre zarinda
tomurcuklanma, plazma membranimin ¢dkmesi ve hiicre duvarindan ayrilmasinin yani sira, organel
yikim1 bu morfolojik degisimlere birer 6rnektir (Lam, 2004).

» Abiyotik faktorlerle indiiklenmis PCD: Kuraklik, su taskinlari, sicaklik, sogukluk, cok 1s1k, az
151k, tuzluluk, mineral eksikligi mineral toksisitesi, asitli toprak gibi bircok abiyotik stres faktorii
mevcuttur. Genel olarak abiyotik stresler, biiylimeyi azaltan ve optimum seviyelerin altinda verime
sebep olan ¢evresel kosullar olarak tanimlanmaktadir (Cramer ve ark., 2011). Bitkiler, abiyotik strese
kars1 savunma tepkilerini aktive edemezlerse, bunun sonucu olarak PCD olusumu gozlenir. Stres
kaynakli metabolik bozulma; bitkinin bozulan fizyolojik durumunu diizeltme yetenegini ve/veya
oksidatif stresi 6nleme yetenegini bastirmas1 durumunda PCD aktiflesir. Toprak kurakligs, sel, 1s1 stresi
ve agir metaller gibi abiyotik stresler, genellikle fotosentezi sinirlandirarak, protein sentezini, boylece
protein doniisiimiinii azaltir ve solunum zincirindeki elektron akisi mitokondriye aktarilarak bitki
metabolizmasi etkilenir. Tiim bu yollarin bozulmasi, hiicrede bulunan reaktif oksijen ve azot tiirlerinin
(ROS ve RNS) iiretimini arttirir. Bitki asirt tiretken reaktif tiirlere yol acan metabolik dengesizligi
engelleyemediginde, muhtemelen hasarli hiicreleri ¢ikararak kendisini korumak icin son ¢are olarak
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PCD'yi aktive eder (Locato ve De Gara, 2018). Ornegin; su taskinlari esnasinda topraktaki hava
bosluklar1 azaldigindan bitkinin hava almasinin saglanmasi i¢in kok korteks hiicreleri PCD gegirerek
aerankima olusumu gergeklesir. Aerankima formasyonu, birgok bitki tiiriiniin, diinyanin bir¢ok yerinde
onemli bir problem olan su taskinlarina kars1 dnemli bir tepkisidir (Conway ve McCabe, 2018).

SONUC

Programli hiicre 6liimii bitki yasaminin tiim agamalarinda 6nemli bir rol oynamaktadir. Biyotik ve
abiyotik stres faktorlerine kars1 aktif savunma stratejilerinin yani sira; spesifik organ sekillendirme ve
morfolojik adaptasyon tepkileri ile de yakindan iligkilidir. PCD hem gelisimsel, hem de savunma
mekanizmalarinin 6nemli bir bilesenidir. Hayvanlarda farkli PCD tiirleri morfolojik olarak ayirt edilmis
ve tanimlanmistir. Ancak bitkilerde, hayvanlarda oldugu gibi yeterince net bir siniflandirma mevcut
degildir. PCD terimi, bitkilerde gozlenen Oliimlerin ¢ofgunu tanimlamak i¢in yaygin olarak
kullanilmaktadir. Bitkilerde PCD smiflandirmalarinin = kesinlestirilmesi ve PCD aktivasyon
mekanizmalarinin belirlenmesi bitki verimliliginin arttirilmasi agisindan 6nem tagimaktadir. Bitkilerde
gerceklesen PCD mekanizmalarinin tamamen anlasilmasit adina gergeklestirilen fizyolojik ve molekiiler
aragtirmalar ile ilerleyen yillarda daha ayrintili siniflandirmalar yapilmis olunacak ve bitkilerin
fizyolojik gelisim siirecleri daha ayrintili sekilde anlasilmis olacaktir.

Cikar Catismasi

Yazarlar makaleye esit oranda katki saglamis olduklarini beyan eder.
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Deltamethrin’in Carassius gibelio (Bloch, 1782) Uzerine Etkilerinin Elektroforetik ve Biyokimyasal Yontemlerle
Arastirilmasi

Neriman GEY?'", Yusuf ERSAN?

OZET: Bu arastirma, Carassius gibelio (Havuz balig1) iizerine Deltamethrin’in etkilerinin incelendigi ekotoksikolojik bir
calismadir. Farkli dozlardaki Deltamethrin uygulamasina bagl olarak serum protein ekspresyonlari, karaciger enzim diizeyleri,
oksidatif stres ve bazi kan biyokimya parametreleri aragtirilmistir. Cildir Glii’nden (Kars-Ardahan, Tiirkiye) 2015 yilinin Sonbahar
mevsiminde yakalanan 60 adet balik, biri kontrol diger 4 grup deney olmak iizere 5 gruba ayrilmistir. Kontrol grubu diginda deney
gruplarindaki baliklar Deltamethrin’in sirasiyla 0.48, 0.64, 0.80 ve 0.96 mg L'lik konsantrasyonlarina maruz birakilmistir. Deney
sonunda baliklardan kan ornekleri toplanmistir. Bu Orneklerde elektroforetik ve biyokimyasal analizler yapilmistir. Serum
Orneklerine Sodyum Dodesil Siilfat Poliakrilamid Jel Elektroforezi (SDS-PAGE) uygulanmustir. Bu isleme ait elektroforegramda
kontrol grubundaki baliklarin protein bantlarina gore Deltamethrin’in farkli konsantrasyonlarinin uygulandigt deney gruplarmdaki
baliklarin protein bantlarinda farkli incelme ve kalinlasmalar bulunmustur. Deltamethrin’in etkisinde olan deney gruplarindaki
baliklarin kan dokusunda bazi biyokimyasal parametrelerden Alanin amino transferaz (ALT) ve Kolesterol diizeylerinde
istatistiksel olarak 6nemli farklar saptanmistir (p<0.05). Ancak Aspartat aminotransferaz (AST) ve Glukoz gibi parametrelerin
diizeyleri arasinda 6nemli farklar bulunmamistir (p>0.05). Sonug olarak, Deltamethrin’in Carassius gibelio baligina uygulanan doz
ve sitirede toksik etki yaparak serum protein ekspresyonlari, karaciger enzim diizeyleri, oksidatif stres ve bazi kan biyokimya
parametreleri iizerinde énemli degisiklikler olusturdugu saptanmustir. Insan ve gevre sagh@ acisindan ¢ok toksik insektisitlerden
olan Deltamethrin’in kontaminasyonundan sucul ekosistemleri korumak i¢in gerekli dnlemler alinmalidir.

Anahtar Kelimeler: Carassius gibelio, deltamethrin, elektroforez, kan parametreleri

The Investigation of the Effects of Deltamethrin on Carassius gibelio (Bloch, 1782) by Electrophoretic and Biochemical
Methods

ABSTRACT: This research is an ecotoxicological study examining the effects of Deltamethrin on Carassius gibelio (Prussian
carp). Serum protein expressions, liver enzyme levels, oxidative stress and some blood biochemistry parameters were investigated
depending on the application of Deltamethrin at different doses. 60 fish caught from Cildir Lake (Kars-

Ardahan, Turkey) in the autumn of 2015 were divided into 5 groups composed by twelve fishes in each group. One of these groups
was created as a control group and the other four as experimental groups. Except for the control group, fishes in the experimental
groups within the test period of 96 hours were subject to the Deltamethrin at the concentrations of 0.48, 0.64, 0.80 and 0.96 mg L
! respectively. Serum samples obtained from blood were carried out in Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis
(SDS-PAGE) in all experimental groups compared to the control group determined by electrophoregram SDS-PAGE thickening
and thinning of several protein bands were obtained. There were statistically significant differences of some biochemical parameters
like Alanine aminotransferase (ALT) and Cholesterol levels in the blood tissue of the fish in the experimental groups affected by
Deltamethrin (p <0.05). However, there were no significant differences between Aspartate aminotransferase (AST) and Glucose
levels (p> 0.05). As a result, Deltamethrin was found to cause significant changes by toxic effects in serum protein expressions,
liver enzyme levels, oxidative stress and some blood biochemistry parameters on Carassius gibelio. Deltamethrin is one of the
most toxic insecticides for human health and the environment. Necessary measures should be taken to protect aquatic ecosystems
from contamination by this toxic substance.

Keywords: Carassius gibelio, deltamethrin, electrophoresis, blood parameter
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GIRIS

Cagimizda Tiirkiye’de ve Diinya’da zararlilara karsi savasimda kisa zamanda en etkin toksik
etkiye sahip, ekonomik ve kullanimi1 kolay pestisit ad1 verilen tarimsal ilaglar kullanilmaktadir (Kurutas
ve Kiling, 2003). Pestisitler iginde yogun ve yaygin olarak kullanilan ¢evre ve insan sagligi agisindan
onemli risk tasiyan sentetik kimyasal madde Deltamethrindir. Bu insektisit; sinir, solunum ve
hematolojik sistemler iizerinde etkili sentetik bir piretroid olup, bir¢ok iilkede ve Tiirkiye’de tarim ve
hayvancilik etkinliklerinde bocek zararlilarinin kontroliinde yogun ve yaygin olarak kullanilmaktadir
(Unal ve Giirkan, 2001). Tiirkiye’de 2017 yilinda kullamlan toplam pestisit miktar1 54.000 tona
yiikselmistir. Bu pestisitler i¢inde fungusitler %44’le birinci; insektisitler ise %22,8’le ikinci siray1
almistir (Anonim 2019a). Cok zehirli bir insektisit olan Deltamethrin karada 6rnegin; bugdayda siine,
zeytin sinedi, ay¢icegi yesilkurdu, sekerpancar1 yaprak kurtlar1 ve patates bocegi (Anonim 2019b) gibi
insektalarla savasimda kullanilmaktadir. Cesitli yollarla sucul ekosistemlere ulasan bu insektisit
buradaki canlilara genellikle sinekler, istakoz ve karideslere, zooplankton kommuniteleri ve baliklara
son derece toksik kirletici olarak bulasmaktadir (Yilayaz, 2008). Ornegin, 1991 ve 1995 yillarinin yaz
mevsiminde Macaristan’da Balaton Golii’'nde 30 ton yilan baliginin (Anguilla anguilla) kitle halinde
6lmesiyle Deltamethrin'in ekolojik bir felakete neden oldugu rapor edilmistir (Velisek ve ark., 2006).
Ayrica, Alanya Alara Cayi’nin (Antalya/Tiirkiye) su 6rneklerinde Deltamethrin konsantrasyonu 1.32 ile
1.52 pg L arasinda degistigi saptanmistir (Kogyigit ve Sinanoglu, 2019).

Arastirmada incelenen Carassius gibelo baliginin diger baliklara gore, ¢evresel etmenlere karsi
toleranslarinin genisligi dolayisiyla daha kolay ve ¢ok sayida bulunabilme &zellikleri deneysel bir tiir
olarak, secilimini arttirmistir (Gliner ve Muranli, 2013).

Bu ¢alismada Deltamethrin’in Carassius gibelio’nun serum protein ekspresyonlari, karaciger
enzim diizeyleri, oksidatif stres ve bazi kan biyokimya parametreleri tizerine etkilerinin elektroforetik
ve biyokimyasal yontemlerle arastirilmasi amaglanmigtir.

MATERYAL VE YONTEM

Arastirmada Carassius gibelio balig: iizerindeki uygulamalar Kafkas Universitesi (KAU) Hayvan
Deneyleri Yerel Etik Kurulu’ndan (KAU-HADYEK) 2014-035 kodlu etik kurul onay1 ile yapilmistir.

Materyal
Su ve deney tanklar:

Calismada onceden temizlenmis, 200 litrelik su hacmi bulunan polietilen yatay, yuvarlak ve
fiberglas deney tanklari, gesme suyu ile doldurulmustur. Baliklar su ile dolu tanklara konulmadan 6nce
klorun ortamdan uzaklasmasi i¢in su 48 saat dinlendirilmistir. Deneme siiresince tanklarda termostatli
wsiticilar kullanilarak su sicakligi 17.5-18.0 °C, pH degerleri 8.0-8.2, tanklardaki suya hava motoru ile
oksijen verilerek ¢oziinmiis oksijen konsantrasyonu da 6.4- 8.6 mg L™ arasinda 6l¢iilmiistiir.

Balik materyali ve beslenmesi

Aragtirma 2015 yilinin Sonbahar mevsiminde Kafkas Universitesi Fen Edebiyat Fakiiltesi Genel
Zooloji Laboratuvari’nda yiiriitiilmiistiir. Cildir Golii'nden ag ile canli olarak yakalanan 60 adet
Carassius gibelio baligi, 60 litrelik bidonlarla taginabilir hava pompalar1 kullanilarak, en kisa stirede
laboratuvara getirilmistir. Cinsiyet ayrimi gozetilmeksizin baliklarin yaslar1 1+ olarak tayin edilerek,
agirlhiklart 130-180 gr ve boylar1 da 20-25 cm arasinda dlglilmiistiir. Deneme igin bes tank kullanilmig
olup, her bir tankada 12 adet balik yerlestirilmistir. Bu ve benzer ¢alismalarda (Atamanalp, 2003; Kamal,
ve Khalid, 2012; Ozden, 2016) kullanilan balik sayis1 farkli olmasina karsin bu baliklar, akvaryum veya
tank sayilar1 dikkate alinarak, esit olarak bu yagam ortamlarina konulmustur. Denemede gece ve giindiiz
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dogal fotoperiyot 14/10 olarak gerceklesmistir. Baliklar laboratuvar kosullarmma 15 giin siireyle
adaptasyona tabi tutulmustur. Bu donemde baliklara sabah ve aksam olmak lizere giinde iki kez
agirliklariin %2’si kadar ticari yem (Sera, Tiirkiye) verilmistir. Deneylere baglamadan 24 saat 6nce
baliklar a¢ birakilmistir.

Kimyasal madde
Calismada test i¢in insektisit materyali olarak Deltamethrin (Dentis 25 EC 250 mL. 25¢g/L
Istanbul, Tiirkiye) kullanilmastir.

Yontem
Deneysel arastirma

Baliklar laboratuvar ortaminda devamli havalandirilan 200 L ¢esme suyu ile dolu fiberglas
tanklarda 15 giin siireyle ortama adaptasyonlari saglandiktan sonra deneye alimmistir. Toksisite
deneyleri, standart metotlar (APHA 1975, TSE 1990, ISO 1996 ) kullanilarak, yar1 statik biyodeney
yontemiyle gergeklestirilmistir. Deneyde 60 adet balik, her bir grupta 12 adet balik bulunan, biri kontrol
diger dort grup deney olmak iizere 5 gruba ayrilarak, tanklara konulmustur. Deney konsantrasyonlari
ve siiresinin belirlenmesi i¢in 6nce sazan balig1 lizerine yapilan toksisite calismalari (Velisek ark., 2006;
Kaya, 2014; Ozden, 2016) dikkate alinarak, 6n denemeler yapilmustir. Baliklar icin Deltamethrin’in
farkli konsantrasyonlar1 (0.48, 0.64, 0.80, 0.96 mg L) ve siiresi (96 saat) belirlenmistir. Asil
denemelerde baliklar bu konsantrasyonlarda ve siirede Deltamethrin’in etkisine maruz birakilmistir.

Kan 6rneklerinin alinmasi

Kan 6rnekleri alinmadan nce, baliklarin bulundugu ortama anestezik madde olarak 100 mg L
Tricaine Metan Siilfonat (MS-222) eklenerek, baliklar bayiltilmistir (Lepic ve ark., 2014). Boylece
deneyin bittigi 96. saatin sonunda baliklarin kaudal venasindan ortalama 2-3 mL kan alinarak heparin
iceren tiiplere konulmustur. Kan 6rnekleri 10 dakika santrifiij (3000 devir/dak.) edilerek siipernatant
kism1 eppendorf tiiplerine alinmis olup, analizler yapilincaya kadar -20 °C de saklanmistir (Greene ve
Selivonchick, 1990; Kili¢ ve Yonar, 2017).

Sodyum dodesil siilfat poliakrilamid jel elekroforez (SDS-PAGE) yontemi

Bu calismada Carassius gibelio baliginin kan serumundaki proteinlerin molekiil agirliklarina gére
ayrilmasi i¢in jel iizerinde tek bant olusturabilmesi amaciyla SDS-PAGE islemine Laemmli ve O’Farrell
yontemleri uygulanmstir (Laemmli, 1970; O’Farrell, 1975). Orneklerin protein konsantrasyonlari biiiret
yontemi ile 6l¢iilmiistiir (Robert ve Michael, 1993).

Elektroforez uygulamasinda protein standardi olarak sigir albiimini (66 kilodalton= kD), yumurta
alblimini (45 kD) ve tripsinojen (24 kD) kullanilmistir. Proteinlerin molekiil agirliklar1 hesaplanmistir.

Biyokimyasal

Deltamethrin’in 96 saat siireyle test konsantrasyonlarina maruz kalan Carassius gibelio baliginin
biyokimyasal analizleri i¢in kan serumundaki toplam antioksidan (TAS) ve toplam oksidan (TQOS)
diizeyleri lizerine etkisi incelenmistir. Kan serumunda TAS ve TOS diizeylerinin analizi ticari kitler (Rel
Assay Diagnostics, Clinical Chemistry Solutions, Gaziantep, Tiirkiye) vasitasiyla spektrofotometrik
olarak yapilmistir (Erel 2004). Bunlara ek olarak; elde edilen kan serumunda Alanin aminotransferaz
(ALT), Aspartat aminotransferaz (AST), Trigliserit (TG), Kolesterol, Kreatinin, Ure, Ca ve Glukoz
diizeyleri Roche P 800 Autoanalyzer cihaziyla belirlenmistir.
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Istatistiksel analizler

Calismada elde edilen verilerin istatistiksel analizleri SPSS 22.0 paket programi kullanilarak
yapilmistir. Baliklarin incelenen parametrelerinde olusan degisimler p<0.05 diizeyinde tek yonlii
varyans analizi (ANOVA) ve DUNCAN c¢oklu karsilastirma testi ile belirlenmistir. Sonuglar ortalama +
standart sapma (X+SD) olarak kaydedilmistir (Anonymous, 1993; Hayran, 1995).

BULGULAR ve TARTISMA

Deltamethrin’in  Carassius gibelio Ttizerindeki etkilerini elektroforetik ve biyokimyasal
yontemlerle incelenmesi sonucu elde edilen bulgular Sekil 1 ve Cizelge 1-3’de verilerek, tartisilmistir.

Carassius gibelio baligina ait serum proteinlerinin SDS-PAGE elektroforezinden elde edilen
elektroferogram verileri, kontrol grubuyla karsilastirildiginda deney gruplarinda olan degisiklikler
Cizelge 1 ve Sekil 1°de gosterilmistir.

Bu ¢alismada, Cildir G6lii’nden avlanan Carassius gibelio baligina uygulanan Deltamethrin’in
farkli konsantrasyonlardaki etkisinin elektroforetik yonden incelenmesi sonucu, deney gruplarindaki
baliklarin protein bantlarinda farkli incelmeler ve kalinlagsmalar ile birlikte yeni proteinlerin de
sentezlendigi ve bu proteinlerden bazilarimin da kayboldugu goriilmiistiir. Ayrica serum proteinleri
elektroforezinde diisiik (0.48 mg L) konsantrasyon uygulanan gruptaki protein bantlarinda incelmeler
fazla; yiiksek (0.96 mg L) konsantrasyon uygulanan gruptaki protein bantlarinda ise incelmeler az
olmasina karsin, kalinlagmalar fazla bulunmustur (Cizelge 1/ Sekil 1).

Yapilan literatiir arastirmasinda, Deltamethrin’in farkli balik tiirlerinin serum proteinleri iizerine
etkileri ile ilgili bilgiye az rastlanilmasina karsin, Deltamethrin ve diger pestisitlerin 6zellikle agir
metallerin balik tiirleri iizerindeki etkileri ile ilgili ¢ok sayida ¢alisma bulunmustur. Ornegin, Kog ve
ark., (2013), Capoeta capoeta ve Squalius cephalus {izerine 10 giin siireyle hekzavalent krom (CrVI)
uygulamasiyla bazi protein bantlarinda hafif kalinlagma olmasina karsin, Squalius cephalus’un protein
bantlarinda belirgin bir degisiklik goriilmedigini belirtmislerdir. Ayrica hekzavalent kromun 20 giin
siireyle Capoeta capoeta baligina uygulanmasi ile bir¢ok protein bantinda incelmeler, bazi1 protein
bantlarinda ise belirgin derecede kalinlagmalar gozlenmistir. Squalius cephalus’un bazi protein
bantlarinda ise hafif derecede kalinlasmalar olustugu saptanmistir. Tanrikulu (2008) yaptig1 ¢alismada,
Cildir Gélii’'nden yakalanan Cyprinus carpio baligma 0.1 ve 0.3 mg L bakir siilfat (CuSO4+5H,0)
uygulamasi ile serum protein bantlarinda kalinlagmalar olustugunu gérmiistiir.

Bagka bir arastirmada, Kobalt parahidroksibenzoatin (CoPHB) toksisitesi sonucunda Capoeta
capoeta capoeta’nin biiyiik molekiil agirlikli protein bantlarinda kalinlagmalar, kii¢lik molekiil agirlikli
protein bantlarinda ise incelmeler oldugu belirtilmistir. Bu proteinlerin, bantlardaki artis ve azalislari
konsantrasyona bagl olarak bulunmustur (Yilmaz ve ark., 2008). Benzer bir ¢alismada, Karademir ve
ark., (2015) tarafindan fare karacigeri protein elektroforezinde 2 mg kg™¥’lik bakir siilfat (CuSOa)
uygulanan gruptaki protein bantlarinda kontrol grubuna oranla incelmeler, 6 mg kg* CuSO4 uygulanan
gruptaki protein bantlarinda ise kalinlasmalar oldugu saptanmistir. Bulunan bu zit etkinin; diisiik
konsantrasyon uygulanan gruptaki hayvanlarin toksikasyona karsi mevcut kosullarda savunma yapmasi,
yiiksek konsantrasyon uygulanan grupta ise siddetli toksikasyon karsisinda gii¢lii bir savunma durumuna
gectigi ve bununla ilgili olarak da karacigerdeki protein sentezinin ve depolanmasinin arttig1 seklinde
diisiiniildiigti bildirilmistir.

Mevcut calismada Deltamethrin konsantrasyonundaki artisa paralel olarak yeni proteinlerin
sentezlendigi saptanmistir. Bu proteinlerin Deltamethrin’in etkisine verilen yanitin bir pargasi olarak
distintilmustir. Bayram ve ark., (2010), Capoeta capoeta capoeta’nin serum proteinleri tizerine 1 mg
L1 Kobalt kloriir (CoClz) uygulanan grupta 32.4 kD'luk; 2 mg L™ CoCl, uygulanan grupta ise 33.3 kD,

1716



Neriman GEY ve Yusuf ERSAN 11(3): 1713-1724, 2021
Deltamethrin’in Carassius gibelio (Bloch, 1782) Uzerine Etkilerinin Elektroforetik ve Biyokimyasal Yontemlerle Arastirilmasi

30.6 kD ve 28.2 kD yeni proteinlerin sentezlendigini, bununla birlikte kontrol grubuna kiyasla deney
gruplarinda cesitli protein tiplerinde incelmelerin bulundugunu ve bu incelmelerin 1 mg L™ CoCl,
uygulanan grupta daha fazla oldugunu saptamislardir.

Bu calismada 0.48 mg L ve 0.64 mg L™ (I. ve II. grup) Deltamethrin uygulanan baliklarin 105
kD molekiil agirligindaki protein bantlarinin, kontrol grubundaki protein bantlariyla karsilastirildiginda,
kayboldugu goriilmiistiir. Y1lmaz ve ark., (2011), Leuciscus cephalus’un serum proteinleri tizerine 1 mg
Lt Kadmiyum siilfat (CdSO4) uygulanan grupta 35.3 kD ve 100.5 kD’luk proteinlerde, 2 mg L™t CdSOa
uygulanan grupta da 44.5 kD ve 47.3 kD’luk proteinlerde kaybolmalarin (inhibisyon) olustugunu
belirtmislerdir. Cildir Golii’nden avlanan Carassius gibelio baligma 26, 39 ve 52 ug L*
konsantrasyonlarda Cypermethrin uygulamasi ile serum proteinleri bantlarinda kalinlagsma, incelme ve
kaybolmalar saptanilmistir (Ozden, 2016). Benzer bir ¢alismada, Kiric1 ve ark., (2015) tarafindan
tarimsal faaliyetlerde siklikla kullanilan Imidacloprid ve Lambda-cyhalothrin pestisitlerinin Capoeta
capoeta umbla’nin bobrek dokusundan elde edilen glikoz 6-fosfat dehidrogenaz (G6PD) enzimi tizerine
etkilerinin in vitro olarak incelenmesi sonucu bu pestisitlerin G6PD enzimini etkili bir sekilde inhibe
ettigi belirlenmistir. Lambda-cyhalothrin, G6PD enzimini imidacloprid’den daha fazla inhibe ettigi
bulunmustur.

Sunulan caligmada, Deltamethrin’in farkli konsantrasyonlarinin Carassius gibelio {izerine
etkisinin SDS-PAGE yontemiyle elde edilen elektoforegramda kontrol grubuna goére deney
gruplarindaki degisikliklere iligkin elde edilen bulgular, (Tanrikulu, 2008; Y1lmaz ve ark., 2008; Bayram
ve ark., 2010; Yilmaz ve ark., 2011; Kog ve ark., 2013; Ozden, 2016)’in farkli balik tiirlerinin serum
proteinlerinde (Kiric1 ve ark., 2015)’nin balik bobrek dokusunda ve (Karademir ve ark., 2015)’nin fare
karaciger dokusunda elektroforetik yontemle elde edilen bulgularla genel olarak benzerlik gostermistir.

Sonu¢ olarak, bu caligmada Carassius gibelio baliginin serum proteinleri tizerine farkli
konsantrasyonlardaki Deltamethrin’in etkisinin elektroforetik yontemle gosterilmesi ekotoksikolojik
yonden oOnemlidir. Ciinkii Deltamethrin uygulanan baliklarin protein bantlarinda degisikliklerin
olusmast bu insektisitin toksik etkili oldugunu gostermistir. Ayrica, bu bantlardaki degisikliklerin
Deltamethrin’in etkisi i¢in belirteg olabilecegi diisiintilmektedir.

Cizelge 1. Carassius gibelio’ nun elektroforetik bulgulart

Kontrol 1. Grup 2. Grup 3. Grup 4. Grup
0.48 mg L* 0.64 mg L? 0.80mg L? 096 mgL?

120 kD Incelme Incelme - Incelme

105 kD Kaybolma Kaybolma Incelme Kalinlasma

98 kD - - - -

91 kD Kalinlagsma - Kalinlagma -

81 kD Incelme Incelme Incelme -

72 kD - - - -

64 kD Incelme - Incelme -

59 kD Incelme Incelme Incelme -

48 kD - - - Kalinlasma

41 kD - - - Kalinlasma

37 kD Incelme Incelme Incelme -

33 kD - - - -

27 kD Incelme Incelme Incelme Kalinlasma
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1 2 3 -+ S 6

Sekil 1. Deltamethrin uygulanan Carassius gibelio baliginin serum proteinlerinin SDS-PAGE elektroforezi ile elde edilen
elektroferogrami. 1)Kontrol grubu, 2)1. Grup 0.48 mg L™ 3)2. Grup 0.64 mg L%, 4)3. Grup 0.80 mg L%, 5)4. Grup 0.96 mg
L%, 6) Standart proteinler

Deltamethrin’in Carassius gibelio {izerine uygulanmasiyla kan serumundaki toplam antioksidan
(TAS) ve toplam oksidan (TOS)’1n ortalama diizeyleri Cizelge 2’de verilmistir. TAS ve TOS sonuglari,
sirastyla mmol Trolox eq L™ ve pmol H20; eq L™ birimleri ile ifade edilmistir (Cevik ve ark., 2013).
Cizelge 2°de Deltamethrin uygulanan baliklarin serumunda TAS diizeylerinin kontrol grubuna gore
azalmasina karsin, TOS degerlerinde artislar oldugu goriilmiistiir. Kaya ve ark., (2014) tarafindan
Tebukonazol’iin Cyprinus carpio iizerine uygulanmasindan kan serumundaki TAS diizeylerinin kontrol
grubuna gore azalirkken, TOS diizeylerinde artislar oldugu bulunmustur. Tebukonazol’iin
konsantrasyonuna bagli olarak, TAS ve TOS diizeylerinde olusan bu ters orantinin, organizmada
antioksidan savunma mekanizmasinin yetersizligi ve oksidatif stresle ilgili olabilecegi belirtilmistir.
Ozden (2016), Carassius gibelio baligina Cypermethrin etkisiyle serumdaki TAS diizeylerinde kontrol
grubuna gore diisiis; TOS diizeyinde ise artig oldugunu belirtmistir. Mevcut ¢alismadaki bulgular, Kaya
ve ark., (2014)’nin ve Ozden (2016)’in bulgular1 ile uyumlu bulunmustur. Ayrica, Livingstone
(2001)’nun yaptig1 ¢alismada sucul organizmalarda TAS ve TOS dengesinin bozulmasinin agir1 pestisit
kullanilmasindan kaynaklandigi bildirilmistir. Sunulan ¢alismada da Carassius gibelio baliginin toplam
oksidan ve antioksidan diizeyleri farkli bulunmustur. Baliklarda TAS ve TOS dengesinin bozulmasi
fazla miktarda insektisit kullanildiginin biyobelirteci olabilecegi gibi, pestisit kirliliginin kontrol
edilmesine de katkida bulunabilir.

Deltamethrin’in farkli konsantrasyonlariin uygulandigi Carassius gibelio baligina serumunda
Glukoz, Ure, Kreatinin, Kalsiyum (Ca), Kolesterol, TG, ALT ve AST, diizeyleri ait varyans analiz ve
Duncan ¢oklu karsilagtirma test sonuglar1 Cizelge 3’de gosterilmistir. Bu ¢izelgede gorildiigi gibi,
Carassius gibelio’nin biyokimyasal analizinde serumdaki enzimlerin (ALT, AST, TG), metabolitlerin
(Glukoz, Kolesterol, Ure, Kreatinin) ve Kalsiyum iyonlarinin (Ca**) diizeylerinde kontrol grubu ve
konsantrasyon artisina gore deney gruplart karsilagtirildiginda onemli degisikliklerin oldugu
belirlenmistir. ALT, TG, Ure ve Kolesterol diizeyleri kontrol gruplarina gére diiserken, Kreatinin’de
artis gdzlenmistir. Istatistiki analiz sonucunda deney grubu 6rneklerinden elde edilen Glukoz, Ca, AST

1718



Neriman GEY ve Yusuf ERSAN 11(3): 1713-1724, 2021
Deltamethrin’in Carassius gibelio (Bloch, 1782) Uzerine Etkilerinin Elektroforetik ve Biyokimyasal Yontemlerle Arastirilmasi

diizeyleri arasinda &nemli bir fark bulunmazken (p> 0.05); ALT, TG, Ure, Kreatinin ve Kolesterol
diizeylerinde istatistiki agidan 6nemli farklar bulunmustur (p<0.05).

Cizelge 2. Deltamethrin uygulamasi yapilan Carassius gibelio’nun kan serumunda deney gruplarinda 6lgiilen toplam
antioksidan (TAS) ve toplam oksidan (TOS)’in ortalama diizeyleri

Kan Serumu
Gruplar TAS TOS
(n=7) (mmol Trolox eq L) (umol H202eq LY)
Ortalama Standart Sapma Ortalama Standart Sapma

Kontrol 0.7521 0.03033 4.3187 0.21577
48 mg L-1 0.6272 0.06690 4.6548 0.32515
64 mg L-1 0.6125 0.05638 5.0005 0.31984
80 mg L-1 0.6343 0.05650 5.4673 0.24624
96 mg L-1 0.6189 0.05041 5.4493 0.42566
P 0.337 0.062

*Onemli (p<0.05). ** Cok dnemli (p<0.01)

Cizelge 3. Deney gruplarinda biyokimyasal parametrelerin ortalama diizeyleri

Enzim 0.00 1.Grup 2.Grup 3.Grup 4.Grup P
Aktivitesi Kontrol Grubu 0.48 mg dL™! 0.64mg dL* 0.80 mg dL™! 0.96mg dL Degeri
(U/'L) (n=7) (n=7) (n=7) (n=7) (n=7)
Glukoz 62.60 + 14.98 79.60+21.51 64.00+22.84 54.71 £22.55 75.33+£23.35 0.195
Ure 3.00+0.712 2.80+0.79 2 2.29+0.49° 2.38 +0.74° 4.00+1.312 0.002
Kreatinin 0.28+£0.10° 0.20+£0.07° 0.21£0.04° 0.29 +0.08 b 0.59+0.182 0.000
Ca 10.39 £ 2.61 9.79+2.36 10.51+£3.22 11.26+1.94 9.60+1.78 0.792
Kolesterol 444.89+76.66 @ 339.25+65.76 8 346.71+80.44 252.86 +85.76° 273.38+£97.02° 0.000
TG 107.00 +34.29 88.10+£29.46 60.71£13.12 66.00 £22.24 107.13+55.67 0.022
AST 2131.57+685.58 2178.13+£561.90 2369.00+604.20 2260.75 £806.12 1809.50+£944.07 0.794
ALT 449.50 +46.232 223.43+76.29° 216.00+£33.36" 250.00 £74.08 P 181.67+60.52° 0.000

*QOnemli (p<0.05), **Cok énemli (p<0.01). Ayn1 satirdaki farkl harfler istatistiksel farklilig1 gosterir

Cizelge 3’te goriildigi gibi, Deltamethrin’in farkli konsantrasyonlarinin uygulandigi Carassius
gibelio baliginin kontrol ve deney gruplarinda glukoz diizeyleri arasindaki fark baliklarin canlilik
olaylarim1 olumsuz etkilemedigini gostermistir. Tiim gruplardaki glukoz diizeylerindeki degisimler
istatistiksel olarak anlamli bulunmamustir (p>0,05). Ancak, Deltamethrin’in 1. gruptaki konsantrasyonu
(0.48 mg L) en diisiik olmasina karsin, glukoz diizeyinin en yiiksek diizeyde (79.60 mg L) bulunmas:
baliklarin Deltamethrin’in en diisiik konsantrasyonuna kars1 en giiclii tepkiyi vermesini glukoz diizeyini
arttirmas1 ile gosterdigi diisiiniilebilinir. Atamanalp ve ark., (2002a) tarafindan kandaki glukoz
diizeyinde Cypermetrin’in diisiik konsantrasyonlarnda kontrol grubuna gore bir artig goriiliirken, en
yiiksek konsantrasyonunda azalis oldugu bildirilmistir. Carassius gibelio baligina Cypermethrin
uygulanmas1 ile glukoz diizeyleri kontrol grubuna gore, deney gruplarinin ilk ikisinde azalma;
liciinciisiinde ise biraz artma bulunmustur (Ozden, 2016). Borges ve ark., (2007) yapmis oldugu
calismada, Rhamdia quelen baligina 2, 4 veya 8 giinliikk siirelerde Cypermethrin’in subletal
konsantrasyonlar (48 saatlik 0,265 mg L™ olan LCso degerinin %30’u ve %45’ine) uyguladiktan sonra
serum glukoz diizeylerinde dnemli bir artis oldugu bildirilmistir. Atamanalp ve Solak (2004); Ozden
(2016) yaptiklar1 serum glukoz ¢alismalarinin sonuglari ile bu ¢galigmanin verileri benzerlik gostermesine
karsin Borges ve ark., (2007) bulgulari ile benzerlik gostermemistir.

Mevcut caligmada serumda iire diizeyi, kontrol grubuna gore I. II. III. deney gruplarinda giderek
azalirken, IV. grupta en yiiksek diizeyde bulunmustur (Cizelge 3). Ozden (2016)’da, Cypermethrin’in
Carassius gibelio tizerine etkisi sonucu kontrol grubuna gore deney gruplarinda iire diizeylerinin daha
az bulundugu ve istatistiksel olarak da onemli olmadig1 belirtilmistir. Kumar ve ark., (2011), Channa
punctatus ve Clarias batrachus adli tatli su baliklarin1 Cypermethrin’in ii¢ subletal konsantrasyonuna
96 saat siireyle maruz birakmiglar; beyin, solungaglar, karaciger, bobrek ve kas gibi hayati organlarinda

tire de artis oldugunu belirtmiglerdir. David ve ark., (2004) yaptig1 bir ¢alismada, Cyprinus carpio’nun
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solungag, beyin, karaciger ve kas dokularinda protein metabolizmasinin g¢esitli parametrelerini analiz
etmek icin 6, 12, 24 ve 48 saat siirelerle Cypermethrin’in 1.2 ug L subletal konsantrasyonu uygulanmig
ve iire diizeyleri bu dokularda arttig1 saptanmustir. Sunulan ¢alismanin verileri ile Ozden (2016) bulgular
benzer bulunmasina karsin David ve ark., (2004) ve Kumar ve ark., (2011) ¢alismalarindan elde edilen
verilerle benzerlik gostermemektedir.

Ure diizeyi gibi, kreatinin de ayn1 egilimi izledigi, ilk ii¢ deney grubunda kreatinin diizeyleri
diiserken IV. grupta kontrol grubuna goére bir kat daha arttigi goriilmistiir (Cizelge 3). Kreatinin
diizeyleri gokkusag: alabaliginda (Oncorhynchus mykiss) 0,1-0,7 mg dL*? arasinda bulunmustur
(Cakici, 1999). Gokkusagi alabaligi (Oncorhynchus mykiss) 21 giin boyunca Asetoklor ve Gliphosate
pestisitlerinin 6 farkli subletal konsantrasyonuna tekli ve ikili bilesiminin etkisinde birakilmistir. Serum
kreatinin diizeyleri diisiik konsantrasyondaki pestisit kombinasyonunun uygulandigi kontrol ve deney
gruplarn arasinda fark bulunmamasina karsin, yiiksek konsantrasyondaki pestisit kombinasyonunun
yarisinin uygulandigi kontrol ve deney gruplari arasinda oldukga yiiksek saptanmistir. Ayrica kreatinin
diizeyine; rakimin, toksik maddelerin, evsel ve sanayi atiklarinin, mevsimlerin, cinsiyetin ve liremenin
de etkili oldugu bildirilmistir. Toksik maddelerin etkisi ile bobreklerde deformasyonun olugmasi sonucu
keratinin diizeyini yiikseltmektedir (Arslan, 2015). Borges ve ark., (2007) tarafindan Rhamdia quelen
baligi Cypermethrin’in subletal konsantrasyonlarinin etkisinde birakilmig ve Cypermethrin’in 0.08 ve
0.12 mg L™"’lik konsantrasyon artislarina paralel olarak kreatinin diizeylerinin de sirasiyla 0.18 den 0.22
mg dL" ye yiikseldigi saptanmistir. Ozden (2016), Carassius gibelio baligma Cypermethrin’in
uygulanmasi ile deney gruplarinda serum kreatinin diizeylerinin, kontrol grubuna gore, diisiis gosterdigi
bulmustur. Mevcut ¢alismadaki veriler, Cakici (1999), Borges ve ark. (2007) ve Arslan (2015)’1n bulgular1
ile uyumlu bulunmusken, Ozden (2016)’in bulgulariyla benzerlik gdstermemektedir.

Ca diizeyleri bakimindan kontrol ve deney gruplar1 arasinda fark olmadigi gibi, istatistiksel olarak
da 6nemli bulunmamistir (p>0.05). Velisek ve ark. (2006) yaptigi ¢alismada, 96 saat boyunca 2
yasindaki Cyprinus carpio baligi iizerine 0.13 mg L™ (3.25 ug L) Deltamethrin uygulamasi sonunda
ortalama Ca diizeylerinin kontrol grubuna (2.56 mmol L?) gére deney grubunda (2.58 mmol L)
degismeden kaldigi bulunmustur. Atamanalp ve ark. (2002b) Cypermethrin igin gokkusagi alabaliginda
(Oncorhynchus mykiss) 15 giin siiresince 3 farkli islemde letal konsantrasyonun (LCso = 8,2 X 10 mg
LY 1/2°si (1. grup), 1 /4’1 (2. grup) ve 1 /8’1 (3. grup) kadar Cypermethrin’in etkisinde kalan kandaki
kalsiyum degerlerinde azalma saptamiglardir. Velisek ve ark., (2006) yaptig1 calismanin verileri mevcut
caligmanin Ca sonuglarini desteklemesine karsin, Atamanalp ve ark. (2002b) bulgular ile benzerlik
gostermemistir. Sucul sistemlerin kirlenmesi, baliklarin iyon regiilasyonunun bozulmasinda, solungag,
bobrek ve bagirsaklar gibi organlarda patolojik durumlarin olusmasinda etken oldugu bildirilmistir (Arslan,
2015).

Mevcut caligmada serumda kolesterol diizeyi, kontrol grubuna gére deney gruplarinda azaldigi
goriilmesine karsin, istatistiksel olarak 6nemli (p<0.05) bulunmustur (Cizelge 3). Bu verilerin uygulanan
Deltamethrin konsantrasyonlarinin canlilik olaylarini olumsuz etkilememesi; deney gruplarina karsin,
kontrol grubunda kolesterol diizeyinin yiiksek bulunmasi, istatistiksel olarak da anlamli saptanmasi
diistindiiriicii olabilir. Atamanalp ve Solak (2004), Erzurum’ un Oltu, Pasinler ve Tortum ilgelerinde
faaliyette bulunan alabalik iiretim tesislerinden saglanan gokkusagi alabaliginda (Oncorhynchus mykiss)
yaptiklar1 ¢alismada, bu baliklarin kolesterol diizeylerinin Oltu’da 470.00 mg dL™, Pasinler’de 339.60
mg dL? ve Tortum’da 240.20 mg dL? olarak bulundugunu bildirmislerdir. Borges ve ark. (2007)
tarafindan Rhamdia quelen baligina, 4 ve 8 giinliik siirelerde Cypermethrin’in subletal konsantrasyonlari
(48 saatlik 0,265 mgL* olan LCso degerinin %30’u ve %45°1) uygulandiktan sonra baliklarin kolesterol
diizeylerinin kontrol grubuna (170.4 mg dL) gore deney gruplarinda 2, 4 ve 8’inci giinlerde sirastyla
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263.0 mg dLt, 224.0 mg dL™! ve 259.0 mg dL™* olarak bulundugu ve énemli konsantrasyon artislarinin
oldugu bildirilmistir. Ozden (2016), Carassius gibelio baligina Cypermethrin uygulanmas: ile deney
gruplarinin serum kolesterol diizeyleri kontrol grubu ile karsilastirildiginda, deney gruplarinda kolesterol
diizeylerinin kontrol grubuna gére diistiigii saptanmustir. Atamanalp ve Solak (2004) ve Ozden (2016)
yaptiklar1 ¢aligsmalarin serum kolesterol sonuglar1 ile bu calismanin verileri benzerlik gostermesine
karsin, Borges ve ark. (2007) bulgular ile benzerlik géstermemistir.

Sunulan ¢alismada serumda trigliserit diizeyi, kontrol grubuna gore IV. deney grubu disinda diger
deney gruplarinda azalirken, bu deney grubunda kontrol grubu diizeyinde bulunmustur. Deney siiresince
Carassius gibelio baliginin tiim gruplarindaki serum trigliserit diizeylerindeki farklar, baliklarin
canliligia etki yapmadig: gibi, istatistiksel olarak da dnemli (p>0.05) bulunmamstir (Cizelge 3). IV.
deney grubu disinda diger deney gruplarindaki trigliserit diizeylerinde azalis Deltamethrin’in toksik
etkisine kars1 direng gelistirdigi diistiniilebilir. IV. deney grubunda, kontrol grubu diizeyinde TG artis1
bu konsantrasyon karsisinda savunma mekanizmasinin yetersiz kaldigi seklinde de yorumlanabilir.
Caligkan (2018), Etofenprox’m 5 ve 50 pg L™V’lik konsantrasyonlarinin etkisinde kalan sazan (Cyprinus
carpio) baliginin trigliserit diizeyleri sirastyla 42,500 mg dL* ve 38,400 mg dL? olarak bulunmasina
karsin, kontrol grubu trigliserit diizeyi 43.400 mg dL"! saptanilmis ve tiim gruplar arasinda istatistiksel
olarak anlamli bir fark bulunmamistir. Borges ve ark., (2007) tarafindan Rhamdia quelen balig:
Cypermethrin’in subletal konsantrasyonlar1 uygulanmis; baliklarin trigiserit diizeylerinde azalmalarin
oldugu bildirilmistir (Bayram ve ark., 2010). Ozden (2016), Carassius gibelio bahig: iizerine
Cypermethrin uygulanmasi ile kontrol grubuna gore birinci ve ligiincii deney gruplarinda TG
diizeylerinde diisiis; ikinci deney grubunda artis saptanmig ancak, {¢iincii deney grubunda TG diizeyinin
kontrol grubu diizeyinin neredeyse yarist kadar oldugu bulunmustur. Borges ve ark. (2007) ve Caligkan
(2018) yaptiklar1 ¢alismalarin verileri, bu ¢alismanin sonuglariyla uyum halinde bulunmasina karsin,
(Ozden (2016)’nin bulgular ile benzerlik gdstermemistir.

ALT ve AST karacigere 6zgii enzimlerdir. Deltamethrin uygulanan Carassius gibelio baliginin
kontrol ve deney gruplarindan kan alinarak ortalama plazma ALT ve AST diizeyleri (mg dL!) elde
edilmistir (Cizelge 3). Kontrol ve deney gruplar1 arasinda plasma AST diizeylerinde istatistiksel olarak
anlamli bir fark bulunmamasina (p>0.05) karsin, ALT diizeylerinde 6nemli bir fark saptanmistir
(p<0.05). Luskova ve ark., (2002), 2 yillik sazan baliginda (Cyprinus carpio) Diazinon’un etkisiyle
kontrol ve deney gruplari arasinda, plazma ALT ve AST diizeylerinde anlamli bir fark bulunmadiginm
saptamiglardir. Borges ve ark., (2007) tarafindan Rhamdia quelen baligina Cypermethrin uygulanmasi
ile ALT ve AST diizeylerinin kontrol grubuna gore, deney gruplarinda ALT diizeyleri diisiis gosterirken
AST diizeyleri 2. giinde artis; 4. ve 8. giinlerde ise diisiis bulunmustur. Cogun ve ark., (2013) Tilapia
baligina (Oreochromis niloticus) Dimethoat’in uygulanmasi ile ALT ve AST diizeylerinin kontrol
grubuna gore, deney gruplarinda artis gosterdigi belirlenmistir. Arslan (2015) tarafindan deney
gruplarinda kontrol grubuna gore Asetoklor ve Gliphosate pestisitlerinin diisiik olarak uygulanan
konsantrasyonlarinda, yiiksek uygulanan konsantrasyonlarmma gore, ALT ve AST diizeylerinde artislar
belirlenmistir. Caliskan (2018), 96. saat sonunda 5 pg L™ ve 50 ug L Etofenprox uygulanan sazan
(Cyprinus carpio) baliginin kontrol grubu ve deney gruplari arasinda plazma ALT ve AST diizeylerinde
istatistiksel olarak anlamli farklar bulunmustur (p<0,05). Karacigerin hasar gérmesi ALT ve AST
aktivitesindeki artiglarin ortam konsantrasyonlarina bagli olarak kanda bulunmasi kirleticilerin etkisinin
belirlenmesinde bir¢ok c¢alismada (Kili¢ ve Yonar, 2017; Arslan, 2015) kullanilmaktadir. Mevcut
calismadan elde edilen verilerde deneme gruplarinda ALT diizeyleri arasinda farklar bulunmasina
karsin, AST diizeylerinde bulunmamistir. Bu bulgular Borges ve ark. (2007) ve Arslan (2015)’mn
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sonuglari ile uyum halinde; Cogun ve ark., (2013) ve Caliskan (2018)’1n verileri ile benzer bulunmasina
karsin, Luskova ve ark., (2002)’n bulgulari ile benzerlik gdstermemistir

Yapilan bu ¢alismadan elde edilen veriler, Deltamethrin pestisitinin Carassius gibelio baliginin
biyokimyasal parametreleri tizerine etkileri sonucu bu parametrelerin diizeylerinde olusan degisimler de
tepkinin boyutunu ortaya koymasi bakimindan 6nemli bir kriterdir. Ciinkii balik biyokimyasinda
Ozellikle kan parametreleri; suyun kalitesini ve baligin saglik durumunu yansitan 6nemli etmenlerdendir.
Baliklar, pestisitlere kars1 duyarliklarini; kan parametrelerindeki degisiklikler, doku ve organ hasarlari
ve hastalik durumlar ile gostermektedir (Kaya ve ark., 2014).

Sonug olarak, baliklarin kan serumundaki biyokimyasal parametrelerin; Deltamethrin pestisitine
duyarli oldugunu, sucul ekosistemlerdeki kirliligin ve bunun canlilar {izerine olan toksik etkilerinin
belirlenmesinde biyoindikator parametreler olarak kullanilabilecegini, bu arastirmanin yiiriitiillecek
baska ¢alismalara kaynak olusturabilecegi ve yon verebilecegi sdylenebilir.

SONUC

Yogun ve bilingsiz pestisit kullanimi sonucunda; toprakta, suda ve havada kendisi ya da dontistim
trlinleri kalmaktadir. Pestisitlerin etkilerini azaltmak i¢in halkin bunlarin kullanimi konusunda
bilin¢lendirilmelidir. Bunun i¢in; pestisit kullanimu ile ilgili topluma egitimler verilmeli, tiiketiciler ve
uygulayicilar egitilmelidir. insan ve gevresi i¢in daha az toksik olan pestisitler tercih edilerek, kalici
organik kirlilige neden olan pestisitler i¢in yasal dnlemler alinmalidir.
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ABSTRACT: Four samples of Vipera berus barani are recorded from Alagam Village, Kestel/Bursa
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specimens from other localities with regard to literature. A database of 30 distribution records of V. b.
barani was provided and the climatic preference was analyzed. The average AUC value was 0.955 and
the most effected bioclimatic variable of V. b. barani distribution range is precipitation of driest month
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On Additional Samples of Vipera berus barani Bohme and Joger, 1983 (Reptilia: Ophidia: Viperidae)

INTRODUCTION
The genus Vipera Laurenti, 1768 comprises 21 species. Vipera is the most diverse. In Eurasia the

genus includes three subclades: 1. Pelias, comprising V. berus, V. altaica, V. anatolica, V. darevskii, V.
dinniki, V. eriwanensis, V. graeca, V. kaznakovi, V. lotievi, V. nikolskii, V. orlovi, V. renardi, V. sakol,
V. seoanei, V. ursinii and V. walser. 2. Vipera 1 comprising, V. aspis and the V. latastei-monticola
complex; and 3. Vipera 2 including, the Vipera ammodytes-transcaucasiana complex (Freitas et al.,
2020).

Baran’s Adder, V. b. barani is an endemic species for Anatolia. It was described as Vipera
barani from approximately 60 km North of Adapazar1 based on a female specimen (B6hme and Joger,
1983). Afterwards, new localities records were reported from the northwestern and the northeastern
Anatolia (Baran et al., 1997, Franzen and Heckes, 2000; Baran et al., 2001; Avci et al., 2004; Baran et
al., 2005; Kumlutas et al., 2013; Giil, 2015; Go¢men et al., 2015; Giil et al., 2016).

V. b. barani is different from other subspecies in V. berus in having higher numbers of ventrals
and subcaudals for females, fragmented loreals and head plates and unique coloration. The species has
melanistic and patterned forms (Béhme and Joger, 1983; Franzen and Heckes, 2000; Baran et al. 2001,
2005; Kumlutas et al., 2013; Tuniyev et al., 2019).

Several studies were carried out to reveal the taxonomic status of Vipera berus. barani and
phylogenetic relationship with related taxa. Joger et al. (1997) studied the phylogeny of the V. berus
group using a partial sequence of the mitochondrial cyt b gene. They studied also the position of V.
barani and V. nikolskii within the group using external morphologic and hemipenial comparisons.
Based on mtDNA information, they found that V. barani might be a subspecies of V. berus. But
according to morphology and hemipenis structure V. barani represent a distinct species within the V.
berus “superspecies” group. Joger et al. (2003) worked on subgenus Pelias is consisted basically of
two lineages covering V. berus and V. ursinii-kaznakovi group and identified V. barani as one of five
haplotype groups of the V. berus group. Later, Kalyabina-Hauf et al. (2004) analyzed the phylogeny of
V. berus group based on mitochondrial gene sequences (cyt b, 12S and 16S RNA). They found that V.
bosniensis and V. barani are to be different species because they were morphologically different from
V. berus. They also reported that if that V. barani would be recognized a separate species, V. barani
was supported as paraphyletic, with V. berus. But Freitas et al., (2020) studied on Eurasian Vipers and
found that the range of divergence time between berus and barani is 1.38 Mya. They suggested that
despite the obvious geographic isolation; the status of barani should be more suitable as subspecies of
V. berus due to its low genetic divergence (2%).

The aim of this study is to define the climatic patterns and potential distribution of this species
with description of pholidotical characteristics, morphometric measurements and the color-pattern
characteristics of four Vipera berus barani samples collected from two additional localities.

MATERIALS AND METHODS

This study was carried out with the permission of Aydin Adnan Menderes University Animal
Experiments Local Ethic Committee dated 27.08.2020 and numbered 64583101/2020/064. This study
is based on three samples from Alacam Village, Kestel/Bursa and one specimen from Golciigez
Village, Unye/Ordu, Turkey which were found between the 2012 and 2019. The materials are
currently deposited in the Zoology Museums of the Department of Biology at the Science and Arts
Faculty, Aydin Adnan Menderes University, Aydin and Uludag University, Bursa.

Material Examined: n: 4 99: @ Patterned, Alagam Village, Kestel/Bursa, 1905 m. a.s.l,
15.09.2012, K. Olgun, A. Avct; @ Patterned, Alagam Village, Kestel/Bursa, 1843 m. a.s.1., 10.09.2013,
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A. Akkaya; @ Melanistic, Alagam Village, Kestel/Bursa, 1920 m. a.s.l., 09.09.2019, I. Sentiirk;
Patterned, Gélciigez Village, Unye/Ordu, 128 m. a.s.l., 20.08.2019, Y. E. Giimiis.

When the samples were still alive, color-pattern characteristics were determined. The samples
were fixed and kept in ethanol 96% and 70 % respectively (Basoglu and Baran, 1980). Meristic
characteristics and the interrelation between them were counted and recorded manually. The number
ventral plates were determined by using Dowling system (1951). A dial caliper (= 0.01 mm) was used
to taking the metric measurements.

For the distribution model, 26 literature records and four new localities records (Table 1) of V. b.
barani from Turkey were collected and determined the coordinates from Google Earth Pro vers. 7.3.2.
All records are georeferenced into WGS-84 coordinate system and checked with ArcGIS vers. 10.3.1.

Table 1. All available distribution records of the Vipera berus barani used in this study.

Locality Name and Literature Latitude Longitude
Anadoluhisari/Istanbul (Bodenheimer, 1944) 41.076582 29.086539
60 km north of Adapazari/Sakarya (Béhme and Joger, 1983) 41.172167 30.227777
Duygulu-Camlihemsin/Rize (Baran et al., 1997) 41.105277 41.044452
Gokdag-Sapanca/Sakarya (Franzen and Heckes, 2000) 40.667584 30.258639
Hosdere-Ardesen/Rize (Franzen and Heckes, 2000) 41.119112 41.038878
Alancik-Dereli/Giresun (Franzen and Heckes, 2000) 40.662072 38.408022
Firtina Valley-Ardesen/Rize (Franzen and Heckes, 2000) 41.048711 41.007611
Arpagozii-Caykara/Trabzon (Baran et al., 2001) 40.584711 40.410233
Ballica-Of/Trabzon (Kutrup, 2003) 40.893645 40.287497
Sugeldi-Hayrat/Trabzon (Kutrup, 2003) 40.892985 40.327575
Cinarli-Yomra/Trabzon (Kutrup, 2003) 40.940146 39.822572
Camlik-Vakfikebir/Trabzon (Kutrup, 2003) 41.034256 39.251648
Ikizce/Ordu (Avei et al., 2004) 41.046227 37.043309
Goktepe-Geyve/Sakarya (Baran et al., 2005) 40.609096 30.556471
Golyazi-Terme/Samsun (David and Vogel, 2010) 41.263124 36.956332
Kozlu/Zonguldak (Kumlutas et al., 2013) 41.412995 31.750258
Kopriikoy-Ardesen/Rize (Mebert et al., 2015) 41.118465 41.051197
Cayyaka-inegol/Bursa (Gogmen et al., 2015) 40.002411 29.473170
Durabey-Domanig/Kiitahya (Gogmen et al., 2015) 39.819488 29.628569
Camiliyayla-Boziiyiik/Bilecik (Gogmen et al., 2015) 39.808681 29.790152
Koru-Geyve/Sakarya (Gogmen et al., 2015) 40.514787 30.438268
Altindere-Magka/Trabzon (Go¢men et al., 2015) 40.678663 39.663631
Omerler/Bolu (Gégmen et al., 2015) 40.694616 31.455846
Yaylacik-Dereli/Giresun (Goé¢men et al., 2015) 40.739712 38.461506
Biiyiikkoy-Cayeli/Rize (Giil, 2015) 40.994275 40.691457
Tektag-Pazar/Rize (Giil et al., 2016) 41.106715 40.814288
Alacam Village, Kestel/Bursa (In this study) 40.088306 29.295311
Alacam Village, Kestel/Bursa (In this study) 40.101969 29.240336
Alagam Village, Kestel/Bursa (In this study) 40.060366 29.312187
Golciigez-Unye/Ordu (In this study) 41.065278 37.381111

Nineteen bioclimatic data were provided from Worldclim ver. 1.4 data set (Hijmans et al., 2005)
with the spatial resolution for past climate variables was 2.5 arc-minutes (approximately 5 km?). Many
of these bioclimatic variables appeared unnecessary (Giil et al., 2015) and the correlation matrix was
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calculated for these variables with SDM toolbox vers. 1.1. (Brown, 2014). The Pearson correlation
coefficients higher than 0.75 accepted as correlated variables and these variables were eliminated from
the analysis. Six environmental variables [bio7 = Temperature range (Bio5-Bio6); biol2 = Annual
precipitation; biol3 = Precipitation of wettest month; biol4 = Precipitation of driest month; biol7 =
Precipitation of wettest quarter; bio18 = Precipitation of warmest quarter] were chosen.

Species distribution models were performed with using the Maxent 3.3.3k (Phillips et al., 2006;
Phillips and Dudik, 2008). The Maxent algorithm estimates the potential range of species from locality
point data by finding the possibility distribution from the features like environmental variables or
functions (Phillips et al. 2004, 2006). Maxent logistic outputs give the possible range as appropriate or
not. The area under the receiver operating characteristic curve (AUC) predicts the importance of the
model. Predicted distribution maps uploaded and visualized with ArcGIS vers. 10.3.1.

RESULTS AND DISCUSSION

The samples from Bursa were found during day excursions between 10:00 and 13:00 hours in
different days, above the upper altitudinal limit of the forest at elevation of approximately 1900 m. The
vegetation cover included Juniperus sp. The specimen from Ordu was found during day excursions
between 13:00 and 15:00 hours, in the forest at elevation of approximately 128 m. The vegetation
cover included Phyllyrea latifolia, Campanula rapunculoides, Lathyrus laxiflorus, Filipendula
vulgaris, Mercurialis annua, Coronilla varia, Smilax excels and Trachystemon orientalis (Figure 1).

o 3 - . g Ty NG < el S i X =
(2 © 2 = SR AR L '&“‘ Y D 33

o

Figure 1. The habitat of Vipera berus barani at Alagam Village, Kestel/Bursa (A) and Gélciigez Village, Unye/Ordu (B).

While the snout-vent and tail lengths of the samples from Bursa ranged from 433.96 to 538.44
mm and from 64.23 to 68.47 mm; Unye/Ordu specimen is 616.03 and 88.65 mm, respectively.

All samples had two apicals in contact with rostral and also they had two canthals on each side
of the head. Supralabialia ranged from 9 to 11 on the left and 9 to 10 at right site. Sublabialia ranged
from 10 to 12 on the left and 10 to 11 at right site. 21 Dorsal scales in one row at mid-body and they
strongly keeled except those on the rows adjoining the ventrals. Ventral plates were found between
142 and 149 while subcaudals were ranged between 33 and 35 pairs. The significant pholidotic
features and morphometric measurements of the new samples of V. b. barani are given in Table 2.
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Table 2. Morphometric measurements and pholidotical characteristics of examined samples of Vipera berus barani.

Characteristics 15.09.2012 10.09.2013 09.09.2019 20.08.2019
Kestel/Bursa Kestel/Bursa Kestel/Bursa Unye/Ordu
? ? ? ?
Patterned Patterned Melanistic Patterned
Circumocularia (L/R) 11-11 10-10 12-10 10-12
Supralabialia (L/R) 10-9 9-9 9-9 11-10
Sublabialia (L/R) 11-10 10-11 11-11 12-11
Apicalia 2 2 2 2
Canthalia (L/R) 2-2 2-2 2-2 2-2
Intercanthals and Intersupraoculars 28 28 25 25
Lorealia (L/R) 5-5 5-4 2-3 5-4
Dorsalia (mid-body) 21 21 21 21
Subcaudalia (L/R) 33/33+1 34/34+1 33/33+1 35/35+1
Ventralia 1+149 1+148 2+142 1+147
Scales between Supraocularia 5 6 5 4
Gularia 4-4 4-5 3-3 5-5
Rostral height (mm) 2.84 3.77 3.67 4.32
Rostral width (mm) 2.68 3.16 3.64 3.52
Distance between the nostrils (mm) 4.02 4.75 4.87 5.78
Eye diameter (mm) 2.49 3.11 2.97 3.60
Head length (mm) 20.46 21.24 20.60 22.42
Head width (mm) 13.02 16.33 13.17 19.62
Head depth (mm) 7.80 8.35 6.12 8.69
SVL (mm) 433.96 538.44 458.41 616.03
TL (mm) 64.23 67.89 68.47 88.65
Zig-zag Bants (body) 54 68 52
Zig-zag Bants (tail) 10 7 7

The body color of the melanistic specimen is completely black (Figure 2). But supralabials on
each site are yellowish-white with black edges. The white spots present on sublabials but not as
remarkable as present in the supralabials. The whitish spots on supra- and sublabials form a fine line
where the ventrals contact with the first row of dorsal scales and becoming sparse towards the
posterior. Whitish spots of different sizes present on the underside of the head. The ground color of the
ventral side is lighter than the deep black dorsal scales and covered with dense white spots, which
disappear toward the anus. The color of 1/3 of ventral tip of the tail is yellowish.
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A

Figure 2. General view of Vipera berus barani samples: A- @ Patterned, Alacam Village, Kestel/Bursa, 15.09.2012; B- @

Patterned, Alagam Village, K@stel/Bursa, 10.09.2013; C- @ Melanistic, Alagam Village, Kestel/Bursa, 09.09.2019; D- ©
Patterned, Golciigez Village, Unye/Ordu, 20.08.2019.

The dorsal color of the patterned samples is almost greyish brown with a blackish zig-zag band
in a longitudinal row (Figure 2). This zig-zag band shrinks towards the rear and extends up the tip of
the tail. The number of zig-zag bands on the body varies between 52-68 while on the tail is between 7-
10. The whitish spots on supralabials, sublabials and undersite of the head are similar to the melanistic
specimen. The base color of the ventral side is black with rare white spots. The 1/3 of ventral tip of the
tail is yellowish like melanistic specimen.

In their morphology and color-pattern features of the new samples correspond well with the
other known individuals as mentioned before by Bohme and Joger, 1983; Baran et al., 1997; Franzen
and Heckes, 2000; Baran et al., 2001; Avci et al., 2004; Baran et al., 2005; Kumlutas et al., 2013; Giil,
2015; Mebert et al., 2015; Gogmen et al., 2015; Giil et al., 2016.

Furthermore, the specimen from Gélciigez Village, Unye/Ordu observed in this study had total
body length was 704.68 mm. Up to now, the total size of V. b. barani generally reaches 55-60 cm
(Baran et al., 2012). Our record is the largest total body length for V. b. barani, recorded to date.

A database of 30 distribution records of Vipera b. barani is provided in Table 1. The mean AUC
value of the current distribution model is high (0.955 £ 0.036) (Figure 3). According to the model, the
primary factor affecting the distribution of the V. b. barani in Anatolia precipitation of driest month
(biol4) (55.2%). This species is ranged from Marmara Region to Eastern Black Sea Region. And we
know that this region is also rainy in summer than other regions of Turkey.

All this last glacial maksimum, current climatic conditions (Gtil, 2015) and field observations are
supported this scenario which is affected the distribution of this species by precipitaion in driest
month. The contributions of the other variables are given in Table 3. The distribution model shows
Black Sea borders of Turkey and southeast of Marmara Sea as more suitable places for distribution of
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the species. Giil (2015) reported that precipitation in driest month (Bio14) is also determined as highest
gain of the distribution of Vipera berus barani under the current climatic conditions and northwest and
northeast of Turkey showed better adaptation of the distribution of the species. As in Giil (2015), we
also found that Biol4 was the highest gain under last glacial maximum conditions and Black Sea and
Marmara Regions are the most suitable locations for the distribution of the species.

Table 3. The contributions of the environmental variables for Vipera berus barani in Turkey.

Variables Description Percent Contribution
Bio7 Temperature range (Bio5-Bio6) 22,5
Biol2 Annual precipitation 34
Biol3 Precipitation of wettest month 8.1
Biol4 Precipitation of driest month 55.2
Biol7 Precipitation of wettest quarter 8.1
Biol8 Precipitation of warmest quarter 2.7

Low

Figure 3. The potential distribution of the Vipera berus barani in Turkey. The circles show the known literature records and
the stars show the new localities records.

During the past glacial periods, the range of the reptiles is limited in Central and Northern
Europe, and in the inter-glacial periods they enlarged their distribution range (Gasc et al., 1997; Aratjo
et al., 2006). The global climate changes are affected to reptiles in two ways; extinction (Stuart et al.,
2004) and expand their distribution (Gasc et al., 1997; Araujo et al., 2006). In the Quaternary ice ages,
Anatolia was a refugium, and it is a played a bridge role for migration of species during the interglacial
periods to Europe and the Caucasus (Hewitt, 2001). The estimation of the distributions of species has
an important place in the practice about ecology, evolution, and conservation biology (Guisan and
Thuiller, 2005; Elith et al., 2006).

CONCLUSION

In this study, we examined four samples of Vipera b. barani from two new locality which are
named Alacam Village, Kestel/Bursa and Golciigez Village, Unye/Ordu. Also, length of the sample
obtained from Golciigez Village, Unye/Ordu is 704.68 mm and it is the largest sample belonging to the
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species mentioned in the literature so far. Moreover, we found precipitation of driest month (biol4,
55.2%) as the most important ecological variable for habitat preference of species.
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Determination of Chemical Constituents and Bioactive Properties of Alcohol Extracts of
Pleurotus sajor-caju and Pleurotus ostreatus

Ozlem GULMEZ?, Murat OZDAL?, Omer Faruk ALGUR?, Bilal YILMAZ?

ABSTRACT: In this study, alcohol extracts of Pleurotus sajor-caju and Pleurotus ostreatus which are
edible mushroom species were obtained and their extract contents were determined by GC-MS.
Antioxidant capacity of these alcohol extracts were determined with 2-2-diphenyl, 1-picrylhydrazyl
(DPPH). Antimicrobial activities of alcohol extracts was determined on Klebsiella oxycota,
Pseudomonas aeruginosa, Staphylococcus aureus, Corynobacterium diphtheria, Enterococcus faecalis,
Escherichia coli, Serratia marcescens, Bacillus cereus and Bacillus thuringiensis bacteria, and
Rhodotorula glutinis and Candida albicans yeasts. Moreover, this study indicated the anti-quorum
sensing activity of the tested mushroom extracts against to Chromobacterium violaceum CV026. P.
sajor-caju and P. ostreatus alcohol extract compositions were determined with GC-MS. According to
GC-MS results, 20 different compounds were found in P. sajor-caju and P. ostreatus alcohol extract.
Hexadecanoic acid, linoleic acid, octadecanoic acid, 2,3-dihydroxypropyl ester and palmitic acid were
found in both mushroom extracts. Because they contain a high content of fatty acids, alcohols,
aldehydes, ketones and terpenoids, these extracts can be used both as antimicrobial, anticancerogenic,
antioxidant and antiaging agents or can be consumed as food supplements.

Keywords: Mushroom extract, GC-MS, volatile compounds, antimicrobial, antioxidant
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INTRODUCTION

Fungi are rich in proteins, vitamins, minerals, essential oils and bioactive substances (Sing et al.
2014, Rezaeinan et al. 2016, Ozdal et al. 2018). Mushrooms have been used as food sources for centuries
in many societies around the world. They have been used in drug development and alternative medicine
in recent years (Smith et al. 2015). Medical and pharmacological researches shown that fungi have
antimicrobial, antioxidant, anticancer, antiviral and anticholesterol activites (Patel et al. 2012, Alves et
al. 2012, Rathee et al. 2012, Avci et al. 2014, Ozdal 2018, Finimundy et al. 2018).

Natural antioxidants obtained from fungi reduce oxidative stress (Kamra et al.2012). Water and
alcohol extracts are used in antimicrobial and antioxidant studies due to bioactive substances
(polysaccharides, phenolic compounds, flavonoids and lipids) which contain fungi such as Pleurotus,
Lepista and Ganoderma (Vamanu 2012, Ozdal 2018, Ozdal et al.2019). Also inhibit free radicals due to
their high antioxidant content (Alam et al. 2011a,b).

Mushrooms belong to the genus Pleurotus are important sources of fiber and have high nutritional
value. Thus, mycelial biomass is a cheap alternative protein source and they can be produced using waste
substance. Due to the potential health benefits for the human body, mushroom products are commercially
available. Furthermore, Pleurotus genus mushrooms has been researched recent years because of its
biologically active compounds, like polysaccharides, proteoglycans, phenolicacids, terpenes, proteins
and sterols (Duru and Cayan, 2015). Pleurotus sp. can be easily produced in both liquid and solid media,
and is a medically important fungus. Also, submerged fermentation facilitates the extraction and
purification of compounds, reducing growth time and contamination, resulting in higher biomass
production (Mukhopadhyay and Guha, 2015, Geyikoglu et al. 2017).

The aim of this study is to determine the antioxidant content of alcohol extracts of P. ostreatus
(Jacg. P. Kumm.) and P. sajor-caju and to find their antibacterial effect on some human pathogenic
bacteria. Also, anti-QS activities were decided. For these reasons, chemical composition of alcohol
extracts of P. ostreatus and P. sajor-caju were investigated.

MATERIALS AND METHODS

Culture and Fermentation Condition

P. ostreatus and P. sajor-caju were grown at 25 °C for 7 days on Potato Dextrose Agar (PDA).
Submerged fermentation was achieved in 250 mL Erlenmeyer flasks, containing 100 mL of liquid
medium (Ozdal et al. 2019). Each flask was inoculated with one 10 mm agar plugs. Each flask was
cultures at 28 °C and 150 rpm for 96 hours. After growth, the fungal biomasses were obtained from the
aqueous medium by filtration. At the end of the incubation, the biomasses were washed 3 times with
sterilized distilled water, and then dried in the oven at 60 °C until constant weight.

Preparation of Alcohol Extracts

Ten g of biomasses were put in 100 mL of ethanol (99 % purity) and it shaked at 150 rpm for 24
hours at 30 °C. After shaking dried at 40 °C. By filtration through a paper of Whatman No 1 filter (Bo
et al. 2010). Dried extracts were dissolved in ethanol for in antioxidant and antibacterial studies used.

Identification of Components
Chemical constituents of mushroom extracts were determined by GC-MS (Agilent 7820A, 7673
series autosampler).

Determination of Antioxidant Activity
Antioxidant capacity was determined using the DPPH method (Reis et al. 2012; Odal et al. 2019).
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Determination of Antibacterial Properties

K. oxycota, P. aeruginosa, S. aureus, C. diphteria Enterococcus faecalis, E. coli, S. marcescens,
B. cereus and B. thuringiensis bacteria were used in the study. R. glutinis and C. albicans were used as
yeast. These microorganisms were supplied by Prof. Dr. Recep Kotan, Ataturk University. These
microorganisms were seeded in Nutrient agar (NA) and cultivated to incubate for 24 hours. 0.1 g extracts
were dissolved in 2 mL ethanol and the zone diameters were measured by Kirby-Bauer disk diffusion
method. The discs were dried for 24 hours before use. At the end of the time, the diameter of the
inhibition zone formed around each disc was measured in centimeters. Ethanol impregnated disk was
used as a control.

Anti-Quorum Sensing Activity

Inhibition of QS by Pleurotus extracts was followed by employing the indicator strain
Chromobacterium violaceum CV026. Cultures of C. violaceum CV026 were grown overnight LB broth
and spread onto LB plates containing a C6-HSL molecule. Sterile paper disks (6 mm diameter)
impregnated with 0.5 mg, 1 mg and 1.5 mg of each extract (10, 20 and 30 pL of stock solutions) were
placed onto agar medium, and then incubated at 30°C for 24 hours. Lack of purple pigmentation from
C. violaceum in the vicinity of the test extract indicated the inhibitory effect of the Pleurotus extracts
(Table 5). QS inhibition was detected by a colorless, opaque, but, not inhibition of cell growth, halo
around the disks. As a control, ethanol impregnated disk was used.

RESULTS AND DISCUSSION

Appearance and amount of alcohol extracts

As seen in Table 1, L. sajor caju provided a higher extract yield (44 mg/g) and P. ostreatus
provided a lower extract yield (39 mg/g). The appearance of the two extracts was different (P. sajor-
caju, dark brown powder and P. ostreatus, light orange/brown powder).

Table 1. Appearance and amount of alcohol extracts obtained from mushroom

Mushroom species Appearance Yield of extract
P. ostreatus Light orange/brown 39 mg/g
P. sajor caju Dark brown 44 mglg

GC-MS Profile of Volatile Compounds

Table 2. P. sajor-caju alcohol extract component

Retention Time Compounds Formula %Component
7.69 (2,3-epoxyheptane) C7H10 0.75
7.75 (3,4-Dihydroxy-3-methylbutyl) acetate C7H1404 0.33
7,89 2,3,4,5,6,7,8-heptahydroxyoctanal CsH 1608 0.10
8.55 2-(2-butoxyethhoxy)-Ethanol CsH1803 0.14
9.027 Chlorozotocin CoH16CIN3O7 0.04
9.07 1-(methoxymethoxy)-3-methyl-3- hydroxybutane C7H1603 0.05
10.67 4-Cyclopropylcarbonyloxytridecane C17H3,02 0.13
11.556 Cis-9,10-epoxyoctadecanoic acid Ci1gH3403 0.35
19.907 Hexadecanoic acid C16H3202 3.72
20.47 3-deoxy-estradiol C1gH240 0.08
21.057 Oleic acid C18H3402 0.08
22.089 Trans-13-octadecenoic acid C1gH3402 0.57
23.22 Linoleic acid C1gH3202 9.2
26.803 Palmitic acid etylester C1gH3602 0.09
28.116 6,9,12,15-docosatetraenoic acid methyl ester Ca3H330> 0.08
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Table 2. P. sajor-caju alcohol extract component (continued)

Retention Time Compounds Formula %Component
30.262 Linoleic acid ethylester Ca0H3602 0.42
30.968 Palmitic acid C16H320; 1.63
33.361 Octadecanoic-acid-2,3-dihydroxypropy! ester C21H4204 1.98
34.144 9,12,15-octadecatrienoicacid,2,3-dihydroxypropyl ester C21H3604 0.17
38.586 Ergosterol CaHa0 212

P. sajor-caju alcohol extract compounds are given in Table 2. As shown in the Table 2, as a result
of GS-MS, 20 different compounds were determined in the ethanol extract. Linoleic acid (9.2%),
palmitic acid (1.63%), ergosterol (2.12%), octadecanoic acid, 2,3-dihydroxypropyl ester (1.98%) and
hexadecanoic acid (3,72%) were found at high rates. The effect of contact and equilibrium times and
dye concentration factor.

Table 3. P. ostreatus alcohol extract component

Retention Time  Compounds Formula %Component
7.047 Linalool C10H180 0.296
7.874 Dodocene CioH24 0.448
8.118 2-(2-butoxyethhoxy)-Ethanol CsH 1803 0.264
8.763 1-((1-butoxypropan-2-yl)oxy)propan-2-ol C1oH2203 0.128
9.388 Phenylacetaldehyde C8Hs O 0.824
10.515 Isoeugenol C10H120, 0.264
10.689 3-Trifluoroacetoxytetradecane Ci6H29 F302 0.848
11.297 Caryophyllene CisHaa 0.336
11.605 Acetic acid, cinnamyl ester C11H120, 0.168
12.58 2,4-di-tert-butylphenol C14H,,0 0.416
16.47 3-Chloropropionic acid, 3-pentadecyl ester CigHss5 CIO; 0.6
17.95 1,2-benzenedicarboxylic acid bis(2-methylpropyl)ester Ci6H22 04 0.872
19.61 2,3-dimethyl-5-(trifluoromethyl)benzene-1,4-diol CoHo F30; 0.272
19.81 Hexadecanoic acid C16H3202 1.32
23.017 Linoleic acid C18H3202 7.26
28.11 Benzyl butyl Phthalate C1oH2004 0.288
30.957 Palmitic acid Ci6H3202 2.408
31.795 Ethyl iso-allocholate C26H1405 0.04
33.367 Octadecanoicacid,2-hydroxy-1,3-propanediyl ester C3gH760s 2.42
34.145 1-Monolinolenoyl-rac-glycerol C21H3604 1.016

Antioxidant assay

To determine antioxidant activity, DPPH free radical scavenging technique was applied (Figure
1). In the presence of 312-1562 pg/mL extract, P. sajor-caju (97.01%) and P. ostreatus (98%) showed
the radical scavenging activity. As the extract concentration increased, the scavenging activity was also
increased. This means that there is a dose dependent DPPH scavenging efficiency of the mycelium
ethanol extracts.

Antimicrobial Activity

The alcohol extracts of the mycelia cells of two different mushroom species were performed
against five Gram-positive (S. aureus, C. diphtheria, E. faecalis, B. cereus and B. thuringiensis) and four
Gram-negative (P. aeruginosa, K. oxycota, E. coli and S. marcescens) bacteria and two yeasts (R. glutinis
and C. albicans) by the disc diffusion technique. When the extracts were applied to 20 pl, antibacterial
and antifungal activities were not determined, but zone diameters between 0.5 cm and 2 cm were
measured when 40 and 60 ul of extract were applied. As shown in Table 4, the concentration of the
extracts changes the antibacterial effect. Among all bacteria, P. aeruginosa was the most non-sensitive
to extracts. The extracts of P. ostreatus and P. sajor-caju were highly antibacterial against
Corynobacterium diphtheria. It also found that P. sajor-caju extract more effective than P. ostreatus.
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The extracts of P. ostreatus and P. sajor-caju were antifungal against Rhodotorula glutinis and C.
albicans. The extract of P. sajor-caju had very highly antimicrobial activity compared to P. ostreatus.
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Figure 1. DPPH activity results
Table 4. Inhibition zones (cm) of alcohol extract of Pleurotus species against bacteria

Microorgaanisms P. sajor-caju P. ostreatus
20ul 40 pl 60 pl 20ul 40 pl 60 pl

P. aeruginosa - 0.7 1.0 - - 0.9
S. aureus - 0.9 1.3 - 1.0 1.2
C. diphtheria - 15 2.0 - 0.9 13
K. oxycota - 0.8 1.5 - 0.8 1.0
Enterecoccus faecalis 0.67 1.0 1.1 - 0.7 1.0
E. coli - 0.5 1.0 - 0.5 1.0
S. marcescens 0.7 0.8 14 - 0.9 1.3
B. cereus - 0.8 1.5 - - 0.7
B. thuringiensis - 11 1.7 - 0.85 1.3
R. glutinis - 1.0 1.3 - - 1.0
C. albicans - 1.0 1.5 - - 0.8

Quorum sensing inhibition tests

Extracts exhibited Anti-QS effect at concentrations 0.05-0.15 mg/disc in range of 0.7-1.3 cm as
transparent zones around discs. The aqueous extract of Pleurotus extracts showed Anti-QS effect in all
tested concentrations (Table 5). Extracts of Inonotus obliquus (Glamoclija et al. 2015), Agaricus
bisporus, Clitocybe nuda, Lactarius volemus, Macrolepiota procera, Xerocomellus chrysenteron
(Strapac et al. 2019) and Agaricus blazei (Sokovi¢ et al. 2014) were reported that extracts showed
positive anti-QS activity.

Table 5. Anti- QS zones in cm induced by Pleurotus extracts in the disc-diffusion method

P. sajor-caju P. ostreatus
Concentration 10pl 20 pl 30 ul 10pl 20 pl 30 ul
Anti-QS zones (cm) 0.7 0.9 1.2 0.8 0.9 1.3
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With the adoption of the healthy lifestyle, both natural and antioxidant rich substances became the
focus of interest and started to be used (Li et al. 2015). Fungi with high natural and nutritious properties
are rich in antioxidant and antimicrobial substances. Both the fruiting bodies and mycelia are high
important structures due to biological and pharmacological activities (Vamanu 2012; Ozdal et al. 2019).

In our study, linoleic acid, dodecene, dodeconic acid, hexadecene, hexadecanoic were found in
both of the Pleurotus and Lentiudes alcohol extracts. These compounds have been found both in body
structures and in extracts of fungi. These substances have been shown that high antioxidant capacity and
antibacterial activity (Avci et al. 2014, Razla et al. 2016).

Antioxidant substances such as B-carotene, ascorbic acid, vitamin B and ergosterol are found in
most fungi. They are used in cancer treatments due to antitumor activities (Aisya et al.2010, Muna et
al. 2015, Razeian et al. 2016). In addition, it has antioxidant and antimicrobial effect in the chitin which
is one of the polysaccharides found in nature (Benhabiles et al. 2012).

GC- MS results showed that compounds identified in ethanol extracts of Pleurotus sp. and
Lentiudes which represented the bioactive fractions. Three compounds were identified as the major
bioactive compounds (Table 2 and 3). The fatty acids determined in high percentages were linoleic,
palmitic and oleic acid. 1-octene-3-ol is the precursor of aromatic compounds and known as the alcohol
of fungi (Barros et al. 2008). Linoleic acid was found in fungal samples analyzed (Fogarai et al. 2018)
and our study showed similar results. For this reason, it can be considered as a source of linoleic acid,
the precursor of other long chain fatty acids in the human body.

The volatile compounds from mushroom extracts could be divided in several groups: alcohols,
aldehydes, ketones, terpenoids, acids and others. According to Zhang et al. (2008), aldehydes and
ketones were also the dominant compounds in the mushrooms varieties. The main aldehydes present in
all samples were 2-methyl-pentanal, hexanal and benzaldehyde yet their concentration varied depending
on the mushroom variety. As shown in Table 2 and 3, our study results are close to previous studies and
may be the cause of bioactive properties of extracts (Table 4 and Figure 1).

Volatile compounds which form the unique odor of fungi are 1-Dodecanol, 1-Hexanol, 2-Methyl-
1-butanol, Benzaldehyde, 2,3-Dimethylcyclopentanone and dodecanoic acid (Fogarasi et al. 2018). In
our study, it is similar to the literature studies but contains different contents.

Fungi themselves and extracts have antimicrobial effect. It has been reported to have higher
activity, especially against Gram-positive bacteria (Reis, 2017; Ozdal et al. 2019). In our study,
Pleurotus and Lentiudes extracts were found their antibacterial effect on the bacterial species (P.
aeuriginosa, S. aureus, E. coli, B. cereus, B. thuringiensis C. diphteria, K. oxycota, S. marcescens and
E. faecalis). It also found that Pleurotus ethanol extracts have antifungal activity against C. albicans and
R. glutinis. Many researchers showed that extracts from the mycelial biomass of Pleurotus species
exhibited antifungal activity against C. albicans, C. alabrata, Aspergillus flavus (Akyuz et al. 2010;
Cilerdzic et al. 2015).

Quorum sensing can control different activities, such as pathogenicity factor, bioluminescence,
sporulation, and biofilm generation (Mulya and Waturangi, 2021). Many researchers have reported an
anti-QS activity for different mushroom extracts. Extracts of Inonotus obliquus (Glamoclija et al. 2015),
Agaricus bisporus, Clitocybe nuda, Lactarius volemus, Macrolepiota procera, Xerocomellus
chrysenteron (Strapac et al. 2019) and Agaricus blazei (Sokovic et al. 2014) were reported that extracts
showed positive anti-QS activity. These results supported the use of the mushroom extracts as alternative
agents to treat infections caused by microorganisms and to prevent quorum sensing signaling.
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CONCLUSION

In the present study the analysis ethanol extracts from P. sajor-caju and P. ostreatus was
determined for volatile compounds. This study showed the presence of antimicrobial, anti-quorum
sensing and antioxidant activities in two species of Pleurotus. Therefore, P. ostreatus and P. sajor-caju
ethanol extracts can be used as antitaging and anticancer as they are rich in nutrients and antioxidant. By
using the Anti-Qs properties of the extracts, their potential for use as antibacterial and antifungicide has
been demonstrated. The studied Pleurotus extracts can be used in food supplement and medicinal
products for health promotion.
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Baz1 Ophrys Taksonlarinda Labellum Mikromorfolojisi
Mehmet AYBEKE

OZET: Calismada 10 degisik Ophrys taksonuna ait 6rneklerde labellum mikromorfolojisi Taramali Elektron
mikroskobu (SEM) yontemi ile incelenmis ve sonuglar karsilastirmali tablolar halinde sunulmustur. Ornekler,
araziden toplandig1 sirada %70 alkole alinmis, bir kismi da herbaryum kurallarma gore kurutularak teshisleri
yapilmigtir. Alkolden ¢ikarilan labellum 6rnekleri, bisturi ve ignelerle stereomikroskop altinda dissekte edilerek
dogrudan iizeri ¢ift tarafli yapigkan bantlar bulunan ve SEM cihazina ait ¢elik aparatlara yerlestirilmistir. Bir
gece kadar bekletilerek alkolii tamamriyla ugurulan bu 6rnekler, dogrudan Taramali Elektron Mikroskobu (SEM)
ile incelenmis ve labellum mikrofotograflar: ¢gekilmistir. Bulgularimiza gore spekulum yapilarinin birbirinden ¢ok
farkli oldugu, bazal, medyan, lateral bolgelerde tily / papilla sekli ve dagiliminin tiirden tiire farklilik gosterdigi
tespit edilmistir. Ayrica apeks bolgesinin O. fusca, O. lutea var. minor, O. speculum, O. mammosa, O.
pseudomammosa, O. heldreichii, O. umbilicata, O. holoserica tiirlerinde de farklilik gosterdigi tespit edilmistir.
Ozetle; 1. derecede labellum spekulum ve apeks yapisinin, 2. derecede de bazal, medyan ve lateral bolge yiizey
karakterlerinin tiirler arasinda ¢ok farklilik gosterdigi sonucuna varilmustir.

Anahtar Kelimeler: Orchidaceae, Ophrys, ¢igek, labellum, morfoloji, petal.
Labellum Micromorphology in Some Ophrys Taxa

ABSTRACT: In the study, the micromorphology of labellum in samples belonging to 10 different Ophrys taxa
was examined by Scanning Electron Microscopy (SEM) method and the results were presented in comparative
tables. While the samples were collected from the field, they were taken to 70% alcohol, some of them were dried
according to the herbarium rules and identified. The labellum samples extracted from alcohol were dissected
under the stereomicroscope with scalpel and needles and placed directly into the iron apparatus of the SEM device
with double-sided adhesive tapes. These samples, whose alcohol was completely evaporated by waiting for one
night, were examined directly with Scanning Electron Microscope (SEM) and labellum microphotographs were
taken. According to our findings, it was determined that the speculum structures are very different from each
other, and the shape and distribution of the hair / papilla in the basal, median and lateral regions differ from species
to species. It was also determined that the apex region differs in O. fusca, O. lutea, O. speculum, O. mammosa, O.
pseudomammosa, O. heldreichii, O. umbilicata, and O. holoserica species. In summary; It was concluded that the
labellum speculum and apex structure of the 1st degree and the basal, median and lateral region surface
characteristics of the 2nd degree differ widely between the species.

Keywords: Orchidaceae, Ophrys, flower, labellum, morphology, petal.
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GIRIS

Orkidelerde labellum, farklilagsmis bir petal olarak, diger petallerden boyut, sekil, renk, doku ve /
veya koku bakimindan 6nemli 6l¢iide degisir. Ayrica labellum, polinator bocekleri ¢ekmek i¢in en kritik
cicek organidir ve bocek-bitki iligkileri tizerindeki ortak evrimsel hipotezlerin kurulmasinda da en
onemli noktadadir. Bilhassa Ophrys cinsinde labellumda spekulum yapisi, labellum 3 boyutlu
morfolojisinin, disi bocek koku ve durusuna benzetildiginden tozlasmada erkek bocekleri gekimlemede
cok onemli oldugu belirtilmistir (Bradshaw ve ark., 2010).

Labellum sekil ve renk varyasyonlar1 nedeniyle orkidelerde bazi taksonlarin teshisi olduk¢a zordur
veya miimkiin degildir; bu nedenle halen birgok sistematik problem, ¢dziimsiiz olarak kalmaktadir
(Sezik, 1984; Delforge, 2005). Ozellikle farkl1 ortamlarda yetisen drneklerde morfolojik varyasyonlarda
sapma oldukga dikkat ¢ekici boyutlardadir (Tutin ve ark., 1968; Rossi ve ark., 1992). Bu nedenle
labellum mikromorfolojisi asagida belirtildigi gibi, arastiricilarin odak noktast olmustur:

Ornegin; Maxillaria cinsinin 75 taksonu incelenmis ve papilla tipi ve tiiy dagilimi gibi
karakterlerle labellum mikromorfolojisinin kismen faydali oldugu belirtilmistir (Davies ve Turner,
2004). Bradshaw ve ark. (2010) 32 Ophrys taksonunda labellum mikromorfolojisini incelemistir.
Spekulum, epidermal hiicreler, varsa tliy tipleri incelenmis, ayrica TEM Kkesitleri ile hiicrelerin
ultrasiitriiktiirel 6zelliklerine bakilmistir. Ilaveten labellum mikromorfolojisi ile ilgili filogenetik
analizler de yapilmistir (Bradshaw ve ark., 2010). Bir baska calismada 21 degisik Platanthera,
Gymnadenia, Dactylorhiza, Anacamptis, Orchis taksonlarinda mahmuz morfolojisi incelenmistir (Bell
ve ark., 2009). Ciinkii mahmuzda nektar iireten tipik bir abaksiyal (i¢) epidermis bulunmaktadir
(Stpiczynska, 2003) ve polinator boceklerin tozlagsma esnasindaki davraniglarinda da mahmuz 6nemli
bir paya sahiptir (Bradshaw ve ark., 2008). Bir baska ¢alismada Ophrys fusca ve O. lutea labellum
mikromorfolojisi incelenmis ve farkliliklar epidermal hiicreleri, trikom yapisi ve papilla yapisina bagh
olarak ince ayrintilar halinde sunulmustur (Ascensao ve ark., 2005). Diger baska calismada 4 farkli
Serapias taksonunun labellum mikromorfolojisi incelenmistir. Ayrica bu c¢alismada farkliliklarin
yanisira bu labellum yapilarinin (tiiyler, hiicreler, papilla) polinatér ¢cekimleme ve se¢iminde etkili
olabilecegi vurgulanmistir (Lumaga ve ark., 2012).

Dolayisiyla labellum mikromorfolojisi orkide filogenisinde ©nemli oldugu gibi iireme
biyolojisinde de her yoniiyle ¢ok onemli karakterlere sahiptir (Lumaga ve ark., 2012). Tirkiye’deki
orkidelerden 14 taksonda labellum mikromorfolojisi incelenmistir (Siingti Seker ve ark., 2016). Literatiir
arastirmalarimiz  sirasinda  bazi  Orchidinae taksonlarinin labellum mikromorfojisinin  halen
aragtirtlmadig@i saptanmistir. Bu boslugu doldurmak tizere, bazi Ophrys taksonlarinin labellum
mikromorfolojisinin incelenmesi amaglanmustir.

MATERYAL VE METOT

Calismada kullanilan materyal listesi asagidadir (Cizelge 1). Ornekler, araziden toplandig: sirada
% 70 alkol materyaline alinmistir. Orneklerden bir kismi1 da herbaryum kurallarina gére kurutularak
teshisleri yapilmistir (Tutin ve ark., 1968; Sezik, 1984; Delforge, 2005). Alkolden ¢ikarilan ve yar1 nemli
olan ¢igeklerden labellum, bisturi ve ignelerle Olympus SZ 71 stereomikroskop altinda dissekte edilerek
dogrudan tizeri ¢ift tarafli yapiskan bantlar bulunan ve SEM cihazina ait ¢elik aparatlara yerlestirilmistir.
Bir gece kadar bekletilerek alkolii tamamiyla ugurulan bu &rnekler, dogrudan Trakya Universitesi
Teknoloji Arastirma ve Gelistirme Uygulama ve Arastirma Merkezi (TUTAGEM) biinyesindeki Zeiss
Evo LS 10 Taramali Elektron Mikroskobu (SEM) ile incelenmis ve labellum mikrofotograflari
cekilmistir. Mikrofotograflardan labellum ylizey morfolojik 6zellikleri, karsilastirmali tablolar halinde
sunulmustur.
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Cizelge 1. Kullanilan Ophrys taksonlarinin listesi

Takson Herbaryum No Lokalite
O. speculum Link 8174 Canakkale, Eceabat, Algitepe
0. fusca Link 8183 Canakkale, Eceabat, Algitepe
O. iricolor Desf. 8197 Canakkale, Eceabat, Kilitbahir
O. lutea Cav. var. minor (Guss.) O. et 8181 Canakkale, Gelibolu, Findiklt

E. Danesch

O. sphegodes Mill. 8250 Edirne, Kesan, Yerlisu
O. mammosa Desf. 8175 Canakkale, Gelibolu, Findikl1
0. pseudomammosa Renz 8355 Istanbul, Germe
O. heldreichii H.Fleischm. 8247 Edirne, Kesan, Beykdy,
O. umbilicata Desf 8203 Istanbul, Catalca
0. bucephala Gélz & H.R.Reinh. 8209 Istanbul, Dagyenice

BULGULAR VE TARTISMA

Incelenen Ophrys taksonlarina ait labellum mikromorfolojik dzellikleri asagida verilmis ve ayrica
Cizelge 2’de ayrintili olarak sunulmustur.

Ophrys fusca ve O. lutea spekulum papillali olmakla beraber papilla yapisi ve tiiy tapisi birbirinden
farklidir. O. fusca’da villos tity daha fazla iken O. lutea’da yiinlii, uzun i¢ ige, kivircik tily veya
olusumlari (bazal, lateral ve apeks bolgelerinde) daha fazladir. O. iricolor ise her ikisinden de farklidir;
bu taksonun spekulumunda papilla daha genis ve velutinos tiiyliidiir. Ayrica O. lutea’da apeks ve
subapikal bolgede epidermal hiicreler bolgesel olarak farklidir. Buna gore; apeks bolgesi diiz yiizeyli
ve retikulat hiicreli iken, subapikal bolgede genis yiinlii, uzun i¢ ice, kivircik yapil papiller mevcuttur
(Sekil 1-6).

O. speculum’da spekulum kismi yogun, burusuk, degisken boyutta kaba kiit ¢ikintilarla kapli,
hiicreler diizensiz olup villos tiiylenme mevcuttur. Apeks bolgesi de spekulum bolgesi gibidir (Sekil 7-
8).

O. mammosa’da spekulum konikal papilla tasirken, O. pseudomammosa’da sericeous tiiylenme
mevcuttur. Ayrica O. mammosa’da bazal, medyan ve apeks bolgeleri konikal papilla tasirken sadece
lateral bolgede yiinlii, uzun i¢ ige, kivircik tiiylenme vardir. O. pseudomammosa’da ise bazal, medyan,
lateral ve apeks bolgelerinin hepsi konikal genis papilla ile kaplidir. “Meme” ¢ikintilari her iki taksonda
da (O. mammosa, O. pseudomammosa) villos tiiylii iken bu tityler, O. mammosa’da biraz daha uzundur
(Sekil 9-12).

O. heldreichii: spekulum o6zellikleri diger incelenen Ophrys taksonlarindan ¢ok farklidir.
Spekulum retikulat hiicreli, ¢eperler ylizeyden yukar1 dogru dik, verrucate cikintili ve yiizeyde striat
seklinde ¢izgilidir. Bazal, medyan, lateral ve apeks bolgesinde papiller varken 6zellikle bu papiller, bazal
bolgede, diger bolgelerinkine gore daha dardir. Apendikste hiicreler daha diizensiz olup, ylizeyinde striat
cizgilenme vardir (Sekil 13).

O. bucephala‘da deltoid papilla vardir, digerinde (O. umbilicata) yoktur. O. umbilicata’da bazal
ve apendiks bolgelerinde hiicreler diizensiz sekilli olup verrucat ¢ikintilar bazal bolgede daha dikkat
cekicidir. Tlaveten bu tiirde medyan bolgede konikal ve konikal olmayan tiiy 6zellikli papillalar, bolgesel
olarak yan yana bulunur. Apeks bolgesi ¢ok yogun kaba yiinli, uzun i¢ ige, kivircik tiyliidiir. O.
bucepahala ise lateral bolge, filiform papilla ve pubesent tiiyliidiir (Sekil 14-16).

O. holoserica: spekulum tiiy yapilar1 (hafifge siskin sericeous tiiylii), incelenen diger tiim
taksonlardan c¢ok farklidir. Genel olarak konikal papilla ile kapli olmakla birlikte lateral ve apeks
bolgeleri yogun kaba yiinlii, uzun i ige, kivircik tiylidiir (Sekil 17-18).
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Incelenen taksonlarda genel olarak karsilastirilmasinda; spekulum yapilarin birbirinden ¢ok
farkli oldugu, bazal, medyan, lateral bolgelerde tiiy / papilla sekli ve dagiliminin tiirden tiire farklilik
gosterdigi tespit edilmistir. Ayrica apeks bolgesinin O. fusca, O. lutea, O. speculum, O. mammosa, O.
pseudomammosa, O. heldreichii, O. umbilicata, O. holoserica tiirlerinde de farklilik gésterdigi tespit
edilmistir. Keza; papilla yapisinin bile apekste en yakim tiirlerde (Orn. O. mammosa, O.
pseudomammosa) farkli oldugu goriilmistiir. Yine taksonlarda bazal, medyan ve lateral bolgelerde tiiy
veya papilla ayrintilarinin tiir ayriminda 6nemli faydalar1 olmustur. Ornegin; O. mammosa’da medyan
bolge konikal papilla icerirken, O. pseudomammosa’da konikal genis papillalidir. O. heldreichii’de ise
bazal bolge konikal papillali iken medyan bolgede papilla yapisi “genislemis” 6zelliktedir. O. lutea’da
ise “genislemis ve yiinlii, uzun i¢ ice, kivircik yapili papil” bulunmustur. O. fusca’da ise yogun villos
tiylenme vardir. O. umbilicata’da ise, medyan bolgede “konikal papillalar (bolgesel) ve yan
bolgelerinde tiiy seklinde papilla olusumlar1 gbzlenmistir. Son olarak; O. holoserica’da lateral bolgede
konikal papilla ve kenarlarinda yogun kaba yiinlii, uzun i¢ ice, kivircik tliylenme goriilmiistiir. Bu
sonuclardan, 1. derecede labellum spekulum ve apeks yapisinin, 2. derecede de bazal, medyan ve lateral
bolge ylizey karakterlerinin tiirler arasinda ¢ok farklilik gosterdigi anlagilmaktadir.

Cizelge 2. Incelenen Ophrys taksonlarmin labellum mikromorfolojik &zellikleri

Takson Spekulum ve diger labellum bolgelerinin 6zellikleri
0. fusca Spekulum: konikal papilla ve villos tiiylii. Villos tiiylii (her yerde)
O. lutea var. minor Spekulum: konikal papilla,

Bazal: uzun yiinlii, uzun i¢ ice, kivircik tiiylii; lateral bolge: genislemis ve yiinlii, uzun i¢ ige,
kivircik yapili papil seklinde; apeks: en ug apeks bolgesi diiz yiizeyli, retikulat hiicreli,
ceperler yiizeyden yukart dogru dik; fakat bunun az gerisi (medyana dogru, subapikal)
geniglemis ve yiinlii, uzun i¢ ice, kivircik yapili papil seklinde

O. iricolor Spekulum: genis papillali ve uzun velutinous tiiylii, bunun disinda her yer genis papillalidir.

O. speculum Spekulum: Yogun burusuk degisken boyutta kaba kiit ¢ikintilarla kapl, hiicreler diizensiz;
lateral: yogun villos tiiylenme, Apeks: yogun burusuk degisken boyutta kaba kiit ¢ikintilarla
kapl, hiicreler diizensiz

O. mammosa Spekulum: konikal papilla, bazalde Meme uzantisi: uzun villos tiiylii; medyan: konikal
papilla, lateral: yiinlii, uzun i¢ ice, kivircik tiiyli tiiylii; apeks: konikal papilla

O. presudomammosa Spekulum: sericeous tiiylii; bazal: konikal genis papillali, meme uzantisi: villos tiiyli;
medyan: konikal genis papillali; lateral: konikal genis papillali; apeks: konikal genis
papillalt

O. heldreichii Spekulum: retikulat hiicreli, ¢eperler yiizeyden yukari dogru dik, verrucate ¢ikint1 ve yiizeyde
striat seklinde ¢izgili, bazal: konikal papillali; medyan: geniglemis papilla var; lateral:
genislemis papilla var, boynuz: villos tiiylii; apeks: geniglemis papilla var, apendiks:
hiicreler striat yiizeyli ve diizensiz sekilli

O. umbilicata Spekulum: konikal papilla ve tily seklinde papillali (bolgesel olarak); bazal: striat yiizeyli,
diizensiz hiicreli, verrucate ¢ikintili, ¢ceperler yilizeyden yukari1 dogru dik; medyan: konikal
papillalar (bolgesel) ve yan bolgelerinde tily seklinde papilla mevcut; apeks: cok yogun kaba
yiinlii, uzun i¢ ice, kivircik tiiylii tiiylii, apendiks: diizensiz hiicreli, diiz ylizeyli

O. bucephala Spekulum:deltoid papillali; lateral: filiform papilla ve pubescent tiiylii

O. holoserica Spekulum: hafifce sigkin sericeous tiiylii; bazal: konikal papillali; lateral: konikal papillalz,
en kenar1 yogun kaba yiinlii, uzun i¢ ige, kivircik tiiyli tiiylii; apeks: konikal papillali, apeks
yanlar1 yogun kaba yiinlii, uzun i¢ ige, kivircik tiiylii tiiylii

Degisik arastirmalara gore; labellar papilla yapisinin konikal, obpyriform, villiform, fusiform veya
clavate sekillerinde oldugu gibi biiylik bir ¢esitlilik gosterdigi ve bunlarin dagiliminin 6nemli oldugu
vurgulanmistir (Davies ve Turner, 2004). ilaveten papilla seklinin onun altinda yatan bir fizyolojik
gorevle muhakkak aldkali olduguna dair bilgiler de mevcuttur (Davies ve Turner, 2004). Bizim
bulgularmizda da papil yapis1 ve dagilimi dikkatlice belirtilmistir.
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200 pm EHT = 20.00 kv Signal A = SE1 Date :9 Nov 2020 ﬁ 100 pm EHT = 20.00 kv Signal A = SE1 Date :9 Nov 2020 W

WD = 85mm Detector = SE1 Mag= 148X WD = 8.0mm Detector = SE1 Mag= 361X

200 pm EHT = 20.00 kV Signal A = SE1 Date :9 Nov 2020 ZEISS 200 pm EHT = 20.00 kv Signal A = SE1 Date :9 Nov 2020
WD = 85mm Detector = SE1 Mag= 148X WD = 85mm Detector = SE1 Mag= 147 X

Fr mEar pem poge QR ([Pn L EERY mtem  pemp
Sekil 1-6: Labellum mikromorfolojik 6zellikleri. O. fusca, labellum medyan bolge (1), medyan bolge
spekulum (2); O.lutea var. minor, spekulum (3), spekulum apikal bolge yakinlar1 (4); O. iricolor,
spekulum genel goriiniis (5), spekulum biiyiitiilmiis (6)

Literatiir taramalaramiza gore; bu tiirlerle ilgili benzer veya kismen farkli sonuglara
rastlanilmistir: Ornegin; Bradshaw ve ark. (2010)’na gore labellum yiizey yapilarmmn O.iricolor’da dar
tiylenme ve stigmatik bolgenin pilos tiiyli oldugu, O.lutea var. minor’da dar piloz tiiylenme,
O.speculum diiz, poligonal, papillat ¢izgili, O.umbilicata’da ve O.heldreichii’de genis tiiylenme,
O.mammosa’da dar trikom oldugu belirtilmistir.
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100 um EHT =20.00 kV Signal A = SE1 Date :5 Nov 2020 o 20 pm EHT =20.00 kvV Signal A = SE1 Date :5 Nov 2020
WD = 85mm Detector = SE1 Mag= 300X l_| WD = 85mm Detector = SE1 Mag= 143KX

100 pm EHT =20.00 kV Signal A= SE1 Date :6 Nov 2020 200 um EHT =20.00 kv Signal A = SE1 Date :6 Nov 2020 ZEISS
WD = 85mm Detector = SE1 Mag= 437X WD = 85mm Detector = SE1 Mag= 116X

200 pm EHT =20.00 kv Signal A= SE1 Date :9 Nov 2020 X Signal A = SE1 Date :9 Nov 2020
WD = 85 mm Detector = SE1 Mag= 203X . Detector = SE1 Mag= 190X

Sekil 7-12: Labellum mikromorfolojik 6zellikleri. O. speculum, spekulum (7-8); O. mammosa, medyan
bolge (9), labellum lateral bolge (10); O. pseudomammosa, spekulum ve stigmatik bosluga bakan kisim
(bazal bolge) (11), spekulum (12)
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Sekil 13-18: Labellum mikromorfolojik 6zellikleri. O. heldreichii, spekulum (13); O. umbilicata, bazal
bolge (14); O. bucephala ,spekulum bazal bolge (15-16); O. holoserica, spekulum (bazal ve yanal
bolgeleri) (17), spekulum medyan bolge (18)

Ascensao ve ark. (2005)’na gore; O. fusca ve O. lutea’da ayni yapida trikomlara rastlamislardir.
Buna gore; uzun tek hiicreli trikomlar labellumun bazal bdlgesinde, poligonal tabanl kisa tek hiicreli
trikomlar spekulumun medyan kisminda, uzun akiiminat villos trikomlar, labellumun apikal bdlgesinde
bulunmustur. Ayrica yazarlar farklilik olarak O.fusca'da villos tiiylenmenin, spekulumu gevreleyen tiim
kismin ve apikal kismin tamamini kapladigini, aksine O.lutea'da villos indumentum alaninin daha kiigiik
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olup labellumun apikal-proksimal bdlgesi ve spekuluma temasl lateral loblarda bulundugunu
belirtmislerdir. Bizim sonug¢larimiza gore ise villos tiiylenmenin sadece O. fusca’da oldugu, O. lutea’da
villos tiiylenme yerine daha ¢ok genislemis ve ylinlii, uzun i¢ ice, kivircik yapili papillerin oldugu tespit
edilmistir. S6z konusu farkliliklarin muhtemelen degisen ¢evre kosullarindan ve 6zellikle polinator
davraniglarina bagl olarak gelistigi diisiiniilmektedir. Zira labellumda nektar liretiminin epidermal
papilla 6zellikleri ve epidermal striation Ozellikleri ile alakali oldugu tespit edilmistir (Bell ve ark.,
2009). Ayrica spekulumda epidermal striasyon ve pigment karakterlerinin hep birlikte spekulum
parlaklig1 ve cekiciligini oldukca etkiledigi belirtilmistir (Vignolini ve ark., 2012). Ilaveten labellum
mikromorfolojik 6zellikleri tizerinden Ophrys filogenisi de incelenmistir (Bradshaw ve ark., 2010).
Dolayistyla burada elde edilen sonuglarin tiirlerin evrimsel iireme biyolojisine ve flogenisine katkida
bulunacagina inanilmaktadir.

SONUC

Incelenen Ophrys érneklerinde; spekulum yapilari, tily / papilla sekli ve dagiliminin bazal, medyan
ve lateral bolgelerde tiirden tiire farklilik gdstermistir. [laveten; apeks bdlgeleri bilhassa O. fusca, O.
lutea, O. speculum, O. mammosa, O. pseudomammosa, O. heldreichii, O. umbilicata, O. holoserica
tirlerinde de farklidir. Siniflandirmada en yakin oldugu bilinen taksonlarin labellum ayrintili
mikromorfolojileri, kendilerine 6zel papilla yapilar1 ve apeks bolgesindeki yiizey 6zellikleri bakimindan
farklilik gostermektedir ve bu durum tiir ayriminda da 6nem arz edebilir. Hatta papilla yapisinin bile
aym1 taksonda bolgesel olarak farkli oldugu goriilmiistiir. Ornegin; O. heldreichii’de bazal bolge konikal
papillali iken medyan bélgede papilla yapisi “genislemis” 6zelliktedir. O. lutea’da ise “genislemis ve
yiinlli, uzun i¢ ige, kivircik yapili papil” bulunmustur. Sonug olarak; labellum ayrintili mikromorfolojisi
her yoniiyle en yakin taksonlarin ayiriminda beklenilen fayday: saglamistir.
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ABSTRACT: In order to do detailed experiments about the internal organs of the insects or to improve
new methods relevant to pest management, the biology of the species should be well known. For this
reason, this paper deals with Poecilimon ataturki Unal, 1999 (Orthoptera: Tettigoniidae) which is a bush
cricket and is known to be harmful to nature. The morphology and structure of the midgut of P. ataturki
have been investigated using light microscopy and scanning electron microscopy (SEM). The midgut
of this species has two main regions called the ventriculus and the gastric caecum. The ventriculus has
a tubular structure morphologically, whereas the gastric caecum has a bulbous structure. The ventriculus
has two cell types in the epithelial layer as the principle and the regenerative cells. The fine structure of
the ventriculus and the gastric caecum cells revealed that the secretion activity moves from cell to lumen.
These structures show a high level of similarity compared with the midgut structure of the previously
studied species in the Orthoptera order despite some differences. It is thought that the enlightenment of
the midgut structure of this species will contribute to science for insect pest management.
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INTRODUCTION

The Orthoptera order includes many species which are called as the grasshoppers, locusts, and
katydids (Comstock and Comstock, 1888). This order is divided into two main suborders as the Ensifera
which includes long-antenna species and the Caelifera which includes short-antenna species (Unal,
2000; Biagio et al., 2009; Eren et al., 2019). These suborders are divided into many families depending
on features such as wing structure, mouthparts structure, body size and color. One of these families is
Tettigoniidae (Ingrisch and Rentz, 2009). Insects in the Tettigoniidae family which have more than 6.400
species known, are usually called katydids or bush crickets (Ragge, 1965; Tazegiil and Onder, 2012;
Cigliano et al., 2018).

The species belonging to this family are usually important for economical concerns. Even species
that cannot fly can increase their numbers in ways that can affect crops and cause serious losses to rice
and crops in the proper environmental conditions (Ingrisch and Rentz, 2009). Thus, they directly damage
both biodiversity and the economy of agricultural land. For this reason, the control of these insects has
become very important. The knowledge about invasive species provides the necessary preliminary
information to form and develop appropriate control strategies. In this context, the morphology,
histology and ultrastructure of the internal systems of the insects must be known in order to decide which
pesticides to apply that will only affect the targeted insect without harming the environment and other
living things to minimize and control the economic damages (Mead et al., 1988, Karaca et al., 2006;
Willis et al., 2010; Vitale et al., 2015; Pappalardo et al., 2016; Polat, 2016; Amutkan Mutlu, 2020).

The insect digestive system has a tubular structure that extends from the mouth to the anus. It is
composed of three basic regions: the foregut, where break out and storage of nutrients occurs, the midgut,
where the digestion happens, and the hindgut, where the reabsorption of the feces takes place (Rost-
Roszkowska, 2008; Polat, 2016; Amutkan Mutlu, 2020).

The midgut is an essential organ for insects. It is not only a main part of the digestive system. It is
also known that midgut epithelial cells produce and secrete most of the digestive enzymes and constitute
components of the peritrophic membrane. So, it has many critical functions for the metabolism as it is
the first site of digestion (Takeda, 2012; Thorsson, 2018; Polat et al., 2019). Therefore, disruption of
these midgut functions in insects belonging to the Orthoptera order, capable of rapidly increasing their
populations, may supply a way and strategy for the next pest management. Based on this idea, it was
aimed to enlighten the biology of this species by studying the morphology and structure of the midgut
in Poecilimon ataturki Unal, 1999 (Orthoptera, Tettigoniidae). To know the biology of the species will
provide prior information for further studies.

MATERIALS AND METHODS

Insects and preparation of midgut samples

All experiments were done on adults of P. ataturki. The collection of the adult individuals was
done in Bolu province, Hamidiye Village in July 2019 and brought to the laboratory. About 10 females
and 10 males of P. ataturki were dissected under stereomicroscope. The midguts were separated from
other parts of the digestive system and the gastric caecum and the ventriculus were carefully pulled apart.

Light microscopy (LM)

For histological studies with the light microscope, the gastric caecum and the ventriculus were
fixed in 10% Formalin solution for 24 hours. The samples were then washed with tap water. After that,
they were dehydrated in ethanol and embedded in paraffin. 5-6 um thickness serial sections were cut
using a Micron HM 310 microtome. Afterwards, the sections were stained with Hematoxylin and Eosin
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(H&E) and Mallory’s trichrome staining, and mounted in glass slides with Entellan (Polat, 2016). They
were photographed with an Olympus BX51 photomicroscope.

Scanning electron microscopy (SEM)

The midgut pieces were fixed in 2.5% glutaraldehyde (pH 7.2) for 24 hours. Then, after rinsing in
phosphate buffer, they were dehydrated in ascending ethanol series at room temperature. The specimens
were then dried with critical point dryer (Polaron CPD 7501). They were mounted on SEM stubs and
coated with gold by using a Polaron SC 502 sputter coater (Polat, 2016). The photographs were taken
with JEOL JSM 6060 LV SEM at accelerating voltage 10 kV.

RESULTS AND DISCUSSION

As a result of the literature research on the digestive tract of Orthoptera species, it has been seen
that most of the studies have focused especially on the midgut (Khan, 1964; Wanderley-Teixeira et al.,
2006; Woodring and Lorenz, 2007; Rost-Roszkowska, 2008; Biagio et al., 2009; Li et al., 2018;
Thorsson, 2018; Polat et al., 2019). In this study, the morphology and histology of the midgut in P.
ataturki, which is a part of the digestive system is studied and it has been observed that the histology of
the midgut in P. ataturki very much resembles the midgut of other studied species within the Orthoptera
order. Nonetheless, in this study it is concluded that there are some differences between structure of the
midgut in this species and the structure of the midgut in previously studied species. Also, there was no
difference between males and females of this species.

The midgut of P. ataturki individuals comprises a ventriculus and two large anteriorly placed
gastric caeca which are crescent shaped. While the ventriculus has morphologically tubular structure,
gastric caeca have bulbous structure. The region where the gastric caeca connect to the digestive tract is
wider, while their distal ends are narrower, directed forward and comprehend the proventriculus (Figure
1A-1B). The most prominent difference seen morphologically in the midgut is the number of gastric
cecum. Li et al. (2018) reported that the gastric caecum is two bulbous in shape in Gampsocleis gratiosa
Brunner von Wattenwyl, 1862 (Orthoptera, Tettigoniidae). Acheta domesticus (Linnaeus, 1758)
(Orthoptera, Gryllidae) has two sac-like structure gastric caeca like the gastric caecum in Gryllodes
sigillatus (Walker, 1869) (Orthoptera, Gryllidae) and in P. ataturki (Rost-Roszkowska, 2008; Biagio et
al., 2009). On the contrary, Abracris flavolineata (De Geer, 1773) (Orthoptera, Acrididae) has six gastric
caeca with anterior and posterior lobes (Marana et al., 1997). According to Xiaoming et al. (2009),
Atractomorpha sinensis Bolivar, 1905 (Orthoptera, Acridoidea) and Acrida cinerea (Thunberg, 1815)
(Orthoptera, Acridoidea) have six gastric caeca. The gastric caeca are the projections of the midgut that
differ relevant to the feeding habits of insects (Li et al., 2018). These projections cause an increase in
the surface area of the midgut and thus the gastric caeca perform more functions.

The general organizations of the gastric caecum and the ventriculus of the midgut are histologically
almost identical in this species. Both of these regions of the midgut have a muscle layer, basal lamina,
epithelium, and peritrophic membrane from the outer to the inner layer (Figure 2). The muscle layer of
the midgut which is longitudinal and circular is well developed. A network of the trachea is also seen on
the outer surface (Figure 3). The epithelium of the ventriculus which is placed on a thin basal lamina is
made up of two different cell types as the principle cells and the regenerative cells (Figure 4, 6). It is
seen that the connective tissue is positioned below the epithelium (Figure 5). Principal cells show
monolayer sequencing. They are cylindrical cells and have round nuclei in the middle of the cells. There
are brush border microvilli on the apical surface of the principle cells (Figures 4, 7). There are secretory
granules secreted into the lumen between the microvilli (Figure 4, 6). The peritrophic membrane is
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distinguished to encircle the food bolus in the ventriculus lumen. In addition, a space is seen between
the peritrophic membrane and the epithelium (Figures 2, 4, 6).

The regenerative cells are located between the principle cells in groups and are adhere to the basal
lamina. Regenerative cells occur as nidi groups and are characterized by a large nucleus (Figures 4, 6,
8).

The ventriculus which is the main part of the midgut has different cell types such as the principle
cells, the regenerative cells, the endocrine cells, and the goblet cells in insects. It has been observed that
G. gratiosa has three types of cells as the regenerative cell, the principal cell, and the endocrine cell in
the midgut epithelium (Li et al., 2018) as G. sigillatus and A. flavolineata reported (Marana et al., 1997;
Biagio etal., 2009). The midgut of A. domesticus consists of the principal cells and the regenerative cells
(Rost-Roszkowska, 2008; Karpeta-Kaczmarek et al., 2016) as in Isophya nervosa Ramme, 1931
(Orthoptera, Tettigoniidae) (Amutkan Mutlu, 2020). In this study, only two cell types: the principle cells
and the regenerative cells are observed in the ventriculus of P. ataturki. The alimentary canal of insects
displays a functional and structural organization that changes with feeding habits. Accordingly, the
presence of different cell types in the ventriculus guarantees species-typical functional properties, as
Caccia et al. (2019) explained.

The peritrophic membrane, matrix (PM) or peritrophic envelope is a structure, which is found in
the midgut of insects that have the chewing mouthparts and feed on with solid, and secreted by the
midgut epithelial cells (Pimenta et al., 1997; Chapman, 2013; Klowden, 2013; Li et al., 2018; Thorsson,
2018). The main roles of the PM include not only preventing the damage of epithelial cells by the luminal
contents, but also protecting them from pathogenic microorganisms and toxins. It is also known that
while it is permeable to inorganic ions and small organic molecules, it is a barrier to the passage of large
molecules (Pimenta et al., 1997; Dias et al., 2019; Teixeira et al., 2019; Nayak, 2020). In this study, the
peritrophic membrane is observed through the whole midgut in a similar manner to that of G. gratiosa
(Lietal., 2018), A. domesticus (Thorsson, 2018), Acrida anatolica Dirsh, 1949 (Orthoptera, Acrididae),
Parapholidoptera spinulosa Karabag, 1956 (Orthoptera, Tettigoniidae) (Eren et al., 2019), and 1.
nervosa (Amutkan Mutlu, 2020). Choosing a large toxic substance enough to pass through the
peritrophic membrane will cause midgut epithelial cells to start to lysis with the toxic substance or
insecticides. This is an important point in pest management.

Although the gastric caeca are almost identical to ventriculus, they differently display a great
number of epithelial folds towards the lumen (Figure 9). Similar to the ventriculus, gastric caeca consist
of a single layer of epithelial cells. They have a round nucleus in the columnar cells and are surrounded
by connective tissue. The epithelial cells are placed on a thin basal lamina. There are also brush border
microvilli on the apical side of the cells (Figure 10). It is observed that the secretory granules are found
in different sizes between microvilli and also in the gastric caeca lumen (Figure 11). It can be said that
secretions in the ventriculus and in the gastric cecum are apocrine type secretions.

When the gastric caecum is histologically investigated, it is observed that the microvillus is found
on the apical region of the cells. The epithelial organization, presence of microvilli and the secretory
granules in the gastric caeca show an absorption and secretion area. These structures are not only
responsible for the secretion of the digestive enzymes, but also have a role in water and nutrient
absorption as Marana et al. (1997), Gallo et al. (2002) and Wanderley-Teixeira et al. (2006) reported.

It can be said that the gastric caecum found in the alimentary canal in Orthoptera families is
important for both phylogenetic (because of the morphological differences) and nutritional aspects.

Another result obtained in this study is that apocrine secretion is conducted by midgut epithelial
cells. The secretory granules observed between microvilli or in the lumen in this study have been
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determined as in previous studies (Cristofoletti et al., 2001; Caldeira et al., 2007; Biagio et al., 2009).
Some authors interpret these secretory granules as the apocrine secretion (Terra et al., 1985; Ferreira et
al., 1990). On the other hand, it is also thought that it is a part of the cell renewal process (Terra and
Ferreira, 1994; Aumiiller et al., 1999; Caldeira et al., 2007). In addition to these views, the appearance
of secretory granules is an evidence of the production and secretion of digestive enzymes in the midgut
epithelial cells. Further studies will be required to identify the content of the secretory granules in the
different midgut regions.
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Figure 1. A. Schematic drawing of the ventral view of the midgut of P. ataturki. B. Stereomicroscope images of the midgut
of P. ataturki (Scale bar: 2 mm). GC: Gastric caecum, P: Proventriculus, V: Ventriculus

Figure 2. Light micrograph of the cross section of the ventriculus. T: Trachea, E: Epithelial cell layer, —: Peritrophic
membrane (H&E staining, Scale bar: 0.5 mm)
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Figure 3. Scanning electron microscope images of the outer surface of the ventriculus. T: Trachea, —: Muscle (Scale bar:
100 pm)

. )

Figure 4. Light micrograph of the cross section of the ventriculus. Circled: Regenerative cells, *: Microvillus, —:
Secretory granules, P : Peritrophic membrane (H&E staining, Scale bar: 0.1 mm)
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ovillus, N: Nucleus of the

Figure 6. Light micrograph of the cross section of the ventriculus. Circled: Regenerative cells, N: Nucleus of the principle
cell, —: Secretory granules, »: Peritrophic membrane (Mallory’s trichrome staining, Scale bar: 0.1 mm)
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Figure 7. Scanning electron microscope images of the cross section of the ventriculus. M: Microvillus, N: Nucleus of the
principle cell, —: Secretory granules in the cytoplasm of the principle cell (Scale bar: 10 pm)

Figure 8. Scanning electron microscope images of the cross section of the ventriculus. Circled: Regenerative cell, *:
Principle cell (Scale bar: 10 um)
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Figure 10. Scanning electron microscope images of the cross section of
(Scale bar: 10 um)
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the gastric caecum. N: Nucleus, M: Microvillus
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B £ o Gl e . BB 7
Figure 11. Scanning electron microscope images of the cross section of the gastric caecum. —: Secretory granules, M:
Microvillus (Scale bar: 5 pm)

CONCLUSION

Results of this study show that the morphological and histological structures of the midgut in P.
ataturki share considerable similarities with the midgut structure of other Orthoptera species, while there
are also some morphological and histological differences. This study is aimed at providing preliminary
information for other studies to be carried out on this insect species or to develop new methods in insect
control.
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Can a Veterinary Drug be Repurposed for Human Cancers?: Cytotoxic Effect of Tarantula
cubensis Venom on Human Cancer Cells

Suleyman ILHANY"

ABSTRACT: Tarantula cubensis is known as Cuban tarantula having a venom that contains a diverse
mixture of potent compounds with various biological activities. These peptides have been shown to have
antitumor activities, therefore features of spider-venom peptides prompted scientists to test them as a
potential anticancer drug. The purpose of the study was to investigate the potential cytotoxic effect of
Tarantula cubensis venom (Logoplex®) on human cancer cells including prostate (PC-3), lung (H69),
breast (MDA-MB-231), and ovarian (OVCAR-3). Moreover, non-tumorigenic MCF-10A cells were
used to evaluate the possible cancer cell-specific effect of the extract. The increasing concentrations of
Logoplex® were applied for 24, 48 and 72 h. MTT assay was used to assess cell viability.
Concentration-response curves and the 1Cso values were determined via Graphpad Prism software.
Logoplex® caused a time- and concentration-dependent cytotoxic effect in MDA-MB-231, PC-3,
OVCAR-3 and MCF-10A cells and the highest cytotoxicity was achieved at 72h. However, in H69 cells,
there was a concentration-dependent cytotoxic effect and the highest cytotoxicity was achieved at 24h.
ICso values of Logoplex® in MDA-MB-231, OVCAR-3, PC-3, H69 and MCF-10A cells were
determined as 159.3+2.1, 48.9+1.8, 40.2+1.2, 498.3+1.2 and 217.842.0 pg/mL, respectively.
Logoplex® showed a lower cytotoxic effect against normal cells than the cancer cells suggesting a
cancer cell-specific effect. According to the preliminary results of this study, although Logoplex® is a
veterinary drug, its cytotoxic effect on human cancer cells suggests that it should be re-evaluated as a
potential cytotoxic agent. Analyses to identify functional compounds of Tarantula cubensis venom, and
future studies addressing its mechanism of action on cancer cells are recommended.
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INTRODUCTION

Cancer is known to be the major cause of death worldwide. Despite the great advances achieved
in the field of the modern age, it has not been possible to reach the desired point in cancer treatment.
There are extensive studies for the development of less toxic anticancer drugs that continues intensely
to find potential targets and promising anticancer approaches.

Venom is a diverse mixture of potent compounds such as various enzymes, polypeptides, ions,
polyamines, and a variety of chemicals. Venom research is an important area for drug design and
development, as many of these compounds have been shown to have potent pharmacological activities
(Calderon et al., 2014; Oldrati et al., 2016).

Venoms having various pharmacological activities have been isolated and characterized by
spiders, sea snails, snakes, scorpions and some other venomous animals (Olivera et al., 1984; Fry et al.,
2005; Oldrati et al., 2013; Ilhan et al., 2020). Among them, spider venoms are known to have a potent
biological activity due to their novel and rich sources of peptide content that reveal various biological
effects (Estrada et al., 2007; Saez et al., 2010; Vassilevski et al., 2009). These peptides have been shown
to have antitumor activities, therefore features of spider-venom peptides prompted scientists to test them
as a potential anticancer drug (King, 2011).

Tarantula cubensis is known as Cuban tarantula and belongs to the Theraphosidae family. Its
venom contains a mixture of many different toxins and digestive enzymes. Alcoholic extract of
Tarantula cubensis venom (TCV) is commercially available in two forms Tarantula-Logoplex® (TL)
and Theranekron®. Both extracts have been used as homeopathic drugs in veterinary medicine. It has
been shown that TCV has anti-bacterial, anti-inflammatory, anti-tumor, antiphlogistic and wound
healing properties (Gultiken and Vural, 2007; Ghasemi-Dizgah and Amirmozafari, 2015; Gultiken et
al., 2015; Er et al., 2017) Although the antitumor effects of TCV have been studied in clinical veterinary
medicine, most of these studies have preliminary results and are not detailed. Also, the possible cytotoxic
effects of TCV on cancer cell lines of different origins have not been studied.

The present study aimed to investigate the cytotoxic effect of TL on tumor-derived cell lines
including prostate (PC-3), breast (MDA-MB-231), lung (H69) and ovarian (OVCAR-3). Moreover, the
effects on non-tumorigenic MCF-10A cells were investigated in order to evaluate the possible cancer
cell-specific effect of TL.

MATERIALS AND METHODS

Tarantula cubensis venom extract

Tarantula-Logoplex® that contains alcoholic Tarantula cubensis venom extract was bought from
Richter Pharma AG (Wels, Austria), obtained from the local veterinary clinic with the permission of the
veterinarian (Manisa, Turkey).

Cell lines and culture conditions

Four tumor-derived cell lines including prostate (PC-3), breast (MDA-MB-231), lung (H69),
ovarian (OVCAR-3) and a non-tumorigenic cell line MCF-10A were used to evaluate the cytotoxic
effect of TL. The cancer cell lines were purchased from ATCC (USA). RPMI 1640 medium which
includes 10% heat-inactivated fetal bovine serum (FBS, Sigma-Aldrich), 2 mM L-glutamine (LG), and
1% penicillin-streptomycin (P/S) were used to maintain cancer cells in 75 cm? polystyrene flasks. MCF-
10A cells were obtained from the Health FBS, 1 % LG, 1 % P/S. All cell lines were maintained at 37 °C
incubator with 5% COa.
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Assessment of cell viability via MTT assay

After treatment with TL, the cell viability was measured by 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) assay. The MTT assay is a colorimetric method for determining
cell viability. It is based on the ability of NADPH-dependent cellular oxidoreductase enzymes to convert
the tetrazolium dye MTT to its insoluble formazan, which is purple. All cells were counted and seeded
approximately 10* cells/well in a total volume of 200 uL in microtiter flat-bottomed plates. Plates were
then incubated at 37 °C for 24 h for cell attachment. After 24 h period, cells were exposed to the
increasing concentrations (10-500 pwg/mL) of TL for various time points (24, 48 and 72 h). Fluorouracil
(5-FU) was the reference standard. After each incubation period, 20 uL MTT mixture was added to each
well and plates were incubated for 4 h at 37 °C incubator. Then the medium was discarded and DMSO
(200 pL) was added to each well to dissolve formazan crystals. DMSO concentration was not toxic to
cells since the concentration did not exceed 0.1%. The optic densities were measured at 570 nm and 690
nm using a spectrophotometer. (Tecan, Switzerland).

Derivation of dose-response curves and 1Cso values

GraphPad Prism 5.0 was used to normalize the data. Log-transformed drug concentrations were
then plotted against the concentration-response and the half maximal inhibitory concentration (I1Cso)
values were determined using nonlinear regression log vs. normalized response-variable slope
(GraphPad Software, USA).

Statistical Analysis

Results were expressed as mean = SD (standard deviation) and the data were analyzed by
GraphPad Prism 5.0 software via Student’s t test which determines significant differences between
groups, and that between three or more groups were analyzed using one way analysis of variance test
(ANOVA) followed by Dunnett’s t test The obtained data were statistically significant at * p<0.05.

RESULTS AND DISCUSSION

The cytotoxic effect of TL was investigated on tumor-derived cell lines including prostate (PC-3),
breast (MDA-MB-231), lung (H69) and ovarian (OVCAR-3) using MTT assay. The TL treatment was
performed in 6 different doses at 24-, 48- and 72-hour intervals at concentrations of 10, 25, 50, 100, 250
and 500 pg/mL with a special emphasis on the assessment of time- and concentration-response
relationships. After MTT application, the absorbance data obtained spectrophotometrically were
evaluated statistically. The cell viability of five cell lines after TL treatment was illustrated in Figure 1.

According to the MTT assay results, at 24 and 48 hours, TL inhibited cell viability in MDA-MB-
231 breast cancer cells at concentrations of 50 pg/mL and above. However, at 72 h, TL significantly
inhibited cell viability at all tested concentrations. After treatment with 10, 100 and 500 pg/mL TL for
72 h, cell viability was inhibited by 18.5%, 53.5% and 61% in MDA-MB-231 cells, respectively (Figure
1)(p<0.05). In OVCAR-3 ovarian cancer cells, TL significantly inhibited cell viability at all tested
concentrations and at all time points. At 24 and 48 hours, a significant decrease in cell viability was seen
at concentrations of 100 uM and above. However, a significant decrease in OVCAR-3 cell viability was
observed after the application of 10 pg/mL concentration at 72 hours. There were 41%, 56.5%, 76.5%
reductions in cell viability after 10, 100 and 500 ug/mL TL, respectively for 72 h in OVCAR-3 cells
(Figure 1)(p<0.05). In PC-3 prostate cancer cells, TL significantly inhibited cell viability at all tested
concentrations and at all time points. TL treatment resulted in a 35%, 67.5% and 81% reduction in cell
viability at concentrations of 10, 100 and 500 pg/mL, respectively for 72 h in PC-3 cells (Figure
1)(p<0.05). Unlike other cancer cell lines, in H69 lung cancer cells, TL administration showed the
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Figure 1: Effects of TL treatment on the viability of different cell lines
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ICso values determined for TL in five cell lines tested at 24, 48 and 72 hours were shown in Table
1. 1Csp values were 159.3 £ 2.1, 48.9 £ 1.8, 40.2 + 1.2, 498.3 £ 1.2 and 217.8 + 2.0 pg/mL for MDA -
MB-231, OVCAR-3, PC-3, H69 and MCF-10A cells, respectively at 72 h. Among human cancer cell
lines, PC-3 prostate cancers were the most sensitive cell line to TL treatment while human breast cancer
cell line H69 was the most resistant, depending on their 1Cso values at 72 h. The 1Cso values of 5-FU
were 1.940.5, 1.4+0.2, 2.5+0.8, 3.1 £0.4 and 0.940.2 pg/mL for MDA-MB-231, OVCAR-3, PC-3, H69
and MCF-10A cells, respectively at 72 h.

To screen the selective role of TL treatment towards cancer cells over normal cells, all experiments
were repeated by using MCF-10A non-tumorigenic breast cells. Unlike 5-FU, TL showed a lower
cytotoxic effect against normal breast cells than the cancer cell lines indicating cancer cell-specific effect
(Figure 1) (p<0.05).

Table 1: ICso values (ug/mL) of each cell line after treatment with TL for 24, 48 and 72 h

ICso Value
Cell Line 24 h 48 h 72 h
MDA-MB-231 7348+ 0.4 360.1+1.6 1593 +2.1
OVCAR-3 341.5+0.8 198.1 £ 0.2 489+ 1.8
PC-3 2882 +1.5 92.7+04 402+1.2
H69 95.2+0.2 370.1 £ 0.6 4983 +1.2
MCF-10A 592.5+1.2 4253+ 1.8 217.8+£2.0
. MDA-MB-231 OVCAR-3 T
’ 10(E,cmr:eznatoratinna‘(n:lglml.‘t)o0 . Goncentration (uglml)
PC-3

Figure 2: Concentration-response curves for the cytotoxic effect of TL in human cell lines.
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It can be seen from the concentration-response curves that TL caused a time- and concentration-
dependent manner cytotoxic effect in MDA-MB-231, PC-3, OVCAR-3 and MCAF-10A cell lines and
the highest cytotoxicity was achieved at 72 h (Figure 2). However, in H69 lung cancer cells, by TL
exposure, cell viability was inhibited in a concentration-dependent manner and the highest cytotoxicity
was achieved at 24 h (Figure 2).

In the literature, there are limited studies investigating the in vitro cytotoxic effects of TL. Since
it is known that Theranekron® has strong antitumor activity on canine breast tumors (Gultiken et al.,
2015), cell culture studies have always been conducted using the MCF-7 cell line, which represents
luminal A breast cancer. Er et al. investigated the cytotoxic and anti-apoptotic effects of Theranekron®
in MCF-7 cell line and found the induction of cytotoxicity and apoptosis in a concentration- and time-
dependent manner. Increased levels of tumor necrosis factor-o. (TNF-a)) and transforming growth factor-
B (TGF-PB) was detected as well as cell apoptosis (Er et al., 2017). Ghasemi-Dizgah et al., also evaluated
the cytotoxic and apoptotic effect of Tarantula cubensis venom (Theranekron®) on MCF-7 and HN5
head and neck cancer cells. They incubated MCF-7 cells with concentrations of 20, 50, 100, 250 and
500 pg/mL for 12, 24 and 48 hours and found similar results indicating concentration-dependent
induction of cytotoxicity and apoptosis in both cell lines (Ghasemi-Dizgah et al., 2017). In this study,
unlike the literature, the cytotoxic effects of TL were investigated in aggressive MDA-MB-231 triple (-
) breast cancer cells. TL was also quite effective in a more aggressive breast cancer cell line. Yenigun et
al. also investigated the effects of TL on human gastric cell lines and showed that the 1Cso value of TL
was 100 ug/mL. Moreover, it was demonstrated that TL induced autophagic cell death in gastric cells.

In the study of Ghasemi-Dizgah et al., the authors also investigated the effects of Theranekron®
on non-tumorigenic HEK293 human embryonic kidney cell line. Similar to the results of the current
study, the authors revealed that Theranekron® showed significantly more cytotoxic effects against
MCF-7 and HN5 cancer cell lines than the non-tumorigenic HEK-293 cells (Ghasemi-Dizgah et al.,
2017).

CONCLUSION

In the current in vitro study, the concentration- and time-dependent response of TL was
investigated on different human cells including prostate, ovarian, lung and breast cancer and non-
tumorigenic cells. PC-3 prostate and OVCAR-3 were the most sensitive cell lines to TL. It showed a
lower cytotoxic effect against normal breast cells than the cancer cell lines indicating cancer-specific
effects. According to the preliminary results of this study, although TL is a veterinary drug, its cytotoxic
effect on human cancer cells suggests that it should be re-evaluated as a potential cytotoxic agent.
Analyses to identify functional compounds of Tarantula cubensis venom, and future studies addressing
its mechanism of action on cancer cells are recommended.
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Tepki Yiizey Metodu ile Aeromonas caviae LipT51'den Ekstraselliiler, Termo-Alkali Lipaz Uretiminin
Istatistiksel Optimizasyonu

Siimeyra GURKOK**

OZET: Aeromonas caviae LipT51'den ekstraselliiler termo-alkali lipaz iiretimi, tepki yiizey metodu (response
surface methodology: RSM) ile istatistiksel olarak optimize edilmistir. Ilk olarak, en yiiksek lipaz iiretimi igin
farkl karbon (zeytinyagy, tributirin, aygicek yagi, atik kizartma yagi, gliserol, Tween 80, Tween 20, palmiye yag1
ve Triton X100) ve azot (pepton, maya 0ziitii, tripton, peynir alt1 suyu, lire, NaNO2z, NHsNOs) kaynaklarin
taramak iizere tek seferde bir faktdr yontemi uygulandi. Ardindan, karbon kaynagi olarak secilen atik kizartma
yag1, azot kaynagi olarak secilen tripton ve baslangi¢ pH’s1 i¢in optimum degerler Box-Behnken tasarimi (BBD)
kullanilarak RSM ile belirlenmistir. Lipaz iiretimi icin BBD'in ikinci dereceden modeli istatistiksel olarak
anlaml1 ve giivenilir bulundu (p <0.0001, R? = 0.9881). Maksimum lipaz iiretimi (1.6 U mL™?) i¢in dogrulanms
optimum kosullar, % 1.13 atik kizartma yag1, % 1.5 tripton ve pH 7.9 olarak belirlenmistir. ilk kez bu calismada,
bir A. caviae susundan lipaz tiretiminin optimizasyonu, ucuz atik malzeme kullanilarak optimize edilmis kiiltiir
kosullar altinda gerceklestirildi. Deterjan aktivitesi ile degerli oldugu bilinen lipaz enziminin iiretim verimliligi,
optimize edilmeyen kosullara gore 2.7 kat artti.

Anahtar Kelimeler: Aeromonas caviae, lipaz, atik kizartma yagi, optimizasyon, tepki yiizey metodu, Box-
Behnken tasarimi

Statistical Optimization of Extracellular Thermo-Alkaline Lipase Production from Aeromonas caviae
LipT51 with Response Surface Methodology

ABSTRACT: Extracellular thermo-alkaline lipase production from Aeromonas caviae LipT51 was statistically
optimized by response surface methodology (RSM). First, the one factor at a time approach was implemented to
screen the sources of carbon (olive oil, tributyrin, sunflower oil, waste frying oil, glycerol, Tween 80, Tween 20,
palm oil, and Triton X100) and nitrogen (peptone, yeast extract, tryptone, whey, urea, NaNO2, NH4NO3) for the
highest lipase production. Then, optimum values for waste frying oil (WFO) selected as carbon source, tryptone
selected as nitrogen source and initial pH of the medium were determined by RSM using Box-Behnken design
(BBD). The quadratic model of BBD for lipase production was statistically significant and reliable (p<0.0001,
R?=0.9881). The validated optimal conditions for maximum lipase production (1.6 U mL™) were determined as
1.13% WFO, 1.5% tryptone and pH 7.9. For the first time in this study, optimization of lipase production from
an A. caviae strain was carried out under optimized culture conditions using cheap waste material. The production
efficiency of lipase enzyme, which is known to be valuable with its detergent activity, increased 2.7 times
compared to non-optimized conditions.
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INTRODUCTION

Lipases [EC 3.1.1.3] are a group of enzymes that catalyse the hydrolysis of triacylglycerols into
monoglycerides, diglycerides, fatty acids, and glycerol, acting on carboxylic ester bonds. They also
catalyse various esterification reactions in non-aqueous media (Amini et al., 2017; Dinanta Utama et al.,
2019). Lipases belong to the serine hydrolases and do not require cofactors (Beisson et al., 2000;
Chandra et al., 2020). It is one of the enzymes of high biotechnological importance such as proteases
and carbohydrases. They have application areas in various industries such as detergent, cosmetics, food,
agriculture, pharmaceutical, leather, textile, paper and pulp (Hasan et al., 2006; Bora et al., 2013; Sarmah
et al., 2018; Bharathi and Rajalakshmi, 2019).

Microorganisms, plants and animals have the ability to produce lipase. Microbial sources are the
most widely used for lipase production in terms of biotechnological applications due to their catalytic
activity and stability, high productivity, low production costs, ease of genetic manipulation,
regiospecificity and stereospecificity (Hasan etal., 2006; Sharma et al., 2011; Bharathi and Rajalakshmi,
2019). With regard to industrial uses, lipases that are stable in extreme conditions are particularly
notable. Microorganisms have the advantage of survival in a wide variety of habitats that can be very
hot like hot springs, too cold like glaciers, very basic like soda lakes or very acidic like sulfuric pools,
and the enzymes they produce for the maintenance of their metabolism evolve according to the
environment in which they live. Thermostable and alkaline lipases have commercial value and are the
most preferred enzymes for the detergent, cosmetics, food industry and environmental bioremediation
(Boraetal., 2013, Gurkok and Ozdal, 2021).

Bacteria are the most preferred microbial sources for lipase production and have been extensively
studied (Bora and Kalita, 2008; Javed et al., 2018). A. caviae is a Gram-negative bacterium belonging
to the genus Aeromonas that occurs in aquatic environments including raw and processed drinking water,
soil, foods such as raw meat, milk, fish, vegetables, and clinical samples (Erdem et al., 2011, Minana-
Galbis etal., 2002). A. caviae LipT51 has been reported to produce a thermotolerant and alkaline lipase,
with optimum 60 °C and pH 9, respectively. This enzyme has been shown to increase the oil removal
capacity of detergents when added to washing solution with detergents, and thus is a promising enzyme
for the detergent industry (Gurkok and Ozdal, 2021).

Lipase production by bacterial sources is influenced by a variety of nutritional and physico-
chemical factors such as the type and concentration of the carbon (C) and nitrogen (N) source,
temperature, pH, inoculum size, and agitation speed (Ebrahimpour et al., 2008; Soleymani et al., 2017).
The C and N sources of the fermentation medium are referred to as the main parameters in lipase
production as in many processes and the choice of the appropriate substrates is crucial for both the
growth of the bacteria and the induction of lipase production. The huge demand for lipase enzymes in
various industries has forced researchers to look for ways to produce enzymes in cheaper and more
favourable fermentation conditions. Inexpensive and efficient sources are extensively preferred to obtain
a cost-effective bioprocess since they constitute the largest part of the process cost. In addition to using
cheap raw materials, reusing waste materials or using industrial by-products in media preparations is an
even better option for this purpose. This perspective also contributes to the elimination of environmental
waste (Ozdal et al., 2017). Most commonly used waste materials and by-products such as molasses,
castor oil, oil cakes, WFO, seed cake and whey have attracted great attention in terms of minimizing
costs and eliminating environmental disposal (Ramachandran et al., 2007; Gururuaj et al., 2016;
Ebrahimipour et al., 2017; Ameri et al., 2019; Patel et al., 2020).
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In addition to the cheap raw material use, investigation of the optimal values for the other factors
in fermentation conditions is essential to obtain high lipase yields at lower costs. Two approaches are
used to increase bioprocess efficiency, one is the conventional “one factor at a time” method and the
other is statistical optimization techniques. In traditional practice, one variable is changed at a time, and
the other parameters are hold at fixed levels. This method cannot reflect the interactive effects between
process variables, and it is a laborious, time-consuming, and expensive to evaluate several variables
simultaneously. In statistical optimization methods, the interactions of variables are taken into account
in creating the optimum process response and are widely used for media optimization. One of these
statistical methods is the response surface methodology (RSM). RSM is a statistical optimization
technique used for experimental designs, model generation and determination of the optimum conditions
affecting process responses. Box—Behnken design (BBD) and central composite design (CCD) are the
types of RSM designs, which are frequently used for media optimization in various processes such as
enzyme production (Gurkok et al., 2011), pigment production (Ozdal et al., 2017a), biosurfactant
production (Ozdal et al., 2017b) and dye adsorbtion process (Ertan et al., 2020).

RSM reduces time and cost by providing less experiments, and also takes into account interactions
of variables. RSM reveals the correlations between the factors and responses and has been successfully
applied to evaluate and optimize the effect of various parameters on lipase production (Chauhan et al.,
2013; Gururaj et al., 2016, Ebrahimipour et al., 2017; Abdel Aziz et al., 2020).

In the first step of the present study, different C and N sources were tested with one factor at a
time approach to determine the best sources for lipase production. The next step was performed to
determine the optimum concentrations of the selected C and N sources and initial pH of the medium,
taking into account their interactions. Optimization of C and N sources and initial pH were performed
statistically by using BBD of RSM for enhanced industrially valuable extracellular thermo-alkaline
lipase production by A. caviae LipT51.

MATERIALS AND METHODS

Microorganism and Growth Conditions

A. caviae LipT51 (GenBank ID: MN818567.1) previously isolated from a hot spring was used for
lipase production (Gurkok and Ozdal, 2021). A. caviae LipT51 was cultivated in 25 mL Nutrient Broth
medium in 100 mL flasks at 30 °C and 150 rpm overnight for inoculum preparation.

Production of Lipase

Basal medium for lipase production was tributyrin broth (TBB) media containing peptone (0.5%),
yeast extract (0.3%), and tributyrin (1%), pH 7. Bacterial pre-culture [1% (v/v) of ODgoonm = 1] was
inoculated into 100 mL TBB in 250 mL flasks and incubated at 30 °C and 150 rpm for 2 days.

Lipase Activity Assay

Spectrophotometric lipase assay was performed using p-nitrophenol palmitate (pNPP) as substrate
(Gurkok and Ozdal, 2021). The supernatant of the fermentation medium was used as the crude enzyme.
Reaction was prepared by mixing crude enzyme (0.25 mL), 4 mM pNPP (0.25 mL) and 50 mM Tris-
HCI (0.5 mL). Reaction mixture was kept at 25 °C for 10 min and was terminated by the addition of 2
mL 0.5 N Na,COs. Absorbance of released p-nitrophenol was measured in a spectrophotometer at 410
nm. p-Nitrophenol standard graph was prepared for calculation of lipase activities. One unit of lipase
activity was referred as the enzyme amount which liberates 1 umol p-nitrophenol in 1 min. Lipase assays
were carried out in triplicate. Control reaction mixture was prepared with 0.25 mL of dH20 instead of
crude enzyme.
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Screening of the Carbon and Nitrogen sources

To determine the effects of different C sources on lipase production, olive oil, sunflower oil, WFO,
glycerol, Tween 80, Tween 20, palm oil, and Triton X100 were tested. C sources at a concentration of
1% was supplemented separately in lipase production medium instead of tributyrin. WFO was obtained
from sunflower oil, which was used five times in French fries. Whatman filter paper (No. 1) was used
to remove any remaining particles from WFO.

To determine the effects of different N sources on lipase production, peptone, yeast extract,
tryptone, whey, urea, NaNO, and NH4sNO3z were tested. N sources at concentrations of 1% was
supplemented separately in medium containing only 1% tributyrin.

Optimization by Response Surface Methodology Using Box—Behnken design

RSM was performed by using BBD to evaluate independent variables, WFO (%), tryptone (%)
and initial pH at three levels [ low (-1), medium (0), high (+1)] for the optimization of dependent variable
(Y), lipase production (U mL™) according to the experimental design given in Table 1. The ranges for

the factors were 0.5-1.5% for WFO and tryptone, 7-9 for initial pH.
Table 1. BBD of three variables (WFO, tryptone and initial pH) and experimental response (Y) (lipase activity) using RSM

Variables Response (Y)
RUN “WFO %) Tryptone (%)  pH Lipase (U mL")
1 15 0.5 8 0.50
2 0.5 1.0 9 0.88
3 1.0 0.5 7 0.60
4 15 15 8 1.60
5 15 1.0 7 0.95
6 1.0 15 7 1.45
7 0.5 1.0 7 0.90
8 0.5 0.5 8 0.60
9 1.0 1.0 8 1.53
10 0.5 15 8 1.30
11 1.0 1.0 8 1.45
12 15 1.0 9 0.95
13 1.0 15 9 1.35
14 1.0 15 7 1.55
15 1.0 15 9 1.40
16 1.0 0.5 9 0.62
17 1.0 0.5 7 0.63
18 15 1.0 9 0.92
19 15 1.0 7 1.00
20 0.5 15 8 1.25
21 0.5 1.0 7 0.90
22 15 0.5 8 0.55
23 0.5 1.0 9 0.82
24 1.0 0.5 9 0.60
25 1.0 1.0 8 1.35
26 1.0 1.0 8 1.35
27 1.0 1.0 8 1.48
28 1.0 1.0 8 1.39
29 15 15 8 1.50
30 0.5 0.5 8 0.65
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Minitab® Statistical Software Release 19 (State College, PA) was used for experimental design,
creation of quadratic model and evaluation of the data. A set of 30 experimental runs was carried out
and the corresponding measurement of each response variable was reported in Table 1.

A second-order polynomial model was fitted to the data to relate the lipase production (Y) to the
amount of WFO, tryptone, and initial pH. The quadratic model equation for a three-factor system (Eqg.
1) was as follows:

Y = Bo+ XBXi + XX + Y BiXiX; 1)

In Equation 1, the predicted response is Y; the intercept is fo; independent variables are XiX;, the
linear coefficient is g, the quadratic coefficient is fii, and the interaction coefficient is Si.

The confidence level is 95% and significance level alpha (a) is considered as 0.05 in regression
analysis. p (probability) value less than a (typically <0.05) is regarded as statistically significant.

RESULTS AND DISCUSSION

In the present study, optimization of lipase production by A. caviae LipT51 was discussed. This
lipase has recently been shown to be a promising enzyme for the detergent industry, due to its
thermotolerant and highly alkaline nature and its ability to remove oil stains (Gurkok and Ozdal, 2021).
Firstly, the best C and N sources that provide maximum lipase production were determined by one factor
at a time method. WFO was selected as the inexpensive C source, and tryptone was the choice of N
source giving the highest lipase yield among the tested N sources. Then, their optimum concentrations
of C and N sources and the initial pH of the medium were statistically optimized by RSM.

Selection of C and N Sources

Although evaluating several variables by the one factor at a time method is laborious and time
consuming, it is still widely used for optimization of culture conditions, especially for screening best C
and N sources (Lima et al., 2003; Soleymani et al., 2017). Preliminary screening of different C and N
sources for enhanced lipase production by A. caviae LipT51 was performed using this approach. Since
it is known that higher lipase production is obtained in the presence of oil or fatty acid-containing C
sources or their analogues (Soleymani et al., 2017; llesanmi et al., 2020), these types of C sources were
screened in the present study.

Tributyrin in the basal medium was substituted with other C sources including olive oil, sunflower
oil, WFO, glycerol, Tween 80, Tween 20, palm oil, and Triton X100 (Figure 1a). The highest yields (c.
0.8 U mL™t) were observed in the production media containing olive oil, sunflower oil, and WFO. The
difference in enzyme yields obtained in the presence of these C sources were statistically insignificant
(p >0.05) and for a more cost-effective production, WFO was chosen as the sole C source to be used in
following optimization studies.

Effect of N sources on lipase production was investigated using the production media consisting
of tributyrin as the C source. The type and concentration of N sources in the basal medium (0.5% peptone
and 0.3% yeast extract) was replaced or modified with other N sources, including peptone, yeast extract,
tryptone, whey, urea, NaNO, and NH4NOs at a concentration of 1% (Figure 1b). Although it is aimed to
reduce the enzyme production cost by using cheap inorganic N sources or a by-product such as whey,
the expected result could not be achieved with these N sources. Since the highest lipase production (0.87
U mL1) was obtained with tryptone among other N sources, it was chosen as the N source for following
optimization studies.
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Figure 1. The impacts of carbon (a) and nitrogen sources (b) on lipase production by A. caviae LipT51 incubated for 2
days, at 150 rpm at 30 °C. Results are the average of triplicate assays

Statistical Optimization of Lipase Production by RSM using BBD

RSM was applied to evaluate optimal levels of the parameters (WFO, tryptone, and initial pH) and
their interactions for maximum lipase production by A. caviae LipT51. The design of the variables and
the observed responses (lipase yield) from each run are given in Table 1.

The regression coefficients determined by ANOVA (analysis of variance) of results for lipase
production are shown in Table 2a. According to ANOVA, a quadratic model was generated for the
prediction of lipase production. Predicted response, lipase yield (Y), expressed in terms of WFO (A),
tryptone (B), and initial pH (C) is presented in the second order polynomial equation in Equation 2:

Y (U mL?t) =-16.38 + 1.834A + 2.221B + 3.858C- 1.0825A? - 0.6425B2 - 0.2394C? + 0.3750AB +
0.0050AC - 0.0600BC 2

The significance of the model terms is determined by their p value, and terms with p<0.05 are
considered significant and marked with an asterisk. Coefficients given in Table 2a showed that all the
variables significantly affect the lipase production. It is clear that tryptone has a higher effect than WFO
and initial pH on lipase production with p:0.000 and higher magnitude of the model coefficient. Among
the variables, only pH had a negative linear effect and all variables had negative quadratic effects, which
refers a better response was achieved at lower levels of the variables. The interactive effect of WFO
(%)*tryptone (%) and WFO (%)*pH were positive, while the tryptone (%)*pH has negative interactive
effects (Table 2a). A positive interaction value means that the response increases if both variables change
to the same level, low or high. The interactions between WFO (%) and pH, and tryptone (%) and pH are
statistically insignificant (p>0.05) and these terms can be excluded from the final polynomial equation.

ANOVA for lipase production was given in Table 2b. The significance of the regression model
was determined by the F-test, which showed that the model was apparently significant with high F value
and quite low p value (F:184.38 and p:0.000). The insignificant lack-of- fit value (p:0.973) indicated
that the model has no inability to predict lipase production.

The coefficient of multiple determination (R?) is used to analyse the variations. R? value gives an
idea of how many data points are among the results of the line that the regression equation creates, and
the closer this value is to 1, the stronger the model. For lipase production, the experimental data and the
regression model equation were adequately fitted with a very high R? value of 0.9881, which means
98.81% of the variations in the response can be explained by the model equation. The adjusted R? of
0.9827 and the predicted R? value of 0.9772 were in a strong correlation, which showed a reasonable

agreement between the predicted and experimental values for lipase production and reliability of the
model.
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Table 2 Regression coefficient estimates (a) and analysis of variance (b) of quadratic polynomial model
of RSM for the production of lipase by A. caviae LipT51.

Term Coefficient Standard Error t p
Constant 1.4250 0.0198 72.07 0.000*
WFO (%) 0.0419 0.0121 3.46 0.002*
Tryptone (%) 0.4156 0.0121 34.33 0.000*
pH -0.0275 0.0121 -2.27 0.034*
a  WFO (%)*WFO (%) -0.2706 0.0178 -15.18 0.000*
Tryptone (%)*Tryptone (%) -0.1606 0.0178 -9.01 0.000*
pH*pH -0.2394 0.0178 -13.43 0.000*
WFO (%)*Tryptone (%) 0.0937 0.0171 5.48 0.000*
WFO (%)*pH 0.0025 0.0171 0.15 0.885
Tryptone (%)*pH -0.0300 0.0171 -1.75 0.095
Source Degree of Freedom  Sum of Squares Mean Squares F p
Model 9 3.89247 0.43250 184.38 0.000*
Linear 3 2.80406 0.93469 398.48 0.000*
Square 3 1.01085 0.33695 143.65 0.000*
b Interaction 3 0.07756 0.02585 11.02 0.000*
Residual Error 20 0.04691 0.00235
Lack-of-Fit 3 0.00061 0.00020 0.07 0.973
Pure Error 17 0.04630 0.00272
Total 29 3.93939

S: 0.0484317; R%: 98.81%; R?(adjusted): 98.27%; R%(predicted): 97.72%
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Figure 2. Response surface plots showing the effect of tryptone and WFO (a), pH and WFO (b), and pH and tryptone (c)
on lipase production by A. caviae LipT51. The third factor was kept constant at the centre point (i.e. WFO 1%, tryptone
1%, and pH 8, respectively) in all cases

Response surface plots in Figure 2 show that the variations in the level of variables strongly
influence the lipase yield. The peaks seen on the 3D response surface plots show the optimum levels of
variables at which the maximum responses are obtained. It is clear that as the variable levels increases,
the production of lipase increases to a certain level. After a certain point, the enzyme yield decreases
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and the most likely reasons for this decrease could be C or N catabolite suppression or toxic effects,
especially of WFO.
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Figure 3 Contour plots showing the interactions of tryptone and WFO (a), pH and WFO (b), and pH and tryptone (c) on
lipase production by A. caviae LipT51. The third factor was hold constant at the centre point (i.e. WFO 1%, tryptone 1%,
and pH 8, respectively) in all cases

2D contour plots in Figure 3 shows the interactive effects and optimum levels of independent
variables. Contour plots are generated from a pairwise interaction of the independent variables, holding
the third variable constant at its centre value. The circular or elliptical shape of the contour plot shows
whether the interactions between variables are negligible or significant, respectively. Elliptical contour
plot in Figure 3a indicates a significant interaction between WFO and tryptone, which can also be
confirmed from the Table 2a with p<0.0001. In Figure 3b and 3c, the contour plots are circular and the
interactive effects between pH and WFO (b) and pH and tryptone (c) are statistically insignificant and
negligible, with p:0.885 and p:0.095, respectively.

Validation of the Optimized Process Conditions

Validation of the model was performed with the use of response optimizer facility of Minitab 19.
According to the model prediction, the maximum lipase production by A. caviae LipT51 could be
achieved at 1.13% WFO, 1.5% tryptone, and pH 7.9. A well correlation between predicted and measured
response was obtained in validation experiments. The prediction (1.7 U mL™) was validated
experimentally in triplicate and resulted in 1.6 U mL™* lipase production, which was 2.7-fold higher than
the yield obtained in non-optimized initial basal medium.

This study reported that the lipase production of A. caviae LipT51 was maximal at slightly alkaline
pH, consistent with other alkaliphilic lipase producing bacteria preferring pH 7 or higher, and the
optimum concentrations for C and N sources were also consistent with the requirements of other lipase
producer bacteria (Gupta et al., 2004; Dutta and Ray, 2009; Ameri et al., 2019; llesanmi et al., 2020).

RSM is an effective optimization technique that is quite popular and frequently used in optimizing
enzyme production, as in many other aforementioned processes. Vasiee et al. (2016) used RSM for the
optimization of the culture conditions for lipase production by Bacillus cereus. They applied coriander
seed extract/yeast extract ratio of 16.9 w/w, olive oil (2.37 g L) and MgCl; (24.23 mM) and achieved
1.83-fold increase in lipase yield. Ebrahimipour et al. (2017) optimized lipase production by
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Ochrobactrum intermedium Strain MZV101, they achieved 3.46-fold increase under optimized
conditions of 1 g L't molasses, 50-60 °C and pH 10.5-11. Patel et al. (2020) reported the use of RSM
for the optimization of lipase production by Acinetobacter sp. UBTL1. They replaced olive oil in the
medium with low cost deoiled seed cakes and determined optimum concentrations of glucose (0.025%),
calcium chloride (0.002%), and potassium di-hydrogen phosphate (0.2%), which yielded higher enzyme
production.

CONCLUSION

The production of an extracellular, thermotolerant, and alkaline lipase enzyme from A. caviae
LipT51 was statistically optimized by BBD of RSM. Firstly, the best C and N sources that provide
maximum lipase production were determined by classical one factor at a time method. WFO was selected
as an effective and inexpensive C source, and tryptone was the choice of N source giving the highest
lipase yield among the tested sources. Then, the optimum concentrations of the C and N sources and the
initial pH value of the medium were statistically optimized by considering their interactions. Under
optimized conditions (1.13% WFO, 1.5% tryptone and pH 7), a 2.7-fold increase in the production of
the industrially valuable lipase (1.6 U mL™) was achieved successfully and cost-effectively.
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ABSTRACT: The Asteraceae family is the largest in the plant kingdom in the world. Gundelia is a
genus that belongs to this family and is commonly referred to as the kenger name in Anatolia. Gundelia
dersim is also an endemic species defined from Eastern Anatolia. In this study, anatomical,
palynological and biochemical properties of G. dersim were discussed. When the anatomical structure
of G. dersim was examined, it was seen that the mesophyll type, in which the midrib of the leaf was
developed, was unifacial. There are too many sclerenchymatic cells in the vascular bundles. In addition,
laticifer elements were seen on the stem and leaf. Also, it was observed that the pollen of the species is
in echinate ornamentation and pollen grains are radial symmetrical, isopolar, tricolporate. Following
biochemical analysis, pigment analysis, total carbohydrate and lipid peroxidation were performed. The
chlorophyll a and chlorophyll b content of the species in both stem and leaf were analyzed, and the most
chlorophyll content was found in the leaf. With this research, for the first time, a detailed anatomical
investigation was conducted on the genus Gundelia, and it is a current view with the first consideration
of the anatomical, palynological and biochemical aspects of G. dersim.
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INTRODUCTION

Asteraceae (Compositae) is a family with the most taxa in the world. This family contains many
genera. Taxa belong to the family containing 24.000-30.000 species and 1600-1700 genera spread on all
continents except Antarctica. Although there are original estimates, it is assumed that there are 200,000-
300,000 flowering plant species, and one of every 8-12 flowering plant species belongs to the Asteraceae
family (approximately 10%) (Funk et al., 2005).

One of these genera is the Gundelia L. genus, which has many species in our country. It was known
that the genus Gundelia was represented by a single species until the 2000s. However, in recent years,
many new species have been identified; The new described species Gundelia aragatsi Vitek, Fayvush,
Tamanyan & Gemeinholzer (Vitek et al., 2010), Gundelia armeniaca (Nersesian, 2014) from Armenia,
Gundelia dersim Vitek, Yiice & Ergin (Vitek et al., 2014), Gundelia munzuriensis Vitek, Yiice and Ergin
(Vitek et al., 2014), Gundelia vitekii Armagan (Armagan, 2016), Gundelia komagenensis Firat (Firat,
2016a), Gundelia colemerikensis Firat (Firat, 2016a), Gundelia cilicica Firat (Firat, 2016a), Gundelia
anatolica Firat (Firat, 2016a), Gundelia mesopotamica Firat (2017a) and Gundelia siirtica Firat (2019a),
Gundelia cappadocica Firat (Firat, 2021b) from Turkey, Gundelia tehranica Vitek and Noroozi (Vitek
and Noroozi, 2017) from Iran. Moreover, added new record for the flora of Turkey Gundelia rosea
M.Hossain & Al-Taey (Firat, 2017b), Gundelia armeniaca Nersesyan (Firat, 2018a), Gundelia
purpurascens (Bornm.) Firat (Firat, 2018a). The resurrection and a new status of Gundelia asperrima
(Trautv.) Firat (Firat, 2017¢), Gundelia armata (Freyn & Sint.) Firat (Firat, 2019b).

Karyotype data for 12 taxa are reported in Geng and Firat (2019). According to molecular dating,
the distinction of the genus Gundelia from the relative genera was around 14.1 million years ago (mya)
(Tarikahya Hacioglu and Firat, 2017). The recent taxonomical studies based on morphological data and
ITS based molecular data suggested that the genus Gundelia L. (Asteraceae) should be divided into two
subgenera; Gundelia L. subg. Gundelia (Type species: G. tournefortii) and Gundelia L. subg. Anatolia
Frrat subg. nov. (Type species: G. anatolica). Additionally, morphological data suggest that there should
be two sections within the subgenus Gundelia; Gundelia L. subg. Gundelia sect. Gundelia (Type
species: G. tournefortii) and Gundelia L. subg. Gundelia sect. Komagenenses Firat sect. nov. (Type
species: G. komagenensis) (Firat, 2021).

Gundelia genus classification is taxonomically difficult because of its macro and
micromorphological characteristics. So, it is defined as the ‘rogue’ genus (Wortley et al., 2007).
Gundelia genus is represented by 19 taxa in Anatolia (Firat, 2021b); and the total number of species in
Gundelia increased to twenty-two and two sections (Firat, 2021a,b). Most of these species are endemic
to Turkey. Gundelia species in Anatolia; Kénger, Qorav, Kereng, Kerenk, Keven, Kengel, Has kanger,
Act kenger, Esek dikeni, Kenger are known by vernacular names (Firat, 2013). Gundelia dersim Vitek,
Yiice & Ergin is often called ‘Kereng’ and ‘Kenger’. Milky secretion, like a chewed gum between people
in the Tunceli region of Turkey (Cakilcioglu, 2020). In our meetings with the local people, this milk-
like secretion is used in ice cream making and gastric disorders such as gastritis, ear disorders, jaw
strengthening and chewing problems. General morphological features are as follows; Stout perennial
herb with milky latex. Leaves alternate, pinnatisect, strongly spiny-dentate, uppermost is usually
involucrate. Capitula few-flowered, morphologically homogamous and discoid, densely aggregated into
Eryngium L.-like heads (pseudocephalia) (Kupicha, 1975). G. dersim is a new endemic species described
from Eastern Anatolia (Vitek et al., 2014). The spreading area of this species is like G. glabra Mill., G.
munzuriensis Vitek, Yiice & Ergin, G. tournefortii L., G. armata (Freyn & Sint.) Firat and G. vitekii
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Armagan. Thus, studies on these species are essential in terms of the taxonomic and ecological
conditions of the genus Gundelia.

Anatomical and palynological studies can support morphological features and provide valuable
characters for taxonomic studies. Biochemical studies are very important in terms of the relationship of
species to ecological environments. At the same time, it can provide important contributions to reveal
the biochemical similarities and differences between taxa close together (Karaaslan et al., 2014; Konak
etal., 2017; Afrasiabi et al., 2019).

There is no current anatomical study on the Gundelia genus. A preliminary study of Solereder and
Scott (1908) and Metcalfe and Chalk (1950) on the genus and a detailed study has not been found later.
The genus Gundelia was represented by a single species until recent years. However, the number of
species has increased due to the studies carried out in recent years. Therefore, studies to be carried out
are becoming necessary.

No studies on the anatomical, palynological and biochemical content of G. dersim have been
found. Therefore, this study aims to examine the characteristics of G. dersim in this respect.

MATERIALS AND METHODS

Plant material

The main material of this investigation is Gundelia dersim (Figure 1) collected from between B7,
Tunceli (Turkey), Ovacik-Koyungolii (1280m)(Tunceli province) riverside and Aktuluk district(1000m)
(Tunceli centre) region in June and at the time of flowering. Map of Turkey (Firat, 2016b) and map of
detail of the area (Google map, 2021). In the samples collected, the homogeneity of the population was
taken into consideration. Herbarium material(\Voucher specimen no: MA 2003) is stored at Munzur
University.

Figure 1. Synflorescence view, habitat and collection area of G. dersim

Anatomical analysis

By collecting G. dersim from its natural habitats, the plant parts were preserved in 70% alcohol
used in anatomical studies. Sectioning operations were performed manually with the help of razors. It is
stained with sartur reagent and safranin to distinguish between tissues and cells (Baytop, 1972; Algan,
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1981). Anatomical observations were made and photographed using the Olympus BX53 light
microscope.

Palynological analysis

For the purpose of studying pollen grains in Gundelia, specimens were collected in their flowering
period. A minimum of ten samples of species has been examined. Palynological studies were carried out
in SEM at Munzur University. The terminology used is mainly based on that recommended by Punt et
al. (2007).

Biochemical analysis
Also, the material to be used for biochemical studies was stored at -80 ° C. Following biochemical
analysis, pigment analysis, total carbohydrate and lipid peroxidation were performed.

Measurement of total carbohydrate content

The total content of carbohydrate was measured according to the method proposed by Rosenberg
(1980). Leaf and stem samples were cut into small pieces and kept at 50 °C for 1 day. Then, it was
ground in the blender and left again at 50 °C for 1 night. Samples were taken to the desiccator after 24
hours, waiting for 1 hour, weighing 0.2 g from the samples, 5 mL of 72% H>SO4 was added and
hydrolysis for 3 hours with mixing every 15 minutes. Then 45 mL of distilled water was added and kept
in the refrigerator for 1 night. Samples were filtered from filter papers after 24 hours. After the filtrate
was diluted 1 / 100, 2 mL of an antron reagent prepared daily was added to 500 uL and mixed rapidly
in the vortex. This mixture was put in tubes, and their mouths were closed with aluminium foil. The
tubes were kept in a boiling water bath for 10 minutes and then read against the control in 620 nm
wavelength spectrophotometer (Shimadzu UV-1201V) by performing the same procedures with distilled
water. Glucose values were calculated in response to the standard values entered the Slide program.

Photosynthetic pigment analysis

De Kok and Graham method was used for the extraction of pigments (De-Kok and Graham, 1980).
For extraction, 1 gram of each of the leaf and stem samples ground in the blender was taken in 3
replicates for each sample and placed in 50 ml of acetone (100% Merck) in a glass mortar and
homogenized. Then the flasks were placed with aluminium foil in such a way that they would not see
them, and the mouths of the flasks were closed with parafilm. It was homogenized for 30 minutes in a
shaking oven. These samples were then kept in the refrigerator set at 4 °C for 24 hours. Samples taken
out of the refrigerator were filtered and 1 / 5 water was added. These samples were re-homogenized for
15 minutes in a shaking oven and then kept in the refrigerator for 24 hours. Samples were centrifuged
after 24 hours at 3000 rpm for 10 minutes. The absorbance values of the centrifuged samples were read
at 662, 645, 470 nm according to Lichtenthaler and Welburn (1983) and the two most important types
of chlorophyll in terms of photosynthesis are chlorophyll a, chlorophyll b and carotenoid and total
chlorophyll contents were calculated.

Lipid peroxidation analysis

The method was made according to Heath and Packer (1968). 0.5 g of fresh leaf tissue was
homogenized in 5 mL of 0.1% TCA. The homogenate was centrifuged at 10.000 g for 10 minutes. 2 mL
of this solution was kept in a water bath at 95 ° C for 30 minutes with 2 mL of 0.5% TBA (prepared in
20% TCA). At the end of the period, the samples were placed on ice. It was then centrifuged at 10.000
g for 15 minutes. The absorbance of the supernatant was measured at 532 nm and 600 nm, and
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measurements at 600 nm were confirmed by subtracting the measurements at 532 nm. The amount of
MDA was calculated with 155 mM - 1 cm - 1 extinction coefficient.

RESULTS AND DISCUSSION

Anatomical results

The stem has a single-layered epidermis. Under the epidermis is the cortex layer. There is a
collenchymatic hypodermis with 1- 2 layers of thickened walls at the top of the cortex and 4- 6 layers of
sclerenchyma tissue below it. This sclerenchymatic layer surrounds the stem. Under the sclerenchyma
is the parenchyma tissue. It is seen in cortical vascular bundles within the parenchyma tissue mentioned.
The stem has numerous annularly arranged by vascular bundles. These bundles are as follows: phloem
surrounded by a scleranchymatic layer and xylem under phloem, and it a scleranchymatic layer. Among
the vascular bundles are interfascicular cells. The stem’s inner part is made up of parenchymatic pith
cells, and in the centre is its pith cavity. Leaf epidermis anticline wall is flat. Although stoma is
anomocytic, anisocytic type is also rarely seen on the upper surface. It is amphistomatic according to the
surface with stomata on the leaf. Leaf mesophyll type is unifacial. Mesophyll consisted of 8- 9 layers of
palisade cells. The midrib of the leaf is very developed and contains many vascular bundles. A single
layer epidermis is covered with a cuticle on the outermost, a collenchymatic hypodermis sometimes 1-
2 layers below, just below the hypodermis lignified scleranchymatic layer surrounding the midrib. There
is a parenchymatic region comprising round cells that fill the interior and surround the vascular bundles.
Vascular bundles are surrounded by a scleranchymatic layer, then xylem, phloem, and again a
scleranchymatic layer. The conduction bundle is in the form of a collateral bundle. There are secretions
in the parenchyma cells. Also, infrequently, laticifer elements have been observed (Figure 2).

Figure 2. Anatomical structure of G. dersim. 1. Abaxial side of leaf, 2. Adaxial side of leaf, 3- Leaf midrib (arrow
laticifer vessel), 4- Leaf midrib, 5- Leaf vascular bundle, 6 Leaf mesophyll, 7- Stem general view, 8- Stem vascular
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bundle, 9- Stem cortex view. ep: epidermis, co: cortex, la: laticifer, lep: lower epidermis, me: mesophyll, uep:
upper epidermis, ph: phloem, sc: sclerenchyma, se: secreted substances, st: stomata, xy: xylem.

Palynological results

Pollen grains are radial symmetrical, isopolar, tricolporate. It is in the form of prolate-spheroidal
and echinate ornamentation. Spines are clear, and ornamentation is perforate-faveolate. Polar axis length
was measured as a mean of 42 56 pm and equatorlal axis as 38.08 pm (Figure 3, Table 1).

" &
l
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Figure 3. SEM photographs of pollen structure of G. dersim

Table 1. Pollen morphological features of G. dersim.

Pollen characteristics

Polar axis Min-Max (um) 38.379 — 45.782
Mean (um) 42.559

Equatorial axis Min-Max (um) 32.493 —42.121
Mean (um) 38.078

P/E 1.12

Pollen shape Prolate-spheroidal

Aperture Tricolporate

Ornamentation Echinate, perforate between spines

Biochemical results

In pigment analysis, Chl a content was measured as 3.91 pg/ g in leaf and 0.63 pg/ g in the stem.
Chl b value was found to be 0.96 pg / g on the leaf and 0.14 pg / g on the stem. The content of Car
(carotenoid) was determined as 1.07 ug / g on the leaf and 0.21 ug / g on the stem. Total Chl content
was found to be 4.87 ng / g in leaf and 0.77 pg / g in the stem. While the total content of carbohydrates
was 0.76 pug / g in the leaf, it was determined as 0.43 pg / g in the stem. According to the lipid
peroxidation data, the malondialdehyde content in the leaf was measured as 1.26 umol MDA / g FW and
1.02 umol MDA / g FW in the stem. (Figure 4, Table 2).
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Figure 4. Pigment, total carbohydrate and lipid peroxidation data of leaf and stem in G. dersim

Table 2. G. dersim leaf and stem biochemical content

Leaf Stem
Chl a (ng/g) 3,91 0,63
Chl b (png/g) 0,96 0,14
Total Chl (ug/g) 4,87 0,77
Carotenoid (ng/g) 1,07 0,21
Total carbohydrate (ng/g) 0,76 0,43
Lipid peroxidation (umol MDA/ g fresh weight) 1,26 1,02

No previous detailed anatomical study on the genus Gundelia has been found. Therefore, the data
in this study will be an essential database. If we look at the general anatomical features of the genus
Gundelia, Solereder and Scott (1908) and Metcalfe and Chalk (1950) mentioned the existence of cortical
vascular bundles and laticifer structures about the genus Gundelia. In our study, although rare, laticifer
canals were found in the stem and leaf structure. Probably the laticifer uses latex fluid to cover wounds
and protect the plant against herbivores and microorganisms (Fahn, 1990). So, milky secretion in laticifer
channels has an important place in folk medicine. A study conducted on the genus Cirsium from the
Asteraceae family stated that the leaf mesophyll structure was of the dorsiventral type. They stated that
the anticlinal walls were flat, and 5 taxa were not flat in 21 taxa studied. They stated that the distribution
area of these 21 taxa is at high altitude and in dry habitats. Besides, they stated that all taxa, except 3
taxa, were amphistomatic (Ozcan et al., 2015). In our study, the leaf of G. dersim is amphistomatic.
However, the mesophyll type is unifacial. In the studies conducted by Metcalfe and Chalk (1950) and
Kadereit and Jeffrey (2007), dorsiventral mesophyll was commonly found in the Asteraceae family.
Again in G. dersim, it is gathered around 1100 meters and is a high-altitude area. Ozcan et al. leaf
anticline walls were found to be flat in high altitude places (Ozcan et al., 2015). The leaf of G. dersim is
also flat with anticlinal walls. Also, Sheidai et al. stated in their study that the leaf mesophyll type of
Cirsium species in Iran is dorsiventral (Sheidai et al., 2018). It can be said that there is a significant
difference between the Gundelia genus and the Cirsium genus of leaf mesophyll type. Also, Metcalfe
and Chalk (1950) stated that the general stoma type of the Asteraceae family is an anomocytic
(Ranunculaceae type) and anisocytic type. In G. dersim, anomocytic type and rarely anisocytic type
stoma were also found. No trichome was found in the leaf and stem structure of G. dersim. It has been
reported in previous studies that the pollen characteristics of the Asteraceae family have taxonomic
significance (Telleria et al., 2013; Carrijo et al., 2013). Wodehouse (1930;1935) and Skvarla (1977), in
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their study, stated that the Asteraceae family pollen is echinate and generally tricolporate. It has the
characteristics of the family with its pollen characteristics in G. dersim. Palynological studies can
provide valuable data for a closely related genus. In studies on some Asteraceae species, echinate pattern
structure has been described (Zafar et al., 2007; Ahmad et al., 2013). In this study, we investigated, it
was determined that G. dersim taxon has echinate ornamentation. According to Wodehouse (1935), the
spiny pollen (spinate) character is said to be a more primitive feature than spinless. Also, Wodehouse
(1926;1928) stated that some Asteraceae species had fewer spins in wind-pollinated (anemophilous) and
more spins in insect-pollinated (entomophilous). According to this information, it can be said that G.
dersim is prone to pollination with insects. Wortley et al. investigated the pollen characteristics of G.
tournefortii in their study (Wortley et al., 2007). Accordingly, they found that it was 48 um in diameter
and tricolpate and echinate. In our study, we observed that these features of G. dersim are similar to G.
tournefortii, but the diameter is approximately 38 pm, not 48 um (Figure 3).

Conducting biochemical analyses on plants provides indications about whether the plant is
exposed to stress related to the ecological conditions in which it is located and how effective it can be in
developing the environment in which it is located. It is also very important in terms of elucidating the
resistance mechanisms in plants exposed to infection.

It is stated that the rate of photosynthesis is directly proportional to the content of light absorbed
by chlorophyll. If the content of light absorbed by chlorophyll is high, the photosynthesis rate also
increases (Kadioglu, 2016; Izzo et al., 2019).

Chlorophylls are the main pigments that give plants their characteristic green colour. Chlorophyli
not only absorbs light, it transfers the energy obtained from one molecule to another and acts as a catalyst
in photosynthetic reactions.

The two most important types of chlorophyll in terms of photosynthesis are chlorophyll a and
chlorophyll b, while chlorophyll ainitiates the light reaction of photosynthesis, while chlorophyll b plays
a role as an auxiliary pigment in photosynthesis. Therefore, it is important to evaluate the two
chlorophylls in terms of photosynthesis.

Chlorophylls are green-coloured pigments, and they have an essential role in photosynthesis. The
change in chlorophyll content is important in determining the plant’s response to stress factors (Cetin,
2017). In our study, Chl content was determined higher in both leaf and stem than Chl b. Total
chlorophyll content was also determined more in the leaf (Figure 4). Carotenoids have many
physiological functions. They effectively destroy free radicals and strengthen the immune system
(Domonkos et al., 2013). In our study, the carotenoid content was determined higher in the leaf (Figure
4).

Carbohydrates modulate gene expression in plants and are significant sources of carbon and energy
that serve as growth and development substrates. As a result, they serve as signalling molecules in a
number of physiological processes (Granot et al. 2013). Carbohydrate metabolism has been described
as a critical metabolic and transcriptional component that determines a plant’s abiotic stress sensitivity
(Lietal. 2015).

The functions of carbohydrates are not limited to being just energy stores. They are important
building blocks of many structural materials of living organisms (Khowala et al., 2008). In this study,
the total carbohydrate content was found higher in the leaf than the stem (Figure 4).

Lipid peroxidation is the oxidation of unsaturated fatty acids in the cell membrane and structure. The
most important product of lipid peroxidation is malondialdehyde (MDA). There were studies in the
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literature showing that MDA content was increased in plants exposed to various stress conditions (Kaya,
and Doganlar, 2016; Sun et al., 2019). In our study, MDA content was found higher in leaf than stem.

CONCLUSION

As a result of this study, a detailed anatomical study has been carried out for the first time on the
genus Gundelia, a taxonomically complex genus. With the increasing number of species in recent years,
each study on this genus will contribute significantly to the species taxonomic data.

As a result of this study, the anatomical and palynological structure and biochemical content of
Gundelia dersim were revealed for the first time. Thus, it is thought that it will be the basis for future
studies.
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OZET: Bu ¢alisma, 2018-2020 yillar1 arasinda Capakcur vadisinde (Bingol) gergeklestirilmistir. Bu
vadide yayilis1 belirlenen Asteraceae (Compositae), Fabaceae (Leguminosae) ve Lamiaceae (Labiatae)
familyalarina ait 52 taksonun B8 karesindeki yayilislar1 ilk defa verilmistir. B8 karesi i¢in yeni kayit
olan bu taksonlardan 9 tanesi endemiktir. Verilen taksonlarin, 30’u Asteraceae, 9’u Fabaceae, 13’1
Lamiaceae liyesidir. Calismada sunulan taksonlarin fitocografik bolgelere dagilimlar su sekildedir: 19
takson Iran-Turan, 5 takson Avrupa-Sibirya, 4 takson Akdeniz ve 24 takson fitocografik bolgesi
bilinmeyen veya genis yayilisladir.

Anahtar Kelimeler: Capakgur vadisi, yeni kayit, B8 karesi, Asteraceae, Fabaceae, Lamiaceae

New Florositic Records For B8 Square Belonging To Asteraceae, Fabaceae And Lamiaceae
Families

ABSTRACT: This study was carried out between 2018-2020 in the Capakgur valley (Bingdl). The
distribution of 52 taxa belonging to the families Asteraceae (Compositae), Fabaceae (Leguminosae) and
Lamiaceae (Labiatae), which were determined to be distributed in this valley, was given for the first
time in the B8 square. 9 of these taxa, which are new records for the B8 square, are endemic. Of the
given taxa, 30 are Asteraceae, 9 are Fabaceae and 13 are Lamiaceae members. The distribution of the
taxa presented in the study to phytogeographical regions is as follows: 19 taxa are Iran-Turan, 5 taxa
are Euro-Siberian, 4 taxa are Mediterranean and 24 taxa are unknown or widespread.
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GIRIS

Bingol, bitki ¢esitligi bakimindan oldukga zengin bir il olmasina ragmen bu zenginlik yeterince
bilinmemektedir. Bingdl’deki zenginligin temelinde ilin cografik ve ekolojik 6zellikleri yer almaktadir.
Bingol, Tiirkiye’nin en yagish bolgesi olan Karadeniz Bdlgesi’ndeki bazi illerden daha ¢ok yagis
almaktadir. Bunun nedeni kuzeyden gelen ve yagis getiren hava akimlar ile glineyden gelen ve sicak
hava akimlarinin karsilagtigi bir konumda olmasidir. Dolayisiyla Bingdl cevre illere gore farkli bir
iklimin etkisindedir (Kurt, 2014). S6z konusu iklimsel 6zelliklerin yani sira; yiikselti farkliliklari, toprak
Ozellikleri ve topografik yap1 da Bingol florasinin zenginligine katki saglamaktadir. Nitekim son yillarda
Bingo1’den yapilan yeni tiir ve floristik ¢calismalar (Behget ve ark., 2014; Sinan ve Behget, 2014; Duran
ve ark., 2015; Dogan ve ark., 2015; Behget ve Il¢im, 2015; Yapar ve Behget, 2018; Behget ve Yapar,
2020a, 2020b) bu goriisii desteklemektedir.

Asteraceae (Papatyagiller), Fabaceae (Baklagiller) ve Lamiaceae (Ballibabagiller) familyalari
diinya ve Tiirkiye’de en fazla tiir iceren familyalar arasinda ilk siradadirlar (Erik ve Tarikkahya, 2004;
Cheek ve ark., 2020). Bu familyalar ¢ok fazla bireye sahip olmalarinin yaninda tibbi, ekonomik ve
ekolojik 6neme de sahiptirler. Diinyanin bir¢ok yerinde, bu familyalarin baz1 tiyeleri gida, tibbi ve yem
bitkisi amagli olarak kullanilmaktadir (Kaval ve ark., 2014; Kawarty, 2020).

Bu calismada; Capakgur vadisinde (Bingdl) (Sekil 1.) yayilisim1 belirledigimiz Asteraceae,
Fabaceae ve Lamiaceae liyelerine ait, B8 karesi i¢in yeni kayitlar yer almaktadir. Dolayisiyla bu
arastirma ile yeniden yazilmakta olan Tiirkiye florasi i¢in veri saglamanin yani sira; yapilacak diger
floristik calismalar (monograf, revizyon ¢alismalar1 gibi) i¢in de katkida bulunulmus olacaktir.
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MATERYAL VE METOT

Calismada verdigimiz Asteraceae, Fabaceae ve Lamiaceae iiyeleri, 2018-2020 yillar1 arasinda
Bing6l merkez Capakgur vadisinden tarafimizdan toplanmis olup; B8 karesindeki yayilislart ilk defa
belirlenmistir. Capakcur vadisi oldukga engebeli ve erozyona maruz kalan bir alandir. Alanin 6zellikle
Asagikoy-Yelesen koyleri arasindaki sahanin hakim vejetasyon ortiisiinii step formasyonlari; Alincik,
Ugyaka, Topalan ve Cirisli kdyleri ¢evrelerinde ise orman formasyonu yogun ortilyii olusturmustur.
Alandan toplan bitkiler Tiirkiye florasmin ilgili ciltleri (Davis, 1970, 1975, 1982; Davis ve ark., 1988,
Giiner ve ark., 2000) kullanilarak teshis edilmistir. Yeni kayzt listesi; bolge ile ilgili yayinlar (Behget
ve ark., 2014; Behget ve Yapar, 2020a, Sinan ve Behget, 2014; Kili¢ ve Yildirimli, 2014; Kili¢ ve ark.,
2017; Yapar ve Behget, 2018; Yildirimli, 1999, 2005, 2008) taranarak ortaya konmustur. Belirlenen
bitkilerin yazar ve Tiirk¢e isimleri, endemizim durumlari, fitocografik bolgeleri ve gegerli giincel
bilimsel isimleri, Tiirkiye Bitkileri Listesi-Damarl Bitkiler (Giner ve ark., 2012) adl1 eser temel alinarak
verilmistir. Endemik bitkilerin tehlike kategorileri ise Tiirkiye Bitkileri Kirmizi Kitabi referans alinarak
yazilmistir (Ekim ve ark., 2000). Yeni kayit listesi APG IV (Huston ve ark., 2009) sistemine gore
alfabetik sira ile verilmistir. Liste olusturulurken; her bir takson i¢in sirasiyla, taksonun latince adi,
Tiirkce ad1 ve lokalite bilgileri diizeninde sunulmustur. Bitkiler herbaryum materyali haline getirilerek
Bingol Universitesi Fen-Edebiyat Fakiiltesi Biyoloji Béliimii herbaryumunda saklanmaktadir.

BULGULAR VE TARTISMA

B8 karesinden yayilislar: belirlenen Asteraceae, Fabaceae ve Lamiaceae iiyesi taksonlarin listesi
ASTERACEAE /PAPATYAGILLER
1. ANTHEMIS L. /PAPATYA
1. Anthemis arvensis L. /tarla papatyasi
Bingdl merkez, Kiiltiir mahallesi, bahce kenarlari, 1107 m, 04.08.2020, 38°52'53.78"K,
40°30'50.78"D, LY19095; Bingdl merkez, Kiiltiir mahallesi dogusu, bahg¢e kenarlari, 1072 m,
17.09.2020, 38°53'8.29"K, 40°31'32.17"D, LY 19164, Avrupa-Sibirya Elementi.
2. Anthemis cretica L. subsp. umbilicata (Boiss. & Huet.) Grierson /babung
Ugyaka-Balpinari koyleri arasi, 2. km, orman aciklari, 1650-1700 m, 23.06.2019, LY16881;
U(;yaka-Balpmarl koyleri arasi, 3-4. km, vadi i¢i, nemli alan, 1800 m, 23.06.2019, LY 16934.
2. ARCTIUM L. /LOSLEK
3. Arctium platylepis (Boiss. & Bal.) Sosn. ex Grossh. /baldikeni
Yelesen koyii giineyi, cayir alanlar, 2058 m, 26.07.2018, LY 16101, Avrupa-Sibirya elementi.
4. Arctium tomentosum Mill. /hanimyamasi
Bingol karsiyaka mahallesinden Eski carsiya giden yol, Capakgur ¢ay1 ¢evresi, dere kenari, 1127
m, 20.09.2020, 38°53'31.89"K, 40°29'27.85"D, LY 19207.
3. CENTAUREA L. /PEYGAMBERCICEI
5. Centaurea aggregata Fisch. & C.A.Mey. ex DC. subsp. albida (K.Koch) Bornm. /akkiime
Alincik kdyii giiney-giiney batisi, step, 1430 m, 15.07.2018, LY 15855; Ugyaka-Balpinar1 kdyleri
arasi, 2. km, orman agiklari, 1650-1700 m, 23.06.2019, LY 16905; Ortakdy giineyi, step alanlar, 1700
m, 31.07.2019, LY 17870, Endemik.
4. CIRSIUM Mill. KOYGOCUREN
6. Cirsium pubigerum (Desf.) DC. var. coniforme Petr. /dere kangali
Saban koyli yaylasina 2 km kala, dere kenarlar1, 1914 m, 19.07.2018, LY 15969; Ortakdy kuzeyi,
nemli alanlar, 1554 m, 14.07.2020, LY 18919.
7. Cirsium pubigerum (Desf.) DC. var. spinosum Petr. /dere kangali
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Yelesen kdyii batisi, yayla yolu 4.km, yolun sagindaki ¢ayir, dere kenar1, 2050 m, 02.07.2018,
LY15577; Asagikdy’e 1-2 km kala mezarlik karsisindaki vadi, dere kenarlari, 1440 m, 27.07.2019,
LY17691; Asagikoy giineyi vadi, dere kenari, 1500-1600 m, 24.08.2019, LY17910.

5. COTA J.Gay ex Guss. ' BABUCCA
8. Cota coelopoda (Boiss.) Boiss. var. bourgaei (Boiss.) U. Ozbek & Vural /cigek¢i papatyasi

Bingdl i1l merkezi Kaleénii mahalesi giineyi, tarla, 1031 m, 20.05.2020, 38°53'55.86"K,
40°33'28.41"D, LY 18236; Bingdl il merkezi Devlet hastanesi giineyi, Capakcur vadisi, ¢ay kenari, 1081
m, 20.05.2020, 38°53'33.73"K, 40°30'57.53"D, LY 18329.

9. Cota tinctoria (L.) J. Gaye x Guss. var. pallida (DC.) U. Ozbek & Vural /boyaci papatyasi

Yelesen koyii batisi, glineye bakan step yamaglar, 2350m, 28.06.2019, LY 17091.

6. CREPIS L. /KISKI
10. Crepis vesicaria L. subsp. vesicaria /kese kiskisi

Saban koyii kuzeybatisi, step, 1500-1600 m, 30.05.2018, 38°52'9.08"K, 40°21'3.00"D, LY 15034;
Ucyaka-Balpinar1 kdyleri arasi, 2. km, orman agiklari, 1650-1700 m, 23.06.2019, LY 16840, Akdeniz
elementi

7. ECHINOPS L. /TOPUZ
11. Echinops transcaucasicus Iljin /kaf topuzu (Sekil 2.)
Ortakdy giineyi, step alanlar, 1700 m, 31.07.2019, LY 17887, Iran-Turan elementi.
8. FILAGO L. /KECEOTU
12. Filago gallica L. /¢atal kegeotu
Ortakoy giineyi, dere kenarlar1, 1615 m, 31.07.2019, LY 17807.
9. HIERACIUM L. /SAHINOTU
13. Hieracium asterodermum (Woronow & Zahn) Uksip /y1ldiz sahinotu
Asagikdy’e 1-2 km kala mezarlik karsisindaki vadi, dere kenarlari, 1440 m, 27.07.2019, LY 17682;
Asagikoy’e 1-2 km kala mezarlik karsisindaki vadi, nemli yamaglar, 1447m, 25.08.2019, LY 17944.

Sekil 2. Echinops ranscéuasicus ljin /kaf topuzu

10. INULA L. /ANDIZOTU
14. Inula thapsoides (Willd.) Spreng. subsp. thapsoides /kanatli andizotu
Balpinari eski kdy yolu, 1. km, yol kenar1, 1770 m, 29.08.2019, LY 18028.
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11. LEONTODON L. /ASLANDISI
15. Leontodon hispidus L. var hispidus /gulikazer
Asagikoy—Ortakdy arasi yolun giineyi, orman-orman agiklari, 1680 m, 17.06.2020, 38°51'3.41"K,
40°21'44.61"D, LY18533; Ucyaka-Balpinar1 kdyleri arasi, 3-4. km, vadi i¢i, nemli alan, 1800 m,
23.06.2019, LY16940; Ugyaka-Balpmnari kdyleri arasi, 3-4. km, vadi i¢i, nemli alan, 1800 m,
23.06.2019, LY16972; Yelesen koyii giineyi, Yelesen yaylasi, giineyi, kuzeye bakan step yamagclar, 2100
m, 18.07.2019, LY17461, Avrupa-Sibirya Elementi.
12. MATRICARIA L. /ALMANPAPATYASI
16. Matricaria aurea Sch.Bip /¢igege zer
Bingdl il merkezi Selahattin Eyyiibi Camii ¢evresi, 1150 m, 17.06.2020, 38°53'37.90"K,
40°29'30.60"D, LY 18621.
13. PICRIS L. /ACISIRO
17. Picris pauciflora Willd. /kum sirosu
Alincik kdyiine 1 km kala orman agiklari, 1350-1400 m, 06.06.2018, LY 15253, Akdeniz elementi.
14. PILOSELLA Vail. ITIRNAKOTU
18. Pilosella x macrotricha (Boiss.) F.W.Schultz & Sch.Bip. /kege tirnakotu
Ortakdy kuzeyi, nispeten nemli yerler, 1559 m, 14.07.2020, LY18927.
19. Pilosella x maschukensis (Litv. & Zahn) Sojak /koru tirnakotu
Alincik- Asagikoy arasi 3. km, (Ciris ¢ay1 karsisi) yolun solundaki vadi, step, 1495 m, 15.07.2019,
LY17435; Topalan-Cirisli kdyleri arasi, 2. km, orman-orman agiklari, 1650 m, 24.06.2020, LY 18697.
20. Pilosella piloselloides (Vill.) Sojak subsp. magyarica (Peter) S. Braut. & Greuter /daz tirnakotu
Alincik kdyiine 1 km kala, orman agiklari, 1350-1400 m, 06.06.2018, LY 15244; Alincik-Asagikoy
aras1, yolun solundaki vadi, orman- orman agiklari, 1400-1500 m, 07.07.2018, LY 15769.
14. PTILOSTEMON Cass. /BOZLANOTU
21. Ptilostilon afer (Jacg.)Greuter subsp. eburneus Greuter /has bozlanotu (Sekil 4.)
Saban koyti girisi, yol kenart, step, 1577 m, 19.07.2018, LY 15952; Saban koyii girisi, yol kenari,
step, 1577 m, 26.07.2018, LY16111; Ortakoy-Saban arasi yayla yolu, 1. km, step yamaglar, 1604 m,
31.07.2019, LY17784, Endemik.

Sekil 3. Ptilostilon afer subsp. eburneus Greuter /has bozlanotu
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15. SCORZONERA L. /TEKESAKALI
22. Scorzonera rigida DC. /sert tekesakali (Sekil 4.)
Yelesen koyii batisi, yayla yolu 5-6 km, yol ayrimi, step, 2060 m, 25.07.2018, LY 16068, Iran —
Turan elementi.

Sekil 4. Scorzonera rigida DC. /sert tekesakali

16. SIEBERA J.Gay /FEZACICEGI
23. Siebera nana (DC.) Bornm./bodur fezagicegi
Cirisli-Asagikdy arasi yol kenari, step, 1650 m, 01.07.2020, LY 18882; Ortakdy kuzeyi, step, 1520-
1560m, 15.07.2020, LY 18975, Iran —Turan elementi.
17. TARAXACUM F.H.Wigg. /KARAHINDIBA
24. Taraxacum davisii Soest /erek hindibasi.
Bingol il merkezi, eski otogar dogusu, nemli alanlar, 1111 m, 14.05.2020, 38°52'53.15"K,
40°30'42.47"D, LY 18219, Endemik, iran-Turan Elementi.
25. Taraxacum kurdiciforme G.E.Haglund /bitlis ¢1tlig:
Yelesen koyii batisi, yayla yolu 4-5 km, yol kenari, nemli alanlar, 2150 m, 02.07.2018, LY 15667,
[ran-Turan Elementi.
26. Taraxacum macrolepium Schischk /kars ¢itlig
Yelesen koyii glineyi, Yelesen yaylasi, dere kenarlari, 2144 m, 21.07.2019, LY17614
27. Taraxacum revertens G.Hagl. /casir
Ucyaka-Balpinar1 kdyleri arasi, 3-4. km, vadi i¢i, nemli alan, 1800 m, 23.06.2019, LY16973,
Endemik, Tran-Turan Elementi.
28. Taraxacum stevenii (Spreng.) DC. /geling6begi
Ucyaka- Metan kdy yolu, Haziran kdyii yol ayrimini gegtikten sonra, gesme cevresi nemli alan,
1888 m, 08.08.2018, LY 16248, Iran-Turan Elementi.
18. TRAGOPOGON L. /YEMLIK
29. Tragopogon pratensis L. subsp. orientalis (L.) Celak. /salsifin
Balpinar1 kdyiine 2-3 km kala, kuzeye bakan yamaglar, 1910 m, 22.06.2019, LY 16773; Ucyaka-
Balpinari kdyleri arasi, 3.-4. km, vadi i¢i, nemli alan, 1800 m, 23.06.2019, LY 16980; Avrupa-Sibirya
elementi.
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30. Tragopogon pterodes Petrovi¢ /¢elebi yemlik
Yelesen koyl batisi, glineye bakan step yamaglar, 2350m, 28.06.2019, LY17116; Yelesen koyii
batisi, giineye bakan step yamaglar, 2350m, 28.06.2019, LY17116.
FABACEAE /BAKLAGILLER
19. ASTRAGALUS L. /GEVEN
31. Astragalus xylobasis Freyn & Bornm. /kemaliye geveni
Yelesen koyii batisi, yayla yolu 3.km, step, 1900-2000 m, 23.06.2018, LY 15355a; Bingdl il
merkezi Devlet hastanesi giineyi, Capakcur vadisi, ¢cay kenari, 1081 m, 20.05.2020, 38°53'33.73"K,
40°30'57.53"D, LY18341; Ortakdy kuzeyi, step, 1520-1560 m, 15.07.2020, LY 18955, iran-Turan
elementi.
20. LATHYRUS L./ MURDUMUK
32. Lathyrus hierosolymitanus Boiss. /ova miirdimiigii
Alincik koyt, kdy i¢i, 1300 m, 23.06.2018, LY 15333, Akdeniz elementi.
21. ONOBRYCHIS Mill. /KORUNGA
33. Onobrychis stenostachya Freyn subsp. krausei (Sirj.) Hedge /dar korunga
Asagikdy—Ortakdy arast yolun giineyi, orman-orman agiklari, 1680 m, 16.06.2020, 38°51'3.41"K,
40°21'44.61"D, LY 18476, Endemik, Iran-Turan Elementi.
34. Onobrychis transcaucassica Grossh. /kaf korungasi
Yelesen koyii glineyi, Yelesen yaylast giineyi, kuzeye bakan step yamaglar, 2100-2200 m,
18.07.2019, LY 17529, iran-Turan Elementi.
22. OXYTROPIS DC. /GAGAGEVENI
35. Oxytropis aucheri Boiss. /yer gagageveni
Yelesen koyii batisi, yayla yolu 3.km, step, 1900-2000m, 23.06.2018, LY 15353; Yelesen koyii
batis1, yayla yolu 5. km, yol ayrimu, step, 2060 m, 02.07.2018, LY 15509, iran-Turan Elementi.
36. Oxytropis lupinoides Grossh. /ii¢ gagageveni
Saban koyii kuzeybatisi, step, 1500-1600 m, 30.05.2018, 38°52'9.08"K, 40°21'3.00"D, LY 15089,
[ran-Turan Elementi.
23. TRIFOLIUM L. /YONCA
37. Trifolium nigrescens Viv. subsp. nigrescens / yanik ti¢giil
Yelesen kdyii batisi, yayla yolu 4-5 km, yol kenari, nemli alanlar, 2150 m, 02.07.2018, LY 15650.
38. Trifolium repens L. var. macrorrhizum (Boiss.) Boiss. /ak liggiil
Saban kdyii giineyi, Gerindal golii, gol kenar1, nemli alan, 2374 m, 18.07.2018, LY 15944a; Saban
koyii yayla yolu 2. km, nemli alan, 1965 m, 19.07.2018, LY16010.
39. Trifolium roussaeanum Boiss. /has yonca
Bingol il merkezi Devlet hastanesi giineyi, Capakgur vadisi, ¢ay kenari, 1081 m, 20.05.2020,
38°53'33.73"K, 40°30'57.53"D, LY 18300, Endemik.
LAMIACEAE/BALLIBABAGILER
24. MARRUBIUM L. /BOZOTU
40. Marrubium cordatum Nebelek /yayla dermesi
Ugyaka koyiinden, Balpmar1 kdy yolu 1-2. km, orman agiklari, 1650-1700 m, 23.06.2019,
LY16929; Ugyaka-Balplnarl kdyleri arasi, 2. km, orman agiklari, 1650-1700 m, 23.06.2019, LY 16929;
Ugyaka-Balpinar kdyleri arasi, 3-4. km, vadi i¢i, nemli alan, 1800 m, 23.06.2019, LY 16937, iran-Turan
Elementi.
41. Marrubium cuneatum Russel /elkurtaran
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Balpmar1 (Metan) koyt girisi, ¢ayir, 1965 m, 22.06.2019, LY 16811; Bingdl il merkezi Devlet
hastanesi giineyi, Capakcur vadisi, ¢ay kenari, 1081 m, 20.05.2020, 38°53'33.73"K, 40°30'57.53"D,
LY 18344; Bingol Karsiyaka mahallesinden Eski ¢arsiya giden yol, Capakcur cayi ¢evresi, step, 1127 m,
20.09.2020, 38°53'31.89"K, 40°29'27.85"D, LY 19185. Iran-Turan Elementi.

24. ORIGANUM L. /MERCANKOSK
42. Origanum vulgare L. subsp. viridulum (Martrin-Donos) Nyman /istanbul kekigi

Balpinari kdyii giineyi, Metan Golii ¢evresi, nemli alanlar, 1960 m, 29.08.2019, LY 18039.

26. PHLOMIS L. /CALBA
43. Phlomis bruguieri Desf. /kaba calba

Topalan koyii dogusu, vadi boyunca, step, 1438 m, 17.06.2020, 38°54'32.93"K, 40°25'58.43"D,

LY 18669, Iran-Turan Elementi.
27. SCUTELLARIA L. /KASIDE
44, Scutellaria albida L.subsp. velenovskyi (Rech.f.) Grauter & Burdet /benekli kaside

Alincik-Asagikdy arasi, yolun solundaki vadi, orman- orman agiklari, 1400-1500 m, 07.07.2018,
LY15772; Topalan-Cirisli koyleri arasi, Topalan koyii ¢ikisi, orman-orman agiklari, 1640 m,
23.06.2020, LY 18680.

45. Scutellaria brevibracteata Stapf subsp. brevibracteata /yagli kaside

Alincik koyii giiney-giiney batisi, step, 1430 m, 15.07.2018, LY15867, Endemik, D. Akdeniz

elementi
46. Scutellaria orientalis L.subsp. haussknechtii (Boiss.) J.R.Edm. /sagakli kaside

Alincik koyii giiney-giiney batisi, step, 1430 m, 15.07.2018, LY 15877, Endemik, Iran-Turan
Elementi.

47. Scutellaria orientalis L. subsp. macrostegia (Hausskn. ex Bornem.) J.R.Edm. /takkeli kaside

Asagikoy’e 1-2 km kala, glineye dogru uzanan vadi, step, 1600-1650 m, 08.07.2019, LY17347;
Asagikdy’e 1-2 km kala mezarlik karsisindaki vadi, step, 1600 m, 28.07.2019, LY 17744. Endemik, iran-
Turan Elementi.

28. STACHYS L. /DELICAY
48. Stachys annua subsp. annua var. lycaonica Bhattacharjee /haciosmanotu (Sekil 5.)

Alincik koyt, koy ici, 1300 m, 23.06.2018, LY15316; Yelesen koyii glineyi, step, 2080 m,
26.07.2018, LY 16105; Ortakdy giineyi, 2 km, step yamaglar, 2110 m, 12.06.2019, LY 16550, Iran-Turan
Elementi.

49. Stachys bithynica Boiss. /ulu delicay

Yelesen koyii giineyi, Yelesen yayla cevresi, step, 2150 m, 20.07.2019, LY 17571; Ortakdy giineyi,

step alanlar, 1700 m, 31.07.2019, LY 17874, Avrupa-Sibirya elementi.
50. Stachys iberica M.Bieb. subsp. georgica Rech.f., /ii¢ delicay

Alincik koyiine 2 km kala, step yamaglar, 1430-1450 m, 06.06.2018, 38°52'23.22"K,
40°26'53.95"D, LY 15199; Saban kdyii yayla yolu 2. km, ¢ayir alanlar, 2071 m, 19.07.2018, LY 16048;
Yelesen koyii batisi, 3. km, ¢ayir, 2014 m, 29.06.2019, LY 17159, Iran-Turan Elementi.
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Sekil 5. Stachys annua subsp. annua var. lycaonica Bhattacharjee /haciosmanotu
51. Stachys thirkei K. Koch. /kestere
Cirigli-Asagikoy aras1 yol kenart, step,1650 m, 01.07.2020, LY 18864; Ortakoy kuzeyi, step, 1520-
1560m, 15.07.2020, LY18939.
29. THYMUS L. /KEKIK
52. Thymus praecox Opiz. subsp. grossheimii (Ronniger) Jalas /yayla kekigi
Ugyaka—Balpmarl koyleri arasi, 2. km, orman agiklari, 1650-1700 m, 23.06.2019, LY16910a;

Yelesen koyii batisi, glineye bakan step yamagclar, 2350 m, 28.06.2019, LY 17066; Ortakdy-Saban arasi
yayla yolu, 1. km, step yamaglar, 1604 m, 31.07.2019, LY 17781.

Cizelge 1. Capakgur Vadisi’nde bulunan endemik bitkiler ve risk kategorileri

Endemik Taksonlar Tehlike kategorisi
1. Centaurea aggregata subsp. albida --
2. Ptilostilon afer subsp. eburneus LC(en az endise verici)
3. Taraxacum davisii EN(tehlikede)
4. Taraxacum revertens LC(en az endise verici)
5. Onobrychis stenostachya subsp. krausei EN(tehlikede)
6. Trifolium roussaeanum VU(zarar gorebilir)
7. Scutellaria brevibracteata subsp. brevibracteata LC(en az endise verici)
8. Scutellaria orientalis subsp. haussknechtii LC(en az endise verici)
9. Scutellaria orientalis subsp. macrostegia --

Capakeur vadisinden Asteraceae, Fabaceae, Lamiaceae familyalarina ait 52 bitkinin B8 karesi i¢in
yeni yayilislart verilmistir. Taksonlardan 9 tanesi (Centaurea aggregata Fisch. & C.A.Mey. ex
DC. subsp. albida (K.Koch) Bornm. /akkiime, Ptilostilon afer ((Jacg.)Greuter subsp. eburneus Greuter,
/has bozlanotu, Taraxacum davisii Soest /erek hindibasi, Taraxacum revertens G.Hagl. /casir,
Onobrychis stenostachya Freyn subsp. krausei (Sirj.) Hedge /dar korunga, Trifolium roussaeanum
Boiss. /has yonca, Scutellaria brevibracteata Stapf subsp. brevibracteata /yagh kaside,
Scutellaria orientalis L.subsp. haussknechtii (Boiss.) J.R.Edm. /sacakli kaside, Scutellaria orientalis
L. subsp. macrostegia (Hausskn. ex Bornem.) J.R.Edm. /takkeli kaside) endemiktir. Endemik
taksonlarin tehlike kategorileri su sekildedir: 2’si EN (tehlikede), 1’1 VU (zarar gorebilir), 4’ii LC (en az
endise verici), 2’sinin tehlike kategorisi belirlenememistir (Cizelge 1.).
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Alanda tespit edilen bitkilerin fitocografik bolgelere gore dagilimi ise su sekildedir; 19 takson Iran-
Turan, 5 takson Avrupa-Sibirya, 4 takson Akdeniz fitocografik bolge elementidir. 24 taksonun ise
fitocografik bolgesi bilinmeyen veya genis yayilishdir.

SONUC

Calisma sonucunda 30 takson Asteracea, 9 takson Fabaceae, 13 takson Lamiaceae iiyesi toplam
52 taksonun yeni yayilis alanlarini belirlenmis olup hem yazilmakta olan Resimli Tiirkiye Florasina hem
de yapilan veya yapilacak olan monograf, revizyon ve flora ¢aligmalarina katkida bulunulmustur.

TESEKKUR

Bu calisma Cumhurbagkanligi Strateji ve Blitce Baskanligi tarafindan finanse edilen ve Yiiksek
Ogretim Kurumu tarafindan koordine edilen Bolgesel Kalkinma Odakli Misyon Farklilagmasi ve
Ihtisaslasmas1 Programi kapsaminda Bingdl Universitesi Bilimsel Arastirma Projeleri Koordinasyon
Birimi tarafindan (Proje No: 2017K124000-BUBAP-PIKOM- Bitki.2018.007) desteklenmistir.

Cikar Catismasi
Makale yazarlari aralarinda herhangi bir ¢ikar ¢atigsmasi olmadigini beyan ederler.

Yazar Katkisi
Yazarlar makaleye esit oranda katki saglamis olduklarini beyan eder.
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Gadoterik Asit’in In Vitro Kosullarda Kardes Kromatid Degisimi ve Mitotik indeks Uzerine
Etkisinin Degerlendirilmesi

Hayal COBANOGLU'"

OZET: Gadoterik asit manyetik rezonans (MR) gériintiilemede teshis amagl kullanilan ekstraseliiler
gadolinyumlu kontrast maddedir. Bu ¢alismada gadoterik asit’in insan periferal lenfositlerinde in vitro
genotoksik ve sitotoksik etkilerinin degerlendirilmesi amaglandi. Calismada kardes kromatid degisimi
(KKD) yontemi kullanildi. KKD genotosisiteyi temsil eden, mitotik indeks (M) sitotoksisiteyi temsil
eden parametreler olarak kullanildi. Gadoteric acid’in 1, 2.5, 5, ve 25 mM konsantrasyonlari ile 48 saat
muamele edilmis insan periferal lenfositlerinde hem genotoksisite hem de sitototoksisite parametreleri
degerlendirildi. Gadoteric acid’in hi¢bir konsantrasyonda MI degerleri iizerinde anlamli bir degisiklige
neden olmadigi, KKD’ni ise sadece en yiiksek konsantrasyonda (25 mM) anlamli derecede arttig1 tespit
edildi (p<0.05). Bu bulgular gadoterik asit’in sitotoksik bir potansiyelinin olmadigini buna karsin zay1f
bir genotoksik potansiyelinin olabilecegine isaret etmektedir.

Anahtar Kelimeler: Gadoterik asit, kardes kromatid degisimi, mitotik indeks

Evaluation of Gadoteric Acid's Effect on Sister Chromatid Exchange and Mitotic Index Under
In Vitro Conditions

ABSTRACT: Gadoteric acid is extracellular gadolinium based contrast agent used for diagnostic
purposes in magnetic resonance (MR) imaging. In this study, it was aimed to evaluate the in vitro
genotoxic and cytotoxic effects of gadoteric acid on human peripheral lymphocytes. Sister chromatid
exchange (SCE) was used in the study. SCE and mitotic index (MI) were used as genotoxicity and
cytotoxicity parameters respectively. Both genotoxicity and cytototoxicity parameters were evaluated
in human peripheral lymphocytes treated with 1, 2.5, 5, and 25 mM concentrations of gadoteric acid for
48 hours. It was determined that gadoteric acid did not cause a significant change on Ml values at any
concentration and SCE values increased significantly only at the highest concentration (25 mM). These
findings indicate that gadoteric acid does not have a cytotoxic potential, but it may have a weak
genotoxic potential.

Keywords: Gadoteric acid, sister chromatid exchange, mitotic index
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GIRIS

Iyonlastiric1 radyasyonun kullanildigi X 1s1n1 ve radyoizotop gériintiileme tekniklerine gore daha
giivenli oldugu kabul edilen manyetik rezonans goriintiilleme (MRGQG), tipta teshis amaciyla yaygin olarak
kullanilan bir tekniktir (Simi, 2008; Hill, 2018). MRG kullanim1 tiim diinyada her gegen giin artmaktadir
(OECDilibrary). Giintimiizde MRG uygulamalarimin %40’inda gadolinyumlu kontrast ajanlar
kullanilmakta ve diinya genelinde hastalara yillik yaklasik 30 milyon doz gadolinyumlu kontrast ajan
uygulanmaktadir (Rozenfeld, 2018). Pek c¢ok iilkede yiiriitilen c¢alismalarda insan kaynakli
gadolinyumun, atik su aritma tesislerinden temiz su tahliyesi ile nehirlere, gdllere, yeralt1 sularina ve
musluk suyuna ulastig1 rapor edilmistir. Bu nedenle insan kaynakli gadolinyum bazli kontrast maddeler,
ayn1 zamanda bir mikro tibbi ¢evre kirleticisi haline gelmistir (Bau, 2006; Kulaksiz 2011, 2013; Perat,
2017).

Bir goriintiiniin kontrastini artirmak i¢cin MRG’de ¢ok fayda saglayan gadolinyum (Gd) iyonunun
yasayan tim organizmalar i¢in toksik oldugu bilinmektedir (Parant, 2019). Gd’un toksisitesini
etkisizlestirmek i¢in Gd bagka bir molekiile selatlanir yani Gd’lu kontrast maddeler Gd iyonu igeren
selatlardir. Klinik tani i¢in 6nemli bir ara¢ olan ve tiim diinyada yaygin olarak kullanilan MRG’de
kullanilan gadolinyum bazli kontrast maddeler iki ana simifa ayrilir; makrosiklik kompleks ve lineer
kompleks. (Perrat, 2017). Gadolinyumlu kontrast maddelerin stabilitesi hangi guruba dahil olduklarina
gore degismektedir. Lineer selatlar Gd iyonuna giiclii bir sekilde baglanmazlar oysa makrosiklik selatlar
Gd iyonuna daha siki baglanirlar ve serbest Gd iyonu salinimina ¢ok az egilimlidirler (Morcos, 2008).

Kardes  kromatid degisimi  (KKD), kimyasallarin  genotoksik  potansiyellerinin
degerlendirilmesinde siklikla bagvurulan DNA hasarinin nitel ve nicel olarak belirlenmesinde ¢ok
faydali hizl1 ve hassas bir yontemdir (Tucker,1996; Lialiaris, 2013). Hiicre dongiisiiniin sentez evresinde
meydana gelen KKD; normal hiicrelerde meydana gelen spontan KKD’leri ve uyarilmig KKD’leri olarak
2 sinifa ayrilir. DNA tamir inhibitorleri, mutajenler, X 1sin1, elektromanyetik alanlar ve kanser,
kromozom kararsizlik sendromlar1 gibi bazi hastaliklar KKD’yi uyaran faktorler arasindadir (Willson,
2007; Lialiaris, 2013).

Bu calismada iilkemizde ve diinyada MR goriintiillemede yaygin olarak kullanilmasindan dolay:
gadoterik asit (Dotarem®) (sekil 1) ile calisildi. Gadoterik asit bugiine kadar, diinya genelinde 79 iilkede
kullanim1 onaylanmis, Mart 2017°den bu yana Avrupa ilag Ajans1 (EMA) tarafindan Avrupa’da da
kullanimina izin verilen, iyonik makrosiklik ekstraseliiler gadolinyum bazli kontrast bir maddedir
(Parant, 2019; FDA,2017). Literatiirde gadoterik asidin insanlarda genotoksik ve sitotoksik etkilerine ait
bir ¢alismaya rastlanmamistir. Bu yiizden bu ¢alismada gadoterik asidin in vitro kosullarda KKD
yontemi ile insan periferal lenfositleri lizerinde genotoksik ve sitotoksik potansiyelinin arastirilmasi
amaglandi. Genotoksisite i¢in KKD/hiicre, sitotoksisite i¢in mitotik indeks (MI) parametreleri kullanildi.

MATERYAL VE METOT

Calismada KKD yontemi kullanildi. Kirsch-Volders et al. (2003)’e gore in vitro genotoksisite
caligmalarda %60 toksisitenin altinda konsantrasyonlar ¢alisilmalidir. Bu yilizden goniillii saglikli iki
dondrden alman periferal kan 6rnekleri gadoterik asidin (Dotarem®, Guarbet) 6n denemelerle belirlenen
%60 toksisitenin altinda 4 farkli konsantrasyonu (1, 2.5, 5 ve 25 mM) ile 48 saat muamele edildi. Pozitif
kontrol olarak; klastojenik bir ajan oldugu bilinen mitomisin C (MMC / 0.05 pg ml™*) kullanildi. Negatif
kontrollere bir ekleme yapilmadi. Calismanin etik kurul izini Canakkale Onsekiz Mart Universitesi
Klinik Arastirmalar Etik Kurulu tarafindan verildi (Etik kurul karar no: 2020-08).
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Sekil 1. Gadoterik asidin kimyasal yapisi.

Kimyasallar
Calismada kullanilan kimyasallar su firmalardan temin edildi; RPMI 1640, fetal calf serum, MMC,

bromodeoksiiiriidin (BrdU), sitokalasin B, kolsemid Sigma (USA); fitohemagulitinin (PHA) Biological
Industries (Israil); metanol, asetik asit ve etanol Merck (Almanya).

In vitro KKD Yontemi

Hiicre kiiltiirii Moorhead (1960)’a gore yapildi. Her deney iki tekrar olarak yapildi. 4 ml RPMI
1640, 0.2 ml PHA, 1 ml serum’dan olusan medyum karisim1 hazirlandi. Bu karigima 0.5 ml tam kan
eklendi. Negatif kontrol, pozitif kontrol ve tiim konsantrasyonlara kiiltiiriin basladig1 anda BrdU (10png
ml ) eklendi. Kiiltiir tiipleri 72 saat boyunca 37 °C’de muhafaza edildiler. Kiiltiir basladiktan 24 saat
sonra gadoterik asit 1, 2.5, 5 ve 25 mM konsantrasyonlarda kiiltiirlere eklendi. Hiicreleri metafaz
asamasinda durdurmak icin 70. saatte kolsemid (0.3ug ml™?) eklendi ve 72. saatte kiiltiir sonlandirilds.
Fiksasyon asamasinda hiicreler 6nce hipotonik ¢ozeltide (0.075 M KCI) 5 dakika bekletilip santrifiij
edildi. Ustteki dokelti atildiktan sonra, hiicreler 3 kez metanol / asetik asit karisimi ile yikandi. En son
lamlara damlatilan 6rnekler Perry ve Wollf (1974)’e gore Floresan arti Giemsa yontemiyle boyandi.

Mikroskobik inceleme

Her konsantrasyon, negatif ve pozitif kontrol i¢in iyi dagilmis 46 kromozomdan olusan 25 M2
asamasindaki metafaz 151k mikroskobunda 100x biiyiitmede degerlendirildi (Sekil 2). Toplamda her
konsantrasyon, negatif ve pozitif kontrol i¢in 100 metafaz (2 donor x 2 tekrar) degerlendirilerek hiicre
basina diisen ortalama KKD sayist1 (KKD/hiicre) belirlendi. MI’in belirlenmesi i¢in 1000 hiicre
degerlendirildi ve 1000 hiicre i¢inde kag¢ tane hiicrenin metafaz agamasinda oldugu tespit edildi. MI
hesaplamasi su formiil ile yapildi; MI=100 x metafazdaki hiicre sayisi / 1000.

Sekil 2. M2 asamasinda metafaz plagi
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Istatistiksel Analiz

Bu caligmada istatistiksel analizler GraphPad Prism programi kullanilarak yapildi. Calismadan
elde edilen genotoksisite ve sitotoksisite verilerine Kruskal Wallis H testi ve daha sonra Dunn testi
uygulandi. Elde edilen sonuglar negatif kontrol ile karsilastirildi.

BULGULAR VE TARTISMA

Cizelgel gadoterik asidin KKD iizerine etkisini gostermektedir. Elde edilen sonuglar gadoterik
asidin KKD degerini tiim konsantrasyonlarda arttirdigini ancak bu artisin yalnizca en yiiksek
konsantrasyonda istatistiksel olarak anlamli oldugunu gosterdi (p<0.05).

Cizelge 1. Gadoterik asidin KKD/hiicre tizerine etkisi

Konsantrasyon 1. donor ortalama 2. donér ortalama Ortalama
KKD/hiicre KKD/hiicre KKD/hiicre
Negatif kontrol 3.94 4.04 3.99
MMC (0.05 pg ml?) 21.25 19.1 20.18
1 mM 4.52 3.98 4.25
2.5mM 4.49 4.13 4.31
5mM 3.94 4.3 4.12
25 mM 4.5 4.76 4.63"

Kisaltmalar: MMC: mitomisin-C, KKD: kardes kromatid degisimi, "p< 0.05.
Cizelge 2 gadoterik asidin MI {izerine etkisini gdstermektedir. Sonuglar gadoterik asidin MI {izerinde
istatistiksel olarak anlamli bir degisiklige neden olmadigini gosterdi(p>0.05).

Cizelge 2. Gadoterik asidin MI {izerine etkisi

Konsantrasyon 1. donor MI 2. dondr MI Ortalama Ml
Negatif kontrol 3 2.8 2.9
MMC (0.05 pg ml™?) - - -
1mM 4.1 2.9 3.5

2.5 mM 4 2.9 3.5
5mM 3.9 2.5 3.2

25 mM 3.5 2.6 3.1

Kisaltmalar: MMC: mitomisin-C, MI: mitotik indeks.

Bu in-vitro ¢alismada gadoterik asidin 4 farkli konsantrasyonu ile ( 1, 2.5, 5, 25 mM) 48 saat
muamele edilen insan periferal lenfositlerinde KKD siklig1 ve MI negatif kontrole gére anlamli bir
degisiklige neden olup olmadig1 arastirildi. Sonuglar, gadoterik asidin sadece en yiiksek
konsantrasyonda KKD/hiicre degerini, negatif kontrol KKD/hiicre degerine gore istatistiksel olarak
anlamli derecede yiikselttigini ancak MI iizerinde anlaml1 bir degisiklige neden olmadigini gosterdi.

Bilindigi kadaryla, literatiirde gadoterik asidin insan periferal lenfositleri lizerinde genotoksik ve
sitotoksik potansiyelinin arastirildigi in vitro bir ¢alisma yok. Fakat, tibbi goriintiilemede kullanilan
cesitli kontrast ajanlarin farkl hiicre tipleri iizerinde genotoksik ve sitotoksik etkileri ile ilgili yapilmis
baz1 caligsmalar vardir. Bazi kontrast maddelerin (diatrizoate, ioxaglate, iopromide, iotrolan) insan
vaskiiler endotel hiicrelerinde apoptosisi uyardigi ve hiicre proliferasyonunu inhibe ettikleri bildirilmistir
(Zhang ve ark., 2000). Cesitli radyokontrast maddelerin sitotoksisitesi ile ilgili yapilan bir diger
calismada, kontrast maddelerin renal tiibiiler hiicreler lizerinde de sitotoksik oldugu bildirilmistir (Haller,
2004). Bu giincel ¢alismaya da arastirma konusu olan gadoterik asidin sitotoksik etkisi zebrafish cell
line’lar iizerinde MTT testi ile arastirmis ve gadoterik asidin sitotoksik bir etkisinin olmadig1 rapor
etmistir (Parant, 2019). Parland ve ark (2019) elde ettikleri sonug bu ¢calismada insan periferal lenfositleri
tizerinde elde edilen sonug ile uyumludur. Literatiirde yukarida 6zetlenen sitotoksisite ¢alismalarinin
yani sira farkli kontrast maddelerle farkli sekillerde dizayn edilmis genotoksisite ¢caligmalari da vardir.
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Gondillii hastalardan kontrastli MR goriintiileme 6ncesi ve sonrasinda alinan periferal kan drneklerinde
genetik hasarin karsilastirildigi bazi caligsmalarda, kontrastli MRG’nin genotoksik etkisi rapor edilmistir
(Fiechter, 2013; Azimi, 2017; Yildiz, 2011). Baz1 ¢alismalarda ise kontrastli MRG’nin genotoksik etkiyi
uyarmadigi rapor edilmistir (Brand, 2015).

Bu giincel ¢alismada, gadoterik asidin sitotoksik etkisini 6l¢gmek i¢cin MI parametresi kullanildi.
Gadoterik asidin test edilen konsantrasyonlarin hi¢birinde MI degerinde bir diisiise neden olmadigi
goriildii. Bu durum gadoterik asidin sitotoksik bir potansiyelinin olmadigin1 géstermektedir. Gadoterik
asidin genotoksik etkisini 6lgmek icin KKD parametresi kullanildi. KKD hiicre siklusunun sentez
evresinde ve DNA replikasyonu sirasinda meydana gelmektedir. KKD, bir kromozomun homolog
lokusundaki kardes kromatitler arasindaki DNA segmentlerinin karsilikli fiziksel olarak yer degisimini
temsil etmektedir (Willson, 2007). KKD’nin gadoterik asidin sadece en yiiksek konsantrasyonu ile
muameleye cevap olarak anlamli derecede artmis olmasi gadoterik asidin zayif genotoksik bir
potansiyelinin olababilecegine isaret etmektedir. Gadolinyumun’un yasayan tiim organizmalar i¢in
toksik bir iyon oldugu, hiicre i¢i reaktif oksijen tiirlerini arttirdig1 ve oksidatif stresi, apoptosisi uyardigi
bilinmektedir (Xia, 2011, Parant, 2019). Ayni zamanda gadolinyum bazli kontrast maddelerin
stabilitesinin lineer yada makrosiklik olmalaria gore farklilik gdsterdigi ve gadoterik asit gibi iyonik
makrosiklik gadolinyum bazli kontrast maddelerin viicutta serbest gadolinyum iyonu salinimina en az
egilimli ilaglar oldugu da bilinmektedir (Mocros, 2008). Bu ¢alismada gadoterik asidin sitotoksik bir
etkisinin olmamasinin ve zayif bir genotoksik potansiyelinin olabileceginin gozlenmis olmasinin
muhtemel nedeninin ortama serbest gadolinyum iyonlar1 birakmaya az egilimli bir gurupta yer almasi
oldugu diistindiirmektedir.

SONUC

Sonug olarak, gadoterik asidin sitotoksik bir etkisinin olmadigi, zayif bir genotoksik potansiyelinin
olabilecegi tespit edildi. Ancak genotoksik ve sitotoksik etkilerinin farklit molekiiler mekanizmalarla
olusan DNA hasari indikatorii farkli tekniklerle de arastirilmasi gerektigi diistiniilmektedir.
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ABSTRACT: The chromosome number and karyotype analysis of Paroncyhia amani var. amani and
P. amani var. minutiflora are described for the first time. The diploid chromosome numbers and
karyotype formulae are 2n = 4x = 36 = 32m + 4sm in taxa. The karyotypes are symmetrical type
including metacentric and submetacentric chromosomes. The small chromosomes varied from 0.96 um
(var. amani) to 2.74 um (var. minutiflora). P. amani var. amani and P. amani var. minutiflora are very
little different varieties morphologically. There are some similarities between varieties in the
karyological data. (i) equal number of chromosomes, (ii) same karyotype formula, (iii) very close
karyotype asymmetry values, (iv) polyploidy by ploidy level of 4x. These seem to support
morphological closeness.
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INTRODUCTION

The genus Paronychia Miller is placed in the subfamily Paronychioideae Meisn. of the family
Caryophyllaceae. It contains approximately 110 species of annual or perennial found all over the world
except Southern Africa, Southeast Asia (Chaudhri, 1968). The distribution centers of the species are
Turkey, America and Peru-Bolivia (Bittrich, 1993; Eroglu et al., 2017, 2020).

Paronychia amani Chaudbhri is a perennial herb with flowers white; stems much branched at the
base, decumbent to ascending, 3-18 cm length; base diameter 1-3 mm. It contains perennial three
varieties. P. amani var. amani and P. amani var. minutiflora Chaudhri are narrow endemic taxa in
Turkey (Figure 1). P. amani var. amani shows the distribution in 800-2345 m on rocky-stony place and
forest open areas. P. amani var. minutiflora shows the distribution in 1350-1370 m on rocky-stony place.
The variety amani is distinguished from other variety with calyx length (Chaudhri, 1967, 1968; Bittrich,
1993).

Figure 1. Paronychia amani var. amani (A) and Paronychia amani var. minutiflora (B).

The chromosomal data are increasingly used to elucidate the origin, speciation and evolutionary
and phylogenetic relationships of plants in plant taxonomy. Important cytotaxonomic characters are
numbers (basic and diploid), lengths (chromosome, relative and total haploid), chromosome structure
and number variations (deletion, inversion, translocation, dysploidy and polyploidy), centromeric data
(centromeric index and karyotype formula), and karyotype asymmetry (intrachromosomal and
interchromosomal) (Peruzzi and Eroglu, 2013; Eroglu, 2015; Baltisberger and Horandl, 2016; Eroglu et
al., 2020; Martin et al, 2020). In Paronychia, the basic number is shaped as x = 5, 7, 8, 13 and more
common x =9 (Eroglu et al., 2020; Eroglu and Budak, 2020). The karyological data are recorded in 24
Turkish taxa. Four taxa are only diploid and they reveal only one basic number: x = 9 (2n = 18).
Polyploidy is represented by 17 taxa with three polyploidy levels, which are tetraploidy (2n = 4x = 28,
36 and 52), hexaploidy (2n = 6x = 54), and octoploidy (2n = 8x =56, 72 and 104). Other taxa are diploid
and polyploid (Lorenzo Andreu and Garcia Sanz, 1950; Blackburn and Morton, 1957; Love, 1975;
Kiipfer, 1980; Diosdado and Pastor, 1994; Runemark, 1996; Eroglu et al., 2017, 2020; Eroglu and
Budak, 2020).

The main aims of this study are to contribute to the cytotaxonomy of Paronychia with the
following marks: chromosome number, karyotype formula, detailed chromosome measurements, and
karyotype asymmetry. In the light of karyological data, two varieties of Paronychia amani will be
compared and contribution to morphological data will be determined.
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MATERIALS AND METHODS

Plant Material

P. amani var. amani and P. amani var. minutiflora were collected from their natural habitats in
Turkey. Collection information regarding two varieties is listed below.

Paroncyhia amani var. amani — Bursa: Uludag, Uludag top, South slopes, 2214 m, 17.07.2010,
Budak 2461 & Hamzaoglu (Bozok Hb.). Paroncyhia amani var. minutiflora — Sivas: Yildizeli, between
Yildizeli and Sivas, 1355 m, 11.06.2012, Budak 2587 & Hamzaoglu (Bozok Hb.).

Cytogenetic Procedure

The stages of cytogenetic procedure are listed below, respectively. (i) between moist whatman
papers in petri dishes at room temperature for germination, (ii) 16 hours a-monobromonaphthalene for
pretreatment, (iii) Carnoy’s fixative (3 alcohol: 1 acetic acid) for fixation, (iv) 12 min HCI (1 N) at 60°C
for hydrolyze, (v) 2 h aceto orcein (2%) for staining, (vi) acetic acid (45%) for squashing, (vi) DPX for
permanent preparation (El¢i and Sancak, 2013; Eroglu et al., 2020; Martin et al, 2020).

Karyotype Analysis

At least ten metaphase cells were investigated to determine chromosome numbers. The
chromosomal measurements were made using the KaryoType software. The following parameters were
used to characterize the chromosomes numerically (Table 1).

Table 1. The karyological parameters used for chromosome characterization.

Parameters Formula

Total chromosome length (TL) TL = LA (long arm) + SA (short arm)

Arm ratio (AR) AR =LA/SA

Centromeric index (CI) CI=[(SA)/ (LA +SA)] x 100

Total haploid length (THL) THL=TL1+TLo+ TLa+............. TLn
Mean haploid length (MHL) MHL=THL /n

Relative length (RL) RL =[(LA +SA)/THL] x 100

Mean centromeric asymmetry (Mca) Mca=mean [(Za—Zsa)/ (Za+ Zsa)] x 100

Coefficient of variation of chromosome length (CVcL) CVcL =[SD (standard deviation) / MHL] x 100

Karyotype formulae were by chromosome morphology based on centromere position according to
Levan et al. (1964). The ideograms were drawn based on chromosome arm length (arranged large to
small).

Karyotype asymmetries were estimated by many different parameters as the mainly Mca
(intrachromosomal asymmetry) and CVcL (Interchromosomal Asymmetry) (Table 1). These parameters
are S Cl. (Stebbins’ Classification), AsK (Karyotype Asymmetry Index), TF (total form percent), Syi
(Index of Karyotype Symmetry), Rec (Chromosomal Size Resemblance), Al (Intrachromosomal
Asymmetry), A2 (interchromosomal asymmetry), DI (dispersion index), A (degree of karyotype
asymmetry), Al (asymmetry index), and CVc (Variation Coefficient of Centromeric Index) (Stebbins,
1971; Paszko, 2006; Peruzzi and Eroglu, 2013; Eroglu, 2015).

RESULTS AND DISCUSSION

Figure 2A and Figure 3A represent the metaphase chromosomes and haploid ideogram in P. amani
var. amani. No all chromosomes have satellite and secondary constriction. The karyotype formula is 2n
= 4x = 36 = 32m + 4sm by metacentric chromosomes out of submetacentric chromosomes 2 and 6. THL
and MHL values are 24.78 and 1.38 um, respectively. Detailed chromosomal measurements of P. amani
var. amani are given in Table 2. The rates of RL and CI range from 3.87-8.07% and 34.23-49.63%,
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respectively. The low and high CI are characterized by centromere shift and median region, respectively.
The most symmetric chromosome is chromosome 10 by the highest centromeric index (49.63%) and the
lowest arm ratio (1.01).
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Figure 2. Metaphase chromosomes: P. amani var. amani (A) and P. amani var. minutiflora (B).
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Figure 3. The haploid ideogram of P. amani var. amani (A) and P. amani var. minutiflora (B).

X

Figure 2B and Figure 3B represent the metaphase chromosomes and haploid ideogram in P. amani
var. minutiflora. No all chromosomes have satellite and secondary constriction. The karyotype formula
is 2n = 4x = 36 = 32m + 4sm by metacentric chromosomes out of submetacentric chromosomes 11 and
15. THL and MHL values are 33.01 and 1.83 um, respectively and the chromosomes are slightly larger
than the chromosomes of other variety. Detailed chromosomal measurements of P. amani var.
minutiflora are given in Table 3. The rates of RL and CI range from 3.39-8.30% and 34.65-48.57%,
respectively. The low and high CI are characterized by centromere shift and median region, respectively.
The most symmetric chromosome is chromosome 5 by the highest centromeric index (48.57%) and the
lowest arm ratio (1.06).

The diploid number is recorded as 2n = 36 for the first time in P. amani var. amani and P. amani
var. minutiflora. It was reported that diploid chromosome number is 2n = 36 in Turkish taxa, which are
P. adalia Chaudhri, P. aksoyii Budak, P. anatolica Czecz. subsp. balansae Chaudhri, P. angorensis
Chaudhri, P. argentea Lam., P. argyroloba Stapf., P. beauverdii Czecz., P. carica Chaudhri, P.
cephalotes (M. Bieb.) Besser, P. chionaea Boiss subsp. chionaea, P. condensata Chaudhri, P.
davrazensis Budak, P. galatica Chaudhri, P. kapela (Hacq.) A. Kern., P. saxatilis Chaudhri, and P.
turcica Chaudhri, alphabetically (Love, 1975; Lorenzo Andreu and Garcia Sanz, 1950; Eroglu et al.,
2017, 2020).
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Table 2. Detailed chromosomal data of Paronychia amani var. amani.

Chromosome  Length Longarm Shortarm  Arm Relative Centromeric Chromosome
pair (nm) (nm) (nm) ratio length (%) index (%) type

1 2.00 1.12 0.88 1.27 8.07 44.00 metacentric
2 1.98 1.25 0.73 1.71 7.99 36.87 submetacentric
3 1.53 0.81 0.72 1.12 6.17 47.06 metacentric
4 151 0.77 0.74 1.04 6.09 49.01 metacentric
5 1.50 0.88 0.62 1.42 6.05 41.33 metacentric
6 1.49 0.98 0.51 1.92 6.01 34.23 submetacentric
7 1.47 0.80 0.67 1.19 5.93 45.58 metacentric
8 1.44 0.76 0.68 1.12 5.81 47.22 metacentric
9 1.42 0.76 0.66 1.15 5.73 46.48 metacentric
10 1.35 0.68 0.67 1.01 5.45 49.63 metacentric
11 1.28 0.65 0.63 1.03 5.17 49.22 metacentric
12 1.22 0.73 0.49 1.49 4,92 40.16 metacentric
13 1.21 0.66 0.55 1.20 4.88 45.45 metacentric
14 1.16 0.67 0.49 1.37 4.68 42.24 metacentric
15 1.12 0.62 0.50 1.24 4.52 44.64 metacentric
16 1.09 0.56 0.53 1.06 4.40 48.62 metacentric
17 1.05 0.61 0.44 1.39 4.24 41.90 metacentric
18 0.96 0.55 0.41 1.34 3.87 42.71 metacentric

Table 3. Detailed chromosomal data of Paronychia amani var. minutiflora.

Chromosome  Length Longarm Shortarm  Arm Relative Centromeric Chromosome
pair (nm) (um) (um) ratio length (%) index (%) type

1 2.74 1.50 1.24 1.21 8.30 45.26 metacentric
2 2.35 1.50 0.85 1.76 7.12 36.17 metacentric
3 2.14 1.16 0.98 1.18 6.48 45.79 metacentric
4 2.13 1.19 0.94 1.27 6.45 44.13 metacentric
5 2.10 1.08 1.02 1.06 6.36 48.57 metacentric
6 2.02 1.32 0.70 1.89 6.12 34.65 metacentric
7 1.98 1.09 0.89 1.22 6.00 44.95 metacentric
8 1.93 1.05 0.88 1.19 5.85 45.60 metacentric
9 1.86 1.14 0.72 1.58 5.63 38.71 metacentric
10 1.86 0.96 0.90 1.07 5.63 48.39 metacentric
11 1.76 0.91 0.85 1.07 5.33 48.30 submetacentric
12 1.74 0.98 0.76 1.29 5.27 43.68 metacentric
13 1.63 0.84 0.79 1.06 4,94 48.47 metacentric
14 1.61 0.97 0.64 1.52 4.88 39.75 metacentric
15 1.49 0.80 0.69 1.16 451 46.31 submetacentric
16 1.29 0.67 0.62 1.08 3.91 48.06 metacentric
17 1.26 0.70 0.56 1.25 3.82 44.44 metacentric
18 1.12 0.58 0.54 1.07 3.39 48.21 metacentric

In P. amani var. amani and P. amani var. minutiflora, the basic number and ploidy level are
recorded as x = 9 and 4x, respectively. The most common basic numbers are x = 8 in Spain and
Macaronesia and x = 9 in Turkish taxa (Hartman, 1972, 1974; Diosdado and Pastor, 1994; Suda et al.,
2003; Eroglu et al., 2017, 2020; Eroglu and Budak, 2020). Polyploid nature is also common. Basic
numbers (ploidy levels) are x = 7 (4x, 8x) in P. argentea, P. echinulata Chater, and P. polygonifolia
(Vill.) DC. x =9 (4x, 6x, 8x) in 17 Turkish taxa, and x = 13 (4x, 8x) P. chionaea subsp. kemaliya Chaudhri
(Lorenzo Andreu and Garcia Sanz, 1950; Blackburn and Morton, 1957; Love, 1975; Kiipfer, 1980;
Diosdado and Pastor, 1994; Runemark, 1996; Eroglu et al., 2017, 2020; Eroglu and Budak, 2020).
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In both taxa, karyotype formula is 32m + 4sm. It is recorded the similar karyotype formulae, which
are 34m + 2sm in P. aksoyii, P. carica, P. davrazensis, and P. saxatilis; 28m + 8sm in P. argyroloba;
and 68m + 4sm in P. chionaea subsp. chionaea (Eroglu et al., 2020). In addition, Diosdado and Pastor
(1994) reported the karyotypes including st chromosomes in P. argentea and P. echinulata.

Karyotype asymmetry is one of the most important parameters in chromosome studies (Eroglu,
2015). The Mca and CVcL are the most reliable parameters among asymmetry indexes (Peruzzi and
Eroglu, 2013). Mca values of P. amani var. amani and P. amani var. minutiflora are 11.52 and 11.17,
respectively. CVcL values of P. amani var. amani and P. amani var. minutiflora are 20.65 and 21.99,
respectively (Table 4). A perfect positive correlation was calculated between Mca and CVc (r = 1.000).
However, according to the Mca and CVcL values, symmetrical and asymmetrical karyotypes are
different. While P. amani var. minutiflora is little more symmetrical than P. amani var. amani in Mca,
As K, TF, Syi, Rec, Al and A, itis opposite in CVc together with only A2 (Table 4). Peruzzi and Eroglu
(2013) reported that the CVcL gives the reliable results together with Mca.

Table 4. The karyotype asymmetry values in P. amani var. amani and P. amani var. minutiflora.

Parameters P. amani var. amani P. amani var. minutiflora  Minimum-Maximum values*
SCl. 1B 1B 1A -4C
As K (%) 55.93 55.86 50 - 100
TF (%) 44.07 44,14 50-0
Syi (%) 78.79 79.01 100-0
Rec (%) 68.83 66.93 100 - 100
A 0.20 0.19 0-1
Az 0.21 0.22 0-0
DI 9.32 9.70 0-0
A 0.12 0.11 0-1
Al 2.00 2.14 0-NA
CVc 9.69 9.74 0-NA
CVeL 20.65 21.99 0-0
Mca 11.52 11.17 0-100

* Stebbins, 1971; Paszko, 2006; Peruzzi and Eroglu, 2013. NA, not applicable

In intrachromosomal asymmetry, both varieties have symmetrical karyotypes (Mca = 11.52 and
11.17). It was reported the similar index values in P. galatica (10.57), P. anatolica subsp. balansae
(11.62), P. chionaea subsp. kemaliya (11.83), and P. condensata (11.96) (Eroglu et al., 2020). According
to present and previous studies, Turkish Paronychia have symmetric karyotypes, which indicate
beginning phase of karyotype evolution.

Paroncyhia amani var. amani and P. amani var. minutiflora are very little different varieties
morphologically. A taxonomic key is given below with distinctive character for two taxa.

1. Calyx least 2.75 MM 10N ....ovininiiiiiii P. amani var. amani
1. Calyxupto2.25mmlong .......cccooiviiiiiiiiii e, P. amani var. minutiflora
Table 5. Comparison of morphological and karyological data of varieties.

P. amani var. amani P. amani var. minutiflora Data type

Calyx least 2.75 mm long Calyx up to 2.25 mm long Morphological

X=9 x=9 Karyological

2n = 36 2n =36 Karyological

Tetraploid (4x) Tetraploid (4x) Karyological

32m + 4sm 32m + 4sm Karyological

Symmetrical karyotype Symmetrical karyotype Karyological
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There are some similarities between varieties in the karyological data. (i) equal number of
chromosomes, (ii) same karyotype formula, (iii) very close karyotype asymmetry values. These seem to
support morphological closeness. A comparison list containing morphological and karyological data is
given in Table 5. In our opinion, there is no problem regarding systematic position of the varieties.

CONCLUSION

In this study, the karyological data of Paroncyhia amani var. amani and P. amani var. minutiflora
were showed for the first time. The present results supply significant contributions to cytotaxonomy: (i)
diploid number, 2n = 36; (ii) basic number, x = 9; (iii) symmetrical karyotypes, 32m + 4sm; and (iv)
polyploidy by ploidy level of 4x. Two varieties include quite close karyological data and there is no
problem regarding systematic position of the varieties according to these data.
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Bazi Herbisitlerin Misir ve Yabanci Otlar ile Kiiltiir Bitkileri Uzerindeki Etkilerinin Belirlenmesi
Badel UYSAL SAHIN'" izzet KADIOGLU?

OZET: insan ve hayvan beslenmesinde énemli bir yere sahip nusir iiretiminde, musir arazilerinde, yabanci ot problemi musirin ¢imlenmesi ile
baslamaktadir. Yabanci otlarin misir bitkileriyle olusturdugu rekabet ortami nedeniyle 6nemli iiriin kayiplari olmaktadir. Calismanin tarla
denemeleri, Tokat’ta 2010 ve Igdir’da 2011 yillarinda kurulmus olup, misirda ruhsatli {i¢ nemli herbisitin tavsiye edilen dozlari (N) ile bunlarmn
yar1 (N/2) ve iki kat (2N) dozlarmin farkli yabanci ot tiirlerine olan etkileri, yiiksek doz herbisit uygulamalarmin nusirda fitotoksisiteleri ve herbisit
uygulamalarinin musir verim unsurlarina olan etkilerinin belirlenmesi amaglanmigtir. Igdir’da kurulan tarla denemesinde herbisit uygulamasindan
sonra 20 cm derinlikten alinan topraklarla test bitkileri tizerindeki etkisi igin saksi ¢aligmalari, ayrica tarla denemelerindeki uygulamalarin bazi
kiiltiir bitkisi ve yabanci ot tohumlarinin ¢gimlenme biyolojileri tizerindeki etkisi igin ise petri ¢aligmalar1 yapilmigtir. Tarla denemeleri sonucunda
Rimsulfuron, Nicosulfuron ve Foramsulfuron+lodosulfuron-methyl-sodium+Isoxadifen-ethyl herbisitlerinin normal ve iki kat dozlar1 etki alaninda
bulunan yabanci otlara yeterli oranda etkili olmustur. Herbisitlerin yar1 doz ve normal dozlar: musir bitkisinde herhangi bir fitotoksik etkiye neden
olmamustir. Ancak, iki kat dozda Foramsulfuront+Iodosulfuron-methyl-sodium+Isoxadifen-ethyl yapraklarin sararmasi, kenarlarimin kizarmasi
seklinde %5°lik fitotoksite olusturmus, daha sonra zamanla bu belirtiler kiiltiir bitkilerinde kaybolmustur. Tarla denemesi yapilan yerden alinan
toprak Ornekleri ile kurulan saksi denemesi sonuglarina gore; Rimsulfuron, Nicosulfuron ve Foramsulfuron+lodosulfuron-methyl-
sodium+Isoxadifen-ethyl tere ve ¢im bitkisinin ¢imlenme yiizdesi (%), kék (mm), gévde (mm) ve siirgiin (mm) gelisimi tizerinde fitotoksik etki
gOstermigtir. Petri ¢aligmalarinda Rimsulfuron, Nicosulfuron ve Foramsulfuron+Iodosulfuron-methyl-sodium+Isoxadifen-ethyl uygulamasinin
bazi kiiltiir bitkileri (Capsicum annuum L., Triticum aestivum L., Lepidium sativum L.) ve yabanci otlarda (Abutilon theophrastii Medik.,
Amaranthus retroflexus L., Sinapis arvensis L.) kontrole kiyasla ¢imlenmeyi % 0-100, kok gelisimini % 37-100 ve siirgiin gelisimini % 0-100
arasinda engelledigi tespit edilmistir.

Anahtar Kelimeler: Misir, Zea mays, yabanci ot, herbisit, fitotoksisite

Determination of the Effects of Some Herbicides on Maize and Weeds

ABSTRACT: Weed problem starts with the germination of maize in maize fields, which have an important place in our country and in the world
in human and animal nutrition. The competitive environment created by weeds causes significant product losses. The field trials of the study were
established in 2010 in Tokat and 2011 in Igdir, and the effects of the recommended doses (N) of three important herbicides licensed in maize and
their half (N/2) and two times (2N) doses on different weed species, it was aimed to determine the phytotoxicity of high dose herbicide applications
and the effects of herbicide applications on maize yield components. In the field trial established in Igdir, potting experiment was established with
soil samples taken from 20 cm depth after herbicide application and their effects on test plants were investigated. In addition, with petri dishes
studies, the effects of the applications in field trials on the germination biology of some cultivated plants and weed seeds were determined. As
results of field experiments, normal and double doses of Nicosulfuron, Foramsulfuron+lodosulfuronmethyl-sodium+Isoxadifenethyl and
Rimsulfuron have controlled weed on maize. Halves doses, normal doses of herbicides have not caused phytotoxic affect. However double dose
of Foramsulfuron + lodosulfuron-methyl-sodium + Isoxadifen-ethyl caused 5% phytotoxicity as yellowing of leaves and reddening of the edges,
then these symptoms disappeared. According to the results of pot experiments; Rimsulfuron, Nicosulfuron and
Foramsulfuron+lodosulfuronmethyl-sodium+Isoxadifenethyl caused phytotoxic effects on the germination percentage (%), root (mm), stem (mm)
and shoot (mm) development of the grass (Lolium perenne L.) and cress (Lepidium sativum L.) plants. In Petri studies, it was determined that
Rimsulfuron, Nicosulfuron and Foramsulfuron application inhibit germination by 0-100%, root development by 37-100% and shoot development
by 0-100% in some cultivated plants (Capsicum annuum L., Triticum aestivum L., Lepidium sativum L.) and weeds (Abutilon theophrastii Medik.,
Amaranthus retroflexus L., Sinapis arvensis L.) compared to the control.

Keywords: Maize, Zea mays, weed, herbicide, phytotoxicity
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GIRIS

Diinyada yaygin olarak yetistirilen ve bircok gelismekte olan iilkede temel gida olarak kullanilan
musir (Zea mays L.), ilkemizde bugday ve arpadan sonra li¢iincii sirada yer almaktadir (Anonim, 2020a).
Misir 6nemli bir yemeklik yag, hayvan yemi ve ayni zamanda endiistri i¢cin hammadde kaynagidir (Meng
ve ark., 2016). Bu 6nemli kiiltiir bitkisinde yabanc1 otlar ilk donemde misirdan daha hizli gelistigi i¢in
rekabet giicii daha fazla olmakla birlikte, iilkemizde yabanci otlardan dolayr meydana gelen {iriin
kayiplarinin %20-30 arasinda oldugu bildirilmektedir (Anonim, 2008). Bu nedenle herbisit ile kimyasal
miicadele fazla yapilmaktadir.

Tirkiye’nin toplam tarim alan1 230 949 238. 2 da olup bu tarim alaninin 6 388 287 da’lik kisminda
misir tarimi yapilmaktadir. Bu musir alan1 da toplam tarim alaninin %2.76’s1n1 olusturmaktadir. Ulkemiz
musir tiretimi 6 000 000 ton’dur (Anonim, 2020a). Diinyada ise toplam musir tarim alan1 198 220 766 ha
olup 1 156 787 176 ton musir iiretilmektedir (Anonim, 2020b).

Diinyada belli bagh kiiltiir bitkilerinde (bugday, misir, ¢eltik, pamuk ve soya) zarara neden olan
hastalik zararli1 ve yabanci otlarin neden oldugu iiriin kayb1 yaklasik %67.15 olup, bunun %21.75’i
zararlilardan, %13.78’1 hastaliklardan ve %31.62’si ise yabanci otlardan kaynaklanmaktadir (Oerke ve
Dehne, 2004). Misir bitkisinin de yabanci otlara karsi rekabette zayif olmasi nedeniyle verimde kayiplar
meydana gelmektedir (Horvath ve ark., 2018). Tiirkiye’de silajlik misir ¢esitlerinde yabanci otlar
nedeniyle %20-30 oraninda verim kayb1 meydana gelmektedir (Giincan, 2010). Ulkemizde yabanci
otlarin yaygimlik ve yogunluklari ile zarar oranlar1 ve miicadelelerine yonelik de c¢alismalar
bulunmaktadir (Ulug ve Kadioglu, 1988; Tepe 1997; Tursun, 1999; Anonim, 2008; Hangerli ve Uygur,
2017; Arslan, 2018; Kuzu, 2020).

Tarim triinlerinin arzu edilen miktar ve kalitede tiretilebilmesi, bu iirtinlerin hastalik, zararli ve
yabanci otlardan korunabilmesi i¢in ¢esitli miicadele yontemleri gelistirilmistir. Bu miicadele yontemleri
ve teknikleri iginde en basta geleni en kolay uygulanan ve en ekonomik olan kimyasal miicadeledir.
Maalesef iilkemizde bu yontem bilingsiz ve asir1 dozda pestisit kullanimi olarak uygulanmaktadir. Diigiik
dozda herbisit uygulamas1 yabanci ot yogunluguna etkili olamadig1 gibi bazi yabanci ot tiirlerinde
dirence neden olabilmektedir. Yiiksek doz uygulandiginda ise kiiltiir bitkisinde fitoksisite meydana
gelmektedir. Hem diisiik hem de yiiksek doz tarimda istenmeyen durumdur (Ustiiner ve Diri, 2019).
Ozellikle hatal: yiiksek doz uygulamalarinda kendisinden sonra ekilecek miinavebe bitkisine de Snemli
derecede bazi herbisitler etki etmektedir. Bu gibi bilingsiz uygulamalar insanlara, ¢evreye ve
mikroorganizmalara olabilecek riskleri arttirmakta ve aynmi zamanda ciddi rahatsizliklar1 ortaya
cikarmaktadir.

Kisa ve kesin ¢oziim yontemi olmasi ve dolayisiyla kimyasal miicadelenin artisiyla bu konuda
yeni ruhsat almis herbisitler bulunmaktadir. Bu herbisitlerin bazilarinin mevcut dozlarinin yaninda
Tarim ve Orman Bakanligimin ruhsat almis herbisitlerde daha diisiik dozlarda da etkili olabilecegi
caligmalari esas alinmis, bazilarinin ise yliksek dozlarda etkili edebileceginin yaninda hatali yliksek doz
uygulamasi nedeniyle fitotoksisitenin olabilecegi diislinlilmiistiir. Bu yonde de zaman zaman {iretici
sikayetleri de gelmektedir.

Bu ¢alismada oncelikle misirda ruhsatli ti¢ 6nemli herbisitin tavsiye edilen dozlari (N) ile bunlarin
yar1 (N/2) ve iki kat (2N) dozlarinin farkli yabanci ot tiirlerine olan etkileri ile yiiksek doz herbisit
uygulamalarinin musirda fitotoksisiteleri ve herbisit uygulamalarinin misir verim unsurlarma olan
etkilerinin belirlenmesi amaglanmistir. Ayrica tarla denemelerinde uygulamalarin yapildigi alandan
alinan toprak ornekleri ile farkli dozlarin test bitkileri tizerindeki etkinligi ve petri ¢alismalari ile de bazi
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kiiltiir bitkileri ve yabanci ot tohumlar iizerindeki etkinliklerinin olup olmadiginin belirlenmesi
arastirilmastir.

MATERYAL VE METOT

Materyal

Bu caligmada; kullanimi yaygin olan Girona misir ¢esidi ve misir ekim alaninda goriilen yabanci
otlar, farkli dozlarda kullanilan herbisitler [Nicosiilfuron %4 EC (Sanson), Rimsiilfuron %25 SG (Tarot),
Foramsulfuron %30+lodosulfuronmethyl-sodium %21+Isoxadifen ethyl %30 (Ekipp Siiper)] (Cizelge 1)
misir (Zea mays L.), imam pamugu (Abutilon theophrastii Medik), kirmizi kokli tilki kuyrugu
(Amaranthus retroflexus L.), biber (Capsicum annuum L.), tere (Lepidium sativum L.), ¢im (Lolium
perenne L.), yabani hardal (Sinapis arvensis L.), bugday (Triticum aestivum L.) tohumlari, petri kabi,
filtre kagidi, kumpas, sirt piilverizatorii, bitki biiyiime kabini, saks1 ve m?’lik gergeve materyal olarak
kullanilmistir.

Cizelge 1. Denemede Belirlenmis Olan Herbisitler ve Dozlarina Ait Bilgiler

Herbisitin Adi Aktif Madde Orani (%) Belirlenen Dozlar (ml/da)* Uygulama Zamam
(D/2) 5/2
Rimsulfuron 25 (D)5
(2D) 2x5
(D/2) 125/2
Nicosulfuron 4 (D) 125 Cikig sonrasi
(2D) 2x125
Foramsulfuron+ (D/2) 200/2
lodosulfuronmethyl-sodium+ 30+1+30 (D) 200
Isoxadifen ethyl (2D) 2x200

* Ruhsatli Dozun Yaris1 (D/2), Ruhsathi Doz (D), Ruhsatli Dozun iki Kati (2D)

Yontem

Tarla Calismalan

Deneme alaninda, toprak isleme ilkbaharda Nisan ayinda, dnce pullukla derin siiriim ve sonrasinda
toprag1 keseksiz hale getirmek i¢in diskaro ile yapilmistir. Her bir herbisitin farkli dozlarinin
uygulanacag 4x5=20 m?’lik 11 uygulamal1 33 parsel olusturulmustur. Deneme tesadiif bloklar1 deneme
desenine gore kurulmus olup, bloklar arasinda 1, parseller arasinda yarim metre bosluk birakilmistir.
Tokat Toprak ve Su Kaynaklar1 Arastirma Enstitiisii’'nde (40°19'26.32"K-36°26'57.12"D) 10.05.2010
tarihinde; Igdir ili Dogu Anadolu Tarimsal Arastirma Enstitiisii’nde ( 39°56'08.53"K-44°00'42.71"D)
29.05.2011 tarihinde Girona misir ¢esidinin ekim mibzeriyle sira arasi ve sira iizeri 25x70 cm olarak
dekara 2.5 kg tohum hesabiyla ekimi yapilmistir. Misir ¢ikisindan sonra yabanci otlarin yogunlugunu
belirlemek amaciyla m?’lik cerceve (1x1m) her parsele 2 kez atilarak sayimlar yapilmis ve yogunluklar
Odum (1971)’a ait formiiller kullanilarak hesaplanmistir. Buna gore toplam bitki sayis1 sayim yapilan
toplam alana boliinerek uygulamalardaki yogunluklar belirlenmistir.

Yogunluk (Abundans) = TY /n 1)

TY
n

= Her tiirlin sayim yapilan alanlardaki toplam yogunlugu (adet)
= Saymm yapilan toplam alan (m?)

Tokat Toprak ve Su Kaynaklar1 Arastirma Enstitiisiinde 16.06.2010 tarihinde, [gdir Dogu Anadolu
Arastirma Enstitlistinde 21.07.2011 tarihinde misir 7-8 gergek yaprakli oldugu dénemde teknik
talimatlarda tavsiye edilen dozlarin yaninda bu dozlarin yaris1 ve iki kat dozlari ile ¢ikis sonrasi herbisit

uygulamalar1 yapilmistir. Uygulamalarda el ile basing ayarli sirt piilverizatorii (Baco-Bcl6-S)
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kullanilmis olup kalibrasyon yapilarak dekara 30 litre su kullanimma ayarlanmistir. Herbisit
uygulamalari yelpaze hiizmeli meme ve 3 atm basingla yapilmistir. Ayni1 donemde ¢apa ile yabanci otsuz
hale getirilen ve hi¢ yabanci ot kontrolii yapilmayan yabanci ot kontrol parselleri de olusturulmustur.
Degerlendirmeler Tastan ve ark. (1996)’dan yararlanilarak uygulamalardan 7, 14 ve 28 giin sonra
yapilmis, kaniya esas veriler olarak 7. ve 28. glin degerlendirmeleri alinmistir. Misirda goriilen
fitotoksisite degerlendirmelerinde ise yine Tastan ve ark. (1996)’da verilen fitotoksisite agiklamalari
esas alinmistir. [gdir’da kurulan denemede 07.09.2011 tarihinde her parselden tesadiifen segilen 10 misir
bitkisinde kocan agirlig1 (gr), kocan uzunlugu (cm), kogan ¢ap1 (mm), kogan sira sayisi (adet), kocan ug
boslugu (mm) dlgiilerek verim unsurlar1 belirlenmistir (Ulger, 1986; Sencar, 1988; Anonim, 2018).

Saks1 Calismalari

Dogu Anadolu Tarimsal Arastirma Enstitiisii’nde uygulamadan hemen sonra 22.07.2011 tarihinde
her parselin ii¢ farkli yerinden 20 cm derinlikteki toprak kesitinden alinan toprak érnekleri 7x9 cm
boyutunda 06zel tipteki saksilar icerisine doldurularak test bitkilerinde fitotoksitenin olup olmadigi
arastirilmistir. 1§dir’da tesadiif parselleri deneme deseninde kurulan saksi ¢alismasinda, {i¢ tekerriirlii
olarak her saksiya 20 adet ¢im (Lolium perenne L.) ve tere (Lepidium sativum L.) tohum ekimi
yapilmistir. Deneme kurulduktan sonra ¢imlenme yiizdesini belirlemek icin belli periyotlarda sayim
yapilmistir. En son sayimin yapildig1 10. giinde saksilarda ¢imlenen bitkiler sayilmis, ekilen tohum ile
cikan bitkiler oranlanarak ¢imlenme yiizdesi, kok, govde ve siirglin boylar1 hesaplanip, bitki gelisimi
tizerine etkisinin olup olmadig1 arastirilmistir.

Laboratuvar Calismalari

Dokuz cm ¢apindaki ve icine filtre kagidi yerlestirilmis olan petri kaplarina, herbisit uygulamasi
yapilmis parsellerden alinan toprak drneklerinden 10’ar gr koyulmustur. Ug tekerriirlii olarak kurulan
denemede her petride 20’ser adet ¢im (Lolium perenne L.) ve tere (Lepidium sativum L.) tohumlar1
kullanilmistir. Petri kaplar1 iklim kabininde 24 °C’de ¢imlenmeye birakilmis ve 10 giin sonra ¢imlenen
tohum sayilmis ayn1 zamanda hasat yapilarak kok, gévde ve siirglin boylar1 hesaplanip bitki gelisimi
tizerine etkisinin olup olmadig1 arastirilmistir.

Herbisitlerin Bazi Bitki Tohumlarinin Cimlenmesi Uzerine Etkileri

Tarla denemelerinde kullanilan herbisitlerin petri ¢alismalar1 ile bazi kiiltiir bitkileri [biber
(Capsicum annuum L.), bugday (Triticum aestivum L.), tere (Lepidium sativum L.)] ile baz1 yabanci
otlara [imam pamugu (Abutilon theophrastii Medik.), kirmiz1 koklii tilki kuyrugu (Amaranthus
retroflexus L.), yabani hardal (Sinapis arvensis L.)] etkilerini belirlemek amaciyla g¢imlendirme
caligmalar1 yapilmistir. Calismalarda igerisine iki katli filtre kagidi yerlestirilmis 9 cm caplh petri
kaplarina 10 adet s6zkonusu tohumlardan konmus, uygulama dozu, yar1 doz ve iki kat dozu seklinde
hazirlanan herbisit soliisyonlarindan her petriye 5 ml eklenerek parafilm ile kapatilmistir. Ayrica herbisit
uygulamasi yapilmayan kontrol bitki gruplarida olusturulmustur. Petri kaplar1 3 hafta siire ile 24 °C’de
iklim kabininde ¢imlenmeye birakilmis ve siire sonunda ¢imlenen tohumlar sayilarak ¢imlenme yiizdesi
aritmetik oran testiyle belirlenmistir. Siirgiin ve kok uzunluklar: kumpas ile dl¢tilmiistiir.

Verilerin Analizi

Uzerinde durulan kantitatif 6zellikler bakimindan elde edilen verilere tek yonlii varyans analizi
uygulanmustir. Onemli farkliliklarin belirlenmesinde Duncan Coklu Karsilastirma Testi (ANOVA)
kullanilmastir.
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BULGULAR VE TARTISMA

Tarla Calismalar1 Sonuclari

Deneme tarlasinda bulunan yabanci otlarin tiir ve yogunluklari

Toprak ve Su Kaynaklar1 Tarimsal Aragtirma Enstitlisii Deneme Alani’nda mevcut 10 yabanci ot
tiirii ve bunlarin yogunluklari belirlenmistir. Bu yabanci ot tiirleri igerisinde kirmizi kokli tilki kuyrugu
(Amaranthus retreflexus L.)’nun en yogun yabanci ot tiirii oldugu saptanmistir (Cizelge 2).

Cizelge 2. Toprak ve Su Kaynaklari Tarimsal Arastirma Enstitiisi Deneme Alani’'nda Belirlenen

Yabanci Otlarin Tiir ve Yogunluklari (Tokat)
Yabanc Ot Tiirleri

Ortalama Yogunluk
Tiirkee Latince Familya (adet mz1)
Darican Echinochloa crus-galli L. Poaceae 11
Domuz pitrag Xanthium strumarium L. Asteraceae 15.6
It tiziimii Solanum nigrum L. Solanaceae 7.3
Kirmizi kokli tilki kuyrugu Amaranthus retreflexus L Amaranthaceae 20.1
Kanyasg Sorghum halepense (L.) Pers. Poaceae 10.2
Kirpi dart Setaria sp. Poaceae 9.2
Koygogiiren Cirsium arvense (L.) Scop. Asteraceae 35
Semiz otu Portulaca oleracea L. Portulacaceae 4.3
Sirken Chenopodium albiim L. Chenopodiaceae 54
Tarla sarmagig1 Convolvulus arvensis L. Convolvulaceae 3.2
TOPLAM 79.9

Dogu Anadolu Tarimsal Arastirma Enstitiisii Deneme Alani’nda ise 7 farkli yabanci ot tiirii ve
bunlarin yogunluklari belirlenmistir. Bu yabanci ot tiirleri igerisinde semiz otunun (Portulaca oleracea
L.) en yogun tiir oldugu saptanmistir (Cizelge 3).

Cizelge 3. Dogu Anadolu Tarimsal Arastirma Enstitilisii Deneme Alani’nda Belirlenen Yabanci Otlarin

Tiir ve Yogunluklar1 (Igdir)

Yabana Ot Tiirleri Ortalama Yogunluk

Tiirkce Latince Familya (adet mz1)
Domuz pitragi Xanthium strumarium L. Asteraceae 2.7
Kirmizi kokli tilki kuyrugu Amaranthus retreflexus L. Amaranthaceae 8.6
Kirpi dar1 Setaria sp. Poaceae 34
Koygogiiren Cirsium arvense L. Asteraceae 8.5
Semiz otu Portulaca oleracea L Portulacaceae 18.5
Sirken Chenopodium album L. Portulacaceae 1.0
Tarla sarmag1g1 Convolvulus arvensis L. Convolvulaceae 3.3

TOPLAM 45.95

Cizelge 2 ve Cizelge 3’de verilen deneme alanlarinda bulunan yabanci ot tiirleri, iilkemizde bu konuda
yapilmis pek ¢ok caligmalarla (Ulug ve Kadioglu, 1988; Tepe 1997; Tursun, 1999; Hangerli ve Uygur,
2017; Arslan, 2018) ve Misirda Yabanci Otlarla Zirai Miicadele Teknik Talimatinda (Anonim, 2008)
belirtilen yabanci ot tiirleri ile ortiismektedir.

Herbisit Uygulamalarinin Yabanci Otlara Etkisi

Rimsulfuron, Nicosulfuron ve Foramsulfuron+lodosulfuron-ethyl-sodium+Isoxadifen-ethyl yari
doz, normal doz ve iki kat doz uygulamalarinin yabanci otlar lizerindeki etki degerleri Cizelge 4 ve
Cizelge 5’de verilmistir.
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Cizelge 4. Rimsulfuron, Nicosulfuron ve Foramsulfuron+lodosulfuron-methyl-sodium+Isoxadifen-

ethyl Yar1 doz, Normal Doz ve ki Kat Doz Uygulamalarinin Yabanci Otlar Uzerindeki Etkileri (Tokat)
Uygulamalarin % Etkileri

5 Kirmiz Domuz Tarla
g Dozlar  ygkii tilki y Sirken itiziimi  Kanyas Darican  Kirpi Dart 5
3 (ml/da) Kuyrudu pitragi sarmasigi
> (9/da) e
2 7. 28. 7. 28. 7. 28. 7. 28. 7. 28. 7. 28. 7. 28. 7. 28.
Glin Gin Gin Gin Glin Glin Gin Gin Gin Gin Gin Gin Gin Gin Gin Gin

Ri 25 380 480 100 50 200 175 20.0 550 150 350 23.0 200 20.0 47.0 200 100
im
%25 5 62.0 90.0 550 650 325 675 43.0 730 500 1000 55.0 950 38.0 90.0 250 350
SG

10 730 980 820 750 370 700 53.0 750 525 1000 30.0 100 575 975 200 350
Ni 62.5 200 300 200 100 200 250 20.0 500 200 250 200 250 20.0 60.0 200 100
ICO

%40 125 77.0 90.0 700 950 420 920 500 950 60.0 950 650 900 550 950 200 250

EC
250 770 950 825 925 680 970 73.0 1000 650 100 650 100 40.0 925 250 325

E/C);%T 100 450 550 200 300 200 650 350 50.0 300 450 270 670 280 550 200 100
0

lodos 200 87.0 950 70.0 975 550 950 450 1000 500 975 30.0 88.0 555 1000 25.0 450
%1

+ Isoxa
%30E 400 90.0 970 775 100 400 100 525 100.0 65.0 100.0 50.0 100 60.0 100.0 30.0 55.0

C
Nico: Nicosiilfuron; Rim: Rimsulfuron; Foram+lodos+Isoxa: Foramsulfuron+lodosulfuronmethyl-sodium+Isoxadifen ethyl

Cizelge 5. Rimsulfuron, Nicosulfuron ve Foramsulfuron+lodosulfuron-methylsodium+Isoxadifen-ethyl

Yar1 doz, Normal Doz ve Iki Kat Doz Uygulamalarmin Yabanci Otlar Uzerindeki Etkileri (Igdir)
Uygulamalarin % Etkileri

Dozlar Kirmizi koklii Domuz . .
ki K Kirpi D
Uygulamalar (ml/da) tilki kuyrugu pitrag Sirken anyas 1rpt Dan Semiz Otu
(gida) ~ 7. 28. 7. 28. 7. 28. 7. 28. 7. 28. 7. 28.

Gilin Giin Glin Giin Giin Giin Giin Giin Giin Giin Giin Giin

2.5 35.0 475 48.0 430 35.0 35.0 10.0 25.0 5.0 10.0 35.0 475

Rim %25 SG 5 62.5 95.0 45.0 75.0 35.0 70.0 50.0 97.5 70.0 95.0 35.0 50.0

10 58.0 100.0 55.0 77.0 40.0 70.0 55.0 100.0 75.0 100.0 45.0 65.0

62.5 18.0 20.0 30.0 43.0 35.0 55.0 20.0 20.0 25.0 35.0 8.0 10.0

Nico %40 EC 125 68.0 92.0 65.0 100.0 45.0 100.0 50.0 100.0 50.0 100.0 65.0 97.5
250 72.0 100.0 70.0 100.0 65.0 100.0 65.0 100.0 60.0 100.0 75.0 100.0

Foram %30+ 100 35.0 40.0 45.0 57.5 25.0 35.0 50.0 55.0 35.0 45.0 20.0 40.0

lodos %01 200 70.0 100.0 75.0 100.0 45.0 85.0 75.0 97.5 65.0 100.0 63.0 92.0
+ Isoxa 400 74.5 100.0 80.0 100.0 55.0 97.0 80.0 100.0 75.0 100.0 70.0 100.0
%30EC

Nico: Nicosulfuron; Rim: Rimsulfuron; Foram+lodos+Isoxa: Foramsulfuron+lodosulfuronmethyl-sodium+Isoxadifen ethyl

Cizelge 4’e gore; Tokat’ta yapilan denemede tiim herbisitlerin yar1 doz uygulamalari tiim yabanci
otlara yeterli etki saglamamakla birlikte, uygulama dozlar1 ise deneme alaninda bulunan yabanci otlara
28. giinde esas olmak tizere %20 ile %100 arasinda etki gostermistir. Rimsulfuronun normal dozu, etkili
oldugu yabanci otlar igerisinde yer almakla birlikte (Anonim, 2020c) kirmizi1 koklii tilki kuyrugu, kanyas
ve kirpi dartya yeterli etkili olup, etkiledigi yabanci otlar igerisinde yer almayan semiz otu, sirken, it
lizimii ve ruhsat1 bulunmadigindan tarla sarmasigina yeterli etki géstermemistir. Nicosulfuron normal
doz ise kirmiz1 koklii tilki kuyrugu, semiz otu, sirken, it liziimii, kanyas, domuz pitragi, darican, kirpi
dar1 gibi deneme alaninda bulunan yabanci otlara etkili olmustur. Bu sonug¢ herbisitin etiketlerinde
verilen  bilgilerle  (Anonim, 2020d) ortiismektedir.  Foramsulfuron+Ilodosulfuron—methyl—
sodium+Isoxadifen-ethyl normal doz uygulamalari, etkiledigi yabanci otlara paralel olarak (Anonim,
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2020e) deneme alaninda bulunan kirmizi kokli tilki kuyrugu, domuz pitrag, sirken, it iiziimii, kanyas,
darican ve kirpi dartya %88 ve lizerinde etki gostererek yeterli etkiyi saglamistir. Cizelge 5’e gore;
Igdir’da yapilan denemede, tiim herbisitlerin yar1 doz uygulamalar1 yabanci otlar iizerinde yeterli etki
gostermemistir. Herbisitlerin uygulama dozlarinin yabanci otlar tizerindeki etkileri 28. giin esas alinarak
degerlendirilmistir. Rimsulfuronun normal dozu, etkiledigi yabanc1 otlar i¢erisinde bulunan (Anonim,
2020c) kirmizi koklii tilki kuyrugu, kanyas, kirpi dartya %95’1n tizerinde yeterli etki géstermis olup, etki
alaninda bulunmayan yabanci otlara ise %40-70 arasinda etkili olmustur. Nicosulfuronun normal dozu
ise kirmiz1 koklii tilki kuyrugu, domuz pitragi, sirken, kanyas, kirpi dar1 ve semiz otuna %92-100
arasinda yeterli etki gostermistir. Bu sonug ilacin etiket bilgileri ile ortiismektedir (Anonim, 2020d).
Bununla birlikte Mitkov ve ark. (2019) misirda nicosulfuron uygulamasinin 28. giinde kirpi dar1, kanyas
ve kirmiz1 koklii tilki kuyrugunda %90 tizeri etki gosterdigini bildirmislerdir.

Foramsulfuron+lodosulfuron-methyl-sodium+lsoxadifen-ethyl normal doz uygulamalar1 ise
etkiledigi yabanci otlarla ortiismekle birlikte (Anonim, 2020e) deneme alaninda bulunan tiim yabanci
otlara %92-100 arasinda yeterli etkili olmustur. Iki kat doz uygulamalar1 Tokat ve Igdir’da kurulan
deneme alanindaki tiim yabanci otlara yeterli etkili olmustur. Yiiksek doz herbisitlerin prospektiisiinde
belirtilen fitotoksite amaciyla uygulanmistir. ilaglarm yar1 doz ve normal dozlari musir bitkisinde
herhangi bir fitotoksik etkiye neden olmamistir. Ancak, yiiksek dozlarda Foramsulfuron+lodosulfuron-
methyl-sodium+Isoxadifen-ethyl yapraklarin sararmasi, kenarlarmin kizarmasi seklinde %5°lik
fitotoksite olusturmus daha sonra bu belirtiler kaybolmustur.

Hasat Sonras1 Misirin Verim Unsurlar: Sonuclar:
Rimsulfuronun, Nicosulfuron, Foramsulfuron+lodosulfuron-methyl-sodium+Isoxadifen-ethyl
misir verim unsurlarina olan etkileri Cizelge 6’da goriilmektedir.

Cizelge 6. Misir Verim Unsurlarina  Rimsulfuronun, Nicosulfuron, Foramsulfuron+lodosulfuron-methyl-
sodium+Isoxadifen-ethyl Etkisi

Kocan
Dozlar Sira KOQalt Kot;an}J ¢ Kog¢an Cap1 Kvocal}
Uygulamalar Uzunlugu Boslugu Agirhg:
(ml, g /da) Sayisi (cm) (mm) (mm) ©
(Adet)
Kontrol (Capa) 171a 21.3a 15.0¢ 441 a 2939a
25 16.0b 18.0b 455b 40.3 ba 171.1b
Rim %25 5 16.8 ba 212a 183 ¢ 43.1ba 283.4a
10 16.5 ba 208 a 175¢ 42.9 ba 280.7 a
Kontrol 133c¢ 17.7b 55.7 a 384b 169.5b
Kontrol (Capa) 17.1a 213a 150b 44.1a 2939a
62.5 13.1b 185b 50.4 a 39.1 ba 170.2 b
Nico %4 125 16.3a 211a 12.3b 43.3 ba 285.1a
250 16.5a 209a 185b 438a 285.2a
Kontrol 133b 17.7b 55.7a 38.4b 169.5b
Kontrol (Capa) 17.1a 213a 149D 440a 2939a
100 142b 185b 53.6 a 38.0b 169.1b
Foram %630+ lodos %61 200 17.2a 214a 15.06 b 44.1a 2878
+ Isoxa %30
400 16.4a 215a 153b 44.49 a 288.2a
Kontrol 133b 17.7b 55.7 a 38.4b 169.5b

*Ayni stitundaki ortalamalar takip eden farkl harfler birbirinden farkli oldugunu gosterir (Anova P < 0.05 LSD Testi)
Nico: Nicosulfuron; Rim: Rimsulfuron; Foram+lodos+Isoxa: Foramsulfuron+lodosulfuronmethyl-sodium+Isoxadifen ethyl
Cizelge 6’ya gore; Rimsulfuronun normal dozu ve iki kat dozu, kontrol ¢apa ile kiyaslandiginda
ayni grupta yer almakla birlikte yabanci ot kontroliinde yeterli etki gdstermistir. Rimsulfuronun yari
dozu ise yabanci otlu kontrol parseliyle ayni grupta yer almakla birlikte yabanci ot kontrolii i¢in yeterli
olmamistir. Nicosulfuronun normal ve iki kat dozu, koganda sira sayisi, kogan uzunlugu ve kocan
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agirhgr bakimimdan kontrol capa ile ayni grupta yer almis, yabanci ot kontroliinde yeterli etkiyi
gostermistir. Nicosulfuronun yar1 dozu ise yabanci otlu kontrol parseliyle ayni grupta yer almis ve
yabanci ot kontrolii i¢in yeterli olmamistir. Foramsulfuron+Iodosulfuron-methyl-sodium+Isoxadifen-
ethyl normal dozu ve iki kat dozunun kontrol ¢apa ile ayn1 grupta yer aldig1 ve yabanci ot kontroliinde
yeterli etki gosterdigi goriilmistiir. Foramsulfuron+Iodosulfuron-methyl-sodium+Isoxadifen-ethyl yari
dozu ise yabanci otlu kontrol parseliyle ayn1 grupta yer almakla birlikte yabanci ot kontrolii i¢in yeterli
olmamustir.

Degerlendirmeler sonucunda yabanci otlarin misir verim unsurlarini olumsuz etkiledigi, yliksek
verim elde etmenin yabanci ot kontrolii ile gerceklestigini sdyleyebiliriz. Bulunan sonuglar 1s1ginda
Rimsulfuron, Nicosulfuron ve Foramsulfuron+lodosulfuron-methyl-sodium+Isoxadifen-ethyl normal
ve yiiksek dozlar1 yabanci ot kontrolii i¢in yeterli etkili olmustur. Diisiik dozun farkli gruplarda yer
almasinin sebebi yetersiz yabanci ot kontroliinden kaynaklanmaktadir. Normal dozla ayni grupta yer
almasina ragmen iki kat doz rakamsal olarak daha diisiik bulunmustur. Bunun sebebi fitotoksisiteye bagli
olabilir. Uludag ve ark. (2000) degisik icerikli herbisitler ve el ¢capasi uyguladiklar1 bir calismada; misir
tarlasinda bulunan yabanci ot tiirlerinin dikkate alinarak uygun herbisit se¢iminin ve el ¢apasinin da
misirda yabanci ot miicadelesinde etkili oldugunun 6nemini belirtmislerdir. Baghestani ve ark. (2007)
en yiksek dozdaki Nicosiilfuron, Rimsulfuron ve Foramsulfuron+lodosulfuron—methyl-sodium+
Isoxadifen-ethyl uygulamalariyla misirda dar ve genis yaprakli yabanci otlarin kontroliinde tatmin edici
sonuglar elde etmislerdir. 80 g ai ha da Nicosiilfuron uygulamalaridan yabanci otsuz kontrol
parsellerinden sonra en yiiksek verimi saglamislardir. Zhang ve ark. (2013) 6nerilen dozda uygulanan
Nicosulfuronun misirda 4-5 yaprakli donemde bulunan yabanci otlarda iyi bir kontrol sagladigini
bildirmislerdir.

Saks1 Calismalar1 Sonuclar:

Rimsulfuron,Nicosulfuron ve Foramsulfuron+lodosulfuron—-methyl-sodium+Isoxadifen-ethyl
herbistlerinin 3 farkli dozunun uygulandigi her bir parselden uygulamadan hemen sonra alinan ve hi¢bir
uygulama yapilmamis olan kontrol parsellerinden alinan toprak 6rnekleriyle kurulan saks1 denemesinde
tere ve ¢im bitkisinin ¢imlenen tohum sayisi, ¢imlenme sonras1 kok, govde ve siirgiin boylari ile ilgili
sonugclari sirasiyla Cizelge 7 ve 8’de verilmistir.

Cizelge 7. Rimsulfuron, Nicosulfuron, Foramsulfuron+lodosulfuron-methyl-sodium+Isoxadifen-ethyl
Uygulamasinin Tere Bitkisinde Tohum Cimlenmesi, Kok, Govde ve Siirglin Boylarina Etkisi

Uygulamalar Doz (ml, g /da) C"'(‘:/‘:‘)‘me Kok (mm)  Govde (mm) S(“r;fn“)“
Kontrol 935a 37.1a 28.2a 9.2a
. 25 83.5b 236b 220b 7.7b
Rim %25 5 825b 206 b 181c 6.5b
10 735¢ 43¢ 13d 48¢
Kontrol 935a 37.1a 28.2a 9.2a
. 62.5 88.0 ba 29.2b 213b 7.8b
Nico %64 125 80.5 cb 234¢ 19.9 cb 7.0b
250 735¢ 19.7¢c 145¢c 6.07 c
Kontrol 935a 37.1a 28.2a 9.2a
Foram %30+ lodos %1 100 845h 32.3b 239b 7.0b
+ Isoxa %30 200 58.0¢c 218¢ 21.83cb 6.6b
400 57.5¢ 20.07 ¢ 193¢ 5.0c

* Ayni stitundaki ortalamalari takip eden farkli harfler birbirinden farkli oldugunu gosterir (Anova P < 0.05 LSD Testi)
Nico: Nicosulfuron; Rim: Rimsulfuron; Foram+lodos+Isoxa: Foramsulfuron+lodosulfuronmethyl-sodium+Isoxadifen ethyl
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Cizelge 7’ye gore tiim Rimsulfuron uygulamalar1 hi¢ uygulama yapilmamis olan kontrole kiyasla
cimlenme ylizdesi, kok, govde ve siirglin gelisimini olumsuz etkilemistir. Farkli doz uygulamalarinin
¢imlenme yiizdesi kok ve siirgiin gelisimine etkisi bakimindan diisiik doz ve normal dozda aralarinda
bir fark olmamakla birlikte iki kat doza gore daha az etki gostermistir. Govde gelisimi bakimindan ise
dozlar arasinda Onemli farklar elde edilmistir. Nicosulfuron uygulamalar1 da higbir uygulama
yapilmamis olan kontrole gore olumsuz etki gostermistir. Farkli dozlar1 kendi aralarinda kiyaslayacak
olursak; ¢cimlenme yiizdesi kok ve govde gelisimi agisindan doz arttik¢a azalmistir. Kontrole kiyasla tiim
Foramsulfuron+lodosulfuron-methyl-sodium-lsoxadifen-ethyl uygulamalar1 ¢imlenme yiizdesi, kok,
govde ve slirglin gelisimini olumsuz etkilemis ve farkli dozlarinda ¢imlenme ylizdesi ve kok gelisimi
doz artisina bagl olarak azalmis, gévde ve siirglin gelisiminde ise yar1 doz ve normal doz arasinda fark
olmamakla birlikte iki kat doza gore daha az etki gostermistir.

Cizelge 8. Rimsulfuron, Nicosulfuron, Foramsulfuron+lodosulfuron—-methyl-sodium+Isoxadifen-ethyl
Uygulamasinin Cim Bitkisinde Tohum Cimlenmesi, Kok, Gévde ve Siirgiin Boylarina Etkisi

Uygulamalar Doz (ml, g/da) Cimlenme (%) Kok (mm) Govde (mm) Siirgiin (mm)
Kontrol 935a 40.3a 135a 10.7a
. 2.5 625b 32.1b 105b 6.9b
Rim %625 5 56.75¢ 232¢ 8.3c¢ 6.6b
10 445c¢c 216¢ 8.1lc 57¢c¢
Kontrol 935a 40.3a 135a 10.7a
. 62.5 69.5b 26.3b 9.87hb 8.3b
Nico %04 125 575¢ 235¢ 9.6b 7.1¢h
250 445d 20.9d 8.7¢c 6.6 C
Kontrol 935a 40.2 a 135a 10.7 a
Foram %30+ lodos %1 100 59.5b 28.8b 8.3b 104 b
+ Isoxa %30 200 39.0c 198 ¢ 6.4c 94b
400 340¢c 17.0d 5.0d 49b

* Ayni stitundaki ortalamalart takip eden farkli harfler birbirinden farkli oldugunu gésterir (Anova P < 0.05 LSD Testi)
Nico: Nicosulfuron; Rim: Rimsulfuron; Foram+lodos+Isoxa: Foramsulfuron+lodosulfuronmethyl-sodium+Isoxadifen ethyl

Cizelge 8’e gore; tim Rimsulfuron uygulamalarinin herbisit uygulamasi yapilmamis olan kontrol
bitkilere kiyasla olumsuz etki gosterdigi goriilmektedir. Farkli dozlar1 kendi aralarinda degerlendirecek
olursak ¢imlenme yiizdesi, kok ve govde gelisimi agisindan normal ve iki kat dozun diisiik doza gore
daha fazla etki gosterdigi ve aralarinda fark bulunmadigi goriilmektedir. Siirglin gelisimi agisindan ise
diisiik doz ve normal doz arasinda fark olmamakla birlikte iki kat dozun daha fazla etki gosterdigi
goriilmektedir. Kontrole kiyasla tiim Nicosulfuron uygulamalarinin ¢im bitkisinin ¢imlenme, kok, govde
ve siirgiin gelisimi iizerine olumsuz etki gosterdigi goriilmektedir. Farkli dozlari kendi arasinda
kiyaslayacak olursak cimlenme yiizdesi, kok ve siirgiin gelisimi doz arttikga azalmistir. Govde
gelisiminde ise yar1 doz ve normal doz arasinda fark olmamakla birlikte iki kat doza gore daha az etki
gostermektedir. Tiim Foramsulfuron+lodosulfuron—-methyl-sodium+Isoxadifen-ethyl uygulamalarinin
kontrole kiyasla ¢im bitkisinin ¢cimlenme, kok, govde ve siirgiin gelisimi tizerine olumsuz etki gosterdigi
goriilmektedir. Foramsulfurontlodosulfuron-methyl-sodium+Isoxadifen-ethyl farkli dozlarmi kendi
arasinda kiyaslayacak olursak ¢imlenme yiizdesi agisindan en az etki diisiik dozda goriilmekle birlikte
normal doz ve yliksek doz arasinda fark bulunmamaktadir. Kok ve govde gelisimi doz arttik¢a azalmistir.
Siirgilin gelisiminde ise ayn1 paralellik bulunmamaktadir.

Degerlendirmeler ~ sonucunda  kontrole  kiyasla ~ Rimsulfuron,  Nicosulfuron  ve
Foramsulfuron+lodosulfuron-methyl-sodium+Isoxadifen-ethyl herbisitlerinin tere ve ¢im bitkisinin
¢imlenme yiizdesi, kok, govde ve siirglin gelisimi iizerine fitotoksik etki gosterdigini sdyleyebiliriz.
Cikis sonrast uygulanan Rimsulfuron, Nicosulfuron ve Foramsulfuron+lodosulfuron-methyl-
sodium+Isoxadifen-ethyl uygulamasindan sonra ekilmis olan kiiltiir bitkilerine etkinin olup
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olmayacagini belirlemek amaciyla test bitkileri olan ¢im ve tere lizerine olumsuz etkinin olabilecegi
kanaatine varilmistir. Yapilan istatistiksel analizde de dozlar oraninda kdk, gévde ve siirglin gelisimi
tizerine olumsuz bir etkinin oldugu goriilmektedir. Kohout ve ark. (1995) yaptigi arastirmada,
Rimsulfuron etkili maddesine sahip herbisitlerin pH’ya bagl olarak topraktaki kaliciliginin degisecegini,
bunun da ¢ok tehlikeli olacagini bildirmistir. Arastirici, herbisitin, 60 gr’lik topraga uygulama yapilan
kisminin, 7 hafta sonra uygulama yapilmayan yere gore bitkinin gelisimini etkiledigini bildirmistir.
Hartzler (2002)’e gore Rimsulfuronun topraktaki aktivitesinin smirli oldugunu, fakat yapraktaki
aktivitesinin ise tam tersine daha kuvvetli oldugunu, diger taraftan Rimsulfuron etkili maddesine sahip
herbisitlerin ise topraktaki kaliciliginin yiiksek oldugunu bildirmistir.

Laboratuvar Calismalar: Sonuclar:

Rimsulfuron, Nicosulfuron ve Foramsulfuron+lodosulfuron-methy-sodium+Isoxadifen-ethyl
herbisitlerinin 3 farkli dozunun (yar1 doz, normal doz ve iki kat doz) uygulandig1 her bir parselden
uygulamadan hemen sonra alinan ve hi¢bir uygulama yapilmamis kontrol parsellerinden alinan toprak
ornekleriyle kurulan petri denemesinde tere ve ¢im bitkisinin ¢imlenen tohum sayisi, ¢imlenme sonrast
kok, govde ve siirgiin boylar ile ilgili sonuglar sirasiyla Cizelge 9°da verilmistir.

Cizelge 9. Rimsulfuron, Nicosulfuron, Foramsulfuron + lodosulfuron-methyl-sodium+Isoxadifen-ethyl
Uygulamasinin Tere ve Cim Bitkisinde Tohum Cimlenmesi, Kok, Govde ve Siirgiin Boylarina Etkisi

Do Tere Cim
Uygulamalar (ml, g/da) Cimlenme Kok Govde Siirgiin | Cimlenme Kok Govde Siirgiin
' (%) (mm)  (mm)  (mm) (%) (mm)  (mm)  (mm)

Kontrol 78.35a 36.3a 416a 6.7 a 785a 16.3a 233a 99a

Rim %25 25 46.5 ba 28.2h 23.8hb 43b 55b 79b 17.7 ba 89b

5 33.0b 26.1cb 1954cb 3.81lch 235¢ 6.97cb 119b 6.9c

10 28.0hb 232c 1573c¢c 2.98c 6.5d 6.2c 11.2b 6.5¢

Kontrol 785a 36.3a 416a 6.7 a 785a 16.3a 233a 10a

Nico %4 62.5 53.35b 30.27ba 33.19b  3.8b 335b 8.1b 136b 6.9b

125 36.5¢C 289ba 27.37b 35b 16.5¢ 7.2b 12.1cb 6.1b

250 85d 258b 21.06c 3.0b 85d 5c¢c 11.2¢c 57b

Kontrol 78.5a 36.3a 416a 6.7a 785a 36.3a 416a 6.7a

Foram %30+ lodos %1 100 415D 22.1b 299b 51b 415D 22.1b 29.9b 51b
+ Isoxa %30 200 23¢ 212b 258b 3.47b 23¢c 212b 258b 347b
400 3.5d 105¢ 13¢ 3.15¢ 3.5d 105¢ 13¢ 3.15¢

*Ayni stitundaki ortalamalar takip eden farkli harfler birbirinden farkli oldugunu gésterir (Anova P < 0.05 LSD Testi)
Nico: Nicosulfuron; Rim: Rimsulfuron; Foram+lodos+Isoxa: Foramsulfuron+lodosulfuronmethyl-sodium+Isoxadifen ethyl

Cizelge 9’a gore kontrolle kiyaslanan farkli dozlardaki Rimsulfuron doz artikg¢a tere bitkisinin
cimlenme, kok, govde ve siirgiin gelisimini olumsuz yonde etkilemistir. Rimsulfuronun farkli dozlarinda
¢imlenme yiizdesi agisindan, normal doz ve iki kat doz arasinda fark olmadigi, kok, govde ve siirgiin
gelisimi agisindan doz arttik¢a gelismenin azaldigi gortilmektedir. Nicosulfuron tere bitkisinin
cimlenme, kok, govde ve siirgilin gelisimini olumsuz yonde etkilemis olup doz arttik¢a ¢imlenme ytizdesi
azalmistir. Kok ve govde gelisimi yar1 doz ve normal dozda ayni1 seviyede iken iki kat dozda azalmakla
birlikte, siirgiin gelisiminde dozlar arasinda bir fark goriilmemektedir. Foramsulfuron+lodosulfuron-
methyl-sodium+Isoxadifen-ethyl farkli dozlarinin tere bitkisinin ¢imlenme yiizdesi, kdok, govde ve
stirgiin  gelisimini kontrole kiyasla olumsuz etkilemistir. Foramsulfurontlodosulfuron-methyl-
sodium+Isoxadifen-ethyl uygulamalarinda doz arttik¢a ¢imlenme yiizdesi azalmistir. Kok, govde ve
siirgiin gelisiminde ise yar1 doz ve normal dozda fark goriilmemekle birlikte iki kat dozda diger
dozlardan daha olumsuz bir etki olmustur. Cizelge 9’a gére Rimsulfuron diisiik doz, normal doz ve iKi
kat dozlar1 kontrole gore ¢im bitkisinin ¢cimlenme yiizdesi, kok, govde siirgiin gelisimini olumsuz yonde
etkilemistir. Doz arttik¢a ¢im bitkisinin ¢imlenme yiizdesi ve kok gelisimi azalmistir. Govde ve siirgilin
gelisiminde ise normal doz ve iki kat doz arasinda fark goriilmemektedir. Nicosulfuron uygulamalarinin
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¢im bitkisinde ¢imlenme ylizdesi, kok, govde ve siirglin gelisimini olumsuz yonde etkiledigi
goriilmektedir. Nicosulfuron farkli dozlarin, doz arttik¢a ¢im bitkisinin ¢imlenme yiizdesini ve govde
gelisimini azalttig1 ve kok gelisimi agisindan yar1 doz ve normal doz arasinda fark bulunmamakla birlikte
iki kat dozda daha olumsuz bir etki oldugu goriilmektedir. Cim bitkisinin slirglin gelisimi agisindan yar1
doz, normal doz ve iki kat doz arasinda bir fark bulunmamaktadir. Tiim Foramsulfuron+Ilodosulfuron-
methyl-sodium+Isoxadifen-ethyl uygulamalari kontrole kiyasla ¢im bitkisi iizerinde olumsuz etki
gostermistir. Yar1 doz, normal doz ve iki kat doz uygulamalarinda ¢imlenme yiizdesinde doz arttik¢a
azalma olmustur. Kok gelisimi acisindan normal doz ve iki kat dozda fark olmamakla birlikte yar1 doza
gore daha olumsuz bir etki gdstermistir. Govde ve siirgiin gelisimi acisindan diisiik doz ve normal doz
arasinda fark goriilmemekle birlikte iki kat dozda daha olumsuz bir etki meydana gelmistir.

Herbisitlerin Bazi Bitki Tohumlarmin Cimlenmesi Uzerine Etkileri

Foramsulfuron+lodosulfuron-methyl-sodium+lsoxadifen-ethyl, Nicosulfuron ve Rimsulfuron
herbisitlerinin tere, bugday, biber tohumlarinin ¢imlenmesi ve bitki gelisimi {izerine etkileri Cizelge
10’da verilmistir.

Cizelge 10. Tere, Bugday ve Biber Tohum Cimlenmesi ve Bitki Gelisimi Uzerine
Foramsulfuron+lodosulfuron-methyl-sodium+ Isoxadifen-ethyl, Nicosulfuron ve Rimsulfuron Etkileri

Dozlar Tere Bugday Biber

Uygulamalar (ml, Cimlenme Kok Siirgiin Cimlenme Kok  Siirgiin Cimlenme Kok  Siirgiin
g/da) (%)  (mm)  (mm) (%) (mm)  (mm) (%) (mm)  (mm)

Kontrol 65.0a 543a 378a 100.0a 1229a 996a 89.9a 32.08a 204a
25 52.5 ab 25.1a 26.8ab 90.0a 243b 478b 89.9a 38a l46a

Rim %625 5 50.0 ab 153c 258b 100.0a 235b 533b 849a 5.6b 18.1a
10 35.0b 15.06c 26.1ab 100.0a 235b 53.2b 916a 33b 143a

62.5 60.0a 34.0ab 333a 925a 269b 342c 916a 48b 193a

Nico %4 125 575a 268b 26.3a 975a 240b 313c 916a 43b 174a
250 55.0a 21.06b 245a 875a 20.5b 626D 89.9a 56b 185a

Foram %30+ 100 375b 69b 26.8ab 90.0a 243b 478b 89.9a 38a 1l46a
lodos %1 200 52.5 ab 45¢ 258b 100.0a 235b 533b 849a 56b 181la
*+Isoxa %30 400 475ab  11c 26.1ab | 1000a 235b 53.2b 916a  33b 143a

*Ayni siitundaki ortalamalar takip eden farkli harfler birbirinden farkli oldugunu gosterir (Anova P < 0.05 LSD Testi)
Nico: Nicosulfuron; Rim: Rimsulfuron; Foram+lodos+Isoxa: Foramsulfuron+lodosulfuronmethyl-sodium+Isoxadifen ethyl

Cizelge 10’a gore; uygulanan Nicosulfuron etkili maddenin uygulama yapilmamis kontrol
bitkilere = kiyasla  tere = tohumunun  ¢imlenmesine  engelleyici  etkide  bulunmayip,
Foramsulfuron+lodosulfuron-methyl-sodium+lsoxadifen-ethyl ve Rimsulfuron ¢imlenmeye engelleyici
etkide bulunmustur; ancak tiim wuygulamalar kok ve siirglin - gelisimini  azaltmistir.
Foramsulfuron+lodosulfuron-methyl-sodium+Isoxadifen-ethyl disinda uygulanan her ii¢ etkili madde
de bugday tohumunun ¢imlenmesine engelleyici bir etkide bulunmamistir. Kok ve siirgiin uzunlugu
hicbir uygulamanin yapilmadigi kontrol bitkilere gore daha az geligsmistir. Stirglin uzunlugunu en ¢ok
etkileyen muamele Foramsulfuron+lodosulfuron-methyl-sodium+Isoxadifen-ethyl normal doz ve
yiiksek dozdur. Foramsulfuront+lodosulfuron-methyl-sodium+Isoxadifen-ethyl yiiksek dozu biberde
cimlenmeyi 6nemli bir sekilde azaltmistir. Uygulanan etkili maddelerin hepsi biber kok gelisimini hig
uygulama yapilmamis olan kontrollere gore biiyiilk oranda azaltmistir. Siirgiin gelisiminde ise
Foramsulfuron+lodosulfuron-methyl-odium+Isoxadifen-ethyl normal dozu ve iki kat dozunun daha
etkili oldugu goriilmektedir.
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Foramsulfuron+lodosulfuron-methyl-sodium+lsoxadifen-ethyl,  Nicosulfuron,  Rimsulfuron
herbisitlerinin Yabani hardal, imam pamugu ve Kirmizi1 koklii tilki kuyrugu yabanci ot tohumlarinin
cimlenmesi ve bitki gelisimi iizerine etkileri Cizelge 11°de verilmistir.

Cizelge 11°e gore; herbisit uygulamalarinin tiimiiniin imam pamugu tohumunun ¢imlenmesine
etkisi 6onemsiz bulunmustur. Ancak hi¢ uygulama yapilmamis olan kontrol bitkiler ile kiyaslandiginda
kok ve siirgiin  gelisimini  tim  uygulamalarin = olumsuz  etkiledigi  goriilmektedir.
Foramsulfuron+lodosulfuron-methyl-sodium+Isoxadifen-ethyl uygulamasinda yabani hardal tohumlari
¢imlenmis olup kok ve siirgiin uzunlugu ¢ok kiigiik oldugundan 6Slgiilememistir. Nicosulfuron ve
Rimsulfuron yar1 dozlar1 yabani hardal siirglin gelisimine engelleyici etkide bulunmamustir.
Foramsulfuron+lodosulfuron-methyl-sodium+Isoxadifen-ethyl yar1 dozu ve Nicosulfuronun tiim
dozlarinin kirmizi kokli tilki kuyrugu tohumunun ¢imlenmesine etkisi 6nemsiz bulunmustur. Siirgiin
gelisimi ve kok gelisimi ise tiim uygulamalarda kontrollere gore biiyiik oranda engellenmistir.
Rimsulfuron ve Foramsulfuron+lodosulfuron-methyl-sodium+Isoxadifen-ethyl herbisitinin etki ettigi
yabanci otlar arasinda kirmizi kokli tilki kuyrugu bulunmaktadir (Anonim, 2020e). Bu durum ¢ikan
sonucu desteklemektedir. Ancak etki alani i¢inde bulunan kirmizi kokli tilki kuyrugunu Nicosulfuron
uygulamalarinin etkilememe nedeni konusunda bir kanaat olusturulamamaistir.

Cizelge 11. Yabani Hardal, imam Pamugu ve Kirmiz1 Koklii Tilki Kuyrugunun Tohum Cimlenmesi ve
Bitki Gelisimi Uzerine Foramsulfuron+Iodosulfuron-methyl-sodium-+Isoxadifen-ethyl, Nicosulfuron ve
Rimsulfuron Etkileri

Dozlar Yabani Hardal Imam Pamugu Kirmizi Kéklii Tilki Kuyrugu

Uygulamalar (ml, g/da) Cimlenme Kok  Siirgiin | Cimlenme Kok  Siirgiin | Cimlenme Kok Siirgiin
' (%) (mm)  (mm) (%) (mm)  (mm) (%) (mm) (mm)

Kontrol 825a 3la 20.7a 77.5¢cd 505a 495a 60.0 a 11.7a 246a
2.5 825a 15.05ab 236a 80.0bc 2365bc 388D 0.0b 0.0b 0.0b
Rim %625 5 65.0 ab 851b 215a 77.5¢cd 248b 358hb 0.0b 0.0b 0.0b
10 475b 6.12b 15.1a 925a 206c 355b 0.0b 0.0b 0.0b

62.5 725a 16.01ab 25.3a 85.0b 216b 373D 725a 45D 16.7b

Nico %4 125 50.0a 57b 10.3a 80.0 be 181c 30.02b 85.0a 45b 169b
250 775a 149ab 254a 725d 20.3bc 352D 725a 41b 16.2b
Foram %30+ 100 50.0 ab 0.07b 06b 72.0d 16.07b 341D 20.0ab 0.0b 1.3b
lodos %01 200 42.5bc 0.0b 11b 77.05cd 141bc 285hbc 0.0b 0.0b 0.0b
+1soxa %30 400 150¢ 0.0b  0.0b 750cd  117¢  221c 0.0b 0.0b 0.0b

* Ayni siitundaki ortalamalari takip eden farkli harfler birbirinden farkli oldugunu gésterir (Anova P < 0.05 LSD Testi)
Nico: Nicosulfuron; Rim: Rimsulfuron; Foram+lodos+Isoxa: Foramsulfuron+lodosulfuronmethyl-sodium+lsoxadifen ethyl

SONUC

Bu calisma tilkemizde tahillar grubu igerisinde bugday ve arpadan sonra en genis ekim alani ve
tiretime sahip olan misir bitkisinin yetistiriciliginde, verim ve Kkaliteyi diisliren yabanci otlarin
miicadelesi icin ireticilerimiz tarafindan sik¢a kullanilan kimyasal miicadelede ii¢ 6nemli herbisitin
tavsiye edilen dozlariyla beraber alt ve iist dozlar1 kullanilarak, farkli yabanci otlara olan etkilerini,
yiiksek doz herbisit uygulamalarinin misirda fitotoksitelerinin olup olmadigimi ve herbisit
uygulamalarinin misir verim unsurlarina etkisini belirlemek amaciyla yapilmistir. Tarla denemeleri
sonuglarina gore, deneme alanlarinda yabanci ot tiirleri igerisinde; domuz pitragi (Xanthium strumarium
L.), darican (Echinochloa crus-galli L.), it tiziimii (Solanum nigrum L.), kirmiz1 kokli tilki kuyrugu
(Amaranthus retreflexus L.), kanyas (Sorghum halepense L.), koygdgiiren (Cirsium arvense L.), semiz
otu (Portulaca oleracea L.), sirken (Chenopodium album L.), tarla sarmasig1 (Convolvulus arvensis L.),
kirpi dar1 (Setaria sp.) gibi yabanci otlar gorilmistir. Rimsulfuron, Nicosulfuron ve
Foramsulfuron+lodosulfuron-methyl-sodium+Isoxadifen-ethyl normal ve iki kat dozlari etki alaninda
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yani etiketinde yer alan yabanci otlara yeterli etki gostermistir. Herbisitlerin hi¢ birisinin yar1 dozu ve
normal dozlar1 misir bitkisinde herhangi bir fitotoksik etkiye neden olmamistir. Ancak, yiiksek dozlarda
Foramsulfuron+lodosulfuron-methyl-sodium+Isoxadifen-ethyl yapraklarin sararmasi, kenarlarinin
kizarmast seklinde %5°lik fitotoksite olusturmus, daha sonra bu belirtiler kaybolmustur. Herbisit
uygulamalar1 yabanci ot kontrolii lizerinde yeterli etki gostermektedir. Misir verim unsurlarin1 yabanci
otlu kontrol parsellerine kiyasla arttirmistir.

Mekanik miicadele olan ¢capa uygulamasi verim unsurlari agisindan degerlendirildiginde en yiiksek
degeri saglamistir. Petri ve saksi denemesi sonuglarina gore, Rimsulfuron, Nicosulfuron ve
Foramsulfuron+lodosulfuron-methyl-sodium+Isoxadifen-ethyl herbisitleri tere ve ¢im bitkisinin
cimlenme yiizdesi, kok, gdvde ve siirgiin gelisimi iizerine fitotoksik etki gostermistir. Cikis sonrasi
uygulanan Rimsulfuron, Nicosulfuron ve Foramsulfuron+lodosulfuron-methyl-sodium+Isoxadifen-
ethyl uygulamasindan sonra ekilmis olan Kkiiltiir bitkilerine ve bazi yabanci otlara etkinin olup
olmayacagini belirlemek amaciyla kullanilan test bitkilerinin bazilarina olumsuz etkinin olabilecegi
belirlenmistir.

Sonug olarak, misir yetistiriciliginde yeterli verim elde etmek icin yabanci ot kontrolii mutlaka
yapilmalidir. Misirda yabanci otlarla mekanik miicadelenin kimyasal miicadeleden daha uygun, ¢apanin
is glicii maliyetinin yiiksek ve yapilamamasi durumunda ise normal dozda herbisit uygulamasinin
yapilmasinin uygun olacagi goriilmektedir.

Cikar Catismasi
Makale yazarlari aralarinda herhangi bir ¢ikar ¢atismasi olmadigini beyan ederler.

Yazar Katkisi
Yazarlar makaleye esit oranda katki sagladiklarini beyan ederler.
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Bitki Patojeni Funguslarin Tespitinde Polimeraz Zincir Reaksiyonu’na Dayah Baz1 Molekiiler Teknikler
Giilsim PALACIOGLU", Goksel OZER? Harun BAYRAKTAR®

OZET: Kiiltiir bitkilerinde ciddi kayiplara neden olan hastalik etmenleri icerisinde bitki patojeni funguslar
onemli bir grubu olusturmaktadir. Bu patojenlere karsi etkin miicadele yontemlerinin gelistirilmesi ve neden
olduklar iiriin kayiplarinin en aza indirilmesi i¢in dogru ve hizli bir sekilde tespit edilmesi en dnemli adimdir.
Bu kapsamda fungal patojenlerin klasik tespitinde kullanilan morfolojik karakterlere dayali ydntemler
degiskenlik gostermekle birlikte uzun zaman almakta ve taksonomik agidan deneyimli personel gerektirmektedir.
Bu nedenle bitki patojenlerinin tespiti i¢in ¢ok sayida molekiiler teknik gelistirilmis ve epidemiyolojik
calismalarda, karantina uygulamalarinda, tohum sertifikasyonunda, islah programlarinda ve fungisit direnci
tespitinde yaygin olarak kullanilmaktadir. Bu ¢alismada da bitki patojeni funguslarin tespitinde yaygin olarak
kullanilan polimeraz zincir reaksiyonuna dayali bazi molekiiler teknikler (Loop aracili izotermal amlifikasyon,
manyetik yakalama hibridizasyon, floresan in situ hibridizasyon, yeni nesil dizileme, Real Time PCR) hakkinda
bilgi verilmesi amag¢lanmistir. Bitki patojeni funguslarin neden oldugu ekonomik kayiplar1 azaltmak amaciyla
fitopatolojik ¢alismalarda molekiiler yontemlerin daha etkin kullanilmasina katki saglayacagi diisiiniilmektedir.

Anahtar Kelimeler: Fungal patojenler, LAMP, (MCH)-PCR, molekiiler tanimlama, Real Time PCR
Some Molecular Techniques Based on Polymerase Chain Reaction in Detection of Plant Pathogen Fungi

ABSTRACT: Fungi are an important group of plant pathogens and cause devastating losses in cultivated plants.
Accurate and early detection of plant pathogens is the first important step for reducing yield losses caused by the
pathogens and developing the effective disease control methods. The characteristics used in classical
identification of fungal pathogens are very variable and these methods based on the morphological characteristics
are time consuming and require taxonomical expertise. Thus, many molecular technigues have been developed
for the identification of determination of plant pathogens and used widely in surveys, epidemiological studies,
plant quarantine, seed certification, breeding programs, and fungicide resistance. The aim of this study was to
provide detailed information about routinely used developed molecular techniques based on PCR (loop mediated
isothermal amplification, magnetic capture hybridization, fluorescent in situ hybridization, next genaration
sequencing, Real-time PCR i.e.) in identification and determination of plant pathogen fungi. These results will
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of innovative methods for reducing economic losses caused by plant pathogenic fungi.

Keywords: Fungal pathogens, LAMP, (MCH)-PCR, molecular identification, Real Time PCR

1Giilsiim PALACIOGLU (Orcid 1D: 0000-0002-3603-2413), Harun BAYRAKTAR (Orcid 1D: 0000-0003-2562-4461),
Ankara Universitesi, Ziraat Fakiiltesi, Bitki Koruma Boliimii, Ankara, Tiirkiye

2Goksel OZER (Orcid 1D: 0000-0002-3385-2520), Abant izzet Baysal Universitesi, Ziraat Fakiiltesi, Bitki Koruma Boliimi,
Bolu, Tiirkiye

*Sorumlu Yazar/Corresponding Author: Giilsiim PALACIOGLU, e-mail: gpalacioglu@ankara.edu.tr

1831


https://orcid.org/0000-0002-3603-2413
https://orcid.org/0000-0003-2562-4461
https://orcid.org/0000-0002-3385-2520

Giilsiim PALACIOGLU ve ark. 11(3): 1831-1845, 2021
Bitki Patojeni Funguslarin Tespitinde Polimeraz Zincir Reaksiyonu’na Dayah Bazi Molekiiler Teknikler

GIRIS

Funguslar, ekosistemdeki en biiyiik 6karyotik gesitlilige sahip bitki patojen grubudur. Dogada
yaklasik 1.5 milyon fungus tiirii oldugu bilinmekte ve bunlarin 20 binden fazlasi bitkilerde enfeksiyon
olusturmaktadir (Hawksworth, 2001). Bitki patojeni funguslarin neden olduklari ekonomik kayiplarin,
cevreye ve insan sagligina verdigi zararin en aza indirilmesi i¢in etkin miicadele yontemlerinin
gelistirilmesi kaginilmazdir. Bu nedenle, patojenlerin dogru ve hizli bir sekilde tespit edilmesi
gerekmektedir (Garrido ve ark., 2012). Bu amagla tiirlerin tespitinde genellikle kiiltiirel kosullar dikkate
almarak oldukg¢a degiskenlik gosteren morfolojik 6zellikler takip edilmektedir. Bu yontemler uzun
zaman almasimin yani sira miselyum pigmentasyonu, konidi sekil ve biiytikliikler1 gibi kiiltiirel
karakteristiklerin substrat tipi ve inkiibasyon kosullarindan etkilenmesinden dolay1 her zaman giivenilir
sonuclar vermemektedir. Ayrica konusunda uzmanlagmis deneyimli personel gerektirmesi de bir diger
dezavantaji olarak goriilmektedir (Capote ve ark., 2012). Bu nedenle son yillarda hastalik etmenlerinin
tespiti ve tanist amaciyla farkli yontemler {izerinde yogun arastirmalar gerceklestirilmis ve gelistirilen
molekiiler yontemler hastaliklarin teshisinde genis bir kullanim alan1 bulmustur (Martin ve ark., 2004).

Molekiiler yontemlerin basinda gelen Polimeraz Zincir Reaksiyonu (PCR) ile hizli, hassas ve
giivenilir sonuglar elde edilmektedir. Yontem, birgok etmen icerisinden tek bir hedef molekiilii tespit
edebilme imkani sunmakta, klasik yontemlere gére 6nemli derecede zaman kazandirmaktadir. Patojenin
hedef DNA’smin in vitro kosullarda enzimatik olarak amplifikasyonuna dayanan yontem, 1985 yilinda
Kary B. Mullis tarafindan gelistirilmistir (Mullis ve ark., 1986). Diisiik miktarlardaki DNA’nin
enzimatik olarak ¢ogaltilarak cok sayida kopyasi elde edilmekte ve farkli goriintiilleme yontemleri ile
incelenmektedir. Normal bir PCR reaksiyonu farkli sicakliklarda, 3 asamada (ayrilma (denatiirasyon),
baglanma (anneling) ve uzama (extension)), 25-50 dongii arasinda gerceklesmektedir. PCR
Ozgilligint, primerlerin 6zglnligi belirlemekle birlikte baglanma sicakligi, polimeraz enziminin
miktar1 ve islevi, primer konsantrasyonu gibi etkenler de PCR reaksiyonunu etkilemektedir. Bitki
patojenlerinin tespitinde klasik PCR yontemi yaygin olarak kullanilmakla beraber molekiiler
tekniklerdeki gelismelere bagli olarak ¢ok sayida PCR’a dayali yontem gelistirilmis ve fungal etmenlerin
tespitinde kullanim olanagi bulmustur. Bu ¢alismada bitki patojeni funguslarin tespitinde kullanilan
PCR’a dayali yontemlerden, Real Time PCR, manyetik yakalama hibridizasyon (Magnetic capture
hybridisation; MCH-PCR), Florosen in situ hibridizasyon (Fluorescence in Situ hybridization; FISH),
Loop aracili izotermal amplifikasyon (Loop-mediated isothermal amplification; LAMP), DNA array
hibridizasyon ve yeni nesil dizileme (Next Genaration Sequencing; NGS) teknolojilerinden
bahsedilmektedir.

Real Time PCR
Real Time PCR, hedef DNA’nin miktarinda zaman igerisinde meydana gelen degisimi kesin ve

hassas bir sekilde tespit edebilen kantitatif analiz yontemidir. Yontemde, her dongii sonrasinda olusan
1sima es zamanlh olarak kaydedilerek arastirilan biyolojik 6rnegin miktarindaki degisimler floresan
isimalar araciligryla goriintiilenebilmektedir. Hedef bolgenin amplifikasyonu eksponensiyel faz, lineer
faz ve plato faz olmak iizere 3 temel fazda olugsmakta ve dogrusal olarak gozlemlenebilmektedir (Sekil
1). Eksponensiyel faz, floresan 1stma miktarinin ilk anlamli artis olan esik degerine ulastig1 noktadir. Bu
noktaya es deger olan dongii sayist esik degeri dongiisii (Cq, Ct) olarak adlandirilmaktadir. Bu nokta
hedef bolgenin amplifikasyonun basladigin1 gostermekte ve analiz sonuglarinin hesaplanmasinda
kullanilmaktadir. Cq degeri hedef DNA’nin baslangi¢ miktar1 ile dogru orantili olmasi nedeniyle
baslangictaki hedef DNA miktari ne kadar fazla ise eksponensiyal faz o kadar erken baglamakta ve PCR
tirtinlerinin artisi ile sinyal tiretimi dogru orantili olarak ¢ogalmaktadir. Bu agamada PCR iiriinleri her
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dongiide iki katina ¢ikar ve reaksiyon etkinligi %100 olarak tiim reaksiyon bilesenleri aktif olarak
kullanilmaktadir. Lineer fazda reaksiyon yavaslayarak PCR iiriinleri degrede olmaya baslar, plato fazda
ise reaksiyon sonlanarak yeni iiriin olusmamaktadir. PCR reaksiyonunun verimi (efficiency), slope ve
R? degerleri ile degerlendirilerek %90-%100 (-3.6>slope degeri>3.1) arasinda olmasi beklenmektedir
(Anonim, 2014; Anonim, 2016). Ayrica erime egrisi (melting curve) analizi ile erime sicaklig
grafiklerinden yararlanilarak spesifik olmayan baglanmalar tespit edilmektedir. Bu kapsamda PCR
tiriinlerinin ayni1 erime sicakligina sahip olmasi beklenerek olusan farkli sicakliklar ile dimer olusumlari
veya bulagmalar tespit edilmektedir (Sekil 1) (Anonim, 2014). Bununla birlikte yiiksek ¢oziiniirliikli
erime egrisi (High Resolution Melting; HRM) yo6ntemi ile de 65°C’den 95°C’ye kadar her 0.5°C’lik
artista floresan sinyalindeki degisimler ile 6rnegin tespiti ve analizi de melting egrisinin sekli ve
pozisyonuna gore yapilabilmektedir (Ririe ve ark., 1997). Real time PCR yonteminde, mutlak (absolute)
ve bagil (relative) olmak tizere iki adet kantifikasyon yontemi bulunmaktadir. Mutlak kantifikasyonda,
test Ornekleri farkli oranlarda seyreltilen bir diliisyon serisine ait standart egri kullanilarak
belirlenmektedir. Bagil kantifikasyonda ise arastirilan genin miktar1 normalizasyon i¢in kullanilan baska
bir gen ile kiyaslanarak (korunmus gen) belirlenmektedir.
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Sekil 1. gPCR faz gostergesi (A), erime egrisi analizi (B) (Anonim, 2016)

Real time PCR ‘da iki temel floresan sistemi ile tespit yapilmaktadir. Bunlar DNA’ya baglanabilen
ajanlar (SYBR Green, EvaGreen, SYTO boyalar vb.) ile tespit ve sekansa spesifik problara dayali tespit
yontemleridir. DNA’ya baglanan ajanlar arasinda SYBR Green (2-[N-(3-dimethylaminopropyl)-N-
propylamino]-4-[2,3-dihydro-3-methyl-(benzo-1,3-thiazol-2-yl)-methylidene]-1-phenylquinolinium)
en yaygin kullanilanidir. Ortamda tek basina bulundugunda floresan i1s1ma yapamazken, ¢ift sarmal
DNA’ya baglandiginda 1s1ma meydana gelmektedir. Bu kapsamda PCR reaksiyonunda her dongii
sonucunda olusan iriin, boyanin verdigi floresan 1sima ile izlenebilmektedir. Diger tespit
yontemlerinden daha ucuz olmasina ragmen hedefe 6zgii diziye sahip olmadigindan dolay: ortamdaki
tim ¢ift sarmal DNA’lara baglanarak yanlis pozitif sonuglar vermesi en 6nemli dezavantaji olarak
goriilmektedir (Anonim, 2014; Mirmajlessi ve ark., 2015).

Sekansa spesifik problara dayali tespitte ise TagMan™, molekiiler boncuk, Scorpion® gibi farkl
prob teknolojileri bulunmaktadir. Bunlardan en yaygim TagMan™ problar olup, en yiiksek sinyali veren
prob sistemidir. Probun 3’ucunda sondiiriicii molekiil (quencher), 5’ucunda muhbir molekiil (reporter)
bulunmakta ve 25-30 niikleotid uzunlugunda hedefe spesifik sekanslardan olugmaktadir. Muhbir
molekiil, 151k enerjisini absorbe eden bir molekiildiir ve uyarildigi durumda harekete gegmektedir. Hedef
sekans bulunmadiginda sondiiriicii, muhbirdeki enerjiyi dagitarak 1simanin meydana gelmesini

1833



Giilsiim PALACIOGLU ve ark. 11(3): 1831-1845, 2021
Bitki Patojeni Funguslarin Tespitinde Polimeraz Zincir Reaksiyonu’na Dayah Bazi Molekiiler Teknikler

engellemektedir. Hedef sekansin miktarint 6lgmek i¢in Taq DNA polimerazin 5’ ekzoniikleaz
aktivitesini kullanmaktadir. Hedef DNA ’ya éncelikle TagMan'™ problar ardindan primerler baglanmakta
ve Taq polimeraz ile uzama ger¢eklesmektedir. Taq polimerazin 5° ekzoniikleaz aktivitesi sayesinde
proba bagli muhbir molekiil kesilerek floresan agiga ¢ikmaktadir (Sekil 2A) (Anonim, 2014; Anonim,
2016).

Diger bir prob sistemi olan molekiiler boncuk ise bir sap ve sag tokasi yapisindan olusan tek sarmal
oligoniikleotit problardir. Sa¢ tokasi yapisi hedef sekansa spesifik, sap kisminin iki ucu ise birbirinin
komplementeri olarak dizayn edilmektedir. Probun 5’ ucunda muhbir molekiil, 3’ ucunda sondiiriicii
molekiil bulunmaktadir. Toka yapisindaki prob sekansi hedef niikleik asit sekansina baglandiginda
boncugun ug¢ kisimlarindaki muhbir ve sondiiriicti ayrilarak hedefe hibridize olmakta ve floresan 1s1ma
meydana gelmektedir (Sekil 2B). Muhbir molekiil olarak FAM, TAMRA, TET, ROX; sondiiriicii
molekiil olarak DABCYL en ¢ok kullanilan boyalardir. Proba uygun hedef sekans olmadiginda toka
kapali kalarak floresan 1sinim gézlenmemektedir. Sag¢ tokasi yapist PCR boyunca bozulmaz ve her
dongiide hedef sekansa baglanarak 1s1ma meydana getirmektedir (Anonim, 2014; Mirmajlessi ve ark.,
2015).

Akrep (Scorpion) problar ise spesifik prob sekansina kovalent olarak bagli olan, bir ucunda muhbir
diger ucunda sondiirticii molekiil bulunan sa¢ tokasi seklindeki iki fonksiyonlu primerlerdir. 5 ucunda
bulunan akrep primer PCR engelleyici olarak hedefi olmayan sekans igermektedir. Bu yap1 muhbir
molekiilii sondiiriicii molekiiliin yakina getirerek floresan1 6nlemektedir. Hedef sekans olmadiginda
sondiiriicii, muhbir tarafindan yayilmis floresan1 absorbe etmektedir. Primer-prob ve hedef bolge
arasinda baglanma olusur olusmaz akrep primer, PCR iiriiniinii toplayarak, kuyruk kivrimlarindaki prob
seckansi hedef sekansla hibridize olmak i¢in donmektedir. Amplifikasyon, muhbir ve sondiiriicii
molekiilii ayirarak floresan 1s1ma yaymaya neden olan sag¢ tokasi yapisini ¢cozmektedir (Sekil 2C). Akrep
problar, 5> PCR primerinin ve probun islevini birlestirerek molekiiler boncuklara gore daha etkili sonug
vermektedir (Didenko, 2001).

Real time PCR reaksiyonun etkinligi ve 6zgiinliigii i¢in dogru primer ve prob se¢imi oldukca
onemlidir. Etkinligi yiiksek primer ve prob i¢cin DNA’nin 3’ ucundaki baz spesifikligi dikkate
alinmaktadir (Fredslund ve Lange 2007, Schena ve ark., 2013). Yiiksek etkinlik ve hassasiyet ile
optimum 70-200 baz gifti (bg) araligindaki fragmentlerin ¢ogaltilmasina olanak saglamaktadir (Garrido
ve ark., 2009). Hedef bolge, dalga boyu emisyonu ve amplifikasyon biiyiikliik farki ile belirlenmektedir
(Okubara ve ark., 2005). Amplifikasyon iriintiniin biiyiikligii uygun ise klasik PCR’da kullanilan
primerler Real time PCR i¢in de kullanilabilmektedir. Primer ve problar, Primer Express (PE Applied
Biosystems, USA), Primer3 (Whitehead Institute, USA), Clustal X (Version 2.0) ve Beacon designer
(PREMIER Biosoft International, USA) gibi programlarda PCR ydntemlerine uygun bir sekilde
tasarlanabilmektedir. Yontem, basta 6nemli karantina etmenleri olmak {izere birgok fungal patojenin
tespitinde genis bir kullanim alan1 bulmustur. Bu kapsamda ¢ok sayida patojenin tohum, yaprak ve gévde
gibi farkli bitki dokularindan tespit edilmesine olanak saglamistir (Bonants ve ark., 2004; Bilodeau ve
ark., 2007; Zouhar ve ark., 2010; Bayraktar ve ark., 2016). Bitki patojenlerinin tespitinin yani sira tek
nokta mutasyonlariin belirlenmesi, metilasyon tespiti, SNP analizi, DNA hasar1 belirleme, kromozom
bozukluklarinin tespitinde de yaygin olarak kullaniimaktadir.
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Sekil 2. TagMan™ prob ile tespitin sematik gosterimi (A); Molekiiler boncuk ile tespitin sematik gosterimi (B); Akrep
(Scorpion) prob ile tespitin sematik gosterimi (C) (Anonim, 2020a, 2020b; Kuang ve ark., 2017)

Floresan in Situ Hibridizasyon (FISH)
Floresan in situ hibridizasyon (Fluorescence in Situ hybridization; FISH), patojenlerin ribozomal

RNA bolgelerini hedef alan spesifik problarin kullanimi ile kiiltiire alinmadan dogrudan floresan veya

konfokal mikroskop ile tanimlanmasini saglayan bir yontemdir. Spesifik ve duyarli olmasinin yani sira

kisa siirede tiir diizeyinde ayrim yapmaya olanak saglamaktadir (Amann, 1995). Yontemin en biiyiik

avantajlarindan birisi niikleik asit dizilerini hiicre biitiinliigli bozulmadan inceleme imkani sunmasidir.

Hedef alinan bolgeye spesifik floresan isaretli problar, hiicre i¢erisinde hedef gen ile hibridize olarak
patojenin varhig: floresan mikroskopta tespit edilmektedir (Sekil 3) (Zwirglmaier, 2005; Amann ve ark.,

1995).

P/

Sekil 3. FISH ile tespitin sematik gosterimi ve mikroskopta goriintii elde edilmesi (Anonim, 2020c)
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Yontem, fiksasyon, preparatlarin hazirlanmasi ve dehidratasyon, hibridizasyon, yikama ve
goriintiileme basamaklarindan olugmaktadir. Fiksasyonda problarin hiicre igerisine girebilmesi igin
uygun ortam hazirlanmaktadir. Bu islem hiicrenin morfolojik yapisin1 bozmamak, niikleik asitlerin
korunmasii saglamak ve probun hiicreye girisini kolaylastirmak i¢in yapilmaktadir. Fiksasyon
soliisyonu olarak genelde % 4’liikk PFA kullanilmaktadir (Amann, 1995; Kempf, 2000). Fiksasyona tabii
tutulmus 6rnekler kuyucuklara koyularak preparatlar hazirlanmakta ve etil alkol igerisinde bekletilerek
dehidratasyon gergeklestirilmektedir (Amann, 1995). Hibridizasyonda ise tiire spesifik oligoniikleotit,
poliniikleotit, peptit niikleik asit (PNA), kilitli niikleik asit (LNA) gibi farkli problar kullanilmaktadir.
Bunlardan en ¢ok kullanilan1 15-25 niikleotit uzunlugundaki tek sarmal oligoniikleotit problardir.
Poliniikleotit problar ise oligoniikleotit problara gére ¢ok daha hassas olup yiiksek floresan vermesi
nedeniyle zayif sinyal tireten hiicrelerde kullanilmasi tavsiye edilmektedir. Bununla birlikte PNA ve
LNA problarin niikleik asitlere baglanma giicii oldukg¢a yiiksektir. PNA problar hem DNA’ya hem de
RNA’ya baglanabilirken, LNA problar sadece RNA’ya baglanabilmektedir (Amann, 2008).

Hibridizasyon, floresan isaretli prob ile hedef bdlgenin uygun soliisyonlar igerisinde
birlestirilmesiyle gerceklesmektedir. Probun spesifikligi, hibridizasyon 1sis1 gibi faktorler bu asamay1
etkilemektedir. Optimum konsantrasyonda prob ve hibridizasyon soliisyonunun 1.5 saat bekletilmesiyle
hedef patojen ile prob hibridizasyonu olusmaktadir. Hibridizasyon 1sis1 niikleotidlerin ¢6ziilmesine gore
degismekle birlikte genel olarak 37-55°C arasinda gergeklesmektedir (Arnoldi ve ark., 1992).
Hibridizasyonun ardindan non-Spesifik baglanmalar1 ortadan kaldirmak i¢in Tris HCI, 0,5 M EDTA,
%10 SDS, 5M NaCl, distile su gibi soliisyonlar igerisinde 10-20 dakika kadar tutularak yikama
yapilmaktadir. Yikama sonrasinda preparatlar distile suyla yikanip kurutularak her érnege floresan boya
(DAPI-4',6-diamidino-2-phenylindole) konulup karanlikta bekletilmektedir (Wagner ve ark., 2003). Son
olarak kurutulan preparatlarin tizerinde bulunan kuyucuklara citifluor veya antifade gibi 6zel soliisyonlar
damlatilarak, floresan mikroskopta goriintiileme yapilmaktadir. Mikroskopta goriintiiyii elde edebilmek
icin kullanilan floresan boya filtre ile uyumlu olmali, kullanilan prob sayisina gore tek prob i¢in tekli
filtreler, iki ve daha fazla isaretli problar igin ikili veya tgli filtreler kullanilmalidir (Amann, 1995).
Ayrica hedef bolge, radyoaktif olmayan boyalarla veya radyoaktif izotoplarla isaretlenebilmektedir.
Radyoaktif izotoplarin bazi dezavantajlarindan dolayr daha ¢ok radyoaktif olmayan Fluorescein
isothiocyanate (FITC), Cyanine3 ve Cyanine5 gibi boyalar kullanilmaktadir (Amann, 1997). Kullanilan
florofor boyalar, epifliioresan mikroskop, flow sitometri veya konfokal lazer taramali mikroskop
aracilifiyla goriintiilenmektedir. Epifloresan boyalarda goriintiileme yapmak i¢in DAPI, FITC ve
TRICH gibi filtreler kullanilmaktadir. Konfokal lazer taramali mikroskop, epifloresan mikroskoba gore
daha yiiksek ¢oziiniirliik saglayarak goriintii daha net elde edilmektedir.

FISH, bitki dokusu igerisinde ¢ok sayida etmen arasindan istenilen patojenin tespit edilebilmesini,
patojenlerin kiiltiire alinmadan tanimlanmasini ve kiiltiire alinmasi zor olan veya yapay ortamda
gelismeyen bitki patojenlerinin incelenmesine imkan sunmaktadir (Kempf ve ark., 2000). Bu kapsamda
bitki patojeni funguslar arasinda 6nemli bir yer tutan, kok ¢iiriikliigii ve geriye dogru 6liime sebep olan
¢ok sayida Phytophtora tiirii arasindan Phytophthora cinnamomi, FISH yontemi ile basarili bir sekilde
ayirt edilebilmistir (Li ve ark., 2014). Diger bir caligmada, Ellison ve ark. (2016) krizantem japon beyaz
past etmeni Puccinia horiana fungusunun bitki dokusundaki gelisimini FISH ile izlemis ve pas
funguslarimin morfolojisini, konuk¢u dokuda fungal gelisimlerini ve hayat dongiilerinin belirlenmesi i¢in
yontemin bir ara¢ olarak kullanilabilecegini bildirmislerdir.
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Yeni Nesil Dizileme
Yeni nesil dizileme (Next genaration sequencing; NGS) yontemi tiim genom, transkriptom, DNA -

protein interaksiyonunu ortaya koymak i¢in uygulanabilen genis kapsamli bir teknolojidir ve biyolojik
arastirmalarin hizli bir sekilde yapilmasina olanak saglamaktadir. Yontemin esast DNA’nin enzimatik
reaksiyonlarla rastgele kesilerek ¢ok sayida DNA fragmentiyle bir kiitiiphane elde edilmesi ve bu DNA
fragmentlerinin gogaltilmasina dayanmaktadir (Shendure ve Ji, 2008). Giiniimiizde farkli dizileme
yontemlerinden faydalanan NGS teknolojileri gelistirilmistir. Illumina Miseq, ABI SOLID (Applied
Biosystems), Roche 454 FLX, Polonator, lon Torrent, HeliScope (Helicos, Inc.) ve Pacific BioSciences
en yaygin kullanilan teknolojilerdir ve dizileme yontemleri arasinda farkliliklar bulunmaktadir. Bu
kapsamda Roche 454 FLX, Illumina Miseq, lon Torrent sentez araciligiyla, ABI SOLID ve Polonator
ligasyon araciligiyla, HeliScope (Helicos, Inc.) ve Pacific BioSciences ise tek molekiil dizileme
yontemlerinden faydalanmaktadir.

Sentez araciligiyla sekanslama yonteminde parcalara ayrilmis DNA fragmentlerine adaptor
dizilerin baglanmasi saglanir ve diziler amplifiye edilerek floresan veya kimyasal sinyaller olusturulmasi
saglanmaktadir. Dizilerin sentezlenmesinde DNA polimeraz enzimi kullanilmaktadir. Bu yontemi
kullanan Roche 454 GS20 cihaz1 pirodizileme ile sekans yapmakta ve emiilsiyon PCR’dan
yararlanmaktadir. Ancak yiiksek maliyet gerektirmesi nedeniyle gilinlimiizde kullanimi oldukca
azalmigtir. Diger bir sekanslama yontemi olan Illumina Miseq ise 6zellikle bitki patojeni funguslarin
tanilanmasinda yaygin bir kullanim alani bulmustur. Dizileme farkli floresan boyalarla isaretlenmis dort
tersine doniisiir sonlandirict niikleotidin pikotiter plaka (flow-cell) iizerinde sentezlenmesi ile
gerceklestirilmektedir. Bir ucunda adaptor olan tek DNA molekiil yiizeye baglanip tamamlayici
adaptorlerle hibridize olarak kopriilesen PCR teknigi ile komplementer iplikler sentezlemektedir (Sekil
4A). Amplifikasyon sonrasinda bir kalip molekiilden yaklasik 1000 klon kopya olusmaktadir. Farkli
dalga boylarmna ait dort ayr1 renkle isaretlenmis niikleotidler algilanarak DNA fragmentinin niikleotid
dizisi agiga ¢ikmaktadir (Anonim, 2020d). Ortalama 4 giin sliren dizileme sonucunda her cluster sekansi
hesaplanarak diisiik kalitedeki okumalar1 elimine etmek i¢in kalite testi yapilir ve ortalama kaliteli
okuma uzunlugu 40-50 megabayt (50-300 bg) civarindadir (Varshney ve ark., 2009; EI-Metwally ve
ark., 2014). Ion torrent yontemi ise semikonduktor teknolojisi kullanilarak, bazlarin baglanmasi sonucu
ag1ga ¢ikan H'iyonuna bagli olarak pH degisiminin olgiilmesi esasina dayanmaktadir. Ion PGM ve Ion
Proton olmak iizere 2 sistemi bulunmaktadir. Ornek hazirlama asamasi diger sekans teknolojilerine gére
daha ucuz olmasi ve kisa siirede sonug¢ elde edilmesi nedeniyle patojenlerin tiim genomunun
dizilenmesinde yaygin bir kullanim alan1 bulmustur (Rothberg ve ark., 2011).

Ligasyon araciligiyla sekanslama yontemini kullanan ABI SOLID ve Polonator sistemlerinin esasi
ise floresan igaretli farkli uzunluktaki oligoniikleotit problarin DNA pargalar ile hibridizasyonunu
saglayacak bilinen kisa bir dizi ile birlestirilmesine dayanmaktadir (Sekil 4B). Floresan etiketleme hangi
probun baglandigini tespit etmek igin kullanilmaktadir. Islem, dizileri degerlendirmek igin farkli problar
kullanilarak tekrarlanmaktadir (Egan ve ark., 2012). Diger bir sekanslama ydntemi olan tek molekiil
dizileme ise tciincii nesil sekanslama olarak bilinmekte ve tek bir niikleik asitten DNA dizisini elde
ederken kimyasal 151ma ile niikleotid baglanmasi esnasindaki sinyalin tespit edilmesine dayanmaktadir.
Bu yontemden yararlanan HeliScope (Helicos, Inc.) ve Pacific BioSciences sistemleri floresan
goriintiileme kullanmaktadir. Floresan isaretli niikleotidler sirayla ortama birakilarak niikleotid dizisi
tespit edilmektedir (Deschamps ve Campbell, 2010). Bununla birlikte giiniimiizde Single-Molecule
Real-Time (SMRT) ve Nanopore sequencing (Oxford Nanopore MinlON system) teknolojilerinin
kullanimi da yayginlasmaktadir. SMRT sifir modlu dalga boyu (zero-mode waveguide; ZMW) modelini
kullanan tek molekiil sekanslama yontemidir ve ZMW tek bir DNA niikleotidinin DNA polimeraz ile
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birlestigini tespit edebilecek kadar kiigiik bir hacme sahiptir (Levene ve ark., 2003). ZMW modelini
kullanan Pacific BioSciences sekanslama yonteminin okuma uzunlugu yiiksek olmasina ragmen hata
orani %5-15 arasindadir ve 6rnek hacminin Illumina sekanslama yonteminden daha diisiik oldugu
bildirilmektedir (Pollock ve ark., 2018). Nanopore sequencing yonteminin ¢alisma prensibi ise niikleik
asitlerin bir protein nanoporundan gecgerken elektrik akimindaki degisimlerin izlenmesi esasina
dayanmaktadir. Elde edilen sinyal kodlari spesifik DNA veya RNA dizisini elde etmek igin
coztimlenmektedir (Anonim, 2021).

NGS teknolojilerini genel olarak degerlendirdigimizde en biiyiikk avantajlari DNA parcalarinin
klonlanmasi gerekmeksizin, amplifiye olmus tek zincir DNA iizerinden dizi verilerinin elde edilmesidir.
En biiylik dezavantaj1 ise yliksek maliyet gerektirmesi ve elde edilen verilerin degerlendirilmesi igin
gelismis bilgisayar yazilimlarina ihtiya¢ duyulmasidir.
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1 N y baglanmas:
Pikotiter plaka (Flow cell) i 1 B 1 0
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Sekil 4. Sentez aracihigiyla sekanslama yonteminlerinden Illumina Miseq (A), Ligasyon araciligiyla sekanslama
yonteminlerinden ABI SOLID (B) sekanslama semalari (Voelkerding ve ark. 2009; Anonim, 2020d)

NGS teknolojilerine dayali yontemler Ozellikle bitki patojeni virlislerin  tanist  ve
karakterizasyonunda yaygin bir sekilde kullanilmasinin yani sira, patojen bakteri ve funguslarin tespiti
ve karakterizasyonunda da 6nemli bir yer tutmaktadir (Adams ve ark., 2009; Kreuze ve ark., 2009; Cantu
ve ark., 2011; Barba ve ark., 2014). Bu kapsamda farkli sekanslama teknolojileri kullanilarak
Phytophthora infestans, Ustilago maydis, Magnaporthe grisea, Sclerotinia sclerotiorum, Botrytis
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cinerea, Aspergillus flavus, Fusarium verticillioides, Fusarium graminearum gibi bir¢ok model
fungusun tiim genom sekanslar1 elde edilmistir (Anonim, 2020e).

Loop Aracih izotermal Amlifikasyon (LAMP)
Loop aracili izotermal amlifikasyon (Loop-mediated isothermal amplification; LAMP), Notomi

ve ark., (2000) tarafindan hepatit B viriisiiniin tespiti i¢in gelistirilen hedef DNA’nin yiiksek 6zgiinliikte
ve etkinlikle tespitini saglayan giiglii bir niikleik asit amplifikasyon yontemidir. LAMP, &zel olarak
tasarlanan primer setleri ve Geobacillus stearothermophilus termofilik bakterisinden elde edilen Bst
polimeraz enzimi araciligiyla hedef DNA’nin, izotermal kosullar altindaki su banyosu, 1s1 bloklar1 gibi
alanlarda 1 saatten daha kisa stirede amplifikasyonu ile ger¢eklesmektedir (Mumford ve ark., 2006).
Klasik ve Real time PCR gibi pahali ekipmanlara ve uzun siiren 6n hazirliklara ihtiyag duyulmamasi en
onemli avantajlari arasindadir (Fu ve ark., 2011).

Uygun hedef bolge tanimlandiktan sonra primerler (forward primerler (F1-F2-F3); backward
primerler (B1-B2-B3)) hedef sekansin birbirinden ayr1 6 bolgesine spesifik olarak dizayn edilmektedir.
Reaksiyonun baglarinda tiim primerler c¢alisirken daha sonraki dongiilerde sadece igteki primerler
kullanilmaktadir. Distaki primerler F3 ve B3 olarak nitelendirilirken, icteki primerler forward inner
primer (FIB) ve backward inner primer (BIP) olarak isimlendirilmektedir (Sekil 5). Hem BIP hem de
FIB hedef DNA’nin sense ve antisense sekanslariyla iligkili iki ayr1 sekans igermektedir. Primerlerin
erime sicakligl, sekanst ve boyu, Bst polimerazin optimum ¢alistig1 sicaklik (60-65°C) araligina gore
secilmektedir. I¢teki primerlerin distaki primerlerden daha erken senteze basladigindan emin olmak igin,
F3 ve B3’1in Tm sicakliklar1 F2 ve B2’den daha diisiik olmak durumundadir. Ayrica, igteki primerlerin
konsantrasyonu distakilerin konsantrasyonundan daha yiiksek olmasi gerekmektedir (Notomi ve ark.,
2000, Tomita ve ark., 2008). F2c ile Flc ve B2c ile Blc arasinda loop (dambil)’un farkli boylari
degerlendirilmis ve en iyi sonu¢ 40 bg¢ biiyiikligiindeki veya daha uzun looplarda goriilmiistiir.
Amplifikasyon hizinin DNA sentezine bagli olmasi nedeniyle hedef DNA’nin biyiikligi, LAMP
etkinligi i¢in 6nemli bir kriterdir (Notomi ve ark., 2000).
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Sekil 5. LAMP amplifikasyon uygulama semasi (Hardinge ve Murray 2019)

LAMP, insanlarda ve hayvanlardaki bakteriyel ve viral hastalik etmenlerinin tespitinde, bitkilerde
ve vektor boceklerde patojen olan bakteri ve viriislerin tanilanmasinda basarili bir sekilde uygulanmistir
(Fukuta ve ark., 2003; Nie, 2005; Okuda ve ark., 2005). Funguslarda ilk uygulama, enfekteli bugday
danelerindeki Fusarium graminearum gelisiminin tespiti i¢in yapilmis ve toksik Fusarium tiirlerinin
erken tespit edilmesini saglamistir (Niessen ve Vogel, 2010). Nohut tohumlarinda ve bitki dokusunda
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Ascohyta rabie’nin diisik miktarlardaki varligi klasik PCR ile belirlenemezken, LAMP yontemi ile
tespit edilmistir (Chen ve ark., 2016). Diger bir ¢alismada, Sclerotinia sclerotiorum fungusuna ait Ssos5
sekans bolgesi hedef alinarak patojen varligt LAMP yontemi ile ortaya konmustur (Duan ve ark., 2014).
Amplifikasyon oncesi hydroxynaphthol mavisi (HNB) reaksiyona eklenmis ve patojen DNA’sinin
oldugu ornekler karakteristik gokyiizii mavisi rengini alirken, enfekteli olmayan ve diger funguslarla
enfekteli olan orneklerde renk degisimi gdzlenmemistir. LAMP ile 0.1 fg pl? patojen miktar: tespit
edilebilirken, geleneksel PCR’da bu miktar 100 fg pl? olmustur. Erken dénemde ¢ok diisiik
konsantrasyonlardaki patojen miktarmni tespit edebilme ve hizli sonug¢ alinabilmesi ile LAMP’in
hastaliklarin erken tamisinda ve epidemi risklerini azaltmada potansiyel bir uygulama olacagi
bildirilmistir (Yao ve ark., 2016).

Manyetik Yakalama Hibridizasyon (MCH)-PCR
Manyetik yakalama hibridizasyon (Magnetic capture hybridization; MCH-PCR) yontemi, hedef

patojen DNA’sinin ¢ok diisiik miktarlarda olmasi durumunda, klasik DNA ekstraksiyonlari ile patojen
DNA’sinin izole edilememesi ve PCR inhibitérlerinden dolay1 karsilasilan negatif sonuglarin azaltilmasi
amaciyla gelistirilmistir. Ik olarak biyotin ile etiketlenmis patojene spesifik problarin manyetik
boncuklarla kaplanarak hedef DNA’ya baglanmasi saglanmaktadir (Sekil 6). Bu amagla ornek
stispansiyonu 100°C de inkiibe edilerek ¢ift sarmal patojen DNA’sinin tek sarmal hale gelmesi
saglanarak, manyetik boncuklarla kapli problarin tek sarmal DNA’lara baglanmasi beklenmektedir.
Hibridize olan prob-patojen DNA’si1, istlerinde bulunan manyetik boncuklarin 6zel miknatislar
yardimiyla tutulmasi ile tlipiin cidarinda toplanmaktadir. Klasik ekstraksiyon yontemleriyle
karsilastirildiginda, hedef DNA’nin kayiplar1 biiyiik oranda engellenerek diisiik miktarlardaki patojen
DNA’sinin diger molekiillerden ayrilmasi saglanmaktadir. Elde edilen DNA, klasik PCR reaksiyonunda
kullanilarak patojenin tanis1 yapilmaktadir (Rodriguez ve ark., 2012).
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Sekil 6. MCH-PCR uygulama semasi (Rodriguez ve ark. 2012)

Cok sayida patojenin bulundugu orneklerde ve diisiik miktarlarda DNA elde edilen tohum ve
toprak kokenli patojenlerin tespiti i¢in uygun bir yontem oldugu bildirilmektedir (Walcott ve ark., 2004;
Ha ve ark., 2009). Soganda boyun ¢iiriikliigii etmeni Botrytis aclada tespitinde klasik ve (MCH)-PCR
yontemi karsilastirilmis ve klasik PCR ile 1x10™ ng/ml patojen DNA’s1 tespit edilebilirken, (MCH)-
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PCR ile 1x10™*ng/ml kadar diisiik oranlardaki patojen DNA’s1 tespit edilmistir (Walcott ve ark., 2004).
Bir baska ¢alismada, (MCH)-PCR multiplex Real Time PCR yontemiyle birlestirilerek, kavun ve karpuz
tohumlarindan iki farkli patojenin (Didymella bryoniae, Acidovorax avenae subsp. citrulli) tespit
edilmesi i¢in kullanilmistir. MCH ile birlestirilmis Real time PCR ile dogrudan Real Time PCR
karsilastirildiginda, (MCH)-PCR ile birlestirilmis Real time PCR’in daha hassas sonuglar verdigi
goriilmistir (Ha ve ark., 2009).

DNA array hibridizasyon
DNA array teknolojisi naylon filtre (makroarray) veya cam lam (mikroarray) {izerinde sabitlenmis

oligoniikleotit problardan olugmaktadir. Mikroarray genellikle daha sik prob noktalarina sahip olmasina
ragmen her iki array teknolojisi de tiire spesifik problar ve tiirlerin ayrimi i¢in gerekli varyasyonu
saglayan sekans bolgeleri ile etiketlenmis PCR amplikonlar1 arasindaki hibridizasyona baglidir. En iyi
hibridizasyon 50 ve 80 bg arasi1 uzunluktaki problarda elde edilmektedir (Yang ve ark., 2001). Yiiksek
ayrim giicii ile iki amplikon arasindaki tek niikleotid farkliliklarin1 (Single Nucleotide Polymorphism;
SNP) aciga ¢ikarmaktadir (Lievens ve ark., 2006, Zhang ve ark., 1991). Gen ifade profilleme,
hastaliklarin tanisi, SNP tespiti, gen tanimlama, patojen tespiti gibi alanlarda kullanilmaktadir. Aym
zamanda array teknolojisi, DNA chips, biochips, gene chips, gene arrays, genome chips, genome arrays
gibi farkli isimlerle de bilinmektedir (Bumgarner R, 2013).

Uygulamada, oligoniileotitler veya mikrokodlar taksonomik olarak uygun genom bolgelerine gore
tasarlanmaktadir. Oligoniikleotitler manuel olarak, SigOli ve Array Designer (Premier Biosoft
International, Palo Alto, CA) gibi bilgisayar programlari araciligiyla se¢ilmektedir. Sentezlenen 5 amin
modifikasyonlu oligoniikleotitler naylon membran veya cam tabaka gibi bir destek platformu iizerine
yerlestirilmektedir. Amplikon ile eslesen oligoniikleotitler arasindaki pozitif reaksiyon sonucu
kemiliiminesans sinyal iiretilmektedir (Sekil 7). Uretilen bu sinyal karanlik odada dijital kamera veya
rontgen filmi araciligiyla tespit edilerek elde edilen goriintiler GenePix Pro gibi bilgisayar
programlarinda analiz edilmektedir (Bumgarner, 2013).

DNA array ve DNA ¢ip prensibi
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analiz
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|
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Sekil 7. DNA array hibridizasyon uygulama semast (Anonim, 2020f)

Bitki patojeni funguslarin tespitinde ise Fusarium gibi yakin akraba tiirlerin tanisinda ve ayriminda
uygun oldugu bildirilmistir (Kristensen ve ark., 2007). Liebe ve ark. (2015) seker pancarinda kok
ciirlikliigline neden olan patojenleri tespit etmek icin DNA mikroarray teknolojisini kullanmis ve
yaptiklar1 ¢alismada ITS, translation elongation factor 1 alpha (TEF 1 alpha), 16S ribozomal DNA
bolgelerini hedef alan problar tasarlamistir. Aphanomyces cochlioides, Botrytis cinerea, Penicillium
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expansum patojenlerin tanisinin yapildigi ¢alismada, mikroarray teknolojisinin, ¢ok sayida patojenin
oldugu durumlarda hizli ve giivenilir bir tespit yontemi oldugu bildirilmistir. Diger bir ¢aligmada ise
DNA ¢ip hibridizasyon yontemi ile ras-related GTP-binding protein 1 gen (Yptl) ve ITS bolgelerini
hedef alan problar araciligiyla Phytophthora tiirlerinin tespiti gergeklestirilmis ve ayni anda bir
mikroarray ¢ipi tizerinde 40 Phytophthora, 2 Pythium ve bir tane Phytopythium tiirii tespit edilmistir
(Konig ve ark., 2015).

SONUC

Bitki patojenlerinin neden olduklar1 ekonomik kayiplarin azaltilabilmesi i¢in hizli1 ve dogru bir
sekilde tespit edilmesi, uygun kontrol stratejilerinin gelistirilmesi olduk¢a 6nemlidir. Ozellikle
karantinaya dahil olan etmenlerin en hizli sekilde tanisi yapilmali ve bu hastaliklarin iilkeye girisi ve
yayillmast engellenmelidir. Bir¢ok bitki patojeninin klasik tespitinde karsilasilan genel sorunlar ve
giinlimiizde bazi bitki patojenlerinin taksonomik gelismelere bagli olarak morfolojik karakterler ile
ayrilamamasi nedeniyle bitki patojenlerinin tespiti ve tanisinda molekiiler tekniklerin kullanilmasi
zorunlu hale gelmistir. Ancak patojenlerin taninmasi ve dogru tespit yontemlerinin se¢ilmesinde
patojenin karakteristik 6zellikleri, miktari, ortam kosullar1 ve mevcut imkanlar g6z 6ntline alinmalidir.
Bu kapsamda mevcut patojene ve ortam kosullarina gore kullanilan yontemler farklilik géstermektedir.
Bu nedenle iilkemizde de uluslararasi standardize olmus tekniklerin kullanilir hale getirilmesi ve bu
alanda calismalarin yapilmasi bitki mikolojisi agisindan Onem teskil etmektedir. Bu derleme
caligmasinin, lilkemizdeki bitki patojenlerinin hizli bir sekilde tespit edilmesine katki saglayacagi
diistiniilmektedir.

Cikar Catismasi

Yazarlar arasinda herhangi bir ¢ikar ¢atismasi yoktur.
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ABSTRACT: This study examined the effects of seed drop height changing depending on furrow
openers of precision seeders, and the forward speed of tractors which is constantly aimed to be increased
by producers on the uniformity of seed distribution. The experiments were made with a precision seeder
unit positioned on a sticky belt trial setup at seed drop heights of 100, 200 and 300 mm, the forward
speeds of 0.5, 1.0, and 1.5 m s™', and the vacuum pressures of 6.0, 7.5, and 9.0 kPa. Maize and sunflower
seeds were used in experiments. According to the results, the effects of seed drop height and forward
speed on seed spacing and deviation from row were significant for both seed types (P<0.01). The
increase in the forward speed led to a deviation of approximately 15 mm in maize and 17 mm in
sunflower between the mean seed spacing and the target seed spacing. In general, miss and multiple
indices were found to be fewer than 9%. The optimum performance of the seeder unit in sowing
sunflower and maize was obtained at the seed drop height of 100 mm, the forward speed of 0.5 m s,
and the vacuum pressure of 9.0 kPa. Consequently, it is suggested that, in contrast to what is demanded,
the forward speed cannot be increased as much as one desires, and the dimensions of furrow openers
that changed depending on the seed drop height should be designed under certain standards.
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INTRODUCTION

For the process of sowing, which is a stage of plant production, the factor of time is crucial. While
there is a certain time interval for intervention, though limited, for stages other than sowing, after
achieving seed-soil contact in the process of sowing, it is not possible to make any change. This is why
it is needed to determine the parameters affecting the sowing process precisely.

Since one of the main goals in the planting process is the uniformity of the plant living area in the
field, seed distribution uniformity has been the focus of the studies on the precision metering unit. In
previous studies, the parameters that determine the performance of a precision seeder were reported to
be mean and standard deviation of seed or plant spacings (Parish et al., 1991; Hollowell, 1992), miss
and multiple indexes (Brooks and Church, 1987), and coefficient of variation (Jasa and Dickey, 1982;
Hofman, 1988). In addition, (Karayel and Ozmerzi, 2001) reported that field and operation parameters
(especially the forward speed) also affected the performance of a precision seeder. However, they are
listed here also studies realized in the recent past on precision planters. Yazgi and Degirmencioglu
(2014) examined the performance of the intra-row spacing uniformity of the precision metering unit as
a function of the number of holes in the vacuum plate. Koller et al. (2014) also, defined the temporal
seed spacing in terms of parameters that precisely define the seed exit trajectory, in addition to
determining the seed spacing or frequency where seed singling systems are commonly used. They
reported that this method focuses on the behavior of the seed at the point of origin and precisely explains
the interface between a precision planter and the downstream seed metering system. Navid et al. (2011)
compared the seed distribution on the sticky belt with the camera measuring system to evaluate the
performance of the seed metering unit and seed spacing uniformity. Cay et al. (2017) on the other hand
compared the success of the opto-electronic measurement system they developed to measure the seed
spacing in precision planters with the seed distribution measurements on the sticky belt. They reported
that the system gave very fast and accurate results. Bakhtiari and Ahmad (2017) designed a vacuum seed
metering unit for single-seed planting of kenaf plant and developed it based on the physical and
aerodynamic properties of the seeds. Yin et al. (2018) showed that the low-cost precision planting control
system they developed to control the seed spacing in corn planting works accurately and consistently.

In addition to these studies, another parameter that can affect seed distribution uniformity, planting
quality, and ultimately yield in precision planters is the height from which the seed is dropped from the
precision metering unit. Breece et al. (1981) stated the effect of seed drop height in their books. Parish
and Bracy (2003) tested the drop height of the seed from the metering unit in the lab using seed tube and
seed slide. Together with these, studies on the subject are in a minority.

Seed drop height in precision vacuum seeders may vary based on the size of the furrow opener.
According to market research carried out in Turkey, the seed metering devices and furrow openers of
precision seeders may differ from firm to firm. This situation leads the distance between the point the
seed is released from the distribution mechanism (seed disc or seed metering device) and the bottom of
the furrow to become different. Lack of a standard about this allows firms to determine the furrow opener
dimensions as they desire. This is why the current study is based on seed drop height.

The uniformity of plant spacing is ensured by the uniformity of seed spacing. Seed spacing is
measured by sowing stand in the field or a sticky belt (greased band) in the laboratory. Measurements
in the field are possible by digging the furrow after sowing or measuring the distances between plants
after germination. In the laboratory, this may be possible by measuring the distances between
consecutive seeds on a sticky belt. In field measurements made by digging the furrow after sowing, it is
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difficult to find especially small seeds without changing their place (Kocher et al., 1998). In addition to
this, in plant spacing measurements made in the field, the miss index (skipping rate) of the seed plate
holes (unless determined with a sensor) or the ratio of seeds that have not germinated after sowing cannot
be known. As the data obtained from measuring plant spacings in the field and measuring seed spacing
on a greased belt would include the same factors, it is possible to make these measurements on a greased
belt. The specific purpose of this study is to determine the effects of different seed drop heights, vacuum
pressures, and forward speeds on the performance and sowing quality of a pneumatic (vacuum) precision
seeder on a sticky belt. For this purpose, it is to determine the optimum vacuum pressure, forward speed,
and seed drop height values in the sowing of maize and sunflower seeds which have a substantial
difference between their thousand-grain masses.

MATERIALS AND METHODS

This study was carried out in an experiment stand installed at the Laboratory of the Department of
Biosystem Engineering at the Faculty of Agriculture at Igdir University. Maize (Zea mays) and
sunflower (Helianthus annuus L.) seeds were used in the study (Table 1). The thousand-grain weights,
bulk densities, moisture contents, and angles of repose of the seed varieties were determined accordingly
ASAE Standard (2005). The intra-row distance was selected as 200 mm for maize and 300 mm for
sunflower.

Table 1. Some physical properties of maize and sunflower seeds

Physical properties Maize Sunflower
Thousand-grain weight, g 381.76+0.66 240.72+0.63
Moisture content, % (d.b) 10.78+0.15 8.09+0.07
Bulk density, kg m™ 781.12+£2.20 312.76+0.66
Repose angle, ° 27.75+1.47 25.93+1.53
Length, mm 13.51£1.10 23.17+1.46
Width, mm 8.35+0.70 9.65+1.18
Thickness, mm 4.89+0.49 4.21+0.70
Geometric mean diameter 8.20 9.80
Sphericity, % 60.70 42.31

The experiment stand included a precision vacuum sowing unit and a sticky belt. The hole diameter
of the sowing unit disk was 5 mm for maize and 3.5 mm for sunflower. The negative pressure required
for the seeds to adhere to the holes of the distribution disk was provided by a fan unit.

The sticky belt was designed between two cylinders (each with a diameter of 145 mm) with a
length of 10 m and a width of 0.5 m. The central line of the sticky belt was accepted to represent the
bottom of the furrow opened by seeder openers in the field. The belt central line (BCL) was the line
drawn by a laser along the belt’s long axis and used to measure the deviations of the seeds from the line.
A support stand was designed to position the seed metering unit over the sticky belt. This unit was placed
in a way to overlap the point where the seeds were freely dropped from the disc and the central line of
the belt. Additionally, lines were drawn perpendicularly to the long axis of the belt with 25 mm distances,
and 400 measurement strips were formed (Fig. 1).

The experiments were carried out with three seed drop heights (100, 200, and 300 mm), three
vacuum pressures (6.0, 7.5, and 9.0 kPa), and three belt forward speeds (0.5, 1.0, and 1.5 m s!) in a split-
plots based on a factorial experimental design with three repetitions. In the experiments, the intra-row
consecutive seed spacings and the amounts of deviation of seeds from the row (deviation from BCL)
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were measured by using a meter scale. Measurements of deviation from the row are made to determine
whether or not the seeds are dropped onto the bottom of the row opened by the furrow opener. This was
determined by measuring the distances of the seeds to the sticky belt’s central line (BCL) from the right
and the left. The measurements were carried out on an 8100-mm part of the sticky belt.

25

Belt length

Figure 1. The sticky belt test stand (a); single-seed unit (1), AC motor (2), Fan (3), sticky belt (4), AC
motor (5). The units of dimensions are mm (b).

The seed drop heights were determined by considering the minimum and maximum dimensions
of the shoe and disc furrow openers. To adjust the forward speed of the sticky belt to the traveling speed
of the seeder, the transmission ratio between the belt cylinder and the distribution disk (0.23) was
utilized. The pressure values required for the maize and sunflower seeds to hold to the holes of the seed
distribution disc were also determined experimentally between 6.0 and 9.0 kPa. For each replication, the
experiments were initiated by the seeds fall onto the belt when running electric motors that drive the
seed metering unit, fan, and the sticky belt, and they ended when the seeds reached the sticky belt driving
cylinder. To prevent the seeds from rolling or bounding on the belt, grease was applied. The amount of
grease was determined by preliminary trials at the greatest drop distance (300 mm) and the highest belt
speed (1.5 ms™).

Seeder performance indices: the multiple index (/.. <0.5Z) refers to whether or not the distance
between two consecutive seeds is equal to or less than half of the target seed spacing (Z), while the miss
index (Iniss™>1.57) refers to whether or not this distance is greater than 1.5 times the target seed spacing.
Distances between consecutive seeds that are larger than half of but not more than 1.5 times of the target
seed spacing (0.52<1,<1.57) are considered as a quality of feed index (Kachman and Smith, 1995; Singh
et al., 2005). The precision coefficient is the coefficient of variation of seed distances that are not equal
to and more than 2.0 times the target seed spacing (ISO, 1984).

The SPSS software was utilized for the analyses. Among the analysis, analysis of variance was
used to determine the effect of the parameters on the performance of the precision seeder, and Duncan’s
multiple comparison test was used to determine the differences and similarities between the groups.

RESULTS AND DISCUSSION

According to the results of the analyses, the effects of seed drop height and forward speed on the
mean seed spacing, deviation from rows of the seeds, and three indices (miss index, multiple index,
quality of feed index) were statistically significant for both seed types (P<0.05, P<0.01). When seed
drop height was set at 100, 200 and 300 mm, the change in the intra-row seed spacing was respectively
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1.4%, 3.4%, and 5.6% for maize and 0.3%, 2.8%, and 5.2% for sunflower (Tables 2 and 3). When the
seed drop height was increased from 100 mm to 300 mm, the deviation rate from the target seed spacing
increased by 3.8 times for the maize seeds with a mean grain weight of 0.38 g and 15.6 times for the
sunflower seeds with a mean grain weight of 0.24 g. The increase in the seed drop height influenced the
intra-row seed spacing of the sunflower seeds more. It was assumed that the lower precision coefficient
values obtained from the sunflower experiment were caused by selecting larger target seed spacing.

In the process of sowing, the height between the seed metering disc and the furrow bottom may
deviate the seed from the target point, by causing it to roll, bounce, or drift in the furrow. However, in
this experiment, as a sufficient amount of grease was applied onto the belt surface, the variation that
could be caused by rolling, bouncing, or drifting was prevented. Therefore, it was assumed that the seed
was subjected to shifting during released due to the effects of the forward speed and drop height, and
thus, its intra-row seed spacing changed. The increase of seed drop height led to an increase not only in
the multiple index but also in the miss index rates. Based on this, the quality of the feed index (QFI)
decreased. Between the seed drop heights of 100 and 300 mm, the miss index increased by 1.9 times in
maize and 2.2 times in sunflower. This increase in the multiple index was 2.0 times in maize and 1.7
times in sunflower. When the seed drop heights were 100 and 200 mm, the QFI was higher than 90%.
The results showed that sowing at these heights provides acceptable outcomes.

The forward speed of the seeder has a determining effect on the effectiveness of the sowing process
and work efficiency. This is why studies have aimed to increase forward speed. However, as an increase
in the forward speed of a seeder affects the intra-row seed spacing, it results in reduced precision.
Determining the most suitable sowing speed interval for each variety of seeds will provide easiness in
sowing. In the current study, increased forward speed led to a deviation of the mean seed spacing from
the target seed spacing by approximately 15 mm in maize and 17 mm in sunflower.

Table 2. Variance analysis and multiple comparison test results for maize

Parameters M.ean seed Deviation . Miss . Multiple OFL % Precision
spacing, mm fromrow, mm index, % index, %
100 202.9¢ 7.5¢ 3.6b 2.7b 93.6a 16.04
Seeddrop 50 206.8b 11.2b 5.1ab 3.3b 91.6a 19.86
height, mm 300 211.1a 12.8a 7.0a 5.5 87.6b 19.88
Significance 0.000 0.000 0.000 0.000 0.005
Forward 0.5 199.4c 8.0c 3.0b 0.6¢ 96.4a 15.47
speed, m s 1.0 206.1b 9.8b 4.3b 2.3b 93.4b 18.24
’ 1.5 215.4a 13.7a 8.4a 8.5a 83.1c 22.07
Significance 0.000 0.000 0.000 0.000 0.000
6.0 208.3a 10.0a 5.6ab 4.0a 90.4a 17.55
Vacuum
pressure, kPa 7.5 206.8a 10.6a 6.1a 3.3a 90.6a 16.15
9.0 205.7a 11.0a 4.0b 4.2a 91.9a 15.36
Significance 0.391 0.187 0.187 0.187 0.081

The lowest values of the miss and multiple indices were obtained at the forward speed of 0.5 m s
!. The minimum precision coefficient values at this speed also supported the results. The increase of
forward speed led to an increase in the peripheral velocity of the seed metering disc, and based on this,
a reduction in the holding ratio of the seeds to the holes of the disc. Between the forward speeds of 0.5
and 1.5 m s™', the miss index increased by 2.8 times in maize and approximately 6 times in sunflower.
In similarity to the effect of the seed drop height, the sunflower seeds with lower sphericity were affected
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more by the forward speed while held to the holes of the disk. The increase in the forward speed led to
multiple index increases of 14.0 times in maize and 3.6 times in sunflower. It was assumed that, as the
distance of free-dropping increased, also with the effect of the operating speed, the seeds were deviated
from the target point and increased the number of multiple intra-row spacing based on this. In addition
to this, the QFI values of over 90% that were obtained at the forward speeds of 0.5 and 1.0 m s were
sufficient for the success of sowing. In previous studies, similar results were reported for the plant
spacing variation Nielsen (1995) and the miss index (Ivancan et al., 2004; Sing et al., 2005).

Table 3. Variance analysis and multiple comparison test results for sunflower

Mean seed Deviation Miss Multiple ..
Parameters spacing, mm  from row, mm index, % index, % QFL % Precision
Seed drop 100 301.0c 4.6¢c 2.5b 3.4b 94.1a 15.0
. 200 308.3b 6.8b 3.5ab 4.9ab 91.6a 16.7
height, mm
300 315.6a 8.5a 5.5a 5.9a 88.6b 17.4
Significance 0.001 0.000 0.015 0.015 0.001
Forward 0.5 300.1c 4.7c 1.2b 2.4b 96.4a 11.9
speed, m s 1.0 307.7b 6.3b 3.0b 3.3b 93.7b 15.7
’ 1.5 317.1a 8.9a 7.3a 8.6a 84.2¢ 21.4
Significance 0.000 0.000 0.000 0.000 0.000
Vacuum 6.0 316.2a 6.7a 5.7a 3.5b 90.8a 17.6
pressure, kPa 7.5 307.5b 6.4a 3.6b 4.7ab 91.7a 16.2
’ 9.0 301.2b 6.8a 2.2b 6.0a 91.7a 15.4
Significance 0.000 0.859 0.004 0.014 0.741

Deviation from the row leads the seed to stay on the edge of the furrow without dropping into the
target depth. A seed that stays on the edge of furrow may potentially lead to disruption of both sowing
depth and the uniformity of the intra-row seed spacing. As the rate of the seeds dropped to the bottom of
the furrow increases, this results in more uniform sowing depth and intra-row seed spacing. In this study,
the bottom of the furrow was represented by the central line of the belt (BCL). As the distance of free-
dropping decreased, the rate of seeds dropping onto the BCL increased. In other words, sowing depth
and intra-row seed distribution were improved. However, increased seed drop heights increased the mean
values of deviation from the row. Accordingly, as the height increased, the point where the seed left the
disc and the point targeted for the seed to be dropped onto the belt changed. The rate of change in
deviation from row was approximately 70% for maize and 85% for sunflower when the seed drop height
from 100 mm to 300 mm increasing. According to these results, the sunflower seeds which have lower
thousand-grain weight been affected more by the increased seed drop height. The results showed that, in
contrast to the demands of crop producers, increasing the seed drop height and the forward speed would
risk the precision placement of seeds into the bottom of the furrow.

The results of the different vacuum pressures were statistically similar for the maize. The mean
seed spacing obtained at the highest vacuum pressure (9.0 kPa) was closer to the target spacing (Fig. 2)
In addition to this, in sunflower, increased vacuum pressure substantially affected the intra-row seed
spacing. While high vacuum pressure brought the mean seed spacing closer to the target spacing, low
pressure brought it further from the target spacing (Fig. 3). While the vacuum pressure did not affect
QFI, it was determined to reduce the miss index and increase the multiple index (Table 2). Although
larger target seed spacing was selected for sunflower, the effect of vacuum pressure on the mean seed
spacing was found significant. This is also understood by the precision coefficient values that were close
to each other despite the different target seed spacings.
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CONCLUSION

The seed distribution uniformity in maize and sunflower sowing of the precision vacuum seeder
was affected by both the seed drop height and the forward speed. Non-uniformity, expressed as a
percentage of the target seed spacing, is likely to be affected by the peripheral velocity of the seed
metering disc that increases along with increasing the forward speed. Moreover, non-uniformity is an
outcome of the combined effect of the forward speed and seed drop height. Vacuum pressure has been
not a noticeable effect. Consequently, it is suggested that, in contrast to what is demanded, the forward
speed cannot be increased as much as one desires, and the dimensions of openers that determine the seed
dropping height should be designed under certain standards.
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Abamektin Pestisitinin Anaerobik Aritma Sisteminde Mikrobiyal Komunite ve Biyogaz Uretimi Uzerindeki
Etkisinin Arastirilmasi

Banu TASKAN*

OZET: Abamektin tarim ve hayvancilikta yaygin olarak kullanilan bir pestisit olup organizmalar iizerinde goklu toksik
etkilere neden olabilmektedir. Ancak s6z konusu toksik etkinin mekanizmasi hala tam olarak aydinlatilamamustir.
Abamektinin c¢evresel ortamlarda siirekli olarak birikmesi, Ozellikle su ortamlarinda potansiyel ekolojik riskler
olusturabilmektedir. Bu ¢aligmada, farkli konsantrasyonlarda (0.25-5 mg L!) abamektinin anaerobik bir aritma sisteminde
mikroorganizmalar ve biyogaz iiretimi iizerindeki etkisi detayl bir sekilde aragtirilmistir. Calisma sonucunda elde edilen
veriler, 2 mg L"*’nin iizerindeki abamektin konsantrasyonlarinin mikrobiyal ekolojiyi inhibe ederek biyogaz iiretimini énemli
dlgiide azalttigim gdstermistir. Uretilen biyogaz miktari, abamektin konsantrasyonunun artigina bagl olarak belirgin bir
sekilde azalmis ve kontrol reaktdriine kiyasla 5 mg L abamektin iceren reaktdrde iiretilen biyogaz %97 oraminda diismiistiir.
Biyogaz iiretiminin en yiiksek oldugu siiregte kontrol reaktoriindeki biyogazin metan (CHa) icerigi ise yaklasik olarak %50
iken bu oran abamektin konsantrasyonunun artisina bagli olarak énemli oranda azalmistir ve 5 mg L abamektin beslemesi
yapilan reakt6rde {iretilen biyogazin bilesiminde CH4 bilesigine rastlanmamuistir. Ayrica, abamektin konsantrasyonunun
artis1 ile reaktor igerigindeki bakteri canlilik oraninin 6énemli 6l¢iide azaldigir gozlemlenmistir. Sonug olarak, abamektin
pestisitinin anaerobik mikroorganizmalar {iizerinde toksik etki yaptigi ve buna bagli olarak reaktor igerisindeki
biyodegradasyon siirecinin olumsuz bir sekilde etkilendigi tespit edilmistir. Bu ¢alisma sonucunda elde edilen veriler,
abamektin igeren atiksularin anaerobik prosesler ile aritimi lizerine literatiire 6nemli dl¢iide katki saglayabilir.

Anahtar Kelimeler: Abamektin, anaerobik aritim, biyogaz liretimi, mikrobiyal ekoloji.

Investigation of Effect of Abamectin on Microbial Community and Biogas Production in Anaerobic Treatment

ABSTRACT: Abamectin is a widely used pesticide in agriculture and animal husbandry and can cause multiple toxic effects
on organisms. However, the mechanism of this toxic effect has not been completely elucidated yet. The continuous
accumulation of abamectin in environmental environments can pose potential ecological risks, especially in aquatic
environments. In this study, the effect of abamectin at different concentrations (0.25-5 mg L*) on microorganisms and biogas
production in anaerobic treatment was investigated in detail. The results showed that biogas production significantly reduced
at abamectin concentrations above 2 mg L™ because of the inhibition of microbial community. The amount of biogas
significantly reduced due to the increase in abamectin concentration and it decreased at the percentage of 97% in the reactor
containing 5 mg L™ abamectin as compared to the control reactor. The CH, content of biogas in control reactor was
approximately 50% during the highest biogas production, while it decreased significantly due to the increase in abamectin
concentration, and CH, was not detected in biogas produced in the reactor fed 5 mg L™ abamectin. Additionally, the viability
of bacteria in the reactor significantly reduced with the increase in abamectin concentration. In conclusion, it has been
determined that abamectin has a toxic effect on anaerobic microorganisms, and thus, the biodegradation process in the reactor
is negatively affected from toxicity of abamectin. The data obtained as a result of this study can contribute significantly to
the literature on the treatment of wastewater containing abamectin by anaerobic processes.

Keywords: Abamectin, anaerobic treatment, biogas production, microbial ecology.
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GIRIS

Pestisitler, yarim ylizyildan fazla bir siiredir, insanlar i¢in bitkisel iiretimi artirmak amaci ile
kullanilmaktadir. Bu organik bilesikler bazen halojenli olmakla birlikte genellikle aromatiktir ve ¢ok
farkli kimyasal yapilara sahip olabilir. Herhangi bir kimyasalin pestisit olarak kullanimi, doganin bu tiir
kimyasallara maruz kalmasina neden olmaktadir. Bu tiir bir maruziyetin kapsami ise, kimyasalin
kullanim siklig1 ve kullanim miktarina, ortamdaki kaliciligina ve uygulanmasi i¢in izlenen yola baghidir.
Kimyasallarin kaliciligi; fiziksel ve kimyasal 6zellikleri, sudaki ve topraktaki yari omrii, fotolitik
kararlilig1 ve topraga baglanma kabiliyeti ile belirlenir. Pestisitler, kullanildiktan sonra biyolojik olarak
kolayca parcalanamazlarsa kalici kirleticiler haline gelebilirler (Ali ve ark., 2008; Sarraute ve ark.,
2019). Bu nedenle, s6z konusu pestisitlerin kullanimlarinin azaltilmasi veya en azindan daha ¢evre dostu
tarim kimyasallar1 se¢gmek gerekir (Sarraute ve ark., 2019).

Tarim alanindaki yaygin kullanimlar1 nedeniyle diinya ¢apinda artan pestisit kirliligi, ¢evre sagligi
ile ilgili en biiylik endiselerden biri haline gelmistir. Ciinkii bu bilesikler, diisiik konsantrasyonlarda bile
dogalar1 geregi toksik ve kanserojendir (Ghalwa ve ark., 2015). Pestisitlerin ¢evresel etkileri ve zamanla
ayrigmasi lizerine yapilan ¢alisma sayist oldukga azdir (Goodenough ve ark., 2019; Pan ve ark., 2019).
Bu c¢alismalarda pestisit giderimi i¢in uygulanan baz1 fiziksel ve kimyasal yoOntemler
pihtilagtirma/flokiilasyon, buharla siyirma, aktif karbon/re¢ine adsorpsiyonu ve kimyasal oksidasyon
seklinde siralanabilir. Ancak, bu teknolojilerin uygulanmasi genel olarak oldukg¢a yiiksek maliyet
gerektirir. Bu nedenle alternatif olabilecek diger yontemler dikkate alimmalidir. Son yillarda
arastirmacilar, pestisitlerin aerobik biyoayrigsmasi tizerine yogunlasmistir (Gonzalez ve ark., 2006; Celis
ve ark., 2008; Sanchis ve ark., 2013; Garcia-Mancha ve ark., 2017). Ancak, pestisitlerin anaerobik
biyolojik ayrismasi simdiye kadar ¢ok az aragtirmaci tarafindan incelenmistir (Chung ve ark., 1996;
Baczynski ve ark., 2004; Lopez ve ark., 2013).

Diinyada yaygin olarak kullanilan pestisitlerden biri olan avermektinler, makrosiklik lakton
bilesiklerinin bir tyesidir (Huang ve ark., 2020). Avermektinler, toprak bakterisi Streptomyces
avermitilis tarafindan fermente edilen bocek 6ldiiriicti ve antihelmintik bilesiklerdir. Bu ailenin hem
mahsul koruma hem de farmasdtik amaclar i¢in en yaygin kullanilan bilesigi olan abamektin,
Streptomyces avermitilis bakterisi tarafindan iiretilen dogal bir fermentasyon tiriintidir (Errami ve ark.,
2014). Abamektin, %80'den fazla avermektin Bla ve %20'den az avermektin B1b igeren avermektinlerin
bir karigimidir (Sekil 1). Bu iki bilesen, Bla ve B1b ¢ok benzer biyolojik ve toksikolojik 6zelliklere
sahiptir (Errami ve ark., 2014; El-Saber Batiha ve ark., 2020; Kushwaha ve ark., 2020). Bunlar; yiiksek
oranda lipofiliktir, suda az ¢6ziiniir, ancak ¢ogu organik ¢oziiciide kolayca ¢oziiniirler (Al Ghais ve ark.,
2019; El-Saber Batiha ve ark., 2020). Abamektin, c-aminobiitirik asit salinimini uyararak etki gosterir
ve boylece felce neden olur (Turner ve Schaeffer, 1989; Omura, 2008). Hem antiparaziter bir ajan hem
de etkili bir insektisit olarak kullanilan abamektin, tarimda, bitkilerin korunmasi ve hayvancilikta
karsilasilan hastaliklarin tedavisi i¢in yaygin olarak kullanilmaktadir (Campbell, 1989; de Oliveira
Ferreira ve ark., 2019). Abamektin, bocekler, memeliler, suda yasayan omurgasizlar ve baliklar igin
olduk¢a zehirlidir (Lankas ve Gordon, 1989; Hamed ve Abdel-Razik, 2015). Bu mikrokirletici
hayvanlara uygulandiktan sonra, dnemli miktarda metabolize olmayan ila¢ dogrudan ¢evreye atilir.
Bunlar; organik madde, toprak ve tortu pargaciklari tarafindan kolayca emilir. Cok sayida hayvanda sik
kullanildig1 zaman, su ortami i¢in potansiyel risk olusturabilirler. Simdiye kadar yapilan birkag ¢aligma,
abamektin dahil olmak iizere avermektinlerin sucul tiirler i¢in uzun siireli etkiye sahip ve oldukca toksik
oldugunu gostermistir (TiSler ve Erzen, 2006; Novelli ve ark., 2016; Huang ve ark., 2020). Tisler ve
Erzen (2006) ve Hernando ve ark. (2006) avermektinlerin gida zincirinde 6nemli rolleri olan su ve
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karasal organizmalarin iiremesine ve hayatta kalmasima miidahale ettigini rapor etmislerdir. EI-Shenawy
(2010) tarafindan yapilan ¢alismada, izole sigan hepatositleri tizerinde insektisit fenitrothion, endosiilfan
ve abamektinin belirgin bir sitotoksisite etkisi gosterdigi rapor edilmistir. Ayrica, Zhang ve ark. (2017)
abamektinin insan HepG2 hiicreleri lizerindeki sitotoksik etkisini reaktif oksijen tiirlerinin aracilik ettigi
apopitoz ile dogrulamistir. Abamektinin ¢evresel ortam ve sucul organizmalar {izerindeki olas1 olumsuz
etkileri iizerine yapilmis ¢alisma sayist az (Wang ve ark., 2011) olmakla birlikte, insanlar tizerindeki
toksik etkisi tizerine yapilan ¢alisma sayisi oldukga kisithdir (Karunatilake ve ark., 2012). Su ana kadar
abamektin giderimi ile ilgili ¢ok az sayida ¢alisma yapilmistir. Bu ¢alismalarda kullanilan yontemler;
foto-fenton (Matos ve ark., 2012), adsorpsiyon (Wei ve ark., 2009; Jodeh ve ark., 2014),
elektrokoagiilasyon (Ghalwa ve ark., 2015) ve elektrokimyasal oksidasyon (Errami ve ark., 2014)
yontemleridir. Son yillarda, kimyasal, elektrokimyasal ve fotokimyasal siirecleri igeren yeni atiksu
aritma yontemleri gelistirilmistir (Siampiringue ve ark., 2014). Ancak literatiirde abamektinin biyolojik
prosesler ile giderimi tizerine yapilmis herhangi bir ¢aligma bulunmamaktadir.

~_-R

Avermektin B,
CagH7,014

Mcasn72014)= 873,07 g'mol-1

Avermektin B,

R:CHQCH3

Avermektin By,
Ca7H70014

Avermektin By,
R=CH;

Mc47170014)=859,05 g-mol™

Sekil 1. Abamektin pestisitinin kimyasal yapis1 (Errami ve ark., 2014)

Son yillarda ¢evre kirliligi, fosil yakit tiiketimindeki artis ile birlikte 6nemli 6l¢lide artmistir. Bu
artig, yenilenemeyen enerji kaynaklarinin hizla tiilkenmesine neden olmustur (Lotfalipour ve ark., 2010).
Bu durum, temiz ve yenilenebilir enerji kaynaklar1 iizerine yapilan arastirmalarin biiyiik 6lgiide
artmasina yol agmistir. Gliniimiizde alternatif enerji kaynaklarinin en 6nemlilerinden biri biyoener;jidir.
Biyoenerji, mikroorganizmalar tarafindan organik maddelerin yapisinda bulunan kimyasal bag enerjisi
kullanilarak iiretilir. Bu enerji tiirii, kiiresel-ekonomik kalkinmayir ve insanin yasam Kkalitesini
iyilestirmek i¢in ortaya ¢ikan temiz ve yenilenebilir bir alternatif enerji segcenegidir (Gavrilescu, 2008).
Bu baglamda, 6zellikle son 10 yilda tiim diinya iilkeleri ile birlikte Tiirkiye'de de petrol, komiir ve
dogalgaza alternatif olarak biyogaz iiretiminin 6n plana ¢iktig1 gozlenmektedir (Ugar, 2018). Potansiyel
bir enerji kaynagi olan biyogaz, ¢esitli teknolojiler vasitasi ile enerjiye doniistiiriilebilmektedir. Cevresel
atiklardaki enerjinin geri kazanimina olan ilgi artis1 ve aerobik aritim sonucu {iiretilen ¢gamurun fazla
olmasi1 ve bunun yol actig1 ¢cevresel problemler anaerobik biyoteknolojiye olan ilginin artmasina neden
olmustur (Lema ve Omil, 2001; Gupta ve ark., 2016). Biyolojik doniisim siireglerinden biri olan
anaerobik ¢iirlitme, ¢esitli biyolojik olarak bozunabilir atiklardan biyogaz (metan-CHa ve karbondioksit-
CO2) eldesine imkan vermektedir. Bu proseste biyogaz iretimi, organik atiklar ve
hidrolitik/akidojenik/asetojenik/metanojenik mikroorganizmalar kullanilarak anaerobik kosullar altinda
dogal bir sekilde gergeklesir (Angelidaki ve ark., 2011; De Vrieze ve ark., 2012). Atiksularin kirletici
igeriginin artmasi, aritma siirecini daha zor ve kompleks hale getirir (Sharma ve Philip, 2014). Bu
nedenle, aritim1 anaerobik prosesler ile iyilestirme yontemlerine odaklanmak onemli ve gereklidir
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(Gupta ve ark., 2016). Bu sistemler; daha az ¢gamur {iretimi ve daha diisiik enerji gereksinimi yaninda
biyogaz iiretimine imkan vermesi agisindan aerobik proseslere gore dnemli avantajlara sahiptir (Gupta
ve ark., 2016; Stuckey ve Oh, 2018). Ancak bu sistemler, anacroblarin daha yavas biiyiime hizina ve
toksik bilesiklere kars1 daha yiiksek duyarliliga sahip olmasi gibi dezavantajlar1 da beraberinde getirir.
Anaerobik aritimin iyilestirilmesi, mikro kirleticilerin biyolojik bozunmasmi artirmak ve dolayisiyla
toksisiteyi azaltmak i¢in iyi bir se¢enek olabilir (Volker ve ark., 2017).

Abamektin iceren bir atiksuyun biyolojik proseslerle giderimi veya biyolojik proseslerdeki
mikroorganizmalar {izerindeki etkisine yonelik literatiirde yapilmis herhangi bir calisma mevcut
degildir. Bu ¢alismanin amaci, anaerobik bir reaktor i¢erisindeki mikroorganizmalarin metan (CHa)
iiretim siireci lizerine abamektinin inhibisyon etkisini arastirmaktir. Bu sebeple, farkli abamektin
konsantrasyonlarinda ¢alisilmis ve mikrobiyal ekoloji tizerindeki etkisi arastirilmistir. Reaktorlerde
iiretilen toplam biyogaz miktar1 ve biyogaz liretiminin en yiiksek oldugu siiregte biyogazin CH4 ve CO;
icerigi analiz edilmistir. Anaerobik reaktorler igerisindeki mikroorganizmalarin farkli isletim sartlari
altindaki davraniglarini tam olarak anlayabilmek icin floresan mikroskobu kullanilarak bakteriyel
canlilik ve floresan in-situ hibridizasyon (FISH) analizi yapilmistir. Bu ¢alisma sonucunda elde edilen
veriler, mikrobiyal aktivite silirecinin aydinlatilmasi agisindan son derece Onemlidir. Bu agidan
bakildiginda, bu ¢alismanin 6zgiinliigl ve literatiire katk1 saglama potansiyeli oldukca yiiksektir.

MATERYAL VE METOT

Inokulum Kaynag

Calismada inokulum olarak kullanilan anaerobik ¢amur laboratuvarimizda c¢alismakta olan
anaerobik membran biyoreaktor sisteminden alinmistir. Deney baslangicinda her bir reaktdrdeki
MLVSS igerigi 7.4 g L™ olarak ayarlanmistir. inokulum 1000 mg L' KOI igeren sentetik atiksu ile 3/5
(v/v) oraninda karistirilmistir. Reaktorlerde kullanilan sentetik besleme suyu bilesimi: 0.66 g L glikoz,
0.1 g Let ekstrakti, 0.03 g L* pepton, 0.81 g L™t NaHCOs3, 0.01 g L* KHPO4 ve 5 ml L eser metal
¢Ozeltisi igermektedir. Eser metal ¢ozeltisi: 3 mg L™t MgS04.7H20, 0.5 mg L™ MnSO4.H-0, 1 mg L*
NaCl, 0.1 mg L* FeS04.7H,0, 0.18 mg L* CoS04.2H20, 0.1 mg L* CaCl,.6H,0, 0.18 mg L*
ZnS04.7H,0, 0.01 mg L* CuS04.5H,0, 0.02 mg L Ca(S04)2.12H,0, 0.01 mg Lt H3BO3, 0.01 mg L
1 NaMo004.H;0, 0.125 mg L NiCl.6H,0, 0.003 mg L* NaSeO3.5H,0 kullanilarak hazirlanmustr.

Reaktor Kurulumu ve Isletim Sartlar

Calismada iki kontrol olmak iizere her bir konsantrasyon i¢in 2 anaerobik serum sisesi kullanilmis
ve calisma 2 tekrarl olarak yiiriitiilmiistiir (Sekil 2). Reaktorler 151k gecirmeyen amber cam malzemeden
yapilmis olup her bir reaktdriin toplam hacmi 100 ml’dir. Reaktorlerin etkin hacmi ise 80 ml (30 ml
inokulum/50 ml sentetik besleme suyu) olacak sekilde ayarlanmigtir. Daha sonra, abamektin (Sigma-
Aldrich, Almanya) 0.25; 0.5; 1; 2; 3; 4; 5 mg L konsantrasyonlarina sahip olacak sekilde anaerobik
serum siselerine eklenmistir. Reaktor sivist ¢éziinmiis oksijeni uzaklastirmak amaci ile 10 dk boyunca
azot (N2) gazindan gegirilmis ve ardindan kauguk tipa ile kapatilmistir. Anaerobik reaktorler 37 °C ve
150 rpm karistirma hizinda 24 giin siire ile inkiibatdrde (Stuart orbital incubator, SIS00) tutulmustur.
Reaktorler birbirine paralel olarak tamamen aym sartlarda isletilerek farkli abamektin
konsantrasyonlarinin anaerobik aritim tizerindeki etkisi arastirilmistir.

Analizler
Biyogaz miktari, kalibre edilmis 1slak cam siringalar kullanilarak Slgiiliirken, her bir ¢aligma
periyodu i¢in biyogaz iiretiminin en iyi oldugu dénemde biyogazin CH4 ve karbondioksit (CO>) bilesimi,
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termal iletkenlik detektoriine (TCD) sahip gaz kromatografisi cihazi (Shimadzu GC-2010) kullanilarak
analiz edilmistir.

Sekil 2. Calismada kullanilan inkiibator sistemi ve laboratuvar 6lgekli anaerobik reaktorler

Calismanin sonunda her bir reaktorden numune alinarak bakteriyel canlilik ve FISH analizleri
(Taskan, 2020; Taskan ve ark., 2020) tarafindan verilen protokoller kullanilarak yapilmistir. Bakteriyel
canlilik analizleri, LIVE/DEAD™ BacLight™ Bacterial Viability Kiti (Invitrogen, Carlsbad, CA)
kullanilarak iiretici firmanin vermis oldugu protokole gore yapilmistir. Biyofilm numuneleri, FISH
analizi igin 4 sa 4 °C'de steril fosfat tamponlu tuz (PBS) ¢6zeltisi (130 mM NaCl, 10 mM sodyum fosfat,
pH 7.2) igerisinde paraformaldehid aracilig1 ile sabitlenmistir. Bakteriyel hiicreler, bir kez PBS ¢ozeltisi
ile yikandiktan sonra PBS-saf etanol (1/1, v/v) igerisinde yeniden siispanse edilmis ve 20 °C'de
saklanmigtir (Harmsen ve ark., 1996). Arkea ve biitiin mikrobiyal topluluklari saptamak igin Arc915
(Archaea, GTGCTCCCCCG CCAATTCCT) (Amann ve ark., 1990) ve Univ1392 (Bakteriler,
ACGGGC GGTGTGTAC) (Pace ve ark., 1986) problar1 kullanilmistir. Slaytlar tizerindeki sabitlenmis
numuneler Kolukirik ve ark. (2011) gore dehidrate edilmistir. Slaytlar tizerindeki mikroorganizmalar,
bir DS-Filc dijital kamera ve goriintii analiz sistemi (NIS Elements Analysis yazilimi) ile donatilmis bir
Eclipse Ni-U mikroskobu (Nikon, Japonya) kullanilarak gézlenmistir.

BULGULAR VE TARTISMA

Abamektinin Biyogaz Uretimine EtKisi

Abamektinin mikroorganizmalarin fizyolojisi ve reaktor igerisindeki biyodegradasyon siirecini
olumsuz bir sekilde etkiledigi gozlenmistir. Biyogaz iiretiminin maksimum oldugu 16. isletim giinii
kontrol reaktoriinde iiretilen biyogaz miktar1 34 ml iken 5 mg L abamektin iceren rektoérdeki biyogaz
miktar1 2 ml olarak dlgiilmiistiir. 0.25 mg L abamektin igeren reaktdrde ise bu deger 32 ml olarak
belirlenmistir. Bu durum, ortamdaki mikrobiyal ekolojinin (asetojen ve metanojenle) abamektine duyarl
oldugunu ve 0.25 mg L abamektin konsantrasyonunun bile biyogaz iiretimi iizerinde inhibisyon
etkisinin oldugunu gostermektedir. Her bir reaktdrde iiretilen biyogaz miktari incelendiginde, abamektin
konsantrasyonu arttik¢a iiretilen biyogaz miktarinin azaldigi tespit edilmistir. 5 mg L abamektin
konsantrasyonunda ise reaktor igerisindeki 61ii mikroorganizma sayisinin artis1 ve mikrobiyal aktivitenin
azalmasina bagli olarak biyogaz iiretiminin dnemli diizeyde diistiigii belirlenmistir (Sekil 3). Bu durum
iiretilen biyogaz miktarinin, mikrobiyal aktivite ile dogrudan iligkili oldugunu gostermistir. Biyogaz
iiretiminin en yiiksek oldugu dénemde yapilan gaz analizinde iiretilen biyogazin CH4 ve CO> igerigi
Sekil 4’te verilmistir. Sekilden goriildiigli lizere abamektin icermeyen kontrol reaktoriindeki organik
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maddenin CHs ve COz’¢ doniisiim orani, abamektin iceren reaktorlere kiyasla oldukga yiiksektir.
Kontrol reaktorii abamektin icermediginden dolay1 ortamdaki mikroorganizmalar aktif olarak faaliyet
gostermis ve reaktor icerisindeki biyodegradasyon mekanizmasi etkilenmeden son iiriinlerden biri olan
metan {lretimine kadar devem etmistir. Biyogaz iiretiminin en yiiksek oldugu siirecte kontrol
reaktoriindeki biyogazin CHy igerigi yaklasik olarak %50 civarindadir. 0.25, 2 ve 5 mg L abamektin
iceren reaktorlerde ise iiretilen biyogazin CHjy igerigi sirasi ile %46, %23, %0 olarak tespit edilmistir. 5
mg L abamektin konsantrasyonunda reaktdr igerisindeki metan iireten bakterilerin tamamen inhibe
oldugu tespit edilmistir. Bu nedenle, daha yiiksek abamektin konsantrasyonlari denenmemistir.

Sonug olarak, abamektin konsantrasyonu arttikca, iiretilen biyogaz miktar1 ve igerigindeki metan
ylizdesi belirgin bir sekilde diigsmiistiir. Bu sonug, abamektinin anaerobik mikroorganizmalar iizerinde
toksik etki yaptigi, mikroorganizmalarin fizyolojisini bozdugu ve buna bagl olarak reaktor igerisindeki
biyodegradasyon siirecinin olumsuz bir sekilde etkilendigi varsayimmi giiglii bir sekilde
desteklemektedir. Ayrica, biyogaz lretimindeki azalma, asetojen ve/veya metanojenlerin dogrudan
inhibisyonundan veya biyogaz iiretim siirecinde aktif rol alan mikrobiyal toplulugun canlilik oraninin
azalmasindan kaynaklanmis olabilir.

—e—Kontrol 0.25 mg/L ——0.5 mg/L —o— 1 mg/L
2 mg/L ——3 mg/L —e—4 mg/L. —o—5 mg/L.

Toplam biyogaz iiretimi, ml

isletim siiresi, giin

Sekil 3. Calismada kullanilan reaktdrlerde tiretilen biyogaz miktar
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Sekil 4. Biyogaz iiretiminin en yliksek oldugu siirecte biyogazin CHs ve COzigerigi
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Abamektinin Mikrobiyal Komiinite Uzerine Etkisi

Bakteriyel canlilik gozlemleri, ortamdaki canli bakteri miktarinin abamektin konsantrasyonu 2 mg
L'ye ulasana kadar onemli olgiide degismedigini, ancak 2 mg L' ve iizeri abamektin
konsantrasyonlarinda ortamdaki canli bakteri sayisinin belirgin bir sekilde azaldigin1 gostermistir. Sekil
5 dikkatle incelendiginde, 5 mg L'! abamektin konsantrasyonunda ortamdaki 61ii bakteri miktarinin diger
caligma periyotlarina kiyasla oldukc¢a fazla oldugu analiz edilmistir. Abamektin konsantrasyonu arttik¢a
ortamdaki canli bakteri miktarinin azalarak Olii bakteri miktarinin artmasi, bakteriler iizerinde
abamektinin toksik etki yaptigin1 gostermistir. Dolayis1 ile organik maddenin biyogaza doniisiim orani,
abamektin konsantrasyonu artisina bagh olarak azalmistir.

FISH goriintiileri, reaktor icerisinde hem arkealarin (kirmizi) hem de bakterilerin (mavi) varligini
gostermektedir (Sekil 6). Bilindigi lizere, metanojenik arkeler anaerobik ortamda yasarlar. Sekilden
goriildiigl tizere kontrol reaktoriinde reaktor igerisindeki toplam bakteri (mavi) ve metanojenik bakteri
(kirmiz1) yogunlugu, diger reaktorlere kiyasla yiiksektir. Abamektin konsantrasyonu arttik¢a ortamdaki
metanojenik arkea miktarinin belirgin oranda azaldigi tespit edilmistir. Elde edilen bu sonuglar,
bakteriyel canlilik tayini ve biyogaz iiretimi sonuglari ile uyumludur. Ozellikle 2 mg L™ nin iizerindeki
abamektin konsantrasyonlarinda ortamdaki metan {ireten arkealarin miktarinda gozlemlenen disiis,
degisen isletim sartlariin mikroorganizmalar tizerinde toksik etki yaptiginin gostergesidir.

Kontrol

Sekil 5. Anaerobik reaktdrler igerisindeki canli-6lii bakteri miktarim gdsteren bakteriyel canlilik analizi
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Sekil 5. Anaerobik reaktorler igerisindeki canli-61ii bakteri miktarim gosteren bakteriyel canlilik analizi (devam)

0.25 mg/L

Sekil 6. Anaerobik reaktorlerde arkealarin (kirmizi) ve bakterilerin (mavi) varligini gosteren FISH goriintiileri
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2 mg/L 3 mg/L

80 pn 80 pm

Sekil 6. Anaerobik reaktorlerde arkealarin (kirmizi) ve bakterilerin (mavi) varligim gosteren FISH goriintiileri (devam)
SONUC

Gilintimiizde pestisitlerin ¢evresel ortam ve sucul organizmalar {izerindeki olasi olumsuz etkilerini
arastrmak ve bu probleme ¢6ziim bulmak biiyilk onem tasimaktadir. Bu calismada, abamektin
pestisitinin anaerobik prosesteki mikroorganizmalar ve biyogaz iiretimi lizerindeki etkisi detayli bir
sekilde aragtirilmistir. Sonuglar, anaerobik ayrigma isleminin 1 mg L abamektin konsantrasyonu altinda
iyi performans gosterdigini, bu degerin tizerindeki konsantrasyonlarda ise mikrobiyal aktivite ve biyogaz
iiretimi tlizerinde olumsuz etkiye sahip oldugunu gostermistir. Abamektin konsantrasyonunun artisi,
anaerobik sistemdeki organik maddenin biyogaza doniisiim orani ve iiretilen biyogazin CH4 igerigini
belirgin oranda azaltmistir. Bakteriyel canlilik ve FISH goriintiileri, anaerobik reaktdrdeki mikrobiyal
toplulugun morfolojisi lizerine artan abamektin konsantrasyonlarinin toksik etkide bulundugunu
gostermistir. Reaktor icerisindeki mikroorganizmalarin toksik etkiye maruz kalmasi ortamdaki organik
bilesiklerin biyodegradasyonunu énemli 6lgiide etkilemistir. Bu ¢alisma sonucunda elde edilen veriler,
ozellikle zirai amagla yaygin bir sekilde kullanilan abamektinin anaerobik reaktorlerdeki mikrobiyal
toplulugun yapisi, isleyisi ve aktivitesi tizerine toksik etkide bulunarak reaktor performansinin 6nemli
Olclide diismesine neden oldugunu gostermistir. Abamektin pestisitinin biyolojik prosesler ile aritim1 ve
biyolojik proseslerdeki mikroorganizmalar {izerine etkisinin arastirildigr herhangi bir calisma
bulunmadigindan dolay1 bu ¢alismada elde edilen verilerin bu alanda yapilacak diger ¢aligmalara 151k
tutma potansiyeli olduke¢a yiiksektir.
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Removal of Natural Organic Matter by Steel Slag through Adsorption and Catalytic Oxidation
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ABSTRACT: There is growing interest in reclaiming waste materials from industries such as
metallurgical slags, fly ash and agricultural wastes in a resource-limited world. A large amount of steel
slag is produced as waste material from steel industries. This study focused on natural organic matter
(NOM) removal using steel slag as a low-cost adsorbent/catalyst. The aim of this study was to
investigate the potential use of steel slag to remove NOM in waters with high specific UV absorbance
(SUVA2s4) value. The effects of steel slag particles size and dosages of slag and hydrogen peroxide on
NOM removals were determined. UV absorbing NOM fractions were preferentially removed by the
steel slag. Maximum UV absorbance and dissolved organic carbon (DOC) reduction after adsorption
were 83% and 54%, respectively. In addition to adsorptive properties, iron oxides on steel slag surfaces
significantly catalyses hydrogen peroxide decomposition. As a result of formation of strong oxidants
after hydrogen peroxide decomposition, NOM removal increased. The results showed that steel slag can
be used as adsorbent and catalyst for removal of NOM in high SUVA value waters. Besides, steel slag
may be effective for controlling the formation of disinfection by-products (DBPs) in drinking water
treatment due to the removal of NOM fractions with high UV absorbance values.
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INTRODUCTION

Natural organic matter (NOM) is a complex mixture of organic compounds with varying molecular
size and properties. NOM has been shown to cause some challenges during drinking water treatment
such as fouling on membrane surfaces, enhancing bacterial regrowth in distribution systems, etc. Also,
disinfection by products (DBPs) are unintentionally formed when a disinfectant reacts with NOM and/or
bromide/iodide (Richardson et al., 2007). DBPs formation is critical issue due to their carcinogenic,
cytotoxic, genotoxic, and teratogenic risks (Escobar-Hoyos et al., 2013). The DBPs standards have
become stricter to reduce the impacts of DBPs in public health. A significant amount of research has
been conducted on the control of DBPs formation due to the pressure of DBPs standards. Three general
approaches are commonly used to control DBPs formation: 1) remove DBPs precursors, 2) reduce the
amount of disinfectant and/or change the point of application, and 3) switch disinfectants. Alternative
disinfectants have been reported to form lower level of halogenated DBPs but they may produce
emerging DBPs (e.g., nitrosamines) which are more genotoxic than halogenated DBPs (Nawrocki and
Andrzejewski, 2011). The most effective approach for controlling DBPs is to remove DBP precursors
(i.e., NOM) before disinfection.

Adsorption and catalytic oxidation methods have gained attention because of their potential
advantages such as high capacity, ease of operation, and cost effectiveness. Iron oxide particles may be
effective adsorbents and heterogeneous catalysts for the removal of synthetic organics and NOM from
waters (Kitis and Kaplan, 2007; Shuai and Zinati, 2009; Tozum-Akgul and Yigit, 2017). Our previous
studies showed that pumice particles, which were coated with iron oxide were effective for NOM
removal through adsorption and catalytic oxidation in various water sources to overcome settling and
sludge problem of fine iron oxide particles (Kitis and Kaplan, 2007; Shuai and Zinati, 2009; Kaplan-
Bekaroglu et al., 2010; Tozum-Akgul and Yigit, 2017). Therefore, in this study, we hypothesized that
iron oxide containing waste materials, such as steel slag, can also be effective adsorbent and/or catalyst
for NOM removal. In this context, the main objectives of this study were: (1) to investigate the potential
use of steel slag to remove NOM through adsorption only; and (2) to investigate the effectiveness of
combined adsorption and catalytic oxidation by hydrogen peroxide addition for NOM removal. Steel
slag, mainly consisting of iron oxides and calcium oxides, is a by-product of steel manufacturing
processes (Tozum-Akgul and Yigit, 2017). More than 400 million tonnes of iron and steel slags are
produced globally in 2017 (Branca et al., 2020). Steel slag particles have been tested in environmental
applications for the removal of dyes, metals, and organic compounds using either batch or fixed-bed
scenarios (Ramakrishna and Viraraghavan, 1998; Dimitrova, 2002; Oh et al.,2012). Studies reported that
steel slag could be used as an adsorbent and/or catalyst for removing contaminants with a high removal
efficiency with a low possibility of secondary contamination. It was generally found that most of the
toxic elements was released barely leached from steel slag after extended periods of mixing (Oh et
al.,2012). Study by Tozum-Akgul and Yigit, (2017) evaluated NOM removal efficiency of steel slag
used both as the catalyst and as the adsorbent for low SUVA natural water and synthetic humic acid
(HA) solution) (Tozum-Akgul and Yigit, 2017). More research with real waters with high SUVA values
is needed to evaluate the potential of steel slag as a practical and potentially more sustainable in water
treatment process.

MATERIALS AND METHODS

Steel slag samples (obtained from the Eregli Iron and Steel Production Plant, Turkey) were divided
into different particle size fractions with sieving (<180, 180-300, 300-500, 500-710, 710-1000, and
1000-1180 um) after grinding. Distilled and deionized water was used to wash steel slag samples. Steel
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slag samples washed until the conductivity level was less than 10 uS cm™ in the washing solution. After
washing, the particle fractions were dried constant weight was achieved at 80°C. All fractions were kept
at a desiccator until use. Physicochemical characteristic of each steel slag fraction was shown in Table
1. A pH equilibration method was used to determine point of zero charge (pHpzc) values of steel slag
samples (Dastgheib et al., 2004). Brunauer-Emmett-Teller (BET) method with using Micrometrics
Gemini V analyser was used for specific surface measurements. Spectro 1Q-11 analyser was used for
XRF analysis. Steel slag particles exhibited basic character and the pHpzc values of particles ranged
between 11.61-12.03. Steel slag fractions had small surface areas, ranging between 0.1 and 3.1 m? g%.
Studies reported that steel slags have a typically low specific surface area of less than 10 m? g* (Manchisi
et al., 2020). The chemical compositions of steel slags studied by several researchers, and they found
that steel slags consist primarily of CaO, Fe20s, SiO2, MgO, and Al.Oz (Yigit and Tozum, 2012). Acid
digestion analysis was used to determine iron contents of the adsorbent samples (Tozum-Akgul and
Yigit, 2017). Iron contents of steel slag were 23.2 mg g according to acid digestion analysis. XRF data
has also show that steel slag particles contained significant amounts of Fe;O (about 27%).

Table 1. Physicochemical characteristics of the steel slag particles

Steel Slags BET surface area (m? g1) pHpzc
SS1 (<180 pm) 31 12.07
SS2 (180-300 um) 2.1 12.03
SS3 (300-500 wm) 1.4 11.96
SS4 (500-710 um) 1.2 11.77
SS5 (710-1000 pm) 1.1 11.64
SS6 (1000-1180 pum) 1.0 11.61

*Codes of 1, 2, 3, 4, 5, and 6 represent steel slag particle size fractions of <180 pm, 180-300 pm, 300-500 pm,
500-710 pm, 710-1000 um, and 1000-1180 pm, respectively).

Influent of drinking water treatment plant in Myrtle Beach (MB) was selected for NOM source.
The MB drinking water treatment plants is located in South Carolina (SC), USA. A reverse 0smosis
(RO) membrane system was used to concentrate NOM in this raw water. DOC concentration was 4.47
mg L for all experiments. SUVAs4 value of diluted MB water was 4.43 L mg™m™. SUVAs4 represents
the aromatic character of organic of the organic matter. High SUVA values showed that MB water has
higher degree of aromaticity. The hydrophobic fractions of NOM, mostly in humic and highly aromatic
character, have been found to significantly contribute to DBPs formation (Kitis et al., 2004). The
measured physicochemical characteristics of diluted MB water are as follows; conductivity: 48 pScm™,
alkalinity: 32 mg L, pH: 7.54.

Experiments were conducted in two phases: 1) batch adsorption isotherms in which steel slag was
tested as adsorbent, 2) batch tests in which both steel slag and hydrogen peroxide was dosed to
investigate combined adsorption and catalytic oxidation. Completely mixed batch reactors used for all
experiments. Kinetic experiments were initially performed to determine equilibrium time. According to
the results of kinetic experiments, 20 h of mixing was selected for all experiments. For batch adsorption
isotherm tests, the adsorbent dosages in the isotherms were 30, 100, 500, 1000, 3000, 6000, and 10000
mg L with employing constant adsorbate concentration. Various steel slag and hydrogen peroxide
dosages were tested for combined adsorption and catalytic oxidation experiments were. After dosing
slag or slag/peroxide, samples were kept in a temperature-controlled orbital shaker with well mixing at
constant temperature (20+£1°C). All experiments were conducted at pH 7.54 (raw water pH) without
buffer addition. After an equilibrium time of 20 h, slag particles in each bottle were separated through
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filtration using a pre-washed 0.45-um membrane filter to prevent organic material leak (Kaplan-
Bekaroglu et al., 2010). After filtrating, both UV2s4 absorbance and DOC were measured. TOC analyzer
(TOC-VCPH, Shimadzu) according to SM 5310 B was used for measuring of DOC concentrations. A
UV-visible spectrophotometer (Beckman DU-640) was used for the UV absorbance measurements in
water samples. After 20 h, residual peroxide was measured and was quenched by sodium sulfite
(Na2S0s) in catalytic oxidation experiments. Titrimetric test kit (HYP-1, Hach-Lange) was used to
measure hydrogen peroxide concentration. Reagent grade chemicals were used throughout the work.

RESULTS AND DISCUSSION

Adsorption of NOM

After the initial Kinetic tests, a serious of batch experiments were conducted to investigate
adsorptive NOM removal of steel slag particles. The reductions in UV2s4 absorbance by different particle
size fractions and slag dosages are shown in Figure 1. In general, the smallest size fraction (<180 pum)
of steel slag exhibited the highest UV absorbance reduction. When the dosages of steel slag particles
increased UV absorbance and DOC removals increased. Maximum UV absorbance reduction was 83%.
The lowest UV absorbance reduction was found in the largest particle size fraction. These results cannot
be explained with highest surface area of smallest size fraction due to low and narrow ranged surface
areas (1.0-3.1 m? g%). Detailed analysis with surface chemistry and morphology of steel slag particle
size fractions should be performed to evaluate differences on removal. DOC removal trend was similar
to UV absorbance and maximum DOC reduction for the smallest size fraction (<180 um) of steel slag
was 54% at 10000 mg L steel slag dose. Lower UV absorbance and DOC reductions was reported in
natural waters with low SUVA value waters (Tozum-Akgul and Yigit, 2017).
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Figure 1. UVa2ss absorbance reductions obtained by steel slag samples (adsorption only) (Codes of
1,2,3,4,5 and 6 in the legend present steel slag particle size fractions of <180, 180-300, 300-500, 500-
710, 710-1000 and 1000-1180 pum respectively).

SUVA values after adsorption were lower compared to before adsorption. SUVA2s4 value was
decreased a result of adsorption and maximum SUVAzs4 reduction is 54% in the smallest size fraction.
These results showed that adsorbed NOM species had relatively higher degrees of aromaticity. Samples
with a high SUVAzs4 value (ie., >4 L mg™? m™?) have a relatively high content of hydrophobic organic
compounds and indicates hydrophobic nature of NOM. Due to strong correlations between SUVA 254
values and DBP formation, decreasing SUVAzs4 values means decreasing of DBPs formation.
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Adsorption isotherm results by steel slag are shown in Figure 2. Adsorption capacities of steel slag
samples ranged between 0.19-1.94 mg g. pH values were increased after adsorption and pH values
were around 11-12 after adsorption. Besides pH values, alkalinity and conductivity of water were
increased after adsorption. Increasing in pH values, alkalinity and conductivity can be explained by
dissolution of CaO which is used as addition agent in steel making processes (Oh et al., 2012).
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Figure 2. Adsorption capacities of MB water by steel slag particles. (Codes of 1,2,3,4,5, and 6 in the
legend present steel slag particle size fractions of <180, 180-300, 300-500, 500-710, 710-1000, and
1000-1180 pum, respectively).

Catalytic Oxidation of NOM

Addition to the adsorbent properties, iron oxide on steel slag particles can be effective on formation
strong oxidants as a result of catalysing the decomposition of hydrogen peroxide. To prove catalytic
effective of steel slag particles, firstly, we tested removal of NOM by only hydrogen peroxide oxidation.
UVa2s4 absorbance reductions by only peroxide oxidation were less than 5% for steel slag samples. The
results showed that hydrogen peroxide alone is not sufficient to oxide NOM. For smallest size fraction
of steel slag particles, 60 % UV2s4 absorbance was obtained at 3000 mg L™ dose (without peroxide).
After adding hydrogen peroxide (1000 mg L) at the 3000 mg L steel slag dose, UV2s4 absorbance was
obtained 77 % (Figure 3). These results proved that iron oxide in steel slag surfaces catalysed hydrogen
peroxide decomposition to form strong oxidants, probably hydroxyl radicals. Similar to UV removal,
DOC removal is increased from 36% to 51%. Increased NOM removals were found for iron oxide coated
pumice when dosed with peroxide in our previous publication (Kitis and Kaplan, 2007). In general,
NOM decrease more when measured as UV2s4 than as DOC in various advanced oxidation processes
studied, e.g. during UV/ H20, (Moncayo-Lasso et al, 2008), TiO2/UV (Liu et al., 2010), catalytic
oxidation (Kitis and Kaplan, 2007), and Fenton processes (Nie et al.,2010). The high removal of UV 24
values shows that NOM macro-molecules with high UV absorbance are broken down into lower
molecular weight by-products with lower UV absorbance.

Figure 4 shows the UV2s4 absorbance reductions achieved for all steel slag fractions by different
peroxide dosages and 3000 mg L™ steel slag dose. Smallest particle size fractions (<180 um) had highest
NOM removal. Both UV2s4 absorbance and DOC reductions decreased with increasing particle size
fractions. At 3000 mg L™ steel slag and 1000 mg L hydrogen peroxide dosages, UV2s4 absorbance and
DOC reductions of the smallest particle size fractions were 77% and %51, respectively. At constant steel
slag dose, reductions of UV2s4 absorbance increased with increasing peroxide dose. Increasing NOM
removal with increasing hydrogen peroxide dose provided direct evidence of strong oxidants formation
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as a result of decomposition of hydrogen peroxide iron oxide surfaces. Overall, NOM removal by steel
slag and hydrogen peroxide is provided both by adsorption and catalytic oxidation.
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Figure 3. UV absorbance reductions by steel slag in adsorption only, hydrogen peroxide alone, and steel slag and
peroxide together (SS1 presents steel slag particle size fractions of <180 pm, steel slag dose = 3000 mg L?,
reaction time = 20 h). Error bars show the 95% confidence intervals.
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Figure 4. UVs4 absorbance reductions obtained by steel slag particles (Codes of 1,2,3,4,5 and 6 in the legend

present steel slag particle size fractions of <180, 180-300, 300-500, 500-710, 710-1000 and 1000-1180 um

respectively, steel slag dose = 3000 mg L%, reaction time = 20 h). Error bars show the 95% confidence intervals.

Increasing of ratio of H2O./steel slag dosage (mg/mg) increased NOM removals (Figure 5). About
42% DOC reductions were obtained for smallest size fraction when the ratio of H2O./steel slag dose
ratio was 0.02 (3000 mg L steel slag and 50 mg L™ H20,). When ratio increased from 0.02 to 0.33
(1000 mg L H,0, and 3000 mg L* steel slag), DOC removal increased %51. Similar to DOC, UV
absorbance reduction increased from %56 to %77 when ratio increased from 0.02 to 0.33. At constant
steel slag dose, reductions on UV2s4 absorbance increased with increasing hydrogen peroxide dose.
Similarly, at constant hydrogen peroxide dose, UV2s4 absorbance reductions increased with increasing

steel slag dose. Increasing NOM removal with increasing peroxide dose provided direct experimental
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evidence that iron oxide surfaces can catalyse decomposition of hydrogen peroxide to form strong
oxidants. Overall, the results showed that removal of NOM by steel slag and hydrogen peroxide is
provided both by adsorption and catalytic oxidation. Steel slag can be used as low-cost and sustainable
adsorbent/catalysts for NOM removal in high-SUVA waters. Many solid waste sources contain metals
or metal oxides can be reused as catalysts. However, choosing waste material is critical due to secondary
contamination as a result of leaching. Oh et al. (2012) reported that toxic elements were barely leached
from steel slag according to results of leaching tests (Oh et al., 2012).
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Figure 5. The effects of H2O./steel slag dose ratio on DOC removals for <180 um steel slag particles
(steel slag dosages are in mg L™ in the legend).

CONCLUSION

Studies on recycling processes for waste materials have been attracting much attention because of
economic and environmental considerations. Steel slag, by product of steel industry, was tested for the
adsorptive and oxidative removal of NOM. According to best literature knowledge of the authors, steel
slag has not been tested yet for NOM removal for high-SUVA waters. Maximum UV absorbance and
DOC reduction after adsorption for the smallest size fraction (<180 pm) of steel slag were 83% and
54%, respectively. Decreases in SUVAzs4 values after adsorption showed that that the adsorbed DOM
species had relatively higher degrees of aromaticity. Addition to adsorptive properties, iron oxide in steel
slag surfaces also catalysed the decomposition of hydrogen peroxide to form strong oxidants and
enhanced NOM removal. At a steel slag dosage of 3000 mg L%, maximum removal of DOC in adsorption
experiments without hydrogen peroxide was 36% for the smallest size fraction of steel slag. When
hydrogen peroxide and steel slag particles were dosed together, DOC removal obtained were 51%,
respectively, employing 1000 mg L hydrogen peroxide and 3000 mg L steel slag dosages. The results
show that steel slag is promising adsorbent and heterogeneous catalyst for NOM removal and DBPs
formation control due to iron oxide content. However, further pilot-scale testing is necessary to verify
these lab-scale findings and to determine the practical application aspects of the process.
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Kok Yer Egrisi ve Bode Diyagram ile Gercek Zamanh DC Motor Konum Kontrolii I¢in Faz
Ilerlemeli-Gerilemeli Denetleyici Tasarim

Mertcan OZDAG?, Tugce YARENY", Selcuk KiZIR?

OZET: Bu calismada, gercek zamanli DC motor konum kontrolii i¢in klasik kontrol yontemlerinden
olan faz ilerlemeli ve faz ilerlemeli — gerilemeli denetleyici tasarimi1 kok yer egrisi ve Bode diyagrami
yontemleri ile gerceklestirilmistir. Model tabanli bir denetleyici tasarlanacagi icin matematiksel model,
kara kutu sistem tanimlama yontemiyle deneysel verilerden hesaplanarak elde edilmistir. STM32F4
gelistirme kiti ve Matlab destekli Waijung blok seti kullanilarak uygulama gelistirilmistir. Denetleyici
performansi, sisteme referans girisler verilmesi sonucu deney diizenegi lizerinde gercek zamanh
sonuclarin gozlenmesi ile test edilmistir. Her iki yontem tasarim siirecinin isleyisi ve yontemlerin
uygulanabilirligi ger¢ek zamanli olarak gosterilmis ve tasarlanan denetleyicilerin bagarili performans
sergiledigi gbzlenmistir. Gergeklestirilen uygulamada kullanilan test diizenegi ve yontemler, kontrol
uygulamalari i¢in hem giivenilir ¢alisma hem de ekonomik ¢6ziim sunmaktadir.

Anahtar Kelimeler: Faz ilerlemeli-gerilemeli kontrol, kok yer egrisi, Bode diyagrami, DC motor,
kontrol egitimi

Phase Lead-Lag Controller Design for Real-Time DC Motor Position Control with Root Locus
and Bode Diagram

ABSTRACT: In this study, phase lead and phase lead-lag controller design, which are among the
classical control methods, was implemented by root locus and Bode diagram methods for real-time DC
motor position control. Since a model-based controller will be designed, the mathematical model has
been obtained by calculating from experimental data with the black box system identification method.
The implementation was developed using the STM32F4 development kit and the Waijung block set
supported by Matlab. Controller performance has been tested by observing real-time results on the
experimental setup as a result of giving reference inputs to the system. The functioning of the design
process of both methods and the practicability of the methods were introduced in real-time and it was
observed that the designed controllers achieved successful performance. The experimental setup and
methods used in the application offer both reliable operation and economical solutions for control
applications.

Keywords: Phase lead-lag control, root locus, Bode diagram, DC motor, control education
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GIRIS

Lineer ve zamanla degismeyen sistemlerin davraniglarim1 ve kararliliklarin1 analiz etmek ig¢in
kullanilan birgok yontem bulunmaktadir. Bu yontemlerden biri olan ve literatiirde siklikla kullanilan kok
yer egrisi yontemi, mevcut sistemin agik ¢evrim kutuplarini ve sifirlarini kullanarak, bir denetleyici
kazancininin degisimine gore kapali ¢cevrim transfer fonksiyonunun kutuplarinin yerinin bulunmasini
saglamaktadir (Giildemir, 1991). Bir sistemin kutuplarinin konumunun bilinmesi o sistemin zaman
uzayinda davranig karakteri hakkinda dogrudan fikir vermektedir. Bir diger yontem olan Bode diyagrami
yontemi (Kuo, 2016) ise, sistemin c¢esitli frekanslardaki siniis sinyaline karsi verdigi genlik ve faz
degisimine gore olusturulmaktadir. Burada 6nemli olan sistemin faz marjini ve kazan¢ marjinidir.
Kontrolcii tasarlanirken bu marjinler istenilen degerlere getirilerek dolayli yoldan zaman uzayinda arzu
edilen sistem davranis kriterine ulagilmaya ¢alisilir.

Literatiir incelendiginde bir¢ok farkli uygulama alaninda Bode diyagramlart ve kok yer egrisi
kullanilarak tasarlanan g¢esitli kontrolciiler goze ¢arpmaktadir. Nayak ve ark. (2015), Bode
diyagramlarin1 kullanarak bir DC-DC doniistiiriicii devreye faz ilerlemeli kontrolcii tasarlamislar ve
devrenin dinamik davraniginin PI kontrolor yerine faz ilerlemeli kontrol tasarimui ile iyilestigi sonucuna
varmiglardir. Alasooly (2011), DC motor hiz kontrolii i¢in ¢esitli kontrolciiler (PID, faz ilerlemeli —
gerilemeli vb.) tasarlaylp bunlarin dinamik performans karsilastirmasini yapmistir. Performans
analizinde kok yer egrisi ve Bode diyagramlarini esas almistir. Kim ve Schaefer (2005), kok yer egrisi
ve Bode diyagramlarini kullanarak PID kontrolciiniin parametrelerinin nasil ayarlanacagini gostermisler
ve parametre ayarinin sistem performansina etkisini ortaya koymuslardir. Yaren ve ark. (2014) kontrol
egitimi uygulamalarma 6rnek olarak DC motor konum kontroliine ait kok yer egrisi tabanli faz ilerlemeli
kontrol sonuglarini sunmuslardir.

Faz ilerlemeli kontrolcii yapist geregi PD kontrolciiye benzemektedir (PD ve faz ilerlemeli
kontrolctilerin her ikisi de sisteme faz ekler). Faz gerilemeli kontrolcii ise yapis1 geregi PI kontrolciiye
benzemektedir (Faz gerilemeli ve PI kontrolciilerin her ikisi de sistemden faz ¢ikartir). Faz ilerlemeli —
gerilemeli kontrolcii ise PID kontrolciiye benzemektedir (Franklin ve ark., 2002).

Faz ilerlemeli — gerilemeli kontrolcii, klasik bir PID kontrolcii ile faz ekleme-¢ikarma noktasinda
benzer yapiya sahip olmakla birlikte, farkli isleyislere sahiptirler (Alasooly, 2011; Franklin ve ark.,
2002). PD kontroldriin frekans-cevap karakteristigi incelendiginde genligin, artan frekans ile yiikselme
egiliminde oldugu goriiliir. Bu 6zellik ise istenmeyen bir durumdur ¢linkii herhangi bir gercek sistemde
tipik olarak bulunan, yiiksek frekansh giiriiltiiyti yiikseltir. PD kontroloriiniin yiiksek frekansh
amplifikasyonunu azaltmak i¢in, PD kontroloriin kirilma noktasindan daha yiiksek frekanslarda paydaya
bir kutup eklenerek faz ilerlemeli denetleyici yapisina gegilir. Boylece, faz artis1 hala meydana gelir,
ancak yliksek frekanslarda amplifikasyon sinirlandirilir (Franklin ve ark., 2002). Faz gerilemeli ve Pl
denetleyici sistemden faz cikartirken; PI denetleyicisi, faz1 kopma noktasi frekansindan diisiik tiim
frekanslar i¢in azaltir, faz gerilemeli denetleyici ise, faz1 yalnizca kopma noktas1 frekansi civarindaki
kiiciik bir frekans araligi i¢in azaltir. Faz marjininin azalmasi, kapali ¢cevrim sistemin gegici yanitina
olumsuz etki ettiginden PI kontrolor yerine faz gerilemeli denetleyici tercih edilebilir (Rohitha ve ark.,
2005). PID denetleyicileri, yiiksek frekansh giiriiltii ve integral yigilmasi etkisine oldukg¢a duyarlidir.
Daha pratik alternatifleri, faz ilerlemeli — gerilemeli denetleyicilerdir (Golnaraghi ve Kuo, 2010; Nise,
2011).

Mantz ve Battista (2004), Hodel ve Hall (2011) PID denetleyicisinin temel dezavantajlarindan
olan yiiksek frekansh giiriiltiiye ve integral yigilmasina karsi hassasiyeti ele alinmistir. En uygun
alternatifler olarak faz ilerlemeli, faz gerilemeli, faz ilerlemeli-gerilemeli denetleyiciler Rohitha ve ark.
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(2005) ve Horng (2012) tarafindan incelenmistir. Chen (1989), Zanasi ve Coughi (2011) tarafindan
gerceklestirilen ¢alismalarda ise tartisilan bazi durumlarda, ikinci dereceden faz ilerlemeli ve faz
gerilemeli kontroldrlerin, yaygin olarak kullanilan PID kontrolorlerine kiyasla daha iyi sonuglara yol
actig1 gézlenmistir.

Yapilan deneysel ¢aligmada tasarlanan denetleyiciler, olusturulan deney seti (Sekil 1) ilizerinde
gercek zamanli olarak test edilmistir. Deney seti iizerinde 168 PPR dahili enkodere sahip olan Canon
FN38 S DC motor, L298N motor siiriicii entegresi, USB-UART doniistiiriicii entegresi, STM32F4
gelistirme karti bulunmaktadir. STM32F4 gelistirme karti Simulink tizerinden Waijung blok seti ile
kullanilmistir. Waijung blok seti, ARM mimarisine sahip kontrol kartinin mimarisi hakkinda detayli
bilgi sahibi olmadan Matlab Simulink {izerinden kullanilmasini miimkiin kilmaktadir (Yeniaydin ve ark,

2014).

STM32F4
Gelistirme Kiti

2 USB - UART

Doniistiriici

Canon FN38 S

DC Motor
L298N

Motor Siiriicii
" [

Bu caligmada 6ncelikle DC motor sisteminin transfer fonksiyonu verilmis, kok yer egrisi ve Bode
diyagrami yontemlerine dayali denetleyici tasarimi ayri1 ayri ele alinmistir. Tasarim ve uygulama
cesitliligi saglamak icin kdok yer egrisi yontemi kullanilarak faz ilerlemeli-gerilemeli; Bode diyagrami
yontemi kullanarak faz ilerlemeli kontrolcii tasarimi gergeklestirilmistir. Tasarlanan kontrolciilerin
basarimi deneysel olarak sistem tizerinde incelenmis ve basarili bir sekilde motor konum kontroliiniin
saglandig1 sonucuna varilmistir.

MATERYAL VE METOT

STM32F4 gelistirme kiti ve Waijung blok set

STM32F4 gelistirme kiti, ARM mimarisine sahip bir mikrodenetleyiciyi bilinyesinde barindirir. 32
bit mimariye sahip bu islemci, yiiksek hizi sayesinde gercek zamanli kontrol uygulamalarinda istenilen
performans kriterlerini saglar. Kullanilan gelistirme kiti kartinda islemcinin ¢evresel birimlerinin rahatca
kullanilmasi icin gerekli eklentiler yapilmistir. Kart iizerindeki pinler sayesinde, ADC, PWM, UART,
GPIO gibi ¢esitli ¢evresel birimleri rahatlikla kullanabiliriz. Waijung blok seti (Waijung BlockSet,
2020), hizli prototipleme yapmak isteyen arastirmacilarin karmasik ARM mimarisine sahip
mikroiglemcileri mimari hakkinda bilgi sahibi olmasina gerek kalmadan kullanabilmesi i¢in
gelistirilmistir. Matlab Simulink iizerine eklenen Waijung bloklart ile islemcinin her tiirlii gevresel birimi
ayarlanabilmekte ve olusturulacak algoritma klasik Simulink bloklar1 yardimi ile olusturulmaktadir
(Tosun ve ark., 2019). Daha sonra 6zel derleyiciler ile bu bloklar C koduna doniistiiriilerek islemciye
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gomiilmektedir. Bu sayede hizli prototipleme yapmak isteyen arastirmacilar, vakit kaybetmeden
arastirmalarini yapabilmektedir.

DC motor modeli
Bu calismada kullanilan DC Motorun modeli sistem tanimlama yontemiyle deneysel verilerden
hesaplanarak kara kutu yaklagimi ile elde edilmistir (Kizir ve ark., 2019). Model tabanli bir denetleyici
tasarlanacagi i¢in gercek sistemi temsil etmesi hedeflenmistir. Kullanilacak transfer fonksiyonu 1
numarali denklem ile verilmistir.
0(s) _ 68063
V(s) s2+120.6s+ 0.0001084

(1)

Normalde ii¢lincii dereceden bir karakteristik denkleme sahip olan DC Motor konum transfer
fonksiyonu, kara kutu yaklasimi ile yiizde 93 dogruluk oraninda ikinci dereceden bir karakteristik
denkleme sahip olan transfer fonksiyonu olarak ¢ikarilmistir. Kara kutu yaklasimi ile ¢gikarilan transfer
fonksiyonun igerisinde, klasik transfer fonksiyonu kullanilarak elde edilemeyecek olan motor siiriicii
entegresinin etkileri, 6l¢iilemeyen fiziksel parametrelerin etkileri vb. bulunmaktadir.

Faz ilerlemeli/ ilerlemeli-gerilemeli kontrol

Faz ilerlemeli kontrolcii sisteme bir sifir ve bir kutup ekler. Eklenen sifir sanal eksene kutuptan
daha yakin oldugu i¢in, bu ikisinin konumlara gore sisteme bir faz eklenmis olur. Genelde faz
ilerlemeli kontrolciiler kok yer egrisini sola dogru biikmeye egilimlidir. Bu sayede sistemin kararliligini
arttirirlar. Eklenen faza ve kazanca gore sistemin baskin kutuplarini istedigimiz yere atayabiliriz. Faz
ilerlemeli kontrolcii yapisi geregi PD kontrolciiye benzer. PD kontrolciide sisteme sadece bir sifir
ekleyerek faz eklemis oluruz. Kp ve Kd parametrelerinin oranina gore sifirin konumunu ayarlar ve
boylece eklenen fazi ayarlamis oluruz. Faz ilerlemeli kontrolciide serbestlik derecesi PD kontrolciiye
gore daha fazla oldugu i¢in (bagimsiz olarak keyfe keder deger verilebilecek parametre sayisi) faz
ilerlemeli kontrolci daha esnektir (Horng, 2012). Bunun yaninda tiirev almanin getirdigi
olumsuzluklardan 6tiirii faz ilerlemeli kontrolcii PD kontrolciiye gore daha avantajlidir denebilir. Faz
ilerlemeli kontrolcii genellikle baskin kutuplari istenilen performansi vermeyen sistemlerde, kutuplari
arzu edilen bolgeye atamak i¢in kullanilir. Eger bir sistemin orijinal kok yer egrisindeki bir noktas1 arzu
edilen sistem cevabini karsiliyor ise sisteme faz ekleyerek kok yer egrisini tekrar sekillendirmeye gerek
yoktur. Bunun yerine kok yer egrisinden bir nokta secilerek o noktadaki kokler kullanilabilir. Bu
durumda bir kalic1 durum hatasi olusuyor ise faz gerilemeli kontrolcii ya da PI kontrolcii kullanilabilir.

Sistemden hem hizl1 yanit hem de yliksek dogruluk isteniyorsa, faz ilerlemeli-gerilemeli kontrolr
kullanilabilir. Faz ilerlemeli-gerilemeli kontroloriin kullanilmasiyla, diisiik frekans kazanci artirilabilir
(bu, kararli durum dogrulugunda iyilestirme anlamina gelir) ve ayn1 zamanda sistem bant genisligi ve
kararlilik marjinleri artirilabilir (Ogata, 2008). Genel bir kural olarak, kontroloriin faz ilerleme kismu,
tepe zamanini azaltmak ve daha yiiksek bant genisligi elde etmek i¢in, faz gerileme kismi ise sistemin
sonlimlenmesini saglamak i¢in kullanilir (Horng, 2012).

Kok yer egrisi ile kontrolcii tasarim
Kok yer egrisi, bir sistemin bir denetleyici kazancina gore kapali ¢cevrim transfer fonksiyonunun
karakteristik denkleminin koklerinin frekans uzayinda degisimini gosteren bir grafiktir (Kuo, 2016). Kok
yer egrisi bir sistemin analiz edilmesi, kontrol edilirken koklerin nereye gidecegi ile ilgili bilgi vermesi
ve kontrolcii tasarlanmasi i¢in oldukga ise yarar bir aragtir.
Faz ilerlemeli-gerilemeli kontrolciiniin transfer fonksiyonu 2 numarali denklem ile verilmistir.
Kontrolcii tasarim parametrelerini, transfer fonksiyonunda bulunan Kc, T1, T2 ve [ parametreleri
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olusturmaktadir. T1 ve T2 parametreleri ilgili kontrolciiniin zaman sabitini ifade etmektedir. 3
parametresi ise, pozitif ve 1’den biiyiik oldugunda, faz ilerlemeli kisimda kutup noktasinin sifirdan daha
geride, faz gerilemeli kisimda ise kutup noktasinin sifirdan daha ileride olmasini saglar. Dolayisiyla,
Gc(s) transfer fonksiyonunda B'nin pay kisminda yer aldig: transfer fonksiyonu faz ilerlemeli, payda
kisminda yer aldig1 transfer fonksiyonu faz gerilemeli kontrolciiye aittir. Son deger teoremine gore
sistem kalic1 duruma ulastiginda, kontrolcii sabit Kc kazancini sisteme uygulamaktadir. Bu nedenle Kc

parametre degerinin uygun ayarlanmasi, kalict durum hatasinin integratér kullanmadan arzu edilen
seviyede olmasina imkan saglayacaktir.

1 1
Sto7 St5
Ge(s) = Kc * Tl‘gl * le 2

S+ﬁ S+m

Kara kutu yaklasimi ile elde edilen DC Motor konum transfer fonksiyonunun kok yer egrisi Sekil
2’de goriilmektedir.

Root Locus

T oies 092  ‘0.86 076 058 0:35
0-984
< 20
wl
=
S . lo0o9
g 10
o 1400 120, 100 80 501 40 20 ]
=
& 10
= 0.995
o
(]
E 20
0.984
0.96- - 0.92°  -0.86 0.76 0.58 0.35

o R;;I Axisr(:econdr;'a) h “ B
Sekil 2. Acik ¢cevrim sistemin kok yer egrisi
Sistemi statik bir P kontrolcii ile kontrol etmeye calistigimiz zaman, K=1 i¢in sistemin kokleri

sanal eksende ¢ok yukariya c¢iktifindan sistemin step fonksiyonuna cevabinda asim (overshoot) ve
salimim miktar1 artar. K=0.0534 degeri ile P kontrolcii uygularsak, sistemin kokleri -60 noktasinda
bulusmaktadir. Bu durumda ¢ok kii¢iik kazang se¢iminden otiirii sistemde kalict durum hatasi meydana
gelir. Kok yer egrisini sola dogru biikerek bu durumdan kurtulabiliriz. Faz ilerlemeli kontrolcii kok yer
egrisini sola dogru biikebilir (Franklin ve ark., 2002). Tasarim yaparken oncelikle istenilen asim degerini
ve oturma zamanini belirlemeliyiz. Sistemin fiziksel 6zelliklerinden yola ¢gikarak oturma zamanini 10ms
ve ylizde asim degerini %1 olarak belirledik. Bu isterler karsisinda 3 numarali denklem ve 4 numarali
denklem kullanilarak baskin kutuplarin olmasi gerektigi nokta bulunabilir. 3 numarali denklemde
goriilen mp; yiizde asimi (overshoot), 4 numarali denklemde verilen Wn; arzu edilen kapali ¢evrim
kutuplarinin dogal frekansini ifade etmektedir.

1
Sonum Katsayisi =
2 ©)
j U (o)
ogmp
4 4
Oturma Zamani = “)

Wn * SonumKatsayisi
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Sonug olarak yukarida verilen isterler karsisinda baskin koklerin olmasi gerektigi nokta s = -400
+ 272j olarak bulunmustur. Bu koklerin sistemin kok yer egrisinde yer almasi i¢gin genlik sartini1 ve agi
sartin1 saglamalar1 gereklidir (Kuo, 2016). Sistemin davranig kriterlerine baglh olarak olmas1 gerektigi
nokta belirlenen baskin kokleri sistemin transfer fonksiyonuna yazdigimizda £180 derece ac1 sartini
saglamalidir. Ayrica yine ayni kokleri transfer fonksiyonuna yazdigimizda acik cevrim transfer
fonksiyonunun genligi 1 olmalidir. Buldugumuz kokleri transfer fonksiyonuna yazdigimizda olusan
karmagik sayinin derecesi 78.6245 c¢ikmaktadir. Bu agiy1 180 dereceye tamamlayacak fazi sisteme
eklersek, kok yer egrisi istenen kok noktalarindan gegecektir. 78.6245 derecesini 180 dereceye
tamamlamak icin yaklasik 101 derece eklenmelidir. Bu dereceyi ekleyebilecek faz ilerlemeli kontrolcii
sifir ve kutup takimlarinin, genlik sartin1 saglamak icin, getirecegi kontrolcii katsayisi (Kc) farkl
olacaktir. Burada 6nemli olan fiziksel olarak saglanabilecek Kc degerini veren kutup-sifir takimini
secmektir. A¢1 sart1 ve genlik sartt goz onilinde bulunduruldugunda uygun olan kutup, sifir ve kontrolcii
katsayis1 asagidaki gibi hesaplanmistir: Kutup = —1948, Sifir = —293.2, Kc = 14.9.

Bu durumda olusacak faz ilerlemeli kistm 5 numarali denklemde verilmistir.

G 149 s+ 293.2 (5)
c(s) =149« ————
s + 1948
Root Locus ) 2.5e+03
" | ose "os ) _DI38_| 06 o017 o008 |
et ‘ 2e+03
1500 Fay a. T i .. System: openloopsystem
. . || . Gain: 1.04
e . Pole: -422 + 271i
100 : | “.- Damping: 0.842
0.94 ) Y - Overshoot (%): 0.745
L . N

" Frequency (rad/s): 502
e

081 "o

Imaginary Axis (seconds‘1)
%

les0a

" 1.56+03

- 2e+03

064 05 038’ | 028 047 008 .
1500 -1000 500 2.5e+0

Real Axis (5ec0nd5'1)

Sekil 3. Fazi ve kazanci ayarlanmis sistemin kok yer egrisi

Faz ilerleme kismimi Denklem 2’de verilen faz ilerleme kismina esitleyerek B katsayisini
hesaplayabiliriz. Bu islem sonucunda =6.6425 olarak bulunur. Faz ilerlemeli kisim eklenmis sistemin
kok yer egrisi Sekil 3’de verilmistir. Goriildiigl gibi kok yer egrisi sola dogru biikiilmiistiir. Kazanci ve
derecesi ayarlanmis sistemin K=1 i¢in baskin koklerinin yeri daha 6énceden hesaplanmis olan koklerin
konumu olmustur. Simdi sistemde olusabilecek kalict durum hatasini sifirlamaya yarayacak olan faz
gerilemeli kismin tasarimi yapilacaktir.

Faz gerilemeli kismin B degeri faz ilerletme kismin tasarimini yaparken bulunmustu. Burada
yapilmas1 gereken Denklem 2’de goriilen T2 degerinin secilmesidir. Faz gerilemeli kontrolciiniin T2
parametresi secilirken, faz gerilemeli kismin miimkiin oldugunca sisteme faz ve kazang¢ eklememesi
amaclanmalidir. Bu amag dogrultusunda T2 degerini 100 segebiliriz. Bu durumda olusacak faz gerilemeli
kismin transfer fonksiyonu 6 numarali denklemde verilmistir.

s+ 0.01

_ 6
Ge(s) = 5370.0001505 ©)
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Root Locus 4et03 Step Response
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064 " Gain: 0.987 B Ze+03. /
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Sekil 4. a) Kontrolciisii eklenmis sistemin kok yer egrisi b) Kontrolciisii tasarlanmis sistemin step
girigine yaniti

Sonu¢ olarak kok yer egrisi ile tasarlanan faz ilerlemeli-gerilemeli kontrolciinlin transfer
fonksiyonu ise 7 numarali denklemde verilmistir. Bu kontrolcii sisteme 2 sifir ve 2 kutup eklemektedir.
s+ 293.2 s+ 0.01 )

s+ 1948 s+ 0.0001505
Faz ilerlemeli ve faz gerilemeli kontrolcii eklenmis sistemin kok yer egrisi Sekil 4a’ da

goriilmektedir. Ayrica kontrolcii eklenmis sistemin MATLAB ortaminda step girisine verdigi cevap ise
Sekil 4b’de verilmistir.

Ge(s) = 14.9 =

Bode diyagramu ile kontrolcii tasarimi

Sistemler, girislerindeki sinyali belirli bir faz ve genlik farki ile takip ederler. Bode diyagrami bir
sistemin farkl frekans degerindeki girdilere verdigi cevapla ilgilenir. Bode diyagrami sayesinde belirli
bir frekans girdisini sistemin ne kadar faz ve ne kadar genlik farkiyla takip edecegini saptayabiliriz.
Tipki kok yer egrisinde koklerin sag veya sol diizlemde olmasi ile kararlilik analizi yapildig: gibi, faz
marjini ve kazan¢ marjini gibi kavramlar yardimi ile Bode diyagrami kullanilarak kararlilik analizi
yapilabilir. Bir sistemin faz ve kazan¢ marjinini istenilen noktaya getirmek yolu ile o sistem i¢in
kontrolciiler tasarlanabilir.

Faz ilerlemeli kontrolciiniin transfer fonksiyonu 8 numarali denklem ile verilmistir.
1
S+ ﬁ

s+

Ge(s) = Kc * (8)

ok T'1
Bode diyagramlar1 kullanilarak kontrolcii tasarlarken, sistemin faz ve kazang marjinleri ile gerekli

diizenlemeler yaparak dolayli yoldan sistemin zaman uzayindaki davranisini kontrol etmis oluruz. Bode
diyagrami ile kontrolcii tasarlarken kontrolcii isterleri kok yer egrisi ile kontrolcii tasarlarken oldugu gibi
zaman uzay1 cevabi cinsinden degil, kazang ve faz marjini cinsinden olacaktir. Oncelikle yapilacak olan
kontrol edilecek sistemi Bode diyagramini elde ederek faz marjinini bulmaktir. Teorik olarak faz
ilerlemeli kontrolciiniin sisteme ekleyecegi maksimum faz miktart 90° iken, fiziksel yapisinin sinrlt
olmasindan dolay pratikte faz ilerlemeli kontrolcii sisteme en fazla 65° faz ekleyebilmektedir (Ogata,
2008; Al-Gburi ve Aziz, 2016). Daha fazla faz ihtiyact oldugunda birden fazla faz ilerlemeli kontrolcii
seri olarak kullanilabilir.

1880



Mertcan OZDAG ve ark. 11(3): 1874-1886, 2021

Kok Yer Egrisi ve Bode Diyagramu ile Gercek Zamanh DC Motor Konum Kontrolii icin Faz ilerlemeli-Gerilemeli Denetleyici
Tasarim

Ilk olarak 1 numarali denklemde transfer fonksiyonu verilen DC motorun Bode diyagrami
cizdirilmistir ve faz marjinine bakilmistir (Sekil 5). Kontrol edilmemis sistemin faz marjini Sekil 5
lizerinde 26 derece olarak goziikmektedir. Oncelikle K=Kc*o« olmak iizere K=1 segelim. G1=K*Gp
olmak iizere, G1 transfer fonksiyonunun Bode diyagramini ¢izelim. K = 1 olarak se¢ildiginden, G1=Gp
olacaktir. Dolayisiyla Sekil 5 ile verilen Bode diyagrami degismeyecektir.

Bode Diagram

100

= -
2
©
pel -
S o e T ]
=
(=]
@
=

100

. System: sys

@ h Phase Margin (deg): 26
= Delay Margin (sec): 0.00183
@ -135 At frequency (radp's’}: 247 1
§ Closed loop stable? Yes

-180 — . s =

10° 10! 102 10° 10
Frequency (rad/s)

Sekil 5. Acik ¢evrim sistemin Bode diyagrami

Faz marjini, sistemin soniimlenmesi ile ilgili oldugu i¢in bir performans 6lgiitii olarak ele alinabilir
(Toscano, 2005). Soniimleme orani ile faz marjini arasinda y=100( (: soniimleme orani; y: faz marjini)
seklinde bir iligki bulunmaktadir (Ogata, 2008). Dolayisiyla ylizde asim performans kriteri ile de
iligskilendirilebilir. Tasarimda faz marjini isterimizi 70 dereceden biiyiik olacak sekilde belirleyelim,
dolayistyla soniimleme orani isteri 0.7°den biiylik olacak sekildedir.

Bu isteri saglamak icin sisteme faz eklenmesi gerektigi agikardir. Fakat sisteme faz eklemenin ayni
zamanda sisteme bir miktar kazang ekleme etkisi de olur. Kazang, geg¢is frekansini (crossover frequency)
daha yiiksek bir frekansa tagimaktir. Bu durum ise, eklenilen tiim fazin tam olarak alinamadig1 anlamina
gelir. Ciinkii gecis frekansi beklenilenden farkli miktarda fazdan gegmektedir (Beale, 2001).

Denetleyici tasariminda istenilen faz marjinine gore ekleme yapilsa dahi tasarim gereksinimleri
hala karsilanmayabilir. Tasarimc1 bu adimda iki farkli yaklagim kullanabilir. Birincisi giivenlik katsayisi
kadar faz miktar1 sisteme eklenilecek faza dahil edilir ( @si= 10°, sfisafety factor ) (Beale, 2001). Ikinci
olarak iteratif bir yol izleyerek kiiciik miktarlarda (1-2°) faz ekleyerek tasarim gereksinimlerin karsilanip
karsilanmadig1 kontrol edilir.

Bizim tasarimimizda isteri saglamak igin sisteme 44 derece (70-26) faz eklenmesi gereklidir.
0=eklenmek istenen faz ag¢is1 olmak iizere, 9 numarali denklem kullanilarak kontrolcii parametrelerinden

biri olan « hesaplanir.

sin(8) = :—2 )

0=44 derece olmak iizere «=0.1796 olarak bulunur. Bu «=0.1796 degerinden otiirii kontrolcii
sisteme kazang¢ ekleyecektir. Bu eklenen kazan¢ degeri sistemin Bode diyagrami kullanilarak yok
edilmelidir. Denklem 10 ile verilen esitlik kullanilarak kontrolciiniin sisteme ekledigi kazan¢ degerinin
carpmaya gore tersi bulunur. Bulunan bu deger G1 olarak belirledigimiz transfer fonksiyonunun Bode
diyagraminda bulunur. Bu genligin bulundugu frekans faz ilerlemeli kontrolciiniin kesim frekans1 W,
olarak alinir.
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20 * log v/« (10)
Faz ilerlemeli kontrolciiniin kesim frekans1 W, kullanilarak faz ilerlemeli kontrolciiniin zaman

sabiti 11 numarali denklem kullanilarak bulunur.
1

T Vo T1
Bu islemler sonucunda, faz ilerlemeli kontrolciiniin kesim frekans1 W, = 390 rad/sn ve faz
ilerlemeli kontrolciiniin zaman sabiti T1 = 0.0061 olarak hesaplanmistir. Bulunan parametrelere gore

faz ilerlemeli kontrolciiniin transfer fonksiyonu Denklem 12 ile verilmistir.

Gee) 55679 « 165.279
= 5. —_—
Cls S+ 9202619

Kontrol edilmis sistemin Bode diyagrami Sekil 6a’da goriilmektedir. Son durumda faz marjini
26°’den 61.1°’ye yiikselmistir. Kritik tasarim gereksinimlerinde, giivenlik katsayisi veya iteratif yontemi
izlenerek denetleyici giincellenebilir.

Sekil 6b’de ise faz ilerlemeli denetleyici uygulanmis ve uygulanmamis Bode diyagramlar1 ayn
grafikte verilerek degisimin net olarak goriilmesi amaglanmigtir. GoOrildigli tizere faz ilerlemeli
denetleyici ile sisteme faz eklenmis ve daha Once bahsedilen gecis frekanst degisimi de meydana
gelmistir.

Tasarlanan denetleyicinin sistem kontroliinii gerceklestirip gerceklestiremedigini test etmek i¢in
ise basamak fonksiyon girisi uygulanmis ve cevabir Sekil 7 ile gosterilmistir. Gortildiigl lizere sistem
cikisi, referans sinyali takip etmektedir.

wc (11)

(12)

Bode Diagram Bode Diagram

7 50 Faz ilerlemeli Denetleyici I

—_ —_ — — — - Acik Cevrim
[as]
%.- — % or——————————— = T \ ——————————————————————————————
@« -~
3 E N
= = ~
S 50 g 501 T
= T~
=
System: fw
| Phase Margin (deg): 61.1 100
10 ‘ Delay Margin (sec): 0.00272 -90

- B At frequency (rad/s): 393
—_ Closed loop stable? Yes —_
i “m &
s N et
o -13 \ o -135
© N £
T . o b

a -
180 = - -18 )
101 102 10° 104 10° 10’ 102 10° 10* 10°

Frequency (rad/s)

Frequency (rad/s)

Sekil 6. a) Kontrol edilmis sistemin Bode diyagram1 b) Bode diyagraminda denetleyici etkisi

Step Response

12

Amplitude
o )

N Y A e

0.01 0015 0.02 0.025 0.03

Time (seconds)

Sekil 7. Kontrol edilmis sistemin birim basamak cevabi
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BULGULAR VE TARTISMA

KoKk yer egrisi ile tasarlanan faz ilerlemeli-gerilemeli kontrolciiniin ger¢ek zamanh uygulamasi

Waijung blok seti kullanilarak kok yer egrisi yardimi ile tasarlanan faz ilerlemeli ve faz gerilemeli
kontrolcliniin Matlab Simulink ortaminda olusturulan uygulama modeli Sekil 8 ile gosterilmistir. Verilen
modelde mikrokontrolcii konfigurasyonu igin gerekli bloklar bulunmaktadir. Subsystem olarak verilen
blok enkoderden okunan sinyali pozisyon bilgisine ¢evirmek i¢in kullanilmaktadir. Enkoderden alinan
pozisyon sinyali ile referans sinyal arasindaki fark hatayr olusturmaktadir. Hata sinyali ise modelde
gorildiigii tizere elde edilen kontrolcii transfer fonksiyonu ile isleme sokulmaktadir. Kontrolcii ¢ikisi
Basic PWM blogu ile motora uygulanmaktadir. Seri port aracilifiyla sisteme gonderilen referans girisi
Uart Rx blogu ile elde edilebilmektedir UART Tx blogu ile tasarimci, motor konum bilgisini bilgisayar
ekran1 lizerinden anlik izleyebilir. Data Type Conversion blogu ise farkli veri tiplerinde olan
degiskenlerin, model C koduna gevrildiginde, birbiri ile uyumlu ¢alismasini saglamak i¢in kullanilmistir.

Kok yer egrisi ile kontrol edilmis sisteme ait olusturulan ger¢ek zamanli uygulamanin rastgele
giris fonksiyonuna verdigi cevap Sekil 9a ile ve rampa referans sinyaline verdigi cevap Sekil 9b ile
verilmigtir.

18
+258 Q T 4 T 5
Ccmzﬂ‘ b CH1 (A1
Comvert (3] s+1943 |
00 L}I:ta Type Cmvers»mzﬁmm Fon  Transfer :}'i a Type Conversion 1 Gain Abs Ssturation
Medule: USARTA. Rx READP | Dt Type Conversion e—
FPacket: Binary Basic PW
Transfer: Non-Blocking 5]
Ts sec): 0 e
— (i 0 »|FE10
UART Rx
025 Compare Pat B
Module: USARTS Sr-tL.p ToConstant Tiee :ﬁﬁﬁg%:;r",'f;’; L?F"
Baud (Bps): 9600 T Ts (sec): 0.001
D'MA Buffer: 512512 -
TxRx Pin: D2/02 _ .o »lrai2
Waijung: 17.03 g | PE12
o 5 —E
UART Setup ey o Compare (,'9
K] . To Constant1
Autorun app ON Digita| Output
i ecti Execution Frofiler. None
Direction Base Tz (sec): 0.001
Timer: 1
Input pins [CH_A, CH_BF [E3.E11] C?
$5T Counter: Mo Target Setup
Pasition {count) F—»{In1 Outi i
Subsystemn
Encoder Read

Sekil 8. Kok yer egrisi ile tasarlanmis kontrolciiniin ger¢ek zamanli uygulanmasinin Simulink modeli

400
= Gerpek Sistem Cevabi —— Gergek Sistem Cevabi
r e R Sinyali —— Referans Sinyali
350 erans Sinyali 1000 -
300
800
250
i) i
] 2 600
5 200 5
(=] & Q
150 E 400
100
200
50 | / {lj
d 0 g
0 | | | | |
0 2 4 & 8 10 12 0.5 1 15 2 25 3
Saniye Saniye

Sekil 9. a) Kok yer egrisi ile kontrol edilmis sistemin gergek zamanli uygulamasinin rastgele giris
yanit1 b) Kok yer egrisi ile kontrol edilmis sistemin ger¢ek zamanli uygulamasinin rampa giris yaniti
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Kontrolciiniin performansinin test edilebilmesi icin sisteme rastgele degerlerden olusan referans
sinyali uygulanmistir. Sekil 9a’da verilen grafikte referans sinyal ile birlikte sistem c¢ikisi da
gorilmektedir. Goriildiigii lizere sistem c¢ikis1 rastgele lretilen referans sinyalini basari ile takip
etmektedir.

Ikinci olarak sisteme tekrar eden dizi sinyal, referans olarak verilmistir. Elde edilen sistemin
transfer fonksiyonu tip 0 oldugu icin, sistem birim basamak isaretleri diisiik kalic1 durumu hatasi ile
takip edebilirken (buradaki kalici durum hatast Kc kontrolcii parametresine baglidir), rampa giris
isaretlerini daha fazla kalic1 durum hatasi ile takip edebilmektedir. Sekil 9b’de referans ve sistem yaniti
gorilmektedir. Grafikten de anlasilacagi iizere sistem, rastgele referans girisinde oldugu gibi tekrarh dizi
girisinde de referans sinyali takip etmekte ve birim basamak yanitinda kalict durum hatasi olmaz iken
rampa referans isaretinde olmaktadir.

Bode diyagramu ile tasarlanan faz ilerlemeli-gerilemeli kontrolciiniin gercek zamanh uygulamasi

Bode diyagram ile tasarlanan kontrolciiyli ger¢ek zamanli olarak uygulamak i¢in kullanilan
model, kdk yer egrisi ile tasarlanan kontrolciiyii uygulamak icin kullanilan model (Sekil 8) ile aynidir.
Yalnizca kontrolcti transfer fonksiyonlar: degismistir.

Bode diyagrami yardimi ile tasarlanan denetim sistemine ait olusturulan gergek zamanl
uygulamanin rastgele giris fonksiyonuna verdigi cevap Sekil 10a ve rampa referans sinyaline verdigi
cevap Sekil 10b ile verilmistir. Grafiklerden goriilecegi iizere sistem ¢ikisi referans sinyallerini basari
ile takip etmektedir. Kok yer egrisi yontemi sonuglarina benzer sekilde birim basamak yanitinda kalici
durum hatasi1 az iken iken rampa referans isaretinde daha fazladir.

Sistem Gikigi
Referans Sinyali|

Sistem Cikigi
Referans Sinyali| |

1000 [

BOO [

600

Derece

400

200

.‘I‘b dl ; {i_‘. I7 [:1 gly 1‘0 1‘1 0.5 1 15 2 25 3
Saniye Saniye
Sekil 10. a) Bode diyagrami ile kontrol edilmis sistemin gergek zamanli uygulamasinin birim basamak giris

yanit1 b) Bode diyagramu ile kontrol edilmis sistemin gergek zamanli uygulamasinin rampa giris yaniti
SONUC

Bu calismada, faz ilerlemeli ve faz gerilemeli denetleyici yapilari ele alinmis ve denetleyici tasarim
yontemleri lizerinde durulmustur. Kok yer egrisi yontemi ve Bode diyagrami yontemi kullanilarak
denetleyici tasarim detaylar1 verilmistir.

Tasarim siireci ve denetleyici uygulama cesitliligi saglamak i¢in kok yer egrisi yontemi
kullanilarak faz ilerlemeli-gerilemeli, Bode diyagrami yontemi kullanilarak ise faz ilerlemeli kontrolcii
tasarlanmig, Waijung blok seti kullanarak tasarlanan kontrolciiler gercek zamanl olarak uygulanmis ve
karsilastirilmastir.

Bu calismada anlatilan kok yer egrisi ve Bode diyagramlar ile faz ilerlemeli kontrolcii tasarlama
adimlart vasitasiyla LTI sistemler i¢in faz ilerlemeli kontrolcii tasarlanabilir. Bu ¢alismada Bode

diyagrami ile tasarlanan kontrolcii ile kok yer egrisi ile tasarlanan kontrolcli arasinda kayda deger
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performans farki gézlenmemistir. Bunun yan1 sira kok yer egrisi ile kontrolcii tasarlarken kontrolcii
isterleri zaman cevabi, Bode diyagrami ile kontrolcii tasarlarken kontrolcii isterleri frekans cevabi
tizerinden verildiginden kok yer egrisi yontemi ile daha hedefe yonelik kontrolcii tasarimi yapilabilecegi
gosterilmistir. Bode diyagrami ile kontrolcii tasarlamanin islem yiikii agisindan kok yer egrisi ile
kontrolcii tasarlamaktan daha avantajli oldugu goriilmiistiir. Her iki yontem tasarim siireci de farkli
isleyise sahiptir ve gerceklestirilen ¢aligmada yontemlerin uygulanabilirligi gercek zamanli olarak
gosterilmistir.

Cikar Catismasi
Bu c¢alismada herhangi bir ¢ikar ¢atigsmasi yoktur.

Yazar Katkisi
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ABSTRACT: Lotka-Volterra equations are commonly used in prey-predator population studies.
Simulation programs are commonly used to produce solutions of Lotka-Volterra equations and to
examine their initial value dependendence. In literature, chaotic waveform generators, ECG and EEG
generators have been made and used for research and education. To the best of our knowledge, such
an electrical circuit to produce the Lotka-Volterra waveforms does not exist. Such a circuit can be
made using either analog or digital circuit components. However, such a device may be used for
education in classroom and also to prove concepts by population researchers. In this study,
implementation and experimental verification of the microcontroller-based circuit which solves Lotka-
Volterra equations in real time and produces its waveforms are presented. Euler method is used to
solve the equation system in discrete time. Presented design has been implemented using an
STM32F429 Discovery Board, two DACs and four opamps. The microcontroller sends the signals to
the outputs of the circuit using digital-to-analog converters and opamps. The waveforms acquired
experimentally from the implemented circuit outputs matches well with those obtained from numerical
simulations.
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INTRODUCTION

A group of problems that have been largely studied in recent years within the scope of stability
analysis in non-linear systems is the predator-prey system, which models the interaction of two or
more species living in a common environment. Some of the species prey on the others and also the
birth and death rates of species are expressed in parameters. The first model introduced in this respect
is the Lotka-Volterra model (Lotka, 1926). This is a very important model as it is the starting point of
more complex systems. But the model does not reflect the reality because of stability problems (Gleria
et al. 2001). The model is important in terms of the disappearance of stability, the system shifting to
chaotic behavior, and the analysis of limit cycles that exhibit structural stability and has been the
subject of many studies.

An analysis of the Lotka-Volterra model gives out two populations. The predator species, one of
the populations in this model, feed on the prey species in this mechanism. And the prey species feed on
the food in the surroundings. The predator-prey model was first developed to analyze the changes in
shark (predator) and fish (prey) populations (Volterra, 1978). Several calculations were made to find
out population densities in this model. In the settings with no predator population, the change in prey
population will increase at a ratio of dx/dt=ax for a>0. In the settings with no prey population, the
predator population will decrease at a ratio of dy/dt=-dy for d>0. The ratios of increase and decrease
will change according to the frequency with which the species meet and interact once they are in the
same setting. This value is considered to be proportional to the value of x.y. In that case, while the
prey ratio decreases at an additional rate of —bxy for b>0, the predator population increases at an
additional rate of of cxy for c>0. When these values are combined as a single equation, the following
equation system is obtained for finding out the prey and predator density (Scheiner, 1996):

dx/dt = ax — bxy

dy/dt = cxy — dy

Because of their dependence upon the factors of time and location, mathematical models are
established using ordinary differential equations, difference equations or partial differential equations.
The dynamic systems defined by these equations are grouped into two as the discrete and the
continuous systems, depending on time. While the natural events involving discrete systems are
modeled using difference equations, continuous systems are modeled using differential equations. The
above described Lotka-Volterra model is an example of continuous systems.

Modeled using differential equations, the predator-prey systems play an important part in
analyzing the dynamics of biological populations in mutual interaction. Consequently, many
researchers have analyzed the dynamic structure of the predator-prey models since their first
introduction. Several different structures such as Hopf bifurcation, limit cycle, and chaotic behavior
have been observed in these analyses.

The current studies have been examined as follows. Lotka and Volterra (1) have examined the
population dynamics among species of organisms and set their models which were regarded as the
ground for ecological processes. Further studies still continue to be conducted based on these models.
Expressed by a system of differential equations, the Lotka-Volterra model was built on Liouville's
theorem and a global essential for 'motion’, as proved by Kerner (Kerner, 1957). A statistical
mechanics of Lotka-Volterra model was advanced on this principle where the approach of
microcanonical and canonical ensembles was proposed to Lotka-Volterra model along with a concept
of temperature. Building on the studies of Kerner; Goel, Maitra, and Montroll reported a fine analysis
related to the interacting communities (Goel et al., 1971). They strived to find out the outstanding

1888



Ertugrul KARAKULAK et al. 11(3): 1887-1895, 2021

STM32F429 Discovery Board-Based Emulator for Lotka-Volterra Equations

properties of populations that are very indifferent to the first conditions and the details of the
hypothesis data. Lotka-Volterra model was considered as a leading principle while doing a 'statistical
mechanical’ analysis of changes in the population. But the parameters specifying the dynamical system
are expressed on a group basis, rather than on an individual basis in Lotka-Volterra type model.
‘Stepping stone model' was established by Kimura (Kimura and Weiss, 1964). in the field of
population genetics. This model was constituted to measure the decline of genetic correlation in line
with distance in a population structured in a geographical way. Several studies have been conducted on
the basis of the stepping stone model to examine the relationship between the geographical structure
and genetic correlation in species. But no in-depth studies were conducted involving the individual
characteristics and individuals’ interactions. 'SIR model' (susceptible, infected, recovered) was
launched by R.Kermack and McKendrick (Kermack and Mckendrick, 1927) in the field of dynamical
epidemiology. 'SIR model' may be considered as a type of Lotka-Volterra model. Since the prey or the
host causes an increase in the frequency of the predator or the infected, S and R may be correlated with
two peculiar conditions of the prey or the host. In recent years, on the other hand, the growing interest
in discrete population models which are expressed using the difference equations has been reflected in
the studies involving predator-prey systems. While Boshan and Jiejie (Boshan and Jiejie, 2012)
examined the dynamic structure of a ratio-dependent predator-prey model, discretized by Euler’s
method, using the Center Manifold Theorem for difference equations; Zhang and Boshan (Zhang et al.,
2014) done research on the discrete-time predator-prey biological economical system. Elabbasy,
Elsadany, and Zhang have proven the existence of a stable point of balance in a discrete and reduced
Lorenz system using the Center Manifold Theorem and bifurcation theory (Elabbasy et al., 2014).
Ghaziani, Govaerts, and Sonck have defined the conditions required for the stability of 3 balance
points in the discrete system of functional Holling type (Ghaziani et al., 2012). In this type of analysis,
discrete predator-prey systems have been observed to exhibit a much wider range of dynamic
behaviors as compared to continuous predator-prey systems. Self-repeating processes are a matter of
question in dynamic systems. The system holds periodical solutions in such cases. One of the most
important theories among those that deal with the existence of periodical solutions is the theory
developed by E.Hopf. (He et al, 2011). Tan & Bora aimed for examining the dynamic behaviors of
discrete predator-prey systems and modeling the predator-prey system that would reflect the actual
system Korkmaz Tan and Bora, 2019). An algorithm for automatic parameter setting has been
developed using the meta-intuitive algorithms, which were proved to be successful in many studies for
solving the problems of chaotic systems. A predator-prey model has thus been created in which the
species in an ecological system reflect the actual system behaviors of the existing species.

The emulation of dynamic systems is important for education and research purposes. Such an
emulator should be designed in a cheap, robust, and quick way. FPGAs are used to emulate the neuron
models given in (Gomar and Ahmadi, 2014; Chen et al., 2017). Unfortunately, not all the institutes or
departments have FPGAs. Microcontrollers which are slower but cheaper than FPGAs are successfully
used to emulate chaotic systems, ECKG signal generator and neurons in (Yener et al, 2017; Yener et
al., 2017; Yener and Mutlu, 2018; Yener, 2019). A microcontroller-based memristive chaotic circuit is
implemented in (Yener et al., 2017). A microcontroller-cased chaotic circuit of Lorenz Equations is
designed in (Yener et al, 2017). An inexpensive microcontroller-based ECG signal generator is
designed in (Yener and Mutlu, 2018). A microcontroller-based circuit is used to simulate two coupled
Hindmarsh-Rose (HR) neurons in (Yener et al, 2017; Yener et al., 2017; Yener and Mutlu, 2018;
Cagri, Yener). Lotka-Volterra equations can also be emulated with such circuits given in (Yener et al,
2017; Yener et al., 2017; Yener and Mutlu, 2018; Yener and Mutlu, 2019). To the best of our
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knowledge, this has not been done before. In this paper, a prey-predator emulator based on Lotka-
Volterra equations is designed using a STM32F429 Discovery Board. The circuit is made using cheap,
rugged, easy-to-use components such as STM32F429 Discovery Board, two DA0832 digital analog
converters (DACs), four LM 358 op-amps, and several passive components. The microcontroller
solves the Lotka-Volterra differential equation system numerically, then sends two of the solved state-
variables out as binary numbers throughout the digital ports to the DA0832 DACSs, and obtains their
analog waveforms using the opamp-based inverting amplifiers. Experimentally obtained waveforms of
the emulator are also given in this study.

The STMStudio Program is used to scale the prey and predator state variables by adjusting the
gains or the program constants. Then, the experimental circuit is assembled using cheap off-the shelves
components on a breadboard and its waveforms in the time domain are obtained experimentally using
a digital oscilloscope.

The paper is arranged as follows. In the second section, the Lotka-Volterra equations are briefly
explained. In the third section, the microcontroller circuit board-based circuit of the Prey-predator
Emulator circuit is introduced, the circuit is simulated with STMStudio, and its time-domain
waveforms and phase portraits are given. In the fourth section, its experimental results are given. The
paper is concluded with the last section.

MATERIALS AND METHODS

Lotka-Volterra Equations
The Lotka-Volterra equations are introduced in this section. The equations are given in both the
continuous and the discrete time.

Lotka-volterra equations in continuous time
The following set of equations describes the Lotka-Volterra equations/system in the continuous
time (Lotka, 1926):

dx b
——=ax — bx
dt Y O
dy B p
Fra A
where x and y are the state variables presenting the numbers of prey (for example, rabbits) and
predator (for example, wolves) populations, and t is time. a, b, ¢, and d are Lotka-Volterra system
parameters which are positive real numbers describing interaction of the two species.

Lotka-volterra equations in discrete time
In the discrete time, the Lotka-Volterra equations can be given as
xlk—1]— [k
[ T] [kl = ax[k] — bx[k]y[k]
S

1)
P2 2 ety - (i
xlk + 1] = (1 + aTy)x[k] — bT,x[k]y[k]
ylk + 1] = cTox[klylk] + (1 — dTy)y[k]
where Ts is the sampling time.
The discrete time system is used in the STM32F429 Discovery Board program to emulate the
system. Euler’s method is used to solve the equations in the discrete time.

)
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Microcontroller-Based Emulator Circuit

In this section, the circuit schematic of the microcontroller-based Lotka-Volterra System shown
in Figure 1 is given and briefly explained. The circuit is made of a STM32F429 Discovery Board, two
DAO0832 digital analog converters (DACs), and two op-amp circuits used as the amplifiers of the
DAC'’s. Feedback resistors of the OP1 and OP3 of the DAC ICs are chosen with proper resistance
values to prevent saturation. The additional op-amps, OP2 and OP4, are used as op-amp based
inverting amplifiers to have non-inverted state variables at the outputs. State variables of the Lotka-
Volterra equations, x and y are solved numerically using Euler’s method. The two state variables are
sent throughout the digital outputs to the DACs by STM32F429 Discovery Board as shown in Figure
3. The circuit is simulated in STMStudio. At the output of the inverting amplifiers fed by the DACs,
the simulated state-variables obtained in the time-domain are shown in Figures 2 and 3.

STM32F429
Discovery
Board

BUST

BLISZ)

DA0832
Rfb

lout]

Dio-DI17
lout2

DADB32

Riy

lout]
DIo-DI7 lout2

Rf

Rir Signal of
Predator

Rf

Ru Signal of
Prey

Figure 1. Circuit schematic of the microcontroller-based Lotka-Volterra system drawn.
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Figure 2. a) x(t) and b) y(t) state variables with respect to time simulated with STMStudio for prd=10, pry=17, a=0.3,

b=0.01,c=0.1, and d=0.01.
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Figure 3. a) x(t) and b) y(t) state variables with respect to time simulated with STMStudio for prd=50, pry=50, a=0.5,
b=0.02, ¢c=0.1, and d=0.01.

RESULTS AND DISCUSSION

Experimental results of the STM32F429 Discovery Board-based Lotka-Volterra circuit are given
in this section. The circuit shown in Figure 4 is assembled. Mbed online compiler is used to compile
the codes. The Lotka-Volterra system parameters are made adjustable using a TFT touchpad interface
in the emulator circuit for entering parameters as inputs as shown in Figure 5. The prey and predator
population signals are obtained with the designed emulator. All two state variables of Lotka-Volterra
equations are sent to the output throughout the DACs and op-amps to obtain analog signals.
Experimental output signals have been acquired by a 60 MHz digital oscilloscope simultaneously at
the DAC outputs and given in Figure 6 for different system parameters and initial values. The
STM32F429 Discovery Board-based Lotka-Volterra emulator system is able to demonstrate prey and
predator population behavior and its experimental waveforms, shown in Figures 6, match well to the
simulation results shown in Figures 2 and 3. The prey waveform leads the predator waveform as
shown in Figure 6. The shape of the population waveform varies with the initial conditions. Also, in
Figure 6, it can be seen that a noise does exist within the waveforms due to the effect of quantization.
The experimental phase-portraits or the limit cycles of the x-y state variables of the circuit are shown
in Figure 7 for different system parameters and initial values. It can be seen that the area of the limit
cycle increases while the initial conditions of the prey and predator populations increases. The shape of
the limit cycle varies with the initial conditions. It turns from a Baklava-like shape to a smoothened
triangular-like shape as the initial conditions increases. Also, in Figure 7, it can be seen that a noise
does exist within the limit cycle due to the quantization error.
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Figure 4. Photograph of the implemented STM32F429-
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