Cilt/ Volume: 12, Say1 / Issue: 2
Haziran / June, 2022
ISSN 2146-0574 E-ISSN 2536-4618

D/JLF

st Hakemli Dergi / International Peer Reviewed Jou

IGDIR UNIVERSITES]
FEN BILIMLERI
ENSTITUSU DERGISI]

JOURNAL OF THE INSTITUTE
OF SCIENCE AND
TECHNOLOGY

https://derqi .0rg. 1 fbed@igdir.edu.tr




Cilt/ Volume: 12, Say1 / Issue: 2, Haziran / June, 2022 Igdar Universitesi Fen Bilimleri Enstitiisii Dergisi
ISSN 2146-0574, E-ISSN 2536-4618 Journal of the Institute of Science and Technology

FBED / JIST

IGDIR UNIVERSITESI
FEN BILIMLERI
ENSTITUSU DERGISI

Journal of the Institute

of Science and Technoloqy

http://dergipark.gov.tr/jist



http://dergipark.gov.tr/jist

Cilt/ Volume: 12, Say1 / Issue: 2, Haziran / June, 2022 Igdar Universitesi Fen Bilimleri Enstitiisii Dergisi
ISSN 2146-0574, E-ISSN 2536-4618 Journal of the Institute of Science and Technology

Igdir Universitesi Fen Bilimleri Enstitiisii Dergisi
Kisaltilmis Bashk: I1dir Univ. Fen Bil. Enst. Der.

Journal of the Institute of Science and Technology
Abbreviated Title: J. Inst. Sci. and Tech.

Uluslararas1 Hakemli Dergi / International Peer Reviewed Journal

Basili ISSN: 2146-0574 Elektronik ISSN: 2536-4618

Veri Tabami / Indexed by

TR Dizin, EBSCO, ROAD, Open Access Library (oalib), COSMOS IF, Sobiad, Google Scholar,
Tirkiye Atif Dizini, International Institute of Organized Researches, Sindex, CrossRef, Eurasian
Scientific Journal Index, CiteFactor, International Scientific Indexing, CAB Abstract

Sahibi / Owner
Dog. Dr. Ahmet TAN / Assoc. Dr. Ahmet TAN
Lisansiistii Egitim Enstitiisii Miidiirii / Graduate Education Institute Director

Bas Editor / Editor in Chief
Dog. Dr. Fikret TURKAN / Assoc. Prof. Dr. Fikret TURKAN

Yardima1 Editorler / Associate Editors

Prof. Dr. Bilal KESKIN / Prof. Dr. Bilal KESKIN

Dog¢. Dr. Adem KOCYIGIT / Assoc. Prof. Dr. Adem KOCYIGIT
Dog. Dr. Ersin GULSOY / Assoc. Prof. Dr. Ersin GULSOY

Dr. Ogr. Uyesi Umit YILDIKO / Assist. Prof. Dr. Umit YILDIKO
Dr. Ogr. Uyesi Mehmet Harbi CALIMLI / Assist. Prof. Dr. Mehmet Harbi CALIMLI
Dr. Ogr. Uyesi Sevtap TIRINK / Assist. Prof. Dr. Sevtap TIRINK

Damsma Kurulu/ Advisory Board

Prof. Dr. Selahattin CELEBI, Fizik, University of Ottawa, Canada

Prof. Dr. Kagan KOKTEN / Field Crop, Bingol University, Agricultural, Bingol, Turkey

Prof. Dr. Abdulmecit TURUT/ Physics, Istanbul Medeniyet University, Istanbul, Turkey

Prof. Dr. Muhammad SARWAR, Animal Science, University of Agriculture, Faisalabad, Pakistan
Prof. Dr. Vaqif ABBASOV, Chemistry, Neft Kimya Prosesleri Institutu, Azerbaycan

Prof. Dr. Siikriit BEYDEMIR, Biochemistry, Anadolu University, Eskisehir, Turkey

Prof. Dr. Ozkan AKSAKAL, Botanical, Ataturk University, Erzurum, Turkey

Prof. Dr. Salih DOGAN, Zoology, Erzincan Binali Y1ldirim University, Erzincan, Turkey

Dog. Dr. Uyesi Mehmet POLAT, Horticulture, Isparta University, Isparta, Turkey

Dr. Snezana ANDJELKOVIC, Forage Crops, Institute Za Krmno Bilje, Krusevac, Republic of Serbia
Dr. Ogr. Uyesi Asim FARAZ, Zootekni, Bahauddin Zakariya University Multan, Pakistan

Yaymn ve Mizanpaj Editorleri / Editorial Reviews and Layouts
Ogr. Gor. Dr. Adem AKDAG

Ogr. Gor. Dr. Ayse KARACALI TUNC

Ogr. Gor. Rabia ACEMIOGLU

Ars. Gor. Ramazan TOSUN

Tasarim / Design
Dr. Ogr. Uyesi Sevtap TIRINK

Web link: https://dergipark.org.tr/tr/pub/jist Mail address: fbed@igdir.edu.tr



https://dergipark.org.tr/tr/pub/jist

Cilt/ Volume: 12, Say1 / Issue: 2, Haziran / June, 2022

ISSN 2146-0574, E-ISSN 2536-4618

Igdar Universitesi Fen Bilimleri Enstitiisii Dergisi
Journal of the Institute of Science and Technology

ULUSAL EDITORLER KURULU
NATIONAL EDITORIAL BOARD

Prof. Dr. Ferhad MURADOGLU, Horticulture
Abant fzzet Baysal Universitesi, Bolu, Tiirkiye

Prof. Dr. ibrahim DEMIRTAS, Chemistry
Igdir Universitesi, Igdir, Tiirkiye

Dog. Dr. Beyhan KIBAR, Horticulture
Abant Izzet Baysal Universitesi, Bolu, Tiirkiye

Prof. Dr. ilhami GULCIN, Chemistry
Atatiirk Universitesi, Erzurum, Tiirkiye

Dog. Dr. Ersin GULSOY, Horticulture
Igdir Universitesi, Igdir, Tiirkiye

Prof. Dr. Fatma Zerrin SALTAN, Chemistry
Anadolu Universitesi, Eskisehir, Tiirkiye

Dr. Ogr. Uyesi Mete YAGANOGLU, Computer Engineering
Atatiirk Universitesi, Erzurum, Tiirkiye

Prof. Dr. Ercan BURSAL, Chemistry
Mus Alparslan Universitesi, Mus, Tiirkiye

Dr. Ogr. Uyesi Giiltekin ISIK, Computer Engineering
Igdir Universitesi, Igdir, Tiirkiye

Prof. Alime CITAK, Chemistry
Eskisehir Osmangazi Universitesi, Eskisehir, Tiirkiye

Dr. Ogr. Uyesi Ferhat BOZKURT, Computer Engineering
Atatiirk Universitesi, Erzurum, Tiirkiye

Dog. Dr. Fikret TURKAN, Chemistry
Igdir Universitesi, Igdir, Tiirkiye

Ishak PACAL, Computer Engineering
Igdir Universitesi, Igdir, Tiirkiye

Dog. Dr. Mesut ISIK, Chemistry
Bilecik Seyh Edebali Universitesi, Bilecik, Tiirkiye

Prof. Dr. Ahmet ULUDAG, Plant Protection
Diizce Universitesi, Diizce, Turkiye

Dog. Dr. Haydar KILIC, Chemistry
Atatiirk Universitesi, Erzurum, Tiirkiye

Dog. Dr. Celalettin GOZUACIK, Plant Protection
Igdir Universitesi, Igdir, Tiirkiye

Dog. Dr. Adnan CETIN, Chemistry
Mus Alparslan Universitesi, Mus, Tiirkiye

Dr. Ogr. Uyesi Tuba GENC KESIMCI, Plant Protection
Igdir Universitesi, 1gdir, Tiirkiye

Dog. Dr. Ciineyt CAGLAYAN, Chemistry
Bingol Universitesi, Bing6l, Tiirkiye

Dr. Ogr. Uyesi Ramazan GURBUZ, Plant Protection
Igdir Universitesi, Igdir, Tiirkiye

Dr. Ogr. Uyesi Giilsah SAYDAN KANBEROGLU, Chemistry
Van Yiiziincii Y1l Universitesi, Van, Tiirkiye

Prof. Dr. Umit INCEKARA, Biology
Atatiirk Universitesi, Erzurum, Tiirkiye

Dr. Ogr. Uyesi Umit YILDIKO, Chemistry
Kafkas Universitesi, Kars, Tiirkiye

Prof. Dr. Hasan AKAN, Biology
Harran Universitesi, Sanlwrfa, Tiirkiye

Dr. Ogr. Uyesi Mehmet Harbi CALIMLI, Chemistry
Igdir Universitesi, Igdir, Tiirkiye

Dog. Dr. Tilin GUVEN GOKMEN, Biology
Cukurova Universitesi, Adana, Tiirkiye

Dr. Ogr. Uyesi Servet ASKIN, Chemistry
Igdir Universitesi, Igdir, Tiirkiye

Dog. Dr. Medeni AYKUT, Biology
Dicle Universitesi, Diyarbakir, Tiirkiye

Dr. Ogr. Uyesi Mehmet Salih AGIRTAS, Chemistry
Van Yiiziincii Y1l Universitesi, Van, Tiirkiye

Dog. Dr. Erhan ZEYTUN, Biology
Erzincan Binali Yildirim Universitesi, Erzincan, Tiirkiye

Dr. Ogr. Uyesi Ugur GULLER, Chemistry
Igdir Universitesi, Igdir, Tiirkiye

Dr. Ogr. Uyesi Emel DIRAZ YILDIRIM, Biology
Kahramanmaras Siitcti fmam Uni. K.Maras, Tiirkiye

Dr. Ogr. Uyesi Mustafa KAZANCIOGLU, Chemistry
Kilis 7 Aralik Universitesi, Kilis, Tiirkiye

Dr. Ogr. Uyesi Ahmet POLAT, Biology
Atatiirk Universitesi, Erzurum, Tiirkiye

Dr. Ogr. Uyesi Velid UNSAL, Chemistry
Mardin Artuklu Universitesi, Mardin, Turkiye

Dog. Dr. Hakan KIBAR, Biosystem Engineering
Bolu Abant Izzet Baysal Universitesi, Bolu, Tiirkiye

Dr. Ogr. Uyesi Adem RUZGAR, Chemistry
Van Yiizinci Y1l Universitesi, Van, Tiirkiye

Dog. Dr. Sefa ALTIKAT, Biosystem Engineering
Igdir Universitesi, Igdir, Tiirkiye

Dr. Ogr. Uyesi Zeynep Silan TURHAN, Chemistry
Igdir Universitesi, Igdir, Tiirkiye

Prof. Dr. Bahtiyar OZTURK, Environmental Engineering
Ondokuz Mayi1s Universitesi, Samsun, Tiirkiye

Dog. Dr. Selguk EKICI, Mechanical Engineering
Igdir Universitesi, Igdir, Tiirkiye

Prof. Dr. Alper NUHOGLU, Environmental Engineering
Atatiirk Universitesi, Erzurum, Tiirkiye

Dog. Dr. Mahir UZUN, Mechanical Engineering
Inonii Universitesi, Malatya, Tiirkiye

Dog. Dr. Hiilya OZKOC, Environmental Engineering
Ondokuz Mayis Universitesi, Samsun, Tiirkiye

Dr. Ogr. Uyesi Mustafa HAMAMCI, Mechanical Engineering
Igdir Universitesi, Igdir, Tiirkiye

Dr. Ogr. Uyesi Ziileyha BINGUL, Environmental Engineering
Igdir Universitesi, Igdir, Tiirkiye

Dr. Ogr. Uyesi Arslan KAPTAN, Mechanical Engineering
Sivas Cumhuriyet Universitesi, Sivas, Tiirkiye

Dr. Ogr. Uyesi Sinan KUL, Environmental Engineering
Bayburt Universitesi, Bayburt, Tiirkiye

Dr. Ogr. Uyesi Muhammet Raci AYDIN, Mechanical Engineering
Igdir Universitesi, Igdir, Tiirkiye

Dr. Ogr. Uyesi Sevtap TIRINK, Environmental Engineering
Igdir Universitesi, Igdir, Tiirkiye

Prof. Dr Serpil HALICI, Mathematics
Tgdir Universitesi, Igdir, Tiirkiye

Dog. Dr. Adem KOCYIGIT, Electrical Electronic Eng.
Igdir Universitesi, Igdir, Tiirkiye

Dog. Dr. Aynur SAHIN, Mathematics
Sakarya Universitesi, Sakarya, Tiirkiye

Dog. Dr. Kenan CICEK, Electrical Electronic Eng.
Igdir Universitesi, Igdir, Tiirkiye

Dr. Ogr. Uyesi Lokman BILEN, Mathematics
Igdir Universitesi, Igdir, Tiirkiye

Dr. Ogr. Uyesi Agah Oktay ERTAY, Electrical Electronic Eng.

Erzincan Binali Yildirim Universitesi, Erzincan, Tiirkiye

Dr. Mehmet KURU, Materials and Metallurgical Engineering
Ondokuz Mayis Universitesi, Samsun, Tiirkiye

Dr. Ogr. Uyesi Seda TURK, Industrial Engineering
Igdir Universitesi, Igdir, Tiirkiye

Dog. Dr. Muhammed Yasin CODUR, Civil Engineering
Erzurum Teknik Universitesi, Erzurum, Tiirkiye

Prof. Dr. Mehmet GULCAN, Chemistry
Van Yiiziincii Y1l Universitesi, Van, Tiirkiye

Dog. Dr. Riza POLAT, Civil Engineering
Atatiirk Universitesi, Erzurum, Tiirkiye




Cilt/ Volume: 12, Say1 / Issue: 2, Haziran / June, 2022
ISSN 2146-0574, E-1SSN 2536-4618

Igdar Universitesi Fen Bilimleri Enstitiisii Dergisi
Journal of the Institute of Science and Technology

Dr. Or. Uyesi Muhammed Alperen OZDEMIR, Civil Engineering
Igdir Universitesi, Igdir, Tiirkiye

Prof. Dr. Mehmet Hakki ALMA, Forestry Engineering
Igdir Universitesi, Igdir, Tiirkiye

Prof. Dr. Ahmet ADIGUZEL, Moleculer Biology and Genetic
Atatiirk Universitesi, Erzurum, Tiirkiye

Prof. Dr. Murat ZENGIN, Landscape Architecture
Pamukkale Universitesi, Denizli, Tiirkiye

Dog. Dr. Can Ali AGCA, Moleculer Biology and Genetic
Bingdl Universitesi, Bingol, Tiirkiye

Prof. Dr. Mehmet Akif IRMAK, Landscape Architecture
Atatiirk Universitesi, Erzurum, Tiirkiye

Dr. Ogr. Uyesi Kaan HURKAN, Moleculer Biology and Genetic
Igdir Universitesi, Igdir, Tiirkiye

Dr. Ogr. Uyesi Meryem Bihter BINGUL BULUT, Landscape Architecture

Kurikkale Universitesi, Kirikkale, Tiirkiye

Dog. Dr. Ikram ORAK, Physics
Bingél Universitesi, Bingél, Tiirkiye

Dog. Dr. Ilknur MERIC TURGUT, Fisheries
Ankara Universitesi, Ankara, Tiirkiye

Dog. Dr. Ferdi AKMAN, Physics
Bingél Universitesi, Bingél, Tiirkiye

Dog. Dr. Yakup Erdal ERTURK, Agricultural Economy
Igdir Universitesi, Igdir, Tiirkiye

Dog. Dr. Ikram ORAK, Physics
Bingdl Universitesi, Bingol, Tiirkiye

Dog. Dr. Bengii EVEREST, Agricultural Economy
Canakkale Onsekiz Mart Universitesi, Canakkale, Tiirkiye

Dog. Dr. Abdulkerim KARABULUT, Physics
Erzurum Teknik Universitesi, Erzurum, Tiirkiye

Dr. Ogr. Uyesi Tuba ALBAYRAK, Agricultural Economy
Bozok Universitesi, Yozgat, Tirkiye

Dog. Dr. Harun GUNEY, Physics
Atatiirk Universitesi, Erzurum, Tiirkiye

Prof. Dr. Bilal KESKIN, Field Crops
Igdir Universitesi, Igdir, Tiirkiye

Dr. Ogr. Uyesi Osman AG/}R, Physics
Karamanoglu Mehmetbey Universitesi, Karaman, Tirkiye

Dog. Dr. Siileyman TEMEL, Field Crops
Igdir Universitesi, Igdir, Tiirkiye

Prof. Dr. Ihsan Giingér SAT, Food Engineering
Atatiirk Universitesi, Erzurum, Tiirkiye

Dog. Dr. Tamer ERYIGIT, Field Crops
Van Yiiziincii Y1l Universitesi, Van Tiirkiye

Prof. Dr. Ahmet ERDOGAN, Food Engineering
Atatiirk Universitesi, Erzurum, Tiirkiye

Dog. Dr. Adem GUNES, Soil Science and Plant Nutrition
Erciyes Universitesi, Kayseri, Tiirkiye

Dog. Dr. Giilgin YILDIZ, Food Engineering
Igdir Universitesi, Igdir, Tiirkiye

Dr. Ogr. Uyesi Serdar SARI, Soil Science and Plant Nutrition
Igdir Universitesi Igdir, Tiirkiye

Dog. Dr. Gokgen YILDIZ, Food Engineering
Bursa Teknik Universitesi, Bursa, Tiirkiye

Dog. Dr. [sa YILMAZ, Animal Science
Mus Alparslan Universitesi Mus, Tiirkiye

Dr. Opr. Uyesi Yasemin CELEBI SEZER, Food Engineering
Usak Universitesi, Usak, Tiirkiye

Dog. Dr. Ali Thsan ATALAY, Animal Science
Igdir Universitesi I1gdir, Tiirkiye

Dr. Ogr. Uyesi Mubin KOYUNCU, Food Engineering
Igdir Universitesi, Igdir, Tiirkiye

Dr. Ogr. Uyesi Aycan Mutlu YAGANOGLU, Animal Science
Atatiirk Universitesi, Erzurum, Tiirkiye

Dr. Ogr. Uyesi Hacer AKPOLAT, Food Engineering
Bayburt Universitesi, Bayburt, Tiirkiye

Dr. Cem TIRINK, Animal Science
Igdir Universitesi Igdir, Tiirkiye

Ogr. Gor. Dr. Menekse BULUT, Food Engineering
Igdir Universitesi, Igdir, Tiirkiye

ULUSLARARASI EDITORLER KURULU
INTERNATIONAL EDITORIAL BOARD

Prof. Dr. Muhammad HANIF, Mathematic
Lahore Universitesi, Lahore, Pakistan

Prof. Dr. Tan YANWEN, Economics
South China Agricultural University, Guangzhou, China

Prof. Dr. Cetin Kaya Kog, Computer Engineering
University of California, Santa Barbara

Prof. Dr. Zafar IQBAL, Veterinary Science
University of Agriculture, Faisalabad, Pakistan

Prof. Dr. Muhammad SARWAR KHAN, Agri. Biotechnology
University of Agriculture, Faisalabad, Pakistan

Assist. Prof. Dr. Christina BENEKI, Dep. of Bus. Admin.
Tech. Educ. Inst. of lonian Islands, Cephalonia, Greece

Prof. Dr. Abdul WAHID, Department of Botany
University of Agriculture, Faisalabad, Pakistan

Dr. Reza ABDI, Physics
University of Bonab, iran

Prof. Dr. Khalid JAVED, Dep. of Livestock Prod.
University of VVet. & Animal Sciences, Lahore, Pakistan

Dr. Asim FARAZ, Zootekni,
Bahauddin Zakariya University Multan, Pakistan

Prof. Dr. Guang Jie ZHAO, Forestry,
Beijing Forestry Universty, China

Dr. Snezana ANDJELKOVIC, Forage Crops
Institute for Forage Crops(IFC), Krusevac, Republic of Serbia

Prof. Dr. Vagif ABBASOV, Chemistry,
Neft Kimya Prosesleri Institutu, Azerbaycan

Dr. Abdul WAHEED, Animal Science
Bahauddin Zakariya University, Multan, Pakistan

Prof. Dr. Afsun SUJAYEV, Chemistry,
Institute of Additive Chemistry of the ANAS, Azerbaycan

Dr. Ferhat ABBAS, Vet- Animal Science, CASVAB
University of Balochistan, Balochistan, Pakistan

Prof. Dr. Emanuele BOSELLI, Food Science and Technology
Free University of Bozen, Bolzano, Italy

Dr. Naveen KUMAR, Horticulture
University of Florida, Florida, USA

Prof. Dr. Lenka KOURIMSKA, Food and Nutrition,
Czech Uni. of Life Sciences Prague, Suchdol, Czech Republic




Cilt/ Volume: 12, Say1 / Issue: 2, Haziran / June, 2022 Igdar Universitesi Fen Bilimleri Enstitiisii Dergisi
ISSN 2146-0574, E-ISSN 2536-4618 Journal of the Institute of Science and Technology

DiL EDITORLERI ISTATISTIK EDITORLERI
LANGUAGE CONSULTANTS STATISTICS CONSULTANTS

Dr. Ogr. Uyesi Didem ERDEL, Dog. Dr. Samet Hasan ABACI,
Igdir Universitesi, Igdir, Tiirkiye Ondokuz Mayis Universitesi, Samsun, Tiirkiye

Ogr. Gor. Talha YILDIZ, Dr. Cem TIRINK, Animal Science
Igdir Universitesi, Igdir, Tiirkiye Igdir Universitesi Igdir, Tiirkiye

Igdir Universitesi Fen Bilimleri Enstitiisii Dergisi (FBED)
YAYIN ILKELERI

FBED, Uluslararas: hakemli bir dergi olup yilda dort kez yayinlanir. Dergimiz herhangi bir ticret talep etmemektedir. Makalelerin
tiimiine agik erisimle ulasilabilir ve tam metin olarak indirilebilir.
Dergiye gonderilebilecek makale konular1 Bahge bitkileri, Bilgisayar mithendisligi, Bitki koruma, Biyoloji, Biyosistem miihendisligi,
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FBED Tiirkce ve Ingilizce dillerinde yazilmis orijinal arastirma makalesi, teknik not ve derleme (toplam yayinlarm %20)
yaymlamaktadir.
Yayinlanmasi istenilen eserlerin herhangi bir yerde yaymlanmamis 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 génderebilirler) imzalanarak gonderilmelidir.
Eserlerin tiim sorumlulugu yazarlarmna 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 liitfen foed@igdir.edu.tr adresine basvurun.
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Impact of Modified Atmosphere Packaging and Controlled Atmosphere Applications on ‘Seval
F1’ Tomato Fruit Quality and Marketability

Tuba DILMACUNALY, Berna CELIKY, Ozcan DEMIRHAN?

ABSTRACT: This study was carried out at the Postharvest Physiology Laboratory of the Department
of Horticulture of Isparta University of Applied Sciences with the ‘Seval F1’ table tomato variety.
Tomato fruits are stored in normal atmospheric storage (NA), modified atmosphere packages (MAPS)
(MAP1 and MAP2) and in controlled atmosphere (CA) cabinets (5% O2+5% COy) at 12+1°C
temperature and 90% =+ 5 relative humidity (RH) conditions. After removing the fruits from cold storage
at each analysis period they were kept at room conditions for 2 days for shelf life evaluation. Weight
loss, peel color, fruit firmness, soluble solids content, pH, titratable acidity, respiration rate (RR),
ethylene production (EP), MAPs’ gas composition and sensorial analyzes were carried out for fruits
taken randomly from cold storage and subsequent 2 days in shelf life conditions. According to the mean
values, CA and MAPs maintained fruit firmness better than NA. The lowest RR (11.3 mLCO2kg *h -
1y was recorded in NA followed by MAP1 (13.2 mLCO-kg *h 1). EP values of NA and CA were closer
to each other’s and lower than those of the others (2.7 and 2.8 pL.kgh?, respectively). CA had the
highest taste-aroma value at 25+2 days of storage, followed by MAP1 and NA. The highest O (18.98
%) and the lowest CO> (2.90 %) values were recorded in MAPL. In conclusion, CA and MAP1 storage
conditions successfully extended the postharvest life of ‘Seval F1° tomato fruits and maintained their
marketable quality for 25+2 days.
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life, quality
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INTRODUCTION

The tomato (Solanum lycopersicum L.) is a fresh vegetable in great demand worldwide (Black-
Solis et al., 2019). Tomato is one of the most consumed vegetables worldwide, with a global production
of 180.766.329 t ranked by China (62.764.671 t), India (19.007.000 t), and Tiirkiye (12.841.990 t)
respectively (FAOSTAT, 2021). Organic acids, f-carotene, vitamins C and E, secondary metabolites,
nutrients and mineral content of tomato make it essential for human health and prevent the formation
and neutralizing various forms of free radicals by the antioxidative property (Dyshlyuk et al., 2020). The
rate of oxidative stress-related diseases including atherosclerosis and cardiovascular disease decreases
by regular consumption of tomatoes (Choi et al., 2015).

The fruit of tomato is known as a climacteric fruit and continues to ripen after harvest (Panjai et
al., 2017). The rapid acceleration of alterations associated with ripening limits tomato fruit's postharvest
life. One of the most crucial subject for the fresh tomato industry is the managing tomato fruit ripening
(Candir et al., 2017). The broken cold chain, unsuitable storage conditions, and packaging materials are
responsible for the production deterioration by increasing physiological activities. Other metabolic
processes results the increase in postharvest losses (Choi et al., 2015).

Implementing the suitable storage conditions for the tomatoes harvested in red stages has high
importance because of their high sensitivity to deterioration decreasing consumer acceptance and
increasing economic loss (Cozmuta et al., 2016). The storage at low temperature maintains freshness
and extends the shelf life due to reduced respiration and thermal decomposition. However, the chilling
injury may develop under the storage conditions below 12.5°C temperature and this results poor quality
fruits (Ali et al., 2010). The fruit quality is influenced negatively under the storage conditions below
10°C more than 2 weeks or 6-8 days at 5°C (Gonzalez et al., 2015). Chilling injury symptoms occur
under low temperature conditions and this is a reversible response of products to low temperature with
a cascade of secondary effects defined as chilling injury (Cl) (Affandi et al., 2020). CI symptoms in
tomatoes could be unbalanced ripening, extreme softening, surface pitting, increase in fungal decay, loss
of flavor and color (Affandi et al., 2020) and browning of seeds (Candir et al., 2017). Consumer
acceptance is decreased and the economic loss increases because of those injurious changes (Affandi et
al., 2020).

The public tends to question current practices still in use due to the risk of carcinogenic by-
products, residues and environmental damage (Ahmed et al., 2013). The controlled atmosphere (CA)
storage (Fagundes et al., 2015) and modified atmosphere packaging (MAP) are the techniques used to
prolong the postharvest life of vegetables and fruits by suppressing respiratory activity (Kyriacou and
Rouphael, 2018; Ozturk and Ozer, 2019). The inner package CO and O levels are changed by passive
or active way to suppress the respiration and ethylene production, slowing down the ripening related
changes and prolonging the shelf life (Fagundes et al., 2015). The excellent barrier properties, low cost,
and ease of production of polymeric packaging materials make it widely used to maintain the quality
and safety of foods in the food industry (Guo et al., 2020).

As consumers in developed economies have been conditioned to a bounty of fruits and vegetables
from across the globe and seasons, emphasis on shelf-life characteristics has been an inevitable necessity
for furnishing this supply and demand cycle (Kyriacou and Rouphael, 2018). The postharvest diseases,
senescence and transpiration confine the storage life of fresh tomatoes (Aguilo-Aguayo et al., 2013).
Appearance is one of the most crucial quality attributes because the product’s acceptance or rejection is
determined by this criterion (Pathmanaban et al., 2019). Furthermore the organoleptic quality is an
important attribute to determine the marketable quality and is composed of the combination of aroma,
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taste and texture (Oms-Oliu et al., 2011). Aroma ascribes to the smell of the products, whereas flavor
comprises both taste and aroma (Pathmanaban et al., 2019). Flavor heavily relies on the balance between
free amino acids, organic acids, volatile compounds and sugars. The senses of mouth feel, odor, and
taste are essential in its perception (Oms-Oliu et al., 2011). Commercially, tomatoes are harvested
different maturity stages, depending on the proximity between production and market place (Thole et
al., 2020). Liu (2014) suggested 10-13 + 1°C temperature and 90-95% relative humidity for the storage
conditions of tomatoes.

Studies on the storage conditions and shelf life of the ‘Seval F1’ tomato variety are very limited.
This study aimed to determine the effects of different modified atmosphere packages and controlled
atmosphere conditions on the quality and shelf life of ‘Seval F1’ tomato variety.

MATERIALS AND METHODS

This study was carried out at Postharvest Physiology Laboratory of the Department of Horticulture
of Isparta University of Applied Sciences with ‘Seval F1° tomato variety in 2014. Tomatoes harvested
at early hour in the morning on December 9 at the mature pink stage, placed in cardboard boxes and
transported immediately to the laboratory by a covered pickup truck at 7°C atmospheric temperature.
The fruits were grown in a greenhouse located in the Kumluca district of Antalya province. ‘Seval F1°
tomato variety’s average fruit diameter is 65.16 mm, average fruit length is 52.15 mm, and fruit weight
is between 180-200 g and has a flattened-round slightly sliced fruit shape. Although the planting of this
tomato variety varies according to the region, it is carried out between 20 August and 20 September in
the autumn season on the Mediterranean coastline where greenhouse cultivation is carried out
(Anonymous, 2021). Fruits with a stem, healthy and without any defect were selected for the research.
Tomato fruits are stored in normal atmospheric storage (20.9% O2 +0.03% CO>), imported polyethylene
(MAP1) and local polyethylene (MAP2) modified atmosphere packages and in controlled atmosphere
(CA) insulated cabinets with a composition of 5% Oz + 5% CO2 at 12+1°C temperature and 90+ 5%
relative humidity conditions. After removing the fruits from cold storage at each analysis period they
were kept at room conditions (20°C temperature and 65-70% relative humidity) for 2 days for shelf life
evaluation.

B -  ——

b
Figure 1. View of tomato cv. 'Seval F1' fruits on the plant (a) and after the harvest (b)

All analyzes mentioned below were carried out at 5-day intervals at cold storage period and the
end of 2 days storage in room conditions.

Weight loss: At the beginning of the experiment, 15 fruits were labeled separately for each storage
condition (NA, CA, MAP) and for each analysis period, and the measurements were made in these
samples. In addition, the weights of the fruits were taken at the beginning and end of the shelf life
analysis, and the changes during the shelf life were recorded. The obtained data were calculated with the
following formula and evaluated as %:

Weight loss (%) = (Initial weight-Last weight) / (Initial weight) x 100 1)
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Peel color: Fruit peel color measurements were made using a Minolta CR-400 model color
measuring device according to the CIE L"a"b" scale under the label where the fruit numbering is done in
the equatorial region. Before the measurements, the device was calibrated.

Fruit firmness: Measurements were made using the Lloyd Instruments LF Plus texture device and
the Nexygen package program installed on a computer to which it was connected. At the beginning of
the experiment and in each analysis period, measurements were made on fruits removed from cold
storage and at the end of their shelf life. 15 fruits, 5 fruits in each replication, were used and
measurements were made from both sides of the fruit but not mutually. A 5.1 mm diameter cylindrical
tip descending at a constant speed of 100 mm/min with a 50 N Loadcell was used. The maximum force
obtained was used as the fruit firmness value in Newton (N).

Respiration rate and ethylene production: Fruits were weighed 1 kg into 4 L completely gas-tight
jars and kept at room temperature (20°C) for 4 hours. Respiration rate and ethylene production were
measured simultaneously in a single gas sample from each jar. Measurements in S/SL inlet split mode,
using a fused silica capillary column (GS-GASPRO, 30 m x 0.32 mm ID) in a 1 mL gas sample with a
gas sampling valve, a thermal conductivity detector (TCD) for respiratory rate measurement, a flame
ionization detector for ethylene production amount (FID), Agilent brand GC-6890N model gas
chromatography and Chemstation A.09.03 [1417] package program loaded on a computer to which it is
connected. The carrier gas flow is 1.7mL/min in constant flow mode. The temperatures of the furnace,
TCD and FID detectors are 40°C (isothermal), 250°C and 250°C, respectively. Gas flows for high purity
hydrogen (H2) and dry air used as carrier gas in FID are 30 and 300 mL/min, respectively. High purity
helium (He) (makeup) and Reference flow rates used as carrier gas in TCD are 7.0 and 20 mL/min,
respectively. Respiration rate and ethylene production of fruits were evaluated according to the following
formulas (Dilmagiinal, 2009):

Respiration rate (mMLCO2.kg*h™) = CO2produced)” + CO2(avsorbeay - ™" fruit weight™ )
Ethylene (uL.kg™.h) = CoHs x (Volumejar — Volumesit) X (h x fruit weight x 1000)™* 3)

*COZ(produced) . (Volumejar-Volumesir) X ((CO2measured - CO2air) X 100-1)

“*COxabsorbed): (K™ X COzproduced) X ( Volumeswit X 0.9™) ““h: Waiting time in jar (hours)
k= 0.878 mLCO, mLwaer™: Solubility in water of 100 percent of CO; at 20°C

0.9 = Water content in fruit (according to % dry matter)

Titratable acidity and pH: For titratable acidity and pH measurements, 5 fruit pulps from each
replication were made. From the juice obtained, 10 mL of two parallel fruit juices were prepared for
analysis with a micropipette for each repetition. The pH value was measured by dipping the Hanna
Instruments HI 9321 microprocessor model digital pH meter probe into the prepared fruit juice, and 0.1
N NaOH was titrated until the reading value reached 8.1. The amount of titratable acidity was calculated
in terms of citric acid over the spent base, according to the formula below (Karagali, 2009):

Citric acid (%) = ((SXNXFxE) x C) x 100 (4)
(S: amount of sodium hydroxide used (mL); N: normality of sodium hydroxide used; F: factor of sodium

hydroxide used; C: amount of sample taken (mL); E: equivalent value of the corresponding acid (0.064
g for citric acid))

Soluble solid content: 5 fruits from each replication were made into pulp by squeezing in a juicer.
The amount of SSC in the obtained fruit juice was determined as % (Brix°) using Atago Pocket PAL-1
digital refractometer.
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Sensorial evaluations: In each analysis period, the fruits removed from the cold storage room were
evaluated by the panelists in terms of visual quality (1-4:unmarketable, 5:marketable, 6-8:good,
9:excellent), taste and aroma (1:very poor, 2:poor, 3:moderate, 4:good, 5:excellent), calyx desiccation
(1:healthy, 2:very little, 3:little, 4:moderate, 5:severe) and rupture (l:very difficult, 2:difficult,
3:moderate, 4:easy, 5:very easy).

Atmosphere composition in modified atmosphere bags: The gas compositions in the bags were
made with the Systec Instrument Gaspace brand infrared gas analyzer in the bags taken out of the
warehouse at each analysis period and at the end of the shelf life. The needle tip of the device was
inserted into the bag and gas sample was taken from the bags. Obtained results are given as %.

TUKEY TEST was applied in multiple comparison methods to determine the differences between
group means.

RESULTS AND DISCUSSION

The visual quality of the tomatoes decreased in all storage conditions and temperatures and the
decrease was more dramatically in fruits stored in MAP2 than those of the others (Table 1). All the
samples remained their marketable quality till 25+2 days of storage except for MAP2. The samples
stored in MAP2 lost their quality after the 15" day of storage. The taste-aroma values decreased in all
conditions with an extended storage period. CA fruits had the highest value at 25+2 days of storage,
followed by MAP1 and NA. Tomatoes stored in MAP2 lost their edibility after the 15+2 days of storage.
Calyx desiccation increased during the storage period and was higher at the shelf life than cold storage
in all conditions. After 15 days of storage, calyx rupture increased with the increase in calyx desiccation
(Table 1). Ayomide et al. (2019) reported that unpacked tomatoes could be stored with higher sensorial
quality throughout 13 days in cold conditions, compared to 5 days for room conditions. Nunes et al.
(1996) reported that storing of pink ‘Buffalo’ tomatoes at 4% Oz + 2% CO, and 12°C extended their
shelf life. Ayomide et al. (2019) indicated that perforated polyethylene bags extended the storage life
for 20 days compared to 13 days at ambient. Our findings are in agreement with previous studies. It is
stated that the characteristics of packaging materials required to be appraised to determine their
eligibility for an individual cultivar of tomato (Mekonnen, 2017).

Table 1. Sensorial attributes of tomato cultivar 'Seval F1' in four storage conditions during cold storage and shelf life
S Storage Duration (days)
C. Visual guality (1-9 scale)
0 5 5+2 10 10+2 15 1542 20 20+2 25 25+2 30
NA 9.0 9.0%e 9.04e 8.07e 7.8ABb g gBa 6.38Ca 6.782 5.7¢2 5.5¢2 5.7¢2 4,52
CA 9.0M 9.0%e 8.8A4 7.282 8.8A¢ 4.9 6.2B2 4.8c® 6.082 5.0 5.082 2.0Pp
P1 9.0a 9.04a 9.042 7.082 6.58 5.78® 5.8Ba 5.682 5.882 5.682 5.8Ba 5.3Ba
P2 9.0%e 9.0%e 9.04e 7.3/ 6.08° 5.08b 3.0% 2.0 1.000 1.0¢¢ 1.050 1.0¢¢
Taste and aroma (1-5 scale)
NA 5,04 4.7 5.042 5.0a 5.042 4 5A8c 4.8M2 4.3ABa 4 2Ba 3.782 3.0 2.3¢a
CA 5.0 5.0Aa 5.042 5.07a 5.0M2 5.0Ab 4. 7Ab 4,282 4,07 4.38a 4,07 2.8¢a
P1 5.04a 4.7A82 5.04e 4.7A82 4,580 5.0Ae 3.8 3.78Ca 3.8¢2 3.78Ca 3.5C® 2.8¢2
P2 5.04e 5.0%e 5.04e 5.048 4,200 3.08 2.78¢ 2.38Cb 2.08¢b 1.7¢ 1.3¢¢ 1.3¢
Calyx desiccation of fruits (1-5 scale)
NA 1.0 1.0cb 2,782 2,782 3.7AB2 2.78%® 4,0Aab 3.7A0 4,070 3.8 4.2hab 4.0hab
CA 1.0¢ 1.38Cb D 3Ba 1.38Ca 3.3AB2 2.3ABb 3.7 3.2 3.8Abc 3.3A0 4.5R2 3.5
P1 1.0¢a 2.08Ca 2.37 2.7ABCa 3 2ha 3.5ABb 3 3Ab 3.8A8b  33A¢ 3.8ABb 334 4,0h®
P2 1,008 1.000 2.2¢2 2.2¢8 3.368 4,282 4,778 4,878 4,878 5.04e 5.04e 5.04e
Calyx rupture of fruits (1-5 scale)
NA  1.0¢ 1.0¢a 1.3¢ 1.5Cab 1.78¢a 2.58 2.78° 2.88%® 2.780 3.080 4,070 4.5R8
CA 1.0¢% 1.0¢a 1.082 1.0¢ 1,782 2.58 3.0% 3.08%® 3.2 3.38® 3.04¢ 4.8
P1 1.0Pa 1.0Pa 1.382 2.0¢Pa 2.0Ba 2.38Ca 2.8ABb 2 7BCh 3.080 3280 4,77 4,872
P2 1.0F2 1.0F2 1.0 2.0Pa 2.0¢a 3.3 3.782 3.8BCa  4,0MBa 428 5.0Aa 5.0Aa
*: Means followed by different letter in the same column are significantly different from each other at P<0.05 S.C.: Storage conditions, NA: Normal
atmosphere, CA: Controlled atmosphere, P1: MAP1, P2: MAP2
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Similar to Akbudak et al. (2007) and D’Aquino et al. (2016) CO2 concentrations gradually
increased while O partial pressure decreased with increasing storage period in MAP1 and MAP2
packages. Modified atmosphere packages’ inner Oz concentration was lower while CO2 was higher in
MAP2 than MAP1 throughout the storage. The lowest Oz (13.80%) and the highest CO2 (4.57%) values
were recorded in MAP2 (Table 2). It is thought that the reason for the low O, and high CO> values were
the lower permeability of MAP2 than MAPL.

Table 2. Modified atmosphere packages’ inner oxygen (O2) and carbon dioxide (CO.) values

MAPs’ Storage Duration (days)

MAPs G.C. 0 5 10 15 20 25 30
P1 02 (%) 20.97%" 19.83A8Ca 19.87ABC2 20.02782 19.428B¢a 18.82¢a 18.988¢a
P2 02 (%) 20.9% 15.038° 15.008° 13.388P 12.97¢b 13.27%° 13.808°
P1 CO2 (%) 0.4082 2,737 2.2770 2,307 2.288b 3.1240 2.904°
P2 CO2 (%) 0.40P2 3.05B% 2.98% 3.538C2 3.608¢2 3.97A82 4,57

*: Means followed by different letter in the same column are significantly different from each other at P<0.05 MAPs: Modified atmosphere packages, P1:
MAPI1, P2: MAP2, MAPs’G.C.: Modified atmosphere packages’ gas composition

Although recent information on the crucial limits of water loss is not enough, generally wilting
and shriveling and loss of quality begins with 5-10 % of water loss compared to initial weight in most
vegetables. It makes them unmarketable (Lufu et al., 2020). Similar with Sen et al. (2004) weight loss
of tomatoes increased with the extended storage period. In this study the storage condition with the
highest weight loss was the normal atmosphere, while MAP2 limited weight loss in the best way,
followed by CA and MAP1 at cold storage. The tomatoes reached 5.7 % at the 20" day of storage in NA
while the samples stored in CA (5.3 %) and P1 (5.8 %) exceeded 5% on the 30" day of the storage. Low
values were recorded in shelf life evaluation for all four conditions (Table 3). The respiration and
transpiration levels of fruits increase with the combination of high temperature and low humidity
conditions resulting in higher water loss (Lufu et al., 2020). The CA and MAPs are more controlled
conditions in terms of humidity than NA. That is why higher water loss occurred in NA than in the other
conditions. Abd Allah et al. (2011) reported 3.34 % weight loss in light pink tomatoes stored in cardboard
boxes at the end of the 10" days at 12°C. Affandi et al. (2020) indicated that extended cold storage
causes an increase in weight loss at the subsequent shelf-life evaluation. Our results are in accordance
with the literature.

Soluble solid content (SSC) of the tomatoes were close to each other and a decrease was observed
at the end of the storage compared to initial values. According to the mean values (data were not given)
the highest SSC was recorded in NA (3.6 %), MAP1 (3.6 %) and CA (3.6 %). The lowest was in MAP2
(3.5 %) (P<0.05). Sen et al. (2004), Cheema et al. (2014), D’Aquino et al. (2016), Pagno et al. (2017),
Bruijn et al. (2020) reported a decrease in the SSC of the tomatoes during the postharvest storage at
respectively, 51 and 20£1°C, 15°C, 20°C, 20°C, 20°C. Abd Allah et al. (2011) reported 4.85 % SSC at
the end of the 10" day at 12°C + 5 days at 20°C storage.

Titratable acidity (TA) of tomato fruits decreased at the end of the storage compared to initial
values in both of two storage temperature and all conditions. Similar to Taye et al. (2017), there was no
significant difference (P<0.05) in TA of fruits of cv. ‘Seval F1’ among storage conditions, although the
acidity values of the fruits decreased with increasing storage period. Also Hernandez-Yépez et al. (2013),
Pagno et al. (2017) and Zhang et al. (2019) reported a decrease in TA of the tomatoes. Bruijn et al.
(2020) reported that TA and soluble solids content are vital quality parameters for tomatoes showing a
similar behavior with a significant decrease during the second half of postharvest storage.

The maximum desirable pH level is 4.4 for safety, and the optimum target pH should be 4.25 to
maintain food safety (Teka, 2013). The pH of the tomatoes fluctuated during the storage period and
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samples stored in NA, CA and MAP1 were recorded as 4.4 while MAP2 (4.7) was above the limit values.
So, it can be said that MAP2 was not successful as the other storage conditions to protect the safety of
the fruits.

The firmness and weight loss of fruits are the physical parameters generally evaluated during
storage period because of their important impact on the appearance of tomatoes (Cozmuta et al., 2016).
Similar to Sen et al. (2004) the firmness values of tomatoes decreased with increasing storage period in
all storage conditions. Similar to Majidi et al. (2014) CA and MAPs maintained fruit firmness better
than NA according to the mean values (data were not given) and the highest value recorded in MAP2
(2.59 N), followed by MAP1 (2.45 N), CA (2.28 N) and NA (2.05 N) (Table 3).

Ripening is a very organized process attached to ethylene's behavior (Steelheart et al., 2019).
Therefore, most tomato postharvest storage technologies are focused on managing the action of ethylene
and respiration (Fagundes et al., 2015). In all conditions and storage temperatures ethylene production
(EP) showed fluctuations throughout the storage. Generally EP was lower at cold storage than shelf life
in all storage conditions. The highest EP was recorded in MAP2 (7.1 uL.kg*h?) followed by MAP1 (4.4
uL.kgth™) on the 30" day of storage. It is thought that high relative humidity created a suitable
environment for decay development and deteriorated fruits caused an increase in ethylene production of
samples stored in MAP1 and MAP2. Ahmad et al. (2006) declared that diseases increase by high RH.
According to Nunes (2008), when the vegetables and fruits are exposed to high humidity and temperature
levels it may cause an increase in fungal decay. Likewise, the rate of deteriorated fruits was higher in
MAP1 and MAP2 than in the others (data were not given). Delaying the loss of cellular integrity, which
enhances fungi's ability to grow, will be possible by maintaining ethylene concentration as low as
possible, which will extend the postharvest life of products (Pristijono et al., 2018).

In all conditions and storage temperatures respiration rate (RR) showed fluctuations throughout
the storage. Generally RR was lower at low temperature than shelf life in all storage conditions. Similar
to EP, the highest RR was recorded in MAP2 (21.0 mLCOzkg*h™) on the 30" day of storage. A high
level of ethylene production is thought to promote an increase in respiratory rate. Likewise Rees et al.
(2011) reported that ethylene co-ordinates the expression of genes in climacteric fruit responsible for
increasing the rate of respiration.

Color, especially for tomatoes, is essential for consumer acceptability and quality (Ali et al, 2010).
Similar to Ali et al. (2010) the lightness decreased in all storage conditions and temperatures compared
to initial values. Considering that fruits generally lose their marketable quality after 25+2 days (Table
3), it is seen that the brightness (L") is best preserved in MAP1, followed by CA, MAP2 and NA at 25+2
days. The highest chroma (C”) value (28.9) was recorded in MAP1, followed by MAP2 (27.7), NA (27.5)
and CA (26.2) while the highest saturation (h") was recorded in CA (50.3), followed by MAP2 (48.4),
NA (47.8) and MAP1 (47.2). According to data, the vividness of the tomato fruits stored in MAP1 at
low temperature was better than those of the others. On the other hand, the fruits' color stored in CA is
more saturated than MAP2, NA and MAP1. MAP1 was found the fruits' color stored in CA is the
brightness and vividness of the tomatoes (data were not given). Similar to Belovi¢ et al. (2015), red tone
(@") values were >20, while hue angle (h") values were in the range 40—50° for all storage conditions at
25+2 days of storage, indicating that they were ripe and ready for consumption.
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Table 3. Physical and chemical quality attributes of tomato cultivar 'Seval F1' in four storage conditions during cold storage
and shelf life

Storage Duration (days)

g' Weight loss (%)

' 0 5 5+2 10 10+2 15 15+2 20 20+2 25 25+2 30
NA 1.653* 118 3.1DEa l.oDc 4.6CDa 1‘0Cbc 5.7BCa O.QEC 7‘1ABa 1.8Ab 8‘5Aa
CA _ 1‘1Aa 118 1‘8Aab 1lch 2.7Aab 1.ZBb 3.2Aab 1llec 3‘8Aab 1.8Ab 5‘3Aa
P1 _ 1.0Da 21A 2.0Ca 1.3Cb 2.5Cab 1.0Ec 3]Bab 1.2Db 4'ZBab 1.88b 5.8Aa
P2 - 0.17 1.2¢ 0.2 170 0.3% 2.0 0.5 2.0 0.6%° 2,08 0.77

Soluble solid content (%)
NA 3.8Aa* 3.583 36A 3‘7ABa 3.5ABa 3.4Bb 3.7Aa 3.6ABa 3.3Ba 3.6ABab 3‘5ABa 3‘6ABa
CA 3.8% 3.6 3.7A 3.7M 3.5% 3.4 374 3.6 3.5% 3.8 3.5M 3.6
P1 3'8Aa 3.5ABa 37A 3.4Ba 3.58a 3.6ABa 3.8Aa 3.6ABa 3.6ABa 3.7ABa 3'4Ba 3'4Ba
P2 3.8Aa 3.4Ba 34B 3‘6ABa 3.7ABa 3‘58ab 3.8Aa 3.6ABa 3.5ABa 3‘4Bb 3.3Ba 3‘5ABa
Titratable acidity (%)
NA 0.47" 0.4% 0.4% 0.4% 0.3% 0.4% 0.5% 0.4% 0.3% 0.3 0.3%® 0.4%
CA O'4Aa 0.4Aa O4A O.4Aa O.4ABa O.4Aa O.4ABa 0.4Aa O.4ABa O.4Aa O'4Bab OlgAa
P1 0.4% 0.3% 0.4 0.3% 0.3% 0.3% 0.47a 0.478a 0.3% 0.478a 0.4%a 0.44%B
P2 0.4% 0.478a 0.4~ 0.4182 0.4% 0.37B2 0.4% 0.4782 0.3% 0.44B2 0.3 0.3
pH
NA 4.7% 4,880 3.5° 437 3.5m 5.1% 3.7M 4.98 3.3 4.4% 347 4.5m
CA 4.7¢ 4,95 3.7A 4.45b 3.6M 5.1% 3.7M 488 3.5M 445 3.5% 4.6
P1 4.7 4,98 3.7A 4.4 3.58 5.1% 3.8M 488 3.6782 4,45 3.480 4.6
P2 4.7m 4.9 34¢ 4.4m 3.78¢ 5.1% 3.85 4.8 3.58¢ 4,71 4,77 5.0
Firmness (N)
NA 3.8Aa* 2.4Ba 20A 2.OBCb 2.0Aa 2.0BCa 2.4Aa 1.7BCa 2.0Aa 1.88Ca 1.28b 1.3Ca
CA 3.8Aa 2.3Bca 30A 2.8ABab 2.5ABa 2.6ABa 1.9ABa 1.65Ca 2.5Aa 1.88Ca 1.4Bb 1.20a
P1 3.8% 3.2/ 2.84 2.94% 2.9% 1.78 3.1% 1.58 3.0 1.782 1.5% 1.65
P2 3.8% 2.65¢ 2.4 3.2/8a 3.0% 2.45¢Pa 3.2% 1.8¢ba 2.7M 1.7¢02 2.8M 1.4P2
Ethylene production (uL.kg'h?)
NA 3.5Aa* 3.0ABa 17B 2.1Bbc 1,95Cd 2.3ABC 2.4Bb 2.5ABb 1.3Cd 2.4ABd 3.7Ac 2.7ABC
CA 3.5RBa 1.2% 1.5¢ 3.38® 8.380 4,770 8.6% 3.28° 8.58¢ 3.518¢ 10.8% 2.88¢
P1 3.58¢a 2.8 1.9¢ 1.7 3.98¢ 1.7P¢ 1.4¢ 2,860 954 5.3/ 4385 4478
P2 3.5m 3.0 1.4° 3.8 10.45 8.8% 8.4% 13.1% 20.0% 7.95¢ 9.3 7.1%
Respiration rate (mLCO.kg*h™)
NA 5.00¢" 10.348Ca 994 8.8% 974 9.88¢® 10.2%¢ 9.58¢¢ 9.2A¢ 12.0%° 10.8%°  11.3%
CA 5.0% 8.9o° 9.4¢ 6.2 11.5¢ 10.6°P 14.48° 11.1% 15.18° 14,98 21.1%  17.6"°
P1 5.08Ca 11.4% 12.0 6.8P 10.6° 10.3%° 10.6% 13.2¢Pa 14.67° 13.200 11.78¢ 13.24
P2 5.0% 10.6°%2  9.6P 8.0c0ab 15.3% 14.78¢ 23.4% 12.3¢P= 19.6% 22.8" 17.25¢  21.0%
L
NA  40.9%" 40.7% 39.7 39.852 39.4% 39.65 38.84 39.88¢ 38.0% 38.2¢02 37.5%  40.9
CA 4207 41.5% 40.7 39.7% 39.2188 39.3% 39.2A8a 38.95¢@ 38.8% 38.35¢@ 38.0%  37.5%
P1 41.4% 40.5% 39.9 38.88¢a 40.4% 39.482 32.980 38.4% 39.5% 37.9¢ba 38.1%  37.0%
P2 41.2% 40.6" 40.2 39.1% 39.9782 39.3% 38.148 28.7% 38.9482 11.280 38.0% 1128
a
NA  19.0%" 20.14 19.4 19.8% 19,7482 20.2% 20.6"2 20.0% 20.34B2 19.5% 18.58%  19.3%
CA  20.078 20.6%2 19.1 19.6782 19.74 19.64B2 18.gAB® 19,1482 17748 18.3%° 16.75° 16.2¢
P1  19.58CPa 21 gAa 19.6 20.548 20.9% 20.38¢a 17.580 19.28¢CDa 18,878 19.0¢0a 19.7A82 184D
P2 20.0% 20.4% 18.7 19.6" 21.0% 21.2% 20.548 14.3% 204482 5.45¢ 18.4%%® 5 2B¢
b
NA  23.0%" 23.2% 21.44 22,0488 22,14 21.75® 22.4% 21.08¢ 21.9% 20.2¢b2 20.4% 19.6
CA 2327 22.9% 2207 21.482 21.2R 21.280 21.5% 20.65¢ 20.8% 19.8% 20.1% 18.3°
P1 22.8% 22.8% 2197 22.2% 23.0% 21, 7A8ab 18.580 20.65¢ 21.2% 20.2¢ 21.2%  19.6%
P2 23.0% 22.9% 21.78 21.4% 23.0% 22.5% 21.1B2 15.9%2 21.1B2 5.9580 20.782 205"

. Means followed by different letter in the same column are significantly different from each other at P<0.05 S.C.. Storage conditions, N: Normal
atmosphere, C: Controlled atmosphere, P1: MAP1, P2: MAP2

CONCLUSION

According to the mean values, it was found that CA and MAPs maintained fruit firmness better
than NA. The weight loss of tomatoes reached 5.7 % at the 20" day of storage in NA while the samples
stored in CA (5.3 %) and MAP1 (5.8 %) exceeded 5% on the 30" day of the storage. The highest EP
was recorded in MAP2 (7.1 pL.kg'h™) followed by MAP1 (4.4 uL.kg*h™) on the 30" day of storage.
Similar to EP, the highest RR was recorded in MAP2 (21.0 mLCO; kg'h™) on the 30" day of storage.
All the storage conditions preserved marketable quality till 25+2 days of storage except for MAP2. The
samples stored in MAP2 lost their quality after the 15" day of storage. CA had the highest taste-aroma
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value at 25+2 days of storage, followed by MAP1 and NA. The lowest O (13.80%) and the highest CO>
(4.57%) values were recorded in MAP2. When the data obtained from the study, especially weight loss
and sensory analyzes were examined, it was concluded that CA and MAP1 storage conditions preserved
the marketable quality of ‘Seval F1° tomato variety for 25+2 days. It is thought that research should be
done to determine the effects of different CA atmosphere compositions and MAPs on the quality of each
different tomato variety. In conclusion, CA and MAP1 storage conditions successfully extended the
postharvest life of 'Seval F1' tomato fruits and preserved their marketable quality for 25+2 days.
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Effect of IBA, Brassinosteroid, and Bacterial Applications on Rooting of Some Rosehip (Rosa
canina L.) Genotypes by Hardwood Cuttings

Muazzez CELIKER?, Aysen KOC?*

ABSTRACT: Rosehip is a species whose environmental and economic importance is increasing day by
day. This study was carried out to determine the effect of auxin, brassinosteroid and bacteria for the
adventitious rooting of hardwood cuttings belonging to the SRG 17 and SRK 26 genotypes, which were
previously obtained by selection from the province of Yozgat. In the study, hardwood cuttings taken in
February were used with single, double and triple IBA (2000 ppm), 24-eBL (0, 0.25, 0.50 and 1.00 ppm)
and a commercial bio prepare containing bacteria species of Pseudomonas fluorescens, Paenibacillus
polymyx, Bacillus megaterium and Pantoea agglomerans. After combined treatment, they were planted
in perlite+peat medium and removed after three months. While the highest rooting rate of 40% in SRG17
genotype was obtained from the triple combination of Bacteria + 24-eBL (0.50 ppm) + IBA (2000 ppm),
it was obtained from Bacteria application with 43.33% in SRK26 genotype. Bacteria + 24-eBL (1.00
ppm) + IBA (2000 ppm) triple combination in SRG17 genotype in terms of root length and root number
provided the highest values with 8.38+4.32 (cm) and 21.00+£9.00 pcs, respectively. In the SRK26
genotype, 11.18+1.41 cm root length and 36.00+12.25 pcs were obtained from the 24-eBL (0.50 ppm)
+ IBA (2000 ppm) binary combination. The viability rates were determined three months after the rooted
cuttings were taken into the pots, and the SRG17 genotype provided 100% survival in the binary
combination Bacteria + 24-eBL (0.50 ppm) and 50% in the SRK26 genotype in the 24-eBL (0.50 ppm)
application.
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INTRODUCTION

Rosehip is a shrub-shaped plant species of Rosaceae family, Rosa genus, deciduous in winter
(Saribas, 1996). Rosehip grows naturally in a wide area including Central and Western Asia, Caucasus,
Europe, Northwest Africa, northern and western parts of Irag and Iran, northern Afghanistan and
Pakistan (ilisulu, 1992). One of the most important gene sources of rose hips is Turkey. There are about
100 species of rose hips growing in the world, and 27 species of rose hips are grown in Turkey (Ercisli
and Giileryiiz, 2005). Rosehip is not a very selective plant in terms of climate and soil requirements. Due
to this feature, rosehip species can grow in different soil types, from high altitude plateaus and plateaus
to valleys at sea level (Giines, 2013).

Rosehip plant, which has many different uses, can be preferred as a rootstock for roses, as well as
for erosion control, hedge plant and increasing the usability of unused agricultural land due to its
adaptability and deep roots. Fruit and other plant parts are very important in terms of nutrition because
they are rich in many minerals and vitamins. Agaoglu et al. (1987) reported that rosehip fruits had the
highest vitamin C ratio among plants. Important studies were carried out on the development and
dissemination of standard varieties by cultivating the rosehip bush, which has different usage
characteristics, and variety registrations were carried out by making selection studies. In order to expand
it, indole acetic acid, indole butyric acid and naphthalene acetic acid and their salts, plant growth
regulators, are generally used in studies conducted as rooting promoters (Giines and Sen, 2001).

It is known that some bacterial species belonging to Agrobacterium, Bacillus, Streptomyces,
Pseudomonas and Alcaligenes genera that increase root growth and regulate plant growth have positive
effects on rooting (Goto, 1992; Srinivasan ve ark., 1996; Tripp ve Stomp, 1997). At the same time, it is
very important to use bacteria species and genera that are effective and increase rooting in order to ensure
sustainability on the ecosystem and to minimize the damage that may ocur (Goto, 1992; Steenhoudt ve
Vanderleyden, 2000). It was determined that external application of IBA together with bacteria
producing Indole Acetic Acid (IAA) increased rooting (Esitken et al., 2003).

Brassinosteroids are induced by many auxin signaling genes, auxin and brassinosteroids are
involved in root growth and development. Brassinosteroids such as auxin inhibit it at high concentrations
while promoting primary root growth at low concentrations (Mussig et al., 2003). They also control
lateral root development through a complex exchange process with auxin (Bao et al., 2004; Nemhauser
et al., 2004). Brassinosteroids may play a role in the root formation stage because external application
of this phytohormone has been shown to promote root elongation in wild plants and more effectively in
brassinosteroid-deficient mutants of Arabidopsis (Mussig et al., 2003).

Rosehip grows naturally in Yozgat and its products have been loved and consumed by the public
for many years. Hardwood cuttings of two rosehip genotypes (SRG 17 and SRK 26), which are
determined by selection from Yozgat province and stand out with some physical and chemical
properties, were used. These treated with IBA (2000 ppm), 24-eBL (0, 0.25, 0.50 and 1.00 ppm) and a
commercial biological preparade containing the bacterial strains Pseudomonas fluorescens,
Paenibacillus polymyx, Bacillus megaterium and Pantoea agglomerans, singly, a binary and triple
combinations. Then they were planted to perlite+peat medium.
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MATERIALS AND METHODS

Materials

In the research, hardwood cuttings belonging to the genotypes SRG 17 and SRK 26 from the
rosehip garden in Yozgat Bozok University, Gedikhasanli Agricultural Application and Research Center
were used as plant material. The study was established in the cutting replication unit of Bozok Yozgat
University, Erdogan Akdag East Campus, in the Greenhouses of the Faculty of Agriculture.

SRG 17: It is a very productive type with an average fruit weight of 3.14 g, a fruit pulp ratio of
71.5%, and a total soluble solids (brix,%) amount of 20%.

SRK 26: It is a very productive type with an average fruit weight of 1.8 g, a fruit pulp ratio of
71.6% and a total soluble solids (brix,%) amount of 26%.

Experimental procedure

The research was carried out in 2021. In the research, hardwood cuttings were taken on March 5
and prepared to be 15-20 cm long from the bottom and middle parts of the shoots belonging to the SRG
17 and SRK 26 genotypes were used as control, IBA (2000 ppm), bacteria and 24-eBL (0.25 ppm, 0.50
ppm and 1 ppm) were treated with single, double and triple combinations of applications (Table 1). The
applied cuttings were planted in a 1:1 ratio peat: perlite mixture with 90-95% relative humidity, with a
temperature of 18-25°C from the bottom. Cuttings were kept in rooting medium for 3 months (12 weeks).

Table 1. Single, double and triple combinations applied to cuttings

No Apps

1 Kontrol

2 IBA (2000 ppm)

3 Bakteri

4 24-eBL (0.25 ppm)

5 24-eBL (0. 50 ppm)

6 24-eBL (1.00 ppm)

7 Bakteri + IBA (2000 ppm)

8 Bakteri + 24-eBL (0.25 ppm)

9 Bakteri + 24-eBL (0. 50 ppm)

10 Bakteri + 24-eBL (1.00 ppm)

11 24-eBL (0. 25 ppm) + IBA (2000 ppm)

12 24-eBL (0. 50 ppm) + IBA (2000 ppm)

13 24-eBL (1. 00 ppm) + IBA (2000 ppm)

14 Bakteri + 24-eBL (0.25 ppm) +IBA (2000 ppm)
15 Bakteri + 24-eBL (0. 50 ppm) +IBA (2000 ppm)
16 Bakteri + 24-eBL (1.00 ppm) +IBA (2000 ppm)

Control application: After soaking 2/3 of the cutting in distilled water, it was planted in the rooting
medium.

Preparation and application of auxin (IBA): The cuttings were immersed in the prepared 2000 ppm
IBA solution for 5 seconds and then planted in the rooting medium.

Preparation of fertilizer containing microorganisms: 5 liters of sterile water and 250 g of granulated
sugar as an adhesive were mixed homogeneously and added into 500 ml of solution containing four
different bacteria species. Cuttings were kept in the prepared bacterial solution for 6 hours.

Preparation of 24 e-BL: 0.00 (control), 0.25, 0.50 and 1.00 ppm concentrations of 24-eBL [24-
epibrassinolide (EBR, Sigma E1641)] were dissolved in ethanol and made up to final volume with
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distilled water. 0.02% Tween 20 was added to the solution prepared in this way. Cuttings were immersed
in 24-EDbl solutions prepared at these concentrations for 10 minutes and kept.

The cuttings to be treated with Bacteria + IBA were kept in the bacterial solution for 6 hours, and
after being immersed for 5 seconds in the 2000 ppm IBA solution prepared, they were planted.

The cuttings to be treated with Bacteria + 24-eBL were kept in the bacterial solution for 6 hours
and then immersed in the prepared 24-eBL solution for 10 minutes and then planted. The cuttings to be
treated with Bacteria + 24-eBL + IBA were kept in the bacterial solution for 6 hours and then immersed
in the prepared 24-eBL solution for 10 minutes, then immersed in the IBA solution for the last 5 seconds
and planted.

The following observations and analyzes were made after the hardwood cuttings planted in the
rooting medium are kept in perlite + peat medium for 3 months (12 weeks).

Callus formation rate (%): It was determined as % (pcs) by counting only the callus forming
cuttings that are not rooted.

Rooting rate (%): It was determined as % by counting the rooted cuttings (pcs).

Root length (cm): In rooted cuttings, the longest 3 root lengths of 3 cuttings per replication were
measured and calculated as cm.

Number of roots (pcs/cutting): It was determined by counting the number of roots formed per
cutting.

Root fresh weight (g): After evaluating the rooted cuttings for each application, the wet weight of
all roots of one cutting was determined for each replication.

Root dry weight (g): The dry root weight of each application was determined by weighing the wet
roots after keeping them at +70°C for 48 hours.

Root dry ratio (%): The ratio of root dry weights to root fresh weights was calculated as a
percentage. Viability rate of viable cuttings after seedling formation (%): Rooted cuttings, which were
measured, were planted in plastic pots and kept for 3 months, and their viability was expressed as %.

In the study, hardwood cuttings of 2 different rosehip genotypes (SRG 17 and SRK 26) were
treated, IBA (2000 ppm), 24-eBL (0, 0.25, 0.50 and 1.00 ppm) and containing different bacterial species
(Pseudomonas fluorescens, Paenibacillus polymyx, Bacillus megaterium ve Pantoea agglomerans)
commercial biopreparation as single, double, and triple combinations, used 3 replications and 15 plants
in each replication. Angle (arc sinVx) transformation was applied to the values (callus formation, rooting
and dry root ratio) expressed as a percentage (%) of the results obtained in the experiment, and the actual
values were given in the tables. The differences between the data were determined by the Independent
two samples t-test in the SPSS 20.0 package program, and the averages were given with + standard
deviation.

RESULTS AND DISCUSSION

Callus formation rate is important in propagation with cuttings. In the study, the callus ratio of the
genotypes is given in Figure 1. Considering the genotypes and applications, application no 10 [Bacteria
+ 24-eBL (1.00 ppm)] gave the highest callus formation in both genotypes (SRK26: 53.33% and SRG17:
46.67%). Giines and Eraslan (2021) investigated the effects of some growth medium and applications
on cuttings in their study with MR-46 genotype rosehip wood cuttings that were selected in Tokat
Province. In the study, the average callus rates of the applications were 37.48-42.56%; the callus rates
of the growth medium x application interaction varied between 18.44 and 70.08%. In another study, it
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was stated that while callus formation was not observed in green and semi-wood cuttings of old garden
roses in the Van Lake region, callus formation was observed in hardwood cuttings (Alp et al., 2010).
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Figure 1. Callus rate (%) of SRG17 and SRK26 genotypes as a result of applications.
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While the rooting rate was 43.33% in SRK26 genotype in application no. 3 (Bacteria), 40% rooting
rate in SRG17 genotype was achieved in the 15th application [Bacteria + 24-eBL (0. 50 ppm) + IBA
(2000 ppm)] (Figure 2). Rooting rates in other studies; Ercisli (1996) are between 3% and 86%, Tans1
et al. (1996) 29% from 2% ppm IBA concentration, Ercisli and Giileryiiz (1999) between 3.33 - 86.25%
in November cutting with 2000 ppm IBA, Giines and Sen (2001) 90% in October cutting, Kazankaya et
al., (2005) 65-70% in the 2500 ppm IBA application in November cutting, Giines and Eraslan (2021)
%22.26-38.33 in IBA, Bacteria, IBA+Bacteria applications were found. Uzunoglu ve Gokbayrak (2018)
were be stated that brassinosteroids might be useful to induce rooting in grapevine rootstocks cuttings.
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Figure 2. Rooting rate (%) of SRG17 and SRK26 genotypes as a result of applications.

The root dry rate was 67.68% in SRK26 genotype in application no. 6 [24-eBL (1.00 ppm)] while
it was 48.96% obtained in application no. 9 [Bacteria + 24-eBL (0.50 ppm)] in SRG17 genotype (Figure
3). Okatar (2019) determined the root dry matter ratio in the selected rosehip genotypes as 72.29% in
1000 ppm application and 64.63% in 2000 ppm application in the first year of the experiment. In the
second year of the study, it was determined as 70.78% in 1000 ppm application and 49.23% in 2000
ppm application. Eraslan (2019) determined the highest dry matter rate of 84.75% in the control
application in perlite medium and 83.45% in the Bacteria + IBA application in the peat medium.
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Figure 3. Root Dry Rate (%) of SRG17 and SRK26 genotypes as a result of applications.

While the viability rate of viable cuttings was obtained as 50% in the application no. 5 [24-eBL
(0.50 ppm)] in the SRK26 genotype, it was 100% in the application no. 9 [Bacteria + 24-eBL (0.50
ppm)] in the genotype SRG17 (Figure 4). Senel (2002) determined that the best result in terms of
viability rate in white mulberry hardwood cuttings was 43.33% in the bundle planting IBA application
and 3.33% in the hydroponic system in the IBA application. While the live steel rate was found to be
26.66% in the row planting control application in the cuttings taken in February, it was obtained at the
rate of 6.66% in the IBA application in the hydroponic environment. The best result was found in row
planting control application with 10.00% for cuttings taken in March. Zenginbal and Ozcan (2013),

viability rate of Hayward and Matua kiwi cuttings, 73.1% and 78.6% in 2002 while this value was
84.6% and 89.1% in 2003.
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Figure 4. Viability Rate of Viable Cuttings Rate (%) of SRG17 and SRK26 genotypes

Root length, root number, root fresh and dry weight are given in table 2. Root length was obtained
as 11.18 cm in SRK26 genotype in application no 12 [24-eBL (0.50 ppm) + IBA (2000 ppm)] while in
application no 16 [Bacteria + 24-eBL ( 1.00 ppm) +IBA (2000 ppm)] in SRG17 genotype was obtained
as 8.38 cm. Ercisli (1996) measured 6.59 cm in 1000 ppm IBA application, 7.54 ¢cm in 2000 ppm IBA
dose and 8.42 cm in 4000 ppm IBA dose. Kinik and Celikel (2017) found that bacteria that increase
rooting also increase root length. Eraslan (2019) obtained the longest root length with 8.33 cm from IBA
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application in peat + perlite medium. The highest root length among the applications was obtained from
the IBA application with an average of 7.19 cm. The shortest root length was obtained in cuttings with
bacteria applied in perlite medium with 2 cm.

Root number was determined as 36.00 pcs in SRK26 genotype in application no 12 [24-eBL (0.50
ppm) + IBA (2000 ppm)], while in application no 16 [Bacteria + 24-eBL (1.00 ppm) +IBA (2000 ppm)]
in SRG 17 genotype was determined as 21.00 pcs. Yildiz et al. (2009) reported that the number of roots
increased in 4000 and 6000 ppm IBA doses compared to the control application. Kinik and Celikel
(2017) reported that the average number of roots per cutting varies between 0-2 as a result of bacteria
and IBA applications. Yildiz and Koyuncu (2000) reported that the increase in IBA dose caused an
increase in the number of roots, and that the cuttings taken in two different periods were insignificant in
terms of root numbers. As a result of the rooting of green cuttings of MM106 rootstock in perlite and
hydroponic medium by Kiiciikbasmaci-Sabir and Ozkaya (2009), they stated that the maximum 3.19
pieces of IBA application were obtained in the cuttings rooted in perlite medium. Eraslan (2019)
determined that the highest root number was obtained with IBA (7.33 (pieces/steel)) planted in peat
medium, while it was determined in cuttings planted in perlite medium with the lowest bacteria
treatment.

Root fresh and dry weight were obtained as 6.06 g and 1.31 g in SRK26 genotype in application
no 12 [24-eBL (0.50 ppm) + IBA (2000 ppm)], while in application no 15 [Bacteria + 24-eBL (0.50
ppm) +IBA (2000 ppm)] in SRG17 genotype was determined as 2.93 g and 0.85 g. Kaplan and
Gokbayrak (2012) reported that the effect of brassinosteroid applied at different concentrations varies
depending on the rootstock, and the concentration level is effective on the root development level. It was
determined that the fresh and dry root weights of 1103 P rootstock were also high depending on the
number of roots in the vine, and the fresh root weight was determined at least in 99 R rootstocks. Shahbaz
and Ashraf (2007) showed that 24-eBL applications in two different wheat cultivars in saline conditions
provided shoot dry and fresh weight increase in S-24 cultivar, while it did not provide a significant
increase in shoot fresh and dry weight in MH-97 cultivar. Coban (2014) determined that the highest root
wet weight in mint was obtained in plants that did not contain any salt but were grown in environments
containing 24-eBL at 1.5 and 2.5 mg I concentrations, and 24-eBL applications at these concentrations
increased root growth. It was determined that 24-eBL applications did not make a statistically significant
difference on root growth in environments containing salt at 100 and 150 mM concentrations.While
there was no statistically significant difference between the root dry weights of the plants in the control
group without any application and the plants in which 100 mM salt was applied, it was determined that
the average root dry weight of the plants with only 150 mM salt application decreased by 0.12 g and
36.22% compared to the control.

To see whether there are significant differences in the comparison of genotypes and applications,
then it was followed by an independent t-test. The results of the comparison of genotypes and
applications can be seen in Table 3. Based on statistical tests with an independent t-test presented in
Table 3 shows that the significance value of callus formation rate, rooting rate, root dry rate and viability
rate of viable cuttings obtained a value of p > 0.05. This shows that there were no significant differences
in genotypes and applications.
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Table 2. Measurement values (Means+Std. deviation) of some root traits of SRK26 genotype and

SRG17 genotype
Root Length (cm) Number of Roots (pcs) Root fresh weight () Root dry weight (g)
SRK26 SRG17 SRK26 SRG17 SRK26 SRG17 SRK26 SRG17
6.03£2.47  4.46+2.03  7.29+4.15 7.7542.21  1.14+0.83  0.66+£0.09  0.22+0.12  0.11+0.00
4.51£1.91 0.00 8.33+6.43 0.00 2.49+0.65 0.00 0.54+0.15 0.00

4.16+1.90 3.90+2.79 9.38+3.33 8.50+2.65  1.14+0.12 0.27+0.02  0.23+0.02 0.08+0.00
2.28+0.93 3.36+1.27 4.00+2.07 8.50+2.12  0.30+0.07 0.63+0.09  0.08+0.01 0.15+0.06
4.50+3.73 4.71+1.34 6.50+3.29 6.00+£3.80  0.3840.22  0.39+0.08  0.09+0.03 0.09+0.01
9.53+2.51 4.02+1.80  15.00+9.05 6.00+£2.65  0.99+0.23 0.72+0.18  0.69+0.15 0.20+0.03
4.754+3.22 2.60+1.19 5.00+1.90 7.50£0.71  0.64+0.30 1.17+£0.78  0.13+£0.04 0.26+0.12
3.10£1.27 2.96+1.45 6.00+£2.95 6.00£2.94  0.14+0.09 1.38+1.03  0.05+0.02 0.23+0.16
1.78+0.33 4.98+2.57 6.00+3.50 13.00+£6.19 1.17+£0.78 0.96+0.42  0.26+0.12 0.23+0.01
7.18+1.85 3.2842.31  12.00+6.10 7.75+2.08  1.02£0.05 0.72+0.11  0.22+0.12 0.14+0.03
6.58+2.45 3.90+1.91 24.50+10.61 5.00£2.83  3.24£1.56 1.05+0.26  0.65+0.22 0.42+0.05

R B © o~ o o s~ e Applications

12 11.18+1.41 3.81+2.39 36.00+12.25 8.50+4.36  6.06+2.10 1.36+0.63  1.31+0.70 0.46+0.31
13 7.61+5.68 0.00 21.83£14.06 0.00 2.58+0.81 0.00 0.56+0.21 0.00

14 8.29+3.64 7.38+6.11 24.00+11.64  15.33£9.19 1.99+0.44 2.76+2.06  0.41+0.15 0.594+0.49
15 7.65+4.44 5.83£3.51 20.86+13.48  18.67£9.46 2.39+1.18 2.93+0.70  0.61+0.21 0.85+0.37
16 9.34+5.31 8.38+4.32  19.00+13.08  21.00£9.00 1.82+1.06 2.20+0.95  0.39+0.16 0.67+0.44

Table 3. The results of the independent t-test of hardwood cuttings of SRG17 and SRK26 genotypes.

Measured/ Counted properties p- value Description
Callus Rate (%) 0.254 Not significant
Rooting Rate (%6) 0.058 Not significant
Root Dry Rate (%0) 0.734 Not significant
Viability Rate of Viable cuttings (%6) 0.318 Not significant
Root Length (cm) 0.001 A low level of significant (d=0.35)
Number of Roots (pcs) 0.034 A low level of significant (d=0.42)
Root fresh weight (g) 0.041 A low level of significant (d=0.43)
Root dry weight (9) 0.041 A low level of significant (d=0.32)

Based on statistical tests with an independent t-test presented in Table 3 shows that the significance
value of root length, number of roots, root fresh weight and root dry weight obtained a value of p < 0.05.
This shows that there were a low level of significant differences in genotypes and applications.

CONCLUSION

In this study where effects of IBA, Brassinosteroid and bacteria on rootting and root growth of
SRG17 and SRK26 rosehips genotypes supported the fact that adventitious root generation in woody
plants is under heredity, hormonal, the concentrations and full-grown hardwood cutting taken control.

The highest rooting rate in SRK26 genotype was obtained from Bacteria application, dry root rate
from 24-eBL (1.00 ppm) application, and viable cutting rate from 24-eBL (0.50 ppm) application. The
highest values in terms of root length, root number, fresh and dry root weight of SRK 26 genotype were
obtained from [24-eBL (0. 50 ppm) + IBA (2000 ppm)] application.

The highest rooting rate in SRG17 genotype was obtained from [Bacteria + 24-eBL (0. 50 ppm) +
IBA (2000 ppm)] application, and the dry root rate and viable cuttings rate were obtained from [Bacteria
+ 24-eBL (0. 50 ppm)] application. In terms of root length and root number, [Bacteria + 24-eBL (1.00
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ppm) + IBA (2000 ppm)] application gives the highest values for SRG 17 genotype, while fresh and dry
root weight were obtained from [Bacteria + 24-eBL (0. 50 ppm) + IBA (2000 ppm)] application.

As a result of this study, the fact that callus rates were found to be high in cuttings as a result of
applications suggests that there may be an increase in rooting rates if the 3-month period generally used
in cuttings rooting applications is increased. It was concluded that (bacteri + brassinosteroids + IBA)
might give a way to promote rooting in rosehip rooting and possibly in other woody species.
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Bakla Bitkilerinde Kok Ciiriikliigiine Neden Olan Rhizoctonia Tiirlerinin Anastomosis Gruplari
ve Patojeniteleri

Tuba GENC KESIMCI'", Cafer EKEN?, Erkol DEMIRCI?

OZET: Bu ¢alisma, bakla bitkilerinden izole edilen Rhizoctonia spp. izolatlarinin patojenitelerini ve
anastomosis gruplarini belirlemek amaciyla yiiriitiilmiistiir. Bitkilerin kok bogaz1 ve govdelerinin alt
kisimlarindan yapilan izolasyonlar sonucu 43 Rhizoctonia izolat1 elde edilmis ve anastomosis gruplari
(AG) belirlenmistir. Bu izolatlarin %48.8’inin Rhizoctonia solani, %51.2’sinin biniikleik Rhizoctonia
oldugu saptanmistir. Elde edilen 21 R. solani izolatinin AG-2 (1 izolat), AG-4 (8 izolat) ve AG-5 (12
izolat); 22 biniikleik Rhizoctonia izolatinin ise AG-K gruplarina ait oldugu saptanmistir. Segilen
izolatlar ile in vitro sartlarda patojenite denemesi kurulmus, R. solani ve biniikleik Rhizoctonia
izolatlariin viriilenslik seviyelerinde farkliliklar tespit edilmistir. R. solani izolatlarinin viriilenslikleri
yiiksek olarak bulunurken, biniikleik Rhizoctonia izolatlarinin viriilenslikleri ise zayif olarak
belirlenmistir. Bu ¢aligmada elde edilen Rhizoctonia tiirlerinin anastomosis gruplarinin tiimii Tiirkiye’de
bakla bitkilerinde ilk defa tespit edilmistir.

Anahtar Kelimeler: Anastomosis grup, bakla, patojenite, Rhizoctonia.

Anastomosis Groups and Pathogenicity of Rhizoctonia Species Causing Root Rot on Faba Bean
Plants

ABSTRACT: This study was conducted to determine anastomosis groups and pathogenicity of
Rhizoctonia spp. isolates from faba bean plants. Totally, 43 Rhizoctonia isolates were obtained from
root crown and/or basal stems of plants and their anastomosis groups (AGs) were identified. Of these
isolates, 48.8% were Rhizoctonia solani, and 51.2% were binucleic Rhizoctonia. Twenty one R. solani
isolates were identified as AG-2 (1 isolate), AG-4 (8 isolates) and AG-5 (12 isolates); 22 binucleic
Rhizoctonia isolates were identified as AG-K. Pathogenicity experiment was conducted with the
selected isolates under in vitro conditions, and it was found that differences in virulence levels between
R. solani and binucleate Rhizoctonia isolates. While isolates of R. solani were found to be highly
virulent, binucleate Rhizoctonia isolates were determined as weakly virulent. All of the anastomosis
groups of Rhizoctonia species obtained in this study were determined for the first time on faba bean
plants in Turkey.

Keywords: Anastomosis group, faba bean, pathogenicity, Rhizoctonia.
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GIRIS

Bakla (Viciafaba L.), hem insan gidast hem de hayvan yemi olarak kullanilan diinyanin heryerinde
yetistirilen tek yillik bir kiiltiir bitkisidir. Yiiksek besin degerine ek olarak enerji ve protein icerigi (%024-
30) ile beslenmede proteinin ana kaynaklarindan biri olarak gosterilmektedir. Besin degerleri
bakimindan zengin olmasinin yanisira yetistirildigi topraga olumlu etkilerde bulunmasi, havanin serbest
azotunu koklerinde ortak yasayan Rhizobium cinsi bakteriler vasitasiyla topraga baglama 6zelligi bu
bitkinin 6nemini daha da artirmaktadir. Bu 06zelligi sayesinde diinyanin bir¢ok yerinde {iriin
rotasyonunda anahtar bir role sahiptir (Lopez-Bellido ve ark., 2005; Kopke ve Nemecek, 2010; Anonim,
2015; Ademe ve ark., 2018).

Bakla bitkilerinde verim ve kalite kaybina neden olan abiyotik ve biyotik hastaliklar mevcut olup,
biyotik hastalik etmenlerinin 6nemli grubunu funguslar, bakteriler ve viriisler olugturmaktadir (Ademe
ve ark., 2018). Cesitli fungal etmenlere karsi oldukca hassas olan bakla bitkisinde Fusarium, Pythium,
Phoma, Sclerotinia, Macrophominia ve Rhizoctonia cinslerine giren tiirler kok ve govde ¢iiriikliiklerine
sebep olmaktadir (Omar ve Abd-Alla, 2000; Jensen ve ark., 2010; Stoddard ve ark., 2010; Abdel-Kader
veark., 2011). Yapilan birgok ¢alismada Fusarium solani, F. avenaceum, Rhizoctonia solani, Sclerotium
rolfsii, Macrophomina phaseolina ve Pythium spp.’nden olusan hastalik kompleksi biiyiik oranlarda
ekonomik kayiplara sebebiyet vermektedir (Akem ve Bellar, 1999; Belete ve ark., 2013; Vasi¢ ve ark.,
2019; Afshari ve ark., 2020). Bu patojenlerin olusturdugu kok ciiriikliigii hastaliginin ortalama %45,
hastalik i¢in uygun kosullarda ise %100’e ulasan verim kaybina neden oldugu bildirilmektedir (Belete
ve ark. 2013; Mitiku, 2017). Ulkemizde yapilan calismalarda bakla bitkilerinde kok ciiriikliigii ve
solgunluk etmenleri olarak Fusarium, Pythium, Rhizoctonia ve Verticillium cinslerine ait tiirler rapor
edilmistir (Erper ve ark., 2008; Eken ve ark., 2011; Gen¢ Kesimci ve ark., 2016). Rhizoctonia cinsi
diinyanin hemen her yerinde ¢ok sayida bitki tiirlinde hastalik olusturan en 6nemli toprak kaynakl
patojenlerden biri olup, farkli lilkelerde yapilan bir¢ok calismada bakla bitkilerinde kok ¢iirtikligii
hastaligina neden olan ana ve en yaygin patojen olarak gosterilmektedir (Omar, 1986; Abo-Shady, 2008;
Assuncao ve ark., 2011; Chang ve ark., 2014; Mohamed, 2017).

Rhizoctonia cinsinin simiflandirilmasinda anastomosis gruplarinin tespiti yaygin olarak kullanilan
ve glinlimiizde gegerliligini koruyan klasik bir yontemdir. Hiflerin kaynagmasi esas alinarak kullanilan
bu yontemde Rhizoctonia izolatlar1 gruplara ayrilmaktadir. Bu ayrim dogrultusunda, multiniikleik (¢ok
cekirdekli) R. solani izolatlar1 13 anastomosis grubuna (AG 1-13) ayrilmistir (Sneh ve ark., 1991;
Carling ve ark., 1994; 1999; 2002; Sharon ve ark., 2006). Biniikleik (iki ¢ekirdekli) Rhizoctonia izolatlar
ise en son yapilan degerlendirme ve analizler sonucunda 19 anastomosis grubuna (AG A-W)
ayrilmaktadir (Sharon ve ark., 2008; Yang ve ark., 2015; Dong ve ark., 2017; Misawa ve-Kurose, 2019;
Zhao ve ark., 2019).

Bakla bitkisinde R. solani AG-4 ana patojen olarak gosterilmekle birlikte (Azimi ve ark., 2005;
Helmy ve ark., 2015; Akladious ve ark., 2019), Banglades’te AG-2-2 IIIB (Paul ve ark., 2022), Iran’da
AG-7, AG1-IB ve biniikleik AG-G (Azimi ve ark., 2005), Yunanistan’da biniikleik Rhizoctonia calle,
R. cerealis ve R. fumigatea (Mohamed, 2017), Tiirkiye’de ise biniikleik Rhizoctonia AG-Be (Erper,
2003) tespit edilmistir. Yapilan literatiir taramasinda Tiirkiye’de bakla bitkilerinde Rhizoctonia tiirleri,
0zellikle anastomosis gruplarini ve patojenitelerini belirlemeye yonelik az sayida ¢alisma bulundugu
goriilmektedir. Bu ¢alisma bakla bitkilerinde kok ¢iiriikliigiine neden olan Rhizoctonia tiirlerinin
anastomosis gruplarini ve patojenitelerini belirlemek amaciyla yapilmistir.
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MATERYAL VE METOT

Bitki Orneklerinin Alinmasi
Atatlirk Universitesi Ziraat Fakiiltesi arastirma istasyonunda 2010 yilinda kurulan tarla

denemesinden alian Black Lazer, Golyaka, Inci, Lara, Otona, Sakiz, Seher, Sevilla, Sultan ve Tolera
bakla cesitlerine ait bitki 6rnekleri bu ¢alismanin materyalini olusturmustur. Calismada her ¢esitten
tesadiifi olarak 8-12 adet olacak sekilde hastalikli bitki ornekleri alinmistir. Bu ornekler polietilen
torbalara konularak laboratuvara getirilmis ve izolasyon yapilincaya kadar buzdolabinda +5 °C’de
muhafaza edilmistir.

Bitki Orneklerinden Etmenin izolasyonu
Bakla bitkilerinden izolasyon yapmak i¢in dncelikle 6rnekler musluk suyunda yikanmis, ardindan

kok bogazi ve govdenin 10 cm yukarisindan olmak iizere 0.5-1 cm uzunlugunda alinan iki bitki pargasi
%2’lik NaOCl ile 1 dk yiizeysel dezenfeksiyona tabi tutulmus, takiben steril saf su ile durulanmis ve
kurutma kagid1 lizerinde kurutulmustur. Bu bitki pargalari, icerisinde %1.5'lik Su Agar (SA) bulunan 9
cm’lik petrilere birakilmis ve petriler 25 °C de 5-7 giin inkiibe edilmistir. Besiyerinde gelisen hifler
incelenerek Rhizoctonia cinsine ait karekteristlik 6zellik gosteren geng hifler belirlenmis, hif ucu
alinarak saf kiiltiirler hazirlanmistir. Bu kiiltiirler Patates Dekstroz Agar (PDA) iceren test tiiplerine
aktarilmis ve ilerdeki ¢alismalarda kullanilmak tizere +5 °C’de muhafaza edilmistir.

Rhizoctonia izolatlarinin Anastomosis Gruplarmin Belirlenmesi
Bakla bitkilerinden yapilan izolasyonlar neticesinde elde edilen Rhizoctonia izolatlar1 PDA’da

25°C’de 7 giin gelistirildikten sonra miselyumlar1 Safranin O (Bandoni, 1979) ile boyanarak izolatlarin
niikleus sayis1 saptanmistir. Izolatlarm anastomosis gruplarini belirlemek igin cesitli arastiricilardan
temin edilen ve kiiltiir koleksiyonumuzda bulunan R. solani ve biniikleik Rhizoctonia test izolatlari
(Eken ve Demirci, 2004) PDA’da 25 °C’de 7 giin gelistirilmistir. Bu ¢alismadan elde edilen izolatlar ile
test 1zolatlarindan mantar delici ile alinan 5 mm ¢apindaki miselyum diskleri %1.5’1ik SA iceren 9 cm
capindaki petrilerde aralarinda 5-6 cm mesafe olacak sekilde karsilikli olarak eslestirilmistir (Parmeter
ve ark., 1969). Petriler 48-72 saat siiresince 25 °C’de inkiibe edildikten sonra phase contrast mikroskopta
incelenmis ve anastomosis yapip yapmama durumuna (Demirci ve Doken, 1992) gore anastomosis
gruplar1 belirlenmistir.

Patojenite Testi

Bakla bitkilerinden elde edilerek anastomosis gruplari belirlenen Rhizoctonia izolatlar: arasindan
secilen 28 izolat ile in vitro patojenite testleri, Eken ve Demirci (2004)’nin kullandig1 metot modifiye
edilerek yapilmistir. Bu amacla, 15 cm ¢apindaki cam petrilere %1.5’lik SA konulmus ve bunlarin her
birine PDA’da gelistirilen Rhizoctonia izolatlarinin 7 giinliik kiiltiirlerinden mantar delicisi ile 1 cm
capindaki fungus diskleri birakilmistir. Patojenite testinde kullanilan Seher bakla ¢esidine ait tohumlar
%1’lik NaOCI soliisyonunda 5 dakika siireyle yilizeysel dezenfeksiyona tabi tutulmus, saf su ile
durulanmis ve kurutulduktan sonra her bir petriye 5’er tohum birakilmigtir. Petriler 4 giin siireyle 25
°C’de karanlikta inkiibe edildikten sonra 12 saat 151k: 12 saat karanlik ortama alinmistir.

Deneme, 4 tekerriirlii olarak kurulmus ve kontrol petrilerine bos PDA diskleri birakilmistir.
Patojenite testi 10 giin sonra 1-5 skalasina gore (1: Normal kok gelisimi, simptom yok, 2: Normale yakin
kok gelisimi, nekrozsuz dokularda renk degisimi, 3: Normale yakin kok gelisimi, dokularda renk
degisimi ile beraber sinirli lezyonlar, 4: Kok uzunlugu kismen kisitlanmis, bitkinin tamamina yakininda
kok nekrozlari; 5: Kok uzunlugu biiyiik oranda kisitlanmis, tamamen kok ciirtikliigli) degerlendirilmistir
(Muyolo ve ark., 1993).
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Funguslarin reizolasyonlart SA’da yapilmistir. Skalaya gore yapilan degerlendirme sonrasinda;
%Hastalik Siddeti =) (SDxBS)]x100/(ESDxTB) formiiliine gore belirlenmistir. Burada; SD: Skala
degeri; BS: Ayni skala degerindeki bitki sayisi; ESD: En yiiksek skala degeri; TB: Toplam bitki sayisini
ifade etmektedir. Ayni zamanda ¢alismada petriye birakilan tohumlarin ¢imlenme yiizdeleri (Cimlenme
Yiizdesi=Cimlenen Tohum Sayisi/Toplam Ekilen Tohum Say1s1X100) hesaplanmistir (Christopher ve
ark., 2010).

Istatistik Analiz
Calisma sonucunda elde edilen veriler SPSS istatistik paket programi kullanilarak analiz
edilmistir. Izolatlar aras1 farkliliklar Duncan Coklu Karsilastirma testi ile degerlendirilmistir.

BULGULAR VE TARTISMA

Bakla bitkilerinde kok ¢iiriikliigiine neden olan Rhizoctonia tiirlerini tespit etmek amaciyla Black
Lazer, Golyaka, Inci, Lara, Otona, Sakiz, Seher, Sevilla, Sultan ve Tolera gesitlerinden yapilan
izolasyonlar sonucunda toplam 43 izolat elde edilmistir. izolatlarin bitkiden alindig1 kisim ve bakla
cesitlerine gore dagilimi Cizelge 1°de verilmistir. Bu sonuglara gore izolatlarin %74.4°1 kok bogazi
bolgesinden, %25.6’s1 ise govdeden izole edilmistir. Izolat sayilarmi cesitler agisindan
degerlendirdigimizde; inci ¢esidinden 11, Gélyaka cesidinden 6, Black Lazer ve Sultan cesitlerinden 5,
Otona, Sakiz, Sevilla ve Tolera ¢esitlerinden 3, Lara ve Seher ¢esitlerinden ise 2 izolatin elde edildigi
goriilmektedir.

Cizelgel. Bakla bitkilerinden izole edilen Rhizoctonia izolatlarinin bitkiden alindigi yere gore
dagilimlar

Bitkiden alindig1 kisim

Bakla gesitleri Kok bogazi Govde Toplam
Black lazer 4 1 5
Golyaka 5 1 6
inci 6 5 11
Lara 1 1 2
Otona 1 2 3
Sakiz 3 - 3
Seher 2 - 2
Sevilla 3 - 3
Sultan 4 1 S
Tolera 3 - 3
Toplam 32 11 43

Elde edilen izolatlarin anastomosis gruplarmi belirlemek igin test izolatlartyla yapilan
karsilagtirma sonucunda %51.2 oraniyla biniikleik Rhizoctonia AG-K en fazla izole edilen grup
olmustur. Bu grubu %27.9 oramiyla AG-5, %18.6 oraniyla AG-4 ve %2.3 oraniyla AG-2 gruplar takip
etmistir. AG-K, AG-2, AG-4 ve AG-5 gruplarmin hepsi Inci bakla cesidinden izole edilirken, AG-K
grubu Lara ve Otona bakla gesitlerinin disinda tiim gesitlerden elde edilmistir. Anastomosis gruplari
icerisinde ikinci sirada yer alan AG-5 ise Lara, Sakiz ve Sultan ¢esitleri hari¢ tiim bakla ¢esitlerinde
tespit edilmistir. AG-4 Black lazer, Inci, Lara ve Sultan cesitlerinde belirlenmis, AG-2 ise sadece Inci
bakla ¢esidinden izole edilmistir (Sekil 1).
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Black lazer = Golyaka ®1Inci = Lara mOtona ® Sakiz ®Seher mSevilla ® Sultan ® Tolera

Bakla cesitleri
Sekil 1. Bakla gesitlerine gére Rhizoctonia spp.’nin anastomosis gruplari

Secilmis Rhizoctonia izolatlar1 ile Seher bakla ¢esidinde yapilan patojenite testinde gruplar
arasinda farkli simptomlar gdzlemlenmistir (Sekil 2). Ozellikle viriilensligi yiiksek olan R. solani AG-
2, AG-4 ve AG-5 izolatlar1 siddetli kok nekrozlarina sebep olmustur. Ayni1 zamanda bu izolatlar kok
uzunlugunu biiyiik oranda kisitlamig veya tamamen kok ¢iiriikliigii olusturmustur. Buna karsin biniikleik
Rhizoctonia AG-K izolatlarinin genel olarak normale yakin bir kok gelisimi ve dokularda daha az renk
degisimi ortaya ¢ikardigi tespit edilmistir.

Biniikleik Rhizoctonia AG-K en fazla izole edilen grup olmasina karsin ¢imlenme yiizdesi (%32-
79), R. solani AG-2, AG-4 ve AG-5 gruplarina oranla daha yiiksek bulunmustur (Cizelge 2). Patojenitede
kullanilan AG-5 izolatlarindan biri (2-Inci-12) hari¢ (%60) diger izolatlarin ¢imlenme yiizdesi %15’in
altinda kalarak en diisiikk ¢imlenme oranina sahip olan grup olmustur. AG-4 izolatlarinin ¢imlenme
ylizdesi AG-5 grubuna gore daha yliksek olmakla birlikte %0-50 arasinda degisen bir ¢imlenme orant
gostermigtir. Calismada izole edilen tek AG-2 izolatinin ¢imlenme yiizdesi ise %35 olarak tespit
edilmistir. Patojenite denemesi sonucunda anastomosis gruplar1 hastalik siddetleri agisindan
degerlendirildiginde AG-2 (%94) AG-4 (%72-90), AG-5 (%62-82) ve AG-K (%20-55) gruplarina ait
izolatlarin farkli oranlarda viriilenslige sahip oldugu belirlenmistir. AG-K’nin bir izolat1 (1-Sultan-3)
hari¢ diger tiim izolatlarin kontrol ile istatistiki olarak farkli grupta yer aldig1 tespit edilmistir (Cizelge
2).

Bitkilerde kok ciirtikliigline neden olan patojenlerden herhangi birine yonelik yapilan izolasyon
caligmalarinda ¢esitli patojenlerin birlikte izole edilmesi sikga karsilagilan bir durumdur. Rhizoctonia,
Fusarium, Phytium, Macrophomina ve Sclerotinia bakla bitkilerinden yapilan izolasyonlarda siklikla
elde edilen etmenler olup, bu bitkide kok c¢iiriikliigii nadir olarak bir patojenle iliskilendirilmekte ve
genellikle bakla bitkilerinde kok ¢iiriikligii bir hastalik kompleksi olarak degerlendirilmektedir (Mitiku,
2017; Khalil ve Ashmawy, 2021). Bu durum, bakla bitkisinin verimini 6nemli 6l¢iide azaltabilen ve
kalitesini etkileyebilen ¢ok sayida fitopatojenik fungusun saldirisina duyarli oldugunu gostermektedir
(Vasi¢ ve ark., 2019). Nitekim bu konuda caligma yapan birgok arastirici izolasyonlar sirasinda bu
funguslara rastladiklarini rapor etmislerdir. Samsun’da fasulye, soya fasulyesi, bakla ve bezelye
bitkilerinde yapilan izolasyonlarda Fusarium, Rhizoctonia ve Pythium en yaygin izole edilen funguslar
olarak belirlenmistir (Erper ve ark., 2008). Baklada tohum kaynakl1 patojenlerin belirlendigi baska bir
calismada Aspergillus, Penicillium, Alternaria, Botrytis, Cephalosporium, Cladosporium, Epiccoccum,
Rhizopus, Rhizoctonia, Stemphylium, Trichothecium ve Verticillium funguslar elde edilmistir (Elwakil
ve ark., 2009). Bu ¢alismada da benzer sonuglar alinmis, izolasyonlar esnasinda Fusarium, Verticillium,
Botrytis, Gliocladium, Alternaria ve Ulocladium etmenlerine siklikla rastlanilmistir.
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AG-2

Kontrol

Kontrol

Kontrol

Sekil 2. Seher bakla ¢esidinde AG-2, AG-4, AG-5 ve AG-K gruplarinin olusturdugu simptomlar

Konukgu, g¢evre kosullari, ¢esit ve lokasyondaki farkliliklar Rhizoctonia izolasyon sikligindaki
farkliliga sebep olmaktadir. Nitekim g¢aligmada izolasyon yapilan bakla cesitlerinde farkli oranlarda
Rhizoctonia izolatlarininin elde edildigi goriilmektedir (Cizelge 1). Konukgu-patojen iliskisinde
konukgu bitkinin genetik yapisina bagli olarak dayaniklilik reaksiyonunda farkliliklar ortaya
cikabilecegi gibi, patojenin genetik yapisina bagli olarak da izolatlar arasinda viriilenslik farkliliklar
ortaya ¢ikabilmektedir. Uygun ¢evre kosullarinda viriilent bir patojen ve hassas bir konukgunun temast
sonucu bitkide hastalik olustugu bilinmektedir. Bu c¢alismada bakla bitkilerinden Rhizoctonia
izolatlarinin yiiksek oranda izole edilmesine deneme alaninda ¢ok sayida g¢esidin bulunmasi ve bu
cesitlerin genel olarak patojen saldirisina karsi hassas olmasinin sebep oldugu degerlendirilmektedir.
Benzer sekilde yapilan ¢alismalarda Rhizoctonia sp.’nin alindigi bakla ¢esidine gore izolasyon sikliginin
%13.33-46.67 arasinda degistigi (Vasic¢ ve ark., 2019), Rhizoctonia spp.’nin Sakiz, Seher ve Tolera bakla
cesitlerinde farkli oranlarda izole edildigi ve bu duruma cesitlerin hastalik etmenlerine kars1 gosterdigi

reaksiyonlarin farkliliginin sebep olabilecegi bildirilmistir (Geng Kesimci ve ark., 2016).
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Cizelge 2. Rhizoctonia spp. ve anastomosis gruplari ile Seher bakla ¢esidinde yapilan patojenite test

sonuglari
. Izolat Cimlenme Skala Hastahk
Tirler AGs* Numarasi Yiizdesi (%) Degeri** Siddeti (%)
2 3-Inci-8 5 4. 7a*** 94
1-Black Lazer-3 0 4.50a-b 90
1-Black Lazer-11 30 4.10b-d 82
1-Inci-6 10 3.95¢-f 79
4 1-1nci-7 5 4.20b-c 84
3-Inci-5 35 4.05b-e 81
1-Lara-10 50 3.75¢-f 75
3-Lara-12 25 3.90c-f 78
Rhizoctonia 3-Sultan-12 25 3.60d-g 72
solani 1-Black Lazer-6 5 3.85c¢-f 77
2-Golyaka-5 10 3.50e-g 70
2-Inci-11 10 3.40f-g 68
2-Inci-12 60 3.10g-h 62
5 3-Inci-9 5 4.10b-d 82
2-Otona-2 0 3.95¢-f 79
2-Otona-6 15 3.45f-g 69
2-Seher-9 0 3.70c-f 74
1-Sevilla-8 10 3.80c-f 76
1-Tolera-10 5 3.55d-g 71
1-Black Lazer-7 79 1.85j- 37
1-Golyaka-6 32 2.601 52
2-Golyaka-7 79 1.75k-I 35
1-Inci-10 59 2.201-k 45
Bintkleik K 3-Sakiz-3 37 1.70k-1 35
Rhizoctonia 1-Seher-9 50 2.70h-1 55
1-Sevilla-6 72 1.80k-I 36
1-Sultan-3 79 1.40l-m 20
1-Sultan-10 40 2.351-k 47
1-Tolera-6 42 2.201-k 44
Kontrol 95 Im 0

*: Anastomosis Gruplari
**: Muyolo ve ark. (1993)’nin kullandig1 1-5 skalasina gore degerlendirilmistir
**%: Farkli harfle gosterilen degerler arasinda istatistiki olarak fark vardir (p<0.05)

Rhizoctonia izolatlariin anastomosis gruplarinin siniflandirmasi, bitki hastaliklarina neden olan
cesitli gruplar karakterize etmek i¢in kritik bir yaklagim olarak ifade edilmektedir (Erper ve ark., 2021).
Ciinkii anastomosis gruplar ile konukgu bitkiye 6zellesme arasindaki iliskiyi inceleyen c¢alismalarda
genellikle bir konuk¢udan bir veya birkag anastomosis grubunun elde edildigi vurgulanmaktadir (Djébali
ve ark., 2014). Yapilan ¢aligsmalar incelendiginde bu 6zellesmenin ¢ilekde biniikleik Rhizoctonia (Botha
ve ark., 2003; Sharon ve ark., 2007), patateste AG-3 (Bandy ve ark., 1988; Demirci ve Doken, 1993),
fasulyede (Eken ve Demirci, 2004), domateste (Demirci ve Ddken, 1995; Yildiz ve Doken, 2002;
Kuramae ve ark., 2003; Eken ve Tuncer, 2019), fistikta (Aydin ve Unal, 2021) ve baklada AG-4 oldugu
goriilmektedir (Azimi ve ark., 2005; Mohamed ve ark., 2014; Helmy ve ark., 2015). Baklada
anastomosis gruplarini belirlemeye yonelik yapilan ¢alismalar sinirh sayida olmakla birlikte, R. solani
AG-2-2 I1IB (Paul ve ark., 2022), AG-7 ve AG-1 IB (Azimi ve ark., 2005) gruplar tespit edilmistir.
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Her ne kadar literatiirde baklada en yaygin patojen olarak R. solani AG-4 gosterilse de yaptigimiz
bu calismada biniikleik AG-K baklada en yaygin izole edilen grup olmustur. Parelel sonuglar
Banglades’te alinmis, baklada yiiksek oranda biniikleik Rhizoctonia izolatlar1 tespit edilmistir
(Mohamed, 2017). Yunanistan’da bakla bitkilerinden izole edilen Rhizoctonia izolatlarinin biiyiik bir
cogunlugunun biniikleik Rhizoctonia grubuna ait oldugu (Helmy ve ark., 2015), Iran’da bakladan AG-
G grubunun (Azimi ve ark., 2005) ve Tiirkiye’de multiniikleik izolatlarla birlikte bintikleik izolatlarin
varlig1 (Erper ve ark., 2008) yapilan ¢alismalar ile ortaya konulmustur.

Patojenite denemesinde Rhizoctonia izolatlarinin viriilenslik 6zellikleri incelendiginde (Cizelge 2)
izolasyon siklig1 en yiiksek olan AG-K grubunun viriilensliginin (%20-55) diisiik oldugu, AG-2 (%94),
AG-4 (%72-90) ve AG-5 (%62-82) izolatlarinin ise baklada oldukga viriilent oldugu goriilmektedir.
Benzer sekilde Helmy ve ark., (2015), bakla bitkilerinden biniikleik Rhizoctonia izolatlarini daha yiiksek
oranda izole etmelerine ragmen en viriilent izolatin AG-4 grubuna ait oldugunu belirtmislerdir. Bu
calismadan elde edilen sonuglarla paralel olarak farkli ¢alismalarda da R. solani bakla bitkilerinde en
virtilent etmen olarak gosterilmektedir (Omar, 1986; Abo-Shady, 2008; Chang ve ark., 2014; Mohamed
ve ark., 2014).

Cizelge 2’deki verileri hastalik siddeti agisindan degerlendirdigimizde gruplar arasinda meydana
gelen varyasyonlar dikkati ¢gekmektedir. Benzer sekilde Kanada’da bakla bitkisinde AG-5’in diisiik, AG-
2T2’nin orta seviyede ve AG-4’lin hem diigiik hem de en yiiksek virtilenslik 6zelligi gostermesi nedeni
ile bu gruplarm genis oranda viriilenslige sahip oldugu belirtilmistir (Rashid ve Bernier, 1993). Iran’da
bakla bitkilerinde AG-4, AG-7, AG-1 IB ve AG-G gruplariyla yapilan patojenite testlerinde, AG-4
izolatlarinin diger izolatlara gore daha hizli fide 6liimiine neden oldugu belirlenirken tiim izolatlarin
bakla i¢in patojenik oldugu tespit edilmistir (Azimi ve ark., 2005).

Rhizoctonia solani’nin patojenitesi, konuk¢u sayisinin fazla olmasina ve heterogeneous izolatlara
bagl olarak olduk¢a kompleks bir 6zellik gostermektedir (Mahmoud ve ark., 2007). Bununla birlikte
anastomosis grup veya R. solani alt gruplarinin genetik ve ¢evre faktorlerinin etkisiyle genis bir
viriilenslige sahip oldugu (Balali ve Kowsari, 2004), ayn1 grupta yer almasina ragmen AG-4 izolatlarinin
virlilenslik seviyeleri arasinda varyasyonlar oldugu bilinmektedir (Valentin Torres ve ark., 2016). Ayni
zamanda AG-4 grubunun patojenitesinin yiiksek olmasi heterokaryosis ile iligkilendirilmekte ve genetik
olarak farkl ¢ekirdeklerin birlesmesi ile daha viriilent bir grubun ortaya ¢iktig1 6ne siiriilmektedir (Balali
ve Kowsari, 2004).

Bu calismada bintikleik AG-K izolatlarin patojenitesi diger gruplara oranla daha diisiik olarak
tespit edilmesine ragmen, biniikleik izolatlarin ¢ilekte patojenitesinin oldukca yiiksek oldugu Manici ve
Banora (2007) tarafindan yapilan ¢alisma ile ortaya konulmustur. Calismada, ¢ilekte patojen grup olarak
kabul edilen biniikleik Rhizoctonia izolatlarinin ¢ilek ve bakladaki patojenitelerinin %78 oraninda
birbirine benzerlik gosterdigi tespit edilmistir. Mohamed (2017), biniikleik izolatlarin patojenitesini
AG4-HGI ile benzer bulmus ve kok cliriikliigii etmeni olarak biniikleik tiirlerin 6nemini vurgulamis,
cilek ile baklanin rotasyonunda bu durumun géz 6niinde bulundurulmasi gerektigini bildirmistir. Benzer
sekilde Tunus’da patatesten elde edilen AG-3 izolatlar1 bakla bitkisine inokiile edilerek bitki biiytimesi,
cigeklenmesi ve nodiill olusturmasi iizerine etkisi arastirilmistir. Calisma sonucunda incelenen
parametreler iizerine fungusun biiyiik bir etkisinin olmadig: tespit edilmis olsa da R. solani’nin bakla
bitkilerinin kok ve nodiillerini enfekte edebildigi bildirilmistir. Bu nedenle baklanin, R. solani i¢in uygun
bir konukc¢u olacagmma ve sonraki patates yetistiriciliginde potansiyel olarak hastalik riskini
artirabilecegine vurgu yapilmistir (Djébali ve ark., 2014).
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SONUC

Bakla en eski kiiltiir bitkilerinden biri olup, hem diinyada hem de tilkemizde gida ve yem kaynagi
olarak kullanilan 6nemli bir baklagil bitkisidir. Ancak hastalik ve zararlilardan kaynakli verim kayiplari
baklaya ayrilan liretim alanlarinin azalmasina sebep olmaktadir. Rhizoctonia spp. bakla bitkisinde verim
kayiplarina neden olan en yaygin patojenlerden biridir.

Bu c¢alismada 10 farkli bakla ¢esidinden yapilan izolasyonlar sonucunda bintikleik Rhizoctonia
AG-K, R. solani AG-2, AG-4 ve AG-5 gruplarina dahil edilen 43 Rhizoctonia izolati elde edilmistir. Bu
izolatlar ile yapilan patojenite test sonuglarina gore bakla bitkisinde R. solani izolatlarinin
viriilensliklerinin daha yiiksek oldugu saptanmis, elde edilen veriler ile bakla bitkisinde daha sonra
yapilacak ¢alismalara kaynak olusturulmustur.

Rhizoctonia kok ¢tiriikliigii hastaliginin miicadelesinde dayanikli ¢esitlerin kullanilmasi ve
miinavebe gibi kiiltiirel yontemler son derece 6nem arz etmektedir. Bununla birlikte baklanin topraga
sagladig1 nitrojen sayesinde miinavebede siklikla kullanilan bir kiiltlir bitkisi oldugu bilinmektedir.
Rhizoctonia anastomosis gruplarinda genellikle konukg¢uya 6zellesme durumu oldugu igin lireticiye
miinavebe onerirken bitki se¢iminde bu durum dikkate alinmalidir.

Cikar Catismasi
Yazarlarin arasinda herhangi bir ¢ikar ¢atismasi bulunmadigi beyan olunur.

Yazar Katkisi
Yazarlarin herbiri makaleye esit olarak katki saglamislardir.
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Endemik Stachys tundjeliensis Kit Tan & Sorger (Lamiaceae)’ in Ucucu Yag Bilesenleri ve
Kemotaksonomik Bir Yaklasim

Ebru YUCE BABACANY

OZET: Bu arastirmada, Tunceli’ de dogal olarak yetisen endemik Stachys tundjeliensis Kit Tan &
Sorger bitkisinin toprak {istii kisimlarindan su distilasyonu ile elde edilen ugucu yag bilesenlerinin
tespiti yapilmistir. Calisma ile bitkinin ugucu yag bilesenlerini tespit ederek tiir ve cinsin
taksonomisine katkida bulunmak amaglanmistir. Calisma materyali 2021 yilinda Tunceli-Ovacik
arasinda ¢igekli olarak toplanarak kurutulup hazir hale getirilmistir. 100 g bitki orneginden su
distilasyonu yontemi ile Clevenger aparati kullanilarak 3 saat distile islemi sonucu ugucu yag elde
edilmistir. Analiz igin GC/MS (Gaz Kromatografi/Kiitle Spektrometresi) cihazi kullanilmigtir. Elde
edilen ugucu yagda toplam 29 bilesen belirlenmistir. Okaliptol (%28.9), timol (%14.3), 4
karvomethanol (%12.5), d-piperiton (%11.2), pinen (%6.3) ve terpineol (%5.7) yiiksek orandaki
bilesenlerdir. Bu bilesenlerden okaliptol/timol kemotip olarak diisiiniilebilir.

Anahtar Kelimeler: Stachys, endemik, ugucu yag, Tunceli

Essential Oil Components of Endemic Stachys tundjeliensis Kit Tan & Sorger (Lamiaceae) and A
Chemotaxonomic Approach

ABSTRACT: In this study, the essential oil components obtained from the aerial parts of the endemic
Stachys tundjeliensis Kit Tan & Sorger plant, which grows naturally in Tunceli, were determined by
water distillation. The aim of the study was to determine the essential oil components of the plant and
to contribute to the taxonomy of the species and genus. The study material was collected with flowers
between Tunceli-Ovacik in 2021, dried and made ready. Essential oil was obtained from 100 g of plant
samples by water distillation method and after 3 hours of distillation using Clevenger apparatus.
GC/MS (Gas Chromatography/Mass Spectrometer) were used for analysis. A total of 29 components
were determined in the essential oil obtained. Eucalyptol (28.9%), thymol (14.3%), 4 carvomethanol
(12.5%), d-piperitone (11.2%), a-pinene (6.3%) and terpineol (5.7%) are high components. It can be
considered as eucalyptol/thymol chemotype from these components.

Keywords: Stachys, endemic, essential oil, Tunceli
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GIRIS

Stachys L., Lamiaceae familyasina ait yaklasik 300 tiir i¢eren diinyada sicak ve tropikal
bolgelerde yetisen biiyiik bir cinstir (Ak¢igek ve ark., 2012). Stachys cinsi, Tiirkiye’de 91 tiir (115
takson) ile temsil edilir. Tiirkiye, bu cinsin tiir ¢esitliligi bakimindan en zengin oldugu iilkelerden
biridir (Giiner ve ark., 2012). Stachys cinsi tilkemizde 2 altcins ve 15 seksiyona ayrilmistir (Akgigek ve
ark., 2012). Stachys tundjeliensis, Fragilicaulis R. Bhattacharjee seksiyonu Multibracteolatae
Bhattacharjee. altseksiyonuna aittir (Davis ve ark., 1988).

Stachys tiirleri eski ¢aglardan beri tibbi amaglarla kullanilmaktadir. Anadolu'da yaban c¢ay1
olarak tiiketilir ve “Dag ¢ay1” olarak bilinir. Tibbi 6nemi olan Stachys cinsi iiyeleri, 6zellikle dalak
tilserleri, oksiiriik ve skleroz, iltihaplanma ve genital tiimoérlerin tedavisinde kullanilir (Bahadori ve
ark., 2020; Tundis ve ark., 2014; Zargari, 1995). Stachys tiirleri ayrica ates diisiiriicii, mideyi rahatlatan
(Altundag ve Oztiirk., 2011), iltihap dnleyici (Khanavi ve ark., 2005), kayg1 6nleyici (Rabbani ve ark.,
2003), antibakteriyel (Grujic-Jovanovic ve ark., 2004), anti-nefritik (Hayashi ve ark., 1994), antikanser
(Amirghofran ve ark., 2006), anti-helicobacter (Stamatis ve ark., 2003), antioksidan (Erdemoglu ve
ark., 2006) ve sitotoksik etkiler (Haznagy-Radnai ve ark., 2008; Ferhat ve ark., 2017) gibi birgok
farmakolojik aktiviteye sahiptir.

Bu cinsin tiirlerinin ugucu yag komposizyonlar: ile ilgili ¢cok sayida ¢aligma mevcuttur. Ayni
seksiyonda yer aldig1 Stachys benthamiana (Karami ve ark., 2015), S. mardinensis ( Kaya ve ark.,
2017), S. subnuda (Sen ve ark., 2019) ve S. laetivirens (Duman ve ark., 2005) taksonlarinin ugucu yag
analizleri tespit edilmistir. Ayrica cinse ait S. lavandufolia, S. alopecuros, S. scardica, S. germanica, S.
plumosa, S. recta, S. sylvatica, S. macrostachya, S. laxa, S. byzantina, S. germanica ssp. heldreichii ve
S. euboica’ tiirlerinin de ugucu yaglar ile ilgili ¢alismalar mevcuttur (Skaltsa ve ark., 2003; Javidnia
ve ark., 2004; Grujic ve ark., 2004; Karaoglan ve ark., 2021; Kiashi ve ark., 2021).

Stachys cinsinin ugucu yag bilesenleri incelendiginde esas olarak seskiterpenlerden ve oksijenli
seskiterpenlerden olusur. Cinsin ugucu yaginin ana bilesenlerinin germakren D, karyofillen oksit,
kadinen, spathulenol ve karyofillen oldugu goriilmistiir. Ayrica o-pinen, B-pinen, fellandren ve
karvakrol gibi monoterpenler de Stachys tiirlerinde tespit edilmistir (Goren ve ark., 2011; Altundag ve
ark., 2011; Goren, 2014; Polat ve ark., 2012).

Bu calismanin amaci endemik Stachys tundjeliensis’ in ugucu yag bilesenlerini tespit etmektir.
Bu tiiriin ugucu yag bilesenleri ilk defa bu calisma ile saptanmistir. Ayni seksiyonda oldugu tiirler ve
cinsin diger tiirleri ile karsilastirma yapilmustir.

MATERYAL VE METOT

Materyalin Elde Edilmesi

Calisma materyali Tunceli-Ovacik arasinda (B7 Tunceli: Tunceli-Ovacik arasi, 15.km, yol
kenari, 1050 m, 39°17'00"N/39°25'57"E, 10.06.2021, E. Yiice 4023) 2021 yilmin Haziran ayinda
cigekli olarak toplanmistir (Sekil 1). Analiz i¢in bitkinin toprak iistii kisimlar1 kullanilmigtir. Teghisi
yapildiktan sonra herbaryum tekniklerine uygun sekilde hazirlanip Munzur Universitesi’nde muhafaza
edilmektedir.
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Ucucu Yaglarin Eldesi

Ugucu yaglar, 100 g bitki 6rneginden su distilasyonu yontemi ile Clevenger aparati kullanilarak
3 saat distile islemi sonucu elde edilmistir. Ugucu yaglarin verimi belirlenerek, ugucu yagin
kompozisyonu kalitatif ve kantitatif anlamda tespit edilmistir (Linskens ve ark., 1997). Ugucu yaglarin
kimyasal analizleri, Bingél Universitesi Merkez laboratuvarinda bulunan GC-MS (Gaz kromatografisi-
Kiitle spekrometrisi) ile yapilmistir.

GC, GC-MS Analizleri

Analizler i¢in Agilent 7890A model GC, 5975C model MS kullanilmistir (Kolon BPX90 (100m
x 0,25 mm x 0,25 um, Kolon Akis Hiz1 1 ml (tasiyici gaz helyum). Firin sicaklik programi 70°C (4
dak), 7°C /dak ile 250°C’ye (5 dak), 5°C/dak ile 300°C’ye (8dak), enjeksiyon sicakligi 280°C ve
tastyic gaz olarak helyum 1 mL/dk (%99,999 saflikta) kullanilmigtir. Kromatografik ¢alisma prensibi
su sekildedir; sicaklik 120 °C' den baglayarak 5 °C/dk' da 254 °C' ye ulasir, sonra bu kisimda 16 dakika
bekletilmistir. Toplam analiz siiresi 43 dakikadir. Enjeksiyon hacmi 1 pl ve splitless modu segilerek
yapilmis ve MS sonuglari, cihaz bellegindeki WILEY ve NIST kiitiiphaneleri ile karsilastirilarak tespit
edildi.
Kiime Analizi

Su distilasyonu ile elde edilen ugucu yaglardan GC-MS kullanilarak tanimlanan bilesenlerden
yiizdelik orani yiiksek ilk 10 ana bilesen (>%1) secilmis ve sayisal taksonomik yontemlerden kiime
analizine tabi tutulmustur (Cizelge 1). Bunun i¢in IBM SPSS Statistics 28.0. paket programi ve
UPGMA istatistik yontemi kullanilmigtir. Bu analizlerin sonuglari dendrogram olarak alinmis ve
sayisal kemotaksonomik iligkiler agisindan degerlendirilmistir. S. tundjeliensis’ in ugucu yag
bilesenleri ve daha Once calisilan Fragilicaulis seksiyonu iyeleri UPGMA (Aritmetik Ortalamali
Agirliksiz Cift Grubu Yontemi) kullanilarak karsilastiriimastir.

Cizelge 1. Fragilicaulis seksiyonu tiyelerinin kiime analizinde kullanilan ugucu yag ana bilesenleri ve oranlart

S. tundjeliensis S. benthamiana S. mardinensis S. subnuda S. laetivirens
okaliptol (%28.9) B-bisabolen (%19.2) mentil asetat (%15.3) fitol (%25.2) nonakosan (%23.1)
timol (%14.3) humulen epokside 1l (%10.7)  isomenton (%15.0) B-karyofillen (%11.2) fitol (%17.9)
4 karvomethanol (%12.5), epi-a-bisabolol (%7.2) pulegon (%10) germakren D (%6.9) a-bisabolol (%6.8)
d-piperiton (%11.2) (E)-y-bisabolen (%6.9) mentol (%8.4) hekzadekanoik asit (%6.9) heptakosan (%4.7)
a—pinen (%6.3) n-dekanal (%6.8) spathulenol (%7.0) linalool (%4.9) germakren d (%3.3)
a—terpineol (%5.7) caryophyllene oxide(%6.6) karyofillen oksit (%6.7) bisiklogermakren(%2.7) hekzadekanoik asit (%3.7)
y—terpinen (%4.8) diisobutilfitalat (%4.9) isometilasetat (%4.3) heptakosan (%2.7) B-karyofillen (%2.6)
sabinen (%3.4) n-dekanol (%4.0) cis-piperiton oksit (%2.9) heksahidrofarnesil aseton (%2.2) perntakosan (%1.9)
delta-3-karen (%2.9) dodekanal (%3.8) bisiklogarmakren(%2.7) a—pinen (%1.8) heksahidrofarnesil aseton (%1.5)
1.4-sineol (%1.7) n-oktadekan (%3.2) neoisomentol (%2.2) karyofillen oksit (%1.6) linalool (%1.2)
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BULGULAR VE TARTISMA

Endemik Stachys tundjeliensis bitkisinin toprak iistii kisimlarindan su distilasyonu ile elde edilen
ucucu yag bilesenleri tespit edilmistir. Bu bilesenler GC/MS, GC (Gaz Kromatografi) ve MS (Kiitle
Spektrometresi) ile saptanmustir. Bu tiire ait ugucu yag verimi 100 gr. drnek tizerinden 0.5 ml olarak
bulunmustur. Incelenen bitkiye ait ugucu yag kompozisyonu %98.4 oraninda tanimlanmis ve Cizelge
2> de gosterilmistir. Toplam 29 bilesen belirlenmistir. Okaliptol (%28.9), timol (%14.3), 4
karvomethanol (%12.5), d-piperiton (%11.2), pinen (%6.3) ve terpineol (%5.7) yiiksek orandaki
bilesenlerdir. Ayrica inceledigimiz tiir de monoterpenler bilesen orani, seskiterpenlerden daha fazladir.

Major bilesenlerden olan pinen, S. alopecuros (%1.8), S. scardica (%19.7) (Skaltsa ve ark.,
2003), S. lavandufolia (%8.4) (Javidnia ve ark., 2004), S. germanica (%1.58), S. plumosa (%35.84), S.
recta (%5.42), S. sylvatica (%1.85) (Grujic ve ark., 2004), S. macrostachya (%9.7) (Karaoglan ve
ark., 2021), S. laxa (%9.44) ve S. byzantina (%3.09) (Kiashi ve ark., 2021) taksonlarinda da ana
bilesen olarak saptanmustir. Stachys tundjeliensis’ de ana bilesenlerden olan timol bileseni, S.
alopecuros (%0.1) bitkisinde minor bilesen olarak saptanmistir (Skaltsa ve ark., 2003). % 4.8 oraninda
bulunan terpinen bileseni S. lavandufolia (%0.6-1.4) (Feizbaksh ve ark., 2003; Javidnia ve ark., 2004)
ve S. plumosa (%0.13) (Grujic ve ark., 2004) tiirlerinde de tespit edilmistir. Bizim ¢aligmamizda tespit
edilen yiiksek bilesenlerden terpineol, S. recta (%4.6) (Skaltsa ve ark., 2003) ve S. pilifera (%3.3)
(Hashemi ve ark., 2021) taksonlarinda da major bilesenlerdendir. Ayrica bu bilesen, S. alopecuros
(9%60.2), S. germanica ssp. heldreichii (%0.2), S. euboica (%0.3), S. menthifolia (%0.1) (Skaltsa ve ark.,
2003) ve S. lavandufolia (%0.2-0.3) (Feizbaksh ve ark., 2003; Javidnia ve ark., 2004) tiirlerinde minor
bilesenlerdendir.

Ayni seksiyonda yer aldig1 S. benthamiana tiiriinde B-bisabolen (19.2%), humulen epokside II
(10.7%), epi-a-bisabolol (7.2%), (E)-y-bisabolen (6.9%), n-dekanal (6.8%) ve karyofillen oksit (6.6%)
(Karami ve ark., 2015); S. mardinensis tiirinde mentil asetat (15.3%), isomenton (15.0%), pulegon
(10%), spathulenol (7.0%) vekaryofillen oksit (6.7%) (Kaya ve ark., 2017), S. subnuda tiiriinde fitol
(25.2%), B-karyofillen (11.2%), germakren D (6.9%) ve hekzadekanoik asit (6.9%) (Sen ve ark.,
2019); S. laetivirens tiiriinde ise nonakosan (23.1%) ve fitol (17.9%) (Duman ve ark., 2005) major
bilesen olarak saptanmistir.

Stachys cinsine ait 22 tiiriin ile yapilan ¢alismada germakren-D, —karyofillen, karyofillen oksit,
spathulenol ve a—kadinen ana bilesenler olarak belirlenmistir (Goren ve ark., 2011). Stachyspilifera
tirtinde cis-krizantenil asetat (%24.9), viridiflorol (%18.3), trans-karyofillen (%9.8), karyofillen oksit
(%4.6), a-terpineol (%3.3) ve linalool (%3.1) (Hashemi ve ark., 2021). Stachys lavandulifolia’
da spathulenol, myrcene, B-pinen, &-kadinen, and a-muurolol (Hazrati ve ark., 2020), Stachys
macrostachya’ da ise germakren D (%12.2), globulol (%10.9), a-pinen (%9.7) ve valensen (%7.6)
(Karaoglan ve ark., 2021) ana bilesen olarak tespit edilmistir.

[ran’da endemik Stachys pilifera Benth taksonuyla yapilan galismada cis-krizantenil asetat
(%19.1-48.2), viridiflorol (%1.4-19.1), trans-karyofillen (%2.3-11.9), karyofillen oksit (%1.9-11.0),
limonen (%2.0- 5.9) ve spathulenol (%0.0- 9.5) en bol bulunan ugucu yag bileseni olarak saptanmuistir.
Kemotip olarak; kemotip | (cis-krizantenil asetat), kemotip Il (cis-krizantenil asetat/viridiflorol),
kemotip Il (cis-krizantenil asetat/viridiflorol/spathulenol), kemotip 1V (cis-krizantenil asetat/trans-
caryophyllene/a-pinen), cis-krizantenil asetat, cis-krizantenil asetat/viridiflorol, cis-krizantenil
asetat/viridiflorol/spathulenol, cis-krizantenil asetat/trans-karyofillen/a-pinen bulunmustur (Jahantab
ve ark., 2021).
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Cizelge 2. Stachys tundjeliensis ugucu yaginin GC-MS analizi ve yiizde orani

No Bilesenler

RI

Stachys tundjeliensis

(% Oran)
1 5—3-karen 1105 2.9
2 o—pinen 1117 6.3
3 y—terpinen 1127 4.8
4 sabinen 1142 34
5 1,4-sineol 1152 1.7
6 timol 1163 16.2
7 4-karvomentenol 1172 12.5
8 okaliptol 1176 28.9
9 tujil asetat 1271 0.4
10 siklohekzanon 1307 0.1
11 trans-2-isopropenil-5-metilsiklohekzanon 1310 0.1
12 sabinen hidrat 1319 1.0
13 terpinen-4-ol 1333 0.2
14 trans-ment-2-en-1-ol 1342 0.3
15 germakren d 1348 1.0
16 piperitol asetat 1360 0.2
17 o—terpineol 1373 57
18 piperitol 1386 0.3
19 mirtenol 1409 0.1
20 nopinon 1421 0.1
21 trans-3(10)-karen-2-ol 1441 0.1
22 sabina keton 1453 0.3
23 d-piperiton 1467 11.2
24 d-piperiton-ol 1476 0.1
25 cis-jasmon 1548 0.1
26 karvakrol 1560 0.1
27 pinkarvon 1563 0.1
28 p-cymen-7-ol 1569 0.1
29 B-eudesmol 1603 0.1
Oksijenli monoterpenler 78.5
Monoterpen hidrokarbonlar 18.7
Oksijenli sesquiterpenler 0.1
Diger 1.1
Toplam 98.4

RI: Nispi Alikonma Indeksi

Bu c¢alismada, Fragilicaulis seksiyonuna bagli 5 Stachys (S. tundjeliensis, S.benthamiana
(Karami ve ark., 2015), S. mardinensis (Kaya ve ark., 2017), S. subnuda (Sen ve ark., 2019) ve S.
laetivirens (Duman ve ark., 2005)) tiiriiniin gostermis oldugu kimyasal benzerlik ve farkliliklarini
tespit etmek amaciyla toprak iistli kistmlarindan elde edilen ugucu yag bilesenleri ile kiimeleme analizi
yapilmigtir. Incelenen tiiriin ugucu yag bilesenlerinden 10 ana bilesen iizerinden yapilan kiimeleme
analizi sonucunda, daha once g¢alisilan Stachys cinsi Fragilicaulis seksiyonu tiirleri de dahil edilerek
asagida gosterilen dendrogram ortaya ¢ikarilmistir (Sekil 2).

Bu kiimeleme analizine gore; iki ana grup olusmustur. S. tundjeliensis diger 4 tiirden farklilik
gbsterip bir ana grup (A) olusturmustur. Ikinci ana grupta (B) ise diger 4 tiir (S.benthamiana, S.
mardinensis, S. subnuda ve S. laetivirens) yer almaktadir. Dendogramdaki en kiigiik grubu (B2) S.

subnuda ile S. laetivirens olusturmustur.
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Dendragram using Average Linkags (Betvwessn Srowups)
Wes {L] - A jupeted 1L

B T

............

.............

Sekil 2.Ugucu yag bilesenlerine gore Fragilicaulis taksonlarinin kiimeleme analizi

Kimyasal agidan birbirine en yakin tiir olarak tespit edilmistir. S. subnuda ile S. laetivirens
tirleri S.mardinensis ile ayr1 bir grupta (B1) yer almistir (Sekil 2). Bu sonuglar morfolojik karakterler
ile karsilagtirildiginda S. subnuda, S. laetivirensve, S. tundjeliensis taksonlari morfolojik olarak
benzerlik gostermektedir (Davis ve ark., 1988). Bu calismada S. subnuda ve S. laetivirens tiirleri
kimyasal yonden benzerlik gosterdigi ve morfolojik ¢alismalarla paralellik goriilmiistiir (Karami ve
ark., 2015; Kaya ve ark., 2017; Sen ve ark., 2019; Duman ve ark., 2005). Fakat S. tundjeliensis’in
kimyasal igeriginin farklilik gosterdigi goriilmektedir.

SONUC

Bu ¢alismada, Stachys tundjeliensis’ in ugucu yag kompozisyonu ilk kez belirlenmis olup toplam
29 bilesen (% 98.4) saptanmustir. Okaliptol (%28.9), timol (%14.3), 4 karvomethanol (%12.5), d-
piperiton (%11.2), a—pinen (%6.3) ve o—terpineol (%5.7) yiiksek orandaki bilesenlerdir. Ayrica
inceledigimiz tlir de monoterpenler bilesen orani, seskiterpenlerden daha fazladir. Bu bilesenlerden
okaliptol/timol kemotip olarak diisiiniilebilir. Stachys tundjeliensis’ den elde edilen ugucu yag
bilesenleri literatiirdeki cinsin diger tiirlerinden elde edilen sonuclar ile karsilastirilmistir. Ana
bilesenler iizerinden yapilan kiimeleme analizi sonucu ayni altseksiyonda yer aldig tiirlerden kimyasal
olarak farkliliklar gostermistir. Stachys cinsi tiirlerinin, ugucu yag bilesenlerindeki farkliliklar genetik,
cografik ve farkli iklim kosullarindan kaynaklanabilir. Cinsin ana bilesenlerini karakterize etmek icin
daha ileri ¢aligmalar Onerilir.

Cikar Catismasi
Makale yazarlar1 aralarinda herhangi bir ¢ikar catigsmasi olmadigini beyan ederler.

Yazar Katkisi
Yazarlar makaleye esit oranda katki saglamis olduklarini beyan eder.
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ABSTRACT: In section Leiopetali, the diploid chromosome numbers were reported from only six of
total 25 taxa. There is no karyological data relating to other 19 taxa. In this study, it is intended to
determine the diploid chromosome numbers of taxa of section Leiopetali. The diploid number of 13
species were detected, four of which were recorded for the first time and nine numbers compatible
with the previous reports. Twelve species were diploid with 2n = 2x =30. D. leptopetalus was diploid
and polyploid, which reveals only one polyploidy level of tetraploidy (2n = 4x = 60). Polyploidy might
have played a role in the karyotype evolution of the genus. One of the most important reasons for this
situation is that although polyploidy is observed in the genus Dianthus, the dysploidy mechanism that
causes a change in the basic chromosome number has not been found until now. The basic number is x
= 15 according to the all chromosomal reports. In conclusion, this study reports new data into the
karyological characteristics of section Leiopetali (genus Dianthus) that can be useful for interpreting
or understanding relationships among sections.
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INTRODUCTION

Dianthus L., contains more than 300 species, is one of the largest genus of family
Caryophyllaceae. The species spread in the Mediterranean region of Europe and Asia (Sahin et al.,
2016; Altay et al., 2017; Hamzaoglu et al., 2021). However, a few species are distributed America and
Africa (Madhani et al., 2018).

“Flora Orientalis” was the first study that has detailed information related to Turkish Dianthus
species (Boissier, 1867). In this study, it was mentioned from 89 Dianthus taxa and 48 of them were
related to the Flora of Turkey. In addition, the genus was divided into five groups: Carthusiani Boiss.,
Dentati Boiss., Fimbriati Boiss., Leiopetali Boiss., and Verruculosi Boiss. Afterwards, genus Dianthus
was divided into 3 subgenera, which were Carthusianastrum F.N.Williams, Caryophyllastrum
F.N.Williams, and Proliferastrum F.N.Williams, into many subsections and sections including groups
given by Boissier (Williams, 1893). “Flora of Turkey and the East Aegean Islands” was the first work
mentioned from only Turkish taxa and had first the group key (Reeve, 1967). In this work, genus
Dianthus was divided into 5 sections: Carthusiani, Dentati, Fimbriati, Leiopetali, and Verruculosi.

The taxa of section Leiopetali are distinguished from other taxa with short leaf sheaths (not
longer than 3 x stem diameter), entire, subentire or dentate petal margins (not fimbriate), glabrous
petal surfaces (not barbulate), and not verruculose calyx (Boissier, 1867; Reeve, 1967). The section
Leiopetali includes 25 species in the Flora of Turkey (Reeve, 1967). Leiopetali is one of the sections
containing the highest number of taxa of the genus Dianthus in Turkey (Reeve, 1967). The current
literature has been used in writing the valid names and taxonomic status of the section Leiopetali
species of Turkish Dianthus (Hamzaoglu, 2021).

The chromosome counts (basic, x and diploid, 2n) are the most major parameters related to the
genome of taxa. These parameters can be obtained cheaply and easily in a short time and these features
are their important advantages. Therefore, chromosome data of plant organisms have been recorded
worldwide since the nineteenth century (Stace, 2000). Karyological analysis is important part of
cytotaxonomic works in plants. Especially, it is widely used in supporting taxonomic data
(Kashmenskaya and Polyakov, 2008). In genus Dianthus, the basic chromosome number is x = 15
(Carolin, 1957) and diploid number of many species is 2n = 30 (Darlington and Wylie, 1956; Siinter,
1979; lyer, 1991; Basak and Giiler, 2000; Sahin et al., 2016; Altay et al., 2017).

In section Leiopetali, the chromosome numbers were reported from 11 of total 25 taxa. D.
andronakii Woronow ex Schischk., D. arpadianus Ade & Bornm., D. ingoldbyi Turrill, D. lactiflorus
Fenzl, D. leucophaeus Sm., D. micranthus Boiss. & Heldr., D. robustus Boiss. & Kotschy and D.
zederbaueri Vierh. are only diploid with 2n = 2x =30. Three taxa are diploid and polyploid, which
reveal two different polyploidy levels of tetraploidy (2n = 4x = 60) and hexaploidy (2n = 6x = 90)
(Darlington and Wylie, 1956; Siinter, 1979; Iyer, 1991; Basak and Giiler, 2000). There is no
chromosomal record related to other 14 taxa. In this study, it is intended to detect the chromosome
numbers of other taxa. Thus, significant contributions will be made to cytotaxonomy of section
Leiopetali. In addition, there are three critically endangered (CR) taxa (D. ingoldbyi, D. robustus, and
D. zederbaueri) studied, which is quite important for the continuation of them.

MATERIALS and METHODS

Plant Samples
Thirteen species of section Leiopetali were collected from the distribution areas in Turkey (Table
1). Plant samples were deposited at the herbarium of the Gazi University (GAZI) in Ankara.
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Table 1. The collection information of section Leiopetali (Dianthus) by last taxonomic status and valid names

Taxa (alphabetically) Distribution regions and collection information

D. andronakii Woronow ex Schischk. Turkey. Artvin: Ardanug, on road of Sakarya village, 1165 m a.s.l., 3 July
2013, calcerous rocks, Hamzaoglu 6807 & Kog (GAZI).

D. arpadianus Ade & Bornm. Turkey. Balikesir: Edremit, Kazdagi National Park, on road of Sarikiz

Hill, 1300 m as.l., 25 June 2012, forest clearings and rocks,
Hamzaoglu 6352, Aksoy & Kog (GAZI).

D. cretaceus Adams Turkey. Ardahan: Posof, Kolkdy, on road of Arsiyan Mountain, 2270 m
a.s.l., 26 August 2012, grassy slopes, Hamzaoglu 6644 & Kog¢ (GAZI).
D. ingoldbyi Turrill Turkey. Canakkale: Bozcaada, south of Sulubahge village, Ayazma

beach, 10 m as.l., 6 August 2012, coastal cliffs, in Phrygana,
Hamzaoglu 6591, Aksoy & Kog¢ (GAZI).

D. lactiflorus Fenzl Turkey. Nigde: Ulukigla, Bolkar Mountain, Maden village, South of
Meydan Yaylasi, 2400 m a.s.l, 26 July 2012, grassy slopes,
Hamzaoglu 6523, Aksoy & Kog (GAZI).

D. leptopetalus Willd. Turkey. Edirne: Between Havsa and Edirne, 95 m a.s.l., 26 June 2012,
grassy slopes, Hamzaoglu 6371, Aksoy & Kog¢ (GAZI).
D. liboschitzianus Ser. ex DC. Turkey. Erzincan: Between Erzincan and Refahiye, around Karadag R/L

station, 2820 m a.s.l., 24 August 2012, stony slopes, Hamzaoglu 6619
& Kog (GAZI).

D. micranthus Boiss. & Heldr. Turkey. Karaman: Ermenek, between Bagyayla and Tagkent, 7-9. km,
1810 m a.s.l., 21 June 2006, calcareous rocky places, Hamzaoglu 4015,
Aksoy & Budak (GAZI).

D. multicaulis Boiss. & A.Huet Turkey. Ardahan: Posof, Kolkdy, on road Arsiyan Mountain, 2290 m
a.s.l., 26 August 2012, meadows, grassy slopes, Hamzaoglu 6647,
Aksoy & Budak (GAZI).

D. pallens Sibth. & Sm. var. oxylepis Boiss. Turkey. Karaman: Between Karaman and Seyithasan, 1200 m as.l.,
Juniperus sp. clearings, 18 June 2013, Hamzaoglu 6771, Aksoy & Kog
(GAZI).

D. robustus Boiss. & Kotschy Turkey. Mus: Varto, above Saglicak village, Sirink place, 2100 m a.s.l.,
25 July 2013, grassy and stony slopes, Hamzaoglu 6933, Aksoy & Kog
(GAZI).

D. siphonocalyx Blakelock Turkey. Sanlwrfa: Gaziantep-Sanliurfa motorway, about 20 km from
Sanlurfa, 805 m a.s.l.,, 9 July 2012, stony slopes, Hamzaoglu 6434,
Aksoy & Kog (GAZI).

D. zederbaueri Vierh. Endemic. Turkey. Kayseri: Hacilar, Erciyes Mountain, around Ski Resort,
Perilikartin place, 2155 m a.s.l., tuffaceous slopes, igneous cliffs, 7
July 2012, Hamzaoglu 6411 & Kog (GAZI).

Preparation and observation

All chromosome preparations were made by squash technique. Root-tip meristems were obtained
from seeds by germinating on wet filter paper in Petri dishes at room temperature. Firstly, root tips
were pretreated for 16 h in a-monobromonaphthalene at 4°C, fixed in 3:1 absolute alcohol/glacial
acetic acid, hydrolyzed with 1 N HCI for 9 min at room temperature, stained with 2% aceto-orcein for
3 h at room temperature, and squashed in a drop of 45% acetic acid. The permanent slides were made
by mounting in Depex (Eroglu and Budak, 2020; Eroglu et al., 2021). The chromosomes were counted
by Software Image Analyses (Bs200ProP) loaded on a personal computer. At least 10 metaphase
microphotographs used to detect chromosome number.

RESULTS and DISCUSSION

Chromosome Number

Figure 1 represents metaphase plates selected from the most prominent chromosome images of
section Leiopetali. The chromosome numbers of four species were reported for the first time: D.
cretaceus, D. liboschitzianus, D. multicaulis, and D. siphonocalyx (2n = 30). The chromosome
numbers of nine taxa were same of previous reports, which were D. andronakii, D. arpadianus, D.
ingoldbyi, D. lactiflorus, D. leptopetalus, D. micranthus, D. pallens var. oxylepis, D. robustus, and D.
zederbaueri (Darlington and Wylie, 1956; Petrova, 1975; Stinter, 1979; Basak and Giiler, 2000; Martin
et al., 2017) (Table 2). The detailed chromosomal measurements were not obtained due to small
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chromosomes with indistinct centromere region. Two different diploid numbers such as 2n = 30 and 2n
= 60 were determined and 2n = 30 was the most reported diploid number in the genus Dianthus. D.
leptopetalus was the only taxon with two different numbers by 2n = 30 and 60.

Figure.1. Mitotic metaphase chromosomes of D. andronakii (a), D. cretaceus (b), D. ingoldbyi (c), D. leptopetalus (2n = 30) (d), D.
leptopetalus (2n = 60) (e), D. micranthus (f), D. pallens var. oxylepis (g), D. robustus (h), and D. siphonocalyx (i). Scale bar = 10 um
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Table 2. The chromosome counts of the investigated taxa in present and previous studies

Taxa Previqus results Presept Results _
(alphabetically) X: ba3|c_ number References X: ba5|q number Observation
2n (ploidy level) 2n (ploidy level)
D. andronakii x=15 Basak and Giiler, 2000 x=15 Equal count
30 (diploid) Martin et al., 2017 30 (diploid)
D. arpadianus x=15 Martin et al., 2017 x=15 Equal count
30 (diploid) 30 (diploid)
D. cretaceus x=15 First report
30 (diploid)
D. ingoldbyi x=15 Basak and Giiler, 2000 x=15 Equal count
30 (diploid) Martin et al., 2017 30 (diploid)
D. lactiflorus x=15 Martin et al., 2017 x=15 Equal count
30 (diploid) 30 (diploid)
D. leptopetalus x =15 Darlington and Wylie, 1956 x =15 Equal count
30 (diploid) Sinter, 1979 30 (diploid)
60 (tetraploid) 60 (tetraploid)
D. liboschitzianus x=15 First report
30 (diploid)
D. micranthus x=15 Martin et al., 2017 x=15 Equal count
30 (diploid) 30 (diploid)
D. multicaulis x=15 First report
30 (diploid)
D. pallens var. x =15 Petrova, 1975 x =15 Equal count
oxylepis 30 (diploid) Stinter, 1979 30 (diploid)
60 (tetraploid)
D. robustus x=15 Martin et al., 2017 x =15 Equal count
30 (diploid) 30 (diploid)
D. siphonocalyx x =15 First report
30 (diploid)
D. zederbaueri x=15 Martin et al., 2017 x=15 Equal count
30 (diploid) 30 (diploid)

Basic number and ploidy levels

The Leiopetali was a monobasic section by x = 15 with ploidy levels of 2x and 4x. Twelve taxa
were diploid with 2x = 30 (92.30% of the taxa) and only one taxon (D. leptopetalus) was diploid and
polyploid with 2x = 30 and 4x = 60 (7.70% of the taxa). Polyploidy mechanism might have played an
important role in the karyotype evolution of the genus Dianthus. Genus Dianthus was a monobasic (x
= 15) by different sections having polyploid origins, which were 3x, 4x, 6x, and 8x (Chromosome
Counts Database, CCDB, version 1.59). In section Fimbriati, all taxa were diploid (Sahin et al., 2016).
In addition, in section Verruculosi, all taxa were diploid except for D. strictus Sm (Darlington and
Wylie, 1956). However, there was no polyploidy in four varieties of Verruculosi, which were D.
strictus var. strictus, D. strictus var. axilliflorus (Fenzl), D. strictus var. gracilior (Boiss.), and D.
strictus var. subenervis (Boiss.) (Altay et al., 2017).

Polyploidy and speciation

Genus Dianthus has geographically limited ranges and is a taxonomically difficult genus
containing many endemic species (Tutin and Walters, 1993). Geography is an important factor in the
evolution of Dianthus species in Europe and Asia. Although the genus Dianthus does not show great
ecological differentiation between species, it has many narrow endemic species in Europe and Asia
(especially Anatolia). This provides strong evidence that geography and range are the most dominant
factors in speciation (Valente et al., 2010). Therefore, the connection among interspecific relationships
and karyotype evolution, which is more clearly observed in other large genera, is not clear in genus
Dianthus. One of the most important reasons for this situation is that although polyploidy is observed

575



Halil Erhan EROGLU et al. 12(2): 571-577, 2022

New Chromosomal Data of Dianthus Section Leiopetali (Caryophyllaceae, Sileneae)

in the genus Dianthus, the dysploidy mechanism that causes a change in the basic chromosome
number has not been found until now. The basic number is x = 15 according to the all chromosomal
reports, which are in 125 taxa in chromosome counts database (Chromosome Counts Database,
CCDB, version 1.59), in four taxa of section Fimbriati (Sahin et al., 2016), in nine taxa of section
Verruculosi (Altay et al., 2017), and in 13 taxa in the present study.

CONCLUSION

In the present study, it was reported two different diploid numbers, first report for diploid
numbers of four taxa and same chromosome numbers from previous reports in nine taxa. In
conclusion, this study reports new data into the karyological characteristics of section Leiopetali
(genus Dianthus) that can be useful for interpreting or understanding relationships among the sections.
On the other hand, polyploidy seems to be an important mechanism for speciation and the contribution
to Dianthus cytotaxonomy of results is important. In conclusion, karyological studies of all sections
should be performed and these results should be supported by molecular studies.
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Murgul Bakir Madeni Sahasindan Etkilenen Sucul Entomofauna (Coleoptera) Dagiliminin
Arastirilmasi ve Artvin'deki Yeni Faunistik Kayitlar

Zeynep AYDOGANY, Umit INCEKARA?, Turgay SISMAN?, Mustafa C. DARILMAZ?®,
Ozkan AKSAKAL?

OZET: Murgul’un (Artvin) sucul bocek (Coleoptera) faunasini belirlemek i¢in Murgul Bakir Madeni
civarindaki ii¢ lokaliteden Haziran-Temmuz 2020 aylar1 arasinda ornekleme yapildi. Toplamda
Dytiscidae ve Hydrophilidae ait 12 tiir elde edildi. Bunlardan 9 tanesi Hydrophilidae (6 Laccobius, 1
Enochrus, 1 Hydrobius, 1 Coelostoma), ve 3 tanesi Dytiscidae (1 Agabus, 1 Deronectes, 1
Hydroglyphus) ait tiirlerdir. Hydroglyphus pusillus, Laccobius (Dimorpholaccobius) sculptus ve
Laccobius (Dimorpholaccobius) sulcatulus tiirleri Artvin ilinden ilk kez kaydedilmistir. Calisma
alaninda tespit edilen alt1 tiir ile Laccobius, diger iki cinse gore say1 olarak fazladir. Bu galisma,
madenden etkilenen habitatlarin biyotik ve abiyotik 6rneklerde agir metal konsantrasyonu agisindan
degerlendirilmesi ve izlenmesi gerektigini vurgulamaktadir.

Anahtar Kelimeler: Bakir madeni, biyogesitlilik, dytiscidae, hydrophilidae, kirlilik, Artvin ili
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ABSTRACT: 66 insect samples from three localities where vicinity of the Murgul copper mine were
collected between June to September 2020 to investigate water beetle (Coleoptera) entomofauna of
Murgul (Artvin). Totally twelve species, all of which belong to Dytiscidae and Hydrophilidae
determined and reported here. Nine of them as Hydrophilidae (6 Laccobius, 1 Enochrus, 1 Hydrobius,
1 Coelostoma), and of which three as Dytiscidae (1 Agabus, 1 Deronectes, 1 Hydroglyphus) were
determined. In addition, Hydroglyphus pusillus, Laccobius (Dimorpholaccobius) sculptus and
Laccobius (Dimorpholaccobius) sulcatulus were recorded from Artvin for the first time. Laccobius,
with six species, identified in the study area, is conspicuous compared to the other two genera. The study
highlights that the mine affected habitats should be evaluated and monitored in terms of heavy metal
concentration of biotic and abiotic environments.

Keywords: Copper mine, biodiversity, dytiscidae, hydrophilidae, pollution, Artvin province
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INTRODUCTION

Hydrophiloidea is cosmopolitan group and represented by more than 6600 described species
(Slipinski and Lawrence 2019). Dytiscidae and Hydrophilidae are the two largest water beetle families
of Coleoptera. The members of both are abundant in various of stagnant waters and streams. Dytiscidae
or predaceous diving beetles might be one of the best known and largest insect family into the suborder
Adephaga and currently known more than 4440 species form 182 genera of Dytiscidae in the world
(Nilsson and Hajek 2018; Slipinski and Lawrence 2019). The current knowledge of the diving beetle
fauna in Turkey is 149 species and subspecies belong to Dytiscidae (Tezcan 2020). Hydrophilidae or
water scavenger beetles are the most diverse Polyphaga family, represented in all parts of the world,
consisting of 169 genera and more than 2840 known species (Clarkson et al. 2018). The Turkish
hydrophilid fauna currently comprises 163 species and subspecies (Tezcan 2020).

According to the peer reviewed literature, aquatic beetles are widely distributed in Artvin. There
are 57 recorded species belong to Dytiscidae (30), Hydrophilidae (19), Helophoridae (6), Hydrochidae
(2) in Artvin (Darilmaz and Kiyak 2009; Mart 2009; Darilmaz and incekara 2011; Dasbas1 2017; Yiincii
2019). These studies conducted in difference places of Artvin, however there is no study, which was
made in Murgul before. The purpose of this contribution is to record the Coleopteran biodiversity in
Murgul Stream and tributaries, determine the aquatic coleopterofauna of Murgul province, to report new
records and to provide a complete list of the species of Coleopterofauna currently known from Artvin
province and thereby to contribute to the aquatic Coleoptera fauna in Turkey. In addition, it is known
the fact that, mining activities are degrading the physical, chemical and biological habitat quality of the
environment (Kgotso 2018). Therefore, the study purpose is also an evaluation of Coleopterofauna
biodiversity of Murgul mine area. To our knowledge, this study represents the first published data on
aquatic insects in Murgul mine province.

MATERIALS AND METHODS

Study area

Artvin is polymetallic in terms of mine and is rich in copper, lead, zinc, gold, and silver. Murgul
is a district of Artvin at a distance of 24 km from the city, has a 396.7 m altitude, and has a 301 km?
surface area and here copper processing is ongoing from 1945 until today and 130,000 tons of copper is
produced annually. Murgul copper mine extraction is mainly made from two open pits (Anayatak and
Cakmakkaya). Carkbas1 copper-pyrite bed is not operated today. It is estimated that these mines, which
have been operated previously and are still active today, have significant environmental impacts.

Sampling was conducted June to September 2020 at three sites spread along the entire length of
the Murgul stream in Murgul (Artvin), in the vicinity of Murgul copper mine. These sites were selected
according to the insect's existence (Figure 1). The fieldwork was concentrated on the Murgul Stream
and tributaries close to the copper mine. That is why it did not cover the whole spectrum of water bodies
in Murgul.

There is no settlement around in all stations. Station 1 (S-1) is a shallow stream without vegetation
and pollution. Station 2 (S-2), pollution is present in the stream in the form of potential effluent from
Murgul copper mine. In addition, there are hydropower regulators in stations S-2. Station 3 (S-3) is a
small tributary, vegetation present and there is a cement plant (Table 1).
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Table 1. Detailed information about sampling sites.

Stations S-1 S-2 S-3
Coordinates 41°15'59"N 41°33'31"E 41°14'S7"N 41°33'05"E 41°13'5S3"N 41°32'47"E
Altitude (m) 476 549 660
Classification Stream Stream Stream
Description Clean Polluted by copper mine  Polluted by cement plant

Borgka Dam

i

Figure 1. Map of Murgul Stream with marked localities (from Google Earth)

Data collection

Fieldwork was performed from June to September 2020 in Murgul. During the study, 66 beetle
specimens were collected from three aquatic sampling points. The aquatic beetles were sampled with
the help of a sieve having a mesh diameter of 1 mm from shallow areas of water ponds and wet habitats
near the Murgul stream and tributaries (Figure 2). Samples were placed in washed glass jars, fixed in
70% ethanol, and transported back to the laboratory for further analyses.

In the laboratory, the aquatic insects were separated from clayey and muddy substances with the
aid of a small paintbrush then they were identified with the aid of a microscope to the species level.
Identification was carried out using aedeagophores and some other important morphological characters
of the beetles.

Figure 2. Habitats of the insects and their collection
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RESULTS AND DISCUSSION

The sampling areas were explored very carefully and it is assumed that the major part of the study
area was evaluated. However, the insects could only be collected from three locations. The study mainly
focused on species spectrum and diversity, and only adult specimens were used. The study area was
restricted to only three locations (S1, S2, S3), due to low biodiversity in the area. Aquatic insects
belonging to Hydrophilidae and Dytiscidae were collected from Murgul (Artvin) based on a field survey,
which was carried out from June to September 2020. In total, 66 individuals of aquatic Coleoptera were
retrieved for this study. Two beetle families have been detected: Hydrophilidae (9 species) and
Dytiscidae (3 species). 12 species of water scavenger and diving beetles belonging to 7 genera were
identified (Table 2). Of them, 9 species reported earlier, 3 species reported from the study area for the
first time. The new records for Artvin (Murgul) province are Hydroglyphus pusillus, Laccobius (D.)
sculptus and Laccobius (D.) sulcatulus). The genera of Hydrophilidae represented by more than one
species were Laccobius. The rest of the genesis were represented each by a single species. The dominant
group throughout the study was the Laccobius, of which there were six species. Dytiscidae was
represented by 3 species, found only in one site (S-3) in minimal numbers.

In totally, 12 species of aquatic insects were found. The highest numbers of specimens were
showed station 1 with 32 specimens, the lowest number of specimen at station 3 with 13 specimens. In
this present study, two families of aquatic beetles (Coleoptera), Hydrophilidae (9 species) and Dytiscidae
(3 species) have been provided along with their current scientific names and were listed in Table 2.

Table 2. Coleopterofauna of the study area, captured numbers of the insects and information about the
stations.

Family Species Station Numbers Altitude (m) Coordinates
Agabus biguttatus S-3 2 o1 A1EAN
Dytiscidae Deronectes doriae S-3 1 660 jiogii,g
Hydroglyphus pusillus S-3 1
Laccobius gracilis S-1/2/3 7-3-2 41°15'59"N
Laccobius syriacus S-1/2/3 4-3-1 476 41°33'31"E
Laccobius simulatrix S-1/2/3 8-4-1 549 41°14'S7"N
Laccobius bipunctatus S-1 4 660 41°33'05"E
Hydrophilidae  Laccobius sculptus S-1/3 4-2 41°13'53"N
Laccobius sulcatulus S-1/3 6-3 41°32'47"E
Hydrobius fus_upes _ - 2 41°14'57"N
Enochrus fuscipennis 4 549 om At
. 41°33'05"E
Coelostoma orbiculare 5
Total 66

Order: Coleoptera
Suborder: Polyphaga
Family: Hydrophilidae Latreille, 1802
Subfamily: Sphaeridiinae
Genus: Coelostoma Brullé, 1835
Coelostoma orbiculare (Fabricius, 1775)

Material examined: S-2, 33 29, 41°14'57"N 41°33'05"E, 549 m, 01.111V.2020.

Distribution in Turkey: Adiyaman, Afyon, Ankara, Antalya, Artvin, Batman, Bayburt, Bing6l,

Bitlis, Burdur, Bursa, Canakkale, Corum, Denizli, Diyarbakir, Elazig, Erzincan, Erzurum, Giresun,
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Giimiishane, Icel, Isparta, Kars, Kayseri, Kiitahya, Manisa, Mersin, Mus, Ordu, Samsun, Sivas,
Sanlurfa, Tokat, Trabzon, Van (Mart et al. 2014; Yilmaz and Aslan 2014; Akiinal and Aslan 2017,
Tasar 2018).
Subfamily: Hydrophilinae
Genus: Laccobius Erichson, 1837
Subgenus Microlaccobius Gentili, 1976

Laccobius gracilis Motschulsky, 1855

Material examined: S-1, 43 39, 41°15'59"N 41°33'31"E, 476 m, 01.11V.2020; S-2, 3J,
41°14'57"N 41°33'05"E, 549 m, 01.11V.2020; S-3, 17, 41°14'57"N 41°33'05"E, 549 m, 01.11V.2020; S-
3,14, 41°13'53"N 41°32'47"E, 660 m, 01.111\V.2020.

Distribution in Turkey: Adana, Adiyaman, Afyon, Ankara, Antakya, Antalya, Artvin, Aydin,
Balikesir, Batman, Bayburt, Bilecik, Bingdl, Bitlis, Bolu, Burdur, Bursa, Canakkale, Corum, Denizli,
Diyarbakir, Edirne, Erzincan, Erzurum, Gaziantep, Giresun, Giimiishane, Hakkari, Hatay, Isparta, igel,
Istanbul, izmir, Kars, Kastamonu, Kayseri, Kilis, Kocaeli, Kiitahya, Manisa, Mardin, Mersin, Mugla,
Mus, Nigde, Ordu, Rize, Samsun, Sinop, Sivas, Sanliurfa, Sirnak, Tokat, Trabzon, Toros daglari, Van,
Yozgat (Darilmaz and Incekara 2011; Tasar 2018).

Genus: Laccobius Erichson, 1837
Subgenus: Dimorpholaccobius Zaitzev, 1938

Laccobius syriacus Guillebeau, 1896

Material examined: S-1, 33 19, 41°15'59"N 41°33'31"E, 476 m, 01.11V.2020; S-2, 14 29,
41°14'57"N 41°33'05"E, 549 m, 01.111VV.2020; S-3, 1%, 41°13'53"N 41°32'47"E, 660 m, 01.1V.2020.

Distribution in Turkey: Adana, Adiyaman, Afyon, Aksaray, Ankara, Antakya, Antalya, Artvin,
Aydin, Balikesir, Batman, Bayburt, Bilecik, Bing6l, Bitlis, Bolu, Burdur, Bursa, Corum, Denizli,
Diyarbakir, Edirne, Egirdir, Elaz1g, Erzincan, Erzurum, Gaziantep, Giresun, Glimiishane, Hakkari,
Hatay, Isparta, Igel, Izmir, Kahramanmaras, Kars, Kayseri, Kastamonu, Kocaeli, Konya, Kiitahya,
Malatya, Manisa, Mardin, Mersin, Mugla, Mus, Ordu, Osmaniye, Rize, Sakarya, Samsun, Sinop, Sivas,
Sanlurfa, Tokat, Trabzon, Usak, Toros Mountains and Van (Mart et al. 2014; Akiinal and Aslan 2017;
Tasar 2018; Ozcan et al. 2021).

Laccobius simulatrix D’orchymont, 1932

Material examined: S-1, 33 59, 41°15'59"N 41°33'31"E, 476 m, 01.11V.2020; S-2, 284 29,
41°14'57"N 41°33'05"E, 549 m, 01.111V.2020; S-3, 13, 41°13'53"N 41°32'47"E, 660 m, 01.11V.2020.

Distribution in Turkey: Adana, Afyon, Agri, Aksaray, Ankara, Antalya, Artvin, Aydin,
Balikesir, Bayburt, Bingo6l, Bitlis, Bolu, Bursa, Canakkale, Corum, Denizli, Diyarbakir, Edirne, Elazig,
Erzincan, Erzurum, Giresun, Giimiishane, Hakkari, Isparta, icel, Istanbul, izmir, Kahramanmaras, Kars,
Kayseri, Kirklareli, Kirsehir, Kocaeli, Kiitahya, Manisa, Mugla, Mus, Nigde, Ordu, Osmaniye, Samsun,
Sivas, Tokat, Trabzon, Toros daglari, Usak, Van, Yozgat (Darilmaz and Incekara, 2011; Mart et al. 2014;
Tagsar 2018).

Laccobius bipunctatus (Fabricius, 1775)

Material examined: S-1, 33 19, 41°15'59"N 41°33'31"E, 476 m, 01.11V.2020.

Distribution in Turkey: Adiyaman, Afyon, Artvin, Balikesir, Bayburt, Batman, Bingél, Bitlis,
Bolu, Corum, Diyarbakir, Elazig, Erzincan, Erzurum, Giresun, Glimiishane, Isparta, Kars, Kastamonu,
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Kiitahya, Mus, Ordu, Siirt, Sivas, Sanlurfa, Trabzon, Van (Mart et al. 2014; Yilmaz and Aslan 2014;
Tagar 2018).

Laccobius sculptus D’orchymont, 1935
Material examined: S-1, 23 29, 41°15'59"N 41°33'31"E, 476 m, 01.I11V.2020; S-3, 24,
41°13'53"N 41°32'47"E, 660m, 01.1X.2020.
Distribution in Turkey: Bingo6l, Bitlis, Elaz1g, Diyarbakir, Mus, Sanliurfa (Mart et al. 2014).
Remarks: It is the first records for Artvin province.

Laccobius sulcatulus Reitter, 1909

Material examined: S-1, 58 19, 41°15'59"N 41°33'31"E, 476 m, 01.I1V.2020; S-3, 3J,
41°13'53"N 41°32'47"E, 660m, 01.1V.2020.

Distribution in Turkey: Afyon, Amasya, Ankara, Antalya, Ardahan, Bayburt, Bingdl, Bitlis,
Burdur, Denizli, Diyarbakir, Erzincan, Erzurum, Glimiishane, Isparta, Kars, Kahramanmaras, Kayseri,
Konya, Kiitahya, Manisa, Mus, Samsun, Sivas, Usak, Toros mountains and Van (Darilmaz and Incekara
2011; Yilmaz and Aslan 2014).

Remarks: It is the first record for Artvin province.

Genus: Enochrus Thomson, 1859
Subgenus: Lumetus Zaitzev, 1908

Enochrus fuscipennis (Thomson, 1884)

Material examined: S-2, 14 19, 41°14'57"N 41°33'05"E, 549 m, 01.1V.2020; 19, 41°14'57"N
41°33'05"E, 549 m, 01.11V.2020; 1%, 41°13'53"N 41°32'47"E, 660m, 01.111V.2020.

Distribution in Turkey: Afyon, Artvin, Aksaray, Ankara, Aydin, Balikesir, Bayburt, Bing6l,
Bitlis, Burdur, Bursa, Canakkale, Corum, Denizli, Elaz1g, Erzincan, Erzurum, Giresun, Giimiishane,
Hakkari, Hatay, Isparta, Izmir, Kars, Kayseri, Kiitahya, Malatya, Manisa, Mus, Ordu, Rize, Sivas,
Trabzon, Usak, Van (Mart et al. 2014; Yilmaz and Aslan 2014; Akiinal and Aslan 2017; Ozcan et al.
2021).

Genus: Hydrobius Leach, 1815

Hydrobius fuscipes (Linnaeus, 1758)

Material examined: S-2, 17, 41°14'57"N 41°33'05"E, 549 m, 01.1V.2020; 13, 41°14'57"N
41°33'05"E, 549 m, 01.11VV.2020.

Distribution in Turkey: Adiyaman, Afyon, Ankara, Artvin, Aydin, Bayburt, Batman, Bilecik,
Bingol, Bitlis, Burdur, Corum, Denizli, Elaz1g, Erzincan, Erzurum, Giresun, Giimiishane, Hakkari,
Hatay, Isparta, Icel, izmir, Kars, Kayseri, Konya, Kiitahya, Mersin, Mus, Ordu, Rize, Samsun, Sivas,
Tokat, Trabzon, Van (Mart et al. 2014; Yilmaz and Aslan 2014; Akiinal and Aslan 2017; Tasar 2018).

Order COLEOPTERA
Suborder ADEPHAGA
Family Dytiscidae Leach, 1815
Subfamily Agabinae Thomson, 1867
Genus Agabus Leach, 1817

Agabus biguttatus (Olivier, 1795)
Material examined: S-3; 25, 41°13'53"N 41°32'47"E, 660 m, 31.V111.2020.
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Distribution in Turkey: Adana, Afyon, Aksaray, Ankara, Artvin, Balikesir, Bayburt, Bilecik,
Bingo6l, Bursa, Cankir1, Corum, Denizli, Diyarbakir, Elazig, Erzurum, Gaziantep, Giresun, Giimiishane,
Hatay, Isparta, igel, izmir, Kahramanmaras, Kastamonu, Kayseri, Mersin, Osmaniye, Rize, Sakarya,
Trabzon, Yozgat, Toros Mountains, Karaboga Mountains (Kiyak et al. 2007; Aykut 2018; Darilmaz et
al. 2018).

Subfamily Hydroporinae Aubé, 1836
Genus: Deronectes Sharp, 1882

Deronectes doriae Sharp, 1882

Material examined: S-3; 13, 41°13'53"N 41°32'47"E, 660 m, 31.VI11.2020.

Distribution in Turkey: Ankara, Artvin, Bilecik, Bursa, Erzurum, Giimiishane, Kars, Mugla
(Darilmaz and Kiyak 2009).

Genus: Hydroglyphus Motschulsky, 1853

Hydroglyphus pusillus (Fabricius, 1781)

Material examined S-3; 15, 41°13'53"N 41°32'47"E, 660 m, 31.VI11.2020.

Distribution in Turkey: Adana, Aksaray, Antalya, Aydin, Balikesir, Bolu, Bursa, Edirne,
Eskisehir, Erzurum, Giimiishane, Isparta, Izmir, Kastamonu, Kilis, Konya, Manisa, Mersin, Nevsehir,
Toros Mountains, Trabzon (Erman 2000).

Remarks: It is the first record for Artvin province.

Recent Data

According to the results, the most common and dominant genus in the research area was Laccobius
being in all three station and habitat preference generally including shallow waters and puddles. The
genus Laccobius is represented by 28 species in all over Turkey among them 11 species recorded before
from Artvin (Darilmaz and Incekara, 2011), and six of them were captured with this study from Murgul.
H. pusillus, L. (D.) sculptus and L. (D.) sulcatulus were recorded from Artvin for the first time. L.
gracilis, L. smulatrix, L. syriacus were the common species recorded from the all three localities. The
genera Coleostoma, Hydrobius, Enochrus, Hydroglyphus, Deronectes and Agabus are all represented by
single species. Coelostoma is terrestrial taxa, generally found just away from the water unlike other
hydrophilids. C. orbiculare was sampled in semi-aquatic habitats near the water source, under the
decomposing plant debris or compost. Coelostoma is represented by two species in Turkey (Darilmaz
and Incekara, 2011). Hydrobius is represented by three species in Turkey (Darilmaz and Incekara, 2011)
and one of them was recorded from Artvin province. Enochrus species generally are common in many
kinds of vegetated, stagnant and running waters. Up to date, 16 species of Enochrus have been
recorded from Turkey (Polat et al 2015; Darilmaz and Incekara 2011) and one of them was recorded
from Artvin province.

According to literature, 19 species of Agabus, 4 species of Hydroglyphus and 24 species of
Deronectes have been recorded from Turkey so far and one Agabus and Hydroglyphus, two Deronectes
species were recorded from Artvin province until now (Fery and Hosseinie 1998; Darilmaz and Kiyak
2009; Aykut et al. 2018; Aykut et al 2019; Salur and Darilmaz 2021).

Previous Data

Agquatic Coleoptera diversity was determined in Artvin province previously. On the basis of
several publications mentioned below, 57 species of aquatic insects of both running and standing waters,
have been found in Artvin province up to date (Table 3). In Table 3, the species were reported before in
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Artvin province, however, none of these species were encountered in the research area of the present
study. In addition, there is no record about Gyrinidae, Haliplidae, Noteridae, Heteroceridae and

Hydraenidae in Artvin province.

Table 3. Checklist of all aquatic insect species known from Artvin province and literature data.

No Taxon Artvin Province Literature Data

DYTISCIDAE

Agabus bipustulatus (Linnaeus, 1767)

Agabus glacialis Hochhuth, 1846

Agabus paludosus (Fabricius, 1801)

Agabus biguttatus (Olivier, 1795)*

llybius fuliginosus fuliginosus (Fabricius, 1792)
llybius satunini (Zaitzev, 1913)

llybius wewalkai (Fery and Nilsson, 1993)
Platambus lunulatus (Fischer von Waldheim, 1829)
9 Acilius sulcatus (Linnaeus, 1758)

10 Hydroglyphus geminus (Fabricius, 1792)

11 Hydroglyphus pusillus (Fabricius, 1781)*

12 Deronectes parvicollis (Schaum, 1864)

13 Deronectes doriae Sharp, 1882*

14 Hydroporus discretus Fairmaire and Brisout, 1859
15 Hydroporus kozlovskii Zaitzev, 1927

O ~NOO U WN PR

Darilmaz and Kiyak (2009)

16 Hydroporus palustris (Linnaeus, 1761) 2312151(2%?;)7 )
17 Hydroporus planus (Fabricius, 1782)
18 Hydroporus pubescens (Gyllenhal, 1808)
19 Hydroporus thracicus Guéorguiev, 1966
20 Hydroporus transgrediens Gschwendtner, 1923
21 Hydroporus incognitus Sharp,1869
22 Nebrioporus airumlus (Kolenati, 1845)
23 Nebrioporus turca (Seidlitz, 1887)
24 Nebrioporus stearinus stearinus (Kolenati 1845)
25 Oreodytes davisii davisii (Curtis, 1831)
26 Scarodytes halensis halensis (Fabricius, 1787)
27 Hygrotus armeniacus (Zaitzev, 1927)
28 Hygrotus inaequalis (Fabricius, 1777)
29 Laccophilus hyalinus hyalinus (De Geer, 1774)
30 Laccophilus minutus (Linnaeus, 1758)
HYDROPHILIDAE
1 Cercyon ustulatus (Preyssler, 1790)
2 Anacaena lutescens (Stephens, 1829)
3 Anacaena limbata (Fabricius, 1792)
4 Berosus luridus (Linnaeus, 1761)
5 Helochares punctatus Sharp, 1869
6 Laccobius hindukuschi Chiesa, 1966
7 Laccobius hopaensis Mart, Incekara and Erman, 2003
8 Laccobius obscuratus aegaeus Gentili, 1974
9 Laccobius sipylus d’Orchymont, 1939 Mart (2009)
10 Laccobius striatulus (Fabricius, 1801) Darilmaz and incekara (2011)
11 Laccobius sulcatulus Reitter, 1909*
12 Laccobius sculptus D’orchymont, 1935*
13 Laccobius simulatrix D’orchymont, 1932*
14 Laccobius syriacus Guillebeau, 1896*

15 Laccobius bipunctatus (Fabricius, 1775)*
16 Laccobius gracilis Motschulsky, 1855*
17 Hydrobius fuscipes (Linnaeus, 1758)*

18 Enochrus fuscipennis (Thomson, 1884)*
19 Coelostoma orbiculare (Fabricius, 1775)*

HELOPHORIDAE

1 Helophorus armeniacus Ganglbauer, 1901

2 Helophorus brevipalpis brevipalpis Bedel, 1881
3 Helophorus discrepans Rey, 1885 :
4 Helophorus faustianus (Sharp, 1916) Darilmaz and Incekara (2011)
5 Helophorus obscurus Mulsant, 1844

6

Helophorus ponticus Angus, 1988

HYDROCHIDAE

1 Hydrochus brevis (Herbst, 1793)

2 Hydrochus ignicollis Motschulsky, 1860 Danlmaz and Incekara (2011)

Bold font: Species, which are recorded for the first time in Artvin (Murgul).
Asterisk: Species, which are recorded with this study from Murgul.
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CONCLUSION

Adephagan and Polyphagan beetles were generally widespread across a number of
waterbodies, and the beetles were previously recorded from Artvin province. Twelve species under two
families of aquatic beetles were recorded with the study. The species, which were captured during the
study, are widely distributed in Turkey and nine of them determined before in Artvin province. S-1 was
a clean location and 32 specimens captured. S-2 and S-3 were pollution effected areas and 21 and 13
specimens captured respectively. Despite the relatively high number of beetle species recorded
previously from Artvin province, for almost one fourth of the species captured with this study.

Aquatic insects have high potential mobility due to their power of flight. Thus if there is any
changes (such as vegetation, water type or water quality) in their habitats they live, the species with low
tolerance levels will strongly affected by the changes and will move to more suitable environments. This
movement may lead to a loss of species from part or the entire of aquatic habitat. There are copper mine,
cement plant and many hydropower regulators in the study area. These anthropogenic events may have
contributed to major changes in water quality, therefore insects’ biodiversity.

The study provides a real picture of the beetle fauna inhabiting running and stagnant waters of
Murgul stream and tributaries. Such environmental measurements can help to explain and predict
anthropogenic-induced changes. Hence, additional studies are needed to better understand the
biodiversity of the aquatic beetles in the studied province. Thus, biologic diversity, both terrestrially and
aquatic, including abiotic factors of Murgul stream should be monitored long term.
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Siklofosfamid Kaynakh Toksisite Uzerine Salvia virgata Jacq'n Hematoprotektif ve Antioksidan Etkilerinin
Arastirilmasi

[lknur Kulcanay SAHIN'

OZET: Bu ¢alisma, Salvia virgata'nin (SV) Siklofosfamid (CP) kaynakli toksisite iizerindeki hematoprotektif ve antioksidan
etkilerini arastirmay1 amaglamaktadir. Si¢anlar, her biri 7 iiyeden olusan 6 gruba ayrildi. Bunlar Kontrol grubu, CP Grubu
(150 mg kg™?), 100 ve 200 mg kg?! SV Gruplart ve CP+100 ve CP+200 mg kg SV Gruplaridir. Tiim siganlar, son
enjeksiyonlardan sonraki giin kan ve kemik iligi numunelerini toplamak i¢in kurban edildi. Kan 6rneklerinin bir kismi 16kosit
ve trombosit sayimi i¢in kullanilirken, digerleri toplam antioksidan kapasite (TAC), malondialdehit (MDA), toplam oksidan
durumu (TOS), glutatyon (GSH) ve oksidatif stres diizeylerini belirlemek i¢in kullanildi. indeks (OSI). CP verilen grupta
16kosit, trombosit ve kemik iligi ¢ekirdekli hiicre sayilarinda azalma goriilirken, bu gruptaki ratlarmn MDA ve TOC
diizeylerinde GSH ve TAC diizeylerinde diisme disinda artis goriildii. Tersine, CP ile indiiklenen oksidatif stres ve
miyelosupresyon, kombine SV Gruplarinda (CP+100 ve 200 mg kg SV Gruplarinda) tersine dondii, ancak ikinci gruptaki
tersine dontis daha dnemliydi. Deneysel sonuglarimiz, SV'nin CP ile iliskili periferik kan ve kemik iligi toksisiteleri tizerinde
antioksidan ve sitoprotektif etkiler gosterebilecegini gostermistir.

Anahtar Kelimeler: Siklofosfamid, hematotoksisite, salvia virgata, antioksidan, sitoprotektif

An Investigation into Hematoprotective and Antioxidant Effects of Salvia virgata Jacq. Upon Cyclophosphamide-
Induced Toxicity

ABSTRACT: The present study aims to investigate hematoprotective and antioxidant effects of Salvia virgata (SV) on
Cyclophosphamide (CP)-induced toxicity. The rats were divided into 6 groups of 7 members each. These were the Control
group, CP Group (150 mg kg), 100 and 200 mg kg SV Groups, and CP+100 and CP+200 mg kg* SV Groups. All the rats
were sacrificed to harvest their blood and bone marrow samples the day after final injections. While some of the blood
samples were used for leukocyte and platelet count, the others were used to determine the levels of total antioxidant capacity
(TAC), malondialdehyde (MDA), total oxidant status (TOS), glutathione (GSH), and oxidative stress index (OSI). While a
decrease was observed in the leukocyte, platelet and bone-marrow nucleated cell counts of the group given CP, apart from a
decline in GSH and TAC levels, the MDA and TOC levels of the rats in this group showed an increase. In contrast, CP-
induced oxidative stress and myelosuppression reversed in the combined SV Groups (CP+100 and 200 mg kg* of SV
Groups), although the reversal in the latter group was of more significance. Our experimental results have shown that SV
may exert antioxidant and cytoprotective effects upon CP-related peripheral blood and bone marrow toxicities.

Keywords: Cyclophosphamide, hematotoxicity, salvia virgata, antioxidant, cytoprotective
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INTRODUCTION

Cyclophosphamide (CP) is a well and commonly-used potent drug used in treating cancer,
particularly in chronic and acute leukemia, breast cancer, multiple myeloma, lymphoma, rheumatoid
arthritis, and bone marrow transplants (Kumar and Kuttan, 2005; Cengiz, 2018; Ayhanci et al., 2019).
The primary adverse effects of CP are hematopoietic depression, hemorrhagic cystitis, and renal toxicity.
This drug is also known to exhibit suggestive adverse effects like hematotoxicity, urotoxicity,
teratogenicity, mutagenicity, carcinogenicity, apart from myelosuppression (Buyukokuroglu et al., 2007;
Cengiz, 2018).

Phosphoramide mustard (PAM) and acrolein (ACR) are the two active metabolites that CP
produces. On the one hand, its anticancer properties are linked to PAM, which is thought to inhibit cell
division by binding to DNA, hence facilitating CP's immunosuppressive and antitumor properties
(Cengiz et al., 2016; Ayhanci et al., 2008; Taysi et al., 2008; Cengiz, 2018). The toxic action of CP, on
the other hand, is due to its active metabolite, ACR, which depletes the tissue antioxidant (AO) defense
mechanism, resulting in an overabundance of free oxygen radicals (SOR). As a result, CP causes
mutations in mammalian cells (Teksoy et al., 2020; Kawabata et al., 1990; Buyukokuroglu et al., 2007;
Cengiz et al., 2018; Aggiil et al., 2021). ACR-induced free radicals disrupt the functions of molecules
such as enzymes, receptors, and ion pumps by combining with them. The aforementioned toxic effects
should be eliminated via antioxidant agents in order to avoid possible toxic side-effects of ACR during
a CP chemotherapy given for neoplastic diseases (Senthilkumar et al., 2006).

It has been demonstrated that the genus Salvia L., known as adacay1 in Turkey, has many
traditional uses, both internally and externally, among which are the digestive system (as an appetizer,
gas reliever, and stomach smoother), the respiratory system (as a cough suppressant, and bronchitis and
asthma reliever), and the immune system (as a protective agent against infections and colds, an antiseptic
agent, and a wound-healer) (Cengiz et al., 2016; Cadirci et al., 2012). Previous studies have reported
that besides having antioxidant (Ucuncu et al.,, 2004; Yoruk et al., 2009), anti-tumor,
immunomodulatory, anti-inflammatory, and anti-viral activities, SV is used in treating hemorrhoids (Giir
et al., 2021; Tepe, 2008; Furtado et al., 2010). The present study aims to investigate possible
cytoprotective effects of Salvia virgata on peripheral blood and bone marrow nucleated cells in order to
eliminate the dose-limiting side effects of CP, a powerful antitumor agent, thus enabling this drug to be
safely used in higher doses.

MATERIALS AND METHODS

Injection of chemical substances

CP (Sigma-Aldrich) and SV extract were obtained commercially. SV was dissolved in saline and
two different doses of this extract (100 and 200 mg kg) were administered intraperitoneally (i.p.). As
for CP, 500 mg was dissolved in 25 ml of distilled water to make it eligible for injection, which was
performed i.p. via sterile disposable injectors. The chemical injections were applied shortly after they
had been prepared. All the animals were weighed before the first injection and the sacrificing process so
as to determine the drug doses to be administered. The experimental study was conducted with the
approval of the Local Ethics Committee for Animal Experiments at Eskisehir Osmangazi University
(No: 799-1/2020). All the animals in the experimental groups except those in the Control Group were
anesthetized 24 hours after CP injection. The animals in the SV+CP Groups were given only SV for five
days in a row before they were injected a combination of 150 mg kg™ of CP and SV on the 6th. These
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animals were sacrificed to harvest their blood and bone marrow samples the very next day (Cengiz et
al., 2019; Buyukokuroglu et al., 2007; Ayhanci et al., 2008; Cengiz, 2018).

Counting blood and bone-marrow nucleated cells via biochemical measurements

All the experimental studies were carried out in a sterile environment via sterile instruments.
Intracardiac blood was harvested from the rats anesthetized with 50/10 mg kg™ of Ketamine-Xylazine.
One-fifth of these blood samples were placed in citrate tubes and counted by the rat calibration of the
Hemavet 850 brand and model blood counting device. Serum and plasma samples were obtained from
the remaining part of the blood by centrifugation at 3000 rpm for 10 minutes with an Eppendorf
Centrifuge 5804 R brand and model device and then transferred to polyethylene tubes to be preserved
in a -80°C freezer for biochemical analyses.

Determination of Plasma Malondialdehyde (MDA) levels

The Thiobarbituric Acid Reactive Substance (TBARS) method was used to detect the quantity of
MDA in plasma samples. The spectrophotometric measurement of the red color formed as a result of the
reaction between lipid peroxidation product (MDA) and thiobarbituric acid (TBA). The serum lipids and
proteins in the combination were precipitated with the phosphotungstic acid/sulfuric acid method to
remove the water-soluble compounds that would react with TBA and yield the same color. After adding
150 mL plasma, 1.2 mL H2S04, and 150 mL phosphotungstic acid to the mixture, which was centrifuged
at 1500 g for 10 minutes, the test tube was properly mixed and kept in it for five minutes. By removing
the upper clear section, the absorbances were read at 532 nm wavelength. 1 mmol 1,1,3,3-tetra methoxy
propane was incubated for 1 hour at 50 °C in 100 ml 0.01 M HCI with 10, 5, 3, 2, 1, 0.5 nmol MDA
solution generated as a result of this compound's hydrolysis. Based on the findings, a standard graphic
was created. The amount of plasma MDA was calculated as nmol MDA/mI using this graph (Cengiz et
al., 2020).

Determination of glutathione (GSH) levels
GSH levels were measured by a commercial colorimetric kit (Glutathione Assay Kit CS0260-1
KT) (Fraiser et al., 1991).

Determination of Total Oxidant Capacity (TOC)
The TOC value was measured by a commercially available colorimetric assay kit (Erel, 2005).

Determination of Total Anti-Oxidant Capacity (TAC)
The TAC value was measured by a commercially available colorimetric assay kit (Erel, 2005).

Determination of Oxidative Stress Index (OSI)
The OSI value was calculated considering the TOC/TAC ratio. The formula was [(TOS, umol
H202 equivalent L) / (TAC umol Trolox equivalent L) x100] (Aycicek et al., 2005).

Statistical evaluations

The standard error of the mean (SEM) was used to express the results of this investigation. In a
similar vein, one-way ANOVA was used to examine independent and normal distribution data, while
Kruskal-Wallis one-way analysis was used to analyse variables with the aberrant distribution. The
differences observed in the groups were considered statistically significant as long as the p-value was
between 0.001 and 0.05.
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RESULTS AND DISCUSSION

Recovery of CP-induced hematotoxicity with SV

Figure 1 shows the impact of these chemicals on the numbers of thrombocytes, leukocytes, and
bone marrow cells in the SV (100 and 200 mg kg™) and CP groups. In the experimental groups given
SV at doses of 100 and 200 mg kg, there was no statistically significant difference in leukocyte, platelet,
or bone marrow cell counts compared to the Control Group (p>0.05). When compared to the Control
Group, the experimental group receiving 150 mg kg™ CP had a statistically significant drop in leukocyte,
thrombocyte, and bone marrow cell counts (p<0.001). One of these studies reported that 150 mg kg™ of
CP reduced the number of platelets, leukocytes, and bone marrow cells by 54%, 92%, and 94%,
respectively (Taysi et al., 2008; Ayhanci et al., 2009). In a similar experimental study, the injection of
CP is reported to have reduced the number of leukocytes (Fraiser et al., 1991). In another study, 40 mg
kg™ of CP given to baboons is reported to have temporarily reduced leukocyte numbers (Schuurman et
al., 2005). Still another study emphasized that 20 and 40 mg kg™ of CP had a mutagenic effect upon the
spleen and bone marrow. (Moore et al., 1995). Cengiz et al. have recently shown that 200 mg kg™ of CP
significantly decreased leukocyte (96%) and platelet (41%) numbers, along with the number of
hemoglobin levels (21%) (Cengiz, 2018). In the same vein, Trasler et al. found that when high doses of
CP were given to mice, a dramatic decrease was observed in erythrocyte, leukocyte, and bone marrow
cell numbers (Trasler et al., 1987). The results of the present study are consistent with those published
in the literature. On the other hand, a statistically significant increase was determined in the leukocyte,
thrombocyte and bone marrow counts of the experimental groups given 150 mg kg™ of CP plus 100 and
200 mg kg of SV when compared to the CP Group. However, the increase in the number of leukocytes,
thrombocytes, and bone marrow nucleated cells was higher in the group treated with 200 mg kg™ of SV
compared to the one treated with 100 mg kg™.

40 -
1 I Lcukocyte (X10°/uL)
35 I Platelet (X10'/pL)
30 - I Bone marrow (X10°/uL)
g ] 1. Control
z 23391 4. cp
g 1 3.100 Salvia
S 20- .
ki 4. 200 Salvia
S 5. CP+100 Salvia
= 154 6. CP+200 Salvia
10 -

1 23 4 5 61 23 4 5 61 2 3 4 5 6

Group names

Figure 1. All of the experimental groups' leukocyte, thrombocyte, and bone marrow counts changed.
In comparison to the Control Group, *p<0.05, **p<0.01, ***p<0.001 were found.
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SV improves CP-induced oxidative stress and lipid peroxidation

Table 1 and Figure 2 show that whereas CP raised MDA, TOS, and OSI levels when compared to
the Control Group, it lowered GSH and TAC levels (p<0.001). MDA, TOS, and OSI levels, on the other
hand, were significantly lower in the CP and SV groups, although GSH and TAC levels were
significantly higher (p<0.001).

Table 1. The effects of CP and SV upon the levels of MDA and GSH

Groups MDA GSH
Control 0.483+0.012 5.79+0.09
CP 0.763+0.0552 2.72+ 0.19°
100 SV 0.440+0.026 5.78+ 0.7
200 SV 0.460+0.022 6.22+ 0.8
CP+100 SV 0.590+0.013° 3.86 + 0.05°
CP+200 SV 0.510+0.02° 4.97 + 0.05°
3.0 - * %k %
L, Control B TOC (mmoITROLOX/Eq/)X5
2.5 ; ]C()[; Salvi I TAC (mmolTROLOX/Eq/L)
. alvia
I OSI (L/)X5
4.200 Salvia e
2.0 5. CP+100 Salvia
2 7 6. CP+200 Salvia
%]
z
§ 1.5 1
=7
=
=]
2 1.0
o)

0.5

0.0 :
1 234 561 234561 234 5 6

Group names

Figure 2. The effects of CP and SV upon the TAC, TOC, and OSI parameters of all the study groups
***n<0.001, *p<0.05 compared to Control Groups

CP's toxicity is linked to its active metabolite, ACR, which depletes the tissue antioxidant (AO)
defense system, resulting in a high rate of ROS production and lipid peroxidation in cells (Kawabata et
al., 1990; Buyukokuroglu et al., 2007; Cengiz et al., 2018). By interacting with components like
enzymes, receptors, and ion pumps, ACR-induced free radicals disturb their functionality (Senthilkumar
etal., 2006). The present study determined that while MDA, TOS, and OSI levels significantly increased
in the group given 150 mg kg™ of CP, GSH and TAC levels decreased, which appears to be consistent
with the results in the literature.

During CP chemotherapy for neoplastic diseases, the toxic effects should be detoxified thanks to
antioxidant agents so that the abovementioned toxic side effects of ACR can be avoided. It has also been
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reported that SV has such various biological activities as an antioxidant, antiviral, and anti-inflammatory
(Tepe, 2008; Furtado et al., 2010). That both doses of SV significantly prevented myelosuppression,
leukopenia, and thrombocytopenia that developed in the experimental groups given CP was
demonstrated by the fact that the number of peripheral blood cells and bone marrow nucleated cells had
increased and the antioxidant parameters of GSH and TAC had reached those of the control (Figurel
and Table 1). Nonetheless, 200 mg kg™ of SV was more effective in preventing CP-induced toxicity
than was 100 mg kg™.

CONCLUSION

Based on the findings of this research, it was determined that SV can protect against the damaging
effects of CP. As a result, we believe that SV could be a promising treatment for CP and other anticancer
drug-related side effects. However, more research is needed to fully understand the processes by which
SV lowers CP-induced cytotoxicity.
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Seda BEYAZY

OZET: Bitkisel ilaglarm saglik alaninda kullanimlar1 olduk¢a 6nemli yere sahiptir. Biyoaktif bilesenler bakimindan zengin
bir tiir olan karanfil bitkisinin (Syzygium aromaticum L.) antihipertansif, antiaterojenik, antiinflamatuar, antifungal,
antiviral, antimikrobiyal gibi bir¢ok 6zellikleri bulunmaktadir. Bu ¢alismada, Saccharomyces cerevisiae (S. cerevisiae)’de
karbon tetrakloriir (CCls)’iin neden oldugu oksidatif hasara kargi karanfil bitki ekstraktinin (Syzygium aromaticum L.)
antiinflamatuar ve antioksidan aktiviteleri aragtirilmigtir. Bu ¢alismada 4 grup olusturulmustur. Caligma gruplari: (i)
Kontrol Grubu: Sadece maya ekilen grup; (ii) CCls Grubu: CCls (10 mM) verilen grup; (iii) Karanfil Grubu: Karanfil
ekstrakti (% 10) verilen grup; (iv) Karanfil + CCls Grubu: Karanfil ekstrakti (% 10) + CCls (10 mM) verilen grup. S.
cerevisiae kiiltiirleri 1, 3, 5 ve 24 saat boyunca 30 °C'de gelistirildi. Antioksidan aktiviteleri glutatyon (GSH) analizi ile
gergeklestirilirken lipit peroksidasyonu ise malondialdehit (MDA) analizi ile spektrofotometrede Olglimleri
gergeklestirilmistir. S. cerevisiae kiiltirlerinin 1, 3, 5 ve 24 saat dilimlerindeki hiicre gelisimleri spektrofotometre ile
Ol¢iilmiistiir. Total protein yogunluklar1 SDS-PAGE elektroforezi ve Bradford yontemi ile belirlendi. Sonuglara gore; CClay
grubu ile kiyaslandiginda GSH seviyeleri (24 saat), hiicre gelisimi (1, 3, 5 ve 24 saat) ve total protein sentezi karanfil
gruplarinda artarken, MDA seviyeleri (24 saat) ise azalig gostermistir. Karanfil bitkisinin giiglii biyoaktif kimyasal
bilesenleri sayesinde S. cerevisiae kiiltiriinde CCls kaynakl oksidatif stresi azaltarak hiicre bilyiimesini ve total protein
sentezini tegvik edici etkiye sahip oldugu belirlenmigtir. Karanfil ekstrakti oksidatif stresle iligkili hastaliklarin tedavisinde
bir potansiyel tagiyabilir ancak ileri ¢alismalara ihtiyag vardir.

Anahtar Kelimeler: Antiinflamatuar, glutatyon, karanfil, Saccharomyces cerevisiae, total protein

Investigation of the Protective Effects of Clove (Syzygium aromaticum L.) Extract against Oxidative Damage Caused
by Carbon Tetrachloride (CCls) in Saccharomyces cerevisiae by Glutathione, Malondialdehyde and Total Protein
Levels

ABSTRACT: The use of herbal medicines in the field of health has a very important place. Clove plant (Syzygium
aromaticum L.), a species rich in bioactive components, has many properties such as antihypertensive, antiatherogenic,
antiinflammatory, antifungal, antiviral, antimicrobial. In this study, the antiinflammatory and antioxidant activities of clove
plant extract (Syzygium aromaticum L.) against oxidative damage caused by carbon tetrachloride (CCl4) in Saccharomyces
cerevisiae (S. cerevisiae) were investigated. In this study, 4 groups were formed. Study groups: (i) Control Group: Yeast-
only group; (ii) CCls Group: CCls (10 mM) given group; (iii) Clove Group: The group given clove extract (10%); (iv)
Clove + CCl, Group: Clove extract (10%) + CCl4 (10 mM) administered group. S. cerevisiae cultures were grown at 30 °C
for 1, 3, 5 and 24 hours. Antioxidant activities were performed with glutathione (GSH) analysis, while lipid peroxidation
was measured with malondialdehyde (MDA) analysis in spectrophotometer. Cell growth of S. cerevisiae cultures at 1, 3, 5
and 24 hours was measured by spectrophotometer. Total protein concentrations were determined by SDS-PAGE
electrophoresis and Bradford method. According to the results obtained; Compared to the CCl4 group, GSH levels (24
hours), cell growth (1, 3, 5 and 24 hours) and total protein synthesis increased in the clove groups, while MDA levels (24
hours) decreased. Thanks to its strong bioactive chemical components, the clove plant has been determined to have a
stimulating effect on cell growth and total protein synthesis by reducing CCls-induced oxidative stress in S. cerevisiae
culture. Clove extract may have potential in the treatment of oxidative stress-related diseases, but further studies are
needed.

Keywords: Antiinflammatory, glutathione, clove, Saccharomyces cerevisiae, total protein
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GIRIS

Son yillarda modern tipta tibbi ve aromatik bitkilerin kullanimi olduk¢a 6nem arz etmektedir.
Onemli tibbi bitkiler arasinda yer alan karanfil (Syzygium aromaticum L.) Myrtaceae familyasina ait
kuru bir ¢igek tomurcugudur. Endonezya’nin Maluku adalarina 6zgii bir tiir olan bu bitki son yillarda
farkli habitatlarda da yetistirilebilmektedir. Karanfil bitkisi hos kokulu bir bitki olup ¢ok eski
zamanlardan hem gelencksel tipta hem de mutfakta baharat olarak kullanilmaktadir. Glikozitler,
saponinler, flavonoidler, steroidler, tanenler, alkaloidler, terpenler gibi biyoaktif bilesenler bakimindan
zengin igerige sahip oldugu bilinmektedir. Ayrica igeriginde onemli miktarlarda vanilin, gallotanik
asit, metil salisilat, 6jenol, ramnetin, kaempferol, oleanolik asit, metil amil keton, metil salisilat, a-
humulen, B-humulen ve benzaldehit bulunmaktadir. Son yillarda yapilan c¢alismalarla giiclii
antiinflamatuar, antioksidan, antimutajenik, analjezik, anestezik, antifungal, antiviral, antimikrobiyal,
antinosiseptif ve antikanser aktiviteler gosterdigi belirlenmistir (Batiha ve ark., 2020; Vicidomini ve
ark., 2021). Saccharomyces cerevisiae (S. cerevisiae) okaryotik hiicre biyolojisinin temel yonlerini
incelemek i¢in giiglii bir model organizmadir. S. cerevisiae 16 kromozoma sahiptir. Toplam genom, 78
520 niikleotid ¢ift mitokondriyal DNA ile yaklasik 13 117 000 niikleotit ¢ifti icermektedir. Protein
kodlayan genlerin yogunlugu insan genomundaki gen yogunlugundan yaklasik 50 kat daha ytiksektir.
Bu genom ozelliklerinden dolay1 yaklasik % 23 oraninda insan genomuna benzedigi diisiiniilmektedir
(Duina ve ark., 2014). Insan genom 6zelliklerine benzerliginden dolay: S. cerevisiae model organizma
olarak bu c¢alismada kullanilmistir. Bu ¢alismada kapsaminda, S. cerevisiae’de oksidatif stres kaynagi
olarak kullanilmis olan karbon tetrakloriir (CCls), hayvanlarda ve insanlarda cesitli sitotoksisiteye
neden olan bir ksenobiyotiktir (Sekil 1). CCls; merkezi bir karbon atomuna tek kovalent baglarla
birlestirilmis dort klor atomunun konfigiirasyonundan olusmus olup serbest radikal iiretimine yol
acarak hiicresel hasara neden olmaktadir (Tekeli ve Bildik, 2016). Serbest radikaller, bir¢ok hastaligin
olusumunun yani sira lipitlerin, proteinlerin ve niikleik asitlerin yapisinda degisiklik meydana getirerek
oksidatif strese neden olmaktadirlar. Bu degisikliklerin sonucunda olusan oksidatif stres, lipid
membranlarinin ve proteinlerin yapilarinda geri doniisiimii miimkiin olmayan degisimler olusturarak
doku hasarina neden olmaktadirlar (Kogak ve ark., 2019).

Cl

C
CI// ¢
cl

Sekil 1. Karbon tetrakloriir (CCls)’{in organik yapis1 (Unalmis, 2019)

Antioksidan 6zellige sahip bircok tibbi bitki serbest radikallerin sebep oldugu hasar1 azaltarak
patolojik durumlara kars1 koruma saglamaktadir. Polifenoller, flavonoidler, saponinler, steroidler,
tanenler, alkaloidler ve terpenler gibi biyoaktif bilesenler organizmada olusan serbest radikalleri
temizleyerek antioksidan savunma mekanizmasi olusturmaktadir (Khan ve Siddique, 2012). Bu
baglamda, 6nemli tibbi bitkiler arasinda yer alan karanfil bitki (Syzygium aromaticum L.) ekstraktinin
CClskaynakli olusan serbest radikalleri ortadan kaldirarak oksidatif stresi azalttig1 diistiniilmektir.
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MATERYAL ve METOT
Calisma Gruplari

Bu calismada S. cerevisiae’de karbon tetrakloriir (CCls) ile olusturulan hasara karsi karanfil bitki
(Syzygium aromaticum L.) ekstraktinin terapdtik aktivitesi arastirilmigtir. Calismada 4 grup mevcuttur.
Gruplar su sekildedir:

(i) Kontrol Grubu: Sadece maya ekilen grup;

(i) Karanfil Grubu: Karanfil verilen grup (% 10);

(i)  CCla Grubu: CCls (10 milimolar) verilen grup;

(iv)  Karanfil + CCls Grubu: Karanfil (% 10) + CCl4 (10 milimolar) verilen grup (Cizelge 1).

Cizelge 1. Calisma gruplari

CALISMA GRUPLARI UYGULAMA ASAMASI

Kontrol Grubu Sadece maya ekilen grup

Karanfil Grubu % 10 karanfil ekstrakt1 uygulanan grup

CCls Grubu 10 milimolar CCls uygulanan grup

Karanfil + CCls Grubu % 10 karanfil ekstrakti ve 10 milimolar CCls uygulanan grup

Kiiltiire Karanfil Bitki Ekstraktinin ve Karbon Tetrakloriir (CCls) Uygulanmasi

S. cerevisiae’nin gelisim ortam

Mayalarin gelistirilmesi ve c¢ogaltilmast i¢in YEPD (250 ml i¢in; 7.5 gram maya Oziitii, 7.5 gram
tripton, 7.5 gram glukoz) hazirlanmistir. Daha sonra 5 erlen alinarak erlenlerin her birine hazirlanan
250 mI’lik besiyerden 50 ml eklenmistir. Otoklavda 121 °C’de 1 saat bekletildikten sonra ¢ikarilarak
sogutulma islemi gergeklestirilmistir. Bek alevi yaninda her bir erlene 800 pl maya ekimi yapilmis ve
etlivde 20 dakika bekletildikten sonra kor dl¢timii yapilmustir.

%10’luk karanfil bitki ekstraktinin hazirlanmasi

10 gram karanfil tartilmis ve 100 ml kaynar distile suda demleme seklinde 15-20 dakika
bekletilmistir. Daha sonra steril bir tlilbent vasitasiyla siiziilerek kiiltiire ekimi i¢in hazir hale
getirilmistir (Sekil 2). Hemen ardindan etiivden ¢ikarilan diger erlenlere bek alevi yaninda CCls ve
karanfil bitki ekstrakti eklenmistir. Gruplarin igerigine gore karanfil bitki ekstraktindan 10 ml,
CCls’den 10 milimolar eklenmistir. Kiiltiirler, 1 saat, 3 saat, 5 saat ve 24 saat boyunca (gece boyunca)
30 °C’de gelistirilmistir. Ardindan SDS-PAGE elektroforezi yapilmis ve protein bant yogunluklar
degerlendirilmistir (Aslan ve ark., 2019a).

Sekil 2. Karanfil bitkisi (Syzygium aromaticum L.) ve ekstrakti
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Kiiltiire Karanfil Bitki Ekstraktinin ve CCls Kimyasali Uygulamasi
Karanfil (% 10) + CCl4 (10 milimolar) S. cerevisiae ortamina eklenerek 30 °C’de gelistirilmistir.
Karanfil + CCls Grubu: Karanfil (% 10) + CCls (10 milimolar) eklenmistir.

Hiicre Gelisimi Olciimleri

Gelisimi saglanan kiiltiir 6rnekleri 1 saat, 3 saat, 5 saat ve 24 saat boyunca 30 °C’de
gelistirilmistir. Hiicre gelisim olgtimleri spektrofotometrede 600 nanometre (ODsoo) dalga boyunda
gergeklestirilmistir (Aslan ve ark., 2019a).

Sodyum Dodesil Siilfat—Poliakrilamid Jel Elektroforez (SDS-PAGE) Protein izolasyonu

Kiiltiir 6rneklerin 1 ml almarak 13000 rpm’de 6 dakika santrifiij edildikten sonra pelet kismi
alinmis ve 500 ul TEA igerisinde ¢dziilmiistiir. Ornekler sonikator cihazi yardimiyla 10 saniye siireyle
iki kez parcalama islemi gerceklestirildikten sonra buz igerisinde 5 dakika bekletilmistir. Ardindan
13000 rpm’de 10 dakika santrifiij edildikten sonra pelet kismi alinmistir. Hazirlanan Ornekler

elektroforez islemi i¢in boyama soliisyonu kullanilarak yiiklemeye hazir hale getirilmistir (Aslan ve
ark., 2019b).

Sodyum Dodesil Siilfat—Poliakrilamid Jel Elektroforez (SDS-PAGE) Analizi

S. cerevisiae kiiltir ornekleri elektroforez islemi igin kuyucuklara yiiklenmeden o6nce 1:1
oraninda protein Ornek uygulama ilave edilerek vorteks islemi yapilmistir. Daha sonra 5 dakika
kaynatilarak yiliklemeye hazir hale getirilmistir. Kuyucuklara 25 pg protein yiiklenmistir. Elektroforez
islemi i¢in 1x yliriitme tamponu eklenmistir. Ardindan 30 miliamper akimda jeller ylriitiilmiis ve islem
tamamlandiktan sonra jeller oda sicakliginda 40-60 dakika Coommasie mavisi ile boyanmistir. Protein
bant goriintiileri belirginlesinceye kadar boya uzaklastiric1 tampon ile yikanarak protein bantlarinin
goriintiileri alimmistir (Beyaz ve ark., 2020).

Total Protein Yogunlugu Olciimleri

Stok ¢ozeltiden derisimi 0, 20, 40, 60, 80, 100 mg/L olan standart ¢ozeltiler hazirlanmistir.
Bradford ¢6zeltisi i¢in 0.1 gram coomassie brillant blue G-250, 50 ml % 95 etil alkol, 100 ml % 85°lik
fosforik asit alinarak son hacim 1000 ml’ye tamamlanmistir. Deney tiipiine analizi yapilacak 6rnekten
100 pl 6rnek konularak Bradford ¢6zeltisinden 5 ml eklenmis ve 10 dakika bekletilmistir. Gruplardaki
total protein yogunlugu Bradford metoduna gore 600 nanometre (ODsoo) dalga boyunda
spektrofotometrede Olclimleri gerceklestirilmistir. Okunan absorbans degerlerine goére absorbans
grafigi ¢izilmistir (Bradford, 1796; Aslan, 2021).

Malondialdehit (MDA) Analizi

Lipid peroksidasyonunun en Onemli gostergesi olan MDA’nin temel prensibi asit ortamda
tiyobarbutiirik asit ile 1sitildiginda reaksiyona girerek pembe renkli bir kromojen olusturmasina
dayanmaktadir. Pembe rengin siddeti, numunedeki MDA konsantrasyonu ile dogru orantilidir. Kiiltiir
numune Orneklerine %10°luk homojenat olusacak sekilde %1.15’1ik KCI ¢6zeltisi ilave edilerek 15000
rpm’de 1-2 dakika siireyle buz i¢inde homojenize edilmistir. Elde edilen homojenatlar MDA
analizinde kullanilmistir. % 8.1°lik sodyum dodesil siilfat (SDS), % 20’lik asetik asit, % 0.8’lik 2-
tiyobarbutiirik asit (TBA), 2 mmol L™ 1.1°.3.3" tetractoksipropan eklenip vortekslendikten sonra 45
dakika kaynar su banyosunda (95 °C) inkubasyon ve sogutma islemi gerceklestirilmistir. 2 ml n-
butanol ilavesinden sonra vortekslenmistir. Tiipler kaynar suda (en az 95 derecede) 1 saat
bekletildikten sonra sogutularak 5000 rpm’de 10 dakika santrifiij edilmistir. Spektrofotometre 532
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nanometre dalga boyunda korle sifir absorbansa ayarlanmistir. Pembe renkli siipernatantlarin
absorbanslar1 532 nanometre dalga boyunda okunarak sonuglar nmol ml™? cinsinden ifade edilmistir
(Ohkawa ve ark., 1979; Erdemli, 2011).

Glutatyon (GSH) Analizi

Kiiltiirlerden alinan %10’luk homojenat olusturulmus ve distile su ilave edilerek buz iizerinde 1-
2 dakika 12000 rpm’de homojenize edilmistir. Doku homojenatlar1 5000 rpm’de, +4 derecede, 20
dakika santrifiij edilmistir. Elde edilen silipernatant igerisine TCA ¢ozeltisi ilave edilerek
karigtirilmistir. Ardindan 3000 rpm’de, +4 derecede, 20 dakika santrifiij edilerek proteinlerin ¢okmesi
saglanmistir. Siipernatant numuneleri GSH analizinde kullanilmistir. % 10°luk triklor asetik asit, %
1’1ik trisodyum sitrat, % 0.4’liik 5.5'-ditiyobis 2-nitrobenzoik asit, 0.3 molar disodyum hidrojen fosfat
reaktisleri kullanilarak deney tilipleri hazirlanmis ve c¢ozeltilerin iyice karigsmasini saglamak igin
vortekslenmistir. Oda sicakliginda 5 dakika bekletilerek numunelerde olusan renk sonucunda
spektrofotometrede 410 nm dalga boyunda absorbans degerleri okunarak sonuglar pmol ml™? olarak
kaydedilmistir (Habig ve ark., 1974; Erdemli, 2011).

Istatistiksel Analizler

Caligmanin istatistiksel analizleri SPSS 22 paket programi ile analiz edilmistir. Gruplar arasi
farkliliklar1 belirlemek icin One Way Anova Post Hoc LSD testleri uygulanmistir. Graphpad Prism 5
Project programi kullanilarak grafik ¢izimleri gergeklestirilmistir.

BULGULAR ve TARTISMA

Son yillarda diinya ¢apinda kiiresel bir salgin haline gelen Covid-19 biitiin insanlig1 olumsuz
yonde etkileyen bir saglik sorun haline gelmistir. Bu hastaligin giin gectik¢e artiyor olmasi insanlari
cesitli tedavi yoOntemleri gelistirmeye yonlendirmistir. Bu tedavi yOntemleri arasinda yerini alan
bitkisel ilaglar icerdikleri zengin biyoaktif bilesikler nedeniyle bir¢ok hastaligin tedavisinde
kullanilmaya baglanmistir. Karanfil bitkisi zengin fitokimyasal igerigi bakimindan antioksidan,
antimikrobiyal, antibakteriyel, antiviral ve antikanserojenik 6zellikleri ile bir¢ok hastaliga kars1 etkili
ila¢ olma potansiyeline sahiptir (Cortes-Rojas ve ark., 2014).

Gokege (2020), S. cerevisiae’de CCls kaynakli oksidatif strese karsi fistik (Pistacia vera L.)
ekstraktinin MDA ve SOD seviyesini azaltarak GSH seviyesi ve CAT aktivitelerini ise anlamli bir
sekilde arttigini tespit etmistir. Fistik ekstrakti verilen S. cerevisiae kiiltiirlerinde hiicre gelisiminin
arttigini, oksidatif hasarin ise 6nemli dl¢lide azalma gosterdigini belirtmistir. Ahmad ve ark., (2012),
sicanlarda iltithaplanma olusumuna karsi karanfil bitki ekstraktinin oksidatif stresi azalttigini tespit
etmislerdir. Karanfil bitki ekstrakti tedavisinin lipid peroksidasyonunu (MDA) azaltarak GSH seviyesi
ve CAT aktivitesini arttirdig1 bildirmislerdir (p<0.001).

Bu calismanin deneysel analizleri sonucunda, karanfil bitki ekstraktinin yiiksek antioksidan
etkileri sayesinde bircok hastaligin tedavi edilmesinde tedavi edici etkilere sahip oldugu belirlenmistir.
Elde edilen sonucglara gore Sekil 3’de gore farkli gelisim zamanlar1 olan gruplar arasinda anlamli bir
fark oldugu goézlenmektedir (p<0.05). Kiiltiir ortamina aktarilan karanfil bitki ekstraktinin, S.
cerevisiae’de olusturulan CCls hasarina kars1 hiicre gelisimini arttirdigi goriilmiistiir.
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Sekil 3. S. cerevisiae’de karanfil tedavisinin 1, 3, 5 ve 24 saatlerdeki hiicre gelisimi

Cizelge 2, Cizelge 3, Cizelge 4, Sekil 4, Sekil 5 ve 6’da verilen total protein pelet ve slipernatant
sonuglarina gore, karanfil bitki ekstraktinin, S. cerevisiae’de protein sentezini arttirdigi tespit
edilmistir. Ayrica CCls grubuna kiyasla Karanfil (% 10) + CCls (10 mM) grubunda total protein
seviyesinin daha yiiksek oldugu belirlenmistir.

Cizelge 2. S. cerevisiae bradford pelet protein yogunlugu

Gruplar (Pelet) S. cerevisiae Total Protein Seviyesi (nmol ml?)

Kontrol 131.43 +4.812
Karanfil 133.69 £4.972
CCl, 90.16 =3.01¢
Karanfil + CCly 102.63 + 3.99°

a-c: Siitunlarda farkl harfi tasiyan gruplar arasi fark 6nemlidir (p < 0.05). One- Way ANOVA Post Hoc LSD Testi.

Cizelge 3. S. cerevisiae bradford siipernatant protein yogunlugu

Gruplar (Siipernatant) S. cerevisiae Total Protein Seviyesi ( nmol ml)
Kontrol 42.54 +4292
Karanfil 44,97 + 4,552
CCly 30.88 £ 2.64°
Karanfil + CCl, 34.54+£3.12°

a-c: Siitunlarda farkl harfi tasiyan gruplar arasi fark 6nemlidir (p < 0.05). One- Way ANOVA Post Hoc LSD Testi.

Cizelge 4. Saccharomyces cerevisiae ’'nin 1h, 3h, 5h ve 24h zaman araliklarindaki hiicre gelisimi

Gruplar 1h 3h 5h 24h (Overnight)
Kontrol 1.475 £ 1.05¢ 1.523 +1.76° 1.688 £ 1.73° 1.753 £ 1.74%
Karanfil 1.517 £ 1.07¢ 1.635+1.79° 1.709 £ 1.79° 1.802 + 1.76%
CCl, 1.340 £ 0.62¢ 1.434 £ 0.59¢ 1.495 £ 1.59° 1.652 £ 1.66%
Karanfil + CCl, 1.486 + 0.86° 1.565 + 0.65° 1.655 £ 1.66° 1.792 +£1.713

*abcd Siitunlarda farkl harfi tasiyan gruplar arasi fark énemlidir (p < 0.05). One- Way ANOVA Post Hoc LSD Testi.
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Sekil 5. Total protein pelet seviyesi
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Sekil 6. Total protein siipernatant seviyesi

Aslan ve ark., (2019a), S cerevisiae’de H>O> kaynakli oksidatif strese domatesin terapotik
aktivitesini arastirmislardir. H202 eklenen gruplara kiyasla domates eklenen gruplarda MDA
seviyesinin azaldigini ve total protein seviyesinin ise anlamli bir sekilde arttigini tespit etmislerdir.
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Beyaz ve ark., (2020), S cerevisiae’de H2O> kaynakli oksidatif strese karadut (Morus nigra L.) ve
kizileik (Cornus mas L.) meyvelerinin oksidatif strese karsi oldukca giiglii bir terapédtik etkiye sahip
sonucuna varmiglardir. Ayrica H20» eklenen gruplara kiyasla karadut ve kizilcik ekstraktlariin
verildigi gruplarda MDA seviyesinin azaldigini ve total protein seviyesinin ise anlamli bir sekilde
arttigini belirtmislerdir.

Bu c¢alismada Cizelge 5, Sekil 7 ve Sekil 8’de verilen MDA seviyelerini incelediginde, CCla
grubunda MDA seviyesinin en yiiksek oldugu, Karanfil (% 10) + CCls (10 mM) grubunda ise anlaml
bir sekilde azaldig1 belirlenmistir.

Cizelge 5. S. cerevisiae MDA seviyesi

Gruplar S. cerevisiae MDA Seviyesi ( nmol ml?)
Kontrol 4.47 £1.89¢
Karanfil 4.30+£1.95¢
CCl,4 5.73 +£2.97°
Karanfil + CCl, 499 +2.07°

a-c: Siitunlarda farkli harfi tagiyan gruplar arasi fark 6nemlidir (p < 0.05). One- Way ANOVA Post Hoc LSD Testi.

0.7 -
y=0.2538x+0.3477

0.6 - R?=0.9756

0.5 A

0.4 -

0.3 -

Absorbans (ODg,)

0.2 A

0.1 -

0 T 1 1
0.5 1
MDA konsantrasyon (nmol/ml)
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Sekil 8. Malondialdehit (MDA) seviyesi
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Kiruthika ve Padma (2013), Zea mays yapragi ekstraklarinin S.cerevisiae’de H20> kaynakli
oksidatif stres karst koruyucu roliinii arastirmiglar ve zengin antioksidan kaynagina sahip olan Zea
mays yapragi ekstraklarinin H»O> tarafindan indiiklenen oksidatif strese karsi etkili bir sekilde koruma
sagladigimi belirtmislerdir. Jilani ve ark., (2016), S. cerevisiae’'de zeytin yapragi (Olea europaea L.)
polifenollerinin biyolojik olarak islenebilirligi ve antioksidan kapasitesine etkisini arastirmislar ve
zeytin yapraginin giiglii antioksidan aktiviteye sahip oldugunu tespit etmislerdir. Jamnik ve ark.,
(2007), S. cerevisiae’de ar siitii tedavisinin hiicre i¢i oksidasyonu doza bagimli bir sekilde azaltarak
biiylime fazina bagl bir sekilde biliylimeyi ve hiicredeki metabolik enerjisi aktivitesini olumlu yonde
etkiledigini belirtmislerdir. Dahas1 ar1 siitii hiicredeki reaktif oksijen tiirlerinin temizleyicisi olarak
hareket ederek protein ekspresyonunu da arttirdigini tespit etmislerdir.

Bu ¢alismada Cizelge 6 ve Sekil 9°da verilen GSH diizeylerini incelediginde, CCls grubunda
GSH aktivitesinin en diisiikk oldugu, Karanfil (% 10) + CCls (10 mM) grubunda ise anlamli bir sekilde
azaldig1 belirlenmistir.

Cizelge 6. S. cerevisiae GSH aktivite tayini

Gruplar S. cerevisiae GSH Seviyesi (ug ml?)
Kontrol 32.12+3.778
Karanfil 33.01 +3.86%
CCly 19.76 + 2.38°¢
Karanfil + CCl4 26.91 +3.64°

a-c: Siitunlarda farkl harfi tasiyan gruplar arasi fark 6nemlidir (p < 0.05). One- Way ANOVA Post Hoc LSD Testi.
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Sekil 9. Glutatyon (GSH) seviyesi

Aslan (2021), Goji berry ekstraktinin S. cerevisiae kiiltiiriinde krom kaynakli oksidatif hasari
ortadan kaldirarak S. cerevisiae’nin hiicre biiylimesini arttirdigi sonucuna varmistir. Ajiboye ve ark.,
(2016), karanfil ekstraktinin Escherichia coli, Pseudomonas aeruginosa ve Staphylococcus aureus’a
kars1 antibakteriyel aktivitesi, oksidatif stres ve membran gecirgenligi arastirilmistir. Elde edilen
verilere gore, karanfil ekstraktinin Escherichia coli'de membran gecirgenligini ve oksidatif stresi
arttirdigini tespit etmislerdir. Nirmala ve ark., (2019), karanfil tomurcuklarindan elde edilen ugucu
yagin antiviral, antibakteriyel ve antikanser aktiviteye sahip oldugunu belirtmislerdir.

Kadri ve ark., (2018), karanfil bitkisinin yetiskin farelerde seryum kloriir kaynakli ndrotoksik
etkiyi azaltarak beyin doku hasarina kars1 etkili koruma sagladigini belirtmislerdir. Do ve ark., (2020),
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karanfil 6ziitiiniin, Nrf-2/Glo1 yoluyla AGE kaynakli glukotoksisite ve oksidatif stresi inhibe ederek
diyabet kaynakli bobrek hasarini iyilestirebilecegini tespit etmislerdir. Bakour ve ark., (2018),
sicanlarda hidrojen peroksit (H202) kaynakli karaciger, beyin ve bobrek doku hasarina kars1 karanfil
yagmin gii¢lii antioksidan koruma sagladigini tespit etmislerdir. Chniguir ve ark., (2019), karanfil
ekstraktinin  lipopolisakkaritlerin neden oldugu akciger iltihabina karst koruma sagladigini
belirlemislerdir.

Bu calismada Sekil 10°daki SDS-PAGE pelet ve silipernatant jel goriintiileri incelendiginde,
protein yogunlugunun CCls grubuna kiyasla Karanfil (% 10) ve Karanfil (% 10) + CCls (10 mM)
grubunda yiiksek oranda arttig1 gozlenmistir. CCls Serbest radikal iiretiminden yol agarak hiicresel
hasara neden oldugu i¢in CCls verilen grupta protein yogunlugunun azaldigi belirlenmistir. Bu
calisma sonucunda, karanfil bitki ekstraktinin, CCls’iin olusturdugu oksidatif hasar1 azaltarak ederek S.
cerevisiae’nin gelisimini arttirici aktiviteye sahip oldugu belirlenmistir.

Sekil 10. Pelet (a) ve siipernatant (b) protein bantlarinin SDS- PAGE goriintiisii. Bantlar; 1:Kontrol; 2: Karanfil; 3: CCla; 4:
Karanfil + CCl,4

Sreenivasan ve ark., (2020), karanfil ve Aloe vera ve dogal bilesenler i¢eren bir test macununun
dislere etkisini aragtirmiglardir. Kontrol dis macunu ile karsilastirildiginda bu dogal dis macununun dis
plag1 ve dis eti iltihabinda azalmalarin yan1 sira hiicresel biitiinliikteki gelismeleri temsil eden tiikiiriik
laktat dehidrogenazinda 6nemli azalmalarin oldugunu tespit etmislerdir. Chong ve ark., (2019), yesil
cay polifenollerinden biri olan epigallokatesin-3-gallat (EGCG)’in S.cerevisiae’de DNA onarim
yollarmni aktive ederek genom stabilitesini korumada oldukea etkili oldugunu belirlemislerdir.

Vicidomini ve ark., (2019), karanfil bitkisinin kiiresel bir salgin haline gelen koronaviriis (Covid-
19) tedavisinde antiviral aktiviteye sahip olup olmadigini arastirmuslardir. Ozellikle solunum yolu
rahatsizliklarini tedavi etmek i¢in kullanilan karanfil bitkisinin terapdtik etkisi ve farkl viriis tiirlerine
kars1 deneysel olarak kanitlanmis etkinligi sayesinde antiinflamatuar, immiin sistemi uyaric1 ve
antitrombotik aktiviteye sahip oldugunu belirtmislerdir. Karanfil ve bilesenlerinin Covid-19’un
onlenmesi ve tedavisinde etkili terapotik protokolleri gerceklestirmek ve yeni ilaglar tasarlamak icin
oldukga biyoaktif 6zelliklere sahip oldugunu belirtmislerdir.
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SONUC

Bu calismanin sonuglarina gore, karanfil bitki ekstraktinin S. cerevisiae’de total protein sentezini
tesvik ederek hiicre gelisimini anlamli bir sekilde arttirdigi belirlenmistir. Bu ¢alisma kapsaminda,
CCls eklenen gruplara kiyasla karanfil bitki ekstrakti eklenen gruplarda antioksidan savunma
mekanizma belirteglerinden biri olan GSH seviyesinin 6nemli 6l¢iide arttigi, hiicre iginde oksidatif
stres belirteci olan MDA diizeylerinin ise anlamli bir sekilde azaldigi tespit edilmistir.
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ABSTRACT: This study, which was conducted between 2020 and 2021 to record the traditional
medicinal plant usage culture of the inhabitants of Giiroymak (Bitlis), was the first to be conducted in
the district. Face-to-face interviews with individuals with advanced ethnobotanical knowledge were
conducted in the villages (29) of the district, and the medicinal plants which were used were gathered
and identified. The information gathered as a result of the interviews with 120 participants was
recorded for this purpose. As a result of the study, it was observed that 60 taxa from 26 families were
used to treat 30 different diseases. The most used medicinal plants were from the family “Asteraceae”
(13 taxa), followed by “Lamiaceae” (8 taxa), “Rosaceae” (7 taxa) and “Polygonaceae (3 taxa)”. The
usage value (UV) was calculated for each species. Malva neglecta, Rosa canina, Crataegus
pseudoheterophylla, Crataegus monogyna, Juglans regia, Crataegus orientalis, Rumex scutatus, Celtis
tournefortii, Alcea setosa, and Taraxacum kurdiciforme were the most commonly used taxa in the
study area. Furthermore, diseases for which medicinal plants were used were classified using The
International Classification of Primary Care (ICPC), accepted by the WHO, and the Informant
Consensus Factor (ICF) values for each disease category were calculated. Diseases with high ICF
values are digestive problems (27 taxa). This is followed by the respiratory and skin disease categories
(11 taxa for each).
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INTRODUCTION

Wild plants have had a significant impact on human life since the beginning of human history.
Human beings have made use of the plants around them, particularly as a source of food and as a
solution to solve health problems. The knowledge gained over time has been transferred to the present,
thus ensuring the development of ethnobotanical culture (Baytop, 1999).

Although traditional medicine is used for primary health care by about 80% of the world’s
population, for centuries, medicinal plants have been used to treat a wide range of ailments all over the
world. In fact, over fifty thousand of the world’s estimated 422.000 plant species are used for
medicinal purposes (Hamilton, 2004; Yesil and Inal, 2021).

Anatolia has been home to numerous ancient civilizations, and humans have used plants for
medical purposes since the Paleolithic period (Demir, 2020a). Moreover, due to its geographical,
geological, and climatic diversity, Turkey is among the countries with high biodiversity, with more
than twelve thousand plant taxa (Gliner et al., 2012). The number of endemic taxa is around four
thousand (Erik and Tarikahya, 2004). The variety of cultural and biological diversity has enriched
ethnobotanical uses. Although systematic ethnobotanical studies began Turkey in the mid-1990s
(Ertug and Giiner, 2014), about thousand medicinal plant species have been identified (Yesilada,
2005). Many ethnobotany investigations have been conducted in Turkey in recent years (Bozkurt and
Terzioglu, 2017; Oztiirk et al., 2018; Kilig et al., 2020; Giiler et al., 2020; Emre et al., 2021). Although
a large portion of these studies were conducted in the eastern Anatolian region (Behget and Arik, 2003;
Ozgokee and Ozgelik 2004; Polat et al., 2012; Dalar and Konczak, 2012; Kaval et al., 2014; Hayta et
al. 2014; Miikemre et al., 2015; Korkmaz et al 2016a,b).

Bitlis is one of the provinces that has yet to be ethnobotanical study explored. Hence the studies
available in this region are limited (Tabata et al., 1994; Demir, 2020a; b ). Because of the severe winter
circumstances and impossibilities, residents in Bitlis previously had difficulty in accessing health
institutions. As a result, the local people began to seek alternative medicines to find a solution for their
diseases (Tabata et al., 1994; Demir, 2020a). Due to these impossibilities, the inhabitants of the region
have been forced to employ a variety of medicinal herbs that grow naturally in the area.

The culture of this usage has improved through trial and error and has reached the present day.
The Giiroymak (Bitlis) district is one of the best examples of this. This study presents the first
ethnobotanical study carried out in the Giiroymak district. This study was carried out to scientifically
determine the medicinal plants used by the local inhabitants of the Giiroymak region and to record
their traditional knowledge.

MATERIALS and METHODS

Study Area

The research area is the a district of Bitlis Province, which is located the eastern Anatolian
region of Turkey. The Giiroymak district is located between 38°56'55” N and 42°03'14" E, covering an
area of 88,891 km2. Some regions in the district, which has an average altitude of 1400 m, may reach
2000 m. Giiroymak is located in the west of Lake Van near the eastern end of the Mus Plain in a flat
location between two mountain ranges extending westward and eastward. Nemrut Crater Lake and its
environs, located in the east of the district, extend westward. It is the world’s second biggest crater
lake and Turkey’s largest. In 2003, the Nemrut Caldera was declared as a Natural Monument; and in
2005, it was recognized as an Important Plant Area; and in 2006, it was designated as an Important
Nature Area (Akin and Seven, 2020). Kilhar Mountain, located in the south of the district, is an

extension of the eastern Taurus Mountains with a little westward slope (Figure 1).
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This study was conducted in all of the villages within Giliroymak district through interviews with
120 participants.
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Figure 1. The study area's geographic position. (Gliroymak).
Interviews with healer people
Face-to-face interviews with individuals with ethnobotanical knowledge and experience were
conducted. The opinions of 120 individuals, including 85 men and 35 women, were gathered, and the
information was recorded.

The participants were asked the following questions, and their responses were recorded.
What is the plant’s local name?

- For which disease are you using the plant?
- Which part of the plant are you using (seeds, roots, etc.)?
- How do you prepare the plant for usage (drying, grinding, making a tea)?
In addition, the participants’ information was recorded (name, surname, gender, age, education,
employment, etc.).
The participants were chosen based on the advice of the local elders in the villages where the
study was carried out. This category was consisted of people who had a lot of ethnobotanical expertise.
The interviews were conducted in accordance with the Code of Ethics of the International
Society of Ethnobiology. The study was declared verbally to the participants and their consents were
received verbally.

Collection and 1dentification of medicinal plant

Plant specimens were collected during the interviews with the participants between 2020 and
2021, and the information (GPS coordinates, locations, etc.) was recorded. Flora of Turkey was used to
identify the plant taxa (Davis, 1965-1985). In addition, Turkey Plants List was used (Giiner et al.,
2012).

The taxa were presented in alphabetical order. Because Bitlis Eren University does not have an
official herbarium, the collector number of the taxa listed in Table 2 was used instead of the herbarium
number, and the taxa were recognized and stored at the Biology Department of the University.

Classification of diseases

The diseases for which medicinal plants were used were classified using The International
Classification of Primary Care (ICPC), accepted by the WHO.

Medical ethnobotanists and ethno-pharmacologists can easily classify reported symptoms and
complaints with the ICPC in one of the “chapters” based on 17 body systems (Staub et al., 2015) Table
1.
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Table 1. Disease categories in which medicinal plants are used

A) General B) Blood blood forming organs C) Digestive D) Eye
E) Ear F) Circulatory G) Musculoskeletal H) Neurological
I) Psychological J) Respiratory K) Skin L) Endocrine, metabolic
M) Urology N)Pregnancy, childbirth 0) Female genital system and breast P) Male genital system
Q) Social
problems

Calculations

Usage value (UV)

The usage value (UV) index, developed by Phillips and Gentry (1993), is widely used in
ethnobotanical studies to assess the relative significance of species.

The following formula is used to compute it: UV = Xui / n.

here, ui is the number of uses for a given species stated by each informant, and n is the total
number of participants (Albuquerque et al., 2006)

The UV was computed for each of the identified taxa.

Informant consensus factor (ICF)
On the other hand, the informant consensus factor (ICF) was utilized to determine the

homogeneity of the information on specific plants that were used to treat a certain group of diseases.
The ICF value must be between 0 and 1. A high value (close to 1) indicates that relatively few taxa are
used by a large proportion of the healers, while a low value indicates that the informants disagree on
the taxa to be used in the treatment within a category of illness (Heinrich et al., 1998).

The below formula was used to calculate the ICF:

Nur—Nt
ICF = —— 6]

Nur: It is the total number of use reports for each illness group (as cardiovascular, gynecology
etc.)
Nt: It is the total number of plant species used in that disease category.

RESULTS and DISCUSSION

Traditional Medicinal Plants and Its Knowledge Related

Table 2 lists the scientific names and voucher numbers, the family native names, plant parts,
preparations, utilization methods, and diseases in Giiroymak. As a result of the study, it was
determined that 60 taxa belonging to 26 families were used in the treatment of 30 different illnesses.
While most of the taxa used in the study area were herbaceous plants, only 10 of these taxa were trees
(in the Rosaceae family in particular). According to the findings, the largest number of plants used was
from the Asteraceae family (13 species), which was followed by Lamiaceae (8 species), Rosaceae (7
species), and Polygonaceae (3 species) (Figure 2). Only one or two taxa were found in the other plant
families. Some medicinal plant taxa were also used as food. Asteraceae, Lamiaceae, and Rosaceae
were the families used for medicine at the most in other studies conducted around the eastern Anatolia
(Altundag and Ozturk, 2011; Cakilcioglu et al., 2011; Kaval et al., 2014; Tetik et al., 2013; Miikemre
et al., 2015; Demir, 2020a). In terms of the number of taxa in Turkey flora, these families are among
the richest (Davis, 1965-1985). These families also have antioxidant and anticoagulant activity effects
through their secondary compounds, such as phenols and flavonoids (Pawlaczyk et al., 2009; Michel et
al., 2020).
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Figure 2. The percentages of the most often utilized plant families

Table 2. List of plants used for medicinal purposes in Gliroymak

Family, Plant species, Collector Local Part used Preparati  Utilization Used uv
number names on method
ACANTHACEAE Parimiyan  Aerial parts Infusion Drink Stomachache 0.02
Acanthus dioscoridis L., UD001 5
AMARANTHACEAE Silmik Aerial parts Boiled Eat Stomachache 0.40
Amaranthus retroflexus L.,UD002
APIACEAE Kefcik Root Boiled or Eaten with Male 0.01
Ferula hausknechtii H.-Wolff ex Crushed honey infertility
Rech.f., UD008
Prangos pabularia Lindl, UD009
Kefkork Root Boiled or Eaten with Male 0.01
Crushed honey infertility
ARACEAE
Arum  rupicola  Boiss. var. Kari Root Decoction  Drink or Hemorrhoids 0.31
virescens  (Stapf) P.C.Boyce, Externally
UDO012
ASP.ARAGACEAE Hephebok  Bulb Crushing Ointment Skin wounds, 0.01
Ornithogalum sphaerocarpum with Hemorrhoids
AXKern., UD013 .
vaseline
ASTERACEAE
Achillea  biebersteinii ~ Afan, Pujang Aerial parts Infusion Drink or - Cough 0.09
UD014 Bath - Uterine
Achillea  schisckini  Sosn. ex Pujang Aerial parts Infusion Drink or Liver disease, 0.05
Grossh., UD015 Bath Cough,
Uterine
Anthemis cotula L, UD016 Papatya Aerial parts Infusion Drink or Stomachache, 0.21
Bath Asthma
Intestinal pain
Cota tinctoria (L.) J.Gay var. Papatya Aerial parts Infusion Drink or Stomachache, 0.05
tinctoria., UD017 Bath Asthma
Intestinal pain
Arctium  minus  (Hill) Bernh,, Belghew¢z  Aerial parts Cmshing Ointment Dermatitis 0.30
UD018 with
vaseline
Artemisia vulgaris L., UD020 Gézik Aerial parts Infusion Drink Stomachache 0.05
Centaurea virgata Lam., UD022 Sivnik Aerial parts Infusion Drink Stomachache 0.01
Cichorium intybus L., UD023 Indiba Aerial parts Infusion Drink Liver disease  0.30
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Table 2. List of plants used for medicinal purposes in Giiroymak (continued)

Lactuca serriola L., UD026

Onopordum candidum Nabeélek,
UD027 i
Scorzonera latifolia DC., UD028

Taraxacum kurdiciforme
G.E.Haglund, UD030
Tragopogon coloratus C.A.Mey.,
UD031

BORAGINACEAE

Anchusa azurea Mill., UD033
CAMPANULACEAE
Campanula stricta L. UD035
CANNABACEAE

Celtis tourneforti Lam., UD036
CARYOPHYLLACEAE

Silene dichotoma Ehrh., UD037
CUCURBITACEAE

Bryonia alba L., UD040
ELAEAGNACEAE

Elaeagnus angustifolia L,
UD041

EQUISETACEAE

Equisetum arvense L., UD042
EUPHORBIACEAE
Euphorbia  denticulata
UD043

Lam,,

Euphorbia esula L., UD044

HYPERICACEAE

Hypericum  perfoliatum L.,
UD050

Hypericum scabrum L., UD051
JUGLANDACEAE

Juglans regia L., UD053
LAMIACEAE

Phlomis rigida Labill,, UD057
Salvia  microstegia Boiss. &

Balansa, UD058

Salvia nemorosa L., UD059
Salvia poculata Nab, UD060
Salvia virgata Jacq., UD061

Stachys cretica L., UD062
Stachys lavandufolia
UD063

Teucrium polium L., UD064

Vahl,

MALVACEAE
Alcea  setosa
UD067

Malva neglecta Wallr., UD068

(Boiss.)  Alef,,

Gula kewe
Hiyaro

Giya
nérebend

Hindiba
Siping
Guris
Ugurotu
Tewo
Cantir
Kondirebej
i

Pisavt
Giyagezik

Gosil

Gosil

Kantarona
zer

Kantarona
sor

Goz
Cantiyana
Belghekim
Belghekim

Belghekim
Cantiyana

Cantiyana
Bares
Giyawerm
en

Héro

Tolik

Aerial parts
Seed

Aerial parts

Aerial parts
Aerial parts
Aerial parts
Aerial parts
Fruit

Aerial parts
Root

Fruit

Aerial parts

Latex

(*It should be
used with caution
certain

and in
doses)
*Latex

Aerial parts

Aerial parts

Fruit

Aerial parts and

flower
Aerial parts

Aerial parts

Aerial parts
Aerial parts

Aerial parts
Aerial parts

Seed

Aerial parts Seed

Aerial parts

Infusion
Crushed

Crushed,
Infusion

Infusion

Eaten raw

Infusion
Eaten raw
Infusion
Crushed

Eaten raw

Infusion

Drink

Drink

Infusion

Infusion
Eaten raw
Infusion
Crushed
Infusion

Eaten raw,
Infusion

Infusion
Infusion
Crushed,

Infusion

Infusion
Crushed

Infusion

Drink
Eaten with
honey
Eaten with
honey,
Drink
Drink

Eat

Drink
Drink

Eat

Drink
Chew

Eat

Drink

Drink,
Externally

Drink,
Externally
Drink
Drink

Eat

Drink
Externally
(Ointment)
Drink

Eat, Drink
Drink

Drink
Drink

Drink

Drink
Ointment,

Drink

Cough,
Hoarseness
Hemorrhoids

Sinusitis

Liver disease

Stomachache

Liver disease
Stress

Diarrhea
Stomachache

Hypertension,
Diabetes
Cough,
hoarseness

Urinary
calculus,
Diarrhea,
Dermatitis

Diarrhea,
Dermatitis
Eye pain

Eye pain

Hypertension,
Cholesterol
Cough,
Stomachache
Dermatitis

Stress
Stress
Anemia
Urinary
infection
Headache
Headache
Anemia
Toothache
Rheumatism
Cough
Diabetes
Stomachache
Dermatitis

tract

Stomachache

0.03

0.01

0.01

0.41

0.27
0.02

0.42

0.02

0.01

0.01

0.01

0.05

0.05

0.02

0.02
0.44
0.02
0.04
0.01

0.01
0.03

0.03

0.05

0.01

0.42

0.45

Table 2. List of plants used for medicinal purposes in Giiroymak (continued)
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ORCHIDACEAE Hephebok  Bulb Crushed Ointment Hemorrhoids 0.02

Dactylorhiza iberica (M. Bieb. ex
Willd.) Soé, UD069

PAPAVERACEAE Biikok Aerial parts Infusion Drink Indigestion, 0.11
Papaver persicum Lindl., UD070 Skin care
Papaver rhoeas L., UD071 Biikok Aerial parts Infusion Drink Indigestion, 0.12
Skin care

PLANTAGINACEAE Tlandilan Leaves Crushed Ointment, DermatitisSto  0.13
Plantago atrata Hoppe, UD072 Infusion Drink machache
Plantago media L., UD073 Belgetehl Leaves Infusion Drink Mouth sore 0.13
POLYGONACEAE Havilok Leaves Eatenraw  Eat Stomachache 0.21
Rumex crispus L., UD076
Rumex scutatus L., UD077 Tirsok Leaves Eatenraw  Eat Stomachache 0.42
Rumex tuberosus L., UD078 Tirsok Leaves Eatenraw  Eat Stomachache 0.41
RANUNCULACEAE Senemene  Aerial parts Crushed Eaten with Cough 0.02
Thalictrum minus L., UD080 ki honey
ROSACEAE Bilanok Fruit juicing Drink Heart diseases  0.45
Crataegus  monogyna  Jacq.,
UDO081
Crataegus orientalis Pall. ex Giihij Fruit juicing Drink Heart diseases  0.44
Bieb., UD082
Crataegus  pseudoheterophylla  Givij Fruit juicing Drink Heart diseases  0.45
Pojark., UD083
Malus sylvestris Mill., UD084 Sév Fruit Eatenraw  Eat Anemia 0.35
Prunus spinosa L., UD085 Alicark Fruit Eatenraw  Eat Diabetes 0.05
Rosa canina L., UD086 Silan Fruit Eatenraw  Eat Asthma 0.45
Rubus caesius L., UD08S Tuntirk Fruit Eaten raw Eat Anemia 0.36
SCROPHULARIACEAE Denekutnu  Aerial parts Crushed Ointment Skin itching 0.02
Scrophularia  scopoli  Loisel., Boiled
UD089
URTICACEAE Duvarfesle  Aerial parts Infusion Drink Cough 0.06
Parietaria juadica L., UD090 geni
Urtica diocia L., UD091 Gerzink Aerial parts Crushed, Ointment Indigestion, 0.40

Cooked Drink, Eat  Hair care,

Toothache

Parts of plant used, preparation, and utilization methods

The aerial parts (27) of medicinal parts were the most widely used in the medicinal plants to treat
diseases, followed by the leaves (12), fruit (10), roots (4) and latex, bulbs, seeds (2 or 3 for each)
(Figure 3). The most common method of preparation was infusion (31), because it is probably the most
practical preparation method. Plant parts such as aerial parts and leaves were used in this preparation
method because they are thin. As a result, most of the ethnobotanical studies in Turkey have come to
the same conclusion (Kaval et al., 2014; Ozdemir and Alpinar, 2015; Miikemre et al., 2015; Dalar et
al., 2018). After being dried, the aerial parts or leaves of the plants were used in infusions. The liquids
obtained through infusion were generally consumed by drinking. This method is followed by crushing
(15) and eaten raw (11). The others (boiled, decoction etc.) were rare. For the plant parts such as seeds
and roots, the crushing method was used. This method is applied to maximize the use of the secondary
metabolites found in these coarse parts. Crushed plant parts, such as leaves and bulbs, were commonly
used to make ointments. Medicinal plants that were eaten raw were used to treat internal diseases such
as stomach aches and diarrhea. Supplementary materials were sometimes used in the medicinal plants
(Ekpo et al., 2008; Tugume et al., 2016). Sweeteners such as honey, for example, were used when
eating unpleasant Onopordum candidum seeds or the roots of plants such as Ferula hausknechtii, and
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Prangos pabularia or vaseline was applied to wounds to improve the adherence of the plants, such as
Ornithogalum sphaerocarpum and Arctium minus, which were used to treat skin diseases.

0 5 10 15 20 25 30
m Flowers m Latex Fruits
= Seed = Leaves Bulb
m Root m Aerial Parts

Figure 3. Used parts of plants

Demographic characteristics of participants
120 informants were interviewed, including 85 men (70.84%) and 35 women (29.16%). Most of

the participants were at the of age of between 45-65. The educational background of most of the
participants was at the level of illiterate or primary school (70.84%) (Table 3), and most of these were
women. The social and cultural circumstances in the south-eastern and eastern Anatolian areas
contributed to the lack of female participants. The findings were consistent with the ethnobotanical
studies in these regions (Kaval et al., 2014; Miikemre et al., 2015; Cakir, 2017; Demir, 2020a).

Table3. Classification of participants according to their demographic feature

Total people Status Number of people Percent (%)
Gender Man 85 70.84
Women 35 29.16
Age groups 25-44 39 32.50
45-65 66 55.00
Over 65 15 12.50
Literacy level Illiterate or Primary 96 80.00
Middle, High) 13 10.83
University 11 9.17

Diseases to be treated with medicinal plants
The International Classification of Primary Care (ICPC), accepted by the WHO, was used to

classify the diseases treated with medicinal plants in the study area.

Diseases in which medicinal plants are used in the area are categorized according to International
Classification of Primary Care (ICPC). The most used medicinal plants in Giiroymak were used for
Digestive problems (27 species). And, it was followed by respiratory and skin diseases (11 species for
each), general diseases (7), blood diseases (6), neurologic (5), psychological and endocrine metabolic
(3 species for each) (Table 4, Figure 4).
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Figure 4. The most prevalent illnesses cured by medicinal plants in Giiroymak

Calculations

Usage value (UV)

The most used taxa were: Malva neglecta (UV 0.45), Alcea setosa (UV 0.42), Rosa canina (UV
0.45) Crataegus pseudoheterophylla (UV 0.45), Crataegus monogyna (UV 0.45), Juglans regia (UV
0.44), Crataegus orientalis (UV 0.44), Rumex scutatus (UV 0.42), Celtis tournefortii (UV 0.42), and
Taraxacum kurdiciforme (UV 0.41). Some taxa have low x values. This is because the number of

participants giving specific information about these taxa is low.

Malva neglecta is one of Anatolia’s most frequently used medicinal and edible plants (Turan et
al., 2003; Ozbucak et al., 2006; Dalar et al., 2012; Ozgen et al., 2012; Ozdemir and Alpinar 2015;
Giines et al., 2017; Kayabas et al., 2018). The usage of the genus Rosa, which is consisted of a large
number of species, is widespread in Turkey as medicinal plants (Sargin et al., 2013; Han and Bulut,
2015). Crataegus taxa in Turkey contain high levels of antioxidants and antimicrobials (Gliven et al.,
2006; Ozyiirek et al., 2012). Walnut (Juglans regia) used for its therapeutic purposes, is extremely

prevalent in Bitlis Province (Ozgdkge and Ozgelik, 2014; Demir, 20204a).

Table 4. The categories of diseases and the values of the informant consensus factor

(ICF)

Disease Categories Diseases for which medicinal plants Total number Number of use ICF

According to the ICPC were used in Giiroymak of species (Nt) report (Nur)

approach

A. General Hemorrhoids, hoarseness, mount 4+2+1=7 44456+16= 0.94
sore 116

B. Blood, blood forming Cholesterol, Anemia, Heart diseases, 1+4+1=6 53+11+161=

organs 225

C. Digestive Stomachache, liver diseases, 15+4+2+3+3= 298+99+15+63+77=5 0.97
intestinal pain, diarrhea, indigestion 27 52

D. Eye Eye pain 2 58 0.98

E. Ear -

F. Circulatory Hypertension 2 55 0.98

G. Musculoskeletal Rheumatism 1 2

H. Neurological Sinusitis, headache, toothache 14+24+2=5 2+11+2=15 0.71

I. Psychological Stress 3 10 0.77

J. Respiratory Cough, asthma 8+3=11 90+32=122 0.91

K. Skin Dermatitis, skin wound, skin care, 6+1+2+1+1=11 124+2+28+3+49= 0.95
skin itching, hair care 206

L. Endocrine, metabolic Diabetes 3 15 0.85

M. Urology Urinary  calculus, wurinary tract 1+1=2 1+4=5 0.75
infection

N. Pregnancy, childbirth Uterine 2 18 0.94

O. Female genital system - - -

P. Male genital system Male infertility 2 4 0.66

Q. Social problems
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Informant consensus factor (ICF)
In Giiroymak district, plants are used for the treatment of 30 different diseases. These diseases

were categorized according to The International Classification of Primary Care (ICPC) (14 categories),
and ICF values of each category were calculated. The highest ICF score was in the Eye pain and
Hypertension diseases (0.98 each), followed by the digestive category (0.97), Skin problems (0.95),
then Hemorrhoids, hoarseness, mount sore (0.94) and Uterine (0.94) diseases. Due to harsh conditions
and impossibilities, in ancient times, the people of Giiroymak developed traditional ways to treat
sudden-onset diseases such as severe earaches and high blood pressure. In the Eastern Anatolia region,
it is common for people to use plants for stomach diseases. Stomach diseases are the most complained
disease group in these regions (Cakilcioglu et al., 2011; Kaval, 2014; Miikemre 2015; Demir, 2020a).

CONCLUSION

Plants are among most valuable natural resources of a country since they are essential for the
continuation of life. They have been utilized to cure diseases in almost every civilization. Anatolia has
a long history of therapeutic plant use. Throughout history, it has been home to several civilizations.

Long ago, the people who lived in locations such as Bitlis, where access to health care was
difficult owing to tough topographical structures and severe winter circumstances, began to seek for
alternative treatments for their diseases. Without doubt, the region’s vast plant diversity had a major
influence on alternative approaches. Thus, a rich ethnobotanical culture was formed there.
Unfortunately, newer generations are not aware of the importance of this information. At the same
time, the number of people who possess this information is steadily reducing. As a result,
ethnobotanical information must be documented as quickly as possible. Ethnobotanical studies are
significant because they include useful information that has been obtained by trial and error and passed
down from one generation to another over a long period of time. The goal of this study is to document
the plant usage culture of the local people in the Giiroymak district, which has a large plant diversity
and accumulation of knowledge about plants.
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Bal Arilariin Sindirim Kanalinda Bulunan Probiyotik Kékenli Bifidobacterium sp.’nin Enzimatik ve
Bibliyometrik Analizi
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OZET: Bal arilar1 (Apis mellifera) bal, polen, arisiitii, propolis, bal mumu ve ar1 zehiri gibi iiriinleri iireten ve bircok dogal
ve endiistriyel bitkinin tozlasmasinda vektor islevi goren essiz bir siiper organizmadir. Son zamanlarda meydana gelen
koloni kayiplar1 sebepleri arasinda bagirsak mikroflorasinin etkisi ve buna bagli olarak bagisiklik sistemi 6n plana
¢tkmaktadir. Arilarin sindirim tiiplinde bulunan bakterilerin ¢esitliligi ve yogunluklari sonucu bagigiklik sistemleri
etkilenebilmektedir. Bu etkinin olumlu yonde olabilmesi i¢in bagirsak mikroflorasinin dogal ve dengeli olmasi
gerekmektedir. Bagirsakta bulunan bakteri popiilasyonlart arasinda 6nemli bir yere sahip olan probiyotik kdkenli
Bifidobacterium sp.’nin sahip oldugu enzim aktivitesi hem diger simbiyont mikroorganizmalar iizerinde hem de
konakg¢imin beslenmesinde kritik bir etkiye sahiptir. Bundan dolay1 bu ¢alismamizda Bifidobacterium sp.’nin 6nemini
vurgulamak i¢in enzim aktivitesi ve bibliyometrik analizler yapilmistir. Optimum glikozit hidrolaz enzim aktivitesinin
hesaplanmasi igin farkli pH, sicaklik ve substratlar tercih edilmistir. Enzim aktivitesinin analizi sonucu Bifidobacterium
sp.’nin glikozit hidrolaz etkinligi (pH 5.0 ve 30°C) tespit edilmistir. Iniilin substratinin daha fazla kullanilmas1 probiyotik
Bifidobacterium sp. i¢in dogal prebiyotik kaynagi oldugunu géstermistir. Ayni1 zamanda yeni nesil prebiyotik kaynagi
olarak bilinen ksilanin hidrolizi de ger¢eklesmistir. Bibliyometrik analiz igin Web Of Science ile Scopus veri tabanindaki
korelasyon baglantilart VOS viewer yazilimi yardimiyla sonuglandirilmistir.

Anahtar Kelimeler: Apis mellifera, Bifidobacterium, Probiyotik, Bibliyometrik Analiz, Enzim Aktivitesi

Enzymatic and Bibliometric Analysis of Bifidobacterium sp. of Probiotic Origin in The Based Digestive Tract of
Honey Bees

ABSTRACT: Honey bees (Apis mellifera) are a unique super organism that produces products such as honey, pollen,
royal jelly, propolis, beeswax and bee venom and serves as a vector for pollination of many natural and industriyal plants.
The effect of intestinal microflora and, accordingly, the immune system come to the fore among the causes of colony
losses that have occurred recently. The diversity and densities of bacteria in the digestive tube of bees are affected by their
immune systems. In order for this effect to be positive, the intestinal microflora must be natural and balanced. The enzyme
activity of the probiotic-derived Bifidobacterium sp., which has an important place among the bacterial populations in the
intestine, has a critical effect on both other symbiont microorganisms and the nutrition of the host. Therefore, in this study,
both glikozide hidrolase enzyme activity analysis and bibliometric analysis were performed to emphasize the importance
of Bifidobacterium sp. Different pH, temperature and substrates were preferred to calculate the optimum enzyme activity.
As a result of the analysis of the enzyme activity, the glycoside hydrolase activity (pH 5.0 and 30°C) of Bifidobacterium
sp. was determined. Further use of inulin substrate has shown that it is a natural prebiotic source for this probiotic
microorganism. At the same time, the hydrolysis of xylan, which is known as a new generation prebiotic source, has also
taken place. For bibliometric analysis, correlation links in Web of Science and Scopus database were concluded with the
help of VOS viewer software
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GIRIS

Bal arilar1 (Apis mellifera), bitki iiretimi ve kiiresel gida giivenligi i¢in vazgecilmez siiper
organizma olarak nitelendirilen diger tozlastirici tiirler ile beraber polinasyonda 6nemli rolii olan
dinamik, ekolojik ve kiiltiirel etkiye sahip sosyal boceklerdir (Seeley, 1989; Gill ve ark. 2016; Daisley
ve ark., 2020). Bal arilarmin (Apis mellifera L.) gastrointestinal sisteminde, ¢esitli patojenlere karsi
savunmada, bazi metabolik faaliyetlerde, ar1 iirlinlerinin iretiminde, beslenmesinde ve bagisiklik
sisteminde gorev alan mikroflora olarak adlandirilan mikroorganizma topluluklar1 mevcuttur (Engel
ve ark., 2012; Suyabatmaz, 2020). Bagirsak mikroflorasi arinin performansini etkileyen en onemli
faktorlerden biridir. Ciinkii bagirsak mikroflorasi kuvvetli olan bir arinin bagisiklik sistemi de kuvvetli
olmaktadir (Konang ve Ozturk, 2020). Bundan dolayr bal arilarimin sindirim kanalinin 6nemi
artmaktadir (Kwong ve ark., 2016; Yazdic ve ark.,2020).

Mikroorganizmalar bal arisinin intestinal (bagirsak) sisteminde bulunan midgut (orta bagirsak),
ileum (ince bagirsak) ve rektum (kalin bagirsak) adi verilen kisimlarda bulunup, ari topluluklar
arasinda tiir diizeyinde farkliliklar gostermektedir. Bal arilarinin larva déoneminde veya yeni ortaya
cikan isci arillarin  mikroflorasinda ya c¢ok az bakteri topluluguna ya da herhangi bir bakteriyel
popiilasyona rastlanmaz (Martinson ve ark.,2012). Bal arilarindaki bagirsak mikroflorasina; kullanilan
kimyasallar, iklim, bitki varligi, besin kaynaklari, kovanda bulunan arilarin yas1 ve diger bir ¢ok faktor
etkili olmaktadir (Aldemir ve ark., 2019).

Arilarda bulunan ve konak¢inin sagligina, fizyolojisine, ayni zamanda hayatta kalmasina énemli
Olcide katki saglayan bu mikroorganizmalar (Garcia-Mazcorro ve ark., 2019) memelilerde
gozlemlenen bulagsma moduna benzer sekilde bireyden bireye aktarilabilmektedir. Diger bir ifade ile
arilar arasinda sosyal temas, nektar, kovan materyalleri ya da trofallaksis (besinlerin aktarilmasi fekal-
oral veya oral-oral) yoluyla bulagsmaktadir (Kwong ve ark., 2016).

Bal aris1 bagirsak florasinda siirli sayida bakteri tlirleri mevcuttur. En fazla yogunluk arka
bagirsakta bulunmakta ve bagirsak mikrobiyotasi basit ancak tutarli bir yapiya sahip olmaktadir (Fries
ve ark., 1997; Engel ve ark., 2012; Kwong, 2017; Zheng ve ark., 2018). Bal arilarinin sindirim
sisteminde gliniimiize kadar izole edilmis ve tanimlanmis dokuz bakteri tiiri bulunmaktadir. Bu
mikroflorada yer alan bes tiir her ergin is¢i arinin intestinal sisteminde dominant olarak bulunmaktadir.
Bu bakterilerden Snodgrassellaalvi ileum duvarinda, Gilliamellaapicola ileum lumeninde,
Lactobacillus sp.tirlerindenL. apis, L. helsingborgensis, L. kimbladii, L. kullabergensis, L.
melliventris ileum ve rektum’da bulunmaktadir. L. mellifer ile L. mellis rektum ve
Bifidobacteriumsp. 'ye ait olan B. asteroides, B. coryneforme, B. indicum rektum bélgesinde yayilis
gostermektedir. Diger dort tir ise Bartonellaapis, Apibacteradventoris, Frischellaperrara ve
Acetobacter sp. birgok is¢i arida tanimlanmis ancak hepsinde bulunmamaktadir (Kwong ve ark.,
2016).

Bu bakteri florasi arasinda Lactobacillus sp. veBifidobacterium sp. tiirleri probiyotik 6zellikleri
bulunan bakteri cinsleri olmakla birlikte (Baffoni ve ark.,2016;Alberoni ve ark.,2018; Borges ve ark.,
2021) ozellikle Bifidobacterium cinsi bakteriler arilarin sindirim sisteminde arka bagirsak kisminda
daha fazla bulunan (Alatawy ve ark.,2020) ve arilardaki karbonhidrat metabolizmas: iizerindeki
etkinligi, immiin sistemindeki regiilasyonu ve patojen mikroorganizmalarin gelisimini inhibe edicli
ozelligi ile 6n plana ¢ikan 6nemli bir bakteri toplulugudur (Panjad ve ark., 2021).

Bal arilarin gastrointestinal sisteminde bulunan bu bakteri topluluklarinin sindirim kanalindan
defaunasi sonucu arilarin bagisiklik sistemi ¢oker ve arilarda 6limler meydana gelir (Traynor ve ark.,
2016; Daisley ve ark., 2020). Ar1 6liimleri sonucu koloni kayiplari ortaya ¢ikmaktadir. Bal aris1 koloni
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kayiplari, hem ekonomik hem de ekolojik diizeyde olumsuz etkilere sahip olmasindan dolay1 son
yillarda 6nemi artan bir arastirma konusu olmustur. (Ilijevic¢ ve ark.,2021).

Bu calismamizda arilarin sindirim kanalinda bulunan ve arilarin bagisiklik sistemi iizerinde
dolayli yoldan etkiye sahip probiyotik kokenli Bifidobacterium sp.’nin in vitro kosullarda optimum
enzim aktivitesi belirlenmis ek olarak bu bakteri toplulugunu arilar tlizerinde olduk¢a O6nemli bir
karaktere sahip oldugunu gostermek i¢in bibliyometrik analizi de yapilmistir.

MATERYAL

Bu ¢alismada probiyotik kokenli Bifidobacterium sp. igin iki farkli analiz yontemi tercih
edilmistir. ilk olarak sahip oldugu glikozit hidrolaz enzim aktivitesinin degerlendirilmesinde iniilin,
seliiloz, avisel ve ksilan susbstratlar1 tercih edilmistir. Ikinci analizde bu mikroorganizmanin bal arisi
sindirim kanalindaki dneminin vurgulanmasi igin Web of Science, Scopus veri tabani ve Vosviewer
yazilimi kullanilmistir.

Enzim Aktivitesi

Kahramanmaras ~ Siitgii Imam Universitesi Biyoteknoloji ve Genetik Miihendisligi
Laboratuvarinda stok kiiltiir olarak bulunan Bifidobacterium sp. (GMLB-HY) anaerobik kosullar
altinda MRS besi ortamina sistein ilavesi yapilarak canlandirilmig ve yaklagik olarak 48 saat 37°C’de
inkiibasyona birakilmistir (Delgado ve ark., 2019). Enzim aktivitesi Miller (1959) yontemine gore
yapilmis ve optik yogunluk (OD600) 6l¢iimii yapilarak yaklasik olarak 6 log CFU/ml (0,800) degerine
ulagincaya kadar bakteri gelisimi devam ettigi belirlenmistir. Substrat se¢imi yapilirken ilk olarak
prebiyotik kokenli olan iniilin ile potansiyel prebiyotik kaynagi olan oligofruktoz yapili ksilan (Kolida
ve ark., 2000;Salas ve ark., 2021) ve bazi simbiyotik mikroorganizmalarin sahip oldugu hidrolaz
enzimleri ile hidrolize olabilen seliiloz (Blaut, 2002) ile seliilozla benzerlik gosteren ancak farkli
kristal yapil1 avisel (Cheng ve ark., 2011) substratlari tercih edilmistir.

Bibliyometrik analiz ve haritalama

Analizi yapilacak olan konu bagliklar1 bal arilarindaki giincel sorunlar 6n plana alinarak
belirlenmis ve arastirilmistir. Bu aragtirmalar sonucu veri tabaninda aranacak olanan anahtar kelimeler
siras1 ile ‘honey bee’ve ‘Bifidobacterium’ olarak tespit edilmis, elde edilen sonuglar ise grafik ve
tablolar haline getirilerek incelenmistir. Anahtar kelimeler girildikten sonra VVosviewer (version 1.6.14
Center for Science and Technology Studies, Leiden University, The Netherlands) yazilimi yardimu ile
aralarindaki korelasyon haritalamas1 yapilmigstir.

BULGULAR ve TARTISMA

Enzim Aktivitesi Sonuclari

Bifidobacterium sp. hem memeliler hem de diger hayvanlar i¢in en iyi probiyotik
mikroorganizma olup sindirim kanali ve konak¢inin sagligini olumlu yonde etkiledigi bilinmektedir
(Scourboutakos, 2010). Bal arilarin sindirim kanalinda 6nemli gorevi bulunan ve hiicre dis1 sindirim
faaliyeti sonucu olusan organik monomerlerin hem kendisi hem de bulundugu konakg¢1 i¢in 6nemli
olmasindan dolay1 calismamizda hiicre dis1 olarak ifade edilen siipernatant enzim aktitesine
bakilmistir. Probiyotik mikroorganizmalarin kullandigi en iyi bitkisel substrat olan iniilin, seliiloz,
avisel ve ksilan substratlar tercih edilmis, bu substratlar i¢in farkli pH ve sicaklik altinda gelisimini
tamamlayan bakterilerin enzim aktiviteleri hesaplanmistir (Sekil 1 ve Sekil 2).

Sicaklik protein yapili organik bir bilesik olan enzimlerin c¢aligmasi tiizerine etki eden
onemlifaktorler arasindadir. Canlilarin sahip oldugu enzimler optimum bir sicaklik derecesine sahiptir.
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Bifidobacterium sp i¢in yapilan sicaklik-enzim aktivitesi ¢aligmasi sonucu 30°C altinda substratlarin
katabolizmasinin optimum diizeyde oldugu goriilmiistiir.

Bazi Bifidobacterium cinslerinin ksilan, avisel ve seliiloz gibi substratlar1 kullanamadigr ama
rediiksiyon icin gerekli oldugu bilinmektedir. Zeybek ve ark.(2021) yaptig1 calismada ksilan
substratin1 bazi tiirler hari¢ direkt olarak kullanamadigim1i ancak bagirsakta gelisimi igin gerekli
oldugunu gostermislerdir. Qiu ve ark. (2020) ise ksilanin bazi Bifidobacterium cinsleri iizerinde
potansiyel prebiyotik bir kaynak olabilecegini ifade etmislerdir. Sanchez-Portilla ve ark. (2021) yaptig1
calismada seliilozu substrat olarak kullanarak sayisal artisin ¢ok net oldugunu gostermislerdir. Avisel
kullanim1 fazla olmadigi bilinen Bifidabacterium cinsleri i¢in ¢alisma sonucunda da avisel substratini
fazla kullanamadigi gosterilmistir. Calisma sonucu olarak iniilin substratin1 en iyi sekilde hidrolize
ettigi gorilmistiir (Sekil 1).

SICAKLIK-ENZIM ETKINLIGI SICAKLIK-ENZIM ETKINLIGI
_ 40
8 10
E 30 E 2 1
g 20 W Inulin % 6 [ ® inulin
= 10 m Seliiloz S 4 m Seliiloz
E b Al [ [ I | LI L. . E 2
g 0 Avisel 0 - Avisel
15 20 25 30 35 40 45 50 55 : :
W Ksilan 152025303540455055 ™ Ksilan
Sicakhk *C -
Swcaklik °C
A) Siipernatant spefisifik aktivite B) Siipernatant toplam aktivite

Sekil 1. Bifidobacterium sp’ ye ait hiicre dis1 (siipernatant) sicaklik - enzim aktivitesi

Enzimin aktivite gosterebilmesi ve hayvanlarin sindirim kanalinda bulunan simbiyotik
mikroorganizmalarin geligebilmesi i¢in sicaklik disinda uygun bir pH’a ihtiya¢ vardir. Arilarin
ozellikle rektum bolgesinde kolonize olan ve gelisimi i¢in uygun pH araliginin 4-5.5 arasinda oldugu
bilinen Bifidobacterium sp. igin yapilan ¢alismada hem gelisim gosterdigi hem de enziminsubstrati
optimum diizeyde kulladig1 en iyi pH degeri 5.0 olmustur (Sekil 2).

pPH-Spesifik Aktivite pH-Toplam Aktivite
35 10
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5 25 _ =
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= 5 o —<—Ksilan 2 Ksilan
a - 0 L= 2
335445555665 335445555665
A) Siipernatant spefisifik aktivite B) Siipernatant toplam aktivite

Sekil 2. Bifidobacterium sp’ ye ait hiicre dis1 (siipernatant) pH - enzim aktivitesi

Bibliyometrik analiz sonug¢lari

Gida ve Tarim Orgiitii (FAO) verileri incelendiginde yillara gére kovan sayisinin artmasina
ragmen bal iiretiminin ayni seviyede artis gostermemesi kovanlarda koloni kayiplarinin gézlendiginin
ve bu kayiplarinda bir agiklamasinin olabilecegi diisiiniilmektedir. Diinyada nektar oraninin yiiksek
oldugu bitkilerin 3/4’ii iilkemizde yetismektedir.Ulkemiz kovan varligi bakimindan diinyada Cin’den
sonra li¢lincii sirada yer almaktadir. Ancak kovan basina diisen bal verimi ise yillara gore degisiklik
gostermekle birlikte ortalama ortalama olarak 2019 da 13-15 kg kadar iken 2019-2021 arasinda
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%1,3’1iik artis olmustur (Sogiit ve ark., 2019; Tiiik, 2021). Yapilan ¢alismalarda Tiirkiyenin bazi
bolgelerinde koloni kayiplarinin biiylik kismmin koloni ¢okmesi, yavru ¢liriikliigii, nosema, varroa
zararlis1 gibi etmenlerden kaynaklandig: diistiniilmektedir (Kutlu ve Giil, 2021).

Ozellikle koloni kayiplart arasinda arilarin  bagirsak  sisteminin de etkisi oldugu
goriilmiistiir. Arilarin bagirsak sitemine etki eden antibiyotik gibi abiyotik faktdrler ve parazit ile
patojenler gib biyotik etkenler bagirsak florasi lizerinde olumsuz etkiye sahip olmakla birlikte arilarin
bagisiklik sistemini negatif diizeyde engellemektedir (Aldemir ve ark., 2019). Bundan dolay1 bu
calismada bibliyometrik analiz raporu bu dogrultuda hazirlanmistir. Buna gore sindirim kanalinin
mikrobiyotasinda bulunan probiyotik yapili Bifidobacterium sp.’nin 6nemini vurgulamak i¢in yapilan
analizde bu mikroorganizma igin farkli bilim dallarinda da aktif olarak incelendigi goriilmiistiir (Sekil
1).

Analiz sonucu olusan yiizdelik dagilima goére en fazla ¢alismanin Web of Science veri tabim
kayitlarinda mikrobiyoloji alaninda oldugu, Scopus veri tabaninda ise Ziraat ve Biyoloji alaninda daha
fazla arastirma yapildig1 goriilmiistiir. Analiz sonucu mikrobiyoloji alaninda yapilan c¢aligmalar ile
ilgili taramalarda glincel olarak c¢ok sayida yayin oldugu goriilmiis ve bunlar arasindan de Melo ve
ark.(2020) yaptig1 calismada ‘Kuzeydogu Brezilya'nin yar1 kurak bolgesinde ignesiz arilar tarafindan
tiretilen monofloral ballarin Lactobacillus acidophilus ve Bifidobacterium lactis'e dogru prebiyotik
aktivitesi’ arastirilarak probiyotik mikroorganizmalarin 6nemi tekrardan vurgulanmistir. Ayni
zamanda Geldert ve ark.(2021) arilarda bagirsak florasi iizerine fitokimyasallarin etkisini aragtirmasi
ve Borges ve ark.(2020) bal arilarinda bulunan Nosema gibi parazitler lizerine probiyotiklerin ve
prebiyotiklerin etkisi lizerine ¢aligmalar bulunmaktadir. Bagka bir ifade ile mikrobiyoloji alaninda
yapilan calismalarin agirlikli olarak bagirsakta bulunan bakteriyel flora iizerinde gergeklesmis

olmasidir.
Molekuler

Calisma Alanlari sy Galisma Alanlari
Multi Disipliner e o
: 13:,:} Biyoloji Biyoteknoloji

27% 13%

Genetik
16%

Multidisipliner
- 20%

A) Scopus veri tabani B) Web of Science veritabani
Sekil 3. Scopus ve Web of Science veri tabanina bagl ¢alisma alan1 analizi

Bal arilarinda bagisikligin ¢ekirdek yapisini olusturan gastrointestinal sistemdeki dinamik yapiya
sahip Bifidobacterium sp. digsinda bulunan bakteriler de 6nemini korumaktadir. Bu bakteriler ile ilgili
en 1yl Ornek Ludvigsen ve ark.(2021) mikrobiyoloji alanindaki yaptiklari ¢alismada Kuzeydogu
Pakistan'a 6zgii bal aris1 tiirlerinin gastrointestinal sistemi ile iligkili probiyotik kdkenli bakterilerinin
cesitliligini arastirmak igin Apis mellifera, A. dorsata, A. cerana ve A. florea'ya ait saglikli is¢i arilarin
16S rRNA amplikon dizilimi ile bakteri suglar1 tespit etmislerdir. Bu suslar, bocekler disinda da insan
patojenlerinin inhibisyonu, antibiyotik direnci, ozmotik tolerans, metabolik ve enzimatik fonksiyonlar
ve karbonhidrat kullaniminin yani sira antioksidan ve kolesterol giderme potansiyeli agisindan

kontroliinii saglamiglardir. Sonug olarak, potansiyel saglik yararlarmin in vitro ve in vivo olarak
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arastirtlmas1 ve yeni probiyotik yardimci maddeler olarak uygulanmasi i¢in aday bakteri tespiti
yapmiglardir.

Intestinal sistemdeki mikroflora iizerinde yogunlasan calismalar farkli iilkelerin katkilari
sayesinde gelismeye devam etmektedir. Yapilan aragtirmalar sonucunda bal aris1 mikrobiyotasi
tizerinde en ¢ok calisan iilkenin Amerika Birlesik Devletleri (ABD) oldugu ancak Tiirkiye’de ise bu
alanda caligmalarin her gecen giin arttig1 goriilmektedir (Sekil 4). Tiirkiye’de de ¢ok sayida aragtirmact
arilar tizerindeki etkinligini artirmaya baslamistir. Bunlardan Bog ve ark.(2020) patojen bakterilerin
arilarin saglig iizerindeki etkilerini, Bayrakal ve ark.(2020) ise patojen yapilarin ariin yagami ve
tirtinleri iizerine etkilerine yogunlamislardir.

JAPONT A BELCTHA

TURKIYE =+ 3%
4%

FEANGA
2%

INGILTERE
9%

Sekil 4. Scopus ve Web of Science veri tabanlina kayitli calisma yapan iilkeler analizi

Web of Science ve Scopus veri tabani kayitlarina gore Tiirkiye 1997 — 2021 yillari arast yapilan
caligmalarda en fazla katkiyr 2019-2020 yillar1 arasinda vermis olup Sekil.5 de verilen analiz
sonuglarina gore entomoloji alaninda yapilan arastirmalar ile en fazla katki sagladigi alan olmustur.

ZOOLOJI

BiVOKIMYA 6%

GIDA 8%

CEVRE Bi
11%

Sekil 5. Tirkiye’nin bal arilar1 ve mikrobiyota konulari iizerine yapilan arastirma sonuglari

Ar1 bagirsak sistemi lizerine yapilan ¢alismalarin yillara gore dagilimina bakildigi zaman (Sekil
6) 2015-2021 yillar1 arasinda arastirma yayinlarimin orantili bir sekilde artigi, bu artisin koloni
kayiplarina sebep olabilecegi diisiiniilen mikrobiyotanin bagisiklik systemi ile baglantili olabilecegi
ongoriilmektedir. Bununla ilgili olarak yapilan ¢alismalardan Raymann’nin (2021) yaptig1 arastirmada
bal arilarinin patojen mikroorganizmalarin neden oldugu bir ¢ok enfeksiyondan dolay1 zarar gordiigii
aymi zamanda koloni kayiplarina dahi sebep olabilecegini belirterek yaptigi arastirmada bal arisi
bagirsak mikrobiyomunun énemini ve bu biyomun ar1 sagligi iizerine etkili oldugunu vurgulamistir.
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Sekil 6. Scopus ve Web of Science (WOS) veri tabanina bagli yillara gore akademik arastirma yayin sayilar

Bal arilar1 (Apis mellifera) ve Bifidobacterium sp. ile ilgili olarak hem Web of Science hem de
Scopus veri tabaninda yapilan analizler sonucunda anahtar kelimelerin korelasyon agi Vosviewer
yazilim programi yardimi ile sekil 7°de verilmistir. Scopus veri tabanina ait veriler gokkusagi
yogunluk haritalamas1 seklinde tercih edilirken Web of Science’a kayithi analiz i¢in kiimeleme
haritalamasi ve ag1 kullanilmistir. Her iki yontemde de analiz yapilirken makale bagliklar1 ve 6zetlerde
en az 30 tekrar ile en ¢ok tekrarlanan terimlerin es zamanli haritalamalar1 yapilmistir.
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Sekil 7. Vosviewer yazilimi yardimi ile olusturulan haritalama

profiitics

SONUC

Bal arilarinda goriilen koloni kayiplari biitiin diinya tlizerinde olumsuz bir iz birakmaya
baslamistir. Bu etki gerek polinasyon olsun gerek ari {riinleri olsun direkt olarak insanoglunun
yasamini etkilemektedir. Arilarin sagliginin korunmasi ve koloni kayiplarinin oniine gegilebilmesi i¢in
etki eden faktorlerden bagirsak mikroflorast ve probiyotik kokenli bakterilerin etkileri 6nemini
artirmaya devam etmektedir.

Calismanin birinci basamaginda ortaya ¢ikan sonug¢ bize arilarinin sindirim kanalinda bulunan
Bifidobacterium sp’nin prebiyotik olarak inulin ve ksilan1 kullanabilecegini gostermistir. Bundan
dolay1 arilarin beslenmesinde kullanilan kek veya suruplarin igerisine iniilin ve ksilan gibi substratlar
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ile takviye edilebicegini ve sonug¢ olarak probiyotik bakterilerin gelisimini pozitif yonde artiracagi
sOylenebilir.

Bifidobacterium sp.’ler nisasta, selilloz, hemiselilloz ve pektin gibi kompleks yapili
karbonhidaratlar1 hidrolize edebilmekte ve olusan monomerleri fermantasyon yolu ile heksozlara
dontstiirebilmektedirler (Weese,2002; Korakli ve ark.,2002). Calisma sonucunda seliilozun optimum
hidroliz kosullarida rapor edilmistir. Kimyasal yap1 olarak seliiloz substratinin kristalerinden oldugu
bilinen avisel substratida bu mikrorganizma i¢in fazla tercih edilmesede hidrolize edebilecgi
goriilmiistiir.

Gliniimiizde yapilan akademik aragtirmalarin bir parcasi olan biyoinformatik analizler 6zellikle
molekiiler ¢aligmalar ve bilgisayar teknolojisinin birlesmesi sonucu aragtirmacilara farkli bakis agist
kazanirmakla beraber ve ¢alisilacak konunun spesifiklik degerini artirmaktadir. Biyoinformatik alan ile
ilgili gelismeler her gecen giin farklilasmaya baslamaktadir. Bu farklilasmalar Biyoinformatik
analizlerin c¢esitligini artirmaktadir. Bibliyometrik analizler bu farklismaya destek olabilecegi
diisiiniilmektedir. Bundan dolay1 calismamizin ikinci basamagini olusturan bibliyometrik analiz
sayesinde Bifidobacterium sp. ile bal arilar1 arasindaki korelasyon etkisi gosterilmistir.

TESEKKUR
Halit Yiicel: 100/2000 Doktora bursiyeri olarak YOK'e tesekkiirler.

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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Koz Daglarr’ndan (Geng -Bingol) B8 Karesi icin Yeni Floristik Kayitlar ve Lythrum volgense ile
Ilgili Degerlendirmeler

Abdurrahim CETINY", Liitfi BEHCET!

OZET: Bu calismada yer alan 28 bitki taksonun B8 karesindeki yayilislari ilk kez verilmektedir.
Verilen taksonlardan 6’s1 endemiktir. Lythrum volgense tiiriiniin Tiirkiye florasinda verilen taniminda
stamen sayisinin 6 oldugu belirtilmektedir. Fakat bu tiirlin yayilisinin bulundugu diger iilke
floralarindaki tanimlarinda stamen sayisi orneklerimizdeki gibi 2 olarak verildiginden bu durum
iizerinde durulmustur. Bu calismada verilen 28 taksonun 10’u Akdeniz, 4’ii Avrupa Sibirya, 2’si Iran-
Turan fitocografik bolge elementi iken, 12 tanesi ¢ok bolgeli veya fitocografik bolgesi belli olmayan
taksonlardir.

Anahtar Kelimeler: B8 karesi, flora, yeni kayit, lythrum

New Floristic Records for Square B8 from Koz Mountains (Geng¢ -Bingol) and Evaluations of
Lythrum volgense

ABSTRACT: In this study, the distribution of 28 plant taxa for the B8 square is given for the first
time. 6 of these taxa are endemic. It is stated that the number of stamens is 6 in the definition of
Lythrum volgense in the flora of Turkey. However, since the number of stamens is given as 2 in the
descriptions of the flora of other countries where this species is distributed, this situation has also been
emphasized. While 10 of the 28 taxa given in this study are Mediterranean, 4 of them are European
Siberian, 2 of them are Iran-Turan, phytogeographical region element; 12 of them are multi-regional
or phytogeographically undetermined plants.

Keywords: B8 square, flora, new record, lythrum
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GIRIS

Tiirkiye’nin floristik zenginliginde farkli ekolojik bilesenlerin etkileri va