Cilt / Volume: 11, Say1 / Issue: 2
Haziran / June, 2021
ISSN 2146-0574 E-ISSN 2536-4618

FBED / JIST

Uluslararas1 Hakemli Dergi / International Peer Reviewed Journal

IGDIR UNIVERSITESI
FEN BILIMLER]
ENSTITUSU DERGISI

JOURNAL OF THE INSTITUTE
OF SCIENCE AND
TECHNOLOGY

https://dergipark.org.tr/tr/publ/jist fbed@igdir.edu.tr




Cilt / Volume: 11, Say1 / Issue: 2, Haziran / June, 2021 Igdir 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: 11, Say1 / Issue: 2, Haziran / June, 2021 Igdir 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: 13dir 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 Tabam / Indexed by

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

Sahibi / Owner
Prof. Dr. Mehmet Hakki ALMA
Rektor / Rector

Sorumlu Miidiir / Director 5
Prof. Dr. Murat Ali KARAVELIOGLU / Prof. Dr. Murat Ali KARAVELIOGLU
Lisansiistii Egitim Enstitiisii Miidiirii / Graduate Education Institute Director

Bas Editor / Editor in Chief
Dog. Dr. Siileyman TEMEL / Assoc. Prof. Dr. Siileyman TEMEL

Yardimci 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

Damisma Kurulu/ Advisory Board

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. Siikrii BEYDEMIR, Biochemistry, Anadolu University, Eskisehir, Turkey

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

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

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

Dr.Snezana ANDJELKOVIC, Forage Crops, Institute Za Krmno Bilje, Krusevac, Republic of Serbia

Tasarim / Design

Prof. Dr. Bilal KESKIN

Dr. Ogr. Uyesi Baris EREN

Ars. Gor. Hasan Kaan KUCUKERDEM

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



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

Cilt/ Volume: 11, Say1 / Issue: 2, Haziran / June, 2021

ISSN 2146-0574, E-ISSN 2536-4618

Igdir Universitesi Fen Bilimleri Enstitiisii Dergisi
Journal of The Institute of Science and Technology

ULUSAL EDITORLER KURULU
NATIONAL EDITORIAL BOARD

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

Prof. Dr. Ferhat MURATOGLU, Horticulture

Abant fzzet Baysal Universitesi, Bolu, Tiirkiye

Dog. Dr. Ersin GULSOY, Horticulture

Igdir Universitesi, Igdir, Tiirkiye

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

Prof. Dr. Ahmet ULUDAG, Plant Protection

Diizce Universitesi, Diizce, Tiirkiye

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

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

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

Prof. Dr. Umit INCEKARA, Biology

Atatiirk Universitesi, Erzurum, Tiirkiye

Dr. Ogr. Uyesi Emel DIRAZ YILDIRIM, Biology
Kahramanmaras Siit¢ii Imam Uni. K. Maras, Tiirkiye
Dr. Ogr. Uyesi Ahmet POLAT, Biology

Atatiirk Universitesi, Erzurum, Tiirkiye

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

Dog. Dr. Sefa ALTIKAT, Biosystem Engineering

Igdir Universitesi, Igdir, Tiirkiye

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

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

Dog. Dr. Adem KOCYIGIT, Electrical Electronic Eng.

Igdir Universitesi, Igdir, Tiirkiye

Dr. Ogr. Uyesi Kenan CICEK, Electrical Electronic Eng.
Igdir Universitesi, Igdir, Tiirkiye

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

Erzincan Binali Yildirim Universitesi, Erzincan, Tiirkiye
Dr. Ogr. Uyesi Seda TURK, Industrial Engineering
Tgdir Universitesi, Igdir, Tiirkiye

Dr. Ogr. Uyesi Hamid YILMAZ, Industrial Engineering
Bayburt Universitesi, Bayburt, Tiirkiye

Dog. Dr. Ferdi AKMAN, Physics

Bingol Universitesi, Bingol, Tiirkiye

Dog. Dr. ikram ORAK, Physics

Bingél Universitesi, Bingdl, Tiirkiye

Dog. Dr. Abdulkerim KARABULUT, Physics

Erzurum Teknik Universitesi, Erzurum, Tiirkiye

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

Prof. Dr..Ihsan Giingor SAT, Food Engineering

Atatiirk Universitesi, Erzurum, Tiirkiye

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

Prof. Dr. Tlker KAZAZ, Civil Engineering

Erzurum Teknik Universitesi, Erzurum, Tiirkiye

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

Dr. Ogr. Uyesi Muhammed Alperen OZDEMIR, Civil Engineering

Igdir Universitesi, Igdir, Tiirkiye
Dr. Ogr. Uyesi Fikret TURKAN, Chemistry
Igdir Universitesi, Igdir, Tiirkiye

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

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

Dr. Ogr. Uyesi Mehmet Harbi CALIMLI, Chemistry

Igdir Universitesi, Igdir, Tiirkiye

Dr. Ogr. Uyesi Ugur GULLER, Chemistry

Igdir Universitesi, Igdir, Tiirkiye

Dog. Dr. Mahir UZUN, Mechanical Engineering

Inénii Universitesi, Malatya, Tiirkiye

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

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

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

Prof. Dr. isa YILDIRIM, Mathematics

Atatiirk Universitesi, Erzurum, Tiirkiye

Prof. Dr Serpil HALICI, Mathematics

Igdir Universitesi, Igdir, Tiirkiye

Dr. Ogr. Uyesi Lokman BILEN, Mathematics

Igdir Universitesi, Igdir, Tiirkiye

Dog. Dr. Aynur SAHIN, Mathematics

Sakarya Universitesi, Sakarya, Tiirkiye

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

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

Dr. Ogr. Uyesi Can Ali AGCA, Moleculer Biology and Genetic
Bingol Universitesi, Bingol, Tiirkiye

Prof. Dr. Mehmet Hakki ALMA, Forestry Engineering

Tgdir Universitesi, Igdir, Tiirkiye

Prof. Dr. Murat ZENGIN, Landscape Architecture

Pamukkale Universitesi, Denizli, Tiirkiye

Dr. Ogr. Uyesi Meryem Bihter BINGUL BULUT, Landscape Architecture
Kirikkale Universitesi, Kirikkale, Tiirkiye

Dog. Dr. {lknur MERIC TURGUT, Fisheries
Ankara Universitesi, Ankara, Tiirkiye

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

Dr. Ogr. Uyesi Tuba Pekkirbizli ZEMESTANI, Agricultural Eco.
Bozok Universitesi, Yozgat, Tiirkiye

Prof. Dr. Burhan KARA, Field Crops

Isparta Universitesi, Isparta, Tiirkiye

Prof. Dr. Bilal KESKIN, Field Crops

Igdir Universitesi, Igdir, Tiirkiye

Dog. Dr. Siileyman TEMEL, Field Crops

Igdir Universitesi, Igdir, Tiirkiye

Dog. Dr. Tamer ERYIGIT, Field Crops

Van Yiizinci Y1l Universitesi, Van Tiirkiye

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

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

Dog. Dr. Isa YILMAZ, Animal Science

Mus Alparslan Universitesi Mus, Tiirkiye

Dr. Ogr. Uyesi Ali Thsan ATALAY, Animal Science

Igdir Universitesi Igdir, Tiirkiye




Cilt/ Volume: 11, Say1 / Issue: 2, Haziran / June, 2021
ISSN 2146-0574, E-1SSN 2536-4618

Igdir Universitesi Fen Bilimleri Enstitiisii Dergisi
Journal of The Institute of Science and Technology

ULUSLARARASI EDITORLER KURULU
INTERNATIONAL EDITORIAL BOARD

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

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

Prof. Dr. Tan YANWEN, Economics

South China Agricultural University, Guangzhou,China

Prof. Dr. Abdul WAHID, Department of Botany

University of Agriculture, Faisalabad, Pakistan

Prof. Dr. Zafar IQBAL, Veterinary Science

University of Agriculture, Faisalabad, Pakistan

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

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

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

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

Prof.Dr. Lenka KOURIMSKA, Food and Nutrition,

Czech Uni.y of Life Sciences Prague, Suchdol, Czech Republic

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

Dr. Abdul WAHEED, Animal Science

Bahauddin Zakariya University, Multan, Pakistan

Dr.Snezana ANDJELKOVIC, Forage Crops

Institute for Forage Crops(IFC), Krusevac, Republic of Serbia
Dr. Ferhat ABBAS, Vet- Animal Science, CASVAB
University of Balochistan, Balochistan, Pakistan

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

DiL EDITORLERIi
LANGUAGE CONSULTANTS

Dr.Ogr.Uyesi Didem ERDEL,
Igdir Universitesi, Igdir, Tiirkiye

Uzm. Handan YILDIZ,

Milli Egitim Mudiirliigi, [gdir, Tiirkiye
Ogr.Gor. Talha YILDIZ,

Igdir Universitesi, Igdir, Tiirkiye

BU SAYININ HAKEM LIiSTESI
REFEREE LIST IN THIS ISSUE

Prof. Dr. Adem TATAROGLU, Physics

Prof. Dr. Ali Bekir YILDIZ, Electrical Engineering
Prof. Dr. Ali KAYGISIZ, Animal Science

Prof. Dr. Atilla DURMUS, Biology

Prof. Dr. Cagr1 CIRAK, Physics

Prof. Dr. Emel USLU, Molecular Biology and Genetics
Prof. Dr. Ercan BURSAL, Chemistry

Prof. Dr. Ercan CEYHAN, Field Crops

Prof. Dr. Erciment Osman SARIHAN, Field Crops
Prof. Dr. Erdogan OZTURK, Field Crops

Prof. Dr. Feyzil UGUR, Animal Science

Prof. Dr. Hakan GEREN, Field Crops

Prof. Dr. Halil Ibrahim OGUZ, Biosystem Engineering
Prof. Dr. Handan UYSAL, Molecular Bio. and Gen.
Prof. Dr. Hasan BULUT, Mathematics

Prof. Dr. Hatice OGUTCU, Field Crops

Prof. Dr. ilknur AYAN, Field Crops

Prof. Dr. Ilknur KORKUTAL, Horticulture

Prof. Dr. Kadir DEMIR, Physics

Prof. Dr. Kagan KOKTEN, Field Crops

Prof. Dr. Koksal YAGDI, Field Crops

Prof. Dr. Mehmet Burhan KARAKOC, Civil Engineering
Prof. Dr. Mehmet Erhan GORE, Fitopatology

Prof. Dr. Mehmet Halil SOLAK, Biology

Prof. Dr. Mehmet Salih Agirtas, Chemistry

Prof. Dr. Mustafa Kemal OZTURK, Physics

Prof. Dr. Mustafa TAN, Field Crops

Prof. Dr. Ozlem BARIS, Biology

Prof. Dr. Refik KAYALLI, Physics

Prof. Dr. Seydi DOGAN, Electrical-Electronic Engineering
Prof. Dr. Sakir AYDOGAN, Physics

Prof. Dr. Sebnem KUSVURAN, Horticulture

Prof. Dr. Semsettin ALTINDAL, Physics

Prof. Dr. Sevket GUR, Mathematics

Prof. Dr. Seyda ZORER CELEBI, Field Crops

Prof. Dr. Taskin POLAT, Field Crops

Prof. Dr. Zeki ACAR, Field Crops

Prof. Dr.. Ramazan ERENLER, Chemistry

Dog. Dr. Abdullah ALTUNISIK, Biology

Dog. Dr. Ahmet KINAY, Field Crops

Dog. Dr. Ahmet TURSUCU, Physics

Dog. Dr. Ali DANANDEH MEHR, Civil Engineering
Dog. Dr. Asli YORULMAZ, Food Engineering

Dog. Dr. Baki OZTURK, Civil Engineering

Dog. Dr. Biinyamin ALIM, Electricity and Energy
Dog. Dr. Cagr1 Ozgiir OZKAN, Animal Science

Dog. Dr. Durmus Ali ALDEMIR, Physics

Dog. Dr. Ebru AKKEMIK, Food Engineering

Dog. Dr. Efkan CATIKER, Chemistry

Dog¢. Dr. Ezgi TOPCU, Chemistry

Dog. Dr. Fethi Ahmet OZDEMIR, Molecular Bio. and Gen.
Dog. Dr. Fuat KARTAL, Mechanical Engineering
Dog. Dr. Giil¢in YILDIZ, Food Engineering

Dog. Dr. Giilsah Saydan KANBEROGLU, Chemistry
Dog. Dr. Giiven TURGUT, Physics

Dog. Dr. Hacer LEVENT, Food Engineering

Dog. Dr. Hakan OZBASARAN, Civil Engineering
Dog¢. Dr. Hakan TAHTACI, Chemistry




Cilt/ Volume: 11, Say1 / Issue: 2, Haziran / June, 2021 Igdir Universitesi Fen Bilimleri Enstitiisii Dergisi
ISSN 2146-0574, E-ISSN 2536-4618 Journal of The Institute of Science and Technology

Dog. Dr. Halef DIZLEK, Food Engineering . Ogr. Uyesi Hakan AVCI, Mathematics
Dog. Dr. Harika Atmaca ILHAN, Biology . Ogr. Uyesi Hakan DILMAC, Civil Engineering
. Dr. Haydar KILIC, Food Processing . Ogr. Uyesi Halil SENOL, Chemistry
. Dr. Hiilya OZTURK DOGAN, Chemistry . Ogr. Uyesi Hamdullah SECKIN, Mol. Bio. and Gen.
. Dr. Hiiseyin GUNGOR, Field Crops . Ogr. Uyesi Hamza BOZKIR, Food Engineering
. Dr. Hiiseyin SAHIN, Chemistry . Ogr. Uyesi Hiilya DOGAN, Field Crops
. Dr. ibrahim DOLAK, Chemistry . Ogr. Uyesi Kamil ORMAN, Computer Engineering
. Dr. {lknur POLAT, Horticulture . Ogr. Uyesi Medine COPUR DOGRUSOZ, Field Crops
. Dr. Koray KARABULUT, Machine Engineering . Ogr. Uyesi Mehmet BAKIRCI, Electronics and Auto.
. Dr. Makbule Nisa MENCET YELBOGA, Agri. Eco. . Ogr. Uyesi Mehmet KOTEN, Food Engineering
. Dr. Mahpeyker OZTURK, Mathematic . Ogr. Uyesi Melek ZOR, Food Engineering
. Dr. Mehmet Hadi AYDIN, Fitopatology . Ogr. Uyesi Muhammed Fatih KULUOZTURK, Physics
. Dr. Mustafa SURMEN, Field Crops . Ogr. Uyesi Muhammed KARAMAN, Mol. Bio. and G.
. Dr. Mustafa TURKMEN, Electronics Engineering . Ogr. Uyesi Murat BEYTUR, Chemistry
. Dr. Nevzat ESIM, Molecular Biology and Genetics . Ogr. Uyesi Mustafa Kenan GECER, Horticulture
. Dr. Nurcihan HACIOGLU, Biology . Ogr. Uyesi Namik KILINC, Chemistry
. Dr. Nurullah KIRATLI, Industrial Design Eng. . Ogr. Uyesi Neva KARATAS, Food Engineering
. Dr. Rahim ADA, Field Crops . Ogr. Uyesi Nizamettin ERBAS, Agricultural Economy
. Dr. Riza POLAT, Civil Engineering . Ogr. Uyesi Nurdogan TOPAL, Field Crops
. Dr. Salih PASA, Chemistry . Ogr. Uyesi Oguzhan CAKIR, Electrical Electro. Eng.
. Dr. Sepanta NAIMI, Civil Engineering . Ogr. Uyesi Parham TASLIMI, Biotechnology
. Dr. Serdar MERCAN, Mechatronic Engineering . Ogr. Uyesi Saliha UNVER, Forest Engineering
. Dr. Serkan GUL, Biology . Ogr. Uyesi Serdal SABANCI, Food Engineering
. Dr. Serkan ORTUCU, Biotecnology . Ogr. Uyesi Serkan DEMIREL, Electricity and Energy
. Dr. Sultan ARSLAN TONTUL, Food Engineering . Ogr. Uyesi Serkan SENOCAK, Civil Engineering
. Dr. Turgay KABAY, Horticulture . Ogr. Uyesi Sinan BAYRAM, Biotechnology
. Dr. Ufuk ATMACA, Food Processing . Ogr. Uyesi Sinan KUL, Environmental Engineering
. Dr. Volkan OKATAN, Horticulture . Ogr. Uyesi Sahset IRDEMEZ, Environmental Eng.
. Dr. Yunus BABACAN, Electrical Electronics Eng. . Ogr. Uyesi Talat OZDEN, Electrical Engineering
. Dr. Zehra Nur OZER, Physics . Ogr. Uyesi Ufuk ATMACA, Chemistry
. Dr. Ziibeyir HUYUT, Biochemistry . Ogr. Uyesi Umit YILDIKO, Chemistry
Ogr. Uyesi. Neslihan DEMIR, Biology . Ogr. Uyesi Yasemin Giindogdu, Physics
. Ogr. Uyesi Abdussamet SUBASI, Machine Eng. . Ogr. Uyesi Yunus DEMIR, Industrial Engineering
. Uyesi Bakiye KILIC TOPUZ, Agricultural Eco. . Ogr. Uyesi Zakir CALDIRAN, Physics
. Uyesi Bayram KOSE, Electrical-Electronic Eng. . Ogr. Uyesi Zekiye KOCAKAY A, Biyology
. Ogr. Uyesi Bengi Hakgiider TAZE, Food Engineering ~ Ogr. Gor. Dr. Menekse BULUT, Food Engineering
. Uyesi Berna KOCAK, Chemistry Ogr. Gor. Dr. Olcay CEYLAN, Biology
. Ogr. Uyesi Betiil GURER, Agricultural Economy Ogr. Gor. Dr. Sevtap TIRINK, Environmental Sciences
. Uyesi Biinyamin OZGERIS, Chemistry Ars. Gor. Dr. Cagr1 ALTINTASI, Electrical Electro. Eng.
. Uyesi Canan GULMEZ, Chemistry Ars. Gor. Dr. Elif Feyza TOPDAS, Food Engineering
. Uyesi Cetin BAYRAK, Chemistry Ars. Gor. Dr. Emre EVIN, Biology
. Uyesi Dilan ALP, Physics Ars. Gor. Dr. Gokhan DERVISOGLU, Mol. Bio. and Gen.
. Uyesi Dogan ILHAN, Molecular Bio. and Gen. Ars. Gor. Dr. Yusuf CAKIR, Food Engineering
. Uyesi Emrah KAYA, Animal Science
. Uyesi Erman ERDOGAN, Physics
. Uyesi Eyiip BASARAN, Chemistry
. Uyesi Fatma AKDEMIR, Physics




Cilt/ Volume: 11, Say1 / Issue: 2, Haziran / June, 2021 Igdir 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 (FBED)
YAYIN ILKELERI{

FBED, Uluslararasi hakemli bir dergi olup yilda dort kez yaymnlanir. Dergimiz herhangi bir iicret 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,
Cevre miihendisligi, Elektrik elektronik miihendisligi, Endiistri mithendisligi, Fizik, Gida miihendisligi, Insaat mithendisligi, Kimya,
Makina mithendisligi, Matematik, Molekiiler biyoloji ve genetik, Orman miihendisligi, Peyzaj mimarligi, Su diriinleri, Tarim
ekonomisi, Tarla bitkileri, Toprak bilimi ve bitki besleme ve Zootekni’dir. Dergide orijinal arastirma makalesi, derleme, teknik not
yayimlanabilir.

Tiim yazilar iki profesyonel hakem tarafindan degerlendirilir, Editér ve Yayin Kurulu tarafindan incelenir.
FBED Tiirkce ve Ingilizce dillerinde yazilmis orijinal arastirma makalesi, teknik not ve derleme (toplam yaymlarin %20)
yaymlamaktadir.
Yayinlanmasi istenilen eserlerin herhangi bir yerde yayinlanmanmus veya yayinlanmak {izere herhangi bir dergiye gonderilmemis
olmas1 zorunludur.
Dergiye yayinlanmak iizere gonderilen eserlerle birlikte Telif Hakki Devir Sozlesmesi de tiim yazarlarca (farkli adreslerde bulunan
yazarlar forma ait tiim bilgileri doldurarak ayrica imzalamak suretiyle gonderebilirler) imzalanarak gonderilmelidir.
Eserlerin tim sorumlulugu yazarlarina aittir.
Ayni sayida ilk isim olarak bir yazarin en ¢ok iki makalesi basilir.
Eserler bilim etigi ilkelerine uygun olarak hazirlanmali, gerekliyse Etik Kurul Raporu’nun bir kopyasi eklenmelidir.
. Herhangi bir sorunuz i¢in liitfen fbed@igdir.edu.tr adresine bagvurun.
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Relationships of Fruit Characteristics of Rosehips (Rosa canina L.) Grown in Bolu City Center
Emrah GULERY", Tuba BAK?, Turan KARADENIZ?', Ferhad MURADOGLU*

ABSTRACT: Rosehip (Rosa spp.) is one of the most used non-wood forest products. It is an essential source
of antioxidants and vitamin C besides having a wide range of uses in folk medicine and the marmalade
industry. Therefore, for many years, researchers have made efforts to find the superior genotypes of this
fruit. In previous studies, classical breeding methods were used in the evaluation of the data and more
modernist approaches were given little attention. In this study, fruit characteristics and their relationships of
rosehip genotypes growing in Bolu city center were determined by using more modernist analysis methods
(Clustering, PCA) and correlation analysis. As a result of the study, while fruit weight was positively
correlated with fruit size, it had a negative correlation with the fruit flesh ratio. In cluster analysis, genotypes
were collected in two different groups, and PCA analysis supported this result. Results of the study proved
that multivariate analysis has come to the fore as a highly effective method for evaluating genetic resources.
Furthermore, the G-5 genotype stood out with its fruit weight and size.

Keywords: Rosehip, Rosa canina L., PCA, correlation, multivariety analysis

Bolu ili Sehir Merkezinde Yetistirilen Kusburnularin (Rosa canina L.) Meyve Ozellikleri Arasindaki
Mliskiler

OZET: Kusburnu (Rosa spp.) en ¢ok kullamlan odun digt orman iiriinlerinden biridir. Meyvesi, halk
hekimliginde ve marmelat endiistrisinde genis bir kullanim alanina sahip olmasinin yani sira 6nemli bir
antioksidan ve C vitamini kaynagidir. Bu nedenle, arastirmacilar uzun yillar bu meyvenin iistiin genotiplerini
bulmak i¢in ¢aba harcadilar. Bu ¢alismalarda verilerin degerlendirilmesinde klasik yetistirme yontemleri
kullanilmis ve daha modernist yaklasimlara ¢ok az dnem verilmistir. Bu calismada Bolu il merkezinde
yetisen kusburnu genotiplerinin meyve 6zellikleri ve iligkileri daha modernist analiz yontemleri (Kiimeleme,
PCA) ve korelasyon analizi kullanilarak belirlenmigtir. Calisma sonucunda meyve agirliginin meyve
biiytikliigi ile pozitif yonde iligkili oldugu tespit edilirken, meyve eti orani ile negatif korelasyona sahip
oldugu goriilmistiir. Kiime analizinde genotipler iki farkli grupta toplanmis ve PCA analizi bu sonucu
desteklemistir. Calisma sonucunda meyve agirlig1 ve biyiikliigii ile G-5 genotipinin 6ne ¢iktig1 goriilmiistiir.
Ayrica kiimeleme ve PCA gibi analizlerin seleksiyon 1slah1 ¢alismalarinda verilerin degerlendirilmesinde
basaril1 bir sekilde kullanilabilecegi degerlendirilmistir.

Anahtar kelimeler: Kusburnu, Rosa canina L., PCA, korelasyon, Bolu
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INTRODUCTION

Rosehip (Rosa spp.) belongs to the genus Rosa of the Rosaceae family of the order Rosales. Turkey
has approximately 25% of rosehips that grow in the world (Kutbay and Kiling, 1996; Tiirkben, 2003;
Ercisli and Giilerytiz, 2005).

Rosehip is a plant in the form of a shrub that can grow up to 0.5-4.0 m with an upright, and pending
form varies according to its species. Its trunk and branches can have more or fewer thorns. Rosehips are
deciduous. Thorns of plants are generally curved, very few, and straight. The glabrous leaves with 5-11
leaflets, 2—4 cm long, are in the form of an egg or ellipse. The edges of the leaves are straight or piled,
serrated, light bluish-green. The flowers are light red, pink, yellow, cream or white, gathered in single
or umbrella-like clusters. Its flowers have five sepal and five petal leaves. The sepals are in the shape of
a round or elongated egg, and the ends are folded back later, and it is poured later according to the type
or remains on the fruit. The outer part of the fruit is hairy or glabrous depending on the species, and the
inner part of the fruit is more or less hairy; It contains many seeds and can generally remain on the plant
in winter (Ilisulu, 1992; Tiirkben, 2003).

Rosehip has become fruit in demand by consumers in recent years having natural antioxidants
beneficial to human health (Su et al., 2005). Rosehip fruits contain minerals, carotenoids, tocopherol,
bioflavonoids, fruit acids, tannin, pectin, amino acid, and essential oils (Cinar and Colakoglu, 2005).

Rosehip grows naturally in a wide range of regions, including the Caucasus, Central, and Western
Asia, Europe, Iraq, Northwest Africa, and the northern and western parts of Iraq and Iran, north
Afghanistan, Kashmir, Pakistan, and the former Commonwealth of Independent States (llisulu, 1992).
Rosehip plant is highly adaptive to various climate and soil conditions. Because of this characteristic,
the plant can be seen in a wide-ranged area in Turkey (Ercisli and Giileryiiz, 2005).

Genetic material diversity is an excellent resource that could contribute to future rose hip breeding
programs aimed at the most desirable traits, such as high yield, fruit characteristics, bioactive
compounds, and resistance to disease and pests.

Even though there are plenty of studies on fruit and plant characteristics of rosehips, most of them
were on physicochemical characteristics (Sanderson and Fillmore, 2010; Yildiz and Celik, 2011
Ekincialp and Kazankaya, 2012; Ersoy and Ozen, 2016) and some of them were on nutritional
ingredients (Tiirkben et al., 2005; Ercisli, 2007; Kerasioti et al. 2019; Rovna et al., 2020). Although there
are academic studies on rosehip, almost no studies examine the relationships of fruit characteristics. In
this study, we determined the relationships of some base characteristics of rosehip genotypes naturally
grown in the city center of Bolu.

MATERIALS AND METHODS

Material
The rosehip genotypes used for relationship analysis in this study were obtained from the city
center of Bolu. The genotypes were ungrafted and naturally grown.

Pomological analysis

Fruit length (FL) and fruit width (FWH) were measured by a 0.001 mm sensitive digital hand caliper.
Fruit weight (FW) and fruit flesh weight (FFW) were weighed by a 0.001 g sensitive scale. pH was
measured with a table-type pH meter. Total soluble solids (TSS) was determined by a hand
refractometer. Titratable acidity (TA) was measured with the titration method (Ipek and Balta, 2020).
Fruit flesh ratio (FFR) was calculated with the equation of ‘FFW/FWx100’ while the fruit shape index
(FSI) was calculated with the equation of ‘FWH/FL’.
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Statistical analysis

The ANOVA test was performed to determine the variance between genotypes in terms of fruit
characteristics, and significant variants were indicated with different letters. Correlation, cluster, and
principal component analysis were performed to determine relationships of features. The R Studio
statistical software was used in the analysis and data visualization. The package ‘corrplot’ (Wei and
Simco, 2017) was used to perform correlation analysis, and the package ‘ggplot2’ (Wickham, 2016) was
used for PCA.

RESULTS AND DISCUSSION

In the study, FWs of genotypes varied between 0.67 (G-14) to 1.44 g (G-2), and FFW values were
between 0.49 — 0.88 g (Figure 1). FL values were determined between 11.83 - 21.54 mm in G-14 and
G-5, respectively. The G-1 genotype had the least FWH (9.33 mm), while the G-6 genotype had the
most superior value (11.98 mm) in terms of this feature (Figure 2). FFRs varied by 41.24% (G-10) to
67.32% (G-5), and FSI values were recorded between 1.11-2.02 (Table 1). The features fruit size (FL
and FWH) and FW are desired to be as high as possible to attract the farmer's interest to grow them and
suitability to mechanical and technological applications (Celik et al., 2009). The FW and size values of
the genotypes in this study were relatively low that previously reported (Yildiz and Celik, 2011;
Ekincialp and Kazankaya; Ipek and Balta, 2020) while the results fit and support most of the studies
(Tiirkoglu ve Muradoglu 2003, Tiirkben et al., 2005; Ersoy and Selman Ozer, 2016; Dogan and
Kazankaya, 2006; Karakus and Bostan, 2017). There was also a study that showed fewer values than
ours (Sanderson and Fillmore, 2010). Considering all these studies, we can suggest that rosehips' fruit
properties vary according to species, growing region, climatic and ecological conditions.
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Table 1. The other physical and chemical properties of the genotypes

Genotype pH TSS (%) TA(gL) FFR (%) FSlI
G-1 3.88° 18.78 £0.49 e* 195ns 67.01+548a 1.87 = 0.04 abc
G-2 3.93 14.04+047h 1.93 59.73 £4.34 abc 1.57+£0.03 a-f
G-3 380 1591+0.53¢g 1.91 67.11+3.92a 1.88 +0.64 ab
G-4 3.95 16.85+0.56 fg 1.98 64.00 £ 3.24 ab 1.66 +0.04 a-d
G-5 3.36 2340+0.78 ¢ 1.88 67.32+4.39a 2.02+0.05a
G-6 358 20.50+0.35d 1.87 59.83 +£4.13 abc 1.11+£0.03 g
G-7 3.18 29.67+0.79a 1.89 57.95 +4.35 a-d 1.83 +£0.05 a-d
G-8 3.16 22.01 £0.58 cd 1.87 60.16 +5.33 abc 1.58 £0.03 a-f
G-9 225 17.78 £0.59 ef 1.80 41.58+2.73 ¢ 1.41 £0.06 d-g
G-10 3.75 29.80+0.72 a 1.87 4124 +3.16¢ 1.16 = 0.03 efg
G-11 352 14.04+047h 1.79 64.75+4.51 ab 1.42 £0.05 c-g
G-12 3.27 28.31+0.48 ab 1.82 63.26 £4.77 ab 1.54 £0.05 b-g
G-13 355 2246+0.75¢ 1.85 54.01 £4.57 bed 1.14+0.03 fg
G-14 3.13 18.72+0.62¢ 1.79 59.83 £3.02 abc 1.20 £ 0.02 efg
G-15 449 18.72+0.62¢ 1.92 49.70 + 3.29 cde 1.61 +£0.03 a-e
G-16 316 27.14+090b 1.90 56.21 £4.45 a-d 1.83 +0.07 a-d
G-17 442 1591+0.53¢ 1.80 47.84+3.41 de 1.54 £0.05 b-g

s statistical analysis was not performed. *Different letters in the same column indicate significant variance in the level of
0.05. ns: not significant
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The cluster analysis was performed to determine if the genotypes separate or group together in
terms of fruit characteristics. As a result of the analysis, the genotypes were grouped into two main trees.
Sub-cluster one (A) had fourteen of the genotypes, while sub-cluster two (B) had three of them (Figure
3). Two-way clustering showed that cluster B separate from A in terms of FWH, FW, FFW, and FL. The
mean FWH of A was 10.40 mm while B had 11.35 mm. The average FW of cluster A was 0.94 g while
B was 1.37 g. FFW of A was 0.50 g while B had an average of 0.85g. According to this perspective,
sub-grouping has occurred in terms of priority of fruit size and weight, and sub-group B had superior
values.
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G—17.
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G-7
G-10
G-13
G-9
G-6
G-2
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§ 3 [24 [#2] —
EEERREESE
Figure 3. Two-way clustering of genotypes in terms of fruit characteristics according to Ward’s method

In the study, correlation analysis was performed to determine the relationships between fruit
characteristics. Correlation analysis showed that FWH had positive relationships with FW (r=0.82),
FFW (r=0.57) and, FSI (r=0.51). FFR was negatively related to FWH (r=-0.23). FL had a negative
correlation with FSI and a positive correlation with FFW. TSS was negatively related to FFW (r=-0.32).
None of the characteristics were statistically related to pH and TA. All correlations have been shown in
Figure 4.
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Figure 4.
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In the PCA analysis, PC1 described 30.4%, and PC2 explained 21.2% of the data. FW had the
highest effect on PC1 (0.57), followed by FL, FWH, and FFW, and these features had almost the same
amount of influence (0.42). FSI had a dominant effect on PC2, and it was negative (-0.62). FL was the
second with a value of 0.44. As clearly seen in Fig. 5, genotypes 2, 4, and 5 separated into different zone
supporting cluster analyses. Sanderson and Fillmore (2010) stated a total of 66% variation in PCA. The
difference between various amounts of PCA’s is considered to occur due to data set differentiation.

CONCLUSION

This study was carried out on the rosehip germplasm of the city center of Bolu province. As a
result of the study, it was observed that the rosehip genotypes grown in the city center were of medium
size and partially competed with the genotypes reported by previous researchers. The genotypes 2, 4,
and 5 came to the fore with fruit size and weight, and they were considered valuable material to be
evaluated in future studies. Besides, clustering and PCA analyzes were highly useful in determining
superior genotypes and clearly differentiated them. In subsequent studies, it was proven that these
analyzes could also be used effectively instead of the classical weighted grading method.
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ABSTRACT: Crimson Sweet is one of the favorite watermelon cultivars with high sugar content and great flavor
containing small and dark seeds. Both fruit flesh and seeds have high nutrition content. In order to evaluate new
sources of oil for the growing population, watermelon seed oil is used in some nations. Therefore, it was aimed
to determine the fatty acid profile of differentially stored Crimson Sweet watermelon seed oil in this study. The
results indicated that seeds are rich in Omega 6 fatty acid (40.62-42.34%). The amount of this essential fatty acid
was higher at samples stored at 4°C. Palmitic, oleic, and stearic acids are the main fatty acids followed by linoleic
acid in Crimson Sweet watermelon, respectively. Moreover, the ratio of polyunsaturated fatty acid to saturated
fatty acids was determined as 1.16, 1.20, 1.27 (room temperature, 4°C, and newly harvested, respectively) which
are in the desirable range for qualified oil.
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INTRODUCTION

Increased global nutritional demands make the use of vegetable oils necessary for utilization in
both food and industrial purposes such as cosmetics and soap making (Nwosu et al., 2017). Oil extracted
from some seeds, cereal grains, nuts and fruits such as watermelon and melon are known as vegetable
oils. However, some vegetable oils are not produced in commercial quantities. Citrullus lanatus
(watermelon) is a member of Cucurbitaceae, a family also referred to as cucurbits which has around 800
species and 130 genera (Najafi et al., 2010). Melons, pumpkins, squashes, and gourds are also the
member of this family. Due to sweet flavor and high nutritional value, watermelon is mainly consumed
as a fruit widely in some regions of the world, mainly in Africa and Asia. Besides consuming as a source
of nutrition, it is also used in folk medicine for the treatment of strangury (Ziyada and Elhussien, 2008).
Watermelon as a tropical plant requires a lot of sunshine and a high temperature of over 25°C for
optimum growth. Drained fertile soil with a moderately acidic nature is a favorite condition for
watermelon to grow up (Tabiri et al., 2016). Watermelons have important nutrition value because of rich
vitamins B, C, and E and B-carotene sources and also contain considerably large amounts of lycopene
(Choudhury et al., 2015). Watermelon bioactive content especially lycopene contributes to quenching
the free radicals causing diseases such as atherosclerosis, asthma, colon cancer, diabetes, and arthritis.
Moreover, watermelon contains high levels of fibers and citrulline, the precursor of arginine amino acid
(Tabiri et al., 2016). The quality of watermelon varieties is extremely based on the sugar content and its
sweetness. Watermelon can be used as fresh salad, dessert, snacks, and decorations. Besides consuming
watermelon fruit flesh, its seeds also are highly nutritional. Watermelon seeds are rich sources of
minerals (such as magnesium, potassium, phosphorus, sodium, iron, calcium, zinc, manganese, and
copper), vitamins B, protein (31.9%), and fat (57.1%) (Braide et al., 2012). Some nations consume
watermelon seed oil in the cooking and manufacturing of cosmetics but not on an industrial scale (Jensen
et al., 2011). Watermelon seeds also contain Leucine, Isoleucine, Tryptophan, and Valine necessary
amino acids (Razavi and Milani, 2006). Watermelon seed oils have been studied in different parts of the
world because it has a high content of linoleic acid (Ziyada and Elhussien 2008, Taiwo et al., 2008).
Despite the different potential applications and nutrition value, the watermelon seeds are often discarded
while the fruit is eaten. The recovery and use of agricultural and food processing by-products lead to a
decrease in waste disposal problems besides increased limited resources (Kamel et al., 1985). Recently
by increasing the demand of the growing population for vegetable oil, the researchers have focused on
the exploring of potential and newer plant resources for oil production at an industrial scale (Anhwange,
2004, Parry et al., 2005; Ramadan et al., 2006; Mabaleha et al., 2007; Celik and Ercisli, 2009; Nehdi,
2011). Moreover, investigation on postharvest conditions and periods on changes in wanted
characteristics is an important issue in the evaluation of new seed oil sources. On the other hand, fatty
acid composition is affected by temperature during seed maturation (Canvin, 1965). Whereas the
production of saturated fatty acids increases in warm, dry growing conditions, cooler, moist conditions
lead to the production of the polyunsaturated fatty acids (Harris et al., 1978; Yaniv et al., 1995).

In this study, it was aimed to determine the fatty acid profile of Crimson sweet watermelon oil-
bearing seeds with high nutritional importance storing at different temperatures to compare with newly
harvested ones. Therefore, the old seeds can be evaluated in oil production.
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MATERIALS AND METHODS

Plant Material

Citrullus lanatus var. lanatus were used in this study. The seeds were provided by a commercial company
(Haluk Gebzeli-Gebzeli Ziraat). The samples were treated at room temperature and +4°C (in conservation
refrigerator) for 12 months and compared with newly harvested seeds. Seeds in-room temperatures were kept in
special seed storage rooms with adjusted temperature (25°C), darkness, and humidity (%20).

Oil Extraction

The oils of all samples were extracted at the same time (immediately after harvest of new
samples, the conserved seeds and newly harvested ones were used). Obtained fresh oil was analyzed for
fatty acids via an automatic soxhlet device (Gerhardt GmbH & Co. KG). Nine grams of dried seed and
tuber samples were used for oil extraction. Hexane (Merck KGaA, Darmstadt, Germany) was used as a
solvent and extracted oil was weighted for determination of the oil percent in the samples. The oil
content of seeds and tubers were expressed as g100g™ of dry samples. Esterification of fatty acids was
done based on David et al., (2003) method.

Determination of Fatty Acids

The fatty acids were analyzed by a GC (Perkin Elmer, Shelton, USA). Chromatographic separation
was performed using a (30 m x 0.25 mm ID, 0.25 pm film thickness DB-Wax) column equipped with a
flame ionization detector (FID). The oven temperature was 50°C for 1 min, raised to 25°C min™ to
200°C, then 3°C min? to 230°C which was held for 18 min, while the injector and the detector
temperatures were set at 280°C and 250°C, respectively. The results were expressed in GC area % as a
mean value and + standard deviation (David et al., 2003).

Statistical Analysis

The statistics of biochemical analysis were done using JMP statistical software from SAS (Version
7). Differences among the mean values were detected by the least significant differences (LSD) test at a
5 % level. The fatty acid analysis was employed two times for each oil sample.

RESULTS AND DISCUSSION

The fatty acid composition of seed oils of Crimson Sweet at different storage conditions is shown
in Table I. The results showed that linoleic acid, palmitic acid, oleic acid, and stearic acids are the main
fatty acids in Crimson Sweet watermelon, respectively. Linoleic acid, the omega-6 fatty acid, is known
as an essential fatty acid because the human body cannot synthesize it.

Therefore, Crimson Sweet watermelon seed oils are extremely nutritious oils to reduce serum
cholesterol and remedy cardiovascular disorders (Nicolosi et al., 2004, Manzoor et al., 2007). In terms
of total oil percentage, the seeds which were stored at 4°C had a high amount of total oil (26.05%)
compared to others. While the oil contents of seeds in the present study were found to be lower than
those reported by Mogotlane et al., (2018) (30-41.5%) from different indigenous C. lanatus seeds (30-
41.5%), the obtained results are confirmed by the findings of Tabiri et al., (2016) (Charleston gray
26.83%, Crimson Sweet 26.50%, and Black diamond 27.83%). On the other hand, Al-Khalifa (1996)
reported that C.lanatus seed oils from Iran, Egypt, and China (20, 24, and 21%, respectively) were lower
than Crimson Sweet watermelon studied in this study. Crimson Sweet watermelon had a high amount of
total poly saturated fatty acids comprising a-Linolenic acid and Linoleic acid. While no significant
differences were obtained between newly harvested watermelon seeds (42.34%) and the seeds stored at
4°C (42.19%), the seeds stored at room temperature showed lower content (40.62%) of PUFA. Thirteen
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saturated fatty acids were detected at Crimson Sweet watermelon in this study which the main ones were
palmitic acid and stearic acid. The amount of total SFA was high following the total PUFA. In contrast
to total PUFA, newly harvested seeds had lower (33.27%) saturated fatty acids. The seeds stored at room
temperature had high levels of palmitic acid (19.17%) and stearic acid (13.86%) (SFAs) (Fig. 2).
Whereas the amount of oleic acid as monosaturated fatty acid was higher in newly harvested seeds
(17.29%) (Fig. 3), there were no significant differences between seeds stored at 4°C (16.36%) (Fig. 1)
and room temperature (16.35%) (Fig. 2). The amount of total saturated fatty acids in the present study
are comparable with those reported (64.6-88.2%) for different species of muskmelon (Tilak et al., 2006).
The differences among studies may be due to different cultivar and genotypes used along with different
oil extraction methods. As the results reveal, newly harvested samples and the ones stored at 4°C had
higher PUFA while the amount of PUFA has decreased and may be converted to SFA at samples that
are stored at room temperature. However, the ratio of PUFA: SFA is the highest at newly harvested
samples (1.27) followed by seeds stored at 4°C (1.20). Consequently, the storage conditions may
influence the fatty acid composition of seed oils. Although there is no evidence of storage temperature
effect on the conversion of PUFA to SFA, researchers reported that dry and warm conditions are favor
for SFA to be produced while moist and cooler conditions are favor to PUFA to be produced (Harris et
al., 1978; Yaniv et al., 1995).

Table | - The fatty acid composition of seed oils of Crimson Sweet at different storage conditions [%]

Fatty Acids Room temperature 4°C new harvest LSD
Oil Percent 25.21 26.05 25.56 -
Myristic Acid (C14:0) 0.1120.02 0.95+0.004 0.110.002 N.S
Palmitic acid (C16:0) 19.17+0.112 18.86+0.112 18.31+110P 0.523"
Stearic acid (C18:0) 13.86+0.012 13.50+0.10P 13.09+0.10° 0.343"
Avrachidic acid (C20:0) 0.58+0.0042 0.55+0.004° 0.55+0.004° 0.018"
Caprylic acid (C8:0) 0.34+0.007° 0.38+0.0142 0.35+0.012° 0.029"
Capric acid (C10:0) 0.05+0.000? 0.04+0.001° 0.03+0.001° 0.013"
Behenic acid (C22:0) 0.14+0.0072 0.13+0.005% 0.12+0.004° 0.018"
Caproic acid (C6:0) 0.33+0.014¢ 0.34+0.0128 0.30+0.010° 0.018"
Tricosanoic acid (C23:0) 0.03+0.0012 0.03+0.001% 0.00+0.000° 0.028"
Lignoseric acid (C24:0) 0.13£0.005 0.12+0.004 0.12+0.004 N.S
Undecanoic acid (C11:0) 0.07+0.002 0.07+0.003 0.06+0.002 N.S
Margaric Acid (C17:0) 0.22+0.0082 0.20+0.007% 0.19+0.007° 0.018"
Pentadecanoic acid (C15:0) 0.06+0.002 0.04+0.002 0.04+0.001 N.S
X SFA 35.04 35.21 33.27
Palmitoleic acid (C16.1)o—7 0.06+0.002 0.07+0.002 0.06+0.002 N.S
Oleic acid (C18:1n9¢)w—9 16.35+0.12° 16.36+0.12° 17.29+0.132 0.815"
Eicosenoic acid (C20:1n9¢)®—9 0.08+0.003 0.08+0.003 0.08+0.003 N.S
Y~ MUFA 16.49 16.51 17.43
a-Linolenik acid (C18:3n3) ©—3 0.110.004° 0.124+0.0042 0.11£0.004° 0
Linoleic acid (Cl 8:2n6c) o—6 40.62+0.30° 42.19+0.328 42.34+0.312 1.046"
X PUFA 40.73 42.31 42.45

*LSD. Least Significant Difference (LSD). *N.S: No significant differences. SFA: Saturated Fatty acid; MUFA:

Monounsaturated fatty acid; PUFA: Polyunsaturated Fatty acid.
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Figure 1 - The chromatogram of fatty acids of Crimson watermelon seeds at 4°C
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Figure 2 - The chromatogram of fatty acids of Crimson watermelon seeds at room temperature
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Figure 3 - The chromatogram of fatty acids of newly harvested seeds of Crimson watermelon
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CONCLUSION

The results of this study proved that the seeds of Crimson sweet watermelon are a good source
of high omega 6 fatty acid. Therefore, seed oil can be evaluated as a highly notorious and healthy source
in the human diet. Although the results showed that the seeds which are newly harvested and the seeds
stored at cool places have a high amount of PUFA, the seeds stored at room temperature also have
adequate PUFA to be evaluated at oil extraction and uses. By all, the results showed that storage
temperature may affect the fatty acid composition but no matter the storage conditions, the seeds may
be used for oil extraction at an industrial scale.
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The Use of Biostimulants in Sustainable Viticulture
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ABSTRACT: Viticulture has a very wide application area in the world, which is great importance
economically and in terms of human diet. The grapevine is evaluated in many areas, both grapes and
leaves contain valuable compounds such as vitamins, minerals, antioxidants, organic acids, fats, proteins
etc.. It has become inevitable that sustainable production techniques, the use of new integrated
techniques, and sufficient sensitivity to protect human and environmental health have to be applied for
viticulture which is of great importance in terms of human diet. Sustainable viticulture includes human
and environment friendly production systems. It is seen that biostimulants, in other words bioactivators,
are used within the scope of scientific researches and in viticulture applications in sustainable viticulture
in the world. Containing organic or inorganic compounds, microorganisms; biostimulants are applicable
to leaves, soil or seeds; positively affect plant growth, yield, nutrition, and product quality. It has been
determined by various studies that biostimulants increase the resistance of plants to biotic and abiotic
stress conditions and also regulates the soil structure. Biostimulants have been classified by some
researchers as humic substances, amino acids and other nitrogenous compounds, seaweed and plant
extracts, chitin and chitosan-like polymers, inorganic compounds, beneficial fungi and beneficial
bacteria, waste, exudates and extracts of seeds, leaves and roots. Biostimulants have an important place
within the scope of sustainable viticulture in areas such as protection of natural resources, especially
soil and water, combating erosion and forest fires, ensuring biological diversity, and integrated pest
management. The need to increase soil and plant productivity, to create ecological balance, and most
importantly to protect the health of humans and other living things, is better seen each day. This need
for a sustainable life and healthy continuity of future generations leads scientists and producers to
friendly applications such as biostimulants.
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INTRODUCTION

Sustainable agriculture is an agricultural structure where natural resources are protected in the long
term and contains agricultural technologies do not harm the environment. In other words, sustainable
agriculture is an approach that aims to balance environmental, social, ergonomic and economic
dimensions in agricultural production. Sustainable agriculture aims to keep the economy alive in the
short and long term, to increase the quality of life of the producers, and to develop application areas in
this direction, while maintaining productivity on the one hand, and reducing the damage to the
environment on the other (Turhan, 2005).

Sustainable viticulture aims to restore the disturbed natural balance as a result of faulty
applications in the ecological system. It includes human and environment friendly production systems.
It envisages organic and green fertilization, alternation, soil conservation, increasing plant resistance,
benefiting from parasites and predators. Sustainable viticulture ensures that all these possibilities are
created in a comprehensive system and is a production model that aims to increase the quality of the
product rather than increase the amount in production (Anonymous, 2020a).

As in all agricultural fields, the importance and necessity of sustainability in viticulture is better
understood every day. This situation has led researchers to investigate different plant activators in the
field of viticulture.

Affecting plant growth, nutrition, product quality and yield positively; in order to increase the
resistance of plants to abiotic stress. Biostimulants are materials that are applied to plants from the leaves,
soil or seeds, which may contain organic or inorganic compounds, microorganisms, and some of them
also have regulatory effects on the soil structure. Biostimulants are also called "Biological Stimulants"
or "Plant Activators" (Du Jardin, 2015; Kiilahtas and Cokuysal, 2016; Rouphael, 2018;).

As the trend towards healthy agricultural products has increased in recent years, it is observed that
scientific researches using biostimulant products are increasing day by day and the product market is
constantly expanding (Povero et al., 2016). France, Italy and Spain are the leading EU countries in
commercial biostimulant production (Traon et al., 2014). Biostimulants are also recommended
agronomic tools to counter abiotic stress. These products, which contain bioactive molecules, have a
beneficial effect on plants and combat adverse environmental conditions by affecting primary or
secondary metabolism. Plant protection products that only have a direct effect against biotic stresses
should not be included in the biostimulant category. For a plant activator to be called a biostimulant, the
product must also be effective against abiotic stress conditions on the plant (Bulgari et al., 2019).

Classification of Biostimulants
It is seen that different researchers show different approaches when classifying biostimulants.
Especially in recent studies, researchers have listed different activators as biostimulants.

These categories are;

. Humic substances

. Amino acids and other nitrogenous compounds

. Seaweed and plant extracts

. Chitin and chitosan-like polymers

. Inorganic compounds

. Useful fungi and beneficial bacteria (Du Jardin, 2015).

. Wastes (Yakhin et al., 2017).

. Exudates and extracts of seeds, leaves and roots (Yakhin et al., 1998; Ertani et al., 2014; Yasmeen et
al., 2014; Lucini et al., 2015; Ugolini et al., 2015).

0O ~No ok, WwDN PP
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Humic substances

Humic substances are the natural organic substances found in soil, water, sediments of decayed
animals and plants. In other words, humic substances are called macromolecular compounds formed
during degradation of plants in soil or surface waters, which are natural organic materials found in the
environment. Fulvic and humic acids are the most widely used bioactivators in agriculture.

1. Humin: It is a part of humic substances that cannot be soluble in water at any acid or alkaline pH.
2. Fulvic acid: It is a part of humic substances that are in water soluble form under all pH conditions.

3. Humic acids: The main content of organic substances in the soil is humus. Humic acid is the most
active ingredient of humus. Humic acids are the main compounds obtained from soil (Anonymous,
2020Db). They have undertaken tasks such as controlling the availability of plant nutrients, ensuring the
Carbon and Oxygen exchange between the soil and the atmosphere, and ensuring the transformation of
toxic chemicals into different components (Piccolo and Spiteller, 2003; Anonymous, 2020c).

The mechanism of action of humic substances; change the physical properties of the soil and
increase its water holding capacity; affect the cation exchange capacity and buffering properties and
nutrient availability of the soil; encourage the transformation of numerous elements into forms that plants
can use; increase the permeability of plant membranes. Humic substances also stimulate the growth of
various beneficial microorganism groups; encourage the root systems of plants to further development
and cell division and expansion; increase enzyme (complex proteins that can accelerate the rate of
chemical reactions) and hormone systems (Anonymous, 2019a).

The effects of humic acid applications on the yield, grape characteristics and nutrient uptake of
Ercis grape cultivar (V. vinifera L.) in Van province of Turkey were examined during two growing
seasons in 2003-2004 (Cangi, et al, 2006). Solid form of humic acid (55 % humic acid, 30 % fulvic acid
and 8 % K,0) were applied from soil in the amount of 100, 200, 300 kg ha'* and 10, 20, 30 kg ha from
leaves. As a result, these researchers stated that SSC, total acid, N and Fe contents of leaves of grape
vines were affected by humic acid application. In cool ecology such as Van province, increase in SSC
by humic acid application will be contribute to ripening of grapes before autum frost (Cangi, et al, 2006).

In a study conducted by Morard et al. (2011) on vineyards, it was observed that the taste of grape
berries improved as a result of the humic acid applications they applied. In a study, the response of two
grape varieties (Feteasca Regala and Riesling) by spraying three different concentrations of humic acid
onto leaves was investigated in order to demonstrate sustainable viticulture practices to farmers. As a
result of the research, it was observed that there was an increase in growth, yield and fruit quality in
vines (Popescu and Popescu, 2018).

In a study in which cane steels belonging to the cv. Sultani Cekirdeksiz and Narince and cv. Ercis
were used, in addition to determining the tolerance to salt, the biochemical contents and some
physiological parameters were investigated in order to determine the protection mechanisms of the used
Humic acid doses in the plant under stress conditions.

It has been observed that humic acid applications increase the resistance of the plant to salty soil
conditions. When the treated plants and control plants were compared in terms of macro-microelements,
it was observed that humic acid applications generally increased mineral substance intake, although the
results differ according to the elements, application doses and plant parts (Ersayar, 2017).
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Protein hydrolysates and amino acids

These biostimulants are obtained from both plant and animal industrial products. Plants can
directly use amino acids and peptides to increase their development and resistance to stressors (Watson
and Fowden, 1975; Ertani et al., 2009).

Protein hydrolysates function as plant growth regulators thanks to the peptides they contain (Ryan
et al., 2002). Protein hydrolysates help plants to uptake more Nitrogen by promoting Carbon and
Nitrogen metabolism in plants (Kiilahtas and Cokuysal, 2016). Protein hydrolysates have direct effects
on plants as well as indirect effects. When these products are used, microbial activity becomes more
active in soils (Du Jardin, 2015).

The amino acids found in biostimulants can be included in the protein structure in plants as well
as non-protein amino acids. In some studies, it has been observed that non-protein amino acids such as
glutamate, histidine, proline, glycine and betaine are applied externally and these amino acids protect
the plants from abiotic stress factors or stimulate the metabolic signaling mechanisms in plants (Sharma
and Dietz, 2006; Forde and Lea, 2007).

Polat (2006) conducted a study to determine the effects of biostimulants on growth of grapesapling
in 2006 by employing two different biostimulants (Agrozym and Almina) at four different dosages (O,
5, 10, 20 g per pot) in one year old grape sapling planted in 10 liter of pots in 2006 vegetation period. It
was found that biostimulants, overall, caused positive effects of plant growth. While both biostimulants
did not lead to any changes at budding dates, the shoot length and weight, chorophyll level, root length
and weight increased to a great extend. While macro plant nutrient of levels (N, P, K, Ca, Mg, and S)
did not change, the micro nutrients (Mn, Fe, Zn, Mo, and B) increased greatly (Polat, 2006).

Biostimulants containing amino acids are supportive of plants' resistance to oxidative conditions
and defense mechanisms against abiotic stressors. Glycine betaine and proline are osmotic regulators
that stabilize amino acids, enzymes and cell membranes under high salt concentrations and temperature
conditions that disrupt plant growth (Ashraf and Foolad, 2007, Dos Reis et al., 2012, Ahmad et al.,
2013). In addition to being effective in salt and drought stress in plants, proline also provides resistance
to plants in heavy metal stress and regulates plant growth by removing reactive oxygen species (Sharma
and Dietz, 2006).

In order to increase the quality of a vineyard with good growing conditions, the eco-physiological
and productive characteristics of the vine in the cv. Sangiovese were investigated. As a result of the
research, it was found that the application of these biostimulants provides a balance during phenolic
maturity, preserves the sugar content of fruits and increases the anthocyanin and polyphenol contents
(Salvi et al., 2015).

Two protein hydrolysates from soybean (soy) and casein (casein) were tested to trigger the
resistance of grapevines against downy mildew (Plasmopara viticola) pathogen, which has the most
destructive effect on European and North American vineyards. It was determined that the infected
grapevine leaf surface was reduced by 76% and 63%, respectively, with the application of soy and casein
in cv. Marselan. In general, although the effect of soybeans is more pronounced than casein hydrolysate,
both hydrolysates increased immunity in grapes against pathogen attack (Lachhab et al., 2014).

Seaweed extracts

The use of seaweed as organic matter and fertilizer goes back a long way in agriculture. However,
the effects of biostimulant products in agriculture have just begun to be noticed. The fact that it contains
polysaccharides, alginates, carrageenan and their by-products has enabled the use of seaweed in
agriculture (Kiilahtas and Cokuysal, 2016). In addition to the chelating properties of these extracts that
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facilitate the intake of plant nutrients, they also positively affect the soil structure and aeration, and have
a regulatory effect on plant growth and development (Milton, 1964).

Seaweed extracts are also considered as biostimulants because they improve important criteria
such as seed germination, seed development, plant growth, yield, flower and fruit formation, resistance
to biotic and abiotic stress factors, and post-harvest shelf life (Mancuso et al., 2006; Rayorath et al.,
2008; Khan et al., 2009; Craigie, 2011).

In a study which is conducted in the vineyard, it was found that the root development increased as
a result of the foliar application of seaweed extracts (Mancuso et al., 2006). This situation was associated
with the increase in lateral root development and the increase in total root volume and length, with phyto-
hormones such as auxin and cytokine found in seaweed extracts (Khan et al., 2011a, 2011b). At the same
time, Kuwada et al. (1999) was concluded that root growth observed in plants in soils where moss
extracts were applied positively affected microorganism activity in these soils.

The cv. Carménére grown in Chile has a serious impact on plant productivity due to its tendency
to reproductive disorders. Since the cv. Carménére is an important variety for the region, the effect of
seaweed extract, which is a plant growth regulator, on fertilization disorder has been investigated. In the
research; some parameters such as the effect on fruit cluster and cluster characteristics, number and
weight of fruits, cluster weight, grain size and distribution of clusters, and the physicochemical of grape
must were measured. In the study, in addition to brown algae (Ascophyllum nodosum), boron
ethanolamine and a lot of zinc oxide were given. The results showed that there was an increase in the
number and weight of fruits per cluster in cv. Carménére. Therefore, it has been concluded that it is
possible to improve reproductive disorders caused by excessive sun exposure by treating it with certain
micro elements such as boron and zinc in addition to seaweed extract (Gutiérrez-Gamboa et al., 2018).

Chitin and chitosan biopolymers

These components are used in food, cosmetics, medical and agricultural sectors. Chitin and
chitosan biopolymers are mostly obtained from marine products and mushrooms. For physiological
effects of chitin and chitosan in plants, The positive effects of their ionic structure on the protection
effect of DNA, plasma membrane, cell wall, cell parts and stress factors and related activation of genes
have been observed in some studies (Hadwiger, 2013; Katiyar et al., 2015).

The positive effects of chitosan, such as protection from fungal pathogens, resistance to abiotic
stressors and increasing the fruit quality are increasing day by day. It has been determined that chitosan
applications have effects such as stomata closure due to abscisic acid in plants and the development of
defense mechanism of this component against environmental stressors (Iriti et al., 2009).

Inorganic compounds

Inorganic compounds obtained from organic materials can also find use within the scope of
sustainable agriculture. Inorganic compounds facilitate the growth and development of plants
(Anonymous, 2019b). These components generally do not contain carbon, since they are inorganic, they
are not synthesized in the living body but taken from the outside ready, they have a structure that can
pass directly into the cell without being digested, and they mostly play regulatory roles in living things
(Anonymous, 2020d).

Downy mildew disease in grapevines is one of the most important and destructive diseases in
viticulture. Copper-based fungicides are used in organic vineyards to control disease. However, since
2006, the use of copper has been limited by a EU regulation. In the study, 112 different biostimulants
and other methods, including biocontrol agents, were examined. Animal originated materials,
homeopathic preparations, inorganic substances, microbial extracts, natural derivatives, plant extracts,
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physical methods and synthetic materials were used in the study. While not as effective as copper for
controlling downy mildew in organic vineyards, Yucca schidigera (a tree in the form of a bush) and
Salvia officinalis (sage) extracts and Trichoderma harzianum (Biocontrol agent) could be cited as
promising candidates. Potassium bicarbonate (Armicarb and Salukarb), which does not contain copper,
was used as an inorganic substance in the study and it was found that it effectively reduced downy
mildew infection in wine grapes. Armicarb, SaluKarb, Gro-stim, Kendal and Ulmasud were used among
the inorganic substances. The purpose of this study is thought to help develop an integrated management
program in which a less effective product is applied with copper to reduce the total amount of copper
applied (Dagostin et al., 2011).

Inoculants

Microbial inoculants used in agriculture are divided into two groups as bio-pesticides and
biological fertilizers. Bio-pesticides are a kind of pesticide, that are obtained from many natural materials
in the form of animals, plants, bacteria and various minerals and are based on the use of vectors (harmful)
in plant protection. They are less harmful compounds than chemical pesticides. While these directly
affect the target pest and closely resembling creatures; conventional pesticides affect a wider group,
including birds, insects and mammals (Yarsan and Cevik, 2007). Biological fertilizers are agricultural
inputs that contain live microorganisms and can be applied to seeds, different surfaces of plants and soil.
The most common biological fertilizers may include beneficial bacteria (PGPR= Plant Growth
Promoting Rhizobacteria) some fungi, or mycorrhizal fungi. Especially biological fertilizers are included
in the biostimulant group (Vessey, 2003).

The beneficial microorganisms PGPR’s work as biostimulants by assuming tasks such as
asymbiotic N fixation, making plant nutrients useful, siderophore production, facilitating Fe uptake and
production of volatile organic compounds (Cakmagi, 2005).

Trichoderma isolate is among the important microorganisms due to their capacity to control phyto-
pathogenic fungi. Some Trichoderma isolates have a significant biostimulant effect. It can be used in
both solid and liquid form. Trichoderma spp. has a positive effects such as phyto-stimulation
mechanism, increasing root, branching and nutrient intake capacity, communication with root and shoot
systems, connection with the rhizosphere, and significant increase in plant growth and yield have been
observed in many studies (Lopez-Bucio et al., 2015).

In a study, different doses of Bacillus subtilis PGPR isolates and Trichoderma harzianum were
applied to investigate the effects on young plant development. As a result, it has been determined that
Trichoderma harzianum and Bacillus subtilis have positive effects on planting success and development
of 2-year-old Syrah / 110R young plants (Korkutal et al., 2017a; Korkutal et al., 2017Db).

In a study conducted in the field of vegetables, it was aimed to determine the combinations with
different hybrid and standard tomato varieties and some PGPR bacteria and to examine the reactions of
the best combinations under salt stress. In the first stage of the study, 3 hybrids and 3 standard tomatoes
varieties were used as plant material. Eight bacterial species tested in previous studies were used as
bacterial inoculum sources. It has been determined that PGPR isolates provide the positive effects on
seedling development parameters in tomato plants under salt stress and facilitate the intake of nutrients
such as K and Ca, which are important in nutrient content, especially in salt stress (Yilmaz, 2017).

In light of the work has been completed, the promotion of the use of particular viticulture area of
PGPR isolate and widespread, without the need for inorganic plant nutrition and plant protection
materials, it has been found to apply the most ideal form (Gazioglu Sensoy, et al., 2019).
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Mycorrhizal fungi inoculates to the roots of many plants in the ecosystem through the spores
existing in the soil. This situation increases the resistance of the plant to drought and some diseases.
These fungi mycelium networks, known as the web of nature, can settle in the roots of plants as well as
provide connections between plants that are far apart. They share nutrients with other plants, or they can
release toxic chemicals to harm plants they do not like (Anonymous, 2019c).

In another study conducted in the vineyard, mycorrhiza and humic acid were applied to increase
the quality characteristics of the seedlings in the production of grafted rooted tubular vine saplings. As
a result of the application; The vegetative growth such as root number, root thickness, root length, shoot
length, shoot thickness of seedlings, and the grafting success level have affected varying rates according
to variety / rootstock combinations. As a result of the research, it has been determined that both humic
acid and mycorrhiza applications significantly increase the seedling yield (Kavak, 2006). It seems that
the effect of mycorrhiza applications in sustainable viticulture studies is promising.

Korkutal et al. (2020), use two different mycorrhiza cocktails (Symbion Vesicular Arbuscular
Mycorrhiza, Shubhodaya Vesicular Arbuscular Mycorrhiza) were applied to the young grapevines four
different methods (Control, Planting mixture, Root, Root + Planting mixture). Researhers were used cv.
Alphonse Lavelleé and cv. Razaki as a plant material. The young grapevine performance, shoot, leaf and
root characteristics were examined; leaf, shoot, and root mineral compounds were analyzed. As a result,
it has been demonstrated that the most beneficial application to young grapevine in both cvs and both
different mycorrhizal preparations is the application to the soil mixture.

Organic wastes

Food waste or industrial waste streams, composts and compost extracts, fertilizers, vermicompost,
waste water and sewage treatment have been included in the biostimulant group by some researchers
(Yakhin et al., 2017). Agricultural wastes are divided into three groups:

1-Wastes remaining as a result of plant production; the vegetative mass that comes out as a result of the
crop production in the cultivated land, forest, fallow land, fruit and vegetable cultivated areas and cannot
be qualified as a product is considered as waste. Stem, straw, buck, bark, seed, pruning residues can be
included in this group.

2-Wastes remaining as a result of animal production; it is the internal organs left over as a result of
animal manure and slaughter. Animal manures are used as fuel (dung) and as fertilizer. It is possible to
use wastes from internal organs as compost fertilizers.

3-Wastes resulting from the processing of agricultural products; they are the wastes generated as a result
of the processes (grinding, sorting, drying etc.) of agricultural products before they are directly used.

These are unused wastes such as stalk, straw, shell and seed. Knowing the effects of post-
processing wastes of these products on soil properties is necessary for a useful and appropriate recycling.
The pulp obtained after processing is called biochar. The wastes arising from grape products are
evaluated in different areas: grape (peel, seed and grape waste) were used as growing medium, silage
additive, in poultry feed, dye (for food or fabric), feed additive, in the cosmetics industry, in
aromatherapy, and pruning residues are used as fuel. (Bekar, 2016).

Exudate and extracts of seeds, leaves, shoots and roots

This biostimulant group is obtained from the exudates of seeds, leaves and roots. For the most part,
it is extracted from high plants such as Amaryllidaceae (daffodils), Brassicacae, Ericaceae (terraceae),
Fabaceae (legumes), Fagaceae (chestnuts), Moringaceae, Plantaginaceae, Poaceae, Rosaceae,
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Solanacea, Theaceae, Vitaceae (Parrado et al., 2008; Pretorius, 2013). This biostimulant group gives
positive results in the growth and development of the plant, its yield and quality, and in the fight against
diseases, in sustainable viticulture (Parrado et al., 2008; Pretorius, 2013; Atici, 2016).

In a study investigating the possibility of using grape-shoot extracts as a biostimulant in viticulture,
the extract obtained from the shoots of the same vine was applied to the cv. Airén leaves. In the resulting;
it was determined that it positively affected the alcohol degree, pH, total acidity, volatile acidity, color
density, variable aroma potential index, phenolic compounds and yield. These results are predicted to
contribute to sustainable viticulture (Sanchez-Gomez et al., 2016).

CONCLUSION

Sustainable agriculture is an extremely important concept in terms of creating a society that meets
its own needs without endangering future generations. Conservation of our natural resources, especially
soil and water, combating soil erosion and forest fires, ensuring biological diversity, integrated medicine
management, using organic production models and appropriate cultivation techniques, is of great
importance for sustainable living.

While the regular and effective use of organic materials from different origins has a positive effect
on some physical and chemical properties of the soil; at the same time, it provides significant support
for a sustainable agricultural production without harming human beings and nature. Productivity-
oriented conventional agricultural activities, which are carried out without considering human, animal
and environmental health, destroy our soil and water resources over the years, and inorganic preparations
that are used extensively sometimes cause irreversible problems. However, the return of natural products
and natural wastes to nature will not cause negative reactions in the ecosystem, but will provide
significant increases in productivity and quality. In addition to some applications sensitive to human and
environment, we also benefit from the substances we call biostimulants; it will provide great advantages
in terms of clean food, clean environment and healthy life. With the use of these substances, human and
environmental health is protected, while operating costs can be minimized in terms of agricultural inputs.

The use of biostimulants has an important place in sustainable agriculture and sustainable
viticulture practices. The use of humic substances, amino acids and other nitrogenous compounds,
seaweed and plant extracts, chitin and chitosan-like polymers, inorganic compounds, beneficial fungi
and beneficial bacteria, organic wastes, seeds, leaves and root exudates and extracts, without harming
the ecology and human health and abiotic problems. It also has positive effects on the growth levels and
bioactive components of plants.

If the grape, which is both a fruit with high table value and an industrial product, is grown with
sustainable methods at the growing stage, the product obtained will of course be more valuable.
Considering that consumer tendencies change in a positive way and the level of consciousness increases
day by day; sustainable viticulture will increase the marketability of grapes grown with clean agricultural
practices in the consumption of products obtained from fresh, dried or must. Especially the grape that
turns into wine, which is a product with high economic value all over the world, will reach a higher
market share with the use of biostimulants.
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Ugucu Yag ve Arbuskiiler Mikorhizal Fungus’un Domates Kok ve Kok Bogaz: Ciiriikliigii (Fusarium oxysporum f. sp. radicis
lycopersici Jarvis & Shoemaker) Hastaligina Etkileri

Seda BILICI! Semra DEMIRY Gékhan BOYNO!

OZET: Bu calismada, baz1 Arbuskiiler Mikorhizal Fungus (AMF) tiirleri (Rhizophagus intraradices (Ri) ve Funneliformis mosseae (Fm))
ile bazi ugucu yaglarin (kekik, nane ve adagay1), domatesteki 6nemli hastaliklar arasinda yer alan Fusarium oxysporum f. sp. radicis-
lycopersici (Jarvis & Shoemaker) (FORL)‘nin yol agtig1 kok ve kok bogaz ¢iiriikliigii hastaligi iizerine etkileri incelenmistir. Caligmanin
birinci agamasinda, in-vitro kosularda ii¢ farkli ugucu yag ile bunlarm bes farkli dozu (25, 50, 75, 100 ve 150 pl L1), FORL’ye kars
denenmistir. Caligma sonucunda patojenin miseliyal koloni gelisiminin sadece kekikten elde edilen ugucu yagin (KUY) tim dozlarinin
9%50.8-80.8 oraninda engelledigi; en iyi dozun ise 150 ul L* doz oldugu saptanmistir. Calismanin ikinci asamasinda in-vivo kosullarinda
yetistirilen domates bitkilerine, AMF tiirleri ile 150 ul L™ dozundaki KUY uygulanmistir. Uygulama gruplarinin bitki gelisimine énemli
bir etkileri olmamakla beraber, AMF kolonizasyon yogunluklarina ve mikorizal bagimlilik kriterlerine gore en iyi uyumun Ri ile oldugu
saptanmistir. Calismanin iigiincii asamasinda Ri ile KUY un 150 ul L doz uygulamasmm, domates bitkisinde FORL’ye olan etkileri
aragtirtlmustir. Tiim uygulamalar kontrol grubuna gore hastaligi %28-55 oranlarinda baskilarken, Ri+KUY+FORL kombinasyonun
patojene kars1 en etkili grup oldugu, uygulama gruplarmin bitkinin morfolojik gelisimine 6énemli katki saglamadigi gozlenmistir. AMF
kok kolonizasyon yogunlugu agisindan en yiiksek degerler Ri ve Ri+KUY+FORL uygulama gruplarinda sirasiyla, %43.89 ile %37.77
oranlarinda olurken, AMF spor yogunluklarinda istatistiki olarak onemli fark olusmamistir. Mikorizal bagimlilik ise sadece Ri+KUY
uygulamasinda tespit edilmistir. Sonug olarak, bu ¢aligmada kullanilan Ri ile KUY uygulamalarinin patojeni engellemede 6nemli bir
potansiyele sahip oldugu, ancak bitki gelisimine énemli katki saglamadig1 belirlenmistir.

Anahtar Kelimeler: Domates, Fusarium oxysporum f.sp. radicis-lycopersici (Jarvis & Shoemaker), arbuskiiler mikorhizal fungus, ugucu
yaglar

The Effects of Essential Oils and Arbuscular Mycorrhizal Fungi on Decay Disease (Fusarium oxysporum f. sp. radicis lycopersici
Jarvis & Shoemaker) of Root and Root Collar of Tomato

ABSTRACT: In this study, the effects of some Arbuscular Mycorrhizal Fungi (AMF) species (Rhizophagus intraradices (Ri) and
Funneliformis mosseae (Fm)) and some essential oils (thyme, mint and sage) on Fusarium oxysporum f. sp. radicis lycopersici (Jarvis &
Shoemaker) (FORL) of root and root collar of tomato which are two of the important diseases were invesitigated. In the first stage of study
three different essential oils and five different doses of oils (25, 50, 75, 100, 150 ul L) have been tested against FORL in-vitro conditions.
As a result of the study, it was determined that all doses of essential oils obtained from thyme (KUY) prevented the development of
micellar colonies of the pathogen by 50.8-80.8%; and the best dose was 150 ul L% In the second stage of the study, 150 pl L' dose of
KUY was applied to tomato plants grown under in-vivo conditions with AMF species. Although treatment groups did not have a significant
effect on plant growth, according to AMF colonization densities and mycorrhizal dependence criteria, the best effect was found with Ri.
In the third stage of the study, the effects of 150 pul L-1 dose of KUY and Ri application on FORL in tomato plant were investigated.
Ri+KUY+FORL combination was determined to be the most effective group against the pathogen. In addition, although all treatments
suppressed the pathogen at a rate of 28-55%, they did not show significant effect on the morphological development of the plant. While
the AMF root colonization density Ri and Ri+KUY+FORL treatment groups had the highest values at 43.89% and 37.77% respectively,
there was no significant difference in spore density in the rhizosphere Mycorrhizal dependence was detected only in Ri+KUY treatment.
As aresult, it was determined that Ri and KUY treatments have an important potential in preventing the pathogen, but they do not contribute
significantly to plant growth.

Keywords: Tomato, Fusarium oxysporum f.sp. radicis-lycopersici (Jarvis & Shoemaker), arbuscular mycorrhizal fungi, essential oils.
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GIRIS

Diinyada en ¢ok tiretilen, tiiketilen ve ticareti yapilan domates (Solanum lycopersicum L.), renk,
lezzet ve besin igerigi gibi 6zellikleri agisindan 6nemli sebze {iriinlerinin basinda gelmektedir (Wang ve
ark., 2010). Ayrica, gida sanayinde dondurulmus, konserve, salga, ketcap, tursu gibi ¢ok ¢esitli kullanim
alanlarina sahip olmasi; bilinyesinde B6, B1, A ve C vitaminlerini icermesi gibi bir¢cok 6zelligi nedeniyle
insan beslenmesinde 6nemli rol oynamaktadir (Vural ve ark., 2000).

Domatesin diinyadaki toplam {iretimi, yaklasik 182 256 458 ton olup, 12 150 000 tonluk iiretimi
ile de Tiirkiye diinya ¢apinda dordiincii siradadir (FAO. 2020). Uretimi oldukca fazla olan bu iiriinde
ise, hastaliklarin salgin halde goriilmesi kacinilmazdir. Bu hastaliklarin basinda fungal patojenlerin
neden oldugu hastaliklar gelmektedir (Kirbag ve Turan, 2006; Song ve ark., 2011). Ozellikle toprak
kaynakli patojenler arasinda yer alan Fusarium tiirleri, domates yetistiriciligi yapilan tiim alanlarda ciddi
verim kayiplaria sebep olmaktadir (Attitalla ve ark., 2004; Bogale ve ark., 2007).

Fusarium tiirleri iginde domateste en yaygin goriileni Fusarium oxysporum’dur. Bu etmenin ise
domatesi hastalandiran F. oxysporum f.sp. lycopersici (Snyder & Hans) (FOL), Fusarium solgunluguna
ve F. oxysporum f. sp. radicis lycopersici (Jarvis & Shoemaker) (FORL) ise kok ve kok bogazi
clirimelerine sebep olan iki patojenik spesiyal form olarak belirlenmistir (Castano ve ark., 2013;
McGovern, 2015). FORL, bitkinin iletim borularinda FOL’e gore daha az kahverengilesmeye sebep
olmaktadir. Ayn1 zamanda kok bogazinin 20-30 cm iizerinde kahverengi cizgilere yol agmaktadir.
FORL’nin en tipik belirtisi ise ¢lirlimils yan koklerin dip kisimlarindaki yuvarlak sekilde kahverengi
lezyonlardir. Ayrica bu fungus, 6lii ve kuruyan bitkiler tizerindeki nekrotik govde lezyonlarinda beyaz-
pembe renkli sporulasyon olusturmaktadir (Can ve ark., 2003; Can ve ark., 2004).

F. oxysporum’un mikro-konidi, makro-konidi ve klamidospor olmak tizere {i¢ tip aseksiiel spor
yapisi bulunmaktadir. FORL’nin yayilmasinda ve hayatta kalmasinda mikro-konidiler ve klamidospor
yapilar1 oldukea etkilidir. Mikro-konidiler, ¢ok bol miktarda olusmakta ve ¢ogunlukla hava, toprak ve
su hareketleri ile yayilmaktadir. Bu yayilim tekrarli enfeksiyonlara sebebiyet vermekte ve %90’a varan
iiriin kayiplarina neden olmaktadir (Hajlaoui ve ark., 2001; Hibar, 2002; Colak ve Bigici, 2011).
Klamidosporlar ise kalin duvarlara sahip olup, fungusun toprakta uzun yillar canli kalmasini
saglamaktadir (Ozbay ve ark., 2002).

Fusarium tiirlerinin neden oldugu solgunluk ve kok ¢iiriikligii hastaliklarina kars1 miicadele,
cogunlukla dayanikli ¢esit kullanimu ile kiiltiirel yontemler ve kimyasal miicadele programlar: seklinde
uygulanmaktadir (Aydin, 2019). Ancak hastalia neden olan etmenin saprofitik yasama 6zelligi ve
dayanikli ¢esitlerin sinirli sayida gelistirilmesi nedeniyle kiiltiirel yontemler yetersiz kalmaktadir (Landa
ve ark., 2004; Jiménez-Diaz ve ark., 2015). Bununla beraber, FORL’ye kars1 uygun dayanikliliga sahip
ticari olarak kesin kabul edilebilir ¢esitler heniliz gelistirilmemistir (Colak ve Bigici, 2011). Bu
nedenlerden dolay1 iireticiler kimyasal miicadeleye bagvurmaktadirlar. Kullanilan bu kimyasallar ise,
insan sagligina olan tehdidinin yani sira; su kaynaklarina ve topraga bulasarak, hedef dis1 organizmalara
zarar vermekte, kalintilar ve kalic1 bilesikler nedeniyle biyolojik sistemlere ve ¢evreye biiyiik problemler
olusturmaktadir (Yildiz ve ark., 2005). Buna ek olarak, toksisite ve patojenlerin direng problemlerini de
beraberinde getirmektedir (Saito ve ark., 2016). Bu cercevede, farkli miicadele yontemleri son
zamanlarda kimyasal miicadeleye alternatif yaklasimlar icinde 6dnemli bir potansiyele sahip oldugu
goriilmektedir. Bu yontemlerin basinda ise biyolojik miicadele ¢aligmalar1 yer almaktadir.

Hastaliklarla miicadelenin ileri bir adim1 olarak biyolojik miicadele diisiiniilebilir (Aydin, 2015;
2019). Bu baglamda kullanilan biyolojik kontrol ajanlar1 (BKA)’nin bitki kdk bdlgesine kolonize
olmalart tesvik edilerek, bir savunma hatti olusturmak suretiyle, bitkilerin hastalanmasi
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engellenmektedir (Benitez ve ark., 2004). Ozellikle de bitkileri baz1 kok hastaliklarina karsi korumada,
bitki gelisimini artirmada ve ¢esitli stres faktorlerine karsi bitkiyi direncli hale getirmede oldukca etkili
simbiontlar olarak kabul edilen Arbuskiiler Mikorhizal Funguslar (AMF) 6nemli bir yere sahiptir (Smith
ve Smith, 2012; Demir ve ark., 2015). Bu kapsamda AMF’nin domates patojeni olan F. oxysporum'un
mikrokonidiyal ¢gimlenmesini etkiledigi (Scheffknecht ve ark., 2007), ayn1 zamanda bu hastaliga karsi
bitkinin direncini ve biyo-kiitlesini de arttirdigi rapor edilmistir (Wang ve ark., 2020).

Son zamanlarda hastalik etmenleriyle miicadelede, dogal yapida bir¢ok koruyucu ajanlar
kullanilmaktadir. Ozellikle bitkilerden elde edilen ugucu yaglar, dogal nitelikte olmalar1 ile beraber,
insan saghigmi ve dogayr tehdit etmemeleri nedeniyle sentetik pestisitlere alternatif olarak
kullanilabilecegi ongoriilmektedir (Szczerbanik ve ark., 2007). Yapilan arastirmalarda da ugucu yaglarin
baz1 funguslar lizerinde miselyum ve spor gelisimini engelleyici etki gosterdigi belirlenmistir (Tripathi
ve ark,. 2008; Kordali ve ark., 2009; Erdogan ve ark., 2014; Erdogan ve ark., 2016).

Kok ve kok bogazi cilirimesine sebep olan hastaligin, hem ugucu yaglarin hem de AMF ile
kontroliine yonelik aragtirmalarin sinirli sayida oldugu; bunlarin kombinasyonlar1 ile yapilan
arastirmalara yonelik literatiire ise rastlanmadigr goriilmektedir. Bu g¢alismada, domates tariminda
onemli verim kayiplarina neden olan, kok ve kdk bogazi ciirlimesine sebebiyet veren hastalik etmeni
FORL’ye karst AMF ile ugucu yaglarin biyolojik kontrol/dogal koruyucu ajanlari olarak
potansiyellerinin ve bitki gelisimlerine olan etkilerinin arastirilmasi amaglanmastir.

MATERYAL VE METOT

Calisma Materyalleri

Test bitkisi olarak yaygin bir sekilde yetistiriciligi yapilan ve Fusarium solgunluguna duyarli
oldugu bilinen Fla. 7781 nolu domates ¢esidi kullanilmistir. AMF izolatlar1 olarak, Van Yiiziinci Y1l
Universitesi, Ziraat Fakiiltesi, Bitki Koruma Béliimii, Mikoloji laboratuvari stoklarmda bulunan
Rhizophagus intraradices (N.C. Schenck &G.S. Sm.) C. Walker&A.Schii3ler ve Funneliformis mosseae
(T.H.Nicolson&Gerd.) C. Walker&A.Schiiller izolatlar1 kullanilmistir. Patojen izolat olarak ise, Bati
Akdeniz Tarimsal Arastirma Enstitiisiit (BATEM)’den temin edilen Fusarium oxysporum f.sp. radicis-
lycopersici (FORL) izolat1 kullanilmistir. Calismada kullanilan kekik, nane ve adagay1 ugucu yaglari ise
ticari olarak temin edilmistir.

Uygun AMF ile Ugucu Yag ve Dozunun Belirlenmesi

Calismada uygun AMF ile ugucu yag kombinasyonlarinin ve ugucu yagin uygulama dozunun
belirlenmesi i¢in hem in-vitro hem de in-vivo’da testler yapilmustir.

In-vitro testlerde, sterilize edilmis PDA ortamlar1 su banyosunda 50°C’ye kadar sogutulduktan
sonra kekik, nane ve adagay1 ugucu yaglar1 25, 50, 75, 100 ve 150 pl L konsantrasyonlarinda olacak
sekilde ilave edilerek steril petrilere aktarilmistir. Daha sonra katilasan bu ortamlara ise bir haftalik
FORL kiiltlirtinden 5 mm capinda diskler alinip ekimi yapilarak, 27°C’de inkiibasyona birakilmistir.
Inkiibasyonun 3., 4., 5. ve 6. giinlerinde petrilerde gelisen fungusun miseliyal koloni caplar1 dijital
kumpas kullanilarak birbirine dik yonlerde 6l¢iilmiistiir. Denemeler {i¢ tekerriirlii ve her tekerriirde ii¢
tekrar olacak sekilde yiirtitiilmistiir. Bu test sonucunda en iyi ugucu yag ve dozu belirlenerek in-vivo
testine gecilmistir.

In-vivo testi, 24+2°C sicaklik, % 50-60 nem, 12 saat aydinlik ve 12 saat karanlik olacak sekilde
ayarlanan iklim odasinda yiiriitiilmiis olup, 2:1 oraninda torf:perlit doldurulmus 16x18 cm boyutunda
saksilar hazirlanmigtir. Hazirlanan bu saksilarin tohum yatagina her bir AMF tiiriinden 2.5 g’lik
inokulum (yaklasik 25-40 spor g* toprak inokulum yogunlugu) koyularak, yiizey sterilizasyonu yapilmis
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domates tohumlari ekilmistir. Domates fidelerinin ilk ¢ikislarindan 6 hafta sonra in-vitro testinde basarili
bulanan ugucu yag, belirlenen uygun dozda topraktan uygulanmistir. Calisma 3 tekerriirlii ytirtitiilmiis
olup, 10 haftalik gelisim periyodunu tamamlayan bitkiler hasat edilerek, morfolojik parametrelerine,
AMF kok kolonizasyonu, rizosfer bolgesinde AMF spor yogunlugu ve mikorhizal bagimliliga
bakilmistir.

Bitki morfolojik parametrelerinin belirlenmesi

Hasat edilen bitkilerin siirgiin yas/kuru agirligi, kok yas/kuru agirhigy, siirglin/kék boylart ve
stirglin ¢ap1 degerlendirilmistir. Bu amagla kok bogazindan kesilen bitkilerin iist aksamlar1 dogrudan
tartilmis, kokler ise musluk suyu yardimi ile yetistirme ortami1 materyallerinden arindirildiktan sonra
tartilmistir, bu yolla yas agirliklar elde edilmistir. Tartilan materyaller 70°C’de 48 saat kurutularak kuru
agirliklar tespit edilmistir. Stirglin ve kok boy oOlgiimleri bir cetvel ile, siirglin ¢ap1 ise dijital kumpas
yardimiyla 6l¢iilerek belirlenmistir.

AMF kok kolonizasyonu, rizosfer bolgesinde AMF spor yogunlugu ve mikorizal bagimhhgin
belirlenmesi

Bitki kokleri temizlenip, % 0.05’lik Laktofenol mavisi katilarak hazirlanan boya ¢ozeltisi ile
boyanmistir (Phillips ve Hayman, 1970). Daha sonra AMF kok kolonizasyonunun belirlenmesi igin 151k
mikroskobu altinda mikorizal fungus yapilart gézlenmistir. Ayrica kok kolonizasyonu Grid-Line
Intersect yontemi ile dlgiilerek, yiizde (%) olarak hesaplanmistir (Giovannetti ve Mosse, 1980). AMF’li
bitkilerin rizosfer bolgesindeki topraklarda AMF spor yogunluklari ise 1slak eleme yontemi ile 1 g
topraktaki sporlar sayilarak belirlenmistir (Gerdemann ve Nicholson, 1963) Daha sonra bitkilerdeki
AMF’nin etkinligini belirlemek amaciyla mikorhizal bagimliliga bakilmistir. Mikorhizal bagimlilik
(MB), bitkilerin 10 haftalik gelisiminden sonra kuru agirliklar1 tartilip, 1 no’lu Esitlik kullanilarak
belirlenmistir (Declerck ve ark., 1995).
MB (%) = [(A—B) +~ A] x 100 (1),
Esitlikte:
A; AMF (+) bitkinin toplam kuru agirhigs,
B; AMF (-) bitkinin toplam kuru agirlig: ifade etmektedir.

Elde edilen veriler sonucunda en iyi uyumu gosteren AMF x ugucu yag kombinasyonu belirlenerek
daha sonraki testlerde kullanilmistir.

Secilen AMF ve Ucucu Yagin FORL’ye Etkisi

In-vitro ve in-vivo testler sonucuna gore en iyi uyum gosteren AMF x ugucu yag kombinasyonunun
ve bunlarin tekli uygulamalari in-vivo’da FORL inokule edilen bitkiler {izerinde etkilerine bakilmustir.
Yukarida bahsedildigi gibi domates tohumlart AMF (+) ve AMF (-) olacak seklinde 3 tekerriir olarak
ekimleri yapilmistir. ilk fide cikislardan 6 hafta sonra ugucu yag ile birlikte, 1x 10® konidi ml™*
yogunlugunda patojen siispansiyonu 5 mL bitki™! olacak sekilde topraktan igirme yontemi ile bitkilere
uygulanmistir. Patojen inokulasyonundan 4 hafta sonra hastalik siddeti 0 — 5 skalas1 (0: belirti yok, 1:
Kokte hafif renk degisikligi (toplam alanin % 10’undan daha az), 2: Koyu renkli leke ve lezyonlar kdkiin
1/4’iine yayilmis, 3: Enfeksiyon toplam kok alanin yarisini kaplamis, ana kokte bariz renk degisikligi,
4: Enfeksiyon kokiin 3/4’linli kaplamis, kok bogazinda lezyonlar, yapraklarda solgunluk 5: Enfeksiyon
kokiin tlimiine yayilmis, geng yapraklarda sararma ve 6liim) ile degerlendirilmistir. Elde edilen degerler
hastalik siddeti (DI) formiilii (Esitlik 2) yardimi ile yiizde hastalik siddetine doniistiiriilmiistiir.
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DI (%) = [X(SD x BS) =+ (ESD x TB)] x 100 (2),
Esitlikte;
SD; Skala degeri
BS; Ayni skala degerindeki bitki sayisi
ESD; En yiiksek skala degeri,
TB; Toplam bitki sayisini1 ifade etmektedir.

Hastalik siddeti yiizdeleri baz alinarak uygulama gruplarinin hastaligi baskilama oranlar1 (BO)
Esitlik 3’te gosterilen formiil ile hesaplanmustir.
BO (%) = [(DIk — DI) = DIk] x 100 (3),
Esitlikte;
DIk; Kontrol grubunun hastalik siddeti degerini temsil etmektedir.

Daha sonra bitkiler hasat edilerek yukarda da belirtildigi gibi, bitkinin morfolojik parametrelerine,
AMF kok ve rizosfer bolgesinde ki kolonizasyon yogunluklari ile mikorhizal bagimliliga bakilmistir.

Istatistiki Analizler

Calisma tesadif parselleri deneme desenine gore dizayn edilmistir. Elde edilen verilerin
degerlendirilmesinde SAS paket programi kullanilarak, Duncan Coklu Karsilagtirma Testi ve T testi
(ikili kargilastirmalarda) uygulanmustir.

BULGULAR VE TARTISMA

Uygun AMF ile Ugucu Yag ve Dozunun Belirlenmesi

En uygun ugucu yagin belirlenmesine yonelik in-vitro testinde, uygulamalarin patojen tizerindeki
etkileri (Cizelge 1) istatistiksel olarak 6nemli bulunmustur (P<0.05). Bu ¢ercevede, kontrole gore nane
ve adacayindan elde edilen ugucu yaglarin herhangi bir dozu, fungusun miseliyal koloni gelisimine etki
etmedigi belirlenirken, kekikten elde edilen ugucu yagin tiim dozlar1 bu gelisimi azaltmistir (Cizelge 1).
Boyraz ve Kogak (2006) tarafindan yapilan bir ¢alismada da farkli bitkilerden elde etigi ugucu yaglarin
patojenlere karsi etkilerinin farkli oldugu belirtilmistir. Ugucu yaglarin patojenlere olan etkilerinin
farklillk  gostermesinin  en biiyilk nedeninin, yapilarinda bulunan bilesiklerin farkliligindan
kaynaklandig diisiiniilmektedir (Romagnoli ve ark., 2005). Bu calismada kekik ugucu yagin en yiiksek
dozunun (150 pl L), %84.8 oraninda patojenin koloni gelisimini inhibe ettigi tespit edilmistir (Cizelge
1). Benzer ¢alismalarda da kekikten elde edilen ugucu yagin bir¢ok patojenin gelisimini engelledigi
bildirilmistir (Boyraz ve Kogak, 2006; Ugar ve ark., 2015). Bunun nedeni ise, bu ugucu yagda ana bilesen
olarak One ¢ikan “carvacrol” {in antibakteriyal, antifungal, antihelmintik, insektisidal, analjezik ve
antioksidan etkisinin olmasidir (Baytop, 1999). Nitekim Bozhiiyiik ve ark. (2015) kekik ucucu yaginin
in-vitro kosullarda bazi fungal patojenlere (Fusarium equiseti, Botrytis sp., Phytophthora capsici,
Nigrospora oryzae, ve Rhizoctonia solani) karsi antifungal etkisinin oldugunu belirtmislerdir.

In-vitro testi sonucunda, engelleme orani en yiiksek olan kekik ugucu yagi (KUY) ve bunun 150
ul L't dozu sonraki testlerde kullanilmak iizere segilmistir. Secilen KUY ve dozunun AMEF tiirleri (R.
intraradices ve F. mosseae) icinde en iyi uyumu belirlemek iizere in-vivo testine gegilmistir. Bu
kapsamda, uygulama gruplarinin bitki gelisim parametreleri lizerinde etkileri (Cizelge 2) istatistiksel
olarak 6nemli bulunmamaistir (P<0.05). Ancak bu uygulamalarin AMF kok kolonizasyon yogunlugu (%)
ve rizosfer bolgesindeki spor yogunlugu (spor g? toprak) iizerinde etkileri ise (Cizelge 3) dnemli
bulunmustur (P<0.05). FElde edilen veriler KUY’a gore karsilastirildiginda bitkinin morfolojik
gelisimine, AMF tiirlerinin (R. intraradices ve F. mosseae) KUY ile kombinasyonlarinin etki etmedigi
belirlenmistir. Nitekim bazi ugucu yaglarin AMF ile uygulandiginda, AMF’nin bitkiyle simbiyosis
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olusumunu olumsuz etkiledigi ve bu olumsuzlugun bitki gelisimine de yansidigir disiiniilmektedir
(Stamou ve ark., 2017). Bu baglamda Chaudhary ve ark. (2008), u¢ucu yag+AMF uygulamalarinin AMF
kolonizasyon yogunlugunda artis gostermesine ragmen, bitkinin siirglin biyo-kiitlesinde 6nemli bir
etkisinin olmadig1 tespit etmistir.

Cizelge 1. Kekik, nane ve adagay1 ugucu yaglarinin farkli dozlarinin in vitro’da FORL nin miseliyal gelisimine etkileri

Uygulamalar Uygulama Dozlar1 (ul L) Koloni Cap1 (mm)* Yiizde Etki (%)**
Kontrol 0 1.18bax*
25 0.58° 50.8
50 0.58¢ 50.8
Kekik 75 0.514% 56.7
100 0.41¢ 65.2
150 0.18¢ 84.8
25 1.2202 -
50 1.26% -
Nane 75 1.33 -
100 1.242 -
150 1.300 -
25 1.18 -
50 1.31% -
Adagay1 75 1.18v -
100 1.18 -
150 1.18v -

*: Inkiibasyondan 3., 4., 5. ve 6. giinlerinde petrilerde gelisen funguslarin misaliyal koloni ¢aplar1 él¢iiliip, ortalamalar alinarak hesaplanmistir,
**: Kontrole gore hesaplanmis olup, -; fungusun miseliyal koloni gelisimini etkilemedigini gosterir,
***: Duncan ¢oklu karsilagtirma testine gore ayni siitundaki ayni harfler arasindaki fark 6nemsizdir (p<0.05)

Cizelge 2. AMF ve KUY uygulamalarinin domateste bitki gelisim parametrelerine etkileri
Uygulamalar SB* (cm) KB(m) SC(@mm) SYA(@ KYA(@ SKA(Q) KKA(Q)

KUY 48.80%** 18.62% 5.58% 28.55% 12.122 3.20% 0.60*
Ri+KUY 44.26% 19.822 5.73 28.70° 12.22# 3.30° 0.63?
Fm +KUY 46.16° 17.40% 5.65% 28.22% 12.06% 3.10% 0.59*

*: SB: Siirgiin boyu, KB: Kok boyu, SC: Siirgiin ¢ap1, SYA: Siirgiin yas agirligi, KY A: Kok yas agirhgi, SKA: Siirgiin kuru agirligi, KKA: Kok kuru agirlig,
**: Duncan ¢oklu karsilastirma testine gore ayni siitundaki ayni harfler arasindaki fark dnemsizdir (p<0.05)

Ri+KUY kombinasyonun AMF kok kolonizasyon yogunlugunda (%42.16) ve rizosfer
bolgesindeki spor yogunlugunda (31 spor g* toprak) Fm+KUY kombinasyonuna gére daha yiiksek
oldugu saptanmustir (Cizelge 3). Kekik tiirlerinin AMF kolonizasyon yogunlugunu arttirdig tespit
edilmekle beraber (Karagiannidis ve ark., 2012), kekikten elde edilen ugucu yagin AMF iizerindeki
etkisinin tam olarak ortaya koyan bir ¢alisma bulunmamaktadir. Ancak naneden elde edilen ugucu yagin
R. intraradices’in kok kolonizasyon yogunluguna oénemli bir etkisinin olmadigini rapor edilirken
(Stamou ve ark., 2017), Artemisia annua bitkisinden elde edilen ugucu yaglarin ise, G. macrocarpum ve
G. fasciculatum’un kok kolonizasyon yogunlugunu arttirdigi belirlenmistir (Chaudhary ve ark., 2008).
Mikorizal bagimlilikta ise, bitkinin biyo-kiitlesine gore paralellik gosterdigi bilinmektedir (Declerck ve
ark., 1995). Bu nedenle, Ri+KUY kombinasyonunun istatistiksel fark olmamakla berber bitki biyo-
kiitlesini arttirdig1 ve dolayisiyla diisiikte olsa mikorizal bagimlilik olusturdugu (+ (%3.3)); Fm+KUY
kombinasyonu ise bitki biyo-kiitlesine etkisinin olmadigi ve dolayisiyla mikorizal bagimlilik
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olusturmadigi (- (%2.9)) tespit edilmistir (Cizelge 3). Bu sonuglar baz alinarak Ri+KUY kombinasyonu
en 1yl uyumu gosterdigi belirlenmis olup, sonraki ¢alismalarda bu kombinasyon ve bunlarin tekli
uygulamalar kullanilmistir.

Cizelge 3. AMF ve KUY uygulamalarinin domateste AMF kdk kolonizasyonu, rizosfer spor yogunlugu ve
mikorhizal bagimliliga etkileri

Uygulamalar AKK* (%) RSY (spor g toprak) MB (%)
Ri+KUY 42.16%** 318 +***(3.3)
Fm +KUY 26.50° 20° -(2.9)

*: AKK: AMF Kok Kolonizasyonu, RSY: Rizosfer Bolgesinde AMF Spor Yogunlugu, MB: Mikorizal bagimlilik
**: T testine gore ayni siitundaki ayni harfler arasindaki fark P< 0.05’e gore onemsizdir,
***:+; Mikorizal bagimlilik var, -; Mikorizal bagimlilik yok

R. intraradices ve KUY Uygulamalarmin FORL’ye Etkisi

In-vitro ve in-vivo testler sonucunda belirlenen Ri+KUY kombinasyonu ve bunlarin tekli
uygulamalari hastalik siddeti tizerinde etkileri (Sekil 1) istatistiksel olarak 6nemli bulunmustur (P<0.05).
Pozitif kontrol (K (+)) uygulamasinda hastalik siddeti %56.40 oraninda tespit edilirken, Ri+FORL ve
KUY+FORL uygulamalarinin ise sirasiyla %40.60 ve %36.18 oranlar1 ile 6nemli derecede hastalik
siddetini diisiirdiigii belirlenmistir. Ozellikle bu uygulamalarin bir arada kullanilmasi ile yapilan
kombinasyonun (Ri+KUY+FORL) hastalik siddetini en aza indirgedigi saptanmistir (%25.84).
Baskilama oranlarina bakildiginda ise tlim uygulamalarin %28-55 araliginda hastalig1 baskiladig tespit
edilmistir. Patojene karsi bu etkilerin, konuk¢u bitkinin biyolojik kontrol ve/veya dogal koruyucu
ajanlarmi tanima siirecinde bazi savunma mekanizmalarini aktif hale getirip, enzim ve hormon
aktivitelerini arttirdig1 ve bu siirecte aktivasyonlarin en yiiksek seviyeye ulastigi bilinmektedir (Morandi,
1996; Azcon-Aguilar ve Barea, 1997). Bu aktivasyonun etkisi ve mekanizmalar1 tam olarak ortaya
konulmamakla birlikte; hizli ve lokalize olmus bir sekilde biyokimyasal savunma mekanizmalari
neticesinde ortaya ¢ikan lignifikasyon, hydroksiproline ve hipersensitif reaksiyonlarla zenginlestirilmis
hiicre duvariin olugmasi ile aktive edilmis fiziksel bariyerler ve antifungal enzimlerin iiretilmesi gibi,
mekanizmalarin etkili oldugu belirtilmektedir (Demir, 2005). Bu kapsamda Wang ve ark. (2020) AMF
uygulamasinin, Nguefack ve ark. (2009) ise bahge kekiginden elde edilen ugucu yag uygulamasinin bu
mekanizmalar1 kullanarak bazi fungal patojenlere karsi etkili oldugunu belirtmislerdir.
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Sekil 1. R. intraradices ve KUY uygulamalarinin domateste FORL nin hastalik siddetine etkileri ve hastalia karsi baskilama
oranlart.
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Ri+KUY kombinasyonu ve bunlarin tekli uygulamalar1 patojeni baskiladigi gortiliirken (Sekil 1),
bitki gelisimine istatistiksel olarak dnemli bir etkisinin olmadig1 tespit edilmistir (P<0.05) (Cizelge 4).
Nitekim aym1 bitki tiirliniin farkli c¢esitlerinin mikorhizal yasama tepkileri birbirinden farkh
olabilmektedir (Linderman ve Davis, 2004; Sensoy ve ark., 2007). Ayrica ugucu yaglarin antifungal
etkilerinden dolayl, AMF’nin bitkiyle tam simbiyosis olusturamamast ve bitki gelisimini tesvik etmesi
noktasinda olumsuz etkilerinin olmas1 muhtemeldir (Stamou ve ark., 2017). Bunun disinda bazi ugucu
yaglarda bulunan kimyasal bilesikler bitkilerde; hiicre yikimina, fotosentez i¢in gerekli pigmentlerin
olusumuna ve amino asit sentezine engel olabilmektedir (Arminante ve ark., 2006; Yazlik, 2014). Ucucu
yaglarin bu 6zellikleri dikkate alindiginda birgok kiiltiir bitkisinin morfolojik gelisimini etkilemedigi ya
da olumsuz etkisinin oldugu sdylenebilir (Yazlik ve Uremis, 2017).

Cizelge 4. R. intraradices ve KUY uygulamalarimin FORL ile inokule edilmis domates bitkilerinin
morfolojik gelisim parametrelerine etkisi

Uygulamalar SB* (cm) KB (cm) SC (mm) SYA (9) KYA (g9) SKA (9) KKA (g)
K(-) 46.50%* 13.762 5.55? 28.102 11.40° 3.56° 0.46?
K (+) 44562 13.53? 4.50? 27.302 12.662 3.563% 0.65%
Ri 45,332 13.33? 4.80? 30.202 13.50? 3.03? 0.642
KUY 46.432 12.40? 4.06° 27.102 10.80? 3.532 0.50?
Ri+KUY 48.062 12.50? 3.932 26.602 13.202 3.602 0.628
Ri+FORL 45.802 13.602 4,768 27.202 14.202 2.962 0.66°
KUY+FORL 47.102 13.708 4.462 27.308 13.268 3.308 0.552
Ri+KUY+FORL 50.80? 13.432 4.83% 27.602 11.562 3.202 0.63?

*: SB: Siirgiin boyu, KB: Kok boyu, SC: Siirgiin ¢ap1, SYA: Siirgiin yas agirligi, KYA: Kok yas agirhgi, SKA: Siirgiin kuru agirligi, KKA: Kok kuru agirligi,
**: Duncan goklu karsilastirma testine gore ayni siitundaki ayni harfler arasindaki fark dnemsizdir (P<0.05)

Cizelge 5. R. intraradices ve KUY uygulamalarinin domateste AMF kok kolonizasyonu, rizosfer spor
yogunlugu ve mikorhizal bagimliliga etkileri

Uygulamalar AKK* (%) RSY (spor g* toprak) MB (%)
Ri 43.89%** 228 -*** (9.5)
Ri+KUY 32.65° 25° +(4.7)
Ri+FORL 11.56¢ 23 - (15.5)
Ri+KUY+FORL 37.77%® 218 -(9.13)

*. AKK: AMF kok kolonizasyonu, RSY: Rizosfer bélgesinde AMF spor yogunlugu, MB: Mikorizal bagimlilik
**: Duncan ¢oklu karsilastirma testine gore ayni siitundaki ayni harfler arasindaki fark dnemsizdir (P<0.05),
***.+;Mikorizal bagimlilik var, -; Mikorizal bagimlilik

AMF kok kolonizasyonu yogunlugu agisindan uygulama gruplar1 arasinda istatistiki olarak fark
bulunurken, rizosfer bolgesindeki AMF spor yogunlugunda bu farkin olmadig tespit edilmistir (P<0.05)
(Cizelge 5). AMF kdok kolonizasyon yogunlugunda Ri uygulamas: %43.89 ile en yiiksek orana sahip
olurken, Ri+FORL uygulamasinin ise %11.56 ile en az AMF kok kolonizasyon oranina sahip oldugu
tespit edilmistir (Cizelge 5). Ri+KUY uygulamasinda rizosfer bolgesindeki AMF spor yogunlugunda
istatistiksel fark olmamakla beraber en yiiksek degere sahip oldugu ve sadece bu grupta mikorizal
bagimliligin olustugu belirlenmistir (Cizelge 5). Diger uygulama gruplari ise mikorizal bagimlilik
olusturmamistir. AMF’ler rizosferde olduk¢ca 6nemli simbiyont mikroorganizmalardan biri olup,
lokalize olduklar1 bolgedeki abiyotik ve biyotik stres kosullarindan etkilenmekte, s6z konusu faktorler
de fungusun kolonizasyonunu, spor yogunlugunu ve bagimlilik gibi gelisim kriterlerini de olumlu veya
olumsuz etkileyebilmektedir (Akkoprii ve Demir, 2005). Bu nedenle KUY ve FORL’nin AMF’yi
olumsuz etkileyerek kok kolonizasyonunu diislirdiigii; rizosfer bolgesinde AMF spor yogunluguna etki
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etmedigi ve bitki ile tam simbiyosis olusturamadigi i¢in de mikorizal bagimlik genel olarak olusmadigi
ya da diisiik mikorhizal bagimlilik olustugu sdylenebilir. Bu ¢er¢eve de yapilan arastirmalarda da, AMF
kolonizasyon yogunlugu bazi ugucu yaglar (Burni ve ark., 2013; Stamou ve ark., 2017) ve patojenler
(Aslanpay ve Demir, 2015, Demir ve ark., 2015) tarafindan olumsuz etkilendigi ifade edilmistir.

SONUC

Mevcut ¢aligmada ortaya kondugu iizere ugucu yaglarin cesitli fitopatojen funguslara karsi
oldukea giiclii antifungal etkileri vardir. Bununla beraber ugucu yaglarin stabilitelerinin kisitli olmasi ve
yiiksek uguculuk 6zelligi gostermesi gibi dezavantajlar1 da mevcuttur. Ayrica ugucu yaglarin ¢ok yiiksek
buharlagsma 6zelliginden dolay1 arazi sartlarinda pratikte uygulanmasi miimkiin olmamaktadir. Ancak
son zamanlarda 6zellikle depo ve seralarda uygulamaya yonelik ¢alismalarin arttigi goriilmektedir.
Mevcut ¢alismamizda da hem in vitro hem in vivo kosullar altinda en yliksek antifungal etkiyi gosteren
kekik ucucu yagnin, FORL’ye karst AMF ile birlikte kullanildiginda etkin bir miicadele araci
olabilecegi goriilmiistiir. S6z konusu bu sonug fungisitlerin azaltilmasi yoniinde iimit vericidir. Caligma
kapsaminda yer alan FORL gibi miicadelesi oldukg¢a gii¢ bir toprak patojenine karsit AMF ve UY gibi
farkli alternatif uygulamalar denenerek hastalikla ilgili miicadele ¢alismalarina yeni bir ivmenin
kazandirilabilecegi diisliniilmektedir.

TESEKKUR

Bu ¢alisma Van YYU Bilimsel Arastirma Projeleri Baskanlig: tarafindan “FLY-2017-5881” proje
ile desteklenmistir.
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Agaricus campestris Metanol Ekstraktimin Yag Asidi Kompozisyonu ve Terapotik Potansiyelinin Arastirilmasi
Mehmet Kadir ERDOGAN?", Can Ali AGCA?, ibrahim Halil GECIBESLER®

OZET: Yapilan bilimsel arastirmalar mantarlarin ¢ok umut verici farmakolojik potansiyele sahip olduguna isaret
etmektedir. Agaricus campestris, 6nemli biyoaktiviteye sahip yenilebilir bir mantar tliriidiir. Bu ¢alismada, A.
campestris metanol ekstraktinin (AC) antioksidan ve antiproliferatif aktiviteleri ile yag asidi kompozisyonunun
degerlendirilmesi amaglanmistir. AC igerigindeki yag asitlerinin kantitatif analizi GC-MS spektrometresi ile
degerlendirilmistir. Antioksidan aktivitenin belirlemesi i¢in ise DPPH serbest radikali giderme testi, ABTS katyon
radikali giderme aktivitesi, ferrik iyonlarini indirgeme testi ve Ferr6z iyonlarini selatlama testleri kullanilmistir. AC
ekstraktinin antiproliferatif etkisi ise insan kolon (HT-29), meme (MCF-7) ve beyin (U373) kanseri hiicre hatlarinda
zaman ve doz bagiml olarak WST-1 hiicre canlilig1 analizi ile belirlenmistir. AC igeriginde baskin bilesenler olarak
doymamis yag asidi olan linoleik asit (18:2, w-6) %56.45 oraninda ve doymus yag asidi olan palmitik asit (16:0)
%28.74 oraninda analiz edilmistir. Antioksidan aktivite parametreleri genis konsantrasyon araliklarinda
degerlendirildiginde, artan konsantrasyon ile lineer bir antioksidan aktivite artis1 gozlendi. AC 24 saatlik tedavide HT-
29 hiicrelerinde 52.62 ng mL* ICsq degeri ile en yiiksek antiproliferatif etkiyi gostermistir. Bu bulgular, A. campestris
hakkinda daha fazla aragtirma yapmak igin ilging veriler ortaya koymaktadir, ve 6zellikle kanser hiicreleri tizerindeki
giiclii antiproliferatif potansiyel mantarin daha fazla arastirilmaya deger oldugunu gostermektedir.

Anahtar Kelimeler: Agaricus campestris, Antioksidan, Antiproliferatif, Yag asidi kompozisyonu

Investigation of Fatty Acid Composition and Therapeutic Potential of Methanol Extract of Agaricus
campestris

ABSTRACT: Recent reports indicate that mushrooms have very promising pharmacological potential. Agaricus
campestris is an edible fungus species with bio-activity. This study aimed to screen the anti-oxidant, anti-proliferative
activities, and fatty acid composition of methanol extract of A. campestris (AC). The quantitative analysis of fatty acids
of AC was evaluated by GC-MS spectrometer. For the determination of antioxidant activity, DPPH free radical
scavenging test, ABTS radical scavenging activity, Ferric ions reduction assay and Ferrous ions chelation assays were
used. The antiproliferative effect of AC was determined by the time and dose dependent with WST-1 cell viability
analysis in human colon (HT-29), breast (MCF-7) and brain (U373) cancer cell lines. Linoleic acid (18: 2, ®-6), which
is the unsaturated fatty acid, was analyzed at 56.45% and the saturated fatty acid palmitic acid (16: 0) was analyzed at
28.74% as the major components in AC. It was observed that AC, whose antioxidant activity parameters were evaluated
in wide concentration ranges, displayed a linear increase in antioxidant activity with increasing concentration. AC
showed the highest antiproliferative effect in HT-29 cells with an ICso value of 52.62 ug mL™* for 24 h treatment. These
results provide interesting data for further research on A. campestris, and its strong antiproliferative potential
particularly on cancer cells, indicates that the mushroom is worth further investigation.

Keywords: Agaricus campestris, Antioxidant, Antiproliferative, Fatty acid composition
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GIRIS

Son donemlerde yapilan ¢aligmalar, bazi gida iirlinlerinin zayif yan etki gosteren ve yiiksek anti-
kanser potansiyeline sahip dogal biyoaktif maddeler i¢erdigini gostermistir. Bu baglamda, bir¢ok tibbi
ve yenilebilir mantar tiirii, sahip olduklar1 biyoaktif bilesik kompozisyonlar1 ve yiiksek besin igerikleri
bakimindan 6n plana ¢ikmaktadirlar (Lindequis, 2013). Tibbi mantarlar, farmasotik uygulamalarda
kullanilan ancak dogrudan yenilemeyen mantarlardir. Yenilebilir mantarlar; fenolik bilesikler,
flavonoidler ve yag asidi icerikleri bakimindan zengin olmalar1 nedeniyle fonksiyonel ve saglikli gida
kaynag1 olarak degerlendirilmekte ve sahip olduklari tibbi 6zelliklerinden dolay: bilim insanlarinin
dikkatini ¢ekmektedirler. Ayrica bu mantarlarin ve bunlardan elde edilen farkli ekstraktlarin birgok
hastaligin muhtemel tedavisi i¢in ge¢misten giiniimiize yaygin olarak kullanildigir bilinmektedir.
Yenilebilir mantarlarin biyoaktif bilesiklerinin potansiyel farmakolojik etkilerine bagl olarak, anti-
oksidan, anti-biyotik (Liu ve ark., 2013), anti-mikrobiyal (Alves ve ark., 2013), hepatoprotektif (Liu ve
ark., 2017), anti-diyabetik (Dubey ve ark., 2019) ve anti-kanser etkilere sahip oldugu yapilan
calismalarla ortaya ¢ikarilmistir. Onemli yenilebilir mantarlar Agaricus cinsine aittirler. A. bisporus
kiiltiire edilen bir mantar tiirii olmasina karsin, A. campestris dogada yabani olarak yetisen yenilebilir
bir mantardir. A. campestris tiiriniin diisiik kalori ve seker icerigine sahip oldugu, ve fenolik asitler
bakimindan diger Agaricus tiirlerine oranla en yiikksek konsantrasyona sahip oldugu bildirilmistir
(Glamoclija ve ark., 2015).

Antioksidanlar, hiicre biyomolekiillerinin (lipitlerin, DNA veya proteinlerin) oksidasyonunu
inhibe edip, hiicrelere verilen zarar1 en aza indirerek, serbest radikal saldirisina kars1 savunmada onemli
bir rol oynarlar (Liu ve ark., 2013; Harris ve DeNicola., 2020). Tibbi degeri olan ve yenilebilir
antioksidan 6zellik, sentetik antioksidanlarin aksine, toksik ve mutajenik etkiler olmaksizin, serbest
radikalin nétralizasyonu saglayabilir (Glumac ve ark., 2017; Karaman ve ark., 2019). Bununla birlikte,
terapotik potansiyelleri nedeniyle mantarlarin antioksidan ve antitimér degerleri, mantarlardan ekstrakte
edilebilen ¢ok cesitli bilesiklere baglidir.

Mantarlarda, yag asidi kompozisyonu besinsel faktorler, oksijen ve ¢evresel sicaklik gibi farkl
etmenler tarafindan etkilenmekle birlikte, tipik olarak ortaya cikan baslica yag asitleri, membran
fosfolipidleri ve depolama triasilgliserolleri, palmitik ve stearik asitlerdir. Ayrica, palmitik ve stearik
asitlerin doymamus tiirevleri palmitoleik, oleik, linoleik ve linolenik asitler de mantarlarin igeriginde yer
almaktadir (Suutari, 1995). Yapilan ¢alismalarla, mantarlarin yag asidi kompozisyonunda bulunan,
linolenik asitin (LA) meme (Chajés ve ark., 1995), mesane (Brinkman ve ark., 2011) ve kolon kanseri
hiicrelerinin hiicre proliferasyonunu down-regiile ettigi, ayrica LA pre-inkiibasyonun sitotoksik ajanlara
kars1 hiicre hassasiyetini arttirdig1 gosterilmistir (Chamberland ve Moon, 2015).

Yukarida gecen bilgilerin 1s18inda bu ¢alismada, A. campestris metanol ekstraktinin (AC), yag
asidi kompozisyonu ve anti-oksidan aktivitesinin belirlenmesi amaglanmistir. Ayrica, yenilebilir
mantarlarin kanser dnleyici maddeler barindirdig1 son yillarda dogrulandig: icin, kanser tedavisinde
dogal ajanlar olarak kullanilabilecegi goz oniine alindiginda, AC ile tedavi edilen U373 beyin tiimor
hiicreleri, MCF-7 meme kanseri hiicreleri ve HT-29 kolon kanseri hiicre hattindaki anti-proliferatif etki
arastirilmastir.

MATERYAL VE METOT

Bitkisel Ekstraktin Hazirlanmasi
A. campestris Bingél li Can (Goztepe) kdyii 38°57'47.7"N 40°35'31.0"E koordinatlarinda 780 m
yiikseklikteki c¢ayirlik alanlardaki dogal habitatlarindan toplanmistir. Toplanan mantar Ornekleri

laboratuvara getirildikten sonra liyofilize edilmek i¢in -80 C’de dondurulmustur. Liyofilizasyon islemi
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ile kurutulan mantar 6rnegi (300 gr) ve metanol ¢oziiclisii (2000 mLx3) kullanilarak 20°C’de
ekstraksiyon islemi yapilmistir. Ekstraksiyon islemi sonucunda elde edilen ekstraktin ¢oziiciisii
evaporator yardimi ile uzaklastirilarak kuru ekstrakt (12.4 g) elde edilmistir. Elde edilen kuru ekstrakt
biyolojik aktivite testleri ve kimyasal analizler i¢in +4°C de muhafaza edilmistir.

Yag Asidi I¢eriginin Belirlenmesi

AC igerisindeki apolar karakterli yag asitlerinin kantitatif analizi i¢in GC-MS spektrometresi
kullanilmistir. Metanol ekstrakti i¢erisindeki lipofilik bilesenlerin analizi igin ekstraktlara esterlestirme
islemi uygulandi. Esterifikasyon islemi i¢in metanol igerisinde 1 M’lik KOH ¢6zeltisi hazirlandi. Deney
tiipli igerisine ekstrakttan 50 mg alindi ve 5 mL hekzan igerisinde ¢oziildii. Olusan ¢ozelti lizerine
hazirlanan alkali ¢6zeltiden 3 mL konularak vortekslendi. Siddetli karistirma islemi sonrasinda tist fazlar
aliarak 0.45 um gozenekli filtreden siiziilerek viallere alind1 (Gecibesler vd. 2018). AC bilesenlerinin
GC-MS spektrometresi ile analizi igin Agilent 5975 C MSD-7890-GC marka cihaz kullanildi. Kolon
olarak HP-5MS %35 PMS (Phenyl Methyl Silican) 30mx250umx0,25um ebatlarinda kolon kullanildu.
Tastyic1 gaz olarak helyum gazi kullanildi. Numunelerin enjeksiyon hacmi 1 pL; split oran1 25:1; sicaklik
250°C; FID dedektor voltaji 1.176471kV ve analiz siiresi 61 dakika olarak ayarlandi. Sicaklik programi
ise 0. dakikada baslangi¢ sicakligi 120°C’de ayarlanarak bu sicaklikta 4 dk sabit tutuldu. 27 dakika
boyunca dakikada 3°C’lik artig ile 200°C’ye getirildi. 10 dakika boyunca 200°C’de sabit tutuldu. 5
dakika boyunca dakikada 15°C’lik sicaklik artis1 ile sicaklik 280°C’ye getirildi. Son olarak 15 dakika
boyunca bu sicaklikta sabit tutularak program sonlandirildi.

Antioksidan Aktivite Testleri

Antioksidan aktivitenin belirlenmesinde; DPPH serbest radikali giderme testi, ABTS katyon
radikali giderme aktivitesi (ABTS), ferrik (Fe*") iyonlarin1 indirgeme testi (FRAP) ve Ferroz (Fe?)
iyonlarini selatlama (FCAP) testi kullanilmistir.

Serbest Radikal Giderme Aktivitesi (DPPH Testi)

1,1-difenil-2-pikrilhidrazil (DPPH) radikali giderme aktivitesi i¢in Blois tarafindan kullanilan
metod uygulanmistir (Blois, 1958). Farkli konsantrasyonlarda hazirlanan AC ekstraktlarindan (0.5 mL)
alinarak igerisinde litrede 6x10° mol olacak sekilde hazirlanan DPPH radikali solusyonu (2.5 mL)
karistirildi. Bu karisim giiclii bir sekilde karistirilarak 60 dakika karanlik bolgede bekletildi ve 517
nm’de absorbans degerleri okundu. Her bir ekstrakt 6rnegi ve antioksidan standart i¢in ayr1 ayr1 metanol
iceren numune korleri ve DPPH igeren kontrol gruplari olusturuldu. Her bir ekstrakt 6rnegi ve standartlar
ile tek tek c¢aligildi, kontroliin asbsorbansi giinliik olarak her l¢limde tekrar tekrar okundu ve ii¢ parelel
calisildi.
DPPH radikali giderme aktivitesi asagida verilen formiil ile hesaplandi:

o L Ca—Nja
DPPH radikali giderme aktivitesi (%) = TXlOO
A

Denklemde Ca kontroliin absorbans degerini, Na ise numunenin absorbans degerini gostermektedir.

Indirgeyici Gii¢ Ozelliginin Olciilmesi (FRAP)

Ferrik (Fe*") iyonlar indirgeme giicii kapasitesi Oyaizu metoduna gore tayin edildi (Oyaizu,
1986). Ortamdaki indirgen madde Fe®*" iyonlarmi Fe?" iyonlarma indirger ve FeCls ilavesiyle olusan
Prusya mavisi rengindeki kompleksin absorbansi dlgiiliir. Yiiksek absorbans degeri yiiksek indirgeme
kapasitesinin gostergesidir. Farkli konsantrasyonlarda hazirlanan AC ekstraktlarinin 1 mL’sine, 2.5 mL
fosfat tamponu (0.2 M, pH=6.6) ve 2.5 mL %]1’lik K3sFe(CN)s eklendi. Karigimlar 50°C’de 20 dakika
inkiibe edildikten sonra 2.5 mL %10’luk TCA eklendi ve 3000 rpm’de 10 dakika santrifiij yapildi.

871



Mehmet Kadir ERDOGAN ve ark. 11(2): 869-879, 2021
Agaricus campestris Metanol Ekstraktinin Yag Asidi Kompozisyonu ve Terapotik Potansiyelinin Arastirilmasi

Santrifiij sonrasi siipernatantlardan 2.5 mL alinarak esit hacimde destile su ve 0.5 mL %0.1’lik FeCls
cozeltisi ile karistirilarak 700 nm’de absorbanslar1 okutuldu.

Metal Selatlama Aktivitesinin Olciilmesi (FCAP)

Metal selatlama aktivitesine, Dinis ve arkadaslarinin metoduna gore demir (I1) iyonlarini selatlama
0zelligi izerinden bakilmistir (Dinis ve ark., 1994). Demir (II) iyonlarini selatlama aktivitesi i¢in farkl
konsantrasyonlarda hazirlanan 6rneklerin her birisinden 0.5 mL deney tiipli igerisine alinarak iizerine
1.6 mL deiyonize su ve 0.05 mL 2 mM FeCl: bilesiginden eklendi. Her bir deney tiipii homojen bir
bicimde karistirildi ve 30 saniye sonrasinda 5 mM ferrozin bilesiginden 0.1 mL eklendi. Ferrozin bilesigi
iki degerlikli demir ile reaksiyona girdiginde suda ¢ok iyi ¢6ziiniir hale gelecektir. Bu iglemi takiben 10
dakika oda sicakhiginda inkiibasyona birakilan reaksiyon karisimmin Fe*2-Ferrozin kompleksinin
absorbansi 562 nm’de ol¢ililmiistiir. Boylelikle 6rneklerin ferr6z iyonlarini selatlama aktivitesi asagidaki
formil kullanilarak hesaplanmistir.
ca—Ma 100

Ca
Denklemde Ca kontroliin absorbans degerini, Na ise numunenin absorbans degerini géstermektedir.

ABTS Radikali Giderme Aktivitesi (ABTS)

ABTS (2,2'-azinobis(3-etilbenzothiazolin-6-siilfonat)) radikali giderme aktivitesi Re ve
arkadaglarinin yaptig1 calismaya gore belirlenmistir. ABTS radikali olusturulmasi, ABTS nin potasyum
perstilfat (K2S20g) oksidasyonu ile liretildi. Bu islem i¢in 2 mM’lik ABTS ¢06zeltisi hazirlandi. Bu
cozeltiye 2.45 mM’lik potasyum persiilfat ¢ozeltisi eklenerek ABTS radikali elde edildi. Elde edilen
cozelti kullanilmadan 6nce 734 nm’de absorbansi 0.1 M ve pH’s1t 7.4 olan fosfat tamponu ile
0.700£0.025 nm’ye ayarlandi. Farkli konsantrasyonlardaki AC stok ¢ozeltisine (100 uL) ABTS radikali
¢oOzeltisi (2.4 mL) ilave edildikten sonra 8 dakika inkiibe edildi. Tampondan olusan kore kars1 734 nm’de
absorbanslar kaydedildi (Re ve ark., 1999).

Metal Selatlama Aktivitesi (%) =

Antiproliferatif Aktivitenin Belirlenmesi

Anti-proliferatif etkiyi belirlemek amaciyla; MCF-7 insan meme, HT-29 insan kolon ve U373
insan beyin tiimori hiicre hatlar1 farkli doz ve siirelerde AC ile tedavi edilerek hiicre canliliklari
belirlenmistir.

Hiicre Hatlan ve Kiiltiir Kosullar:

Bu calismada, American Type Culture Collection (ATCC) den temin edilmis olan, MCF-7 insan
meme kanseri, HT-29 insan kolon kanseri ve U373 insan glioblastoma multiform hiicre hatlari
kullanilmistir. Tiim kanser hiicre hatlari, aksi belirtilmedikge, icerisinde %10 fetal sigir serumu (FBS)
(56 °C inaktive edilmis), 3 mM of L-glutamine ve antibiyotik (100 ug mL™ streptomisin 100 U mL™*
penisilin) iceren DMEM besiyerinde 37°C’de, %5 CO2 ve nemli kosullara altinda kiiltiire edilmistir.
Hiicre ge¢-logaritmik fazda, yogunluklar1 %80-90’a ulastiginda, canlilik testlerinde kullanilmislardir.

Hiicre Canhilik Testi

AC ekstaktinin hiicre canlilig1 lizerine etkisi doz ve zaman bagimli olarak degerlendirilmistir.
Kanser hiicreleri, AC ekstraktinin dort farkli dozuna (25, 50, 100, 250 pg mL™) 24 ve 48 saatlik siirelerle
maruz birakilmis ve sonuglar WST-1 (Intron Biotechnology, Gyeonggi-do, Korea) proliferasyon deney
kiti kullanilarak elde edilmistir (Erdogan ve ark., 2020a). Bu amagla; hiicreler, 96 kuyucuklu plakalara,
her bir kuyucukta 1x10* hiicre olacak sekilde ekimler gerceklestirilmistir. Ardindan adherent hiicrelerin
plaka yiizeye tutunmasi icin hiicreler COz inkiibatoriinde gece boyunca inkiibe edilmistir. Hiicreler, 24
ve 48 saat siire ile 25, 50, 100 ve 250 ug mL? konsantrasyonlarda AC ile tedavi edilmistir. Tedavi
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sonrasinda, aspire edilerek besiyeri ortamdan uzaklastirilmis ve iiretici firmanin gelistirdigi protokol
uyarinca, 10 uL. WST-1 sollisyonu taze besiyeri igerisinde ¢oziinerek ilgili kuyucuklara eklenmistir.
37°C’lik COz inkiibatoriinde 120 dk’lik inkiibasyonun ardindan mikroplate okuyucu (SpectraMax 384
Plus, Molecular Devices, USA) ile 450 nm’de absorbans degerleri kaydedilmistir.

Istatistiksel Analizler

Verilerin analizi, GraphPad Prism 8.0 (GraphPad Software, San Diego, CA, ABD) kullanilarak
tek yonli ANOVA testi ile degerlendirildi. Sonuglar, ortalama + standart hata olarak belirlenmis ve
P<0.05 olanlar istatistiksel olarak énemli bulunmustur.

BULGULAR VE TARTISMA

A. campestris’in Yag Asidi Kompozisyonu

Mantarlar, olduk¢a besleyici olmasinin yani sira, onlara antioksidan 6zellikler dahil olmak tizere
yiiksek terapotik deger saglayan ¢ok cesitli sekonder metabolitler igerirler (Akata ve ark., 2012; Kosani¢
ve ark., 2012; Kozarski ve ark., 2015). A. campestris tiiriiniin de aralarinda bulundugu yenilebilir
mantarlar tizerine yapilan lipofilik bilesen analiz sonuglar1 A. campestris igeriginin palmitik asit ve
linoleik asit seviyesi, oleik, stearik ve arasidik asitlerden daha yiliksek oldugu rapor edilmistir (Yilmaz
ve ark., 2006). Bu ¢alismamiz ile AC igerigindeki yag asidi kompozisyonu gaz kromatografisi-kiitle
spektrometresi (GC-MS) ile analiz edilerek 12 tane bilesen tespit edilmistir. Bu bilesenlerden ii¢ tanesi
doymamig yag asitlerinden (%57.3), dokuz tanesi doymus yag asitlerinden (%42.7) olugmaktadir.
Literatiir verileriyle uyumlu olarak bizim bulgularimiz da AC igeriginin insan diyetinde dnemli bir yere
sahip olan doyamamis yag asiti bakimindan zengin oldugu ortaya ¢ikmistir. AC igeriginde doymamuis
yag asidi olan linoleik asit (18:2, ®-6) %56.45 oraninda ve doymus yag asidi olan palmitik asit (16:0)
%28.74 oraninda baskin bilesenler olarak analiz edilmistir (Cizelge 1). Giinliik diyette dnemli olan diger
doyamamis yag asitleri olarak a-linoleik asit (%0.80) ve 8,11-cikosadienoik asit (%0.58) minor
bilesenler olarak analiz edilmistir.

Cizelge 1. A. campestris metanol ekstraktinin yag asidi kompozisyonu

No Alikkonma zamam (dk.) Bilesik ismi Bagil Bolluk (%)
1 16.41 Miristik asit (14:0) 1.06
2 17.65 Pentadakanoik asit (15:0) 0.87
3 19.23 Palmitik asit (16:0) 28.74
4 20.92 Heptadekanoik asit (17:0) 0.96
5 22.39 Stearik asit (18:0) 6.71
6 23.52 Linoleik asit (18:2, »-6) 56.45
7 24.09 Arasidik asit (20:0) 2.08
8 24.50 a-Linoleik asit (18:3, »-3) 0.80
9 25.33 8,11-Eikosadienoik asit (20:2) 0.58
10 26.34 Behenik asit (22:0) 0.99
11 27.43 Trikosanoik asit (23:0) 0.17
12 28.60 Lignoserik asit (24:0) 0.59
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Sekil 1. A. campestris metanol ekstraktinin ABTS (A), DPPH (B), FRAP (C) ve FCAP (D) testleri agisindan antioksidan

aktiviteleri

874



Mehmet Kadir ERDOGAN ve ark. 11(2): 869-879, 2021
Agaricus campestris Metanol Ekstraktinin Yag Asidi Kompozisyonu ve Terapotik Potansiyelinin Arastirilmasi

Antioksidan aktivite test sonuclari

Antioksidan aktivitenin belirlenmesi icin ABTS, DPPH, FRAP ve FCAP testlerini igeren dort
farkli antioksidan aktivite test parametresi kullanilmistir. Kullanilan testler 6zellikle A. campestris gibi
gida temelli dogal iiriinlerin antioksidan aktivitelerini belirlemede oldukca yogun kullanilan testlerdir
(Erdogan ve ark., 2020a). ABTS katyon radikali giderme aktivitesini degerlendirmek i¢in 10-240 pg
mL? arahigindaki AC konsantrasyonu ve troloks antioksidan standardi kullanilmistir. AC artan
konsantrasyonlar1 ile ABTS katyon radikallerini ortamdan temizledigi goriilmiistiir (Sekil 1.A). AC 240
ng/mL konsantrasyonda %54.90 + 0.23 degerinde bir aktivite gostermistir. DPPH radikali giderme
aktivitesi 50-800 pg mL? AC konsantrasyon araliinda E vitamini ile mukayese edilerek
degerlendirilmistir. DPPH testinde, Sekil 1.B’de goriilecegi gibi, artan AC konsantrasyonu ile birlikte
ortamdaki DPPH radikallerinin inhibe edildigi goriilmiistiir. AC 800 pg mL konsantrasyonda DPPH’1
%37.03 £ 3.17 oraninda inhibe etmistir. Demir (III) iyonlarini indirgeme potansiyelleri de 50-800 pg
mL konsantrasyon araliginda degerlendirilmistir. Sekil 1.C’de verildigi gibi artan konsantrasyonlarda
kaydedilen artan absorbans degerleri numunenin bir indirgeme potansiyelinin oldugunu gostermektedir
(Gecibesler ve ark., 2017). AC ekstraktinin demir (III) iyonlarin1 artan konsantrasyon ile bir dereceye
kadar indirgeyebildigi gosterilmistir. Bu durumun nedeni, sekonder metabolitlerin bir araya gelmesi ile
molekiillerin birbirilerini baskilamasi sonucunda aktivitede sinirlamalara neden olmasi olabilir (Olcott
ve Einset, 1958; Yin ve ark., 2012). Son olarak AC selatlama kapasitesi demir (II) iyonlar1 tizerinden
degerlendirilerek antioksidan aktivitesi ortaya konulmustur. Demir (II) iyonlarin selatlama kapasiteleri
100-1000 pg mL™* AC konsantrasyon araliginda EDTA selatlama ajani ile mukayese edilmistir. Test
sonucunda artan AC konsantrasyonuyla birlikte EDTA selatoriine gore daha ilimli bir selatlama
aktivitesi goriilmiistiir (Sekil 1.D).

Halk arasinda yaygin olarak tiiketilen mantar tiirlerinin antioksidan aktivite ve toplam sekonder
metabolit igerigi lizerine yapilan bir ¢alismada, A. campestris tiiriiniin en yiiksek fenolik igerige (15.63
mg GAE g ekstre) ve DPPH, ABTS, FRAP ve CUPRAC gibi antioksidan aktivite testlerine kars:
maksimum antioksidan aktivite potansiyeline sahip oldugu rapor edilmistir (Akata ve ark., 2019). Bizim
bulgularimiz da bu ¢alismayla uyumlu olarak AC ekstraktinin 6nemli antioksidan kapasiteye sahip
oldugunu gostermektedir.

A. campestris Metanol Ekstraktimn U373, MCF-7 ve HT-29 Hiicre Hatlar1 Uzerindeki
Antiproliferatif Etkisi

Kanser, diinya ¢apinda Oliimlerin ana nedenlerinden biridir. Geleneksel kanser tedavisinde
kullanilan ajanlarin neden oldugu toksisite ve yan etkileri en aza indirmek i¢in, dogal kaynakli yeni
molekiillerin kesfine karsi kiiresel bir egilimin oldugu bilinmektedir (Erdogan ve ark., 2020Db).
Mantarlar, biiyiik ve heniiz genis 6lglide kullanilmamig giiglii farmasotik bilesikler igermektedir (Liu ve
ark., 2013). Yapilan giincel bir galismada, yabani yenilebilir mantar olan A. lanipes tiiriiniin
antimikrobiyal ve antioksidan aktivitelerinin yani sira in vitro kosullarda A549 akciger kanseri hiicre
hattina karsi sitotoksik ve apoptotik etkileri arastirilmigtir. Elde edilen sonuglara gore, A. lanipes
metanolik 6ziitliniin, gli¢lii antimikrobiyal aktiviteye ve yliksek antiproliferatif etkiye sahip oldugu rapor
edilmistir. Ayrica, A. lanipes metanol ekstraktinin pro-apoptotik Bax ve kaspaz-3 mRNA ekspresyon
diizeylerinde artisla beraber Bcl-2 ekspresyonunda kayda deger diizeyde azalmaya neden oldugu ve
apoptozisi indiikledigi bildirmistir (Kaygusuz ve ark., 2017). A. blazei tiiriniin insan pankreatik kanser
hiicreleri {lizerindeki etkilerinin arastirildig1 bir ¢alismada, A. blazei sicak su 6ziitiiniin, GO/G1 hiicre
dongiisii tutuklamasi ve kaspaz-bagimli apoptozun indiiksiyonu yoluyla kiiltiirlenmis pankreas kanseri
hiicrelerinin proliferasyonunu 6nemli Ol¢iide inhibe ettigi bulunmustur. A. blazei sicak su oziitiin,
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pankreas kanserinin tedavisi igin yararli olabilecek aktif bilesiklerin izolasyonu igin potansiyel bir aday
oldugu bildirilmistir (Matsushita ve ark., 2018). Yapilan ¢aligmalar, A. brasiliensis ve A. blazei
tiirlerinden elde edilen mantar ekstraktlarinin oral kanser, hepatoseliiler karsinom ve osteosarkom hiicre
tiplerine kars1 gesitli konsantrasyonlarda etkili oldugunu gostermistir (Fan ve ark., 2011; Su ve ark.,
2011). Diger Agaricus cinsi mantarlarin antiproliferatif etkilerini ortaya koyan birgok ¢alisma olmasina
ragmen, A. campestris tiiriiniin antiproliferatif etkisi hala belirsizligini korumaktadir. Bu amagla, A.
campestris metanol ekstraktinin doz ve zaman bagimli olarak (0-250 pg mL?) insan glioma, meme ve
kolon kanseri hiicre hatlar1 (U373, MCF-7 ve HT-29) ilizerindeki antiproliferatif etkileri incelenmis ve
bulgular Sekil 2’de gosterilmistir. Artan AC konsantrasyonlara bagl olarak, 24 ve 48 saatlik tedaviden
sonra, WST-1 hiicre proliferasyon deneyi ile hiicrelerin kontrol grubuna gére canlilik yiizdesi belirlendi.
25 ng mLY'lik AC tedavisinin, 24 saatlik tedavide U373 ve MCF-7 hatlarinda hiicre canliligmi kontrol
grubuna gore 6nemli dl¢giide azalttigi, ancak U373 ve MCF-7 hiicrelerinin canliligindaki azalmanin ayni
konsantrasyonda 48 saatlik tedavide daha zayif oldugu belirlenmistir. AC tedavisinin, U373, MCF-7 ve
HT-29 hiicre hatlarindaki ICso degerlerini belirlemek i¢in WST-1 hiicre canlilig1 sonuglar1 GraphPad
Prism 8 programi kullanilarak analiz edildi. AC i¢in ICsp degerleri 24 saatlik tedavide U373, MCF-7 ve
HT-29 hiicrelerinde sirasiyla 137.36, 175.19 ve 52.62 pg mL? olarak saptanmistir. Ote yandan ayni
dozlarda 48 saatlik tedavi sonucunda ICso degerleri U373, MCF-7 ve HT-29 hiicrelerinde sirasiyla 52.76,
65.38 ve 77.22 pg mL*? olarak saptanmustir. Elde edilen bu sonuglar, AC ile 48 saatlik tedavinin ICsg
degerlerini 24 saatlik tedaviye kiyasla U373 ve MCF-7 hiicrelerinde yaridan daha fazla azalttigini
gostermektedir. Ancak 24 saatlik tedavide en diisiik ICso degerine sahip olan HT-29 hiicre hattinda bu
durumun tam aksi olarak arttigi belirlenmistir. Sonuglarimiz, A. campestris metanol ekstraktinin, U373,
MCF-7 ve HT-29 hiicre hattlarina kars1 doz ve zaman bagimli olarak antiproliferatif etki gosterdigini
acikea ortaya koymaktadir (Sekil 2).
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Sekil 2. A. campestris metanol ekstraktinin farkli konsantrasyonlariin 24 (A) ve 48 (B) saatlik inkiibasyon siiresinde U373,
MCF-7 ve HT-29 hiicrelerin canliligi lizerine etkisi (kontrol grubuna goére; *p<0.05 U373 hiicre hatti i¢in, **p<0.05 MCF-7
hiicre hatt1 i¢in, ***p<0.05 HT-29 hiicre hatti i¢in, ns; fark istatistiksel olarak anlamli degil).

SONUC

Bu c¢aligmada, A. campestris tiiriiniin yag asidi kompozisyonu, antioksidan ve antiproliferatif
etkileri incelenmistir. Toplam yag asidi iceriginin, insan diyetinde dnemli bir yere sahip olan doymamis
yag asiti bakimindan zengin oldugu ortaya ¢ikmistir. Ayrica, A. campestris metanol ekstraktinin 6nemli
bir antioksidan kapasiteye sahip oldugu ve U373, MCF-7 ve HT-29 kanser hiicre hatlarina kars1 doz ve
zaman bagimli olarak antiproliferatif etki gosterdigi belirlenmistir. Mevcut sonuglar, yenilebilir bir
mantar olan A. campestris tiiriiniin yag asitleri bakimindan zengin olmasinin yani sira, antioksidan ve
antiproliferatif 6zellikler sergiledigini de gostermektedir.

Cikar Catismasi

Makale yazarlar1 aralarinda herhangi bir ¢ikar catismasi olmadigini beyan ederler.
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Insanlarin Siyanotoksinler ile Temasi ve Saghga Etkileri
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OZET: Siyanobakteriler; gram negatif, 16S rRNA ve klorofil-a iceren, karbondioksit ve atmosferik
azotu fiske edebilen, fotosentetik, organik karbon ve oksijen iiretebilen tek prokaryotik organizmadir.
Son yillarda degisen iklim kosullar1 ve artan insan faaliyetleri, tiim diinyada zararli siyanobakteriyel
bloom olugum sikligini artirmaktadir. Siyanobakteriyel bloomlar, zararli toksinler ve kot kokulu
bilesikler iireterek igme suyu ve eglence sulari icin bir tehdit olusturmaktadir. Ayrica bloom olusumu,
hipoksiye ve eckosistemdeki besin aginin bozulmasimna neden olur. Cesitli ¢evresel faktorlerin
siyanotoksin sentezinin diizenlenmesindeki rollerinin bilinmesi, toksik siyanobakteriyel bloomlarin
etkin yonetimi i¢in gereklidir. Siyanotoksinler, siyanobakterilerin g¢esitli cinsleri tarafindan iiretilen
sekonder metabolitler grubu olup algler, bitkiler, hayvanlar ve insan dahil olmak iizere bir¢ok dkaryotik
organizma i¢in son derece zehirlidir. Siyanotoksinler, gen kiimeleri seklinde organize olmus bir grup
gen tarafindan kodlanan enzimlerle non-ribozomal olarak sentezlenirler. Siyanotoksin, gelismenin tiim
asamalarinda {iretilmektedir. Bu derlemede, insanlarin siyanotoksinler ile temast ve saglhiga etkileri
ozetlenmektedir.

Anahtar Kelimeler: Siyanobakteri, siyanotoksin, insan sagligi, toksikolojik risk
Contact of People With Cyanotoxins and Effects on Health

ABSTRACT: Cyanobacteria is the only group of prokaryotic organisms containing gram negative, 16S
rRNA and chlorophyll-a, capable of fixed carbon dioxide and atmospheric nitrogen, photosynthetic,
producing organic carbon and oxygen. Recent years changing climatic conditions and increasing human
activities in increase the frequency of harmful cyanobacterial “bloom” formation worldwide.
Cyanobacterial “blooms” can produce harmful toxins and foul-smelling compounds, creating a threat to
drinking and recreational waters. In addition, the formation of “bloom” causes hypoxia and food
network degradation. Knowing the role of various environmental factors in the regulation of cyanotoxin
synthesis is essential for the effective management of toxic cyanobacterial blooms. Cyanotoxins are a
group of secondary metabolites produced by various strains of cyanobacteria and are highly toxic to
many eukaryotic organisms, including algae, plants, animals and humans. Cyanotoxins are synthesized
non-ribosomally by enzymes encoded by a group of genes organized in gene clusters. Toxin can be
produced at all stages of development. In this review, the contact of people with cyanotoxins and their
effects on health are summarized.

Keywords: Cyanobacteria, cyanotoxin, human health, toxicological risk
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GIRIS

Siyanobakteriler, yaklasik 3.5 milyar yil 6nce var olmus fotosentetik prokaryotlardir. Diinyanin
erken atmosferinde oksijen birikiminde 6nemli rol almislardir. Béylece aerobik yasam formlarimin
hayatta kalmasin1 uygun hale getirmistir (Chaurasia, 2015). Siyanobakteriler; 16S rRNA ve klorofil-a
iceren, karbondioksit ve atmosferik azotu fiske edebilen, fotosentetik, gram negatif, oksijen iiretebilen
organizmalardir. Siyanobakterilerin; tek hiicreli, ¢ok hiicreli, kokoid, dalli filament, ototrofik,
heterotrofik, psikrofilik, termofilik, asidofilik, alkalofilik olmak iizere ¢ok ¢esitli tiirleri vardir. Hem
serbest hem de endosimbiyont olarak bulunurlar (Thajuddin ve Subramanian, 2005). Siyanobakteriler
bircok su ekosisteminde bulunurlar. Asir1 biiylimeleri ‘siyanobakteriyel bloom’ olarak adlandirilir.
Biiyiik siyanobakteriyel bloomlar; mortalite, ekosistem kararsizligi ve siyanotoksinler olarak bilinen
bilesiklerin iiretimi gibi olumsuz ¢evresel etkilere yol agtiklarinda “zararli” olarak adlandirilirlar (Chorus
ve Fastner, 2001).

Siyanobakterilerin pek ¢ok cins ve tiirliniin biyolojik olarak aktif sekonder bilesikler iirettigi
bilinmektedir. Bu bilesiklerin pek ¢ogu, insan dahil olmak iizere ¢esitli organizmalarda son derece toksik
oldugu kanitlanmistir (Pearson ve ark., 2010). Siyanobakterilerden izole edilen 800’den fazla sekonder
metabolitin; antibakteriyel, antifungal, antiviral, antitiimor, antiprotozoal, sitotoksik ve toksik etkileri
yapilan arastirmalarla belirlenmistir (Vijayakumar ve Menakha, 2015). Siyanotoksinler etkilerine gore
hepatotoksinler (mikrosistin, nodularin ve cylindrospermopsin), nérotoksinler (anatoksin, saksitoksin ve
B-Metilamino-l-alanin (BMAA)) ve dermatotoksinler (lyngbyatoksin ve aplysiatoksin) seklinde
siniflandirilmaktadir. Siyanotoksinlerden, mikrosistin ve nodularinin etki mekanizmasi benzemektedir.
Mikrosistin ve nodularinin; karaciger hasari, gastrointestinal rahatsizliklar ve 6karyotik protein fosfataz
inhibisyonu gibi olumsuz etkileri goriilmektedir. Anatoksin ve saksitoksin ise sinir hiicrelerini
etkileyerek sinir iletimini devre dis1 birakmaktadir. f-Metilamino-l-alanine (BMAA) maruziyetin insan
motor noron hastalig1 olarak bilinen amiyotrofik lateral skleroza (ALS) neden oldugu rapor edilmektedir
(Kaebernick ve Neilan, 2001).

Insanlar ve hayvanlarda siyanobakteriyel zehirlenme vakalar ilk olarak on dokuzuncu yiizyilda
rapor edilmistir (Hunter, 1998; Koreiviené ve ark., 2014). O yillardan beri, siyanobakterilerle temas eden
insanlarda, memelilerde ve kuslarda zehirlenme belirtilerinin yani sira 6liim raporlart Dillenberg ve
Dehnel (1960), Bartram ve Chorus (1999), Stewart ve ark. (2008) ve Giannuzzi ve ark. (2011) tarafindan
Ozetlenmistir.

Siyanotoksinler, insanlarda hemodiyaliz yoluyla maruz kaldiginda 6liime neden olabilir (Svircev
ve ark., 2009). Siyanotoksinlere maruz kaldiktan sonra hayvanlarda ve insanlarda, karin agrisi, kusma,
ishal, cilt tahrisi, halsizlik, bogaz agrisi, soluk mukoza ve kas titremeleri gibi semptomlar
gbzlenmektedir (Bartram ve Chorus, 1999). Mikrosistinler (MC), sadece akut zehirlenmeye neden olma
yetenekleri i¢in degil; ayn1 zamanda i¢gme suyunda diisiik mikrosistin (MC) konsantrasyonlarina kronik
maruz kalma yoluyla kansere neden olmasi ve potansiyel olarak tesvik etme yeteneklerinden dolay1
dikkat cekmektedir (Lun ve ark., 2002; Maatouk ve ark., 2004). 2006 yilinda Fransa'nin Lyon sehrinde,
Uluslararas1 Kanser Arastirmalart Ajans1 (IARC), mikrosistin-LR'nin insanlar i¢in olasi bir kanserojen
oldugu sonucunu ortaya koyarak, grup 2B kanserojen olarak siniflandirmistir (Grosse ve ark., 2006).
Siyanotoksinlerin, 6zellikle de mikrosistinlerin neden oldugu saglik sorunlari, Diinya Saglik Orgiitii'niin
(WHO) 6nerdigi tolere edilebilir giinliikk alim (TDI) 0.04 pg/kg ve igme suyunda mikrosistin-LR degeri
1 ng/L olarak belirlenmistir (Drobac ve ark., 2013). Bu derleme, toksinlerin insanlara ulagmasi i¢in olas1
yollar olarak ¢esitli sucul organizmalar, yenilebilir bitkiler, diyet takviyeleri ve igme suyu kaynaklarinda
siyanobakteriyel toksisite ve siyanotoksin birikimine odaklanmaktadir.
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Siyanotoksinlere maruz kalma dogrudan veya dolayli olarak ortaya g¢ikabilir. Insanlarm
siyanotoksinlere temast baslica su yollarla olmaktadir: kontamine i¢gme suyunun yanlislikla viicuda
alinmasi, soluk alma (inhalasyon) veya burun mukoza membrani ile temas, banyo, ylizme ve kano gibi
eglence aktiviteleri sirasinda toksinler ile dermal temas, siyanotoksin i¢eren su ile sulanmis meyve ve
kontamine olmus sebzelerin tiikketimi, kontamine sularda yasayan akuatik (sucul) organizmalarin
tiikketilmesi (balik, kabuklu deniz {iriinleri v.s), siyanobakteri besin takviyelerinin oral yolla alimi
(siyanotoksin diizeyleri kontrol edilemez ise), diyaliz ile spesifik intravendz yol (damar ici yol) ile
alinmasidir. Arastirmalar ayrica siyanotoksinlerin toksik etkilerinin besin zincirinde biyolojik olarak
birikebilecegini gostermektedir (Koreiviené ve ark., 2014; Drobac ve ark., 2013; Dietrich ve ark., 2008).

Kontamine icme Suyunun I¢ilmesi
Kontamine igme suyunun igilmesi, siyanotoksinin viicuda alinmasinin sik karsilasilan bir yoludur.

Su, siyanobakteriyel bloom sirasinda su kaynaginin yiizeyinden elde edilirse, hiicrelerin pargalanmasi
esnasinda toksin salinimi ile suyun kontaminasyonu miimkiindiir. Sudan siyanotoksinlerin biiyiik
miktarda alinim1 veya uzun siireli kiigiik dozlarda alinimi yani kronik maruziyet sonucu insan sagligi
riskleri artmaktadir. Epidemiyolojik caligmalar, igme suyundaki hepatotoksinlerin primer karaciger
kanseri (PLC) igin risk faktorii oldugunu gdstermektedir. Mikrosistin, primer karaciger kanseri (PLC)
gelisiminde dnemli bir kimyasal ve dis faktor olabilir (Drobac ve ark., 2013; Svir¢ev ve ark., 2010).

Dermal Temas ve Nefes Alma Yolu ile Temas
Dermal temas, siyanobakteriyel bloomun var oldugu eglence sularinda olusur. Eglence amacl

sularda siyanobakteriyel toksin ile temas sonucunda su semptomlar goriilmektedir: derinin pul pul
dokiilmesi, astim, kuru oksiiriik, zatiirre, kusma ve diger gastrointestinal semptomlar, saman nezlesi,
konjuktivit, kulak ve gozde tahris, alerjik reaksiyonlar, siddetli bas agrisi, bas donmesi, agizda
kabarciktir, kas agrisi. Hawaii, Japonya, Avustralya ve Florida’nin kiy1 sularinda bu belirtiler rapor
edilmistir (Stewart ve ark., 2006).

Rekreasyon sirasinda, bir potansiyel temas yolu da inhalasyondur. Deniz ve tatli su bloomlarina
maruz kaldiktan sonra solunum zorlugu rapor edilmistir. Mikrosistin-LR’nin farelere intranazal
uygulamasi; karaciger hasarina ve burunda nekroza neden olmustur (Metcalf ve ark., 2012).

Karasal ve Sucul Bitkiler Yolu ile Temas
Bitkileri sulamada kullanilan suyun siyanobakteri igermesi ile veya sucul bitkiler dogrudan

siyanotoksin ile temas edebilir. Boylelikle hem bitki verimi hem de kalitesi etkilenmektedir. Ayrica
mikrosistin absorpsiyonu tavsiye edilen tolere edilebilir sinir1 asarsa, toksinden etkilenen bitkiler, insan
ve hayvan sagligi i¢in risk olusturabilir (Drobac ve ark., 2013).

Daha o6nce yapilan arastirmalar siyanotoksinlerin bitkiler iizerine olumsuz etkileri olabilecegini
ortaya koymaktadir. Fidelerin siyanotoksinlere maruz kalmasi, ¢esitli karasal bitkilerin biiylimesini
inhibe etmektedir. Mikrosistin-LR gibi siyanobakteriyel ekstraktlarin; bugday (Triticum durum), misir
(Zea mays), bezelye (Pisum sativum) ve mercimek (Lens esculenta) gibi kiiltiir bitkilerinin mineral besin
alimi, verimlilik, fotosentez faaliyeti, biiyiime ve gelisimini etkiledigi goriilmektedir (Saqrane ve ark.,
2009). Sucul bitkilerin (hem su altt hem su dsti bitkileri), mikrosistin-LR’nin diisiik dis
konsantrasyonlarini absorbe ettigi ve toksini siirgiin dokusunda biriktirdigi rapor edilmektedir. Sucul
bitkiler mikrosistin-LR’ye maruz kaldiginda, klorofil pigmentleri hasar gordiigiinden, biiylime ve
fotosentetik oksijen liretiminin de inhibe edildigi goriilmiistiir (Mitrovic ve ark., 2005; Chen ve ark.,
2010). Peuthert ve ark. 2007 yilinda yaptiklar1 ¢alismada, on bir tarim bitkisinin fidelerinin kokleri
tarafindan mikrosistin-LR ve mikrosistin -LF alimi1 oldugunu rapor etmislerdir. Sulama yoluyla
mikrosistine maruz kalan kara bitkilerinin insan saghg {izerinde toksik etki gosterdigi ileri
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siriilmektedir (Peuthert ve ark., 2007). Piring tarlalarindaki siyanobakteriler atmosferden azot
fiksasyonu yaparak piring i¢cin dnemli bir azot kaynagi saglamaktadir. Ancak bu bitkilerin mikrosistin
alim mekanizmasi heniiz tam olarak anlasilamamistir (Drobac ve ark., 2013).

Sucul Besin Ag1 Yolu ile Temas
Insanlarin tiikettigi sucul hayvanlarda siyanotoksinlerin biyolojik birikimi meydana gelebilir.

Mikrosistin, tatli su karidesi (Palemon modestus, Macrobrachium nipponensis) ve kirmizi bataklik
kerevitinde (Procamburus clarkii) tespit edilmistir. Deniz ortamlarinda ise saksitoksin inci istiridyede
(Pinctada maxima) tespit edilmistir (Chen ve Xie, 2005). Ayrica silindrospermopsin, iki kabuklularin
hemolenfinde, i¢ organlarinda, gonadlarinda ve ayaklarinda belirlenmistir. Siyanotoksinlerin biyolojik
birikimi ve insanlara ulagmasi sucul besin ag1 yoluyla saglanir. Sucul besin aginin en iistiinde yer alan
baliklar, siyanotoksinlere en ¢ok maruz kalirlar. Toksinin; baliklarin karaciger, kas, solungag, bagirsak
ve bobreklerinde biriktigi rapor edilmektedir. Baliklar, beslenme veya solunum yoluyla siyanotoksinlere
maruz kalmaktadir (Negri ve ark., 2004; White ve ark., 2006).

Mikrosistin; karacigerde protein fosfatazlari inhibe ederek normal hiicresel aktiviteyi bozmaktadir.
Gelismenin erken donemlerinde (embriyonik) mikrosistine maruz kalma, normal embriyonik gelismeyi
bozabilir, hayatta kalma ve biiylime oranini diisiirebilir ve baz1 histopatolojik etkilere (genislemis ve
opak vitelliis kesesi, kiiclikbas, kavisli govde ve kuyruk, hepatobiliyer anormallikler, hepatositlerde ultra
yapisal degisiklikler, kalp atis hiz1 diizensizlikleri gibi) neden olabilir. Geng ve yetiskin baliklarda,
mikrosistine maruziyet bliylime orani ve osmotik regiilasyonu etkileyebilir, kalp hizin1 ve serumdaki
karaciger enzim aktivitesini arttirabilir; karaciger, bagirsak, bobrek, kalp, dalak ya da solungaglarda
histopatolojik degismelere neden olur; davranig degisikligi goriiliir. Bu anormallikler siyanotoksinin
dozuna ve temas yoluna bagli olarak degismektedir (Malbrouck ve Kestemont, 2006). Diisiik mikrosistin
konsantrasyonuna maruziyet sonucu (10 pug-100 pg) sazan hepatositleri apoptoz yoluyla 6liime neden
olurken, daha yiiksek konsantrasyonlarda (1000 pg) ise nekroz yoluyla 6ldiigii goriilmektedir (Gotz ve
ark., 2000). Histopatolojik arastirmalar, siyanobakteriyel toksinlerin baliklar1 6ldiirme yetenegine sahip
oldugunu gostermektedir (Li ve ark., 2007).

Romo ve ark., 2012 yilinda yaptiklari bir caligmada, Liza sp. (kefal) tiirlerinde balik dokularinda
toksin birikimini aragtirmiglar ve karaciger, bagirsak, solunga¢ ve kaslarda yiiksek mikrosistin
konsantrasyonlarini tespit etmislerdir. Ayrica farkli balik tiirlerinde, farkli miktarlarda mikrosistin
birikimi oldugu rapor edilmektedir (Romo ve ark., 2012). Xie ve ark., 2005 yilinda yaptiklar1 bir
calismada, mikrosistin igeriginin karnivor baliklarin kas ve karacigerinde en yiiksek oldugu ve bunu
omnivor baliklar takip ederken, en diisiik mikrosistin konsantrasyonunun ise herbivor baliklarda
oldugunu bildirmislerdir. Bu sonu¢ mikrosistinin baliklarda besin zincirinde yukar1 dogru artan bir
birikim yaptigin1 géstermektedir (Xie ve ark., 2005).

Siyanobakteriyel Besin Takviyeleri Yolu ile Siyanotoksinlere Temas
Siyanobakteriler, zengin protein icerigi nedeniyle besin takviyesi olarak kullanilmaktadir (6rnegin

Spirulina, Nostoc, Aphanizomenon flos-aquae). Siyanobakteri besin takviyeleri; detoksifikasyon, kilo
kayb1, yliksek enerji gibi faydali saglik etkilerinden dolay1 sanayilesmis iilkelerde satilmaktadir. Ayrica
bu {iirlinlerin ¢ogu dikkat eksikligi ve hiperaktivite bozuklugu olan ¢ocuklarda farmakolojik tedavi
amactyla da kullanilmaktadir (Carmichael ve ark., 2000). Bu iiriinler hap, kapsiil ve toz haline
getirilmekte ve doktor tavsiyesi olmadan tiiketilmektedir. Bu iiriinler dogal oldugu i¢in giivenli oldugu
kabul edilmekte ve dolayisiyla siyanobakteri besin takviyeleri yiiksek dozlarda ve uzun siire
kullanilmaktadir. Ancak siyanobakteri besin takviyelerinin; bulanti, kusma ve ishal gibi belirtiler dahil
olmak lizere sagliga olumsuz etkileri olabilir. Bununla birlikte siyanobakteri besin takviye iirlinlerinde
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iz miktarda siyanotoksin bulunmustur (Draisci ve ark., 2001; Ballot ve ark., 2004). Spirulina toksik
degildir, ancak Spirulina tabanli besin takviyelerinde epoksiyanotoksin-a ve dihydrohomoanatoksin-a
tespit edilmistir. Ayrica Spirulina tabanli besin takviyesi tiiketiminin orta yasl Japonlarda karaciger
hasarmma neden oldugu disiiniilmektedir. Aphanizomenon flos-aquae tiirliniin, anatoksin-a Ve
saksitoksinin yani sira B-Metilamino-l-alanin de (BMAA) tirettigi tespit edilmistir. Aphanizomenon flos-
aquae, genellikle dogal gollerde Microcystis gibi diger siyanobakteriyel tiirlerle bir arada bulunur. Bu
da siyanobakteri besin takviyesi tiiketicilerinin, mikrosistin ve diger toksinlere maruz kalabilecegi
anlamina gelmektedir (Ferreira ve ark., 2001; Iwasa ve ark., 2002; Cox ve ark., 2005).

Intravenéz Yol ile Siyanotoksinlere Temas

1996 yilinda Brezilya Caruaru’daki hemodiyaliz merkezinde meydana gelen bir vakada; rutin
hemodiyaliz tedavisinden sonra hastalarin cogunlugu (131 hastadan 116’s1) gérme bozuklugu, bulanti,
kusma ve kas giicsiizliigli yasamistir. Belirli bir siire sonra, 100 hastada akut karaciger yetmezligi
goriilmiis ve Caruaru sendromu ad1 verilen bu vaka sebebiyle 52 hasta yagamini yitirmistir. Daha sonra
yapilan incelemelerde mikrosistinin, tiim hasta serumlarinda ve karaciger doku 6rneklerinde var oldugu
belirlenmistir. Mikrosistin, klinigin su aritma sistemindeki karbon ve recinelerde de tespit edilmistir.
Ayrica, siyanobakterilerin yerel su kaynaklarinda 6nemli bir oranda mevcut oldugu ortaya ¢ikmistir.
Sonug olarak bu hastalarin 6lim nedeninin mikrosistin (MC-YR, MC-LR, MC-AR) ile intravenoz
maruziyet oldugu ifade edilmektedir (Drobac ve ark., 2013; Azevedo ve ark., 2002).

SONUC

Bu derleme insanlarin ¢esitli yollardan siyanotoksinlere maruz kalabilecegini gostermektedir.
Suda yasayan bazi1 hayvanlarda, yenilebilir bitkilerde ve besin takviyelerinde siyanotoksinlerin 6zellikle
mikrosistinlerin (MC) birikmesi, mikrosistinlerin insan viicuduna girebilecegi bir maruz kalma yolu
olarak gidalarin 6nemi hakkinda farkindalik olusturmaktadir. Toksik siyanobakteriyel bloomun
potansiyel etkilerini anlamak ve etkili sekilde ydnetmek hayati 6nem tasir. Ornegin, igme suyu
kontaminasyonu nadir goriilen bir durumdur, ancak ortaya cikarsa ¢ok sayida insani etkileme
potansiyeline sahiptir. Aksine, rekreasyona maruz kalma daha sik goriiliir, ancak herhangi bir olaydan
etkilenen kisi sayisi ¢ok daha diisiiktiir. Hemodiyaliz yoluyla (yani intravenéz maruziyet) zehirlenme
nadirdir, ancak tedavide kullanilan su hacmi g6z 6niine alindiginda, kontamine su potansiyel olarak ¢ok
sayida kisiyi etkileyebilir ve 6liimle sonucglanabilir. Bu nedenle, sucul ortamlar1 ve insan sagligini
korumak amaciyla ulusal ve uluslararast mevzuat ile risk yonetimi Onlemlerinin olusturulmasi ve
uygulanmas1 gerekmektedir.

Cikar Catismasi
Makaleye ait ¢alismanin planlanmasi, yiiriitiilmesi ve makalenin yazilmasi asamalarinda herhangi
bir ¢ikar ¢atigmasi olmadigin1 beyan ederim.
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ABSTRACT: In this study, it was aimed the the efficacy of Syzygium aromaticum essential oil (EO) on
inactivation of Eschericha coli (ATCC 25293), Klebsiella pneumoniae (ATCC 10031), Bacillus subtilis
(ATCC 6633), and Staphylococcus aureus (ATCC 25925) inoculated to noodle was investigated by dip
incubation method. The components of S. aromaticum EO were analyzed by GC-MS and found the
main components as eugenol, (Z)-9,17-octadecadienal (25.96%), (-)-caryophyllene (5.29%), and
aceteugenol. Broth Microdilution and Agar Well Diffusion Method were used for antibacterial activity
of S. aromaticum EO. Minimum Inhibitory Concentrations (MICs) of S. aromaticum were 14.8 mg mL"
! for E. coli, 10.98 mg mL™ for K. pneumoniae, 9.29 mg mL™ for B. subtilis, and 9.8 mg mL™* for S.
aureus, while the inhibition zones were between 3 mm and 7.1 mm for the pathogens. In the study, 100
nL of clove oil have 100% inhibition effect on E. coli, K. pneumoniae, and S. aureus attached to the
noodle. However, B. subtilis was found to be quite resistant. As a result, the essential oil appears to be
effective agains both Gram-negative and Gram-positive bacteria.
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INTRODUCTION

Foodborne infections pose a significant danger to consumers. Therefore, one of the most important
issues in the food industry is hygiene and sanitation. Various chemicals are used for pathogenic
microorganisms carried by food, but antimicrobial agent research has gained continuity due to the
development of resistance of microorganisms against them (Stermitz et. al., 2000; Shan et al., 2007).
The indicator microorganisms used in relation to hygiene practices are S. aureus and Bacillus strains
(Pamuk et al., 2018) in the food industry and Escherichia coli and Klebsiella pneumoniae found in the
industrial wastewater (Guan and Holey, 2003; Cabral et al., 2010). Contamination of ready-to-eat foods
with S. aureus is common during slicing, cooking or packaging of food and the its resistance to dry and
stressful environments poses a threat to human health (Chaibenjawong and Foster, 2011; Syne et al.,
2013). Another bacterial group important for food contamination is Bacillus species. Many species such
as B. cereus, B. subtilis, B. licheniformis are well known as a cause of food-associated illness (Logan,
2012). In present study, we studied four important food pathogens and they can cause serious problems
in the food industry. Previously, they have been shown to be isolated from cereal products such as,
noodles (Rong and Xu-Hui, 2012), flour and bulgur (Yurdakul et al. 2017, Cetinkaya 2019).

Many herbs that have medicinal uses and that we use as spices have important pharmacological
components due to their aromatic properties. Year by year, interest in active ingredients obtained from
plants and their antimicrobial activities have increased due to the problem of bacteria gaining resistance
to antimicrobial agents (Notermans et al., 1991; Shan et al., 2007). Among medicinal plants, S.
aromaticum (synonym: Eugenia caryophylata), known as the clove tree and belongs to Myrtaceae
family, is common in many countries such as East Indonesia, Sri Langka, Brazil, Jamaica, Turkey (Burt
and Reinders 2003; Sohilait, 2015). Clove plant have been used commonly in fragrance and flavouring
industries besides cooking as spice. Medically, it has the effect of relieve pain and promote healing
because of significant biological components (Chaieb et al., 2017). Furthermore, its bioactive
compounds have antimicrobial (Pundir et al., 2010), anti-inflammatory (Ozturk and Ozbek, 2005) and
antioxidant (Jirovetz et al., 2006) properties.

As far as we know, paper related to the inactivation of pathogens contaminated with any food with
clove oil is very few (Omidbeyqgi et al., 2007; Mytle et al., 2006). With this study, it was first investigated
the inhibition performance of S. aromaticum against E. coli, K. pneumoniae, B. subtilis, and S. aureus
on noodle.

MATERIAL AND METHODS

Preparing the S. aromaticum Essential Oil and GC-MS Analysis
S. aromaticum was collected from Kdycegiz/Mugla in 2018. Approximately, 500 grams of S.
aromaticum seed sample was used for the essential oil extraction process. Solvent-extraction method
was performed using a hydrodistillation with pure water for 2 hours. The mixture added to hexane. After
ligiud-ligiud extraction, the aqua in organic phase was dried over anhydrous MgSOa4. The essential oil
(EO) was concentrated after the solvent of organic phase was evaporated using the rotary evaporator
under vacuum. Obtained essential oil was kept in desiccator. It was protected from sunlight until
analysis. The components of S. aromaticum EO were analysed by GC-MS 7890A-(5975C inert MSD)
instrument equipped with 30m X 250 um film X 0.25 um-thickness column (Agilent 19091S-433) with
helium carrier gas. The EO was eluted for 64 minutes of retention time using initial temperature of 60°C
for 5 min and temperature was raised to 150°C by an increase of 3°C for 2 min, by 3°C min™* to 200°C,
by 4°C min to 240°C. The components of S. aromaticum EO were performed based on the mass spectra
library (Wiley Registry 9th/NIST 2011 database, WIN11.L) (Yabalak, 2018).
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Antibacterial Screening

To the antimicrobial tests, E. coli (ATCC 25293), K. pneumoniae (ATCC 10031), B. subtilis
(ATCC 6633), S. aureus (ATCC 25923) were taken from Refik Saydam Hifzissihha Centre
(Ankara/Turkey). The inoculums of E. coli, K. pneumoniae, B. subtilis, and S. aureus were prepared in
4 mL Triptic Soy Broth and incubated at 37°C, overnight. Then, the bacteria suspensions were adjusted
to 0.5 McFarland Standard Turbidity and stored at +4°C until experiments (Sicak and Erdogan Eliuz,
2019).

Broth Microdilution Method and Well Diffusion Method

According to Broth Microdilution, the two-fold serial dilutions of 50 uL S. aromaticum EO (1.160
g mLt in DMSO 10%) was performed into 96-well plates which was previously added 50 uL of MHB
(Mueller Hinton Broth) medium along from 2nd to 10th columns. There are only MHB and microbe in
11 and 12 well as as negative control. Then, 5 uL culture of bacteria were inoculated in all wells except
negative control. The plates were incubated at 37°C for 24 h and MIC (Minimum Inhibitory
Concentration) was calculated as the lowest concentration where no visible turbidity was observed in
each row of the 96-well plate (Patton et al., 2006; Sicak and Erdogan, 2019).

To determine of inhibition zone of S. aromaticum on E. coli, S. aureus, K. pneumoniae, and B.
subtilis were used Well Diffusion Method. For this, the bacteria cultures at stationary phase were spread
onto Mueller Hinton Agar plates (MHA) and 6 mm-wells were drilled into the middle of petri. The 50
uL of S. aromaticum EO placed in the wells and incubated at 37°C during 24 h, calculated clear zones
(Sicak and Erdogan Eliuz, 2019). As positive control, Ampicillin was used for bacteria and the
experiments were repeated three times.

Inactivation Method of Pathogens on Noodle by S. aromaticum EO

The inoculation of E. coli, K. pneumoniae, B. subtilis, and S. aureus to noodle was made using dip
inoculation method (Singh et al., 2002). According this method, 0.02 g sample of noodle was dipped
into 500 pL of inoculum (approximately 108 CFU mL™?) prepared before and then shaken gently using a
shaker incubator at 120 rpm for 1 min at 25°C to homogeneous distribution of organisms. At the end of
each treatment, noodle was drained and washed immediately with 500 pL of sterile saline (0.9%) with
agitation (120 rpm) for 1 min to remove residual oil. Then, three different amounts of S. aromaticum EO
(50 uL, 1 mL and 1.5 mL) were added to the eppendorf with noodle and shaked (120 rpm) for 1 min.
Then, noodles were transferred by sterile spatula into the eppendorf which is added previously 1 mL
0.9% saline. The eppendorf was mixed during 2 min and noodle was removed. Then, serial dilution (10
%) of the liquid in the eppendorf was made with sterile 0.9% salin solution. To enumeration of surviving
microorganisms, 0.1 ml sample was spread-plated on MHA. After the incubation of bacteria at 37°C and
24 h, the colonies were counted and logaritmic reduction were measured. The negative control was
noodle without inoculation and the aqueous treatment.

Statistical Analysis

Statistical analyses and significance of MICs and Inhibition zone (1Z) were measured by Tukey
test in one-way analysis of variance using SPSS 25 (p < 0.05). The experiments were repeated three
times.

RESULTS AND DISCUSSION

Chemical Composition of S. aromaticum EO
The components of S. aromaticum were detected by GC-MS. The results of the chemical
composition of S. aromaticum were presented in Table 1. S. aromaticum EO contained predominanly

890



Elif Ayse ERDOGAN ELIUZ and Yusuf SICAK 11(2): 888-895, 2021
Inactivation of Some Pathogens Inoculated to Noodle by Syzygium aromaticum (L.) Merr. & L.M.Perry Essential Oil

eugenol (60.34%), (Z)-9,17-octadecadienal (25.96%), (-)-caryophyllene (5.29%), and aceteugenol
(4.99%). The other components were eucalyptol, p-menthan-3-one, B-selinene, calamenene, (-)-
caryophyllene oxide.

Table 1. Chemical composition of S. aromaticum EO

aRI Compound % "RA
1027 Eucalyptol 0.07
1152 p-Menthan-3-one 0.29
1370 Eugenol 60.34
1416 Caryophyllene 5.29
1451 B-Selinene 0.60
1521 Calamenene 0.18
1531 Aceteugenol 4.99
1581 (-)-Caryophyllene oxide 0.29
2476 (2)-9,17-Octadecadienal 25.96

aRetention Index. PRelative area (peak area relative to the total peak area).

Antimicrobial Activity of S. aromaticum EO

The results showed that S. aromaticum EO was effective against E. coli, K. pneumoniae, B.
subtilis, and S. aureus by broth microdilution and well diffusion method (Table 2). Any statistically
significant difference did not see between the MICs of the oil against the pathogens. The MICs of S.
aromaticum on E. coli, K. pneumoniae, B. subtilis and S. aureus were 14.8, 10.98, 9.29, 9.8 mg mL™,
respectively. According to well diffusion method, 1Zs of the oil were 3.01 mm for E. coli, 5.02 mm
for K. pneumoniae, 3.80 mm for B. subtilis and 7.1 mm for S. aureus. Statistically, there was a
significant difference between E. coli (3.01 mm) and S. aureus (7.1 mm) 1Zs (Figure 1).

Many papers in different countries have shown that the main components are eugenol, /-
caryophyllene and caryophyllene oxide although the minor components of clove oil differs, as in our
work (Bhuiyan et al., 2010; Razafimamonjison et al., 2014; Sohilait, 2015). For instance, the major
compounds in EO of Eugenia caryophylata was identified as eugenol (78.72%) and p-caryophylene
(17.49%) and the antimicrobial performances of these two components have been previously reported
(Marchese et al., 2017). Syzygium polyanthum, contained cis-4-decanal, 1-decyl aldehyde, and capryl
aldehyde, and Syzygium polyanthum, contained p-eugenol and S-caryophyllene, were not inhibited E.
coli. However, B. subtilis and S. aureus were inhibited with between MIC of 31.25 and 250 pg mL*
(Hamad et al., 2017). In this study, all three bacteria were strongly inhibited with MIC of >9 mg mL
and 1Z>3 mm by S. aromaticum EO that contain mostly eugenol and 9,17-octadecadienal. In another
study, MICs of Eugenia caryophyllata were reported to be 1 ul mL™ for S. aureus, K. pneumoniae and
B. cereus, while it was 2 pl mL* for E. coli. In the same study, 1Zs were between 17 mm and 30 mm for
these pathogens (Mahboubi and Mahboubi, 2015). In addition, infusion, decoction and oil of clove were
reported that inhibits Gram negative bacteria including E. coli and K. penumoniae 8 mm and 23.75 mm
(Saeed and Tariq, 2008). Differences in MIC and IZ levels may be caused by interactions with minor
compounds other than eugenol.

In our study, the pathogens were almost susceptible against S. aromaticum as in some studies,
while Eugenia caryophylata extract inactivated B. cereus, S. aureus and E. coli (Shan et al., 2007). The
essential oil of clove essential oil was found to be quite effective against B. cereus and E. coli, However,
E. coli O 157 and K. pneumoniae were moderately sensitive to the oil (Badhe et al., 2013). Mostafa et
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al. (2018), showed that B. cereus, S. aureus and E. coli were susceptible with >11.9 mm IZs against S.
aromaticum.

Table 2: MIC and 1Z of S. aromaticum EO against E. coli, K. pneumoniae, S. aureus and B. subtilis.

EO-MIC (mg mL?)  A-MIC (ug mL?)  EO-1Z (mm) A-1Z (mm)
E. coli Gram (-) 14.82+0.12 16 +0.22 3.012+£0.04 10.1£0.03
K. pneumoniae Gram (-) 10.982+0.11 16 +0.08 5.022 +0.03 12.04 £0.04
B. subtilis Gram (+) 9.292+0.09 32 +0.01 3.80% +0.02 4.340.01
S. aureus Gram (+) 9.82+0.23 32+0.03 7.1°+40.02 7.7 £0.02

The mean MICs and 1Zs were expressed with the standard deviation (+) and significance level (ANOVA, 25; 0.05, Tukey
test). In the same column, values marked with different exponential letters differ statistically at 0.05 level. A: Ampicillin:
16 pg/mL

Figure 1: The images of tolerance and sensitivity levels of E. coli (a), K. pneumoniae (b), B. subtilis
(c) and S. aureus (d) in exposure to S. aromaticum.

In this paper, the MICs of S. aromaticum EO (<15 mg mL?) were found to be higher than the
MICs of Sethi et al. (2013), study which methanol extract of S. aromaticum were researched (MIC> 75
mg mL™) against bacteria. In this case, it can be said that its essential oil is more effective.

Inactivation Method of Pathogens on Noodle by S. aromaticum EO

Inactivation of E. coli, K. pneumoniae, B. subtilis, and S. aureus inoculated to noodle by S.
aromaticum EO at 50 puL, 100 uL and 150 pL were investigated by dip inoculation method (Table 3). S.
aromaticum EO at 50 puL caused between 0.4 and 8.0 log reduction all pathogens. Log reduction of E.
coli, K. pneumoniae and S. aureus colony, at 50 pL and 100 pL of the EO, were 8.0 CFU mL™. However,
log reduction of B. subtilis at 50 pL, 100 pL and 150 pL of the EO were 0.4, 0.8 and 0.9 CFU mg™.
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Table 3: Log reduction in E. coli, K. pneumoniae, B. subtilis, and S. aureus on noodle by S. aromaticum EO
Log reduction (CFU mg™?)
S. aromaticum EO (g mL™)

50uL 100pL 150 pL
E. coli 1.7 8.0 8.0
K. pneumoniae 15 8.0 8.0
S. aureus 8.0 8.0 8.0
B. subtilis 0.4 0.8 0.9
Control* -1.5x108

*Starting population

With this study, it was shown that the number of E. coli, K. pneumoniae, B. subtilis, and S. aureus
on noodle can be reduced by applying S. aromaticum EO. In the study, after 100 uL of clove oil, we can
say about a 100% effect on E. coli, K. pneumoniae, and S. aureus. However, B. subtilis attached to the
noodle was found to be quite resistant.

CONCLUSIONS

The oil appears to be rather effective against both Gram-positive and Gram-negative bacteria. This
study indicates that the essential oil of S. aromaticum has antibacterial effect on E. coli, K. pneumoniae,
B. subtilis, and S. aureus. At the same time, to reduce the risk of these pathogens multiplying on noodle,
S. aromaticum EO components may be an alternative.
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Effect of locally isolated phosphate-solubilizing Pseudomonas aeruginosa 1BP26 on the growth
parameters of chickpea seedling

Muhammed Emin COGENDER?, Nazli Pinar ARSLANZ, Mehmet Nuri AYDOGAN'

ABSTRACT: This work was conducted to examine the effect of locally isolated phosphate-solubilizing bacteria
on the growth parameters of chickpea seedling cultivated in pots containing Cas(PQa). (tricalcium phosphate).
Among the isolated strains, the highest phosphate-solubilizing activity in the broth medium was observed for the
isolate IBP26. Similarly, in the greenhouse study, the same isolate was determined to cause maximum increases
in growth parameters (shoot and root length, total biomass, phosphorus, total sugar, and protein contents) of
chickpea plants in the presence of Cas(POs)2. The isolate IBP26 was identified as Pseudomonas aeruginosa
(GenBank accession number: MW092004). Experiments demonstrated that the application of the bacterium alone
in the absence of Cas(PQa); or the application of Cas(PQO.,). alone in the absence of bacterium did not cause
significant change in growth parameters of the chickpea plants, and that the desired increases in the growth
parameters of these plants could be achieved by the co-application of bacterium and Cas(PO.)..

Keywords: Pseudomonas aeruginosa IBP26, phosphate solubilization, chickpea, growth parameters.

Lokal olarak izole edilen fosfat ¢oziicii Pseudomonas aeruginosa IBP26’ nin nohut fidelerinin biiyiime
parametreleri iizerine etkisi

OZET: Bu caligma, lokal olarak izole edilmis fosfat ¢oziicii bakterilerinin, Caz(PO4); (trikalsiyum fosfat) iceren
saksilarda yetistirilen nohut fidelerinin biiyiime parametreleri iizerindeki etkisini incelemek i¢in yapilmstir. izole
edilen suslar arasinda, sivi kiiltiirde en yiiksek fosfat ¢ozlindiiriicli aktivite IBP26 izolat1 i¢in gdzlenmistir. Benzer
sekilde, sera ¢aligmasinda da, ayni izolatin Cas(POs), varliginda nohut bitkilerinin biiyiime parametrelerinde
(stirglin ve kok uzunlugu, biyokiitle, fosfor, toplam seker ve protein igerigi) maksimum artisa neden oldugu
belirlenmistir. IBP26 izolati1 Pseudomonas aeruginosa olarak teshis edilmistir (GenBank accession number:
MW092004). Deneyler, Cas(POas).' nin yoklugunda tek basina bakteri uygulamasinin veya bakteri yoklugunda
tek bagina Cas(POs)2 uygulamasinin nohut bitkilerinin bilyiime parametrelerinde kayda deger degisime neden
olmadigini, bu bitkilerinin biiyiime parametrelerinde istenilen artiglarin bakteri ve Cas(POa).' nin birlikte
uygulanmasi sayesinde basarilabilecegini gostermistir.
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INTRODUCTION

Plant-associated bacteria can be classified into beneficial, deleterious and neutral groups based on
their effects on plant growth. Beneficial bacteria are also known as plant growth promoting bacteria.
They colonize the rhizosphere, the root surface, or the root itself. They may induce plant growth in two
different ways, indirectly or directly (Rodriguez and Fraga, 1999; Vessey, 2003; Antoun and Prévost,
2005; Beneduzi et al., 2012). In indirect growth promotion, plant growth promoting bacteria reduce or
prevent the harmful effect of pathogenic microorganisms by producing antibiotics or siderophores
(Beneduzi et al., 2012; Olanrewaju et al., 2017). These bacteria promote directly plant growth through
mechanisms such as the synthesis of phytohormones, N> fixation, reduction of membrane potential of
the roots, as well as the solubilization of inorganic phosphate and mineralization of organic phosphate
(Rodriguez and Fraga, 1999; Amarasen et al., 2019).

Phosphorus is the second most important macro nutrient required by plants, after nitrogen.
Therefore, application of phosphatic fertilizers is essential for higher crop yields in agricultural studies.
However, phosphatic fertilizers become insoluble when applied to the soil and turn into complexes such
as aluminum phosphate, calcium phosphate and iron phosphate in the soil (Walpola and Yoon, 2012).
While the calcium form of insoluble phosphatic complexes is dominant in neutral to alkaline soil
conditions, iron and aluminum phosphates are more dominant under acidic conditions. It has been
documented that plants take up phosphorus as soluble orthophosphate ions (H2POs* and HPO4?),
whereas the fixed form of phosphorus cannot be efficiently taken up by the plants (Kumar and Narula,
1999; Del Campillo et al., 1999).

Phosphate solubilizing microorganisms (PSMs) hydrolyze insoluble phosphatic compounds and
make phosphorus more accessible for plants. Therefore, inoculation of soils with PSMs is known to
result in higher crop yields (Johri et al., 1999; Walpola and Yoon, 2012; Kalayu, 2019; Hii et al., 2020).
PSMs can solubilize phosphatic compounds by applying various mechanisms such as lowering soil pH,
chelation, and mineralization. Organic acids produced by microorganisms are effective in lowering soil
pH (Kalayu, 2019). Namely, PSMs produce organic acids that lower of soil pH, thereby increasing
phosphorus solubilization in the soil. There are many different organic acids that can dissolve phosphate
and are produced by microorganisms; however, gluconic acid and 2-ketogluconic acids appear to be the
most effective ones. PSMs include fungal (mainly Penicillium and Aspergillus strains), bacterial (mainly
Bacillus, Pseudomonas and Rhizobium strains) and arbuscular mycorrhizal strains (Kalayu, 2019).
Phosphate solubilizing bacteria may also enhance plant productivity by producing other secondary
metabolites. The potential of phosphate-solubilizing bacteria to produce IAA and siderophore increases
the potential of these bacteria to be used as bio fertilizers (Mamta et al., 2010). In the light of this
knowledge, it is thought that phosphate dissolving bacteria will gain more importance in the future.

Herein, the present study was carried out to elucidate whether locally isolated phosphate
solubilizing-bacteria had the potential to promote the growth of chickpea seedlings.

MATERIALS AND METHODS

Isolation and screening of phosphate-solubilizing bacteria

The soil sampes were collected from root zone and rhizosphere of various leguminous plants (wild
chickpea and lentil) at different habitats in Erzurum province and its surrounding (Turkey). Nearly 1 g
of soil samples was dispersed in 10 mL sterile-saline water. The prepared suspensions were separately
vortexed and serially diluted up to 10 with sterile saline water. Then, 0.1 mL of each dilution sample
was separately spread on 90-mm diameter petri dish containing 15 mL of NBRIP (National Botanical
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Research Institute’s phosphate growth medium) medium. This medium composed of (g L) 10 glucose,
5 Cas(POa): (tricalcium phosphate), 5 MgCl,, 0.25 MgSOs, 0.2 KCI, 0.1 (NH4)2SO4 and 20 agar-agar
(pH 7.0). At the end of incubation period (2-4 days) at 30°C, growing-bacterial colonies on the medium
were sub-cultured and purified. The isolated strains were separately numbered and maintained at 4°C.

In the second step, the isolated strains were screened in terms of the potential to solubilize
inorganic phospahete. For this purpose, 50 pL seed culture (approximately 0.5-1x10° cfu mL™?) of each
bacterial strain was separately transferred in the glass tubes containing 10 mL of sterilized NBRIP-BPB
broth medium. Different from NBRIP, NBRIP-BPB contained 0.025 g L™* bromphenol blue (BPB) as
well as the other nutritional components but did not agar. Bacterium-free medium was used as control.
The tubes were incubated at 30°C in a shaking incubator (New Brunswick Scientific, USA) at 180 rpm.
At the end of 3days incubation period, tubes were centrifuged at 5000 rpm for 10 min. Absorbances of
obtained supernatants were assayed at 600 nm using a spechtrophotometer (Mehta and Nautiyal, 2000).
Soluble phosphate in culture supernatant was estimated by Vanadomolybdate method and expressed as
equivalent phosphorus (mg L) (Jackson, 1973). Better phosphate-solubilizing isolates were selected
and then used in the the next steps of the study.

Bacterial inoculation and plant growth

Chickpea seeds were surface sterilized with 1% sodium hypochlorite for 10 min and washed 4
times with sterilized distilled water. Afterwards, the seeds were soaked in distilled water about 24 h and
were subjected to germination for 3 days. Twenty of germinated seeds were placed in each pot at 2 cm
depth. Seedlings were grown for 10 d on pots containing sand. Each pot (20 cm diameter) contained
2 kg of sand. Before using, sand was washed with water and then sterilized at 170°C for 60 min. For
inoculation, promising-strains were grown in NBRIP medium at 30°C for 3 days at 180 rpm. The optical
density of obtained wet cells was adjusted to 10° cells/mL with saline water for each strain. One mL of
suspension was inoculated on pots containing chickpea seeds.

The experimental design was consisted of four treatment as described follows — treatment 1:
contained only sterilized sand and chickpea seeds (control 1); treatment 2: sterilized sand, insoluble
phosphate and chickpea seeds (control 2); treatment 3: only sterilized sand, chickpea seeds and
bacterium (control 3); treatment 4: sterilized sand, insoluble phosphate, chickpea seeds and bacteria.
Pots were watered weekly with the nutrient solution described by Hoagland and Arnon (1950). But, this
solution did not contain any phosphorus source apart from 5 g L™ Caz(PO4),. Growth experiments were
performed in a greenhouse (uncontrolled conditions).

Determination of protein, reducing sugar and phosphorus contents as wel as shoot and root lengths

Freshly harvested leaf samples (0.5 g) of chickpea plants were homogenized in 0.05 M phosphate
buffer (pH 6.5). Homogenates were centrifuged at 15000 rpm for 20 min at 4°C. Then, obtained
supernatant was employed for the determination of protein amount (Bradford, 1976) and sugar contents
(Miller 1959). Shoot and root lenghts were measured using a centrimeter scale. Phosphorus content was
determined using an inductively coupled plasma optical emission spectrophotometer (Optima 2100 DV,
Perkin-Elmer, Shelton, CT, USA).

Identification of phosphate solubilizing bacteria

The identification of the most promising isolate was performed according to whole-cell cellular
fatty acids and 16S rRNA analysis. Cellular fatty acids were analyzed by gas chromatography (GC)
using the MIDI system (MIDI, Newark, DE). The analysis was performed using the Sherlock Microbial
Identification system TSBA 4.0 software and library general system software version 4.1. Qualitative
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and quantitative differences in the fatty acid profiles were used to compute the distance for each strain
relative to the strains in the library (Sasser, 1990a,b; Sasser and Wichman, 1991).

The identification of the isolate was also performed according to 16S rRNA sequence analysis. In
brief, genomic DNA was extracted and purified according to the Promega Wizard® Genomic DNA
Purification Kit (A2360) protocol. The purity of the extracted DNA was spectrophotometrically
evaluated by A260/A280 ratio. The gene encoding for the 16S rDNA was amplified by PCR using 27F
(5'-AGAGTTTGATCCTGGCTCAG-3") and 1492R (5'-GGTTACCTTGTTACGACTT-3") universal
bacterial primers. After the amplified fragments were cloned into Echerichia coli JM101 strain with the
pGEM-T Easy Cloning Vector (Promega, Southampton, UK) according to the instructions of the
manufacturer, the plasmid was purified using Wizard® Plus SV Minipreps DNA Purification System
(Promega, A1330) kit and sequenced in Macrogen Company (Netherlands). The 16S rRNA obtained
was compared with the other bacterial series in the GenBank and EzTaxon (http://blast.ncbi.nlm.nih and
http://www.eztaxon.org), the similarity rate was determined and GenBank accession number was
received.

RESULTS AND DISCUSSION

Isolation and screening of phosphate-solubilizing bacteria

Previous studies have widely demonstrated that phosphate-solubilizing bacterial inoculants
improve plant growth and yield (Appanna, 2007; Hameeda et al., 2008; Vikram and Hamzehzarghani,
2008; Mohammed et al., 2011; Kalayu et al., 2019). Therefore, the present preliminary experiments were
performed to isolate new bacterial strains being capable of solubilizing Casz(PO4),, an insoluble
inorganic phosphate. The isolation experiments were performed on NBRIP medium containing insoluble
Casz(POs4)2 (tricalcium phosphate) as inorganic phosphate. Total 76 bacterial strains grown on this
medium were picked up and purified. They were then screened on NBRIP-BPB (brom phenol) medium
for the determination of better phosphate solubilizing-ones. Among 76 bacterial isolates, only five
isolates were found to cause a significant decolorization in blue color of NBRIP-BPB medium, namely
have high phosphate-solubizing activity. Phosphate-solubilizing potentials of five isolates (IPB 4, IPB
8, IPB 25, IPB 26 and IPB 72) were determined as 53.75, 52.47, 46.03, 110.86 and 27.58 mg L7?,
respectively.

Effect of phosphate-solubilizing bacteria on growth parameters of chickpea

In the subsequent stages of the study, five isolates were evaluated in terms of the potential to
promote the growth of chickpea in the presence of Caz(POa4).. At the end of 10-days growth period, the
plants were harvested and the average lengths of shoot and roots for each treatment group were recorded
(Table 1). The experiments showed that no significant difference was observed between shoot lengths
of treatment group 1 chickpea plants (plants grown on pots containing only sand) and treatment group 2
chickpea plants grown on pots containing sand and Caz(PO4).. Similarly, no significant increase in shoot
lengths of chickpea was detected, when chickpea seeds were grown on pots inoculated with bacteria
(treatment group 3: sand, chickpea and bacterium). Whereas, the experiments exhibited that there was a
significant increase in shoot length of the plants, which were grown in the presence of bacteria and
Cas(POa4) (treatment group 4). Shoot lenghts of chickpea plants with inoculated IPB 4, IPB 8, IPB 25,
IPB 26 and IPB 72 were determined as 21.83, 19.70, 18.20, 23.41 and 14.48 cm, respectively (treatment
group 4). Whereas, average shoot lenght of control plants (treatment group 1) was determined as 12.94
cm.
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With comparison to treatment group 1 plants, there were no important changes in root lengths of
treatment group 2 and 3 plants (Table 1). Even, shorter root lengths were assayed for treatment group 3
plants which were inoculated with any of four isolates (IPB 4, IPB 25, IPB 26 and IPB 72) in the absence
of Casz(POas)2. Conversely, longer root lengths were reached when chickpea seeds were grown in the
presence of Caz(POa)2 and test bacterium (Treatment group 4). Among treatment group 4 plants, the
plants inoculated with IBP26 were found to have the maxium root length (12.06 cm). Whereas, average
root length of treatment group 1 was assayed as only 7.50 cm.

Table 1. Effect of test bacteria on shoot and root lengths of chickpea

Treatment groups Shoot length (cm) Root length (cm)
TG1(sand, chickpea seeds) 12.94 ¢ 7.50 ¢
TG2(sand, chickpea seeds, Cas(PQa4)2) 13.38 « 7.70°%°
TG3 (sand, chickpea seeds, IPB4) 13.42¢ 7.02¢
TG3 (sand, chickpea seeds, IPB8) 11.89¢ 8.08 ¢
TG3 (sand, chickpea seeds, IPB25) 13.14 7.45°¢
TG3 (sand, chickpea seeds, IPB26) 13.41 7.42¢
TG3 (sand, chickpea seeds, IPB72) 13.24% 7.03°¢
TG4 (sand, chickpea seeds, Cas(PO.),, IPB4) 21.83% 11.31%
TG4 (sand, chickpea seeds, Cas(POa),, IPB8) 19.70° 9.23°
TG4 (sand, chickpea seeds, Cas(POa),, IPB25) 18.20° 10.83?
TG4 (sand, chickpea seeds, Cas(POa),, IPB26) 23.41° 12.06 2
TG4 (sand, chickpea seeds, Caz(POa),, IPB72) 14.48° 8.53

All values are the mean of two replicates from three independent experiments (n = 6). Different lowercase letters in the same
column indicate significant differences (P < 0.05). TG: treatment group

As for the total sugar and protein contents of chickpea plants in four different treatment groups, it
was seen that treatment group 4 chickpea plants had higher protein and sugar contents (Table 2).
Especially, the highest total sugar (30.9 mg g*) and protein (14.25 mg g*) contents were recorded for
the chickpea plants inoculated with IBP-26 among the treatment group 4 plants. In parallel with shoot
and root lengths, there was no significant decrease or increase in total sugar and protein contents of
treatment group 2 and 3 plants compared to treatment group 1 plants.

Table 2. Effect of test bacteria on total sugar and protein contents of chickpea

Treatment groups Total sugar (mg g?) Protein content (mg g*)
TG1(sand, chickpea seeds) 22.0F 11.74 %
TG2(sand, chickpea seeds, Cas(POa4)2) 23.0¢ 11.55¢
TG3 (sand, chickpea seeds, IPB4) 24.2 ¢ 12.25 ¢
TG3 (sand, chickpea seeds, IPB8) 25.2¢% 11.6°¢
TG3 (sand, chickpea seeds, IPB25) 25.2¢% 12.2 cde
TG3 (sand, chickpea seeds, IPB26) 25.54 12.75bcde
TG3 (sand, chickpea seeds, IPB72) 22.5¢% 11.90 cde
TG4 (sand, chickpea seeds, Caz(PQ.,),, IPB4) 30.9% 13.89%®
TG4 (sand, chickpea seeds, Caz(PQ.,),, IPB8) 275 12.95 bed
TG4 (sand, chickpea seeds, Cas(PO4),, IPB25) 28.2bc 13.0%¢
TG4 (sand, chickpea seeds, Caz(POa),, IPB26) 30.92 14.252
TG4 (sand, chickpea seeds, Cas(PO4),, IPB72) 26.9 « 12.75bcde

All values are the mean of two replicates from three independent experiments (n = 6). Different lowercase letters in the same column
indicate significant differences (P < 0.05). TG: treatment group
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The experiments demonstrated that supplementation of Cas(PO4). had not a significant role on P
content in the absence of the test bacteria. In the other words, no significant increase occurred in P
content of treatment group 2 plants compared with treatment group 1 plants (Table 3). The maximum
augmentation in P uptake by plants was achieved, when the plants were grown in the presence of test
bacteria and Cas(POas)2 (treatment group 4 plants). Among the treatment group 4 plants, the maximum
P content (2671 mg kg™) was determined in chickpea plants with inoculated with IBP-26. Similarly,
higher dry matter contents were assayed for the plants, which were inoculated with the test bacteria in
the presence of Caz(POa).. Especially, the maximum dry matter content (22.2%) was detected for the
plants inoculated with IBP 26 among treatment group 4 plants (Table 3).

Table 3. Effect of test bacteria on dry matter and phosphorus contents of chickpea

Treatment groups Dry matter (%) Phosphorus content (mg kg?)
TG1(sand, chickpea seeds) 17.41¢ 2114
TG2(sand, chickpea seeds, Cas(POa4)2) 19.21Pc 2177
TG3 (sand, chickpea seeds, IPB4) 18.89Pcd 2415
TG3 (sand, chickpea seeds, IPB8) 19.40° 2347
TG3 (sand, chickpea seeds, IPB25) 19.56° 2249
TG3 (sand, chickpea seeds, IPB26) 17.55¢ 2367
TG3 (sand, chickpea seeds, IPB72) 19.21Pc 2415
TG4 (sand, chickpea seeds, Cas(PO.),, IPB4) 21.46% 2623
TG4 (sand, chickpea seeds, Cas(PO.),, IPB8) 20.69%c 2510
TG4 (sand, chickpea seeds, Caz(POa),, IPB25) 21.10%¢ 2369
TG4 (sand, chickpea seeds, Cas(POa),, IPB26) 22.29° 2671
TG4 (sand, chickpea seeds, Cas(PO4),, IPB72) 19,7620 2227

All values are the mean of two replicates from three independent experiments (n = 6). Different lowercase letters in the same
column indicate significant differences (P < 0.05). TG: treatment group

As seen from the results presented in Table 1-3, compared to the control (treatment group 1), test
bacteria (treatment group 3) alone or Caz(POas). (treatment group 2) alone did not cause a significant
change in plant growth parameters (shoot and root lengths, total sugar, protein and dry matter contents).
The absence of any change in the treatment group 2 plants can be explained by the fact that insoluble
Cas(POa4): is not directly used as phosphorus source by the plants. Conversely, it was seen that the growth
of chickpea plants significantly increased, when the plants were inoculated with phosphate-solubilizing
test bacteria in the presence of Caz(PO4)2. Namely, co-application of any test bacterium and Cas(POa4)2
caused a significant increase in growth of chickpea seedlings (treatment group 4). Significant increases
in growth parameters can mainly be attributed to greater P uptake by the plants. This is because, the
present experiments revealed that the maximum P content was detected in the plants which were grown
in the presence of test bacteria and Caz(POa). (treatment group 4 plants). The similar increases in P
uptake in the presence of phosphate solubilizing bacteria have been also reported for other plants such
as Phaseolus vulgaris, Lycopersicon esculentum and Stevia rebaudiana in the previous studies (Peix et
al., 2001; Han and Lee, 2005; Kirankumar et al., 2008; Rahi et al., 2010; Mohamed et al., 2011,
Kuntyastuti and Sutrisno, 2017).

From all the results obtained, it was clear that the maximum increases in shoot and root lengths as
well as total sugar, protein, dry matter and phosphorus contents were achieved with the isolate IPB 26.
This isolate was identified as Pseudomonas aeruginosa according to morphological and biochemical
characteristics as well as FAME and 16S rRNA analyses (GenBank accession number: MW092004).

This result was in good agreement with those reported by investigators, which showed that Pseudomonas
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strains possesed high potential to promote growth of different plants (Buch et al., 2008; Ahemad and
Khan, 2010; Patel et al., 2011; Prasad and Babu, 2017). Therefore, use of P. aeruginosa IPB26 as
biofertilizers can be accepted as an efficient approach to replace chemical phosphorus fertilizers for

sustainable cultivation of chickpea plants.
49 Pseudomonas brennerii DSM 15294
35‘P Pseudomonas panacis KCTC 12330
60 Pseudomonas yamanorum DSM 26522

Pseudomonas migulae JCM 21628

84

96 Pseudomonas antarctica DSM 15318

97 k—Pseudomonas trivialis DSM 14937
Pseudomonas viridiflava DSM 11124

Pseudomonas vranovensis DSM 16006

Pseudomonas aeruginosa DSM 50071
100 b——————— [BP26 (MW092004)

0.005

Figure 1. Neighbor joining phylogenetic tree on the basis of 16S rRNA gene sequence data of the isolate IBP26 (GenBank
number: MW092004) resembled Pseudomonas aeruginosa at a high rate (98.5%).

It has been reported in the literature that plant growth promoting rhizobacteria (PGPR) may have
other potential properties such as the synthesis of phytohormones, N fixation and being biocontrol
agent, in addidion to the solubilization of inorganic phosphate and mineralization of organic phosphate
(Almas et al., 2009; Hayat et al., 2012; Oztekin et al., 2015; Sahin and Dénmez, 2020). For example,
several authors have informed that PGPR are capable of producing phytohormones such as indole-3-
acetic acid, cytokinin and gibberellin promoting plant growth (Mehnaz et al., 2001; van Loon et al.,
2007; Gupta et al., 2012; Patel and Saraf 2017). Considering this information, the fact that there is no
change in the growth parameters of the treatment group 3 plants can be explained by the failure of test
bacteria to produce phytohormones or to fix nitrogen. That is, the test bacteria had probably only
phosphate solubilizing potential. However, we consider that co-culture of P. aeruginosa IPB26 and other
plant growth promoting bacteria (nitrogene-fixing and/or phytohormone-producing bacteria) may be
tested in future agricultural studies. This is because, the co-application of phosphate-solubilizing bacteria
with nitrogene-fixing and/or phytohormone-producing other PGPR is accepted as an alternative
approach in agricultural studies. Even, co-cultures provide more balanced compared with separate
inoculations (Rodriguez and Fraga, 1999). For example, when phosphate-solubilizing Agrobacterium
radiobacter was combined with nitrogen fixer Azospirillum lipoferum, more improvement in grain yield
of barley could be achieved compared with single inoculations (Belimov et al., 1995).

CONCLUSION

This study revealed that application of P. aeruginosa IPB26 in the presence of CasPO4 gave rise
to significant increases in the growth parameters of chickpea plants. Therefore, use of P. aeruginosa
IPB26 as biofertilizers can be accepted as an efficient approach to replace chemical phosphorus
fertilizers for sustainable cultivation of chickpea plants.
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ABSTRACT: Age structure and body size of Heremites vittatus from three different altitudes (group I:
0-499 m, group 11: 500-999 m, and group I11: above 1000 m) were investigated using skeletochronology.
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INTRODUCTION

The family Scincidae is one of the largest families that has a worldwide distribution (Whiting et
al., 2006). Bridled Skink, Heremites vittatus (Oliver, 1804) is a medium-sized species that is one of 1642
described lizards. Heremites vittatus has been found in Algeria, Cyprus, Egypt, Israel, Jordan, Lebanon,
Libya, Syrian Arab Republic, Tunisia and Turkey. In Turkey, this species is distributed throughout
southern parts in different altitudes and found in open areas of sandy or stony soil with vegetation (Baran
etal., 2012).

Oliver (1804) described this species as Scincus vittatus for the first time. The taxonomic status
of H. vittatus has been treated so many times. Previously this species was located in the genus Mabuya
that was assigned to the genus Euprepis and then re-assigned to Trachylepis (Mausfeld et al., 2000;
Mausfeld et al., 2002; Bauer, 2003). Finally, Karin et al. (2016) placed this species in a different
genus Heremites.

Data on the life-history are important to address the evolution, ecology and conservation biology
of reptilian species (Grimm et al., 2014). To determine the patterns of variations in age structure is a
part of the life-history of species. Skeletochronology is one of the most common methods to estimate
the age structure of the reptilian species because of more accurate and timesaving than other age
determination methods such as mark-recapture methods. Skeletochronology estimates the age of species
by counting lines of arrested growth layers during hibernation periods (Tomasevi¢ et al., 2010; Altunisik
et al., 2013; Giil et al., 2014; Yakin and Tok, 2015). Many studies on lizards have been recently
performed by using skeletochronology (Orlova and Smirina, 1983, Darevskia derjugini; Kim et al.,
2010, Eremias argus; Kolarov et al., 2010, Dinarolacerta mosorensis; Arakelyan et al., 2013, Darevskia
armeniaca, D. uzzelli, D. sapphirina, D. unisexualis; Giil et al., 2014, Darevskia rudis; Cabezas-Cartes,
Boretto ve Ibargiiengoytia, 2015, Phymaturus spectabilis; Giil et al., 2015a, Apathya cappadocica; Giil
et al., 2015b, Darevskia bithynica; Uziim et al., 2015, Eremias suphani; Biilbiil et al., 2016a, Darevskia
parvula; Biilbiil et al., 2016b, Darevskia clarkorum; Altunisik et al., 2016, Podarcis tauricus; Kurnaz et
al., 2017, Darevskia valentini; Eroglu et al., 2017, Podarcis siculus, Uziim et al., 2018, Phoenicolacerta
laevis; Eroglu et al., 2018, Podarcis muralis; Altunisik and Eksilmez, 2018, Darevskia dryada; Mermer
et al., 2020, Chalcides ocellatus).

Data on new locality, osteology, and phylogenetic of H. vittatus exist in the literature (Giiglii et
al., 2014; Rastergar-Pouyani et al., 2013; Kumlutas et al., 2015). However, there is limited data about
life-history such as age structure, growth pattern, or longevity of H. vittatus (Kalayci et al., 2018). In
the present study, age structure, body size, and growth pattern of H. vittatus were studied in different
Turkish populations living along an altitudinal gradient from 9 to 2042 m in order to determine if the
demographic life-history traits of H. vittatus differ concerning different altitudinal conditions.

MATERIALS AND METHODS

Study Site and Sampling

A total of 118 museum specimens were collected from twenty-four populations at three different
altitudes (Group I: 0-499 m, group II: 500-999 m, and group I11: above 1000 m) from April to November
(Table 1). Moreover, the species spends at least six months in hibernation, from late October to late
March. Each individual was caught by hand in the daytime. All museum specimens examined here
were stored in the Fauna Flora Applied and Research Center, Dokuz Eyliil University. Snout-vent
lengths (SVLs) of the specimens were measured with a caliper to
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the nearest 0.1 mm. Sex was determined by the examination of the secondary sexual characters (e.g.
smaller head, narrower bodies, and smaller length of the cloacal aperture in males Rastegar-Pouyani and
Fattahi, 2015). Sexual size dimorphism was quantified by the sexual dimorphism index as described by
the formula calculated according to Lovich and Gibbons (1992): SDI = (mean SVL of the larger sex /
mean SVL of the smaller sex) + 1. The value +1 is used if males are larger than females and -1 if the
opposite is true. SDI was defined as positive if females were larger and negative if males were larger.

Skeletochronological Analyses

For each individual, the phalanx of the longest finger of the hind limb was cut and fixed in 70%
ethanol and decalcified by 5% nitric acid for 2 hours. Then, a routine histological technique was used
for subsequent steps. 16p of diaphyseal cross-sections was prepared by using a rotary microtome and
stained with Hematoxylin for 20 minutes (Fig. 1).
Statistical Analyses. The normality of the SVL and age distribution for each sex was tested with the
Kolmogorov-Smirnov test (P> 0.05). After we tested variables normality, parametric tests were applied
to test significant differences for normally distributed variables. Non-parametric tests were used when
variables were not normally distributed. All statistical tests were performed by IBM SPSS 23.0 for
Windows.

Growth pattern

The von Bertalanffy’s model between body size and age was used for the growth pattern estimation
of lizards (James, 1991; Wapstra et al., 2001; Roitberg and Smirina, 2006b; Guarino et al., 2010). The
general formula of the von Bertalanffy equation used is Lt = L (1 - eX%)), where L is the length at age
t, Lo IS a parameter indicating the asymptotic maximum length, e is the base of the natural logarithm, k
is a growth coefficient and to is the age at hatching.

Table 1. Population and sample size (N) of Heremites vittatus

Group | Group Il Group I
Population Altitude (m) N Population Altitude (m) N Population Altitude (m) N
Hatay 258/108/226/73/9 12 Adiyaman 601 11 Ankara 1
Sanlurfa 370/445 6 Hatay 632/976 4 Mersin 1228 2
Antalya 139/28/96 4 Gaziantep 958/732/854/519 12  Giimiishane 1951/2042/1668/1892 6
Kilis 460 1 Siirt 804/704 2 Sivas 1436/1397/1559/1544/1436 7
Sirnak 414/466/456 17 Sanlwurfa 644/723/600 10  Mersin 1297/1313/1412/1196 14
Mersin 57/9 4 Mersin 953/727 3 Kahramanmaras 1480 4
Gaziantep 492 6 Kilis 802/602 5 Diyarbakir 1117 8
50  Kahramanmaras 976 3 Afyon 1226 1
50  Gaziantep 1114 1

RESULTS AND DISCUSSION

Age ranged from 3 to 7 years in females, and 2 to 7 years in males. The mean SVL of the
specimens was 72.8, 71.6 and 68.5 mm from the lowest to highest elevation sites whereas the mean age
was 4.32, 4.83 and 4.95, respectively. The average age and SVL of each sex of H. vittatus at different
altitudes are given in Table 2.

Table 2. Mean body size and age of Heremites vittatus from low to high altitudes within each sex

Group | (Low altitudes) Group Il (Medium altitudes) Group I (High altitudes)
SVL (mm) Age (years) SVL (mm) Age (years) SVL (mm) Age (years)
Female 777 452 75 4.85 71.8 5
Male 68.2 4.59 67.4 4.53 63.4 4.61
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In group I, the minimum age was found to be 2 years for males and 3 for females whereas the
maximum age was 7 for both males and females (Fig. 2A). The mean age of the specimens in group |
was not significantly different between the sexes (Mann-Whitney U test; P=0.814). However, a
significant difference was found between sexes in terms of SVL (Independent Samples t-test: t=4.017,
P=0.000). There was no correlation between age and SVL for both sexes (Spearman correlation: r=
0.285, P=079).

Figure 1. A cross-section at the diaphysis level of phalanx of Heremites vittatus (5 years). eb, endosteal bone; mc, marrow
cavity; rl, resorption line

In group 11, the minimum age was 3 in females and 4 in males and the maximum age was found
to be 6 in males and 7 in females (Fig. 2B). The mean age of the specimens did not differ significantly
between sexes (Man-Whitney U test: P=0.476). Moreover, SVL was significantly different between
sexes (Independent Sample t-test: t= 2.898, P=0.006). There is no correlation between age and SVL for
both sexes (Spearman correlation: r=0.160, P=281).

In group 11, the minimum age was 3 in females and 4 in males while the maximum age was found
to be 6 in males and 7 in females (Fig. 2C). The mean age of the specimens did not differ significantly
between sexes (Man-Whitney U test: P=0.220). However, SVL was significantly different between
sexes (Independent Sample t-test: F= 1.717, t=2.895, P=0.07). There was no correlation between age
and SVL for females and males (Spearman correlation: r=0.155, P=398).

Mean SVL (mm)
Mean SVL (mm)
Mean SVL (mm)

oo
3 I 5 €

| oo
z 3 H s 5 7 H H H H z
A Age (year) B Age (year) C Age (year)

Figure 2. Relationships between SVL and age of Heremites vittatus from three groups. A. group I, B. group Il and C. group
1.

Females of H. vittatus were larger than males in terms of mean SVL. However, no significant
difference was found between sexes in terms of the mean SVL (Student t-test: t=0.500, P=0.667). No
significant difference was found both for SVL and age of individuals that inhabited three different
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elevations, respectively (ANOVA: F=1.050, P= 0.354; Kruskal-Wallis test: Chi-Square=1.215;
P=0.545).

Females were on average older than males. Therefore, the mean age of males was not significantly
higher than females (Independent samples t-test: t= 1.215, P=0.227). In addition, females were
significantly larger than males (Mann-Whitney test: P=.000). The intersexual difference in SVL was
male-biased (SDI = -0.10) when we considered for twenty-four populations in three groups. The
intersexual difference in SVL was female-biased (SDI=0.13) in groups | and 11, while this difference
was male-biased (SDI=-0.10) in group Il. Moreover, SVL of group I and 11 had a significant difference
in itself, there is no significant relation between group | and Il (Independent Sample t-test: t=1.251,
P=0.216). According to Spearman correlation, age and SVL were not correlated in females and males
inhabiting three altitudes (r=.093, P=0.493; r=.216, P=0.94). von Bertalanffy’s model showed that the
estimated asymptotic SVL was not higher than the maximum SVL recorded (SVLasym, males: 69 mm;
females: 76 mm). The growth coefficient was higher in females than in males (k, males: 0.769; females:
0.959). The growth curve of males was significantly different from that of females (t = 3.827, P=0.001)

(Fig. 3).

50 5 . . . . . . 5ol - . . . 4
25 30 35 40 45 60 55 60 65 70 75 0 1 2 3 4 5 7 ] 25
A AGE (yexr) B AGE (yas) C

Figure 3. Growth curves between SVL and age in Heremites vittatus from three groups. A. group I, B. group Il and C. group
1]

In the current study, the body size and age struture of H. vittatus from different populations in
three elevations are compared. There are limited studies about age determination in the family
Scincidae. Rohr (1997) stated that the mean age is 4.24 + 0.54 in female individuals of Eulamprus
tympanum from low altitude and is 7.16 £+ 0.67 from high altitude. Dubey et al. (2013) indicated that
the maximum age is 6 years in E. leuraensis. Smith et al. (2013) stated that the maximum age is 4 years
in Ctenotus atlas. Kalayci1 et al. (2018) investigated that the age structure of H. vittatus in Sivas (Turkey)
population. However, it is carried out with only one population (Sivas) and female individuals. Mermer
et al. (2020) indicated that the mean age was calculated as 6 years (3-10 years) for males and 5.8 years
(3-10 years) for females. The maximum life span was found to be 5 years for females of H. vittatus.
Moreover, there is a significant relation between SVL and the age of H. vittatus. In the present study,
we also investigated Sivas population, which includes in group Il1. In group Ill, the minimum age for
female individuals is 3 years whereas the maximum one is 7 years. According to our result, there was
no correlation between age and SVL for females and males (group I11).

Sexual differences are used for morphological characters in ectothermic animals (Endler, 1992;
Blanckenhorn, 2000; Yamahira and Conover, 2002). Intersexual differences in body size are caused by
the ecological, behavioral and reproduction differences between males and females. In some species
available in the literature, the mean SVL in females is bigger than males (Guarino et al., 2010, Lacerta
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agilis; Zagar et al., 2012, Iberolacerta horvathi, Podarcis muralis; Kanat and Tok, 2015, Hemidactylus
turcicus; Yakin and Tok, 2015, Anatololacerta anatolica). Results of the previous studies showed that
the body size variation in H. vittatus is available between sexes. Olsson and Shine (1997) stated that
females with larger body size provide to increase clutch size and mass. The body size of females is
correlated with fecundity whereas body size in males is related to mating success. Mating success is
related to body size and behavioral features (Olsson and Madsen, 1998). In lacertids, many studies are
related to male-biased in the warmer condition in terms of body size (Roitberg 2007; Giil et. al., 2014).
According to our results, female-biased SSD was found in groups | and Ill. Females were larger than
males, although male-biased SSD was found in H. vittatus. The highest SVL was found in group I
(lowest site) for females while it was recorded in group Il (middle site) for males. The finding of SVL
changes in the literature (Giil et al., 2015a; Giil et al., 2015b; Biilbiil et al., 2016a). In general, animals
inhabited at low altitudes live shorter than those in higher elevation site. Roitberg and Smirina (2006)
stated that the shorter activity period in the cooler area decreases the number of predators. The average
age increases as the elevation increases (mean age in group I: 4.52; in group Il: 4.71 and in group IlI:
4.84). The mean age is higher in group I11 (5 years in females and 4.61 years in males). The reason to
be high mean age is caused by having the short active period of lizards in a highland population (group
I11). However, no significant difference in age among the three different altitudes. The underlying
reason is that we did not study three populations from three different altitudes. We made a collection
from different twenty-four populations.

Medium-sized species examined here is found in a wide variety of habitats. This species inhabits
from sea level up to 2500 m asl. Specimens of H. vittatus examined here were investigated at three
groups along the altitudinal gradients from 9 to 2042 m. High altitude sites address the low temperature
and food ability, and short activity period (Nagy and Grabherr, 2009). In general, specimens from high-
elevation sites and northern latitudes live longer than those from low-elevations sites and southern
latitudes (Roitberg and Smirina, 2006b). Environmental factors are likely to reflect intraspecific body
size variation of specimens along altitudinal gradients. This variation is related to the active season
length (Sears, 2005). Because of the shorter activity seasons, specimens need more years to reach adult
form (Karl and Fisher, 2009).

Many factors such as elevation, drought, climate, interspecific competition and predator-prey
interactions make differences in age structure and other life-history traits of lizards (Roitberg and
Smirina 2006a; Roitberg and Smirina 2006b; Giil et al., 2014). Ozdemir et al. (2012) indicated that
different environmental factors might affect population age structure. Roitberg and Smirina (2006b)
reported that there is an increase in the mean age of lizard species from the colder condition. Moreover,
the low mean age may also be seen in low altitude populations: 2.21 years were found in an island
population of Podarcis siculus (Raia et al. 2010) and 4.12 years in Eremias argus (Kim et al. 2010).
Age structure, body size and longevity of reptiles are different among the population of the same species.
For example, the age of Lacerta agilis from the small village of Ferrere (Italy) was 4 years in males and
3 years in females while the age of individuals of the same species from the wetern coast of Sweden is
11 years for males and 12 years for females (Olsson and Shine, 1996; Guarino et al., 2010).

CONCLUSION

Herein, we compared body size, age structure and longevity of twenty-four populations of H.
vittatus from different altitudes. The current study shows that the mean age of populations increases
with high altitudes whereas the mean SVL of populations decreases. Moreover, females are larger than
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males, although male-biased SSD occurs in twenty-four populations of H. vittatus. Thus, it may be
related to less competition and high food availability in high altitudes.
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Giresun Tombul Findik (Corylus avellana L.) Yagimin Serviks, Meme ve Kolon Kanser Hiicrelerinde Sitotoksik ve
Antianjiyojenik Aktivitesi

Adem GUNER, Ozlem GUNER?, Nefise Ulkii KARABAY YAVASOGLU?

OZET: Corylus avellana L. gogunlukla Giresun’da yetisen diinyanin en kaliteli findik tiirlerinden biridir. Bu ¢alisma, Giresun Tombul
findik yaginin (0.5, 5 ve 50 mg L'!) antikanser ve antianjiyojenik aktivitelerini degerlendirmek amaciyla gerceklestirilmistir. Sitotoksisite
insan serviks, kolon ve meme kanseri hiicreleri tizerinde MTT ve laktat dehidrojenaz salim (LDH) analizleri ile belirlenmistir. Hiicrelerin
oksidatif durumu, toplam oksidatif stres (TOS) ve toplam antioksidan kapasite (TAK) yontemleriyle ortaya konulmustur. Anti-anjiyojenik
aktiviteyi degerlendirmek i¢in civciv koryoallantoik membran (HET-CAM) deneyi kullanilmigtir. Sonuglarimiz, C. avellana yaginin
dzellikle serviks kanseri hiicrelerinde daha fazla olmak {izere, serviks ve kolon kanseri hiicrelerinin (sirastyla IC 50 = 6.5 = 0.35 mg L't ve
IC 50 = 26.2 + 3.15 mg L) canlilifimi énemli 6lgiide inhibe ettigini gdstermistir. Bununla birlikte, findik yag 6rnegi, LDH saliniminda
6nemli bir inhibisyona yol agarak sitotoksisite ile dogrusal bir korelasyon sergilemistir. C. avellana yag 6rnegi konsantrasyona bagli bir
sekilde serviks ve kolon hiicrelerinin TAK seviyelerinde 6nemli bir artisa neden olurken, TOS seviyelerinde istatistiksel olarak 6nemli
azalmaya yol agmigtir. Ayn1 zamanda, C. avellana yag 6rnegi yiiksek konsantrasyonlarda anti-anjiyojenik etkinlik gostermistir. Sonuglar,
Giresun findiginin umut verici bir antikanser ajan oldugunu ve bununla birlikte terapotik etkinligini ortaya koymak igin daha ileri
caligmalara ihtiya¢ oldugunu gostermistir.

Anahtar Kelimeler: Anjiyojenezis, antikanser, antioksidan, Corylus avellana, oksidatif stres

Antiangiogenic and Cytotoxic Activity of Giresun Tombul Hazelnut (Corylus avellana L.) Oil on Cervix, Breast, and Colon
Cancer Cells

ABSTRACT: Corylus avellana L. is one of the best quality hazelnut species grown mostly in Giresun province. This present study was
realised to evaluate the anticancer and antiangiogenic activities of Giresun Tombul hazelnut oil (0.5, 5 and 50 mg L-1). Cytotoxicity was
determined by MTT and lactate dehydrogenase release (LDH) assays on human cervix, colon, and breast cancer cells. Oxidative status
was analyzed by total oxidative stress (TOS) and total antioxidant capacity (TAC) assay. Hen’s egg test chorioallantoic membrane (HET-
CAM) assay was used to evaluate the anti-angiogenic activity. Our results showed that C. avellana oil had significant anti-proliferative
activity against both cervix and colon cancer cells (6.5 + 0.35 mg L and 26.26 + 3.15 mg L%, respectively), with more inhibiting the
cervix cancers and caused significant inhibition in LDH release as a linear correlation with MTT results. C. avellana oil significantly
increased the TAC status on the cervix and colon cells while causing a significant reduction in TOS levels in a dose-dependent manner. C.
avellana oil had anti-angiogenic effectiveness in higher doses. The results indicated that Giresun hazelnut was a promising anticancer
agent and however, further studies are needed to reveal its therapeutic effectiveness.
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GIRIS

Kanser, hizli yayilma ve viicudun diger bolgelerine metastaz yetenegi olan anormal hiicre
biiyiimelerini i¢eren hastalik grubudur. Son yillarda, diinya ¢apinda teshis edilen kanser vakalarinin ve
kanser &liimlerinin sayisinda siirekli bir artis olmustur. Diinya Saglik Orgiitii'niin 2019 yilindaki kiiresel
popiilasyona yonelik kanser insidansi verilerine gore, 2018'de 18.1 milyon yeni vaka ve 9.6 milyon 6liim
kaydedilmistir (ACS, 2018). Bu duruma ek olarak, 2025 yilina kadar kanser vakalarinin 20 milyonu
gececegi tahmin edilmektedir. Bu rakamlardaki artiglar siklikla artan ortalama yasam siiresi, teshis ve
onlemedeki eksiklikler ve 6zellikle gelismekte olan tilkelerdeki obezite ve sigara igme aligkanliklart ya
da yasam tarzindaki degisikliklerden kaynaklanmaktadir. Ozellikle, kanser vakalarinin % 40'min sigara,
asir1 kilolu olma, alkol tiiketimi, diisiik meyve ve sebze alimi, mesleki tehlikeler ve giinese maruz kalma
gibi sagliksiz yasam tarzi aligkanliklariyla baglantili oldugu tahmin edilmektedir (Colditz ve ark., 2012).
Bununla birlikte, kanser vakalarinda diyet uygulamalarinin kanser riskini azaltabilme potansiyeline sahip
olduguyla iliskili kanitlar giderek artmaktadir (Riboli, 2014). Meyve, sebze, balik ve zeytinyagi agisindan
zengin bir Akdeniz diyetinin kanser riskini % 12 azaltabilecegi ve dogal igerikli diyet takviyelerinin
kanserin 6nlenmesinde yararli bir igerik olarak kullanilabilecegi siklikla rapor edilmistir (La Vecchia,
2009).

Bitkiler eski ¢caglardan beri canlilar i¢in 6nemli bir besin kaynagi olmustur. Teknolojik gelismelere
bagli olarak bitkilerin yararli etkilerinin yapisindaki aktif sekonder metabolitlerden kaynaklandigin
ortaya koyan sayisiz ¢alisma yiiriitiilmiistiir. Bu baglamda pek c¢ok bitkinin antioksidan, antikanser,
antimikrobiyal, antililseratif, antibakteriyal, antimutajenik ve antihistaminik gibi etkileri yogun olarak
ortaya konulmustur (Benetou ve ark., 2008, Giiner ve ark., 2019a). Ayni1 zamanda bitkisel dogal iiriinler,
medikal endiistrisinde pek ¢ok ilacin hammadesi olarak kullanilmaktadir. Diinya Saglik Orgiitii'ne gore,
Amerika Birlesik Devletleri'nde kullanilan modern ilaglarin yaklasik % 25'1 bitkilerden elde edilmistir.
Modern farmakoloji de en az 7.000 tibbi bilesik, bitkilerden elde edilmektedir (Lui, 2004). Diinya
genelinde yogun bir kullanima sahip olan findik {irlinleri de, yapisindaki yiiksek miktarlardaki mineral,
protein, diyet lifi, vitamin ve ¢oklu doymamuis yag asitlerinden dolay: farmasoétik alanda gittikge artan bir
ivmeye sahiptir (Lui, 2003). Yapilan son ¢alismalarda 6zellikle prostat ve kolorektal kanser hiicrelerinde
findik ve findik yan iriinlerinin antikanser etkinligi ortaya konulmustur. Ayni zamanda, kemoterapi
ilaglarinin etken maddesi olarak kullanilan taksanlarin findik {iriinlerinde bulunmas1 bu bitkisel tirtinleri
daha kiymetli hale getirmistir (Falasca & Casari, 2012).

Tirkiye diinyanin en zengin findik tedarik¢isi konumundadir ve toplam kiiresel iiretimin yaklagik
% 70'ine katkida bulunmakta olup, iilkemizi italya, ABD ve Ispanya izlemektedir (Ciarmiello ve ark.,
2004). Tiirkiye'nin findik ve findik {irtinlerinden toplam ihracat geliri yillik 2 milyar ABD dolarinin
tistiindedir. Karadeniz Bolgesi’nin iklim 6zellikleri, findik i¢in en ideal ortami1 olusturur ve farkl: tiirde
findiga ev sahipligi yapmaktadir. Ulkemizdeki kiiltiir findiklari, 5-6 metre boylanabilir ve bunlar
“Corylus avellana” ile “Corylus maxima” tiirlerinin melezleridir (Koksal ve ark., 2006; Madesis ve ark.,
2013). Ayn1 zamanda, Tiirk findig1, kalite olarak Giresun ve Levant olmak {izere ikiye ayrilir. Giresun’un
kaliteli findig1, tad1 ve igerdigi yag orani ile yeryiiziiniin en nitelikli findig1 6zelligindedir. Daha az yaglh
levant kalite findik ise Samsun, Ordu, Samsun, Sakarya, Bolu, ve Zonguldak illerinde yetismektedir
(Koksal, 2002).
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Bagta Karadeniz bolgesi olmak iizere Tiirkiye genelinde findik ve findik triinleri siklikla gida
maddesi olarak ilgi goriirken, tip ve eczacilik gibi alanlarda beklenen ilgiyi gormemistir. Bu amagla
mevcut ¢alisma Giresun ilinden toplanan tombul findigindan (C. avellana) elde edilen yagin antikanser
ve antianjiyogenik aktivitelerinin ortaya konulmasi1 amaciyla yiiriitilmistiir.

MATERYAL ve METOT

Calismada kullanilan findik 6rnekleri, 2019 yilinin Agustos ayinda Tirebolu Karakaya havzasinda
toplanmistir. Orneklerin kabugu uzaklastirildiktan sonra, ticari olarak soguk sikim findik yagi satist
gerceklestiren firma araciligiyla findiklarin yagi ¢ikarilmistir. Elde edilen yag ornekleri deneyin
yapiligina kadar -20°C’de saklanmustir.

Sitotoksik aktivitenin belirlenmesi (MTT yontemi)

Findik yag &rneginin sitotoksik etkinligi MCF-7 (Insan meme adenokarsinom hiicre hatt:, ATCC-
HTB-22), CaCo-2 (Insan kolon kolektral adenokarsinom hiicre hatti, ATCC-HTB-37), HeLa (Insan
servikal kanser hiicre hatti, ATCC-CCL-2) ve normal HEK-293 (insan embriyonik bobrek hiicre hatti,
ATCC-CRL-1573) hiicre hatlarinda belirlenmistir.

Tiim hiicre hatlar1, 1 x 10° hiicre/ml baslangig hiicre konsantrasyonun da 96 kuyucuklu plakalara
yetistirilmistir. Hiicreler, 24 saat sonra farkl1 konsantrasyonlarda (0.5, 5 ve 50 mg L) 6rneklerle islem
uygulanmis ve pozitif kontrol igin (0.2, 2 ve 20 mg L™) doksorubisin kullamlmistir. COziinmiis
malzemenin optik yogunluklar1 (OD), 48 saat sonra UV goriiniir spektrofotometre ile 570 nm'de
belirlenmistir. Canli hiicrelerin yilizdesi, spektrofotometrik 6l¢iimle belirlenmistir. Her bir hiicre hatt1 i¢in
uygulanan konsantrasyonda, kontrol ile karsilagtirilarak, hiicre canliligi ve maddelerin IC50 degerleri
hesaplanmistir. Hesaplamada GraphPad Prism 5 programi kullanilmistir.

% Canlilik = 100 x Uygulanan konsantrasyondaki ortalama absorbans / Kontrol hiicre absorbansi

Laktat dehidrogenaz (LDH) salinim analizi

Findik yag orneginin sitotoksik etki gostererek ortaya c¢ikardiklar1 LDH salinim seviyelerini
belirlemek amaciyla ticari LDH sitotoksisite kiti (Cayman, ABD) kullanilmistir. Test prosediirti, laktatin
piruvat oksidasyonu aracihg ile LDH, NAD™in NADH ve H™a indirgenmesini katalizlemeye
dayanmaktadir. LDH testinin denemelerde kullanilmasinin temel sebebi hiicrelerin nekroz sonucu hasar
goriip gormediklerinin tespit edilmesidir. Ayrica gergeklestirilen sitotoksisite analizlerini desteklemek
amactyla LDH testi tercih edilmistir. LDH testleri i¢in pozitif kontrol olarak mitomisin-C kullanilmstir.

Toplam antioksidan kapasite (TAK) ve toplam oksidative stres (TOS) analizi

Findik 6rneginin hiicreler lizerinde TAK seviyelerini belirlemek amaciyla ticari TAK kiti (Rel
Assay Diagnostics, Tiirkiye) kullanilmistir (Giiner & ilhan, 2020). Kitin uygulamasinda amag, kullanilan
orneklerin bir serbest radikal olan 2,2'-azino-bis(3- etilbenzotiyazolin-6-siilfonik asit) (ABTS) bilesiginin
olusumunu inhibe etmek suretiyle sahip olduklar1 antioksidan diizeylerini belirlemektir. Kit uygulamasi,
vitamin E analogu olan ve Troloks esdegeri olarak adlandirilan kararli bir antioksidan ile kalibre
edilmektedir. TAK testleri igin pozitif kontrol olarak askorbik asit kullanilmistir.

Findik yag 6rneginin hiicreler lizerinde TOS diizeylerini belirlemek amaciyla ticari TOS kiti (Rel
Assay Diagnostics, Tiirkiye) kullanilmistir. Kit uygulamasinda, 6rnekte mevcut olan oksidan maddeler,
demir iyonu igeren kompleksleri demir iyonuna oksitlemektedir. Demir iyonlari asidik ortamda kromojen
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ile renkli bir yap1 olusturmaktadir. Spektrofotometrik olarak olgiilen renk yogunlugu, 6rnekte bulunan
oksidan molekiillerinin toplam miktart ile iligkilidir. Kit uygulamasi hidrojen peroksit (H20>) ile kalibre
edilmektedir. TOS testleri i¢in pozitif kontrol olarak H.O> kullanilmistir.

Koryoallantoik membran yontemi (HET-CAM) ile antianjiyogenik aktivitenin belirlenmesi

Findik yag 6rneginin antianjiojenik etkilerini ortaya koymak amaciyla déllenmis tavuk yumurtalari
tizerinde, koryoallantoik membran modeli uygulamasi gergeklestirilmistir. 50-60 gr agirhiginda, Leghron
tavuk yumurtalarinda analiz gergeklestirilmistir. Déllenmis yumurtalar, 37 + 1°C’de, % 58 £ 2 nem
oraninda 5 giin kulucka makinasinda inkiibasyona birakilmiglardir. 5. giinde yumurtalar ¢ikartilmis, hava
boslugu (kiint) olan yerden isaretleme yapilmis ve o bolgeden 25 mm’lik disk seklinde yumurta kabugu
kaldirilmigtir. Membran % 9’luk NaCl ile nemlendirildikten sonra yumurtalar tekrar inkiibatore
yerlestirilmis ve 30 dakika inkiibasyona birakilmistir. Koryoallantoik membran, yaklasik 2 cm ¢apa
ulastiginda 0.3 mL findik 6rnekleri direkt olarak uygulanmistir. Pozitif ve negatif kontrol maddeleri de
ayn1 miktarda uygulanmistir. Kabuktaki bu aciklik laboratuvar filmi ile kapatilmistir. Her bir test
bilesiginin her bir konsantrasyonu i¢in 5 yumurtaya uygulama yapilmis ve tiim testler iki kez
tekrarlanmigtir. Uygulama sonucunda o6rnekler hemoraji, vaskiiler lizis ve koagiilasyon bakimindan
degerlendirildikten sonra elde edilen skorlar asagidaki formiil kullanilarak hesaplanmistir. 24 saatlik
inkiibasyon siiresinin sonunda irritasyon etkisi, stereomikroskop altinda skorlama tablosunu takiben
incelendi. Skorlama su sekildedir;

Irritasyon skoru = [(301-h) x 5]/300 + [(301-1) x 7]/300 + [(301-c) x 9]/300

Burada, h (hemoraji); vaskiiler kanamanin meydana geldigi zamandir, 1 (lizis); ilk vaskiiler
parcalanmanin meydana geldigi zamandir ve ¢ (koagiilasyon); vaskiiler pihtilasmanin ilk meydana
geldigi zamandir. IS'ye gore tahrig siniflandirmasi: < 0.9; tahris edici olmayan, 1-4.9; hafif tahris, 5-8.9;
orta derecede tahris ve 9-21, siddetli tahris edici etki.

Istatistiksel analiz

Istatistiksel analiz SPSS 20 (SPSS, Chicago, IL, ABD) kullamilarak yapildi. Deneysel veriler tek
yonlii varyans analizi (ANOVA) ile analiz edilmis, daha sonra uygulama ve kontrol gruplar1 arasinda
herhangi bir fark olup olmadigini incelemek i¢in Duncan testi yapilmistir. Veriler arasindaki
korelasyonlar1 belirlemek i¢in Pearson'in r katsayis1 kullanildi. Sonuglar ortalama + SD degerleri olarak
verildi ve p <0.05 anlamli kabul edilmistir. Tiim deneyler ii¢ kez tekrarlandi.

BULGULAR ve TARTISMA

C. avellana Betulaceae familyasina ait olup ve diinyadaki en popiiler aga¢ formlarindan biridir.
Her findik ¢esidinin kendine has besinsel bilesimi, 6zgii tad1 ve aromasi bulunmaktadir. Giresun ilinde
yetisen Tombul (yuvarlak) findik, Tiirkiye'de yetistirilen 17 ticari findik {iriin arasinda birinci sinif
kaliteye sahip olup ayn1 zamanda diinyanin en kaliteli findik tiirlerinden biri oldugu bilinmektedir
(Alasalvar ve ark., 2003). Daha 6nceki ¢alismalarda lipit, karbonhidrat, mineral ve vitamin gibi aktif
bilesenlere sahip oldugu ortaya konulan Giresun Tombul findiginin, kanser hiicrelerine kars1 etkinligiyle
ilgili yeterli caligma bulunmamaktadir. Bu ¢alismada, C. avellana yag orneklerinin kolon, meme ve
serviks kanser hiicrelerine karsi sitotoksik etkinlik gosterdigi ortaya konulmustur.
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Kanser, yasam ve beslenme tarzinin degismesi ile birlikte artis gosteren korkung bir hastalik olup,
baslama, ¢ogalma ve ilerleme gibi en az li¢ asamada tanimlanan ¢ok kademeli bir stirectir (Green & Red,
1998). Bu safthalarin ortaya ¢ikmasinda en etkili faktorlerin, gesitli ajanlar tarafindan hiicrelerde
uyarilmis oksidatif stres kaynakli oldugu bilinmektedir (Giiner ve ark., 2019b). Ilk asamada, reaktif
oksijen tiirleri (ROS), DNA'da gen mutasyonlari ve yapisal degisiklikler olusturarak DNA hasari
meydana getirebilir. Bununla birlikte, ROS, anormal gen ekspresyonuna, hiicre-hiicre iletisiminin bloke
edilmesine ve ikinci mesajc1 sistemlerin modifikasyonuna yol agarak hiicrelerin gogalmasinda bir artisa
veya baglatilan hiicre popiilasyonunun apoptozisinde bir azalmaya neden olmaktadir (Reuter ve ark.,
2010; Giiner ve ark., 2020). Bu kritik etkilerinden dolay1 kanserin herhangi bir siirecine miidahil olarak,
oksidatif stresi azaltmaya yonelik dogal bilesiklerin kullanilmasi hayati 6nem tasimaktadir. Bu
calismamizda antioksidan etkileri bilinen tombul findik yaginin kanser hiicrelerinde sitotoksik etkileri
MTT test yontemiyle belirlenmistir. Calismamizda C. avellana yag 6rneginin farkli konsantrasyonlari
(0.5, 5 ve 50 mg L) kullanilmistir. Her ii¢ konsantrasyonda da kanser hiicre hatlar1 (MCF-7, CaCo-2 ve
HeLa) ve normal hiicre hatt1 HEK-293 iizerindeki sitotoksik etkisi hiicrelerin % 50’sinin ¢ogalmasini
inhibe eden konsantrasyon olarak tanimlanan IC50 degeri hesaplanarak belirlenmistir. Madde
maruziyetine bagli olarak kanser hiicre hatlarinda gozlemlenen hiicre canlilik degerleri farkliliklar
gostermistir (Sekil 1). Test drneklerinin en etkili oldugu hiicre hattt HeLa olarak tespit edilirken (6.5 +
0.35 mg L), MCF-7 hiicre hatlarinda hesaplanabilir bir IC50 degeri hesaplanmamistir. CaCo-2 hiicre
hatt1 incelendiginde ise, 26.26 + 3.15 mg L™ IC50 degeriyle inhibe edici etkiler gdzlenmistir. Benzer
olarak, Esposito ve ark., (2017) A375, SK-Mel-28 ve HelLa kanser hiicrelerinde C. avellana’nin
etkinligini inceledikleri ¢calismada, findik ekstresinin HeLa hiicrelerinin canliligini1 6nemli dl¢iide inhibe
ettigini gostermislerdir. Hiicresel toksisitenin degerlendirilmesinde en onemli gostergelerden biri
hasarli/6lii hiicrelerden hiicresel ortama laktat dehidrojenaz (LDH) enziminin salinim seviyelerinin
Olciilmesidir. Hiicreler, toksik etkilere maruz kaldiginda plazma membran biitiinliikleri bozulur ve
sitoplazmik bir enzim olan LDH hiicrelerden sizarak ortama gecer (Koh ve ark., 2017; Giiner, 2020).
Boylece maruziyet sonrast LDH enzim aktivitesi Olgiilerek hiicre hasar1 degerlendirilebilir. Mevcut
calismamizda findik uygulamalarindan sonra HeLLa ve CaCo-2 kanser hiicrelerindeki sitotoksik etkinlik
LDH salinimu testi ile aktivitesi ilk defa ortaya konulmus ve sitotoksisite bulgularini destekleyici sonuglar
elde edilmistir. (Sekil 2). Findik yag Ornegiyle muamele edilen hiicre hatlar1 kontrol grubu ile
kiyaslandiginda, konsantrasyon artisina bagli olarak Hela ve CaCo-2 hiicrelerinde LDH salinimi
sirastyla % 52 ve % 40 oraninda inhibe olmustur (p<0.05). MCF-7 hiicrelerinde ise uygulamalar sonrasi
LDH saliniminda istatistiki olarak anlamli degisim bir olmamistir. Bununla birlikte, LDH ve sitotoksisite
denemeleri arasinda korelatif bir iliski tespit edilmistir (R?>=0.999). Corylus tiirlerinden izole edilen farkli
peptid tiirlerinin insan umbilikal ven endotel hiicrelerinde oksidatif stres hasarlarina karsi artan
antioksidan diizeyleri ve LDH salintminin inhibisyonu araciliiyla sitoprotektif etkiler sergiledigi ortaya
konulmustur (Fang ve ark., 2018).
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Sekil 1. C. avellana'nin farkli hiicre hatlari tizerindeki sitotoksik etkileri. Degerler ortalama + SD (n = 5) olarak ifade edilmis
ve ayni siitunda bulunan ve farkli {istyazi harfleri ile gosterilen degerler (a, b, c, d) p <0.05 diizeyinde istatistiksel olarak
birbirinden anlamli farkliliklar1 gosterir
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Sekil 2. C. avellana'nin farkli konsantrasyonlarina maruz birakilan hiicre hatlarinda laktat dehidrojenaz (LDH) seviyeleri.
Degerler ortalama = SD (n = 5) olarak ifade edilmis ve ayn1 siitunda bulunan ve farkli {istyaz1 harfleri ile gosterilen (a, b, c,

d) degerler p <0.05 diizeyinde istatistiksel olarak birbirinden anlaml1 farkliliklar: gdsterir (a: kontrol grubuna kiyasla anlamli;
b, ¢ ve d: Triton-X grubuna kiyasla anlamlr)

Kanser olgularinin ortaya c¢ikmasinda en etkili faktorlerden biri ¢esitli eksojen veya endojen
kaynaklar tarafindan hiicrelerde uyarilan ROS seviyelerindeki artiglardir. Bu artislarin neden oldugu
oksidatif stres, DNA hasarlarinin yani sira antiapoptotik genlerin ekspresyonunda artiglara, normal
hiicresel boliinmelerde kontrol edilemeyen bir anormal hiicre ¢ogalmasina ve sonugta hiicre siklusunda
diizensizliklere neden olmaktadir (Visconti & Grieco, 2006; Liou & Storz, 2010; Valko ve ark., 2011).
Bu kritik etkilerinden dolay1, dogal ajanlarla kanserin olusumu veya ilerleyisini 6nleyici stratejiler hayati
onem tasimaktadir. Son zamanlarda, Fischer & Glei (2013), findik ve fistik yaglarinin, sizma
zeytinyagia yakin ve ceviz, badem ve yer fistig1 yaglarindan daha yiiksek bir antioksidan kapasite
sergiledigini bulmuslardir. Bagka bir ¢alismada da, findik ekstresinin yliksek antioksidan kapasite
gosterdigi bildirilmistir (Schmitzer ve ark., 2011). Findik yag 6rnegi uygulamalarindan sonra hiicre
hatlarindaki oksidan/antioksidan durumdaki degisimler Sekil 3 ve 4’de gosterilmistir. Bu baglamda,
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findik yag ornegi uygulamalarindan sonra, konsantrasyon artisina bagli olarak uygulamalardan sonra
HeLa ve CaCo-2 hiicrelerinin antioksidan durumunda sirasiyla % 60 ve % 49 oraninda istatistiksel olarak
anlaml1 bir atis (p<0.05) goriiliirken, oksidatif seviyelerde sirasiyla % 31 ve % 25 oraninda istatistiksel
olarak anlamli (p<0.05) azalmalar goriilmiistiir. MCF-7 hiicrelerinde ise findik yag 6rnegi uygulamalari
antioksidan ve oksidan seviyeler de herhangi bir degisime yol agmamistir. Yag Orneklerinin kanser
hiicrelerine kars1 farkli inhibisyon etkileri, kanser hiicrelerinin direng yetenekleri ve yag ekstraksiyonun
yapisindaki farkli metabolitlerinin farkli hiicresel yolaklarla etkilesime girmesiyle agiklanabilir. Bununla
birlikte, findik yaginin var olan sitotoksik etkileri, hem serbest oksijen radikallerin liretimini baskilayarak
hem de antioksidan siirece katkida bulanarak kanser hiicrelerinin canliligini baskilamasiyla ortaya ¢giktigi
disiinilmstir.
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Sekil 3. C. avellana'nin farkli konsantrasyonlarina maruz birakilan hiicre hatlarinda total antioksidan kapasiteleri seviyeleri.
Degerler ortalama = SD (n = 5) olarak ifade edilmis ve ayn1 siitunda bulunan ve farkli {istyaz1 harfleri ile gosterilen (a, b, c,
ve d) degerler p <0.05 diizeyinde istatistiksel olarak birbirinden anlaml farkliliklar: gdsterir (a: kontrol grubuna kiyasla
anlamli, b, ¢ ve d: Askorbik asite kiyasla anlamli)
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Sekil 4. C. avellana'nin farkli konsantrasyonlarina maruz birakilan hiicre hatlarinda total oksidan kapasite seviyeleri. Degerler
ortalama = SD (n = 5) olarak ifade edilmis ve ayni siitunda bulunan ve farkl: iistyaz1 harfleri ile gosterilen (a, b, ¢, d, and e)

degerler P <0.05 diizeyinde istatistiksel olarak birbirinden anlamli farkliliklar1 gosterir. (a: kontrol uygulama grubuna kiyasla
anlamli, b, ¢ ve d: H,0, grubuna kiyasla anlamli, )
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Sekil 5. C. avellana'nin farkli konsantrasyonlarinin CAM yiizeyindeki 5 dakikalik maruziyeti takiben ortalama tahris skoru

Anjiyojenez, yara iyilesmesi, doku biiylimesi ve rejenerasyon gibi normal fizyolojilerde kan
damarlarinin olusumunun gergeklestigi karisik siireglerdir. Anjiyojenez siireci yeni damar olusumundan
cok var olan damarlardan yan dal ve filiz olusumlariyla meydana gelen damarlanmalar olarak
bilinmektedir (Kim & Byzova, 2014). Anjiyojenez de normal fizyolojik kosullar altinda, proanjiyogenik
ve antianjiyogenik faktorler arasinda bir denge vardir, ancak bu denge, fizyolojik siirecleri tegvik etmek
icin ya da patolojik bir durumun bir pargasi olarak her iki tip arabulucuya dogru kayabilir (Gliner &
Karabay Yavasoglu, 2018). Bu durumda anjiyojenez saglikli hiicreler i¢in vazgecilmez bir kaynak olan
damar olusumunu ifade etse de, kanser gibi metabolizmas1 hizli ilerleyen durumlarda ise canlilik i¢in
hayati risk tasimaktadir (Folkman, 1995). Anjiyojenez kanser hiicrelerinin basta hipoksi olmak tlizere
belirli uyaranlara maruz birakilmasiyla aktive edilir ve tiimor fazla biiyiidiigiinde vaskiiler endotelyal
biiylime faktorlerini etkileyerek yeni kaynaklara ulagim saglar (Eming ve ark., 2007). Bu yeni kan
damarlariin gelisimi sadece tiimdr dokusunun besin maddeleri ile beslenmesini saglamakla kalmaz, ayni
zamanda kanser hiicrelerinin metastazi i¢in bir ara¢ olabilmektedir (Nishida et al., 2006). Son yillarda,
kanserin antianjiyojenez siirecine miidahele siirecinde direkt olarak tiimorii hedef almaktan ziyade,
beslenmesini saglayan damarlanma mekanizmasini inhibe eden ¢alismalar tasarlanmistir. Bu siireg,
endotelyal biiylime faktorleri inhibitorleri, endotel hiicre sinyal transdiiksiyon inhibitérleri, endotel hiicre
proliferasyonunun Onleyicileri, matris metaloproteinaz inhibitorleri ve endotel kemik iligi Oncii
hiicrelerinin inhibitorleri gibi hedef anjiyojenez inhibitorlerinin kullanilmasiyla gerceklestirilir
(Denekamp, 1993; Muslim ve ark., 2012). Yiriitiilen birgok ¢alisma da, dogal kaynakli anti-anjiyojenik
ila¢ uygulamalarinin, yan etkileri azaltmada geleneksel kanser tedavisine kiyasla daha etkili oldugu,
tiimorii besleyen yeni kan damarlarinin olusumunu inhibe ettigi ve bu siiregte ila¢ direnci olasiliginin
diisiik oldugu bildirilmektedir (Ciardiello ve ark., 2000). Findik yag orneklerinin uygulamasina yanit
olarak ortaya ¢ikan lizis, kogiilasyon ve hemoroji gibi antianjiogenik etkinligi kanitlamak amaciyla HET-
CAM yontemi ile gerceklestirilmis ve degerlendirme sonucunda elde edilen skorlar Sekil 5’de
gosterilmistir. Pozitif kontrol olarak antianjiogenik etkinligi kanitlanmis siiramin, negatif kontrol olarak
ise NaCl kullanilmistir. Calismada ¢ozgen olarak kullanilan DMSO’nun herhangi bir etkisi tespit
edilmemistir. Pozitif kontrol (stiramin), CAM ile etkilesime girerek 5 dakikalik bir siire i¢in kanama,
liziz ve pihtilasma ile sonlanan 10.97 + 2.04 skor ile antianjiyogenik aktivite sergilemistir. 50 mg L'>’da
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findik 6rnegi, 5 dakikalik siire zarfinda vaskiiler etkileri takiben 7.92 + 0.9'lik bir skorlama ile orta bir
etki gostermistir. Bununla birlikte, daha diisiik konsantrasyon uygulamalarinda herhangi degisim
olmamustir. Benzer olarak, Falasca ve ark., (2014) ellagik asit, anakardik asit, genistein, resveratrol ve
inositol fosfatlar gibi biyoaktif bilesikler iceren findigin, kanser siirecinde hiicre dongiisiinii etkileyerek,
apoptozisin aktivasyonunun yanisira hiicre proliferasyonu, migrasyonu ve anjiyojenezin inhibisyonu
tizerinden kanser riskini azaltabilecegini ortaya koymustur.

SONUC

Sonug olarak, findik hem igerdigi biyoaktif bilesikler hem de lezzeti bakimindan giinlimiize kadar
onemli bir besin kaynagi haline gelmistir. Mevcut ¢aligmada, Giresun findigindan elde edilen yag
orneklerinin serviks ve kolon kanser hiicreleri tizerinde hem antioksidan kapasiteyi arttirip hemde ROS
tiretimini baskilayarak onemli bir sitotoksik etki sergiledigi goriilmiistiir. Bu baglamda, yiiksek
konsantrasyonlardaki antianjiyogenik aktivelerde goz oOniine alindiginda, Giresun tombul findiginin
kalite olarak bir¢ok alanda tercih edilmesinin yani sira ileri laboratuvar teknikleriyle de desteklenerek bir
antikanser ajan1 olarak gelistirilme potansiyeline sahip oldugu ortaya konulmustur.
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ABSTRACT: The goal of this study was to determine melatonin impacts on the embryogenic callus
formation and callus necrosis recovering of alfalfa (Medicago sativa L). Calluses, obtained from leaf
explants, were cultivated on Murashige and Skoog (MS) medium supplemented with 0.0125 mg mL™*
melatonin + 1 mg mL 2,4-D or 0.0125 mg mL™ kinetin + 1 mg mL"* melatonin. Melatonin reduced the
embryogenic callus formation in both concentrations. It was detected that the weight of fresh callus in
genotypes was strongly related with hormones under in vitro conditions and the lowest fresh callus
weight was detected in presence of 0.0125 mg mL™ kinetin and 1 mg mL™ melatonin. Based on the
callus necrosis recovery, the highest callus necrosis weight (0.843 g) were recorded in embryogenic
calluses cultivated in 0.0125 mg mL™* melatonin + 1 mg mL™* 2,4-D melatonin-supplemented medium,
compared with the calluses activited with MS alone (0.587 g). In conclusion, it was detected in this
study that in vitro melatonin could be used in callus necrosis recovered in tissue cultures of alfalfa.
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INTRODUCTION

Melatonin (N-acetyl-5-methoxytryptamine) is an indolic complex that has various functions in
animals and plants. Melatonin has many significant biochemical roles in many plant species, where it
seems to support an increasing plant's response to stress conditions. Many studies have been conducted
and indicated a relationship between melatonin amount in cells and external environments (Hernandez-
Ruiz and Arnao 2008; Kim et al., 2016) The melatonin involves different physiological functions
including ion absorption, nutrient transfer, gas exchange, stomatal balance, free radical scavenger and
antioxidant (Erdal 2016; Murch and Saxena 2002; Reiter et al., 2002). Additionally, It also may act as a
growth regulator and stimulate the formation of callus in vitro (Erland and Saxena 2017). It has
previously been reported that alters in the basal levels of melatonin impact cell division and the formation
of the mitotic spindle (Murch and Saxena 2002). The endogenous levels of melatonin influences various
cytological processes including mitosis and the formation of the mitotic spindle (Murch and
Saxena 2002; Turk et al., 2014). Although various impacts of melatonin in plants have been studied to
date, studies about its impact on in vitro embryogenic callus maintaincae and plant regeneration are very
limited. Moreover, to be able to increase callus formation and proliferate callus cultures in tissue
cultures, suitable methods and growth regulators necessary to be developed and work efficiently. Not
only is it needed to effectively induce and regeneration cultures, but also to efficiently synthesize
compounds (Ullah et al., 2019). Nowadays, in vitro cultures have gained much importance compared to
exogenous applications because of their to be a suitable and quick method to evaluate the quality and
quantity of the melatonin and the other metabolites by stimulating the factors inducing their synthesis
and/or accumulation. Alfalfa is the main forage crop for dairy producers of many agricultural regions
due to its high feeding value. Alfalfa is cultivated for its high yield and potential for environment
adaptation, wide disease tolerance, and nutritional feeding quality as well as its role on N fixation,
wildlife habitat, soil conservation, and bioremediation (Pelagio-Flores et al., 2012; Hardeland et al.,
2013). The medium components of tissue culture systems also play an main role in alfalfa in vitro
culture. Leaf explants are well-known to be the best resources for efficient regeneration from callus
cultures of alfalfa. The aims of this study was to determine the callus necrosis recover for alfalfa by
investigating different melatonin concentrations embriyogenic callus medium.

MATERIALS AND METHODS

Plant material and callus induction

In our report, a cultivar and an ecotype (Sazova and Mus) were used as the material for the response
to callus initiation. The mature seeds were sterilized with 22% NaOCI for 20 min, washed two times
with autoclaved water. Coytledons or leaves were explanted to in vitro medium from two weeks old
plants onto hormone-free MS medium (Murashige and Skoog 1962). For the melatonin treatment,
cotyledons or leaves were explanted to in vitro medium containing MS basal medium (pH 5.7) and 0.8
% agar supplemented with 1 mg mL™ of 2,4-D in the presence of 0.0125 mg mL* melatonin for a month.
The callus were also obtained from leaf explants used for embryogenic callus initiation in the same
melatonin concentration. The cotyledon and leaf explants were incubated in total darkness at 25+ 1 °C
temperature for a month. After a month, callus formation was assessed and used for embriyogenic callus
studies.
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Embryogenic callus initiation and maintainance

Callus was obtained from embryogenic callus initiation, such as control and melatonin treatment
in terms of two different embryogenic callus maintaince medium. In the control treatment, intact callus
were placed to the embryogenic callus initiation medium containing MS basal medium (pH 5.7) and 0.8
% agar supplemented with 1 mg mL™ of 2,4-D and 0.0125 mg mL™ of kinetin without melatonin for 1
months in a growth cabinet at 28 °C, under a 16/8-h photoperiod condition. For the melatonin treatment,
callus was transferred medium containing MS basal medium (pH 5.7) and 0.8 % agar supplemented with
1 mg mL? of 2,4-D in the presence of 0.0125 mg mL™ melatonin for first medium. Callus was
transferred medium containing MS basal medium (pH 5.7) and 0.8 % agar supplemented with 0.0125
mg mL™ of kinetin in the presence of 1 mg mL™* melatonin for second medium. The callus were sub-
cultured for each 3 weeks in the same medium. Total duration was 3 months. The embryogenic callus
weight was evaluated at the end of 3 months.

Statistical Analysis

Each analysis was repeated three replicate. Analysis of variance was conducted using one-way
ANOVA test using SPSS 13 software and means were evaluated by Duncan test at the 0.05 confidence
level.

RESULTS AND DISCUSSION

Embryogenic callus development capacity

The fresh callus weight of Sazova and Mus genotypes was shown to reduce remarkably in response
to melatonin treatment. Two different levels of melatonin were detected to cause great decreases in
melatonin medium and the highest fresh callus weight was observed in all genotypes exposed to control
treatments (Table 1). It was observed that the weight of fresh callus in genotypes was highly related with
plant growth regulation under in vitro conditions and the lowest fresh callus weight was detected in
presence of 0.0125 mg mL*? kinetin and 1 mg mL™melatonin (Table 1). Embryogenic callus
development was influenced not only by genotype and plant gowth regulation but also by genotype X
plant growth regulation interaction (Table 1). Among the two genotypes tested, ‘Mus’ (1.414 g) indicated
the higher mean callus weight after 1 months incubation of the callus on the control media, followed by
containing melatonin media but at same values both media whereas ‘Sazova’ (1.375 g) indicated the
highest mean callus weight than Mugs genotype after 1 months of incubation of the callus on control
media, followed by ‘Sazova’ (0.378 g), after 2 months of incubation of the callus on 0.0125 mg mL*
kinetin + media. Overall, the main impact of melatonin on embryogenic callus formation was not
significant; however, embryogenic callus formation was significantly affected by melatonin
concentration (P < 0.05). Besides, there was no significant interaction between melatonin and dosages
(Table 1).

Effects of melatonin supplements on callus necrosis
In terms of callus necrosis, two concentrations of melatonin were tested to provide the suitable
concentration and times for healthy callus development. It was found that a combination of melatonin-
2,4-D had the tendency to decrease for callus necrosis of Sazova genotypes (Table 1). The calli produced
at a combination of melatonin-2,4-D were compact, healthy, and fluffy whereas control callus was
detected by black color and a watery appearance (Figure 1). The callus necrosis number of embryogenic
callus was affected by the hormone concentration, type and their interaction. The callus necrosis of
embryogenic callus ranged from 0.843g to 0.032g based on melatonin concentration and period (Table
1; Figure 2).
929



Ismail BEZIRGANOGLU 11(2): 927-932, 2021
Promoting effects of melatonin supplements on the embryogenic callus maintainance in alfalfa (Medicago sativa L.)

Table 1. Changes in embryogenic callus maintaince in alfalfa genotypes combination auxin-melatonin

Genotypes Embryogenic callus weight (g) Callus necrosis weight (g)  Fresh callus weight(g)
Months

1.month of Sazova

Control 1.375£0.059? 0.587+0.0192 0.787+0.0362
Melatonin/2.4D 0.291+0.059° 0.843+0.019° 0.231+0.036°
Kinetin /melatonin 0.202:0.059° 0.091+0.019° 0.110+0.036°
2. months of Sazova

Control 0.320+0.075% 0.063+0.0422 0.239+0.0312
Melatonin/2.4D 0.221+0.075% 0.055+0.0422 0.199+0.0312
Kinetin /melatonin 0.378+0.075° 0.152+0.0422 0.259+0.0312
1.month of Mus

Control 1.414+0.0792 0.607+0.036? 0.807+0.0522
Melatonin/2.4D 0.293+0.079° 0.077+0.036° 0.226+0.052°
Kinetin /melatonin 0.293+0.079° 0.063+0.036° 0.230+0.052°
2.months of Mus

Control 0.258+0.036° 0.041+£0.0122 0.807+0.0242
Melatonin/2.4D 0.13140.036° 0.055+0.0122 0.076+0.024°
Kinetin /melatonin 0.085+0.036° 0.032+0.0122 0.052+0.024°

a,b\eans in the same column with various superscript letters differ significantly (P <0.05)

Figure 1: a: 2. Months of Mus control, b: Mug, 0,0125 mg mL* melatonin + 1 mg mL? 2,4-D ¢c: Mus, 0,0125 mg mL?
kinetin+ 1 mg mL™* melatonin d: 2. months of Sazova control e: Sazova, 0,0125 mg mL™* melatonin + 1 mg mL™ 2,4-D f:
Sazova, 0,0125 mg mL* kinetin+ 1 mg mL™* melatonin

0,80

0,60~ |

Callus 0 40—
necrosis

weight ()

0,20

b b
0,00
: : 3

Concentration (mg/mL})

Figure 2: 1. control, 2. 0,0125 mg mL* melatonin + 1 mg mL* 2,4-D 3. 0,0125 mg mL* kinetin+ 1 mg mL"! melatonin.

a,b\eans in the same column with different superscript letters differ significantly (P < 0.05)
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Despite the importance of alfalfa as a forage plant, the research on this plant is difficult due to
allogamy, perennial and cross-fertilization as well as polyploidy (Sakiroglu et al., 2010). Therefore the
application of in vitro technique can be useful for genetic improving of alfalfa. The culture medium
optimization can be affected by many traits, such as explant sources, genotype, growth conditions and
medium composition (Yazicilar et al., 2021). The combination of cytokinins and auxins promoted callus
induction in a number plant species (Chaudhry et al., 2014). Melatonin has been demonstrated as playing
a main functions in callus induction and somatic embryogenesis. The impacts of melatonin on in vitro
culture have been studied by several researchers (Chaudhry et al., 2014), who proposed that melatonin
activity as hormone regulators of callus formation. Ramakrishna et al., (2011, 2012) showed that
melatonin has an promoted impact during the late stages of embryogenic callus growth in terms of the
number of somatic embryos in Coffea canephora. It was found that melatonin treatment promoted
responded callus necrosis rate in short-term period and embryogenic callus efficiency during long-term
period in our study (Table 1). Our results are in consistent with those published by Duran et al., (2019)
in the study on Ocimum basilicum the addition of melatonin at 100.0 uM and 200.0 uM dosages in the
tissue culture medium. Their results demonstrate that melatonin reduced the frequency of callus
formation compared with the control medium without melatonin. However, at 100.0 uM of melatonin
in the medium, the differentiation frequency of adventitious buds from callus appeared to increase. This
can be explained that callus formation is strongly related to hormone combination and concentration.
According to our results, increases in necrosis recovering in melatonin-treated callus may be related to
synergistic role of melatonin as direct or indirect due to was found to inhibit or promote callus necrosis
and embryogenic callus formation dependent genotypes (Figure 2). Similar observations were also
obtained in Hypericum perforatum L. (Murch et al,. 2001), Punica granatum L. (Sarrou et al., 2014), A.
thaliana (Koyama et al., 2013), and Withania somnifera (L.) Dunal (Adil et al., 2015). For example: 1
uM melatonin application in cherry considerably inhibit the promotion effects of in vitro culture,
whereas 8.6 uM melatonin still found a enhancing effect in P. Granatum.

CONCLUSION

Herein, we showed that melatonin can be used as a good auxin-cytokinin for the callus and
embryogenic tissue culture. Moreover, It was detected in this study that in vitro melatonin could be used
in callus necrosis recovered in tissue cultures of alfalfa. Besides it is still necessary for suitable hormone
concentration requiring more detailed studies.
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Investigation of ACC-Deaminase and Indole Acetic Acid Producing Bacteria from Rhizospheric
Soils in Agr1 Province

Burak ALAYLARY", Mehmet KARADAY I

ABSTRACT: Plant growth promoting rhizobacteria (PGPR) have critical role in promoting plant
growth and health with various mechanisms. Production of indole acetic acid (IAA) and 1-
aminocyclopropane-1-carboxylate (ACC) deaminase activity are well-known plant growth promoting
(PGP) properties. In the current study; A total of 48 morphologically distinct bacterial colonies were
chosen during the isolation of bacteria from various rhizospheric wheat, maize and sainfoin soil samples
from agricultural areas in Agri-Turkey. The bacteria were isolated from soil samples utilizing by
culture-dependent techniques. Then, the strains were visualised for PGP activities such as production
acetic acid 1AA and ACC deaminase activity. The 16S rRNA sequence similarity of potential PGPR
rhizospheric strains demonstrated that strains belong to species Bacillus, Pseudomonas,
Microbacterium, Pseudarthrobacter, Arthrobacter and Enterobacter. Totally, 11 of 48 isolates
exhibited highly IAA producing and ACC deaminase activity. These results show that IAA producing
and ACC deaminase activity of local potential PGPR strains isolated from soil rhizospheric which can
appropriate for sustainable agricultural applications in Agr1 province.
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INTRODUCTION

Plant—microbe interactions have beneficial processes plenty of key roles in soil health, crop growth
and productivity. Especially, soil microorganisms demonstrated positive effects on numerous
agricultural applications. Among these soil microorganisms, plant growth promoting rhizobacteria
(PGPR) was initially described as; soil bacteria that located into roots of plants and they have fruitful
features when inoculation onto seed and improve to plant growth by Kloepper and Schroth (1978).
Therefore, researchers have been attracted attention to microorganisms based fertilizers instead of
chemical fertilizers because of their high cost and detrimental impacts on sustainable agricultural
applications in past decades (Adesemoye et al., 2009; Beneduzi et al., 2012; Alaylar et al., 2019; Ferreira
et al., 2019; Alaylar et al., 2020a). Furthermore; they have been identified and reported PGPR bacteria
including; Alcaligens, Arthobacter, Azospirillum, Azotobacter, Bacillus, Burkholderia, Enterobacter,
Klebsiella, Pseudomonas, Rhizobium and Serratia (Egamberdieava, 2015; Afzal et al., 2017; Ferreira et
al., 2019). Besides, various beneficial mechanisms have shown of numerous type of favorable abilities
for plant growth with various mechanisms. For example; atmospheric nitrogen (N2) fixation,
solubilization of phosphorus, improved to solubility of nutrients like synthesizing of siderophores,
production of plant growth regulators such as cytokinins, ethylene, gibberellic acid, and indole acetic
acid (IAA), and 1-aminocyclopropane-1-carboxylate (ACC) deaminase activity (Ahmad et al., 2008;
Alaylar et al., 2020b).

According to the literature, one of the most frequently used mechanisms to explain the distinct
effects of PGPR on plants is the production of phytohormones (Duca et al., 2014). Among these
phytohormones; auxin is one of the important molecules that play a vital role in plants by regulating
many processes in plants directly or indirectly (Bal et al., 2012; Junior et al., 2015). The most well-
known and researched auxins in plants is indole-3-acetic acid (IAA) because IAA is a crucial
physiologically active phytohormone for plants and secondary metabolite of L-tryptophan which have
vital role in numerous biological processes as a regulator in plants like; cell expansion, division,
differentiation (Lebrazi et al., 2020). Furthermore, it has been reported that plants have more uptake to
soil nutrients as bacterial IAA improves both the root surface region and length. Also, most of
rhizobacteria can produce IAA. Thus, PGPR strains can change root structure and promote plant
development due to their ability to synthesize and secrete plant hormones like IAA, gibberellins (GAS),
cytokinins and certain volatiles, hence they are termed phytostimulators (Mohite, 2013; Montana et al.,
2014; Vaikuntabu et al., 2014). Especially, potential PGPR strains isolated from the rhizosphere and
rhizoplane from different type of agricultural products have performed more potential of IAA production
than from the non-rhizospheric soil (Bal et al., 2012).

As it is known, plants are faced to various biotic and abiotic stresses in nature such as cold, drought,
flooding, heat, salinity, exposure to heavy metals and lack of nutrients, attack by phytopathogens and
pests. Any of these stress conditions are demonstrated to enhancement of ethylene synthesis in plants.
Because, ethylene is a precursor of 1- aminocyclopropane-1-carboxylic acid (ACC) so that the ACC
deaminase enzyme hydrolyzes as a biosynthetic precursor of the hormone ethylene in plant tissues to
ammonia and o-ketobutyrate instead of ethylene. The main mechanisms used by PGPR strains to
decrease the stress contains reducing the level of ethylene through hydrolyzing ACC by the enzyme
ACC deaminase. Therefore, most of PGPR strains have ACC deaminase activity utilized for to decline
hazardous effects of ethylene under stressed conditions (Abbas-Zadeh et al., 2010; Qin et al., 2014;
Kadioglu et al., 2016; Misra and Chauhan 2020).
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PGPR strains and their relations with plants are used commercially nowadays and it has huge
potential and promise for sustainable agriculture because of their beneficial effects on plenty of
agricultural products. It has been studied and examined various type of agricultural crops containing
barley, canola, maize, lentils, pepper, cucumber, rice, soy, cowpea, wheat etc. (Adesemoye et al., 2009;
Hayat et al., 2010; Sharan and Nehra, 2011).

In this study, we are focused on IAA production and ACC deaminase activity of bacterial strains
which were isolated from rhizospheric soil. The main goal of the present study was identified local
potential PGPR strains isolated from soil rhizosphere and quantified them in vitro production of IAA
and ACC deaminase activity and showed to these potential PGPR strains can be used in as local specific
strains in agricultural areas in Agr1 province.

MATERIALS AND METHODS

Chemicals

All of the chemicals utilized in the current study were purchased from Merck (Hohenbrunn,
Germany), Fluka (Steinheim, Germany), Sigma-Aldrich (St. Louis, USA), Promega (Madison, USA),
Oxoid (Hampshire, England), LAB M (Lancashire, England) and Lonza (Rockland, USA).

Collection of Soil Samples and Isolation of Rhizospheric Bacteria

Rhizospheric bacteria were isolated from soils samples in agricultural lands from Agri-Turkey as
following procedure in the month of August 2020. Sampling was taken from 3 different sites, at depts
of 0-7 cm in the region of directly surrounding the roots of the wheat, maize and sainfoin plants
rhizosphere in agricultural areas. Then, soil samples were transferred under aseptic conditions to Central
Research and Application Laboratory, Agri Ibrahim Cecen University. Then serially diluted soil samples
(101-10"") were spread onto Lauria Bertani (LB) agar incubated for 2 days at 28 °C. With the end of
incubation period, distinct bacterial colonies were streaked on LB agar plates to obtain pure and single
colonies for further studies.

Determination of the Indol Acedic Acid Production

IAA production is one of the major pivotal natural auxins that promote plant growth. The assay
was prepared according to Vaikuntapu et al., (2014) procedure. This procedure was performed as
following; bacterial isolates were grown in LB broth medium containing 0.1% tryptophan and incubated
for 72 hours at 28 °C. After the incubation, the isolates were centrifuged at 6000 g for 30 minutes. Then,
2 ml of the supernatant was taken and mixed with 2 drops of ortho-phosphoric acid and 4 ml of Salkowski
solvent (50 ml of 35% of perchloric acid + 1 ml of 0.5 M FeClz solution). Finally, potential 1AA
production bacterial isolates calorimetric measurement was carried on at 530 nm.

Determination of the ACC Deaminase Enzyme Production

ACC deaminase enzyme activity was analysed according to the method of Penrose and Glick
(2003). In this present protocol, bacterial isolates were inoculated in LB broth medium and incubated at
28 °C for 24 hours. After an overnight incubation period, 2 ml of each bacterial culture was taken and
centrifuged at 8000 g for 5 minutes. Then, pellets of each sample was washed two times with Dworkin
and Foster minimal salts medium. Furthermore, 2 ml of Foster minimal salts medium supplemented with
ACC as only nitrogen source (DF-ACC) were transferred to bacterial cultures. The cultures were
incubated at 28 °C for 24 h. Moreover, non-inoculated DF-ACC medium was used as a control group of
the experiment and blank sample for the spectrophotometric measurement. Then, cultures were
centrifuged at 8000 g for 5 minutes. 1 ml of each sample were taken from the cultures and centrifuged
at 8000 g for 5 minutes. 100 ul of the supernatant was diluted with 1 ml of DF medium. 60 ul of each
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working solution was used in the standard ninhydrin experiment (60 ul working solution +120 ul
ninhydrin solution). The solution was mixed and situated in a boiling water bath for 30 minutes at 65°C.
After boiling, the solution turned into a purple color. The samples were cooled at the room temperature
for 20 minutes. When compared to the control, the opaque visibility in color can be evaluated as a
positive result. Finally, the calorimetric measurement was performed at 570 nm.

Molecular Identification of Potential IAA and ACC Deaminase Enzyme Production Capability of
PGPR strains
Genomic DNA isolation of the selected potential IAA and ACC deaminase enzyme producer

PGPR isolates was used according to method defined by Wilson in 1997. The isolates were identified
through 16S rRNA gene sequencing. The partiall6S rRNA gene regions were amplified utilizing
polymerase chain reaction (PCR) for molecular identification of the bacterial isolates. The primers were
27F (5’-AGAGTTTGATCMTGGCTCAG-3’) and 1492R (5’-CGGTTACCTTGTTACGACTT-3").
The reaction mixtures (30 ul) reaction included 50 ng of extracted as a template, 1.5 mM MgCly, 0.2
mM each dNTP, 1.2 ul of dimethyl sulfoxide (DMSO), 25 pmoles of forward primer and reverse primer,
and 5 U Tag DNA polymerase along with reaction buffer. The amplification procedure was contained
following reactions: The initial step at 95 °C for 2 min, and 36 cycles of 1 min at 94 °C, 1 min at 53 °C,
2 min at 72 °C, followed by a final 5 min extension step at 72 °C, then brought down to 4 °C. Amplified
16S rRNA gene PCR products were analysed by QIAxcel® advanced analysis system and sequenced by
Macrogen Inc. BLAST Netherlands. The nucleotide BLAST (Basic Local Alignment Search Tool)
search program of NCBI was exploited to determine the nucleotide sequence homology and relation to
other bacterial sequences existing in the GenBank® (http://blast.ncbi.nlm.nih.gov./blast.cgi).
Evolutionary analyses were conducted in MEGA X (Kumar et al., 2018)

RESULTS AND DISCUSSION

A total of 48 morphologically distinct bacterial isolates were isolated on August from agricultural
areas from rhizospheric soil samples from 3 different localities in agricultural lands in Agri-Turkey. The
rhizospheric bacteria isolated and identified utilizing by 16S rRNA gene analysis. Totally, 11 potential
bacterial species were shown plant growth promoting activities not only 1AA producing but also ACC
deaminase avtivities from rhizospheric soil samples. The isolates were on 100% identical to the closest
relatives assigned to GenBank. Determination of nucleotide sequence homology was established via
nucleotide BLAST search program of NCBI. The 16S rRNA sequences were deposited to GenBank®
with provided accession numbers from MW426255 to MW426265 respectively. Detailed information
was given in Table 1.

On the basis of 16S rRNA sequences of the isolated strains and the closest relatives from GenBank
the neighbour joining phylogenetic tree was constructed (Figure 1). As it’s shown in Table 2; 11 isolated
species belonging to 3 distinct phyla and 5 order: Proteobacteria (BM2, BM9, BM10, and BM11),
Firmicutes (BM1, BM4, BM5, and BM6), Actinobacteria (BM3, BM7, and BM8).

Order | — Bacillales is one the most plenty of order and contains 4 species: Bacillus safensis strain
BM-1, Bacillus simplex strain BM-4, Bacillus pumilus strain BM-5, and Bacillus sp. strain BM-6. Junior
et al. were reported (2015) production of indole-3-acetic acid by Bacillus isolated from different soils.
Cruz-Martin and coauthors were reported (2015) B. pumilus CCIBPCS5 grow in culture media without
nitrogen, and produced indole acetic acid. Furthermore, B. pumilus enhanced dramatically the height
and stem thickness and improves dry and fresh weight of plants. On the other study, Misra and Chauhan
(2020) were shown ACC deaminase-producing rhizosphere competent of B. safensis reduce salt stress
and promote Zea mays L. growth by modulating ethylene metabolism. Moreover; there are numerous
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studies were reported production of IAA and ACC-deaminase activity as PGP properties of as Bacillus
sp. (Rodriquez—Romero et al., 2005; Shim et al., 2014; Gupta and Pandey, 2019).
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Figure 1. Phylogenetic tree on the basis of 16S rRNA were created using the Neighbor-Joining method

(Felsenstein, 1985; Saitou and Nei 1987; Tamura et al., 2004). Evolutionary analyses were carried on MEGA X
(Kumar et al., 2018).

Order I11-Pseudomonadales is second major order of the current study and it is including 3 various
species; Pseudomonas brassicacearum strain BM-2, Pseudomonas kilonensis strain BM-10, and
Pseudomonas sp. strain BM-11. According to the literature, it is also reported more studies about their
PGP. Therefore, Pseudomonas sp. is known one of the common genus of PGPR strains which are
isolated from rhizospheric soil samples. For instance; Qin et al. (2014) were found activity of ACC
deaminase and IAA producing bacteria by 16S rRNA gene sequence P. brassicacearum subsp.
brassicacearum from coastal halophytic medicinal plant. Moreover, Pseudomonas species are known
not only 1AA production and ACC- deaminase activity, but also other PGP properties such as; nitrogen
fixation, phosphate solubilization and siderophore production and Pseudomonas species have been
reported intensively utilized in agricultural applications according to the literature (Gu et al., 2020).

Order I1l— Actinomycetales contains 2 species: Microbacterium sp. strain BM-3 and Arthrobacter
sp. strain BM-8. A study by Samayoa et al. (2020) were isolated and screened of PGP properties of
numerous distinct type of bacterial species from soil rhizosphere and root endophyte of onion.
Microbacterium hydrocarbonoxydans and Microbacterium laevaniforman have shown almost all PGPR

937



Burak ALAYLAR and Mehmet KARADAYI 11(2): 933-942, 2021
Investigation of ACC-Deaminase and Indole Acetic Acid Producing Bacteria from Rhizospheric Soils in Agr1 Province

properties including IAA production and ACC deaminase activity and also Microbacterium sp. was
shown IAA production according to their study.

Order V- Micrococcales presented by single species Pseudarthrobacter oxydans strain BM-7.
Mesa-Marin with coauthors (2019) were reported effect of PGPR on Salicornia ramosissima seed
germination under salinity and Pseudarthrobacter oxydans SRT15 was showed PGP properties such as;
nitrogen-fixation, phosphate solubilization and IAA production.

Order V—Enterobacterales also presented by one species Enterobacter ludwigii strain BM-9. Singh
(2015) studied some of the PGP properties of Enterobacter ludwigii PGP 19 isolated from soil
rhizosphere of Pennisetum glacum (pearl millet). The strain E. ludwigii PGP 19 was able to active
phosphate solubilization, IAA production, and ACC deaminase activity. According to a report by Aarab
et al. (2015) E. ludwigii isolated rhizospheric soils of rice demonstrated IAA production.

Table 1. Taxonomic affiliation of the bacterial isolates and their GenBank® accession numbers

Strain Code Strain Name Accession number Percentage identity
BM1 Bacillus safensis MW426255 100
BM2 Pseudomonas brassicacearum MW426256 100
BM3 Microbacterium sp. MW426257 100
BM4 Bacillus simplex MW426258 100
BM5 Bacillus pumilus MW426259 100
BM6 Bacillus sp. MW426260 100
BM7 Pseudarthrobacter oxydans MW426261 100
BMS8 Arthrobacter sp. MW426262 100
BM9 Enterobacter ludwigii MW426263 100
BM10 Pseudomonas kilonensis MW426264 100
BM11 Pseudomonas sp. MW426265 100

Table 2. Detailed information of IAA production and ACC deaminase activity of potential PGPR
strains (+: slight positive, ++: moderately positive, +++: strong positive)

Species Name 1AA ACC
Production = Deaminase Production  Order Phylum

Bacillus safensis BM-1 +++ +++ Bacillales Firmicutes
Pseudomonas brassicacearum BM2 +++ +++ Pseudomonadales  Proteobacteria
Microbacterium sp. BM-3 +++ +++ Actinomycetales Actinobacteria
Bacillus simplex BM-4 +++ + Bacillales Firmicutes
Bacillus pumilus BM-5 +++ +++ Bacillales Firmicutes
Bacillus sp. BM-6 +++ +++ Bacillales Firmicutes
Pseudarthrobacter oxydans BM-7 +++ +++ Micrococcales Actinobacteria
Arthrobacter sp. BM-8 +++ ++ Actinomycetales Actinobacteria
Enterobacter ludwigii BM-9 +++ +++ Enterobacterales Proteobacteria
Pseudomonas kilonensis BM-10 +++ + Pseudomonadales  Proteobacteria
Pseudomonas sp. BM-11 +++ + Pseudomonadales  Proteobacteria

It was also shown by previous studies; rhizospheric bacteria from soil samples have capability to
fix atmospheric nitrogen, phosphate solubilization, synthesing siderophores, ACC deaminase activity
and type of phytohormones such as auxins for provide it to plants as a plant growth property (Alaylar et
al., 2018; Ferchichi et al., 2019). IAA production is one of the most effective PGP mechanism (Pawlik
etal., 2017). It is promoting to plant growth directly by enhancing length and root surfaces by stimulating
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plant cell elongation for providing to soil nutrient from plants (Phetcharat and Duangpaeng 2012;
Vinayarani and Prakash 2018). There are many reports have been shown IAA production by rhizospheric
and endophytic bacteria (Ray et al., 2016; Chowdhury et al., 2017; Vinayarani and Prakash 2018;
Wozniak et al., 2019). Various rhizospheric bacteria have potential to produce the auxin phytohormone
IAA, these kind of rhizospheric microorganisms produce auxins in the presence of a favourable
precursor like L-tryptophane (Phetcharat and Duangpaeng 2012). On the other hand, most of the plant
growth promoting rhizospheric strains are well-known with ACC deaminase activity which have role in
decrease to level of ethylene stress and help their host plants deal with numerous stress factors like
abiotic and biotic factors.

In the line with this purpose, we observed IAA production and ACC deaminase activity as PGP
by rhizospheric soil samples in agricultural areas from Agri-Turkey. When the compare with our results
with 25 of 48 strains were demonstrated 1AA production. 11 of 48 the best IAA production potential
stains were chosen. On the other hand, 11 of 48 the rhizospheric bacteria were shown ACC deaminase
activity.

In summary, as it mentioned it; PGPR have been revealed to beneficial effects of plant
development and health. For sustainable agricultural applications, microorganism based fertilizers can
be used instead of chemical fertilizers because of their eco-friendly low cost usage. Moreover, potential
local PGPR strains can be more effective usage on agricultural products. Therefore, the results showed
that, plant growth promoting property 1AA production and ACC deaminase activity from rhizospheric
bacteria with the selected from soil rhizosphere. According to our knowledge, the present study reveals
for the first time to the isolation and identification of rhizospheric bacteria from soil samples in Agr
province which have IAA production and ACC deaminase activity. It can be use in agricultural
application for further.

CONCLUSION

It can be concluded that soil rhizosphere as the huge potential source for obtaining new bacterial
strains and their metabolites. In this regards; It can be understood from the present study that rhizospheric
bacteria isolated from agricultural areas have crucial PGP such as IAA production and ACC deaminase
activity. It is important to note that unknown rhizospheric bacteria community in soil rhizosphere in
agricultural areas can be vital role in agricultural products. Rhizospheric bacteria deal with agricultural
products such as wheat, barley, canola, oat, cucumber etc. have unique strategies that enhance growth
and yield productivity of agricultural products. Taking into consideration of its economic value and vital
roles of PGPR strains in plant health, enhance productivity, growth, such knowledge gap needs to be
filled for active utilization of PGPR strains and detection of novel PGPR strains from local strains in
agricultural areas.
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OZET: Salvia officinalis (tibbi adacay) tiiriiniin diinyada kullanim alani ve pazar talebi giderek artmaktadir.
Son yillarda tilkemizin farkli illerinde yetistiriciligi yapilmakta olan bu tiiriin her yil diinya ¢apinda pek ¢ok
iilkeye ihrac edilmesiyle énemli miktarlarda doviz girdisi elde edilmektedir. I¢ ve dis pazarda énemli bir yere
sahip olan Salvia officinalis yetistiriciliginde kalite ve verim s6z konusu oldugunda ¢evresel faktorlerin bitki
tizerine etkilerinin bilinmesi énemlidir. Bu derlemede Salvia officinalis yetistiriciligi uygulamalarinda bitkilerin
bazi abiyotik stres faktorlerine verdikleri yanitlar arastirilmistir. Arastirmalarda farkli abiyotik streslerin Salvia
officinalis tiirlinde farkli tepkileri tetikledigi anlasilmigtir. Baz1 abiyotik stres faktorlerinin Salvia officinalis
lizerinde avantaj olarak goriilebilecek en dnemli etkisi ise, fitofarmakon olarak kullanilabilecek etkili bilesiklerin
istenen konsantrasyonlarinin s6z konusu stres faktorlerinin, yetistiricilikte kasith olarak uygulanmasi ile elde
edilebilir olmasidir.

Anahtar Kelimeler: Salvia officinalis, Tibbi adacayi, Abiyotik stres, Kuraklik, Tuzluluk, Isik

Responses of Salvia officinalis (Common Sage) to Some Abiotic Stress Factors

ABSTRACT: In the world the usage area and market demand of Salvia officinalis (common sage) species is
gradually increasing. In recent years, this species, which has been cultivated in different provinces of our country,
is exported to many countries around the world every year, and a significant amount of foreign currency input is
obtained. It is important to know the effects of environmental factors on the plant when it comes to quality and
yield in Salvia officinalis cultivation, which has an important place in domestic and foreign markets. In this
review, the responses of plants to some abiotic stress factors in Salvia officinalis cultivation practices were
investigated. Research has shown that different abiotic stresses trigger different responses in the Salvia officinalis
species. The most important advantage of some abiotic stress factors on Salvia officinalis is that the high
concentration of an active substance desired to be used as a phytopharmacon can be achieved by deliberate
application of some stress factors.
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GIRIS

Bitkiler normal yasam siiregleri igerisinde biiyiime ve gelismelerini olumsuz etkileyen,
verimlerini sinirlandiran elverissiz kosullarla karsilasabilirler. Bu elverissiz kosullarin olusmasina neden
olan faktorlere ‘stres’ ad1 verilir. Bitkisel iiretimi etkileyen stres faktorleri biyotik (bitkiler, funguslar,
nematodlar, mikroorganizmalar, hayvanlar, antropojenik etkiler vb.) ve abiyotik stres faktorleri
(kuraklik, tuzluluk, yetersiz beslenme, radyasyon, atmosfer kirliligi, yiiksek veya diisiik sicaklik, yiiksek
veya diistik 151k siddeti vb.) olmak iizere ikiye ayrilir (Biiylik ve ark., 2012). Bitkiler es zamanli ya da
farkli zamanlarda bir veya birden fazla stres faktoriiyle karsilasabilirler. Karsilastiklar streslere karsi
dayanikliliklarini arttirmak, canliliklarin1 devam ettirebilmek, gelisimlerini siirdiirebilmek, nesillerinin
devamini saglayabilmek i¢in yapilarinda, en az etkilenecek (zarar gorecek) sekilde, anatomik,
morfolojik, fizyolojik ve biyokimyasal degisiklikler meydana getirerek uyum mekanizmalari
olusturmaya calisirlar (Oztiirk, 2015).

Bitkilerde farkli stres faktorleri, reaktif oksijen tiirlerinin (ROS) olusumunu ve birikimini
artirarak ciddi metabolik islev bozukluklarina neden olur, bu da DNA'da hasara, enzimlerin
inaktivasyonuna ve lipid peroksidasyonuna yol acabilen bir oksidatif stres ile sonuclanir (Tounekti ve
ark.,2013). Bitkiler, oksidatif stresle basa ¢ikabilen, ROS kontrolii ve detoksifikasyonunu saglayan
fenolik bilesikler ve flavonoidler gibi diisiik molekiiler agirlikli antioksidanlara sahiptirler (Biiyiik ve
ark., 2012). Bu metabolitlerin ¢esitli savunma fonksiyonlar1 vardir ve biyosentezleri, genellikle biyotik
ve abiyotik streslerine yanit olarak indiiklenir (Bettaieb ve ark., 2011). Bitkilerin bu antioksidan
savunma sistemleri ile ¢evresel streslere gosterdikleri direng arasinda yakin bir iliski s6z konusudur
(Bettaieb ve ark., 2011; Biiyiik ve ark., 2012). Stressiz kosullarda, bitki hiicrelerinin antioksidatif
savunma sistemi, hem enzimatik hem de enzimatik olmayan antioksidanlarin koordineli hareketi ile
zararl radikalleri etkili bir sekilde temizleyebilir ve lipid oksidasyonunu stabilize edebilirken; stres
durumunda serbest radikaller ile antioksidan sistemin aktivitesi arasindaki denge bozulur ve serbest
radikaller biyolojik molekiillerle hizl1 bir sekilde reaksiyona girerek hiicreye zarar vermeye baslar
(Asada, 1999; Hernandez ve ark., 2004; Bettaieb ve ark., 2011).

Tibbi ve aromatik bitkilerle yapilan calismalarda, geleneksel bitki {iriinlerinden farkli olarak,
fitokimyasal kompozisyonunun olusumunda, bitkinin genetik 6zelliklerinin, anatomik, morfolojik
gelisim asamalarinin yani sira stres faktorlerinin de rolii oldugu diisliniilmektedir (Laku$i¢ ve ark.,
2013). Ciinkii stresle iligkili metabolizma diger tim metabolik olaylar1 biiyiik dl¢lide etkilediginden,
sekonder metabolitlerin sentezi ve birikimini de etkilemektedir (Selmar ve Kleinwichter, 2013). Bu
nedenle, tibbi ve ekonomik 6neme sahip bitkilerde, cesitli stres faktorleri etkilerinin degerlendirilip
incelenmesi bitki 1slahinda dayanikli gesitlerin elde edilmesi acisindan bliylik 6nem tasimaktadir.
Ballibabagiller (Lamiaceae) familyasinin, ¢ift ¢enekliler sinifina (Magnoliopsida) ait Salvia L. tiirleri,
Anadolu’da eski zamanlardan beri halk hekimliginde kullanilan sifali bitkilerdir. Salvia L. cinsinin tibbi
amacl kullanim1 disinda aromaterapi, parfiimeri, kozmetik sektoriinde; baharat, bitkisel boya ve gida
koruyucu olarak bir¢ok kullanim alanina sahip bir tiiri de tibbi adagayr olarak tanimlanan Salvia
officinalis’tir (Elmas ve Elmas, 2021).

1753 yilinda Carl Linnaeus tarafindan tanimlanan bu tiir, Bat1 Balkanlar’da 6zellikle Dalmagya ve
Makedonya’da ve Avrupa’nin giliney ve orta kisimlarinda dogal yayilis gostermektedir (Giiner ve ark.,
2012; O’Leary ve Moroni, 2016). Lektotip bir tiir olan Salvia officinalis, 60-100 cm arasi uzunlukta,
beyaz, mavi veya mor ¢igekli, yapraklar glimiis renkli, tiiylii ve basit, ¢ok yillik ve yar1 ¢alims1 bir
bitkidir (Bayram ve S6nmez, 2006). Bitkinin yapraklarindan genellikle hidrodistilasyon yontemi ile
ortalama %1-2.5 oraninda ugucu yag elde edilir. Salvia officinalis’teki ugucu yaglarin baslica kimyasal
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bilesimi monoterpenler (borneol, bornil asetat, a-pinen, B-pinen, a-thujon, B-thujon, kafur), diterpenler
(karnosol) ve triterpenlerdir (oleanolik, ursolik asit) (Baser, 2002; Topgu, 2006). Bitki ugucu yaginin
fenolik asitler, flavonoidler, kafeik asit, rosmarinik asit, fumarik asit ve glikozidler agisindan ¢ok zengin
oldugu bildirilmistir (Lu ve Foo, 2001). Salvia officinalis ile ytiriitiilen ¢alismalarda bitkinin antioksidan,
antimikrobiyal, anti-kanser, anti-stres, antidepresan, antidiyabetik, antiinflamatuar etkiler gibi bir dizi
terapotik dzellik sergiledigi belirtilmistir (Miraj ve Kiani, 2016). Ingiliz Farmakopesi’nde resmi bir ilag
olarak kullanimi kabul edilmis Salvia officinalis tiirii uluslararas: ticarette 6nemli bir yere sahiptir
(Topgu, 2006). T1bbi adagayi, disotu ya da meryemiye olarak da bilinen bu tiir iilkemizde dogal yayilis
gostermemektir ancak, Gliney Fransa, Almanya, Macaristan, Amerika ve Rusya’da oldugu gibi
tilkemizde de yetistiriciligi yapilmaktadir (Bayram ve Sonmez, 2006; Giiner ve ark., 2012). Cizelge 1°de
tilkemizin farkl illerinde (Adana, Antalya, Denizli, Diizce, Eskisehir, Karaman, Kayseri, Kiitahya,
Manisa, Mugla, Tekirdag, Usak ve Izmir) 2012-2019 yillar1 arasinda yetistiriciligi yapilmis Salvia
officinalis bitkisinin iiretim miktarlar1 (ton) ve verim (kg/da) degerleri sunulmustur (TUIK, 2021).

Cizelge 1. Ulkemizde adacay1 yetistiriciligi verim ve iiretim miktar1 verileri (2012-2019)

iller Adana Antalya Denizli Diizce Eskisehir Karaman Kayseri Kiitahya Manisa Mugla Tekirdag Usak izmir

Verim
(kg/da) 2012 130
2013 133
2014 133 150
2015 160 129 149 150
2016 200 101 200 143 152 149 100 167
2017 153 200 98 200 133 0 281 151 144 150 100 167
2018 153 200 94 200 148 0 126 151 138 135 100 167
2019 400 345 96 111 200 130 0 129 151 139 138 100 167
Toplam 706 945 549 111 800 1079 0 837 453 870 523 300 668
Uretim
Miktar
(Ton) 2012 7
2013 4
2014 4 15
2015 8 4 53 15
2016 1 275 1 5 97 17 14 1
2017 13 1 273 1 4 0 181 28 17 36 2 1
2018 13 1 246 1 4 0 62 28 28 42 2 1
2019 4 883 157 5 1 3 0 70 28 29 50 2 1
Toplam 30 886 959 5 4 35 0 463 84 121 142 6 4

Ulkemiz topraklarinda yetistiriciligi yapilan bu tiiriin, 2020 yili itibariyle ABD, Almanya,
Afganistan, Avusturya, Avusturalya, Azerbaycan, Bahreyn, Belarus, Belgika, Birlesik Krallik, Fransa,
Giiney Afrika, Hollanda, Irak, Israil, Isveg, Isvigre, italya, Kanada, Katar, Kazakistan, Kuzey Kibris
Tiirk Cumhuriyeti, Sili ve Ukrayna’ya farkli miktarlarda ihracati yapilarak, 2019 yilinda 6.936 kg Salvia
officinalis ihracati karsiligi 119.559 dolar, 2020 yilinda ise 10.755 kg karsiligr 184.596 dolarlik d6viz
girdisi iilke ekonomisine kazandirilmistir (TUIK, 2020). Bu durum Salvia officinalis bitkisinin {iretimini,
sanayisini ve ticaretini daha da 6nemli bir hale getirmektedir.

Ulkemizin farkli illerinde yaygin olarak yetistiriciligi yapilan Salvia officinalis bitkisinde, tarimsal
basar1 saglayabilmek i¢in, maruz kaldig stres kaynaklarinin gesitleri, siddeti, siiresi, strese maruz kaldigi
doku ve organ tiirii, bitkinin stres kosullar1 altinda verdigi fizyolojik tepkiler ve tepki siirecleri,
olusturduklar1 tolerans mekanizmalari, bitkide olusan fizyolojik hasarin siiresi ve kalicilig1 ile bitkide
hiicre ve gen seviyesinde meydana gelen degisikliklerin belirlenmesi, bitkide verimliligin arttirilmasi
calismalarina katki saglayacaktir (Yuan ve ark., 2013; Selmar ve Kleinwichter, 2013; Sonmez, 2015).
Bu derlemede, daha 6nceki yillarda yapilan ¢alismalar referans alinarak, bazi abiyotik stres faktorlerine
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kars1 Salvia officinalis bitkisinde meydana gelen cesitli agronomik ve biyometrik parametrelerdeki
degisiklikler ile fizyolojik tepkiler 6zetlenmistir.

Kurakhk Stresine Kars: Indiiklenen Yanitlar

Kuraklik, bir bolgedeki yagislarin uzun yillar ortalamasinin veya normal yagis degerlerinin altina
diismesi sonucu olusan sistematik yagis ac1g1 olarak tanimlanir (Mansori ve ark., 2019). Bitkiler, kokleri
yeterli su alamadiginda veya terleme oranmin c¢ok yiliksek oldugu durumlarda kuraklik stresiyle
karsilasirlar (Giines ve ark., 2006). Kuraklik stresi bitki gelisimini etkileyen 6nemli stres faktorlerinden
biridir. Ciinkii besin ve mineral madde taginmasinin yani sira bitki biinyesinde gerceklesen pek ¢ok
metabolik faaliyet su sayesinde gerceklesir. Cesitli nedenlerle meydana gelen kuraklik stresi bitki
hiicrelerinde su potansiyelini ve turgor basincini azaltarak konsantrasyonunda degisiklikler
olusturmaktadir. Olusan degisiklikler gaz ve iyon degisimi, karbon asimilasyonu, solunum, fotosentez,
hormon dengesi, yag sentezi, protein sentezi gibi bircok yasamsal faaliyeti etkileyebilmektedir. Bu
nedenle bitkide meydana gelen kuraklik stresi bitkiye zarar vermekte hatta bitkinin 6liimiine dahi neden
olabilmektedir (Yurdcu, 2019). Yapilan ¢alismalar Salvia officinalis bitkisinin kuraklik stresine karsi
biinyesinde fizyolojik ve metabolik degisiklikler olusturarak yanit verdigini géstermistir.

Son yillarda biyoteknolojik gelismelere paralel olarak bitki biiyiime diizenleyicilerinin de verim
tizerine etkileri oldugu goriilmiistiir. Dogal veya sentetik olabilen bu bilesikler, bitkilerde tohumlarin
¢imlenme giiclinli arttirmak, ¢igeklenmeyi tesvik etmek veya geciktirmek, soguga ve hastaliklara karsi
direnci artirmak, olgunlagsmayr hizlandirmak gibi bir veya birden ¢ok fizyolojik olayr kontrol veya
modifiye edebilmektedir. Genellikle dolayli yoldan etkileri olan bu bitki biiylime diizenleyicilerinin
baslicalar1 oksinler, sitokininler, gibberellinler, etilen, Indol-Butirik Asit (IBA) ve Naftalin Asetik Asit
(NAA)’tir (Kumlay ve Eryigit, 2011). Calismalarda stres durumlarinda bitkinin genetik yapisinda dogal
olarak mevcut oldugu bilinen bu diizenleyicilerde meydana gelen degisiklikler aragtirilmistir.

Bitkilerde kokler tarafindan algilanan su kitliginin gévdeye iletimi absisik asit (ABA), sitokinler,
etilen ve malat gibi faktorler tarafindan yapilir. ABA, potasyum iyonlarinin (K*) akigini degistirir ve
stomalarin daralmasimi veya kapanmasmi saglar (Anjum ve ark., 2011; Oztiirk, 2015). Bitkilerde
stomalarin daralmasi veya kapanmasi bitkinin terleme ile su kaybii engellemek i¢in yapilan ilk
adaptasyon mekanizmasi olarak kabul edilir (Osakabe ve ark., 2014). Salvia officinalis ile yiiriitiilen
caligmalarda, bitkinin kuraklik stresinde fotosentez oraninda diisiis bildirilmistir (Sonmez, 2015).
Bitkilerde fotosentez orani, agik stomalardan alinan gaz formundaki karbondioksit miktari ile iligkilidir.
Dolayisiyla kuraklik stresinde stomalarin kapanmasi veya daralmasiyla birlikte karbondioksit alimi
smirlandigindan fotosentez oraninda diisiis meydana gelir (Chaves ve ark., 2003; Mansori ve ark., 2019).
Kuraklik stresiyle stomalarin kapanmasi bitkinin biiytimesi i¢in gerekli olan karbonhidrat molekiilleri
ve enerji, fotosentez yoluyla iiretildiginden, bu diisiis bitki biiyiimesi ve gelisimini de etkiler (Oztiirk,
2015). Salvia officinalis bitkisinin farkli kuraklik stresi uygulamalarinda bitki yapraklarinin, kontrol
bitkilere kiyasla daha az, kuru, kii¢iik yaprakli ve ince govdelere sahip oldugu bildirilmistir (Bettaieb ve
ark., 2009). Kuraklik stresi bu tiirde bitkinin toprakiistii kisimlarinin biiylimesini (Bettaieb ve ark., 2009),
nispi su igerigini, biyokiitlesini (Nowak ve ark., 2010; Sonmez, 2015), toplam klorofil i¢erigini (Bettaieb
ve ark., 2009) azaltmistir. Kurak kosullarmnin olustugu ilk zamanlarda, bitkiler daha fazla suya
ulasabilmek igin gdvde uzamasm yavaslatip kok gelisimini hizlandirirlar (Oztiirk, 2015). Salvia
officinalis’in kuraklik stresi kosullari altinda biiylime parametrelerindeki azalmanin nedeni bitkinin
biyokiitle tiretimini tercihli olarak koklere tahsis etmesi veya -fotosentez veriminin diismesine ve
dolayisiyla biyokiitle iiretiminde bir azalmaya neden olan- klorofil iceriginin azalmasinin bir sonucu
olabilecegi belirtilmistir (Bettaieb ve ark., 2011). Calismalarda siddetli su agi§ina maruz kalan bitkilerde
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biiyiime ile ilgili parametrelerin orta dereceli su agigina maruz kalan bitkilerden daha az oldugu tespit
edilmistir (Bettaieb ve ark., 2009). Bu nedenle arastirmacilar Salvia officinalis bitkisini orta derecede
kurakliga toleransl bitki olarak tanimlamislardir (Taarit ve ark., 2010). Buna ek olarak, orta dereceli
kuraklik stresine maruz kalan bitkilerde, kontrol gruplarina kiyasla daha yiiksek ucucu yag igerigi, ucucu
yag verimleri ve yliksek terpen konsantrasyonlari elde etmislerdir (Nowak ve ark., 2010; Sonmez, 2015;
Yurdcu, 2019). Baz1 arastirmacilar kuraklik stresi altinda, yaprak alanindaki azalmaya bagl olarak, yag
bezlerinin yiiksek yogunlugunun, daha yiliksek miktarda ugucu yag birikmesine yol agabilecegi 6ne
stirmiisler (Garcia-Caparroés ve ark., 2019), bazi arastirmacilar ise kuraklik stresi altinda Salvia
officinalis ugucu yag igeriginin artmasina iliskin olarak toprakiistii kisimlarinin kurakliga karsi
toleransinin yapraklarin zengin polifenol icerigi ile iliskili oldugunu, bu nedenle polifenol biriktirme
kapasitesinin bu tiirlin biiyiime ve savunma arasinda denge olusturarak, kuraklik toleransina katkida
bulundugu belirtmislerdir (Bettaieb ve ark., 2011; Selmar ve Kleinwachter, 2013; Govahi ve ark., 2015).
Ayrica bu tilirde siddetli su agi@inin fenolik bilesiklerin biyosentezinde yer alan enzimlerin aktivitesinde
diislis meydana getirdigini tespit etmislerdir (Bettaieb ve ark., 2011). Kuraklik stresinin neden oldugu
monoterpen sentezinin fazlaligi, stresli yapraklardaki yiiksek indirgeme giiciiniin, biyosentezi yiiksek
oranda indirgenmis bilesiklere dogru ittigini gostermektedir ve dolayisiyla bu fizyolojik durumun sadece
bir semptomunu temsil edebilir (Nowak ve ark. 2010). Salvia officinalis’te monoterpen igeriginde
belirlenen degisiklikler, kuraklik stresinden etkilenen monoterpen sentaz ekspresyonunu ile iligkilidir.
Bu anahtar enzimlerin, 1,8-sineole i¢in sineol sentaz, kafur igin bornildifosfat sentaz, o ve B-thujone igin
sabinen sentaz oldugu bildirilmistir (Selmar ve Kleinwéachter, 2013).

Kuraklik stresinin Salvia officinalis bitkilerinde yag asitlerinin terkibini de etkiledigi
gosterilmistir (Bettaieb ve ark., 2009). Yag asitlerinin, membran akiskanligimin korunmasim
saglayarak stres kosullarinda bitkilere adaptasyon siirecleri i¢cin uygun ortami saglayan faktor olduklar
bilinmektedir (Xu ve Beardall, 1997). Orta dereceli kuraklikta Salvia officinalis’te linoleik ve linolenik
asitler gibi doymamis yag asitleri oranlarinda énemli bir azalma; siddetli kuraklik kosullarinda ise
stearik ve arasidik asitlerin kayboldugu tespit edilmistir. Ayrica kuraklik stresinde keton ve eter
igerikleri artisinin bu tiirde ugucu yag bilesiklerinin biyosentezini uyardig: diisiiniilmiistiir (Bettaieb ve
ark., 2009).

Kuraklik stresinin metabolik arka plan1 olduk¢a karmasiktir. Bitkiler kuraklik stresiyle
karsilagtiklarinda yapraklarin absorbe ettigi 151k miktar1 ve yararlanilan 1s1k arasindaki denge bozulur
ve fotosentez metabolizmasi inhibe olur (Foyer ve Noctor, 2000). Fotosentez aktivitesinin
engellenmesi nedeniyle fotosistem II’de elektronlarin olusumu ve kullanimi arasindaki denge bozulur.
Kloroplastlarda meydana gelen bu fotokimyasal degisimlerde, fotosistem II’de ¢ok fazla miktarda
biriken ve kullanilamayan 151k enerjisi dokularda siiperoksit, oksijen, hidrojen peroksit ve hidroksil
gibi aktif oksijen tiirevlerinin olusumuna neden olur (Peltzer ve ark., 2002). Stomalarin kapanmasiyla
yapraklarin mezofil dokularindaki CO2 seviyesi hizla diiger, bdylece artan siiperoksit radikalleri (O2)
ile bitki dokularinda molekiiler oksijen ile rekabet eden NADP’ler indirgenerek NADPH birikmeye
baslar. Ortamda miktarlar1 azalan NADP’ler oksijen alternatif elekron alicis1 olarak gorev yapar. Daha
sonra bitki dokularinda Haber-Weiss adi verilen reaksiyon ile aktif oksijen ¢esitleri olarak adlandirilan
hidrojen peroksit (H20>), siiperoksit radikalleri (O2°) ve hidroksil (OH") radikalleri olusur. Aslinda stres
kosullarinda birikimi gerceklesen siiperoksit radikali, hidrojen peroksit ve hidroksil radikalleri gibi
reaktif oksijen tiirleri, hiicre metabolizmasinin dogal bir yan {riiniidiir ancak asir1 birikimleri bitki
hiicresinde membran ve lipid peroksidasyonuna, protein oksidasyonuna, enzim inhibisyonuna, klorofil
parcalanmasina, RNA ve DNA gibi yapilarda bozulmaya yol agarak hiicre hasar1 veya hiicre 6liimlerine
sebep olurlar (Anjum ve ark., 2011; Oztiirk, 2015). Bitkilerde oksidatif strese neden olan bu reaktif
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oksijen bilesiklerinin indirgenmesi ve birikimlerinin engellenmesi, siiperoksit dismutaz (SOD),
askorbat peroksidaz (APX), katalaz (CAT), glutatyon rediiktaz (GR), peroksidaz (POD),
monodehidroksiaskorbat rediiktaz (MDAR), dehidroksiaskorbat rediiktaz (DHAR) ve glutatyon
peroksidaz (GPX) gibi enzimatik; veya bunlarin metabolitleri olan askorbat, glutatyon (GSH), a-
tokoferoller, karotenoidler ve fenolik bilesikler gibi enzimatik olmayan diisiik molekiil agirlikli
antioksidan bilesikler araciligiyla gerceklesir (Giines ve ark., 2006). Stresli kosullarda bu
antioksidanlardan enzimatik oksidan molekiilleri reaktif oksijen bilesiklerini indirgeyerek birikimlerini
engellerken, enzimatik olmayan antioksidan molekiilleri ise fotosentetik membranlarin korunmasiyla
gorevlidir (Anjum ve ark., 2011; Dolferus, 2014; Osakabe ve ark., 2014; Oztiirk, 2015).

Salvia officinalis tiirii ile yiiriitiilen ¢alismalarda, daha ¢ok enzimatik olmayan antioksidan
bilesiklerin rolleri anlasilmaya c¢alisilmistir. Bunlardan biri 6nemli bir fotosentetik pigment olan
karotenoidlerdir. Karotenoidler, fotosentetik anten komplekslerindeki mavi 15181 absorbe etmekle
kalmaz, ayn1 zamanda bitkilerdeki fazla enerjinin zararsiz bir sekilde dagitilmasi i¢in fotosentetik
membranlarin korunmasinda diger antioksidanlarla igbirligi yapar. Karotenoidler, kloroplastlardaki
asirl uyarma enerjisinin bir sonucu olarak olusan triplet klorofili, singlet oksijeni ve diger ROS'lar
temizleyerek tilakoidlerdeki fazla enerjiyi dagitmaya katkida bulunur ve bdylelikle stres altinda
fotosistem II yapisini ve islevini korumaya yardimci olur (Dall'Osto ve ark., 2006). Arastirmacilar
tarafindan, Salvia officinalis bitkisinde kuraklik nedenli yaprak yaslanmasi sirasinda karoten ve lutein
karotenoid seviyelerinin 6nemli 6l¢iide azaldig: bildirilmistir (Abreu ve Munné-Bosch, 2008).

Salvia officinalis 'te bir baska antioksidan karnosik asittir. Bitkinin kuraklik stresli yapraklarinda
karnosik asit oksidasyonu sonucu, rosmanol ve izorosmanol diterpenlerinin artis1 tespit edilmistir.
Kuraklik stresine maruz kalan yapraklarda, hiicrelerde calisan diger koruyucu mekanizmalarin yani
sira, kloroplastlarda bulunan karnosik asidin ROS’lar1 temizleyerek antioksidan koruma sagladigi
diistiniilmiistiir (Tounekti ve ark., 2012). Ancak baska bir ¢calismada karnosik asidin artmis antioksidan
aktivitesine ragmen, kuraklik stresli Salvia officinalis bitkilerinde siddetli bir yaprak dokiilmesi
gozlemlenmistir (Munné-Bosch ve ark., 2001). Arastirmacilar ayrica, Salvia officinalis bitkisinde a-
tokoferol gibi antioksidanlarin artan sentezini, kurakliga ve diger cevresel streslere karsi, hem
fotokoruyucu hem de antioksidatif savunma mekanizmast ile iligskilendirmislerdir (Munné-Bosch ve
Alegre, 2000; Munné-Bosch ve ark., 2001).

Kurakligin bitkiler tizerindeki bir diger etkisi olan yaprak yaslanmasidir. Arastirmacilar, Salvia
officinalis’te kuraklik stresi nedenli yaprak yaslanmasinin semptomlarini ilk olarak kloroplastlarda
belirlemis, stromada plastoglobuli birikimi, tilakoidlerin gevsemesi ve distorsiyonu, cok daha az grana
yigilimi ile belirgin bir degisiklik gosterdigi bildirilmistir (Munne'-Bosch ve ark., 2001). Ayrica
siddetli fotosentetik pigment kaybina paralel olarak meydana gelen salisilik asit birikimi ve jasmonik
asit diizeylerinde azalma tespit etmislerdir (Abreu ve Munné-Bosch, 2008). Kuraklik stresi nedeniyle
yaslanan yapraklarda artmis lipid peroksidasyonu, klorofil kaybi, azalmis fotosentetik aktivite ve -
kloroplastlarda oksidatif stresin gostergesi olan- membrana bagli kloroplastik antioksidan
savunmalarinda giiglii diistisler tespit etmislerdir (Munne'-Bosch ve ark., 2001). Kurakliga bagh
yaprak yaslanmasinin diizenlenmesinde salisilik asidin diger fitohormonlarla birlikte rol
oynayabilecegi sonucuna varilmistir (Abreu ve Munné-Bosch, 2008).

Bitkiler kuraklik kosullarinda degisen ozmotik durumlarini diizenleyebilmek i¢in glisin, betain,
prolin, organik asitler ve polioller gibi ozmolit olarak adlandirilan diisiik molekiiler agirlikli ¢oziiniir
madde sentezler ve biriktirirler. Bu ozmolitler bitkide kuraklik toleransina dogrudan katki yapmazlar
ancak turgor kaybimnin dengelenmesine, stomatal iletkenligin arttirilmasina ve fotosentezin
devamliligini1 saglamaya katkida bulunur. Boylelikle stres kosullarinda hiicre metabolik faaliyetlerinin

948


https://scholar.google.com/citations?user=Dv3NONYAAAAJ&hl=tr&oi=sra
https://scholar.google.com/citations?user=Dv3NONYAAAAJ&hl=tr&oi=sra
https://scholar.google.com/citations?user=Dv3NONYAAAAJ&hl=tr&oi=sra

Sinem ELMAS 11(2): 943-959, 2021
Salvia officinalis (Tibbi Adacayi) Bitkisinin Baz1 Abiyotik Stres Faktorlerine Yamitlari

devam etmesi icin kisa siireli dayaniklilik kazandirir (Oztiirk, 2015; Mansori ve ark., 2019). Ancak
literatlirde kuraklik kosullarinda Salvia officinalis bitkisinin degisen ozmolit igerigi ile ilgili yeterli veri
bulunmamaktadir.

Salvia officinalis bitkisinde kuraklik kosullarinda indiiklenen tiim metabolik sendromun
aydinlatilmasi igin, stresli ve stressiz bitkiler arasinda karsilastirmali olarak analiz yapilmasi, ¢esitli
belirteglerin  kombinasyonlarinin kullanilmasi1 gerekmektedir. Cilinkii 151k yogunlugundaki artis
cogunlukla yiiksek sicakliklarla iligkilidir, yliksek sicakliklar kuraklik stresine neden olur ve daha
diisiik su mevcudiyeti, toprakta daha yiiksek tuz konsantrasyonlarina neden olur (Selmar ve
Kleinwiéchter, 2013). Bu nedenle Salvia officinalis gibi dogada yetisen/yetistirilen bitkilerde sadece bir
stres faktorlinli kapsamli bir sekilde ele almak zordur ve bir¢ok ¢alismada elde edilen sonuglar
gergekten kesin degildir.

Tuz Stresine Kars1 indiiklenen Yanitlar

Tuzluluk, diinyanin bir¢ok bolgesindeki tarimsal iiretim alanlarinda toprak verimini, bitki
biiylimesini, verim ve kalitesini etkileyen, tarimsal siirdiiriilebilirligi zorlastiran énemli sorunlardan
biridir (Aziz ve ark., 2013; Torun, 2019). Tuzluluk yagis oraninin yetersiz, buharlasmanin fazla oldugu,
kurak ve yar1 kurak ekolojilerde sik¢a goriilmektedir. Ayrica bilingsiz sulama, drenaj imkanlarinin
yetersizligi, topragin yanlis islenmesi, yliksek taban suyu, hatali ve gereksiz giibreleme islemleri
sonucu da tuzluluk ortaya ¢ikabilmektedir. Tuzluluk problemi sadece NaCl varlig1 diisiiniilse de kloriir,
stilfat, nitrat, karbonat, bikarbonat ve borat bilesikleri de tuzluluga neden olmaktadir (Eroglu, 2007;
Kulak ve ark., 2020). Tuzluluk, bitkilerde ozmotik potansiyeli azaltarak su, besin ve mineral alimini
zorlagtirir, toksisiteye yol agarak bitkinin fizyolojik ve biyokimyasal metabolizmasinda bozulmaya
neden olur (Jouyban, 2012). Yapilan calismalarda tibbi ve aromatik bitkilerin tuz ve kuraklik stresine
kars1 gosterdigi tepkilerin ortak noktalari oldugu anlasilmistir (Tiryaki, 2018). Bitkilerde tuz stresi
nedeniyle olusan hasarin genel semptomlari, kuraklik stresinde oldugu gibi bitki biiylime hizinda
diislis, uzun siireli maruz kalmada ise yaslanma ve 6limdiir (Jouyban, 2012). Salvia officinalis orta
derecede tuza dayanikli glikofit bir tiirdiir. Ister glikofit ister halofit olsun, tiim bitki tiirlerinde tuzluluk,
belirli bir esigi astiginda bitki biyokiitlesinde azalmaya yol agar (Tounekti ve ark., 2012). Calismalarda
Salvia officinalis bitkisinde biiylime inhibisyonunun kapsami uygulanan tuz tipine ve
konsantrasyonuna bagl olarak farklilik gostermistir. Birgok arastirmaci tarafindan Salvia officinalis
bitkisinin tuz stresi kosullar1 altinda bitki boyu, dal sayisi, yesil ve drog herba, biyokiitle gibi bircok
vejetatif biiylime karakterini olumsuz etkiledigi bildirilmistir (Hendawy ve Khalid, 2005; Taarit ve
ark., 2009; Taarit ve ark., 2010; Camlica ve ark., 2019; Torun, 2019; Kulak ve ark., 2020).

Tuz stresi genel olarak bitkilerin fotosentez ve solunum hizini disiiriir. Bunun nedeni bitkiler tuz
stresini algiladiklarinda, hiicreleri korumak i¢in stomalar1 kapatan absisik asit (ABA) sentezini
indiiklemesidir (Said-Al Ahl ve Omer, 2011). Tuz stresi kosullarinda bitkideki absisik asitin islevi tam
anlagilamamistir. Ancak, NaCl’nin bitki biiyiimesi, fotosentez ve asimilatlarin taginimi tlizerindeki
inhibitdr etkisinin ABA tarafindan hafifletildigi, ayrica ABA’nin bitki membran biitlinliiglini
korunmaya katkida bulundugu, yapraklarda toksik CI” iyonlarinin birikimini azaltarak, tuz stresi altinda
etilen salinimin1 ve yaprak absisyonunu azalttig1 bildirilmistir (Es-sbihi ve ark., 2020).

Tuz stresi gibi abiyotik bir strese maruz kalan bitkilerdeki hiicresel oksidatif hasarin derecesi,
bitkilerin antioksidan maddeler liretme kapasitesi tarafindan kontrol edilir (Aziz ve ark., 2013). Salvia
officinalis bitkisinin abiyotik stres faktorlerine tepkisi ugucu yaglar ve fenolik bilesikler dahil sekonder
metabolitler seviyelerinin diizenlenmesini igerir. Fenolik bilesikler, serbest radikalleri inaktive ederek
ve/veya hidroperoksitlerin serbest radikallere ayrigsmasini Onleyerek antioksidan aktivite sergiler
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(Valifard ve ark., 2014). Salvia officinalis ile yiiriitiilen ¢alismalarda orta derecede tuzlulugun bitkide
ucucu yag biyosentezinin ve Ozellikle oksijenli monoterpenlerin arttig1 gosterilmistir (Hendawy ve
Khalid, 2005; Taarit ve ark., 2009; Aziz ve ark., 2013). Yiiksek tuzluluk seviyelerinin ise koklerden
stirglinlere sitokinin tedarikini engelleyerek, yapraktaki sitokinin ile absisik asit arasindaki orani
degistirmesi sonucu ugucu yag verimini azalttig1 bildirilmistir (Taarit ve ark., 2009). Farkli tuz gesitleri
ve konsantrasyonlarinin ise Salvia officinalis ugucu yagmin kimyasal bilesimini 6nemli olgilide
etkiledigi ve farkli yeni kemotiplerin ortaya ¢iktigi tespit edilmistir (Kulak ve ark., 2020). Ayrica Salvia
officinalis’te tuzlulugun artmasiyla ¢oklu doymamis yag asitleri azalirken, tekli doymamis yag asitleri
artmis, bu sekilde bitkide, membranlarin yeniden yapilandirilmasi yoluyla tuz iyonlarinin oksidatif
etkilerine kars1 gelistirdigi bir adaptasyon oldugu diistiniilmiistiir (Taarit ve ark., 2010).

Salvia officinalis bitkisinde tuzluluk stresinin neden oldugu oksidatif hasarlara karsi koruyan
diger antioksidanlar ise karotenoidler ve a-tokoferollerdir. Kloroplastlar, zarlarin1 oksidatif hasardan
koruyan karotenoidler ve a-tokoferoller olmak tizere diisiik molekiiler agirlikli lipofilik antioksidanlar
icerir (Asada, 1999; Falk ve Munné-Bosch, 2010). Bitkide membran yapisinin stabilizasyonunu
saglamaya katki saglayan a-tokoferol, elektron transferi ile a-tokoferol radikali olusturarak ve 'O ile
etkilesime girerek iki elektron transferi ile H2O2 olusturur. Olusan a-tokoferol radikali ve HOo,
askorbat peroksidaz (APX) tarafindan indirgenir. Bu sekilde a-tocopherol, fotosentetik membranlarda
lipid peroksidasyonunun yayilmasini engelleyerek bitkiyi oksidatif hasardan korur (Falk ve Munné-
Bosch, 2010; Culha ve Cakirlar, 2011). Salvia officinalis’te orta derecede tuzlulugun bitki
yapraklarinda karoten ve a-tokoferol birikimlerini arttirarak antioksidan korumay1 destekledigi, ancak
daha yiiksek tuzluluk derecelerinde fotosentetik enzimleri, klorofilleri ve karotenoidleri bozarak
fotosentetik siireci etkiledigi bildirilmistir (Tounekti ve ark., 2011; Tounekti ve ark., 2012).

Salvia officinalis bitkisinde, tuz stresine direnebilmek i¢in kullanilan bir diger mekanizmanin prolin ve
¢Oziiniir seker gibi uyumlu ozmolitlerin birikmesi yoluyla oldugu belirtilmistir. Bitki hiicresi tuz stresi
kaynakli plazmoliz olusumundan kag¢inmak i¢in siikrozun, glikoza ve fruktoza; nisastanin da glikoza
parcalanmasiyla ozmotik basincini artirir. Dolayisiyla tuzluluk stresi sirasinda kokteki tiim ¢oziinebilir
karbonhidratlarin artmasi, ozmotik basinca kars1 dengede etkilidir (Sahar ve ark., 2011). Bu tiirde tuz
stresi altinda salisilik asit tarafindan arttirilan karbonhidrat konsantrasyonunun, tuz stresinin neden
oldugu su kithigr nedeniyle olusan oksidatif hasarin 6nlenmesine ve protein yapisinin korunmasina
yardimct oldugu bildirilmistir. Ayrica serbest amino asitlerin, 6zellikle de salin kosullarda enerji ve
nitrojen rezervuari olarak iglev yapan prolinin iiretimi ve birikimi Salvia officinalis’in tuz stresine kars1
gelistirdigi adaptif bir tepki olarak degerlendirilmistir (Sahar ve ark., 2011; Torun, 2019).

Tuzlulukla ilgili yiiriitiilen ¢calismalarda bitkilerin, tuzu biinyeye almama, tuzun seyreltilmesi, tuz
eliminasyonu, bitki dokularinda sukkulentlik kazanma, tuzun yeniden dagilim: seklinde gelistirdikleri
savunma mekanizmalari ile tuz stresine karsi koyabildikleri bildirilmis, bunun yan1 sira segici olarak
iyonlarin biriktirilmesi veya atilmasi, kokten iyon aliminin ve siirgiine iletiminin kontrolil, tiim bitkide
ve hiicrelerde iyonlarin vakuollerde biriktirilmesi ile ozmotik diizenleyicilerin sentezi gibi dolaylh
savunma mekanizmalarinin da tuz stresine kars1 koyabilmede etkili oldugu ortaya konmustur (Culha
ve Cakirlar, 2011). Arastirmacilar Salvia officinalis bitkisinde, tuzlulugun neden oldugu stres
semptomlarin1 dengeleyen veya hafifletebilen kinetin, kobalt, ¢inko ve selenyum uygulamalar
bildirmislerdir (Hendawy ve Khalid, 2005; Tounekti ve ark., 2011; Torun, 2019; Camlica ve ark.,
2019). Hendawy ve Khalid, (2005), tuzlu kosullarda ¢inko ile muamele edilen Salvia officinalis
bitkilerinin vejetatif biiyliime karakterlerinin (bitki boyu, dal sayisi, taze ve kuru agirlik), sadece tuzlu
toprak kosullarinda yetistirilenlerden daha yiiksek oldugunu bildirmis, Camlica ve ark., (2019), tuzlu
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kosullarda 20 mg/L selenyum dozuna kadar olan uygulamalarda, bu tiirde biiyiime parametrelerinde
olumlu gelismeler saptamis, Tounekti ve ark., (2011), kinetinin yapraktan uygulamalarinin iyon ve
pigment igerikleri ile yaprak fenolik diterpen ve a-tokoferol igeriklerini arttirdigini, Torun, (2019) ise
tuz+kobalt uygulamasinin fenolik bilesikleri arttirdigini, ozmotik potansiyeli ve nispi biiylime oranini
daha az etkiledigini ve kobaltin tuz stresinin olumsuz etkilerini hafiflettigini bildirmistir.

Sicaklik Stresine Karsi Indiiklenen Yanitlar

Hiikiimetleraras: iklim Degisikligi Paneli (IPCC), oniimiizdeki yillarda dzellikle Akdeniz tipi
ekosistemlerde goriilmesi olas1 ani sicaklik artiglarinin, bitki fizyolojileri tizerinde olumsuz etkilerinin
olacagini ongérmiistiir (Asensi-Fabado ve ark., 2013). Akdeniz ortaminda, bitkiler genellikle yaz
aylarinda siklikla kuraklik ve yiiksek 151k yogunlugu ile birlesen yiiksek sicakliklara maruz kalirlar.
Akdeniz sklerofil bitkileri 48-55 “C'ye kadar dayanabilmektedir ancak bitkilerde metabolik hasarlar 35
ila 40 °C arasinda olusmaya bagslar. 42 °C 'nin iizerindeki yaprak sicakliklari, tilakoid sivilagmasi ve
protein denatiirasyonu nedeniyle fotosentetik diizenege dogrudan zarar verir (Larcher, 2000; Chaves
ve ark., 2003; Asensi-Fabado ve ark., 2013). Bitki hiicreleri sicakliklarini ¢ok hizli artirabildiklerinden
sicaklik stresi etkisi, diger streslerden daha hizli bir sekilde bitkiyi etkiler (Larcher, 2000). Diisiik veya
yiiksek sicaklik gibi ¢evresel stresler, bitki yasam dongiisii boyunca birkag ay arayla veya daha kisa bir
stire ard1 ardina ayn1 zamanda veya farkli zamanlarda meydana gelebilir. Stres olaylar1 arasindaki
zaman aralig1 onemli bir faktordiir ¢linkii bitkilerin miiteakip streslere daha hizli ve/veya daha verimli
bir sekilde yanit vermesini saglayan, bir 6nceki stresin izini hafizasinda tutma kapasitesidir (Bruce ve
ark., 2007). Yapilan caligsmalarda bitkilerin morfolojisinde olusan siirekli degisikliklerin, anahtar sinyal
proteinleri ve transkripsiyon faktorii degisiklik seviyelerinin, bitkinin sonraki streslere yanitinda uzun
vadeli degisiklikler saglayarak stres "hafizasinda" rol oynayabilecegi one siiriilmiistiir (Bruce ve ark.,
2007; Galis ve ark., 2009). Salvia officinalis bitkisinin sicaklik stresine karsi yanitinin arastirildigi bir
caligmada, bitkiler ilk kez sicaklik stresine maruz kaldiginda ABA, MDA (malondialdehit) ve a-
tokoferol seviyelerinin yiikseldigi, yaprak bagil su igerigi ve Fv/Fm seviyelerinin diistiigii; ancak ikinci
kez maruz kaldiginda ABA ve Fv/Fm seviyelerinde bir hafif bir diisiis, klorofil, a-tokoferol ve MDA
seviyelerinin ise sabit kalmasi nedeniyle daha diisiik bir oksidatif stres olarak degerlendirmislerdir.
Tekrarlanan streslere maruz kalan Salvia officinalis bitkisinde biyokimyasal mekanizmalarin ve
fitohormonlarin, sicaklik stresinin izini siirdiiriip "hafiza" etkisi uygulayabilecegi belirtilmistir (Asensi-
Fabado ve ark., 2013).

Bir¢ok tiirde, orta dereceli sicakliklara 6nceden maruz kalmanin, edinilmis termotoleransa
miiteakip daha siddetli 1s1 stresine karsi bitki toleransini arttirdigi bilinmektedir. Edinilmis
termotoleransta, 1s1 soku proteinlerinin gen ekspresyonu ve biyosentezi, antioksidan enzimlerin artan
aktiviteleri ve ilgili genlerin ekspresyonu, daha yiiksek antioksidan, ¢oziiniir seker ve prolin seviyeleri
de dahil olmak iizere bir dizi metabolik siire¢ yer alir (Wang ve ark., 2011). Stres izini silirdlirme
yetenegi, bitkilerin sonraki stres olayina daha verimli bir sekilde yanit vermesine olanak tanir (Heil ve
Baldwin, 2002). Ancak literatiirde Salvia officinalis bitkisinin sicaklik stresine verdigi yanitlarin
anlagilmasina dair caligmalar ¢ok nadirdir, clinkii sadece sicaklik stresini olusturmak deneysel
tasarimin karmagsikligindan dolay1 genellikle zordur, ancak dogada siklikla meydana gelen sicaklik
stres faktoriiniin bitki iizerine etkilerinin anlasilmasi i¢in daha fazla ¢alismaya ihtiyag vardir.

Isik Stresine Karsi indiiklenen Yanmitlar

Isik, bitkilerin anatomik, morfolojik, fizyolojik gelisme ve biiylime siireclerini etkileyen dnemli
abiyotik faktorlerden biridir. Bitkilerin metabolik faaliyetleri ve optimum biiyiimesi, aydinlikta biriken
karbon ve nitrojenin karanlikta harekete gecirilmesine baglidir (Graf ve Smith, 2011). Bu nedenle 151k,
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bitkinin yagam dongiisiinde kritik dnem tasiyan fotosentez i¢in gerekli olan enerji kaynagi ve aym
zamanda bir sinyal molekiiliidiir. Bitkilerde 24 saatlik periyotta, -aydinlik ve karanlik evrelerin
koordinasyonu ile- rezervlerin biiyliimesi ve doniisiimii metabolizmay1 diizenleyen sirkadiyen saat
tarafindan saglanir (Kili¢ ve Boliikbasi, 2020). Sirkadiyen saat, bitkilerde hiicre boliinmesini organize
ederek stomatal acikliklarin gelisim ve farklilagma siirecinde degisikliklere neden olur. Boylece bitkiler
aydinlik/karanlik arasindaki degisikliklere adaptasyon saglar, c¢esitli metabolik faaliyetleri diizenler ve
gelistirdigi fizyolojik adaptasyon sayesinde biiylime ve gelisimlerini siirdiirmeyi saglar. Ayrica karbon
fiksasyonu, terleme, ¢iceklenme zamani, gen ekspresyonu gibi tiim fizyolojik olaylar sirkadiyen saat
tarafindan diizenlenir (McClung, 2008). Lamiaceae familyasinin Salvia tyeleri ‘sun species’ yani
"giines tlirlerinden" biri olarak tanimlanmaktadir (Castrillo ve ark., 2005). Ancak 151k yogunlugu,
kontrol edilmesi en zor ¢evresel faktordiir (Rezai ve ark., 2018). Isik siiresi, 151k yogunlugu, dalga boyu
gibi 1s1kla ilgili pek ¢ok faktoriin Salvia officinalis bitkisinin morfoparametrelerinde ve biyokimyasal
mekanizmalarinda degisiklige neden oldugu bildirilmistir.

Salvia officinalis’te farkli 151k rejimlerinin (kisa giin, orta giin ve uzun giin sartlari; sirasiyla 4, 8
ve 16 saat) bazi biiylime parametrelerine etkileri, optimal sirkadiyen ritim diizenlemelerini belirlemek
icin arastirtlmistir. Arastirmacilar, gévde uzunlugu agisindan en ¢ok biiylimenin 16 saatlik, en az
biliylimenin 8 saatlik siirede oldugu belirlemislerdir (Kilig ve Boliikbasi, 2020). Isik rejimi ve bitki
biliylimesi ile ilgili olarak, yiiksek 1sima altinda biiyiiyen bitkilerde genellikle asir1 151k enerjisi
emmeleri nedeniyle fotosentetik aparatin inaktivasyonu veya kloroplastlarin klorofil i¢eren reaksiyon
merkezlerinde bozulma sonucu, diisiik 1s1nim altinda biiyliyen bitkilerde ise genellikle stomatal
iletkenlik ve fotosentez oraninda meydana gelen diisiis sonucu (Rezai ve ark., 2018) her iki durumda
da bitki biliyiime oraninda azalma goriiliir. Salvia officinalis bitkisinde 151k kosullarina tepki olarak
meydana gelen degisiklikler ise su sekildedir: Diisiik 151k yogunlugunda bitki boyunda artis (Mapes ve
Xu, 2014; Kilig¢ ve Boliikbasi, 2020), yaprak boyutu, genisligi (Kili¢ ve Boliikbasi, 2020), yaprak ¢ikis
hizi (Mapes ve Xu, 2014) ve sayis1 (Zervoudakis ve ark., 2012) ile biyokiitlede azalma (Zervoudakis
ve ark., 2012; Rezai ve ark., 2018) seklindedir.

Salvia officinalis’te stres faktorlerine karsi savunma saglayan sekonder metabolitler, cogunlukla
yaprak yiizeyinde glandiiler, peltat ve kapitat trikomlar tarafindan ve nadiren gévdenin trikomlari
tarafindan iiretilir ve depolanir (Kili¢ ve Béliikbasi, 2020). Kapitat trikomlari, savunma mekanizmasinda
kullanilan savunma proteinlerinin, bilesiklerinin salgilanmasi ve birikiminden, peltat trikomlari, bitkileri
biyotik ve abiyotik stresten koruyan yari ugucu organik bilesiklerin salgilanmasi ve birikiminden
(Martinez- -Natarén ve ark., 2018), glandiiler trikom salgilar1 ise biyotik faktorler olmak iizere cesitli
stres faktorlerine karst korumada, biiylime ve gelismeyi diizenlemede gorev alir. Bu yapilar bitki
fitokimyasallarinin iiretildigi ve depolandig1 salgi yapilaridir. Bitkideki konumu ve yogunlugu, genetik
bir temele sahip olmakla birlikte, bitkinin yasina ve maruz kaldig1 stres faktorlerine bagli olarak
degisebilir. Salvia officinalis bitkisi tizerinde farkli fotoperiyot uygulamalar1 sonucu, kapitat trikom
sayilarinin yaprak st yiizeyinde daha fazla oldugu, bu sayilarin en fazla 8 saatlik uygulamada, en az ise
4 saatlik uygulamada tespit edildigi belirlenmis ayrica en uzun kapitat tiiylerinin 16 saatlik fotoperiyot
uygulmasinda bulundugu bildirilmistir. Peltat tiiylerin ise yaprak alt ylizeyde yaprak {ist ylizeye oranla
daha fazla bulundugu; en fazla 16 saatlik uygulamada, en az ise 4 saatlik uygulamada bulundugu
belirtilmistir (Kili¢ ve Boliikbasi, 2020).

Tibbi ve aromatik bir bitkide glandiiler trikomlarin yogunlugu ve boyutu, bitkinin fitokimyasal
icerigi ve kalitesi hakkinda bilgi verebilir. Ozellikle monoterpen hidrokarbon miktarinin 1s1k siiresiyle
dogrusal bir iligkisi vardir (Rguez ve ark., 2019). Salvia officinalis’in en yiiksek ugucu yag ve oksijenli
monoterpen miktar1 8 saatlik fotoperiyotta belirlenmistir (Kili¢ ve Boliikkbasi, 2020). Bu tiirde 151k
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spektral kalitesinin ugucu yag orani ve monoterpenler iizerindeki etkisinin inceledigi bagka bir
caligsmada ise arastirmacilar beyaz ve kirmizi +mavi LED 1s1kl1 rejimlerde en fazla ugucu yag miktarina;
kirmiz1 LED 1s1k ve yliksek basingli sodyum lamba 1s1g¢inda en yiiksek kafur biyosentezini, kirmizi
LED'ler ile biiyiiyen bitkilerde ise en yiiksek 1,8 cineol oranimi belirlemislerdir (Ivanitskikh ve
Tarakanov, 2014). Zervoudakis ve ark., (2012), ise %45°lik 151k seviyesinde en yiiksek ugucu yag
konsantrasyonu ile daha yiiksek (+) - thujanone igerigi ve daha diisiik kafur birikimi tespit etmistir.

Salvia officinalis bitkisinin farkli 151k rejimlerinde degisen klorofil miktarlariyla ilgili olarak,
Kilig ve Boliikbasi, (2020) en yiiksek seviyeyi 8 saatlik fotoperiyot uygulamasinda tespit ederken,
Zervoudakis ve ark., (2012), %25 golgede yetisen bitkilerde daha yiiksek oldugunu tespit etmislerdir.
Ayrica ¢aligsmalarda golgede yetistirilen Salvia officinalis’te diger bir fotosentetik pigment karotenoid,
tam glines 1s1¢1na maruz kalan bitkiler ile karsilastirildiginda daha ytiksek bulunmustur (Zervoudakis
ve ark., 2012; Mapes ve Xu, 2014; Rezai ve ark., 2018).

Bitkilerde 1s18in neden oldugu stres durumlarinin etkiledigi bir diger unsur fotosentez
verimliligidir (Fv/Fm). Diisiik 151k, iki fotosistem (PS I ve II) arasinda dengelenen 151k toplama ve/veya
elektron tasinmasi yoluyla, genellikle bitkilerdeki 1s1ik reaksiyonlarinin oranini diisiiriir. Bu nedenle,
karanlik reaksiyonlarda karbon fiksasyonunu ve genel fotosentez oranini smirlanir (Maxwell ve
Johnson 2000). Calismalarda Salvia officinalis bitkilerinde Fv /Fm’nin diisiik 151k yogunlugunda
azaldig1 belirlenmistir (Mapes ve Xu, 2014).

Ozon Stresine Karsi indiiklenen Yamtlar

Troposferik ozon (O3z), degisen iklim kosullar1 ve antropojenik faaliyetler nedeniyle diinyanin
bir¢ok yerinde seviyesi artmasi beklenen gaz halindeki en 6nemli kirleticidir. Konsantrasyonuna ve
cevresel kosullara bagli olarak O3’iin, Salvia officinalis bitkilerinde belirli biyokimyasal ve molekiiler
yanitlar1 indiikleyerek fonksiyonel ve genik seviyelerde bir dizi olumsuz etkiye neden oldugu
bildirilmistir (Pellegrini ve ark., 2015; Marchica ve ark., 2019).

Ossstresinin bitkilerde neden oldugu fizyolojik etkilerden biri, metabolik ve hiicrede ultra yapisal
degisiklikler, hiicresel entegrasyonun pargalanmasi, fotosentetik aktivitede azalma ve klorofil
bozunmasi sonucu meydana gelen yaslanmadir (Munné Bosch ve Alegre, 2004). Calismacilar, Salvia
officinalis bitkilerine 90 ardigik giin (5 saat giin) 120 ppb uyguladiklari ozon fiimigasyonu sonunda
bitkilerde, membran hasarina ve hiicresel su kaybina bagli olarak yaprak yaslanmasi, yaprak sararmasi
ve absisyon goriildiigiinii bildirmislerdir (Pellegrini ve ark., 2015).

O3 gibi abiyotik stresler sirasinda, agir1 tiretilen ROS'un atilmasinda fenolik bilesiklerin yani sira,
ozmoprotektan adli uyumlu ¢6ziinebilen maddeler de hiicre i¢i biyokimyayr bozmadan yiiksek
seviyelerde birikebilir. Yapilan bir g¢alismada, ozon stresine maruz kalan Salvia officinalis
yapraklarinda monosakkarit ve disakkarit konsantrasyonu, seker alkol seviyeleri ve toplam
karbonhidratlarin artisi bildirilmistir. Ozon stresli yapraklarda azalmis fotosentetik aktivite, ksantofil
pigmenterinde azalma (anteraxanthin + violaxanthin), klorofil kayb1 (klorofil a ve b) ve fenol birikimi
tespit edilmistir. Tiim bu olaylar, ksantofil dongiisii, antioksidan bilesikler (kafeik asit ve rosmarinik
asit) ve suda ¢oziiniir karbonhidratlar (6zellikle monosakkaritler) tarafindan saglanan fotoprotektif
etkiye ragmen kloroplastlardaki oksidatif stresin gostergesi olarak kabul edilmistir. Ek olarak,
fotoinhibitor hasarlardan korunmada karotenoidlerin ozon stresindeki gorevi 6nemi arastirilmis ve
ROS'a kars1 fotosentetik membranlarin koruyuculart olarak gorev yaptigi, 6zellikle Oz stresli Salvia
officinalis tiiriinde ksantofil dongiistiniin aktivitesini arttirdigi bildirilmistir (Pellegrini ve ark., 2015).

Salvia officinalis bitkilerinde, Oz’iin maruziyetine karsi toleranslarini artirmak igin belirli
biyokimyasal ve molekiiler yanitlar1 indiikleyerek gen ekspresyonunu uygun diizenlemelerle
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etkinlestirdigi de belirlenmistir (Marchica ve ark., 2019). Bitkilerde oksidatif stres, genik ekspresyonun
pozitif veya negatif diizenleyicileri olarak islev gorebilen WRKY'ler gibi bazi transkripsiyon faktorii
(TF) familyalarimin aktivasyonunu harekete gecirebilir. WRKY TF’ler, bitkilerde biiylik bir
diizenleyici protein ailesidir. Cogu WRKY proteinleri, hem stres algisinda hem de sinyal iletiminde ve
redoks diizenlemesinde yer alan biyotik ve abiyotik stres indiikleyici genlere bitki toleransinda 6nemli
bir rol oynamaktadir (Khan ve ark., 2018; Marchica ve ark., 2019). Os'e maruz birakilan Salvia
officinalis bitkisinde WRKY"leri i¢in alt1 gen dizisi tanimlanmis, 2 ve 5 saatlik maruziyette WRKY4,
WRKY5, WRKY11, WRKY46 genlerinin transkript seviyelerinde ciddi bir artis, WRKY23 gen
ekspresyonunda ise azalma tespit etmislerdir. WRKY'lerin Salvia officinalis’in Oz stresi sirasinda
sinyal mekanizmalarinda onemli bir rol oynayabilecegini gosterilmistir. Arastirmacilar, Salvia
officinalis bitkisinde Os’¢ maruz kalmanin ilk saatlerinde, anyon siiperoksitin hizli bir sekilde artis
gbstermesinin gecici bir oksidatif patlamaya neden oldugu bildirilmistir. Ek olarak, Os'iin membran
yag asitleri ile reaksiyonu -tiyobarbitiirik asit reaktif madde konsantrasyonunun artmasiyla belirlenen-
peroksidatif siirecleri uyarmis ve bitkinin oksidatif patlamayi en aza indirmek i¢in hiicresel antioksidan
mekanizmalart indiikleyerek salisilik ve jasmonik asit birikimi ve absisik asit artist gosterdigi
belirlenmistir (Marchica ve ark., 2019).

SONUC

Bitkiler, optimum biiyiimelerini slirdiirmek i¢in enerji, su ve mineral gibi kaynak dengelerine
ihtiya¢ duyar. Ancak bitkisel liretimde bitkinin gelismesini ve farklilagmasini etkileyen biyotik ve
abiyotik stres faktorleri bulunabilir. Stres faktorlerinin siddeti, siiresi, strese maruz kaldig1 doku ve organ
tiirii bitkisel iiretimi dogrudan veya dolayli etkilemektedir (Oztiirk, 2015). Bitkiler, gevresel stres
faktorlerinin olusturdugu dengesizlikleri telafi etmek icin hiicreden ekosisteme kadar degisebilen
etkileyici bir adaptasyon sergileyebilirler.

Diinyada kullanim alani ve talebi artan Salvia officinalis tiiriiniin son yillarda iilkemizin farkli
illerinde yetistiriciligi yapilmakta her yil tonlarca adagayi ihra¢ edilerek iilkeye doviz girdisi
saglanmaktadir. Ulkemizin farkli iklim, toprak yapisi ve cografik kosullarinda tarimi yapilan, i¢ ve dig
pazarda 6nemli bir yere sahip olan Salvia officinalis’in yetistiriciliginde diinya piyasalarinin ihtiyag
duydugu standartlarda, kaliteli ve yiiksek verimli liretimi s6z konusu oldugunda cevresel faktorlerin
tarimsal basariya etkisinin bilinmesi gereklidir. Bu derlemede Salvia officinalis yetistiriciligi
uygulamalarinda bitkilerin baz1 abiyotik stres faktorlerine verdikleri yanitlar arastirilmistir.
Arastirmalarda farkli abiyotik streslerin bu tiirde farkli tepkileri tetikledigi anlagilmistir.

Ozetle, Salvia officinalis bitkisinde orta dereceli kuraklikta yaprak yaslanmasinin goriildiigii
(Munne’-Bosch ve ark., 2001), yapraklarinin kontrol bitkilere kiyasla daha az, kuru, kiigiik ve ince
govdeli oldugu (Bettaieb ve ark., 2009), toprakiistii kisimlarinda yavaslamis biiyiime (Bettaieb ve ark.,
2009), azalmis nispi su igerigi ve biyokiitlesi (Nowak ve ark., 2010; S6nmez, 2015) ile toplam klorofil
iceriginde azalma (Bettaieb ve ark., 2009) ve fotosentez oraninda diisiis (Sonmez, 2015) tespit edilmistir.
Ancak orta dereceli kuraklikta, kontrol gruplarina gore daha yiiksek ucucu yag icerigi, ugucu yag
verimleri ve yliksek terpen konsantrasyonlar elde edildigi bildirilmistir (Nowak ve ark., 2010; Sonmez,
2015; Yurdcu, 2019). Bitkinin orta dereceli tuzluluk kosullarinda ise boyu, dal sayisi, yesil ve drog
herba, biyokiitle gibi birgok vejetatif biiylime karakterinin olumsuz etkilendigi bildirilmistir (Hendawy
ve Khalid, 2005; Taarit ve ark., 2009; Taarit ve ark., 2010; Kulak ve ark., 2020). Daha yiiksek tuzluluk
kosullarinda ise fotosentetik enzimlerin, klorofil ve karotenoidlerin bozularak fotosentetik siirecin
olumsuz etkilendigi, bunun sonucu olarak yaslanma ve oliimiin kacinilmaz hale geldigi belirtilmistir
(Tounekti ve ark., 2011; Jouyban, 2012; Tounekti ve ark., 2012). Isik stresi ile iligkili olarak, 151k
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yogunlugunun diisiik oldugu kosullarda bitki boyunda artis (Mapes ve Xu, 2014; Kili¢ ve Boliikbas,
2020), yaprak boyutu, genisligi (Kili¢ ve Boliikbasi, 2020), yaprak ¢ikis hizi (Mapes ve Xu, 2014) ve
sayis1 (Zervoudakis ve ark., 2012) ile biyokiitlede azalma (Zervoudakis ve ark., 2012; Rezai ve ark.,
2018) goriiliirken, yiiksek 1s1ma altinda biiyliyen bitkilerde genellikle 151k enerjisini asir1 emmeleri
nedeniyle fotosentetik aparatin inaktivasyonu veya kloroplastlarin klorofil igeren reaksiyon
merkezlerinde bozulma sonucu bitki biiylime oraninda azalma (Rezai ve ark., 2018) tespit edilmistir.
Salvia officinalis’te sicaklik ve ozon stresinin etkileri ise molekiiler diizeyde arastirilmis, tekrarlanan
sicaklik stresinde bitkinin biyokimyasal mekanizmalar ve fitohormonlar sayesinde, sicaklik stresinin
izini stirdiiriip "hafiza" etkisi uygulayabildigi (Asensi-Fabado ve ark., 2013), ozon stresinde ise oksidatif
patlamayr en aza indirmek i¢in hiicresel antioksidan mekanizmalar1 indiikleyerek yanit verdigi
belirtilmistir (Marchica ve ark., 2019).

Salvia officinalis ile yapilan pek ¢ok ¢alismada bitkilerin tepkilerine ve ¢evrenin tekil dzelliklerine
kars1 olusturduklar1 adaptasyonlarina odaklanilmistir, ancak yetistirilme ortaminda dogadaki diger
bitkiler gibi es zamanl ya da farkli zamanlarda birden fazla stresle karsilasabilirler. Bu nedenle adagay1
yetistiriciligi uygulamalarinda bitkilerin farkli abiyotik stres faktorlerinin kombinasyonuna verdikleri
molekiiler yanitlar ve bu yanitlarla indiiklenen tolerans mekanizmalarinin belirlenebilmesi i¢in daha
fazla caligmaya ihtiyag vardir. Adagay1 yetistiriciliginde bitkinin ihtiya¢ duydugu kaynaklar1 belirlemek,
su, tuz, 151k, sicaklik, besin gibi birden fazla ¢evresel bileseninin bitki tizerine etkilerini bilmek ve bunlari
uygun tarimsal tekniklerle gelistirmek hem maliyet agisindan fayda saglar hem de kaliteli {iriin
yetistiriciligine katkida bulunur.

Cikar Catismasi
Makaleye ait galigmanin planlanmasi, yiiriitiilmesi ve makalenin yazilmasi asamalarinda herhangi
bir ¢ikar ¢atigmasi olmadigin1 beyan ederim.

Yazar Katkisi
Makalenin planlanmasi, yiiriitiilmesi ve yazilmasi makale tek yazari olarak tarafimca yapildigi
beyan ederim.
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Taguchi Deneysel Tasarim Yontemi Kullanilarak Bromfenol Mavisi Biyosorpsiyonunun Modellenmesi ve Denge
izotermleri

Dilek GUMUSY, Fatih GUMUS?

OZET: Suortaminda boyalarim varligi, ekosistem kalitesini olumsuz etkiledigi igin kiiresel bir sorundur. Tehlikeli boyalarm
biyosorpsiyon yontemiyle ayrilmasi diisiik maliyetli ve etkili bir yontem olarak kullanilmaktadir. Bu ¢aligmada Fomes
fomentarius (L.) Fr. ve Trametes versicolor (L.) Lloyd biyosorbent olarak kullanilarak sulu ¢6zeltiden Bromfenol Mavisinin
giderimi ¢aligtlmistir. Taguchi deney tasarrminda Lo (3%) ortogonal dizi (OD) kullanilarak baslangic pH degeri (2, 7, 12)
baslangi¢ boya konsantrasyonu (25, 50, 75 mg L) ve temas siiresi gibi (30, 150, 270 dk) kontrol edilebilir 3 faktér ve her
faktoriin 3 farkli seviyesinin biyosorpsiyon siirecindeki istatistiksel iligkileri arastirilmis ve sistemin optimizasyonu
yapilmistir. Deneysel ¢alismalar sonucunda parametrelerin optimum degerleri F. fomentarius ile biyosorpsiyonda temas
siiresi 270 dk, baslangi¢c pH degeri 2 ve baslangi¢ boya konsantrasyonu 50 mg L%, T. versicolor ile biyosorpsiyonda temas
siiresi 150 dk, baslangic pH degeri 2 ve baslangic boya konsantrasyonu 50 mg L olarak belirlenmistir. Belirlenen optimum
kosullardaki boya giderim verimleri F. fomentarius i¢in %78.34, T. versicolor i¢in %69.28 olarak bulunmustur.
Biyosorpsiyon izotermleri Langmuir ve Freundlich denklemleri kullanilarak modellenmistir. F. fomentarius ile yapilan
deneylerde en iyi model uyumu Freundlich izotermi ile T. versicolor ile yapilan deneylerde en iyi uyum Langmuir izotermi
ile saglanmistir. Giderim performanslari géz Oniinde bulunduruldugunda her iki biyosorbentin de boya endiistrisi
atiksularinin gideriminde diigiik maliyetli ve etkili biyosorbentler olarak degerlendirilebilecekleri sonucuna vartlmistir.

Anahtar Kelimeler: Biyosorpsiyon, Bromfenol Mavisi, Fomes fomentarius, deney tasarimi, dogrusal olmayan izoterm,
Trametes versicolor.

Modeling of Bromphenol Blue Biosorption Using Taguchi Experimental Design Method and Equilibrium Isotherms

ABSTRACT: The presence of dyes in the aquatic environment is a global problem because of the negative consequences
on the ecosystem quality. Adsorption process is used as a low cost and effective method for removing hazardous dyes. This
study investigated removal of Bromophenol Blue from aqueous solutions by Fomes fomentarius and Trametes versicolor.
The statistical relationships of the parameters in the biosorption process by considering three controllable factors including
initial pH value (2, 7, 12), initial dye concentration (25, 50, 75 mg L) and contact time (30, 150, 270 minutes) were
investigated at three different levels and the biosorption process was optimized using Taguchi orthogonal array (Lg OA)
experimental design. As a result of experimental studies, the optimal dye removal conditions were determined as the contact
time of 270 minutes, pH: 2 and initial Bromophenol Blue concentration of 50 mg L for F. fomentarius. The optimal dye
removal conditions were determined as the contact time of 150 minutes, pH: 2 and initial Bromophenol Blue concentration
of 50 mg L for T. versicolor. For F. fomentarius and T. versicolor, the removal efficiencies at optimum conditions were
78.34% and 69.28%, respectively. Biosorption isotherms were modeled using the Langmuir and Freundlich models. The
biosorption of Bromephenol Blue on F. fomentarius and T. versicolor fitted better in the Freundlich and Langmuir models
by non-linearized equations, respectively. Both biosorbents can be promising for dyes removal from aqueous environment.

Keywords: Biosorption, Bromophenol Blue, Fomes fomentarius, experimental design, non-linear isotherm, Trametes
versicolor.
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Taguchi Deneysel Tasarim Yéntemi Kullanilarak Bromfenol Mavisi Biyosorpsiyonunun Modellenmesi ve Denge izotermleri

GIRIS

Canl1 yagsami i¢in hayati 6neme sahip su kaynaklar1 ¢esitli endiistrilerin zararli kimyasal atiklarini
uygun sekilde bertaraf etmemesi neticesinde hizla kirlenmekte ve kiiresel ¢capta olusacak su krizlerine
de zemin hazirlamaktadir (Zare ve ark., 2018). Bu endiistriler arasinda ticari boya kullanan tekstil, deri,
kozmetik, gida, baski ve kagit endiistrileri de yer almakta ve 100 000’den fazla ticari boya tiirii igeren
renkli atiksu alici ortama desarj edilmektedir (Katheresan ve ark., 2018). Boya endiistrisi atiksular1 canli
organizmalar lizerindeki toksik etkilerinin yani sira ¢ok diisiik konsantrasyonlarda bile giines 15181 ve
oksijen girisini engelleyerek sucul sistemlerin fotosentetik faaliyetleri lizerinde ciddi hasara neden
olabilmektedir. Ustelik boyalar karmasik kimyasal yapilarindan dolayr bulunduklar1 ortamda
stabilitelerini uzun siire koruyabilmektedirler (EI-Gamal ve ark., 2015). Tiim bunlardan dolay1 boya
kullanan endiistrilerin atiksularini desarj etmeden Once renklendirici maddeleri elimine etmeleri son
derece 6nemlidir.

Boya endiistrisi atiksularinin aritilmasinda adsopsiyon, elektrokoagiilasyon, membran filtrasyon,
fotodegradasyon, ozonlama gibi bir¢ok yontem onerilmistir (Seow ve Lim, 2016). Ancak tiim bu
yontemlerin ¢cogu maliyetli ve pratikte uygulanabilirlikleri sinirlidir. Bu noktada adsorpsiyon iglemleri
tasarim ve kullanim kolayliklarinin yani sira farkli karakterdeki boyalarin giderimine elverigli olmalari
ve nispeten daha diisiik maliyetleri nedeniyle tercih sebebi olmustur. Bu baglamda siirdiiriilebilir ve doga
dostu biyosorbent arastirmalari halen popiilerligini yitirmemistir.

Bu ¢alismada biyosorbent olarak Fomes fomentarius ve Trametes versicolor makro mantarlari
kullanilarak basta tekstil endiistrisi olmak tizere birgok endiistride siklikla kullanilan bir boya tiirii olan
Bromfenol Mavisi giderimi ¢alisilmistir. Yerel olarak elde edilebilen mantar atiklarinin dogal haliyle
kullanilabilmesi, ucuz ve bol bulunabilir olmas1 hem maliyet hem de siirdiiriilebilirlik acisindan bir
avantaj olarak goriilmiis ve alternatif bir biyosorbent olabilecekleri girisimiyle arastirma yapilmistir.
Literatiirde daha dnce F. fomentarius ile Metilen Mavisi ve Rhodamine B boyalariyla (Maurya ve ark.,
2006) T. versicolor ile kadmiyum, kursun gibi ¢esitli agir metaller ve boyalarla ilgili biyosorpsiyon
calismalar1 yapilmis (Subbaiah ve ark., 2011) ancak Bromfenol Mavisi ile bu kapsamda bir ¢alisma
yaptlmamustir.

Calismada pH, biyosorpsiyon siiresi ve kirletici konsantrasyonu gibi en 6nemli parametrelerin
giderim verimi lizerine etkileri arastirilmis ve Taguchi deneysel tasarim metodu kullanilarak proses
optimizasyonu saglanmustir. Istatistiksel tekniklere dayanan deney tasarim yontemlerinin kullaniminmn,
saglam tasarim ¢ozlimleri sunmanin yani sira maliyetleri diisiirme ve kaliteyi iyilestirmede de avantajlar
sagladig1 bilinmektedir (Googerdchian ve ark., 2018). Deneysel veriler denge izoterm modelleri
acisindan da analiz edilerek degerlendirilmis ve karsilastirilmistir.

MATERYAL VE METOT

Materyal

Calismada kullanilan aromatik boya Sigma (Aldrich) firmasindan temin edilmistir. Tim
kimyasallar analitik safliktadir. Cift damitilmis su ile stok boya ¢ozeltisi (1 g L™!) hazirlanmis ve karanlik
kosullarda saklanmistir. Cozeltilerin ilk pH’lart 0.1 N hidroklorik asit (HCI) ve 0.1 N sodyum hidroksit
(NaOH) ¢ozeltileriyle ayarlanmistir. Calismada kullanilan biyosorbentler Sinop bolgesindeki ormanlik
alandan toplanmustir.

Mantarlar ilk 6nce distile su ile yikanmig daha sonra 60 °C’de sabit tartima gelene kadar
kurutulmustur. Kurutulan biyosorbentler Waring marka laboratuvar tipi 6giitiiciide égiitiilerek standart
bir elek yardimiyla 250 um partikiil boyutuna getirilmistir. Kullanima hazir olarak uygun bir cam sisede
muhafaza edilmistir.
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Kesikli biyosorpsiyon deneyleri oda sicakliginda 100 mL hacimli bir dizi erlenmeyer sigesine 50
mL boya ¢ozeltisi ve (1g L) biyosorbent ilave edilmesi ile gerceklestirilmistir. Siseler 150 rpm hizinda
periyodik olarak ¢alkalanmistir. Biyosorpsiyondan sonra, biyosorbenti ¢ozeltiden ayirmak icin, ¢cozelti
santrifiijjlenmistir ve boya konsantrasyonu UV-visible spektrofotometre kullanilarak 433 nm’de
Olclilmiistiir (Zeroual ve ark., 2006). Boya ¢ozeltisi i¢in hazirlanan kalibrasyon egrisi yardimiyla
konsantrasyonlar hesaplanmistir. Deneysel c¢alismanin sematik gosterimi Sekil 1’de verilmistir.
Kirleticinin molekiilleri ile biyosorbentin yiizeyi arasindaki etkilesimi tanimlayabilmek i¢in denge
verileri Langmuir ve Freundlich izoterm denklemleri kullanilarak MS Excel veri ¢6ziicii (solver) ile
modellenmis ve hata degerleri (SSE) programda hesaplanmistir. Tutarli ve tekrarlanabilir deneysel
veriler elde edebilmek i¢in deneysel ¢alismalar iki tekrarli yapilmis ve ortalama degerler kullanilmistir.

—

23
e

E=o

Sekil 1. Deneysel calismanin sematik gosterimi

Taguchi Deney Tasarimi

Taguchi deney tasarim yontemi en aza indirgenmis deney sayist ile optimize edilmis en uygun
parametre kombinasyonlarini belirlemek amaciyla kullanilmaktadir (Googerdchian ve ark., 2018;
Taguchi, 1990). Ortogonal dizilerden (OD) yararlanilan tasarim metodunda Lo (3%) OD kullanilmis pH,
baslangic¢ boya konsantrasyonu ve biyosopsiyon zamani gibi kontrol edilebilir i 6nemli faktoriin etkisi
incelenmistir. Her faktor icin ti¢ farkli seviye belirlenmistir. Bu belirlemeler yapilirken literatiirde daha
once yapilan ¢alismalar ve 6n deneylerin sonuglart dikkate alinmistir.

Deney plan1 Cizelge 1’°de sunulmustur. Bu plan dogrultusunda 9 farkli deney yapilmistir (Cizelge
2). Tasarim yonteminde degerlendirme Olgiitii sinyal/giiriiltii (S/N) faktorii oramidir. Giderim
performansi degerlendirilirken hedef maksimum giderim kapasitesi oldugu i¢in “daha biiyiik daha
1yidir” performans istatistigi tercih edilmistir. Taguchi’nin ve 6nemli parametrelerin etkisi ve siiregteki
katkis1 varyans analizi ile degerlendirilmistir. Tasarim ve degerlendirme ¢alismalar1 Minitab 17
istatistiksel yazilim programu ile yapilmistir.

Cizelge 1. Tasariminin faktorleri ve seviyeleri

Faktor Birim L1 L2 Ls
Baslangi¢ pH degeri 2 7 12
Boya konsantrasyonu mg L* 25 50 75
Biyosorpsiyon zamani dk 30 150 270
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Cizelge 2. Taguchi Lo OD deneysel dizayni

Deney no t (dKk) pH C(mgL?)
1 30 2 25
2 30 7 50
3 30 12 75
4 150 2 50
5 150 7 75
6 150 12 25
7 270 2 75
8 270 7 25
9 270 12 50
BULGULAR VE TARTISMA

Taguchi Deney Tasarimi Yontemi ile Biyosorpsiyon Prosesinin Optimizasyonu

Biyosorbentlerin boya giderme verimliligi (%) materyalin Taguchi Ly OD yaklagiminda bir
performans parametresi olarak secilmis ve elde edilen yanit verileri S/N oranina doniistiiriilmiistiir (daha
biiyiik daha iyidir). Boya giderimi yiizdeleri (% giderim) ve S/N oranlar1 F. fomentarius ve T. versicolor
icin sirastyla Cizelge 3 ve Cizelge 4’te verilmistir. Onemli parametrelerin etkisi ve siiregteki katkis1
varyans analizi ile degerlendirilmistir.

Cizelge 3. F. fomentarius ile biyosorpsiyon prosesinde Taguchi Lg OD deneysel tasariminda boya
giderimi ylizdeleri ve S/N oranlari

No t (dk) pH C (mgL?) % giderim SIN

1 30 2 25 44.75 33.01
2 30 7 50 9.56 19.61
3 30 12 75 1.07 0.57
4 150 2 50 82.20 38.30
5 150 7 75 9.71 19.75
6 150 12 25 3.09 9.80
7 270 2 75 75.66 37.58
8 270 7 25 10.6 20.50
9 270 12 50 5.42 14.68

Cizelge 4. T. versicolor ile biyosorpsiyon prosesinde Taguchi Lo OD deneysel tasariminda boya giderimi
yiizdeleri ve S/N oranlar1

No t (dk) pH C(mgL?) % giderim SIN

1 30 2 25 31.65 30.01
2 30 7 50 6.71 16.53
3 30 12 75 0.82 -1.72
4 150 2 50 69.28 36.81
5 150 7 75 8.69 18.78
6 150 12 25 2.46 7.82
7 270 2 75 68.82 36.75
8 270 7 25 1.45 3.23
9 270 12 50 2.21 6.89
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Cizelge 5. F. fomentarius ile biyosorpsiyon prosesinde boya gideriminde ANOVA ¢alismasinin

sonugclari
kaynak df Seq SS Adj SS Adj MS F P
t (dk) 2 68.94 68.94 34.47 5.06 0.165
pH 2 1182.33 1182.33 591.167 86.75 0.011
C 2 36.73 36.73 18.364 2.69 0.271
hata 2 13.63 13.63 6.815 - -
toplam 8 1301.63 - - - -

Cizelge 6. T. versicolor ile biyosorpsiyon prosesinde boya gideriminde ANOVA ¢alismasinin sonuglari

Kaynak df Seq SS Adj SS Adj MS F p
t (dk) 2 16.33 16.33 8.163 0.23 0.811
pH 2 1949.68 1949.68 974.842 27.83 0.035
C 2 412.23 412.23 206.115 5.88 0.145
Hata 2 70.06 70.06 35.031 - -
Toplam 8 2448.30 - - - -

Main Effects Plot for SN ratios
Data Means.

2

t ph S
s
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Sekil 2. F. fomentarius ile biyosorpsiyon prosesi optimizasyonunda parametrelerin etkileri

Main Effects Plot for SN ratios
Data Means.
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Sekil 3. T. versicolor ile biyosorpsiyon prosesi optimizasyonunda parametrelerin etkileri

En yiiksek yanit degeri her degiskenin en iyi seviyesini belirlemistir ve ¢alisilan parametreler
arasinda optimum olarak yorumlanmig ve secilmistir. Sekil 2 ve 3 incelendiginde F.fomentarius igin
zamanda en iyi yanit 3. seviye olan 270 dk, baslangi¢c pH degeri i¢in 1. seviye olan 2 ve baslangic boya
konsantrasyonu igin 2. seviye olan 50 mg L belirlenmistir. T. versicolor igin zamanda en iyi yanit 2.
seviye olan 150 dk, baslangi¢c pH degeri i¢in 1. seviye olan 2 ve baslangi¢ boya konsantrasyonu igin 2.
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seviye olan 50 mg L belirlenmistir. Cizelge 5 ve 6°da verilen ANOVA sonuglarindan hesaplanan F ve
p degerleri dogrultusunda baslangi¢c pH degerlerinin (p<0.05 oldugu i¢in) biyosorpsiyonda istatistiksel
olarak anlamli ve etkili bir parametre oldugu sdylenebilir. Analiz sonucunda F. fomentarius ile
biyosorpsiyonda 270 dk sonunda, baslangi¢c pH degeri 2 ve 50 mg L baslangi¢ boya konsantrasyonu
kosullarinda %76.7 giderim, 41.68 (S/N) oran1 ve T. versicolor ile biyosorpsiyonda 150 dk sonunda,
baslangic pH degeri 2 ve 50 mg L baslangic boya konsantrasyonu kosullarinda %66.77 giderim 41.27
(S/N) orani1 belirlenmistir. Belirlenen kosullar i¢in yapilan dogrulama deneylerinde F. fomentarius ile
biyosorpsiyonda %78.34 boya giderimi ve T. versicolor ile biyosorpsiyonda %69.28 boya giderimi
edilmistir. Elde edilen degerlerin birbirleri ile tutarli olmasi modelin parametrelerin etkisini agiklamada
oldukca basarili oldugunun gostergesidir.

Her iki biyosorbent i¢in de diisiik pH degerinde ¢ok daha iyi sonuclar elde edilebilecegi
goriilmiistiir. Boyanin kimyasal yapisina da bagl olarak ¢ozelti pH’s1 diistiigiinde H iyonlar1 artisiyla
boyanin adsorplanma kabiliyetinde artis olmustur. Benzer bulgulardan literatiirde bahsedilmektedir.
Bromfenol Mavisi giderimi i¢in mantar biyokiitlesi ile adsorpsiyonda ve grafen oksit fonksiyonlu
manyetik kitosan kompozit ile adsorpsiyonda maksimum giderimler asidik pH (2) degerinde olmustur
(Zeroual ve ark., 2006; Sohni ve ark., 2018). Boyanin asidik pH'da aliminin artmasi, biyosorbent ve boya
arasindaki elektrostatik etkilesimler agisindan agiklanabilir. Azalan pH ile biyosorbentte fazlaca zayif
baz grubu protonlanir ve net bir pozitif yiik elde edilir. Bu yiiklii bolgeler, Bromfenol Mavisi boyasi gibi
anyonik gruplara baglanmak i¢in kullanilabilir hale gelir. Hidrojen iyonlar1 ayrica biyosorbent ile boya
molekiilii arasinda bir koprii ligandi olarak islev goriir (Zeroual ve ark., 2006). Mantar hiicre duvari,
boya molekiillerini baglayabilen ¢esitli fonksiyonel gruplarla (amino, karboksil, tiol ve fosfat gruplar
gibi) polisakkaritler (kitin ve kitosan), proteinler, lipitler ve melaninden olugmaktadir. Ayrica mantar
biyokiitlesi piiriizlii ve gozenekli bir yiizeye sahiptir. Bu ylizey 6zelligi, toplam yiizey alaninda artis
saglayan bir faktor olarak diisiiniilmektedir (Bayramoglu ve Arica, 2007).

Biyosorpsiyon Prosesinin Izoterm Modellemesi

Biyosorpsiyon sisteminin denge verileri Freundlich (1906) ve Langmuir (1918) izotermleri
kullanilarak modellenmistir. Deneyler, Taguchi tasarimi kullanilarak belirlenen parametrelerin optimum
seviyesi kullanilarak gergeklestirilmistir. F. fomentarius i¢in 270 dk ve baslangi¢c pH degeri 2 ile T.
versicolor icin 150 dk ve baslangig pH degeri 2 olarak baslangig konsantrasyon 25, 50 ve 75 mg L™
olarak degisen oranlarda caligilmistir.

Freundlich ge = Kp Cel/™ (1)
. __qmkK; Ce
Langmuir qe =" )

ge ve gm denge ve maksimum biyosorpsiyon kapasiteleri (mg g ), Ke, ne ve K. Freundlich ve
Langmuir model sabitleri ve Ce (mg L) Kirletici konsantrasyonudur. Lineer olmayan model
denklemleriyle hesaplanan biyosorpsiyon kapasiteleri Cizelge 7°de verilmistir. En kiiciik hata degeri ve
en yiiksek R? degeri en uygun modeli belirlemistir. Her iki modelde de yiiksek R? degeri ile uyum elde
edilmistir. F. fomentarius ile yapilan deneylerde en iyi model uyumu Freundlich izoterminde saglanirken
T. versicolor ile yapilan deneylerde en iyi uyum en diisiik hata degeri ile Langmuir izotermi ile
saglanmigtir. Langmuir denklemiyle maksimum biyosorpsiyon kapasitesi F. fomentarius igin 182.23 mg
gl, T. versicolor igin 142.33 mg g? olarak hesaplanmistir. Langmuir ve Freundlich lineer olmayan
izoterm denklemleri ile modelleme uyumu Sekil 4’te gosterilmistir.
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Cizelge 7. Model parametreleri

Model parametreleri F. fomentarius T. versicolor
Freundlich izoterm modeli
K (mgl- 1/n Ll/n g -1) 5.94 4.24
1/ne 0.779 0.761
Hata (SSE) 1.67 1.026
R? 0.9975 0.9999
Langmuir izoterm modeli
gm (mg g 182.23 142.33
KL (L mg?) 0.0249 0.021
RL (0.35-0.62) (0.39-0.66)
Hata (SSE) 5.26 0.008
R? 0.9931 0.9971
60 60
_ F. fomentarius - T. versicolor
a0 40 "o 40
g —i3— Deneysel E —=a— Deneysel
g 20 @®— Freundlich g 20 @— Freundlich
—&— Langmuir —&— Langmuir
0 0
0 15 20 0 30

10 10 20
Ce (mg L?) Ce (mg LY

Sekil 4. Langmuir ve Freundlich lineer olmayan izoterm denklemleri ile modelleme

Karsilastirma Calismasi

Literatiirde yer alan c¢esitli adsorbanlarin Bromfenol Mavisi giderim kapasitelerinin
karsilastirilmas1 Cizelge 8’de verilmistir. Ayrica c¢alismada kullanilan biyosorbentlerin dogrusal
olmayan Langmuir model denklemiyle hesaplanan maksimum giderim kapasiteleri de hesaplanarak
cizelgede sunulmustur. Her iki biyosorbent de Bromfenol Mavisi gideriminde literatiirdeki bir¢ok
adsorbana gore yiiksek bir adsorplama kabiliyeti sergilemistir.

Cizelge 8. Cesitli adsorbanlarin Bromfenol Mavisi giderme kapasitelerinin karsilastirilmasi

(gmax) (Mg g1) Adsorbent Referans

30.32 Nano CuO Rashad ve Al-Aoh 2019
22.72 a-chitin Dhananasekaran ve ark.,2016
1.89 Aktif karbon Dada ve ark., 2012

182.23 Fomes fomentarius Bu ¢alisma

142.33 Trametes versicolor  Bu g¢alisma

SONUC

Bu calismada kolay erisilebilir ve ¢evre dostu sorbentler olan F. fomentarius ve T. versicolor
kullanilarak sulu ¢ozeltiden Bromfenol Mavisi giderimi ¢alisilmistir. Biyosorpsiyon i¢in optimum
kosullar Taguchi yontemi ile tasarlanmis ve deneysel olarak belirlenmistir. Analiz sonucunda F.
fomentarius ile 270 dk sonunda, baslangic pH degeri 2 ve baslangi¢ boya konsantrasyonu 50 mg L*
kosullarinda %76.7 giderim verimi, 41.68 (S/N) orani ve T. versicolor ile 150 dk sonunda, baslangi¢c pH
degeri 2 ve baslangi¢ boya konsantrasyonu 50 mg L kosullarinda %66.77 giderim verimi, 41.27 (S/N)
orant belirlenmistir. Belirlenen kosullar i¢in yapilan dogrulama deneylerinde F.fomentarius ile
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biyosorpsiyonda %78.34 boya giderim verimi ve T. versicolor ile biyosorpsiyonda %69.28 boya giderim
verimi elde edilmistir. Denge izotermleri Langmuir ve Freundlich izoterm denklemleri kullanilarak
modellenmistir. F. fomentarius ile yapilan deneyler Freundlich izotermi ile T. versicolor ile yapilan
deneyler Langmuir izotermi ile daha iyi uyum saglamistir. Elde edilen sonuglar 1s18inda deneysel
tahminler ve dogrulama sonuglar1 birbirine ¢ok yakin degerler oldugu i¢in Taguchi (Lg (3%) OD) deney
tasariminin boya endiistrisi atiksularinin arittminda biyosorpsiyon prosesi tasariminda kullanilmasi
onerilmektedir. Bununla birlikte Fomes fomentarius ve Trametes versicolor’un literatiirdeki gogu
adsorbente kiyasla olduke¢a yiiksek boya giderim kapasitesi sergiledigi belirlenmistir.

Cikar Catismasi

Makale yazarlari aralarinda herhangi bir ¢ikar catismast olmadigini beyan ederler.
Yazar Katkisi

Yazarlar makaleye esit oranda katki saglamis olduklarini beyan eder.
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which have been acquired from the relevant public authorities were used to proposed model. Regional factors
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INTRODUCTION

The population growth in urban areas boosts consumption per capita, which results in waste
production. The natural environment and public health are under the pressure of waste production.
Therefore, waste management is a vital requirement to maintain a sustainable environment and reduce
the negative effects of wastes on the environment and public health (Di Vaio et al., 2019). A landfill is
an engineered technic for disposing of waste in specially built and preserved bodies on the land surface
or in excavations into the land surface. Within the landfill, biological, chemical, and physical processes
occur, and they promote the degradation of wastes and result in the formation of leachate and gases.
Landfills play an essential role in waste management strategies, and landfilling is a feasible and
commonly accepted solution for the disposal of solid waste worldwide and in Turkey (Vaverkova et al.,
2019). Site selection of waste management facilities can be a significant issue, as all infrastructural
projects can damage the site's ecology. They are developed, causing landscape changes, loss of habitats,
and displacement of fauna. Such impacts are generally site-specific and need to be assessed on a case-
by-case basis (Danthurebandara et al., 2012). During the process of site selection, an environmental
impact assessment should be done so that the optimum solution that provides the lowest cost and
promotes the lowest range in ecological impact risk assessment is accomplished (Beskese et al., 2015)

Landfill site selection is related to specific factors and limitations defined by natural and artificial
thresholds and legislation. Legal provisions may vary according to the country's policy and even to the
provincial policies. In addition to these features of study zones or sites, landfill site selection methods
may have different criteria and sub-criteria in identifying parameters (Wang et al., 2018). Consequently,
various researches have different factors and limitations depending on the characteristics of the study
sites, governmental policies, and socio-economic structure. In this context, potential/non-potential lands
are determined for landfill site selection according to national and international legislation and suitability
criteria. In this study criteria were grouped into four categories as follows: Natural, Morphological,
Environmental, Public Health and Socio-economic criteria. Suitable landfill site selection analyses
require processing a large amount of spatial data, which involve complicated factors and strict
regulations. However, within these criteria, these parameters may vary according to the subjective case
of the study area (Ball, 2005; Sener et al.,2006; Guigin et al.,2009; Sener et al., 2010; Donevska et al.,
2012).

Multicriteria evaluation for landfill site selection is difficult and time-consuming using traditional
methods. In such studies, Geographical Information Systems (GIS) serve the multicriteria analysis
function to evaluate complicated and various parameters on location selection and provide different
scenarios. In addition, GIS allows accurate and precise results for site selection of landfill (Sadek et al.,
2006; Moeinaddini et al., 2010; Nazari et al., 2011; Gorsevski et al., 2012; Khan et al., 2019). GIS is an
integrative approach to solve complex planning and management problems efficiently by using spatial
querying, spatial analysis, decision analysis, model analysis, visualization, and intelligent map functions
(Lunkapis et al., 2002; Vatalis and Manoloadis, 2002; Sadek et al., 2006; Akbari et al., 2008; Baskurt
and Aydin 2018). Therefore, GIS are utilized in many applications, including spatial data analysis such
as identification, monitoring, evaluation and optimization of landfill site selection processes (Sadek et
al., 2006; Ersoy and Bulut, 2009; Nas et al., 2010; Vasilyevic et al., 2012; Alavi et al., 2013; Chicherin
et al., 2018; Ali et al., 2019). Nas et al. (2010) has conducted a GIS-based site selection for municipal
solid waste in Konya. Land cover map and land slope map of the study area, proximity to transportation
facilities, wells, archaeological sites and urban areas are the factors used. Sener et al. (2011) select the
most proper locations for a landfill in Uluborlu Basin of Isparta by using GIS environment. Lithology,
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surface water, groundwater depth, elevation, slope, aspect, land use, aquifer, and proximity to roads are
the mainly used critera for the process. Arkoc (2014), performing a series of analyses for choosing
municipal solid waste landfills in the study area of Corlu, the subdistrict of Tekirdag by using factors
consist of geological and natural, environmental, social, and economical. GIS based overlay analysis
and graduation methods used in the study. Sener et al. (2011) has choosen sites for a landfill in the study
area of Beysehir Lake Catchment area with the help of multicriteria decision analysis and GIS
applications. Proximity to settlemets and roads, water bodies, protected areas; geology and
hydrogeology, land use, aspect, and slope are the main criteria. Celiker et al. (2019) has conducted a
landfill site selection process by using GIS and multicriteria decision method in Elazig, Turkey. They
consider nine different criteria: proximity to transportation network, residential areas, streams, wells;
geology, aspect, slope, land use, and land capability classification. Bilgilioglu and Bilgilioglu (2017)
select suitable sites for landfill for Aksaray, Turkey, by using analytical hierarchy process and GIS. They
use mainly the same criteria as before explained.

This paper aims to identify landfill site(s) multicriteria decision analysis depending on
environmentally sensitive areas in Edirne by using the GIS technique. Regional factors were identified
and assessed according to the risk of contamination for environmental components such as natural
resources, sensitive ecosystems, and unique habitats. The chosen criteria were graded in this context,
and alternative landfill sites were proposed by applying GIS-based analysis.

MATERIALS AND METHODS

Study Area

The city of Edirne is located in the Thrace part of the Marmara Region in northwestern Turkey
on the south coast of the Aegean Sea at an altitude of 41 meters above sea level. The province has 88
kilometers of land border with Bulgaria in the west and has 204 kilometers of land border with Greece
in the southwest (Figure 1). It has a total population of 401 701 with 6276 km? surfaces. Continental
climate zone covers the region (EUPDE, 2015).

Figure 1. Location of Study Area

Eighty percent of the provincial land is suitable for agriculture in the study area and surrounds
Ergene and Maritza Plains. Most of the local land is comprised of class I., 1., and I11. soils with respect
to the land capability classification system. Therefore provincial land is considered prime agricultural
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land due to the Soil Protection and Land Use Law (Soil Protection and Land Use Law, 2005). The
selected study area also has significant underground and surface water resources such as Maritza, Tunca,
and Ergene rivers. Conservation statutes cover up to 38.60 % of the overall protected areas in the region
of Thrace. Also, the study area has 40 % of Urban and Historical Conservation Areas in Thrace: Gala
Lake National Park (6087 ha), Gokgetepe National Park (50 ha), Danisment National Park (13.19 ha),
and Wild Life Protection Area of Mount Koru areas. In the Gala Lake National Park, 163 bird species,
16 fish species, and 300 plant species have been identified, of which 5 are endemic plant species. The
Maritza delta consists of the most sensitive ecosystems in the region, which encompasses the Gala Lake
National Park (EUPDE, 2015).

The population growth rate is slow in the Edirne district (Figure 2). Most of the population lives
in urban areas. Population growth rate directly increases waste production, while inappropriate landfill
site selection can cause various environmental problems. The unsuitable landfill site selection has a
negative impact on the city's natural resources and has a socio-economic cost. There is an urgent need
for landfill site selection in the city to conserve ecological balance and sustainable solid waste
management. According to national statistical data, a total of 200 000 tonnes of municipal solid waste
was generated and collected yearly. The average amount of municipal waste per capita per day was 1.81
kg for the study area (TUIK, 2014).

Population

404.000
402.000
400.000 - -
398.000
396.000
394.000
392000 1 D 7011011+t
390.000
388.000
386.000 N — I — - B B .
384.000
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Figure 2. Yearly population of study site (TUIK, 2017)

Methods

The location selection of a new landfill area is closely related to various socio-economic and
environmental aspects, such as soil science, hydrology, geology, topography, and land use. These
parameters vary according to the characteristics of the study area. The first step for the study includes
identifying the assessment criteria and sub-criteria in accordance with regional characteristics for use in
multi-criteria decision analysis. The second step is the designation of grading values for the criteria and
the sub-criteria due to the relative importance and determining the potential/non-potential areas
regarding their suitability grades (Figure 3: Suitability Analysis).

In the study, the multiple-criteria ranking approach was applied for assigning scores to each
identified criterion to measure the performance of the alternatives on these criteria. Environmental
factors especially provide a quantitative assessment of the potential risks between a landfill area and its
environment because of the siting of the landfill area.

The main criteria are selected based on the literature review explained in the introduction part of
the paper and expert knowledge. Selected criteria are compiled from a comprehensive review of related
literature, guidelines, researches, and legislation on landfill site selection (Figure 3. Parameter

972



Azem KURU et al. 11(2): 969-981, 2021
GIS and Multicriteria Decision Analysis for Landfill Site Selection in Edirne Province, Turkey

Definition). Parameters include slope, soil erosion, urban-industrial area, surface water, road network,
forest, agricultural lands, environmentally protected areas, geology, and other aspects. Collected data
are utilized in the study was shown in Table 1.

‘ Problem Statement }

,

’ Literature Review ‘

,

’ Parameter Definition ‘

T S

Environment Natural Morphological Socioeconomic
Factors Factors Factors

— e

’ Creating Database l

.

’ Suitability Analysis ‘

T Ee

Multi Criteria
GIS Decision Analysis

\/

Potential Landfill
Site Selection

Public Health

Figure 3. Flowchart of the study

Table 1. Collected Data Sources

Data

Data Data Source/Provider Scale
Type

Land Use and Land Capability Classes General Directorate of Rural Services Vector  1/50 000
Soil Suitability for Agricultural Activities Ministry of Agriculture and Rural Affairs Vector  1/25 000
Geology General Directorate of Mineral Research and Exploration Vector  1/25 000
Hydrology Ministry of Agriculture and Rural Affairs Vector  1/50 000
Meadow Lands Ministry of Agriculture and Rural Affairs Vector  1/50 000
Natural and Archeological Sides Culture and Tourism Ministry and the Provincial Department of Culture and Tourism Vector  1/50 000
Protection Zone Data Culture and Tourism Ministry and The Provincial Department of Culture And Tourism  Vector ~ 1/50 000
Transportation Data General Directorate of Highways Vector  1/50 000

Data of land use, geologic features, protected areas, natural and archeological sites, transportation
network, hydrological data, soil suitability for agricultural activities, and land capability classes have
been acquired from the relevant public authorities (Table 1). Wind direction map produced in the GIS
environment by using land orientation. The data collected from relevant public authorities were designed
for composing a database for the study. After data acquiring and update of the received data, the
assignment of grading the criteria and sub-criteria was appraised to conduct a multi-criteria evaluation
and proximity analysis to map land suitability for each criterion. Table 2 points out the parameters and
their classes and grades. Graduation is made with the help of expert knowledge. When the classes take
the value of 0 means unsuitable, 1 means low suitable, 3 means suitable, 5 means moderate suitable, 7
means high suitable.
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Table 2. Factors, Classes, Value and Level of Suitability

9,5 Factors Class Value Level of Suitability
0 — 5000 (m) 0 Unsuitable
Distance from Domestic 5000 - 6000 L Low $uitab|e
Water Supply 6000 - 7000 3 Sunable_
7000 — 10 000 5 Moderate suitable
>10 000 7 Highly suitable
" 0 — 500 (m) 0 Unsuitable
= . . 500 — 1000 1 Low Suitable
% Distance From Rivers 1000 — 2000 3 Suitable
L >2000 5 Moderate suitable
£ 0— 2000 (m) 0 Unsuitable
2 . 2000 — 3000 1 Low Suitable
£ Distance From Lakes and 3000 - 4000 3 Suitable
= 4000 — 5000 5 Moderate suitable
h >5000 7 Highly suitable
0—1000 (m) 0 Unsuitable
Distance From 1000 — 3000 1 Low Suitable
Conservation and 3000 — 5000 3 Suitable
Protected Areas 5000 — 7000 5 Moderate suitable
7000 — 10 000 7 Highly suitable
Forest Lands Forest lands 0 Unsuitable
E 0-6 (%) 7 Highly suitable
2 Slope 6-12 5 Moderate suitable
S o 12-20 1 Low suitable
g g >20 0 Unsuitable
S . . 1 7 Highly suitable
I t Soil Erosion 2,34 0 Unsuitable
% Geology Permeable 0 Unsuitable
z Impermeable 7 Highly Suitable
0 - 100 (m) 0 Unsuitable
L o . 100 — 1000 1 Low Suitable
5,  Acoessbily (Dirance 1000 — 5000 5 Moderate suitable
§5 rom Roads) 5000 — 10 000 7 Highly suitable
W e >10 000 1 Low Suitable
S Absolute protected areas 0 Unsuitable
n Agricultural Lands Limited agricultural use and non-
agricultural permitted areas 7 Highly suitable
0—1000 (m) 0 Unsuitable
. 1000 — 3000 1 Low Suitable
< DISt&:?I((;eUfS:cr)gl %222 and 3000 — 5000 3 Suitable
3 5000 — 10 000 5 Moderate suitable
T >10 000 7 Highly suitable
§ NE - E 1 Low Suitable
a . L SE — NW 1 Low Suitable
Wind Direction N - SW 5 Moderate Suitable
S-W 3 Suitable

RESULTS AND DISCUSSION

Slope, soil erosion, and geology were analyzed to determine the potential suitability for natural
morphological criteria. In this study, the slope values were categorized into four classes due to the 1:25
000 scale of the National Soil Database. The optimum percentage of slope for the landfill area was
determined as 0-6%. 516 037 ha (82%) (Figure 4a, Table 2). The geological database of the study area
was categorized according to permeability. The province has two water basins with alluvial soils, which
are not convenient for landfill siting. The infiltration water generated from landfill areas can pollute
groundwater. In this context, the lowest ranks were appointed to these permeable units. Also,
impermeable units were scored the highest value (Figure 4b).
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Figure 4. Thematic Map of Natural Morphological Factors ( a- slope, b- permeability, c-soil erosion)

There are four classes according to the intensiveness of soil erosion. Class 1 indicates none or very
little erosion intensity. The rest of the categories (2, 3, 4) were taken as one group containing lands with
erosion in this process (Figure 4c). The lands with erosion haven’t been included because of the Waste
Management Regulation (WMR, 2015).

Landfill areas should be determined by water basin and water protection- control regulations
prohibiting activities that defile the environment or natural resources. Water Pollution and Control
Regulation remarks gradual precaution for domestic water and irrigation supplies. According to the
foresight of regulations, the closest range protection buffer, absolute protection (0-300 m), has a strict
prohibition. In this buffer zone, any public or private construction or activity has been banned. The short-
range conservation area (300-1000 m) also has strict prohibitions, but only recreational activities are
allowed. In the third buffer zone, the medium-range conservation area (1000-2000 m), industrial services
are not allowed. In the long-range conservation buffer zone (2000-3000 m), the activities that generate
industrial wastewater and hazardous waste are prohibited (WPCR, 2004). In this context, the lowest
value is assigned to the minimum distance to the last conservation buffer zone (Figure 5a, b ).

The region of study has various sensitive ecosystems. One of the crucial issues for the region is
natural protected areas. At the same time, archeological protected areas, urban and historical
conservation areas were also assessed in this section (EUPDE, 2015). The environmental choosing of
the proper waste facility site is crucial because of the specific ecological, historical, and urban
characteristics of the study area. As required by the regulations, archeological, historical, and protected
areas are excluded from consideration (TLPCNA, 1983). The first buffer zone is not allowed or
recommended (0-1000 m), the minimum grade is given to the second buffer zone (1000-3000 m). The
last buffer zone is scored as 5 (Figure 5-c). The protection of forest areas is one of the critical criteria.
However, some researchers take into account the forest land as proper lands for landfill. In this study,
forest lands in the province were excluded because of sensitive ecosystems (Figure 5-d).
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Figure 5. Thematic Map of Environmental Factors (a- streams and bufer zones, b- lakes and ponds, c-protected areas, d-
forest and leas)

There are certain obligations because of the potential impacts on urban and industrial areas. Also,
wind directions and frequency are factors for urban areas to forbear the scent and noise. Landfill areas
should be sited far from the residential areas (at least 1 km) to minimize environmental impact. 1-km
distance from any residential area was used according to the Waste Management Regulation. The buffer
distance for urban areas within a population greater than 500 people is designated as 1000 m by Cantwell
(Cantwell, 1999) (Figure 6a). Site morphology and wind direction are affected by the scent caused by
wastes. The southeast and northwest, east and west winds are the less frequent winds; therefore, the areas
affected by these wind directions were graded the highest value (Figure 6b).

Landfill should not be placed too close to roads because of health and aesthetic impacts or too far
away from existing road networks to avoid high transportation costs. The index value of transportation
criteria is varied in studies; 100 m to 1000 m is the most suitable distance from highways (Lunkapis et
al., 2002; Leao et al., 2004; Mahini and Gholamalifard, 2006). The study area was buffered and
reclassified according to its suitability by assigning a grading system from 1 to 5. Distances of 0-100 m
and 10 000+ m have the lowest grades in the study region (Figure 7a).

The study area has 80 % fertile land, most of which is also legally protected (EUPD, 2015). In
accordance with the Soil Protection and Land Use Law, absolute agricultural lands, special product
lands, planted lands, and irrigated agricultural lands cannot be used for purposes other than agricultural
production purposes (SPLUL, 2005). Based on Soil Protection and Land Use Law (SPLUL), absolute
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agricultural lands, special product lands, planted lands, irrigated agricultural lands, including pasture
lands, were grouped as fundamental protected agricultural areas. In this step, there are four classes,
absolute protected agricultural areas, primarily protected agricultural areas, limited agricultural use areas
(111 land capability classes), and non-agriculture permitted areas (IV, V, VI, VII, VIII land capability
classes) (Figure 7b). In the study area, there are not any military zones, airport areas, or fault lines. On
account of this, these factors are not taken into consideration.
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Figure 6. Thematic Map of Public Health Factors (a- urban and industry, b- wind direction)

LEGEND

[ District Boundary
— Roads

Buffer Zone (m)

0 LEGEND
B 1000 . [ District Boundary
N 5000 ') Agricultural Lands
10000 Limited Agricultural Use
50000 I Absolute Protected Areas
0510 20 30 40 Z E 20 30 40
- —  Kilometers - — m— Kilometers

Figure 7. Thematic Map of Socio-Economic Factors (a- roads, b- agricultural areas)
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The synthesis of the grades was illustrated in the map that specifies the most suitable areas in the
study area for a new landfill site (Figure 8). The total scores of all overlaid layers were determined, and
the highest/lowest values were obtained. According to their grades, potential lands were grouped using
Natural Breaks Methods performed on natural groupings (Jenks, 1967). There are three potential groups
according to their grade range. The highest valued areas have higher potential areas. The highest value
is 41. These grades are the highest of all the other potential area scores. Generally, the minimum area
size for a landfill site is approximately 5 ha. The total suitable area (18-41) is 13 744 ha in the province.
The first potential area (31-41) is 1991 ha. The largest undivided site is 604 ha in the second potential
area (29-30).
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Figure 8. Suitability map for possible landfill area
CONCLUSION

This study uses spatial data analysis by Geographic Information Systems (GIS) on a new landfill
site. Assessment criteria were analyzed with overlaying processes, mapped the criteria preparing in a
GIS environment, and acquired appropriate regions with quantitative valuation. The final suitability map
shows that potentially suitable areas are quite limited for proposed landfill sites in Edirne Province.

Edirne Province has Ergene and Maritza Water Basins, rich underground water, fertile lands, and
many habitats and socio-economic values that need precaution and protection. Anthropogenic pressures
are the most devastating impact on environmental retrogression. From this perspective, this study will
be considered an example for other areas with similar ecological properties.
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GIS is a powerful tool to examine a spatial multicriteria decision analysis and to deliver a decision
about the landfill site selection process. If the solid waste management strategies and landfill site
selection processes are neglected, solid wastes become one of the most significant causes of
environmental destruction. The local municipalities need technical and financial improvements on the
implementation of GIS-based models. They can evolve with qualified training and the arrangement of
financial resources according to these activities and data. After all these stages, it has been concluded
that using multicriteria decisions in a GIS environment is a convenient tool for the landfill site selection
process. Selection criteria may vary based on region and purpose. Additionally, scoring conditions may
differ to provide a more ecologically friendly approach.
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Kismi Golgelenme Etkilerini Modelleyebilen Bir PV Emiilator Tasarim
Said Mahmut CINAR"", Burak ARSEVEN!

OZET: Giines 1sinimindan elektrik enerjisi {iretmekte kullanilan giines (photovoltaic-PV) panellerinin ¢ikis
karakteristikleri 1s1mim, sicaklik, goélgelenme ve panel yiizeyinin temizligi gibi pek c¢ok parametreden
etkilenmektedir. Bu parametrelerden 1sinim, sicaklik ve gélgelenme cevresel sartlara baglidir ve PV paneli iceren
sistemlerin testi s6z konusu oldugunda ayni ¢evresel sartlarin tekrar elde edilmesi miimkiin olmamaktadir. PV
paneli emiilatorleri belirli bir zaman dilimini kapsayan 1s1n1m, sicaklik ve golgelenme veri setlerini kullanarak o
zaman dilimindeki ¢evresel sartlarin olusturulmasini ve bdylece PV paneli sistemindeki testlerin ayni gevresel
kosullarda tekrar edilmesini saglayabilir. Bu caligmada kismi golgelenme etkilerini modelleyebilen bir PV paneli
emiilatorii tasarimi gerceklestirilmistir. S6z konusu PV emiilatorii, her biri yirmi hiicreden olusan ve atlama
diyotlar1 ile kopriilenmis hiicre gruplarini temsil eden {i¢ diisiiren DC/DC doniistiiriiciiye, 250 W ¢ikis giiciine ve
32-bit mikro-denetleyici kontrol kartina sahiptir. Tasarlanan PV emiilatorii iki farkli 1s1nim ve modiil sicakligi
senaryosuyla test edilmistir. Elde edilen deneysel sonuglar, MATLAB/Simulink ortaminda alinan simiilasyon
sonuclariyla karsilagtirilmistir. Son olarak istatistiki analizlerle deneysel ve simiilasyon sonuglarinin oldukga
yiiksek oranda ortiistiikleri saptanmistir. Performansi oldukea yiiksek ¢ikan emiilator sayesinde herhangi bir saha,
cat1 ve cepheye kurulabilecek PV sistemlerinin tekno-ekonomik fizibilite analizi rahatlikla yapilabilecektir.

Anahtar Kelimeler: PV emiilatorii, PV paneli, Kismi golgelenme, ARM mikro-denetleyici, Yapay sinir aglari
A PV Emulator Design That Can Model Partial Shading Effects

ABSTRACT: The output characteristics of the photovoltaic (PV) panels used to generate electricity from solar
radiation are influenced by many parameters such as radiation, temperature, shading, and cleaning of the panel
surface. Radiation, temperature, and shading, which are among these parameters, depending on environmental
conditions. When testing systems with PV panels, it is not possible to repeat the same environmental conditions.
PV panel emulators use the radiation, temperature, and shading data sets that cover a given period to create
environmental conditions in that period. This allows the tests in the PV panel system to be repeated under the
same environmental conditions. In this study, a PV emulator design which can model partial shading effects is
realized. The PV emulator has three DC / DC buck converters -each representing three groups of PV cells that
are consisting of twenty cells and bridged by bypass diodes-, 250 W output power, and a 32—bit microcontroller
control card. The designed PV emulator was tested with two different radiation and module temperature scenarios.
The experimental results were compared with the simulation results obtained in MATLAB/Simulink
environment. Finally, it was determined that the experimental and simulation results overlapped with statistical
analysis. Thanks to the highly-performing emulator, the techno-economic feasibility analysis of PV systems that
can be installed on any field, roof and facade can be done easily.

Keywords: PV emulator, PV panel, Partial shading, ARM microcontroller, Artificial neural network
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GIRIS

Giines 1stmimindan elektrik enerjisi tiretiminde giines (PhotoVoltaic - PV) panelleri olduk¢a yaygin
bir sekilde kullanilmaktadir. Yar1 iletken hiicrelerin seri ve paralel olarak baglanmasiyla istenilen ¢ikis
giiciinde tiretimleri gerceklestirilebilinen PV panelleri, yar1 iletken malzemelerden iiretilmeleri sebebiyle
dogrusal olmayan gii¢ iiretim karakteristiine sahiptirler. Dolayisiyla, PV panellerinden maksimum
verimi elde edebilmek adina panellerin maksimum gii¢ noktasinda (Maximum Power Point - MPP)
calistirilmalari oldukga 6nemlidir. Bunun igin literatiirde MPP takibi (Maximum Power Point Tracking-
MPPT) olarak adlandirilan kontrol yontemleri kullanilmaktadir. MPPT yoOntemleri iizerine
gergeklestirilen caligmalarin testinde ¢ogunlukla bilgisayar ortaminda olusturulmus benzetim ortamlari
veya gercek PV sistemleri tercih edilmektedir. Ancak giines 1sitmimi ve ortam sicaklhi§i gibi
parametrelerin ¢evresel etkilere bagli olmasi sebebiyle gergcek PV sistemlerinde gergeklestirilen bir testin
ayni kosullarda tekrarlanmas1 miimkiin olmadigindan PV emiilatorlerine ihtiya¢ duyulmaktadir.

PV emiilatorleri, yazilimsal ve donanimsal bilesenleri bulunan dogrusal olmayan gii¢
kaynaklaridir. PV emiilatorleri; PV modeli, kontrol stratejisi ve gii¢ doniistiiriictileri olmak iizere {i¢ ana
kisimdan olusmaktadir. Bu kisimlardan PV modeli, taklidi gerceklestirilecek PV paneli ile ayn1 akim-
gerilim (I-V) karakteristigini tretmekte kullanilmaktadir. PV modeli, elektrik devre elemanlariyla
olusturulmus belirli bir devre topolojisine sahip bir esdeger devresidir. PV modelde, PV panelinin
karakteristik esitligi Kirchhoff” un akim yasasi kullanilarak tiiretilmektedir (Piazza ve Vitale, 2012). PV
panelinin elektriksel devre modeli, kullanilan diyot sayisina gore tek diyotlu veya ¢ift diyotlu olarak
isimlendirilmektedir (Ayop ve Tan, 2017). Yapisinin sadeligi ve olduk¢a yiliksek oranda dogruluk
saglamasi gibi avantajlarindan dolay1 daha siklikla tek diyotlu model PV emiilatorlerinde tercih
edilmektedir (Koran ve ark., 2010; Agrawal ve Aware, 2012; Arseven ve Cinar, 2017; Arseven, 2019).
Buna karsilik literatiirde yer alan bazi ¢alismalarda cift diyotlu elektriksel devre modelinin kullanimina
da rastlanilmaktadir (Midtgard, 2007; Atoche ve ark., 2015). PV modeli ile ilgili diger bir 6nemli husus
bu modelin emiilatore nasil uygulanacagidir. Yapay sinir ag1 (YSA) yonteminde farkli 1g1nim, sicaklik
ve ylik degerleri icin modellenecek giines paneli |-V karakteristigi deneylerinden veya PV paneli
modelinin simiilasyonundan elde edilen veri setleriyle YSA’ nin ¢evrim dis1 sekilde egitilmesiyle PV
modeli elde edilir ve uygulanir (Di Piazza ve ark., 2010; Gomez-Castaneda ve ark., 2014).

PV emiilatorlerinde, glic doniistiiriiciisiinlin ¢alisma noktast kontrolii belirlenen kontrol stratejisi
ile gerceklestirilmektedir. Akim modu kontrollii ve gerilim modu kontrollii olmak tizere iki tiirii bulunan
dogrudan referanslama yonteminin kullanimina emiilatér yapilarinda oldukca sik rastlanilmaktadir.
Gerilim modu kontrollii dogrudan referanslama yonteminde ¢ikis akimi degeri baslangicta sifirdir ve bu
durum i¢in belirli bir 1s111m ve sicaklik degerindeki agik devre gerilimine (Voc) esit olan gerilim degeri
hesaplanir. Ardindan PV modeli 1-V karakteristigi tizerindeki ¢ikis akimi (lpy) ve gerilimi (Vpy)
degerlerine karsilik gelen nokta bulunana kadar ¢ikis akimi kademeli olarak arttirilir ve sonug olarak
emiilator sabit calisma noktasina ulasir (Di Piazza ve ark., 2010). Akim modu kontrollii dogrudan
referanslama yontemindeyse gerilim modu yontemine benzer; fakat akim ve gerilim parametreleri yer
degistirilerek uygulanir (Agrawal ve Aware, 2012; Ottieri ve ark., 2020).

PV emiilatorlerinde yer alan DC/DC doniistiiriiciiler ise emiilatér kontrol birimince iiretilen
referansa uygun bir bigimde gergek PV paneliyle ayni ¢ikist olusturmak amaciyla kullanilirlar. PV paneli
acik devre geriliminin (Voc) doniistiiriici giris geriliminden biiyiik oldugu durumlarda emiilatorlerde
diisiiren (buck) DC/DC dontistiiriiciiler kullanilmaktadir (Koran ve ark., 2010; Di Piazza ve ark., 2010;
Ayop ve Tan, 2019). Cikis geriliminin girig geriliminden biiyiik oldugu durumlarda da yiikselten (boost)
DC/DC déniistiiriiciiler PV uygulamalarinda kullanilmaktadir. Yiikselten (boost), diisiiren-yiikselten
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(buck-boost) ve iki kademeli (two quadrant) DC/DC doniistiiriiciiler de yine PV emiilator ¢calismalarinda
kullanilan diger doniistiiriicii topolojilerdir (Lu ve Nguyen, 2012; Chavarria ve ark., 2014; Cordeiro ve
ark., 2015; Moussa ve ark., 2017; Carralero ve ark., 2019). Programlanabilir DC gii¢ kaynagi
kullanimina da PV emiilator yapilarinda rastlanilmaktadir (Ebrahim ve ark., 2015). Yarikkaya ve Cinar
(2015); ayn1 PV panelini modelleyen biri programlanabilir gii¢ kaynagi (PGK) ile olusturulmus, digeri
ise kendi 6zgiin tasarimlar1 olan diisiiren DC/DC doniistiirticii temelli iki farkli PV emtilator yapisi
olusturarak PGK tasarimlarinin PV panelini daha yiliksek performansla modelledigini gézlemlemislerdir.

Bu calismada PV panellerindeki kismi golgelenme etkilerini modelleyebilen bir PV emiilatori
tasarlanmigtir. Kismi golgelenme paneli olusturan hiicrelerin farkli 1smim siddetine maruz kalma
sonucunu olusturan golgelenme durumudur. Tasarlanan emiilatér maksimum 250 W giice ve her biri
yirmi hiicreden olusan seri bagl {i¢ hiicre grubuna sahip bir PV panelini modelleyebilmektedir. Bu
emiilatoriin PV modeli YSA yontemiyle olusturulmus olup, kontrol stratejisinde dogrudan referanslama
yontemi tercih edilmis ve gii¢ doniistiiriicii biriminde diisiiren tiir DC/DC doniistiiriicti kullanilmistir.
Ayrica emiilatoriin kontrol biriminde ARM tabanli 32-bit mikrodenetleyiciye yer verilmis ve
MATLAB/Simulink ve MATLAB/Kod Ureteci (Code Generator) araglariyla programlanmustir.
Emiilatoriin istenilen veri setleriyle isletilebilmesi i¢in LabVIEW ortamindan bir arayiiz programi
tasarimi da bu ¢aligsmaya 6zel olarak gerceklestirilmistir. Son olarak, sadece 1sinim degerlerinin ve hem
1s1n1m hem de modiil sicaklig1 degerlerinin zamanla degistigi iki farkli g6lgelenme senaryosu iceren veri
setleriyle deneyler gergeklestirilmis ve gergeklestirilen deneylerin sonuglari ile simiilasyon sonuglari
karsilastirilarak emiilator performansi incelenmistir.

Asagida ilk olarak “Materyal ve Yontem” baghigi altinda tasarimi gerceklestirilen emiilatoriin
yapist ve Ozellikleri, tasarim ayrintilari, kullanilan modelleme, kontrol strateji ve programlama
yontemleri ayrintili olarak sunulacaktir. Ardindan “Bulgular ve Tartisma” béliimiinde emiilatoriin
dogrulama testleri i¢in olusturulan test senaryolar1 ve bu senaryolarla gergeklestirilen deneylerden elde
edilen sonuclar simiilasyon sonuglariyla karsilastirmali olarak sunulacak ve sonuglar {izerinde
gerceklestirilen istatistiki analiz sonuglar1 verilecektir. Son olarak ise “Sonuglar” kisminda bu
calismanin sonuglar1 ve gelecekte yapilabilecek ¢alismalar iizerine bir projeksiyon verilecektir.

MATERYAL VE METOT

Bu calismada PV panellerini kismi gdlgelenme etkileriyle modelleyebilecek bir PV emiilatorii
gerceklestirilmistir. Emiilatorle, seri bagl ti¢ hiicre grubundan olusan ve 250 W giice kadar PV panelleri
modellenebilmektedir. Emiilator yapisinda yer alan PV panelinin seri baglh hiicre gruplar diisiiren tiir
DC/DC donistiriiciilerle  olusturulmustur. Emiilator tasariminda  32-bit  ARM tabanli  bir
mikrodenetleyici kullanilmis olup, aygit yazilimi MATLAB/Simulink ortaminda grafiksel olarak
tasarlanmistir. LabVIEW platformunda ise emiilatorii kontrol etmek ve emiilatorden veri toplamak i¢in
bir arayiiz tasarlanmistir.

Sekil 1’ de PV emiilatoriiniin yapisin1 resmeden blok sema goriilmektedir. PV emiilatorii; giic
devresini olusturan DC/DC déniistiiriiciiler, kontrol birimi ve bilgisayarda c¢alisan arayiiz yazilimi olmak
lizere li¢ ana bolimden olusmaktadir. DC/DC doniistiiriiciiler, PV panelindeki seri bagli hiicre
gruplarmin gii¢ retimlerini gergeklestirmek islemi ile sorumludur. Kontrol birimi, DC/DC
dondistiirticiilerin ¢ikis akimi ve gerilimlerinin dl¢iimii, doniistiiriicli anahtarlama sinyallerinin liretimi
ve arayiiz yazilimiyla veri aligverisinin gerceklestirilmesi gorevlerini yerine getirmektedir. Arayiiz
yazilimi ise 1s1n1im ve modiil sicakligi veri setlerini aygit yazilimina gondermek ve aygit yazilimindan
gelen calisma noktasi verilerini toplamak gibi iki temel gorevi yiirlitmektedir.
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Sekil 1. PV emiilatoriiniin blok semasi

Emiilatoriin yapis1 asagida; “Gli¢ Devresi”, “Kontrol Birimi” ve “Arayliz Yazilimi” alt bagliklar
altinda ayrintilariyla verilmektedir.

Gii¢ Devresi

Emiilator tasariminda diisiiren tiir DC/DC dontistiiriicii topolojisine sahip ii¢ adet doniistiirticii
kullanilmistir. Burada ti¢ adet DC/DC doniistiiriicii kullanilmasinin sebebi, taklidi yapilacak PV panelin
her biri yirmi hiicreden olusan ve atlama diyotlari ile kopriilenmis ii¢ adet seri bagli hiicre grubundan
olusuyor olmasidir. Kullanilan déniistiiriiciilerin giris gerilimleri 15-24 V, ¢ikis gerilimleri 0-13 V
araliginda, c¢ikis akimlari ise en fazla 9 A olacak sekilde se¢ilmistir.

Doniistliriicide gli¢ anahtar1 olarak bir MOSFET (Metal Oxide Field Effect Transistor)
kullanilmistir ve bu MOSFET 15 kHz temel frekansa ( f,,,, ) sahip bir PWM (Pulse Width Modulation -

Darbe Genislik Modiilasyonu) sinyaliyle kontrol edilmistir. Doniistiiriicii ¢ikis gerilimi asagida yer alan
Esitlik 1. de verilmistir.
Vo =D Vs oy

Burada;

D= PWM sinyalinin doluluk orani, [%],
Vs = Kaynak gerilimi, [V],

V, = Cikis gerilimi, [V] dir.

Déniistiiriicide kullanilan bobinin ve filtre kondansatoriiniin boyutlandirilmasi dalgasiz bir ¢ikis
gerilimi elde edilebilmesi i¢in olduk¢a 6nemlidir. S6z konusu bobin ve filtre kondansatdriiniin degerleri
strastyla Esitlik 2. ve Esitlik 3. kullanilarak hesaplanmistir.

Vo
> —_— —_
L=5——(1-D) )
> VO'(l_D) (3)

T AVp-8-L-fpwm

Burada;
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Al = Bobin akiminin dalgalanma genligi (1, ., — I nin ) [AlL

L = Bobin, [H],

fpwm = PWM sinyalinin frekansi, [Hertz],

AV, = yiik/¢ikis geriliminin dalgalanma genligi (V. —Vomin )» [V],
C = Filtre kondansatorii, [F], ifade etmektedir.

DC/DC déniistiirticiiler devre elemanlarinin boyutlandirilmasinin ardindan baski devre kartlar
hazirlanip imal edilmistir (Sekil 2). Doniistiiriiciilerde anahtarlama sirasinda ortaya c¢ikan 1siy1
MOSFET’ ten uzaklastirabilmek i¢in sogutucu bloklar kullanilmis ve sogutucularda da fan ile cebri hava
dolasimi saglanmustir.

Sekil 2. PV emiilatorii gii¢c devresi goriiniimii

Kontrol Birimi

PV emiilatoriin kontrol biriminin tasariminda, ST firmasimin Discovery F4 gelistirme karti
kullanilmis olup bu kartta ARM Cortex®M3 mimarisine sahip 32-bitlik STM32F407VGT6 tipi
mikrodenetleyicisi bulunmaktadir (Sekil 3). DC/DC dénistiiriiciilerin kontrolii, mikrodenetleyicide
bulunan ¢ok sayidaki zamanlayicilardan biri PWM iiretici modunda calistirilmasiyla tiretilen PWM
sinyalleri ile saglanmistir. Doniistiiriiclilerin = ¢ikis  akimim1  ve gerilimlerini  dlgmek igin
mikrodenetleyicinin 12 bit ¢oziiniirliige sahip olan analog sayisal doniistiiriicii (Analog to Digital
Converter - ADC) biriminin dort girigi kullanilmistir. Ayrica arayiiz yazilimiyla veri aligverisi igin bir
seri haberlesme birimi kullanilmistir.

PV emiilatoriiniin giic devresi ¢gikigindaki 250 W gii¢ akisi, 40 V gerilim ve 9 A akim seviyelerinde
gerceklestiginden dolay1 giic devresiyle kontrol birimi arasindaki tiim 6l¢gme islemleri ile PWM sinyal
gecisleri elektriksel olarak birbirlerinden yalitilarak saglanmistir. Boylece kontrol biriminin olast yiiksek
gerilim soklaria kars1 korunmasi temin edilebilmistir. Bu amagla akim 6l¢limii i¢in manyetik yalitimli
ACS712 sensorii ve gerilim oOlglimleri igin optik yaliimli ACPLCS87 sensorleri tercih edilmistir.
Déniistiiriici MOSFET’ lerini kontrol etmek iizere kullanilan PWM sinyalleri de optik baglayici
(optocoupler) iizerinden gegirilmistir.

Sekil 3’ te Ozetlenen PV emiilatoriiniin kontrol stratejisi mikrodenetleyiciye goémiilen aygit
yazilimiyla hayata gecirilmektedir. Aygit yazilimi MATLAB/Simulink ortaminda grafiksel olarak ST
firmasinin MATLAB blok setleri kullanilarak tasarlanmistir (Sekil 4). Boylece kontrol biriminin
tasariminda esneklik saglanabilmis ve tasarim siireci 0nemli Ol¢iide kisaltilabilmistir. Bu yazilim

986



Said Mahmut CINAR ve Burak ARSEVEN

11(2): 982-997, 2021

Kismi Golgelenme Etkilerini Modelleyebilen Bir PV Emiilator Tasarimi

tasarimi siireci 6ncelikle ST firmasinin CubeMX yapilandirma yazilimida mikrodenetleyicinin islemci
ve cevresel donanimlarinin emiilatér kontrol biriminde ihtiya¢ duyulan bi¢imde yapilandirilmasiyla
baslamaktadir. Ardindan bu yapilandirma ayarlart MATLAB/Simulink ortamindaki aygit yazilimi blok
diyagramina aktarilmakta ve kodlama tamamlandiktan sonra MATLAB/Code Generator ile C kodlar1
olusturulmaktadir. Son olarak olusturulan C kodlar1 tercih edilen bir derleyici ile makine diline (hex

kodu) ¢evrilmekte ve mikrodenetleyiciye gomiilmektedir.

v DC/DC

doniistiiriicti

DC/DC
doniistiirtict

Sz

v DC/DC
5 doniistiiriicii

— Vou| Vo Vou| 1o

| MOSFET kapi siiriicii |

[ Gerilim ve akim s enséireri

%D,
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Aygit yazilimi

Sekil 3. PV emiilatorii kontrol stratejisi blok semast

Aygit yaziliminda; geri besleme sinyallerinin 6l¢tilmesi, PV paneli modelinin isletilmesi, ¢aligma
noktas1 kontrolorlerinin isletilmesi, doniistiiriicli kontrol sinyallerinin iiretilmesi ve arayiiz yazilimiyla
veri aligverisinin saglanmasi gibi bes temel fonksiyon icra edilmektedir. Bu bes temel fonksiyon sirasiyla
asagida yer alan alt basliklar altinda ayrintilariyla agiklanmistir.
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Sekil 4. MATLAB/Simulink ortaminda olusturulmus aygit yazilimi
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Kismi Golgelenme Etkilerini Modelleyebilen Bir PV Emiilator Tasarim

Geri besleme sinyallerinin 6l¢iilmesi

PV emiilatérii DC/DC doniistiiriiciilerinin  ¢ikiglart seri baglandigindan yiik akimi biitiin
dontstiiriiciilerden akmaktadir. Bu nedenle yiik akimi 6l¢iimii i¢in bir ADC girisi ve doniistiiriicii ¢ikis
gerilimleri igin ti¢c ADC girisi olmak tizere toplam dort ADC girisi kullanmilmistir. S6z konusu ADC
girisleri mikrodenetleyicinin ADC1 birimi tizerinden olgiilmistiir. ADCI1 birimi 12-bit ¢6ziiniirliige
ayarlanmis olup doniistiirme siireci PWM fireteci olarak kullanilan zamanlayici birimiyle tetiklenmistir.
Déniistiiriilen sinyal verileri dogrudan bellek erisimi (Direct Memory Access - DMA) birimi kullanilara